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Now, as, at the time of new moon, the sim' lanic_l
moon are in the same paris of the heavens, (ti 1e.11ﬂe -
fects being perfectly In unison, the flux an 101;_ tl}l::
must then be greatest, being equal to the smtI]l1 he

two tides. This will equally t.ake pla9e at he
of full moon, when the moon is opposite to the suri; |
s we know that she produces the some effect, thong 1
she be in a point of the heavens diametrically optpo-
site to the first. The flux and reflux must ﬂ.‘l}fle ﬁTet‘
bhe oreater at new and full moon, than z%tﬂt e z:s
andblast guarters. For then the power of the sunto
exerted to lower the waters, and that of the mog;: °
vaise them. It is evident, therefore, that z.t' bclas :
seasons the flux and reflux Iﬁnust b: less considerable ;|
tual observation confirms it. :
an%ti:li;it be sill farther demonstrated bg calcula;;i
tion, that the effect of the moon, or .of 1 e Sutn’thé
somewhat greater, when these bodies a11e al - thé
equator, or equally distant from the tw]f) poles ooxes ‘
globe: which happens at the time of the ilqlém tem”
toward the end of the months of Ma_rch aia : gp a;}
ber. It is found, too, that at that time the htl esthrﬁ
strongest. It follows beyond al}: doubt, t .en, sé i
the ti?les, or the flux and i'.eglux 1512 :‘)J;\le asgial, Dafl :]f:l;un,‘
ttractive power of the &
11)13'r :Llsleniuc,h as tgese powers act unequal%y} (1;1;1 1;11:](:)13 _
different parts of the sea, The happ'_?r 831?1 1511 o
of this -phenomenon, which had so dread! 3; fpthT
plexed the ancients, is a complete confirmation &
system of attraction, or of Euuver:qal gravitation, cix}
which is founded the motion of all the heavenly
bodies.

14¢h QOctober 1760Q.

TrER LXVITI.—Mogrz PARTICULAR AcCcount

OF THE DIsPUTE RESPECTING UNIVERSAL GRa-
*VITATION.

-« Haviva given you a general but exact idea of
he powers which produce the principal phenomena
of the universe, and on which are founded the mo-
‘tions of all the beavenly bodies, it is of importance
0 consider with more attention, those powers which
are the principal points of the system of attraction.

It is supposed in this system, that all bodies mu-
‘tnally attract each other, in the ratio of their nass,
and relatively to their distance, in conformity to a
law alveady explained. The satisfactory manner in
which most of the phenomena in. nature are ac-
womnted for, proves that this supposition is founded
in trath; and that the attraction which different
hodies exercise upon each other, may be considered
85.a most undoubted fact. It now remains that we
inguire into the canse of these attractive powers; but
this research belongs rather to the province of meta-
physics than of mathematics, T dare not therefore
flatter myself with the prospect of absolute success in
the prosecution of it, '
“As.it is certain, that any two bodies whatever are
aftracied to each other, the question is, What is the
cause ol this attraction? On this point philosophers
are divided. The English maintain, that attraction
15 a property essential to all the bodies in nature,
and that these bodies, hurried along by an irresist-
ible propensity, tend mutnally to approach, as if
they were impelled by feeling, :

Other philosophers consider this opinion as ab-
urd, and contrary to the principles of a rvational
philosophy. They do not deny the fact ; they even
admit that powers exist, which are the caugses of the

: 12
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reciprocal tendency of bodies toward each -other;
but they maintain, that they are foreign to the bo-
dies ; that they belong to the ether, or the snbtile,
matter which swryounds them, and that bodies may .
be put in motion by the ether, just as we see that a
body plunged into a fluid, receives several impres-.
sions from it. Thus, according to the first, the
cause of the atiraction resides 1 the bodies them-
selves, and is essential to their nature; and, ac-
cording to the last, it is out of the bodies, and ini
the flmid which swrounds them. In this case, the:
term ativaction would be improper; and we must:
rather say, that bodies are impelled toward eaely
other. But as the effect is the same, whether two)
bodies are reciprocally-impelled, or attracted, the
word attraction need not give offence, provided it is
not pretended, by that term, to determine the na-
ture itselt of the cause.

To aveid all contusion which might result from
this mode of expression, it ought rather to be said,
that bodies move as if they mutunally attracted each
other.
whieh act on bodies reside in the bodies themselves,
or out of them; and this manner of speaking might
thus suit both parties. Letus confine ourselves to the
bodies which we meet with en the surface of the earth;

Every one readily admits, that all these would fal_}
downward, unless they were supported. Now, the
question turns on the real cause of this fall, Some
say, that it is the earth which attracts these bodies;
by an inherent power natural to it; others, that if
is the ether, or some other subtile or invisible mat;
ter, which impels the body downward: so that the
effect is, neveriheless, the same in both cases. This

ast opinion is most satisfactory to those who are

tond of clear principles in philosophy, as they do not -

see how two bodies nt a distance can act nwpon each

This would not decide whether the powers

e

—
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other, if there be nothing between them. The others
3> ﬁrlqtieiogsg tltl) the divine omnipotence, and main-
dam that God has endo i i :
| 1%‘;{:“31 sod has ¢ wed all bodies with a power
& v.1hough it be dangerous to ventur i
".goncerning the limits of divine pow?ar,onir. ?s ciiil:r:f-e
._J;},}gless certain, that if attraction were an :immediate:
work of that power, without being founded in the
-Dature of bodies, this would be the same thing as
iﬁ?g’ ti:lhat God immediately impels bodies toward
madc;. ery and this would amount to a perpetual
= Let us suppose, that before th i '
world, God had created only two ﬁ)ggfjst 10;; :f ‘i‘[h;
dance from each other; that nothing ’absolutél
gx.lst;ed out ol_" them, anq that they were in a state u);‘
test; would it be possible for the one to approach
the other, or that they should have a propensity to
approach? TFlow conld the one feel the other at g
dJstepmce? ‘Whence could arise the desire of approach. -
g7 These are perplexing questions. Bat if 'ouu
Suppose that the intermediate space is filled wit}h
f:llllibtlle matter, we can comprehend at onee tha?;
thes;n 1-11551:21- &Pay act upon the bodies, by im};e].linn'
them; eltect would be the same as i they pos.
.Sifl?d a power Iof mutual attraction, ¥ pos
Now, as we know that the whole sp ich s
parates the heavenly bodies is filled I:Viili ‘:h:ﬁ); ila“
atter, called etker, it seems more reasonahle to l-'e
cl‘;ll)g the mmtual atiraction of bodies io an act'aw :
hich the etht_ar exercises upon them, thouch ui:;trsl
mammer of acting may be unknown to us i?Eather
an to have recourse fo an yninielligible pr(’)p'ert
2 Ancient philosophers satisfied theﬁ;selves with g;:-
pﬁ:ghm%rh ;:he Il)lh((alnome}m of nature, from qualities
Yy called occult, saving, for ex
Mum causes sleep, “from ag o%::ult quzg?tl_%r)}e:v]?ilca}f
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disposes it to procure-sleep. This was saying jus*:
nothing, or rather was an attempt to conceal ignor
vance. We onght, thevefore, likewise to considey
attraction as an occult quality, in as far as it is giye
for a property essential to bodies. But, as the idea
of all occult’ qualities is now banished from philo-
sophy, attraction ought not to be considered in this
sense.

18#% October 1760.

Lerrer LXIX.—-Nature anND EssENCE OF Bq’-
p1Es; OB ExTENsioN, MoBILITy, AND IMPENE-
TRABILITY OF Boby. ‘

Tur metaphysical disquisition, Whether bodies
may be endowed with an internal power of attract-
ing each other, without being impelled by an exter-
nal foree, cannot be terminated, till we have exam-
ined more particularly the nature of body in gene-
ral.  As this subject is of the last hmportance, not
ouly in mathematics and physics, but in every branch
of philosophy, you must permit me to go intoa more
particylar detail of it.

Tirst, it is asked, What is body? However ab-
surd this question may appear, as no one is ignorant

of the difference between what is body and what'is

cha-

not, it is, however, difficult to ascertain the real

racters which constitute the nature of bodies. The :

Cartesians say it consists in extension, and that what-
ever is extended is a body. They clearly under-
stand, that extension has, in this case, three dimen-
sions; and that a single dimension, or extension
length only,
sions, length and breadth,

forn1 ouly a surfsﬁce,

whieh still is not a body. To constituie a bop.y:,-
ﬁ Y-

therefore, we must have three dimensions, and ev
body must have length, breadth, and depth or thi

i
gives only 2 line; and that two dim?n- :
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“__‘_.55 s in other wo
siens.

But i is asked, at the same time,

Whieh has extension is a body ? Thig liflesli-;ybihtulig

: ;fﬁf(;hlf ttlille definition of Descartes be just. The idea
moch | e vlalﬂgax form of spectres contains exten-
s I 1:1;15 %:gvsg, denllec:l that they are bodies.
+houg purely imaginary, it serves to
prave, however, that somethi i
without being a body. Bes}i}-cllltlai nz’::g ]ilg;f :vxlfiinhmgvg
ve of space, contains, undoubtedly, an extensioﬁ
Itis admitted, nevertheless,
body ; it only furnishes the

rds, an extension in three dimen.

Tet us suppose,

“pre

sent in my that all those things which are at

apartment, air and every thin

ne : were

o ated Dby the divine Omnipotence, therg’would

rema 'S-h in the apartment the same length, breadth,
hlelg t, but without a body in it. %—Iere then,
he possibility of an extension that shall not bea -

) vm.mui;ch a space, without body in it, is called
; a vac i i it
e : uum, then, is extension without

« It may likewise be sai “
: e said, accordi ]
ot > ccording to the vulgar
DS lon, a specive has extension, but that
¥, ﬁl corporality, 1s wanting to it. Tt is clear
i, that extension is not sufficient to constitute ;

odv_ . -
dy—that something more is necessary ; hence it

ollows, that the definiti
' nition of the Cartesi :
xact. But what more eslans 1s not

s necessar i
fn, to constitutt? a body ? Th:ﬂgsvi);?l?se .;!1{26]:3?
y:; (1)11' thﬁ plos51bJJ1ty of being put in motic’nn; for,
ausegs ?_ hocy be at rest, whatever may be the
walch preserve it in that state, it would, how-
nﬁ,(‘?e Ppossible to move it, provided the psowers
‘:Plt:]_ to 1t were ‘sufficient, By this, space is ex-
uded from the elass of bedies, as we see that space,
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which only serves to receive bodies.., remains nn-i-
moveable, whatever motion the bodies that it cons
tains may have. o
Iiis li}lr(ewise said, that, by the help of m%%g?
bodies are transported from one place to aluo o
by which we are given to understand, that

i ich I have above
t, however, with the vacuom which ‘
;?1;1;);5&&, migint undonbtedly be moved, and actu

ally is 50, as it follows the motion which carries '

H I
round the earth itself; heve, then, is a vacuum Ttrii;
tion, without being & body. The vulgar 51]11}?61:58 1S e
too, ‘bestows motion on speefres; {md t 1sr 1d -
cient to prove, that the power of being 111(::\(30,f g
extension, alone do not constitute the nature q

i i ing ; re must he
dies. Something more is wanting; thw};n hi](jb.
matter to constitute a body, or rather, it is this w

] |
distingnishes & real body from simple extension, or
(=]
from a spectre.

Here, then, we are reduced to explqin what ﬁigﬁ _,;
be understood by the term matier, mth.oul.:ﬁw tianz
extension cannot be body. Now, the 51gn11cz; ;
of these two terms is so much the same, tha ﬂﬁl

body is matter, and all matter is body ; so that eve

: roa e easily:
now we have made no great progress. W \E

discover, however, a general character, inseparable

from all matter, and consequently pertaining to 4t

ies; it is /mpenetrability, the impossibility of
?1:.);1 l::e;etrated lzajy other bodies, or the 1mp05151b
that two hodies should occupy the same place
once, In truth, impeneg'abﬂlty is what a vacu

nts in order to be a body. ‘
WaIt will perhaps be objected, that the h}z;nd n;‘hy
be easily moved throngh air and throug .1:1511- }
which are, nevertheless, acknm'wledged bod}es ; eif%
then, must be penetrable bodies, and cm15(3(51'-113{‘[1ia%(i
impe’netra.bﬂity is not an inhevent character ot all

3
i

. S narts
places and space remain unchangeable. My apart:
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bodiess But it is worthy of remark, that when you
< phmge-your hand into water, the particles of the -
* Water make way for your hand, and that there is no
Walgr. in the space which your hand occupies, If
the hand could move through the water, while that
fluid did not make room for it, but remained in the
place which the hand occupied, then it would be
penetrable ; but it is evident this is not the case. Bo-
ies, then, are impenetrable : a body, therefore, al-
ways excludes, from the place which it occupies,
very other body; and as soon as a bedy enters in-
ta-any place, it is absolutely necessary that the- body
lch occupied it before should leave it. This is
the sense which we must affix to the term impene-
vizability. -
- 2lst October 1160,

Lerren LXX.-——IMPENETRABILITY or Bopigs.

T instance of a spunge will perhaps be pro-
duced as an objection to the impenetrability of bo-
ies, which plunged into water appears completely
etrated by it. But the particles of the spunge are

far from being so, in such a manner as that one
cle of the water should cceupy the same place
ith oue particle of the spunge. We know that
pange is a very porous body ; and that before it is
into the water, itg pores are filled with air; as
500m as the water enters intg the por

es of the spunge,

the.air is expelled, and disengages itself under the
of little bubbles ; so that in this case no pene-

ation takes place, neither of the air by the water,
t the water by the air, as this last always makes
scape from the place into which the water en.
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- sible, the minute particles of the air must mutually
. " penetrate.
. It is, then, a necessary and fundamental law in
nature, that no two bodies can penetrate each other,
o1 occupy the same place at once; and it is in
~ conformity to this principle that we must look for
the real source of all the motions which we observe
- in all bodies, and of the changes which befall them.
.. As two bodies cannot continue their motion without
* penetrating each other, it is absclutely necessary that
- the one should give place to the other. If, then,
two bodies are moving in the same line, the one to
the left, the other to the right, as it frequently hap-
pens at billiards, if each were to continue its motion,
they must mutually penetrate; but this being impos-
sible, as soon as they come to touch, a shock takes
- .place, by which the motien of each body is almost
mstantly changed ; and this shock is produced in
nature only to prevent penetration. The motion of
~each body is precisely changed no farther than is
© mecessary to prevent all penetration; and in this
_ consists the real cause of all the changes which hap-
- pen in the world. ’ ’
¢ “When all these changes are attentively considered,
" they are found always to take place in order to pre-
- ' Yent some penetration, which without these changes
‘must have ensued. At the moment I am writing 1
observe, that if the paper were penetrable, the pen
would pass freely into it without writing ; but as the
Paper sustains the pressure of my pen moisténed
ith ink, it receives from it some particles which
form these letters, which could not happen if bodies
netrated each other.
This property of all bodies, known by the term
ipenetrability, is then not only of the last import-
‘mee relatively to every branch of human knowledge,
but we may consider it as the master-spring which

It is, then, a general and essential propertyl oft;llll
bodies to be impenetrable; and consequently the
justness of this definition must be admitted, z‘gat ﬁ ‘
body is an impenetrable extension ; as not 1011{ ¥y _ae ;
bodies are extended and .impt_anetl‘able, but likewise
reciprocally, as that which is at the same 31_11'?0&131}{& .
tended and impenetrable is beyond connafrlc i ne
body. Vacuum is accordingly excluded from ts '
class of bodies ; for though it has extension, _11}: wan
impenetrability ; and wherever we meetdwn; L Eil v:;
cuum, there bodies ms.%r.be 1nn,i:roduce , witho

rusting thing out of its place. )
thl\uﬁs}gnlansgg ﬂttel'?.lpt to remove another dlfﬁr(iult.y,
raised against the impenetrability of bodies. . c;it
are, say the objectors, bodies which admltlo com
pression into a smaller space : as, for examp e,.wd © 1
and especially air, which it is possible to 1; 1t <
into & space a thousand times smaller than wha i
occupies. It appears, then, that the different %Jai' ;
cles of air are reduced in the same place, and tha
consequently they mutually pene‘trate.l Lo ai

There is, however, nothmg in :chls; for t-le air
too is a body, or a substance tull of empty por es,. lm'
filled with that fluid, incomparably more subtile,
which we call ether. In the first case no penetr:zttwﬁ
will ensue, as the particles of air only app}oa% !
nearer to each other according as the vacuum Is dl-
nrinished ; and in the other case, the ether finds &
sufficiency of small passages by which io e:?ca%)e, aﬁ
the particles of the air approach each other, u‘t 1211 :
the while without any mutual penetration. ]3‘01f t. i
reason, it is necessary io emp}oy a greater 'fm}?
when we want to compress the air more; m;ld. i’ the

air were compressed to such a degree that 11t(i; mi
nate particles touched each other, we couls no
carry the compression farther, because, were 1t pos
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nature sets a-going in order to p}:oduce all her won-
ders. It ments, then, an attentive exanination, in
order that we may be enabled to explain more clear-
Iy the nature of bodies, and the principles of every
species of movement, commonly called laws of motion.

25tk Ocfober 1760,

Lerren LXXI.—0Or Tae Mo1ior or THE BobiEs,

REAL AND AFPPATENT. -

Arz bodies are at rest, or in motion. .
evident this distinction may be, it is almost impossi-
ble to judge whether a body is in the one state or
in the other. The paper which I see on my table
seems to me really at rest; but when I reflect that
the whole earth is moving with that astomshm_g ve
locity which I explai.neﬁ in a former letter,” m
house, my table, and the!paper, must absolutely be
carried along with the same rapidity. Thus every
thing that seems to be at vest, has in reality the same
motion as the earth. o

‘We must therefore distingnish between two kind
of rest; the one absolute, the other apparent. Ab
solute rest takes place when a body remains con.
stantly in the same place, not with relation to_ the
the earth, but with relation to the universe. If t}
fixed stars remained always in the same place of th
universe, they would be at rest, though they‘seem tg
move very tapidly; but as we are not certain of 1
we must not pretend to affirm that the fixed stars ar
in a state of absoluie rest. 3

A body is said to be in a state of apparent res
when it preserves the same situation on the eart

It is likewise to be presumed, that these terms, re
and motion, bave been introduced into language to

* Legter IT,

However -
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mark rather appearances than truth; and in this

+ sense I affivm, without hesitation, that my table is at
~rest, as well as the whole earth; and that the sun

and the fixed stars are in motion, and that a very
rapid motion, although they are really at rest. We
should, therefore, be ascribing strange and purely
metaphysical ideas to these expressions, if we under-

. stood by them absolute rest or motion . and it is

absurd to employ, as some persons do, passages of
the IToly Scriptures to prove that the earth is at

. rest, and the sun in motion.

- Language is formed for general use, and philoso-

~ phers are under the necessity of forming a particular

lﬁnguage for themselves, As we are incapable to

: jﬁdge of absolute rest, it is very natnral for us to
~ onsider those bodies as at rest which preserve the

fame situation relatively to the earth, as it is very

- probable the inhabitants of other planets likewise
“form their judgment of rest from the same situation

latively to their respective planet.
“We observe, that navigators consider as at rest
he objects which preserve the same situation rela-
ly to their vessel, and that the coasts which they
discover appear to them to be in metion; and no one
thinks of finding fault with their using the common
modes of expression. There is, therefore, a great
difference between rest and motion, real or absolute,
id between rest and motion apparent, or relative to
ody, considered at the time as in a state of rest,
ugh perhaps it moy be in motion. The principles
of laws of motion refer chiefly to the absolute state
of bodies, that is, to their rest or motion, real or ab-
solute, In order to discover these laws, we begin
considering a body singly and abstractedly from
all others.
This hypothesis, though it never can take place,
Is in reality very proper to assist us in distinguishing
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. They say farther, that gravity may be an intrinsic
- power, attached to the nature of the stone ; on which
it must be remarked, that gravity is produced either
by a subtile matter, or by the attraction of the earth,
“1In the first case, it certainly is that subtile matter
-which causes the descent of the stone ; in the second,
. which appears favourable to our opponents, it can
- With no propriety be affirmed, that the stone de-

~scends by an intrinsic power; it is rather the earth
~which contains the canse of if, and which produnces

the descent of the stone by its attractive power ; for
-if the earth did not exist, or

1 were deprived of its at-
- iractive power, they admit that the stone would not
*. descend.

"It is certain, therefore, that the cause of the de-
- scent does not reside in the stone itself: the cause
. then is always extrinsic, whether it be in the subtile

matter or in the earth, supposing it to be endowed
~with an attractive po

wer, as the partizans of attrac-~
tion pretend. ‘This difficulty being removed, the
4w which I have laid down subsists in full force—
tamely, that a body, once at rest, will always remain
50, unless it be put in motion by some foreign cause.
This law must take place, provided the body has
beéen at rest but a single instant, though it was in
notion immediately before; and, when once reduced
toa state of rest, it will always preserve that state,
"gless somie foreign canse intervene to put it again
mmotion.  This principle being the foundation of
all mechanics, it was necessary for me to establish it
with all possible precision.

- 28tk October 1'160.

what is operated by the nature of body itself, ‘ﬁ'_o,m
that which other bodies are capable of oper atlng.
n it. ) :
up;,et a body then be alone, and at vest; 1tbmay 1:6;:
asked, Will it continue at rest, or will it e%m cz
move? As there is no reason which should inchine it
to move to one side rather than to another, it is co]flx .
cluded that it would remain always at rest. fTH&
same thing must happen, on the supposition of the
existence of other bodies, provided they do not gct
on the body in question ; hence results this ﬁm a;
mental law: When a body is once in a state ¢f ¢esl,
and nothing external acts upon it, i will remain a_z
ways in that stale : and if it begin to move, th]e.ca.u.?
of motion would be out gf i, so that t]ze?—e is ot zz:r;g_' .
the body itself which is capable of putting 1t in moiio
‘When, therefore, we see 2 body which has been at rest,
begin to move, we may rest assur.ed that this motion,
has been occasioned by an exterior power, as ther
is nothing in the body itself capable of pntting 4
in motion; and if it were alone, and cut off from a) |
communication with other bodies, it would remain
ays at rest.
al“i-ljéwever well founded this law may be, and how-
ever entitled to rank with geometrical trut_hs, t]?ere
are persons little accusto;ne_d to profqund investiga:
tion, who pretend that it is contradicted by eaipe-
rience, They allege the example of a thread to
which a stone is appended ; the stone is at rest, b
falls the moment that the thread is cut. Itis ce
tain, say they, that the action by which the thre.aczl 18
cut is not capable of making the stone move ; the
stone, therefore, must fall by a power which is proper
to itself, and internal. ) A
The fact is certain ; but it is evEdent, at the sam
time, that gravity is the cause of the descent, anc
not an internal power in the stone.
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- body passes through A, its direction is the straight
ing A L, because, if the body preserved the same
direction which it had at A, it would inove in the
straight line A L. It is evident, then, that it moves
in the curve only in so far as it is continually chang-
g its direction. And when it arrives at B and at
€, the direction from which it deviates is expressed
by the straight lines B M snd C N,
A body preserves the same velocity in its motion
aslong as it moves through equal spaces in equal
les. This motion is called uniform. Thus, for
xample, if o body moves in such a manner as al-
“Ways to proceed ten feet during every second, we
call this motion uniform. If ancther body proceeds
twenty feet in a second, its motion too would be
‘niform, but its velocity would be twice as great as
.that of the preceding,
" From what I have Just said of the aniformity of
motion, it is easy to comprehend what is not uniform
.-motion ; for when the velocity of a body is not equal,
its motion is not uniform. ‘When the velocity of a
~body goes on increasing, its motion is said to be ac-
- celerated ; and when it is continually diminishing, we
. S8y it is retarded. In this last case, the velocity ma
. eome-to be retarded to such g degree, that the body
shall-at length come to a state of rest,
laving made these remarks on the velocity and
rection of moving bodies, T return to the case of a
olitary body, which I suppose to be put in motion
f.any cause whatever. As soon as it has begun to
mave; it must have acquired a certain direction, and
‘#Ceriain velocity: and the question is, Will # after-
- Wards preserve the same divection and the same ve-
1y; or will it undergo some alteration ? ‘We can-
taflirm that it will be rednced to a state of vest in
stant, for in this case it could not have had any
nation, all motion supposing duration, however

Lerren LXXIJEL—Or Unironm, ACCELERATEI'!L
AND RerarpEp MoTionN.

I reTuRy to the case of a body placed in sutti}; f-
anner as to have no connexion with any Oﬁ-
Iln,;t us suppose it to have received some motion, o:‘:;;
whatever cause; it remains %ha%‘}w‘rﬁ l}zqmi’inwuehtbL ;
i ill it con
ill afterwards happen to it: _
‘r:;%)lv: ? Or will it injlddenIy return to a state of reit
or after some time? You must be sensible, thzﬁ; t
is an inquiry of some i1111p01'taqce, ai.‘ngotdhiaei gepgﬂd
i otion of 3 ]
researches regpecting f;le m € o
upon it. Let ns examine if, by means of reasonin
we are able to resolve it. ) ‘ ‘
A body is at rest, as long as it, _m}d all its %raii;n
remain in the same place; and it 115 in motll:(l)n -
: f its parts only, pass from ope
that body, or some o _ » one
re two things to
e to another. Now, th.ere a1 hings to be
gizcsidered in motion, the direction air%ﬂl thfl vglogitis
irection i lace toward which the body 1
The divection is the plac
carried, and the velocity is the space, greater orIle_SS,
through which it moves in a cert.sém mrr;.et.hjs tbﬂ;ﬁ
ready juster ideas o 1
rsuaded you have already -
lljecould co%municate by the most ample exl‘ala:uan;),}
1 remark only, that as long as a bﬁ)ﬁri presei1 ‘Z‘fi- b
irection, 1 in a straight line—a ciz
same direction, it moves in a ' ~and Tegh
rocally, as long as a body moves in a straight hns;
ﬁ preserves the same direction ; })ut .Whe_n 111::1 mov
in a curve, it is continually changmg its posi -Oi?-l- f:he
If a body, then, (Prare IL Fig. 3.) moves i the
curve A B C; when it is at A, its d!rectgon is th
small line A @ ; when it is at B, its d1¥ect1011 is £ :
small line B 5 ; and at C, the small 111’1(? C ¢ e
these small lines be produced‘; the coutml}anois f,
" which are marked by the straight dotted lines ¥
B M, CN; and it will be aflirmed, that when th
3
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short. Now, as long as the motion lasts, it is cer-
tnin that the direction will remain the same.

In truth, it is impossible to conceive why the body -
should go out of its road, to one side rather than to’
another; and as nothing comes to pass without rea~
son, it follows, that the body in guestion will always
persevere in the same direction, or that its motion.

ill proceed in a straight line, which 1s a great step
made toward the decision of the question. L

It is likewise maintained, that the velocity of the
body of which I speak cannot change, for in that
case it must either Increase or diminish ; and no rea
son can be assigned capable of producing this change.
Tence it is concluded, that this body will always con-
tinue to move with the same velocity, and in the same
direction, or that it will proceed continually in the
direction of a straight line, without ever deviating
from it, and always with equal speed. This motion
will be performed, then, always in a straight line,
and with an equal velocity, without ever being slack-
ened or retarded ; the body, therefore, will never be
reduced to a state of rest. _

What has been said of a body, which I have sup-
posed solitary, would happen in like manuer to our
globe, if no other bodies had any infleence upon 1t
Tor then it would be the same thing as if they did
not exist. 'The question, then, is-resolved. A body
in motion will always preserve it in the same diret:
tion, and with the same velocity, unless some exter
nal cause interpose, capable of altering its motion
So long, therefore, as a body is not subject to the a¢
tion of some external cause, it will remain at rest;
it has once been in a state of rest; ov will be move
in the direction of a straight line, and always wi
the same velocity, if it has once been put in motion;
and this is the first and principal law of nature, o
which the whale science of motion must be foundes

- From it w i

s Bl-lsl :: w 13 deduce at once this conclusion, that as

gten os tlaj b?e a body which was at rest put in mo-

locn? chf; ody moving m a curve line, or whose ve-

\ocity nges, ;} is certain, that an external cause
_No change can possibly take place

operat r velocity, but :
operation of a foreign cause. AL what is the

g 1st November 1760.

“duErrsr LXXIIL—PriNcrrar Law or Momion

ayp Rest. Dis
8= - SPUTES OF Pu
~"THE SUBJECT. ILOSOPHERS OXN

1:,1?2{1 ITI‘::[h a\:hatever solidity this principle is estab-
b : . ::;?dl?od){'pm; mlmotion continues to
ki irection, and with th
£1ty, unless some exterio y i G e welo-
gl > r T cause Interpose to d |
: P o deran
,I‘E%tiﬁ]no-;)mhhas n?vertheless been combated E;
certa phers, who have never made
) . . an
5"§v1;0§1:ess' in the science of motion; while those tgf wgligﬁ
'lia,vel Eﬁ::debtgd for all thf_a great discoveries which
8 b ﬁlpa e in this science, unanimously agree
o ;r irfci;l{ 1'eina}'ches have proceeded entirtzsllg);I 01;
s P €. is attacked by tw hi
pphers, whose objection. Y o e o Lo,
s Ipr
hsill T hose toj cotion, proceed to propose, and
i :
1"5];)9, rfsi?:'lqut%egeiy thhei c};lng, 'I}'lhat all bodies have a
topensity fo rest, which is their natural
t motion is to them tolonce; o od
ot ] m a state of violence; s
Y 'Eiz body is put in motion, it has a Gy
” };Hat‘;?y Ii{ature, to return io the state of rest;
:épe]:.tdeni;llla e? every effort to destroy its motion,
e y of every external or foreign catse,
ey o ge In proof, experience so convincin .-
ding to them, that we know of no moti e

e that does wot ver : tlon in na-
or 1. very sensibly betray this reluc-

K

a tendency,
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tance. Do we not see, say theye on the bil]i.ard tag}:i; __
that with whatever force we strike a baﬂz OH: 51;1;3 3
1 i i eturns 1
uickly slackened, and it soonre
153;1: Ag soon as the motion of a clock ceases t0
be kept up by the external force whic'h set it agou‘lgl', ‘
it sfops. It is remarked of ail machines in genera ﬂi :
that their motion lasts no longer than tIl_lIe exte:‘}?é N
powers by which they are agitated. entgelzl i Dj;
t in motion is so n
conclude, that a body put in m ar fron
ing it fi ts own nature, that,
reserving it from any thing in i ! oty
gn the co?ltrary, an external force must be employed
o keep it up. o oy
' Ym}3 must? be sensible, that if this conclusion is _J}::]t;
our principle is completely subverted; as, i virtug

ts on the different parts
'so considerable, that it is visibly a very sufficient
- ©ause of soon reducing the machine to rest.

Haviug, then, discovered the real causes which
produce, in the cases alleged, the extinction of mo-
tion, ‘and that these causes are external, and not re-
«sident in the moving body, it is evidently false, that
 bodies have in their nature a propensity to rest. Qur

iinciple, therefore, subsists in full force, and even
- acquires additional strength from the preceding ob-
jections.  Every body, then, always preserves the
. motion which it has once received, unless foreign
¢ causes interpose to change the direction, or the velo.
¢ity, or both at once. And thus we hav

o e got 1id of
f this principle, the ball and the machines in que}f- ~one phalanx of the adversaries who combat oyr prin-
o ; 'y Lo al 5 Preserve Lhng- soiple.

H ut In motion, must always pi .
oy On;ﬁegs external causes have occasioned some ““The other is more formidable, for they are no less
Sime«’:r;l in it. Thus, in the experiments referred to, than the celebrated W,
C. anb .

than olfian philosophers. They do
‘ot indeed apenly declare against our principle, nay
‘they even express much respect for it; bt they ad-
ance others which directly oppose it. '
‘They maintain, that al bodies, in vix
Mhature, are making continual efforts to change their
state; that is, when they are at yest, they make an
Hort to move; and, if they are in motion, make con-

had there been no external cause which tenciic.a-dt ]11:9 ,-
destroy the motion, we should have been under f
necessity of abandoning our p1‘11.1c1ple. ol find o
But if we attend to every thmg,. we sha 80,
many obstacles opposed to the motion, that we e
no longer wonder it should be ffo speed]!ytixm[})iglllliarﬁ
n it i the friction on the rd
d. In fact, it is first the fric ¢ i
Sable which zliminishes the g}nqtlon of ‘thn: E]sil, cfi(;l;: ﬁt,
i ng agains o

cannot advance without rubbing ag s ¢ "
i ir bei -canses likewise aTe

in, the air being a sub.sta_nce, ca | ise a
gsgtznée capable ofgdimirushmg the mottgn of bOd:)?fr.
To be convinced of this, you have oply to (fm:e 31 our
hand rapidly throagh the air. k is evi ﬁn ii Lot
that in the case of the bil]iemi1 ta}ble, it :s t c::: tht;cmé
i ir which countera ng

nd the resistance of the air whic ; m
fion of the ball, and soon reduce it to a state of 1;51
Now, these causes are external, and it lil (aam(:3
comprehensible, that but for these obstil_(:les,1 mTh
i Iways continued. ]

n of the ball must _have a « ! :

g?me reasoning is applicable to machines of all kinds,.

tue of their

: / of this dssertion, except
‘certain crude reasonings, drawn from thejr system of
metaphysics, which I shall hereafter take occasion to -
: yif;?efore you. 1 -only remark, at present, that this
pinion is contradicted by the principle which we
&ve so firmly established; and by experience, which
1 perfect conformity with it,
- Infact, i it be true th
in virtue of jts nature,
ubtedly false that i

Hature, continual effort

at a body at rest r
in that state, it wmust be upe
should make, in virtue of its
5 to change its state, And

emains,
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similar te that which sluggpards have for l_ﬂbour ; the
term ineriia signilying nearly the same thing as slug+
gishness. Dut though the falseness of this opinion
has been since detected, and though it is certain that
bodies remain equally in theiv stale of motion as in
that of rest, vet the term #nertia has been still re-
tained, to denote in general the property of all bo-
dies to continue in the same state, whether of rest
or of motion.

The exact idea of inersia, therefore, is z repugs

nance to every thing that has a tend‘ency to chan_ge_
the state of bodies; for as a body, in virtue of its-

nature, preserves the same state of motion, or of resty -

and cannot be drawn out of it but by external causes,
it follows, that in order to a body’s changing its
state, it must be forced out of it by some external
canse; without which it would always continue in
the same state. Henee it is, that we give to 1-:1113
external cause the name of power ar force. Itisa
term in common use, thqugh many by wh.om it is
employed have but & very imperfeet idea of it.
From what I have just saldf you Wﬂ:l see _that the
word force signifies every thing that is capable of

changing the state of bodies. Thus, when a body

which has been at rest is put in metion, it is a force
which produces this effect; and when a body in mo:
tion changes its directian,‘ or velocity, it is hkerS.e
a force which produces this change. Every change
of direction, or of velocity, in the motion of a bo'dy:,
requires either an increase or a diminution of fore

Such force, therefore, is ‘always out of the bo ¥ 1
whose state is changed; for we have seen, that.

body lefs to itself preserves always the same state
unless 2 force from without acts upon it.

Now, the inertie by which a b.ody_tends to p
serve itself in the same state, exists in the body;l;.
self, and is an essential property of it; when, theres

. Let, T4,

_Inay even be affirmed that this single circumstan
- heiinertia, renders matter sensible to us,

_-m;heu_a bedy is at rest, by
and:when it is in motion,
that it continues to- move
:ang in.the same direction ;
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1 fore, an external foree changes the state of any bo-

dy, .the énertia which would maintain it in the same

.- State, opposes itself to the action of that force ; and
+hence we comprehend, that the inertia is a quality

susceptible of measurement, or that the inertia of

:-one body may be greater or less than that of ano.

! ther body.

- 2 But bodies are endowed with this #erfiz in as

far as they contain matter, It is even by the inertia,

or-the resistance which they oppose to every change

of state, that we Judge of the quantity of a body;
wertia of a body, accordingly, is greater in propor-

~ tion to the quantity of maiter which it contains.

Hence we conclude, that it requires a greatex force

" to.change the state of a great body, than that of a
- $mall one; and we go on to conclude, that the great

body contains more matter than the small one. It

ce,

# It is evident, then, that the inerfsa is susceptible

- of ‘measurement, and that it is the same with the

guantity of matter which a body contains; as we

. flenominate likewise the quantity of matter in a

bady its mass, the measure of the nertiz is the same

_ps-that of the mass.
wirTo this, then, is reduced our knowledge of bodies

:general, First, we know that all bodies have an
xtension of three dimensions; secondly, that they

re. impenetrable; and hence results their general

‘Property, known by the name of inertia, by which

they. preserve themselves in their state ; that -is,

its inertia it remains 503
it is likewise by its inertia
with the same velocity,

and this preservation of
dejsame state lasts till some external canse interpose
iproduce change in it. As often as the state of
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a body changes, we must never look for the cause of -
such change in the body itself; it exists always

out of the body, and this is the just idea which we |

must form of a power oxr force.
8t% November 17G0.

LETTErR LXXV,—CHANGES WHICH MAY TAKE
PLACE IN TRE STATE OF BODIES.

TuEe fundamental principle of mechanics, with
the idea of inertia, which I have endeavoured to ex-~
plain, enables us to reason on solid ground respect
ing various phenomena presented to us in nature
On seeing a body in motion, which should proceed

uniformly in a straight line, that is, which should .
preserve the same direction, and the same velocity, -
we would say, that the cause of this continuation of

motion is not to be found out of the body, but that -
it is founded in its very nature, and that, in virtue
of its fnertia, it remains always in the same state;

as we would say, were the body at rest, that this

took place in virtue of its inertia.

We would likewise be right in saying that this*

body undergoes no action from any external cause;.

or, if any such existed, that these powers reciprocally

destroyed each other in such a manner that the bodSI'
is in the state in which it would be if no force acted
upon it.

If it is asked, then, Why the body continues to

move in this manner ? The answer is obvious. But

if it is asked, Why this body has begun thus to’
move ! The question is totally different. It must be -
said, that this motion has been impressed wpon -it.

by some external force, it it was before at rest; but
it would be impossible to affirm any thing with cex:

tainty respecting the quantity of that force, because;
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‘perhaps, mo traces of it remain. It is therefore
“abundantly ridiculous to ask, Who impressed motion

~on_every body at the beginning of the world? or,

Who was the prime mover? Those who put the
question admit, then, a beginning, and consequently

a creation ; but they imagine that God created ail
bodies at rest. Now, it may be answered, That he

who could ereate bodies could impress motion upon
them. T ask them in my twrn, If they believe it to

,_lqe Inore easy to create a body at rest than in mo-

Mon? They both equally require the omnipotence

"of God ; and this question belongs not to the pro-
¥ince of philosophy.

:- But when a body has once received motion, it

- preserves that motion by its own nature, or by its

* #neréia, in the same state in which it must constantly

Femain, until a force, or some foreign cause, oppose

an obstacle to it. As often, then, as we observe that

! :b_t‘)dy does not remain in the same state, that a
body at rest begins to move, or that a body in mo-

‘flon changes its direction or velocity, we must ad-

- “mit that this change has its cause out of the body,
. and that it is occasioned by a foreign force, Thus,
‘a3 a stone, left to itself, descends, the cause of that

descent is foreign to the body; and it is not from its

own nature that the body descends, but from the efe
ect of a foreign cause, to which we give the name

Of gravity.

-+ Gravity, then, is not an intrinsic property of body;

it 3 Tather the effect of 4 foreign force, the source o;'

‘which must be sought for out of the body, This is

geometrically true, though we know not the foreign

Jorces which occasion gravity. It is the same when

,we th.l'O-W a stone. 'We sce clearly that it does not
_*.f_(ﬂlow, n 1ts motion, the direction of a straight Hne:

and that its velocity does not always continue the
: K 2
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same. It is gravity, likewise, which changes the rl_17
rection or the veloeity of the body; but for it, the -
stone would describe a straight line in the air, an_d :
proceed forward with the same ve]ocxty_; and were
gravity to be suddenly annihilated, during the mo-
tion of the stone, it would continue to move In &
straight line, and would preserve the same direction, .
and the same véficity, which it had at the instant
when gravity ceased to act upon it. T
But as gravity acts continually, and upon all bodies; :
we need miot be surprised that we meet v.m:h no me-
tion in which the direction and the velocity continue
the same. 'The case of rest may very well take
place; it is when something invineibly opposes th_?
fall of a body; thus, the floor of my apartment pre-
vents my falling into that below it. But the bodles.
which appear to us at rest, are carried along by the |
motion of the earth, which is neither rectilinear nox
uniform: it cannot be affirmed, therefore, th_at these
bodies remain in the same state. Neither is there
one of the heavenly bodies which moves in a si:ra.lght :
line, and always with the same velocity; they are
continually changing their state: and even the forces
which produce this continual change are not un-
known to us; they are the attractive powers which -
the heavenly bodies exercise over one another.
I have already remarked, that these forces may
very probably be caused by the subtile matter whicl :
surrounds all the heavenly bodies, a_and fills the ‘?h_c’l_ef
space of the heavens ; but, according te the‘opm}qu
of those who consider attraction as a power inheren
in matter, this force is always foreign to the bo.(.iey_
on which it acts. Thus, when we say the earth'is
atiracted toward the sum, it is acknpwledged_that-
the force which acts upon the earth is not 1'es:'1.den_ :
in the earth itself, but in the sun; as in fact if the.
sun did not exist, there would be na such force.

the

con
In the whole universe but

MONADS OF WOLFF. a2y

This opinien, however, that attvaction is essential
all matter, is subject to so many other inconve-
ences, that it is hardly possible to allow it a place
a rational philosophy. It is certainly much safer
0.proceed on the idea, thatwhat is called attraction,

a:power contained in the subtile matter which 8lls
the whole space of the heavens; though we cannot
tell how. 'We must accustom ougselves to acknow-
ledge our ignorance on a variety of other important
nbects.

« 11¢h Norvember 1760,

L TER LXXVI.—SvstEM or Tt MoNADS OF
\ WoLrrr.

+BEFORE I attempt to make you sensible of the
truth of the principle, that all bodies, of themselves,
ways preserve the same state of rest or motion, I

st remark, that if we consult experience only on

e subject, without thoroughly investigating it by
powers of reasoning, we would be disposed to
aw the directly opposite conclusion, and to main-
m, That bodies always have a propensity to be
tinually changing their state; as we see nothing
a perpetual change in the
e. But we bave just shown what are
¢ causes which produce these changes, and we are
sstired, that they are not to be found in the bodies
ose state is changed, but out of them.
Lhe principle, then, which we have established, is -
ar from being contradicted hy experience, that it
on the contrary, confirmed by it. Yon will easily
e from this, how several great philosophers,
sled by an experience not accurately understood,

ve fallen into the error of mamntaining, That all
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power of contradiction, with the faculty of changing .
their state; for, while I am writing, my soul conti-

nually vepresents other objects to itself, and these-
changes depend entirely on my will : T am thoroughly -
convinced of it, and not the less so, that I am mas- .
ter of my own thoughts; whereas the changes which

take place in bodies, are the effect of an extraneous
force. ‘
Add to this, the infinite difference between the
state of body capable only of one velocity and of one

direction, and the thoughts of spirit, and you will be:
entirely convinced of the falsehood of the sentiments
of the materialists, who pretend that spirit is only.s
modification of matter. These gentlemen have ne.
knowledge of the real nature of bodies.

15tk November 1760,

and the other all intellectnal beings, n

sad: s amely, th
sputits and souls of men, and those 0% éllimals.yi\lus:
ve establish, then, in the world, besides body and
SpUits, a third species of beings, under the name of

power or force? or, Are they spiri ich i
: f%j‘_nﬂy change the sta"ce of bodigs ?P o which Tnces-
b Both of these labowr under too many difficnities
~to be hastily adopted. Though it cannot be denied,
: -that‘the souls of men, and of beasts, have the powe;'
t_Jf prc_)duclng changes in their bodies, it were, how-
sver; absurd to maintain, that the motion of ’a ball,
.'(:m‘thet billiard table, was retarded and destroyed b ;
. Some spirit; or that gravity was produced by a spiriyt
:rcant-lnually pressing bodies downward ; and that the
-hfsaveply bodies which, in their motion, change both
lerg_ac'tu.)n and velocity, were subjected to the action
< of spirits, according to the system of certain ancient
: p_hll.o_sopherg, 'who assigned to each of the heavenly
dies, a spirit, or angel, who directed its course,
Now, on reasoning with solidity respecti
enomena of the universe, it l'llljlrst bg adlgﬁttgée
at if we except animated bodies, that is, those of
1 and beasts, every change of state which befalls
; wll;x 'zlc;dlses_, _lts‘l3 p}i;oduced by merely corporeal causes,
continually changing their state. We are well 4 ' IT'then,pIizlredl?geed ntg i%ige.ﬂrg{;]zﬁe?ht%]e fques—
sured, that this change can be produced only by ich change the state of bodies exi arataly,
force not resident in the body whose state is chan 1ifidt constitute a particul (s of beings. or mhy.
Where, then, must we look for those powers, wl Fo L & parucuiar species of beings, or whe-
i , 7 po ) W I they exist-in the bodies ?
produce_ the incessant changes that take place im afl This last opinion appears at first sigh
the bodies of the universe; and which are, never Gintable; for if all Egdies hﬂ-"er:h oo of e
less, foreign to body? . . erving themselves in the same sta,t;3 Pi;j:r o
Must we then suppose, besides these existl ssible they should contain ' ’h Ecan 1 be
bodies, particnlar beings which contain those power déncy-to change it? Y ﬁlowers e smpeised o
or, A.re t:he powers themselves particular substa{w : " that the (i'igin of f%li'cv; ha: 051133,?1 SUIBI‘ISEd "
existing in t?xe world ? We know but of two king bling-block to philoso }her’ Th e, been
of beings in it, the one which comprehends all bodies; onisidered it as the g};eqte‘stlmy:té'y inl EBrathme ag
: : ate: ; iture, an

Lerree EXXVIL-—OrieiN aND NATURE ©OF
PowEers.

. . . : P
It is undoubtedly very surprising, that if every ik
body has a.natural disposition to preserve itself ip
the same state, and even to oppose all change, all

the bodies in the universe should nevertheless Le
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1ust be changed, as much as is necessary, to put
:I‘gem In a condition to continue afterward each in
IS proper state, without mutnal penetration.
i Elthe;‘ the one body, therefore, or the other, or
fGoth, must absolutely undergo a change of their
state, and the cause of this change infallibly exists
fnthe impenetrability of the bodies themselves;
Ce every cause, capable of changing the state of
__ojd;es, is denominated foree, it is then, of necessi-
.ty,-i'%}g nnlpenetreit]biliftiy of the bodies themselves
vbich “produces the i i i
L ﬂ’g‘cfedl.) orce by which this change is
7_1'_11 fact, as impenetrability implies the impossibi-
lity that bodies should mufually penetrate, each of
: them opposes itself to all penetration, even in the
~munutest parts; and to oppose itself to penetration,
. hothing else but to exert the force necessary to
revent it.  As often, then, as two or more bodies
mot preserve themselves in their state, withont
utual penetration, their impenetrability always ex-
tis the force necessary to change it, as far as is re-
e, to prevent the slightest degree of penetra-

as likely to remain for ever impeneirable. I hope,
however, I shall be able to present you with a solu:
tion of this pretended mystery, so clear, that all the
difficulties which have hitherto appeared insurmount.
able, will wholly vanish. .
I say, then, that however strange it may appear,
this faculty of bodies, by which they are disposed to
preserve themselves in the same state, is capable of
supplying powers which may change that of others,
I do not say that a body ever changes its own state,
Dbut that it may become capable of changing that of
‘another. In order to enable you to get to the bot:
tom of this mystery respecting the origin of forc
it will be sufficient to consider two bodies, as if ng
others existed. ;
Let the body A (Prare 1L Fig. 5.) be at rest, and
let the body B have veceived a motion in the dire
tion B A, with a certain velocity. This being laid
down, the body A is disposed to continue always af
rest; and the body B to continue its motion along
the straight line B A, always with the same velocity,
and both the one and the other in virtue of its iner
tia. 'The body B will at length then come to touch
the body A. What will be the consequence? As
long as the body A remains at rest, the body ‘B
could not continue its motion, without passing
through the body A, that is, without penetrating it}
it is mpossible, then, that each body should pres
serve itself in its state, without the one’s penetrating
the other. But this penetration is impossible; im-
penetrability being a property common to all bodies,
It being 1mpossible, then, that both the one and
the other should preserve its state, the body A mus|
absolutely begin to move, to make way for the body
B, that it may continue its motion; or, that th
body B, having come close to the body A, must
have its motion destroyed; or, the state of both

The impenetrability of bodies, therefore, contains

Teal origin of the forces, which are continually

;_a:ngmg‘thelr state in this world ; and this is the
ejggolumon of the great mystery, which has per-
xed philosophers so grievously.

18tk November 1760,

ER LXXVIIL.—TEE samMe SuBiEcr. PRix-
* ' CIPLE OF THE LEAST POSSIBLE ACTION.

‘ou_have now made very considerable progre
i) _ 55
I the knm’rvl.edge of nature, from the explar}:atig; of
the real origin of the powers capable of changing the
e of bodies ; and you are, at present, in a condi-
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tion to comprehend easily, why all those of this worlc

are subject to an incessant change of state, from rest:

to motion, or from motion to rest.

First, we are certain, that the world is filled wit
matter.

is occupied by the air, and that, when we make
vacuum in any space, the ether instantly succeeds
and it likewise fills the space in which the heavenl
bodies move. All space being thus full, it is impos
sible that a body in motion should continue it a sin
instant, without meeting others, through which
must pass, if they were not impenetrable. And,
this impenetrability of bodies exerts always, and u
versally, a force which prevents all penetration, i
is not at all surprising, then, that we shonld obser

perpetual changes in the state of bodies, though,

every one has a tendency to preserve itself in i
saine state. 4

If they could penetrate each other freely, nothing
would prevent any one from remaining perseveringly
in its state; but being impenetrable, there mus
thence necessarily result force sufficient to preve
all penetration; and no more results than what i
precisely needful. .

‘While they can continue in the same state, withe
out any injury to impenetrability, they then exert n
force, and bodies remain in their state ; it is only tg
preveut penetration, that impenetrability become;
active, and supplies a force sufficient to” oppose

‘When, therefore, a small force suffices to preven!

penctration, impenetrability exerts that, and
more ; but when a great force is necessary for t
purpose, impenetrability is ever in a condition
supply it, o

Thus, though impenetrability supplies the
powers, it is impossible to say that it is endow

Here below, it is evident, that the space
which separates the gross bodies sensible to feelmggl_‘i

Iét. 8 LEAST POSSIBELE ACTION. T 235
ith a determinate force; it is rather in a condition
“supply all kinds of force, great or small, accord-
Mg to circumstances; it is even an inexhaustible
urce of them. As long as bodies are endowed
with impenetrability, this is a source which cannot
verdried np; this force absolutely must be exerted,
‘bodies must mutually penetrate, which is conira-
to nature.
tought likewise to be remarked, that this force
ever the effect of the impenetrability of a single
body; it results always from that of all bodies at
once, for if one of the bodies was penetrable, the
penetration would take place, without any need of a
power to effect a change in their state. - When, there-
lore; two bodies come into contact, and when they
danmot continue in their state without penetrating
ch other, the impenetrability of both acts equally:
id it is ‘by their joint operation that the force ne-
ssary to prevent the penetration is supplied ; we
n say that they act upon each other, and that the
e resulting from their impenetrability produces
effect. This force acts upon both of them; for
they have a tendency toward mutual penetration,
‘repels both the one and the other, and thus pre-
ents their penetration,
is certain, then, that bodies may act upon each
other;-and we speak so frequently of this action, as
Whier two billiard balls clash, it is said the one acts
tipon ‘the other, that you must be well acquainted
ith-this mode of expression. But it must be care-
remarked, that, in general, bodies do not act
pon each other, but in so far as their state becomes
trary to impenetrability ; from whence results a
rce capable of changing it, precisely so much as is
ecessary to prevent any penetration ; so that a small

e would not have been sufficient to produce this
cffect,
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It is very true, that a greater force wouldhl!l(e_ :
wise prevent the penetration; but when the change
preduced in the state of bodies is sufficient to pre
vent mutual penetration, the m%penetrab:hty actshn(;é .
farther, and there results from it the least forcg_t aA
is capable of preventing the penetration. Since;
then, the force is the smallest, the eﬂ"et_:t w%uch it pro-
duces, that is, the change o_f state which it ope-rat:_ls,. :
in order to prevent penetration, will be prop_or.tlon, l
and, consequently, when two or more boc.he.s. come:
into contact, so that no one could continue in its staits
without penetrating the others, a mutual action m
take place, which is always the smallest that was c&;

e of preventing penetration.
pa%!ou Wlijll find hegrE}:J, therefore, beyond all expecta
tion, the foundation of the system of the late Mr. de

ETrER LXXIX,—Ox toe QUuEsTION, ARE THERE
ANY OTHER SPECIES oF POWERS?

‘THE origin of powers, founded on the impenetra-
ity of bodies, which I have been endeavouring to
.Explain, is by no means inconsistent with the opinion
hose who maintain, that the souls of men, and
ose of beasts, have the power of acting on their
les. There is nothing to hinder the existence of _
kinds of power, which produce all the changes
take place in the world; the one corporeal,
h derives its origin from the impenetrability of
; and the other spivitual, which the souls of
Is exercise over their bodies: but this Iast power
es only upon animated bodies; and the Crea.-
as 50 clearly distinguished it from the other,
Maupertuis, so much cried up by somesl ﬂn_d iﬁ‘: : i'ﬁ]ei.l 1t is not permitted, in philosophy, to confound
'S, is principle is, that.of - ingm.
:iléﬂﬂ::za ;]';:iblg Zg?;ﬁ ; b?:rh}i)ch hg mesans, th_at!" - But this distinction greatly embarras_ses those who
in all the changes which happen in nature, the causei nguler atiraction as an inherent quahty.of !)od_les: 3
which produces them is the least that cen be. - : fg;‘ if they act upon each other only to maintain their
From the manner in which I have endeavouregi—-t I_le.tl‘ﬁ.b]ll[‘.){, attraction cannot be referred to tl}ls
unfold this principle to you, it is evident that i e 'I‘wo cistant _‘bodles. may preserve each' dts
perfectly fonnded in the very natwre of body, an te without at all interesting their mpenetrability,
that those who deny it, are much in the wron without there being any reason of consequence
though still less than those Wh}? Wmild turn, it ]](Ié& ; y. the 9t11e should act upon the other, even by
idi ill already, perhaps, have remarked;: acting it, '
Eiltcuiﬁ}mgo;eﬂgni, noy’gfeat Eit’mds to Mr. At_tracti_on, therefore, o'u%ht to_he referred to a
Maupertuis, take every opportunity of laughing at th d species of power, whlc_ should be neither cor-
principle of the least possible aciion, as well as s ; 1 nor spiritual,  But it is always contrary to
the hole continued down to the centre of the ear ‘Tules of a rational ph]losophy, tointroduce a new
but fortunately, truth suffers nothing by their ple peeies of powers before their existence is incontes-
santry. . ly-de_monstratqd. It would have been necessary,
November 1960 therefore, for this effect, to have proved beyond
R2d November ' ontradiction, that the powers by which bodies mu-
Y attract could not derive their origin from the
ubtile matter which surrounds them ; but this im-






