CHAPTER III

Leibniz's Dynamics and the Initistion of the Controversy
(1686-1716)

In March 1686, Leibniz published in the Acta Epud-

itorum, "A Brief Dgmonstration of a Notable Error of Des-
cartes and Others Concerning a Natural Law, According to
Which God i3 Sgid Alwave to Conssrvs the Ssme Quantity of
Motion: 4 Law Which They Also Misuse in Mechanics”.l

In this and subgequent papers Leibniz meinteined

thet Descartes'! "gquantity of motion®™ { mivy) was conceptually in error

Knowing that thie quentity is very close to the modern con-
cept of momentum, excepting the sign of the velocity, we
mugt ask how it was possible for Leibniz to have proved

its falsity. If under certain conditicns meomentum is con-
served, and is indeed a legitimete concept, how could Leib-

niz have demonstrated that it is not? In these two chapters

1Gottfriad Wilhelm Leibniz, "Previs demecnstratio
arroris memorabilis Carteslii ef sliorum circa legem natur-
alem, sscundum qusm volunt a Deso eandem sgsemper cquantitatem
motus conservarii; qua in re mechanica sbutuntur," Acta
Truditorum (1686) 161-163, Also in Leibnizers Mathematische
Schriften, edited C. I. Gerhardt, Helle, LB60 /2/2, 117-119.
Herealfter cited ag G. M, Transletion by Leroy E. Loemker,
Leibniz's Fhilosonhical Paners snd Letters, 2 vols.,
Chicapo, 1956, 1, LEE-LEE,

By "Descartes and Others,” Leibniz indicated "Father

Honoratius Fabri, PFather Ignatius Pardies, Father Mslebranche,
Marcus Marci, and Claude Deschales.™ Loemker 1, 458,
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then, %the reasons for the initiation of the digpute will
be explored. Several 1ines of argument will be followed
as they developed historically. One of thesse 1z the con-~
fusgion made by Descartes' fellowers over virtual velocities,
a quaniity applied in stestics; they confused the mass of =a
body times 1ts virtual velocity, mdv, with the quentity nv,
a concept In dynamics., A second is Leibniz's identification

of the measurse of force asnd the conservatinn of force., A

third is his application of the principle of the impossibility
of perpstusl motion to gﬁ gituations. Another is the deeire
of Leibniz to find a conserved dynamic guantity as a found-
ation for his rhiloscophical system,

In his 1686 "Briel Demonstration", Leibniz stated
thet there was & difference bestween the concepts motive

force /motricis potentiae/ and quantity of motion (mv)

unantitas motus7'anm that one canndt be estimsted wy the

other. Leibnlz, like many others, did not distinguish be-
tween mass and weight. He interchanged the Latin terms

molem, corpus and librs, and the French terwms masss,

pesanteur and poids. Motive force sghould be designated

ngg or we (welght tTimes height) since it is this which is

equivalent ( except for a factor of %) to mv2 which Leibniz

B ]

called vis viva or living force. Leibniz howsver did not

uge different words for the m in wmotive force and the m
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. 2 =3 L) % 1t £ty =
in mv and mv. Leibniz's "motive force™' 1s a rudimentary
form of our concept of potential energy.

"It is ressonable,”™ argued Leibnlz,

that the sum of wmotilve forceimotricis potentiae/
should be conserved Zconserveri/ in nsture and noft
be diminitshed--gince we never see force lost by
one body without being trensferred to another--
or augmented, a perpetusl motion machine can never
be successful because no mechine, not even fthe
world as a whole beesuse--no-meehine;—aor-even—tie
world-as—s—wasle can increase its force without a
new impulse from without. This led Descartes who
held motive force /vis motrix/ and quantity of
motion iquantitatem.motus7 to be equivalent, to
assert that God conserves /conservsri/ the same
quantilty of metion in the world.

Teibnizts argument 1s based on two assumptions, béth
of which Ee cleims are accepted by the Cartesiansg.

(1) "A body falling from & certain height /altitudine/
acquires the same force /vis/ necessary to 1lift it back to
its original height if nothing externsl interferes."” "Motive
force' is thus taken to be the product of the body's welght
and the height from which 1t fell, Thig ststement is the

idea of the imposeibility of perpetual motion. If nothing

2Trsnslation from Loemker 1, §55-L56., Original latin
from G.M./27 2, 117: Itaque cum ratione consentansum ait,
sandem motricis potentiae summam in naturs conservari, ot
negue imminui, quonium videmus nullam vim ab uno corpors
smitti, quin in aliud tranaferatur neque augeri, guia vel
ideo motus nerpetuus mechanlcus nusplawm succedit, guod
nulla machina sc proinde ne integer guidem mundus suem vim
intenere potesgt szine novo externo impulsu; inde factum est,
ut Cartesius qui vim motricem st quantitatem a Deo in mundo

conservari.
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external &dds force 1o the process, mechanlicigl perpetual
' 3

motidh.c;nnot result.
(2) The same force is necegsary %o raise body A
(See Leibniz's fig. VI) p. 73) of one pound /libra/to a
height of I yards Julnse/ as is necessary to raise body
B of four pounds to a height of one yard. This is = work

equivalency relation. From these two assgsumptions Leibniz

inferred that body A of one pound in falling a distance s =
., will acguire the same Torce as body B of l pounds
falling s = 1:

For in falling from C and reaching D, the body

A will have there the force requlred to rise

again to C by the first assumptlon; that iz 1%
will have the force needed to rzise a body of

This azsumption had itg bsginunings in Jordanus’
notion of gravitas secundum situm (gravity according to
position). 1% ig found in the writings of early seven-
teenth century zuthors as the experimental observstion
that no system of faliing welights will preduce perpetual
moticn in any of i%s parts. Galileo showed that no series
of inclined planes will impsart to a descending body a vel-
ocity sufficlent to carry it to a vertical neight greater
than its initisl height. Ses Hiebert, op. clt., 60,61,

uThe gecond assumpbion wag stated by Descartses in a
letter to Mersenne (1638} (A.T., 2, 228): "The proof of
thiig depends solely on the principle which 1s the general
foundation of 811 statics, that no more or lesg force
Zforce7 is needed to lift 2 hesvy body to a certain height
éhauteur7 than to 1ift znother less hesvy %o a height as
much greater ag it ieg lesg heavy or to 1ift one heavier to
g heirht ag much less. Ag for example, that the force
which can 1ift a weight /poids/ of 100 pounds %o the helight
of two feet, can also 1ift one of 200 pounds toc the helght
ol one Foot, or one of 50 to the height of I feet and thus
of others if is so applied to them,"
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1 nound (nasmely 1tqelf) to the height of L vards.
Similiarly the body B aflter falllng from b to P
will there have the force required to riss agsin

to B, by the first assumption; that is, 1t will
have the force sufficient to raise a body of L
pounds (itgelf namely) to a height of 1 vard.
Therefore by the second assumotion, the force of

the body A4 when it arrives at D and that of the
body B et F are equeal. 5

On the other hand the Cartesian guantitiesg of motion
aro not equal. For as Galileo sghowed, body A in its fall

will acquire twice the velocity of body B. (This is now

. .2 2 -
written Z2gs = v- _ Vo o) Body A, 1 pound falling from

8 =1, will arrive at D with a velocity 2, hence 1ts
quentity of motlon, mv = 2. Body B of four pounds falling
from g = 1 arrives at I with velocity 1, its mv thereby
being L. Therefore the quantities of motion are unequal
but the "motive forces" /vis motrix/, as proved above,
are equal.

Thus says Lelbniz, the force of a body cannot be
calculasted by finding itas guantity of motion, but rather

ig to be estimated from the cuantity of the effect [quéﬁt—

itsete effsctus/ it can produce, i.e. from the height to

SLoemker, 1, L57.

6For the relationsghip nes = gge implied here,
Leibnlz is indebted chiefly %o Huygense who used it in
"his derivatlion of the lsw of the compound pendulum in
hig Horologium Oscillatorum (1673). Huyrens alsc related
the heighte of fsll of a body to the velocitles acquired
in Proposition VIII of his De Mptu Corrnorum ex Percussione
lergely complebe by 1656 bubt pubiished posthumcusly in
1703. See this dissertation Cn. II, pp. 55-61,
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which it can elevate a body of a given magnitude /mag-

7

nitudinus /.

Several points are to be noted about this "Brief
Demonstration®™, the first paper in a long series of dis-
cussions betﬁeen Leibniz and his opponents on the subjsct
of "living force'.

‘First of 211, Lelbniz hss not yet introduced the
term, vis viva, i.e. "living force", or ifts mathematicai
equivalent, EXE. He doeg not publically spéak of living

8

force until 1695 in the well-known "Specimen Dynamicum'.

In these earlier papers the discussion involves the term
motive f | tri i 2 i
iive force Jvis motrix/, ws, the eguivalent mv™ being

only implied by the uss of the sguare root of the distance
9

of fall in caleulating the mv's of bodies A and B.

—_—

Secondly he asserted that the Cartesiasns were led.

into error by confusing the force of motion which they est-

7
Loemker, 1, L57.

8Leibniz first speaks of living force in his "Esgeay
do dynamique’ (1691) which was unpublished until discovered
by Gerhardt in the papers at Hanover and incliuded in the
Mathematische Sehriften, Halle, 1860, /27 2, 215. He
slso uscs Lhe Lerm 1o an essay recently digcovered by
Pierre Costabel, and described in hie Leibniz ef la texfes
de 1692, Porias, 1960, 10L.

9Loem.ker 1, 458, "It must bo said therefore that
forces are proporitionzl jointly to bodies of the same
specific gravity or solidity) and to the heights which
produce their velocity or from which thelr velocities
might be acquired).
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imated by the cuantity of motion, with the quantity used
in statics in the case of the five simple machines which

1g also estimated by the mass times the Jvirtusl/ velo-

. 10
city:

Seeing that velocity and mass compensate for

each other in the five common machines, a

number of mathematiclsns have estimated the

force of motion /vim motricem/ by the quantity

of motion, or by the product of the body and

ite velocity Zproducto ex multiplicatione corporis
in celeritatem suam/. Or to gpeak rather in geo-
Metrical terms tne forces of two bodies (of the
gams gind) set in motion, and scting by Their mass
/mole/ as well ss by their motion are sald to_bs
proportional jointly %o thelr bodises 1corporuﬁ7
cr magses /molium/ and to their velocities /vel-
ocitatem7oxl

10, . e evs . . ,
Neither Leibniz nor the Cartesians used the term

virtual velocity. Twe virtual velocity, dvs of a body 1s
the ratio of the virtusl digplacement, ds, to the time
element it dsedy = ds/dt. Virtual displacement, ds is
the distance through which a body in equilibrium or
undsr constraint, would moveifacted upon by a force which
dishurbs the equilibrium. Virtual veloclty 1s the velo-
city the body would acquire in moving through the distence
dg. On the vee of the Lerm virtual velocity, gee Brwin
Hiebert, op. cit., 53: "Prior to the time of Varignon's
Wouvelle mecanicus of 1725, no name was attached to the
Srinciple we have been discussing /viz. virtual worky.
John Bsrnoulli (1667-1748) of PBasel supplled an expression
in 1717 in an off-hand suggestion in a letter addressed to
Verignon, In this letter Bsrnoulll introduced the term
virtual velocity {(vitesse virtuselle} .... He had used the
Nerm..,.to designate the veloclty which is assoclated with
any infinitesimal displacement which is compatible with
the constreints imposed upon a system in thse state of
cquilibrium where neltherxr the constraints nor the displace-
pents need bo sctualized.”™ I am indebted to Profsessor Erwin Hiebert
or h%i glarification of the way in which the Cartesians misussd
G, M. /27 2, 117; Loemker 1, L55. and misundsrstood the
- - - use of mv and ndv thro-
ughoit the controversy.
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This eccusation Leibniz also makes in later papers.
There is no.avidence that Descartes himself made this
errcr, although his fellowers cef%ainly did. Quantity of
motion, later known as momentum, is not the same as the
quantity formed by the product of the mass and the virgual

velocity ag apolied to static situations. For example in

the case of the lever,; the forces (B = -a) on each lever

arm are eq“al"Elﬁﬁi/dt1-=-m2§22/g§2. But because there

is equilibrium the times are equsl, gty = di, and hence

LT D,4vy) = MplV¥p or mydsy = mods,. Bub the dv's
are virtual velocities and not the actual veloclities in

the momentum expression, mv, for moving bodies. Further-
-more mdv ls an energy formula while mv 1s a momentum eX-

. 12
pression,

For a history of the principle of virtual veloclitles
and virtual work, see Srwin Hiebert, op. cilt., 7-58. See
especially p. 11l: "The seed of the principle was contalned
in the Mechanica attributed to Aristotls: If movement has
baen imparted to a lever in equilibrium the velocitles ex-
perienced by the weights at the ends of the lever arms,
described ag the arcg through which they are swspt in
equal timeg, will be in inverse proportion to the welghts,F
p. 17 THero furnishes a clear and concise explanation of
the asction of the lever in terms of vertical displacements
of weights at the end of lever arms... p. 32: "Jordanus
de Nemore in the early thirteenth century stated the law
of the lever in a proposition which can be Interpreted;
"The lesser weight on the longer lever arm will balance
the greater weight on the shorter arm if the ratio ol the
weights is inversely proporticnal to the ratic of virtual
displacements of the weights along the circuler path deg-
cribed by the lever arms." p. h6: "In Le Mechsniche of
Galileo (1649) it i1s stated: "The moment (momentolof a body
situsted at the end of the lever arm of 2z bslance is called
Ste disposition (propensione)and is composed of 1ts weight
(peso) and dlstance (lontansnzs) from the fulcrum." p. 1,8
Finally Descartes "in his writings on statics found mostly
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U Teibnizg elab-

In this same "Brief Demonstration
orated on the uge of the mass times the virtusl veloclty
in the five gimple machines:

We nead not wonder that in common machines, the
lever, windlass, pulley, wedge, screw, and the

like there exists an equilibrium, gince the mass
/magnitudo/of one body is compensated for by the
velocity of the othaer; the nature of the machine
hers makes the mapnitudes of the bediss--agsuming
that they are of the game kind-- recilprocaliy pro-
nsortional to their velocities, so that the same
quantity of motion /quantitatem motus/ is produced
on either side., For 1n this speclal case the
guantity of the effect fquantitatem effectus/, or
the height risen or fsllen will be the same on both
gides, no matter to which side of the balance the
motion is spplied. It ig therefore merely accildental
here thst the force /vis/ can be estimated from the
gquantity of motion /motus quantitate7, There are
other cases, such as Lhe onse given earlier, in which
they do not coincids. 3

Teibniz's point is an important one for as will be
sesn those CGartesisns who replied to the "Brief Demonstra-
tion" continued to make this very error.

The third point to be noted about the "Brief Demon-
stration™ concerns the measure of force Vversus the conser-
vaticn of fores. Jere it not for the title and the intro-
duction guoted above, one would have no quarrel with Leibniz's
presentation: For he correctly shows that the force, daefined
by him as weight times height, (ws), 1z fto be estimated by

the height to which it can raise a body of a glven magnitude.

in hils eorrsspondence, mads frequent use of the principls
of virtual displacements.”

L6, m. /27 2, 119.
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Quantity of moticn mv is not the measure of a force so
dofined. However the title states that the Cartesians
have made an error in asserting thst quantity of motion
ig conserved. Similarly in the firet paragraph, it is
statsd thaet "it is reasonsble that the gum of motive force
ghould be congerved in nature.' Both of these statements
imply, although Leibniz does not state this as = conclusidn,
that the "Brief Demonstration” has shown that guantity of
mdtionslmi, is not conserved, whereasg motive forcé, measured
by wg 1s conserved. The only basis for these Implications
concerning conservation ig that the Cartesian: guantitiss
of motion of bodies A and B were found to be unequal, while
the motive forces, wg, of the two bodies were equal,

Now in order to discuss conservation, a mechanical
connectlion between the two bodles is necessary; whereas
to establigh ths mathemstical measure of a force, it is not.
I7 both mv and Eia are to be conserved, a two-body inter-
action would be necessary. To sstablish conservation of

2 .

mv  but violete mv, a mechanlical method of transferring the
motive force from-body A to body B such as a2 spring, would
be necegsary. DBut in Laibniz*é ex-ample the bodies fall to
the ground side by side and the forces of the two falling
bodles sre merely compared as o esquality. The effect of
the ground and the possibility of a mechanicai comnneection
or other method of traansferring the force are Lgnored. Thus

the Implication of the title and introduction that the demon-
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stration will vield information ebout conservation is nob
jugtified. The demonstretion does successfully establish

a mathematical msasurs of force since this rescguires only
oroportionality., Leibniz's implicit identification of
meagurs and congervation ig incorrect. He ssems to have
assumed ccnsevrvation of motive force on the basis of the
impogaibility of perpetual motion. This however has
nothing %o 50 with conservation of quantity of motion. The
confounding of measure and conservabtiocm and the insttention
to_mechanical connections are a source of confusion in the
enauing controversy with the Cartesians.lu

In snother work of the year 1636, the Discourse

on Metaphvsics, Leibniz again rsfers to Descartes' error.

In a vresentstion sgimilar to that of the "Brief Demonstra-
tion®™, the same difficulty between the messurs of a force

and 1ts conservation may be observed:

L
l{Ernst Mach in his Science of Mechanics, also pointed
out this confusion in Leibniz's thouwught, alfhough not in
oreat detail: "As to the rest, lLeibniz's procedure ils more
in accordance with the methods of science than Descartes'.
Two thinezs howsver are confounded: the guestion of the
measure 1Kraftmaass7 of forcg and the guestion of the con-
stancy of The sums mv and mv®, Ths two have in reality
nothing %o do with each other."
Ernegt Meeh, The Science of Mechanicsg 6th ed.,
LaSalle, 1960, 365,
Thanks are expressed to Profesgors Frwin Hiebert,
Keith Symon and Joan Bromberg for helping to clerify my
own thoughts on thig subject. '
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Qur new philosophers commonly make use of the

famous rule that God always congerveg the sane
guantity of mobtion in the worid. Thig rule is
indeed most plaugible, snd I have regarded it

as beyond doub®t. But more recently I have dig-
covered wherein 1t 1ls in error. This 1s that
Degcartes and many other able mathematiciansg
belisved that the guantity of motion, that is,

the velacity multiplied by the magnitude of the
moving body, ceolincides exactly with the moving
force; or, to speak geometrically that the forces
are proportional %o the product of velocities and
masses. Now it igs reasonable that the same forces
ghould slways be conserved in the universe. Also,
when we attsntively observe the phenomens, it ig
clear thet verpetusl mechanicsl moticn cannot occur,
because then the force of a machine, which is z2lways
diminished & 1little by friction snd must thersfore
goon come to an end, would restore itself snd con-
gseguently incregse itsell without any new impulsicn
from without....30 thege mathematiclans have thought
that what can be said of force can slso be gaid of
the cuantity of mobtion. =t

Leibniz then presents the same proof given in the "Brief
Demonstration” and concludes:

S0 the cuantity of motion of the body A at the

point D is half the qusntity of motion of the body

B &t the point F; yet thelr forces ars squal. Thus
There ie a prest difference between quantity of

moetion and forcs, which wss to be proved. We nay

se¢ Irom this that forece wmust be estimated by the
guantity of the effect which it can produce, for
example by the height to which 2 hesvy body of a
certain size can be 1liftved; snd this is guite dif- 16
ferent from the velocity which can be imparted to it.

Here egain Leibniz doesg not actually concluds from

his proof that mv iz not conserved, but only implies it by his

15Gottfried Wilhelm Leibniz, "Discours ds detaphysique™,
in Die Philosonhischsn Sehriften von Gottfried Wilheln .
Leibniz, edited C.1. Gerhardt, Berlin, 1875-1390,I, L27-L63; 442,

Hereafter referred to as P.3. Loemker, 1, 182-483.Italics mine.

16Loemker, L, 483. Gorhardt, P.3.0L, Lh2, Lu3.
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initial statements which discuss conservation and which say
that Descartes' rule conserviang the same cusntity of motion
1s 1n error.” Becauss he mentions thig as if it were an
integrzl part of his argument, we can only believe that he
aszumed thaf eonsefvation of force bore a logical relation
to the measure of force. He is howsver correct 1n hisg
statement that motive force and guantity of motion are
different snd that the former is to be estimated by ws,

grantad his presupoositions,

Lt 1g in the Discourse on Metaphvsicg that Leibniz

firet elaborates on the content of the difference betwesn

force and cuesntity of wotlon, presenting an argument which

-

1s to become the spearhead of his attack on Cartesianism,

and the beslis of his own philesophy of monadology.

17Elsewhere Leibniz indicates that he considered his

argument a proof that quantity of motion is not conserved.

Cr, Lgivniz, "Critical Thoughts on the General Part of the
Principles of Descartes," (1692) Loemker,2, 6L8. "On

Article 36, The most faomous nroposition oi the Carteslans

i that the same quantity of mosion is conserved in things.
They gzive no demonstration of this however, for no one can
fail to see the wea?neﬂc of their ergument derived from

the consgtancy of God. For zithough the constoncy of Gog -

may be supreme and he may change nothing except in sccordance
with the laws of the series alrcady laid down, we must stilll.
agk what it is, s2fter all, thet he has decresd should be
congerved in the seard eﬂ--hhathor the guantity of motion or
scmething else, zuch 23 the quantity of forca. I have

proved that 1t is rather this latter which is conserved,

Thzt this is distinct from the guantity of mction and © that

1t often haopens that the quantity of motinn changes while
the quantity of force remzins permanent. The arguments

by which I have shown this and defended it against objections
may be read elsewhere.” Italics sdded.
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Force isg gomething different from size, from form,
or from motion and the whole meaning of body is

not exhausted in its extension togsther with its
modification. oo o Motion, iT we regard only its
gxact and Tormal meaning, that ieg, chrhange of place,
is not something cntirely real, and when several
bodies change their places rociprocally, 1t 1s not
nogsible to determine by censidering the bodles
alones to which among them movement or repoge 1s to
be attributed.... But the force, or the proximate
caugse of these chenges ig something more real, and
there are gsufficient - groundg for attributing 1%
to one body rather than to sncther, and 1t 1s only
through this latter investigatlon that we can d%tar-
mine to which one the movemsni must appertain.l

Whaf ig real in nature for Leibniz 1s primitive force,
or striving, and this is to be developed by him, in the suc-
ceeding yvears, asg the ossence of the monad. Moticn and ex-
tension, the essence of nature for Descarbes, are to Leibniz
wmerely relations and not realities at all. Thus at the root
of hig controversy with Descartes liss not a mere mathe-
metical dispute as to the messure of force, but a fundamental
disagreement ag to the very nature of force itself.

The "Digcourse on Metaphysics' also indicates that
Leibniz was well aware that Descartes had not taken the
direction into consideration in hle law of bonservation of
mivy. He writes, "the decree of the divine wigdom to con-
serve slways the same total force and the sams total direction

hag provided for this fi.e. that rules not be accepted con-

8 \ X A
* Teibniz, "Discours de Metaphysique", Loemker,l,

L3k, Gerhardt, P.S., L, Lh3.
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y "19
trary tc the formation of a system/.
The correct statement of the conservation of momentum

wag known by Leibniz and disoussed in his own notes as early

20
as 1669 following its formulatlon by Wallis, Wren and Huygens.

His purpose then cennot be construed as an implied criticsm
of Degcartes for not conservipg direction, for he mentions

this only in pasgsing and in a separate coniext. Rather as

19Leibniz, "Digcourse on Metaphysics," Loemker, 1, L87.
The full discussion reads: "If there were nothing in bodies
but extended mass, and nothing in motion but change of place,
cand 1if everything should and could be deduced solely from
the definitions by geometric necessity, it would follows, as
I have elsswhere shown, that the smallest body in colliding
with the grezstest body at rest, would impsrt to it its own
velocity, without losing any of this velocity itself; and
it would be necessary to accept a number of other such rules
which ars entirely contrsry to the formation of a system.
But the decree of the divine wlsdom to conzerve always the
game total force and the same total direction has provided
for this,"

20Guérou1t op., cit., 86. "From 1668 Leibniz had know-

ledge of the communications of Wallis, Wren and Huygens. He
had a resumé’ trangslated into latin with a discusgsion in

"De rationibus motus," Menuscrits de Hanovre, Math. 10, ed.
Kabitz, 1909, 2L-27.

Leibniz gives credit to Wallls, Wren and Huygens in
hisg "Speclmen Dynamicum" (169%5) Loemker 2, 719. "So far as
I know Huygens whose brilliant discoverises hsve enlightened
our sge was also the firet to arrive at the pure and trans-
parent truth in this matter, iof the falsity of the quantity
of motion{, and to free this doctrine from fallacies, by
formilating certaln rules which were publlshed long ago.
Almost the same rules were obtalned by Wren, Wallis and
Mquotte, all sxcellent men in this field though in differing
moasure.’

According to Loemker, note 101, "It wss the laws of
motion of Huypens and Wren formulated in response to an
invitation of the Royal Soclety which occasionsd Leibniz's
own efforts to develop laws of mobtion in 1669. (See Kabitz,
Phil. des jungen Leibniz, pp. 65-68, 135-148.P
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will be borne out by hils subsequent writings his objection
seemg to have been that a conserved quentity of force with
a positive unchanging total value for the unlverse cannot
by measured/by mivi, the quantity of absolute exiernal
motion. Leibniz is in reality inltiating an ambitlous
sttack on the foundation of Descartes' explanation of the
universae és extended matter in motion. This willlbe ampll-
fied in his arguments with the Cartesians, 1686-1691. (Ses
chapter IV,) His own explanstion of the world in terms of
thie nature of force as the substance of reality as expoupded'
in his lster papers,.169l-l?16 must now be considered.

The first of these papers entibled, "Essay on Djn-
amicg on the Laws of Mction, in which It Is Shoﬁn That Not
the Same Quantity of Motion Is Preserved, But the Sgme
Avsolute Force, or Rather the Same Quantity of Moving
Action," was thought by Gerhardt to be written in aboutb
the year 1691 at the termination of Leibniz's correspgondencs
with the Cartesian, Denis Papin. However, it was found by
Gerhardt among'some of Le;bniz's unpublished papers and was

first published in 1860 in Leibnizen's Mnothematische
21 |

Schriften, edited by Gerhardt.

lGottfriad Wilhelm Leibniz, "Essay de dynsmique sur
les loix du mouvement, ou 11 sst monstrg, gu"il ne se conserve
pag la méme quantité de mouvement, mals la m&me [force absclue,
ou bilen la méme quantitd de 1' action motrice,” Mathematilsche
Schriften, ed. G. 1. Gerhardt, Halle, 1860, /2/ 2, 215-231.
orhardt's discussion, ibid.,1Lh. In view of & recent dis-
covery of P. Costabel, the paper probably should not be
placed as written before 1692, A translstion of the essay
appesrs in the appendix to the New Bssays Concerning Human
Understaending, translated by A. 8. Langley, La Salle, 1lll.
194G, ©657«670. o
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Leibniz writes that"after some philosophers,
abanconad the oplinlon that quantity of motion Zmill7 isg
presservsd in the concourse of bodies?athey dié not rec-
ognize the conservation of anything sbsolute %o heold in
its place. Howsver, our minds look for such a conserva-
tion and many find themselves unable to give up thse axiom

without finding another to which to ascr1be”23

In sn effort to prove the existencs of an absolute
quantity which 1s conserved, Lelibnlz discusses thé consar-
&ation of thres different quantities‘in order to esgtablish
which one can be called abgolute. These are all presgented
with reference to the impact of two bodies proceding along
a straight path. The first conservation principle is that

of the same relative velocity éla meme vitesse respective7

between two interacting bodies. This had alresdy been dis~
coversd by Huygens.

If one of two bodies ig at rest, or Lf both are
in motion and proceed the one againgt the other,
or in the same directlion, there is a relstive
velocity with which they approach or depart the
ons from the other; asnd we find thet this relative
veloclty remains the same, so that the bodle=z de-
part alfter the impact with the velocity with which
they were approachlng before the impact. DBut this

22 &
TLeibniz here Indicates the author of the Search after

T»uth, 1.8., Malebranche. The reference 1s to a supplemsnt
to this work entitled "Lols generales de 18 communication
des Mouvements," published 1692.

23Langley, 658.
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relative veloclty can remain the same although
the true veloclties and absolute forces of the
bodles change in en infinite number of ways so
that this conservation does B?t concern that
which is absolute in bodies.<

The second principle is called the conservation

of total progress /Quantitd du progrds/. Progress is de-
Tined ag¢ the quantity of motion, mv, with which a body
broceeds in a certain direction. If the body proceded in
a direction contrary to the given one, the progress would
be negative, Now if two bodies proceed in the same direc-
tion, the total progress is the sum of the progresses of
each. However, 1f they proceed in opposite directions,
the progress of one of them will be négative and must
therefore be subtracted from the other to obtain the total
progress. The conservation of progress of two colliding
bodlss means therefore that the progress in a given dir-
ection 1s the same before and after impact. This concept
i1g identical with Descartes' conservation of quantity of
motion with the sign of the.velocity taken into consider-
atiou, Of this quantity Leibniz comments,

But it ig also plaln that this conservation doss

not correspond to that which is demanded of something

absolute. For it may happen that the vslocity, guan-

tity of motlon and force of bodies being very consider-

sble, their progress is null, This occurs when the two

oppoged bodles have thelr quantities of motion equal,

In such case, according tg the sense given, there ig
no total progress at all, 5

2
lJrLeib-niz, "Essay on Dynsmics", ed. Langley, 658;

oM /27 2, 217.
2

Langley, 658; GM, /27 2, 217.
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Proceding then to develop the conservation of a

truly absolute quantity, Force absolile, Leibniz derives

' 2
by a new method, the conservation of mv , formerly referred
to as motive force, ws, which he calls by its subsequently

famous nsme, living force (vis viva!.or force vive). Living

force is estimated from the violent effect feffect violent/

which it can produce snd which entirely consumes the "force

of the apent", /force de 1'agent/ as occurs when the horiz-

ontal motion of a body 1s converted to a vertical ascent,.
The mathematical estimate of this effect is ws /le produit

de 1s messe ou de la pesanteur multiplife par 1ls haubteur/.

Only in the case of equllibrium however are the heights
proportional to the veloclties: '"The products of the welghts
Zpg&is? by the velocities are as the products of the weights
/poids7 by the heights." This special case,

happenss only in the case of dead force /Force morte/,
or of the infinitely small motion which I am accustomed
t0 call solicitation, which takes place when a heavy
body tries to commence movement, and has not yet con~
ceived any impetuos=ity; and this happens preclsely
when bodies ars in equilibrium, and trying to descend,
are mutually hindered. But when a heavy body has
made some procress in descending freely and has con-
celved gsome impetuoslty or living force,[fgmgi ]
then the heights to which this body might attaln are
not proportional to the veloclties, but to tihe squares
of the velocities. And it is for this reason that in
the case of living force the forces are not as the
vantitieg of motion or as Ege products of the masses
masses/ by the veloclties,

6 .
2 Langley, 660., G.M., /27 2, 218, 219.
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Here sgaln Leibniz has referred to the product of
the welght and the virtual velocity which appliss to

statics, and which he calls dead force /vis mortua or

force morte/ and the quantity of motion, mv, as being

different from the living force of a body in wmotion,

™V . Hnwever here Leibniz does not distinguish the vel-
ocity in quantity of motion from the virtual velocity in

dead force.

In his "Essay on Dynamics" Leibniz goes on to derive

2
the congervation of mv® from g principle called the con-

gervation of moving action Zaction motrice/ which says,
there must always be in the cdncurring bodies
between themselves alone, the same quantity

of moving_action in one and the same interval
of timse.

Moving action 1z estimasted from a quantity defined as the

formal effect /1l'effect formel/. The formal effect which

moving action produces is the mass of the body multiplied
by the distance 1t traverses with uniform motion, i.e.,
ms. Moving action is then defined as the formal effect
times the velocity which produces the action (i.e., msv).
Since the motion 1s uniform, velocity is here defined at
2/t. Moving action is therefors mz(g) or mivt) (v). Now,
since the conservation of moving action always occurs in

equal times, the times may always be taken as equal to one.

27Langley, 661,
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Conservation of moving actlion is therefore the conservation
£ oy 28
0L mv  or living force. This derivation shows us that
living force 1s conserved in collisions of bodles moving
with uniform velocity along & horizontal plane.

Having established these three conservation prin-
cipleg Leibniz gives the mathematical equations representing
them and indicastes how they mey be used together in the sol-
ution of impact problems, He writes

I shall reduce the whole to three sgquations very
gimple and beautiful, and which contain all that

concerns the central concourse of two bodies in
one and the same strsight line.

The - method below of solving impact problems was not generally
utilized or appreciated until esrly in the 19th century.
Until then only conservation of momentum was recognized as
piving a valid solution. The symbols used in the equations .
are as Tollows; the velocity of body a before impact is ¥,
after impsct x, the velocity of body b before impact is 3,
after Impact z. These velocitles may be posgitive or negsa-
tive,

The first equation Leibniz calls a lineal equation

/Bqustion lineale/; it expresses the conservation of relative

velocity:
y-r=z-2x

28Langley, 665-66,

29Langley, 666,
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The second i3 the plane equation representing conservetion
of total progress, or in modern terms conservation of mom-

entums:

The third 1s the conservation of asbsolute living force or

of moving action:

avy + byy = gxx + bzz

This equation aslways expresses an asbsolute quantity since
the square masks the sign of the velocity, whereas the

others depend on relative velocities.

-y and_y have the same square, +yy, so that all
these different directions of ¥ produce nothing
more. #And i1t 1s also for that reason that this
sequation gives something, sbsolute, iIndependent

of the relative velooities, or of the progressions
from a certain aide. The cquestion here concerns
only the estimating of masses and velocities, with-
out troubling ourselves from what side these velo-
ocities arise., And this it is which satisfies at
the =same time the rligor of the mathematicians and
the wish of the phllosophers. - the experimentes and
regsong drawn from different principles.31

Lelbniz indlcates the uss of these equations in the
solution of percussion problems and thelr mutual dependence,

Although I put together these three squations for

the sake of besuty and nsrmony, nevertheless two of
them might guffice for our needs., For taking sny EEO
of these equatlions we can infer the remalning ons,

BOLangley; 666-668,
1

Lengley, 668,
32Langley, 668,
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In closing hls essay Leibniz gshows that he was

. 2
quite aware that mv_, now (as %ﬁi% called kinetic energy,
ig conserved only in totally elastle impacts.

Now when the parts of the bodies sbsorb the force

of the impact as a whols as when two pleces of rich
errth or cley come into collision, or in part as

when two wooden balls meebt, which are much less elastic
than two globes of jasper or tempered steel; when 1

say gnome force is absorbed in the parts, it 1z as good
ags lost for the abgsolute force and for the respective
velocity, thet 1s to say for the third and the first
sguation which do not succeed, since that which re-
mains after the impsct has become less than what it

was before the impact, by reason of a part of the force
being turned elsewhere. But the quantlty of progress

or rather the sscond equation lg not concerned therein...
But in the seml-elastics, as two woodsn balls, it happens
still further that the bodies mutuslly depart after the
impasct, although with a weakening of the first squation,
following this force of the impact which has not been
abgorbad... But this loss of the totsl force, oxr this
failure of the third equation, does not detract from
the inviolable truth of the law of the conservation of
the same force in the world. For thet which is absorbed
vy the minute parts 1s not absolutely lost for the uni-
verse, although it _is lost for the total force of the
concurrent bodies.

33Langley, 670.

For an evaluation of this see Erwin Hiebert, Histor-
ical Roots of the Principle of Congervation of ¥nergy,
Vedicon, 1962, 0B-50. "in these passages Leibnlz apparently
pogtulated an inner force of motion for the invisible
smallest psrts of bodies. These smallest parts were thought
to acquire the kinetic force lost by bodies for inelastic
deformable collisions. Leibniz also assumed this Ilmer
force to be equivslent to the external force of motion,
gince he stated that the total force remains unchanged for
the universe even for inelastic collisions. There is I
helieve no statement in Leibniz which would lead one to
eredit him with either observation or knowledge of the
fact thst this phenomenan 1ls .accompanied by heat changes.
¥evertheless by this time it was common beliefl especially
smong philoscphers that heal was due to or synonymous with
the motion of the smallest parts of matter.”
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Here then is & significant restatement of the prob-
lem of the controversy in terms of the search for an esti-
mate of force as a mathematically abgolute or positive
guantity which caninever be taken as zero or negative in
the impact of elastic bodies. Further it draws together
ﬁhe conservation principles of momentum, mv, and iiving
force, mla, presenting the solution of all impact problems
ag the solution of these two simultensous eqdations. Al-
though this paper remasined unpublished until 1860, Jean
Eernculli had knowledes of 1ts ideas, expressing the samse
equationg in his paper of 1727 for the Irench Academy.
See this dissertation pp.288-289 ).

An essay of 1692, "Critical Thoughts on the Principleé

n 3l

of Descertes surmerizes and reiterates the criticisms
of Descsrtes'! 7 laws for coliiding bodies showing in detall
how they violate the principle of continulty. Descsrtest
general conservation law and his three secondary laws sare
likewise subjected to criticism.

Bocauge the points made in this essay relevant to

to the controversy have already been fully elaborated,

further discugsion of it will be sliminated.

3uGottfried Wilhelm Leibniz, "AnimadZversiones

in partem generalem principiorum cartesianorum,” in
Gerhardt, P. S., L, 350-392. Loemker, 2, 630-676.
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Leibniz's"Specimen Dynsmicum"of 1695,35 presents
a meture synthegis of his concept of force, drawing to-
cether the observations and opinions expressed since 1686
in his pspers on dynamice and incorporsting philoéophical
views developed concurrehtly with this work in physics.

It gives:an interpretation of Leibniz's "force" as the
very fpundation of our underétandiﬁg of both the physicsl
and spiritual universe.

Whet i¢ real in the universe 1s activity; the
essence of sgubgtance 1ig action, not extengion as Descartes
had insisted. This activity 1s constituted by a primitive
force or a striving towsrd change; it is the Ilnnermost
nature of a body. Leibniz was later %o call the basic
indivigible substances whose essence is a continual ten-
dency toward action, monads (cf. "The Momadology," 171L).
But force has a psseive as well as an active character,
and this too 1g & characteristic of the monad. In the

monad passivity 1s reflected by the way in which the

35Gottfried Wilhelm Leibniz, "Specimen Dynamicum pro
sdmirandis naturse legibus circa corporum vires et mutuas
actionss detepgendls et ad suas causgsas revocandis," Gerhardt,
M.s. {27 2, 234-2L6, Pert I. A translation appears in
Loemker, op. cit., 2, 711-738., The original part I appesred
in the Acta nruditorum (1695). A simllar but later essay
written im 1702 wili be found in Gerhardt, Leibnlz, Math,
Schritt., /27 2, 98-106; Gerhardt, Leibniz Fhilos. Sehrifst.,
h, 393-HOO. A Translation ig found in the appendix %o the
New Hssavs, ed. Langley, op. cit., 699-706.
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changes in one monad are adapted to the changes in all
the others. In corporeal bodies this passivity is a
primitive force of "resisting" or "lasziness" which shows
itselfl as the inertia or M"repugnance of matter to be set

n36

in motion.

Wnhile the reciprocity of activity and passivity in

nrimitive substance 1= entlirely metaphysical, it shows it-

gelf quantitetively in the phenomensal world as conatus,
impetus and vig viva. Each of these three mathemstical
measures of primitive force 1s composed of two aspects,
the passive 1lnertial aspect provided by matter or mass,
and the active dynamic aspect, represented by moticn or
the tendency toward motion, A moving body has & velocity

at any momeﬁt of time. Thls velocity together with dir-

ection is called EQEEEEE“BT Impetus is the product of the
mass /molis/ of the boedy and its veloclity. The Cartesians
call this the quantity of motion. DMore sccurately however
"guantity of motion is the integral of the impetuses in

the moving body through a given interval of time.“38

36Loemker,‘_2_, 71k, 715. GM /27, 2, 236, 237.

37”Velocitas gsumte cum directione conatus appelaturs”
G.M. f2/ 2, 237.

"Impetus autem esat factum ex mole corporis in velow-

itetem, ejiusque adeo quantitss sat, quod Cartesil appellare
gsolunt quantlitatem motus, scilicet momentaneum, tametsl
accurating loguendo ipslus motus, quippe in tempore exist-
entis, quantitasgs ex aggregato impetuum dursnte tempore in
robill existentium (sequalium insequaliumve) in tempus
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There are two kindg of force: dead force (vis

mortua or force morte) and living force (vis viva or

force vive)., Dead force is the forcs of "atstics", =

pressure or tension. It 1s a solicitation or striving
towsrd motion exlisting before wmotion sctually arises. It
ocecurs when there 1s a potential for motlon but something
hinders its acocomplishment. As examples Lelbniz gives a
stone held in a gling, bodies in equilibrium, and a body

prevented from felling by some obstacie.

ordinatum ductorum naseatur." G.M, /27 2, 237.

"Motion is the continuoug change of place and thus
requires time. But as the moving body has its motlon in
time =0 it has a velocity at every moment of time, a vel-
ccity which is the grester in the degrese that more space
is passed thorough in less expenditure of time. This velo-
city along with direction is called conatus. Impetus,
howe ver, consists in the product of the mass /molis/ of
the body by 1ts velocity, and sc 1its quqntity ig that
which the Cartesisng usually call the guantity of motion,
that 1ls, the momentanecus quantity, although spesking more
accurately, the quantity of motlon, having an existence in
time, is an integral of the impetuses (whether equal or
unequsal) existing in the moving body through an intervsl
of time. In our debate wlth the Cartesians, however, we
have followed their wey of speaking." Loemker, 2, 715.

In an explanatory footnote to thls section Loemker
writes: "Every 'body has a velocity at a particular moment
of time: v = {(ds/dt). The product of the mass by this
velocity is here mv = (mds/dt), while the gquantity of
motion over a period of time would be the integral:

T v
_ 2
m OJ_ZQE = oj d8 gt = ms or mv

at —

| 2
But gince distance 1s proportional to ¥ , this is Leibniz's
own quantity of force." Loemker, 2, n. 35.
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Living force arises from an infinlite number of con-

“tinuous Impressions of desd fﬁrce. It 1s the mesasure of
the force of a body which has been falling for some time;
Although Leibniz did not use the term work, now did he
make explicit the work-snergy relation which lay at the
basis of his concept of living forece, we can /| inter-
pret hig concept of force in modern terminology. We can
penerslize his relationship betweenlthe welght of a body
falling through a distance, mgs, and living force, mxz,

" to the work-ensrgy relation:

Ela =F ., dg
2

That is, living force, or more accurately, one half its
valus, Kinetic energy, and work, or force acting through
a distance are equivalent. Differentlating thils equation
with respect to time for a constant force and constant
mags, and sqbstituting the relation v = ds/dt, Wi obtéiﬁ

"the equation for static or dead force:

2nvdv  _ F.ds

2 dt - dt

mds ., dv = F.ds

Tt d% at

mdv =P 1,e. Dead Force
at -

For the casge of gravity as dead force, we would have F =

mg, or welght., If the distance of fall le tsken Into account,
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mgs, we would have the potential energy concept which lay
at the bagis of Leibniz's "Brief Demonstration." For the
case of equilibrium, as in the lever, the force on one

arm balances the force on the other: m,dv, .= mpdy
' dty dt,

and dv/dt = ds, the virtual displacement., Here the times

rrebieet)

are equal, l.e. dt, = gﬁé,”so ds = dv. 'Thug ngzl = m2g22 -
ﬁlg_‘g.l =n ds

o Since dead force is proportional to the body's

mess snd the /differential or virtual/ velocity Jquantitste

ox ductu molils in velocitatem facta/ Leibniz again attributes

the Certesiana® error to their generalization of thils static

messure to force in general /vim in universum/. Leibniz

writes:

S5 far ss we know, the sncients had a knowledge

of dead force only, and it is this which 1s com-
monly called mechanics, which deals with the

lever, the pulley, the inclined plane (applicabdle

to the wedge and screw), the squilibrium of

liquids, and similar matters concerned oniy with

the primary conatus of bodies in itself, before

they take on an impetus through action. Although
the laws of dead force can be carried over, in a
certain wey, to living force, yet great ceution is
necessary, for it is at this point thet thosge who
confused force in pgeneral with the quantity resulting
Trom Lhe product of masgss by velocity were misled be-
couse they saw that Gead force 1s proportionsl to
faetors, As we pointed out long ago this happens
for a epecial reason, namely that when, for example
diffarent heavy bodiesg fall, the descent 1tself or
the quantities of space passed through in the descent
are a% the very beginning of motion while they re-
main infinitely small or elementsry, proportional

to the velocitles or to the conatuses of descent.
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But when some progress hss been made and living
force has developed the acquired veloclties are
no longer proportionsl to the spaces already
pagsed thggugh in the descent but only to their
elements. '

In "Specimen Dynamicum" Leibniz again attemptes refut-
ation of the Cartesiasn principle of force. No reference 1is
made here to conservetion, but rather the demonstrabion 1s
given in terms of two principles, the principle that the

e

Twhole effect is always equal to the full causs,

Leibniz, "Specimen Dvnamicum,” Loemker, 2, 717,

718

. @M /27 2, 239, 1talics added. On the background
of "dead force " and 1ts meaning, see Taliaferro, 0p.

cit., 26, "The origin of Descartes' error, Leibniz
claimg lies iIn his generalizin% of the law of the lever
by differentisl displacements (or as one would seay later,

virtual displacements or velocitles): //ﬁﬁ///p//’Tm
1 &

MyV-= MoV mys,8iné = mya,9ind
11 MpVp > M8 2729 [T

to actusl speads. This is a false leap; these virtual
gpeeds are what Leibniz calls dead forces as opposed to the
live forces which produce, not the ftendency to motion but
the actual motion, and which are the integral of these:
vadv =% mv + G, the % usuelly being omitted.¥

According to Erwin Hiebert, op. cit., 49, Descartes
knew that it was the "commencement of movement which has
to be taken into account at each instant. He says "notez
que ie dis commencer 8 descendre, non pas simplement des=
cendre!. Here Degcartes has emphasized the importsnce of
stating the relationship in terms of infinitesimal virtual
displacements, for he recognized that the forece to sustain
a welght on the arm of the lever, exerfted in the direction
perpendicular to the lever, varies continuously with chenges
in position of the lever, and so the ratio of displacements
will also vary continuously. See Descartes, Jsuvres, 2, 222-246."

0
b Loemker 2, 726.
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and the principle that equipollent bodies may be sube
stituted for each other in our cslculations as if the

L1

substitution hasd actually been carried out in naturse,

The example, drawn from the mechanics of the pendulun,
envigions two pendula both of the same length but with
bodies of different welght. DBody A hss a magnitude of 2

and falls through a vertical height (AEH) of 1 £%. (See

diagram, p. 100), When it reaches the perpendicular, Ay

it has acquired a velocity of 1., A%t this level Ay a

second body C, is substituted for body A which the Cartesians
would say is equipollent to body A becauss it has a magni-
tude 1 and a velocity of 2. But the supposed equlpollent,

C, with velocity 2 will rise to a height of L. "Thus",
writes Leibniz, "merely by the descent of a 2 pound weight,
A, from the height of 1 foot AEH, we have, by substituting
1%s supposed equipollentisl, brought about a rise of 1

pound to U feet which is double the former effect, Thers-
fore we have gained this much forece or achieved a perpet-
ual mechani&al motion, which is absuic;_d."u'2

'« The guestion raised by this thought experiment 1ay

how can Leibniz show that perpetual motion will arilse

from the acceptsnce of momentum as a measure of "force'?

hlLoemker 2, 726, 729.

uzLoemker, 2, 727,
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Since perpetusl motion cannot occur in nature and since
mv 13 a legitimste concapt, where is the difficulty in
Lelbniz's proof?
Ir the weight of a body multiplied by its distance
of fall is teken to be the measure of force and as the
lbaéis for equipollence, there is no reason to exﬁect the

2 .
equipollent bodies to have equal mv's snd well as mv .

The impossibility of perpetual motion ig another way of
stating the conservatlon of kinetic energy since a body
cannot rise to a grester height than that from whicn it
foll without the aid of an external force. This however
is not the.basis for the consérvation of momentum law
which applies to systems of interscting bodies. There 1s
no reason %o expecf perpetual motion to arise from the
gubstitution of a body of a certsin mv, for perpstual
motion and momentum have nothing to do with one another.
Lelbnlz is confusing the issue by applylng the perpetual
motion orinciple to the questlon of the validity of
quantlty of motlon.

Loibniz's ideas on force together with his critigue
of Descartes discussed sbove, lead directly'into his well=
rnown concept of the monad. The monad is a simpls sub-
stance which can neither be created nor destroyed naturally.
A1l monads must begin simultaneously and be annihilated at
once. A monad iz a belng capable of actlon whose changes

in state occur from an internal principlse. This prin-
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clple of change is a striving or cenatus toward a futurse

state, s primitive force. Thus the conservation of sub-
stance and force form the very basls of Leibniz's philo-
sophical viewpoint.

Every monad cbanges continuously znd spontesneously
following a certaiﬁkpfenestablished order in such a way
that God sees 1ts previous and future states In its present
one, The changes in one momad according to the pre-established
order are 1ln exact sgreement and harmoany with those occuring
in the liveg of every other monad throughout the universe
and eternity. Certalin stages or states in the lives of all
monads are sald to exist simultaneocusly. The order present
in all co=~existing things is Leilbniz's definition of space.
Space therefore 1s a relation between simultaneous states
of real thinss, that is, between monads., These simultaneovus
states determine the phenomena apparent to us, Time 1s an
order in the existence of states whlich are not simultaneous
but prior.ofﬁposéerior. Space and time are therefore
neither realities nor substances, but merely relaﬁions.
Durstion 1s the magnitude of time; extension is the mag-
nitude of sgpace., Thus motion which 1s the continuous change
in both space and time 1s likewise only a relation. What

. -2 .
igs real in motion is force, a momentary state which carries

J-l'BLa:L‘{::niz, "The Monsdology, "(171L) Loemker, 10ll-

1046, and "The Principles of Nature and of Grace," (171L4)
Tbid., 1033, 103L. Gerherdt, P.S., 6, 607-623 and 598-
606
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with 1t a striving toward a future stste. When these
momentary states are considered over a period of time
and over s portion of sapace, & relation or order among

bl

the states is percelved and this is called motlon.

Ll
Loemker, 2, 806, In ‘higs discugzions on physics,

Leibniz conformed the langusge of hig philosophical systenm
to that of ordinary spesking. Thus all these polnts on the
lavel of physics have a counbterpart in Leibniz's sytem of
monads or souls in which there is no real spsce or motion,
and in which there is no real communication of motion, For
each case of impact in the world of phenomena there 1s a
counterpart in the real world of monads which consists In
the heightening and diminution of the states of perception
of infinite numbers of monads., All of thls takes place in
accordance with the system of pre-established harmony. For
Leibniz's discussion of this problem see, The Monadology

and The Correcspondance With Armauld, op. cit. Thus in the
Corrosrpndance withn Apnauid Leibniz writes: (p. 153) "Thus
the souls change nothing in the ordering of the body nor

do the bodies effsct changes in the ordering of souls (and
it is for this reasson thet formg ghould not be employed %o
explain the phenomena of nature). One soul changes nothing
in the seguence of thought of anofher soul, and in general
one perticular substance has no physicsl influence upon
another; such influence would besides be useless sgince gach
substance iLsacomplete being which suffices of ltself %o
determine by virtue of its own nature sll that must happen
to it." (p. 163):",..all the phenomems of the body can be
explained mechanically or by thse corpuscular philscophy in
accordance with certain assumed mechsnical principles
without troubling oneself whether there are souls or not.

Tn the ultimate anslveis of the principles of physlecs end
mechanics however, it is found that these assumed principles
cannot be explained solely by the modifications of extension,
and the very nature of force calls for something else. (p.182)
"Nevertheless, we have the right to say that one body pushes
another; that is to say, that one body never begins to have
a certain tendency excepting when another which touches 1%
loges proportionally, according to the constant laws which
we observe in ~henomena; and since movements are rather real
phenomena than beinge, a movement as a phenomenon 1s in my
mind the immediste conseguence of effect of snothsr phenom-
enon, and the same 1g true in the mind of others. The
condition of one substance, however ig not the lmmedizte
congequence of the condition of another particular substance.”
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It is elear therefore wny motion and extension cannot be
the essence of reality for Leibniz as they were for Des-
cartes.

We are thus able to view Lelbniz's attack on the
Cartesian measure of force as primarlly an attempt to
sstablish his own philosophlcal system based on the
conservation of force, and to place less emphasis on a

simple attempt to substitute the mathematical formula

EXZ for the formula mv. This latter aim is encompassed in
the more general purpose of the former. Perhaps his in-

gight into a universs which was fundamentally energistic'
led him to make assumptions about the possibility of trans—.
ferring that energy and to implicitly ldentify the conser-
vation and the measure of fbrce, the establighment of both

being an integral part of hils ultimate aim.

Conclusion

In this chaptef gsome resgong have been suggested
for the initiastion of the controversy over what guantity
was to be the measure of force. Firat Leibniz showed that
the "forecs™ of a tody in motion could be measured by the
quantity ;_af (vis viva) which was dependent upon the dis-
tance through which a body is moved. DBut in so doing he
‘ciaimed that the qusntity mv wss not a legitiméte measurs

S

of force., However momentum, mv, 1s éctually a different
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quantity, its measure belng dependent on the time during
which the body moves.

In makling his claim Lelbniz tried to show thet mv
was not conserved. This srgument was not legitimate be-
cauge in some cases the bodies did not interact and hencé
the guestion of conservation could not even arise. He also
tried to show that perpetual motion would occur 1if mv were
the measure of force, Howsver the perpetusl motlon argu-
meﬁt applies only to yis viva congervation and not to
momentum cases.

Leibniz also clsimed that the Cartesiens confused
the measure, mdv, in statics with the measure ﬁg, é concept
applicable in dynemics, calling both mv., Although Descartes
did not make this error, his followers actually did as will
be shown in chapters IV and VI, Leibniz shrewdly attacked
the error and at the seme time showsd how mdv or dead force
igs relsted to ite integrel, living force, gxz, L IEEQE = &my + c/.

In solving impact problems Leibniz used the simulten-

‘ . . ' 2
eous application of the equations, conservation of mv  gng

conservation of mv. He caelled this latter equation conser-
vation of total progress which was equivsalent to Descartes’
quantity of motion with the velocity taken as a vector.

' 2
Leibniz thought of m(vias being in error because mV yag

the true measure of force. He did not think of himsel?

- -
as correcting mivi to its accurste sxpression mv.



106
Behind his challenge to Descartes and his followers
lay a deep=-seated philosophical conviction that force and
not motion was congerved In the universe. Motion i1s only
relative whereas force 1ls the dynamic principle behind the
simultaneous unfolding of the lives of all the monads.
T™he obgserved motions of bodles are merely phenomena re-

flecting pre-established changes in the ordering of

monads.,



