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the sun; and the duration of the common year nearly
approaches to this solar year. ]

But while the earth is moving round the sun,
there is another body moving H.mdum .m:.w earth, and
keeping the direction of muw. arbit; this is the Moon,
whose own circle, or orbit, is marked ru .

The two fivst planets, Mercury and w\(&.ﬁmu have
no visible bodies which attend them; neither has.
Mars &, which is the fourth, and performs his revo-

lon in about two years.

HE.HH_rm next circle wwmwm orbit of Jupiter, marked by
4, who performs his revolution in, twelye %mB.M
nearly. Round him move _moﬂ. satellites, represented
in the Plate, with their orbits, and marked by the
res 1, 2, 3, 4. ,
e ooy il is the osbit of Satern marked
thus, h, who employs almost m&.q years in Hﬁm?,
forming one revolution round the sun. This p mbm%
is attended, in his course, by seven satellites, marked
by the figures 1, 2, 8, 4, 5, 6, 1. Thus, mwmuwu the
solar system consists of six (now Hleven) primary
planets, Mercury #, Venus 2 the. Farth & , Mars ¢,
».F.m_#mu Y, Satmn h, and eighteen- secondary pla-
nets or satellites, namely the Moon, the four mn.muma,
ants of Jupiier, the seven of Saturn,* and the six of
giumy Sidus.
ﬁrmﬂmmmo“%ﬂmﬂ contains, besides, several cemeis, the
number of which is unknown. -The figure on thei
plate represents one of them, whose orbit differs.
trom that of the planets, hecause it is drawn out into
extreme length, so that a comet sometimes approaches
very near to the sun, and sometimes removes to such!

3

tosif;

th that subtile matter
and which I have already

* We have dlided in the figure the arbits of the new Planets, discovered:
sipce the timeg of Buler, viz, Ceres, Pallus, Juno, and Pesta, %nmﬂ.onw
bits ave situated:between those of Mars 2nd Jupiter ; and the um._mwa:sy
Sidus, which is situgted beyond the orbit of Satwrm. The Inst of these
planets is atjended with Six Satellites,—Hp. }

‘the Planetary System in 1204

- an‘immense distance, as entir
_comets it has been remarked, that one finishes his
“revolutions in his orbit, in about sizty years; this is
_the-one that was visible last year.*  As to the other
icomets, it is certain, that they employ several centu-

ies in performing one revolution
‘a5, in past ages, no exact observations were made of
them, we are totally in the dark with respect to their
retinn, © OF these, then, consists ihe solar system ;
-and; most probably, every fixed star has one similar

-« 1th September 1760,

. comet has lately been discover
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ely to disappear, Of

in their arbits ; and

. lErTER LX.—THE sAME SUBJECT cONTINUED, .

In addition to what I have said respecting the
Solar system, I must commumicate some observa-
s for the explanation of the
it must be vemarked, that the lines which mark the
paths in which the planets move,
¢e in the heavens, as the whole immensity of space
which they move is a vacuum, or rather filled
which we call the Ether,
so often mentioned.
... Again, the orbits of the planets are not all in the
same plane, as the figuve presents them : but if the
‘oxbit which the earth describes
properly represented on the paper, we must imagine -
the orbits of the five other
vated, and partly depresse
that the orbit of each pl

figures. And, first,

have no real exist.

round the sun is

planets to be partly ele-
d, with reference 1o it
anet bears upon it an oh-
ligue direction, making an intersection with the pa-
;under a certain angle, which it is impossible to-
resent in a fignre drawn upon a plane,

ed, which pevforms its revolution
duys.—Enp.
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Yarther, the orbits of the planets ave not cireles,,
as the figure appears to indicate, but rather some-
what oval, one more, ancther less so; no one, how-
ever, recedes very considerably from the circolan
form. The orbit of Venus is almost a perfect cirele;

- but those of the other planeis are more or less exten-
ded lengthwise, so that these planets are sometimes
nearer to the sun, sometimes farther off,

The orbits of Comets are particularly distinguish+
able, being greatly extended in length, as I have re
presented it in the figure.  As to the moon, and the
satellites of Jupiter and Saturn, their orbits, too, are
nearly circnlar.

Neither must we conceive them as moving in on¢
and the same direction, as they appear on the plane
of the paper; for they do not remain in the same
place, but are themselves carried round the sui
along with the primary planet to which they belong.
It is thus we must understand the lines represented
in the figure. Imagination must supply what it HW
- impossible, on a plene surface, accurately to exhibit,

You are now enabled to comprehend with easg
what the late M. de Fontenelle meant to display, in
his book on the plurality of worlds. The earth,
with its inhabitants, is sometimes denominated a
world ; and every planet, nay, every one of the sa-
tellites, has an equal right to the same appellation—it
being highly probable, that each of these bodies is

: inhabited as well as the earth. ,,
There are twenty-nine worlds, then, in the moEH
system alone. And every fixed star being a sun,
round which a certain number of planets perfor
their revolutions, and of which some have, E&o&w -
edly, their satellites, we have an almost infinite
number -of worlds, similar to our earth, considering
that the number of stars, perceptible to the unassis{-
ed eye, exceeds some thousands, and that the teles-

%@mm.nmmn.ocmwm to us an incomparably greater mum-
Ber.. -
I it is meant to comprehend under the name. of
world the sun, with the planets and their satellites,
. and which derive heat and light from him, we shall
hayve as many worlds as there are fixed stavs, But
by the term world, we understand the earth, with
,ll the heavenly bodies, or all the beings which were
eated at onee, it is elear that there can be hut one
._wwEu_ to which we refer every thing that exists, It
210 this sense the term world is employed in philo-
ssophy, particularly in metaphysics ; it is in this sense
~we sgy, that there is but one world, the assemblage
+0f all greated beings, past, as well as present, and
fature, whose existence is subject to general laws,
i When, therefore, philosophers dispute, whether
sour world is the best or not, they proceed on the
pposition of a plurality of worlds’; and some main-
ain, that the one which exists, is the best of all -
hose which could have existed. They consider the
~#lerty as an architeet, who, intending to create this
orld, traced several different plans, of which lie
{selected the best, or that in which the greatest per-
tlons were all combined, in the highest degree,
d executed it in preference to all the others,
_But the great quantity of evil that prevails, and is
idiffused over the surface of our globe, and which
0Ws m.om.b the wickedness of man, suggests an im-
jportant ﬁﬁ_w_%aur namely, Whether it wonld have
en. possible to create a world wl
ol Sl | .%uoz% exempted
In my opinion, a distinction must be carefilly
ade. between the plans of a world which should
;foniain corporeal substances only, and those of ano-
ther world, which should contain beings intelligent
n Jree, .Hu the former case, the choice of the best
dould be involved in very little difficulty ; byt in
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the other, where beings intelligent and free n.cﬁwﬁ! ,
wte the principal part of the world, the determins-
tion of what is best is infinitely beyond our capaci-
ty; and even the wickedness of fies agents Emua. “
contribute to the perfection of ﬁw.w Mo&@ in a manner
which we are unable to comprehend. | . mm
It ywould appear mwwn%uv%.%mwMMwonﬁo%M4mw s~ inciples above laid down, we are ma@nmmu.ﬁmm_i.@u
sufficiently mﬁmﬁﬁqm.m t I am too sensible of my own aepawers, to the influence of which every planet is
sential it maybe. Bu deeper into- this difficule jjected.  Thus the motion of the earth is some-
incapacity to enter any deeper A what..affected, first, by the atitraction of Venus,
question. Hich.sometimes passes very near it; and, secondly,
19¢h September 1760, - - byithat of Jupiter, which, on accomnt of the prodi-
lous ‘mass of this planet, becomes considerable,
ugh he he always at a great distance. The mass
ars is too small to produce any perceptible
ct, thongh he is sometimes Very near us; and
Saturn, thongh his mass be the greatest next
at -of Jupiter, is too distant, Bt
wwThe moon, though her mass be very small, pro-
diices; however, some derangement, from her beitig
ery near the earth. The comet which appeatied
lastyear was seven times neaver to us than the sun
when his distance was smallest ; there is g great dew
gree of probability, therefore, that it may have de-
~ranged the emrth’s motion, especially if his mass was
siderable—a circumstance with which we are 1ot
aoquainted. If this comet were as great as the earth,
‘effect must have been very considerable ; but it
pirent smallness indnces me to believe, that -its
mass is much less than that of the earth, and conse-
quently its effect must have been Pproportionally less,
rhen we saw this comet, however, it had got to a
-distance ; at the time when it was nearest it
invisible . to ws, but it must have appeared very
tilliant to our antipodes. ey

eem:speaking, occasion some slight irregularitis in
their motion, which astronomers are eager to disco-
and which geometricians endeavour to mm_nmur
ine.on the principles of motion. e
An-important, question is here agitated—namely,
& powers whiclk act upon a body being known, Jeow
fbnd. the motion of that body ? Now, upon the

-~

Lerrer LXIL—Swarr, IRREGULARITIES IN THE.
Morions or THE PrLANETS, CAUSED BY THRIR
MuTtvar ATTRACTION.

In order to determine the Eom.ﬂs. -of MWMm mwwmwmw :

i ose the solar system, it is n |
Mwwmuwmmwmﬁm?m primary Emw_mﬁmu which are Emmwﬁw?
Venus, the Earth, .ES.# Qmﬁmh__.mua&mm“ .Nza.ou .mm s,
Jupiter, Saturn, and the Georgium Sidus, mﬂmy t mwm
satellites, namely, the moon, the jfowr sate _“mwm ﬁrm,
Jupiter, the seven of Saturn, and the siz o

! idus. ,

mewﬂww __Mmu explained to you, that these eleven
planets ave principally attracied toward the mmwﬂm,_u,
that the force with which theyave imp mum@ ﬁo%mw hir
is incomparably greater than the powers whic! ! Ew.
exert ong upon another, rmmmnmm his b.ummm Mmmb oumm
ﬁ.mw.qu greater than that of the planets, mw mmnw "
they never sufficiently approach to eac ,mum @ o
render their reciprocal affraction very ooﬁvw exable;.
Were they attracted only toward the sun, .m mM H.Mw.
tion would be sufficiently regular, and WﬂmWwH wma.m
fnined. But the feebler powers of whic

to
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‘What has been said respecting the derangements:
accasioned in the earth’s motion, takes place likewisel
in the other planets, regard being had to their mass,
and to their proximity. As to the moon, and the
other secondary planets, the principle of their mo-
tion is somewhat different. The moon is so mear
the earth, that the attraciion she feels from wmﬁnL
greatly exceeds that of the sun, thongh the mass of
this luminary be many thousands of times greater
than that of the earth. ITence it is that the matian
of the moon follows that of the earth, and that she
remains, as-it were, attached to it, which makes the
moon to be considered as a satellite to our planet.

Had the moon been placed much farther from us,
and had she been attracted less toward the earf
than toward the sun, she would have become a pri-
mary planet, and performed her own revolutions
round the sun; but she is 300 times nearer to us
than she is to the sun ; hence it is evident that he
must exercise a much feebler influence upon her
than the earth does. The moon being principally
attracied by two bodies, the sun and the earth, it Hﬂ

evident that the determination of her motion must

be much more diffienlt than that of the ﬁiBmww

planets, which are subject to the ativaction of the.

sun only, excepting the slight dexangements which
have been mentioned. The motion of the moon has
accordingly in all ages greatly embarrassed philoso-
phers; and never have they been able to ascertain
for any fature given time, the exact place of the
moon in the heaveéns. ,
You perfeetly comprehend, that in order to pre
dict an eclipse, whether of the moon or of the sun
we must be able accurately to ascertain the moon’
place. Now in caleulating eclipses formerly, ther

was frequently a mistake of an hour or more, th
® - - .

.mwwy.m@w. FLUX AND RELUX OF THE SEA, Hmw

ipse actually taking place an hour earlier or later
an- the caleulation. ~ Whatever pains the ancient
stronomers tock to determine the moon’s motion,
y-were always very wide of the truth. It was not
the great Newton discovered the veal powers
tich- act upon the moon, that-we began to approach
carer and nearer to truth, after having surmounted
ny-obstacles which retarded our progress.
 too have employed much time and attention on
subject; and Mr. Mayer of Gottingen, pursuing
ack which T had opened, has arrived at o de-
ce-of precision beyond which it is perhaps impos-
leto go.* ‘Not much more, then, than ten years
e elapsed since we could boast of any thing like
curate knowledge of the moon’s motion. Since
attime, we are able to calculate eclipses so exact]
a8’ not to make the mistake of a single EEE% ;
\Wm.ummm before, there was frequently the difference
of eight minntes and more. To analysis, then, we
¢ indebted for this important discovery, the mauE.om .
f-unspeakable advantages, not to thé astronomer
only, but likewise to the geographer and the navi
gator, . )
238d Septerber 1760,

Lerrer LXIL—DESCRIPTION OF THE Frux awp
Rrrrux oF tHE SEA.

HE atfractive power of the heavenly bodies ex-

ends not only to the mass of the earth, but to all
Fm Parts of which it is composed. Thus, all the
@.ﬁm.m which we see on the surface of the mmir‘ﬁ.m
ﬁumﬁmmu not only toward the earth itself, from which

The’avi e’
g5, s Trom 1783 1o 118, 30 0 S
the average error of our pr

Eongitude and 4" in Latitude,
Progresa of astronomy,-—Ep,

. with the improvements of
in Longitude and 14 in Latitude -
esent tables in 1821, ja anly 4~ i
~—=&0 rapid and unlopked for hns been the
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results their gravity, and the weight of every one in
particular, but likewise toward the sun, and toward
all the other heavenly bodies; and that more or less,
accarding to the mass of these bodies and their dis-
tance, :

Now it is evident, that the force with which a
body, say a stone, is atiracted toward the earth, must’
be incomparably greater than that with which the
same body is attracted toward the sun, the other:
planets, and the moon, because of their great dis-:
tance. Snch a body being at a distance from the|
centre of the earth eqnal to a radins of this glohe, s
60 times farther from the moon., Though, then, thei
mass of the moon were equal to that of the earth,,
the attraction toward the moon would be 60 times
60, that is 3600 times less than the attraction toward
the earth, or the gravity of the body. But the mass|
of the moon is about 70 times less than that of the
earth ; hence the attractive power of the moon be-
comes still 70 times 3600, that is, 252,000 iimes less
than the gravity of the body. .

Again, though the sun be many thousands of times
greater than the earth, he is about 24,000 times
more distant from us than the centre of the earth;
and for this reason the attraction of the sun upon g
stone is extremely small compared to its gravity,
Hence you see that the gravity of terrestrial bodies,
which is nothing else but the force with which they

_are attracted toward the earih, cannot be percepti-
w@ affected by the. attraction of the heavenly bo-
ies.

Though this atiraction, however, be very inconsi.
derable, there results from it a remarkable pheno-

menon, which long puzzled philosophers; I EwEﬂ
I

the Tides, or the flux and the reflux of the sea.

oceurs so frequently, even in common conversation)”

that it is almast a matter of necessity to understand
it. Tor this reason, I propose to explain more mi-

st 62. AND REFLUX OF THE SEA. 185

this singular phenon ; 1
iy mm.omnnm Y tenon, and o unfold Ew
begin, then, with the description of the well-
gl Eymsoﬁmjou of the fluz and refluz of the sea
Y any one is ighorant, that by far the mp.mmﬁmmm
riof the surface of our globe is covered with a
 of water, called the Sea, or the Ocean. This
ense fluid mass is very different from rivers and
according to the different seasons of
Jiear, contaln sometimes less water, sometimes
._u.._%pmummm in the sea the quantity of wager ag
fimes continues nearly the same. It is, however
ahser mnw Eﬂ the water of the sen rises and falls
o . b .
i JT Mow_. meh.uonmmu ful regularity twice every
f, for mstance, in a harhour the water is now at
Enmmﬁ height, it will presently begin to suhside
this mmﬁ.mmmm continues for six homs, at the munm
hich us depth will be at the lowest. It then
4155 again to rise, and the increase likewise lasts
ours, when it is agnin at its greatest depth, It
%En@umﬁmq begins again to fall for six hours, and
mmuw. EWmm as many, so that in the space of about 24
0 5 the water rises and falls twice; and arrives
Alfernately at its greatest and least depth.
1t is this alternate increase and diminution of the
X mH of the sea which we call its flux ,mtm_q.mw@.mrﬁu. or
1is flowing and ebbing ; and more particularly, the
Ix ‘denotes the time during which it increases or
& and the refliux the time of its decrease or fall-
g’ The flux and veflux together likewise go by
¢ name of #ide. This alternation, then, is to be
tie"subject of our present disquisition,
, mﬁ.mﬁ of all to be remarked, that the difference
ween rising and falling keeps pace with the varia-
s of the moon., At full and new moon the water
: mm.ﬂm,r.ﬁ. mum..,z at the quarters; and about the
imeof the vernal and autumnal equinoxes, in the
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months of March and September, thi
tion of the sea is most considerable. !
rence is likewise observed, according to m:m situa
tion of the coasts. The flux, in some places, is neve
more than a few feet, while, in others, .m.wm ris
- forty feet and upwards, Such are the tides in thi
ports of 8. Mulo in France, and of Bristol in Eng:
land.

It is farther to be remarked, that this phenomeno

is perceptible chiefly in the ocean, where there i
vast extent of water ; and that in seas bounded an
confined, such as the Baltic and ithe Mediterranea
it is much less considerable. The interval .m.oB th
flux to the succeeding reflux, is not exactly six hour
but shont eleven minutes more; so that the sam
changes do not take place, the day after, at the sam
hour, but fall ont abont three quarters of an Mumj
later : so that a revolution of thirty days is requisité;

to bring them round to the same hour; now, thi
precisely the period of one revolution of the moa
or the interval hetween one new moon and th many, believed that the earth, as well as all the

which immediately follows. heavenly bodies, was a real living animal, and con-
262k September 1780, _ , sidered the flux and reflux of the sea as the effect of

. respiration, According to this philosapher, men
Lerrer LXIIL—Dirrerent OPINIONS.0F PH beasts were just like insects feeding on the back
LOSOPHERS RESPECTING THE FLUx AND RerLu ie. huge animal. You will hardly expect I

' OF THE SEa. : should go into the refutation of an opinion so ridi-

re always places wheve the water is low, while
igh-at-others; and that it is conveyed from the
ner to the latter. When the water rises at any
¢e, there is always a current, conveying it from
thei' places, where it is of course at that fime low.
-an error, therefore, to imagine, with some an-
5, that during the flux of the sea the total mass
f water becomes greater, and that it diminishes dur-
Afthe reflux.  The entire mass or bulk of water re-
ing: ever the samne; but it is subject to a perpeiual
scillation, by which the water is alternately trans-
rted from certain regions to others; and when the
is high at any place, it is of course low some-
here else, so that the increase at places where it is
uuu..m precisely equal to the decrease at those where
LOW, :
Such are the phenomena of the flux and reflux of
the sea, the cause of which ancient philosophers en-
oured to discover, but in vain, Kepler, in other
ets a great astronomer, and the ornament of

WHEN the water of the sea rises at any place, W
are not to imagine that it swells from any interna
cause, as milk does when put in a vessel upon the
fire. The elevation of the sea is produced by a rg
increase of water flowing. hither from some oth
place. I is a veal current which is very percepti
at sea, conveying the waters toward the place whe
the flux is, .

In order to have a clearer comprehension of th
*ou must consider that in the vast extent of the oce

cartes, that great French philosopher, endea-
qured to introduce a more rational philosophy; and
yamark; d, that the flux and reflux of the sea was
ipally regulated by the moon’s motion ; which
ifideed a very important discovery, though the -
aneients had already suspected a connexion between
ese:two phenomena. For if high water or the top
flux happen to-day at noom, it will be low
“at 11 minutes after six in ‘the evening: it will
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tide ; which, however, does not happen. Be-
he moon is teo distant from the earth, and the,
phere too low to be impressed by the moon;
admitting that the moon, or any other greas
dy; were to pass along the atmospliere, it would

i far from undergoing any pressure from it,
dsill less wonld the sea feel this pretended

this attempt of Descartes to explain the flux and
ik of the sea, has thersfore fililed ; but the con-
o of this phenomenon with the moon’s mo-
m,swhich this philosopher has so clearly unfolded,

led his suceessors to employ the application of
Tesearches with more success. 'This shall be
subject of some following letters, ,

0i% September 1760,

TTER LXTV.—Expravavion or roE Frus AND
TLUX, TROM THE ATTRACTIVE POWER ot rug

DrscarTes’s method of explaining the flux and
wxiof the sea, by the pressure of the moon upon
tmosphere, not having succeeded, it was reason-
o look for the cause of it in the attraction
ch.the, moon exercises upon the earth, and con.
nently also upon the sea. T
attractive power of the heavenly bodies hay-
been alveady sufficiently established by so Inany
oiher phenomena, as I have shown, it could not be
bted that the flux and reflux of the sea must be
ffect of it.  As soon as it is demonstrated thag
r00m, as well as the other heavenly bodies, is
d with the property of attracting all bodies
-direct ratio of their mass, and in the inverse
o of the square of their &mﬁ:mmu it is easily com-

H.mmm&hwmEEE%E#E.EEE@EMEE ﬁmpm.zmﬁ 5
water willbe 33 minutes after sixin the morning of th
day after; and the ensuing Em..r water, or flux, wi
be three quarters of an hour after noon: so that from
one day to another the same tides are later by th w
quarters of an honr. ) _—
And as the same thing precisely takes place in t
maeon’s motion, which rises always three quarters 9
an hour later than the preceeding day, it was presum.
able that the tides followed the course of the moon,
If at any given place, for example, on the day of:
new moon high water happen to he at three of the:
clock, afternoon, you could rest assured, that eve ;
after, on the first day of the moon, the flux woul
invariably be at the height at three o’clock afternoor
and that every following day it would fall later by:
three quarters of an hour. . ,
Again, not only the time when every flux and re
flux happen exactly follows the moon, but the strengt
of the tides, which is variable, appears still to depen,
on the position of the moon. They are every wher :
stronger afier the new and fall moan, that is, atthes
periods the elevation of the water is greater than al
other times ; and after the first and last quarters, th
elevation of the water, during the flux, is smallex
This wonderful harmony between the tides, mbm.ﬂiw
motion of the moon, was, undeubtedly, mEh.mEoJﬁ
ground to conclude, that the chief cause o.m the flux:
and reflux of the sea was to be sought for in the ac
tion of the moon, o
Descartes accordingly believed that the maom;;
passing over us, pressed the atmosphere, or the .
which surrounds the earth, and that the air pressing o
the water, in its turn, forced it to subside. ¥ad th
been the case, the water must have been depressed:
m.ﬁnwmwumommodmw.nSEanWmEocﬂémm_ mbm.m&
mEﬂmmm.mnwmwozawmﬁuomnnmmﬂmrocummmmﬂE.nr
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prehended that its action must extend to the sea
and the more so, as you must frequently have o
served, that the smallest force is capable of agita
a fluid. Al that remains, therefore, is to Inquir
Whether the attractive power of the moon, such 48
we suppose it, is capable of producing in the sea t
agitation known to us by the name of flux and
fiux, ‘ : :
Let the annexed figure (PraTe 11, Fig. 1.) repr
sent the earth and the moon. A is the place where we
see the moon over the earth; B that which is d
rectly opposite, or the antipodes of A; and Cis _m?
centre of the earth. As the point A is neaver th
moon than the point B, a body at A is more pow
fully aitracted toward the moon than a similar bo
at B. And if we suppose a third similar body to
placed at the centre of the earth C, it is evident
the body A will be mor
the moon than the body C,
body B, because the body A is nearer to th'e moen
and the body B more remote than the body C. @c
similar bodies placed at ¥ and F, ave almost as mug
attracted by the moon as that which is at the centr
of the earth G, ‘as they are all three nearly equidjs
tant from the moaon. .

Hence we see that bodies placed on the surfac
of the earth are not all equally attracted toward
moon. ‘This inequality of attraction depends on.th
inequality of their distance from the centre of 1
moon L, so that a body is so much the more power
fully attracted by the moon, as its distance s less
and the contrary takes place according as the i
tance is greater. ﬁ

To these differences in the action of the Eooio
hodies differently situated, we must here chielly pas
attention ; for if all bodies were- equally attracte
toward the moon, they would equally obey “thi
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£r, and no der i

ool ituation, mwmmﬁmuw could take place in their
:.‘.nm_%bmmm%% form the idea of several carriages
Blor mH % powers perfectly equal; they WE
pogsed on e Hommm always preserving the same or.
@ '€ same distances; but as soon as some of

a4 EMnm more briskly, and others more sl .
B mH order will be mm.ﬂ.m:mﬁmm. The same ﬁvw”q...
3 %u MMWM% MWm m”wm of the different bodijes i.mhm
racted & moon; if they all f; i .
degree, the action of that H:Emwmewu MWW%HM.DMHHM

and we shonld

" d the moon va-
c 1 order and their yela-
: %ﬂwn%“ %MM%E.MM mwmmmp unless they M:.H%W
ed er an i is
wEm. to bart mE.EmmW. which that power is
JmW:%m Hmm MO..M the case with the sea, as all the
I uid “are easily separated fir
. i . o eac
e MMNMnmmwmQ one may obey the rb?.mmm.mwww
aich it res rqmm. It is evident, then, that when the
poers m@M& mmvn MMm the m.w.m_memsﬁ barts of the pea
A% another, itati - de-
I m._oEMﬂr must be the nonmmm_uumﬁw% giation, or de-
51eY.€ have just seen that the differ :
e. ‘ ent parts of
N@ mw% H.M.mn_ﬁm unequally by the Eoowu mnnowmm_u :
$ydhey o ﬁrgmwmsz_w distant from her centre: ﬁrm
wist, therefore, be agitated b :
sty ¢ be ag y the force of
H_.wméwpmﬂu continually .changing her mmEmmwm
‘o :W % :o mM.:w _ME.MF and _performing a revolu
| rou about twenty-fonr houy .
ters, makes the sea und ame e
P, makes 8 undergo the same changes
. ¢ same phenomensa in th e
& same pe-
0 ﬁ&gwm%-.mozu hours and three quarters; m“wm
8 ux must, therefore, be retarded W.DE

&
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one day to another three quarters of an hour, whic
1 firmed by constant experience. -
* MMSHEH EEMME that we show roﬂ.ﬁrw m#mwwmm.wm
elevation and depression-of _uMm .mmmmu érm_nmww %anqmm
- i al of six honrs a

each other afier an interv C ours and ele
minutes, result from the inequality of the wuoﬂmwm@‘o.
the moon, This I propose to examine L1 my
{etter.

4¢h October 1760,
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You have seen that the ﬁ,wooﬂwu causes M.Mq m%m_“mww
" f m so
jon in the state of the earth, bun T 25 8
MHMMM unequally on its @.wm,mnmuw ﬁﬂmﬁm mwﬂrﬂ .H. M»M.Mﬂym
i i i - te & sal 3
it is, that if all its parts egnally
Muwww would be equally attracied, and no change
their relative situation would Hmmm,:u um.ou.b Hw. eme
But a body being at A (PraTe’IL Fig. 1.), caner
the moon than the centre of the mmumﬁ C, % ﬂ,o '
i n oa r at C won
¥ tiracted to it than a body
P h i fith greater veloe
it wi : t, then, with g v
be; it will approach it ) greater veocl
i y t necessarily
this last: from hence I . aw,
MWMM the body A retirves from the centve C,- m%&.mwﬁ ?
proaches the moon; as if there Mmp.m mﬂo M mwow §
r if the char
e at A, the othey at C, an if th
Mwmﬂ% umgﬁ.buﬁoﬂmum. L with %Hmﬁm mcmﬁow memu .
i () Is b b
iot C, it would remove from C. s
MWMH mwémm of the moon has a tendency to ﬂﬁrm&_
[ int A from the centre C. _
PmZWMqE to remove a body fram the »Mmﬂﬂw Mmha%
: ise 1 water- at A belng new
th is to raise it; and ﬂwm wate 1
Mwwnwmwm in @dmms.,wz_ it is ecertain Emm ﬁ,ﬁ m.mw ce
the moon tends to raise the water which 1s mﬂ.. : Jw :
a power equal to the excess of the attraction towax
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the moon felt at A, above that felt at C. By this

- power, then, the moon raises the waters of the earth

which are immediately under her,

«Let us now, likewise, attend to a body at B, di-
rectly opposite to the point A; the centre of the
earth C, more powertully attracted by the moon
“than the point B, will approach nearer to it, and
this last, so to speak, will remain behind, just as a
chariot, which was drawn more slowly than that
‘which precedes it. The point B will consequently

remove from the centre C, and vise; for to remove

* frem the centre of the earth, and to rise, is one and

:the sume thing,

It is evident, therefore, that the power of the
moon tends to raise the waters, not only at A, but
likewise at B, the Point diametrically opposite, and

hat by a force equal to the difference of the attrac.

n of the moon at B and ag C, which is less at B
than at C. Now, those who are at A, have the
moon divectly above them, or in their zenith; and

ose who are at B sce nothing of the moon, because
she is then in a point of the heavens diametrically
opposite to their zenith, called Nudir, ‘

--Hence it appears, that at whatever part of the sea
it may be, the water must rise equally when the moon

in the zenith of that place, and in its nadir, or,
when the moon is at its greatest elevation above the
horizon, or at its greatest depression under it, At

e mtermediate periods, when the moon is in the
horizon, either rising or setting, she exercises ne

ower capable of raising the sea; a small contrary

ewer tends even to make it fall,

- According to this system, at the place of the sea,

here the moon is in the zenith, its power has aten.
jdency to raise the waters; about six lours atier,

vhen she has reached the horizon, hey power has a

ndency to make them fall, “welve hours and
VOL. L 1
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twenty-two minutes after, the Ecc_w memv MPMW mm..w
the point most distant :bmmwmﬁwm %ﬂwﬂ%ﬂ she exer-
ommmm MW.M mwﬂw% ﬂmww.mrw m..mﬁurng.mm minutes, .éWm.J
MWo Mmm mmﬂ to the opposite horizon, mp.m ﬁmwmpwouwwm .
fallen ; till at length, ﬁémbn%%@mw. HHMEH.M ﬁwwbm fo mp.w
five minutes from the fivst period, s m. un @mud,
zenith, raising the water as on the ?MMunm g ,.
and this is confirmed by uniform mumwmw ence, ces
This alternate elevation and depr ess o v
at iniervals of six woﬁ..w me. eleven EEM mw having
such a perfect conformity with Em&Eo%: , loaves us
no room to doubt that _.b.m flux m:. M.m s of th
are caused by the attractive power of & _m moon.
Tt is a remarkable circumstance t Hm.r pe acts
equally on the sea, in raising it, whether ﬂw e Hﬂ ot hey
' t height above the horizon, or at the most dise
Eat pot t mwm@. it. This appeared at first very
o w.opmuc hilasophers, who imagined that the Ewoﬁ.
mqmummm.om%nm under the horizon, an effect .nmﬁw m&m .
wowﬂﬂpw which u.&um produces when in the nmummm. mmb%w
ou see clearly that the moon mu.omﬂ,n.mm he sam
Mm.mna in these two EMBWQMW&M MWMDMWW% >sition: m
: in the W
Mw H%dewwﬂbm.mww _Mw __“Mvm moon % the same at A and
? .
at B.
Yth October 1'160.

Lerrek LXVI—THE saME SUBJECT oozeEdmw..
E'TT .

. . arid
Frowm what has been mEmemmwmmﬁm MNMHMMM : M%.u
st be sen W

of the sea, you mus le tha Y-

MMM)V;%. Newton, m..ubmnw T have m@o@ﬁa. is pr..w.nNMWn ﬁ_ﬂm

trary to that of Descaries. »an.cmm.wﬁmw MDEMMH as mmm e

\ ) N |

ercises o pressure, an s bsidle

ﬂwo%_.usﬁww situated wﬁumn&% uder her: bui, mnno:d.:va
a t S &

Liet, 66, OF THE SEA. © 195

to Newion, she acts by attraction, and for
_ Waler to yise at these very places.

+ ¢ Kxperience, then, must determine which of these

ces the

two systems is to be recejved,
sary thar to consuli the observati
pect.to the ocean, in order to see whether the water
rises or falls when the moon is in the zenith. Re-
course has actually been had to this 3 but it is found
that when the moon is at either the zenith oy nadir
of a given place, the water there is neither high nor
low; and that high water does not take place tll
some hours after the moon hag passed the zenith,

s From this circumstance, persons who examine
things superficially, concluded at once, that neither
of the systems was admissible; and the Cartesians
have taken advantage from it, presuming, that if
Newton's was vejected, that of Descarzes must neces-

sarily be adopted, though the observations referred
pne.mummmncsw.ﬂ

- appear to be to that of Newton,
3.-But the system of Descarzes is overturned by this
single phenomenon, that the ses is always in the
smmne state after a period of twelve hours and twenty-
two minutes, or that its state is always the same,
whether the moon he above or below the horizon ;
and it is impossible for its supporters to show how
the moon, being over the heads of our antipodes,
can produce the same effect as whep she iz over
onts.  For this purpose, see Praze IT, Fig. 2,
¢ ulxperience proves that the state of the water at
- A s the same, whether the moon be at M, the ze-
nith of the point A, or at N, its nadir, which is con.
sequently the zenith of the antipodes at B, The
effect of the moon, then, on the water at A, is the
ame in both cases. Butif the moon acted by pres-
tre, according to Descartes, it would follow, that
when the moon is at M, the water at A must fall;

No more is neces-
ons made with res-
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and if she were at N, it is impossible .?E“ the water
t A should undergo the same pressure. s
: In the system of mﬂﬁ,mnﬂew on M.Ew omwnww%wﬂ i is
rtal e action
munoﬁﬂmﬁmﬁ%ﬁ nﬁwﬁwnm”ﬁéwgrﬂ. that EEFEW Wm
uwzmm Em... Mﬁ N wﬂmbm this is demonstrated by actual ob-
a
S \ ‘eceding explanaiion, be-
. must Fw H.M Hum%mmwwum ommpmﬁ_.._m ﬂmgo% ﬁb@oegbmﬂ.“
Whe wmu Fgooﬁ is at M, the point-A is ummw..,m_w_w |
Mww mm_m Mmu_b.m C; it is, mumwmwcp.m._ more %oé.ﬂm swm
ﬁwﬁnﬁmm than the centre; the point A SE..H Mmﬁﬂ?m
Woua the centre, consequently it éwﬁ mmmw mww .md the
. i 3 dency to rais :
at A, f.w‘..:um MM Wwﬂarmwmm%m.wn mm.mww ﬁw.m moon, _umwﬂm
ot wa ..aw roduce, where she arrives m fwe H/a\wm
e ﬁw ﬁ%mﬁ%-go minutes afier she was mﬁw Z
hon int A is more distant from ﬁrm moon & I
o EM@QMMSQm C, it will be more feebly mﬁﬂ.m.ﬁwmn 3
nwmbawum.m C will advance with greater 4mwoknﬂ.w‘ ﬂ%ﬂ
M<M& N, than the point A; the @ESM%E ¢ wil
‘dingly become greater ; the point 4 ﬂw»n here-
Fore, b S ore distant from the centre C. But to
mowm.u mw. Wﬁ from the centre of the earth Hmw ic ﬂmmwm
conse Mbm the moon being at N, makes H. e @J&m
Mm”mmmwﬁﬁm% that is, she has a tendency to raise
Smﬁma at A, umm if the moon s@.mﬂ at M.
But here experience memmwmﬁ
objection ; for it is observed, tha e moon being 2
N, the water is not then at its g i obmwu
velion ot A, This does not take place il a consi-
<mﬁoﬁ~ * “w after, and thence some have w.mmﬁ w5~
T Eh.m.mnw this explanation mﬁommﬁrm_... ,m |
mnomMmMomeW_E see that their decision 1s mMSmEm&
precip : . NI
mﬁmoﬂﬁ»%ﬂoﬁ said, that when the moon is MWJ.E mow M
EoH SMMmH at A is at its greatest height ; av

-moen were nearer the ear

" Let. 67,
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said, that the power of the moon has then a tendency
“to make the water rise. But the water at A could
1ot rise, unless its quantity were increased ; and that
 increase can be produced only by the flowing of the
Water from other parts, some of them very distant,
A’considerable time, therefore, is requisite fo the ac.,
cumulation of a sufficient quantity of water; i is,
then, very natural to fuppose, that high water at A
should xot take place for some time after the moon
‘has passed M or N. This observation, therefore, is
8o far from overturning our system, that it tends
strongly to confirm it
- . There is no room to doubt that the
has a tendency to raise the sea, must precede its
reatest elevation, nay, that a considerable time must
tervene, as the water must flow thither from places
Yery remote, that is, from places where the water
- 1oust be low, while it i high at A. If the water hay
t0-pass through straights, or has its current other..
wise obstructed, high water will be still more re.
tarded ; and if, in the ocean, it is high water at A,
two hours after the mocn hag passed M or N, it will

lot be at the height, in narrow and bounded seas,
for three howrs oF more: and this perfectly agrees
With daily observation.

1322 Getoder 1760,

power which

LerTeR LXVIL—Tur same SussEcr CONTINUED,
Ir is no longer, then, a matter
ux and reflux of the ses is cause
wer of the moon, Byt ther _
nlty more to be removed : Wkhy is the motion of
the sea much moye considerable at the time of new
nd full moon, than at the other quarters? If the

th when she is ‘new, or

of doubt, that the
d by the attractive
e remains one diffi-
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full, than when she is in her quarters, _“rmu.m s.ﬂoﬁm,
be no difficulty in the question, as her proximity
would increase her power. But though the moon .
approaches the earth sometimes more, moEmm_Emw :
less, the difference is iﬂ&a too small to %onmmwomum
change so considerable in the flux and reflux o
mmMWmmEmmu this difference is not regolated by the new |
and full meon; and it may happen that the Moot !
in the intermediate quarters, should be nearer to us
than when she is new or full. We must vmﬁm Te-
cowrse, therefore, to another cause ommemWO u”ag
ereasiug the flux and reflux of the sea at the .Ewm ,
and full moon, and of diminishing it at the interme-
int ters, .
%Wwﬂm MWMQE of attraction shows us at fivst, ﬂwﬂ_ﬂ.@
is the action of the sun which, joined to that of the|
woon, furnishes a complete solution of alt the ?M.mwmm
mena presented to us by the flux and reflux o Emﬂ,
sen. Indeed, all that I have said respecting :
power which the moon exercises on the sea, is m@dmn _“uj
applicable to the sun, whose ﬂﬁ.moﬂdw @oém_ mmom
likewise nnequaily on all the parts of the Mm.ﬁ 2,20
cording as they are more or less remote .cH.bﬁ m&,
The attraction of the sun is even much more “.u mﬁow
than that of the moon, as it ofmmq ,..mmu&mﬁmm the mo-
tion of the earth, and earries it round its orbit. e
As to the motion which he commumicates ﬁo«i &
ses, it depends on the inequality of that m‘._m.ﬂodm Tl
relation to the different ﬁoMbﬂm Mm nmwmn M%H.ﬁwﬁmwm m;,w
earth, which are more or less aftr foward the
n than its centre—as 1 have already showed y us
Hmm. explaining the effect of the moon. HM muqﬁwmﬂmwwww
of the earth were ﬁﬂwmnmm %@:ME%, no m hwwmwumw muﬂ
mutual situation would take place. b e
y sun be munch greater than that of the
WWMM NMMMMMQ_B#% with relation to different parts

. the sea; but it would

- dion, and from one day to another
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of the earth, is nevertheless smaller, on account of
the great distance of the sun, which is 300 times
faxther from us than the moon.  The difference of
the power with which the centre of the earth, and
the points of its surface, ave attracted toward the
sun, is therefore very small; and from caleulations
actually made, it is found to be three times less
qearly, than that of the moon upon these points,
The atiractive power of the sun alone, then, would
dikewise be capable of ‘causing the flux and reflux of

be about three times less than
“that which is the effect of the combined influence of
these two luminaries, .

.. It is evident, then, that the flux and reflux of the
. 8ea are produced by the power of both the sun and
_the moon, or that “there are really two tides ocea-

sioned, the one by the moon, the other by the sun,
2nd called the Zenar tide and the Solar tide. That of
the maon, nearly three times greater, follows its me-
is retarded three
quarters of an hour; that which follows the action
$f the sun, would constantly correspond to the same
hours of the day, if it existed slone, or if there were

no moon. These two tides, the lunar and the solar
fogether, produce the flux and reflux of the sea ;
but es the one and the other separately make the
waters of the sea m#muhm.ﬁm:a to vise and fall, when it
happens that these two canses conjointly make the
sea rise and fall, its flux and reflux become mneh
lore considerable; but when the one tends to raise
1e sea, and the other to lower it, at the same pluce,
‘when they act in contrary dirvections, the one will
then be diminished by the other, and the lmar tide
¥ill be weakened by the solar. According as these
two tides assist or check each other, the flux and re-
ux will then be more or less considerable,
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Now, as, at the time of new moon, the sun mu@
moon are in the same parts of the heavens, their ef-
fects being perfectly in unison, the flux and reflux
must then be greatest, being equal to the sum of the
two tides. This will equally take place at the time:
of full moon, when the moon is opposite to the sun, .
as we know that she produces the same effect, though
she be in a point of -the heavens diametrically oppo-
site to the first, The flux and reflux must therefore
be greater at new and full moon, than at the fivst,
and last quarters. For then the power of the sun is
exerted to lower the waters, and that of the moon to
raise them. It is evident, therefore, that at these
seasons the flux and reflux must be less considerable ;|
and actual observation confirms it. ,

Ii might be still farther demonstrated by calenla-
tion, that the effect of the moon, or of the sunm, s
somewhat greater, when these bodies are at the
equator, or equally distant from the two poles of thel
globe ; which happens at the time of the equinoxes,
toward the end of the months of March and Septem-
ber. It is found, too, that at that time the tides ave
sivongest. It follows beyond all doubt, then, that,
the tides, or the flux and reflux of the sea, ave cansed
by the attractive power of the moon and of the sun,
in as much as tliese powers act unequally on muw
different parts. of the sea. The happy explanation
of this phenomenon, which had so dreadinlly per-
plexed the ancients, is a camplete confirmation of ﬁ?,w
system of atiraction, or of universal gravitation, on
which is founded the motion of all the heavenly
bodies,

14¢h October 1160,

- which most of the phenomena

-cause of this attraction ?

admit that powers exist, which'a

Lat, 68. UNIVERSAL GRAVITATION.

ETTER LXVIIL.—Mor: PARTICULAR AccouNt

0¥ THE Dispute rEsPECTING Univegrsar Gra-
“* YITATION.

Havina given you a general but exact idea of
the powers which produce_the principal phenomena

mm the universe, and on which are founded the mo-
‘tions of all the heaveuly bodies, it is of Importance
o ocbm:mm.u with more attention, those powers which

re the principal points of the system of attraction,

- 1t is supposed in this system, that all bodies mu-
tually attract each ether, i the vatio of their masg
~and relatively to their distance, in conformity to m
law already explained. The satisfactory manner in
in. nature ar -
<tounted for, proves that this supposition is woMn%mom
o tenth; and that the attraction which different
hodies exercise upon each other, : :

3 » may be considered
4s.a most undoubted fact, It now remains that we

quire into the cause of these attractive powers -
this research belongs rather to the ?.o@wﬂumq Mw. mﬂw%ﬂw
physics than of mathematics, I dare not therefore
flatter myself with the Prospect of absolute suceess in
Ew prosecution of jt. _

51t 15 certain, that any two bodies w g
attracted to each other, ﬁrw question is, ﬂwmwnmu m“ WM

0, On this point philo :
are divided. The English Emw:mw? %ﬂn m%ﬂﬁﬂﬂﬂm
1s a property essential to all the bodies in natnre
ind- that these bodies, hurried along by an irvesist..
ble propensity, tend muinally to approaeh, as if
they were impelled by feeling, ’

Other philosophers consider this opinion as ab-
surd, and contrary to the principles of a rational
philosophy. They do not deny the fact ; they even
H.M the causes of the
1
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reciprocal tendency of bodies toward each ‘owrmw..m
but they maintain, that they are foreign to 9@5.@1
dies; that they belong to the ether, or the sun ile,
matter which smrounds them, M.EQ that bodies may
be put in motion by the ether, just as we see that m.”
body plunged into a fluid, recelves several Nbuvu.mwn,
sions from it. Thus, mnoou.&um to the first, the
canse of the atiraction H.mmwmmm.E the bodies them-
selves, and is essential to their nature; mﬂmuﬂmmu
cording to the last, it is out of the bodies, an \&5%
the fluid which smrounds .mumE. In this case, ¢
term attraction would be improper; g we Eﬂm_ﬁ
rather say, that bodies are impelled toward eacly
other. But as the effect is the same, whether ﬁﬁew
bodies are reciprocally-impelled, or mnﬂ,pmwmw ) ;wW
word attraction need not give offence, provi M_ it is
not pretended, by that term, to determine the na-
itself of the cause,
wuH.,Hw_mﬁwMmemz confusion which might result m&ﬂ
this mode of expression, it ought rather to be mEm_uLm
that hodies move as if they mutunally attracted each

other. This would not decide whether the powers

whieh act on bodies reside in the bodies ﬁmEmmeMJ.
or out of them; and this manner of speaking Emmw ¢
thus suit both parties. H..Lmn us confine ourselves to rm
bodies which we meet with on the surface of the mmﬂm 5

Every one readily admits, that all these aﬂosa w ﬁ
downward, unless they were mﬁwmwim.m. 702@ t M
question turns on the real canse of this fall. %.af
say, that it is the earth which attracts these d_.o _mmﬂ
by an inherent power natural to it; others, that it
i¢ the ether, ar some other subtile or Eﬁwwwm Hﬂﬂ“
ter, which impels the body downward: so mﬁﬂ_w.m
effect is, neveriheless, mﬁ. same in both nmmmm.r is
ast opinion is most satisfactory to those w % mjw.
fond of clear principles in philosophy, as they do uo_r
see how two bodies nt o distance can act upon eack

- this matter may act upon the bodies,
~them: the effect would be the same as

-matter, called ether,

plaining the phenomena of nature,

-—

— .
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.other, if there be nothing between them. The others
¥e recourse to the divine omnipotence, and main-

tain that God has endowed all bodies with a power

ofmutnal attraction.

% vThough it be dangerous to ventnre

“.goncerning the limits of divine power, itis never-

theless certain, that if attraction were an immedinte

“work of that power, without being founded in the

Dature of bodies, this would be the same thing as

:8aying, that God immediately impels bodies to

ward
gach other, and this would amount to a perpetual
iracle.

=+ Let us suppose, that before the creation of the
sworld, God had created only two bodies, at a dis-
-dance from each other; that nothing mvmohﬁma\
gxisted out of them, and that they were in a state of
est; would it be passible for the one to approach
the other, or that they shounld have a propensity to
gpproach? THow could the one feel the other at g
 distance ? Whence conld arise the desire of approach. -
Ing? These are perplexing questions. But if you
Suppose that the intermediate space is filled with a
subtile matter, we can comprehend at once, that
by impelling
it they pos-

on a dispute

sgssed a power of mutual attraction,
5. Now, as we know that the whole space which se-
‘parates the heavenly bodies is filled with g subtile
it seems more reasonable to as.
ribe the mutnal attraction of bodies to an action
hich the ether exerciges upon them, though its
manner of acting may be unknown to us, rather
than to have recourse to an unintelligible property,

-Ancient philosophers satisfied themselves with ex-

from qualities
example, that
quality, which

,

ich they called occuz, saying, for
um causes sleep, from an occult
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disposes it to procure sleep. This was saying uﬁmﬁ
uothing, or rather was an atiempt to conceal ignor
rance. We onght, therefore, likewise to nowmw&m.m
attraction as an occult quality, in as far as it is m._.ﬂm@ﬂ
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#k Oclober 1760.

Terrer LXIX.—Narure awp EssENcE oF mﬁ..
piEs; o ExrEnsioN, Mopiirry, anp IMPENE-
TPRABILITY OF Bopy. ,

Tur metaphysical disquisition, Whether bodies
may be endowed with an internal power of -attrac-
ing each other, without being impelled by an exter-
nal foree, cannot be terminated, till we have exarh-
ined more particulmly the nature of body in geng-
ral.  As this subject is of the last importance, not
only in mathematics and physics, but in every branch
of philosophy, yon must permit me to go into a mare
particylar detail of it.

Tirst, it is asked, What is body? However mT..
surd this question may appear, as no one is ignorant
of the difference between what is body and what/is

not, it is, however, difficnlt to ascertain the real chia-

racters which constitute the nature of bodies. The
Cavtesians say it consists in extension, and that iuwﬁ-
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|in

length only, gives only a line; and that two dimen-
sions, length and breadth, form only a mﬁuﬁnm»
which stll is not 2 body. To constitute a body,-
therefore, we must have three dimensions, and every

Lody must have length, breadih, and depth or thick-
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.,mmm.wuo_“rmws,.A ion i i
o m o:_mumsmﬁmﬁﬂo::bzz.mm&ﬁmu-
w& mﬁ is mmw&m at the same time, if every thin
. wﬁw. 45 extension is a body ? This must be ﬂwm
_ %Mm ] %hpm definition of Descartes be just. The idea
o e vulgar form of spectres contains exten-
o %r _Mw W.M€o<_wp.u denied that they are bodies

gh tis 1dea be purely imaginary, it ser .
m ves
P _ mﬁ roﬁmqmﬁ that something Emw.«wméo mwnmﬁmmhm
. S_mn being a body. Besides, the ides which we
w% %Emmwmmwu contains, H:bmoncnm&wu an extension
th th mensions. It is admitted, neverthel
s , e
men space alone is not a body ; it ouHm furnishes ﬁwmm
2 mwcm» which bodies occupy and £l
.u_mm.m.n us suppose, that all those things which are at
Wﬂ _ .pwﬂ_“ Mhmﬁw apartment, air and every thing, were
umi rila N by the divine Omnipotence, there would
um..n.u_._b.mﬂ lin the apartment the same length, breadth.
reight, but without a body in it. ﬁmem. zpmuu
£}

cmrm ﬁcmmmm_qu of an extension that shall not be a
.<W..Ez H%n& a space, without body in it, is called
_.u.om%. ; 2 vacuum, then, is extension without

7+ It may likewis i i :
ersion, Tha » specto s oo 0, e velar
rody, or corporality, i g to g o tha
g 9 poraiity, 1s wanting to it. It is clear.
h n._F that extension is not sufficient to constitute g
tody—that something more is necessary ; hence it

llows, that the definition of ¢

he Cartesians is n
ot Lt 1s not
Xact, But what more is hiecessary, beside exten-

ﬁbu to ocﬁmﬂ_ﬁz.w abody? The answer is, mobi-
wwu W the possibility of being put in motion ; for
; ng %.Gom% be' at rest, whatever may be mp.m
‘..smmmwﬂ rich preserve it in that state, it would, how-
Hm..m.m Ppossible to move it, provided the Hwoﬂmu_m
zﬁ_ M W.wo It were sufficient. By this, space is ex-
tuded from the class of bodies, as we see that space
\ 2
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which only serves to H.m.om?m Uo&mm.u H.mwbﬂww nmw
moveable, whatever motion the bodies tha ,
ins may have. .

“ Ieis mﬁmémmm said, that, by the help of Em‘ MWW
bodies are transported from one place to mwuoﬁ H_&T
by which we are given to understand, wm wwm E%
places and space remain cwnrm:mmmEm.H : ¥ mﬂz
ment, however, with the vacunm iﬁ&w I mMM mnﬂm.
supposed, might undoubtedly be move b M.r . e
ally is -so, as it follows the motion w W,_Bo,
round the earth itself; heve, then, is a vacuum n o -
tion, without being a body. The vulgar mﬂmmﬂmm o ”
too, -bestows motion on spectres; M.Em t qu Hm mbﬁ
cient to prove, that the power of being Bo»mcw. o
extension, alone do not constitute the nature

i i ing ; : 5t be
dies. Something more is wanting; ﬂfﬁmﬁ«bﬁ&ﬂhﬁ .
matter to constitute a body, or H.mmwmﬁ it is thisv :
distinguishes a real body from simple extension, or :

¥ ectre. . .
momowmmuw?muu we are reduced to explain what Wm mm
be understood by the term matter, ﬁﬁraummé mmu
extension cannot be body, Now, the m:uEM Hnw
of these two terms is so Ec.oﬁ mwn mm_ﬁmuw Hnu %:
body is matter, and all matter is body ; so Aww & mmm@
now we have made no great progress. e ea: w—u‘

discover, however, a general character, inseparable
2

sevtaining to all
from all matter, and consequently pertaining 0 2
bodies; it is m.mmumam%.a?r@u. the impossibility oﬁw b
ing penetrated by other bodies, or the E%Omwma Pﬁ.
that two bodies should occupy the same place
once. In truth, impenetrability is what a vacuu
wants in order to be a body.

It will perhaps be objected, that the hand may

,
be easily moved throngh air and through watey

which are, nevertheless, mnwboﬂmmmmm vomwmmm Fmﬂw
then, must be penetrable bodies, and noﬁmmwﬂm.s ¥
F%m:mﬂ.w¢§q is not an inherent character ot |
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“hodies. But it is worthy of remark, that when you
‘plunge-your hand into water, the particles of the -
water make way for your hand, and that there is no

it Wafee. in the space ‘which your hand occupies. If
the hand could move through the water, while that
fuid did not make room for it, but rvemained in the
lace which the hand oceupied, then it would be.
netrable; but it is evident this is not the case. Bo-
5, then, are impenetrable: a body, therefore, al-
ays excludes, from the place which it occupies,
very other body ; and as soon as a body enters in-
forany place, it 1s absolutely necessary that the body
ck occupied it before should lemve it. This is

the sense which we must affix to the term impene-
irability, .

. Blst October 1780,

Lerirn LXX —IMPENETRABILITY oF Bopigs,

Tas instance of o spunge will perhaps be pro-
ced as an objection to the impenetrability of bo-
es, which plunged into water appears completely
enetrated by it. But the particles of the spunge are
y far from being so, in such a manner as that one
article of the water should occupy the same place
ith one particle of the spunge. . We know that
ifpunge is a very porous body ; and that before it is
M into the water, its pores are filled with air; as
0n as the water enters inte the pores of the spunge,
the aiv is expelled, and disengages itself under the
form of little bubbles; so that 1o this case no pene-
gtion takes place, neither of the gir by the water,
or.of the water by the air, as this last always makes

scape from the place into which the water en-~




