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PRELIMINARY DISSERTATION. ix
intensity of gravitation of all the bodies towards the sun is the
same at equal distances; consequently gravitation is propor-
tional to the masses, for if the planets and comets be sup-
posed to be at equal distances from the sun and left to the
effects of gravity, they would arrive at his surface at the same
time. The satellites also gravitate to their primaries accord-
ing to the same law that their primaries do to the sun. Hence,
by the law of action and reaction, each body is itself the centre
of an attractive force extending indefinitely in space, whence
proceed all the mutual disturbances that render the celestial
motions so complicated, and their investigation so difficult.

The gravitation of matter directed to a centre, and attract-
ing directly as the mass, and inversely as the square of the dis-
tance, does not belong to it when taken in mass ; particle acts
on particle according to the same law when at sensible dis-
tances from each other. If the sun acted on the centre of
the earth without attracting each of its particles, the tides
would be very much greater than they now are, and in other
respects they also would be very different. The gravitation of
the earth to the sun results from the gravitation of all its
particles, which in their turn attract the sun in the ratio of
their respective masses. There is a reciprocal action likewise
between the earth and every particle at its surface; were this
not the case, and were any portion of the earth, however
small, to attract another portion and not be itself attracted, the
centre of gravity of the earth would be moved in space, which
is impossible.

The form of the planets results from the reciprocal attrac-
tion of their component particles. A detached fluid mass, if
at rest, would assume the form of a sphere, from the reciprocal
attraction of its particles; but if the mass revolves about an
axis, it becomes flattened at the poles, and bulges at the equa-
tor, in consequence of the centrifugal force arising from the
velocity of rotation. For, the centrifugal force diminishes the
gravity of the particles at the equator, and equilibrium can
only exist when these two forces are balanced by an increase
of gravity; therefore, as the attractive force is the same on
all particles at equal distances from the centre of a sphere,
the equatorial particles would recede from the centre till their
increase in number balanced the centrifugal force by their
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have passed through a point about twenty-five miles from its
centre.

Since the motions of the rotation and translation of the
planets are independent of each other, though probably com-
municated by the same impulse, they form separate subjects of
investigation.

A planet moves in its elliptical orbit with a velocity varying
every instant, in consequence of two forces, one tending to
the centre of the sun, and the other in the direction of a tan-
gent to its orbit, arising from the primitive impulse given at
the time when it was launched into space: should the force in
the tangent cease, the planet would fall to the sun by its gra-
vity ; were the sun not to attract it, the planet would fly off in
the tangent. Thus, when a planet is in its aphelion or at
the point where the orbit is farthest from the sun, his action
overcomes its velocity, and brings it towards him with such
an accelerated motion, that it at last overcomes the sun’s at-
traction, and shoots past him; then, gradually decreasing in
velocity, it arrives at the aphelion where the sun’s attraction
again prevails. In this motion the radii vectores, or imaginary
lines joining the centres of the sun and planets, pass over equal
areas in equal times.

If the planets were attracted by the sun only, thls would
ever be their course ; and because his action is proportional to
his mass, which is immensely larger than that of all the planets
put together, the elliptical is the nearest approximation to their
true motions, which are extremely complicated, in consequence
of their mutual attraction, so that they do not move in any
known or symmetrical curve, but in paths now approaching to,
and now receding from the elliptical form, and their radii vec-
tores do not describe areas exactly proportional to the time.
Thus the areas become a test of the existence of disturbing
forces.

To determine the motion of each body when disturbed by
all the rest is beyond the power of analysis; it 1s therefore
necessary to estimate the disturbing action of one planet at a
time, whence arises the celebrated problem of the thrce bodies,
which originally was that of the moon, the earth, and the sun,
namely,—the masses being given of three bodies projected from
three given points, with velocities given both in quantity and
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epoch as a known and fixed position. The paths of the pla-
nets, when their mutual disturbances are omitted, are ellipses
nearly approaching to circles, whose planes, slightly inclined
to the ecliptic, cut it in straight lines passing through the
centre of the sun; the points where the orbit intersects the
plane of the ecliptic are its nodes.

The orbits of the recently discovered planets deviate more
from the ecliptic : that of Pallas has an inclination of 35° to it:
on that account it will be more difficult to determine their
motions. These little planets have no sensible effect in dis-
turbing the rest, though their own motions are rendered very
irregular by the proximity of Jupiter and Saturn.

The planets are subject to disturbances of two distinct kinds,
both resulting from the constant operation of their reciprocal
attraction, one kind depending upon their positions with regard
to each other, begins from zero, increases to a maximum, de-
creases and becomes zero again, when the planets return to
the same relative positions. In consequence of these, the
troubled planet is sometimes drawn away from the sun, some-
times brought nearer to him; at one time it is drawn above
the plane of its orbit, at another time below it, according to
the position of the disturbing body. All such changes, being
accomplished in short periods, some in a few months, others
in years, or in hundreds of years, are denominated Periodic
Inequalities.

The inequalities of the other kind, though occasioned likewise
by the disturbing energy of the planets, are entirely independent
of their relative positions ; they depend on the relative posi-
tions of the orbits alone, whose forms and places in space are
altered by very minute quantitics in immense periods of time,
and are therefore called Secular Inequalities.

In consequence of disturbances of this kind, the apsides, or
extremities of the major axes of all the orbits, huve a direct,
but variable motion in space, excepting those of Venus, which
are retrograde ; and the lines of the nodes move with a variable
velocity in the contrary direction. The motions of both are
extremely slow ; it requires more than 109770 years for the
major axis of the earth’s orbit to accomplish a sidereal revolu-
tion, and 20935 years to complete its tropical motion. The
major axis of Jupiter’s orbit requires no less than 197561 years
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moved in & resisting medium, for then both the eccen-
tricity and the major axes of the orbits would vary with
the time, so that the stability of the system would be ulti-
mately destroyed. But if the planets do move in an ethereal
medium, it must be of extreme rarity, since its resistance has
hitherto been quite insensible.

Three circumstances have generally been supposed necessary
to prove the stability of the system : the small eccentricities of
the planetary orbits, their small inclinations, and the revolution
of all the bodies, as well planets as satellites, in the same direc-
tion. These, however, are not necessary conditions: the perio-
dicity of the terms in which the inequalities are expressed is
sufficient to assure us, that though we do not know the extent
of the limits, nor the period of that grand cycle which probably
embraces millions of years, yet they never will exceed what
is requisite for the stability and harmony of the whole, for the
preservation of which every circumstance is so beautifully and
wonderfully adapted.

The plane of the ecliptic itself, though assumed to be fixed
at a given epoch for the convenience of astronomical computa-
tion, is subject to a minute secular variation of 527,109, occa-
sioned by the reciprocal action of the planets; but as this is
also periodical, the terrestrial equator, which is inclined to it
at an angle of about 23° 28, will never coincide with the
plane of the ecliptic; so there never can be perpetual spring.
The rotation of the earth is uniform ; therefore day and night,
summer and winter, will continue their vicissitudes while the
system endures, or is untroubled by foreign causes.

Yonder starry sphere
Of planets, and of fix'd, in all her wheels
Resembles nearest, mazes intricate,

Eccentric, intervolved, yet regular
Then most, when most irregular they seem.

The stability of our system was established by La Grange,
‘a discovery,’ says Professor Playfair, ¢ that must render the
name for ever memorable in science, and revered by those who
delight in the contemplation of whatever is excellent and sub-
lime. After Newton’s discovery of the elliptical orbits of the
planets, La Grange’s discovery of their periodical inequalities
is without doubt the noblest truth in physical astronomy ; and,
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they depend on the configuration of the two planets ; and the
theory is perfectly confirmed by observation, which shows that -
in the course of twenty centuries, Jupiter's mean motion has
been accelerated by 3° 23/, and Saturn’s retarded by 5°.13".

It might be imagined that the reciprocal action of such pla-
nets as have satellites would be different from the influence of
those that have none ; but the distances of the satellites from
their primaries are incomparably less than the distances of the
planets from the sun, and from one another, so that the system
of a planet and its satellites moves nearly as if all those bodies
were united in their common centre of gravity ; the action of
the sun however disturbs in some degree the motion of the
satellites about their primary.

The changes that take place in the planetary system are
exhibited on a small scale by Jupiter and his satellites; and as
the period requisite for the development of the inequalities of
these little moons only extends to a few centuries, it may be
regarded as an epitome of that grand cycle which will not be
accomplished by the planets in myriads of centuries. The re-
volutions of the satellites about Jupiter are precisely similar to
those of the planets about the sun ; it is true they are disturbed
by the sun, but his distance is so great, that their motions are
nearly the same as if they were not under his influence. The
satellites like the planets, were probably projected in elliptical
orbits, but the compression of Jupiter’s spheroid is very great
in consequence of his rapid rotation; and as the masses of
the satellites are nearly 100000 times less than that of Ju-
piter, the immense quantity of prominent matter at his equa-
tor must soon have given the circular form observed in the
orbits of the first and second satellites, which its superior
attraction will always maintain. The third and fourth sa-
. tellites being further removed from its influence, move in
orbits with a very small eccentricity. The same cause oc-
casions the orbits of the satellites to remain nearly in the
plane of Jupiter's equator, on account of which they are
always seen nearly in the same line ; and the powerful action
of that quantity of prominent matter is the reason why the mo-
tion of the nodes of these little bodies is so much more rapid
than those of the planet. The nodes of the fourth satellite ac-
complish a revolution in 520 years, while those of Jupiter's
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equator of Uranus we know nothing, nor of its compression.
The orbits of its satellites are nearly perpendicular to the plane
of the ecliptic.

Our constant companion the moon next clalms attention,
Several circumstancés concur to render her motions the most
interesting, and at the same time the most difficult to inves-
tigate of all the bodies of our system. In the solar system
planet troubles planet, but in the lunar theory the sun is the
great disturbing cause ; his vast distance being compensated
by his enormous magnitude, so that the motions of the moon
are more irregular than those of the planets; and on account
of the great ellipticity of her orbit and the size of the sun,
the approximations to her motions are tedious and difficult,
beyond what those unaccustomed to such investigations could
imagine. Neither the eccentricity of the lunar orbit, nor its
inclination to the plane of the ecliptic, have experienced
any changes from secular inequalities; but the mean motion,
the nodes, and the perigee, are subject to very remarkable
variations.

From an eclipse observed at Babylon by the Chaldeans, on
the 19th of March, seven hundred and twenty-one years before
the Christian era, the place of the moon is known from that of
the sun at the instant of opposition ; whence her mean longitude
may be found ; but the comparison of this mean longitude with
another mean longitude, computed back for the instant of the
eclipse from modern observations, shows that the moon performs
her revolution round the earth more rapidly and in a shorter
time now, than she did formerly; and that the acceleration in
her mean motion has been increasing from age to age as the
square of the time ; all the ancient and intermediate eclipses
confirm this result. As the mean motions of the planets have
no secular inequalities, this seemed to be an unaccountable
. anomaly, and it was at one time attributed to the resistance
of an ethereal medium pervading space; at another to the
successive transmission of the gravitating force: but as La
Place proved that neither of these causes, even if they exist,
have any influence on the motions of the lunarperigee or
nodes, they could not affect the mean motion, a variation in
the latter from such a cause being inseparably connected with

c
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lution, and advance during the smaller, perform their side-
real revolutions in 6793%r.4212, and the latter, though its
motion is sometimes retrograde and sometimes direct, in

- 3232%7.5807, or a little % than nine years: but such is
- 0 3 the difference between the disturbing energy of the sun and.

that of all the planets put together, that it requires no less than

&+~ 109770 years for the greater axis of the terrestrial orbit to do

\2

cL

the same. It is evident that the same secular variation which
changes the sun’s distance from the earth, and occasions the

r{ 5 ,acceleration in the moon’s mean motion, must affect the motion

._’,C- *

“of the nodes and perigee ; and it consequently appears, from
theory as well as observation, that both these elements are subject
to a secular inequality, arising from the variation in the eccen-
tricity of the earth’s orbit, which connects them with the acce-
leration; so that both are retarded when the mean motion is
anticipated. The secular variations in these three elements are
in the ratio of the numbers 3, 0.735, and 1; whence the
three motions of the moon, with regard to the sun, to her
perigee, and to her nodes, are continually accelerated, and
their secular equations are as the numbers 1, 4, and 0.265,
or according to the most recent investigations as 1, 4, 6776 and
0.391. A comparison of ancient eclipses observed by the Arabs,
Greeks, and Chaldeans, imperfect as they are, with modern
observations, perfectly confirms these results of analysis,

Future ages will develop these great inequalities, which at
some most distant period will amount to many circumferences.
They are indeed periodic; but who shall tell their period ?
Millions of years must elapse before that great cycle is accom-
plished ; but ¢ such changes, though rare in time, are frequent
in eternity.’

The moon is so near, that the excess of matter at the earth’s
equator occasions periodic variations in her longitude and lati-
tude; and, as the cause must be proportional to the effect, a
comparison of these inequalities, computed from theory, with
the same given by observation, shows that the compression of
the terrestrial spheroid, or the ratio of the difference between
the polarand equatorial diameter to the diameter of the equator

i8 —t—. It is proved analytically, that if a fluid mass of

homogeneous matter, whose particles attract each other in-
c2
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to increase, from the equator to the pole, as the square
of the sine of the latitude; but for a spheroid in rotation,
by the laws of mechanics the centrifugal force varies as the
square of the sine of the latitude from the equator where it
is greatest, to the pole where it vanishes; and as it tends to
make bodies fly off the surface, it diminishes the effects of gra-
vity by a small quantity. Hence by gravitation, which is the
difference of these two forces, the fall of bodies ought to be
accelerated in going from the equator to the poles, proportion«
ably to the square of the sine of the latitude ; and the weight
of the same body ought to increase in that ratio. This is
directly proved by the oscillations of the pendulum ; for if the
fall of bodies be accelerated, the oscillations will be morg
rapid ; and that they may always be performed in the same
time, the length of the pendulum must be altered. Now, by
numerous and very careful experiments, it is proved that a
pendulum, which makes 86400 oscillations in a mean day at
the equator, will do the same at every point of the earth’s
surface, if its length be increased in going to the pole, as the
square of the sine of the latitude. From the mean of these
it appears that the compression of the terrestrial sphe-
roid is about 545, which does not differ much from that given
by the lunar inequalities, and from the arcs of the meridian.
The near coincidence of these three values, deduced by me-
thods so entirely independent of each other, shows that the
mutual tendencies of the centres of the celestial bodies to one
another, and the attraction of the earth for bodies at its surface,
result from the reciprocal attraction of all their particles,
Another proof may be added ; the nutation of the earth’s axis,
and the precession of the equinoxes, are occasioned by the
action of the sun and moon on the protuberant matter at the
earth’s equator; and although these inequalities do not give
the absolute value of the terrestrial compression, they show
that the fraction expressing it is comprised between the limits
w45 and 1.

It might be expected that the same compression should
result from each, if the different methods of observation could
be made without error. This, however, is not the case; for
such discrepancies are found both in the degrees of the me-
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The larger planets rotate in shorter periods than the smaller
planets and the earth; their compression is consequently greater,
and the action of the sun and of their satellites occasions a
nutation in their axes, and a precession of their equinoxes,
similar to that which obtains in the terrestrial spheroid from
the attraction of the sun and moon on the prominent matter
at the equator. In comparing the periods of the revolutions
of Jupiter and Saturn with the times of their rotation, it ap-
pears that a year of Jupiter contains nearly ten thousand of
his days, and that of Saturn about thirty thousand Saturnian
days.

The appearance of Saturn is unparalleled in the system of
the world; he is surrounded by a ring even brighter than him-
self, which always remains in the plane of his equator, and
viewed with a very good telescope, it is found to consist of
two concentric rings, divided by a dark band. By the laws of
mechanics, it is impossible that this body can retain its position
by the adhesion of its particles alone ; it must necessarily re-
volve with a velocity that will generate a centrifugal force suf-
ficient to balance the attraction of Saturn. Observation con-
firms the truth of these principles, showing that the rings
rotate about the planet in 104 hours, which is considerably less
than the time a satellite would take to revolve about Saturn at
the same distance. Their plane is inclined to the ecliptic at an
angle of 31°; and in consequence of this obliquity of position
they always appear elliptical to us, but with an eccentricity so
variable as even to be occasionally like a straight line drawn
across the planet. At present the apparent axes of the rings
are as 1000 to 160 ; and on the 29th of September, 1832, the
plane of the rings will pass through the centre of the earth
when they will be visible only with superior instruments, and
will appear like a fine line across the disc of Saturn. On the
1st of December in the same year, the plane of the rings
will pass through the centre of the sun.

It is a singular result of the theory, that the rings could not
maintain their stability of rotation if they were everywhere of
uniform thickness; for the smallest disturbance would destroy
the equilibrium, which would become more and more deranged,
till at last they would be precipitated on the surface of the
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sequently the same hemisphere towards us, which makes her
rotation participate in the secular variations in her mean mo-
tion of revolution. Even if the angular velocities of rotation
and revolution had not been nicely balanced in the beginning
of the moon’s motion, the attraction of the earth would have
recalled the greatest axis to the direction of the line joining
the centres of the earth and moon; so that it would vibrate
on each side of that line in the same manner as a pendulum
oscillates on each side of the vertical from the influence of
gravitation.

No such libration is perceptible ; and as the smallest dis-
turbance would make it evident, it is clear that if the moon
has ever been touched by a comet, the mass of the latter must
have been extremely small ; for if it had been only the hun-
dred-thousandth part of that of the earth, it would have ren-
dered the libration sensible. A similar libration exists in the
motions of Jupiter’s satellites ; but although the comet of 1767
and 1779 passed through the midst of them, their libration
still remains insensible. It is true, the moon is liable to libra-
tions depending on the position of the spectator ; at her rising,
part of the western edge of her disc is visible, which is invisible
at her setting, and the contrary takes place with regard to her
eastern edge. There are also librations arising from the rela-
tive positions of the earth and moon in their respective orbits,
but as they are only optical appearances, one hemisphere will be
eternally concealed from the earth. For the same reason, the
earth, which must be so splendid an object to one lunar hemi-
sphere, will be for ever veiled from the other. On account of
these circumstances, the remoter hemisphere of the moon has
its day a fortnight long, and a night of the same duration not
even enlightened by a moon, while the favoured side is illumi-
nated by the reflection of the earth during its long night. A
moon exhibiting a surface thirteen times larger than ours, with
all the varieties of clouds, land, and water coming successively
into view, would be a splendid object to a lunar traveller in a
journey to his antipodes.

The great height of the lunar mountains probably has a
considerable influence on the phenomena of her motion, the
more so as her compression is small, and her mass considerable.
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of bodies, or of particles revolving about a fixed centre, that
the momentum, or sum of the products of the mass of each
into its angular velocity and distance from the centre is a con-
stant quantity, if the system be not deranged by an external
cause. Now since the number of particles in the system is
the same whatever its temperature may be, when their distances
from the centre are diminished, their angular velocity must be
increased in order that the preceding quantity may still remain
constant. It follows then, that as the primitive momentum
of rotation with which the earth was projected into space must
necessarily remain the same, the smallest decrease in heat, by
contracting the terrestrial spheroid, would accelerate its rota-
tion, and consequently diminish the length of the day. Not-
withstanding the constant accession of heat from the sun’s
rays, geologists have been induced to believe from the nature
of fossil remains, that the mean temperature of the globe is
decreasing.

The high temperature of mines, hot springs, and above all,
the internal fires that have produced, and do still occasion such
devastation on our planet, indicate an augmentation of heat
towards its centre ; the increase of density in the strata cor-
responding to the depth and the form of the spheroid, being
what theory assigns to a fluid mass in rotation, concur to induce
the idea that the temperature of the earth was originally so
high as to reduce all the substances of which it is composed to
a state of fusion, and that in the course of ages it has cooled
down to its present state; that it is still becoming colder, and
that it will continue to do so, till the whole mass arrives at the
temperature of the medium in which it is placed, or rather at
a state of equilibrium between this temperature, the cooling
power of its own radiation, and the heating effect of the sun’s
rays. But even if this cause be sufficient to produce the ob-
served effects, it must be extremely slow in its operation; for
in consequence of the rotation of the earth being a measure
of the periods of the celestial motions, it has been proved, that
if the length of the day had decreased by the three hundredth
part of a second since the observations of Hipparchus two

thousand years ago, it would have diminished the secular
d
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northern climates fit for the production of tropical plants, and
for the residence of the elephant, and the other inhabitants of
the torrid zone, it is impossible to say.

The relative quantity of heat received by the earth at dif-
ferent moments during a single revolution, varies with the
position of the perigee of its orbit, which accomplishes a tro-
pical revolution in 20935 years. In the year 1250 of our era,
and 29653 years before it, the perigee coincided with the sum-
mer solstice ; at both these periods the earth was nearer the
sun during the summer, and farther from him in the winter
than in any other position of the apsides: the extremes of tem-
perature must therefore have been greater than at present;
but as the terrestrial orbit was probably more elliptical at the
distant epoch, the heat of the summers must have been very
great, though possibly compensated by the rigour of the win-
ters; at all events, none of these changes affect the length of
the day.

It appears from the marine shells found on the tops of the
highest mountains, and in almost every part of the globe, that
immense continents have been elevated above the ocean, which
must have engulphed others. Such a catastrophe would be occa-~
‘sioned by a variation in the position of the axis of rotation on

the surface of the earth; for the seas tending to the new equa-

tor would leave some portions of the globe, and overwhelm
others.

But theory proves that neither nutation, precession, nor any.
of the disturbing forces that affect the system, have the smallest
influence on the axis of rotation, which maintains a permanent
position on the surface, if the earth be not disturbed in its
rotation by some foreign cause, as the collision of a comet
which may have happened in the immensity of time. Then
indeed, the equilibrium could only have been restored by the
rushing of the seas to the new equator, which they would con-
tinue to do, till the surface was every where perpendicular to
the direction of gravity. But it is probable that such an accu-
mulation of the waters would not be sufficient to restore equi-.
librium if the derangement had been great ; for the mean den-
sity of the sea is only about a fifth part of the mean density of

the earth, and the mean depth even of the Pacific ocean is not
d$s
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the laws of compression of solid bodies beyond a certain limit ;
but, from the experiments of Mr. Perkins, they appear to be
capable of a greater.degree of compression than has generally
been imagined.

It appears then, that the axis of rotation is invariable on the
surface of the earth, and observation shows, that were it not
for the action of the sun and moon on the matter at the equa-
tor, it would remain parallel to itself in every point of its
orbit.

The attraction of an exterior body not only draws a spheroid
towards it; but, as the force varies inversely as the square of
the distance, it gives it a motion about its centre of gravity,
unless when the attracting body is situated in the prolongation
of one of the axes of the spheroid.

The plane of the equator is inclined to the plane of the
ecliptic at an angle of about 23° 28, and the inclination
of the lunar orbit on the same is nearly 5°; consequently,
from the oblate figure of the earth, the sun and moon acting
obliquely and unequally on the different parts of the terrestrial
spheroid, urge the plane of the equator from its direction, and
force it to move from east to west, so that the equinoctial points
have a slow retrograde motion on the plane of the ecliptic of about
50”.412 annually. The direct tendency of this action would be
to make the planes of the equator and ecliptic coincida; but in
consequence of the rotation of the earth, the ivclinziion of the
two planes remains constant, as o top in spini..:; preserves the
same inclination to the plane of the horizon. Were the earth
spherical this effect would not be produced, and the equinoxes
would always correspond to the same points of the ecliptic, at
least as far as this kind of action is concerned. But another
and totally different cause operates on this motion, which has
already been mentioned. The action of the planets on one
another and on the sun, occasions a very slow variation in the
position of the plane of the ecliptic, which affects its inclination
on the plane of the equator, and gives the equinoctial points a
slow but direct motion on the ecliptic of 0".312 annuaily, which
is entirely independent of the figure of the earth, and would be
the same if it were a sphere. Thus the sun and moon, by

moving the plane of the equator, cause the equinogtial points
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and moon with regard to the earth, and occasioned by the
direct action of these bodies on the equator. Dr. Bradley dis-
covered that by this action the moon causes the pole of the
equator to describe a small ellipse in the heavens, the diameters
of which are 16” and 20, The period of this inequality is
nineteen years, the time employed by the nodes of the lunar
orbit to accomplish a revolution. The sun causes a small
variation in the description of this ellipse ; it runs through its
period in half a year, This nutation in the earth’s axis affects
both the precession and obliquity with small periodic variations;
but in consequence of the secular variation in the position of
the terrestrial orbit, which is chiefly owing to the disturbing
energy of Jupiter on the earth, the obliquity of the ecliptic is
annually diminished by 07.52109. With regard to the fixed
stars, this variation in the course of ages may amount to ten
or eleven degrees; but the obliquity of the ecliptic to the
equator can never vary more than two or three degrees, since
the equator will follow in some measure the motion of the
ecliptic.

It is evident that the places of all the celestial bodies are
affected by precession and nutation, and therefore all obser-
vations of them must be corrected for these inequalities.

The densities of bodies are proportional to their masses
divided by their volumes; hence if the sun and planets be
assumed to be spheres, their volumes will be as the cubes of
their diameters. Now the apparent diameters of the sun and
earth at their mean distance, are 1922" and 17°.08, and the
mass of the earth is the yz&ysth part of that of the sun taken
as the unit; it follows therefore, that the earth is nearly four
times as dense as the sun; but the sun is so large that his
attractive force would cause bodies to fall through about 450
feet in a second ; consequently if he were even habitable by
human beings, they would be unable to move, since their weight
would be thirty times as great as it is here. A moderate sized
man would weigh about two tons at the surface of the sun.
On the contrary, at the surface of the four new planets we
ghould be so light, that it would be impossible to stand from
the excess of our muscular force, for a man would only weigh
a few pounds. All the planets and satellites appear to be of
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minutes, The apparent and mean time coincide four times in
the year.

Astronomers begin the day at noon, but in common reckon-
ing the day begins at midnight. In England it is divided into
twenty-four hours, which are counted by twelve and twelve;
but in France, astronomers adopting decimal division, divide
the day into ten hours, the hour into one hundred minutes, and
the minute into a hundred seconds, because of the facility in
computation, and in conformity with their system of weights
and measures. This subdivision is not used in common life, nor
has it been adopted in any other country, though their scientific
writers still employ that division of time. The mean length of
the day, though accurately determined, is not sufficient for the
purposes either of astronomy or civil life. The length of the year
is pointed out by nature as a measure of long periods ; but the
incommensurability that exists between the lengths of the day,
and the revolutions of the sun, renders it difficult to adjust the
estimation of both in whole numbers. If the revolution of the
sun were accomplished in 365 days, all the years would be of
precisely the same number of days, and would begin and end
with the sun at the same point of the ecliptic; but as the sun’s
revolution includes the fraction of a day, a civil year and a
revolution of the sun have not the same duration. Since the
fraction Is nearly the fourth of a day, four years are nearly
equal to four revolutions of the sun, so that the addition of a
supernumerary day every fourth year nearly compensates the
difference ; but in process of time further correction will be
necessary, because the fraction is less than the fourth of a day.
The period of seven days, by far the most permanent division
of time, and the most ancient monument of astronomical
knowledge, was used by the Brahmins in India with the same
denominations employed by us, and was alike found in the
Calendars of the Jews, Egyptians, Arabs, and Assyrians; it
has survived the fall of empires, and has existed among all
successive generations, a proof of their common origin.

The new moon immediately following the winter solstice in the
707th year of Rome was made the lst of January of the first
year of Ceaesar; the 25th of December in his 45th year, is con-
sidered as the dute of Christ’s nativity ; and Ceesar’s 46th year is
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history, with the exception of a few doubtful traditions, has
perished ; but the perfection of their astronomical observations
marks their high antiquity, fixes the periods of their existence,
and proves that even at that early period they must have made
considerable progress in science.’

The ancient state of the heavens may now be computed with
great accuracy ; and by comparing the results of computation
with ancient observations, the exact period at which they
were made may be verified if true, or if false, their error may
be detected. If the date be accurate, and the observation
good, it will verify the accuracy of modern tables, and show
to how many centuries they may be extended, without the fear
of error. A few examples will show the importance of this
subject.

At the solstices the sun is at his greatest distance from the
equator, consequently his declination at these times is equal to
the obliquity of the ecliptic, which in former times was deter-
mined from the meridian length of the shadow of the style of a
dial on the day of the solstice. The lengths of the meridian
shadow at the summer and winter solstice are recorded to
have been observed at the city of Layang, in China, 1100
years before the Christian era. From these, the distances
of the sun from the zenith of the city of Layang are known.
Half the sum of these zenith distances determines the latitude,
and half their difference gives the obliquity of the ecliptic at the
period of the observation; and as the law of the variation in
the obliquity is known, both the time and place of the obser-
vations have been verified by computation from modern tables.
Thus the Chinese had made some advances in the science of
astronomy at that early period; the whole chronology of
the Chinese is founded on the observations of eclipses, which
prove the existence of that empire for more than 4700 years.
The epoch of the lunar tables of the Indians, supposed by
Bailly to be 3000 before the Christian era, was proved by La
Place from the acceleration of the moon, not to be more ancient
than the time of Ptolemy. The great inequality of Jupiter and
Saturn whose cycle embraces 929 years, is peculiarly fitted for
. marking the civilization of a people. The Indians had deter-
mined the mean motions of these two planets in that part of
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varied acquirements do honour not only to his country, but
to the age in which he lived. The manuscript was found in
a mummy case; it proved to be a horoscope of the age of
Ptolemy, and its antiquity was determined from the configu-
ration of the heavens at the time of its coustruction.

The form of the earth furnishes a standard of weights and
measures for the ordinary purposes of life, as well as for the
determination of the masses and distances of the heavenly
bodies. ‘The length of the pendulum vibrating seconds in the
latitude of London forms the standard of the British measure
of extension. Its length oscillating in vacuo at the tempera-
ture of 62° of Fahrenheit, and reduced to the level of the sea,
was determined by Captain Kater, in parts of the imperial
standard yard, to be 39.1387 inches. The weight of a cubic
inch of water at the temperature of 62° Fahrenheit, baro-
meter 30, was also determined in parts of the imperial troy
pound, whence a standard both of weight and capacity is de-
duced. The French have adopted the metre for their unit of
linear measure, which is the ten millionth part of that quadrant
of the meridian passing through Formentera and Greenwich,
the middle of which is nearly in the forty-fifth degree of lati-
tude. Should the national standards of the two countries be
lost in the vicissitudes of human affairs, both may be recovered,
since they are derived from natural standards presumed to be
invariable. The length of the pendulum would be found again
with more facility than the metre ; but as no measure is mathe-
matically exact, an error in the original standard may at length
become sensible in measuring a great extent, whereas the error
that must necessarily arise in measuring the quadrant of the
meridian is rendered totally insensible by subdivision in taking
its ten millionth part. The French have adopted the decimal
division not only in time, but in their degrees, weights, and
measures, which affords very great facility in computation, 1t
has not been adopted by any other people ; though nothing is
more desirable than that all nations should concur in using the
same division and standards, not only on account of the con-
venience, but as affording a more definite idea of quantity. It
is singular that the decimal division of the day, of degrees,
weights and measures, was employed in China 4000 years ago ;
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.this difference which, according to Newton's theory, oughtto ,,, .. >,

be very great, is hardly sensible on our shores. La Place has
shown that this discrepancy arises from the depth of the ses,
and that if the depth were uniform, there would be no difference
in the consecutive tides, were it not for local circumstances:
it follows therefore, that as this difference is extremely small,
the sea, considered in a large extent, must be nearly of uniform
depth, that is to say, there is a certain mean depth from which
the deviation is not great. The mean depth of the Pacific
ocean is supposed to be about four miles, that of the Atlantic
only three. From the formule which determine the difference
of the consecutive tides it is also proved that the precession of
the equinoxes, and the nutation in the earth’s axis, are the
same as if the sea formed one solid mass with the earth.

The third kind of oscillations are the semidiurnal tides, so
remarkable on our coasts; they are occasioned by the com-
bined action of the sun and moon, but as the effect of each is
independent of the other, they may be considered separately.

The particles of water under the moon are more attracted
than the centre of gravity of the earth, in the inverse ratio of
the square of the distances; hence they have a tendency to
leave the earth, but are retained by their gravitation, which
this tendency diminishes. On the contrary, the moon attracts
the centre of the earth ‘more powerfully than she attracts the
particles of water in the hemisphere opposite to her; so that
the earth has a tendency to leave the waters but is retained
by gravitation, which this tendency again diminishes. Thus
the waters immediately under the moon are drawn from the
earth at the same time that the earth is drawn from those which
are diametrically opposite to her ; in both instances producing
an elevation of the ocean above the surface of equilibrium of
nearly the same height ; for the diminution of the gravitation
of the particles in each position is almost the same, on account
of the distance of the moon being great in comparison of the
radius of the earth, Were the earth entirely covered by the
sea, the water thus attracted by the moon would assume the
form of an oblong spheroid, whose greater axis would point
towards the moon, since the columns of water under the moon
and in the direction diametrically opposite to her are ren-
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