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Lereer LIL—Discovery or Unmvmnsar -Gravi-
TATION BY NEWTON.

Guavrry, then, or weight, is & property of all
terrestrial bodies, and it extends likewise to the
moon. It is in virtue of gravity that the moon
presses toward the earth ; and gravity regulates hex
motion just as it directs that of a stone threwn, or of
a cannon ball fired off.

To Newton we ave indebted for this important dis-
covery. This great English philosopher and geome-
trician happening one day te be lying under an
apple-tree, an apple fell upon his head, and suggest-
ed to him a multitude of veflections. He readily
congeived that gravity was the cause of the apple’s
falling, by overcoming the force which attached it
to the branch. Any person whatever might have

- made the same reflection; but the English philoso-
pher pursned it much farther. Would this force
have always acted upon the apple, had the tree been
a great deal higher? He could entertain no doubi
of 1,

But had the height been equal to that of the
moon ? Here he found himself at a loss to deter-
mine whether the apple would fall or not. In case
it should fall, which appeared to him, however, highly
probable, since it is impessible to conceive a bound
to the height of the tree, at which it would cease to
fall, it must still have a certain degree of gravity
forcing it toward the earth; therefore, if the moon

" wete al the same place, she must be pressed toward
the earth by a power similar to that which woule
act upon the apple. Nevertheless, as the moon di
not fall on his head, he conjectured that motion
might bé the cause of this, just as a homb frequently
flies over us, without falling vertically.
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.This comparison of the motion of the moon to
that of & bomb, determined him attentively to -ex-
amine this question; and, aided by the most sublime

© geometry, he discovered, that the moon in her.mo-
. "Hon was subject'to the same laws which regulate

‘that of 2 bomb, and that if it were possible to. hurl'a

. ‘bomb to the height of the moon, and with the same

-velocity, the bomb would have the same motion ss
‘the moon, with this difference only, that the gravity
of the bomb at such 2 distance from the earth, would

* be much less than at its surface.

-+ You will see, from this detail, that the first rea-
‘sonings of the philosopher on this subject were very
simple, and scarcely differed from those of the clow ;
but he soon pushed them far beyond the level of the
clown, It is, then, a very remarkable property of
ithe earth, that not only all bodies near it, but those
also which are remote, even as far as to the distance
of -the . moon, have a tendency toward the centre .of
the earth, in virtue of a power which is called gra-
7ity, and which diminishes in proportion as bodies
azemove from the earth.

.. The English philosopher did not stop here. As
he knew that the other planets are perfectly similar
to the earth, he concluded, that bodies adjacent to
“each planet possess gravity, and that the direction of
this gravity is toward the centre of the planet. This
“gravity might be greater or less there than on the
eheth s in other words, that a body of 'a certain
weight with us, transported to the swface of any
‘planet, might there weigh more or less.

«Anally, this power of gravity of each planet ex-
fends likewise to great distances around them ; and
8s we-see that Jupiter has four satellites, and Saturn
five, which move ronnd them just as the moon does
gound. the earth, it could not be doubted, that the
motion of the satellites of Jupiter was regulated by
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their gravity toward the cenire of that planet, and
that of ihe satellites of Saturn by their gravitation
toward the centre of Saturn. Thys, in the same
manner as the moon moves round the earth; and
their respective satellites move round Jupiter and
Saturn, all the planets themselves move round the
sun. Hence Newton drew this illustrious and im-
portant conclusion : That the sun is endowed with
a similar property of attracting all bodies toward its
centre, by a power which may be called solar gra-
wity.

L’i‘his power extends to a prodigious distance
around him, and far beyond all the planeis; for it
is this power which modifies all their motions, The
same great philosopher discovered the means of de-
termining the motion of bodies from the knowledge
of the power by which they are attracted to a centre;:
and as he had discovered the powers which act
upon the planets, he was enabled to give an accurate
description of their motion. In truth, before he
arose the world was in a state of profound ignorance:
respecting the motion of the heavenly bodies; and:
to him alone we are indebted for all the light which,
we now enjoy in the science of astronomy.

It is astonishing to think how much of their pro-
gress all the sciences owe to an original idea so very.
simple. Had not Newion accidentally been lying inl
an orchard, and had not-that apple by chance fallen
on his head, we might perhaps siill have been in
the same state of ignorance respecting the motions!
of the heavenly bodies, and’a multitnde of other phe-
nomena depending upon them. This subject un
doubtedly is altogether worthy of your attention,
and shall therefore be resnmed in a future letter.

3d September 1760,
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Lerrer LIIL—Conrizuarion. OF THE Mumiar
= ATTRACTION OF THE Hravency Bopies.
:Tre Newtonjan system, you will easily believe,
made. at first & great noise, and with good reason, as
no: one had hitherte hit upon a discovery so very
fortunate, and which diffused at once such elear light
aver every branch of seience. It has been expressed
by several names, of which it is proper you should
be informed, because it is frequently the subject of
conversation, -

% It has been denominated the system of universal
gravitation ; for Newton maintained, that not only
thé-earth, but all the heavenly bodies in general, are
endowed with this property—of attracting those
which surround them with a power similar to that
of-weight or gravity: hence is derived the term
Gravitation. This power is, however, totally invi-
sible ; for we see nothing acting upon bodies, and
pressing them toward the earth, and still less toward
the heavenly bodies. -

i T'he loadstone, by which iron and steel are attract-
ed without our being able to discern the cause, pre-
sents & phenomenon somewhat similar, Though it
be now certain that this is produced by a substance
extremely subtile, which penétrates through the
pores of the loadstone and of the ivon, it may, how-
ever, be affirmed, that the loadstone attracts ironm,
and that iron is attracted by it, provided this manner
gﬁ.:sp:ea]dng does not exclnde the true canse. It
may llk‘ewise be affirmed, then, that the earth attracts
all hodies that are near it, nay, those which are at

ivery great distances; and we may consider the

¢ight or gravity of bodies as the effect of the at- -

tiaction of the earth, which acts even upon the

meon,
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Again, the sun, and all the planets, are endowed
with a similar power of attraction, which extends to
all bodies. 1In conformity to this manner of speak-
ing, we say that the sun attracts the planets, and
that Jupiter and Saturn attract their respective satel- .
lites.; hence Newfon's system has likewise been de-
nominated the system of Atiraction. As there can -
be no doubt that bodies very near the moon must.
likewise be pressed to it by & power similar to gra-
vity, it may likewise be aftirmed, that the moon too
attracts adjoining bodies. ‘
Tt was natural to suppose, that this attraction of
the moon should extend as far as the earth, though.
it must be undonbtedly very feeble, as we have seen,
that of the earth upon the moon to be; now the|
same philosopher has placed this also beyond the
reach of doubt, by demonstrating, that the flux and]
reflux of the waters of the sea, of which 1 ghall
take occasion to speak afterwards, are caused by the
attraction of the moon. It can o longer be doubt-
ed, thereforve, that Jupiter and Saturn are recipro-
cally attracted by their respective satellices; and
that the sun itself is subject to the attraction of the
planets, thongh this attractive power be exceedingly
small, . '
This is the origin of the system of universal at+
traction, in which it is maintained, and with good

yeason, that not anly does the sun attract the planets; :

but is reciproeally aitracted by each of them; nay,

that all the planets exert their atiractive power upon

each other. The earth, then, is attracted, not only
by the sun, but also by all the ather planets, though

their power be almost imperceptible compared to

that of the sun.

You will easily comprehend, that the motion of a. :
planet, which is aitracted not only by the sun, but'’

hy the other planets, in however small a degree,
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must be son}ewhat different from what it would have
been were it attracted by the sun only; and that
cansequently the attractions of the other planets

- must cause some small derang, i
st eause son : gement of that motion,

. Now ¢ erangements are likewise confirmed by

- expérience ; and this has carried the system of uni-

vewsal aftraction to the highest possible degree of
certainty, s0 that no one now presumes to dispute its

- truth, .

.. I must likewise remark, that comets too are sub-

. Ject'to this law ; that they are principally attracted

by the sun, whose action regulates their motion; but
that they likewise feel the attractive power of all the
planets, especially when they are not very distart
from them. It is a general rule, as we shall see
aﬂe{'warc_is,‘ that the attraction of all the heavenly
9‘§dles diminishes in proportion to the distance, and
Increases in proportion to the nearness. Now co-
mets likewise ave endowed with a power by which
other bodies are attracted toward them, and so much
the'more sensibly as they approach nearer. When
therefore, a comet passes somewhat more closely o

- planet, it may derange the motion of that planet
byflts attractive power ; and its own will likewise be
distimbed by that of the planet. These consequences
gre verified by real observation.

8 iiExanlplles might be adduced to prove, that the
motion of a comet has been deranged by the attrac-

on: of the planets near which it happened to pass;

‘sirgd_‘-that the motion of the earth, -and of the other

anets, has already undergone some derangement

{rom the atiraction of comets.

t"_’f_[‘l}e fixed stavs being bodies similar to the sun,
g-}rkewme endpwed, no doubt, with an attractive
wer; but their enormous distance prevents our

feeling any sensible effect from it.

- 5th Beptember 1760,
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DIFFERENT SENTIMENTS

Lerrer LIV.—DIFFERENT SENTIMENTS OF IHI-
LOSOPHERS RESPECTING UNIVERSAL CGRAVITA-
T10N. THE ATTRACTIONISTS.

It is established, then, by reasons which cannot
be controverted, that an universal gravitation per-
vades all the heavenly bodies, by which they are at-
tracted toward each other; and that this power is
greater in proportion to their proximity. ;

This fact is incontestable ; but it has been made ;
question, whether we ought to give it the name of
impulsion ot attraction ? The name nundoubtedly is a
matter of indifference, as the effzct isthe same. The
astronomer, accordingly, attentive only to the eﬁ'ec‘}t
of this power, gives himself little trouble to deter-
mine whether the heavenly bodies are impelled to-
ward each other, or whether they muinally attract
one another ; and the person who examines the phe-
nomena only is unconcerned whether the earth at-
tracts bodies, or whether they are impelled toward
it by some invisible cause.

But in attempting to dive into the mysteries of

‘pature, it is of importance to know if the heavt_&n}y
bodies act upon each other hy impulsion, or by at-
fraction ; if a certain subtile invisible matter impels
them toward each other, or if they are endowed Wi{;
a secret or occult quality, by which they are mutn-
ally attracted 7 On this question philosophers are
divided. Some are of opinion, that this phenom]ﬁ-
non is analogous to an impulsion ; others maintain,
with Newton, and the English in general, that it
consists in attraction. ‘

It must be observed, that the terms attract and
draw are not perfectly synonymous ; that according-
ly it is not to be supposed there is an intermediate
body between the sun and the earth,
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-« The English, and those who have adopted the
‘samie -opinion, explain it in this manner: They main-
tain, :that the quality of mutual atiraction is proper
“to all bodies ; that it is as natoral to them as mag-
vitude ; and that it is a satisfying solution of the
‘guestion, that the Creator willed this mutual atirac-
“tion of bodies. Had there been but two bodies in
“the universe, however remote from each other, they
- “would have had from the first a tendency toward
each other, by means of which they wonld have in
AHime approached and united. ¥lence it follows, that
“the greater a body is, the moré ebunsiderable is the
“gttraction which it exerts upon others; for as this
"quality is essential to matter, the more of it any body
“Tontains, the greater is its attractive force:
“= As the sun, therefore, considerably surpasses all
“the planets in magnitude,its attractive force must
“be much greater than theirs. They likewise remark,
‘that the mass of Jupiter being much greater than
“that of the earth, the attractive force which he exer-
“cises over his satellites is much more powerful than
- that with which the earth acts upon the moon.
*"  According to this system, the gravity of bodies on
“the earth is the result of all the attractions exercised
“‘upon them by the particles of our globe; and if it
¥ conitained more matter than it actually does, its at-
“traction would become more powertul, and the gra-
vity of bodies would be increased. But if, on the
eontrary, the mass of the earth should happen by
some accident to be diminished, its atiractive force
{00 would be diminished, as well as the gravity of
i* bodies at its surface,
.. It has been objected to these philosophers, that,
“on their hypothesis, any two bodies whatever at rest,
*for instance, on a table, must atiract each other, and
_(Tfénsequently approach, They admit the conse-
quence; but they insist, that in this case the attrac-
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164 ATTRACTION OF THE Let. 55, roportioned. to their proximity, As you see no.
ing-that impels them toward the loadstone, we
»that the loadstone attracts them ; and. this phe-
\qmenon we call aéraction, Tt cannot be doubted,
howeyer, that there is a very subtile, though invisi-
' ble-matter, which produces this effect by actually
impelling the iron toward the loadstone; but as
modes of expression are regulated by appearances, it
has become customary to say that the loadstone at.
- tyaots iron,
+ {lhough this phenomenon be peculiar to the load-
stene and iron, it is perfectly adapted to convey an
idea of the signification of the word attraction, which
philosophers so frequently employ. They allege,
 then, that all bodies, in general, are endowed with gz
- Property similar to that of the loadstone, and that
they all mutnally atiract ; but that this effeet does not
"become perceptible unless they are very great, and
cannot be perceived when they are small.
_“However great, for example, a stone may be, it
exercises no sensible attvaction on other bodies adja-
“cent to it, because its power is too small.  But if'its
Nass were to increase, and to become many theou-
ands of times greater, its effect would at length De-
-tome perceptible. It has already been remarked,
that, from actual observation, it was found, that a lof-
ty mountain in Peru had produced attraction, though
indeed in a very small degree. A mountain stll
greater would produce, therefore, a more sensible
Attraction; and a body much greater, such as the
whiole globe, would atiract others with a force pro-
drtionably greater; and this force wonld be precise-
ly’the gravity with which we sce that they are ac-
ly impelied toward the earth,
ceording to this system, then, the gravity which
ges all bodies to descend, is nothing else but the
t:of the attraction of the whole mass of the earth.

tion would be too small to produce any sensible
effect; for if the whole mass of the earth, by its
attractive force, produces in every body only that
effect which we perceive in the weight of a body, 4
mass many millions of times smaller than the earth
will produce an effect as many times smaller.

It must readily be admitted, that if the weight of
a body became many millions of times less, the
effect of gravity upon it must be rednced to almost
nothing : attraction, therefore, cannot 1.)e percepti-
ble, except in bodies of very great magnitude. The
partizans of the system of gravitation, therefore, are
not vulnerable on this side; and they produce in .
support of their opinion an experiment made in Pery
by the Trench academicians,* in which they per-
ceived the effect of a slight attraction of a prodigious
mountain on adjacent hodies. In adopting, there- -
fore, the system of attvaction, we need be under no
.apprehension of its leading us to faise consequences ;
and it has hitherto been always confirmed by the
new facts which have been discovered.

ik September 1760,

Terrer LY.—PowER BY WHICH THE HEAVENL:Q
BopIiEs ARE MUTUALLY ATTRACTED.,

You are well acquainted with the property of the!
loadstone, that of attracting iron. You have seen|
small bits of iron and steel, such as needles, when
placed near the loadstone, move to it with a force:

* Dr. Maskelyne has more recently found, that o rleviu.ﬁ_on of 5” Bl
was prodoced by ehe attraction of the mountain called Sehehallien in Sc:m'.«i
land, the double efiect being abaut 11% 6. Mr Cavendish also suuceedeﬂi
in measuring the mutnal atiraction of balls of lead, by means of 211 OppA-
ratus for that-purpose.  Hence it was found, - that the mean dengity of the!
earth-was sbout five times that of water,.—Fin,
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If this mass were greaier or less, the grzl.v1ty,“o?,:
weight, of bodies would be proportlonnhly‘gl e%te:l o
less. Hence it follows, thatall the other great bo 1e§
in the universe, as the sun, the pla_mets, and the n;‘lf).oq,
are endowed with a similar attractive power; but great-
er or less, in proportion as they themselves are so.

As the sun is many thounsands of times greater than -

the earth, his atiractive power exceeds that of th“e
earth, so many thousand times. The mass of the

moon is calenlated to be forty times less than that of

it wi : - ractive foree is
he earth ; it will follow, that her atiractive i
Eoenf:Illy times less: and the same rule applies to all
the heavenly bodies.
9tk September 1760.

Letrer LVI.—THE saume SuBJEcT CONTINUED;

i gt + universal
Ix virtue of the system of attraction, or univers|
gravitation, each of the heavenly bodies attracts all
=]

the rest, and is reciprocally attracted by them.

In order to form a judgment of the force with
which these bodies attract the others,‘ we _have onl%{
to consider two bodies, whose attraction is mutual.
And here we must attend to three things; ﬁ..rst, Ltio
the body attracting ; secondly, to the body att%actel ;
and, finally, to their distance: for on these three cir-

cumstances the atfractive power depends.

; Prare L. Fig. 33.) be the attracting body,
an:c!l:‘% &é body attl'ac?ed; both of them spheric 1,
- the heavenly bodies being nearly of this figure. Take:
for their distance that of their centres A and B, t]ﬁa;t
is, the straight line A B. Now, with respect to" he:
mass of the attracting body A, it must be remarked,
that the greater it s, the greater also will b?ﬁ‘lts
power to attract the body B. Consequently, if A

were twice as great as B, this last would feel an |
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traction. twiee as powerful exercised over it by the
other; if it were three times as great, the effect would
be #riple, and so on—always supposing the distance -
of their centres to be the same. ..
I, then, the earth contained more or less matter
than it actually does, it would attract all adjacent
bodies with greater or less force, or their weight
would be increased or diminished. And as the eapth
itself is attracted by the sun, the same thing might
be. affirmed as to it, should the mass of that lumi.
nary happen to change.  As to the atiracted body B,
- &upposing the atiracting body A, and the distance A,
: B, to continue the same, it is to be remarked, that
-the greater or smaller its mags is, the greater or less,
- also, is the power with which it is attracted toward
: A, Thus, if the body B were twice as great, it
~would be attracted toward A with double the force ;
< I three times greater, with triple the force, and so on.
v In order more clearly to elncidate this remark, we
‘have only to substitute the earth in the place of the
attracting body A ; then the force with which the
body B is attracted, is nothing else but the weight of
“ithat body, Now, itis demonstrated, that the great-
€r or smaller the body B is, the greater or less also
s5-its gravity ; hence it follows, that while the attract-
1ng body A, and the distance A B, continue the s2me,
“the aftraction which B feels precisely follows the
fagnitude of that body. To express this circum-
fance, mathematicians employ the term Droportion.
al; thus they say, The body B is attracted by the
ody A, with a force proportional to its mass; the
meaning of which is, that if the mass of hody B were
‘twice, thrice, or four times greater, the attractive
‘power would be precisely so many times increased.
“Thus, with respect to the attracting body A, they
dy, that the power which it exercises over the body
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B, is proportional to its mass, so long as that of B,
and the distance A B, continue the same.

1 must farther observe, that when we speak of the
quantity of the attracting body A, or of the atiracted
body B, we mean the guantity of matter which each
contains, and not their magnitude merely. You will
recollec, that bodies differ considerably in this. re-
spect, and that there ave some, which, in a very small
compass, contain a great deal of matter, gold, for ex-
ample, while others, such as air, contain very little
in a great space. When, therefore, we here speak of

bodies, we are always to be understood as referring
to the quantity of matter which they contain; this is |

what we mean by their mass.
All that now remains is, to examine the third ¢ir-

cumstance, namely, the distance A B of the two

bodies, supposing them to continue always the same.
Tt must be observed, that as the distance A B in-
creases, the ativaction diminishes; and that as they
approach nearer, it increases:
a law, which it is not so easy to express.

When the

distance becomes twice as great, the force with which
the body B is attracted toward the body A, will be:

twice two, or four times less; and for triple the dis
tance, the attraction hecomes three times three,
is nine times less.

greater, the power
four, thai is sixteen

times less, and so on. Finally,

for a distance 2 hundred times greater, the power of
- attraction will be a hundred times a- hundred, or ten

From this it follows, that at

thousand tinies less. ‘
become altogether im-

oreat distances it mmst

very g
perceptible.  And, reciprocally, when the distance

A B is very small, the atiraction may be very con-

siderable, though the bodies may be of no great

magnitude. ) ’ :
lith September 1760,

but in conformity to

that|
1f the distance becomes four fimnes|
of attraction becomes four times}
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. ETTER LVIL.—THE samE SUBJECT CONTINUED.

2 tl:faftt‘crlE 1;1;‘: c%)e;ﬁonf;ra’;;d, that when a body B is
-at ¢ e power raction 1
.Proportmnai to theymas’s of t]E')Je eﬁ;%‘gftiimf;gnl;s
7 ?gd tohthat of the aitracted body B; but %: depgnd;s
thaiui(f:‘ ita }tilegfee on the d@stance of these bodies,
ot s] c‘nu d become twice, thrice, four, or five
e greater, the power of attraction would become
:uIII';'m-](lie’ sixteen, ot twenty-five'times less, - -
o nf&ster t?ﬂ ascertain the rule of these quantities;
e howm tlplx, into 1ts§].f, the number which -
ks many times the distance is increased, and
the product will show how many times less the power
Qi.--attract_mn bas become. To put this rulePin its
cm éugiieslt light, it must be observed, thai when: we
ol Rty'a. number into itself, the product resulting-
e el's liv ;a}]i:eldt its u.;g.uare. Thus, to find these
iy 3 below.s multiply the _numbers- by them.

<8

I

Multiply by 1 gl gl‘i s| & 7| & & {g
squal'eT —4- _9' 1_6 % -3.5 E E‘; E*J:— -TFD‘
' Multiplied hy ill Multiplied‘.by'ig- |
T . “15_4'
Sqw?ﬁa—l' Squm-m
o g ot g
s_,gu__are of any numbe’r:V?m.tevgi(‘),us:.’;rsgﬁto. g the

T VOL. 1, u ks
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multiply that number by itself, as in the following

1@&1‘]{, that this ower is, first of all pl‘OpOl‘tinﬂI to
. P 3 td
scheme :(—

‘the mass of the attracting body : then, to that of the

258 hody atiracted ; and finally, reciprocally to the square
i of their distance, Hence, it is evident, that though
the earth, and the other planets, are likewise attract.
2064 - ed-towards the fixed stars, the power must be imper-

1290 ceptible, on account of their prodigious distance.
516 ~Supposing, therefore, the mass of a fixed star to
bé equal to that of the sun, at equal distances, the

66564

earth would be attracted toward it with a force ag
g;eat as toward the sim; but as the distance of the )
tiked: star is 400,000 times greater than that of the
sun, the square of thisnumber being 160,000,000,000,
that is, a hundred and sixty thousand millions, the
-power with which it acts upon our globe, is a hun-
‘dréd and sixty thousand millions of times less than
that of the sun; and, consequently, too feeble to
Preduce any perceptible effect. For this reason, the
- sifractive power of the fixed stars does not at all af.
fect the earth’s motion, nor that of the planets and
the moon ; but it is that of the sun which chiefly re-
gulates their motions, because his mass exceeds
many thonsands of times the mass of each planet.
=When, however, two planets approach, so that
their distande becomes less than that of the sun, their
atfractive power increases, and may becoine suffi-
clently perceptible to derange their motion. Such
defangement has, in fact, been observed ; and con.. -
tuics an irresistible proof of the system of univer-
sal- gravitation. Accordingly, when a comet ap-
_Proaches very near to a planet, the motion of this
. last may be considerably affected by it.
1Btk September 1160,

5 i 6564 :
EI‘)IH whlch We see, thﬂtthe Squa.l'e Of 258 156 s i
a.nd the Squal (513 Of a.].]. nllmb81s Wllat&v&l lﬂﬂ.y be ‘

in like manner. o
Calﬁliltlzddﬁrslt;iee of bodies, then, must bn} muizll:gﬁgﬁ |
by itself, it is evident, that the power 0h Md'stance,i
d%rminisl:.es as much as the square ﬁf E .?ta ‘_[11(_:3 nce,
increases; or, that the square (l)rlf the erof ce be-
comes as many times greater as the pow
noillzlil;li;nf?sl%‘ects of this nature, _mathex_natl;gaz;:

mploy exprcéssions, whose signification 1t 1 é)c m?ir;
e 5 should kmow, becanse they.r sometimes ,0 i
¥I?e course of conversation. If the ai:icriilclztl\deiE]gancei
increased in proportion to the square of the aneey
we uid eall it proportionally to-the square of the
\é‘lrj‘:t‘:gce; but as the direct contll;ary takgi‘,epizfle;rind

ctive power diminishes as > square of
i}i eth(fi;ﬁ?e incrgases, we employ the term &1 .5:;1;; lﬂ; :
cally to express this contrariety, say:ﬁl% that B
Sower is reciprocally proportional to 5q Tegi
powgli tlail:xce It is a geometvical mode of exp 8
e S;:he meaning of which you Perfecﬂy compre
ﬁgsé- apd it refers to what I have just been attempt-

? 5 .

. mog%’g?g.judge aright of the power w{nc‘:g o;‘"
body exe;%%ses over anothex, you have onty to Te
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Lerrer LVIIL — MoTtrox ofF 7THE HEAVENLY
Bopigs. METHOD OF DETERMINING IT BY THE
Laws -oF Unrversan GRAVITATION.

Fron what has been said respecting the power
by which all the heavenly bodies mutually atiract
each other, proportionslly to their mass and dis-
tance, you ave. enabled to comprehend how their
motions may be determined, and the real place of
each body, at any given time, accurately assigned.

In this astronomy consists ; the object of which is
an exact knowledge of the metions of the heavenly
bodies, in order to be able to determine, for every
instant of time, whether past or to come, the place
in which each of them mmst be, and in what place of
the heavens it must appear,
earth, or any other point whatever of the universe.

The science which treats of motion in general, 1s
named Mechanics, ov Dynamies: lts object is to de-
termine the motion of all bodies whatever, animated:

This science constitutes one of

by whatever power.
the principal branches of mathematics; and those

who apply to it, exert all their efforts o carry me-

* chanics to the highest possible degree of perfection.
this zeience is conversanty .
that there is hitherto no: -
great ground of boasting of our progress: in the in-
vestigation of them; and we must rest satisfled with. !
Not many years are elapsed |

“The subjects about which
are, however, so intricate,

advancing step by step.
since we began to make any
career ; and what has
cribed to
propose

progress at all in this

nual prizes to the

prosecutigg, of this science.
The grehicst difficulty arises

powers which act upon the heave

whether viewed fromthe
S

been done is chiefly to be as-:

the Academy of Sciences at Paris, which |
best proficients in the |

from the number of!
nly bodies. If each
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flfg%i:;ﬁ% attracteld tlioward only cne single. point,

th vould be very little diffienlty in th . i

the great Newton od in 1728, wes s s
who died in 1728 )

o , was_the first
&.mga}::d; Sc;l}]iliplletﬁ demoustration’of the motion
9L:two L ch have a mutnal atiraction, i
fgrmmy T ! attraction, in con-
QIR aw which I have_laid do In vi

Ave. win. Invir
gﬁ, ltlu‘sv Ism}r, \:fre the carth attracted toward th‘:lfstlllllf
tg?{é te:;n 5;112 itcsl 1}::;) t.?11)1e p%fectly, without, reseal"ch,
toy deter motion, e same thing won)
E%.l{;ttglf‘lilel&tll‘er plapets, Saturn, Jupiter?Marsdgg:
SJ,;I]'L ] e}wur o 1 they were atiracted only b’V the
: by ‘iﬁm ubuz 1§ eaﬁthﬂ being attracted, not only b

by him, y all the other heavenly bodi ‘
7 ggﬁstgn he;:lomes infinitely more comp}I’ex Oillils,ditf?ie
o ;t om the great diversity of powers to which Wt;

pfémmiazvi ?Itlte;lﬁl;éi i':Y_ou in&y nelglec(', howeven, the
powar 15 attracted toward
stars 3 hecanse, ho e ame fized

alse, NOWEvVer enormons their

:17%, t—lllletyh are so prodigiously distant, Tllla]gjsﬁze;c? vor
“wiich they exercise upo ear : on.
slde;-ed i uothing.l n the earth, may be con-
- The motion of the

|
; earth, theref i
s _ X efore, and
-Eas}'li?t l?la;é:l_xetfi will. always be as perf'ec,tly theoiafl'le
o it o 1;:3 i ?ﬂ‘ ]a;'tjm's did not exist. Excepting ‘l:hle}le
Immgr Wiho‘ ﬁ % sun, we have only to consid’er ﬂ:lé ‘
perer with v: 1c?=11 the planets mmtually attract each
ﬁmpgl-ed o :;ht lese powers are extremely small
mwald o i ogr—; (:?; S‘thll;(:h each planet is attracteci
award ) eI ; i
_ glizsjfterhthan that of each planﬁss oFthe fom fs much
~A5, however, these power. in 7
, the: 5. increase rdi
_hll'e.dls.tances diminish, so that a powea:ccmd‘mg s
greater corvesponds to a distance twi R
Power nine times less i
corresponds to a di
_ﬂlr::es greater, and so on, according tg ;Ihls
the-numbers, as I explained the snbject i.l"lq

eding letter, it might be possible for two plglileefsl?c:
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dormed, that the fixed star nearest to us, is at least
,400,000 times more distant than the sun. Each of
the fixed stars seems designed to communicate light

 heat to a certain number of opaque bodies, si-

approach so near, that their attractive pow.‘er flh(}::g
become equal to that of the sun, nay, greatly
LEe:gt:)lrttunately, ‘this never take.s place in our &Siyite}:;]é
and the planets always remain at such ‘a distan e
from each other, that their attractive powelj'? is e&z@s ;
incomparably smaller t}lan that gf the sun. i Oliatl;s
reason, without extending our views he?yon  w. wat 18
thus certainly known, we may consider every pd x
as attracied only by the power of the 51’11?},1 anho“z :
that it is easy to deteymine its moiion. B is, v
ever, can take place only when we are c1sg_)o.scaif b |
rest satisfied with a result near tl_le truth ; ?1 b e
wish to have more exact information, we milst ais o
to those feebler powers with .v_.'hlch the }‘)alnee act.
upon each other—powers which really pr ad ux:merS 4
Little irregnlarities clearly observed by flstminca eres.
and to the attaioment of the perfect Ln?w e tg,ono;
these, is directed all the sagacity of both as |
mers and geometricians.
15th September 1160,

ilar to our earth, and, undoubtedly, inhabited like-
se, placed near them, but which we cannot see, ‘on
count of their prodigions distance, ‘
Though it is impossible to ascertain this by actual
)servations, we must conclude it, from their ana-
. logy to the sun, who serves to warm and to illumi-
te the earth and the other planets, We know,
particularly, six of these bodies; they are not in a
state of rest, but each of them moves round the sun,
. 3p the direction of a curve ling, somewhat different
_Arom a circle, and which is called the planet’s orbit,
_The sun himself is nearly in a state of rest, as well
as all the fixed stars; the motion which they appear
o'have being entirely owing to that of the earth,
I'bave accordingly vepresented, on the annexed
'shieet, what is called the Solar System, which con-
‘tains all the opaque bodies that move round the sun,
-and derive from him all the benefits which he im-
“parts to us.  Fhis sign £ (PraTe IT, Fig, 4.) repre-
-sents the Sun at vest. You see, besides, the Efeven
“circles, representing the orbits described by the pla-
ets in their motion round him
That nearest to the smn is Mercury, marked by
fie sign ¢, and the little circle you see in the orbit
epresents the body of Mereury, who performs his
evolution round the sun in about 88 days.
~'Next coimes Venus, marked by ¢, who completes
Tevolution round the sun in seven monihs nearly.

Lerrer LIN,—Systea oF THE UNIVERSE.

; i hat 1 havel

~ order the more clearly to elucul.atew‘ i
bei;_z (s)uivil;ming respeciing the motion of th_e ht_aa !
venly bodies, and the powers which produpe g, ptelﬁ
mit me to present to you (Prars 1L szgt hc-';)hea.,
system of the universe, ora _descrlpr.mn a f
ies which compose it. ] 1
VBI%%?SS::E grst of all, observe, that the fixed stars

. 1 lnminous ‘The third cirele is the orbit of the Eapgh, marked
are bodigentirely similar to the su1’1, m:aat Jistamcd Y Ehg sign 3‘,‘and which completes ab-revolution
of themsglves; that they are at a very gr by futid the sun in a year. We have no gther mean-

from thatfiminary, and elso very dis.'tant ﬁ"?lm ea.(_:o ;
other; and that avery one of them Is, peil. a‘li)s,in
equal ’magnitude with the sun. You are alveady inr

g,. in truth, to the word year, but “the time em-
Ploy ¢d’by the earth in performing a revolution round






