w6

trophe. Ifthe positions of the planetary orbits, with
respeat to that of the earth, wete to change muel, th
ilancts might som times come very near us, and thu
exitzgarae the effects of theie attraction heyond calen
tahle fimits,  Under sueh circnmst-aces, w- iz
nave fy ars of uneqetd length, and seusons of eapui-
cinus temperature, planets und maoons of portentous
size and aspeet, claving and disappraring at uacertann
intervals;® tides like deluges, sweeping over whole
continents; and, perhaps, the eollision of two of the
planets, and the consequent destruction ol all organi
zation on both of them.

Noris it, ona comon cxamination of the history
of the solar systens, at all clear that there is no ten-
dency to indefinite derangement.  The fact really is,
that changes are taking place in the motions of the
heavenly bodies, which have gone on progressively
from the first dawn of science. The eccentricity of
the eartl's orbit has been diminishing from the ear-
licst observations to our times. ‘T'he moon has been
moving quicker from the time of the first recorded
eclipses, and is now in advance, by about four times
het own breadth, of what her place would have been
if it had not been aflected by this accelesation, The
obliquity of the ecliptic also is in a state of diminu-
tion, and is now about two-fifihs of u degree less than
it was in the time of Aristotle. Will these ehanges
g0 on without limit or reaction? If so, we tend by
natural causes to a termination of the prescnt system
of things: If not, by what adjustment or combina-
tion are we secured fiom such a tendency 7 Isthe
system slable, and if so, what is the condition on
which its stability depends?

. To answer these questions is fur from casy.. The
mechanical problem which they involve i3 no less
than this;—Having given the divections and veloci-
ties with which about thirty bLodics are moving ut
one time, to find their places and motions afler any
number of ages; each of the bodies, all the while,
attracting all the others, and being attracted by them
all.

It may readily be imagined that this is a problem
of extreme complexity, when it is considered that
every new configuration or urrangement of the bodies
will give rise to a new amount of action on each,
and every new action to a new configuration.  Accor-
dingly, the mathematical investigation of such ques-
tions as the above was too difficult 10 be attempted in
the earlier periods of the progress of Physical As-
tronomy. Newton did not undertake to demonstrate
either the stability or the instability of the systew,
The decision of - this point required a great number of|
preparatory steps and simplifications, and such pro-
gress in the invention and improvement of mathemati-
cal methods, as occupied the best mathematicians of]
Europe for the greater part of last century.  But to=
wards the eid of that time, it was shown by Lagrange
and Laplace that the arrangements of the solar sys-
tem are stable: that in the long run, the orbits and
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mations remain unchanged ; and that the changes in
Ve orouts, wihich tnke place in shorter periods, never
vansgress cortatn very nloderate himits.  Edch orby
wdergoes deviations on this side and on that of ns
worage state; but those deviations are never very
seeaty, and it finaily veeovers fron t.em, so that the
werage is preserved.  FPhe plunets produce perpetual
gerturbations in each other's motions, but these per.
twrbutions are not indefinitely  progressive, they are
periodical : they reach a mezimum value aud thend,
minish  The periods which this restorationr requires
are, for the most part, enorraous ; not less than thoy.
sands, and, in some instances, millions of yeuars; and
hence it is, that some of these apparent derangements
have been going on in the same direction since the
beginning of the history of the world.  But the reste-
ration is in the sequel as complete as the derungement;
and in the meantime the disturbance never attauns o
sufficient amount seriously to alter the adapiations of
the systemn.

The same examination of the subject by which this
is proved, points out also the conditions on which thiy
slabilixy depends. *1 have succevded in demonstra.
ting,” says Laplace, “ that whatever be the masses of
the plauels, in consequence of the fact that they all
move in the same direction, 1 objects of small ceeen.
tricity, and sligltly inclined t0 each other their secu-
lar incqualities are periodical and included within nar-
row limits; 80 thatthe planetary system will only os
cillate about a mean state, and will never deviate from
it except by a very small quantity. The ellipsesof
the planets have heen, and always will be, nearly cir.
cular.  The ecliptic will never coincide with the eque
tor, and the entire extent of the variation in its incii-
nation cannot exceed three degrees.”

There exists, therefore, it appears, in the solar sy
tem, a provision for the permanent regularity of its
motions; and this provision is found in the fact tha
the orbits of the plancts are nearly circular, and near-
ly in the same plane, and the motions of all in the
same direction, namely, from west 10 east.

Now is it probable that the occurrence of these
conditions of stability in the disposiuon of the solar
system is the work of chance?  Such a supposiion
appears to Le quite madnussible.  Any one of the oz
bits might have had any ecccentricwy. In that of
Mercury, where it ismuch the greatest, 1t 1s only onc-
fith, How came it to pass that the orbits were not
morcelonga ed? A little morcor a little less velociy
in their original metions would have made them so.
They might have had any jnchnation to the echpue
from mo degrees to 90 degrees. . Mercury, which

again deviates iost widely, is inclined 73 degrees,
Venus 33, Sawrn 23, Jupiter 14, Mars 2. How
canc it that ther inotions are thus contained within
such a narrow sirip of the sky? One, or any num-
ber of them, might have moved from east to west.
none of them docs so. And these circumstances,
which appear to be, each in particular, requisite for




