53 THEORY OF THE EARTH.

currents of the fea have fcooped out the valleys,

cortefponding diredtions; that the fame waters
of the ocean, by tranfporting and - depofiting
earth, &e. have given tife to the parallel ftrata;
that the waters from the heavens gradually de-
firoy the effe@s of the fea, by continually di-
minifhing the height of the mountains, filling
up the valleys, and choaking the mouths of ri-
vers; and, by reducing every thing to its for-
mer level, they will, in time, reflore the earth
to the fea, which, by its natural operations, will
again create new continents, interfperfed with
mountains and valleys, ¢ fimilar ta
thofe which we now inhabit,

B RO O S

THEORY orteeE  EARTH,

AR T GYT AR T
OF the Formation of Plancts.

S natural hiftory is our proper fubjec, we
would willingly difpenfe with aftronomi-
cal obfervations.  But, as the earth is fo nearly
related to the heavenly bodies, and, as obferva~
tions of this kind illuftrate more fully thofe doc-
trines we have already advanced, it is neceflary
to give fome general ideas concerning the for-
mation, motion, and figure, of the carth, and
other planets.

The earth is a globe of about 3000 leagues in
diameter; it is fituated 3o million of leagues
from the fun, round which it'revolves in 365
days. This annual revolution is the effe@ of
two forces ; the one may be confidered as an
impulfe from right to left, or from left to right;

18 the
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he other as an attra@ion from above down~
rds, or from below upwards, to-a common
The dire@tion and quantity of thefe
Sorces are combined, and o nicely adjufted, that
they produce a uniform motion in an cllipfe ap-
proaching o a circle, - Like the other planets,
the earth is opaque, throws out a fhadow, and.
reflects the rays of the fun, about which it re=
Jolves in a time proportioned to its relative dif-
tance and denfity. It likewife revolves about
its own axis in 24 hours; and its axis is inclined
to the plane of its orbit 663 degrees. Its figure
5 that of a fpheroid, the two axes of which dif-
fer from each other about an 165th part; and
it revolves round the fhorteft axi
Thefe are the principal phznomena of the
carth, the refults of difzoveries made by means
of geometry, aftronomy, and navigation. It is
unneceflary here to cnumerate the proofs and
obfervations by which thefe facts have been ef-
tablithed. We fhall confine our remarks to fuch
objedts as are fill doubtful ; and fhall therefore
proceed to give our ideas concerning the forma-
tion of plancts, and the changes they have un~
dergone, previous to their arriving at the flate in
which we now perceive them. To the many
fyftems and hypothefes which have been framed
concerning the formation of the carth, and the
different flates it has pafled through, we may be
allowed to add our own conjectures, cfpecially
as we are determined to fupport them with a
fuperios
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fuperior degree of probability ; and we are'the
more encouraged to deliver our notions. on'this
fubjedt, becaufe we hope to enable the reader to
diftinguifh between an hypothefis which confifts
only of poffibilities, and  theory fapported by
fadls ; between a fyftem, fuch as we are about
to give, of the formation and primitive ftate of
the earth, and a phyfical hiftory of its real con-
dition, which has been delivered in the prece=

ding difcourfe
Galileo traced the laws of falling bodies 5 and
Kepler obferved, that the areas which the prin-
cipal planets deferibe in moving round the fan,
and thofe of the fatellites round their principal
planets, were proportioned to the periods of
their revolutions, and that thefe periods were
as the fquare roots of the cubes of their diftances
from the fun, or from the principal planets.
Newton difcovered that the power of gravity
extended to the moon, and retained it in its or=
bit 3 that the force of gravity diminifhed in ex=
2@ proportion to the fquares of the diftances,
and, confequently, that the moon is attrated by
the carth ; that the earth, and all planets, are
attrafted by the fun; and, in general, that all
bodies which revolve about a centre, and de-
feribe areas proportioned to the periods of their
revolution, are attrated by that luminary.  Gra-
vity, therefore, is a general law of nature, The
planets, comets, the fun, the earth, are all fab-
jed to its laws ; and it is the {ource of that har-
mony
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mony which prevails in the univerfe, - Nothing
in phyfics is beteer cftablifhed than the exiftence
of this power in every material body. Repeat-
ed experience has confirmed the effec@s of its
influence, and the labour and ingenuity of geo=
meters have determined its quantity and rela=
tions.

This general law being once difcovered, the
effects of it would be eafily explained, if the ac-
tion of thofe bodies which produce them were
not too complicated. A flight view of the folar
fyftem will convince us of the difficulties which
attend 'this fubject. The principal planets are
attracted by the fun, the fun by the planets, the
fatellites by the principal planets, and cach pla-
net attra@s all the others, and is attradted by
them. All thefe a@ions and re-aftions vary
according to the quantities of matter and the dif-
tances, and give 1ife to great inequalities, and
even irregularities. How are o many relations
to be combined and eftimated ? Among fuch a
number of objects, how is it poflible to trace
any individual 2 Thefe difficulties, however,
haye been furmounted ; the reafonings of the-
ory have been confirmed by caleulation; every
obfervation has produced a new demonftration 3
and the fyftematic order of the univerfe
Taid open to every man who is able to
truth from error.

The force of impulfion, or what is common-
Iy called the centrifugal force, is fill unknown ;
ut
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but it affects not the general theory. It is evi-
dent, that, as the attraltive force continually
draws all the planets towards the fun, they
would fall in a perpendicular line into that lu-
minary, if they were not kept at a diftance by
fome other power, forcing them to move in a
firaight line. If, again, this impulfive force
were not counteracted by that of attrallion, all
the planets would fly off in the tangents of theix
refpe@ive, orbits.  This progreffive or impulfive
force was unqueftionably at firft communicated
to'the planets by the Supreme Being. ~ But, in
phyfical fubjets, we ought, as much as poflible,
to avoid having recoutfe to fupernatural caufes ;
and, I imagine, a probable reafon may be af-
figned for the impulfive force of the planets,
which will be agreeable to the laws of mecha-
nics, and not more furprifing than many revolu=
tions that muft have happened in the univerfe.
‘The fphere of the fun’s attra&ion is not limit-
ed by the orbits of the planets, but extends to
adefinite diftance, always decreafing accord-
as the fquares of the augmented diftances.
The comets, it is evident, which efcape our fight
in the heavenly regions, like the planets,
fubje to the attraion of the fun, and by it
their motions are regulated. Al thefe bodies, the
diredtions of which are fo various, move round
the fun, and deferibe areas proportioned to their
periods, the planets in ellipfes, more or lefs cir-
cular, and the comets, in narrow ellipfes of vaft
extent.
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extent, ‘The motions, therefore, both of planets
and comets, are regulated by impulfive and at<
tradive forces continually a&ing upon them,
and obliging them to deferibe curves.  But it is
worthy of remark, that comets run through the
fyftem in all directions s that the inclinations of
the planes of their orbits are fo very different,
that though, like the planets, they be fubjed to
the law of attraétion, they have nothing in coma
mon with regard to their progreffive or impul-
five motions, but appear, in this refped, to be
abfolutely independent of each other. ‘The pla-
nets, on the contrary, move round the fun in
the fame dire@tion, and nearly in the fame
plane, the greateft inclination of thel

not exceeding 7: degrees. rity in
the pofition and motion of the planets indicates,
that their impulfive and centrifugal forces mult
have originated from one common caufe.

May we not conjeure, that a comet falling
into the body of the fun might drive off fome
parts from its furfice, and communicate to
them a violent impulfive force, which they fill
retain? This conje@ure appears to be as well
founded as that of M Leibnitz, which fuppofed
the carth and planets to have formerly been
funs; and his fyltem, of which an abridgment
will be given in Art. V. would have been more
comprelienfive, and more confonant to proba=
bility, if it had embraced the above idea. We
agree with him, that this effeét was produced at

the
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thetime when God is faid by Mofes to have fe-
parated the light from the darknefs; for, accord-
ing to Leibnitz, the light was feparated from
the darknefs when the planets were extinguifh-
ed. Bur, on our fuppofition, there was a real
phyfical feparation ; becaufe the opaque bodies
of the planets were detached from the luminous
matter of which the fun is compofed ¥.

This notion concerning the caufe of the cen-
trifugal force of the planets will appear to be
lefs exceptionable, after we have colleed the
analogics, and eftimated the degrees of probabi-
lity by which it may be fupported.  We fhall
firlt mention, that the motion of the planets
have one common direttion, namely, from weft
to caft. By the do@rine of chances, it is cafy
todemonftrate, that this circumftance makes it
as 64 to 1, that the planets could not at all move
in the fame dire@ion, if their centrifugal forces
had not proceeded from the fame caufe.

This probability will be greatly augmented,
if we confider the fimilarity in the inclinations
of the planes of their orbits, which exceed not
7+ degrees; for, by calculations, it has been dif-
covered, that it is 24 to 1 againtt any two pla-
nets being found, at the fame time, in the moft
diltant parts of their orbits; and, confequently,
24°, or 7692624 to 1, that this effe@ could not

© I the Count ¢e Buffon had known, that the nucleus of the
fon was a_folid and opaque matter, a difcovery lately made by
the ingenious Dr. Willon of Glafgow, his hypotheis wou
Laboured under fewer diffculties. y

VOL. I, b3

1d have
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be produced by accident; or, what amounts to
the fame, there is this great degree of probabi-
lity, that the plancts have been imprefled with
one common moving force, from which they
have derived this fingular pofition. But no-
thing could beftow this common centrifugal
motion, except the force and direction of the
bodies by which it was originally communicat-
ed. We may, therefore, conclude, that all the
planets have probably received their centrifugal
motion by one fingle firoke. Having eftablith-
ed this degree of probability, which almoft
amounts to a certainty, I next inquire what mov=
ing bodies could produce this effect; and I can
find nothing but comets capable of communicat-
ing motion to fuch vaft maffes.

Upon examining the courfe of comets, it is

fy to believe that fome of them muft occa-
fionally fall into the fun. The comet 1680 ap-
proached fo near, that, at its perihelion, it was
not more diftant from the fun than a fixteenth
part of his diameter ; and, if it returns, which
is extremely probable, in the year 2255, it may
then fall into the fun. This event muft depend
upon the accidents it meets with in its courfe,
and the retardations it fuffers in paffing through
the fun's atmofphere .

We may, therefore, prefume, with the great
Newtcn, that comets fometimes fall into the
fan. But they may fall in different diretions.

* See Newt. edit. 3. p. 525
2
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If they fall perpendiculatly, or in a direftion
not very oblique, they will remain in the body-
of the fun, ferve the purpofes of fewel, and, by
their impulfe, remove the fun from his place,
in proportion to the quantity of matter they
contain®, But, if a comet falls in a very ob-
lique dire@tion, which will moft frequently
happen, it will only graze the furface, or pene-
trate to no great depth. In this cafe, it may
force its way paft the fun, detach certain por-
tions of his body, to which it will communicate
a2 common impulfive motion ; and thefe portions
pufhed off from the fun, and even the comet
itfelf, may turn planets, which will revolve
round this luminary in the fame dire@ion, and
nearly in the fame plane. A calculation, per-
haps, might be made of the quantity of matter,
velocity, and direction, a comet ought to have,
in order to force from the fun mafles equal to
thofe which compofe the fix plancts and their
fatellites.  But it is fufficient here to obferve,
that the whole planets, with their fatellites,
make not a 650th part of the fun’s mafs; for
although the denfity of Saturn and Jupiter be
lefs than that of the fun, and though the earth
be four times, and the moon near five times,
more denfe than the fun; yet they are only
atoms when compared to his immenfe volume.

# Quer. Would not fuch an event, by asgmenting the fun’s

quantity of matter, and, confequently, his attraive power, pro-

duce other changes in the folar {yflem?  See News. p.
k2
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It muft be acknowledged, that, although a
650th part of a whole may feem inconfiderable,
it would require a very large comet to detach
this part from the fun. ~ But, if we confider the
prodigious rapidity of comets in their perihelion;;
the near approach they make to the fun; the
denfity and firong cohefion of parts necef-
fary to fuftain, without deftruction, the incon-
ceivable heat they undergo; and the folid and
brilliant nucleus which fhines through their dark
atmofpheres 3 it cannot be doubred that comets
are compofed of matters extremely denfe and
folid; that they contain, in fimall limits, a great
quantity of matter; and, confequently, that a
comet of no enormous fize may remove the fin
from his place, and give a projedtile motion to
2 mals of matter equal to the Gsoth part of
his body. 'This remark correfponds with whatwe
Know concerning the refpeétive denfities of the

ich always decreafe in proportion to

<s from the fun, having lefs force of
Accordingly, Saturn is lefs denfe

than Jupiter, and Jupiter much lefs than the
carth. Thus, i enfity of the planets, as
Newton alleges, be in proportion to the quan-
tity of heat they fupport, Mercury will be feven
times denfer than the earth, and 28 times denfer
than the fun, and the comet 1680, 28,000 times
more deife than the earth, or 112,000, times

denfer than the fun. Now, fuppofing the quan=
fity of matter in this comet to be equal to a
ninth
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ninth part of the fun, or allowing it o be only
100dth part of the bulk of the earth, its quan-
tity of matter would ftill be equal to a gooth
part of the fun: Hence a body of this kind,
which would be but a {mall comet, might pufh
off from the fan a gooth or a Gsoth part, efpe=
cially when the amazing rapidity of comets, in

their: perihelion, is taken into the calculation.
The correfpondence between the denfity of
the whole planets, and that of the fun, deferves
alfo to be noticed. Upon, and near the furface
of the earth, there are fubftances 1400 or 1500
times denfer than others; the denfities of air
and gold are nearly in this proportion.  But the
interior parts of the earth and planets are more
uniform, and differ little with regard to denfity ;
and the correfpondence in the denfity of the
planets and that of the fun is fo great, that, out
of G50 parts, which comprehend the whole
denfity of the planets, there are more than 640
nearly of the fame denfity with the {olar mat-
ter; and there are only ten of thofe G50 which
are of a faperior denfity ; for the denfity of Sa=
turn and Jupiter is nearly the fame with that
of the fun; and the quantity of matter in thofe
two planets is at leaft G4 times greater than
what is contained in the four inferior planets,
Mars, the Farth, Venus, and Mercury. We
may, therefore, conclude, that, in general, the
matter of the plancts is very nearly of the fame
E kind
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Kind with the folar matter, and, of courfe, that
the former may have been feparated from the
latter.

o this theory it may be obje@ed, that, if the
plavets had been driven off from the fun by a
comet, in place of deferibing circles xound him,
they muft, according to the law of projediles,
have returned to the fame place. from whence
they had been forced? and, therefore, that the
projectile force of the planets cannot be attribu-
ted to the impulfe of a comet.

1 reply, that the plants iffied not from the
fan in the form of globes, but in the form of
torrents, the motion of whofe anterior particles
muft have been accelerated by thofe behind, and
the attraction of the anterior particles would al-
{0 accelerate the motion of the pofterior; and
that this acceleration, produced by onc or both
of thefe caufes, might be fich as would neceffa=
xily change the original motion arifing from the
impulfe of the comet, and that, from this caufe,
might refult a motion fimilar to what takes place
in the planets, efpecially when it is confidered,
that the fhock of the comet removes the fun
out of its former flation.  This reafoning may
beilluftrated by an example. Suppofea mufket-
ball difcharged from the top of a mountain,
and that the force of the powder was fufficient
to pufh it beyond a femidiameter of the cartlr,
it s certain that this ball would revolve round

the
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the earth, and return at every revolution to the
place from whence it had been difcharged. But,
inftead of a mufket-ball, if a rocket were em-
ployed, the continued action of the fire would
greatly accelerate the original impulfive motion,
“This rocket would by no means return to-the
fame point, like the ball; but, cateris paribus,
woulddeferibe an. orbit, the perigee of which
would be more or lefs diftant from the earth in
proportion to the greatnels of the change pro=
duced in its direction by the accelerating force
of the fire. In the fame manner, if the original
projedile force impreffed by the comet on the
torrent of folar matter was accelerated, it is pro-
bable, that the planets formed by this torrent
acquired their prefent circular or elliptical move-
ments around the fun:

The appearances exhibited in great eruptions
from volcanos may give fome idea of this acce-
leration of motios When Vefuvius begins to
groan and throw out inflamed matter, it has been
often remarked, that the motion of the cloud
firft ejected is flower than the fucceeding ones,
and that they go on increafing in celerity, till at
laft fulphur, lava, melted metal, and huge flones
are thrown up; and that, though thefe obferve
nearly the fame  direction, they alter confider-
ably that of the firft cloud, and elevate it toa
greater height than it would. otherwife have
reached.

B4 The
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The objection will be ftill farther obviated, if
itis confidered, that the impulfe of the comet
muft, in fome degree, have communicated a mo-
tion to the fun, and removed it from its former
fituation; and that, although this motion may
now be fo fmall as to efcape the notice of aftro-
nomers, it may @ill, however, exift, and make
the fun deferibea curve round the centre of gra=
vity of the fyftem. - If this be allowed, as T pre=
fume it will, the planets, inftead of returning to
the fun’s body, would deferibe orbits, the peri-
helions of which would be as diftant from the
fun as the fpace that he prefently occupies is
diftant from his original ftation.

It may be farther objeéted, that, if motion
be accelerated in the fame dire@tion, no change
in the perihelion could take place.  But is it
credible, that no change of dire@ion can hap-
pen ina torrent whofe particles fucceed each
other? On the contrary, it is extremely pro=

able, that a change was actually produced fuf-
o make the plancts move in their pref

It may fill be obje@ed, that, if the fituation
of the fun liad been changed by the fhock of a
comet, it would move unifo
this motion being common to the whole fyftem,
10 alieration would be effected. But, previous
to the hock, might not the fun move round
the centre of the cometary fyfiem; and might

and, of courfe,

not
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siot this primary motion be augmented or dimi-
nifhed by the firoke of the comet? Is not chis
fufficient to account for the attual motion of
the plancts ?

If none of thefe fuppofitions be admitted, may
it not be prefumed, that the elaflicity of the fun
might elevate the torrent above his furface, in
place of pufhing it dire@ly forward 2 This cir=
cumftance alone would be fufficient to remove
the perihelion, and endow the plancts with their
prefent movements.  Neither is this fuppofition
deftitute of foundation: The folar matter may be
exceedingly elaftic ;- fince: light, the only part
of it we are acquainted with, feems, by its ef-
fedts, to be perfe@ly claftic. I acknowledge
that T cannot determine which of the caufes
above affigned has aGually produced an altera-
tion in the projedtile force of the planets; bt
they at leaft fhow that fuch a change is not on~
1y poffible, but probable, which s cnough for
my prefent purpofe.

Without farther infifting on the objections
which may be made againft my hypothefis, or
the analogical proofs that might be brought in
fupport of if, I fhall profecute my fubjed, and
draw the proper conclufions.  Let us firft exa~
mine what might happen to the plancts, and par-
ticularly to the carth, when they were impreffed
with their projectile forces, and what was their
fate after their feparation from the body of the

fun,
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fun. A proje@ile motion having been commu-
nicated, by the firoke of a comet, to a quantity
of matter equal to a Gsoth part of the fun’s
‘mafs, the light particles would feparate from the
denfe, and, by their mutual attractions, form
globes of different folidities. Saturn being com=
pofed of the larget and lighteft parts, would be
removed to the greateft diftance from the fun 3
Jupiter, being denfer than Saturn, would have
2 nearer fation 5 and {o of the reft. The largeft
and leat folid planets are moft diftant, becaufe
they reccived a greater proje@ile force than the
fmaller and denfer ; for the projecile force be=
ing proportioned to the furface to which it is
applied, the fame ftroke would make the larger
and lighter parts of the folar matter move with
more rapidity than the fmaller and heavier.
The parts, therefore, which differed in deafity,
would feparate from each other in fuch a man-
ner, that, if the denfity of the folar matter be
equal to 100, that of Saturn will be equal to
67, of Jupiter, = 94, of Mars, = 200, of the
Earth, = 400, of Venus, = 800, of Mercury,
= 2800. But, as the attradtive force ads not
in proportion to the furface, but to the quantity
of matter, it would retard the progrefs of the
more denfe parts of the folar matter ; and it is
for this reafon that we find the moft denfe pla-
nets nearcft the fun, and which move round
him with more rapidity than thofe that arc
more diftant, and lefs denfe.

The
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‘The denfity and projecile motion of Saturn
and Jupiter, the two largeft plancts in the fyftem,
have the moft exac proporiion. The denfity
of Saturn is to that of Jupiter as 67 to g4}, and
their velocities are nearly as 882 to 120, or as
67 to goi. How rarely do pure conjeures
correfpond fo exadlly to the phenomena of na-
ture? It is true, according to this relation be-
tween the celerity and denfity of  the planets,
the denfity of the carth ought not to exceed
206.7, inftead of 400, which is its real denfity ;
hence it may be fuppofed, that the earth has now
double its original denfity.  With regard to the
other planets, Mars, Venus, and Mercury, as
their denfities are only conje@ural, we know
not whether this circumflance would confirm or
weaken our hypothefis. Newton fays, that the
denfities of the planets are proportioned to the
degrees of heat they are expofed to 3 and it is
in confequence of this idea that we have men=
tioned Mars as being one time lefs denfe than
the earth, Venus one time, Mercury feven times,
and the comet 1680, 28,000 times denfer than
the earth.  But, if we attend to Saturn and Ju-
piter, the two principal planets, we will find,
that this fuppofed proportion between the den-
fities of the planets, and the heat they fuftain, is
not well founded : ~ For, according to this hy-
pothefis, the denfity of Saturn would be as 4%,
and that of Jupiter as 1422, inflead of the pro-
portions of 67 and 944 ; differences fo great as
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to deftroy the principles upon which they are
founded.  Thus, notwithftanding the regard due
to the conjecures. of Newton, T cannot refrain
from thinking that the denfities of the planets
have a nearer relation to their celerities than to
the degrees of heat to which they are espofed.
Ty, indeed, is only a final caufe; but the other
s a phyfical reation; the exactnefs of which is
remarkable in Saturn and Jupiter. - It is certain,
Jowever, that the denfity of the carth, inftead
of being 2067, is 4003 and, confequently, the

d muft have fuffered a condenfation in the
proportion of 2067 to 400-

Sut have the condenfations of the planets no
+elation to the quantity of folar heat they fuf-
tin? In that cale, Saturn, which is at the
ereatelt ditance from the fun, would have fuf-
fered litdle or no condenfation ; and  Jupiter
would be condenfed from go4 to 942 Now,
the fan's heat in Jupiter being to his heat in the
carth as 1433 to 400, their condenfation ought
to be in the fame proportion.  Thus, if Jupiter

941, the carth, if it

Tiad been in the orbit of Jupiter, would have

been condenfed from 2067 to 215,%%% 5 but the

carth being much nearer the fun, and receiving

heat, in propostion to that of ‘Jupiter, as 400 to

the quantity of jcondenfation it would

he one in the orbit of Jupiter muft be
muldiplied by the proportion of 400 to. 141
which will give nearly 2343 for the condenf

tion
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tion the earth muft have received: The den-
fity of the carth was 2067 5 by adding its ac=
quired condenfation, its aGual denfity. will be
4007, which is nearly the fame with 400, its
real denfity determined by the moon’s perallax.
With regard to the other planets, I pretend not
to give exact proportions, but only approxima-
tions, tending to fhew, that their denfities have
a firong copnection with the celerity of their
motions in their refpetive orbits.

The comet, by falling obliquely on the fun,
as mentioned above, muft have forced off from
his furface 2 quantity of matter equal to a G5oth
part of his body. This matter, being in 2 li=
quid fate, would at firft form a torrent, of
which the largeft and rareft parts would fly to
the greateft diftances 5 the {maller and more
denfe, having received only an equal impulle,
would remain nearer the fun; his power of at-
tration would operate upon all the parts de=
tached from his body, and make them circulate
round him ; and, at the fame time, the mutual
attration of the particles of matter would caule
all the detached parts to affume the form of
globes, at different diftances from the fun, the
nearer moving with greater rapidity in their or-
bits than the more remote.

But it may be obje@ed, that, if the plancts
had been detached from the fun, they muft
have been burning and lumi not cold
and opaque bodies ; not ve lefs 1

[embla;
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femblance to a globe of fire than a globe com=
pofed of carth and water 5 and, by comparifon,
the matter of the earth is lumlly different from
that of the fun.

Tt may be replied to this objeétion, that the
‘matter changed its form after its feparation, and
that the fire, or light, was extinguithed by the
proje@ile motion communicated by the firoke,
Befides, may it not be fuppofed, that the fun, or
2 burning ftar, moving with a rapidity equal to
that of the planets, would foon be extinguithed ;
and that this may be the reafon why all the lu-
‘minous, or burning Rars, are fixed, and without
motion ; and why thofe called new ftars, which
have probably changed their fations, are fre-
quently extinguifhed and difappear? To con=
firm this remark, comets, when in their perihe-
lia, ought to be inflamed even to their centre ;
but they never become luminous ftars; they on-
ly emit a burning vapour, a confiderable portion
of which they leave behind them in their courfe,

In a medium which has little refiftance, T ac-
knowledge, that fire may fubfift, although the
burning body be moved with great rapidity. It
muft likewife be acknowledged, that what I
have faid applies only to thofe ftars which dif-
appear for ever, not to thofc that appear and
difappear at flated intervals, without changing
their fituations in the h s, Of thefe Mau-
pertuis, in his difcourfe on the figure of the flars,
has given a moft fatisfadtory account. But thofe

which
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which have appeared, and then vanifhed for
ever, muft unqueftionably have been extin=
guilhed cither by the quicknefs of their motion,
or fome other caufe. There is not a fingle ex=
ample of a luminous far revolving round ano~
ther ; and not one of the fixteen planets which
revolve round the fun have any light in them-
felves.

Farther, fire, in fmall maffes, cannot fubfift
fo long as in large oncs. The planets would
burn a confiderable time after they iffued from
the fun but, at length, would extinguifh for
‘want of combuftible matter. For the fame rea~
fon, the fun itfelf will beextinguifhed ; but at
a period as much beyond that which extinguifh-
ed the planets, as the quantity of matter in the
fun exceeds that of the plancts. However this
may be, the [eparation of the planets from the
fun, by the fhock of a comet, appears fufficient
to account for their extin&ion.

The earth and planets, when they ifued from
the fun, were totally compofed of liquid fire;
in which flate they would continue no longer
than the violence of the heat that kept them in
fufion. But this heat would gradually decay
from the moment they left the fun. During
their fluid ftate, they neceffarily affumed circu=
lar figures; and their diurnal motion would
elevate their equators, and flatten their poles. 1
agree with M. Leibnitz ¥, that this figure corre-

® Vid. AQ. Erad. Lipf. an. 1692.
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fponds fo exa@ly with the laws of hydroftatics,
that the earth and plancts muft neceffarily have
been once in a ftate of fluidity occafioned by
fire ; and, confequently, that the interior parts
of the earth muft be compofed of vitrified mat-
ter, of which fand, frec-flone, granite, and per-
haps clay, are fragments, or feori:

Tt is thercfore extremely probable, that the
planets were originally parts of the fun fepara-
ted by a firoke which communicated to them
a projecile motion; and that their different
diftances proceeded folely from the difference of
their denfities. To complete this theory, it on-
1y remains to account for the diurnal motion of
the planets, and the origin of their fatellites
which, inftead of adding frefh difficulties, will
tend greatly to confirm my hypothefis: For ro-
tation, or what is called diurnal motion, entire-
ly depends on the obliquity of the ftroke ; an
oblique e furface of a body necef-
farily gives it a rotatory motion. If the body
which receives the impulfe be homogeneous, the
rotatory motion will always be equal and uni-
form ; but it will be unequal, if the body con~
ik of heterogeneous parts, or of parts different
in denfity, Hence we may conclude, that the
matter of each planet is homogencous, becaufe
the diurnal motion of cach is
formed in the fax e; and this circumftance

of, that portions of different
ally feparated from the fun.

But

OIF iRPLTAN EITIS] 8r

But the’ obliquity of the ftroke might be fo
great as to throw off fmall quantities of matter
from the principal planet, which would necef-
farily move in the fame direction. Thele parts,
by mutual attracion, would reunite, according
to their denfities, at different diftances from the
planet, follow its courfe round the fun, and at
the fame time revolve about the body of the
planet, nearly in the plane of its orbit. It is eafy
to perceive that the portions we mean are the
fatellites: Thus the formation, pofition, and
motion, of the fatellites correfpond, in the moft
perfe@ manner, with our theory ; for they all
move in the fame dire&ion, and in concentric
circles round their principal planets, and nearly
in the plane of their orbits. = All thefe common
effe@s, depending on an impulfive force, mulk
have proceeded from a common caufe, which
was a projedtile force communicated to them by
the fame oblique firoke. This account of the
motion and formation of the fatellites will be
frongly fupported, if the other circumftances
and phznomena attending them be duly weigh-
ed. Thofe planets which are furnifhed with fa~
tellites move quickeft round their axes. The re-
volution of the earth is quicker than that of Mars,
in the proportion nearly of 24 to 15; the earth
has a fatellite, and Mars has none; Jupiter,
whofe diurnal motion is 500 or oo times more
rapid than that of the earth, has four fatellites ;
and it is extremely probable, that Saturn, who

VOL. 1. ¥ s
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has five fatellites and a ring, revolves much
fe quickly than Jupiter.

e e o
bility, that the plane of the equator of Saturn's
sing is nealy the fame with that of the plane 5
for, fuppofing, according to the preceding theory,
the obliquity of the impulfe which put Saturn
in motion to have been very great, his diurnal
‘motion would at firft be in proportion to- the
excefs of the centrifugal force above that of gra=
vity, and; of courfe, a confiderable quantity of
matter would be thrown off from his equatorial
segions, and neceflirily affame the figure of a
ring, the plane of which would be nearly the
fame with that of his own equator. This quan-
tity of matter, detached from the equatorial re-
glons of Saturn, muft have flattened the equator
of that planet; which is the reafor
withftanding the rapidity with which we have
fuppofed him to revolve round his axis, the di=
ameters of Saturn are not fo unequal as thofe of
Jupiter, which differ from each other more than
an eleventh part.

Though this theory of the formation of the
planets and their fatelites appears to be extreme=
Iy probable; yet, as every man has his own
ftandard of eftimating probabilities of this na=
ture, and as this ftandard varies according to the
different capacitics of combining analogics more
o lefs remote, T pretend not to convince thofe
whoare unwilling to believe, Thave offered thefe

1 ideas
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ideas to the public, not only becaufe I thought
them rational, and calculated to unravel a fub=
je& upon which, however important, nothing
has hitherto been written 3 but becaufe the ime
pulfive motion of tie planets gives rife to num-
berlefs phenomena in the univerfe, which ad-
mit not of an explanation by gravity alone. To
thofe who may be difpofed to deny the poffibi=
lity of my theory, I would propofe the follow=
ing querics :

t. Is it not natural to imagine, that a moving
body has reccived its motion from the impulfe
of fome other body ?

2. When feveral bodies move in the fame di-
xedtion, is it not exceedingly probable, that they
seceived this dire@ion from a fingle firoke, or,
at leaft, from firokes every way fimilar ?

3~ When feveral bodies in motion have not
only the fame direion, but are placed in the
fame plane, s it not more natural to think that
they received this direction and pofition from
one impulfe than from many ?

4 Is it not probable, that  body put in mo-
tion by impulfe, fhould reccive it in an oblique
diretion ; and confequently that it fhould be
forced to move round its axis with a rapidity
proportioned to the cbliquity of the firoke ? I
thefe queries be not unrealonable, the theory of
which we have given a fketch will no I 3

have the appearance of abfurdity

¥ 2
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Tet us now proeeed to a more interefling
object ; let us cxamine the figure of the earth
upon which {o many inquiries and obfervations
have been made. As it appears, from the equa-
lity of the carth’s diurnal mo(ign, an_d the urn "-
formity in the inclination of its axis, that it
is compofed of homogencous parts which mu=
tually attra@ cach other in proportion to theix
quantities of matter; if its impulfive motion
fad been communicated in a direétion perpen=
dicular to its furface, it would neceflarily have
affamed the figure of a perfe@ fphere: But,
having been ftruck obliquely, it moved round
165 axis at the inftant it received its figure ; and,
from the combination of the projectile force
and that of attration, there refulted a {pheroid
figure, more clevated at the equator than at the
poles; becaufe the centrifugal force, arifing from
the diurnal rotation of the earth, muft diminifh
the action of gravity, or that power which makes
all the parts tend to the centre. Thus the earth,
being compofed of homogeneous parts, and
having been endowed with a rotatory motion,
muft neceffarily have affumed a fpheroidal
figure, the two axes of which differ from each
other by a 230th part. To fhow that this is the
real figure of the carth, we nced not have re-
courfe to hypothefes it is capable of the cleareft
demonfiration. The laws of gravitation are
well known: That bodies attract each other

diredlly

34
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dire@ly as their quantities of matter, and in-
verfely as the fquares of their diftances, admits
not of a doubt. It can as little be doubted, that
the total action of any body is compofed of all
the particular aions of its parts.

The parts of bodies are all mutually attracted
in the above proportion ; and all thefe attrac-
tions, when the body has no rotation, necell
ly produce a fphere, and a fpheroid, when the
body is endowed with a rotatory motion. This
fpheroid is more or lefs flatrencd at the polcs in
proportion to the quicknefs of the dinrnal mo=
tion ; and the earh, in confequence of the ce-
lerity of its rotation, and the mutual attraction
of its parts, has affumed the figure of a fphe=
roid, of which the two axes are to one another
as 229 to 230.

Thys the carth, at the time of its formation,
from the original conftitution and homogeneity
of its parts, and independent of every hypothe-
fis derived from the direction of gravity, took
the figure of a fpheroid ; and, from the known
faws of mechanics, its equatorial diameter was
neceffarily elevated about fix leagues and a half
more than its poles.

I fhall dwell the longer on this article, be-
canfe there are fome geometers, who, from a
fyftem of philofophy they have adopted, and
from a fuppofed direction of gravity, fill ima-
gine that the figure of the carth depends upon
theory. The firlt thing to be demonfirated is

¥ 3 the
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the mutual attra@tion of the parts of matter ;
and the fecond, the homogeneity of the terrel-
trial globe. When thele two fa@s are clearly

proved, dhere will be no occafion to have re-
courfe to any theory derived from the direction
of gravity ; becaufe the earth's figure, in this
cafe, muft necelfarily be as Newton determined
it; and all the other figures affigned to it, in
confequence of vortexes, and other hypothefes,
can have no exiftence,

It will not be doubted, even by the moft in=
credulous, that the plancts are retained in their
orbits by the power of gravity. The fatellites
of Saturn gravitate towards that planet; thofe of
Jupiter towards Jupiter; the moon gravitates
towards the carth 3 and Saturn, Jupiter, Mars,
the Earth, Venus, and Mercury, gravitate to-
wards the fun. In the fame manner, Saturn,
Jupiter, and the Farth, gravitate towards their
vefpedtive fatellites, and the fun gravitates to-
wards the whole planets. Gravitation is there-
. fore a general law, by which the whole
fylem is mutually affected ; for action canuot
exift without re-action. This mutual attraction
of the planets is the law which regulates all thei
motions ; and its exiftence is demonfirated by
its effects.  When Saturn and Jupiter are in con-
junétion, their mutual attraction produce
regularity n round the fun.

e planctar

canth and the moon, alfo, mutually attradk each
other 5 but the irregulasities in the mo
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tion proceed principally from the attra@ion of
the fun ; and hence the fun, the earth, and the
moon, mutually ac upon each other. Now, the
reciprocal attration of the planets, when the
diftances are equal, is proportioned to their quan-
tities of matter ; and the fame power of gravity,
which makes heavy bodies fall to the earth,
and which extends as far as the moon, is like=
wie in proportion to the quantity of matter:
The total gravity of a planet, therefore, is com=
pofed of the gravity of all its parts: Hence all
the parts of matter, whether in the carth or pla-
nets, mutually attraék each other; and, of courfe,
the rotation of the earth round it axis muft
neceffasily have beflowed on it the figuré of a
fpheroid, the axes of which are as 229 to 230,
But the direction of gravity muft be perpendicular
to the earth’s furface ; and, confequently, unlefs
the general and mutual attraction of the parts of
matter be denied, no hypothefis derived from
the dire@ion of gravity can have any folid foun-
dation.  But this mutual attration, as we have
feen, is demonftrated by actual obfervation ;
and the experiments made by pendulums prove
its univerfal extenfion. No hypothefis, there-
fore, founded on the direction of gravity, can
be admitted, without contradicting both reafon

and experience.
Let us now examine whether the parts com-
pofing the terreftrial globe be homogencous. I
nowledge, that, if the globe be fuppofed to
¥4 confift
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confift of parts differing in denfity, the dire@tion
of gravity would be different from that we have
affigned, and that the earths figure would vary
according to the different fuppofitions which
might be made concerning the direction of
gravity. But, why make fuppofitions of this
Find? Why, for example, do we fuppofe the
parts near the centre to be more denfe than thofe
more diftant from it? Are not all the particles
which compofe the globe united by their mutual
attraltion ? Every particle, therefore, is a centre;
and there is no reafon to belicve that the parts
which furround the centre are denfer than thofe
which furround any other point. Befids, if any
confiderable part of the carth were more denfe
than another, the axis of rotation would ap-
proach nearer that part, and create an inequality
in the diurnal revolution of the globe: It would
produce an inequality in the apparent motion of
the fixed flars ; they would appear to move more
quickly or flowly in the zenith or horizon, ac-
cording 25 we lappencd to be finated on the
or light parts of the carth ; and the asis

of the globe, not paffing through its, centre of
gravity, would make a perceptible change in its
pofition.  But nothing of this kind cver takes
place.  On the contrary, the diurnal revolution
of the carth is equal and uniform. At every
point of the carth’s furface, the ftars appear to
move with the fame quicknefs ; and, if there be
any nutation in its axis, it is too inconfiderable
to
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to attra@ obfervation. ~Hence it may be con-
cluded, that all the parts of the globe are at leaft
nearly homogeneous.

If the earth were hollow, the cruft of which,
for example, cxceeded not three leagues in
thicknefs, it would give 1ife to the following
phaznomena. 1. The mountains would bear fo
great a proportion to the total thicknefs of the
cruft, that vaft irregularities in the earth’s mo-
tion would be occafioned by the attraction of
the moon and of the fun: When the moon was
in the meridian of the more elevated parts, as
the Cordeliers, her attra@ion upon the whole
globe would be much greater than when fhe
was in the meridian of the lower parts. 2. The

attraion of the mountains would
be greatly increafed ; and the experiments made
on Mount cmmbmca, in Peru, would have gi-
ven more degrees in the deviation of the plumb-
line than they aually gave feconds. 3. The
weight of bodies would be greater on the tops
of mountains than in the plains; and men would
find themfelves more weighty, and would walk
with more difficulty,in high than in low grounds.
Thefe obfervations, and many others which
might be made, fhould convince us, that the in-
terior parts of the carth are not hollow, but that
they are compofed of matter of a_confiderable

_denfity.

If, on the other hand, the carth, at the depth
of two or three leagues, confifted of matter
- much
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much. denfer than that we are acquainted with,
upon defcending even into ordinary  pits, we
1d find ourfelves confiderably heavier ; and
the motion of pendulums vwould there be more
rated than they actually are when brought

ill 19 a plin. Hence we may

prefume that the interior parts of the carth con-
 of nearly fimilar to that on its fur-
Lbe il farther conyinced,

at the time of its

s in a flate of fufion, and,
cpnfequently, th it 2l its parts were homogene~
ous, and nearly of equal denfity. The matter on
the furface, though originally the fame with that
of the interior parts, has, in the revolutions of
time, undergone many changes from external
caufes; and to thefe are to be aferibed the pro-
duion of materials fo different in their denfi-
ties. But it ought to be remarked, that the
denfeft bodies, as gold, and other metals, arc
moft rarely to be met with; and, confequently,
that the greateRt quantity of materials at the
{utface, h:\u fuffered little alteration with re-
gard to denfity. The moft common material
indeed, as fand and clay, differ {o little in denfi
ty, that we may conjccture, with much proba=
bility, the internal parts of the carth to confift
vitrified matter, the denfity of which is
arly equal to that of fand; and, confequently,
that
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that the whole globe may be confidered as one
homogencous malt:

Bug, it may be fid, that, though the carth
were compoled of concentric beds, of different
denfities, the equality of its diurnal motion, and
the uniform inclination of its axis, would re-
main equally undifturbed, as upon the fuppofi=
tion of its confifting wholly .of homogeneous
matter.  This I allow; but I demand, at the
fame time, whether there be any reafon for be-
Tieving that thefe beds of different denfities
really cxift? Whether this method of folying

ifficulties be not an attempt fo adjuft the works.

And whe-

i s anslop gy, ought to find admittance into
phyfical reafoning?

Flence, it is apparent, that the carth received
its fpheroidal figure in confequence of its diurnal
motion, and the mutual attrattion of its parts;
that this figure ‘neceflarily refulted from the
globe’s being in a liquid flate ; that, according
to the laws of gravity and of a centrifugal force,
it could not poffibly afume any other figure ;
that, at the moment of its formation, the differ-

Detween its two diameters was, as at pre-

equal to a 230th part ; and, of courfe, that

all other hypotheles which make this difference

greater or lefs, are mere fictions, and deferve
nq attenti

Perhaps
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Perhaps it may be objected, that, if this theory

be well founded, and if the proportion of the
axes of the two diameters be as 229 to 230,
how came the mathematicians fent to Lapland
and Peru to concur in making it as 174 to 1752
Why fhould fuch a difference fubfift between
practice and theory? And, is it not more rea-
fonable to give the preference to actual meafire-
ment, efpecially when executed by the ableft
mathematicians in Europe , and furnithed with
all the neceffary apparatus ?

To this I reply, that I mean not to combat
the obfervations made at the equator, and near
the pole; that I doubt not of their exacnefs;
and that the carth may a@ually be elevated a
175th part more at the equator than at the poles.
Seill, however, I maintain my theory; and I
perceive clearly how it may be reconciled to
pradice. The difference between the two con-
clufions is about four leagues in the two axes.
The equatorial regions are found to have an ele-
vation of two leagues more than they ought to
have by the theory. This height of two leagues
correfponds exadlly with the greateft inequalities
which have been produced on the furface of the
globe by the motion of the fea, and the action
of fluids. Here fome illuftration is neceffary.
At the time of the carth’s formation, in confe-
quence of the mutual attration of its parts, and
of its centrifugal force, it muft have affumed a

© M. de Maupertuis, figure de Ia terre.

fpheroidal
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fpheroidal figure, with its axes different by a
230th part. This would be the real figure of
the carth while it remained in a flate of lique-
fadtion. But, after cooling for fome time, the

~ rarified vapours, like thofe ip the tail or atmo=

{phere of a comet, would condenfe, and full on
the furface in the form of air and water; and,
when thefe waters begin to be agitated bya flux
and reflux, fand, and other bodies, would be
gradually tranfported from the poles towards
the equatorial parts. This operation, when con=
tinued for fome time, would neceffarily fink the
poles, and elevate the equator in the fame pro-
portion. The furface of the carth being like-
wife expofed to the winds, to the action of the
air and of the fun ; all thefe caufes would con=
cur with the tides in furrowing the earth, in
foooping out valleys, in clevating the mountains,
and in producing other fuperficial irregularities,
none of which, perhaps, exceed -a league in
thicknels, even at the equator, This inequality
of two leagues may be {uppofed to be the great-
oft that can take place on the furface; for the
higheft mountains exceed not a league in height
and the moft profound parts of the ocean, it is
probable, are not above a league in depth. Thus
my theory perfedlly coincides with pralice.
The earth’s equator could not, at firft, be elevat-
ed more than fix leagues and a half above the
poles; but the changes produced on the furface
might give it a fill greater clevation, Natural

hiftory
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Hiftory wonderfully fipports this opinion for,
in the preceding difcourfe, we have proved,
that, from the tides and other fotions of the
Saters, have proceeded mounitains, and ll the
other iriequ .m,c: on the fiirface of the globes
at depths, as well as upon the
gréatelt he D.m, bones, fhells, and othier relics
of fea and land animals, have been difcovered.

from what has been obferved, it may be con-

ed, that, in order to find primitive carth,
and b which have never been removed
from their original ftitions, we muft dig in
countries near the poles, where the bed of un-
moved earth will be thinner than in fouthern
climates.

Tn fine, if the meafurement by which che fi-
gure of the carth was determined be fridlly
ferutini fi ot altogether

P I reafoning: For it pro-
céeded on the fuppofition that the earth w.
regular curve: But, as the earth is liable to con-

onflant changes from a thoufand

: opinion of Newton,
the poles might originally be only flattened a
4goth part:  Befides, though we have the éxalt
Tength of a degre

eafures of M. Pi-
mcd. It may be
added,
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added, that the diminution arid increafe in’the
motion of the pendulum agree Hot with the ori-
clufions drawn from meafurement; ‘and'that; on
the contrary, they correfpond very nearly with
the 'hcmycf\«,\\tun. Thefe circumftances tend
farther to convince us, that the poles are not de=
preffed above a z3oth part; and that, if there
be any difference, it can proceed from nothing
but the inequalities produced on the furface by
the waters, and other external caufes. But thefe
inequalities are by no means fo regular as to
jultify any hypothiefis, which fuppofes the meri=
dians tobe ellipfes; or any other perfet curves:
Hence it appears, that, though many degrees
fhould' be fucceflively meafured in different ré<
gions, we cannot, by thav alone, afcertain the
exa& depreflion of the poles, nor determine how
much it exceeds or falls thort of a 230th patt.

May we not likewife conjeQure, that, if the
inclination of the carth’s axis has been chatiged;
this effe@ could not be produ:ml h\:t by the
chﬁngcx on the furface, fince all <

and that, if the earthi be not d
a comet, or fome other
will for ever preferve its pre
inclination?

Not'to omit any conjeclure
fonable, may we not fuppofe, that, as the
tains and other inequalitics on the furfac
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tlie earth, have originated from the adion of
the tides, thofe which we perceive in the moon
have been produced by a fimilar caufe? The
mountains of the moon are indeed higher than
thofe of the carth 3 but her tides are likewife
fironger ; becaufe the carth, the fize of which is
much larger, raifes the tides of the moon with
a fuperior force. This effe would be great-
Iy augmented, if the moon, like the carth, had
a quick diurnal motion. - But, as the moon uni-
formly prefents the fame face to the carth, the
tides are raifed only in proportion to the mo-
tion occafioned by her librations, which alter-
nately expofe to our view a fmall fegment of
her other hemifphere. This caufe, however,
muft produce tides very different from thofe of
our feas; and their cffe@s will, of courfe, be
much lefs confiderable, than if the moon had
poflefled a diurnal revolution round her ais,
equally quick as the rotation of the carth.

I fhould compofe a volume equal to that of
Burnet or Whifton, were I to extend the i
prefented by the above theory; and were I, in
imitation of the laft-mentioned authot, to clothe
them in a geometrical drefs, T might add confi-
derably to their importance. But I have always
thought, that hypothefes, however probable, de-
ferve not to be treated fo pompoufly. It is apt to
give them the air of quackery and impofition.

P RefO0%: Of HiesS

THEORY or tue EARTH,

ARV G L ED S

Of the Syftem of Whiflon *.

HIS author begins his theory with a dif=

fertation on the creation of the world.
He alleges, that the account given of it by
Mofes is not properly underftood ; and that, in
inquirics of this kind, men, contenting them~
{elves with the moft evident and fuperficial views,
give too little of their attention to nature, rea-
fon, and philofophy. The common notions,
he obferves, concerning the fix days work, are
falfe; and the defcription of Mofes is not an
exaét or philofophic account of the creation and
origin of the univerfe, but only an hiftorical
2o Scc 8 new Theory of the Barch by Will. Whiton, Lon-
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