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PREFACE.

l
| IN the preparation of this volume for the press, the main purpose, kept |

constantly in view, was to make the subject plain and interesting to the
people. It has been heretofore too much kept from them, by the practice
of mingling mathematics with it to such an extent as to alarm the neco-
' phyte at the very threshold of the temple of astronomy.

To succeed in my attempt, I have judged it best to select, from such
books as have fallen into my hands, those parts that were least encumbered
with the abstruse and unintelligible, rather than to trust to my own powers
| of making a subject simple and attractive that is In itself almost too
| difficult for the majority of minds. How far I have succeeded, I must
' leave, not to the learned or the critic, but to the people themselves for
whose perusal these pages are intended. ‘ I

The principal works used in the compilation were “ Uranographie par
- Franceeur,” “Manuel d’Astronomie par Bailly,” “Astronomie Physique
par Biot,” “Herschel’s Astronomy,” “Arago on Comets, translated by
Farrar,” Brewster’s Ferguson,” Silliman’s Journal,” Dick’s Christian
Philosopher,” ¢“Chalmer’s Astronomical Discourses,” “Forster’s Atmo-
spheric Phenomena,” &e¢. From many of these I have largely drawn, and
the least I can do is to make a general acknowledgment of the fact.
Finally, I must rest my hopes of the success of this compilation, on the
curiosity so natural to the human mind, that “awakes In us when free
from cares a desire to learn what is going on even in the heavens.”

DuncaN BRADFORD.
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WONDERS OF THE HEAVENS.,

CHAP

SECTION 1.

Appearances of the heaven—by day—by night—Diurnal motion—
Celestial sphere—Its poles—Zenith-——Nadir—Sensible horizon
—Rational horizon— Meridian— Equator— Hemispheres—East,
west, north and south points—Cireumpolar stars— Declination
and right aseension—Equality of a star’s successive revolntions—
liow made known—TUse of this regular motion to astronomers—
Sidereal day—Time-keepers used by the ancients—Chronometers
—Ilustration of the preceding—Deductions from appearances—
Stars called Fixed—Idea of immensity impressed by the study of
the stars—Annual parallax—Each star the centre of a system, and
possibly the satellite of some more magnificent primary.

Taxr a man who had been blind from his birth,
and who had imbibed no ideas of any existences but
those that were immediately and intimately con-
nected with his other senses, restore him suddenly
to perfect and healthy vision, and place him in
some extensive champaign, where there were no
obstacles to confine his view ; would he not dis-
cover a scene the most brilliantly beautiful mortal
eye ever beheld? That azure dome sown broad-
cast, as it were, with living light! How would he
desire to understand the causes of the changes he

- would witness, the regular and constant succession

of day and night; phenomena so different, yet each
so interesting to his new-born and startled sense.
Soon after the dawn of day, he would observe in
one part of heaven a dazzling circle rising appa-
rently out of the earth, and scattering about it in
all directions numberless rays of brilliant light. It
ascends slowly the gorgeous dome, the heat and
light increasing as it ascends, until it attains a
point nearly overhead, where it seemingly rests

' but 2 moment in its midway course, then descends

as it arose, and disappears at last in a part of the
| horizon opposite to that where it first appeared.
2]

TER.I.

The light soon fades away, and night comes on,
bringing a new and more interesting, if not so
brilliant a spectacle. During the day, a single
body had attracted all admiration to himself, by
his majestic motion and the splendor of his rays.
Now there appear on all sides shining points, vari-
able in size and brightness, decorating in countless
numbers the vault of heaven, and increasing still
in proportion as the darkness becomes more pro-
found, till the whole celestial space seems to be
filled. The motion of these bodies adds also to
the beauty and interest of the scene. Some, moving
in the same direction as the sun, disappear like
him from our view in the west. Others are rising
in or near the east, and ascending in their turn.
Such are the general phenomena of the rising and
setting of the heavenly bodies. Yet all do not
thus disappear below the horizon. There are some
which never reach that circle, and whose track can
be followed during the whole night. Those stars
which form the cluster called the Greet Bear, or
Charles’ Wain, are among this number in our lati-
tude ; and if one stations himself with his right
hand toward the east and his left toward the west,
he will see this group, so well known in our cli-
mate, assume successively different positions, while
the individual stars of the group maintain the same
mutual relations of figure and distance. Meantime
the darkness diminishes, the dawn reappears, the
light increases, the sun by his superior brightness
~dims the light of the stars, and the phenomena of
morning are renewed in the same order as before.
This general movement of the heavenly bodies
from east to west, in the course of a day and night,
is called the diurnal motion. Inwhat we have said
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above, we have brought forward only those phe-
nomena, which appear on a simple inspection.

The different motions that we have observed in
the heavens may have led us to think that we were
situated in a point of the universe, around which as
a centre revolves a sphere sprinkled with shining
drops. This sphere seems to turn on an imaginary
line, which is called the axis of the earth, the points
where this line touches the heaven being the celes-
tial poles; the one that is elevated in our latitude
being called the northern or Arctic pole, and that
which is diametrically opposite, and which we can-
not perceive, the southern or Anfarctic pole. We
must be careful not to confound these two points
with that situated directly over our head and its
opposite, the first of which is the zenith, the last
the nadir. Every point on the surface of the earth
has its zenith and its nadir; yet there are but two
points whose zeniths coincide with the poles of the
heaven, and these are the poles of the earth. Thus,
let O be the place of the observer, P and P’ the

V4

P
N
poles of the heaven, p and p’ the poles of the
earth; Z is the zenith and N the nadir of the ob-
server at O. If the observer were at ¢, his zenith
would be E and his nadir E’.

If now a plane, A B, be imagined tangent to the
surface of the earth at O, it will represent the sensi-
ble horizon of a spectator at that point, separating
the parts of the heaven and earth visible, from the
parts invisible to him. There is another horizon,

called the rationel. It is a plane, parallel to the
sensible, and passes through the centre of the
earth, which is also the centre of -this circular
plane; thus H H’ represents the rational horizon of
the observer at O. Every place, then, must have a
sensible and rational horizon peculiar to itself.
These planes are quite important in astronomy.
From them we measure the altitude of the heaven-
ly bodies; and these measures are the foundation
of astronomy.

The great circle which passes through the poles
of heaven and the zenith of a place is the meridian
(north and south line) of that place. '

The stars, supposed fixed to this celestial sphere,
describe every day circles, smaller according as
they are situated nearer the poles of the heaven.
The largest of these circles, whose points are all
equally distant from the poles, is called the equator,
while the circles parallel to it are called simply
parallels. The equator divides the sphere into
two equal parts; one forms the northern, the other
the southern hemisphere.

The east is that point in which a heavenly body
(describing the equator) rises; the west, the point
where the same body sets. The intersection of
the horizon by the meridian determines two other
points ; the south, where the sun is at noon in
regard to us, and the north, where the sun is at
noon in regard to those situated as far south, as we
are north of the equator. These four points are
known under the name of the cardinal points.

If we have observed the movements of the vari-
ous stars, we must have noticed, that some of them
never set, but are constantly above the horizon.
Among these, a few experience but a very slight
displacement, and scarcely appear to move at all.
These, being near the axis about which all the
heavenly bodies revolve, describe diurnal circles of
so small a diameter, that they are scarcely discerni-
ble by the eye. Yet during their revolution they
are seen to pass the meridian twice, once over the
upper meridian, that is, between the pole and the
zenith, and once. over the lower meridian, that is,
between the pole and the horizon. These heavenly
bodies are denominated circumpolar.
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is no north or south point, and we shall hereafter
see that the phenomena from which we deduced our
definition of these points, namely, the rising and
setting of stars, do not take place at these situa-
tions. We have already seen that P, p, are points
in the meridian of every place; all these meridians
therefore intersect each other at the two poles. If
p, the south pole, be above the horizon, P, the
north pole, will of course be below it.

One circumstance may here require explanation
before we proceed farther. We have alrcady seen
that the centre of the heavenly sphere is a point in
the axis P p, and that this centre appears to be the
situation of the observer; and we have also said
that the results of observation are the same, where-
ever on the earth’s surface he be placed. If two
observers be at situations, the one, one thousand
miles east of the other, the situation of both cannot
be in the line P p; but if the one is in it, the other
must be nearly one thousand miles out of it: yet
they both appear to be in it, We know from very
simple reasoning, or we may easily satisfy ourselves
by trial, that a small change of position in the ob-
server does not affect the apparent position of a
very distant object. Thus, if there be two trees,
or two spires, distant ten miles from each other, and
two men stand half-way between them, the one
precisely in the line joining them, and the other a
yard on one side of it, each will alike feel that, to
all common observation, he is exactly in the line
which unites them. The angle between the two
- directions, in this case, would be considerably less

. than half a minute, and would not be observable

except by instruments of some delicacy. In the
same manner, if the distance to the points P, p, be
excessively great in proportion to the distance
between the situations of different observers, each
observer will seem to be in the same position with

respect to the points P, p, and the line joining

them. There is therefore nothing absurd or con-
tradictory in thc apparent coincidence of each
situation with the line P p, if we only suppose the
points P, p, so remote from the earth, that any line
drawn on its surface is too small to be estimated in
comparison with that distance ; and we get there-

fore a notion of the vast distance of those points,
instead of a difficulty affecting the notion of such a
revolution as we have supposed to take place. If
however every peint on the earth’s surface be
apparently in the line P p, so must its centre be
also, which lies in the midst between these points.
The axis P p therefore may be considered to pass
through the centre of the earth.

The fixed stars are so called because the an-
cients believed they never changed their positions
in respect to each other. Although their motions
are very slow and almost imperceptible, yet the
skilful and assiduous observations of modern as-
trgnomers, and particularly of Herschel, have prov-
ed that many of them do change their mutual
relations in a sensible degree.

There is nothing so well calculated as the study
of the stars to impress us with an idea of the im-
mensity of space. Suppose when the earth is at a
certain part of her orbit, we were to take the bear-
ing of some star and note down accurately its
angular direction from us, and when the earth had
arrived at the opposite point in her orbit, that is,
just six months after our observation, we were
again to take the bearing of the same star and sec
how our real change of position had affected its
apparent place. The nearer the star, the greater
would be the angle these bearings make with each;
the more distant the star, the less the angle. This
angle, whatever be its magnitude, is called the
annual perallax of the star. Now it has been
found that this parallax is imperceptible with such
instruments as the most skilful mechanic can con-
struct. Suppose then a globe of fire, whose dia-
meter should be equal to that of the earth’s orbit,
and whose circumference would consequently be
six hundred millions of miles, situated where the
earth now is, it would scarcely be secn from the
nearest star, or only seen as a small luminous
point. If the nearest of the stars are at such dis-
tances, who will attempt to conceive the distance
of those which we call the smaller and most dis-
tant! We. shall take occasion to refer to this
subject agéin hereafter.

The brightness of the light of the stars situated
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at such immense distances as they are proved to be,
has induced astronomers to look upon them as cen-
tres around which circulate systems imperceptible
to us. Perhaps, also, (and this supposition will not
appear destitute of probability to those who reflect
on the infinite variety of phenomena which are dis-
cerned in the dome above us,) these centres which
carry with them through space their planetary sa-
tellites, are themselves but satellites subject to the
laws of other and more powerful primaries. We may
be allowed to repeat that thought of Pascal, than
which none can be more simple and sublime, and
none express so well the extent of the universe ;
1t is o sphere whose cenire is everywhere and whose
circumference is nowhere.

SECTION II.

Division of the stars according to their apparent magnitudes—Their
pumber infinite—Impartial distribution over the heavens—Milky
way—Distance of the stars—Their probable dimensions and nature
—Periodical stars—Temporary stars—Double stars—Their revolu-
tion round each other—Subject to the laws of gravity—Colored
stars—Proper motion of the stars—Compound sidereal systems—
Clusters—Nebulee—Nebulous stars—Stars are visible in the day.

Tnr stars are arranged in several classes, ac-
cording to their brightness; the most brilliant
being of the first magnitude, the next of the second,
and so on up to the sixteenth magnitude. Only
those of the first six classes are visible to the naked
eye. The rest are called telescopic stars, from the
instrument whose use is requisite to enable us to
perceive them.

In a clear night, we might suppose that the
number of stars visible to the unassisted vision
was immense ; but this is a deception, owing to
the confusion produced by viewing at once or in
rapid succession the different parts of the heaven.
The images on the retina do not fade quick enough
for our eyes to decide what number of bright points
are really before them ; as the burning rod whirled
rapidly round by the hand of a child presents to
his delighted eyes the semblance of a continuous
and fiery circle. The number actually discovera-
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ble without glasses, in either hemisphere, does not
exceed thirteen hundred. But if we have recourse
to a telescope, we shall discover an innumerable
multitude of small stars, which before escaped our
observation. Lalande observed 50,000, and Her-
schel calculated that he saw 44,000 in a space of
the heavens 8° long and 3° broad. Taking this asa
basis, there would not be less than seventy-five
millions in the whole heaven. There are, however,
many more than this. It has been computed by
some, that the telescope has made visible one hun-
dred millions at least. All this vast assemblage of
suns and worlds may bear no proportion to what
lies beyond our ken. Count the leaves of the
forest, the sands on the sea-shore, the drops in
the ocean; then may you think to set limits to
the extent of God’s creation ; then may you look
on this earth as the universe, and not as a mere
pebble on the shore of infinite space.

It can be but one of the many mansions created
for the accommodation of God’s children. He may
now, in regions beyond the imagination of the most
gifted, be creating worlds more numerous than
man can count, and ‘more glorious than thought
can fancy.

There is no shadow of a reason for assigning any
bounds to the number of the stars. Every increase
in the dimension and power of instruments, which
successive improvements in optical science have
attained, having brought into view innumerable
multitudes of objects invisible before. So that the
number of the stars may be really infinife, in any
sense we can apply to that word.

The classification into magnitudes, however, it
must be observed, is entirely arbitrary. Of a
multitude of bright objects, differing probably
intrinsically both in size and in splendor, and
arranged at unequal distances from us, one must
of necessity appear the brightest, one next below
it, and so on. An order of succession (relative, of
course, to our local situation among them) must
exist, and it is a matter of absolute indifference
where, in that infinite progression downwards,
from the one brightest to the invisible, we choose
to draw our lines of demarkation. All this is a

e N £ OO TR Ao A 2 KN e T




. ness of that surface.

matter of pure convention. Usage, however, has
established such a convention, and though it is
impossible to determine exactly where one magni-
tude ends and the next begins,.and although diffe-
rent observers have differed in their magnitudes,
yet, on the whole, astronomers have restricted their
first magnitude to about 15 or 20 principal stars;
their second to 50 or 60 next inferior; their third
to about 200 yet smaller, and so on; the numbers
increasing very rapidly as we descend in the scale
of brightness, the whole number of stars already
registered, down to the seventh magnitude inclu-
sive, amounting to 15,000 or 20,000.

As we do not see the actual disc of a star, but

. judge only of its brightness by the total impression

made upon the eye, the apparent magnitude of
any star will, it is evident, depend, 1. on the star’s
distance from us; 2. on the absolute magnitude of
its illuminated surface ; 3. on the intrinsic bright-
Now, as we know nothing,
or next to nothing, of any of these data, and have
every reason for believing that each of them may
differ in different individuals, in the proportion of
many millions to one, it is clear that we are not
to expect much satisfaction in any conclusions
we may draw from numerical statements of the
number of individuals arranged in our artificial
classes.

If the comparison of the apparent magnitudes of
the stars with their numbers leads to no definite
conclusion, it is otherwise when we view them in
connection with their local distribution over the
heavens. If indeed we confine ourselves to the
three or four brightest classes, we shall find them

| distributed with tolerable impartiality over the

sphere ; but if we take.in the whole amount visible
to the naked eye, we shall perceive a great and
rapid increase of number as we approach the bor-
ders of the milky way. And when we come to
telescopic magnitudes, we find them crowded be-
yond imagination along the extent of that circle,

~and of the branch which it sends off from it; so

that in fact its whole light is composed of nothing
but stars, whose average magnitude may be stated

at about the tenth or eleventh.
3
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These phenomena agree with the supposition

scattered in all directions indifferently through
space, form a stratum, of which the thickness is
small, in comparison with its length and breadih ;
and in which the carth occupies a place somewhere
about the middle of its thickness, and near the
point where it subdivides into two principal laminz,
inclined at a small angle to each other. For it is
certain that, to an eye so situated, the apparent
density of the stars, supposing them pretty equally
scattered through the space they occupy, would
be least in a direction of the visual ray (as S A)

C
A
B\C S
D

of its breadth, as SB,S C, SD; increasing rapidly
in passing from one to the other direction, just as
we see a slight haze in the atmosphere thickening
into a decided fog bank near the horizon, by the
rapid increase of the mere length of the visual ray.
Accordingly, such is the view of the construction
of the starry firmament taken by Sir William Her-
schel, whose powerful telcscopes have effected a
complete analysis of this wonderful zone, and
demonstrated the fact of its entirely consisting of
stars. So crowded are they in some parts of it,
that by counting the stars in a single field of his

passed under his review in a zone two degrees in
breadth, during a single hour’s observation.
immense distances at which the remoter regions
must be ssituated will sufficiently account for the
vast predominance of small magnitudes which are
observed in it.

When we speak of the comparative remoteness
of certain regions of the starry hcavens beyond
others, and of our own situation in them, the ques-
tion immediately arises, What is the distance of
the nearest fixed star? What is the scale on
which our visible firmament is constructed ? And
what proportion do its dimensions bear to those of
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that the stars of our firmament, instead of being |

perpendicular to the lamina, and greatest in that

telescope, he was led to conclude that 50,000 had
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our own immediate system? TTo this, however,
astronomy has hitherto proved unable to supply an
answer. All we know on the subject is negative.
We have attained, by delicate observations and
refined combinations of theoretical reasoning, to a
corrcct estimate, first, of the dimensions of the
earth ; then, taking that as a base, to a knowledge
of those of its orbit about the sun; and again, by
taking our stand, as it were, on the opposite bor-
- ders of the circumference of this orbit, we have
extended our measurements to the extreme verge
- of our own system, and by the aid of what we know
. of the excursions of comets, have felt our way, as
it were, a step or two beyond the orbit of the
- remotest known planet. DBut between that re-
- motest orb and the nearest star there is a gulf
fixed, to whose extent no observations yet made
have enabled us to assign any distinct approxima-
tion, or to name any distance, however immense,
which it may not, for any thing we can tell,
surpass. .

The diameter of the earth has served us as the
| base of a triangle, in the frigonometrical survey of
our system, by which to calculate the distance of
the sun ; but the extreme minuteness of the sun’s
. parallax renders the calculation from this ¢¢ ill-con-
. ditioned” triangle so delicate, that nothing but the
fortunate combination of favorable circumstances,
afforded by the transits of Venus, could render its
results even tolerably worthy of reliance. But-
the earth’s diameter is too small a base for direct
triangulation to the verge even of our own system ;
and we are, therefore, obliged to substitute the
annual parallax for the diurnal, or, which comes to
the same thing, to ground our calculation on the
relative velocities of the earth and planets in their
orbits, when we would push our triangulation to
that extent. It might be naturally enough expect-
ed, that by this enlargement of our base to the vast
diameter of the earth’s orbit, the next step in our
survey would be made at a great advantage ; that
our change of station, from side to side of it, would

produce a perceptible and measurable amount of |
annual parallax in the stars, and that by its means
we should come to a knowledge of their distance. |
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But, after exbausting every refinement of observa-
tion, astronomers have been unable to come to any
positive and coincident conclusion upon this head ;
and it seems, therefore, demonstrated, that the
amount of such parallax, even for the nearest fixed
star which has hitherto been examined with the
requisite attention, remains still mixed up with,
and concealed among, the errors incidental to all
astronomical determinations. Now, such is the
nicety to which these have been carried, that did
the quantity in question amount to a single second,
(1. e. did the radius of the earth’s orbit subtend at
the nearest fixed star that minute angle,) it could
not possibly have escaped detection and universal
recognition.*

Radius is to the sine of 1”7, in round numbers, as
200,000 to 1. In this proportion, then, af least,
must the distance of the fixed stars from the sun
exceed that of the sun from the earth. The latter
distance, as we shall hereafter see, exceeds the
earth’s radius in the proportion of 24,000 to 1;
and, lastly, to descend to ordinary standards, the
eartli’s radius is 4,000 of our miles. The distance of
the stars, then, cannot be so small as 4,800,000,000
radil of the earth, or 19,200,000,000,000 miles!
How much larger it may be we know not.

In such numbers the imagination is lost. The
only mode we have of conceiving such intervals at
all is by the time which it would require for light to
traverse them. Now light, as we know, travels at
the rate of 192,000 miles per second. It would,
therefore, occupy 100,000,000 seconds, or upwards
of three years, in such a journey, at the very low-

* Astronomers are generally agreed in the opinion that the annual
parallax of the stars is less than 1”, and consequently that the near-
est of them is placed at a much greater distance from us than these
calculations make it. It was, however, announced within a few
years, that M. D’Assas, a French astronomer, had satisfactorily esta-
blished the annual parallax of Ke:id (a small star eight degrees north
of Gamma Eridani) to be 27, that of Rigel in Orion 1”. 43, and that
of Sirius 17, 24. If these results may be relied on, then Keid is but
10,000,000,000,000 miles from the earth, Rigel but 13,708,524,066,400,
and Sirius 15,809,023,721,735 miles. A distanee, however, so great
that if it were to fall towards the earth at the rate of a million of
miles a day, it would take it forty-three thousand three hundred
years to reach the earth; or if the Almighty were now to blot it out
of the heavens, its brilliancy would continue undiminished in our

| Lemisphere for the space of three ycars !
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est estimate. What, then, are we to allow for the
distance of those innumerable stars of the smaller
magnitude which the telescope discloses to us! If
we admit the light of a star of each magnitude to
be half that of the magnitude next above it, it will
follow that a star of the first magnitude will require
to be removed to 362 times its distance to appcar
no larger than one of the sixteenth. It follows,
therefore, that among the countless multitude of
such stars visible in telescopes, there must be
many whose light has taken at least @ thousand years
to reach us ; and that when we observe their places,
and note their changes, we are, in fact, reading
only their history of a thousand years’ date, thus
wonderfully recorded. We cannot escape this con-
clusion, but by adopting as an alternative an in-
trinsic inferiority of light in all the smaller stars of
the milky way. We shall be better able to esti-
mate the probability of this alternative, when we
have made acquaintance with other sidereal systems,

whose existence the telescope discloses to us, and

whose analogy will satisfy us that the view of the
subject we have taken above is in perfect harmony
with the general tenor of astronomical facts.
Quitting, however, the region of speculation,
and confining ourselves within certain limits which
we are sure are less than the truth, let us employ
thie negative knowledge we have obtained respect-
ing the distances of the stars to form some conforma-
ble estimate of their real magnitudes. Of this,
telescopes afford us no direct information. The
discs which good telescopes show us of the stars
are not real, but spurious, a mere optical illusion.
Their light, therefore, must be our only guide.
Now Dr. Wollaston, by direct photometrical experi-
ments, open, as it would seem, to no objections, has
ascertained the light of Sirins, as received by us, to
be to that of the sun as 1 to 20,000,000,000. The
sun, therefore, in order that it should appear to us
no brighter than Sirius, would require to be re-
moved to 141,400 times its actnal distance. We
have seen, however, that the distance of Sirius can-
not be so small as 200,000 times that of the sun.
Hence it follows, that, upon the lowest possible
conmputation, the light really thrown out by Sirius

THE HEAVENS.

19

cannot be so little as double that emitted by the
sun; or that Sirius must, in point of intrinsic
splendor, be at least equal to two suns, and is in
all probability vastly greater.*

Now, for what purpose are we to suppose such
magnificent bodies scattered through the abyss of
space ? Surely not to illuminate cur nights, which
an additional moon of the thousandth part of the
size of our own would do much better, nor to
sparkle as a pageant void of meaning and reality,
and bewilder us among vain conjectures. Useful,
it is true, they are to man as points of exact and
permanent reference ; but he must have studied
astronomy to little purpose, who can suppose man
to be the only object of his Creator’s care, or who
does not see in the vast and wonderful apparatus
around us provision for other races of animated
beings. The planets, as we have seen, derive their
light from the sun; but that cannot be the case
with the stars. These, doubtless, then, are them-
selves suns, and may, perhaps, each in its sphere,
be the presiding centre round which other planets,
or bodies of which we can form no conception from
any analogy offered by our own system, may be
circulating.

Analogies, however, more than conjectural, are
not wanting to indicate a correspondence between
the dynamical laws which prevail in the remote
regions of the stars and those which govern the
motions of our own system. Wherever we can
trace the law of periodicity—the regular re-
currence of the same phenomena in the same times
—we are strongly impressed with the idea of
rotary or orbitual motion. Among the stars are
several which, though no way distinguishable from
others by any apparent change of place, nor by any
difference of appearance in telescopes, yet undergo
a regular periodical increase and diminntion of
lustre, involving, in one or two cases, a complete
extinction and revival. These are called periodical
stars. One of the most remarkable is the star Omi-

* Dr. Wollaston, assuming, as he is perfeetly justified in doing, a
much lower limit of possible parallax in Sirius than we have adopted
in the text, has concluded the intrinsic light of Sirius to be nearly
that of fourteen suns.
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cron, in the constellation Celus, first noticed by
Fabricius in 1596. It appears about twelve times
in eleven years, or, more exactly, in a period of
334 days; remains at its greatest brightness about
a fortnight, being then, on some occasions, equal
to a large star of the second magnitude ; decreases
during about three months, till it becomes complete-
ly invisible, in which state it remains during about
five months, when it again becomes visible, and
continues increasing during the remaining three
months of its period. Such is the general course
of its phases. It does not always, however, return
to the same degree of brightness, nor increase and
diminish by the same gradations. Hevelius, indeed,
relates that during the four yecars between October,
1672, and December, 1676, it did not appear at all.

Another very remarkable periodical star is that
called Algol. It is usually visible as a star of the se-
cond magnitude, and such it continues for the space
of two days and fourteen hours, when it suddenly be-
gins to diminish in splendor, and in about three and
a half hours is reduced to the fourth magnitude. It
then begins again to increase, and in three and a half
hours more is restored to its usual brightness, going
through all its changes in two days, twenty hours,
forty-eight minutes, or thereabouts. This remarka-
ble law of variation certainly appears strongly to
suggest the revolution round it of some opaque body,
which, when interposed between us and Algol, cuts
off a large portion of its light , and this is accord-
ingly the view taken of the matter by Goodricke,
to whom we owe the discovery of this remarkable
fact, in the year 1782 ; since which time the same
phenomena have continued to be observed, though
with much less diligence than their high interest
would appear to merit. Taken any how, it is an
indication of a high degree of activity, in regions
where, but for such evidences, we might conclude
all lifeless. Our own sun requires nine times this
period to perform a revolution on its own axis. On
the other hand, the periodic time of an opaque re-
volving body, sufficiently large, which should pro-
duce a similar temporary obscuration of the sun,
seen from a fixed star, would be less than fourteen
hours.
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There are many other variable stars, with great
differences in the periods of their changes. It is
not requisite to enumerate them in this work.

The variations of these stars, howcver, appear
to be affected, perhaps in duration of period, but
certainly in extent of change, by physical causes at
present unknown. The non-appearance of Omicron
Ceti, during four years, has already been noticed;
and to this instance we may add that of Chi Cygni,
which is stated by Cassini to have been scarcely
visible throughout the years 1699, 1700, and 1701,
at those times when it ought to have been most
conspicuous.

These irregularities prepare us for other phe-
nomena of stellar variation, which have hitherto
been reduced to no law of periodicity, and must be
looked upon, in relation to our ignorance and inex-
perience, as altogether casual ; or, if periodic, of
periods too long to have occurred more than once
within the limits of recorded observation. The
phenomena we allude to are those of temporary
stars, which have appeared, from time to time, in
different parts of the heavens, blazing forth with
extraordinary lustre; and after remaining awhile
apparently immovable, have died away, and left
no trace. Such is the star which, suddenly appear-
ing in the year 125 B. C., is said to have attracted
the attention of Hipparchus, and led him to draw
up a catalogue of stars, the earliest on record.
Such, too, was the star which blazed forth, A. D.
389, near Alpha Aquile, remaining for three weeks
as bright as Venus, and disappearing entirely. In
the years 945, 1264, and 1572, brilliant stars ap-
peared in the region of the heavens between Ce-
pheus and Cassiopeia; and, from the imperfect
account we have of the places of the two earlier, as
compared with that of the last, which was well
determined, as well as from the tolerably near
coincidence of the intervals of their appearance,
we may suspect them to be one and the same star,
with a period of about 300, or, as Goodricke sup-
poses, of 150 years. The appearance of the star
of 1572 was so sudden, that Tycho Brahe, a cele-
brated Danish astronomer, returning one evening
(the 11th of November) from his laboratory to his




| really has disappeared from the heavens.
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dwelling-house, was surprised to find a group of
country people gazing at a star, which he was sure
did not exist half an hour before. This was the
star in question. It was then as bright as Sirius,

and continued to increase till it surpassed Jupiter
~ when brightest, and was visible at mid-day. It
- began to diminish in December of the same year,

and in March, 1574, had entirely disappeared. So,
also, on the 10th of October, 1604, a star of this
kind, and not less brilliant, burst forth in the con-
stellation of Serpentarius, which continued visible

till October, 1605.

Similar phenomena, though of a less splendid
character, have taken place more recently, as in
the case of the star of the third magnitude discover-
ed in 1670, by Anthelm, in the head of the Swan;
which, after becoming completely invisible, reap-
peared, and after undergoing one or two singular
fluctuations of light, during two years, at last died
away entirely, and has not since been secen. On a
careful re-examination of the heavens, too, and a
comparison of catalogues, many stars are now found
to be missing ; and although there is no doubt that
these losses have often arisen from mistaken entries,
yet in many instances it is equally certain that
there is no mistake in the observation or entry,
and that the star has really been observed, and as
This is
a branch of practical astronomy which has been too

~ little followed up, and it is precisely that in which

amateurs of the science, provided with only good
eyes, or moderate instruments, might employ their
time to excellent advantage. It holds out a sure
promise of rich discovery, and is one in which
astronomers in establishing observatories are almost
of necessity precluded from taking a part by the
nature of the observations required. Catalogues
of the comparative brightness of the stars in each
constellation have been constructed by Sir William
Herschel, with the express object of facilitating
these researches.

We come now to a class of phenomena of quite
a different character, and which give us a real and
vositive nsight into the nature of at least some
among the stars, and enable us unhesitatingly to
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declare them subject to the same dynamical laws,
and obedient to the same power of gravitation,
which governs our own system. Many of the stars,
when examined with telescopes, are found to be
double, i. e. to consist of two (in some cases three)
individuals placed near together. This might be
attributed to accidental proximity, did it occur only
in a few instances; but the frequency of this com-
panionship, the extreme closeness, and, in many
cases, the near equality of the stars so conjoined,
would alone lead to a strong suspicion of a more
near and intimate relation than mere casual juxta-
position. The bright star Castor, for example,
when much magnified, is found to consist of two
stars of between the third and fourth magnitude,
within 5 of each other. Stars of this magnitude,
however, are not so common in the heavens as to
render it-at all likely that, if scattered at random,
any two would fall so near. But this is only one
out of numerous such instances. Sir William Her-
schel has enumerated upwards of 500 double stars,
in which the individuals are within half a minute of
each other; and to this list Professor Struve, prose-
cuting the inquiry by the aid of instruments more
conveniently mounted for the purpose, has recently
added nearly five times that number. Other ob-
servers have still further extended the catalogue,
already so large, without cxhausting the fertility
of the heavens. Among these are great numbers
in which the interval between the centres of the
individuals is less than a single second. They are
divided into classes according to their distances,
the closest forming the first class.

When these combinations were first noticed, it
was considered that advantage might be taken of
them, to ascertain whether or not the annual mo-
tion of the earth in its orbit might not produce a
relative apparent displacement of the individuals
constituting a double star. Supposing them to lie
at a great distance one behind the other, and to
appear only by casual juxtaposition nearly in the
same line, it is evident that any motion of the earth
must subtend different angles at the two stars so
juxtaposed, and must therefore produce different
parallactic displacements of them on the surface of
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the heavens, regarded as infinitely distant. Every
star, in consequence of the earth’s annual motion,
should appear to describe in the heavens a small
ellipse, (distinct from that which it would appear to
describe in consequence of the aberration of light,
and not to be confounded with it,) being a section,
by the concave surface of the heavens, of an oblique
elliptic cone, having its vertex in the star, and the
earth’s orbit for its base; and this section will be
of less dimensions the more distant is the star. If]

A

then, we regard two stars, apparently situated close
beside each other, but in reality at very different
distances, their parallactic ellipses will be similar,
but of different dimensions. Suppose, for instance,
S and s to be the positions of two stars of such an
apparently or optically double star as seen from the
sun, and let ABCD, abcd, be their parallactic
ellipses ; then, since they will be at all times simi-
larly situated in these ellipses, when the one star
is seen at A, the other will be seen at ¢. When
the earth has made a quarter of a revolution in its
orbit, their apparent places will be Bb; when
another quarter, Cc¢; and when another, Dd. If,
then, we measure carefully, with micrometers
adapted for the purpose, their apparent situation
with respect to each other, at different times of the
year, we should perceive a periodical change, both
in the dircection of the line joining them, and in the
distance between their centres. For the lines A.q
and C ¢ cannot be parallel, nor the lines Bb and D d
equal, unless the ellipses be of equal dimensions,
i. e. unless the two stars have the same parallax, or
are equidistant from the earth.
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Now, micrometers, properly mounted, enable us
to measure very exactly both the distance between
two objects which can be seen together in the same
field of a telescope, and the position of the line
joining them with respect to the horizon, or the
meridian, or any other determinate direction in the
heavens. The meridian is chosen as the most con-
venient ; and the situation of the line of junction
between the two stars of a double star is referred
to its direction, by placing in the focus of the eye-
piece of a telescope, equatorially mounted, two
cross wires making a right angle, and adjusting
their position so that one of the two stars shall just
run along it by its diurnal motion, while the tele-
scope remains at rest; noting their situation ; and
then turning the whole system of wires round in its
own plane by a proper mechanical movement, till
the other wire becomes exactly parallel to their
line of junction, and reading off on a divided circle
the'angle the wires have moved through. Such an
apparatus is called a position micrometer ; and by
its aid we determine the angle of position of a double
star, or the angle which their line of junction makes
with the meridian ; which angle is usually reckon-
ed round the whole circle, from 0 to 360.

The advantages which this mode of operation
offers for the estimation of parallax are many and
great. In the first place, the result. to be obtained,
being dependent only on the relative apparent dis-
placement of the two stars, is unaffected by almost
every cause which would induce error in the sepa-
rate determination of the place of either by right
ascension and declination. Refraction, that great-
est of all obstacles to accuracy in astronomical
determinations, acts equally on both stars ; and is
therefore eliminated from the result. We have no
longer any thing to fear from errors of graduation in
circles, from levels or plumb-lines, from uncertainty
attending the uranographical reductions of aberra-
tion, precession, &c., all which bear alike on both
objects. In aword, if we suppose the stars to have
no proper motions of their own by which a recl
change of relative situation may arise, no other
cause but their difference of parallax can possibly
affect the observation.

o




Such were the considerations which first induced
Sir William Herschel to collect a list of double
stars, and to subject them all to careful measure-
ments of their angles of position and mutual dis-
tances. He had hardly entered, however, on these
measurements, before he was diverted from the
original object of the inquiry (which, in fact,
promising as it is, still remains open and untouched,
though the on@‘imethod which seems to offer a
chance of success in the research of parallax) by
phenomena of a very unexpected character, which
at once engrossed his whole attention. Instead of
finding, as he expected, that annual fluctuation to
and fro of one star of a double star with respect
to the other, that alternate annual increase and
decrease of their distance and angle of position,
which the parallax of the earth’s annual motion
would produce, he observed, in many instances, a
regular progressive change ; in some cases bearing
chiefly on their distance, in others on their posi-
tion, and advancing steadily in one direction, so as
clearly to indicate either a real motion of the stars
themselves, or a general rectilinear motion of the
sun and whole solar system, producing a parallax
of a higher order than would arise from the earth’s
orbitual motion, and which might be called syste-
matic parallax.

Supposing the two stars in motion independently
of each other, and also the sun, it is clear that for
the interval of a few years, these motions must be
regarded as rectilinear and uniform. Hence a
very slight acquaintance with geometry will suffice
to show that the apparent motion of one star of a
double star, referred to the other as a centre, and
mapped down, as it were, on a plane in which that
other shall be taken for a fixed or zero point, can
be no other than a right line. This, at least, must
be the case if the stars be independent of each
other ; but it will be otherwise if they have a phy-
sical connection, such as, for instance, real proximi-
ty and mutual gravitation would establish. In that
case, they would describe orbits round each other,
and round their common centre of gravity ; and
thercfore the apparent path of either, referred to
the other as fixed, instead of being a portion of a
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straight line, would be bent into a curve concave
towards that other. The observed motions, how-
ever, werc so slow, that many years’ observation
was required to ascertain -this point; and it was
not, therefore, until the year 1803, twenty-five
years from the commencement of the inquiry, that
any thing like a positive conclusion could be come
to, respecting the rectilinear or orbitual character
of the observed changes of position.

In that, and the subsequent year, it was dis-
tinctly announced by Sir William Herschel, in two
papers, that there exist sidereal systems, composed
of two stars revolving about each other in regular
orbits, and constituting what may be termed binary
stars, to distinguish them from double stars general-
ly so called, in which these physically connected
stars are confounded, perhaps, with others only
optically double, or casually juxtaposed in the hea-
vens at different distances from the eye; whereas
the individuals of a binary star are, of course, equi-
distant from the eye, or, at least, cannot differ
more in distance than the semidiameter of the orbit
they describe about each other, which is quite in-
significant compared with the immense distance
between them and the carth. Between fifty and
sixty instances of changes, to a greater or less
amount, in the angles of position of double stars,
are adduced in the memoirs above mentioned ;
many of which are too decided, and too regularly
progressive, to alow of their nature being miscon-
ceived. In particular, among the more conspicu-
ous stars, Castor, Gamma Virginis, Xi Urse, 70
Ophiuchi, Sigma Coronz, Eta Cassiopeie, Gamma
Leonis, Lambda Ophiuchi, and Zeta Aquarii, are
enumerated as among the instances of the observed
motion ; and to some of them even periodic times
of revolution are assigned, approximative only, of
course, and rather to be regarded as rough guesses
than as results of any exact calculation, for which
the data were at the time quite inadequate. For
instance, the revolution of Castor is set down at
334 years, that of Gamma Virginis at 703, and that
of Gamma Leonis at 1200 years.

Subsequent observation has fully confirmed these

results, not only in their gencral tenor, but for the
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most part in individual detail. Of all the stars
above named, there is not one which is not found to
be fully entitled to be regarded as binary; and, in
fact, this list comprises nearly all the most conside-
rable objects of that description which have yet
been detected, though (as attention has been closely
drawn to the subject, and observations have multi-
plied) it has, of late, begun to extend itself rapidly.
The number of double stars which are certainly
known to possess this peculiar character is between
thirty and forty, and more are emerging into notice
with every fresh mass of observations whichcomes
before the public. They requirc excellent tele-
scopes for their observation, being for the most
part so close as to necessitate the use of very high
magnifiers to perceive an interval between the in-
dividuals which compose them.

It may easily be supposed, that phenomena of
this kind would not pass without attempts to con-
nect them with dynamical theories. From their
first discovery, they were naturally referred to the
agency of some power, like that of gravitation, con-
necting the stars thus demonstrated to be in a state
of circulation about each other; and the extension
of the Newtonian law of gravitation to these remote
systems was a step so obvious, and so well warrant-
ed by our experience of its all-sufficient agency in
our own, as to have been expressly or tacitly made
by every one who has given the subject any share
of his attention. We owe, however, the first dis-
tinct system of calculation, by which the elliptic
elements of the orbit of a binary star could be de-
duced from observations of its angle of position and
distance at different epochs, to M. Savary, who
showed, that the motions of one of the most re-
markable among them were explicable, within the
limits allowable for error of observation, on the
supposition of an elliptic orbit described in the short
period of fifty-eight and one fourth years. A dif-
ferent process of computation has conducted pro-
fessor Encke to an elliptic orbit for 70 Ophiuchi,
described in a period of seventy-four years; and Sir
John Herschel’s skill has not failed to add others
to the number.

Of these, perhaps, the most remarkable is Gamma
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Virginis, not only on account of the length of its
period, but by reason also of the great diminution
of apparent distance, and rapid increase of angular
motion about each other, of the individuals com-
posing it. It is a bright star of the fourth magni-
tude, and its component stars are almost exactly
equal. It has been known to consist of two stars
since the beginning of the eighteenth century, their
distance being then between six and seven seconds ;
so that any tolerably good telescope would resolve
it. Since that time they have been constantly ap-
proaching, and are at present hardly more than a
single second asunder ; so that no telescope, that
is not of very superior quality, is competent to
show them otherwise than as a single star some-
what lengthened in one direction. It fortunately
happens, that Bradley, in 1718, noticed, and re-
corded in the margin of one of his observation
books, the apparent direction of their line of junc-
tion,as being parallel to that of two remarkable stars,
Alpha and Delta of the same constellation, as seen
by the naked eye; and this note, which has been
recently rescued from oblivion by the diligence of
professor Rigaud, has proved of signal service in
the investigation of their orbit. They are entered
also as distinct stars in Mayer’s catalogue ; and
this affords also another means of recovering their
relative situation at the date of his observations,
which were made about the year 1756.

If the great length of the periods of some of these
bodies be remarkable, the shortness of those of
others is hardly less so. Eta Coronz has already
made a complete revolution since its first discovery
by Sir William Herschel, and is far advanced in its
second period ; and Xi Urse, Zeta Cancri, and 70
Ophiuchi, have all accomplished by far the greater
parts of their respective ellipses since the same
epoch. If any doubt, therefore could remain as to
the reality of their orbitual motions, or any idea of
explaining them by mere parallactic changes, these
facts must suffice for their complete dissipation.
We have the same evidence, indeed, of their rota-
tions about each other that we have of those of Ura-
nus and Saturn about the sun; and the correspon-
dence between their calculated and observed places
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in such very elongated' ellipses, must be admitted
to carry with it a proof of the prevalence of the
Newtonian law of gravity in their systems, of the
very same nature and cogency as that of the calcu-
lated and observed places of comets round the cen-
tral body of our own.

But it is not with the revolutions of bodies of a
planetary or cometary nature round a solar centre
that we are now concerned ; it is with that of sun
around sun, each, perhaps, accompanied with its
train of planets and their satellites, closely shrouded
from our view by the splendor of their respective
suns, and crowded into a space bearing hardly a
greater proportion to the enormous interval which
separates them, than the distances of the satellites
of our planets from their primaries bear to their
distances from the sun itself. A less distinctly
characterized subordination would be imcompatible
with the stability of their systems, and with the
planetary nature of their orbits. Unless closely
nestled under the protecting wing of their imme-
diate superior, the sweep of their other sun in its
perihelion passage round their own might carry
them off, or whirl them into orbits utterly incom-
patible with the conditions necessary for the exist-
ence of their inhabitants. It must be confessed,
that we have here a strangely wide and novel field
for speculative excursions, and one which it is not
easy to avoid luxuriating in.

Many of the double stars exhibit the curious and
beautiful phenomenon of contrasted or complemen-
tary colors. In such instances, the larger star is
usually of a ruddy or orange hue, while the smaller
one appears blue or green, probably in virtue of
that general law of optics, which provides that when
the retina is under the influence of excitement by
any bright, colored light, feebler lights, which
seen alone would produce no sensation but of white-
ness, shall for the time appear colored with the
tint complementary to that of the brighter. Thus,
a yellow color predominating in the light of the
brighter star, that of the less bright one in the
same field of view will appear blue ; while, if the
tint of the brighter star verge to crimson, that of

the other will exhibit a tendency to green, or even
4
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appear as a vivid green, under favorable circum-
stances. The former contrast is beautifully exhibit-
ed by Iota Cancri, the latter by Gamma Andromedza;
both fine double stars. If, however, the colored
star be much the less bright of the two, it will not
materially affect the other. Thus, for instance,
Lta Cassiopeiz exhibits the beautiful combination
of a large white star, and a small one of a rich
ruddy purple. It is by no means, however, intend-
ed to say, that in all such cases one of the colors
is a mere effect of contrast; and it may be easier
suggested in words, than conceived in imagination,
what variety of illumination fwo suns, a red and a
green, or a yellow and a blue one, must afford a
planet circulating about either ; and what charm-
ing contrasts and ¢ grateful vicissitudes”—a red
and a green day, for instance, alternating with a
white one and with darkness—might arise from the
presence or absence .of one or other, or both, above
the horizon. Insulated stars of a red color, almost
as deep as that of blood, occur in many parts of
the heavens, but no green or bluc star (of any
decided hue) has, we believe, ever bcen noticed
unassociated with a companion brighter than itself.

Another very interesting subject of inquiry, in
the physical history of the stars, is their proper
motion. It might be expected that apparent mo-
tions of some kind or other should be detected
among so great a multitude of individuals scattered
through space, and with nothing to keep them fixed.
Their mutual attractions even, however inconceiva-
bly enfeebled by distance, and counteracted by
opposing attractions from opposite quarters, must,
in the lapse of countless ages, produce some move-
ments, some change of internal arrangement, re-
sulting from the difference of the opposing actions.
And it is a fact, that such apparent motions do
exist, not only among single; but in many of the
double stars ; which, besides revoiving round each
other, or round their common centre of gravity,
are transferred, without parting company, by a
progressive motion common to both, towards some
determinate region. For example, the two stars
of 61 Cygni, which are nearly equal, have remain-
ed constantly at the same, or very nearly the same,
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distance, of 15” for at least fifty years past.
Meanwhile they have shifted their local situation in
the heavens, in this interval of time, through no less
than 4’ 237, the annual proper motion of each star
being 5”.3 ; by which quantity (exceeding a third
of their interval) this system is every year carried
bodily along in some unknown path, by a motion
which, for many centuries, must be regarded as
uniform and rectilinear. Among stars not double,
and no way differing from the rest in any other
obvious particular, Mu Cassiopeie is to be remark-
ed as having the greatest proper motion of any yet
ascertained, amounting to 3”.74 of annual displace-
ment. And a great many others have been ob-
served to be thus constantly carried away from
their places by smaller, but not less unequivocal
motions.

Motions which require whole centuries to accu-
mulate before they produce changes of arrange-
ment, such as the naked eye can detect, though
quite sufficient to destroy that idea of mathematical
fixity which precludes speculation, are yet too
trifling, as far as practical applications go, to induce
a change of language, and lead us to speak of the
stars in common parlance as otherwise than fixed.
Too little is yet known of their amount and direc-
tions, to allow of any attempt at referring them to
definite laws. It may, however, be stated general-
ly, that their apparent directions are various, and
seem to have no marked common tendency to one
point more than to another of the heavens. It was,
indeed, supposed by Sir William Herschel, that
such a common tendency could be made out; and
that, allowing for individual deviations, a general
recess could be perceived in the principal stars,
Jrom that point occupied by the star Zeta Herculis,
towards a point diametrically opposite. This gene-
ral tendency was referred by him to a motion of the
sun and solar system in the opposite direction. No
one, who reflects with due attention on the subject,
will be inclined to deny the high probability, nay
certainty, that the sun %as a proper motion in some
direction ; and the inevitable consequence of such
a motion, unparticipated by the rest, must be a slow
average apparent tendency of all the stars to the

vanishing point of lines parallel to that direction,
and to the region which he is leaving. This is the
necessary effect of perspective; and it.is certain
that it must be detected by such observations, if
we knew accurately the apparent proper motions
of all the stars, and if we were sure that they were
independent, i. e. that the whole firmament, or at
least all that part which we see in our own neigh-
borhood, were not drifting along together, by a
general sef, as it were, in one direction, the result
of unknown processes and slow internal changes
going on in the sidereal stratum to which our sys-
tem belongs, as we see motes sailing in a current
of air, and keeping nearly the same relative situa-
tion with respect to one another. But it seems to
be the general opinion of astronomers, at present,
that their science is not yet matured enough to
afford data for any secure conclusions of this kind
one way or other. Meanwhile, a very ingenious
idea has been suggested, viz. that a solar motion,
if it exist, and have a velocity at all comparable to
that of light, must necessarily produce a solar aber-
ration ; in consequence of which we do not see the
stars disposed as they really are, but too mnch
crowded in the region the sun is leaving, too open
in that he is approaching. Now this, so long as
the solar velocity continues the same, must be a
constant effect, which observation cannot detect ;
but should it vary, in the course of ages, by a
quantity at all commensurate to the velocity of the
earth in its orbit, the fact would be detected by a
general apparent rush of all the stars to the one or
other quarter of the heavens, according as the sun’s
motion were accelerated or retarded ; which ob-
servation would not fail to indicate, even if it should
amount to no more than a very few seconds. This
consideration, refined and remote as it is, may
serve to give some idea of the delicacy and in-
tricacy of any inquiry into the matter of proper
motion ; since the last mentioned effect would ne-
cessarily be mixed up with the systematic parallax,
and could only be separated from it by considering
that the nearer stars would be affected more than
the distant ones by the one cause, but both near
and distant alike by the other.




When we cast our eyes over the concave of the
heavens in a clear night, we do not fail to observe
that there are here and there groups of stars which
seem to be compressed together in a more con-
densed manner than in the neighboring parts, form-
ing bright patches and clusters, which attract atten-
tion, as if they were therc brought together by
some general cause other than casual distribution.
There is a group, called the Pleiades, in which six
or seven stars may be noticed, if the eye be direct-
ed full upon it ; and many more if e eye be turned
carelessly aside, while the affention is kept directed*
upon the group. Telescopes show fifty or sixty
large stars thus crowded together in a very mode-
rate space, comparatively insulated from the rest
of the heavens. The constellation called Coma
Berenices is another such group, more diffused, and
consisting of much larger stars.

In the constellation Cancer there is a somewhat
similar, but less definite, luminous spot, called
Prasepe, or the bee-hive, which a very moderate
telescopc—an ordinary night-glass, for instance—
resolves entirely into stars. In the sword-handle
of Perseus, also, is another such spot, crowded
with stars, which requires rather a better telescope
to resolve into individuals separated from each
other. These are called clusters of stars; and,
whatever be their nature, it is certain that other
laws of aggregation subsist in these spots, than
those which have determined the scattering of stars
over the general surface of the sky. This conclu-
sion is still more strongly pressed upon us, when
we come to bring very powerful telescopes to bear
on these and similar spots. There are a great
number of objects which have been mistaken for
comets, and, in fact, have very much the appear-
ance of comets without tails: small round or oval

*It is a very remarkable fact, that the centre of the visual area is
by far less sensible to feeble impressions of light, than the exterior
portions of the retina. Few personsare aware of the extent to which
this comparative insensibility extends, previous to trial. To appre-
ciate it, let the reader look alternately full ata star of the fifth magni-
tude, and beside it; or ehoose two equally bright, and about three or
four degrees apart, and look full at one of them, the probability is, he
will see only the other. The fact accounts for the multitude of stars

with which we are impressed by a general view of the heavens ; their
paucity when we come to count them.
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nebulous specks, which telescopes of moderate
power only show as such. Messier has given, in
the Connois. des Temps for 1784, a list of the places
of 103 objects of this sort ; which all those who
search for comets ought to be familiar with, to
avoid being misled by their similarity of appearance.
That they are not, however, comets, their fixity
sufficiently proves ; and when we come to examine
them with instruments of great power, such as re-
flectors of eighteen inches, two fect or more in
aperture, any such idea is completely destroyed.
They are then, for the most part, perceived to con-
sist entirely of stars crowded together so as to oc-
cupy almost a definite outline, and to run up to a
blaze of light in the centre, where their condeunsa-
tion is usually the greatest. The figure represents

the thirteenth nebula of Messier’s list, as seen in the
twenty feet reflector at Slough.* Many of them,
indeed, are of an exactly round figure, and convey
the complete idea of a globular space filled full of
stars, insulated in the heavens, and constituting in
itself a family or society apart from the rest, and
subject only to its own internal laws. It would be
a vain task to attempt to count the stars in one of
these globular clusters. 'They arc not to be reckon-
ed by hundreds: and on a rough calculation,
grounded on the apparent intervals between them
at the borders, (where they are seen not projected
on each other,) and the angular diameter of the

* This heautiful objeet was first noticed by Halley in 1714. TItis
visible to the naked eye, between the stars Mu and Zeta Herculis.
In a night-glass it appears exactly like a sinall round comet.
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whole group, it would appear that many clusters
of this description must contain, at least, ten or
twenty thousand stars, compacted and wedged
together in a round space, whose angular diameter
does not exceed eight or ten minutes; that is to
say, In an area not more than a tenth part of that
covered by the moon.

Perhaps it may be thought to savor of the
gigantesque to look upon the individuals of such a
group as suns like our own, and their mutual dis-
tances as equal to those which separate our sun
from the nearest fixed star ; yet, when we consider
that their wailed lustre affects the eye with a less
impression of light than a star of the fifth or sixth
magnitude, (for the largest of these clusters is bare-
ly visible to the naked eye,) the idea we are thus
compelled to form of their distance from us may
render even such an estimate of their dimensions
familiar to our imagination ; at all events, we can
hardly look upon a group thus insulated, thus per-
fect in itself, as not forming a system of a peculiar
and definite character. Their round figure clearly
indicates the existence of some general bond of
union in the nature of an attractive force; and in
many of them there is an evident acceleration in
the rate of condensation as we approach the centre,
which is not referable to a merely uniform distribu-
tion of equidistant stars through a globular space,
but marks an intrinsic densify in their state of aggre-
gation greater at the centre than at the surface of
the mass. It is difficult to form any conception of
the dynamical state of such a system. On the
one hand, without a rotary motion and a centri-
fugal force, it is hardly possible not to regard them
as in a state of progressive collapse. On the other,
granting such a motion and such a force, we find it
no less difficult toreconcile the apparent sphericity
of their form with a rotation of the whole system
round any single axis, without which internal colli-
sions would appear to be inevitable.

It is to Sir William Herschel that we owe the
most complete analysis of the great variety of those
objects which are generally classed under the com-
mon head of nebul, but which have been separat-
ed by him into—1st, Clusters of stars, in which
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the stars are clearly distinguishable; and these,
again, into globular and irregular clusters; 2d,
Resolvable nebule, or such as excite a suspicion
that they consist of stars, and which any increase
of the optical power of the telescope may be ex-
pected to resolve into distinct stars; 3d, Nebule
properly so called, in which there is no appearance
whatever of stars ; which, again, have been subdi-
vided into subordinate classes, according to their
brightness and size ; 4th, Planetary nebule ; 5th,
Stellar nebule ; and, 6th, Nebulous stars. The
great power of his telescopes has disclosed to us
the existence of an immense number of these ob-
jects, and shown them to be distributed over the
heavens, not by any means uniformly, but, generally
speaking, with a marked preference to a broad
zone crossing the milky-way nearly at right angles.
In some parts of this zone, indeed,—especially
where it crosses the constellations Virgo, Coma
Berenices, and the Great Bear,—they arc assembled
in great numbers ; being, however, for the most
part felescopic, and beyond the reach of any but the
most powerful instruments.

Clusters of stars are either globular, such as we
have already described, or of irregular figure.
These latter are, generally speaking, less rich in
stars, and especially less condensed towards the
centre. 'They are also less definite in point of out-
line ; so that it is often not easy to say where they
terminate, or whether they are to be regarded
otherwise than as merely richer parts of the hea-
vens than those around them. In some of them
the stars are nearly all of a size, in others extreme-
ly different ; and it is no uncommon thing to find a
very red star, much brighter than the rest, occupy-
ing a conspicuous situation in them. Sir William

Herschel regards these as globular clusters in aless

advanced state of condensation, conceiving all such
groups as approaching, by their mutual attraction,
to the globular figure, and assembling together
from all the surrounding region, under laws of
which we have no other proof than the observance
of a gradation by which their characters shade
into one another, so that it is impossible to say
where one species ends and the other begins.




Resolvable nebule can, of course, only be con-
| sidered as clusters either too remote, or consisting
| of stars intrinsically too faint to affect us by their
individual light, unless where two or three happen
to be close enough to make a joint impression, and
give the idea of a point brighter than the rest.
They are almost universally round or oval, their
- loose appendages, and irregularities of form, being
. as it were extinguished by the distance, and only
the general figure of the more condensed parts
being discernible. It is under the appearance of
objects of this character that all the greater globu-
lar clusters exhibit themselves in telescopes of in-
sufficient optical power to show them well; and
the conclusion is obvious, that those which the
most powerful can barely render resolvable, would
be completely resolved by a further increase of in-
strumental force.

Of nebule, properly so called, the variety is
again very great. By far the most remarkable are

those represented in figures adjoining, the upper
of which represents the nebule surrounding the
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quadruple (or rather sextuple) star Theta in the
constellation Orion ; the lower, that about Eta, in
the southern constellation Robur Caroli: the one
discovered by Huygens, in 1656, and figured as
seen in the twenty fcet reflector at Slough; the
other by Lacaille, from a figure by Mr. Dunlop.
The unebulous character of these objects, at least
of the former, is very different from what might be
supposed to arise from the congregation of an im-
mense collection of small stars. It is formed of
little flocky masses, like wisps of cloud ; and such
wisps seem to adhere to many small stars at its
outskirts, and especially to one considerable star,
(represented, in the figure, below the nebula,)
which it envelopes with a nebulous atmosphere of
considerable extent and singular figure. Several
astronomers, on comparing this ncbula with the
figures of it handed down to us by its discoverer,
Huygens, have concluded that its form has under-
gone a perceptible change. But when it is consi-
dered how difficult it is to represent such an object
duly, and how entirely its appearance will differ,
even in the same telescope, according to the clear-
ness of the air, or other temporary causes, we shall
readily admit that we have no evidence of change
that can be relied on.

The next figure represents a nebula of a quite
different character. The original of this figure is

in the constellation Andromeda, near the star Nu.
It is visible to the naked eye, and is continually
mistaken for a comet, by those unacquainted with
the heavens. Simon Marius, who noticed it in
1612, describes its appearance as that of a candle
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shining through horn, and the resemblance is not
inapt. Its form is a pretty long oval, increasing
by insensible gradations of brightness, at first very
gradually, but at last more rapidly, up to a central
point, which, though very much brighter than the
rest, is yet evidently not stellar, but only nebula
in a high state of condensation. It has in it a few
small stars ; but they are obviously casual, and the
nebula itself offers not the slightest appearance to
give ground for a suspicion of its consisting of stars.
It is very large, being nearly half a degree long,
and fifteen or twenty minutes broad.

This may be considered as a type, on a large
scale, of a very numerous class of nebulz, of a

' round or oval figure, increasing more or less in

density towards the central point: they differ ex-
tremely, however, in this respect. In some, the
condensation is slight and gradual ; in others great
and sudden : so sudden, indeed, that they present
the appearance of a dull and blotted star, or of a
star with a slight burr round it, in which case they
are called stellar nebuke ; while others, again,
offer the singularly beautiful and striking phenome-
non of a sharp and brilliant star surrounded by a
perfectly circular disc, or atmosphere, of faint light
in some cases, dying away on all sides by insensi-
ble gradations; in others, almost suddenly termi-
nated. These are ncbulous stars. A very fine
example of such a star is 55 Andromed®. Eta
Orionis and Iota of the same constellation are also
nebulous ; but the nebula is not to be seen without
a very powerful telescope. In the extent of devia-
tion, too, from the spherical form, which oval nebulze
affect, a great diversity is observed : some are only
slightly elliptic ; others much extended in length ;
and in some the extension so great as to give the
nebula the character of a long, narrow, spindle-
shaped ray, tapering away at both ends to points.

Annular nebule also exist, but are among the
rarest objects in the heavens. The most conspicu-
ous of this class is to be found exactly half way
between the stars Beta and Gamma Lyre, and may
be seen with a telescope of moderate power. It is
small, and particularly well defined, so as in fact
to have much more the appearance of a flat, oval,
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solid ring than of a nebula. The axes of the
ellipse are to each other in the proportion of about
four to five, and the opening occupies about half its
diameter : its light is not quite uniform, but has
something of a curdled appearance, particularly at
the exterior edge; the central opening is not en-
tirely dark, but is filled up with a faint, hazy light,
mniformly spread over it, like a fine gauze stretched
over a hoop.

Planetary nebule are very extraordinary objects.
They have, as their name imports, exactly the
appearance of planets ; round or slightly oval discs,
In some instances quite sharply terminated, in
others a little hazy at the borders, and of a light
exactly equable or only a very little mottled, which,
in some of them, approaches in vividness to that of
actual planets. Whatever be their nature, they
must be of enormous magnitude. One of them is
to be found in the parallel of Nu Aquarii, and
about five minutes preceding that star. Its appa-
rent diameter is about 20”. Another, in the con-
stellation Andromeda, presents a visible disc of
127, perfectly defined and round. Granting these
objects to be equally distant from us with the stars,
their real dimensions must be such as would fill, on
the lowest computation, the whole orbit of Uranus.
It is no less evident that, if they be solid bodies of |
a solar nature, the intrinsic splendor of their sur-
faces must he almost infinitely inferior to that of the
sun’s. A circular portion of the sun’s disc, subtend-
ing an angle of 207, would give a light equal to
100 full moons; while the objects in question are
hardly, if at all, discernible with the naked eye.
The uniformity of their discs, and their want of ap-
parent central condensation, would certainly augur
their light to be merely superficial, and in the na-
ture of a hollow spherical shell : but whether filled
with solid or gaseous matter, or altogether empty,
it would be a waste of time to conjecture.

Among the nebulee which possess an evident
symmetry of form, and seem clearly entitled to be
regarded as systems of a definite nature, however
mysterious their structure and destination, the most
remarkable are the 51st and 27th of Messier’s
catalogue. The former consists of a large and
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| destination of this nebulous matter ?

bright globular nebula surrounded by a double ring,
at a considerable distance from the globe, or rather
a single ring divided through about two fifths of its
circumference into two lamine, and having one

| portion, as it were, turned up out of the plane of

the rest. The latter consists of two bright and
highly condensed round or slightly oval nebule,
united by a short neck of nearly the same density.
A faint nebulous atmosphere completes the figure,
enveloping them both, and filling up the outline
of a circumscribed ellipse, whose shorter axis is
the axis of symmetry of the system about which it
may be supposed to revolve, or the line passing
through the centres of both the nebulous masses.
These objects have never been properly described,
the instruments with which they were originally
discovered having been quite inadequate to.show
the peculiarities above mentioned, which seem to
place them in a class apart from all others. The
one offers obvious analogies either with the struc-
ture of Saturn or with that of our own sidereal
firmament and milky way. The other has little or
no resemblance to any other known object.

The nebule furnish, in every point of view, an
inexhaustible field of speculation and conjecture.
That by far the larger share of them consists of stars
there can be little doubt ; and in the interminable
range of system upon system, and firmament upon
firmament, which we thus catch a glimpse of, the
imagination is bewildered and lost. On the other
hand, if it be true, as, to say the least, it seems
extremely probable, that a phosphorescent or self-
luminous matter also exists, disseminated through
extensive regions of space, in the manner of a cloud
or fog—now assuming capricious shapes, like actual
clouds drifted by the wind, and now concentrating
itself like a cometic atmosphere around particular
stars ; what, we naturally ask, is the nature and
Is it absorbed
by the stars in whose neighborhood it is found, to
furnish, by its condensation, their supply of light
and heat? or is it progressively concentrating it-
self by the effect of its own gravity into masses, and
so laying the foundation of new sidereal systems or
of insulated stars ? It'is easier to propound such
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questions than to offer any probable reply to them.
Meanwhile an appeal to facts, by the method of con-
stant and diligent observation, is open to us; and,
as the double stars have yielded to this style of
questioning, and disclosed a series of relations of
the most intelligible and interesting description, we
may reasonably hope that the assiduous study of
the nebule will, ere long, lead to some clearer un-
derstanding of their intimate nature.

We shall conclude this section by calling the
reader’s attention to a fact, which, if he now learn
for the first time, will not fail to surprise him, viz.
that the stars continue visible through telescopes
during the day as well as the night; and that, in
proportion to the power of the instrument, not only
the largest and brightest of them, but even those of
inferior lustre, such as scarcely strike the eye at
night as at all conspicuous, are readily found and
followed even at noonday,—unless in that part of
the sky which is very near the sun,—by those who
possess the means of pointing a telescope accurately
to the proper places. Indeed, from the bottoms of
deep narrow pits, such as a well, or the shaft of
a mine, such bright stars as pass the zenith may
even be discerned by the naked eye; and it was
stated by a celebrated optician, that the earliest
circumstance which drew his attention to astronomy
was the regular appearance, at a certain hour, for
several successive days, of a considerable star,
through the shaft of a chimney,

SECTION III.

Astronomy of the Ancients—Their method of dividing the stars into
constellations—Constellations easily distinguished—The division
arbitrary, yet convenient—Anciently was important to the hus-
bandman—Reason of the names of the constellations—The twelve
signs of the zodiac—The origin of their hieroglyphic characters—
Signs and constellations of the same name not coincident—Method
of studying the stars—Fables, and descriptions of the constella-
tions—Remarks—The heavenly bodies unequally distant from the
carth—Earth comparatively but an atom.

AsTroNOMY seems to have been cultivated as a
science at a very early age of the world. The sons
of Seth employed themselves in its study ; and it
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has been asserted on the authority of Berosus that
Abraham was adroit in celestial observations. In
Babylon, after its capture by Alexander the Great,
were found observations on record, that had been
made by the Chaldeans about one thousand nine
hundred years previous, which extends back to the
confusion of tongues. It is probable, therefore, that
the Chaldeans were the first that cultivated the
science of astronomy to any great extent. At what
time they divided the heaven into constellations is
not known. The method was as follows: they
fixed one vessel containing water over another that
was empty, and at the moment a certain star ap-
peared in the eastern horizon, they opened a small
passage for the liquid, so that it might run through
slowly and be caught in the vessel beneath : at the
moment the same star again appeared in the eastern
horizon they stopped the flow of the water. This
quantity of water was then to be divided into
twenty-four equal parts, and the time one of these
portions should take to run out was the time
allowed between the rising of the first and last
star in any constellation.

To some of these they gave the names of cele-
brated individuals, whose memory they wished to
perpetuate ; to others such birds, beasts, fishes,
insects, as (if delineated) would occupy the space
allotted to the constellation.

If we thus consider a few stars to form a group,
we may observe this group night after night and its
shape and appearance will be always the same.
There are not anywhere in the heavens different
groups, of considerable extent, so resembling each
other that an observer can be in any danger of mis-
taking one for the other. And as the groups can-
not be mistaken, the individual stars composing
them may thus be certainly recognised, however
any single stars in each may resemble each other
in magnitude, color, and brightness. Being thus
able to recognise a star which we have once ob-
served, we may prosecute our observations upon it
night after night, and year after year. TFor the
immediate observations of an individual no more
than this is requisite ; but when he wants to regis-
ter their results, or to inform others of their nature,
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it is evident that he can no longer be satisfied with
this mere power of identifying to his own satisfac-
tion the particular star which he observes at differ-
ent times, but he must have some means of dis-
tinguishing between the different stars which he has
himself observed, and of announcing to others which
it is, among all the heavenly bodies, to which he has
especially applied his attention.  For this purpose
we again have recourse to those groups by which
we originally distinguished each particular star
from every other. These groups, when divided for
the convenience of reference, are called constella-
tions, (i. e. collections of stars,) a name which is also
applied to those portions of the heavens which they
respectively occupy ; and the whole surface of the
heavens has been long divided in this manner.
The divisions are arbitrary in themselves, and
often, perhaps, ill chosen ; but as the only real use
of them is for the convenience of reference, the one
important object is to have a single received stand-
ard ; and it would consequently be very undesira-
ble to alter them, even for the purpose of making -
what would originally have been a simpler and more
distinct division. The surface of the heavens being
thus divided into constellations, consisting each of
a moderate number of stars, those in each are
catalogued, and are arranged nearly in the order
of their apparent brightness. Stars thus registered
on maps or globes, or their places defined, become
known bodies, and any astronomer, making obser-
vations on a particular star, may communicate it to
any other, who will at once know the star in ques-
tion, and be able to compare the results with his
own. Besides, some of the brighter and most re-
markable stars have been distinguished by particu-
lar names, which will be given héreafter.

The number of stars of each magnitude increases
as their brilliancy diminishes. In the catalogue of
the Astronomical Society in London, consisting of
2881 stars, there are but twenty-one above the
second magnitude ; (three of which are considered
between the first and second ;) about fifty of the
second, or between the second and third; and
about eighty of the third, or between the third and
fourth magnitudes.




The division of the starry heavens served to dis-
tinguish the-seasons of the year, and consequently
the proper periods for the various operations of
agriculture. Thus the spring signs, or constella-
tions, were distinguished by those animals which
were then held in most esteem at that season of the
year. The first sign they called Aries; because
the ram was considered the father of the fleecy
flock, which afforded them both food and raiment.
The next sign was named Taurus, because the bull
was looked upon as being the pride and strength
of their numerous herds. The last of the spring
signs was called Gemini, being emblematical of the
goats bringing forth twins about the season of the
year that the sun got so high in the zodiac as to
enter into this constellation.

The first of the summer signs was called Cancer ;
because, when the sun entered that constellation,
he was observed to have attained his greatest
northern distance from the equinoctial, and then
began to assume a retrograde motion. This motion
the ancients represented under the figure of a Crab,
because of its creeping backwards. The next con-
stellation was called Leo, because of the parching
heat which usually attended the sun’s entrance into
this sign ; and also because the lion, impelled by
thirst, would frequently quit the sandy desert of
Zaharah, and make his appearance on the banks of
the Nile about that time. The last of the summer
signs was called Virgo ; this constellation the an-
cients represented under the figure of a virgin, or
female reaper, holding an ear of corn in her hand ;
as being emblematical of the harvest time.

The first of the autumnal signs was called Libra ;
because when the sun entered into this constella-
tion he seemed to hold the days and nights in
equilibrio, giving the same proportion of light and
darkness to the inhabitants of all parts of the globe.
The second sign was called Scorpio; because
when the sun entered this constellation a great
variety of fruit was ripened, the immoderate use of
which was found to be productive of much evil,
and generally a predisposing cause of fever and a
numerous train of diseases. Hence the ancient$
represented this sign under the figure of a scorpion ;
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because that reptile gives a poisonous wound with
its tail to the person who makes too free with it.
The last of the autumnal signs was called Sagitta-
rius ; because when the sun entered it the trees
were nearly divested of their clothing or leaves.
This they considered as emblematical of the fit
season for hunting; and hence represented the
constellation under the figure of an archer with his
bow and arrows.

The first of the winter signs was called Capri-
cornus, because of the goat, who delighted in climb-
ing up high and ecraggy places; and also as an em-
blem of the winter solstice ; for when the sun enters
this sign he begins to ascend or climb higher in the
zodiac. The next sign was called Aquarius, be-
cause they observed that when the sun entered into
this constellation it was always about the wet and
dreary season of the year ; hence it was represent-
ed under the figure of a man pouring out water
from an urn. The next and last of the winter signs
was called Pisces; this the ancients represented
under the figure of two fishes tied back to back, as
an emblem of the fishing season.

The constellations thus alluded to are those lying
in the sun’s track, commonly called the twelve
houses, or signs of the zodiac; and which bear an
evident correspondence with the division of the
year into the twelve parts, called the calendar
months.

Besides the above-mentioned twelve, there are
eighty-one other constellations in the heavens;
thirty-four of which are on the north side of the
equinoctial, and forty-seven on its south side;
making in the whole ninety-three constellations.

Instead of writing the name of the sign of the
zodiac every time there is occasion to speak of it,
astronomers use a hieroglyphic or symbol for this
purpose ; thus o signifies the Ram; 8 the Bull;
O the Twins; = the Crab; Q the Lion; = the
Virgin ; =~ the Balance; m the Scorpion; 1 the
Archer ; ¥ the Capricorn; xr the Water-Bearer ;
% the Tishes. These symbols were probably
adopted from some resemblance, fancied or real, to
the whole or to a part of the animal whose name
was given to the sign. This may appear the more
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Thus the horns of the ram have quite a similarity
in appearance to the symbol % appropriated to that
sign in the zodiac. The same resemblance may be
traced between the head of the bull ; the twins as
a whole ; the beam of the balance ; the archer’s
weapon ; the whole of the eaprieorn ; the stream
of the water-bearer ; the fishes; and the hierogly-
phies used to denote the respective signs named for
these animals or things. The others, it is true, are
not so evident, but we may readily suppose that in
the lapse of many ecnturies the symbols might be
somewhat changed from their original form, or we
might suppose that they originated in the imagina-
tion of some one whose fancy might be more vivid
than his eyesight. At any rate the origin thus
attributed to these characters may serve to amuse
the reader and to gratify the minds of those who are
curious on such subjects.

Hipparchus, who has transmitted us a catalogue
of the stars known in his time, reckons forty-nine
constellations, twelve in the zodiae, twenty-two to
the north of the zodiac, and fifteen to the south.
And here we would remark that it is necessary to
distinguish the constellations from the signs of the
zodiac that have the same name.

The signs occupy, along the ecliptic, spaces of a
determinate length, viz. thirty degrees each, while
the constellations are, on the contrary, scattered,
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credible on an inspection of the accompanying
plate.
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in the eelestial globe, through regions of very varia- |
ble extent.  Besides, owing to the precession of |
the equinoxes, the constellations have moved for-
ward and are now 30° from the signs of the same
name. .
The constellation of the Ram, for instance, was |
two thousand years ago in the sign which bears its

name, or in the first part of the ecliptic, but the
equinoxes having moved baekward about 507
yearly, the sun is now in the constellation of the
Fishes when it crosses the equator coming north,
that is, when it is in the sign of the Ram.

We have seen that space is filled with an infinite
multitude of stars at an immense distance. These
myriads of heavenly bodies, which appear to us
like so many twinkling points, are suns, luminous
in themselves, the sources of light and heat. It 1s
distance alone that renders them so small to our
imperfeet visions.

We have supposed that the earth is immovable
in the middle of space; that the heaven like a
sphere turns around with a motion rigorously uni-
form in twenty-three hours fifty-six minutes and four
seconds upon an imaginary axis nearly invariable :
half of this sphere the horizon conceals from our
view.

The constellations or asterisms have their proper
names ; whether appropriate or not is nothing to
the present purpose. We shall give them as we
find them. It would be almost impossible and al-
together uscless to have given proper names to
each of the stars. The astronomy of the early ob-
servers was very rude, as it could not but have
been. They were satisfied with naming the most
beautiful stars; and we have preserved their
names. But when astronomers wished to study the
subject with more care, and to distinguish the less
brilliant of the stars, they eould not but perceive
the imperfection of the earlier method. They fol-
lowed the course of the naturalist who distributes
under certain elasses a number of individuals.
Astronomers have distributed the stars into groups,
around which they have made the outline of some
animal or fabulous being. Such is, then, the system
adopted for classing and naming the stars. A lion
is drawn as an outline for a group ; one star is in
the neck, another in the back ; this is in the tail ;
that is in the heart ; and these parts serve to point
out and distinguish particular stars.

Next to a beautiful day, what is more imposing
than a beautiful night ? when the heaven without a
cloud discovers to us its azure plains, on whiech




~ monds that are scattered over it !
glorious is the mantle of night.
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gold seems to mingle its brightness with the dia-
How rich and
In this view she is
nothing frightful ; she is a goddess: she scatters in
her path a beneficent dew, that is drank by the
flowers, the leaves, and the plants, dried by the
heat of the day ; she mingles witli the breezes that
mild humidity so requisite for vegetation. She
measures the slumber of nature and spreads a veil
over man and animals in their repose, which she
surrounds with a majestic silence. Observe the
heavens through the whole of a clear night ; those
of autumn and winter are preferable, because of
their length. Two clear nights in the months of
October and March will be sufficient to make you
acquainted with all the constellations visible at
this latitude. You will distinguish at first only the
most brilliant of the stars ; their brightness renders
them remarkable even when the moon shines. Af-
ter learning these, they will serve as so many
marks by which to find the rest.

Straighten a thread and place it in such a manner

- as to be in a line, or nearly, with three stars, two
. of which are known.

On the chart form a similar
alignment ; this will serve to point out and make
known to you the unknown star. We must remem-
ber, however, that lines on the chart will not an-
swer exactly to those in the heavens. We cannot
draw a projection of the sphere which shall not
have disadvantages as well as advantages. Again,
in consequence of the rotation of the sphere, the
stars, though they preserve their mutual distances
and relations, turn with the sphere. The ideal
lines, therefore, which join them, take different
directions, that cannot be drawn on the charts.
Such lines as we imagine to pass through two stars
are sometimes vertical, at others inclining, and at
others horizontal. The circumpolar constellations
especially present remarkable variations of this
kind. Let the observer place himself in an open
spot ; let him turn his back to the south ; then,
having the east on his right and the west on his
left, he will have before him the northern pole, dis-
tinguished by a star that appears to be immovable ;
it is almost the only star of the second magnitude
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in that region, and we shall easily learn to re-
cognise it. It is sufficient at present to say that all
the constellations revolve about this point, and in
the course of twenty-four hours take almost all
positions : now high, now low; now on this side,
now on that. At the samc hour of the night the
aspect of the heavens is different at different sea-
sons of the year. The horary circle of a star ad-
vances, day by day, towards the west and towards
the sun. We could not indicate the place of a star
without having regard to the daily variations; for
its position changes at every instant of the night,
and it does not return to the same position in less
than twenty-four hours.

The figures and the names of the constellations,
though arbitrary, are connected with each other,
and with chronology, physics, and mythology. It
is not without interest to go back to the origin of
thesc symbols, and to read in the heavens the
history of the civil and religious customs of the an-
cients, who have consecrated their memory in these
poetic fictions, despised by those only who cannot
comprechend them. Still it is difficult to give to
explanations of these figures that character of cer-
tainty which belongs to positive truth. Many cele-
brated men have deceived themselves on this sub-
ject ; many opinions have been adopted lightly and
defended obstinately. It is more particularly im-
portant to explain the constellations of the zodiac,
since they have come to us unchanged through so
many ages. Their connection with religion and
history gives them a still greater importance.

Marks of the same principles are to be found also
in the other constellations ; but they have suffered,
in the lapse of centuries, changes, which render
their interpretation doubtful. It has been well re-
marked that every thing in Greece is adapted to
encourage the lover of the arts and to discourage
the philosopher. It is in the East that we must
seek the key of those fictions which are based upon
astronomy. We must study the civil and religious
usages of that time and place, the natural phe-
nomena, the seasons devoted to agriculture, &c.
We should regard as the work of a people that
which belongs to them and to them only; that
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which had at a particular ecpoch a meaning for
them, and which could have none at any other time
or to any other nation.

The heavens have at all times received the
homage of the people, and the stars, according to
their importance, have participated in this homage.
As men always preferred the marvellous to the true,
the priests took advantage of this disposition to rivet
their chains, by making science serve as the basis
of the mysterious emblems they invented. It is
thus that the truths of nature are bound to fictions
which disgrace them.

THE BULL.

In this cluster are two remarkable groups, the
Pleiades and the Hyades. According to Hebrew
authorities this constellation is ascribed to Joseph.
According to the Greeks it represents the animal
that carried Europa over the sea from Asia. While
Europa was gathering flowers, a snow-white bull
approached her train; she caressed the beautiful
animal, and had the courage to sit upon his back.
He immediately made for the shore, crossed the sea,
and with the lady arrived safely in Crete. The
carrying off of Europa and Io by Jupiter is proba-
bly an allusion to the new year, the sun and moon
in spring being in the sign Taurus; and in Virgil
we find

The milk-white Bull with golden horns

Leads on the new-born year.
The Pleiades were the seven daughters of Atlas
(the heaven) and of Pleione, (the sea,) or Hesperia,
(the evening.) Their name seems to be derived
from a Greek word meaning plurality, they being
seven; viz. Electra, Maia, Taygeta, Alcyone,
Celeno, Sterope, and Merope ; the last of whom
married a mortal, and her star accordingly became
dim. Orion was the persecutor of the Pleiades,
but to save them from his fury Jupiter placed them
in the heaven, where that giant still pursues them,
but in vain.

The Pleiades are sometimes called Virgins of the
Spring, because the sun enters this cluster in May.

The Hyades were nymphs of Dodona, daughters
of Ocean ; they are five in number. Their name

signifies to rain, because their return annoupced
the approach of the rainy season among the an-
cicnts.

The Bull is one of the constellations of the
zodiac. The head and shoulders of the animal are
the only parts to be seen; these are very distinct-
ly marked. Its declination is about sixteen degrees
north. It has the T'wins on the east, the Ram on
the west, Orion and the River Po on the south,
Perseus and the Charioteer on the north. It includes
one hundred and forty-one stars. In the Pleiades
there are but seven stars visible to the naked eye,
and one of these is so dim that it has been called
the ¢“Lost Pleiad,” and has been the cause of many
beautiful strains of poetry.

The Pleiades are principally of the fourth and
fifth magnitudes ; they are situated in the neck of
the Bull, and form a very conspicuous group, such
that they cannot be mistaken. The brightest star
in the group is sometimes called The Light of the
Pleiades. With a telescope, fwo hundred stars have
been discovered in this cluster.

The Hyades are south-east of the Pleiades, in
the forehead of the Bull. The five stars of this
group are so placed as to form the letter V, and
the most brilliant of these is called Aldebaran;
a most important star to navigators, since it is one
of the nine from which the moon’s distance is com-
puted in the Nautical Almanac.

ORION.

Orion was a giant of prodigious size, and an in-
trepid hunter. His rising in the evening and pre-
sence during the nights in winter cause to be attri-
buted to him the power of troubling the ocean.

Stormy Orion rises.
Vira.

Orion surpassed the rest of mankind in fleetness,
and boasted that he could overcome all animals.
A scorpion was sent out of the earth as a punish-
ment for his boast, and, biting his foot, caused his
death. He has been called the son of Neptune,
who gave him power to walk on the water ; others
have said that he was given by Jupiter, Neptune,
and Mercury to an inhabitant of Beeotia in the skin
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of a bull ; whence he was placed near that constel-
lation when advanced to the heavens, and as far as
possible from the Scorpion. Some suppose the
fable of Orion intends Abraham entertaining the
three angels, who foretold the birth of his son
Isaac.

Orion is situated to the southward of the Bull.
It is the most beautiful of all the constellations for
its extent and the number of its brilliant stars,
situated in an oblong, four-sided figure, whose
diagonals are formed by two stars of the first and
two of the second magnitude. At the north-east
angle, or in the right shoulder, is Befelgeuz, a star
of the first magnitude. At the south-west angle,
or in the left foot, is Rigel, of the first magnitude,
a splendid star. In the middle of the oblong are
situated three stars of the second magnitude, in an
oblique line. They have been called The Shoulder-
belt, The Girdle, The Three Kings, The Rake, Jacob’s
Staff, The Three Stars, because there are no other
three that resemble them exactly. In Scripture
they are spoken of' as the bands of Orion: ¢ Canst
thou loose the bands of Orion?””  To the southward
of these are several stars of the fourth and fifth
magnitudes, called The Sword. Both of these were
named Napoleon in 1807 by the university at Leipsic,
but they are more commonly known as the Yard
and Ell. 'The three in the belt forming the yard
measure three degrees in length, divided by each
star into equal parts. The Ell isonce and a quarter
the length of the belt. Orion is represented by the
figure oft a man, with a club in his right hand, and
the skin of a lion on his left for a shield; in the atti-
tude of assaulting the Bull. Orion is easily dis-
covered during the beautiful nights of winter. Itis
placed in a part of the heaven which is filled with
bright stars. About nine or ten o’clock in the
evening, in February or March, there can be seen
at the same time as many as twelve stars of the
first magnitude; viz. Sirius, Procyon, Capella,
Spica Virginis, Aldebaran, Arcturus, Betelgeux,
Rigel, Regulus, Denebola, Castor, and Alphard,
without mentioning a greater number of the second
magnitude.

The whole number visible to the naked eye in
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this constellation is seventy-eight; with the tele-
scope upwards of two thousand have been seen.

THE HARE.

This was an animal which Orion delighted to
hunt, and its swiftness was one of his attributes; it
was-therefore placed near him in the skies. It is
in fact directly against his right leg. It may be
easily known by means of four stars of the third
magnitude which form an irregular four-sided
figure, distinguishing it at once. These stars are
in the legs and feet of the animal. The principal
star, marked Alpha, bears about south from the
middle star in Orion’s belt, from which it is distant
nearly seventeen degrees; it also bears about west
from the dogstar, (Sirius,) distance seventeen de-
grees. The dogstar, Alpha of the Hare, and the
middle star in Orion’s belt form nearly a right-
angled triangle, Alpha of the Hare being at the
right angle.

NOAH'S DOVE.

This constellation, as is evident from its name,
commemorates the messenger sent forth by Noah
from the ark to see if the waters of the deluge had
abated; ‘“and the dove returned with an olive
branch in her mouth.”

“ A dove sent forth once and again to spy
Green tree or ground, whereon his foot may light;
The second time returning, in his bill
An olive branch he brings, pacific sign.”

The Dove is south of the Hare about sixteen de-
grees, and is nearly on the same meridian with the
most eastern star in the belt of Orion, distant thir-
ty-two degrees, and south-west by south of Sirius,
distant twenty-three degrees nearly. It contains
one star of the second, one of the third, and two of
the fourth magnitude.

THE RIVER PO.

This river was celebrated by the poets on ac-
count of the fabled fall of Phieton, the son of
Phebus, from whom he obtained a rash promise
that whatever boon he asked should be granted.
No sooner was the promise spoken, than the reck-
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less youth, as if bent on his own destruction and
that of the world, demanded to drive for one day
the chariot of his father. It was all in vain to re-
present to him the danger of such an attempt.
The terrible oath, (by the river Styx,) which even
the gods could not break, had bound the father;
and the son was not to be moved from his purpose.
Pheebus gave him the reins, which he had no sooner
received than he betrayed his ignorance and inca-
pacity to manage them. Ie had nearly set the
world on fire, when Jupiter struck him with light-
ning and tumbled him headlong from his aerial
flight into the river Po. Some call this constella-
tion the Nile, or the River of Orion.

It is a narrow line of stars of the third and fourth
magnitudes, curving through various parts of the
heavens. It commences near the left foot of Orion,
passes westward towards the Whale, where it
makes a cireuit, passes south-east, and again trends
to the south-west, passing between the Chemical
Furnace and the Pheniz on the west, and the Clock
on the east, and finally terminates in the bright
star Achernar, of the first magnitude; its entire
length being about one hundred and thirty degrees.
It eontains eighty-four stars, among which one is of
the first, one of the second, and eleven of the third
magnitude.

THE CHARIOTEER.

Some suppose that this constellation owes its
name to Ericthonius, the son of Vulcan and Mi-
nerva, who was the fourth king of Athens. He
was of monstrous shape, having the tails of serpents
instead of legs. DBeing anxious to conceal his de-
formity, he invented chariots and the manner of
harnessing horses to draw them. Others think this
constellation represents Phieton, an aecount of
whom has been given under the River Po. Others
think it is DBelerophon; others, Absyrtus, the
brother of Medea; others, Myrtilus, driver of
(Enomaus. It announces by its heliacal rising the
entrance of the sun into the Bull.

The Chariofeer is represented by the figure of a
man in a bending attitude, one foot upon a horn of
the Bull, with a bridle in his right hand and a goat

in his left. It is situated eastward of Perseus, and
north of Orion and the Bull. A line drawn through
the two most northerly stars in the square of the
Great Bear will lead to Capella, the principal star
in the Chariotcer. Capella is not only the bright-
est in this constellation, but one of the brightest in
the heavens. The two stars in the shoulders of
Auriga, with the two in the shoulders of Orion,
make an oblong, whose length (running north and
south) is five times its breadth. Also these and the
star in the right horn of the Bull form two similar
and nearly equal triangles, the last star being at
their common vertex. The whole number of stars
in this constellation is sixty-six.

THE CAMELOPARD.

This constellation was so called from an animal
peculiar to Ethiopia. This animal is very tractable,
and has the natural properties of the camel, except
that its body is spotted, whence its name. It was
made out of the unformed stars which lay between
Perseus, the Charioteer, the head of the Great Bear,
and Alruccadbah, the north polar star. It contains
fifty-eight stars, all small.

THE LYNX

was made out of forty-four unformed stars lying
between the Chariofeer and the Great Bear. None
of them are above the third magnitude, and but
three belong to that order ; the remainder, being
quite small and scattered, present us nothing very
interesting or worthy of notice.

THE TWINS.

This constellation is a symbol of friendship.
Some call it Amphion and Zethus; others, Tripto-
lemus and Jasius; or Appollo and Hercules; or,
lastly, the most common opinion, Castor and Pollux.
These last were the twin sons of Jupiter and Leda.
The manner of their birth was remarkable. As
soon as they had arrived at years of discretion, they
embarked with Jason in quest of the golden fleece.
In this expedition both conducted with great
courage. After their return they cleared the sea
from pirates ; therefore they have ever since been




WONDERS OF THE

considered the friends of navigation. Castor was
finally killed in battle. Pollux was immortal, and
as he loved his brother tenderly he entreated Jupiter
to restore him to life, or take from himself immor-
tality. Jupiter so far granted the prayer as to
allow them to share the immortality. This act of
fraternal love Jupiter rewarded by placing them
both in heaven under the name of the Twins.

This constellation is situated to the eastward of
the Bull, and represents in a sitting posture twin
brothers, the one holding a lyre in his right hand
and an arrow in his left, and his head encircled
with beams of light; the other holds a club. This
is the fourth constellation in the zodiac. The sun
is in the Twins in July. This constellation contains
eighty-five stars, one (Castor) of the first, and one
(Pollux) of the second magnitude, in the heads, about
four and a half degrees asunder; four of the third
magnitude, and seven of the fourth. It is easily
known by means of the two first mentioned. Cas-
tor is the northernmost and the brightest of the two.
Pollux is one from which the moon’s distance is
given in the Nautical Almanac. Castor and Alde-
baran form the base of an isosceles triangle, Capella
being at the vertex. The constellation forms al-
most an oblique parallelogram. The relative mag-
nitude of the two principal stars has undergone
changes at different periods, and some astronomers
have thought that Pollux must vary from the first
to the third magnitude ; but Herschel ascribes the
variation to Castor, which he found to consist of
two stars close together, the less revolving about
the other in three hundred and forty-two years.

THE LITTLE DOG.

This is supposed to be one of Orion’s hounds
turned into a constellation, and of course placed
ncar him in the heavens. It is sometimes called
Anlecanis, from its rising before the Great Dog.

Some suppose this constellation represents Anu-
bis, an Igyptian deity, who had the body of a man
and the head of a dog. Others say that it is one
of Acteon’s hounds, that devoured their own mas-
ter, he having been changed into a stag by Diana.

The Little Dog is south of the Twins. Its princi-
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pal star is Procyon, of the first magnitude. This
star is situated to the southward of Pollux, distant
twenty-three degrees, and to the eastward of
Betelgeux, distant twenty-six degrees. Pollux, Pro-
cyon and Betelgeux, form a right-angled triangle,
Procyon being at the right angle. '

Procyon is often used for the name of the whole
constellation, as Sirius is for that of the Great Dog.

THE UNICORN.

This represents an animal about the size and
shape of the horse, with one white horn growing
out of the middle of its forehead. It is fabled to
have existed in Ethiopia. The unformed stars
which lay between Orion and the Little Dog were
made into a constellation with this name. It lies
on both sides of the equator. It contains thirty-one
stars, a few of them being as large as the fourth
magnitude; these form a very oblique V, whose
northerly branch is in a line with the star X7 in
one foot of the Twins. The remaining stars of this
constellation are very small and scattered.

THE GREAT DOG

Was, with the Dragon, set to watch Europa after
she had been carried off by Jupiter. It afterward
was given to Minos, and at different times belonged
to Procris, Cephalus and Aurora, and finally to
Orion.

Anciently the summer solstice happened while
the sun was in Capricorn or the Lion. The rising
of Sirius in the evening or morning announced to
Egypt the rise of the river Nile, and gave men
notice, like a faithful dog, to prepare themselves
against the coming inundation. His name Sirius or
Siris i1s derived from Osiris, which means the sun
and the fertilizing river.

But the precession of the cquinoctial points has
deprived Sirius of the power of predicting the inun-
dation. He rose heliacally, that is, before the sun,
about the 2Ist of June, fifteen days previous to
the swelling of the water. Tt is not visible now in
that country until the 10th of August. About the
year 300 of our era, it rose heliacally towards the
middle of July, and thvs announced the season of |
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great heat and sicknesses consequent, which were
accordingly attributed to its influence under the
name of the Dogstar.  This was the origin of the
name dog days, which continue from the 22d of
July to the 23d of August, during which the sun
was describing the sign of the Lion or the constella-
tion of Cancer.

The Great Dog is to the southward and eastward
of Orion, and may be easily known by the brilliancy
of its principal star Sirius, which is the brightest and
apparently the largest in the heavens, and can never
be mistaken for any other star. Light, which comes
from the sun to the earth in eight minutes thirteen
seconds, or at the rate of two hundred thousand miles
a second, would require three years and eighty-two
days to pass from Sirius to the earth; so that if that
star were destroyed, we should still continue to see
it more than three years; and this too is consider-
ed as one of the nearest of the fixed stars.

Sirius in the Great Dog, Procyon in the Little
Dog, and Betelgeux in Orion form an equilateral
triangle. A line drawn from the Pleiades by the
casternmost star in Orion’s belt will lead directly
to Sirius, which is distant from the belt twenty-two
degrees nearly.

THE SHIP ARGO.

Some think this represents the ship that carried
Jason and his companions, when they sailed for
Colchis in quest of the golden fleece. This skip
had fifty oars, and could not have been much larger
than our boats; for it is said that the crew carried
it on their backs from the Danube to the Adriatic.
When the expedition was completed, Jason drew
the ship on shore and consecrated her to Neptune;
the poets turned her into a constellation.

Others imagine this constellation to have been
formed by the Egyptians, owing its existence to the
numberless boats of bark which were in use during
the time of an inundation. The heliacal rising of
the star Canopus was a precursor of this phenome-
non, since this star rose with the first of the Lion at
the summer solstice.

The ship is situated south of the equator, to the
eastward of the Great Dog. It may be known by
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the stars in the prow and deck. If a straight line
Jjoining Sirius and Delta in the Great Dog be pro-
duced it will reach Zeta in the rowlock. The
principal star in the constellation is called Canopus,
which is of the first magnitude, but it never rises
above our horizon, being in fifty-three degrees south
declination. There are in the constellation sixty-
four stars, most of which have so great a southern
declination that they cannot be seen in the United
States.

THE CRAB.

While Hercules was engaged in destroying the
famous Lernean monster, Juno sent a sea-crab to
bite the hero’s foot; this new enemy was soon
despatched, but Juno, to reward its services, placed
it among the constellations. Sometimes two asses
are placed in this division of the zodiac, because
they were the animals Bacchus used to ride, or
because theyassisted Jupiter to overcome the giants,
terrifying them with their noise. This is the least
apparent of any constellation in the zodiac, in
which it is the fifth, lying between the Twins and
the Lion. Acubens, of the third magnitude, is its
principal star. A line drawn from Capella through
Pollux will lead to Acubens; it is also situated in
a right line drawn from Bellatrix in Orion to Regu-
lus in the Lion. The Crab contains eighty-three
stars.

Tegmine, the last in the back, is a treble star,
which requires very favorable circumstances to be
seen distinctly.

Prasepe, the stall, is a small nebule in the breast
of the Crab, containing five or six stars.

THE LION.

The lion was a symbol of strength and power ;
therefore he was placed where the sun was in mid-
summer, thereby signifying the intense heat at that
time. The Egyptians were annoyed by lions
during the heat of the summer, as they then left
the desert and loved to roam by the cool waters of
the Nile. It was natural, therefore, that they
should place the lion where we find him. The
Greeks supposed this constellation to be the Ne-
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maan lion, that Hercules slew and Jupiter placed
among the stars to commemorate the dreadful con-
flict. The principal star took its name from the Ro-
man consul, whose valor and virtue have rendered
his name immortal. In this constellation four stars
form an irregular four-sided figure. The star in
the heart is called Regulus or the Lion’s Heart,
that in the tail Denebola. There are ninety-five
visible stars in the constellation. The south-west-
ernmost is in, or nearly in' the ecliptic, and may be
distinguished by its brilliancy. A line drawn from
the north pole-star through the Pointers passes
about twelve degrees east of Regulus. It is one of
the nine stars from which the distanece of the moon
is measured, to obtain the longitude at sea. To
the northward of Regulus, eight degrees distant, is
a star of the second magnitude; near these are five

“other stars of the third magnitude ; the whole form-

ing a cluster resembling a sickle, Regulus being in
the extremity of the handle. The other stars will
be easily found in the heavens after one has found
Regulus and Denebola, and observed their relative
situation to the rest on the map. These two are
important, being often used to point out other
clusters in their neighborhood.

THE LITTLE LION.

This constellation was made by Hevelius out of
the unformed stars situated between the Lion on the
south and the Greaf Bear on the north. It contains
fifty-three stars, all of them small; the principal
one, being of the second magnitude, is situated in
the body of the animal.

THE SEXTANT

Was formed out of the stars unformed by the an-
cients, situated between the Lion on the north and
the Water Snake on the south. It contains forty-
one small stars. It was formed in honor of the
nautical instrument called Hadley’s quadrant.

THE WATER-SNAKE AND THE CUP.

This Cup is said to be the same from which
Jupiter, Neptune, and Mercury drank when ‘they

. were kindly entertained by a peasant of Beeotia.
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The gods were so pleased with his hospitality,
that they placed his cup as a constellation in the
heavens. The Water Snake was a monster that
infested the vicinity of lake Lerna. It had a hun-
dred heads, and as soon as one was cut off two
grew out in its place, unless hot iron were applied
to the wound. It was one of the labors of Hereules
to destroy this monster.

The Cup contains thirty-one stars, one being of

“the third magnitude and called Alkes, distant from

Alphard twenty-five degrees in an east-south-east
direction, and from Denebola south by west thirty
degrees. It may be known by a crescent formed
by several stars of the fourth magnitude.

The Water-snake contains sixty stars, most of
them small. It trends to the eastward in a ser-
pentine manner from the Liflle Dog to the Balance,
lying south of the Crab, the Lion and the Virgia.
Its principal star is Alphard, called also the Heart,
which is twenty-three degrees distant from Regulus,
south-south-west. It may be distingnished by its
dark reddish appearance. The head of the Snake
may be recognised by four stars of which the upper
threc form an arch. When the head is on the
meridian the tail is far below the horizon; and its
whole length cannot be traced out in the heavens
until the Cup is on or near the meridian.

THE GREAT BEAR.

Calisto, an attendant and favorite nymph of
Diana, was changed into a bear by Juno. To pre-
vent her being injured by the hunters Jupiter trans-
ferred her to heaven, placing her among the con-
stellations.  Juno, furious, besought Thetis to forbid
the Bear dipping into the ocean, which it never does
in our latitude.

According to another account, the two Bears
are the nymphs who fed Jupiter on mount Ida.
They are called Helices, because of their motion
round the pole. The ancients represented this
constellation by a wagon; hence it has been called
Charles’ Wain or Wagon. This constellation never
sets in our latitude, and consequently takes all
positions in passing round the pole. It is formed

principally of seven beautiful stars, four of which
.
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form an oblong; the other three are in a curved
line; of these, the two first are in the continuation
of the diagonal. These seven stars are sometimes
| called the Dipper and sometimes the Plough. When
i on the meridian above the pole, the bottom of the
Dipper lies toward us, the landle on the right.
The two stars most distant from the tail are called
the Pointers, because a straight line drawn through
| them and continued would strike the pole-star
nearly. The distance of the nearest Pointer, called
Dubhe, from the pole is twenty-nine degrees;the
distance between the Pointers is five degrees.

The right fore-paw and the two hind-paws are
severally distinguished by a couple of stars of the
fourth magnitude; these six are the only stars in
this constellation that ever set in this latitude.
On the side opposite the tail, there are six or seven
stars of the fourth magnitude, placed in a semicircle
convex toward the cbhlong; these, with three or four
of the Lynz, form an S, and are in the head of the
Bear. This constellation has always been an ob-
ject of observation, being so conspicuous and con-
stantly visible. AIll nations seem to have been
equally attracted by its appearance. It is even
asserted that the Iroquois Indians have given it
the same name as the ancients did; though there
| is really no resemblance to a bear in the constella-
tion. The star near the root of the tail, called
Megrez, is in the equinoctial colure.

The whole number of stars in this constellation
is eighty-seven. One is of the first, three are of
the second, seven of the third magnitude.

T OT A

BERENICE'S HAIR.

Berenice was the daughter of Philadelphus and
| Arsinoe.  She married Ptolemy Euecrgetes and
loved him with much tenderness. He went on an
expedition against his enemies, and Berenice, being
anxious for his safety, vowed to dedicate her hair
to the goddess of Beauty if her husband should re-
turn safe. She performed her vow on the victori-
ous return of Euergetes, but the day after the locks
had disappeared from the temple. Conon an as-
trologer was sent for; and when the king expressed
great regret for the loss of what he so much valued,
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and inquired of Conon what had become of them,

the astrolcger, to make his court to the monarch, |

artfully pointed to some unformed stars and ex-
claimed ¢¢ there are the queen’s locks.” The king
was pleased and the queen’s vanity flattered by
this reply, and Conon publicly reported that Jupi-
ter had taken the queen’s hair from the temple and
placed it among the constellations.

It is a beautiful constellation of very small stars,
situated quite near cach other, and between Dene-
bola and Charles’ Heart. It contains forty-three
stars, one being of the fourth magnitude. The
stars are so small that it is not always easy to per-
ceive them. Yet it is not possible to mistake any
other group for them.

THE CROW.

Apollo had occasion for the services of the crow.
Ile performed his part so faithfully, that as a re-
ward, he was transferred to a place among the
stars by the god of day.

Some say that this cluster took its name from the
daughter of Coronceus, who was changed into a
crow for her own safety. This constellation is
situated to the southward of the Virgin and to the
castward of the Cup, and is distinguished by means
of four stars of the third magnitude which form a
trapezium. Its principal star is called Algorab,
distant from Alkes in the Cup twenty-two degrees
in a direction north-easterly, and from the Sheaf of
the Virgin fifteen degrees south-westerly. It in-
cludes nine visible stars, four being of the third,
and one of the fourth magnitude.

THE VIRGIN.

The Virgin, an emblem of justice and law, repre-
sented Themis, whose balance is at her feet, or
Astrea, the daughter of Jupiter and Themis,
whom the crimes of men obliged to abandon earth
for heaven at the end of the golden age.

Faith flies and pi:ety in exile mourns,

And justice, here oppressed, to heaven returns.
Astrea was placed among the constellations of the
zodiac under the name of Virgo.

Some consider Virgo as Ceres and the emblem
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of harvest; or Diana of Ephesus; or Isis of Egypt;
or the great goddess of Syria, Atergatis; or For-
tune ; or Cybele, drawn by lions; or Minerva, the
mother of Bacchus; or the sibyl of Virgil, who
with a golden branch in her hand conducted Encas
into the lower regions; or Erigone, the death of
whose father by the hands of some intoxicated
peasants caused her so much grief, that in a fit of
despair she hung herself, and was placed among
the constellations of the zodiac. Her faithful dog
Meera, afterward placed in the heavens, directed
her to the spot where her father was buried. The
Virgin is the seventh constellation of the zodiac; it
is cast of the ILion, and between the Crow and Be-
renice’s Iair. It is of considerable extent, and
contains one hundred and ten stars, one being of
the first, one of the second, five of the third, and
ten of the fourth magnitude. The longest diagonal
of the trapezium of the Great Bear being produced
toward the south will strike a star of the first mag-
nitude in the Virgin; this is the Skeaf of Wheat,
(Spica Virginis.) It forms also an cquiiateral tri-
angle with Arcturus and the star in the tail of the
Lion. A right line from this last to the Sheaf
would nearly biscct a right angle formed by five
stars of the third magnitude in the Virgin, one side
of which angle is directed toward Regulus and lies
along the ecliptic, the other side is directed toward
the last star in the tail of the Great Bear. Spica
may be known by its solitary splendor, there being
no star very near it of any magnitude. The situa-
tion of this star in the heavens has been determined
very accurately for the assistance of seamen. The
moon’s distance from it is taken to determine the
It lies within the moon’s path, and two
degrees south of the earth’s orbit. A star of the
second magnitude, called Vindemiatrix, is situated
in the right arm, half way between Spica and Be-
Regulus, Vindemiatrix and Charles’
Heart, form nearly a right-angled triangle, Vinde-
miatrix being at the right angle. Two stars, Eta
and Zeta, of this constellation point out the direc-
tion of the equator.

lation, which may be easily traced on the map.

Several other stars of the |
third magnitude lie scattered about in this constel- |
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BOOTES AND THE GREYHOUNDS.

Bootes or the Bear-driver represents Arcas, the
son of Jupiter and Calisto. Juno, jealous of Jupiter
for his partiality to Calisto, transformed her to a
bear, and Arcas, who was a famous hunter, one
day started a bear in the chase, and not knowing
that it was Calisto, his mother, was on the point of
killing her, when Jupiter, to prevent the deed,
transported them both to heaven and made constel-
lations of them.

Bootes has also been considered as Icarus, whem
Bacchus taught the art of making wine. IHe im-
prudently gave some to the peasants, who, thinking
it pleasant, drank it to excess and became intoxi-
cated; then conceiving they had been poisoned by
Icarus, they killed him. Some say, however, that
it is Atlas, who supports the world, because former-
ly its head was near the pole. Volney thought that
Bootes was Osiris.

The Greyhounds, named Asterion and Chara, ac-
cording to fable, are the hounds with which Bootes,
through mistake, hunted his mother Calisto; they
are represented as being in pursuit of the Greal
Bear, which Bootes is hunting round the north pole,
he holding in his right hand the leash with which
the hounds are fastened together.

The Bear-driver is represented as a huntsman
grasping a club in his left hand. It is situated to
the eastward of Charles’ Heart and west of the
Northern  Crown. It contains fifty-four stars, of
which' one is of the first and seven of the third
magnitude.

This constellation may be found by means of its
principal star, Arcturus, which shines with a lustre
and hue very much like Mars. Arcturus is near
the right knee, and is about the same distance east
as Capella is west of the southernmost Pointer. It
is also in a straight line which passes through the
two last in the tail of the Great Bear, and in the
upper base of the trapezium of the Lion produced.
In Bootes is a pentagon north-cast of Arcturus.
The upper hand of the figure, formed by several
stars of the fourth magnitude, is near the tail of the
Great Bear.

The Greyhounds, a constellation formed by He-
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velius ‘out of stars left unformed by the ancients,
lies between Bootes and the Great Bear, and con-
tains twenty-five stars, most of which are of the
fifth and sixth magnitude. Charles’ Heart, the
principal star, of the third magnitude, in the neck
of the southern Hound, Chare, was so named in
memory of Charles the first, by Scarborough.  This
star, with Alioth in the Bear and the southernmost
Pointer, forms a right-angled triangle, the vertex
of the right angle being at Charles’ Heart. A line
drawn through it and Alioth will lead to the pole-
star. 'When Alioth and Charles” Heart are in the
same vertical circle, they will be on or near the
meridian.

THE CENTAUR AND THE CROSS.

An imaginary existence, half man and half horse.
Under the reign of Ixion, of Thessaly, a herd of
wild bulls laid waste that country and rendered
the mountains inaccessible. The king promised a

! reward to whomsoever would destroy or drive them

from his kingdom. Some young men, having found
means to break and ride horses, pursued and de-
stroyed the bulls. The peasants, seeing them at a
distance, conceived, as the Mexicans did in later
times, that the men and the horses were one
animal, or rather monsters of a dreadful form. The
celebrated Chiron was one of the centaurs.

This constellation is south of the Virgin, and the
whole of it does not rise in this latitude; it is far
south, occupying a large space in that hemisphere.
In it are thirty-five stars, two being of the first and
one of the second magnitude. The principal of
these are not visible in this latitude. The star in
the east shoulder may be seen in June about twelve
or fourteen degrees above the horizon. There is
no other star of equal brightness in its vicinity; it
may therefore be easily distinguished. It is nearly
on the same meridian with Arcturus. In the other
shoulder, and almost exactly south of the Shealf, is
a star of the fourth or fifth magnitude. A few de-
grees north of these two, in the shoulders, are four

- small stars in the head of the constellation, resem-

bling those in the head and shoulders of Orion, in
their relative position.
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Between the legs of the Centaur is that beauti-
ful constellation, which has been so much cele-
brated and admired by those who have visited a
southern latitude, The Cross. It is said to repre-
sent the cross which Constantine the Great saw in
the sky when going to give battle to Maxentius,
whom he totally defeated, near Rome. Yet this
constellation is not visible at Rome, its declination
being too far south to allow it to rise above the
horizon in that latitude. It is formed of four stars
situated in the milky-way. The bright star in the
top of the cross is nearly south of Algorab in the
Crow, and distant from it about forty-one degrees,
and south-west of the Sheaf, distant forty-seven de-
grees.

THE WOLF.

This constellation is said to have been Lycaon,
an Arcadian monarch, celebrated for his wickedness
and inhumanity. The sins of mankind had become
so enormous, that Jupiter visited the earth to punish
impiety. He came to Arcadia, where the people
began to pay adoration to his divinity. Lyecaon,
however, to try him, served up human flesh on his
table. TFor this wickedness Jupiter immediately
destroyed Lycaon’s house and turned its owner into
a wolf. This animal is represented as pierced with
an arrow from the bow of the Cenfaur. The an-
cients regarded-the constellation of the Wolf asan
unlucky presage, as they also did the Serpenf and the
Scorpion, which occupy neighboring regions of the
heavens, and are symbols of the winter. There is
another origin given to this constellation, viz.
Romulus and Remus being thrown. into the Tiber,
and floating ashore, were found and protected by a
wolf, until Faustulus carried them away and educa-
ted them as his own.

The Wolf is situated eastward of the Cenfaur and
south of the Balance, and has such a high southern
declination that but few of its stars are visible in
this latitude.

It contains twenty-four stars, three being of the
third and three of the fourth magnitude, the bright-
est of which may be seen in a clear evening just
above the horizon.
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THE BALANCE.

Two thousand years ago the sun at the time of
the autumnal equinox was in the Balance, which
was represented as placed either in the hands of
the Virgin or the claws of the Scorpion. The
Greeks, whose sphere was like that of the Chalde-
ans, had but eleven constellations in the zodiac.
They gave the Scorpion an extent equal to two
signs, by prolonging the claws into what is now the
Balance. The sign filled by the claws was called
Chele. The Balance was formed first- by the
Egyptians, as their monuments prove. As Augns-
tus was born in September, flattery lcagued with
astrology to celebrate the blessing promised to the
world Dby his birth. They replaced the Balance,
the symbol of justice, in heaven. Bearing this in
mind, the following lines from Virgil, addressed to
Augustus, will be easy to interpret.

And seated near the Balance, poise the days
‘Where in the void of heaven a space is free,
Between the Scorpion and the Maid, for thee;
The Scorpion, ready to receive thy laws,
Yields half his region and contracts his claws.

The Balance is the eighth constellation in the
zodiac from the vernal equinox, and is east of the
Virgin. It may be known by means of four bright
stars, forming a four-sided figure; the most south-
westerly of these is in the ecliptic. Three other
stars in this cluster form an isosceles triangle, the
two brighter of which distinguish the two scales of
the Balance. In the cluster are found fifty-one stars,
two of the second, two of the third, and twelve of
the fourth magnitude.

THE SERPENT-BEARER AND
SERPENT.

THE

The Serpent-bearer was so named by the an-
cients, who represented it under the figure of a
man with a large beard, holding in his hand a staff,
around which was wreathed a serpent; or as holding
with both his hands a serpent, which is writhing
under the power of his grasp. The serpent was

sacred to Ophiucus, and was the symbol of medi-
cine, and of the god who presided over it. Ophiu- ’
cus is but another name for Zsculapius, the son of
Apollo and Coronis, or Arsinoe, one of the Hyades;
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this fable alludes to the circumstance of the Ser-
pent-bearer’s rising when the sun, being in the
Bull, sets. Some add that the Serpent-bearer was
fed by a goat and brought up by Chiron, the cen-
taur; and in reality the Cenfaur rises just before
the Serpent-bearer, which happens at the setting of
Capella, (the Goat.) Ophiucus is considered by
some as Jason; by others as Tantalus. The River
Po sets at the rising of Ophiucus; and from this
circumstance the fable had its origin, that the
water constantly flies before the thirsty Tantalus.
The serpent placed in the hands of Ophiucus is an
emblem of his wisdom and sagacity, or, as some
think, of his skill in curing the bite of the serpent.
Again, the Serpent is said to be Cadmus, who im-
plored the gods to change him into that reptile, to
save him from the constant and malignant persecu-
tions of Juno.

The Serpent-bearer occupies a considerable
space in the heavens. It is situated to the south-
ward of Hercules, and contains seventy-four stars.
In the head is Ras Alhague, the principal star, of
the second magnitude; it is situated to the left and
south of the star in the head of Hercules. Farther
south are two stars of the third magnitude, very
near each other, forming the eastern shoulder. In
the western shoulder are also two stars near to-
gether, of the fourth magnitude; these are to the
right of the heads of Hercules and Ophiucus; which
being connected, together with those in the shoul-
ders, by right lines, will make a trapezium, at the
southern point of which is a thick cluster of little
stars forming the letter V, open toward the north.
This beautiful cluster is the head of the Royel Buil,
or the Bull of Poniatowski. South of the trapezium
may be seen in the folds of the Serpent a quadrila-
teral, formed by stars of the fourth magnitude.
The tail of the Serpent is between two trapezia,
those of Ophiucus, and dnfinous, near the Eagle.
North-west of the head of Ophiuncus, and south of
the Crown, is the head of the Serpent, which forms
a letter Y placed obliquely, the tail of which is
broken, as it were, and curved. In this curve is
situated the principal star of the Serpent, Unukal-
hay, or the Heart, being of the second magnitude.
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This may also be known by mecans of a small star,
just north of it. The tail of the Y is prolonged by a
row of stars of the third magnitude, which extends
far below the equator. The serpent terminates
near the constellation of the Fagle.

THE NORTHERN CROWN.

This cluster represents a erown presented by
Bacchus to Ariadne, the daughter of Minos, king of
Crete. Bacchus loved her with much tenderness,
and after her death transferred the crown to the
heavens, placing it among the constellations.

He bids her crown among the stars be placed,
As an eternal constellation graced.

WONDERS OF THE HEAVENS.

| fourth.

The golden circlet mounts, and as it flies
Its diamonds twinkle in the northern skies.

This constellation may be easily known by means
of its circular form, which resembles a wreath, con-

sisting of six stars. It is situated to the eastward
of Boofes and north of the Serpent’s Head, and con- |
tains one star of the third magnitude, called Al-
phacea, which is in the middle of the diadem,
eleven degrees east of Mirac in Bootes. A line
drawn from Vindemiatrix through Arcturus will
lead close to Alphacca. The two last, with
Seginus, form an isosceles triangle, whose vertex is
at Arcturus. In this cluster there are twenty-one
stars, of which only six or eight are visible to the
naked eye.

TIHHE LITTLE BEAR.

As the Great Bear represents Calisto, so does
the Little Bear her dog. DBut it is more probable
that the latter was named long after the former, and |
took its name from the general similarity discovera-
ble in the appearance of the two.

This constellation, though not remarkable in its |
appearance, and containing but few conspicuous
stars, is justly. distinguished from all others for the
peculiar advantages which its position in the hea-
vens is well known to afford to nautical astronomy,
and especially to navigation and surveying.

Situated near the celestial pole, the stars in this
group appear to revolve about it, very slowly, and E

in circles so small as never to descend below the
horizon.

In all ages of the world, this constellation has
been more universally observed, and more careful-
ly noticed, than any other, on account of the impor-
tance which mankind early attached to the position
of its prineipal star.

This star, which is so near the true pole of the
heavens, has, from time immemorial, and, as it
were, by common consent, been denominated the
Nortu PoLar STAR.

The Little Bear contains twenty-four stars, in-
cluding three of the third magnitude and four of the
The seven principal stars in this constella-
tion are so situated as to form a figure very much

' resembling that in the Great Bear, only that the

Dipper is reversed, and about one half the size of
the larger one.
The first of these, in the handle, called Cynrosure,

| or Alruccaba, is the polar star, round which the

rest are constantly revolving. The two last in the

| bowl of the Dipper, corresponding to the Poinfers in

the Great Bear, are of the third magnitude, situated
about fifteen degrees from the pole, the brightest
of whieh is called Kockab, which signifies an axle
or hinge, probably in reference to its moving so
ncar the axis of the earth.

Kochab may ecasily be known by its being the
brightest and middle one of three conspicuous stars
forming a row, one of which is about two degrees
from Koechab, and the other three degrees. The
two brightest of these are situated in the breast and
shoulder of the animal, about three degrees apart,
and are called the Guards or Poinfers of the Little
Jear. They may be scen at all hours of the night.

Of the four stars which form the bowl of the
Dipper, one is so small as hardly to be seen. They
lie mn a direction towards Gamma in Cepheus; but

| as they are continually changing their position in

the heavens, they may be much better traced out

. from the map than from description.

Kochab is distant from Benetnasch about twenty-
five degrees, and from Duble about twenty-four,
and hence forms with these two very nearly an
equilateral triangle.
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THE SCORPION.

The Scorpion was the symbol of maladies and
destructive plagues. When the sun entered this
constellation a great variety of fruit was ripe, by
an immoderate use of which sickness was brought
on, a predisposition to fever and a numerous train
of diseases. Ilence the ancients represented this
sign under the figure of a scorpion, because that
reptile inflicts a poisonous wound.
terror of Orion, Phiieton, and Hyppolitus. This
constellation was anciently represented by other
symbels, but most commonly by a Scorpion.
~ Ovid says that this is the Scorpion that at "Juno’s
command appeared (rising from the earth) and
stung Orion, who died of the bite. They were re-
moved to the heavens, but placed as far as possible
from cach other.

The Scorpion is a beautiful group of stars, and
easily found; it contains forty-four stars, one being
of the first, one of the second and eleven of the
third magnitude, and is distinguished for the gecu-
liar lustre and position of its principal stars. It is
situated to the castward of the Balance. Its princi-
pal star is Antares, the heart of the Scorpion.
This is a remarkable star, being of a reddish hue,
and the most brilliant of any in that region of the
Lheaven. It forms, with two others of the fourth
magnitude, a very obtuse angle, (say one hundred
and seventy degrees,) Antares being at the vertex.
This star is distant from the Sheaf of the Virgin
forty-six degrees, direction east-south-east. It is
one of the stars from which the moon’s distance is
measured, to find the longitude. It is distant from
Zubenelgin, the north scale of the Balance, about
twenty-five degrees, in a south-casterly direction.
The tail of the Scorpion trends to the southward
till it reaches the fourth star from Antares; here
it turns to the eastward, continuing to the sixth

nitudes, in which the principal is named Lesath,
in the extremity, distant eighteen degrees from
Antares, in a south-east by south direction. This
circular line of stars, forming the tail of the Scorpi-
| on, is very conspicuous, and may be easily traced.

It was the |

star, whence it trends northward; thus forming
a circular line of stars, of the third and fourth mag-
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HERCULES AND CERBERUS.

Hercules was the son of Jupiter and Alcmene,
and one of the most renowned heroes of antiquity.
He performed many wonderful exploits, commonly
called the “labors of Hercules.” He put on a
poisoncd tunic, which had been presented him,
through the treachery of the centaur Nessus; no
sooner had he done so, than he felt a fatal fire
through all his bones and the blood boil in his veins.
As the distemper was incurable, he built a funeral
pyre, laid upon it his club and the skin of the
Nemean lion, and sctting fire to it, he was con-
sumed. Jupiter looked from heaven and promised
the surrounding gods that he would raise to the
skies the immortal parts of a hero who had cleared
the carth from so many monsters and tyrants.

High o’er the hollow clouds the coursers fly,
And lodge the hero in the starry sky.

The twelfth, last, and most difficult of his labors
was to bring upon earth the three-headed dog
Cerberus, stationed by Pluto at the mouth of hell to
prevent the living from entrance and the dead from
escape. Hercules dragged off the treble-headed
monster, and Jupiter placed him in the same con-
stellation with Hercules.

This constellation is represented by a man partly
covered with a lion’s skin, In a kneeling posture,
the feet toward the north pole, the head to the
south, and near that of the Serpent-bearer. The
three-headed dog, Cerberus, is in his left hand,
and a club in his right. The cluster is situated
south of the Dragon and west of the Harp. It oc-
cupies a large space in the heaven, and the figure
is in an inverted position. The principal star is
Ras Algethi, in the head. A line drawn from Vega
in the Horp to Alpha in the Crown traverses a
quadrilateral in the body of Hercules, one of whose
diagonals continued will reach Ras Algethi, which
may be also known by its proximity to Ras Alhague,
in the head of the Serpent-bearcr, being five degrees
west-north-west of it. About half way from Ras
Algethi to the Crown are two stars of the third
magnitude, three degrees apart, in the west shoul-
der. The most northerly of these is named Ruti-
licus. In the east shoulder are also two stars of
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the fourth magnitude. These pairs, with Ras Al-
gethi, form a triangle nearly equilateral,

THE DRAGON.

Some affirm to be the monster that Cadmus slew,
when he was in search of his sister Europa. His
father Agenor, king of Phenicia, ordered him to
bring his daughter home or never return himself.
Having sent his companions to a neighboring grove
to bring water, their long delay either wearied or
alarmed him. e thereforc went to the spot and
found a dragon feeding on their remains. He in-
stantly attacked, and with the assistancc of Mi-
nerva, overcame the monster. Others assert that
in a war with the giants this dragon was brought
into the combat and opposed to Minerva, who
seized it in her hand and hurled it into heaven,
around the axis of the sphere, before it could un-
wind its folds, and that it sleeps there to this day.

But the more commonly received fable was,
that this constellation represented the dreadful
monster that guarded the golden apples in the gar-
den of the Hesperides. Hercules killed the dragon
and carried away the fruit; but Juno, as a reward
fer its faithful services, changed the monster into a
constellation.

This important group is of the number of those
which do not set in our latitude. It is easily re-
cognised by a line of stars with three coils. The
tail commences near the back of the Great Bear;
the third star from its extremity is of the sccond
magnitude, and is between the guards of the Little
and the tail of the Great Bear. This star is called
by navigators the Dragon’s Tail. It was also once
the Polar star, having been nearer the pole than
even the Cynosure is now. Following their line
of stars, we soon reach a curve at Theta; then a
coil, containing Eita and Zeta; then come two stars
and another coil, in which are three stars of the
third magnitude ; now, taking a direction toward
Hercules, another coil and the head may be found.
In this coil are five or six stars, one being of the
fourth magnitude.
by means of five stars, forming an angle, (the vertex
being in the nose,) or the letter V, the point to-

The head may be distinguished |

ward the west, the opening toward the east. The
brighter star in the head is called Rastaben. It is
nearly east from the last star in the tail of the
Great Bear. Rastaben is interesting from its con-
nection with the discovery of a new law in physical
science.

THE HARP.

This small cluster takes its name from the instru-
ment which Apollo, the god of music, gave Orpheus.
With this the musician played in such a masterly
manner that the most rapid rivers stayed their
course, the savage beasts were overcome, the
mountains moved and forests bent to listen to the
melody. After his death Orpheus received divine
honors, the muses gave an honorable burial to his
remains, and-his lyre became one of the constella-
tions. This cluster of stars has been sometimes
represented as an eagle flying downward; also
called the Falling Vulture,

It is situated south-easterly from the head of the
Dragon. It contains the most brilliant star in the
northern hemisphere, called Vega. This, with
Arcturus and the pole star, forms a large triangle,
Vega being at the vertex of its right angle. As
regards the pole, Vega is opposite Capella. A
little south of Vega are three stars of the third
magnitude, which form an isosceles triangle. Vega
is south-east of Rastaben about fifteen degrees.
The Harp contains twenty-one stars, one being of
the first and three of the third magnitude.

THE ARCHER.

Chiron, a centaur, son of Saturn, was famous for
his knowledge of music, medicine and shooting.
He instructed the greatest heroes of his age. To
Aisculapius he taught medicine, to Apollo music, to
Hercules astronomy. He was wounded in the
knee by an arrow from the bow of Hercules, when
he pursued the centaurs and they fled for protec-
tion to Chiron. The arrow had been dipped in the
blood of the Lernean hydra, and consequently the
wound was incurable; he therefore implored Jupi-
ter to take away his immortality, that death might
free him from the excruciating torments he endured.
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His prayers were heard, and Jupiter turned him
into the constellation of the Archer. This constel-
lation is situated to the eastward of the Scorpion,
and is easily distinguished by means of several stars
of the fourth magnitude, which form a figure bear-
ing some resemblance to the Plough in the Great
Bear. This, being on the confines of the milky-
way, is sometimes called the Milk-dipper. The
constellation occupies a considerable space in the
southern hemisphere, containing a number of con-
spicuous stars. The whole number of its visible
stars is sixty-nine, five being of the third and ten
of the fourth magnitude. There isalso a curve line
of stars like a bow, convex toward the Scorpion;
the arrow is formed by these stars. Of the two
stars close together in the upper end of the bow,
the brightest, which is of the fourth magnitude,
serves to point out the winter solstice, being about
two degrees north of the tropic of Capricorn, and
less than one cast of the colure.

THE EAGLE AND ANTINOUS.

This was originally one constellation, the Fagle
or Egyptian Howk, who carried the thunderbolts
of Jupiter, as a reward for having nourished him in
a cave of Crete, where he was concealed to prevent
his becoming the food of his father Saturn. By
others it is supposed to be Merops, king of the
island of Cos, this monarch having been transform-
ed into an eagle and placed among the stars.

The dismemberment of this constellation was the
work of the emperor Adrian. Antinous was a
young man from Bythynia, of whom the emperor
was so fond that at his death he built a temple to
his memory, and endeavored to propagate a belief
that his favorite had become a constellation and
was placed near the Eagle. Antinous is also call-
ed Ganymede, a beautiful youth, who was carried
off by Jupiter under the shape of an eagle and made
his cupbearer.

South of the Fox and Goose, and north of the Ar-
cher, may be seen three stars near each other, and in
an oblique line. Of these the middle is Altair, in
the Eagle, of the first magnitude ; the most southerly

is in the head of Antinous, and the most northerly
7
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in the back of the bird. These two last are of the
third magnitude. There are two stars of the third
magnitude in the tail and two in the southern wing,
South of the Ilagle are four stars which form a
quadrilateral ; this is the upper part of Antinous.
One of them, that in the shoulder, is the variable
star Eta. It is about eight degrees southerly from
Altair, and is one of those stars which often change
their appearance. Altair in the Eagle is an impor-
tant star, being one of those from which the moon’s
distance is given. By the situation and brilliancy
of this star the constellation may easily be found.
It contains seventy-one stars; one of the first, nine
of the third, and seven of the fourth magnitude.

THE DOLPHIN.

Bacchus when young was found asleep in the
island of Naxos by some pirates of Tuscany, who
captured and carried him off. Iinding himself
their prisoner when he awoke, he soon made them
repent of their rashness. He first filled the boat
with ivy, and afterward drove them into the sea
and changed them to dolphins, transferring to
heaven, as a constellation, Acestes, the pilot, be-
cause he alone had expressed some sympathy for
the prisoner.

Another account is, that this cluster represents
the Dolphin who persuaded Amphitrite to become
the bride of Neptune, though she had previously
made a vow of perpetual singleness. For his
services on this occasion the Dolphin was placed
by Neptune among the stars.

A small lozenge or rhombus, formed of four
stars, of the third magnitude, very near together,
makes it easy to find this constellation, which is
situated about fourteen degrees north-east by east
of the Eegle, and exactly south of the principal star
in the Swan, called Deneb, of the first magnitude,
and distant from it about thirty degreces. The
rhombus is called by many ¢ Job’s Coffin,”” without
any known reason for the name. ~There is a fifth
star in the body of the Dolphin, a little south of the
rhombus. There are beside several very small
stars in the cluster, only visible under favorable
circumstances. 2
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TIHE SWAN.

As of many other constellations, so of this,
several fables are told respecting its origin. Or-
pheus, when torn in pieces by Bacchanalians, was
transformed to a Swan and placed in heaven near
the Harp. Jupiter changed himself to a swan on
an occasion when it suited his purpose. Accord-
ing to some this constellation took its name from
Cycnus, a son of Neptune, who was invulnerable,
so that, to destroy him in battle, Achilles threw
. him and attempted to smother him, but he was
suddenly changed tc a swan. Ovid says that
Cycnus, a relative of Phicton, who decply lament-
ed the fate of that inscnsate, and of his sisters,
who wept themselves to death, was changed into a
swan.

Forth from his sides the wings and feathers grow;
Forth from his mouth proceeds the blunted beak ;
And Cycnus now into a swan is turned.

The Swan is situated to the eastward of the Harp,
and is remarkable for forming a large cross in the
milky-way, down which the bird is flying with out-
spread wings. As regards the pole, this cluster
is opposite that of the Twins. The cross in the
cluster is formed by stars of the third magnitude in
the head, body, and wings of the bird; one of them
is, however, of the first magnitude, called Deneb.
It is at the top of the cross, in the body of the bird;
the beak being the foot of the cross, where there is
a star of the third magnitude, named Albireo. This
constellation contains eighty-one stars, one being
of the first, six of the third, and twelve of the fourth
magnitude. There have been discovered in the
Swan three varieble stars. One of these, situated
about midway of the neck, was first observed to be
variable in 1686. Its changes are completed in a
little more than a year. The star near the junction
of thé neck with the body varies from the third to
the sixth magnitude. Its changes are not regular;
they seem to require ten years or more for their
completion. The third variable star is in the head.
- It was seen in the summer of 1670, appearing
then of the third magnitude, was scarcely visi-
ble in October, became brighter .than ever in the

‘her to a rock on the sea-shore.

spring of 1671, and disappeared finally in the spring
of 1672.

CAPRICORN.

This is said to be a goat, that was brought up
with Jupiter on mount Ida. Ile discovered the
conch shell and blew upon it; thus carrying terror
into the ranks of the Titans in their war against
heaven. In one attack the gods, affrighted, con-
cealed themselves under the forms of different
animals; Mercury became an ibis, Apollo a crane,
Diana a cat, Jove a ram, Juno a cow, and finally
Pan, plunging into the Nile, became a capricorn;
that is, the part of his body above the water took
the form of a goat, that beneath the form of a fish.
Or this constellation may represent Amalthea, who
fed Jupiter on goats’ milk, and who was rewarded
for her kindness by being placed among the stars.
Jupiter gave a horn to one of the nymphs that had
taken care of his helpless years. This was the
horn of plenty, a talisman to give the possessor what-
cver she might desire. Capricorn is situated to the
castward of the Archer. A line, drawn from Vega
to Altair, and produced, will reach two stars very
near together in the head of this constellation. Of
these the more northerly is a double star, and is
distant from Altair twenty-three degrees nearly, in
a south-south-east direction. To the southward of
this, and distant about two and a half degrees, is a
star marked Beta; this at sea is called the south
head of Capricorn. Both are of the third magni-
tude. Nearly east from thesc is another pair of
the third magnitude; these are in the tail. The
whole number of stars is fifty-one, most of them
small and inconspicuous. .

ANDROMEDA.

Was the daughter of Cepheus and Cassiopeia. Cas-
siopeia had the vanity to boast that she was more
beautiful than the Nereids, who were so piqued at
the boast that they persuaded Neptune to send a
sea-monster to lay waste the country. To free him-
self from this monster Cepheus was obliged to expose
his daughter, which he accordingly did by chaining
The gods, struck
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with the sufferings of so much innocence and beau-
ty, sent Perseus to deliver her. Perseus, possess-
ing the head of Medusa, which was fabled to
change into stonc any living thing that looked upon
it, delivered the lady and married her.

This constellation is situated to the southward of
Cassiopeia, and to the westward of Perseus. It is
represented by a woman having her arms extended
and chained to a rock. In the head of Andromeda
is a star of the second magnitude, named Al-
pheratz.  This star is on an imaginary line drawn
from the north-eastward in the square of the Great

Bear through the north polar star, and distant from |

the latter about sixty-one degrees. In a north-
easterly direction from Alpheratz, at the distance of
about fifteen degrees, is Mirach, a star in the girdle
of Andromeda. In the same direction nearly, and
distant about thirteen degrees from Mirach, is Al-
maach, a star in the foot. From this last Algol, in
the head of Medusa, is about thirteen degrees, and
in an easterly direction. Alnoach, Algol, and
Algenib (in Perseus) form very nearly a right-angled
triangle, the right angle being at Algol. Mirach,
Almaach, and Algol divide into three equal parts
the space between the head of Andromeda and the
centre of Perseus. Andromeda when on the meri-
dian is directly over our heads. It contains sixty-
six stars, three being of the second and two of the
third magnitude.

THE FFISHES,

According to some, are those whose form Venus
and Cupid assumed to escape the giant Typhon.
Others say that two fishes, having found an egg,
rolled it on shore, where it was warmed by a dove,
and from it there arose Astarte, the Venus of As-
syria. From that time the Assyrians abstained
from eating fish. According to Theon the Fishes
are the children of the Southern Fish, after whom
they always rise.

This constellation occupies much space in the
heavens. It is represented by two fishes tied
together, yet quite distant from each other, the
connecting cord being long and undulating. Both
of the fishes join the Flying Horse, one being east
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and the other south, quite close to the wing. The
first, which may be called the Eastern Fish, is ex-
actly south of Merach in Andromeda. The cord
may be traced in a south-easterly direction till we
reach Alphe, which is in the knot. TFrom Alpha
the cord runs north-westerly, until it reaches the
Western Fish, between which and Alpha in the knot
are three stars of the fourth or fifth magnitudes,
nearly equidistant from each other. The Iishes
contain one hundred and thirteen stars, most of
which are very small.

CEPHEUS,

A king of Ethiopia and one of the Argonauts,
made a constellation after death. Although he
had promised Andromeda to Phineas, yet when
Neptune flooded the country and Andromeda was
devoted as food for a sea-monster, Cepheus was
ready to comply with the demand of Perseus, who
promised to save the lady if she would marry him.
Their nuptials were opposed by Phineas, but his
opposition ceased when Perseus held before his eyes
the Gorgon’s head.

Cepheus is represented with a crown on his head
and a sceptre in his hand. He is opposite the Great
Bear with regard to the pole. His head is in the
milky-way, and may be known by three stars of the
fourth magnitude in the crown, forming a little
triangle. The principal star in the constellation is
named Alderamin; it is of the third magnitude,
situated in the west shoulder, forming a quadrila-
teral, that may be readily distinguished, with three
other stars of the fourth magnitude, of which one
is in the girdle, one in the east arm, and one in the
east knee. Alderamin bears cast by north from
Rastaben in the Dragon, being distant about twenty-
nine degrees. It is about twenty-eight degrees
from the pole star, and twenty-six from Schedir,
a bright star in Cassiopeia, in a west-north-west
direction.

CASSIOPEIA,

Or the lady in her chair, was the wife of Ceplieus
and mother of Andromeda. As a reward for her
hard-wrung consent to sacrifice her daughter for
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the good of the country, she was carried to heaven
after death and placed among the constellations by
Minerva.

Cassiopeia holds in her hand a branch of the
palm tree. Her head and body are in the milky-
way, and her foot rests upon the polar circle. She
1s surrounded by her husband, daughter, and son-
This constellation is midway between An-
dromeda and the pole. It is visible at all hours of
the night in our latitude, being in such high north-
ern declination that it never sets. It contains fifty-
five stars, five being of the third magnitude, which
form (as many persons imagine) the figure of an
inverted chair. Befa is in the back of the chair.
It is the western star of the bright cluster. The
uppermost of these is in the breast, and is named
Schedir. The situation of Beta is important to
mariners; it is used for finding the latitude, and
for determining the variation of the needle of the
compass from the true north. Beta also serves
to mark a spot memorable as the situation of a
lost star.

In November, 1572, a star was seen about five
degrees from Beta, which became suddenly so
brilliant that it surpassed the planets in brightness,
and could be seen in the daytime. This brilliancy
diminished until 1573, when it became entirely in-
visible.  Its color exhibited the appearances of
flame. It was first of a dazzling white, then of a
reddish yellow, and lastly of an ashy paleness, in
which its light expired. Some imagined that it
would reappear after one hundred and fifty years,
but it has not been seen since. Vince, one of the
most learned astronomers of the age, has remarked,
that the disappearance of stars may be the destruc-
tion of that system, at the time appointed for the
probation of its inhabitants; and the appearance of
new stars may be the formation of new systems for
new races of beings, then called into existence to
adore their Creator. The conflagration (if so it
were) was visible for sixteen months. How tre-
mendous must it have been to be visible so far! La
Place says ‘“ that the supposition of such a con-
flagration on the surfaces of some of the stars is
confirmed by their change of color.”

in-law.
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HE HEAVENS.
THE FLYING HORSE AND THE LITTLE
HORSE.

The flying horse is Pegasus, who sprung from
the blood of Medusa, when Perseus cut off her
head. Pegasus fixed his residence on mount Heli-
con, where, by striking the earth with his hoof, he
produced the famous fountain called Hippocrene.
Pegasus was long the favorite of the muses, but,
being tamed by Neptune, he was given to Bellero-
phon to assist him in subduing the fiery monster
Chimera.

After the destruction of Chimara, Bellerophon
attempted to fly to heaven on Pegasus, which so
incensed Jupiter that he sent a fly to sting the
horse; this occasioned the fall of the rider, but the
horse continued his upward flight and became a
constellation.

The Liitle Horse was named by the ancients,
who supposed that it was the brother of Pegasus,
named Celeris, a horse given to Castor, who was
skilful in the management of those animals. The
head only of the Little Horse is visible in the hea-
vens.

The Flying Horse is situated between the Swan,
the Dolphin, and the Eagle on the west, Andromeda
and the Easlern Fish on the east, and occupies a
large space in the heavens. It may be known by
means of four stars of the second magnitude, form-
ing a large four-sided figure, called the square of
Pegasus.  Alpheratz, the north-easternmost star
of the square, is in the head of Andromeda; to the
southward of this, and distant about fourteen de-
grees, is the star Algenib; to the westward of Al-
genib, distant about sixteen degrees, is the star
Markab; to the northward of Markab, distant about
thirteen degrees, is Scheat, from which to Alphe-
ratz is about fifteen degrees, direction westerly.
Thése are the four stars that form the square of Pe-
gasus. Markab is one of the nine stars from which
navigators measure the distance of the moon. In
Pegasus there are eighty-nine stars; most of them,
however, are small. We see but a part of the Fly-
ing Horse ; the poets imagined that the rest was
hid in the clouds.

About twenty degrees from Markab, in a wester-
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ly direction, is a star in the nose of the Liille Horse,
named Enif. The cluster contains ten stars, of
which the four principal are of the fourth magni-
tude, rather noticeable on account of the figure
they form than for their brilliancy. They form a
" long irregular square, the two in the nose being
much nearer together than those in the eyes. 'This
horse, like Pegasus, is in an inverted position.

THE WATER-BEARER.

This is Ganymede, whom Jupiter, under the form
of an eagle, carried off to be the cupbearer of the
gods. The hoof of Pegasus rises just before the
stream of the Bearer. The water represents the
fountain Hippocrene, which Pegasus produced by a
blow of his hoof. The nine stars of the Dolphin
are the nine muses who drink at the fountain.
Some consider the Water-bearer as Deucalion, who,
escaping with his wife Pyrrha from the flood, land-
ed on mount Parnassus, the abode of the muses, of
Pegasus, and of Hippocrene.

The Water-bearer is situated to the southward of
Pegasus. Within it are four stars, so situated as
to form the figure of a Y, very plainly visible;
these stars are in the hand of the Bearer and the
handle of the Urn. This figure is distant from
Markab in Pegasus about eighteen degrees, in a
direction south-west by south, and with the Dol-
phin and the head of the Capricorn forms an
isosceles triangle. To the westward of the Y and
distant about four and a half degrees, is a star of
the third magnitude, named Alpha, in the east
shoulder of the Bearer; it is the principal star in
the constellation. A line drawn from Alpheratz,
in the head of Andromeda, through Markab, will
lead directly to Alpha. Two stars, one in the east
hand, the other in the west shoulder, form with
Alpha a triangle, the largest angle being at Alpha.
About eighteen degrees from the Y, in a south by
east direction, is Scheat, of the third magnitude,
in the right leg. This cluster contains one hun-
dred and eight stars, four being of the third magni-
tude. The stream or cascade terminates in the
mouth of the Southern Fish, which is thirty degrees
south of the Y.

THE SOUTHERN TISH

Is said by the Assyrians to have saved the life of
Derceto, and by the Egyptians the life of Isis.
Fomalhaut, its principal star, by its rising at night
indicated that the sun was in the solstitial Lion, as
Sirius did by rising heliacally. These two stars’
were worshipped by the Egyptians, who considered
them as the causes of the Nile’s imundations.
Fomalhaut was honored under the name of Phagrus.
or of Dagon. Iis presence above the horizon at
that time showed the shortest night of the year;
for it rose at evening and set in the morning at the
summer solstice. ‘

This constellation lies south of the Water-bearer;
it is represented as a fish drinking the water flow-
ing from the urn. There is in it one beautiful star
of the first-magnitude, Fomalhaut, in the mouth.
A line drawn from Scheat and passing through
Markab (both in Pegasus) will lead to Fomalhaut.
It is one of the stars from which the moon’s distance
is measured, and consequently its place has been
determined with great precision. 'The cluster con-
tains twenty-four stars, one being of the first, two
of the third, and five of the fourth magnitude.

PERSEUS AND THE HEAD OT MEDUSA.

Perscus was the son of Jupiter and Danae.

- Polydectes, king of one of the Cyclades, where

Perseus lived, ordered him to cut off the head of
Medusa and bring it to the palace. Vulcan gave
the hero a casque that rendered him invisible, and
a famous sword, Mercury lent him his wings and
talaria, and Minerva a shield. He attacked the
Gorgons, whose hair was stiff with snakes, and cut
off the head of Medusa. As he flew off with this
trophy of success, the blood that dropped from it
on the sandy deserts of Lybia become serpents
innumerable, which have infested that desolate
country ever since.

The gory drops distilled, as swift he flew,
And from each drop envenomed serpents grew.
Perseus after death became a constellation, and
the head of Medusa was placed near him.
This constellation is principally in the milky-
way. Itis represented by a man having wings to

A St bt kR X e BT

-'.

G AT NS T

SRS EVILIBIDE TR

. R P St e T TR W

B R ]



T acT XY 2 i

54
his feet, a sword in his right l)and,y and a trunkless
head in his left. It is situated north of the Plei-
ades, west of the Wagoner, and east of Andromeda.
Perseus is easily known by means of three stars of

the second and third magnitndes, which form an
arc of a circle, the concave being toward the Great

Bear. The middle star is Algenib, of the second
magnitude. South of this arc is Algol, in the head

of Medusa, surrounded by a group of very small
stars; west from Algol are two stars near together;
these are in the leg of Perseus, near the knee;
south of these is one in the foot; thesc three form a
curve.
the head of Medusa. It is usually very bright, but
changes from the second to the fourth magnitude in
three and a half hours, and back again in the same
time; then it remains visibly the same for two
days, when the same changes begin again.

This constellation contains fifty-nine stars, of
which number about a dozen are in the head of
Medusa. When Algenib and Algol arc near the
meridian the most beautiful part of the heaven is
visible.  Its glories are magnificent beyond descrip-
tion, and he who looks upward at this time can
scarcely fail ¢“to reverence the Being who made
the seven stars and Orion.”

THE RANDM.

Phryxus and Helle, obliged to fly from their step-
mother’s cruelty, were carried on a winged ram
with a golden fleece across the Hellespont, in which
Helle fell and perished. Phryxus arrived at Col-
chis, and sacrificed the animal to Mars. The story
of the expedition of the Argonauts relates to the
sun (at the equinox) in the Bull. From Thrace,
the country of Jason, they saw the sun rise in the
direction of Colchis. The Ram, rising just before
it, was an emblem of a golden fleece, guarded by a
monster, (Cetus,) and by a Bull, that vomited flame.
At evening, Ophiucus, that is, Jason, rises from the
spot whence the Ram rose in the morning. The
hero then has carried off this precious fleece. His
companions, Hercules, Castor, Pollux, and Ce-
pheus are at the horizon.

The Ram is the second constellation in the
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Algol is the only star at all remarkable in |

s

zodiac, being sitnated next east of Pisces It is
north of the head of the Sea Monster, (Cetus,) and
west of the Bull. It may be distinguished by the
stars in the head. Of these therc ave threc; the
two brightest being of the second and third magni-
tudes, four degrees apart, one in each horn. That
in the right horn is named Arietis, and is the princi-
pal star, and an important one, being of the number
of those fromn which the moon’s distance is mea-
sured at sea; that in the left horn is called Beta.
To the southward of thisis a star in the ear, named
Mesarthim, of the fourth magnitude. The other
stars are small. The cluster contains sixty-six
stars, one being of the second, one of the third,
and two of the fourth magnitude.

THE SEA MONSTER.

The delineation of this constellation being as
little like a whale as Pollonius’ cloud, it may be
better to call it as above. It represents the monster
sent to devour Hesione, which was killed by Hercu-
les, or that sent to destroy Andromeda, which was
killed by Perseus.

South of the Ram we shall find a star of the
second magnitude ; it is Menkar, in the jaw of the
monster. It forms an equal sided triangle with the
Ram and the Pleiades. The five stars in the head
form a pentagon. South-west of this pentagon is a
star in the lower jaw, and six degrees farther, in
nearly the same direction, is the wonderful star of
1596, named Mira, which changes from a star of
the second magnitude so as to become invisible in
about three hundred and thirty-two days; though
Hevelius is certain that it once disappeared for four
years. From Mira south-east we shall find a
quadrilateral formed by four stars of the third mag-
nitude. Still farther south-east is Deneb, in the
tail, of the second magnitude. South-west of the
quadrilateral we find in the fore paw another very
small quadrilateral.

We have thus endeavored to describe the most
important of the constellations, their position and
that of their individual stars, that no one may be at
a loss to find them in the heaven, should his taste




fortunately lead him to the study of so important
and interesting a subject. We have given the
fables of the ancients respecting them, in hope to
attract those who are not yet interested, and, in a
few instances, given explanations of the origin and
even reasonableness of these fables; being of the
number of those who think that the stories of anti-
quity, which appear to some the productions of
childish folly or imbecile superstition, were replete
with meaning, hidden, to be sure, from the common
people, but full of wisdom to the sage, although the
signification of most of them has been lost. The
meaning of the few may teach us what to think of
the rest.

In the serious contemplation of so many splendid
luminaries, the mind will have its reasoning facul-
ties expanded and filled with more sublime ideas of
the grandeur, the magnificence, and the unlimited
extent of creation; nor can it fail to be inspired
with reverential delight in reflecting on the wisdom
of those immutable laws that govern the stupendous
whole, and preserve such wonderful harmony, con-
nection, and order throughout so many systems of
systems. It will wander beyond the reach of con-
tracted prejudice, and, rising above this orb on
which the body rests, feel conscious of the exist-
ence of other suns, and soar, unfettered by the
chains of superstition, through thousands of millions
of revolving worlds.

The stars appear to be fixed in the concave of a
large sphere. This appearance is not caused by
the stars being situated at equal distances from us,
but is an illusion of vision; the narrowness of hu-
man sight not permitting us to see, in their true
places, objects that are very remote.

This will appear evident when we consider that
the sun and the moon appear to be placed in the
same concave and equidistant, while in fact the sun
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is four hundred times farther off than the moon, and
the stars at a distance infinitely greater than the
sun; we know not how far! It may be inferred
from this that the stars are at unequal distances,
and that there may be as great a distance between
two that eppear to us close to ecach other, as
between our sun and that star which is nearest
him.

The rays of light reflected by the atmosphere
produce that bluish tint, which forms the beautiful
celestial shade commonly called the azure sky. If
this were not an appearance only, but a reality,
and the stars were attached to it, they would not
be more than forty-five miles distant; for beyond
this it is probable the atmosphere is too rare to re-
flect the rays. Instead of this being the distance
of the stars, it is so great as to be entirely beyond
the comprehension of the human mind; so great
that all other considerations of remote or high
seem to vanish from the mind in its endcavors to
contemplate it. We may think of space as

) ‘Without bound,

Without dimensions, where length, and bread h, and height,
And time, and plaee are Jost.

Our earth then, compared to the whole of creation,
is less than an atom floating in a sunbeam. This
must be granted when it is understood, that comets
travel millions upon millions of miles from the
farthest of our planets, and at such immense dis-
tances, must be still nearer to the sun than to any
of the stars; otherwise would they be attracted by
those stars and return not again to our system.

Take thy boldest flight
Amid those sovereign glories of the skies,
Of independent native lustre, proud,
The souls of systems ! What behold’st thou now ?
A wilderness of wonders burning round ;
‘Where larger suns inhabit higher spheres!
And ask for Hin who gave these orbs to roll.
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CHAPTER II.

SECTION 1.

" Erroneous notions derived from appearances— Why the stars are not
visible to the naked eye in the day-time—Fietions of poetry re-
speeting the universe—Is the earth its eentre ?—Does the carth
rotate 2—Different eonstellations visible at different regions—Ro-
tation of the earth eonsistent with appearances—Permanenee of
its axis—Preeision of the aneients—Diseovery by Copernicus—
Causes of erroneous impressions—Consequences of considering
the earth immovable—Centrifugal and eentripetal forces—Pendu-
lum a means of finding the foree of attraetion—Measures of
gravity—Attraction not a simple force—Eflects of the earth’s
rotation—Trade winds—Proofs of wisdom in the rotation of the
earth—Consequences of a changeable axis—Advantages of the
existing law of attraction—DPerturbations periodieal.
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Man, misled by appearances, regarded for a long
time the earth as nearly a plain, situated in the
middle of the universe; the sun, the moon, and
the stars were all in motion around it.

As evident as this hypothesis may appear to the

untutored eye, we shall see by an attentive obser- |

vation of various phenomena that it is altogether
Crroneous.

If one of our senses is strongly affected it ceases
to be sensible to slight impressions. A low sound
cannot be readily heard in the midst of loud and
confused noises. The eyes, acted upon by a bril-
liant light, can perceive nothing situated in a dark
corner. But by degrees they become accustomed
to the shade, and recover slowly the faculty of dis-
tinguishing objects.

The cause is similar that deprives us of the sight
of the stars during the brightness of day. They
are as much within view as ever, but it is only by
twilight that they successively become visible, be-
ginning with the most brilliant and the most east-
erly. The moon produces the same effect upon
the small stars near it as the sun does upon all of
them. Some appear to describe small circles
without ever setting or going beneath the horizon,
and are lost to our sight only because morning
approaches to diminish their splendor; but the
greater number describe more extended curves ;
they disappear beneath the horizon, and after some

hours reappear in the opposite region of the hea-
vens. They must therefore, while below our hori-
zon, continue the curves which they describe while |
above it.

It has been found that the stars apparently
describe around the earth circumferences parallel
to each other and oblique to our horizon, by a
rotation that is uniform and accomplished in the
same time by each. These appearances lead men
to regard the earth as immovable in the centre of
a celestial sphere, whilst this sphere turns round
with a uniform motion, carrying with it all the
stars, fixed, like so many twinkling points. We
shall by and by come to explain the falseness of
this supposition, which, however false it is, wiil |
give us some good idea of the movements of the
heavens.

Placed upon the earth, it does not seem to us as
a sphere isolated in space. An attentive observa-
tion, however, will convince us that if we had the
power of removing to a distance from the globe, it
would present to our sight the same form as the
sun and moon present, with apparent dimensions
differing at different distances. Reason has dissi-
pated the mist of ancient physics, and with it have
vanished the fictions and brilliant illusions of poesy.

The earth is no longer ¢“a plain, supporting a
celestial dome;’” Phebus no longer ‘¢ extinguishes
his brilliant fire in the waves;”” Sol rises without
“ Aurora’s opening the gates for his flaming
chariot ;”’ and, finally, Olympus is no longer a
“small mountain of Thessaly, inhabited by the
fabled god of thunder.”

This first step it was not very difficult to take.
But is the carth fixed in the centre of the universe?
Does the universe revolve about it? Are the mul-
titude of heavenly bodies attached to the surface of .
a sphere turning on one of its diameters ? It is not
always the first step that is the most difficult. Ob-
servations did not correct this opinion. The sport
of deceitful appearance, it was necessary, if we




would escape this error, to put aside prejudices
born with us, and which our eyes confirmed at every
look, instead of removing. The philosopher who
first affirmed that the celestial sphere was motion-
less, and that on the contrary the earth turned
round, dared to contradict the testimony of the
senses. It was by the comparison of diflerent
phenomena, by studying their consequences, that
he discovered those great natural laws, whose im-
press is upon every thing around us.

First, it was observed that the moon, and the
planets Venus and Mercury, sometimes passed over
the sun ; all these heavenly bodies at times covered
the stars in the same way as a cloud conceals them.
. They are then at unequal distances from the earth.
It is also probable that the stars are at unequal dis-
tances, since they have very different degrees of

splendor and apparent magnitude, for ‘¢ one star
' differeth from another in glory.”” There are my-
" riads which are not visible to the naked eye, and
of whose existence we should be wholly ignorant
but for the telescope.
are more distant than the others ?

We are under the necessity of choosing between
two suppositions, either of which explains well
enough the facts observed. One (that which agrees
better with the testimony of our senses) supposes
the heavens to revolve around us with a general
| and equable motion ; the other, which is the only
reasonable one, supposes the earth to revolve on
its axis, while the celestial sphere remains motion-
less. ~

A traveller, shifting his locality on our globe,
will obtain a view of. celestial objects invisible from
his original station, in a way which may be not
maptly illustrated by comparing him to a person
standing in a park close to a large tree. The
massive obstacle presented by its trunk cuts off his
view of all those parts of the landscape which it
occupies as an object ; but by walking round it a
complete successive view of the whole panorama
may be obtained. Just in the same way, if we set
off from any station, and travel southward, we shall
not fail to notice that many celestial objects which

are never seen from that station come successively
8

WONDERS OF THE HEAVENS.

Is it not probable that these
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into view, as if rising up above the horizon, night
after night, from the south, although it is in reality
our horizon, which, travelling with us southward
round the sphere, sinks in succession beneath them.
The novelty and splendor of fresh constellations
thus gradually brought into view in the clear calm
nights of tropical climates, in long voyages to the
south, is dwelt upon by all who have enjoyed this
spectacle, and never fails to impress itself on the
recollection among the most delightful and interest-
ing of the associations connected with extensive
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travel. A glance at the accompanying figure, ex-

hibiting three successive stations of a traveller,
A, B, C, with the horizon corresponding to cach,
will place this processin clearer evidence than any
description.

Suppose the earth itself to have a motion of rota-
tion on its centre. It is evident that a spectator at
rest (as it appears to him) on any part of it, will,
unperceived by himself, be carried round with it:
unperceived, we say, because his horizon will con-
stantly contain, and be limited by, the same terres-
trial objects. IIe will have the same landscape
constantly before his eyes, in which all the familiar
objects in it, that serve him for landmarks and
directions, retain, with respect to himself or to each
other, the same invariable situations. The perfect
smoothness and equality of the motion of so vast a
mass, in which every object he sees around him
participates alike, will prevent his entertaining-any
suspicion of his actual change of place. Yet, with
respect to external objects,—that is to say, all
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celestial ones which do not participate in the sup-
posed rotation of the earth,—his horizon will have
been all the while shifting in its relation to them,
precisely as in the case of our traveller. Recurring
to the figure, it is evidently the same thing, so far
as their visibility is concerned, whether he has been
carried by tlie earth’s rotation successively into the
situations A, B, C; or whether, the earth remain-
ing at rest, he has transferred himself personally
along its surface to those stations. Our spectator
in the park will obtain precisely the same view of
the landscape, whether he walk round the tree, or
whether we suppose it sawed off, and made to turn
on an upright pivot, while lie stands on a project-
ing step attached to it, and allows himself to be
carried round by its motion. The only difference
will be in his view of the tree itself, of which, in
the former case, he will see every part, but, in the
latter, only that portion of it which remains con-
stantly opposite to him, and immediately under his
eye.

By such a rotation of the earth, then, aswe have
supposed, the horizon of a stationary spectator will
be constantly depressing itself below those objects
which lie in that region of space towards which the
rotation is carrying him, and clevating itself above
those in the opposite gquarter ; admitting into view
the former, and successively hiding the latter. As
the horizon of every such spectator, however, ap-
pears fo him motionless, all such changes will be
referred by him to a motion in the objects them-
selves so successively disclosed and concealed. In
place of his horizon approaching the stars, there-
fore, he will judge the stars to approach his hori-
zon ; and when it passes over and hides any of
them, he will consider them as having sunk below
it or sef; while those it has just disclosed, and
from which it is receding, will seem to be rising
above it.

If we suppose this rotation of the earth to con-
tinue in one and the same direction,—that is to say,
to be performed round one and the same azis, till
it has completed an entire revolution, and come
back to the position from which it set out when the
spectator began lis observations,—it is manifest
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that every thing will then be in preciscly the same
relative position as at the outset: all the heavenly
bodies will appear to occupy the same places in
the concave of the sky which they did at that in-
stant, except such as may have actually moved in
the interim ; and if the rotation still continue, the
same phenomena of their successive rising and
setting, and return to the same places, will con-
tinue to be repeated in the same order, and (if the
velocity of rotation be uniform) in equal intervals
of time.

Now, in this we have a lively picture of that
grand phenomenon, the most important, beyond all -
comparison, which nature presents, the daily rising
and setting of the sun and stars, their progress
through the vault of the heavens, and their return
to the same apparent places at the same hours of
the day and night. The accomplishment of this
revolution in the regular interval of twenty-four
hours, is the first instance we encounter of that
great law of periodicity, which, as we shall sce,
pervades all astronomy ; by which expression we
understand the continual reproduction of the same
phenomena, in the same order, at equal intervals of
time.

A free rotation of the earth round its centre, if it
exist and be performed in consonance with the
same mechanical laws which obtain in the motions
of masses of matter under our immediate control,
and within our ordinary experience, must be such
as to satisfy two essential conditions. It must be
invariable in its direction with respect to the sphere
itself, and uniform in its velocity. The rotation
must be performed round an azis or diameter of the
sphere, whose poles, or extremities, where it meets
the surface, correspond always to the same points
on the sphere. Modes of rotation of a solid body
under the influence of external agency are con-
ceivable, in which the poles of the imaginary line
or axis about which it is at any moment revolving
shall hold no fixed places on the surface, but shift
upon it every moment. Such changes, however,
are inconsistent with the idea of a rotation of a
body of regular figure about its axis of symmetry,
performed in free space, and without resistance or
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obstruction from any surrounding medium. The
complete absence of such obstructions draws with
it, of necessity, the strict fulfilment of the two con-
ditions above mentioned.

Now, these conditions are in perfect accordance
with what we observe, and what recorded observa-
tion teaches us in respect of the diurnal motions of
the hcavenly bodies. We have no reason to be-
lieve, from history, that any sensible change has
taken place since the carliest ages in the interval of
time elapsing between two successive returns of the
same star to the same point of the sky; or, rather,
it is demonstrable from astronomical records that
no such change has taken place. And with re-
spect to the other condition,—the permanence of the
azis of rotation,—the appearances which any altera-
tion in that respect must produce, would be marked
by a corresponding change of a very obvious kind
in the apparent motions of the stars; which, again,
history decidedly declares them nof to have under-
gone.

Such general views of the nocturnal heavens,
which every common observer may take, have a
tendency to expand the mind, and to elevate it to
the contemplation of an Invisible Power, by which
such mighty movements are conducted. Whether
we consider the vast concave, with all its radiant
orbs, moving in majestic grandeur around our globe,
or the earth itself whirling round its inhabitants in
an opposite direction—an idea of sublimity, and of
Almighty energy, irresistibly forces itself upon the
mind, which throws completely into the shade the
mightiest efforts of human power. The most pow-
erful mechanical engines that were ever construct-
ed by the agency of man, can scarcely afford us the
least assistance in forming a conception of that
incomprehensible Power, which, with unceasing
energy, communicates motion to revolving worlds.
And yet, such is the apathy with which the hea-
vens are viewed by the greater part of mankind,
that there are thousands who have occasionally
gazed at the stars, for the space of fifty years, who
are still ignorant of the fact, that they perform an
apparent diurnal revolution round our globe.

Again, if we contemplate the heavens with some
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attention, for a number of successive nights, we
shall find, that by far the greater part of the stars
never vary their positions with respect to each
other. If we observe two stars at a certain appa- !
rent distance from each other, either north or south,
or in any other direction, they will appear at the
same distance, and in the same relative position to
each other, the next evening, the next month, and
the next year. The stars, for instance, which form
the sword and belt of Orion, present to our eye the
same figure and relative aspect during the whole
period they are visible in winter, and from one year
to another ; and the same is the case with all the
fixed stars in the firmament. On examining the
sky a little more minutely, however, we perceive
certain bodies which regularly shift their positions.
Sometimes they appear to move towards the east,
somctimes towards the west, and at other times
seem to rcmain in a stationary position. These
bodies have obtained the name of planets, or wan-
dering stars; and, in our latitude, are most fre-
quently seen either in the eastern and western, or
in the southern parts of the heavens. Ten of these
planetary orbs have been discovered; six of which
are, for the most part, invisible to the naked eye.
By a careful cxamination of the motions of these
bodies, and their different aspects, astronomers
have determined that they all move round the sun
as a centre, and form, with the eartli, one grand
and harmonious system.

If the results at which we arrive in this age, m
consequence of the great progress of the physical
sciences, were unknown to the ancients, still it must
be admitted that they werc not without some idea
of their existence ; and we are often surprised to
find a precision, that we should be far from expect-
ing of them, if we considered sufficiently how much
patience and reflection were requisite to enable
them to attain what they have, with the aid of their
rude methods. However this may be, there was
nothing better than doubts concerning the motions
of the heavenly bodies, until the illustrious Coperni-
cus appeared. He was undoubtedly the first who
displaced the earth from the centre of the celestial
motions, and subjected it to the laws, followed by
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the other planets, by making it revolve around the
sun; and thus destroyed that proud pretension of
man, that cousidered the abode he possessed as a
spot upon which a beneficent Creator had poured
out all his blessings, and to which he had given, as
it were, the sovereignty of the universe.

Some have wished to take from Copernicus the
immortal glory of such a discovery, by asserting
- that his theory had been already held by certain
of the ancients. They have mentioned Pythagoras,
Empedocles, and others. But wise men know how
to value justly this assertion, and despise the com-
mon accusation of plagiarism, which so many are
ever ready to make against those who are guilty
of having acquired a great reputation.

The numerous arguments furnished by Coperni-
cus in support of his theory, caused it to be adopt-
ed by almost all the astronomers who succeeded
him; and those which Kepler, Galileo and New-
ton added, have served to establish it forever. Let
us consider now what are the phenomena that
should result from the rotation of the earth on its
axis. And first, what induces one ignorant of the
subject to attribute to a motion of the heaven
what is really a consequence of our own rotation ?
Experience offers to us daily examples of a similar
illusion. Placed in a boat that is descending a
river, if we direct our sight toward the bank, do
not the hills, the mountains, the trees, all objects
scem to move in a direction contrary to our own
motion, and with a rapidity proportioned to their
proximity to us? Do not all objects which are
presented to his vision seem equally to be flying
backward [rom the traveller in his coach? and
does not the illusion become stronger in proportion
to the rapidity of his own motion ?

These effects, and many others similar to them,
are owing to various causes, the cxplanation of
which may be found by examining the sensations
that affect us in such cases. The motion which
carries us onward not being the result of the
voluntary action of our organs, and our relations
to the objects about us being unchanged thereby,
we are affected in a manner entirely passive, and
the cause is not attributed to ourselves. This is
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so true, that, notwithstanding the strong conviction
we are under that we are subject to a deceitful
appearance, we cannot at first prevent ourselves
from Dbelieving the erroneous testimony of our
senses. The circumstances are the same which
happen to one situated on the surface of the earth.
All the objects nearest him participate in the same
motions that are performed so unconsciously by him-
self, and consequently their motion is unobserved.
He belicves that he and they are motionless, and
attributes to other objects with which his relations
are changed a motion in a direction contrary to the
real motion of himself and those objects that move
with him.  Thus we at first sight should suppose
that the course of the heavenly bodies was from
east to west, while in reality it is directly the re-
verse. 'The observer, accompanying the earth in
its rotation, perceives that the heavenly bodies
become more and more elevated above his horizon,
and then apparently descend until they are con-
cecaled by the carth, whose opacity prevents the
passage of luminous rays to the eye of the ob-
server.

Before coming to the direct and unanswerable
proofs of the rotation of the earth,—proofs drawn
from the laws of attraction and from the many
phenomena going on about us,—lect us reflect a mo-
ment on the consequences which would result from
admitting its immobility in space.

The distance of the sun is about ninety-five mil-
lions of miles ; consequently, the diameter of the
circle he would describe around the earth would be
190 millions, and its circumference 597,142,857,
which forms the extent of the circuit through which
he would move in twenty-four hours, if the earth
were at rest.  This number divided by twenty-four
gives 24,880,952, the number of miles he would
move in an hour ; and this last number divided by
sixty gives 414,682, the number of miles he would
move inaminute. The nearest star is reckoned to
be at least 20,000,000,000,000, or twenty billions
of miles distant from the earth; consequently, its
daily circuit round our globe would measure more
than 125,000,000,000,000, miles. This sum divid-

. ed by 86,400, the number of seconds in a day, would




give 1,454,861,111, or somewhat more than one
thousand four hundred millions of miles, for its rate
of motion in a second of time: a motion which,
were it actually existing, would, in all probability,
shatter the universe to atoms.

The reader may, perhaps, acquire a more dis-
tinct idea of this explanation from the following
figure.

¥

\
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Let the small circle, A, in the centre, represent
the earth, and the circle BC D E the orbit of the
sun, on the supposition that he moves round the
earth every twenty-four hours. The line A B will
represent the distance of the sun from the earth,
or ninety-five millions of miles; the line B D the
diameter of the orbit he would describe ; and the
circle BC D E the circumference along which he
would move every day, or 597 millions of miles,
which is somewhat more than three times the
diameter. If the line A I represent the distance
of the nearest star, the circle F G HI will repre-
sent the circuit through which it would move
every twenty-four hours, if the earth were at rest.
It is obvious, from the figure, that since the stars
are at a greater distance from the earth than the
sun, the circle they would describe around the carth
would be larger in proportion, and, consequently,
their velocities would be proportionably more
rapid ; since they would move through their larger
circles in the same time in which the sun moved
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through his narrower sphere. But the supposition
that the carth is the centre of all the celestial mo-
tions, and that the different stars are daily moving
around it with different velocities, and the slowest
of these motions is so inconceivably mpid, is so
wild and extravagant that it appears altogether in-
counsistent with the harmony of the universe, with
the wisdom and intelligence of the Deity, and with
all the other arrangements he has made in the
system of nature.

How then can we reasonably believe that the
Leavenly bodies, scattered in such numbers through
the dome of heaven, placed at such different dis-
tances, so variable in volume and mass, should
perform their daily revolutions in exactly the same
time? And what other probabilities could we not
bring forward against such a theory, if we would
seek with care for all that could be found?

If it be not proved satisfactorily that the stars
are at unequal distances from the ecarth, at least
this truth is evident with regard to the sun, the
moon, and the planets. It would be requisite that
these bodies should have velocities proportioned
to their respective distances, in order to produce
the same appcarances as would be presented by
the rotation of the earth. This concert of motion
seems the more impossible to admit when reflect-

ing upon the comets; they move in all directions .

and with all velocities, and yet make this apparent
revolution about the earth in twenty-four hours; a
revolution affected only by the small quantity of
their own proper motion. And if this unanimity
of motion, so constant in the midst of so many
regular variations, present some trifling differences,
still the equality may be taken as perfect, and the
diurnal motion considered as the only instance of
uniformity in existence. IJow can we believe that
the earth, this insensible point of matter, is the
only one immovable in the midst of bodies so im-
mense and so rapidly moving ?

The sentiment of self-love, which wonld refer
every thing to ourselves, tempts us to believe our
earth the centre of the motions of the universe. It
is the part of philosophy to remove such a cause ;
or, rather, does not religion remove it? Is it not
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attacking the majesty of the Creator to make the
creation of all these myriads of bodies have for its
sole or chief object the lighting up or enlivening of
this earth, a mere atom in space ?

When we whirl a sling, the hand that holds the
cord feels that some effort is required to retain it.
As soon as this effort ceases, the stone, released
from its confinement, escapes. The power that
causes the tension of the string is called centrifugal
force, (tendency from the centre.) Every body,
thus revolving round a point, has a tendency to
escape from that centre, in a right line, which is
tangent to the circle made by the revolving body ;

- while the cord which confines it represents the
centripetal force (tendeney toward the centre) exer-
cised to retain the body. Calculations show that
this force increases as the mass of the body and as
the squares of the velocity of its motion. How im-
mense then would be the power required to keep
the sun and the stars in their respective orbits
round the eartl. Thus all things seem to conspire
to prove to us that the carth has a motion of rotation
on ils axis from west to east, while the stars remain
Jized.

Since the earth revolves, it must, like all bodies
that have a similar motion, possess a centrifugal

- force, which (according to experience and calcula-
tion) increases as the squares of the velocities of
the motion. The equator being the largest circle
of the earth, the centrifugal force must be greatest

there. It will, on the contrary, be nothing at the
poles. And as the centrifugal force varies with
the distance from the centre of the globe, it follows
that the force of attraction acts upon bodies on dif-
ferent parts of the surface with a varying intensity.

To be convinced of this fact it was only necessa-
ry to carry a pendulum from the equator toward
the pole, and as the number of oscillations increase
with its weight we have a very simple method of
finding the force of attraction.

But there are two things to be considered in the
diffcrence of results with which we should be thus

i furnished ; viz. the greater distance of the body

from the centre of attraction, and the greater cen-
trifugal force at the equator. These two circum-
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stances conspire to make the weight of bodies at
the equator less than they would be at the poles ;
weight being an effect of attraction which the earth
exercises on bodies. It is found that the weight
decreases as we ascend high mountains, and we
know that the equatorial diameter is the longest ;
therefore there is nothing unreasonable in suppos-
ing that the cause of the diminution of weight is the
same in both cases, viz., the grcater distance from
the centre. The other conspiring causc of the
diminution of weight will hardly need an argument,
viz. the greater rapidity of motion at the equator.

The attraction of the globe also varies with the
density of its internal strata, which is unknown.
It would be scarcely possible to admit that the
earth werc homogeneous, even if observations on
the length of the pendulum did not contradict the
idea ; while we find an admirable consistency in
the theory that the density of the carth increases from
the surface to the centre.

A pendulum, then, at the same time that it helps
to prove the rotation of the earth, introduces us,
as it were, into the interior of the globe, and per-
mits us to appreciate the strata which compose it.
It has been usual to regard the diminution of weight
at the equator as ;{5; that is, bodies lose at the
equator iy of the weight they have at the poles.
As 289 is the square of seventeen, and as the cen-
trifugal force increases as the square of the velocity,
it follows that if the rotation of the carth should
become seventeen times more rapid than it is, a
body at the equator would lose the whole of its
weight. If a still greater velocity were imparted
to it, bodies would fly off from the carth’s surface,
as stones rise from the crater of a volcano.

The reader will naturally inquire what is meant
by speaking of the same body as having different
weights at different stations ; and how such a fact,
if true, can be ascertained. When we weigh a
body by a balance or a steelyard we do but coun-
teract its weight by the equal weight of another
body under the very same circumstances; and if
both the body weighed and its counterpoise be re-
moved to another station, their gravity, if changed
at all, will be changed equally, so that they will




still continue to counterbalance each other. A
difference in the intensity of gravity could, there-
fore, never be detected by thesc means; nor is it
in this sense that we assert that a body weighing
194 pounds at the equator will weigh 195 at the
pole. If counterbalanced in a scale or steelyard
at the former station, an additional pound placed in
one or other scale at the latter would inevitably
sink the beam.

The meaning of the proposition may be thus ex-
plained : conceive a weight, z, suspended at the
equator by a string without weight passing over a
pulley, A, and conducted (supposing such a thing
possible) over other pulleys, such as B, round the

- earth’s convexity, till the other end hung down at

the pole, and there sustained the weight y. If,
then, the weights = and y were such as, at any one
station, equatorial or polar, would exactly counter-
c poise each other on a ba-
lance or when suspended
side byside over asingle pul-
ley, théy would not coun-
terbalance each other in this
supposed situation, but the
polar weight, y, would pre-
ponderate ; and to restore
the equipoise the weight z
must be increased by ;isth part of its quantity.
The means by which this variation of gravity
may be shown to exist, and its amount measured,
are twofold, (like all estimations of mechanical
power,) statical and dynamical. The former con-
sists in putting the gravity of a weight in equili-
brium, not with that of another weight, but with a
natural power of a different kind not liable to be
affected by local situation. Such a power is the
elastic force of a spring. Let ABC be a strong
support of brass, standing on the foot A ED, cast
in onc piece with it, into which is let a smooth
plate of agate, D, which can be adjusted to perfect
horizontality by a level. At C let a spiral spring,
G, be attached, which carries at its lower end a
weight, I, polished and convex below. The length
and strength of the spring must be so adjusted
that the weight I" shall be sustained by it just to
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swing clear of contact with the agate plate in the
highest latitude at which it is intended to use the
instrument. Then, if small B

weights be added cautious- {
ly, it may be made to de-
scend till it just grazes the
agate, a contact which can
be made with the utmost
imaginable delicacy. Let
these weights be noted; the
weight I detached ; the
spring G carefully lifted off
its hook, and secured, for
travelling, from rust, strain,
or disturbance; and the \
whole apparatus conveyed [T

to a station in a lower latitude. It wnll then be
found, on remounting it, that, although loaded with
the same additional weights as before, the weight
T will no longer have power enough to stretch the
spring to the extent required for producing a simi-
lar contact. More weights will require to be add-
ed ; and the additional quantity necessary will, it
is evident, measurc the difference of gravity be-
tween the two stations, as exerted on the whole
quantity of pendent matter, i. ¢. the sum of the
weight of I' and %elf that of the spiral spring itself.
Granting that a spiral spring can be constructed of
such strength and dimensions that a weight of
10,000 grains, including its own, shall produce an
elongation of ten inches without permanently strain-
ing it, one additional grain will produce a further
extension of t5%5,th of an inch,—a quantity which
cannot possibly be mistaken in such a contact as
that in question. Thus we should be provided
with the means of measuring the power of gravi-
ty, at any station, to within 555th of its whole
quantity.

The other or dynamical process, by which the
force urging any given weight to the earth may
be determined, consists in ascertaining the velocity
imparted by it to the weight when suffered to fall
freely in a given time, as one second. This ve-
locity cannot, indeed, be directly measured ; but,
indirectly, the principles of mechanics furnish an
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easy and eertain means of deducing it, and, con-
sequently, the intensity of gravity, by observing
the oscillations of a pendulum. It is proved in
mechanies that, if one and the same pendulum be
made to oseillate at different stations, or under the
influenee of different forees, and the numbers of
oscillations made in the same time in cach case be
counted, the intensities of the forees will be to each
other inversely as thc squares of the numbers of
oseillations made, and thus their proportion be-
comes known. For instance, it is found that,
under the equator, a pendulum of a certain form
and length makes 86,400 vibrations in a mean solar
day; and that when transported to fifty-one and a
half degrees north, the same pendulum makes
86,5635 vibrations in the same time. Ilence we
conelude, that the intensity of the force urging the
pendulum downwards at the equator is to that at
fifty-one and a half degrees north as 86,400 to
86,535, or as 1 to 1:00315; or, in other words,
that a mass of matter at the equator weighing
10,000 pounds exerts the same pressure on the
ground, and the same effort to erush a body placed
below it, that 10,0313 of the same pounds, transport-
ed to fifty-one and a half degrees north, would
exert there.

Experiments of this kind have been made, as
above stated, with the utmost care and minutest
precaution, to insure exactness in all accessible
latitudes ; and their general and final result has
been, to give ;}; for the fraction expressing the
difference of gravity at the equator and poles.
Now, it will not fail to be noticed by the reader,
and will, probably, oceur to him as an objeetion
against the cxplanation here given of the faet by

El the earth’s rotation, that this differs materially from

the fraction 515, expressing the centrifugal force at
the equator. 'The difference by which the former
fraction exceeds the latter is 3y,—a small quantity
in itself, but still far too large, compared with the
others in question, not to be distinctly accounted
for, and not to prove fatal to this explanation, if it
will not render a strict account of it.

The mode in which this differenee arises affords
a curious and instructive example of the indircct
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influence which mechanical causes often exercise,
and of which astronomy furnishes innumerable in-
stances. The rotation of the earth gives rise to
the centrifugal foree; the centrifugal force pro-
duces an ellipticity in the form of the earth itself’;
and this very cllipticity of form modifies its power
of attraction on bodies placed at its surface, and
thus gives rise to the difference in question. Hcre,
then, we have the same cause cxercising at once a
direct and an indireet influenee. The amount of the
former is easily ealculated, that of the latter with
far more difficulty, by an intricate and profound
application of geometry, whose steps we cannot
pretend to trace in a work like the present, and
ean only state its nature and result.

The weight of a body (considered as undiminish-
ed by a centrifugal force) is the effect of the earth’s
attraction on it. The attraetion of the earth, then,
on a body placed on its surfaee, is not a simple
but a complex foree, resulting from the separate
attractions of all its parts. Now, it is evident, that
if the earth were a perfect sphere, the attraction
exerted by it on a body anywhere placed on its
surface, whether at its equator or pole, must be
exactly alike, for the simple reason of the exaet
symmetry of the sphere in every direction. Tt is
not less evident that, the earth being elliptical,
and this symmetry or similitude of all its parts not
existing, the same result cannot be expeeted. A
body placed at the equator, and a similar one at
the pole of a flattened ellipsoid, stand in a different
geometrical relation to the mass as awhole. This
difference, without entering further into particulars,
may be expected to draw with it a difference in its
forces of attraction on the two bodies. Caleulation
confirms this idea. It is a question of purely
mathematical investigation, and has been treated
with perfect clearness and preeision by Newton,
Maclaurin, Clairant, and many other eminent geo-
meters ; and the result of their investigations is to
show that, owing to the elliptic form of the earth
alone, and independent of the eentrifugal force, its
attraction ought to increase the weight of a body
in going from the equator to the pole by almost
exactly i,th part; which, together with ;{sth
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due to the centrifugal force, make up the whole
quantity, 3sth, observed.

We shall next proceed to state some of the re-
markable effects resulting from the diurnal rota-
tion of the earth.

When we abandon a body to the action of gravi-
ty it falls; its dircction would be vertical if the
earth were at rest. And if the point whence we
let it fall be not far from the surface of the earth,
the direction of its descent would not be apprecia-

bly out of the vertical, on the supposition that the’

earth revolves. But let a body be carried to a
very high summit, is it not evident that it would
acquire a velocity of rotation proportioned to the
height of the summit, that is, to its distance from
the axis of motion? It will therefore acquire a
velocity in a horizontal direction greater than the
base of the edifice or mountain. But this swiftness
of motion from the west towards the east, that is,
in the direction of the earth’s rotation, it retains
when left to itself, and acquires another from
gravity, in the direction of the vertical. Being
thus acted upon by two forces, it would fall in the
resultant of the two, and strike the ground a little
to the east of the tower. This experiment is a
very delicate one, for a fall of two hundred feet
causes but very slight deviation from the vertical ;
yet it has often been tried, and has always agreed
with the theory. Although such an experiment
would be unsatisfactory by itself, because of the
small scale on which it can be tried, it may make
one link in the great chain of evidence that so irre-
sistibly proves the rotation of the earth on its axis.

Another effect of the revolution of the earth is
the displacement of the air in the equatorial regions.
The air, heated by the action of the sun, expands,
and, rising, passes toward the poles, while the
denser air at the poles rushes, in different direc-
tions, to fill up the void under the equator. In their
contact with the earth the particles acquire the
same velocity of rotation as the zone they occupy.
When, therefore, they reach the equator, they
would receive an increase of rapidity if they could
remain long enough in contact with that part of the

globe ; but as the air is constantly expanding and
9
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rising there, it never acquires a velocity equal to
that of the equator. Wherefore the trees, houses,
mountains, ships, turning with the rapidity of the
earth, strike with force upon the air, producing the
same effecet and appearance as if they were still and
the air in motion.

The following on this subject is from ¢ Arnott’s
Physics.”

If our globe were at rest, and the sun were al-
ways acting over the same part, the earth and air
dircctly under him would become exceedingly heat-
ed, and the air would be constantly rising, like oil
in water, or like the smoke from a great fire;
while currents or winds below would be pouring
towards the central spot from all directions. But
the earth is constantly turning round under the sun,
so that the whole middle region or equatorial belt
may be called the sun’s place; and therefore, ac-
cording to the principle just laid down, there
should be over it a constant rising of air, and con-
stant currents from the two sides of it, on the north
and south, to supply the ascent. Now this phe-
nomenon is really going on, and has been going on
ever since the beginning of the world, producing
the steady winds of the northern and southern
hemispheres, called the frede winds, on which, in
most places within thirty degrees of the equator,
mariners reckon almost as confidently as on the
rising and setting of the sun himself.

The trade winds, however, although thus moving
from the poles to the equator, do not appear on the
earth to be directly north and south, for the east-
ward whirling, or diurnal rotation of the earth,
causcs a wind from the north to appear as if coming
from the north-east, and a wind from the south as
if coming from the south-east.

This fact is illustrated by the case of 2 man on a
galloping horse, to whom a calm appears to be a
strong wind in his face; and if he be riding east-
ward while the wind is directly north or south,
such wind will appear to him to come from the
north-east or south-east ; or, again, by the case of
a small globe made to turn upon a perpendicular
axis, while a ball or some water is allowed to run
from the top of it downwards; the ball will not
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immediately acquire the whirling motion of the
globe, but will fall almost directly downwards ; but
the track, if marked upon the globe, will appear
not as a direct line from the axis to the equator,
that is, from north to south, but as a line falling
obliquely. Thus, then, the whirling of the earth
is the cause of the oblique and westward direction
of the trade winds, and not, as has often been said,
the sun drawing them after him.

The reason why the trade winds, at their exter-
nal confines, which are about thirty degrees from
the sun’s place, appear almost directly cast, and
become more nearly north and south as they ap-
proach the central line, is, that at the confines they
arc like fluid coming from the axis of a turning
wheel, and which has approached the circumfer-
ence, but has not yet acquired the velocity of the
circumference; while, nearer the line, they are
like the fluid after it has for a considerable time
been turning on the circumference, and has acquired
its rotary motion; consequently appearing at rest
as regards that motion, but still leaving sensible any
motion in a cross direction.

While, in the lower regions of the atmosphere,
air is thus constantly flowing towards the equator
and forming the steady trade winds between the
tropics, in the upper regions there must of course be
a counter current, distributing the heated air over
the globe. Accordingly,since reason led men to ex-
pect this, many striking proofs have been detected.
At the summit of the Peak of Teneriffe, observa-
tions now show that there is always a strong wind
blowing in a direction contrary to that of the trade
wind on the face of the ocean below. Again, the
trade winds among the West India islands are con-
stant, yet volcanic dust thrown aloft from the island
of St. Vincent, in the year 1812, was found, to the
astonishment of the inhabitants of Barbadoes,
hovering over them in thick clouds, and falling,
after coming more than one hundred miles directly
against the strong trade wind, which ships must
take a circuitous course to avoid. To persons sail-
ing from the Cape of Good Hope to St. Ielena the
sun is often hidden for days together, by a stratum
of dense clouds passing southward high in the at-
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mosphere; which clouds consist of the moisture
raised high near the equator with the heated air,
and becoming condensed again as it approaches the
colder regions of the south.

Beyond the tropics, where the heating influence
of the sun is less, the winds occasionally obey other
causes than those we have now been considering,
which causes have not yet been fully investigated.
The winds of temperate climates are in consequence
much less regular, and are called varieble; but still,
as a general rule, wherever air is moving towards
the equator from the north or south poles, where it
was at rest, it must have the appearance of an east
wind, or a wind moving in a contrary direction to
the earth itself, until it has gradually acquired the
whirling motion of that part of the surface of the
earth on which it is found; and again, when air is
moving from the equator, where it had at last ac-
quired nearly the same motion as that part of the
earth, on reaching nearer the poles, and which
have less eastward motion, it continues to run
faster than they, and becomes a westerly wind. In
many situations beyond the tropics, the westerly
winds, which are merely the upper equatorial cur-
rent of air falling down, are alimost as regular as
the easterly winds within the tropics, and might also
be called trade winds. Witness the usual shortness
of the voyage from New York to Liverpool, and the
length of those made in the contrary direction.
North of the equator, then, on the earth, true north
winds appear to be north-east, and true south
winds appear to be south-west, which are the two
winds that blow in England for three hundred days
of every year. In southern climates the converse
is true.

Among the many proofs of the wisdom and good-
ness of the Deity, one is drawn from the rotation
of the earth, or rather from the situation of its axis
of rotation. Among the possibilities out of which
the choice was to be made, the number of those
which were wrong bore an infinite proportion to
the number of those which were right. We have
already shown that the carth is an oblate spheroid,
shaped something like an orange. Now the diame-
ters upon which such a body may be made to turn
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round, or tlie axes of rotations, are as many as can
be drawn through its centre to opposite points upon
its whole surface; but of these axes none are per-
manent except either its shortest diameter, i. e.
that which passes through the heart of the orange
from the place where the stalk is inserted, and
which is but one; or its longest diameters, (at right
angles with the former,) which must all terminate
in that circumference that goes round the thickest
part of the fruit. The shortest diameter is that
upon which the earth in fact turns, and it is, as the
reader sces, what it ought to be, a permanent axis.
Whereas, had blind chance, had a casnal impulse,
had a stroke or push at random, set the earth re-
volving, the odds were infinite but that they had
sent it round on a wrong axis. And what would
have been the consequence? When a spheroid, in
a state of rotation, gets upon a permanent axis, it
keeps there; it remains steady and faithful to its
position; its poles preserve their direction with
respect to the plane and to the centre of its orbit.
But whilst it turns upon an axis which is not per-
manent, (and the number of these infinitely exceeds
the number of the others,) it is always liable to
shift and vacillate from one axis to another, with a
corresponding change in the inclination of its poles.
If therefore a planet once set off revolving upon
any other than its shortest or one of its longest
axes, the poles on its surface would be perpetually
changing, and it would never attain a permanent
axis of rotation. The effect of this instability would
be, that the equatorial parts of the earth might be-
come the polar, or the polar the equatorial, to the
utter destruction of plants and animals, which are
not capable of interchanging their situation, but are
respectively adapted to their own. As to our-
selves, instead of rejoicing in our temperate elimate,
and annually preparing for the moderate vicissitude,
or rather the agreeable succession of seasons which
we experience and expect, we might be suddenly
locked up in the ice and darkness of the Arctic
circle, with bodies neither inured to its rigors, nor
provided with shelter or defence against them.
Nor would it be much better if the trepidation of
our pole, taking an opposite course, should place
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| us under the heats of a vertical sun.
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But if it
would fare so ill with the human inhabitant, who
can live under greater varieties of latitude than any
other animal, still more noxious would it prove to
the rest of creation, the beasts and the plants.
The habitable earth, with its beautiful variety,
might have been destroyed by a simple mischance
in the axis of rotation.

By virtue of the simplest law that can be
imagined, viz. that a body confinues in the state in
which it is, whether of motion or rest; and if in
motion that it goes on in the same line in which it
was proceeding, and with the same velocity, unless
there be some cause for change, it comes to pass
that cases arise in which attraction, incessantly
drawing a body toward a centre, never brings, nor
ever will bring the body to that centre, but keep it
in eternal circulation round it. If it were possible
to fire off a cannon ball with the velocity of five
miles a second, and the resistance of the air conld
be taken away, the ball would forever wheel round
the earth, instead of falling upon it.

Attraction varies reciprocally as the square of
the distance; that is, at double the distance it has
a quarter of the force; at half the distance four
times the force; and so on. Concerning this law of
variation three things are to be observed:

I. That attraction, for any thing we know to the
contrary, was originally indifferent to all laws of
variation, or just as susceptible of one law as an-
other. It might have been the same at all dis-
tances; it might have increased as the distance
increased; it might have diminished with the in-
crease of the distance; yet, amid ten thousand
different pmportions, it might have followed no
stated law. If attraction be a primordial property
of matter, then, by the very nature and definition
of a primordial property, it stood indifferent to all
laws. If it be the agency of something immaterial,
then also, for any thing we know, it was indiffer-
ent to all laws. If the revolution of bodies round a
centre depend upon vortices, neither are these
limited to one law more than another. Attraction
is sometimes ascribed to an emanalion from the
attracting body. But how is it possible that parti-
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cles streaming from a centre should draw a body
toward that eentre ? The impulse is all the other
way. If we imagine particles incessantly flowing to
the eentre we are no better off; for by what source
is the stream fed, or what becomes of the aceumu-
lation? There is nothing to support the theory of
emanations exeepting the one solitary circumstance,
that the variation of the attracting force agrees with
the variations of the density of the rays.

II. Out of an infinite number of possible laws,
those whieh were admissible, i. e. eonsistent with
the preservation of the system, lay within narrow
Iimits. If the attraeting force had varied aceording
to any direct law of the distanee, great destruetion
and confusion would have taken place. The direet
simple proportion of the distance would have pro-
duced an ellipse, but then the perturbing forees
would have so acted as to be continually changing
the dimensions of this ellipse, in a manner inconsis-
tent with our terrestrial ercation. Of the dnverse
laws, if the eentripetal foree had varied with the
eube of the distanee, or in any higher proportion,
1. e. if at double the distance the attractive force
had diminished to an eighth part, or to less than
that, the eonsequenee would have been, that if the
-carth once began to approach the sun, it would fall
into his body, or if it onee, though ever so little, in-
creased its distanee from the centre, it would recede
from it forever. The laws of attraetion therefore,
eonsistent with the safety of the universe, lie within
narrow limits, eompared with the possible laws.

We do not know, or rather we seldom refleet,
how interested we are in this matter. Small irregu-
larities may be endured, but (small changes except-
ed) the permanence of the ellipse is a question of
life and death to the whole sensitive world.

III. Of the different laws that may be considered
among the admissible, we say that the bdest has been
chosen; that there are advantages in this partieular
law which do not belong to any of the rest.

While this law prevails between each particle of
matter, the uniled attraction of a sphere, composed
of matter, observes the same law. This property
of the law is necessary to render it applieable to a
system composed of spheres; yet it belongs to no
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other admissible law of attraction. If we go further,
we shall more strikingly perceive that this regula-
tion proeceded from a designing mind. A law
both admissible and convenient was requisite. In
what way is the law of the attracting globes attain-
ed? Observations and experiments show, that the
attraction of the globes of the system is made up of
the attraction of their parts. Iere then are clear-
ly shown regulation and design. A law admissible
and convenient was to bhe obtained; the mode
chosen for obtaining it was by making eack partiele
of matter act. After this choice was made, one
and one only partieular law of action was to be
assigned, and no other law but the one they have
reecived would have answered the intended pur-
pose.

All systems must be liable to perturbations. To
guard against their running to destruetive lengths,
is perhaps the strongest evidenee of care and fore-
sight that can be given. It ean be demonstrated
of our law of attraction, and can be of no other,
that the action of the parts of our system upon one
another will not eause permanently increasing
irregularities, but merely periodical or vibratory
ones; that is, they will eome to a limit and then
go back again. To make this hold, several cir-
cumstances are necessary; viz.: the force must be
inversely as the square of the distanee; the masses
of the revolving bodies must be small, compared
with that of the body at the eentre; the orbits not
mueh inelined to caeh other, and their eceentrieity
small. In such a system the important points are
sccure. The mean distances and periodic times
are eonstant; the eccentricities vary so slowly and
to so small an extent as to produce no ineon-
venience. The same is true of the obliquity of the
planes of the orbits. The inclination of the ecliptic
to the equator will not change above two degrees,
and that ehange requires many thousand years.

If it be said that the planets might have been
sent round the sun in exaet eircles, in whieh ease,
no ehange of distanee from the eentre taking place,
the law of variation of the attracting power would
never have come in question, one law would have
served as well as another; an answer to the scheme
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may be drawn from the consideration of these same
perturbing forces. The system retaining in other
respects its present constitution, though the planets
had been sent round in exact circles, they could
not have kept them: and if the law of attraction
had not been what it is, or, at least, if the prevail-
ing law had transgressed the limits above assigned,
every movement would have been productive of
fatal consequences. The planet once drawn (as it
necessarily must have been) out of its course, would
have wandered in endless error.

SECTION II.

Sun’s apparent motion—Ecliptie—Celestial latitude and longitude—
Tropies—Does the sun really move in the ecliptie?—Impulse
requisite to produee the motions of the earth—Appearance of the
motions of the planets as seen from the sun—System of Tyeho
Brahe—Proofs of the earth’s double motion—Annual parallax—
Axis of the earth always points to the same eelestial poles—Its
inelination to the ecliptic—Radius veetor—Cause of the ehange
of seasons—Zones—Winter at the poles—Illustration of the fore-
going—Nature of the earth’s orbit—Poetieal rising and setting of
the stars—Perihelion and aphelion—Designing wisdom apparent
from the figure of the earth’s orbit.

Besipr the daily motion that has been mentioned,
the earth has also another, which carries it in an
elliptical orbit about the sun, the centre of our
planetary system. In order to arrive at the know-
ledge of this motion, we shall examine the appear-
ances that are presented to our senses.

At all times people have been struck with the
alternate departure and approach of the sun, and
with the variations of his height according to the
seasons. If, in fact, we observe each day the right
ascension and declination of this body, we shall find,
that they are never twice the same; if we compare
the sun’s path with that of any star whatever, we
shall find, that in relation to the star it advances
daily about one degree towards the east. But one
degree answers to four minutes of time. It arrives
then four minutes later in the plane of the meridian
than the star. These four minutes accumulating,
it results, that after ninety days the distance to the
same star will be about ninety degrees, or six hours.

EAVENS. 63

After one hundred and eighty days the star and the
sun will be in the plane of the meridian at the same
time; but the latter will pass the lower meridian
while the first will be on the upper meridian.
Finally, after three hundred and sixty-five days
and a quarter, that is to say, one year, the two
bodies will be found at the same time in the plane
of the same meridian, the star having passed by
this plane once more than the sun. And the same
relative changes will be renewed the following year.
If we have taken care to trace each day on a sphere

“the different points at which the sun is found at the

same hour of the day, we shall thus have a curve
which will be the track of its apparent motions
during a whole year.

Obseryation has taught us that the plane of this
curve, which has been called the ecliptic, (because
the fmoon is always in or near it when she is
eclipsed,) passes through the centre of the earth:
its direction is oblique to the equator, and the an-
gle that it makes with this great circle is equal to
23° 28. This angle constitutes the obliquity of
the ecliptic. Ithas for its complement the distance
from the most northerly or southerly point of this
curve to the pole, which is 66° 32. The great
circle of the celestial sphere, that corresponds to
the track of the ecliptic on the earth, has received
also the same name. The position of the stars, or
of the different points of the hecavens, are referred
either to the horizon and the meridian, which are
fixed for each terrestrial place, or to the celestial
equator and a particular horary circle. The dis-
tance of any point from these last curves is called
its declination and right ascension. A third method
exists, which is of continual use in astronomy. A
great part of the phenomena of the planetary
system takes place near the plane of the ecliptic;
it was therefore necessary to refer the heavenly
bodies to this plane. For this purpose, we imagine,
at each point of the heavens, a great circle perpen-
dicular to the planc of the ecliptic. This is called
a circle of latitude. Then the position of a star is
determined by two elements: the first is the arc of
a great eircle, contained between the ecliptic and
the star. This arc is called the latitude of the star.
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The second is the arc of the ccliptic, contained
between the vernal equinox and the circle of lati-
tude. 'This arc is computed, like the right ascen-
sion, from west to ecast, in the direction of the sun’s
apparent motion, and is called the longifude of the
star. The longitude and latitude of stars are not
taken by immediate observation, but are deduced
by trigonometrical calculations from their right
ascension and declination.

The different positions of the sun in the ecliptic
account for the variety of the seasons and the
change in the length of the days. When it is in
the plane of the equator, it apparently describes
that circle in twenty-four hours; but as it departs
from this plane, and advances (for example) in the
northern hemisphere, it describes a series of paral-
lels, which diminish each day, until it has reached
its greatest distance from the equator, which s, as
we have said above, 23° 28’.  The parallel which
it here describes has received the name of tropic,
from a Greek word, which means return, because,
when once this revolution is accomplished, it begins
to return, again advancing toward the equator;
and having passed it, approaches the most souther-
ly point of the ecliptic in the opposite hemisphere,
and returns again toward the equator; thus repro-
ducing cach year the phenomena of the preceding.
It is evident that, on account of the continual mo-
tion of the sun in the ecliptic, the parallels that it
describes each day will not be true circles, but
spirals, such as we form when winding a ball of
thread.

Let EE be the equator, G and G’ the most
elevated points of the ecliptic, to which we give
the name of solstices, because the sun seems to stop
at these places; the parallels G g’ and g G” will be
the circles called fropics. When the sun is at one
of the solstices, the countries which are near this
point will have summer; those will have winter
that are the most distant from this point. As to
the days, the longest will be when the sun is in the
summer solstice; the shortest, when the sun is at
the winter solstice.

The time of the equinoxes, during which the
days and nights are equal, happens always when
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the sun is in the plane of the equator. This is the
case twice in each year; and for us it is spring

when the sun comes toward the northern hemis-
phere, and autumn when it passes again into the
southern hemisphere.

Such are the different appearances which the sun
successively presents to us in its orbit, returning to
the point whence it set out. The time required
for its apparent revolution is called @ year. But
ought we to attribute to the sun himself the motions
that we have noticed? We are already convinced
that we must not always trust the evidence of our
senses; and besides, if we reason according to the
principles we have employed on the subject of the

‘revolution of the earth about its axis, we shall soon

be persuaded that it will be hazarding a supposition
but little probable to regard as reel an apparent
motion. It would, in fact, be necessary to suppose
the velocity of the sun so tremendous, that it is
much more simple to think that the earth itself goes
over the orbit of which we have above spoken.
Calculation gives for the earth’s motion eleven
hundred and thirty-three miles as the space de-
scribed in one minute, which is eighteen miles and
three quarters a second. This swiftness of motion
ought not to surprise us; for the more careful ob-
servation of the phenomena which the planets
present will furnish us with similar movements;
we shall see that, like our globe in form, they are
also, like it, possessed of a double motion, one of
translation in space, the other of rotation on their
axes.

By the laws of mechanics, in order that a free
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body may be struck so as to turn on its axis, it is
necessary that the impulse should not pass through
the centre of gravity. Beside its revolution, it
takes also a motion of translation, as if the force
had acted on its eentre, so that it is carried through
space, while turning on its axis. If the force which
moves a ball on the billiard table is not in the
direction of the centre of this ball, it will revolve
at the same time that it advarces in the direction
of the blow. In order that the rotation should
exist alone, a second impulse, equal and opposite,
must be impressed at the same time on the centre,
capable of arresting its onward motion. We are
assured that the earth has a motion of revolution in
twenty-four hours; and that whatever be the cause
of it, the globe could not have received this motion
without another motion, viz. that of its centre being
transported in space, unless an opposite force had
prevented it. It is therefore more simple to sup-
pose the earth possessed of this second motion, than
to attribute it to the sun. In fact, there must be
three impulses to produce the phenomena on the
last supposition: one on the centre of the sun; the
second on the earth, to make it turn on its axis;
the third, equal and opposite to this, to arrest and
fix it in space. We shall not speak here of the
causes which make one of these bodies revolve
about the other, or of the force which retains it in
its orbit; these things being foreign to the part of
the subject on which we are now occupied.

There are intermediate bodies between us and
the stars, and which have, like the earth, a motion
of their own. In observing these (which are called
planets) with good telescopes, spots have been
seen on their surfaces, the motion of which proves
a revolution of these bodies on their axis, precisely
similar to the rotation of the earth. All these
bodies are opaque, like our globe, and are a little
flattened at the poles, revolving about the sun,
each in its own orbit, from west to cast, like the
earth. Some of them have their moons, as we have
curs. A spectator placed on the sun, if the vivid
light of that body did not deprive him of the view
of the celestial bodies, would see the planets re-
volving about him, while turning on their own
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axes; the earth being subjected to the same general
law as the rest.

The more distant the planets are from the sun,
the slower is their motion around it: nor is the
carth, any more than the other bodies of the system,
free from the action of this general law. The
analogy is complete. All things conspire to warrant
us in classing this globe in the number of the pla-
nets. If we will believe that the sun has an annual
motion in the ecliptic, we destroy the simplicity of
this admirable system.  Beside, it will be necessary
to admit the revolution of the planets around the
sun; the sun will thus carry off their orbits with
it in space, compelling them to follow in its march
about us:—a system very complicated. Yet such
was the system of Tycho Brahé.

The rapidity of the earth’s motion should not
create any surprise, since that of Venus is much
greater ; for she describes twelve hundred miles in
a minute. The size of this planet is nearly equal
to that of the earth. And what a prodigious force
must that be which moves Jupiter and Saturn,
which are, one fifteen hundred, and the other nine
hundred times greater than our globe! Why
cannot the earth be moved like these bodies? An
observer placed on Jupiter would suppose the sun,
the earth, and the planets in motion about him:
and the great size of his globe would render this
illusion more probable to him than to us.

The annual motion of the carth or that of the
sun are the two hypotheses between which we
must choose. The first of these suppositions is the
most simple, since it ascribes motion only to a
point .scarcely visible to a spectator placed on the
sun; while we are obliged to acknowledge that
other celestial bodies, of greater volume than our
earth, are subjected to the same motion. Is it not
natural to prefer a system which bears the character |
of truth, and respects the conditions of analogy,
which we destroy by a contrary opinion ?

And as to the two motions of the earth, its
diurnal rotation on its axis and its annual motion
in the ccliptic; far from regarding this double
action as complicated, we should recollect that,
besides the fact of their existing in the planets,




72 WONDERS OF THE HEAVENS.

where they offer nothing surprising, the motion in
its orbit is a consequence, according to the princi-
ples of mechanics, of that force which causes the
rotary motion, If the last existed alone, there
must be more power to produce it, more effort of
the mind to conceive it.

It is thus the toy we call a top, by a lateral
impulse, turns rapidly on its axis, while its point
describes a curve on the plane of the horizon. In
other respects this comparison is very imperfect,
since the air, the friction, the manner in which the
top is thrown, tend to destroy its motion of trans-
ference in the beginning. That of the earth, which
no resistance diminishes, seems, on the contrary,
to be constant and unchangeable.

Let us admit therefore the theory of the double
motion of the earth, and, far from considering it as
lightly adopted, let us rather admire the great
number of proofs it unites. In fact, this motion
might not have been confirmed by the motion of
the planets; for these bodies might not have
existed at all, or they might not have had both
their motions from west to cast, or they might have
been without moons, or, finally, they might have
been smaller than the earth, and less distant from
the sun. Yet there would still be, in the appear-
ances of the sun alone, proofs enough to make us
prefer the hypothesis of the motion of the earth to
that of the sun.

But what gives the greatest weight to this
opinion is the admirable agreement it establishes
between observations and results. The most
minute details, and the most delicate calculations,
have not discovered any thing in their consequences
inconsistent with the phenomena; any thing not
agreeing rigorously with prediction. The proofs
drawn from attraction and aberration cannot now
be exhibited: and these are the only mathematical
ones. Whatever is contained in the following part
of this treatise, is, properly speaking, only a series
of proofs of the double motion of the earth. This,
which was at first only a supposition, (though
infinitely more probable than the contrary opinion,)
will become a truth demonstrated by more proofs
than any theorem in physics, whether we consider

the simplicity of the laws which result from it, or
the analogy which it establishes in all parts of the
system. '

According to this, the centre of the earth will
therefore describe about the sun, immovable in
space, a continuous curve line in three hundred
and sixty-five days and a quarter, from west to
east, while, at the same time, it makes each day a
revolution on its axis, in the same direction. Its
axis remains parallel with itself in all its positions,
forming with the plane of its orbit, which is the
ecliptic, an angle of 66° 32’. A spectator, sepa-
rated from the earth, who should follow it in the
ecliptic, with his face turned toward the north pole,
would have the sun constantly on his left, and
would see our globe move in the course already
mentioned, and at the same time turning on its
axis, the dise visible to him passing from his left
to his right.

A little after sunset, when the twilight begins to
diminish, we perceive half of the celestial sphere.
The heavens seem to us to turn slowly from east
The stars disappear on one side of the
horizon, and on the opposite side others rise.
This apparent revolution continues during the
night, and the extent of the firmament which is
successively exhibited to our view depends on the
duration of the darkness. In one night in winter
or autumn we may see, in this latitude, almost the
whole heavens, except the part near the south
pole, which never rises to us, and that which is
near the point of the ecliptic where the sun appears,
this last portion, rolling over our heads with the
star of day, is concealed from us by its superior
light. Such are the appearances produced by the
rotation of the earth on its axis in twenty-four
hours.

The sun seezms to us to pass over the ecliptic in
the same direction that the earth in reality de-
scribes this curve. If the earth is in the sign of
the Ram, the sun will seem to us to occupy the
opposite point, in the sign of the Balance; if the
earth moves to the sign of the Bull, the sun will
appear to us in the sign of the Scorpion; if the earth
is in the Twins, we shall suppose the sun in the

to west.
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Archer. . 'Thus, while the earth passes over one
half of the boundary line of the ellipse, the sun
appears to be describing the other half and in the
same direction, viz. from west to east.

The largest base which at first could be used for
a scale to measure considerable distances, was the
diameter of the earth, which is nearly eight thou-
sand miles. But when we have obtained with
precision the solar parallax, and from it have
determined the diameter of the ecliptic, we may
take this for our base. It is by this means that we
find with precision the distance of the planets from
the sun. The motion of the earth, which, by the
illusions it causes, for a long time retarded the
knowledge of the real motions of the planets,
makes them known to us with more precision than
if we were fixed in the centre.

Since the axis of the earth continues parallel to
itself, and makes with the plane of its orbit an
angle of 66° 32’, we should suppose that the
extremities of the axis must mark out, on the hea-
vens and about the poles, two continuous curves,
of an extent proportioned to that of the ecliptic,
and to the radius of the celestial sphere. This is
not so ; but the axis, if prolonged, would reach two
points invariably opposite. This results from the
infinite distance of the stars. We have said that
the dimensions of the earth are nothing compared
to this distance. The same may be said of the
diameter of the ecliptic itself, although this diame-
ter is nearly two hundred millions of miles. Let
us note with care the distance of a star on the
ecliptic; after six months, the earth having passed
over half of its orbit, if the annual parallax exists,
this distance will vary gradually, in this time, the
whole amount of that angle. But astronomers have
never been able to observe the least change; and
as they can measure with exactness an arc of two
seconds, we must conclude that if the annual
parallax were equal to two seconds it would have
been discerned.

Some astronomers have thought they observed
this parallax of two seconds in Sirius and Vega of
the Harp. These, then, which, by reason of their

brilliant light, seem to be the nearest of the stars,
10

must be at least one hundred thousand times more
distant than the sun. The diameter of the ecliptic
is too small a base to enable us to measure the
distance of the stars. The earth, having gone over
three hundred millions of miles, must advance about
one hundred thousand times farther in space to
arrive at Sirius, which is more than 20,000,000,-
000,000 of miles distant from us; and perhaps
must pass over another equal space to reach the
stars of the second magnitude. What immensity !
A spectator placed in Sirius will see the sun only
under an angle of a hundredth part of a second at
most, the orbit of the earth under an angle of
scarcely four seconds, and the thickness of a thread
of silk will be sufficient to hide the whole planetary
System.

Thus the axis of the earth always points to the
same celestial poles; for parallels meet when
infinitely produced. The plane of the equator,
carried onward with the annual motion, preserves
a constant parallelism with itself, whilst it forms
with the ecliptic an angle of twenty-three and
a half degrees, and marks out in the heavens a
circle bearing the same name, (celestial equator,)
in the same manner as if the earth were without
its motion of revolution. The movements of the
earth in no way contradict the observation respect-
ing the fixed place of the poles and of the celestial
equator.

Let us now imagine ourselves transported to the
sun, (its body being supposed transparent,) and let
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us thence direct our sight to the earth; we shall
perceive that it is endowed with a rotation on its
axis in twenty-four hours; and with another motion,
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in which its centre describes a curved line in three
hundred sixty-five and one fourth days nearly; the
axis remaining parallel to itself all the while.

The line S E, that joins the centres of the
sun and earth, is called the radius vector. This
ideal line the earth carries with it through space,
its length always varying with the earth’s distance
from the sun. :

If we fasten a body to the end of an elastic cord,
and whirl it around in such a way that its rapidity
in various points of the curve would be different,
the lengths would vary with the velocity of the mo-
tion, and would exactly represent what is called,
in regard to the earth’s annual motion, the radius
vector. The orbit, which is also called the
ecliptic, we shall see hereafter is not a circle ; and
while the diurnal rotation is uniform, the rapidity
of the motion in the ecliptic is not so.

We shall, however, first show, that the change
of seasons is owing to the maintenance of the same
angle of inclination between the axis of the earth

and its orbit at every point of that curve. Let T
be our globe; the radius vector meets the surface
at A. The plane A B, perpendicular to the axis
P T, marks out the circle A B, each point of
which comes in turn to A by reason of the diurnal
rotation. The sun being supposed fixed at S, the
inhabitants of the different points of the circle A B
will in turn have the sun in their zenith: there will
be no shadows at midday, and the image of the
sun will be reflected from the bottom of the wells.

THE HEAVENS.

If O T is the equator, A O designates the latitude
of the places on the circle A B.

Suppose then the earth were at T, a position in
which the projection of the axis P T on the plane
of the orbit would coincide with the radius vector
S T, or the plane P T A would be perpendicular
to the plane of the ecliptic. The time when the
earth is in this point is the summer solstice. The
inhabitants of the zone A P B will not have the
sun in their zenith, but this is the time when it
rises nearest to that point. The circle B A will
be the most northerly circle among those that the
sun appears to describe in twenty-four hours, being
distant from the equator twenty-three and a half
degrees, and named the fropic of Cancer. When
the earth has left this point and arrived at T’,
diametrically opposite, the axis P’ T” being parallel
to P T, and its projection again falling on the
radius vector, the inhabitants of that part of the
carth that had midsummer in the situation first
mentioned will now have midwinter.

At midday the sun is in the zenith to the inhabi-
tants of the circle A’ B’, which is twenty-three and
a half degrees south of the equator, and is named
the tropic of Capricorn. The circle in the heavens
directly over it has the same name, and is the most
southerly of those circles that the sun appears to
describe in twenty-four hours.

Let us examine now what happens between these
opposite situations of the earth in its orbit. The
angle formed by the radius vector and the axis of

| the earth varies incessantly, while that formed by

the axis and the orbit remains the same. At the
situation midway between T and T’, which we
designate by ¢, the angle formed by the radius
vector and the axis is neither acute, as at T, nor
obtuse, as at T, but a right angle. Again, when
the earth passes T’ this angle diminishes, and
when at ¢ it is again a right angle; and again
becomes acute between £ and T. When the earth
is at ¢ or { the radius vector is perpendicular to the
axis; and these epochs are called the vernal equinoz
and the autumnal equinoz.

The constant inclination of the axis of the earth
to the planc of the ecliptic makes the sun appear to




us to describe a series of circles in passing from one
tropic to another;- circles that he moves over again
on his return toward the equator. Kach of these
apparent circles is the effect of our daily rotation;
and the passage from one circle to another, or the
change in declination of the sun, is owing to our
motion in the ecliptic. The time of the sun’s
meridian passage, or noon, is not exactly the middle
of the day, except at midsummer and midwinter, i. e.
at the solstices. By reason of the constant change
of declination, the hour of the sun’s rising and
setting are not the same. At the vernal equinox
the afternoon exceeds the forenoon by one and one
fifth minutes; at the autumnal equinox the reverse
takes place.

The inhabitants of the equator (as we before
stated) have the poles of the heaven in their
horizon. All the circles described by the heavenly
bodies are vertical and bisected by the horizon.
The days and nights are equal through the whole
vear. The sun passes through their zenith twice
a year, and its meridian altitudes when at the
solstices is 66° 32",—equal to the inclination of the
earth’s axis to the ecliptic. These altitudes in-
crease as the equinoxes draw near. In the course
of the year the shadows take all possible positions,
now on one side of the equator, now on the other,
six months toward the north, six toward the south.
The shadows at noon, being directed to the pole,
grow shorter and shorter until the sun reaches the

| equinoxes; then there are no shadows at noon.
During our summer and spring these shadows

are cast toward the south; during our winter and
autumn toward the north.

Properly speaking, they have no spring or
autumn at the equator, but two summers and two
winters. The first season is the most disagreeable,
on account of the scorching heats and excessive
rains.

On account of the great heat of the regions
between the tropics, this belt of the earth has
received the name of the forrid zone. Yet it would
appear, from recent observations made by intrepid
travellers, who some years since explored the
interior of Africa, and have made interesting dis-
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coveries there, that the torrid zone is not exempt
from a considerable degree of cold. They tell us
that < one of their younger companions perished
with the severity of the cold.”

As we leave the tropics and advance toward the
poles the phenomena change at every step. The
length of the day increases in summer and shortens
in winter in our latitude; the shadows of objects at
noon being always toward the north. The zenith
advances toward the poles as we advance, and the
days of summer grow longer and longer, those of
winter shorter and shorter. When we arrive at
the distance of twenty-three and a half degrees
from the north pole, we are on the polar circle,
where the sun is above the horizon twenty-four
hours at the summer solstice, and twenty-four hours
below it, at the winter solstice. Nearer the pole
it will remain longer above or below their horizon
at the solstices; and finally, arrived at the pole, we
shall have the sun six months above our horizon
and six months below it; and the year will consist
of one day and one night, of equal duration. The
parts of the earth within the polar circles are called
Sfrigid or frozen zones; those between these circles
and the tropics, femperate zones.

These divisions, though matters of convention,
are not altogether arbitrary. Their general tem-
perature was the origin of their names. The cold
is of longer continnance and more severe as we
approach the frigid zone during the time when the
sun is describing the opposite tropic; but when it
describes the nearer tropic, the weakness of the
oblique ray is compensated by the long duration of
its action, since the sun is a long time above the
horizon, and the temperature is much raised.

Observers have found many causes that diminish
a little the horror of the long night to which the
Boreal inhabitants are exposed. TIrom the nature
of the atmosphere that surrounds the polar regions
the slightest ray of light is refracted with a much
greater intensity than in any other portion of the
globe, and the day begins the moment the smallest
portion of the sun’s disc appears above the horizon :
so that when the sun is below this plane, the polar
regions may yet be lighted. The rapid decrease

\
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in the density of the air at small heights, owing to
the constant congelation of the surface of the
ground, is a cause which must tend to produce
extraordinary refractions.  This seems to be
confirmed by the narration of three Hollanders.
Having reached eighty-four degrees of north lati-
tude, and being hemmed in by the ice, they were
obliged to pass the winter at Nova Zembla. After
three months of continual night, the cold having
become extremely rigorous, the sun appeared an
instant above the horizon at midday fourteen days
sooner than they expected it in that latitude, and
it continued after that day to rise higher and
higher. If this narration be true, the refraction
must have been equal to four degrees, which is
enormous compared with its effects in our latitude,
where it does not much exceed half a degree.

Beside, the long nights of these regions are
frequently interrupted by a certain splendid light
suddenly appearing in the heavens, which we call
Aurore Borealis. Of the two hemispheres, the
northern seems to be less cold than the southern.
The ice that surrounds its pole does not extend
more than ten degrees of latitude; while that of the
antarctic pole extends twenty degrees. There are
detached from the latter enormous ice islands,
which float as far as sixty-five degrees, and even to
fifty-five, which corresponds nearly with the latitude
~ of the north of Ireland; and the most severe cold
" reigns in countries whose latitude differs but little
from that of Scotland. Such is Terra del Fuego,
which would seem to have been named in mockery
the Land of Fire; placed at the extremity of South
America, it is covered with eternal snow.

We shall now endeavor to illustrate what has
been said by the following experiment and several
plates, which, we trust, will make the subject plain
to every reader.

Take about seven feet of strong wire, and bend
it into a circular form, which, being viewed ob-
liquely, will appear elliptical. Place a lighted can-
dle on a table, and having fixed one end of a silk
thread to the north pole of a small terrestrial globe
about three inches diameter, cause another person
to hold the wire circle, so that it may be parallel
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to the table, and as high as the flame of the candle,
which should be in or near the centre. Then,
having twisted the thread towards the left, that by
untwisting it may turn the globe round eastward,
or contrary to the way that the hands of a watch
move, hang the globe by the thread within this
circle, almost contiguous to it ; and as the thread
untwists, the globe (which is enlightened half round

by the candle as the earth is by the sun) will turn |

round its axis, and the different places upon it will
be carried through the light and dark hemispheres,
and have the appearance of a regular succession of
days and nights, as our earth has in reality by such
a motion. As the globe turns, move your hand
slowly, so as to carry the globe round the candle,
keeping its centre even with the wire circle; and
you will perceive that the candle, being still per-
pendicular to the equator, will enlighten the globe
from pole to pole in its whole motion round the
circle; and that every place on the globe goes
equally through the light and the dark, as it turns
round by the untwisting of the thread, and there-
fore has a perpetual equinox. The globe thus
turning round represents the earth turning round its
axis; and the motion of the globe round the candle
represents the earth’s annual motion round the sun,
and shows, that if the earth’s orbit had no inclina-

tion to its axis, all the days and nights of the year |

would be equally long, and there would be no dif-
ferent seasons. But now, desire the person who
holds the wire to hold it obliquely, raising one side
just as much as he depresses the other, that the
flame may be still in the plane of the circle; and
twisting the thread as before, that the globe may
turn round its axis the same way as you carry it
round the candle, that is, from west to east, let
the globe down into the lowermost part of the wire
circle, and if the circle be properly inclined, the
candle will shine perpendicularly on the tropic of
Cancer; and the frigid zone, lying within the arctic
or north polar circle, will be all in the light, and
will keep in the light, let the globe turn round its
axis ever so often. From the equator to the north

polar circle all the places have longer days and

shorter nights ; but from the equator to the south




polar circle just the reverse. The sun does not
set to any part of the north frigid zone, as shown
by the candle’s shining on it, so that the motion
of the globe can carry no place of that zone into
the dark: and at the same time the south frigid
zone is involved in darkness, and the turning of the
globe brings none of its places into the light. If
the earth were to continue in the like part of its
orbit, the sun would never set to the inhabitants of
the north frigid zone, nor rise to those of the south.
At the equator it would be always equal day and
night; and as places are gradually more and more
distant from the equator, towards the arctic circle,
they would have longer days and shorter nights;
whilst those on the south side of the equator
would have their nights longer than their days. In
this case there would be continual summer on the
north side of the equator, and continual winter on
the south side of it.

But as the globe turns round its axis, move your
hand slowly forward, and the boundary of light and
darkness will approach towards the north pole, and
recede towards the south pole; the northern places
will go through less and less of the light, and the
southern places through more and more of it;
showing how the northern days decrease in length,
and the southern days increase, whilst the globe
proceeds. When the globe is at a mean state be-
tween the lowest and highest parts of its orbit, and
the candle is directly over the equator, the bounda-
ry of light and darkness just reaches to both the
poles, and all places on the globe go equally
through the light and dark hemispheres, showing
that the days and nights are then equal at all places
of the earth, the poles only excepted; for the sun
is then setting to the north pole, and rising to the
south pole.

Continue moving the globe forward; the north
pole recedes still farther into the dark hemisphere,
and the south pole advances more into the light,
and when the candle is directly over the tropic of
Capricorn, the days are at the shortest, and nights
at the longest, in the northern hemisphere, all the
way from the equator to the arctic circle; and the
reverse in the southern hemisphere, from the equa-
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tor to the antarctic circle; within which circles it
is dark to the mnorth frigid zone, and light to the
south.

Continue both motions; the north pole advances
towards the light, and the south pole recedes
towards the dark; the days lengthen in the north-
ern hemisphere, and shorten in the southern; and
when the candle is again over the equator the days
and nights will again be equal, and the north pole
will be just coming into the light, the south pole
going out of it.

Thus we see the rcason why the days lengthen
and shorten from the equator to the polar circles
every year; why there is no day or night for
several rotations of the earth within the polar
circles; why there is but one day and one night in
the whole year at the poles; and why the days and
nights are equally long all the year round at the
equator, which is always equally cut by the circle
bounding light and darkness.

The inclination of an axis or orbit is merely
relative, because we compare it with some other
axis or orbit which we consider as not inclined at
all.  Thus, our horizon being level to us, whatever
place of the earth we are upon, we consider it as
having no inclination; and yet, if we travel ninety
degrees from that place, we shall then have a
horizon perpendicular to the former; but it will
still be level to us.

Let us now illustrate the annual course of the
earth round the sunj; its axis inclining twenty-three
and a half degrees from a line perpendicular to the
plane of its orbit, and keeping the same oblique
direction in all parts of its annual course; or, as
commonly termed, keeping always parallel to it-
self.

Let a,b,¢,d, e, f, g,k be the earth in eight dif-
ferent parts of its orbit, equidistant from one
another; N s its axis, N the nor.h pole, s the south
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pole, and S the sun, nearly in the centre of the
earth’s orbit. As the earth goes round the sun
according to the order of the letters, abcd, &c.
its axis N s keeps the same obliquity. When the
earth is at g, its north pole inclines towards the
sun, S, and brings all the northern places more
into the light than at any other time of the year.
But when the earth is at ¢, in the opposite time of
the year, the.north pole declines from the sun,
which occasions the northern places to be more in
the dark than in the light ; and the reverse at the
southern places, as is evident by the figure. When
the earth is either at cor g, its axis inclines neither
to or from the sun, but lies sidewise to him; and
then the poles are in the boundary of light and
darkness ; and the sun, being directly over the
equator, makes equal day and night at all places.
When the earth is at b, it is half way between the
summer solstice and harvest equinox; when it is
at d, it is half way from the harvest equinox to the
winter solstice; at f, half way from the winter
solstice to the spring equinox; and at %, half way
from the spring equinox to the summer solstice.

From this oblique view of the earth’s orbit, let
us suppose ourselves to be raised far above it, and
placed just over its centre, S, looking down upon it
from its north pole; and as the earth’s orbit differs
but very little from a circle, we shall have its
figure in such a view represented by the circle
ABCDETFGH. The earth is shown in eight
different positions in this circle, and in each posi-
tion /E is the equator, T the tropic of Cancer, U
the arctic or north polar circle, and P the north
pole, where all the meridians or hour-circles meet.
As the earth goes round the sun, the north pole
keeps constantly towards one part of the heavens,
as it keeps in the figure towards the right hand
side of the plate. (See page 79.)

When the earth is at the beginning of the
Balance, namely, on the 20th of March, the sun,
S, as seen from the earth, appears in the opposite
part of the heavens, the north pole is just coming
into the light, and the sun is vertical to the equa-
tor; which, together with the tropic of Cancer
and arctic circle, are equally cut by the circle

WONDERS OF THE HEAVENS.

bounding light and darkness, coinciding with the
six o’clock hour circle, and therefore the days and
nights are equally long at all places; for every
part of the meridian £ T L ¢ comes into the light
at six in the morning, and, revolving with the earth
according to the order of the hour-letters, goes
into the dark at six in the evening. There are
twenty-four meridians or hour circles drawn on the
earth in this figure, to show the time of sun rising
and setting at different seasons of the year.

As the earth moves in the ecliptic according to
the order of the letters A BCD, &ec. the north
pole comes more and more into the light; the
days increase as the nights decrease in length, at
all places north of the equator, A%; which is plain
by viewing the earth at b on the 5th of May. For
then, the tropic of Cancer, T, is in the light from
a little after five in the morning till almost seven
in the evening; the polar circle, U, from three till
nine; and a large track round the north pole, P,
has day all the twenty-four hours, for many rota-
tions of the earth on its axis.

When the earth comes to ¢, on the 21st of June,
its north pole inclines towards the sun, so as to
bring all the north frigid zone into the light, and
the northern parallels of latitude more into the
light than the dark from the equator to the polar
circle; and the more so as they are farther from
the equator. The tropic of Cancer is in the light
from five in the morning till seven at night, and
the polar circle just touches the dark, so that the
sun has only the lower half of his disc hid from the
inhabitants on that circle for a few minutes about
midnight, supposing no inequalities in the horizon,
and no refractions.

A bare view of the figure is enough to show,
that as the earth advances, the north pole recedes
towards the dark, which causes the days to de-
crease and the nights to increase in length, till the
earth comes to the beginning of the Ram, and then
they are equal, as before; for the boundary of light
and darkness cuts the equator and all its parallels
equally, or in halves. The north pole then goes
into the dark, and continues therein until the earth
goes half way round its orbit; or, from the 23d of
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- September till the 2Cth of March. In the middle
between these times, viz. on the 22d of December,
the north pole is as far as it can be in the darlk,
which is twenty-three and a half degrees, equal to
the inclination of the earth’s axis from a perpendicu-
lar to its orbit: and then the northern parallels
are as much in the dark as they were in the light
. on the 21st of June; the winter nights being as
| long as the summer days, and the winter days as
. short as the summer nights.
| We have already spoken of the orbit of the earth.
! We shall, however, dwell a little on the nature of
this curve which the earth annually describes.
Mathematicians have proved that it is not a
circle, as some have supposed, with the sun in its
centre, but a curve, one of whose diameters is
longer than the other, called an ellipse. The
longest diameter we call the transverse or greater
axis, which divides the figure into two equal parts
in the direction of its greatest length. The diame-
ter drawn at right angles to the greater axis is
called the conjugate axis. This curve may be de-
scribed by means of two points lying in the greater
axis and equally distant from the central point;
| they are so situated that the sum of the lines drawn
from each of them to any point of the curve is al-
ways the same, and is equal to the longer axis.
. In the figure adjoining AP is the greater or
transverse axis, C the central point, F and S are
the foci, G H is the conjugate axis. The sum of

H

E3

the lines SE, F E, drawn to any point of the curve,
is the same, and equal to the transverse A P. Ap-
plying this to the earth, S is the sun in one of the
. foci, E the earth passing from west to east along
- through G to A. The method of drawing the
~ ecllipse is very simple. Take a thread equal in
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‘the time of their various labors.

length to the greater axis, and fasten its ends by
two pins fixed in the points F',S.  If now, with a pen |
or pencil, keeping the thread constantly stretched,
we describe such a line as the confinement of the
instrument allows, we shall form an elliptic curve.
The distance of the foci from the central point C is
called the eccentricity of the cllipse.

The orbit of the earth is a similar curve, having
the sun situated in or near one of its foci. The arc
that the earth describes in this curve is not of
equal length every day, but longer the nearer it is
to the sun.

By reason of this daily change of place to which
the carth is subject, the epparent place of the sun
is constantly changing. Thus, beside the change
of declination which causes the seasons, it is appa-
rently subject to a change in right ascension. It
appears to remove a degree in the course of a day
from the star with which it coincided at the begin-
ning of that day. These retardations, accumulating
every day, become at length so great, that the stars
which passed the meridian with the sun at last pass
this line long before, and the heavens appear en-
tirely changed. When a star, which had for a time
failed to be visible to us, appears in the east, in the
morning twilight, it is said to rise Zeliacally; when
it sets an hour after the sun it is said to set helia-
cally.

Those phenomena that happen at the instant of
sunrise we distinguish by the epithet cosmical; and

‘those that happen at the instant of sunset, achroni-

cal. A planet is said to rise achronically when it
rises at sunset and is visible the whole night. It
rises cosmically when it rises exactly with the sun.
Then it is not visible to our naked eyes for the
whole of its course.

As the heavenly bodies are not, in general, visi-
ble to the naked eye unless they are distant about
fifteen degrees from the sun, it follows that their
rising cosmically precedes, by about fifteen days,
their heliacal rising; and that their heliacal setting
precedes their achronical setting the same interval.

The heliacal rising of the stars is important to be
observed. It once served the agriculturists to fix
But the position
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of the equinoxes having changed, the rules would
likewise require change.

The time in which the earth passes through the
whole of its elliptical “orbit, according to the most
exact measure, is three hundred and sixty-five days
five hours forty-eight minutes fifty-one seconds.
We call this interval a fropicel year, because it is
determined by two successive passages of the sun
over the same point of its apparent orbit; as, for in-
stance, the equinoctial or solstitial points. In the
preceding figure the point P, in which ke earih is
nearest the sun, is called the perihelion; the point A,
diametrically opposite, in which the earth is farthest
Jfrom the sun, is called the aphelion.  These two points
laken together are called the apsides. The line A P,
which joins them, is called the line of the apsides.
In northern latitudes the earth is nearest the sun in
winter and farthest from the sun in summer;—a fact
which one not versed in astronomy at all would be
far from supposing.

What we have seen in the law of the centripetal
force, viz. a choice guided by views of utility, and
a choice of one law out of thousands which might
“equally have taken place, we see no less in the

cure of the orbit. It was not enough to fix the
law of centripetal force, though by the wisest
choice; for even under that law it was still possible
for the earth to have moved in a path possessing so
great a degree of eccentricity, as in the course of
every revolution to be brought very near the sun
and carried off to an immense distance from him.
The comets actually move in orbits of this sort;
and had the earth done so, instead of going round
in an orbit nearly circular, the change from one
extremity of temperature to another must have de-
stroyed every animal and plant on its surface.
Now the distance from the centre at which the
earth shall set off, and the absolute force of attrac-
tion at that distance, being fixed, the figure of its
orbit (its being a longer or a rounder oval) depends
upon two things, viz. the velocity with which, and
the direction in which the earth were projected.
And these, in order to produce a right result, must

11

be both brought within certain narrow limits. One
and only one velocity, united with one and only one
direction, will produce a perfect circle. And the
velocity must be nearly, but not exactly, the same,
and the direction nearly, but not exactly, the same,
to produce an orbit such as the earth has, viz. an
cllipse with small eccentricity. The velocity and
the direction must bofh be right. If the velocity
were wrong, no direction can compensate for it; if
the direction be in any considerable degree oblique,
no velocity will produce the requisite orbit.

Take, for example, the attraction of gravity at the
surface of the earth. The force of that attraction
being what it is, out of all the degrees of velocity,
swift and slow, with which a ball might be shot off,
none would answer the purpose of which we are
speaking but that which was nearly five miles a
second. If it were less, the body would not get
round, but fall to the earth; if much greater, the
body would describe a very eccentric orbit, a long
ellipse, the disadvantage of which we have mention-
ed above. If the velocity were equal to or exceed-
ed seven miles a second, the ball would fly off from
the earth and be never again heard of. In like
manner with respect to the direction; out of the in-
numerable angles in which the ball might be sent
off, (we mcan angles formed with a line drawn to
the centre,; none would serve but that which was
nearly a right one; out of the various directions in
which the cannon must be pointed upwards or
downwards, every one would fail but that which
was exactly or nearly horizontal. The same holds
true of the earth. Why then did the projectile
velocity and direction of the carth happen to be
those which would retain it in nearly a circular or-
bit? Why not one of the infinite number of veloci-
ties, one of the infinite number of directions, which
would have made it approach much nearer to or
recede much farther from the sun? Such an exqui-
site arrangement could only arise from the contri-
vance and powerful influences of an intelligent, free,
and most potent Agent, of a Being whose wisdom
and power are infinite.
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SECTION IIL

The horizon and its dip—The earth at first supposed a limited plane
—Early reasoning to the contrary—Proof furnished by navigation
—Objections caused by our ideas of weight—Answered—Conical
figure of the earth’s shadow—Other proofs—Different aspects of the
heaven according to the position of the observer—Time different
in different places at the same. absolute instant—Method of mea-
suring an arc of the meridian—The earth an oblate spheroid—

. First meridian—Original constitution of the earth—Extent of the
horizon proportioned to the height of the eye—Visible portion of
the earth’s surface—Tcmperatare of the earth at its surface—In-
ternal heat—Atmosphcre—Reflections on the wisdom and know-
ledge of the Creator—Diversities of the globe.

In studying the earth, we are desirous, among
other things, to form a conception of ifs shape and
size. Now, an object cannot have shape and size
unless it is limifed on all sides by some definite out-
line, so as to admit of our imagining it disconnected
from other bodies, and existing insulated in space.
The first rude notion we form of the earth is that
of a flat surface, of indefinite extent in all directions
from the spot where we stand, above which are fhe
air and sky; below, to an indefinite profundity,
solid matter. This is a prejudice to be got rid of,
like that of thc earth’s immobility ; but it is one
much easier to rid ourselves of, inasmuch as it
originates only in our own mental inactivity, in not
questioning ourselves where we will place a limit
to a thing we have been accustomed from infancy
to regard as immensely large; and does not, like
that, originate in the testimony of our senses un-
duly interpreted. On the’ contrary, the direct
testimony of our senses lies the other way. When
we see the sun set in the evening in the west, and
rise again in the east, as we cannot doubt that it is
the same sun we see after a temporary absence, we
must do violence to all our notions of solid matter,
to suppose it to have made its way through the sub-
stance of the earth. It must, therefore, have gone
under it, and that not by a mere subterraneous
channel; for if we notice the points where it sets and
rises for many successive days, or for a whole year,*
we shall find them constantly shifting, round a very
large extent of the horizon; and, besides, the moon
and stars also set and rise again in all points of the
visible horizon. The conclusion is plain: the earth.
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cannot extend indefinitely in depth downwards, nor
indefinitely in surface laterally; it inust have not
only bounds in a horizontal direction, but also an
under side, round which the sun, moon, and stars
can pass; and that side must, at least, be so far
like what we see, that it must have a sky and sun-
shine, and a day when it is night to us, and wvice
versa. '

Now, it is not on land (unless, indeed, on uncom-
monly level and extensive plains) that we can see
any thing of the general figure of the earth;—the
hills, trees, and other objects which roughen its
surface, and break and elevate the line of the hori-
zon, though obviously bearing a most minute pro-
portion to the whole earth, are yet too considerable,
with respect to ourselves and to that small portion
of it which we can see at a single view, to allow of
our forming any judgment of the form of the whole
from that of a part so disfigured. DBut with the
surface of the sea, or any vastly extended level
plain, the case is otherwise. If we sail out of sight
of land, whether we stand on the deck of the ship
or climb the mast, we see the surface of the sea,
not losing itself in distance and mist, but terminated
by a sharp, clear, well defined line, or offing, as it is
called, which runs all round us in a circle, having
our station for its centre. That this line is really
a circle, we conclude, first, from the perfect appa-
rent similarity of all its parts ; and, secondly, from
the fact of all its parts appearing at the same dis-
tance from us, and that evidently a moderate one;
and, thirdly, from this, that its epparent diameter,
measured with an instrument called the dip sector,
is the same (except under some singular atmospheric
circumstances, which produce a temporary distor-
tion of the outline) in whatever direction the mea-
sure is taken,—properties which belong only to
the circle among geometrical figures. If we ascend
a high eminence on # plain, (for instance, one of the
Egyptian pyramids,) the same holds good.

Masts of ships, however, and the edifices erected
by man, are trifling eminences compared to what
nature itself affords ; Aina, Teneriffe, Mowna Roa,
are eminences from which no contemptible aliquot
part of the whole earth’s surface can be seen ; but
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from these again—in those few and rare occasions
when the transparency of the air will permit the
real boundary of the horizon, the true sea-line, to
be secen—the very same appearances are witnessed,

| but with this remarkable addition, viz. that the an-

I(m

gular diameter of the visible area, as measured by
the dip sector, is materially less than at a lower
level, or, in other words, that the apparent size of
the earth has sensibly diminished as we have re-
eeded from its surface, while yet the absolute quanti-
ty of it seen at once has been increased.

The same appearances are observed universally,
in every part of the earth’s surface visited by man.

A diagram will elueidate this. Suppose the
earth to be represented by the sphere LHN Q,
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whose centre is C, and let A, G, M be stations at

different elevations above various points of its sur-

face, represented by e, g, m, respectively.. From

each of them (as from M)'let a line be drawn, as

M N7, a tangent to the gurface at N'; then will this

line represent the visual ray along which the

spectator at M will see the visible horigon; and as

this tangent sweeps round M, and comes suc-

cessively into the positions M Oo, MPp, M Qyg,s
the point of contact N will mark out on the surface

the circle NOP Q.
portion of the earth’s surface visible to a spectator
at M, and the angle N M Q, included between the
>
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The area of this circle is the |

83

two extreme visual rays, is the measure of its appa-
rent angular diameter. Leaving, at present, out
of consideration the effect of refraction in the air
below M, of which more hereafter, and which al-
ways tends, in some degree, to increase that angle,
or render it more obtuse, this is the angle measured
by the dip sector. Now, it is evident, Ist, that as
the point M is more elevated above m, the point
immediately below it on the sphere, the visible
area, 1. e. the spherical segment or slice NOP Q,
increases; 2dly, that the distance of the visible
horizon, or boundary of our view, from the eye, viz.
the line M N, increases; and, 3dly, that the angle
NM Q beeomes less obtuse, or, in other words, the
apparent angular diameter of the earth diminishes,

being nowhere so great as 180°, or two right an- |
gles, but falling short of it by some sensible quantity, :

and that more and more the higher we ascend.
The figure exhibits three states or stages of eleva-
tion, with the horizon, &ec. corresponding to each,
a glance at which will explain our meaning ; or,
limiting ourselves to the larger and more distinct,
MNOPQ, let the reader imagine nNM, M Qg
to be the two legs of a ruler joined at M, and kept
extended by the globe N m Q between them. It is
clear that as the joint M is urged home towards the
surface, the legs will open, and the ruler will be-
come more nearly straight, but will not attain per-

¥ect straightness till M is brought fairly up to con- |

“tact with the surface at m, in which case its whole
length will beeome a fangent to the sphere at m, as
is the line zy. This explains what is meant by
the dip of the horizon.

We propose to find how we can be placed in
the centre of all the apparent eelestial motions.

The earliest idea entertained seems to have been, !

that the celestial dome touched the earth and was
supported by it at the bounds of the horizon; but
ere long it was discovered that the earth, which

had been supposed a plane and limited by the

columns of Hercules, was myich more extensive, and
there began to be a doubt if there were any limits
to it. It was perceived that men did not call it the
same hour when at the same absolute instant they
beheld a celestial phenomenon, as an eclipse of the
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moon. Besides, the surface of the sea could not be
a plane, for the navigator perceived, on approach-
ing the shore, the highest summits first, and only in
succession did he perceive lower situations. This
could only be caused by the convexity of the sea.
Even thc best telescopes cannot bring within the
view of a spectator on shore any thing but the
highest parts of the mast of a very distant vessel :
by its nearer approach the mast lengthens, and at
last the hull of the vessel is distinguishable. If the
sea were level, should we not see the hull before
the mast?

These appearances and that of a horizon or sea
offing cannot arise from any inability in the eye to
follow objects to a greater distance, or from atmos-
pheric indistinctness, (if this were the case how
could we sce the same moon or stars placed at
such infinitely greater distances ?) but from the
curvature of the surface of the water.

The convexity of the swrface of the ocean once
acknowledged, it is easy to come to a conclusion
that the land also (with its irregularities) is rounded.
Long voyages have confirmed this opinion. Navi-
gators discover a new heaven, as it were, losing
sight of ours, and perceiving the opposite part of
the celestial sphere. Magellan made the first
voyage round the world; and similar enterprises,
often undertaken since, have demonstrated, that
the carth has the form of a globe, isolated in space
and surrounded by the heavens. If we had at first
any difficulty in conceiving of this, it was because we
mingled with it a false idea of weight; we demand-

- ¢d, why does not the earth, thus isolated, fall into

the abyss? How can it sustain itself and float in
the void? How can those on the opposite side of
the globe remain upon the soil? Have they not
need of some force to retain them there? But

- gravity, the cause of weight, is an attractive force

resident in the carth itself. This retains every
thing at the surface, and draws toward the centre
of the carth every thing near the surface. The
action of falling is toward this centre: our antipodes
cannot be freed from this tendency, any more than
ourselves. Beside, no resistance is requisite to keep
the eartl m this space, if there is not a power

WONDERS OF THE HEAVENS.

tending to draw it aside into some exterior region,
having ncither top nor bottom, which we are
pleased to call a void.

We have also a proof of the rotundity of the earth
from the conical figure of the shadow cast by the
globe on the side opposite the sun.  This, however,
must be left until we come to treat of eclipses. We
find that the earth must be round from moving to
different parts of the surface, and from observations
of the pole-star. If it were a plane, whatever
might be the situation of the observer, the angle,
formed by the vertical with that directed to the
north pole, would always be the same; since the
pole being situated at an infinite distance, the rays
would be parallel as well as the verticals. Again,
the circles described by the stars would every-
where have the same inclination to the horizon.
But if the earth is a sphere, this no longer will
happen, and we know that it does not happen. In
advancing toward the regions in the direction of
the pole-star, that star is perceived to rise more
and more; and although the circles described by
the stars have the same cxtent, yet to us, thus
changing our places, they would be variously in-
clined to the horizon. Some of the stars which set
to us would not set were we to go farther north,
and some in the south which rise to us would cease
to rise. :

To persons situated between the equator and the
pole the sphere is said to be obligue. To an inhabi-
tant of the pole of the earth, the celestial pole would
coincide with the zenith ; the plane of the horizon
would coincide with the plane of the equator; the
stars neither rise nor set, but continually describe
circles, parallel to the horizon. To a person thus
situated the sphere is said to be parallel. To an
inhabitant at the equator, the poles are in the
horizon, the stars describe vertical circles, and the
sphere is said to be right. To him, all the stars
are visible ~through half their circles, and those

-stars that are in the equinoctial, by turns, pass

through his zenith. All places on the surface of
the earth, situated in the same great circle passing
through both poles and perpendicular to the equator,

| have the same meridian, and the same hour at the




. even on short voyages.

same instant. Those not situated in this circle
count different hours at the same instant. Suppose
a star is on the meridian of a place; the inhabitants
that are in another horary plane inclined to the
first thirty degrees will have the same star in their
meridian two hours before or two hours after the
first mentioned place, according as their plane is
east or west of the other. -

The sun would pass the meridians of these
places, so that when it was twelve or midday at
one of them it would be ten A. M. or two P. M. at
the other. This difference of hours is very sensible
If we were to travel from
Boston to Buffalo, we should find our watch a little
more than half an hour too fast, if it went with
precision and had been set to Boston time. When
the sun is on the meridian of Boston, that is, when
it is twelve o’clock, at Buffalo the sun would be
east of the meridian. It would want thirty-one
minutes of twelve; while at Halifax, Nova Scotia, it
would be about half an hour after noon. If we
went entirely round the globe we should count a
day, more or less, according as we went east or
west; and could we advance westward with the
same rapidity as the sun, we should pass entirely
round the globe without changing our time at all,
nor should we see a sunset or sunrise during our
progress. This day, to him who circumnavigates
the globe, is divided into small portions, propor-
tionate to each day’s travel, while the traveller is
constantly changing his meridian. Suppose a
phenomenon observed at the same absolute instant
of time by different observers, but under the same
meridian; it would of necessity be the same hour
of the day; but it would not be so to two observers
situated under different meridians. By ealculating
the difference of time between the two places, and
allowing fifteen degrees for each hour, we should
have the angle the planes of the two meridians
make with each other. If the phenomenon, for
example, were observed here at twelve or midday;
at another place, at ten A. M.; at a third, at three
P. M.; the plane of the meridian of the first place
would form with that of the second an angle of

thirty degrees, and with that of the third an angle |
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of forty-five degrees. The second place would be
thirty degrees west of the first; the third would be
forty-five degrees east of the first, and seventy-five
east of the second.

This experiment, so easily performed, of different
observers noting the time of some particular phe-
nomenon, and which has been frequently repeated,

has made known the figure of the earth. If two
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observers, O and O’, under the same meridian, have
at their zeniths, Z and Z’, stars whose distance from
the pole differs onc degree, the difference of the
heights of the pole-star above the horizon, that is,
the angle O C O, will be also one degree. Let the
distance O O’ be measured, and let similar observa-
tions be repeated elsewhere. It is cvident that if
we everywhere find the arc of one degree to con-
tain an equal number of miles, the carth is per-
fectly spherical. Nor need the points O and O" be
under the same meridian, for geometry teaches us
to calculate all the parts of the spherical surface
after attaining a knowledge of some.

Methods the best eonceived and the most exact
have been employed for this important operation
by Picard, Bouguer, Mason, Mechain, Delambre,
Roy, Kater, Mudge, Svanburg, Struve, &c. and they
have not been able to find any difference in the
lengths of arcs of one degree on the meridians,
except the arcs measured be very distant.

A degree measured in Sweden cxceeds a degree
at the equator by less than one thousand yards, or
about 120th part,—a difference manifestly too small




to be taken into account in merely settling the
general form of the earth, which we may accord-
ingly regard as a sphere. The dimensions. of this
sphere are easily found by geometry. We shall
soon arrive at more definite conclusion on this
subject.

If at the place O we conceive a plane passing
through the zenith and the pole, this will be the
meridian of that place. Remove now to a place, O7,
in the same plane, and continue the meridian; re-
peat these operations in several places one after
the other, and the consecutive planes will cut the
surface of the globe, forming a terrestrial meridian.
Place a telescope at O, which is your first station,
and direct it to O’, your second station, where a
signal is to be placed, as also at the first station.
Remove your instruments to O and direct your
observation back to O, and then forward to a third
point, which will be your fkird station, and so on.
The operations, continued as far as you please, will
give an arc of the meridian, which is only the first
direction continued and curved, without departing
from the same vertical plane.

The irregularities of the earth prevent us from
measuring this arc exactly; but with the aid of a
base line, and a series of triangles whose angles are
measured by instruments, we can calculate the
length of the arc of the meridian which connects the
extreme stations with the same precision as if it
had been directly measured. We should find that
the curve very nearly, but not exactly, coincided
with the arc of a circle, since the globe is a little
different from a sphere. It has been found that
the lengths of the arcs of one degree go on increas-
ing from the equator to the poles. If we regard
the terrestrial meridian as composed of a series of
arcs of circles of different radii, placed with their
extremities joining, since the longest arc of one
degrec must be at the pole and have the longest
radius, the radii increase from the equator to the
pole. The verticals cross each other in different
points, and the more distant from the surfacc at the
poles than at the equator; that is, the earth is less
convex at the poles. The earth is a little different
Jrom a sphere; it is a spheroid flattened at the poles.
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Although we suppose the small inequalities which
form the mountains removed, there would be found
but little difference between the meridian curves
and ellipses. We can find in works of Geodesy
all the reasonings that serve to prove, that the earth
is an ellipsoid of revolution about its smaller axis,
which is that of the poles. 1t is by comparing the
results of observations with formulas of the dimen-
sions of this body that we succeed in verifying this
conclusion, in finding the lengths of the arcs, the
flatness at the poles, the distance from the pole to
the equator, and, in fine, all parts of our spheroid.
The flattening at the poles has been differently

“estimated, from 5}y to 5}s; a mean between the

two, yiy, cannot be far from the truth. An arc then
of a degree taken under the equator is exceeded by
an arc at the pole by ;15 of its length. The radius
of curvature at the equator is also less, by the same
quantity, than the radius at the pole, since arcs of
the same number of degrees in different circles are
to cach other as their radii. ~We have supposed
the inequalities of surface removed, but in truth
the most elevated mountains are but very small
cminences compared to the whole mass, smaller
than the asperities on the skin of an orange com-
pared to the whole fruit. Mount Blanc, the highest
mountain in Europe, is only elevated 15,665 feet
above the level of the sea; Chimborazo, in Peru,
is only 21,441 feet above the sea; finally, Dhawa-
lageri, the highest peak of the Himalays, in Thibet,
and the highest summit on the globe, is but 25,669
feet above the sea. If, then, we represent the earth
by a globe of two feet radius, the mountains would
be scarcely perceptible incqualities on its surface.

The whole surface of the earth is about fwo hun-
dred millions of square miles; three quarters of
which are covered with water, and scarcely half of
the remainder is habitable.

To determine the position of any point, P, on the
surface of the earth, we draw through P and the
poles, N and S, a circle perpendicular to the equa-
tor, L R. The distance P I of the point P from the
equator is called its latitude. If we conceive a
plane, O A, parallel to the equator, it will cut the
carth in a small circle, all whose points will have
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the same latitude, O E or A R, or the same distance
from the equator. The points of this small circle

are the only points that can have the same degree
of latitude, if we except those of a similar small
circle drawn at an equal distance on the other side
of the equator; and in speaking of a place it is
necessary not only to indicate the degrees, but if it
be situated toward the north or the south pole.

The latitude of a place is always a number of
degrees, that, added to the distance of the zenith of
that place from the nearest pole, will make ninety
degrees, and consequently is equal to the arc which
measures the elevation of the pole above the hori-
zon. And as these arcs can be measured in the
heaven, we can determine it easily for any place,
and consequently determine the latitude of that
place. The distance of any place from the equator
(its latitude) is equal to the elevation of the pole or the
inclination of the earth’s axis to the horizon of that
place. It remains to distinguish from each other
the different points of the circle O A. Conceive
through the point B of the equator another meridian,
SBN, to bedrawn: B NE, the angle that it makes
with the first meridian, SE N, is measured by the
arc BE of the equator intercepted by it. This arc
B E expressed in degrees or in time is called the
longitude of the point.
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The place of the second meridian is evidently |
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determined by the arc B E, provided it is stated on
which side of the first meridian it is situated, to the
richt or left, to the east or west. This second
meridian being thus determined, the point C is also
determined.

The position of the first meridian is arbitrary.
Nations have not been able to agree upon one.
Each prefer the meridian of its own capital city.
In Irance they use the meridian of Paris. The
English use that of London, or, which is nearly the
same, Greenwich, where the royal observatory is
situated. And some of our countrymen have been
jealous enough to use the meridian of Washington,
as if it were of so much importance to count from
our capital, as that all the world should agree upon
one first meridian.

To determine the longitude of a place, we em-
ploy the method before explained, which consists
in observing with care the precise instant of a
celestial phenomenon, as an eclipse of the moon.
If the observation were made in two places either
situated or not under the same parallel to the
equator, the difference of time at the instant of the
observations, reduced to degrees, (fifteen degrees to
the hour) will give the angles of the two meridians
or the arc, that is, the longitude. That place will
be east of the other at which the time counted was
greatest, and vice versa.

When we consider the figure of the earth and
the law of its increase in density from the surface
to the centre, we are disposed to believe that in
its original constitution it was not so solid as at
present; for if it were at first in a less solid state,
its parts, being more subject to the power of at-
traction and centrifugal force, would more readily
assume the form we find it possesses.

Imagine a bent tube, one branch of which, lying
in the axis of rotation, might represent half the
polar diameter, the other being in the direction of
the radius of the earth’s equator. Fill this siphon,
open at both ends, with a liquid, and impart to it a
motion similar to the rotation of the carth. The
column in the direction of the polar diameter, obey-
ing the action of gravity only, while the column in
the equatorial radius was acted upon by the cen-
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trifugal force also, the polar column would sink
enough to compensate for the diminution of weight
in the equatorial column, and the liquid in the latter
would rise in the same proportion, in order to
restore the equilibrium in the two branches.

Every one who has passed a little while"at the
sea-side 1s aware that objects may be seen perfectly
well beyond the ¢offing or visible horizon, but not
the whole of them. We only see their upper parts.
Their bases, where they rest on or rise out of the
water, are hid from view by the spherical surface
of the sea, which protrudes between them and our-
selves. Suppose a ship, for instance, to sail direct-
ly away from our station; at first, when the dis-
tance of the ship is small, a spectator, S, situated
at some certain height above the sea, sees the
whole of the ship, even to the water line where it
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rests on the sea, as at A. As it recedes it dimi-
nishes, it is true, in apparent size, but still the whole
is seen down to the water line, till it reaches the
visible horizon at B. But as soon as it has passed
this distance, not only does the visible portion still
continue to diminish in apparent size, but the hull
begins to disappear bodily, as if sunk below the
surface. When it has reached a certain distance,
as at C, its hull has entirely vanished, but the masts
and sails remain, presenting the appearance c. But
if, in this state of things, the spectator quickly as-
cends to a higher station, T, whose visible horizon
is at D, the hull comes again in sight; and when
he descends again he loses it.  The ship still reced-
ing, the lower sails seem to sink below the water,
as at d, and at length the whole disappears: while
yet the distinctness with which the last portion of
the sail d is seen is such as to satisfy us, that were
it not for the interposed segment of the sea,
A BCDE, the distance T E is not so great as to
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have prevented an equally perfect view of the
whole.

In this manner, therefore, if we could measure
the heights and exact distance of two stations which
could barely be discerned from each other over the
edge of the horizon, we could ascertain the actual
size of the earth itself: and, in fact, were it not for
the effect of refraction, by which we are enabled to
sec in some small degree round the interposed seg-
ment, (as will be hereafter explained,) this would be
a tolerably good method of ascertaining it. Sup-
pose A and B to be two eminences, whose perpen-

A D B
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dicular heights A ¢ and B & (which, for simplicity,
we will suppose to be exactly equal) are known, as
well as their exact horizontal interval a D b, by
measurement; then it is clear that D, the visible
horizon of both, will lie just half-way between them,
and if we suppose a Db to be the sphere of the
earth, and C its centre in the figure CD 6 B, we
know D &, the length of the arc of the circle be-
tween D and b,—viz. half the measured interval,
and & B, the excess of its secant above its radius—
which is the height of B,—data which, by the solu-
tion of an easy geometrical problem, enable us to
find the length of the radius DC. If] as is really
the case, we suppose both the heights and distance
of the stations inconsiderable in comparison with




the size of the earth, the solution alluded to is con-
tained in the following proposition:—
The earth’s diameter bears the same proportion to the

distance of the visible horizon from the eye as that dis-.

tance does to the height of the eye above the sea level.

When the stations are unequal in height, the
problem is a little more complicated.

Although, as we have observed, the effect of re-
fraction prevents this from being an exact method
of ascertaining the dimensions of the earth, yet it
will suffice to afford such an approximation to it as
shall be of use in the present stage of the reader’s
knowledge, and help him to many just conceptions,
on which account we shall exemplify its application
in numbers. Now, it appears by observation, that
two points, each ten feet above the surface, cease
to be visible from each other over still water, and
in average atmospheric circumstances, at a distance
of about eight miles. But ten feet is the 528th
part of a mile, so that half their distance, or four
miles, is to the height of each as 4 x 528 or 2112: 1,
and therefore in the same proportion to four miles
is the length of the earth’s diameter. It must,
therefore, be equal to 4x2112=8448, or, in
round numbers, about 8,000 miles, which is not
very far from the truth.

We have before likened the inequalities on the
earth’s surface, arising from mountains, valleys,
buildings, &ec. to the roughnesses on the rind of an
orange, compared with its general mass. The
comparison is quite free from exaggeration. The
highest mountain known does not exceed five miles
in perpendicular elevation: this is only one 1600th
part of the earth’s diameter; consequently, on a
globe of sixteen inches in diameter, such a moun-
tain would be represented by a protuberance of no
more than one hundredth part of an inch, which is
about the thickness of ordinary drawing-paper.
Now as there is no entire continent, or even any
very extensive tract of land, known, whose general
elevation above the sea is any thing like half this
quantity, it follows, that if we would construct a
correct model of our earth, with its seas, continents,
and mountains, on a globe sixteen inches in diame-

ter, the whole of the land, with the exception of a
12
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few prominent points and ridges, must be compris-
ed on it within the thickness of thin writing paper ;
and the highest hills would be represented by the
smallest visible grains of sand.

The deepest mine existing does not penetrate
half a mile below the surface: a scratch, or pin-
hole, duly representing it, on the surface of such a
globe as our model, would be imperceptible without
a magnifier.

The greatest depth of sea, probably, does not

much exceed the greatest elevation of the conti-
nents; and would, of course, be represented by an
excavation, in about the same proportion, into the
substance of the globe: so that the ocean comes to
be conceived as a mere film of liquid, such as, on
our model, would be left by a brush dipped in color
and drawn over those parts intended to represent

the sea: only, in so conceiving it, we must bear in |

mind that the resemblance extends no farther than
to proportion in point of quantity. The mechanical
laws which would regulate the distribution and
movements of such a film, and its adhesion to the
surface, are altogether different from those which
govern the phenomena of the sea.

Lastly, the greatest extent of the earth’s surface
which has ever been seen at once by man, was that
exposed to the view of MM. Biot and Gay-Lussac,
in their celebrated aeronautic expedition to the
enormous height of 25,000 feet, or rather less than
five miles. To estimate the proportion of the area
visible from this elevation to the whole earth’s sur-
face, we must have recourse to the geometry of the
sphere, which informs us that the convex surface
of a spherical segment is to the whole surface of
the sphere to which it belongs as the versed sine or
thickness of the segment is to the diameter of the
sphere; and further, that this thickness, in the case
we are considering, is almost exactly equal to the
perpendicular elevation of the point of sight above
the surface. The proportion, therefore, of the
visible area, in this case, to the whole earth’s sur-
face, is that of five miles to 8000, or 1 to 1600.
The portion visible from /Etna, the Peak of Tene-
riffe, or Mowna Roa, is about one 4000th.

As we cannot grasp the earth, nor recede from
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it far enough to view it at once as a whole, and
compare it with a known standard of measure in
any degree commensurate to its own size, but can
only crecp about upon it, and apply our diminutive
measurcs to comparatively small parts of its vast
surface in succession, it becomes necessary to sup-
ply, by geometrical reasoning, the defect of our
physical powers, and from a delicate and careful
measurement of such small parts to conclude the
form and dimensions of the whole mass. This
would present little difficulty, if we were sure the
earth were strictly a sphere, for the proportion of
the circumference of a circle to its diameter being
known, (viz. that of 3-1415926 to 1-0000000,) we
have only to ascertain the length of the entire cir-
cumference of any great circle, such as a meridian,
in miles, feet, or any other standard units, to know
the diamecter in units of the same kind. Now the
circumference of the whole circle is known as soon
as we know the exact length of any aliquot part of
it, such as one degree or 5is;th part; and, this
being not more than about seventy miles in length,
is not beyond the limits of very exact measurement,
and could, in fact, be measured (if we knew its exact
termination at each extremity) within a very few
feet, or, indeed, inches, by methods presently to be
particularized.

Supposing, then, we were to begin measuring
with all due nicety from any station, in the exact
direction of a meridian, and go measuring on, till
by some indication we were informed that we had
accomplished an exact degree from the point we set
out from, our problem would then be at once re-
solved. - It only remains, therefore, to inquire by
what indications we can be sure, 1st, that we have
advanced «n exact degree; and, 2dly, that we have
been measuring in the ezact direction of « great
circle. :

Now, the carth has no landmarks on it to indicate
degrees, nor traces inscribed on its surface to guide
us in such a course. The compass, though it
affords a tolerable guide to the mariner or the
traveller, is far too uncertain in its indications, and
too little known in its laws, to be of any use in
such an operation. We must, therefore, look out-

wards and refer our situation on the surface of our
globe to natural marks, exfernal to it, and which are
of equal permanence and stability with the earth
itself. Such marks are afforded by the stars. By
observations of their meridian altitudes, performed
at any station, and from their known polar distances,
we conclude the height of the pole; and since the
altitude of the pole is equal to the latitude of the
place, the same observations give the latitudes of
any stations where we may establish the requisite
instruments. When our latitude, then, is found to
have diminished a degrce, we know that, provided
we have kept to the meridian, we have described one
threce hundred and sixticth part of the earth’s cir-
cumference.

The direction of the meridian may be secured at
every instant by observations, and although local
difficulties may oblige us to deviate in our measure-
ment from this exact direction, yet, if we keep a
strict account of the amount of this deviation, a
very simple calculation will enable us to reduce
our observed measure to its meridional value. Such
is the principle of the measurement of an arc of the
meridian.

Let NABDE F represent a meridional section
of the earth, C its centre,and N A, BD, GE, arcs
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of a meridian, each corresponding to one degree
of difference of latitude, or to one degree of varia-
tion in the meridian altitude of a star, as referred
to the horizon of a spectator travelling along the
meridian. Let 2N, ¢ A, 0B, dD, gG, ¢k, be the
respective dircctions of the plumb-line at the sta-
tions N, A, B, D, G, E, of which we will suppose N
to be at the pole and IZat the equator; then will the




tangents to the surface at these points respectively
be perpendicular to these directions; and, conse-
quently, if each pair, viz. 2 N and ¢ A, 5B and d D,
g G and ¢E, be prolonged till they intersect each
other, (at the points z, y,2,) the anglesN z A, ByD,
G z E, will each be one degree, and, therefore, all
equal; so that the small curvilinear arecs N A, BD,
G E, may be regarded as arcs of circles of one de-
gree each, described about z,y,z, as centres.
These are what in geometry are called centres of
curvature, and the radii zN or z A, yBor yD,
z G or z , represents radii of curvature, by which
the curvatures at those points are determined and
measured. Now, as the ares of different circles,
which subtend equal angles at their respective
centres, are in the direct proportion of their radii,
and as the arc N A is greater than BD, and that
again than G E, it follows that the radius N z must
be greater than By, and By than Ez. Thus it
appears that the mutual intersections of the plumb-
lines will not, as in the sphere, all coincide in one
point, C, the centre, but will be arranged along a
certain curve, z y 2, (which will be rendered more
cvident by considering a number of intermediate
stations.) To this curve geometers have given the
name of the evolute of the curve N A BD G E, from
whose centres of curvature it is constructed.

In the flattening of a round figure at two opposite
points, and its protuberance at points rectangularly
situated to the former, we recognise the distinguish-
ing feature of ‘the elliptic form. Accordingly, the
next and simplest supposition that we can make
respecting the nature of the meridian, since it is
proved not to be a circle, is, that it is an ellipse, or
nearly so, having N S, the axis of the earth, for its
shorter, and LF, the equatorial diameter, for its
longer axis; and that the form of the earth’s sur-
face is that which would arise from making such a
curve revolve about its shorter axis, N S. This
agrees well with the general course of the increase
of the degree in going from the equator to the pole.
In the ellipse, the radius of curvature at IJ, the
extremity of the longer axis is the least, and at that
of the shorter axis, the greatest it admits, and the
form of its evolute agrees with that here represented.
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Assuming, then, that it is an cllipse, the geometri-
cal properties of that curve enable us to assign the
proportion between the lengths of its axes which
shall correspond to any proposed rate of variation
in its curvature, as well as to fix upon their abso-
lute lengths, corresponding to any assigned length
of the degree in a given latitude. Without trou-
bling the reader with the investigation, it will be
sufficient to state that the lengths which agree on
the.whole best with the entire series of meridional
arcs which have been satisfactorily measured, are
as follows :—

Feet. Milen.

Greater or equatorial diameter — 41,847,426 =7925-648"

Lesser or polar diameter =41,707,620 =7899-170
Difference of diameters, or polar com- 139.806 — 96-478
pression LA o

Equatorial eircumference = = 24899

One of the most curious labors, of the present
age, we owe to the energy and perseverance of
Humboldt. It is an inquiry into the laws, which
seem to exist in the distribution of organized matter
over the surface of the earth. By measuring the
elevation above the level of the sea of various
places, and of the highest mountains of the earth,
and by comparing all these measures together, he
has found the localities in which certain plants de-
light. For instance, the cinchona, or jesuit’s bark,
has been discovered only in a certain zone, whose
situation he determined. The same laws are appli-
cable also to animals, whose more perfect organiza-
tion and immediate dependencc on physical causes
would seem to frce them from such laws.

IFor example, in South America, observers have
remarked, according to their assertions, on the
parallel corresponding to the latitude of New Hol-
land, animals whose organization presents very re-
markable similaritics to that of the echidnas,* which

# "This animal and the duck-bill platypus are the only gencra of a
peculiar tribe called monotrema. They partake of the triple form of
a quadmped, bird, and reptile; having the body of an otter, the legs
of a tortoise, the wings and beak of a bird. There is a spur on the
hind leg of the male, that emits an aerid hmnor. The legs are short,
The body is covered with fur, mixed with
spines, like porcupine’s quills.  The animal ean roll up his body, like
the porcupine, and assume a spherical form. The echidna is tooth-
less, has a small and eonical head, very small eycs, a tongue capable
of being elongated and thrown out like those of the chameleon and
the woodpeelrer.

and end in five toes.
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exist in the latter country, and which are, without
doubt, among the number of those whose strange
organization merits the particular attention of the
most learned zoologists. It would seem then, ac-
cording to these observations, that such a combina-
tion of organs can only be produced in certain
determinate places. These curious results have
induced philosophers to scek out their causes, and
they regard the difference of temperature in the
various countries of the earth as the most probable
cause of their production, as well as the most im-
portant. ’

But whence originates this temperature of the
earth? Is it the sun that develops it? Some have
been of this opinion, which is supported by the
regularity observable in the phenomena of the uni-
verse. Still, some facts seem to prove that the
prolonged action of the sun is not the sole cause of
the earth’s temperature. It is a result of experi-
ence, that at the bottom of wells a hundred feet
deep the temperature remains uniform and invaria-
ble; and ice that covers, throughout the year, the
summits of certain mountains, is constantly melting
at their base, and supplying streams of living wa-
ter, that continue to flow during the winter. The
earth, therefore, seems to possess a peculiar heat,
independent of that which it receives from the sun.
Some persons, on a consideration of the above facts,
have thought that at a time very distant the earth
was in a state of incandescence, (white heat;) that
by degrees its surface cooled, until it reached its
present temperature, the centre still retaining a
greater heat, which they have called the central
heat; and that this produces the effects mentioned
above.

The following extract on this subject is from one
of professor Hitchcock’s geological lectures.

In regard to the central or internal heat of the
earth, the first question is, has it disappeared ? Is
there any evidence of its existence now? The
arguments in favor of its presence are, in the first
place, experiments made in mines and other deep
parts of the globe, in France, England, Switzerland,
Peru, Mexico, &c. It is found that the heat in-
creases as you descend below the surface.
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three hundred experiments, (indeed many more
than that,) made with a thermometer, upon the air
at different depths, upon the water, and in the solid
rock, with great care and exactness, all geologists
agree that the heat rapidly increases as you de-
scend. In Europe the increase is one degree of
Fahrenheit for every twenty-four feet; in America
one degree for every seventy-two feet; making the
average for the whole globe about one degree for
every forty-six feet. Analogy therefore leads us
to infer very confidently that there is a continual
increase to the centre. Taking the foregoing pro-
portions, and at the depth of sixty miles, the rocks
exist in a state of fusion, and at the depth of one
and a half miles water would boil. The heat at
the centre would thus equal 450,000 degrees of
Fahrenheit. But it is asked, why then does not
the ocean boil, it being much more than one and a
half miles deep in some place, instead of growing
cooler, as it actually does. The answer is, that
when water is subjected to heat, the hottest is al-
ways at the surface, because the particles are
lighter, and the cold, being heavier, descends.
Another answer is found in the suggestion, that the
crust of the earth beneath the deepest part of the
ocean may be equally thick as in other parts, but
more depressed or indented. A map was exhibited,
in which the crust of the globe bears about the
same proportion to the whole earth as the rind of
an orange to the whole pulp, or as sixty miles to
eight thousand, the diameter of the earth, all within
being liquid fire. Another objection made to the
theory is, that as the melted mass is growing
cooler, our climate would thus become cooler all
over the globe. But a celebrated French geologist
has demonstrated that the climate depends upon
the sun, and that the internal heat now can have
no perceptible effect. The experiment, by way of
illustration, can be made with a red-hot cannon
ball. At first it cools rapidly, but as soon as an
external crust is formed it cools very slowly. By
the aid of. fluxions he has mathematically demon-
strated, that the temperaturc of the earth at the
surface cannot be varied more than a one hundred
and fiftieth part of a degree for two thousand years,
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and that it is not one fifteenth of a degree warmer
with the internal fires than if the central parts were
iee instead of heat: also, that the internal heat now
escaping from the earth would not melt ice six feet
thick at the surface in one hundred years. Dr.
Bowditch, one of the first mathematicians in the
world, has pronounced the demonstration complete
and perfect. Another answer to the objection is
found in the fact that there has actually been a
change in the temperature of the globe.

Without discussing further the validity of this
hypothesis, we think that it is extremely probable,
that the earth has of itself a heat that is suscepti-
ble of variation, from eauses with which we are as
yet unaequainted. Sinee Galvani and Volta, by
their discoveries, have proved that there eannot
exist two bodies of a different nature without their
developing electricity and heat, who can suppose
that the earth, into the composition of which enters
such a multitude of different bodies, and which is
consequently traversed by incessant currents of
active electricity, is incapable of possessing a heat
of its own?

Still, it is reasonable to consider the sun as the
principal souree of terrestrial heat. This last is
dissipated insensibly, by radiating into space, and
the more rapidly the more the temperature is
raised; and as there is a certain equilibrium be-
tween the heat that comes annually from the sun
and that which is annually dissipated, the tempera-
ture of the earth ought to remain constant. The
places on the globe not receiving the same quantity
of heat, on account of their different situations and
the obliquity with which the sun’s rays fall on them,
ought to be variable in their temperature. These
observations are eonfirmed by experience. In cer-
tain parts of Siberia the earth never thaws, while
in Egypt the Fahrenheit* thermometer would indi-
cate seventy-one degrees at more than two hun-
dred feet below the surface. At an intermediate
place, cellars preserve eonstantly the temperature
of fifty-four degrees. The temperature of our

*Bailey says the temperature of twenty-two degrees by the <enti-
grade thermometer, reduced to degrees of Fahrenheit by multiplying
by nine, dividing by five, and adding thirty-two to the quotient.
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globe, observed near its surface, would be found to
decrease from the equator to the poles; the law of
this decrease has not yet been discovered.: We
shall not here recount the causes of the difference
of temperature at various places. They are ex-
tremely numerous, and constitute topics more
suitable to physical geography than to this work.
The atmosphere, that gaseous fluid which sur-
rounds us, is composed of various substanees, and
is the cause of a thousand phenomena. It contains
water in a state of vapor, which does not destroy
its transpareney, and water in suspension, which
forms elouds and mists. The air diminishes in
density as we ascend, and when we arrive at any
considerable elevation we are made aware, by
many uneasy sensations, of an insufficient supply.
Acosta, in his relation of a journey among the
mountains of Peru, states, that he and his com-
panions were surprised with such extreme pangs of
straining and vomiting, easting up blood, and with
so violent a distemper, that they would undoubtedly
have died had they remained two or three hours
longer in that elevated situation. Count Zambecari
and his companions, who ascended in a balloon to
a great height, found their hands and feet so
swelled that it was necessary for a surgeon to make
incisions in the skin. A calculation, founded on
our knowledge of the properties of air, is suffieient
to show that at an altitude not exceeding the hun-
dredth part of the earth’s diameter, the rarefaction
must be so excessive, that the most delicate means
we possess of ascertaining the existence of air
would fail to afford the slightest indication of its
presence. For all practical purposes, therefore,
we may consider those regions which are more dis-
tant above us than the hundredth part of the earth’s
diameter (or seventy-five miles) as void of air, and,
of eourse, of clouds, they being only vapor con-
densed and floating in the air, akd sustained by it.
Now the greatest height at which elouds ever exist
seems not to exceed ten miles.  We may consider,
then, the atmosphere, with its clouds, as a coating
to the earth, bearing about the same proportion to
the globe as the downy skin of a peach does to the
fruit within. Still, the atmosphere is one of the
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most essential appendages to the globe we inhabit,
and exhibits a most striking scene of divine skill and
omnipotence. The term atmosphere is applied to
the whole mass of fluids, consisting of air, vapors,
electric fluid, and other matters, which surround
the carth to a certain height. This mass of fluid
matter gravitates to the earth, revolves with it in
its diurnal rotation, and is carried along with it in
its course round the sun every year. From experi-
ments made by the barometer, it has been ascer-
tained, that it presses with a weight of about fifteen
pounds on every square inch of the earth’s surface;
and, therefore, its pressure on the body of a middle-
sized man is equal to about thirty-two thousand
pounds, or fourteen tons avoirdupois,—a pressure
which would be insupportable, and even fatal,
were it not equal in every part, and counter-
balanced by the spring of the air within us. The
pressure of the whole atmosphere upon the carth is
computed to be equivalent to that of a globe of lead
sixty miles in diameter, or about 5,000,000,000,-
000,000 tons; that is, the whole mass of air which
surrounds the globe compresses the earth with a
force or power equal to that of five thousand millions
of millions of tons. 'This amazing pressure is, how-
ever, essentially necessary for the preservation of
the present constitution of our globe, and of the
animated beings which dwell on its surface. Tt
prevents the heat of the sun from converting water,
and all other fluids on the face of the earth, into
vapor; and prescrves the vessels of all organized
beings in due tone and vigor. Were the atmos-
pherical pressure entirely removed, the elastic fluids
contained in the finer vessels of men and other
animals would inevitably burst them.

Whatever evidences of contrivance and design
the celestial globes may exhibit, it is not in the
heavens that the most striking displays of divine
wisdom can be traced by the inhabitants of our
world. It is only a few general relations and adapta-
tions that can be distinctly perceived among the
orbs of the firmament; though, in so far as we are
able to trace the purposes which they subserve, the
marks of beauty, order, and design, arc uniformly
apparent. But we are placed at too great a dis-
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tance from the orbs of heaven to be able to investi-
gate the particular arrangements which enter into
the physical and moral economy of the celestial
worlds. Were we transported to the surface of
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the planet Jupiter, and had an opportunity of sur-

veying, at leisure, the regions of that vast globe,
and the tribes of sensitive and intellectnal existence
which compose its population—of contemplating the
relations of its moons to the pleasure and comfort
of its inhabitants—the constitution of its atmosphere
as to its reflective and refractive powers, in pro-
ducing a degree of illumination to compensate for
the great distance of that planet from the sun—its
adaptation to the functions of animal life—the con-
struction of the visual organs of its inhabitants, and
the degree of sensibility they possess, corresponding
to the quantity of light received from the sun—the
temperature of the surface and atmosphere of this
globe, corresponding to its distance from the central
source of heat, and to the physical constitution of
sensitive beings;—in short, could we investigate
the relations which inanimate nature, in all its
varieties and sublimities, bears to the necessities
and the happiness of the animated existences that
traverse its different regions, we should, doubtless,
behold a scene of divine wisdom and intelligence
far more admirable and astonishing than even that
which is exhibited in our sublunary world. But
since it is impossible for us to investigate the
cconomy of other worlds, while we are chained
down to this terrestrial sphere, we must direct our
attention to those arrangements and contrivances
in the constitution of our own globe which lie open
to our particular inspection, in order to perceive
more distinctly the benevolent designs of Him ¢ in
whom we live and move, and have our being.”
And here an attentive observer will find, in almost
every object, when minutely examined, a display of
goodness and intelligence which will constrain him
to exclaim, <O the depth of the riches both of the
wisdom and the knowledge of God.”

Wisdom, considered as consisting in contrivance,

or the sclection of the most proper means in order |

to acomplish an important end, may be exemplified
and illustrated in a variety of familiar objects.




The earth, on which we tread, was evidently in-
tended by the Creator to support man and other
animals, along with their habitations, and to furnish
those vegetable productions which are necessary for
their subsistence ; and, accordingly, he has given it
that exact degree of consistency which is requisite
for these purposes. Were it much harder than it
now is—were it, for example, as dense as a rock—
it would be incapable of cultivation, and vegetables
could not be produced from its surface. Were it
softer, it would be insufficient to support us, and we
should sink at every step, like a person walking in
a quagmire. Had this circumstance not been at-
tended to in its formation, the earth would have
been rendered useless as a habitable world for all
those animated beings which now traverse its sur-
face. The exact adjustment of the solid parts of
our globe to the nature and necessities of the beings
which inhabit it, is, therefore, an instance and an
evidence of wisdom.

The diversity of surface which it everywhere pre-
sents, in the mountains and vales with which it is
variegated, indicates the same benevolent contri-
vance and design. If the earth were divested of
its mountains, and its surface everywherc uniformly
smooth, there would be no rivers, springs, or foun-
tains; for water can flow only from a higher to a
lower place; the vegetable tribes would droop and
languish ; man and other animals would be deprived
of what is necessary for their existence and comfort ;
we should be destitute of many useful stones,
minerals, plants, and trees, which are now pro-
duced on the surface and in the interior of moun-
tains; the sea itself would become a stagnant
marsh, or overflow the land; and the whole surface
of nature in our terrestrial sphere would present
an unvaried scenc of dull uniformity. Those
picturesque and sublime scenes which fire the
imagination of the poet, and which render moun-

traveller, would be completely withdrawn; and all
around, when compared with such diversified land-
scapes, would appear as fatiguing to the eye as the
vast solitudes of the Arabian deserts, or the dull
monotony of the ocean. But in consequence of

tainous districts so pleasing to the philosophic |
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the admirable distribution of hills and mountains
over the surface of our globe, a variety of useful
and ornamental effects is produced. Their lofty
summits are destined by Providence to arrest the
vapors which float in the regions of the air; their
internal cavities form so many spacious basins for
the reception of waters distilled from the clouds;
they are the original sources of springs and rivers,
that water and fertilize the carth; they form im-
mense magazines, in which are deposited stones,
metals, and minerals, which are of essential ser-
vice in the arts that promote the comfort of human
life; they serve for the production of a vast variety
of herbs and trees; they arrest the progress of
storms and tempests ; they afford shclter and en-
tertainment to various animals which minister to
the wants of mankind: in a word, they adorn and
embellish the face of nature, they form thousands
of sublime and beautiful landscapes, and afford from
their summits the most delightful prospects of the
plains below. All these circumstances demonstrate
the consummate wisdom of the Great Architect of
nature, and lead us to conclude, that mountains, so
far from being rude excrescences of nature, as some
have asserted, form an essential part in the consti-
tution, not only of our globe, but of all habitable
worlds. And this conclusion is confirmed, so far
as our observation extends, with regard to the
moon, and several of the planetary bodies which
belong to our system, whose surfaces are found to
be diversified by sublime ramifications of mountain
scenery. This circumstance forms one collateral
proof, among many others, that they are the abodes
of sentient and intellectual beings.

Again, the coloring which is spread over the face
of nature indicates the wisdom of the Deity. It is
essential to the present mode of our existence, and
it was evidently intended by the Creator, that we
should be enabled easily to recognisc the forms and
properties of the various objects with which we are
surrounded. But were the objects of nature desti-
tute of color, or were the same unvaried hue
spread over the face of creation, we should be desti-
tute of all the entertainments of vision, and be at a
loss to distinguish one object from another. We

=

e 7 noYxL




96 WONDERS OF THE HEAVENS.

should be unable to distinguish rugged precipices
from fruitful hills ; naked rocks from human habita-
tions; the trees from the hills that bear them, and
the tilled from the untilled lands. ¢ We should
hesitate to pronounce whether an adjacent inclosure
contain a piece of pasturage, a plot of arable land,
or a field of corn; and it would require a little
journey, and a minute investigation, to determine
such a point. We could not determine whether
the first person we met were a soldier in his regi-
mentals, or a swain in his Sunday suit; a bride in
her ornaments, or a widow in her weeds.”” Such
would have been the aspect of nature, and such the
inconveniences to which we should have been sub-
jected, had God allowed us light, without the dis-
tinction of colors. We could have distinguished
objects only by intricate trains of reasoning, and by
circumstances of time, place, and relative position.
And to what delays and perplexities should we
have been reduced, had we been obliged every
moment to distinguish one thing from another by
reasoning! Our whole life must then have been
employed rather in study than in action; and, after
all, we must have remained in cternal uncertainty
as to many things, which are now quite obvious to
every one as soon as he opens his eyes. We could
neither have communicated our thoughts by writing,
nor have derived instruction from others through
the medium of books: so that we should now have
been almost as ignorant of the transactions of past
‘ages as we are of the events which are passing in
the planetary worlds ; and, consequently, we could
never have enjoyed a written revelation from hea-
ven, nor any other infallible guide to direct us in
the path to happiness, if the Almighty had not dis-
tinguished the rays of light, and painted the objects
around us with a diversity of colors: so essentially
connected are the minutest and the most magnifi-
cent works of eity. But now, in the present con-
stitution of things, color characterizes the class to
which every individual belongs, and indicates, upon
the first inspection, its respective quality. Every
object wecars its peculiar livery, and has a distin-
guishing mark by which it is characterized.

The different hues which are spread over the
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scenery of the world are also highly ornamental to
the face of nature, and afford a variety of pleasures
to the eye and the imagination. It is this circum-
stance which adds a charm to the fields, the valleys,
and the hills, the lofty mountain, the winding river,
and the expansive lake; and which gives a splendor
and sublimity to the capacious vault of heaven.
Color is, therefore, an essential requisite to every
world inhabited by sensitive beings ; and we know
that provision has been made for diffusing it through-
out all the globes which may exist in the distant
regions which our telescopes have penetrated ; for
the light which radiates from the most distant stars
is capable of being separated into the prismatic
colors, similar to those which are produced by the
solar rays; which furnishes a presumptive proof
that they are intended to accomplish designs in
their respective spheres analogous to those which
light subserves in our terrestrial habitation ; or, in
other words, that they are destined to convey to
the minds of sentient beings impressions of light
and color, and, consequently, beings susceptible of
such impressions must reside within the sphere, or
more immediate influence of these far distant orbs.

The same Dbenevolent design is apparent in the
general color which prevails throughout the scene of
sublunary nature. 1lad the fields been clothed with
hues of a deep red or a brilliant white, the eye
would have been dazzled with the splendor of their
aspect. Had a dark blue or a black color generally
prevailed, it would have cast a universal gloom
over the face of nature. But an agreeable green
holds the medium between these two extremes,
equally remote from a dismal gloom and excessive
splendor, and bears such a relation to the structure
of the eye that it refreshes instead of tiring it, and
. supports instead of diminishing its force. At the
same time, though one general color prevails over
the landscape of the earth, it is diversified by an
admirable variety of shades, so that every indi-
vidual object in the vegetable world can be accu-
rately distinguished from another; thus producing a
’ beautiful and variegated appearance over the whole
scenery of nature. ‘*Wlo sees not in all these
things that the hand of the Lord hath wrought this?”’




If from the earth we turn our attention to the
waters, we shall perceive similar traces of the
exquisite wisdom and skill of the Author of nature.
Water is one of the most essential elementary parts
in the constitution of our globe, without which the
various tribes of beings which now people it could
not exist. It supplies a necessary beverage to man,
and to all the animals that people the carth and the
air. It forms a solvent for a great variety of solid
bodies; it is the element in which an infinitude of
organized beings pass their existence ; it acts an
important part in conveying life and nourishment
to all the tribes of the vegetable kingdom, and gives
salubrity to the atmospherical regions. Collected
in immense masses in the basins of the sea, it serves
as a vehicle for ships, and as a medium of commu-
nication between people of the most distant lands.
Carried along with a progressive motion over the

' beds of streams and of rivers, it gives a brisk im-

pulse to the air, and prevents the unwholesome
stagnation of vapors; it receives the filth of popu-
lous cities, and rids them of* a thousand nuisances.
By its impulsion it becomes the mover of a multi-
tude of machines; and, when rarified into steam,
it is transformed into one of the most powerful and
useful agents under the dominion of man. All
these beneficial effects entirely depend on the
exact degree of density, or specific gravity, which
the Creator has given to its constituent parts.
Had it been much more rarified than it is, it would
have been altogether unfit to answer the purposes

| now specified ; the whole face of the earth would

have been a dry and barren waste; vegetable
nature could not have been nourished; our floating
edifices could not have been supported; the lightest
bodies would have sunk, and all regular intereourse
with distant nations would have been prevented.
On the other hand, had its parts been much denser
than they are ;—for example, had they been of the
eonsistency of a thin jelly,—similar disastrous ef-
fects would have inevitably followed ; no ships could
have ploughed the ocean; no refreshing beverage
would have been supplied to the animal tribes;
the absorbent vessels of trees, herbs, and flowers

would have been unable to imbibe the moisture
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requisite for their nourishment; and we should
thus have been deprived of all the beneficial effects
we now derive from the use of that liquid element,
and of all the diversified scenery of the vegetable
world. But the configuration and consistency of
its parts are so nicely adjusted to the constitution
of the other elements, and to the wants of the sen-
sitive and vegetable tribes, as exactly to subserve
the ends intended in the system of nature.

The most appropriate and impressive illustrations
of Omnipotence are those which are taken from the
permanent operations of Deity, which are visible
every moment in the universe around us; or, in
other words, those which are derived from a detail
of the facts which have been observed in the
material world respecting magnitude and motion.
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