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PREFACE

Tue present Volume is designed to represent by Maps and Letterpress the general phenomena of the planetary and stellar universe,
the physical ccnstitution and features of the globe, and the artificial distribution of its surface into states, with details respecting
their internal economy, and foreign relations. Ranging over so wide a ficld, upon which new light has dawned since the publication
of this work commenced, it is very likely that the Editor may be chargeable with some inadvertencies or omissions: but he
indulges the hope that those are few and unimportant, and that the desire of the Publishers to meet the demand of the age, will, in

some degree, be answered by this Volume, intended to be a book of reference for the student and gencral reader on Astronomical

Science, Physical and Political Geography.

Norwoop, Surrey,

Dec. 10t)h, 1819,
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DESCRIPTIVE ATLAS

OF

ASTRONOMY.

INTRODUCTORY.

CHAPTER L

NOTICES OF ASTRONOMICAL DISCOVERY.

1. AsTRONOMY, as the term signifies, treats of the laws of the stars, and
comprehends generally the motions and appearances of the sun, moon, earth, and
all the heavenly bodies.

II. Before Europe occupied a place on the page of history, astronomy was
assiduously cultivated by several eastern nations, the Chaldeans, Indians, Chincse,

and Egyptians. ) )

They established observatories, invented instruments for observing and measuring
distauces, noted and gave names to the planets, grouped the stars in constcllations for
facility of reference, marked the sun’s apparent annual pith in the heavens, estimated
the length of the year, and in various ways contributed to lay the foundations of
modern astronomical knowledge.

IIl. An extended and accurate acquaintance with the phenomena of the
universe is, however, comparatively, a recent attainment. The following are some
of the more distinguished names that have marked the historical period of the
science, and aided in the course of discovery.

‘Thales predicted the solar eclipse, B.c 610. .

Aristarchus of Samos, B.c. 280, made the first attempt to measure the magnitudes
and distances of the sun and moon. L. L.

Eratosthenes of Cyrene, B c. 240, observed the obliquity of the ecliptic, and approx-
imated upon a true principle to the earth’s magnitude. .

Hipparchus, Bc. 160—125, discovered the precession of the equinoxes, calculated
ecli determined more exactly the length of the year, ascertained the mean motion
of the moon, of her nodes, arrived at scveral of her Inequalities, and made a catalogue
of the latitudes and longitudea of 1081 stars.

Ptolewy, of Alexandria,

A.D. 130—150, discovered
the refraction of the at-
mosphere, the lunar evec-
tion, an inequality such
as would be caused by
the alteroate diminution
and increase of the eccen-
tricity of the moou's orbit,
but is better known as the
foquder of atheory of the
universe, which ruled the
mind of for four-
teen centuries, till the era
of Copernicus. The Ptole-
maicsystem recognised the
earth as the common cen-
tre, the sun, moon, planets,
and fixed stars, revolving
round it, as shown in the
dw' but in very com-
ﬂf:“d courses. * After
scarcely a name ap-
Pears deserving notice til)

we come to the

era modern
. U.ng Beg, A.D. 1443, D The Moon. ¥ Mercury. ¢ Venus. © Sun.
| Brandson of Tamerlane, 3 Mars. # Jupiter.  h Saturn.  xk Fixed Stars.

bad an obevryage
ry at Sa-
mco' ““d,m'md made a catalogue of the stars.
nnivel:e‘ lc&l 1543 [d“‘d;] was the first formally to propose the true scheme of the
by the agy ual d'i“ls the dl!mul revolution of the sphere into an optical illusion, caused
centre arognq T:ml motion of the earth on its axis, and recognisin& the sun as the
tem, offered ip ‘t'h ich the earth and the plancts revolved. This is the Copernican sys-
outline, apa e first instance as an bypothesis, but subsequently demonstrated in its
Yeho Brapodifed in the detail.

Ttu, for the :'mlsol, remarkable for extending and improving astronomical appa-
estimateq ¢, ém at and €xactuess of his obeervations, made a catalogue of the stars,

€lects of refraction, corrected altitudes by them, but rejected the

‘\

Copernican theory, proposed one of his own, which has ohscured his fame. He held
the Ptolemaic doctrine of the earth being the im-
movable centre of the universe, but conceived
the planets to revolve round the sun, and to be
carried with their centre in revolution round the
earth, as shown in the diagram.

Keppler, 1630, announced the elliptical orbits of
the planets, their different velocities in different

parts of their orbits, and that the squares of the
periodic times of the planets are in proportion to
the cubes of their distances from the sun—his
three great laws. (See chap. iii., Laws of Keppler.)

Galileo, 1642, constructed the first telescope,
from a general description of a magnifying in-
strument made in Holland, discovered the satel-
lites of Jupiter, the phass of Venus, and some
then inexplicable peculiarity about Saturn.

Hevelius, 1687, first accurately delineated the
lunar surface, and discovered the moon’s libra-
tion in longitude.

Huygens, 1695, discovered the ring and fourth satellite of Saturn, with the great
nebule in Orion, and made the first pendulum clock.

Roemer, 1710, invented the tramsit instrument, and ascertained the progressive
transmission of light.

Cassini, D., 1712, determined the rotation of Jupiter and Mars, and discovered four
of the satellites of Saturn,

Flamstead, 1719, framed a catalogue of 3000 stars, a vast collection of lunar and
planetary observations, and materially helped to perfect the lunar theory,

Newton, 1727, explained and demonstrated the causes of the planetary motions, by
the joint action of attractive and projectile forecs or the law of universal gravitation,
and laid the foundation of physical astronomy,

Halley, 1742, announced the periodic time of the comet of 1682,

Bradley, 1762, discovered the aberration of the stars, establishing the fact of the
earth’s revolution in space.

Herschel, 1522, discovered the primary planet Uranus, with six satellites, and also
two more belonging to Saturn.

Piazzi, 1826, published a catalogue of 7646 stars, the largest and best extant, and
discovered the planet Ceres,

Harding, 1833, discovered the planet Juno,

Olbers, 1840, discovered Pallas and Vesta.

The dates given above, commencing with Copernicus, are those of death,

1V. During the last quarter of a century, enormous masses of observations
have been published, chiefly in relation to the sidereal heavens, its multiple stars
and nebule, and every year is silently adding to our knowledge of the system of
the universe, from public and private observatories.

The principal continental observatories are, in France, at Paris, Strasburg, and
Marseilles; in Italy, at Turin, Milan, Naples, Rome, Padua, and Florence; in Sicil
at Palermo; in Switzerland, at Geneva ; in Germany, at Berlin, Konigsberg, Munic ,
Vienna, Prague, Buda, Bremen, Altona, Gottingen, and Dorpat; in Russia, at Peters-
burg. Wilna, and Abo; in Norway, at Christiana ; in Denmark, at Copenhagen ; and
in Belgium, at Brussels.

Great Britain has public observatories at Greenwich, Oxford, Cambridge, Durham
Portsmouth, Edinburgh, Aberdeen, Dublin, Armagh, St. Helena, Cape of Good Hope'
Madras, and Paramatta, ’

Besides these, there ure the following in the hands of private individuals, at

Slough . . Sir J. F. W. Herschel. | Kensington . . Sir J.

South Kilworth Rev. Dr. Pearson. ’ Busheygl'{enth . Colonazlll eﬁe?l.;‘:)‘;}.l‘

gedford Pari ((:aptain g_mhyth,::l.N. Jg[lzﬁkheath . Hon, J. Wrottesley.

egent's Par seorge Bishop, . erstoun , ir T. i
Orgxskirk Rev. %N R. D‘;we:? l Sir T. M. Brisbane.

V. One of the most remarkable events of the present day, and costly efforts of
private enterprise affecting astronomy, is the construction of the great reflecting

 telescope of Lord Rosse, the speculum of which has a diameter of six feet,

weighs nearly four tons, and has a tube of fifty feet focal length. By this won-
derful instrument, nebuls before irresolvable have been resolved into systems of
stars, thus destroying the foundations of the nebular hypothesis—but its achieve-

ments have not yet been given in detail to the world,

—_— 7%_\_——‘_“_“
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2 INTRODUCTORY.

CHAPTER IL
GENERAL DEFINITIONS.

1. In order to facilitate the study of the heavens, artificial representations have
been made, similar to those of the surface of the earth; or celestial globes, on
which the stars are depicted in their natural positions, the observer being sup-
posed to be in the centre, viewing them in the concave surface.

To represent the apparent diurnal motion of the heavenly bodies, the celestial globe
must be turned from east to west.

II. To be able to designate with precision the situation of the sun, moon, and

 stars, imaginary circles have been considered as drawn in the heavens, most of

which correspond to, and are in the same plane with similar circles supposed to be
drawn for similar purposes on the surface of the earth.

A plane is that which has surface bat not thickness. The plane of a circle is that
imaginary sarface which the circle bounds.

III. The axis of the earth is an imaginary line passing through its centre, north
and south, about which its diurnal revolution is performed : the poles of the earth
are the two extremities of the axis, where it is supposed to cut the surface. The
axis of the heavens is the earth’s axis produced both ways to the concave of the
sky: the poles of the heavens are two imaginary points exactly above the terres-
trial poles.

IV. Great circles are those which divide the globe into two equal parts, as the
equator, the ecliptic, and the colures. Small circles divide the globe into two
unequal parts, as the tropics, polar circles, and parallels of latitude.

Every circle is supposed to be divided into 360 equal parts or degrees. A degree is
further subdivided into 60 equal parts or minutes; and & minute into 60 seconds.
Degrees are marked °, minutes ’, seconds .,  The space included by a degree of a great
circle in the heavens, is equal to nearly twice the apparent diameter of the sun and
moon, when considerably above the horizon.

V. The equator of the earth is an imaginary great circle passing round the globe,

. east and west, everywhere equidistant from the poles, dividing it into northern

and southern hemispheres. The equator of the heavens, or the equinoctial, is the
plane of the terrestrial equator extended to the concave surface of the heavens,

. and called the equinoctial, becanse, when the sun appears in it, the days and
nights are equal all over the world.

VI. The ecliptic is the via solis, or sun’s path, the great circle which he
appears annually to describe among the fixed stars; though, more properly, it is
the track which the earth actually describes among the stars, as viewed from the
sun. The ecliptic is so called, because solar and lunar eclipses only can happen
when the moon is in, or very near this circle. It cuts the equinoctial obliquely at
two opposite points, making an angle with it of 23}", which is called the obliquity
of the ecliptic. One half lies on the north side of the equinoctial ; the other half
on the south side. The points of crossing are the equinoctial points. A zone or
girdle extending 8° on each side of the ecliptic, or 16 in breadth, is the zodiac, in
which are the orbits of all the planets, with the exception of three of the asteroids.
The ecliptic and zodiac are divided into twelve equal parts, called sigus, each con-
taining 30°. Their names, with the days on which the sun enters them, are as
follows :—

Northern signs, being north of the equinoctial.

Spring Signs. Summer Signs.
Aries, the Ram, March 21. Cancer, the Crab, June 2.
Taurus, the Bull, April 19, Leo, the Lion, July 22.
Gemini, the Twins, May 20. Virgo, the Virgin, August 22.

Southern signs, being south of the equinoctial.
Autumnal Signs. Winter Signs.
Libra, the Balance, Sept. 23. Capricornus, the Goat, Dec. 21.
Scorpio, the Scorpion, Oct. 23. Aquarius, the Water-bearer, Jan. 20.
Sagittarius, the Archer, Nov. 22. Pisces, the Fishes, Feb. 19.

VIL The colures are two great circles passing through the poles of the heavens,
dividing the ecliptic into four equal parts, and marking the seasons of the year.

One passes through the equinoctial points, Aries and Libra, and is therefore called
the equinoctial colure. When the sun is in either of these points, the dazs and
nights on every part of the globe are equal to each other, The other passes through
the solstitial points, Cancer and Capricorn, which mark the sun’s greatest declination,
north and south of the eq , and is th called the solstitial colure. When the
sun is in or near these points, his meridian altitude undergoes scarcely any sensible
variation for several days; and hence the term solstitial applied to them.

VIII The horizon is a great circle, whose plane passing through the centre of
the earth, and extended to the sphere of the fixed stars, divides the neavens 1nto

two hemispheres, of which the upper is the visible, and the lower the invisible
hemisphere. This is the rational or true horizon, which determines the nsing
and setting of the sun, planets, and stars. It is represented by the wooden
horizon of the artificial globe. The sensible, or apparent horizon, is the circle
which bounds our view, where the land or water and sky seem to touch each
other, more or less extensive according to the position of an observer.

The sensible horizon of a person changes as he moves, and in an open country enlarges
or contracts as his station is high or low, Standing on a plain, the eye having an
elevation of 5 feet above the surface, the radius of the sensible horizon will be less
than 23 miles. At an elevation of 6 feet it will be just 3 miles.

Rule, to find the distance when the height i3 known—Increase the height in feet
one half, and extract the square root for the distance in miles.

Thus, in the preceding case the eye is supposed to have an elevation of 6 feet above
the surface of a plain, and 6 with its half is 9, the square root of which is 3, which
givde_s the distance in miles which a person will be able to sce in a right line upon that
surface.

Again—a tower, 32 yards above the level of the ocean, may be seen along that
level from a distance of 12 miles. For 32 yards=96 feet, increased one-half=144,
the square root of which is 12.

IX. The poles of the horizon are the zenith and the nadir. The zenith is the
point in the heavens which is directly over our heads; the nadir that which is
exactly under our feet. The zenith to us is the nadir to our antipodes, and the
nadir to us is their zenith. Circles drawn through the zenith and nadir of any
place, cutting the horizon at right angles, are called azimuth or vertical circles ;
and that which passes through the east and west points of the horizon, is the
prime vertical.

X. Meridians are imaginary great circles passing through the terrestrial and
celestial poles, cutting the equator and equinoctial at right angles.

A meridian is supposed to pass through every place on the earth, and every point
in the heavens, but only 24 are drawn on the globes through every 15° of the equator
and equinoctial, including altogether 360°. These meridians mark the space which,
in consequence of the earth’s diurnal rotation, the beavenly bodies appear to describe
every hour through the 24 in the day. They are sometimes called, therefore, hour,
or horary, circles. As 15° answer to an hour, 1° answers to four minutes of time, § t0
two minutes, and } to one minute,

Longitude on the earth is distance east or west from a fixed meridian measured on
the equator. The Fortunate Islands, supposed to be the Canaries, supplied the
ancients with their first meridian. The western extremity of Africa, as then known,
was taken by Abulfeda, the Arabian geographer. The meridian of Terceira was used
by the Spanish and Portuguese in the sixteenth century; and that of Ferro by all
nations in the seventeenth and eighteenth centuries. We now adopt the meridian of
the Greenwich, and the French that of the Paris, observatories.

Lon%itude in the heavens is distance east from the great meridian which
through the first point of Aries, or the equinoctial colure, measured on the ecliptic.

Right ion is di east
equinoctial,

Terrestrial longitude being reckoned in two directions from a fixed point, east and
west, can only extend to 180° Celestial longitude, and right ascension, are only
reckoried in one direction, east from the prime meridian, aud may, therefore, extend
to 360°.

from the same meridian measured on the

XI. Parallels of latitude are small circles supposed to be drawn on the surface
of the earth, north and south of the equator, and parallel to it, dividing the
globe into two unequal parts. Parallels of declination are such circles produced
in the heavens, north and south of the equinoctial, and parallel to it.

Latitude on the earth is the distance of a place from the equator, measured on a
meridian, north or south.

Declination is the distance of the heavenly bodies from the equinoctial, measured on
a meridian, north or south.

La‘t‘titude in the heavens is distance from the ecliptic, at a right angle, north or
south.

Terrestrial latitude and declination may extend to 90°. The sun has no declination
when in the equinoctial. His greatest declination is 23}° north or south. He has no
latitude, being always in the ecliptic. The greatest declination of a planet is 3747, and
latitude 8° north or south, with the exception of the asteroids. It is more convenient
to describe the position of the heavenly bodies by their declination and right ascen-
sion, than by their latitude and longitude, the former corresponding to terrestrial
latitude and longitude.

XII. The tropic of Cancer is a small circle 234° north of the equator, and
parallel to it; and the tropic of Capricorn is a similar circle, at the same distance,
on the south. The polar circles are also small circles, each 66}° from the
equator, and at the same distance from the poles as the tropics from the
equator.

The tropics on the celestial sphere mark the limits of the sun’s farthest declination
north and south.

The tropics on the terrestrial sphere divide the torrid from the two temperate zones,
and the polar circles divide the temperate from the two frigid zones.

Twice in the year the sun is vertical to those who dwell in the torrid zoue. Con-
sequently, at noon they detlect no shadow, and are hence styled ascii, meaning shadow-
less. At other times their shadows fall at noon, north or south, according as the sun
is north or south of them. They are then called amphiscii, signifyiug, that their
shadows fall both ways.
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Those who dwell in the tem gsones have their shadows at noon always cast
one way: towards the north in the north temperate sone, and towards the south in the
south temperate zone. They are styled Aecteroscii, meaning, that they have their
shadows at noon always one way or other, north or south.

The inhabitants of the frigid zones are called periscii, signifying, a shadow turning
about, as, during a revolution of the earth on its axis, their shadows are projected
towards every point of the compass.

XIII. Disk is the apparent face of the sun and moon, as seeming perfectly flat
though spherical bodies. The planets exhibit disks as seen with the telescope.
The diameter of the disk of the sun and moon is considered to be divided into
twelve parts, called digits.

XIV. The orbit of a planet is the path described by it in revolution round
the sun.

XV. The plane of a planet’s orbit is an imaginary surface cutting through the
centre of the sun and the planet, and reaching out to the stars.

The diagram shows the
lane of the earth’s orbit.
E’he stars to which it extends
form the constellations of the
sodise. The circle A, B, C,
D, is the ecliptic, the sun's
place in the heavens, as seen
from the earth, and the earth's
place as seen from the sun.

XVI. The inclination of
the orbit of a planet is its
plane referred to the plane
of the earth’s orbit, to which
it is inclined.

If we suppose the shaded
pert of the diagram to be a
surface of water, & ring or
hoop held inclined so as to be

immersed will describe

the relation of the Ehnenry
orbits to that of the earth,
They are all inclined towards . .
it, aue half being below, and the other half sbove it. The angle of inclination varies,

but exhibits at the greatest only a slight divergence.
Mercary . . . 7° o 9”7 Jupiter . . . 1718’ 51”
Venus . . 83 23 28 Saturn . 2 29 385
Mars . . . . 151 &6 Uranus . . 0 46 28

XVIL. The nodes of a planet are the two opposite points where its orbit
appears to cut the orbit of the earth, or the ecliptic.

That where the planet appears to rise above the orbit of the earth is called the
ascending node; the opposite point, where it appears to go below it, is called the
descending node.

XVIII. Conjunction and opposition are terms used to denote certain situations
of the planets with respect to the sun and to each other.

_A planet directly between the earth and the sun is said to be in inferior conjunction
with the sun. This can only take place in the case of Mercury and Venus, but alon
with them the earth may be in im}e)rior conjunction with the sun to Mars, and wi
Mars to Jupiter, &c.

A planet with the sun directly between it and the earth is said to be in superior
conjunction with the sun. The terms inferior and superior refer to the smaller or
greater distance of the planet from the earth.

A planet with the earth directly between it and the sun is said to be in opposition.
_+his can never take place in the case of Mercury and Venus, whose orbits are included
in that of the earth,

Anets are said to be in con-

Junction with each other when

are in l:!n same sign and

is is a8 common

gﬂffenee in the case of two;

oft the very rare phenomenon
Juiter Y Venus,

Upiter, and Saturn, being in
m’"m‘fm between the wheat
ear of Virgo and Libra, took
Place 8ept. 15, 1186, It will be
;ngu before they cluster again
V. that part of the heavens.
wenas, Jupiter, and the moon,
‘;" In conjunction in Leo

en the peace of 1801 was

telescopic view

:fndtlle :onjunction o? Venus

;,m::x;v on Dec. 19, 1845,
aspect of the

o other s ‘a1 e

e, when they are two

signs apart, the sixth part of the zodiac ; a‘nmile. when they sre three signs distant,
the fourth part of the zodiac; trine, when they are four signs distaat, the third of the
zodiac ; and in opposition, when they are six signs, or haif the zodiac, from each other.

XIX. Apogee is that point of the moon or a planet’s orbit which is farthest
from the earth; perigee, is that which is nearest.

XX. Aphelion is that point of the orbit of the earth, or of any planet and comet,
which is farthest from the sun; perihelion is that which is nearest. A straight
line joining the points of aphelion and perihelion, is called the line of the apsides.

XXI. Culmination is the act of coming to the meridian in the case of any star
or planet, when it attains on any given day its greatest altitude in the heavens.

XXII. Daily acceleration is the interval of time that the stars rise, culminate,
and set, sooner every succeeding day than on the one preceding. It amounts to
about four minutes daily, or two hours a month.

Besides the apparent diurnal motion of the stars caused by the earth’s rotation upon
its axis, they appear to have a motion westward, in consequence of the earth’s orbital
course eastward. They gain, therefore, on the sun, rising, culminating, and setting
sooner, day after day. Thus, those stars und constellations that on any given evening
rise at ten o'clock, will, at the same hour, a month afterwards, be 30° above the
horizon; and three months afterwards, they will be advanced over our heads; and six
months afterwards be setting in the west, having accomplished half of their apparent
annual revolution.

Hence the same constellations are not always visible to us through the year. Some,
not visible before, successively rise to view in the east, while others sink in the west
and are not seen again, until, having passed through the lower hemisphere, they
reappear in the east.

XXIII. Cosmical, achronical, and heliacal rising and setting of the stars and
planets, are phrases of the old poets, who spoke of the phenomena in reference
to the rizing and setting of the sun.

A star or planet rising and setting with the sun was said to rise and set cosmically.

A star or planet rising at sunset, or sctting at sunrise, was said to rise and set
achronically.

A star or planet appearing a little before the sun, in the morning, after having been
50 near him as to be hid by his effulgence, was said to rise heliacally, and to set
heliacally when it ceased to be visible after him in the evening, on account of its
proximity to his orb.

XXIV. Day, apparent solar, is the time included between the centre of the
sun leaving the meridian of any place to its return to the same meridian again.

It varies continually in length, owing to the unequal motion of the earth iu its orbit,
and the obliquity of the ecliptic, being sometimes more and sometimes less than 24
hours. The greatest variation occurs about Nov. 1st, when the solar day is 16" 177 less
than 24 hours, as shown by a well-regulated clock.

XXYV. Day, mean solar, is the time which would elapse between consecutive
returns of the sun to the meridian of any place, if moving in the plane of the
equator with an equable motion. It is the mean of the true solar days through-
out the year, and cousists of 24 hours as measured by a time-piece, which, on
some days of the year, is as much faster than the sun-dial, as on other days the
sun-dial is faster than the time-piece.

XXVI. Day, sidereal, is the time which elapses between consecutive returns
of any fixed stars to the same meridian, or, in other words, the period which the
earth takes to accomplish one rotation on its axis. This period is unvarying and
immutable, 23 hours, 56 minutes, 4 seconds, which would always be the length
of the solar day, if the earth stood still in space, and only turned upon its axis.

In comparison with the immense distance of the stars, the diameter of the earth’s
orbit is but a point, and consequently in relation to them the diurnal rotation is per-
formed precisely the same as if our globe had no translation in space. This is not the
case in relation to the sun, a nearer neighbour; and owing to the earth’s change of
place, somewhat more than one diurnal revolution, or 24 hours, is required to bring
the sun round again to the same meridian.

XXVII. Day, astronomical, is reckoned from noon to noon; and consisting of
the same length of 24 hours in all latitudes, is called a natural day.

XXVIII. Day, artificial, is the time between sunrise and sunset, and varies
with the latitude of places.

XXIX. Year, solar or tropical, is the time which the earth takes in moving in
its orbit, or apparently the sun in the ecliptic, from one equinox or tropic to the
same again, consisting of 365 days, 5 hours, 48 minutes, 49 seconds.

XXX. Year, sidereal, is the time occupied by the earth in moving in its orbit,
or apparently the sun in the ecliptic, from a determinate point in relation to anv
fixed star to the same point again, and consists of 365 days, 6 hours, 9 minutes,

12 seconds.
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CHAPTER IIL
THE LAWS OF KEPPLER.

1. In the year 1609 Keppler delivered to the world the first and second of his
three great laws, and announced the third in 1618, which reduced to order seem-
ing anomalies in the motions of the planets, disclosed the unity of the solar

universe, and laid the foundation of astronomy as an exact science in mechanical
philosophy.

11. The rirsT law of Keppler refers to the true figure of the planetary orhits.
This he pronounced to be an ellipse in the case of Mars, after having tried no
fewer than nineteen hypotheses with regard to the motions of that planet, and
caleulated the results of each. The elliptic form found for the orbit of Mars, he
extended analogically to all the other planets, and modern astronomy has com-
pletely established the preswmnption to be a matter of fact. The planets describe
cllipses in their orbital revolution round the sun.

An ellipse is a curve of an oval shape, as in the
diagram, but which is made much more elliptical than
the orbits of the planets, in order to show the form.
Optically, in the case of the great planets, they would
not be perceived to differ from perfect circles. The
ellipse may represent the orbit of the earth, or of any
other planet, in which s is the position of the sun, not s
in the centre, but in one of the foci, one of the two
points around which the ellipse is formed.

The distance from the sun at s, or from a corre-
sponding focus on the opposite side, to the centre, is the ]
eccentricity of the ellipse, which varies to some extent
in the orbits of the planets. The distance, or eccentricity, in the instance of the orbit
of Mercury is about 7,000,000 miles; in that of Venus less than 500,000 miles; in
that of the Earth somewhat more than 1,500,000 miles; in that of Mars upwards of
13,000,000 miles ; while in that of Juno and Pallas it is 64,500,000 miles.

1I1. The secoxD law of Keppler refers to the velocities of the planets, and
brings into conformity to rule an apparent deviation from it. They are observed
to move with different velocities in different parts of their orbits; and this want of
uniformity in the rate of motion he ascertained to be the effect of uniform
obedience to the principle, technically expressed, of equal areas being swept over

by the revolving radius-vector in equal times. This may be readily understood.
A line drawn from a planet, in whatever part of its
orhit it may be, to the sun, is called in astronomy the

¢
radius-vector (literally, carrier-radius). e ‘l\ 4
It the ellipse represent the orbit of a planet, and 8
the sun in one of the foci. The line drawn from the 7| PN
planet at a to s is the radius-vector, likewise from b, ¢, 9t—= =

d,e, f,and g to 8. These lines bound certain areas of
the ellipse which may be supposed to be equal to each
other in extent, the greater length making up for the
diminished breadth. Now, obviously, for the radius-

vector to sweep over the area between a 8 and b s, in the same time as over that
between f's and g 5, the planet must travel with greater velocity in the former case
than in the latter, because the actual orbital path to be compassed is greater. Thus its
different velocities in different parts of its course are the result of orderly obedience to
a general law governing the phenomena of its motions,

IV. The THIRD law of Keppler refers to the mutual relations of the orbits of
the planets, and connects their relative distances from the sun with their compa-
rative velocities. It is expressed technically by saying, that « the squares of the
times in which the different planets revolve around the sun are proportioned to
the cubes of their mean distances from his centre.” From this it follows, that
the distances of two planets being known, and the period or year of one of them,
the year or period of the other can be detccted by a simple proportion, and vice
versa. Thus, Mars is about 4 times the distance of Mercury from the sun ; his
period of revolution is about 4 times th:at of the latter; and the cube of 4, or 64,
is cqual to the square of 8. The discovery of this law clearly shows, that the
bodies to which it relates have not been thrown at random in their places, are
not independent of each other, but compose a family with a fine bond of relation
subsisting among its memnbers; a system having a distinet and definite oneness.

CHAPTER 1V.
LAW OF GRAVITATION.

1. The forms of the planetary orbits being known, with the law of the
velocities, and their rutual relations, it became interesting to show from what
principle their motions resuit, and how they are preserved in curvilinear paths
round the sun, instead of flying off in straight lines from hini, obeying the im-
pulse of the projectile force evidently impressed upon them. This principle is the

attraction of gravitation, of which we know nothing but from its effects, which
are open to daily observation.

The idea of gravitation as the secret all-pervading power which balances the planets
in their orbits, and maintains the system in complex but harmwonious movemnent, was
not, as commonly supposed, the original conception of Newton. It had been enter-
tained by Keppler and others, and dawned simultaneously upon Hooke and Wren,
Newton's merit lay not in suggesting the grand principle, but in practically applying
and mathematically demonstrating it, and explaining the law of the force.

I1. Every material atom in the creation gravitates, or has a tendency to unite
itself with every other atom, whatever be the distance.

The force of this attraction of gravitation, or tendency of bodies to cach other, varies
according to the quantity of matter they contain, As a large magnet will take up
larger object than a small one, so with attraction, a piece of lead weighing two pounds
will attract with double the force of another piece of lead weighing one pound.

The force of attraction also varies with the distance between the attracting and
attracted bodies. If two equal substances be placed at unequal distances from the
attracting body, the nearest will be acted upon with greater power than the more
remote.

‘T'he attraction of gravitation is reciprocal. All bodies not only attract, but are
themselves attracted, according to their respective quantities of matter, and distances.
The suu attracts the earth and all the other planets, and they attract the sun. The
eurth attracts the moon, and she attracts the earth. An apple hanging on a branch
tends to attract the earth upward to meet it, but the earth being so incomparably the
superior body, its attraction is incomparably greater, so that the moment the apple is
severed from the branch, it yiclds to the superior attraction, and drops to the earth.
Suppose a mass of land of a thousand tons in the place of the apple, it would attract
the earth more powerfully, but be so completely overpowered by the attraction of the
earth as to fall to it, the earth rising to meet it by a quantity wholly inappreciable by
mortal sense, though not by computation. Thus, the quantity of matter in the sun so
far surpasses that of ull the planets together, that were they all on oue side of him, he
would never be more than his own diameter from the common centre of gravity. ‘I'hus,
too, the quantity of matter in the earth being about 80 times greater than that of the
moon, their common centre of gravity is 80 times nearer the earth than the moon, or
about 3000 miles from the terrestrial centre.

If we see no proofs of attraction in practice, between small bodies at the earth’s sur-
face, it is because the enormous mass of the earth completely neutralises its effect, by
bringing these smaller bodies to itself. But the earth’s attractive power is seen in
whatever falls, whether a pebble from the hand, an apple from the tree, or an avalanche
fromthe Alps. All terrestrial bodies are continually solicited, or gravitate, towards the
centre of the terraqueous globe ; and by this tendency, animals on all parts of its
surface stand with their feet pointing to it. A cannon-ball fired upwards from the

earth again returns to it, the earth’s attraction overcoming the projectile force, and
producing a motion of the ball to itself.

IIL. The law of universal gravitation is thus technically expressed:—The
mutual attraction between any two bodies is directly proportioned to their

masses, or quantities of matter, and inversely to the square of their distances
from each other.

Two bodies may be of equal size or magnitude, but unequal in their masses, or
respective quantity of matter. Thus, a globe of cork of equal dimensions with one of
icad has less matter, being more porous. ‘The matter of the sun is so much less dense
than that of the earth, that though the sun is 1,300,000 times larger than the earth, it
only contains 355,000 times more matter. Consequently, the sun only exerts upon the
earth an attractive force 355,000 times greater than that which the earth exerts upon
the sun.

The attractive force or energy varying with the distance between two bodies
according to a certain ratio, i.e., decreasing as the square of the distance increases, and
conversely, increasing as the square of the distance decreases, is easily understood.
The square of a number is that number multiplied by itself, the square of 2 being 4,
3—9, 4—16, &c. Suppose, therefore, the earth to be removed to 2, 3, or 4 times its
present distance from the sun, the solar attraction would be diminished to it in each
case by the square of these numbers, or 4, 9, and 16 times, and its own attractive
encrgy in relation to the sun would be diminished in the same proportion. Or, if removed

nearer to the sun 2, 3, or 4 times, the mutual attraction of the two bodies would be
increased 4, 9, or 16 times.

IV. It may now be explained liow the law of gravitation operates in producing
the curvilinear paths of the planets.

Fvery body in a state of rest will remain so, unless compelled to change it by the
impression of force.

Every body put in motion will continue to go forward in a straight line if it encoun-
ters no resisting or diverting force.

f a body be acted upon by two forces at the same time and in the same d::rection, it
will preserve that direction, but procced at a quicker rate than if under the impression
of one force.

If a body be acted upon by two equal antagonistic forces it will remain in a state
of rest.
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If a body be acted upon by two unequal antagonistic torces it will follow the direction
of the greater force. . ) )

If a body be acted upon, at the same time, by two forces, not in the same nor in
opposite directions, it will not follow either of the forces, but proceed in a line between
them, and in a curve line 11 the forces are not uniform,

The last rule solves the problem of the curvilivear paths pursued by the planets, for
those bodies are acted upon by the primitive pro;e‘cule impulse with which they were
launched in space, and by the solar attraction. ‘T'he combined result is, that ‘they are
deflected from the natural right lines which would be described under the influence
alone of the projectile force, by another force drawing theu} to_the sun, and hence
move in a curve. ‘These forces continually operating, the etleet is constant, and the
unfailing prosecution of an orbital route round the sun ensues.

The straight lines, A B, in the diagram may represent
the rectilincar path in which a planet would travel, simply
obeying the projectile force. The straight lines, A8, re-
present the course it would pursue, simply obeying the
solar attraction. The curve is the orbit formed by the
joint action of the two agencies.

V. Thus, while on the one hand, the sun, from his
immense magnitude, by the power of his attraction,
would draw all the planets to him, if lus attractive
force were not kept in check by the primitive impulse
of the planetary bodies to move in straight lines, given
at the time they were launched in universal space ; on the other hand, under that
impulse the planets would fly off at a tangent line from their orbits, but for the
solar attraction. The attractive power of a body is called the centripetal force ;

and the projectile impulse, or the tendency to fly off fromn the centre in a straight

line, is called the centrifugal force. The maintenance of order in the solar uni-
verse is due to the fine balancing of the opposing powers—the regulated strife of
the two tendencies.

VL. Our common phrase, the weight of bodies, is synonymous with the force of

THE SOLA

CITAPTER L
GENERAL VIEW.

I. Directing a telescope to the heavens, the fixed stars still remain points of
light, but a few other bodies undergo a sensible change of appearance, presenting
disks, or flat surfaces, which enlarge with the magnifying power of the instrument
employed. They are observed also by the naked eye to have motions of their
own, independent of the apparent revolution of the great celestial concave.
Sometimes they appear to be stationary, then to be moving from west to east, and
oack again from east to west, altering their place with respect to the earth, each
other, and the heavenly bodies. Hence they have been called planets, or wan-
derers.

MFwe planets were known to the ancients, and received names from their mythology:

lm_ii"cm'y,,Vellus.v Mars, Jupiter, and Saturn. Five more have been discovered in

o ‘Ern times: Uranus, and the .‘.\sternids. Ceres, Vesta, Juno, and Pullas; and five

o k'e Present day : Neptune, with four Asteroids, Astrea, Hebe, Iris, and Flora—
aking, with the earth, sixtcen primary planets.

IL. The primary planets, with secondary bodies or moous attached to some of
tl'ltm, are satellites of the sun, revolving round him at different distances, and in
different periods. These, together with comets, constitute the solar universe.

'i?;‘he planets are called inferior and superior, according as their orbits are within or
out that of the earth. Mercury and Venus are the inferior planets ; Mars, the

Asteroids, Jupi 3 5
piter, Saturn, Uranus, and Neptune are the superior planets. A better
Phrase would be interior and exterior. P P

UL The respective distances of the planets from the sun may be thus numeri-
cally expressed ; —

l
i .;‘;J:ulrgy. Yo Veous .J;, Farth 1, Mars 1§, Ceres 24, Jupiter 5}, Saturn 93,
| wi::;h?he apparent diameter of the sun, as seen from the different planets, varies
’ . meu dxst'ances, the solar globe dwindling down from a resplendent luminary
' mparatively small orb, yet still a sun to the farthest of his satcllites.
\” B —
- — o

terrestrial gravitation, or of the earth’s attraction. It is greatest at the surface of
the carth, and decreases upwards and downwards, but not after the same ratio.
Upwards, it decreases as the square of the distance from the earth’s centre incyeages.
At the same distance above the surface as the surface is from the centre, the gravitating
force, or the weight of a body, will be only one fourth of whatit is at the surface.
Thus, a ball of lead weighing one pound at the surface, raised 4000 miles above it,
about equal to two semi-diameters of the earth from the centre, would be reduced one-
fourth in weight. or weigh only a quarter of a pound. Raised 12,000 miles above the

surface, about equal to four semi-diameters from the centre, it would be reduced one-
sixteenth in weight, or weigh but one ounce.

Below the surface, the force of terrestrial gravitation decreases in the direct ratio of
the distance from the centre, Thus, at three parts of the distance between the surface
and the centre, at half, and at a quarter, it will be , §, and }, of what it is at the
surtace, and the ball of lead be respectively reduced in weight to three quarters, half,
and one quarter of a pound. At the centre it would be without weight, being equally
attracted on every haud.

VI1I. The centrifugal and centripetal forces being mutual opposing powers, the
weight of bodies in relation to the earth, or to any other orb having a motion upon
its axis, depends not only upon its quantity of matter, but upon the velocity of the
rotation. Thus, the centrifugal force engendered by the earth’s diurnal motion
diminishes the power of gravity at the equator, or the weight of bodies, in the
proportion of 1 for every 290 pounds; in other words, a body now weighing 290
poundsat the equator, would weigh 291 pounds if the earth were at rest upon its axis,
Supposing the velocity of the rotation to be increased, the weight of bodies would
be proportionably diminished by the greater action of the centrifugal force; and
bodies would have no weight at all, gravity being counterbalanced, supposing the
earth to whirl round in 84 minutes. By a greater velocity, gravity would be
overcowe, and bodies fly off from the equator as water from a mop when it is
trundled.

R SYSTEM.

The apparent diameter of the sun is 32° as seen from the earth.
planets, it wiil be:

Mercury 80’, Venus
46°, Mars 21°, Ceres
11°, Jupiter 6, Saturn
3, Uranus 1"3.

The comparative
size of the great
source of light and
heat, at each of the
planets, may be thus
pictorially shown.

From the other

Ceres. Jupiter. Satura.Vranus

1] ° °

V. All the planets are spheroids, more or less flattened at their poles, varying
prodigiously in their magnitudes.

Their relative bulk is brought before the eye in
the annexed cut. l

Taking the earth as 1, their comparative volume ¢ Mereury.
is numerically as follows:—

Mercury gy, Venus 4, Mars §, Ceres 145, Jupi- ® Vanue.
terAlSOO. Saturn 900, Uranus 80.

8 seen from the sun their respectiv r

diameters will be,— pective apparent ® Easik

Mercury 16”, Venus 30", Earth 17”2, Moon 46,
Mars 10", Jupiter 37", Saturn 16”, Uranus 4”. @ Mars.
. Sir John Herschel gives the following illustra-
llOP of their relative magnitudes and distances :—
“Choose any well - levelled field, or bowling- ® Cores.

green; on it place a globe, two feet in diameter;
this will represent the sun.  Mercury will be re-
presented by a grain of mustard.-seed, on the cir-
cumference of a circle 164 feet in diameter for its
orbit: Venus, a pea, on a circle 234 feet in diame-
ter; the Earth, also a pea, on a circle 430 feet;
Mars, a rather large pin's head, on a circle of 654
feet; Juno, Ceres, Vesta, and Pallas, grains of
sand. in orbits of from 1000 to 1200 feet ; Jupiter,
& moderate sized orange, in a circle nearly half a
mile across; Saturn, a small orange, on a circle of
four-fifths of a mile; and Uranus, a full-sized cherry,
or small plum, upon the circumference of a circle
more than a mile and a half in diameter.”

—
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VI. The solar and planetary orbs vary re-
markably in their density. Their weight, com-
pared with that of the earth, represented by 1,
is estimated to be :—

Sun 355,000, Mercury f, Venus &, Mars §,
Jupiter 338, Satarn 95, Uranus 17.

Their weight, compared with that of a globe of
water of the same size, is estimated to be :—

Sun 14, Mercury 177%, Venus 5}, Earth 48,

Mars 3y, Jupiter 1¢5 Saturn §, Uranus 1.
Thus, while the material of Mercury is as heavy
as lead, that of Saturn is nearly as light as cork,
and would float buoyantly upon the waters, if
his globe were launched on an ocean capable of
receiving it.

¢ VIL. The mean orbital velocity of the planets is as follows, per second :—
Mercury, 30 miles; Venus, 23; Earth, 19; Mars, 15; Vesta, 13; Juno, 12;
Ceres, 11 ; Pallas, 11; Jupiter, 8; Saturn, 6; Uranus, 4.

CHAPTER IL
THE SUN.

1. The sun, the centre of the solar system, dispensing light and heat to the
planets, and governing their motions, is by far the largest body in the universe
whose dimensions have been ascertained. The real diameter of the grand
luminary is about 882,000 miles, and the circumference about 2,764,600 miles.
A magnitude so vast can only be feebly grasped by the conceptions of the human
mind, and requires comparison in order to be appreciated.

The diameter of the sun is equal to 1114 times that of the earth, The circam-

ference embraces a volume of matter about 1,300,000 times larger than our globe, and
more than 500 times greater than that of all the planets.

If the centre of the sun occupied the place of the earth’s centre, then the solar mass
would fill up the whole distance between the earth and the moon, and extend into
space nearly as far again beyond it. -

Conceiving of the sun as a hollow sphere, perforated, so as to admit of the twinkling
through, in a thousand places, of the luminous atmosphere without ; and supposing the
earth placed at the centre, with the moon at her real distance from it ; ticre would
then be exhibited to a spectator on our globe, a universe as extensive as the whole
creation was conceived to be in the infancy of astronomy, or as it now appears to the
uninstructed eye.

The solar substance is, however, far less dense than the terrestrial, so that if the
two bodies were weighed in a balance, the weight of the sun would not exceed that of
the earth in proportion to the excess of magnitude, but be only about 855,000 times
heavier. While, therefore, it would require 1} million earths to equal the sun in bulk,
it would require but 355,000 to equal him in mass, or in the amount of ponderable
matter.

Immense as is the volume of the sun, it is supposed, on good grounds, to be great!
exceeded by that of some of the fixed stars, Dr. Wollaston g:?mputes that Siriuz,
occupying the sun’s place, would appear 3-7 times larger, give 13-8 times more light,
and consequently be equal to nearly 14 suns in size,

IL. That a body of such magnificent dimensions as the sun should apparently
fill 80 small a space in the heavens, argues the enormous distance subsisting
between the solar and terrestrial worlds. The sun’s mean distance is equal to
12,000 times the diameter of the earth, or about 95,000,000 of miles. This has
been determined chiefly by observation of the transits of Venus; and, according
to Laplace, it is within ¢ of the true distance. The computation involves,
therefore, no error of importance.

A steam-boat, making 200 miles a day, would require 1,360 years to describe the
distance between the earth and the sun. A locomotive engine travelling at the rate
of 20 miles an hour, would require more than 500 years to accomplish the same space;
and a cannon-ball, maintaining the full force with which it is discharied, or flying
night and day at the rate of 15 miles a minute, would not perform the feat under
upwards of eleven years. Yet the earth, if completely surrendered to the solar attrac-
tion, would fall upon the sun in 64 days 13 hours; and light visits us from the sun in

8 minutes 13 seconds,

III. The mean distance of the sun from the earth supposes variation, and is
the average struck between the two extremes of the greatest and the least. If
the earth described a perfect circle in space, with the sun in the centre, the
distance of the two bodies from each other would be always the same; but as
the earth’s orbit is an ellipse or oval, having the sun, not in the centre, but in

| authors respecting the solar a rance, which have been referred simpl
one of the foci, or points sround which the ellipse is drawn, it follows that the ' fondness for the marvellous. . Thus, Plata b o

distance varies. When at its nearest point to the sun, the earth is about
93,000,000 of miles distant, and about 96,000,000 of miles when farthest removed.
The difference in the distance is, accurately, 3,202,104 miles. The maximum and
the minimum distance are attained respectively at intervals of six months, the
former about the end of June, or at the summer solstice, and the latter about the
end of December, or at the winter solstice.

When most remote from the earth, the sun is said to be in apogee; and when
nearest, in perigee.

When most remote from the sun, the earth is said to be in aplelivn; and when |

i
| nearest, in perthelion. !

‘The apparent anomaly of the earth being 8,202,104 miles nearer the sun at mid- |
winter, when the temperature is low, than at midsummer, when it is high, is easily |
explained. Comparatively, the difference in the distance is trifling, and -its effect i ‘
overruled by the two following circumstances:—When the earth is farthest from the -
sun, as in summer, we have the solar day twice as long as in winter, aud the sun’s I
rays acting continuously through the lengthened interval, cause a powerful accumula-
tion of heat. Again, at the same season, we have the sun in those signs of the zodiac
that are north of the equator, and rising to a greater altitude above the horizon, his
rays reach us in a more vertical direction, and acquire their greatest force. Precisel
opposite circumstances transpire in winter, and hence we have then the greatest eoldv,
though nearer to the sun than in summer.

The change of distance is recogunised by an observed variation in the apparent |
diameter of the sun. Measured by the heliometer, the greatest apparent diameter is |

32’ 35” on the 31st of December, and the least is SIF; ” on the lst of July, the
difference amounting to 1’ 4”,

IV. The sun has two apparent motions in the heavens, diurnal and annual.
The apparent diurnal motion, from the point of sunrise to that of sunset, or from
east to west, is an optical deception, caused by the real rotation of the earth upon
its axis, from west to east. The apparent annual motion, through the signs of |
the zodiac, from the first point of Aries to the same point again, or from east to
west, is also an illusion, caused by the earth’s translation in its orbit from west to |
east.

A familiar illustration of apparent motion, is that of the country on each hand ‘
through which a railway-train is passing. which seems to be moving rapidly in an

inv‘gm direction,—or that of the banks of a river, as seen from a vessel sailing on its
surface.

V. There are two proper motions belonging to the sun,—a change of place, and
a rotation upon his own axis. The former, due to the attraction of the different
planets, is imperceptible. It consists of a revolution round the common centre |
of gravity in the system. This does not coincide with the centre of the solar '
globe, though but very slightly removed from it, and never apart from the solar |
body. The latter movement is open to observation, the sun accomplishing an
axical rotation in a period of 25 days, 9 hours, 56 minutes, following the same
direction as the earth, from west to east.

The rate of rotation at the equator of the sun is about 4,530 miles an hour.

VI. The fact and time of the sun’s rotation are clearly ascertained by observa-
tion of the solar spots. These peculiarities of the disk, though all transient, l
frequently remain long enough to be identified as the same after a considerable l
period. They move progressively from the eastern to the western limb of the
sun, vanish, and appear again at the eastern edge, thus sensibly demonstrating
the solar rotation.

The time apparently occupied by the revolution of a spot from a particular point of ‘
the sun’s disk to the same point again, is 27 days, 7 hours, and 26 minutes. This
exceeds by nearly two days the period stated as that of the sun’s rotation. Buta spot '
will really have made more than an entire revolution in the former interval, owing to .
the motion of the earth in its orbit at the same time ; and making the proper allowance |
for that, the actual period of the solar rotation is reduced to the limits mentioned.

VII. When viewed through a powerful telescope, with coloured glasses inter-
posed to prevent the intense light and heat of the sun from injuring the eye, the
unwrinkled and uniformly luminous appearance of the solar surface to the un-
assisted vision is found to be an illusion. Besides the black patches, or macule,
(dark spots,) often exhibited, a variety of luminous aggregations or lines are seen,
brighter than the other parts of the disk, to which the term facule (little torches)
is applied. The dark spots are of all shapes and sizes, or the luminous ridges
frequently run in a winding course from one to another. The solar spots are
usually observed in a zone parallel to his equator, and about 35° from it, though
they are also seen much nearer to the polar regions.

Herschel estimated the diameter of a spot observed by him at upwards of 50,000
miles, more than six times the diameter of the earth. ‘Another, observed June 30,
1830, had a diameter of 23,000 miles. It was nearly circular, and, therefore, included
an area of 443,000,000 of square miles. Herschel's {arge spot was visible to the naked
eye. There is respectable testimony to the same fact in other instances. The spots
thus seen must have been of enormous dimensions. It has been suggested, that &
temporary accumulation of spots will perhaps account for statements made b{h OIi?-
to the
the reign

hus, Platarch states, that, in the first year
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THE SOLAR SYSTEM. 7

" of Augustus, the sun’s light was so greatly diminished, that one could look at it with

the naked eye without inconvenience.

That part of the solar disk not occupied by spots, presents the appearance of a
ground finely mottled with minute dark dots or pores, which, attentively watched, are
observed to be in a state of constant change.

The solar disk, however, frequently exhibits a comparatively unblemished aspect.
From 1650 to 1670 scarcely any spots were to be seen; and this was the case also
from 1676 to 1684. But since the beginning of the eighteenth century, scarcely a
year has passed in which they have not been visible, and often in great numbers.

VIII. The large black spots on the sun consist of a dark nucleus, surrounded
by a band or border less completely dark, called a penumbra. The penumbra
usually corresponds in shape to the spot it environs. It presents no apparent
gradations of luminosity, but is terminated by distinct edges, beyond which there
is a facula, or ridge of light, more brilliant than that of the sun’s radiant disk.

As a general rule, the solar spots are not long permanent or uniform. They
undergo great and rapid changes. Sometimes several small ones unite into a large
one, or a large one separates into several smaller. Dr. Wollaston observed one to
burst in picces like a lump of ice when dashed upon a hard surface. Some remain
for days, we- ks, and months continuously, while others appear and disappear in the

" eourse of a few hours. Spots gradually formed are generally gradually dissolved ;

while those that are rupidly formed as quickly disappear.
IX. The solar rotation causes a spot to alter in its appearance to the eve, as in
tue illustration. The left-hand figure may be regarded as a spot secn upon the

centre of the solar disk. As the sun rotates, the nucleus is gradually impaired,
till it wholly disappears, and only the penumbra is seen, consisting of a single
shady line. This so exactly answers to what would take place supposing the
spots to be excavations, as naturally to suggest and strongly confirm that opinion.

X. Dr. Wilson, of Glasgow, in the year 1773, proposed the theory now com-
monly held respecting the constitution of the solar spots. The visible surface of
the sun is supposed to be a highly luminous atmosphere, perhaps several thou-
sand miles in thickness. Under this another is conceived to lie, less luminous—
a stratum or mass of clouds, throwing back the light of the upper regions, and
forming the penumbra of a solar spot. The nucleus itself is considered to be the
dense body or real substance of the sun, temporarily exposed through openings
in the surrounding atmospheres, occasioned by local agitations from powerful
currents. Adopting this view, the fucule, or bright ridges, may be simply grand
accumulations, or immense waves of luminous matter, in the exterior atmosphere,
heaped up by violent commotions in their neighbourhood. It is further supposed
that the currents, or forces, which disturb and rend the cloudy and luminous
strata operate from below, though comparatively superficial in their scat, and not
emanating from any explosive action within the solar mass. IHence a spot is
always surrounded by a facula, as if the opening had been caused by an upward

. turrent, accumulating the light atmosphere around it.

XI. The sun, then, in its interior physical constitution is not a ball of fire,
sccording to ancient fancies and natural impressions, but, very probably, an
opaque, non-luminous body like our own globe; nor are there insuperable dif-
ficulties in the way of supposing it the abode of organised beings.

At the visible surface of the solar orb the light and heat must be intense in the
extreme, affeeting us so powerfully at the distance of so many millions of miles. But
two considerations materially abate the difficulty which this fact presents.

_The effect of the sun in producing heat depends upon the solar influence combining
with he.at in a latent state, Hence, the higher we ascend in the atmosphere, the
greater is the cold experienced. Perpetual ice and snow clothe the summits of high
mountains, receiving the direct rays of the sun; while in sheltered valleys far below,
which only admit their indirect influence, the temperature is often overpowering.
Scosible heat is thus generated by the sun’s rays, through their combination with
caloric, or latent heat. It is physically possible, therefore, for the solid matter of the
Sun to be s0 modified, as to be capable of only slightly combining with the rays of the
l“‘“'““ﬂ_l regions above it, and thus for there to be no excessive temperature at its
Superficies.

Again, the stratum of dense clouds below the vividly resplendent surface of the sun
may be so perfectly reflective, as effectually to defend the solar mass from the intense
light and heat of the superior regions. ‘I'hat the penumbral clouds, remarks Sir John

erschel, are highly reflective, the fact of their visibility in such a situation can leave
no 5‘10llbt.' They may thus act as a screen to the body of the luminary, duly attem-
PeTIg to it the light ‘and heat radiated by the exterior atmotiphere.

XII. Galileo first noticed the solar spots in the month of April, 1611, and
announced their inconstancy, with other peculiarities, in the following year.
About the same period they were observed by Scheiner and Fabricius, but by our
own countryman, Harriot, a year previous.

They had probably been discerned before without a telescope, but not understood.
An entry from the log of a ship off the Africau coast, in the year 1590, is given by
Hakluyt:—* The 7th (December), at sunset, we saw a great black spot on the sun;

and on the 8th, both at rising and setiing, we saw the like, the spot appearing about
the size of a shilling.”

XIII. The apparent motion of the spots across tne solar surface varies in its
direction through the year, but the same course is invariably pursued year after
year. Sometimes they appear to describe straight lines, and then curves, as
represented in the diagram.

N, 8, the porth and south poles of
the sun; A the points where the spots
appear upon the disk; a the points
where they appear to leave it.

At the beginning of December the
course seems to be in straight lines
from A to a; at the beginning of
March it assumes the form of the
curves in the figure; at the heginning
of June straight lines again seem to
be described, but with an inclination
precisely contrary to that seen six
months before; and at the beginning
of September the curvature re-appears,
but with the convex side towards the
south pole of the sun. The same phe-
nomena, in the same order, are re-
peated every year.

The above appearances are entirely
optical. They result from the motion
of the earth round the sun, and from the uniform rotation of the latter upon an axis
inclined to the plane of the earth’s orhit. The following is an illustration of the effect:—
‘Take a common terrestrial globe, with the pole inclined about seven degrees from the
zenith, to represent the sun. Let it revolve, and a spectator then walk round it,
kecping his eye in the plane of the wooden horizon. and the circles of latitude will
alternutely appear straight lines and curves, varying i their inclination, as seen from
his different positions.

XIV. However glorious the appearance, vast the dimensions, and sublime the
general vocation of the solar orb, balancing the planets in their spheres by the
force of attraction, it is the detail of daily life that shows us the utility and
importance of the luminary. The sun discloses the features of the landscape,
and by the light and heat evolved the vegetation upon its surface is elaborated,
furnishing a supply of food to man and beast. Ripe seeds have never been
obtained from plants kept in darkness, and plants transferred to it from the
open air become pule and blanched; from which it may be inferred that the
presence of light is essential to the perfectability of the vegetable kingdom. By
the solar influence, also, the aqueous particles are exhaled from the ocean, rivers,
lakes, and moist earth, from which we have clouds and rain, and the winds are
set in motion, preserving the atmosphere in a healthy state. Nor could any of
the processes which now go on upon the earth, essential to the maintenance of
animal life, be conducted without the action of the sun. Yet how it is that
a body should keep up an indefinite generation of light and heat, supplying the
planetary system bounteously with these elements, not, as far as we know,
receiving any itself, is a problem which, in its present state, chemical science
cannot solve.

The direct light of the sun has been estimated to be equal to that of 5570 candles of
moderate size, placed at the distance of one foot from the object. It is 300,000 times
greater than that of the moon.

Such is the power of the solar rays, that some of the men employed at the Plymouth
Breakwater had their caps burnt in a diving-bell, 30 feet beneath the water, from
sitting under the focal point of the convex glasses in the upper part of the machige.

XV. An interesting and, within the tropics, a very definite phenomenon
accompanies the sun, called the zodiacal light, from its path lying obliquely in
the zodiac. It is a kind of glow, or beam of light, somewhat analogous to
a comet’s tail, rounded at the vertex, with its base towards the sun, usually of
a pure rose tint, through which the faintest stars are seen. In our climate it
may be observed soon after sunset on a clear evening in March and April, and
before sunrise in September and October; but never with that distinctness with
which it appears in equatorial regions.

Keppler noticed the zodiacal light; Descartes regularly treated of it about the year
1530; but it did not attract much attention until described by the elder Cassini in
1683, Humboldt had several distinct views of it at Caraccas.

Some suppose the zodiacal light to be a solar atmosphere, or attributable to it
receiving its form, that of a long and narrow ellipse, only the half of which we see'
frowm the rotation of the sun on its axis. Sir John Herschel conceives that it may b;
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the denser part of ¢ : .
comets, lan:ilt hat medium, which we have reason to believe resists the motiun of

i L e S T Lt e
nebul it 18P0 0 identify th
4 0us body producing the November meteors, or anho(:;inse sp::sn,m::nc‘:;:n:oxtxlll;

observed in that month,
be;{l\’;. Be::e:hthe Proper motions mentioned as belonging to the sun, it has
y advml;}'): . ::i:he so.lar }mdy has a progressive motion in space, by which it
. g towards a point in the heavens in the constellation Hercules. This
idea of. tl'le elder Herschel wants verification. Physical considerations, however.
N'mdef 1tin the highest degree probable that the sun has such a motic:n in som;.
direction or other, If 30, it follows that all the planets, besides their movements

of levolutlon an l'outlon, are aceo) mmﬂl?
d mpﬂnymg tbe centml h’ n a g’and

CHAPTER III.
MERCURY.

L. Mercury is the smallest planet in the system with the exception of the
asteroids. Its diameter is estimated at 3140 miles. But it is the most compact
celestial body with which we are acquainted, or has the greatest quantity of
ponderable matter within the same limits.

The density of Mercary is concluded to be fourteen times that of water, or more
than equal to that of lead. A ball of lead, therefore, 3140 miles in diameter, would
not balance the orb if the two were placed in scales against each other. It would
require twenty millions of such bodies in size to equal the sun in volume, but only
two millions to equal him in weight,

IL. The planet, as far as we know, is the nearest body to the sun; revolving
round him at a mean distance of nearly 37,000,000 miles, accomplishing one
revolution in a period of a little less than 88 days. This is the length of the
year of Mercury, equal to about three of our months. If the seasons follow in
the same proportion, they will each consist of only three of our weeks.

The placet has an extremely rapid motion in space, at the rate of more than
100,000 miles an hour. This originated the name, from the active messenger of the
gods. On account, too, of this mobility, chemists adopt his symbol to denote quick-
silver.

111 The period of the planet’s rotation upon its axis is 24 hours, 5 minutes,
and 28 seconds, which makes its day about ten minutes longer than ours.

IV. To Mercury the sun will occupy seven times more space in the heavens
than he does to us, on account of his greater proximity, and the planet will
receive seven times the amount of light and heat.

The presumed effect, as that of water constanth‘ boiling at the surface, or any
excessive temperature prevailing, need not follow. The solar influence may be modi-
fied by conditions of the planet adapted to that end. 'The icy tops of the Himalayas
are nearer to the sun than the parched and burning plains of Hindastan.

V. Owing to nestling near the sun, Mercury is usuaily lost in the solar blaze,

and is never in a dark part of the heavens at the time of his greatest elongation.

The distance of a planet from the sun as seen from the earth, measured in degrees,
is called its elongation, If at any time we draw a line from the earth to the sun, and
another from the earth to Mercury, the two lines will never form a larger angle than
29°. This is Mercury's greatest elongation.

V1. Proximity to the sun, an excessively rapid rate of revolution, a peculiar
quick scintillation, together with the smallness of the planet’s mass, render it a
very difficult object to catch and examine. It may be best seen about an hour
and three-quarters before sunrise in autumn, and after sunset in spring, but very
clear weather and a good eye are required.

Copernicus never caught sight of Mercury; and Delambre only twice with the
vaked eye. It redounds, therefore, not a little to the credit of the ancients that they
recognised this body as a planet, and so accurately described it. Cicero states, that
“jt ig never further distant from the sun than the space of one sign, sometimes pre-
ceding, sometimes coming after him.”

VII. Some astronomers attribute a dense atmosphere to Mercury, and irregu-
larities of outline, supposed to indicate high mountains. But such conclusions
are premature. A certain and interesting circumstance is the existence of phases,
similar to those periodieally exhibited by our moon, which satisfactorily proves
that the planet does not shine by virtue of its own inherent light, but by light
reflected from the sun.

When Mercury is most distant from the sun, his illuminated portion has nearly the

form of a semicircle.
|

When he is passing round on the opposite side of the sun to that at which the earth
is situated, the bright portion becomes nre than a semicircle, and assumes the form

called gibbous,

When be emerges from the sun he is again a semicircle, which gradually diminishes

to a crescent as he proceeds in his orbit, and approaches the earth.

VIIIL This evidence that the planet does not shine by inherent light, is corro-

borated Ly the opaque appear-
ance presented during & transit
over the solar disk, which also
shows its spherical form.

IX. A transit occurs when Mer-
cury is between the earth and the
sun, on a straight line joining
the centres of the two bodies.
Passing between that orb of
splendour and the earth, the
planet appears upon the solar disk
as a small, round, black speck
to the eye of the observer. The
illustration gives the appearance.
The first-recorded transit was ob-
served by Gassendi, Nov. 6, 1631,
and the following have since oc-
curred :—

1644, Nov. 6. 1697, Nov.
1651, Nov. 2. 1707, May
1661, May 3. 1710, Nov.
16€4, Nov. 4. 1723, Nov.
1674, May 6. 1736, Nov.
1677, Nov. 7. 1740, Nov.
1690, Nov. 9. 1743, Nov.

sNoLaoN

1753, May
1756, Nov.
1769, Nov.
1776, Nov.
1782, Nov.
1786, May
1789, Nov.

1799, May 7.
1802, Nov. 8.
1815, Nov. 11,
1822, Nov.
1832, May
1835, Nov.
1845, May

Puos

The annexed cut represents the last transit, which was visible in England uuder
favourable circumstances. It marks the gradual advance of the planet over the disk
of the sun, in the direction indicated, at v. vi. viL, P.M. The contact of the two bodies
ceased at 9 minutes before 11, and was, of course, invisible in this countri. the sun

the

setting with Mercury as a speck upon his face. The remaining transits of

century will be as follows: —

1848, Nov, 9. 1868, Nov. 4.
1861, Nov. 11. 1878, May 6.

It will be observed that each of these recorded transits have occurred either in Novem-
ber or May, a circumstance which may be easily explained. Every three months Mer-
cury accomplishes a revolution round the sun, comes between the sun and the earfh.
and would appear trausiting the solar surface if his path coincided in its plane with
that of the earth. But this is not the case. The planet’s orbit is partly above and
partly below that of the earth, cutting it at two opposite points. These points of inter-
section are called the ascending and descending nodes; and it is only when the planet

is in one of them, and on a line passin,
that a transit can take place. Mercar;

v

1881, Nov. 7.
1891, May 9.

present

l 1894, Nov. 10.

through the centres of the earth and the sun,
ascending node is in the 16th degree of Tao-

rus; the descending node is in the 16th degree of Scorpio; and as the earth
these points in November and May, the transits of the planet occur, and must, for

ages, in one of these months.

X. The calculation of a transit is obtained by finding such complete re.voln-
tions of Mercury and the earth as shall be to each other in the ratio of their pe-
riodical times, or as 87°969 days, the period of the former, is to 365256, the

period of the latter. By doing this, we have as the result :—

7 Periodical revolutions of the earth equal to 29 of Mercury.
13 Periodical revolutions of the earth equal to 54 of Mercury.
33 Periodical revolutions of the earth equal to 137 of Mercury.
46 Periodical revolutions of the earth equal to 191 of Mercury.

Hence transits of Mercury may occur at the same node after intervals of 7, 13, 33, 45?
&c. years. Upon the same principle transits of Venus are calculated, and eclipses 0

the sun and moon, which are an identical class of phenomena.
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CHAPTER 1IV.
VENUS.

I. Venus, the most brilliant star in the heavens, and the nearest planet to the
earth, is rather smaller than our globe, having a diameter of 7700 miles.

II. She is the second member of the system in point of distance from the sun,
revolving round him at a mean interval of 63,000,000 of miles, accomplishing &
revolution in 224 days, 16 hours, and 49 minutes, moving at the rate of 80,000
miles an hour. Thus the year of the planet is equal to about 74 of our months,
or 32 weeks.

That the position of Venus is exterior to that of Mercury, is clearliiproved by the
fact that she sometimes eclipses him, an instance of which occurred May 17th, 1737.
It is also shown by her wider departure from the sun, to the angular distance of 48°, as
scen from the earth, rather more than half the space from the horizon to the zenith,
and 19° farther than Mercury. .

That the position of Venus is interior to that of the earth, appears from the pheno-
mena of her transits, when she is seen upon the disk of the sun, and is consequently
between him and us. This is also evidenced by the planet never being visible at mid-

ight, and never seen rising in the east while the sun was setting in the west; or in
(l:lg:r words, in opposition to the luminary, which would be the case if oar globe occu-
pied a place between the two.

I11. Neacer to the sun than ourselves, Venus receives nearly double the pro-
portion of light and heat, and has the solar disk in her heavens appearing nearly
twice as large as it does to us.

IV. Venus rotates upon her axis in 23 hours, 21 minutes, 7 seconds, which
makes her day about 35 minutes shorter than ours.
The diurnal rotation was first ascertained by the elder Cassini, from observation of

spots on the planet’s face. He determined also the period within a minute of what it
was afterw; established by Schroeter.

V. Alternately, Venus is a morning and evening star, remaining visible for
about three hours after sunset, and as long before sunrise, at the time of her

greatest elongations.

As a morning star the Greeks denominated the planet Phosphorus (light-bringer) ;
and as “ Lucifer, son of the morning,” she is referred to by the prophet Isaiah. As an
evening star she was styled Hesperus and Vesper. The ancients supposed these to
be two distinct bodies. Pythagoras is said to have been the first to proclaim the
contrary, a fact which, however obvious now, required sagacity and reflection to
determine.

VI. The planet exhibits the various lunar phases as seen through a telescope,
only that she never appears
absolutely full; for when the
whole of her enlightened side
is towards us, in her superior
conjunction, the solar rays in-
terfere with her splendour.

The diagram represents the
appearance of Venus in her
orbit moving in the direction of the letters a, b, c.

Soon after her inferior conjunction, when she passes between the earth and the sun,

we behold Venus as a morning star, rising a little before the sun, exhibiting a fine
silver crescent, an elegant telescopic object. She gradually gains upon the luminary,
rises more and more before him, till her greatest angular distance westward is attained,
when she appears a semicircle. Proceeding to her superior conjunction, she apparently
returns to the sun, rises later and later, appears gibbous, and then nearly full. - On the
east of the sun Venus becomes an evening star, visible for a short time after his setting.
Pll'lnlm to her eastern elongation, she scts later every night, and her appearance 18
gradually reduced to a semicircle ; after which, retarning to the sun, she becomes a

Crescent, sets with him, and is invisible, the unenlightened half of the orb being

towards us. In a few days the phenomena of the morning star are repeated.

_Copernicus predicted the discovery of the phases of Venus, confident of the truth of
his theory, of which these appearances are the necessary result. This observation was
one of the first-fruits of the telescope in the hands of Galileo.

VIL Venus occupies about 290 days in passing from one conjunction to
another, or appears to keep on the same side of the sun, and is & morning or
evening star for that length of time. This seems an anomaly, as it is a longer
period than she takes in accomplishing an entire circuit.

The fact is readily understood, when we consider that the earth is going round the
sun at the same time with the planet, though at a slower pace. Venus accomplishes
about 1° 36’ of angular motion per day; the earth about 59'; so that the planet gains
upon the earth only at the rate of 37° a day. But obviously both bodies will appear
to keep on the same side of the sun, until Venus has gained half of ber orbit in
advance of the earth, or 180°, which will require about 290 days to effect. Thus
37, the difference of their daily rate, x 200 = 10730’ =180° nearly.

VIIL. The distance between Venus and our globe varies greatly. At her
oferior cominnetion. she is 26,000,000 of miles from the earth; but at her
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superior conjunction, upwards of 160,000,000 of miles. Hence her apparent
diameter varies.
The apparent, or observed diameter of the planet, when nearest the earth, is

6 times greater than when most remote, and the surface of her disk is nearly 41 times
greater.

If Venus, when nearest the earth, presented her illuminated side entirely to us, she
would shine like a small brilliant moon in the heavens. As it is, however, the planet
has been observed to project a visible shadow in the night, and has often been seen
by the naked eye in the day time during eclipses of the sun,

IX. Venus, like Mercury, transits the solar disk under the same conditions,
and then appears denuded of her radiance, a small dark spot upon his face.

X. If the orbit of the planet lay exactly in the plane of that of the earth, she
would be seen to pass centrally over the sun’s disk, at every inferior conjunction.
But one half of the orbit of Venus is 33° above the path of the earth, and the
other half as far below it. She passes then either a very little above or below
the sun at her inferior conjunctions, except these occur when she is at one of her
nodes, or the points where the two orbits intersect. This happens very rarely.

8-periodical revolutions of the earth are equal to 13 of Venus

235 " " " ss2
243 " ” " 395
251 " “ 408 »

consequently, a transit of Venus may happen at the same node after an interval of
8 years; bat if it does not take place then, it cannot in less than 285 years.

The ascending node of Venus is at present in the 14th degree of Gemini; the
descending node is in the 14th degree of Bagittarius; and as the earth is in the same
longitude in December and June, transits only can occur in those months for many
centuries to come.

The first transit of the planet ever known to have been seen by the human eye, was
observed by our countryman Horrox, at an obscure village near Liverpool, on Sun-
day, December 4, 1639. Venus was then at her ascending node; and reckoning 235
years forwards, we have the date of the next transit at the same node, in December of
the year 1874. After an interval of 8 years, another will occur at the same node, or
in December, 1882. Reckoning forwards 235 and 8 years, we have the date of the
two following transits at the same point, December 11, 2117, and December 8, 2125.

The second transit observed, when Venus was at her opposite or descending node,
took place in June, 1761; and after an interval of 8 years, another took place at the
same node, in June, 1769. Reckoning forwards intervals of 235 and 8 years, we have
the time given for the next transits at the same point, June 8, 2004; June 6, 2012 ;
June 11, 2247 ; and June 9, 2255.

The rarity of the phenomenon, and its importance in physical astronomy, as the
best means for determining the distance and volume of the sun, upon which an exact
knowledge of almost all the elements of the solar sys-
tem depends, render a transit of Venus an event of
extraordinary interest. Hence the different national
expeditions despatched to various parts of the globe to
observe the last in 1769, among which was that of
Captain Cook to Otaheite. The next, in 1874, will
excite more attention than any natural phenomenon
that has yet marked the history of the globe.

XI. The phenomena of the seasons, which de-
pend upon the inclination of the axis of a planet to
the plane of its orbit, are peculiar in the case of
Venus. Her axis seems inclined at least 75° to
her orbit, and as the declination of the sun on each
side of the equator is equal to the inclination of
the axis, her tropics are only 15° from her poles,
and her polar circles at the same distance from her
equator. Owing to the sun changing his decli-
nation so much more at Venus than at the earth,
she has never a vertical sun at the same place for
two days in succession, and has seldom a forenoon
and afternoon of equal length. The variation of
her seasons is 80 frequent, that she has two winters
summers, springs, and autumns, in each of her
annual revolutions.

XII. Respecting the physical constitution of
Venus, the matter of the planet is supposed to
he somewhat denser than that of the earth. A
considerable atmosphere is inferred from a pe-
pumbral light around the dark body of the planet
during her transits, and from a faint radiance
observed to stretch beyond her directly illuminated
hemisphere. In the upper figure of the annexed
cut, the dotted line marks the boundary of the
direct light of the sun, beyond which, the pro-
jections show the twilight, caused by atmospheric
reflection. Spots, variable and fleeting, as in the




second i
-, :ﬁﬂx;’oh:: llsso been. noticed, indicating an atmosphere charged with
stbrboped 1o vem“- l:};lerﬁcml irregularities in the form of high mountains are
shaded, her » on the grounfl of the edge of her enlightened part appearing
corners being sometimes obtuse, and presenting a luminous point
apparently detached from the planet, as in the lower figure. Schroeter re-
garded this last as the summit of a vast mountain illuminated by the sun after h
bad ceased to be visible to the rest of that hemisphere. o

Upon the whole, it may be deemed highl.
el ole, i ! éd highly probable that Venus has mountains, but
I estimates given: of their elevation are very uncertain. According to Schroeter,

’ CHAPTER V.
THE EARTH.

I. The earth, which, to the eye of its inhabitants, appears an immense plain,
stretching out to an indefinite extent in all directions, is shown to be of a
{ spherical form by a variety of circumstances appealing to our reason and our

it appears as if gradually sinking in the ocean, first the hull or body of the vessel
disappearing, then the rigging, and then the top of the masts vanishing from sight.
A passenger on board of the ship also, first observes the coast to sink below the
borizon, then the buildings, and lastly the tall spires of the city he is leaving.
Approaching the shore, the vessel, to an observer on land, seems as if gradually
rising from the ocean, the masts and sails first appearing, and then the hull. These
appearances arise from the convexity of the water between the eye and the object ;
for if the surface of the sea were & dead level, the largest objects would be visible
the longest.

The terrestrial shadow on the moon during an eclipse is always of a circular shape,
evidencing the globular form of the object projecting it.

Upon the heart of the ocean, or in the midst of an extensive plain, the boundary of
vision is a well-defined circle, and this circular horizon is a certain indication of the
circular figure of the body to which it relates.

Navigators proceeding in the same general direction, east or west, have arrived at
the same poiot from whence thera started. This enterprise, now so common, was first
undertaken by Ferdinand Magellan, who sailed westerly from Seville,in Spain, August
10, 1519, passed the extremity of the South American continent, entered the Pacific,

senses. :
] Observing from the sea-shore on a clear day a ship leaving it in any direction,
{
|
f
l

! arrived at St. Lucar, near Seville, September 7, 1522.
Voyages of circumnavigation demonstrate the convexity of the earth, east or west,
or that its form must be either globular or cylindrical. The convexity of the surface,
{ north and south, is shown by the gradual declination and rise of the north and south
| circumpolar stars as the equator is approached and receded from, which proves the
' figure of the earth not to be that of a cylinder but of a sphere.

I1. Though spherical, like the sister planets whose round disks are defined by
the telescope, yet the earth is not a perfect sphere, a body whose circumference
is everywhere at an equal distance from the centre. It is more convex within
the tropics than towards the poles, the equatorial diameter being longer than the
polar; so that its general shape is that of an oblate spheroid, a ball that bulges
out in the middle and is flattened at the two opposite sides.

This proposition of Newton, the result alone of theory, has been amply confirmed
b{ulccurate measurements conducted by the most eminent mathematicians in various

’ places, from the equator to the polar circle. He conceived that the velocity of the

{ 1+ earth’s daily rotation upon its axis being the greatest at the equator, the consequent
| ater action there of the centrifugal force would produce a bulging out of the surface

)‘ in the equatorial regions,and a flattening at the poles. This is demonstrated by the

reached the Philippine islands, where he was killed in a skirmish, but one of his ships-
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who devoted ten years to the careful observation of this planet, they rise to the fol-
lowing enormous lyxei hts, 10, 11, 18, and 22 miles, or five times the height of the
loftiest peaks of the l-fimalayn.

XIII. An attendant of Venus, or satellite, like our own moon, has been
repeatedly affirmed to exist. The appearances which have led to this opinion are
supposed by others to have been misconceived, as no satellite was seen with the
planet on the sun’s disk, at the carefully watched transits of 1761 and 1769.

The point remains undecided.

fact, that the length of a degree, derived from the heavens or an arc of the meridian,
increases with the latitude ; being least near the equator, and greatest near the poles:

Places of

Observation. Latitude. I“‘:‘g:':f"nﬁ:f” Observers.
Peru . . . . mator . . . . 68732 . . . Bouguer. .
United States . 39> 12’ 0”. . . 68896 . . . Mason and Dixon.
Rome. . . . 42 59 0 . . . 68998 . . . Boscovich and Lemaire.
France . . . 44 50 0 . . . 69054 . . . Delambre and Mechain.
England . . . 51 2044 . . . 69146 . . . Mudge.
Sweden . . . 66 2010 . . . 69292 Svanberg.

A degree of latitude is nine-sixteenths of a mile longer at the arctic circle than at the
equator,

III. The diameter of the earth is ascertained by these measurements to be as

follows :
Feet. Miles.
Equatorial, or greater diameter . . . . - 41,847,426 = 7925648
Polar, or lesser diameter . . . . . = 41,707,620 = 7899°170

Difference of diameters, or polar co'm];re;sion . = 139,806 = 26478

The mean diameter is, therefore, about 7912 miles. According to a determina-
tion of the French academy, the diameter is accurately 7912 miles, from the
45th degree of north latitude to the opposite degree of south latitude. It is con-
sidered very improbable that there can be any error in the above estimates to the
extent of 5 miles. The equatorial circumference is a little less than 25,000 miles,
accurately 24,899,

To illustrate the very trifling proportion which subsists between the inequalities of
the earth’s surface and its entire volume, we may suppose an artificial ball 18 inches

in diameter to regresent our globe, when the proper proportionate elevation to be
assigned to its highest mountains would be gsth of an inch.

IV. Two principal motions belong to our planet; one of rotation upon its
axis, called its diurnal motion, producing the succession of day and night; end
another of progression in space, or revolution round the sun, called its annusl
motion, causing the vicissitude of the seasons. Both these motions are to be
understood of the whole earth, its interior substance, its superficial mnsse!_of
land and water, the surrounding atmosphere, and the clouds in suspension in it;
and both motions are in the same direction from west to east.

V. The exact time occupied by the diurnal rotation is 23 hours, 56 minutes,
and 4'09 seconds. This forms a sidereal day; so called, because in that time the
stars appear to complete one revolution round the earth. A star which is on the
meridian of a place at a given period, will be on the meridian again after that
interval. But as while the earth rotates upon its axis it is moving in its orbit
round the sun, it will require 24 hours upon an average through the year, for the

e
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sun to pass from the meridian of a place to the same meridian again. This

forms a solar day, longer than a sidereal; and consequently, in the course of the
earth’s annual revolution round the sun, while we have 365 of the former we
have 366 of the latter, or that number of complete rotations of the earth upon its
axis. Hence the well-known fact, that, in travelling round the globe, a person
finds, on arriving at the point whence he set out, that he has gained or lost a day
in his reckoning of time, according as he has travelled east or west, as compared
with the reckoning of those who have remained at rest.

The earth’s motion upon its axis is perfectly uniform and equable. Sidereal
days, therefore, are always of the same length, every rotation being accomplished
in the same time; but the motion of our planet in its orbit being unequal, some-
times faster, sometimes slower, solar days vary in length at different times of the
year. Hence the hour shown by a well-regulated clock and a true sun-dial is
scarcely ever the same; the difference between them, sometimes amounting to
16} minutes, being called the equation of time. About the 2lst of December,
the solar day is half a minute longer, and about the 21st of September nearly as
much shorter than 24 hours ; which is an average of all the solar days throughout
the year.

The rotation of the earth upon its axis is not susceptible of ocular evidence like that
which the observation of spots upon the sun, and some of the planets, affords of the
same fact in relation to tggse bodies. Nevertheless, the truth of the doctrine is
established by various considerations. .

Either the globe revolves upon an axis every 24 hours, or the whole universe,
including the sun, moon, comets, and fixed stars, uccomghshen.a revolution round
the earth in the same time. No third opinion upon the subject can possibly be
held. In the latter case it is evident, from the distance of the celestial bodies, that
their diurnal revolution around our planet must involve a rate of motion that is utterly
inconceivable. The sun must travel at the rate of 400,000 miles 2 minute, the nearer
stars with the velocity of npwards of 1,000,000,000 of miles & second, and the more
distant with a rapidity which no numbers can express. It is absurd to suppose this,
when the end to be gained requires only our little globe to revolve upon itself.

But something like demonstrative proof of the fact may be adduced. If the earth
rotates, the summit of a high tower, having a larger circle of rotation to describe in
the same time than the base, must obviously move with greater rapidity ; a stone,
therefore, dropped from the summit, leaving it with the greater momentum, will move
faster through the whole of its descent than the base, and r.each'the ground a little in
advance, or easterly, of the foot of the perpendicular, the direction of the earth’s rota-
tion. Owing to the small height of buildings suitable for the purpose, this is a very
dificult matter to test; but experiments have been conducted with this result, in
1304, in St. Michael's Tower, at Hamburg, and, in 1805, in a coal-pit at Schlebusch,
in the county of Mark. Let the circle £ be the equatorial

cicumference of the earth, the line T a tower perpendicular
to ¢ the centre, the circle » will then be the circumference s
described by the summit of the tower s, in the course of one a7

rotation of the earth upon its axis. If we suppose the base -

of the tower b to pass to c, the summit s will in the same

time pass to a, and this being the larger arc., it follows that nl N N
the summit must travel faster than the base, If then the

earth rotates eastward, a ball dropped from the summit will

leave it with its momentum, and move faster eastward :
th}’ough the whole of its descent than the base. The result —_—

will be that it will deviate a little from the plumb-line, and

fall a litdle to the east of c. .

Again: a pendulum of a given length, which makes 86,535 vibrations in a day at
Londou, will make only 86,400 in the same time if transported to the equator. This
shows that the force of gravity which produces its oscillations must be least where the
movement i8 the slowest, or less at the equator than at London. Now assuming the
earth’s rotation, its equatorial regions, where the circle of the eircumference is
the greatest, must revolve with greater velocity than those which are sitnated towards
the. poles; consequently, the tendency to fly off from the centre is greater there,
which proportionably neutralises the force of gravity and accounts for the unequal
action of the pendulum. .

/At the equator, the rate of the rotation is about 1042 miles an hour, or 17 miles a
minate; at 30° of north latitude it is 14 miles a minute ; at 45°, or about the centre of
France, it is 11.

VI. The annual motion of the earth, or its orbital movement round the sun,
occupies a period of 365 days, 5 hours, 48 minutes, 49'7 seconds. This forms
the solar year, or the period which the sun appears to take, through the actual
Procession of our planet, in passing from a particular point of the ecliptic, say
the first point of Aries, where the ecliptic and the equator intersect, to the same
point again. It is also called the tropical year, because the interval occupied by
the sun in visiting the tropics and returning to the equator. The sidereal year,
or the space of time which the sun takes in apparently passing from any fixed
star till it returns to it agaim, is 365 days, 6 hours, 9 minutes, 9-7 seconds;
rather more than 20 minutes longer than the tropical year, which is due to a slow
annual displacement of the equinoctial points. _

As the mean distance of the earth from the sun is 95,000,000 of miles, the diameter
of the orbit is 190,000,000 of miles, and its linear extent near 600,000,000 of miles,
.1 his enormous distance is traversed at the rate of 68,000 miles an hour, or 19 miles
Inasecond. This is the mean velocity for the year: but in January the earth travels
8 the rate of 69,600 miles an hour; which is more than 3000 miles an hour its rate of
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motion in July, when it is only 66,400 miles an hour. This results from the second
law of Keppler.

Hipparchus, two thousand years ago, was the first who closely approximated to the
true length of the solar or tropical year. His determination of 865 days, 5 hours,
55 miunutes, 12 seconds, exhibits a value but slightly in excess of the truth.

The earth’s motion of translation in space, like that of its rotation, is imperceptible
by us, resembling that we experience in calmly floating down a stream, when
surrounding stationary objects appear to be in movement, and our senses are lulled
into complete forgetfulness of our own progression. It appeals not to the eye, as in
the case of the other planets, which are seen to be constantly changing their place;
but besides the evidence of strong probability in its favour, it has received sensible
confirmation from the discovery of the aberration of the stars.

VIIL In its annual revolution round the sun, the axis of the earth, inclined
23}° from a line perpendicular to the plane of the orbit, maintains invariably the
same position, causing the phenomena of the seasons.

VIII. An atmosphere, the region of the winds, lightning, and meteoric corrus-
cations, upon which respiring beings depend for vitality, surrounds our globe, and
is one of its most important attributes ; chiefly
interesting to the astronomer, on account of
its effect in displaying to us the heavenly
bodies and diffusing the rays of light in every
direction around us. The extent of this won-
derful and benign envelope is not precisely
known; but its density diminishes as we
ascend from the surface, and, at a very incon-
siderable elevation, it becomes so rare as to
interfere with the functions of existence. The
diagram represents the engirdling atmosphere
of our planct, various strata of air resting
upon it, the upper pressing upon the lower,
and causing the interior to be more dense than the exterior strata.

IX. The density of the earth is 4.% that of water, so that our globe would
counterpoise 4% globes, of the same size, composed of materials of the same
specific gravity as water. Yet, abandoned to the solar attraction, it would require
64 days, 13 hours, to fall upon the sun.

X. The varying intensity of the force of gravity at the surface of the earth, as
shown by the unequal action of the pendulum, which vibrates slower at the
equator than in other places, is as 1 at the equator to 11}z at the poles. A body,
therefore, weighing 194 pounds at the equator, would weigh 195 pounds at the
north-pole.

X1. The place of the earth in the system is a favoured one, where nearly all the
plancts are visible to the naked ¢ye. While they appear in our heavens, Jupiter,
Venus, and occasionally Mars, shining with great splendour, our planet returns
the compliment, exhibiting to Venus, at the time of her inferior conjunction,
when she is nearest to us, a full orb resplendent through her whole night.

CHAPTER VL
THE MOON.

I. Next to the sun, the moon is the most remarkable and important of the
heavenly hodices to the inhabitants of the earth, and with this unfailing attendant
of our globe, the scheme of satellites in the system appears to commence.

With the exception of Mars and the Asteroids, the planets exterior to the earth have
secondary bodies, or moons, attached to them, compensating for that diminution of
direct solar light which arises from their vast distance from its source. The number
of these bodirs appears to be proportioned to the wants of their primaries. Jupiter, at
five times the earth’s distance from the sun, has four ; Saturn, at ten times the distance,
has seven; and Uranus, at nearly twice the distance of Saturn, has five or six dis-
covered, and may bave a numerous train invisible to us, through the immensity of the
interval. Peculiar unknown circumstances may account for the exceptive case of
Mars. That of the asteroids may be excluded from notice, their whole character being
anomalous.  Apart from these cases, the law of satellites, commencing with the carth,
applies to the rest of the system exterior to it.

II. The diameter of the moon is only 2160 miles. Her mean distance from
the earth is under 233,000 miles,—through which she would fall in 4 days and

about 20 hours, if surrendered to the force of terrestrial attraction.

The surface of the satellite is yiy that of the earth, and her volume 2+ and
that of the sun. 111111
The distance of the moon from the earth is about ;3 that of the san. 1Itis owing
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to this proximity that the small lunar orb is so conspicuous in our heavens. An astro-
nomer at the sun would never see it apart from the earth by an angle grester than 10’
The following are singular eoinpiden;el “”

Diameter of the moon . 2,160 < 110 = 237,600 average mean distance
from the earth.
Diameter of thesun . . 870,320 x 110 = 95,735,200 average mean distance
from the earth.
Diameter of the earth 7912 x 110 = 870,320 esgmated diameter of
e sun.

I11. Besides accompanying the earth in an annual revolution round the sun,
the moon revolves round the earth in an elliptical orbit from west to east.

This motion i8 very observable. Notice the moon's place with reference to a
neighbouring star on any clear night, to the westward of her. The next night she
vii? have increased her distance by about 13° to the east; and so on every night, until
from an opposite quarter of the heavens she approaches the star again, having com-
pleted one of her revolutions round the earth. :

1V. The moon moves in her orbit round the earth at the rate of about 2290 miles
an hour, and accomplishes the journey in 27 days, 7 hours, 43 minutes, 11 seconds.
This is called her periodic or siderial revolution, because in that period she com-
pletes her circuit, and returns to the same place in relation to the stars. But the
time included between one new moon and another, is 29 days, 12 hours, 44 minutes,
2seconds. Thisis called a synodic revolution, because the interval occupied by the
moon in returning again to the same position with respect to the sun and the earth.

The time between one phase of the moon and the same phase again, or a synodic
revolution, is longer than one complete orbital course, because, during the lunar tour,
the earth is advancing all the while in the same direction in its orbit, so that the extra
24 days are required by the moon to fetch up the progress made by the earth, and
return to the same conjunction with it and the sun.

The moon performs near 13 revolutions round the earth, during one revolution of
the earth round the sun.

The famous Metonic cycle, called after the discoverer, Meton, an Athenian mathe-
matician, adopted by the Greeks in the year B.c. 432, closely approximated lunar and
solar periods. It consisted of 6940 days, supposed to be equal to 19 solar years, and
285 [anations; which is the case within a few hours.

V. The varying appearances or phases of the moon in the course of a lunation
have been viewed with admiration by mankind in all ages, and have furnished
uncultivated natiops with an obvious standard in the measurement of time.
They result from the revolution of the moon round the earth, and prove that she
does not shine by any light of her own; for in that case, being globular, the
satellite would always appear a round full orb like the sun.

The diagram exhibits the lunar
phases ; the earth the central body; -,
the moon along the inner circle in 3 ~.
eight different parts of her orbit, re- i 3
celving the light of the sun; the outer . Ay
circle showing the appearances pre- i 4
sented to a spectator on the earth in . A
each station of the lunar globe. ) :

When between the earth and the
sun, or in conjunction, the moon is,
lost to view, her dark side being turned \a
towards us. It is then nmew moon. .
Advancing in her orbit, she alternately g =
appears a crescent, & semicircle, and
full ; after which the same phases are exhibited in inverse order, till she returns to
conjunction, and is again invisible. The plate, “ The Phases and Movements of the
Moon,” represents these changes of aspect upon a large scale, with the requisite expla-
nations.

The two points of the lunar orbit where the moon is new and ful), or in conjunction and
optosition to the sun, are named syzygies—a compound of two Greek words, slgnifying

oked together ; the two intermediate points are called quadratures, being the first and

t quarters; the four other points are the first, second, third, and last octants, each
marking an advance of 45°, one-eighth of the orbit.

The lunar crescent has its convex side towards the sun, but the direction of the
crescent changes, that of the waning moon being towards the east, and the new moon
towards the west. The two extremities of the crescent are called horns, or cusps,
(cuspis, a point.) When the moon is a crescent to us, the earth is abont full to her,
and consequently reflects the greatest amount of light to the lunar surface. This,
under favourable circumstances, has the effect of rendering the dark part of the satel-
lite feebly visible. Hence the popular remark, of the new moon appearing with the old
one in her arms.

VI. The orbit of the moon is inclined to that of the earth, or the ecliptic, at
an angle of sbout 5°. In consequence of a revolution round our globe while
accompanying it round the sun, the lunar path is exceedingly involved and
irregular, consisting of a series of peculiar curves, always concave towards the
sun, termed epicycloids, or circles rolling upon the circumference of another, like
the wheel of a carriage upon a convex road. Fig. 3. Plate, “ Phases and Move-
ments of the Moon.”

VIL Besides an orbital course, the moon rotates on an axis exactly in the time
that she performs her revolution around the earth. If this were not the case,

every part of the lunar surface would be presented to the view of the inhabitants
of our world in the course of a synodical revolution; but the same side of the
satellite, or very nearly so, is constantly turned to the earth, owing to her rotation
coinciding in its time with that of revolution. The same law applies to the
satellites of Jupiter.

Suppose a person to walk in a circle round a tree, keeping his face turned towards
it, he will see completely round the horizon in the circuit, and must of course turn
round upon himself.

It follows from the coincidence of the moon’s period of rotation and revolution, that
to one half of the lunar world the earth is never visible.

It follows also, that the moon rotating in nearly 30 days, has the presence of the sun
for near 15 da{s successively, alternating with the same period of absence, or a day
and night, each of that length. But the night of the two lunar hemispheres is widely
different. That part of the moon which is always turned from us, is then left to the
feeble illnmination of the stars, while the side always turned towards us, bas, in the
absence of the sun, our own globe, as an orb of extraordinary splendour, appearing 13
times hrser than the moon to ourselves. Thus, while to one of the lunar hemispheres
there is alternately a fortnight’s light and a fortnight's darkness, to the other there is
a fortnight's solar illumination alternately with the same period of earth-light.

Judging from analogy, the q of near 15 days of continuous ex to
the solar influence, and the same interval of continuous deprivation, will be winter and
summer of the fiercest description once a month.

VIIIL. The differences are slight as to the lunar surface presented to us, so as
not to affect the statement as a general truth, that the same side of the moon is
always turned to us. Small portions of disk on the eastern and western, the
northern and southern edges, appear and disappear, as if the orb actually oscillated
in space. These are termed librations (lbra, a balance), the former being in
latitude, and the latter in longitude.

The librations are caused by the moon’s orbital motion being irregular, alternately
accelerated and retarded, while that on her axis is uniform; the effect of which is,
alternately to extend a little and diminish the sides of the exhibited surface

IX. The moon appears either to have no atmosphere at all, or one so
extremely rare and small, as to be incompatible, according to our apprehensions,
with any form of organised existence.

This is inferred from the equable brightness of the disk, and from the planets, when
being occulted, ed over and hidden by the moon, suffering no diminution of light
and distortion of figure, just before occultation, as the effect of being seen throagh the
luoar atmosphere. ~ Therefore common terrestrial phenomena, thunder and lightniog,
rain, hail, and snow, seas and lakes, or water at all, it is difficult to conceive of, in
relation to the lunar globe as at present constituted.

X. To the naked eye, large and variously-
shaded patches appear upon the lunar face,
and when viewed through a telescope, the
surface of the orb presents a wonderful and
interesting aspect, not only diversified, but
cxcessively torn and rugged. Looking at the
crescent moon, the boundary of the light and
dark parts is a line notched and broken, (asin
the cut,) indicating an unevenness of surface.
Small shining points appear in the dark part,
which are gradually joined to the illuminated
portion as the moon waxes; plainly lofty
peaks and summits catching the sun’s rays
before the lower adjacent regions. Elevated
ridges of various shape are distinctly observ-
able, casting shadows in a direction opposite
to that of the sun, and these shadows are seen to shorten as the sun's light
becomes more direct. Mountain scenery, plains, chasms, and enormous de-
pressions, belong as truly to the satellite as to the earth; but the irregularitics
seem to be of a wilder character, the mountains are more precipitous, and have
some peculiar and unique features.

_ Selenography (a delcri];:ion of the moon) has been attentively studied in modern
times, and we have now large and accurate maps of the moon’s visible hemisphere.
In the Selenographic map the lunar surface is carefully delineated. The names of
rominent appearances are given, now generally adopted from Hevelius and Riccioli.
he principal peculiarities may be ranged in the following groups: .
Large irregular tracts appear in some parts, dusky and dark in appearance, but in
others luminoas, and variously shaded. ese were formerly suj to te seas,
from water reflecting less light than land. Hence their names, Mare Tranquillatis,
Mare Imbrium, Oceanus m, &c., which are still retained, though there i
probably no fluid akin to water upon the lunar surface. (Map. Division i il.) The
tracts in question seem to be vast flat regions, variously depressed below the genefﬂ
level, containing enormous cavities similar to what our ocean beds would exhibit, upon
the dissipation of their waters,
Isolated mountains, of a conical or sugar-loaf form, springing ont of plains, are not
uncommon. Of these, Pico, is one of the best examples. (Map. Division ii. 46.) It

attains an estimated elevation of 7,000 feet, and has a more abrupt ascent thap any
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THE SOLAR SYSTEM.

analogous rock on the esrth, such as the Peter Botte mountain in the Mauritius, or
Mount Egmont in New Zealand.

Chains of mountains, sloping on one side and precipitous on the other, a featare
belonging to all the grand terrestrial chains, are not waating in the lunar world.
Some of these appear on the rim of the moon, but the most distinct ridge is the
Apennines, on the north of the Mare Imbrium. (Map. Div. ii.) The chain extends
from north-east to south-west, and presents peaks, estimated from their shadows to rise
to the height of 20,000 feet.

Circular or crateriform mountains are the most common and extraordinary objects
of the lunar globe. They occur in the form of huge ring fences, encircling plains
which vary in diameter from 40 to 120 miles, from which rises a conical central hill.
The earth has no analogous annular ran, They occur also more numerously npon
a smaller scale, occupying nearly two-fifths of the moon’s visible surface, and display-
ing a true type of volcanic craters. The most imposing specimens are Plato, Coper-
nicus, Aristarchus, Kepﬂler. and Tycho. (Map. Div. ii. 54, 12, 32, 13; iii. 35.)
Streaky radiations of light appear issuing from the craters, and extending over large
spaces, as if the highly illuminated summits of ridges were composed of successive
depositions of ejected matter.

Aristarchus has been thought to be a
voleano in action at the present era. Her-
schel saw luminosities on the dark body of
the new moon, at or near the centre of this
spot. They were intense enough to be seen
with the naked eyein 1794. Cassini, Captain
Kater, and Captain Smyth, have noticed
the same appearance in the same region.
The cut represents the object as seen by
the latter, ember 22, 1835, resembling
a star far within the unenlightened disk of
the moon. During the eclipse of the sun
in July, 1842, a scintillation, or fiery pro-
taberance, was observed on the edge or the
moon’s black disk, which vanished before
the eclipse was over. We may not be
warranted to deem these appearances in-
stances of volcanic explosion, but the
proof is indubitable of the surface of the
moon having been disturbed in the past by
volcanic action.

Dr. Scoresby thus describes the appearance of the moon as seen in the great tele-
scope of Lord Rosse:—* It appeared like a globe of molten silver, and every object of
the extent of a hundred yards was quite visible. Edifices, therefore, of the size of
York Minster, or even of the ruins of Whitby Abbey, might be easily perceived, if
they had existed. But there was no appearance of anything of that nature; neither
#as there any indication of the existence of water or of an atmosphere. There was a
vast nqmbgr of extinct volcanoes, several miles in breadth; through one of them there
was a line in continuance of one, about 150 miles in length, which ran in a straight
direction like a railway. The general appearance, however, was like one vast ruin of
nature; and many of the pieces of rock, driven out of the volcanoes, appeared to be
laid at various distances.”

XI. The lunar light is considered to be 300,000 times weaker than that of the
sun, and as far as experiment has gone, its rays, cullected by the aid of powerful
glasses, when the moon was full, and on the meridian, have produced no effect
whatever upon the most delicate thermometers.

CHAPTER VIIL
MARS.

L Mars is the first planet whose orbit is exterior to that of the earth, being at
the mean distance of 142,000,000 of miles from the sun.

The.exterior position of Mars in relation to our globe is clearly shown by his never
appearing horned like Mercury and Venus, never having been known to transit the
sun’s digk, and sometimes being in direct opposition to the sun, coming to the meridian
at midnight, or rising when the sun sets, and setting when the sun rises.

IL. The distance between the orbits of the Earth and Mars is thus somewhat
less fb"l 50,000,000 of miles, but the actual space between the two bodies varies
prodigiously.

WIm! Mars has the earth directly between him and the sun, he is nearest to us, or
& the d"‘,‘“? just named; but when the planet and the earth are on opposite sides of
the sun, his distance is increased by the whole diameter of the earth’s orbit, and the
space of 240,000,000 of miles is between them.

. Hence the diameter of Mars, as seen from the earth, varies from 4" to 18, accord-
Ing 28 he is more or less remote, and his brightness also, sometimes rivalling that of

, 88 other times presenting a faint hazy appearance. Baron Zach states, that in
Aungust, 1719, the planet being nearest the earth, and in perihelion, or nearest the san,
s Was 80 great as to alarm the popular mind, being mistaken for a new
ob.ect im the skies.

_lII. Mars revolves round the sun in 636 days, 234 hours, the length of
his year, nearly equal to two of ows. His period of rotation is 24 hours,
% winutes, 21 seconds; and consequently he has very nearly the same intervals
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of day and night as we have. Hs axis is inclined to the plane of his orbit, at an
angle of about 30}°; and hence his seasons must be very similar to those of the
earth.

The rate of the annual revolution is about 54,000 miles an hour. The planet appears
to accomplish about half a degree per day, passing through one sign of the zodiac in
rather less than 60 days. Were his course stopped, he would fall to the sun in 121
days, 10 hours.

IV. The true diameter of Mars is computed at 4100 miles; rather more than
half that of the earth. His form is spheroidal, having a greater degree of oblate-
ness than our own globe.

Sir W. Herschel determined the polar diameter to be one-sixteenth less than
the equatorial. There is the difference of 26 miles in the length of the polar and
equatorial diameters of the earth, and 240 miles in the case of Mars.

V. The planet has been long known in the heavens by a ruddy appearance ;
and hence its name, derived from the heathen god, presiding over war and blood-
shed. The red colour of Mars is attributed by some to a very dense and
extensive atmosphere, similar to our own in the yellow and red rays of light
penetrating it more easily than the blue and violet. Others, as Sir John Herschel,
consider the effect to be due to the geology of the planet ; its general soil being
thus coloured, like the red sandstone districts of the earth, but more decidedly.

The aspect of Mars presented a different appearance in the course of the year,
1845. Instead of the fiery hue, observed from time immemorial, the planet lost all
trace of redness, and put on a decidedly white aspect, with the exception of a mode-
rately broad equatorial belt, vying with Jupiter in brightness and apparent magnitude.
This novel appearance seems to point to atmospheric changes.

VI. Examined through a telescope, Mars exhibits a variety of spots,
some of which are fluctuating as
though cloud-land, while others are
permanent, and appear to be seas
and continents, their geographical
lines of demarcation being often
beautifully distinct. The annexed
view of the planet was taken by Sir
Jobn Herschel, at Slough, August 16,

1830. The dark parts are seas, which

were of a greenish hue, resembling

the colour of our own. A luminous

zone at the pole is supposed to be pro-

duced by the reflection of the sun’s

light from frozen regions. It changes

in luminosity and magnitude with the

summer and winter seasons of the planet, and alternately appears and vanishes
at the other pole. It is least after long exposure to the sun, and greatest when
just emerging from the long night of the polar winter.

VII. Of all the planets, Mars exhibits
the most points of accordance with the
earth, and has been not unaptly styled
our “celestial cousin-german.” Both
have nearly equal intervals of day and
night, and the same succession of sea-
sons, though of different length. Both
have atmospheres, seas, continents, and
polar ice and snow. But Mars has no
lunar attendant as yet discovered, and
consequently the ocean there is nearly
tideless. To his inhabitants our globe
will appear a beautiful object at night,
and exhibit, under sufficient instrumental
power, an appearance of which the cut
gives a rough representation at one stage of its rotation.




4 THE SOLAR SYSTEM.

CHAPTER VIIL
THE ASTEROIDS.

I. The present century opened with the discovery of four small planets, Vesta,
Juno, Ceres, and Pallas, situate between Mars and Jupiter, called asteroids, (the
appearance of stars,) because of their stellar aspect under telescopic examination,

The order of their discovery, with the names of their discoverers, is as follows :

Ceres . . . January 1, 1801, by M. Piazzi, of Palermo, in Sicily.

Pallas . . . March 28, 1802, by M. Olbers, of Bremen, in Saxony.

Juno . . . September 2, 1804, by M. Harding, of Lilienthal, in Hanover.
Vesta . . . March 29, 1807, by M, Olbers, of Bremen.

These bodies are sometimes styled planetoids, as more expressive of their character,
and extra-zodiacal planets, because their orbits are not confined within the zodiac like
those of other planets. They are exclusively teluc:})ic objects, and require the very
best instruments to be caught, with the exception of Vesta, which, under favourable
circumstances, has been seen by the naked eye,

I1. Vesta, the first of the group, following the order of succession in the sys-
tem, is at the mean distance of 225,000,000 of miles from the sun, and performs
a revolution in 1325 days, somewhat more than 3} years.

The planet is much brighter than its compeers, and appears like a star of the fourth
or fifth maguitade.

I1I. Juno is at the mean distance of 254,000,000 of miles, and accomplishes
an orbital revolution in 4 years, 128 days.

Juno has a very eccentric orbit, varying in her distance from the sun to the extent
of 130,000,000 of miles. This eccentricity has a remarkable effect upon her motion,
for she goes through that half of her orbit which is nearest the sun, in nearly half the
time that she travels through the remainder. The planet has a reddish colour, and
appears like a star of the eighth magnitude.

IV. Ceres, the next in order, revolves about the sun in about 4% years, at the
mean distance of 263,000,000 of miles.

The telescope reveals Ceres as a ruddy star of the eighth magnitude, under circum-
stances which leave the impression of an extensive atmosphere,

V. Pallas is at nearly the same mean distance from the sun as Ceres, and has
nearly the same period of revolution.

V1. The discovery of the asteroids was not an accidental circumstance, but the
result of a search conducted upon the presumption that the harmony of the solar
system required the presence of a planetary body between Mars and Jupiter. It
was observed, that the distance between the orbits of Mars and the earth is about
double that between those of the earth and Venus, or 50,000,000 of miles;
whereas between the orbits of Mars and Jupiter there is the tremendous interval
of 349,000,000 of miles, nearly 2} times the whole distance of the former from
the sun. Astronomers, therefore, became thoroughly imbued with the notion
that an undiscovered planet existed in the gap; and commencing an active search
of the heavens, the asteroids were met with in the vacancy.

VIL This planetary family presents the following anomalies :

The dimensions of the asteroids, though not accurately ascertained, are very infe-
rior to those of the older planets. The computed diameter of Vesta is only 250 miles,
and Pallas is supposed to be much smaller, .

There is but a very trifling difference in their mean distances from the sun, and in
their periods of revolution. .

Their orbits are much more eccentric than
those of the other planets, and they actually
cross each other, (as represented in the Dp-

, in relation to Ceres and Pallas,) while
the path of Vesta cats that of the other three
at two opposite points. There is thus a pos-
sibility of collision between these bodies; a
contingency to which none of the other
planets can be subject, without an entire de-
rangement of the solar universe.

VIII. On the ground of these pecu-
liarities, it has beeu surmised that these
four small bodies have diverged from a
common node, and therefore originally
formed a single large planet which some
mighty convulsion shattered.  This bold
hypothesis, first started by Olbers, has
received a very general sanction. It ob-
tains evidence from the powerful explosive forces in action in the intenor of our
own globe, to which its voleanic vents act as safety-valves; from the phenomena
of meteoric showers, respecting which we have no supposition better than that
they are debris which the earth encounters in its orbit, fusing upon contact with
its atmosphere.

IX. In 1846, M. Encke, of Dresden, discovered a fifth asteroid, which has
received the name of Astreea; and in 1847, a sixth, which has been designated
Hebe. In August, 1847, also, a seventh asteroid was discovered at Mr. Bishop’s
observatory in the Regent’s-park, and shortly afterwards, an eighth, to which the
names of Iris and Flora have been given.

CHAPTER IX.
JUPITER.

I. Jupiter, the largest of the planets, is also the most brilliant, with the ex-
ception of Venus; whom, however, he sometimes fully equals in brightness, when
nearest to the earth, notwithstanding his vastly more remote position. His mean
distance from the sun is more than seven times that of Venus,and five times that
of the earth, amounting to 495,000,000 of miles. He revolves around the cen-
tral orb in about 4332 days, nearly equal to a period of twelve years, compass-
ing about 3,000,000,000 of miles in space, at the rate of 29,000 miles an hour.

Jupiter travels over 30° 20’ 82” of the zodiac in a year, rather more than a whole
sign. Nothing can be easier therefore than to trace his course. On whatever night
he is observed in a certain constellation of the zodiac, he will be found a year after-
wards equally advanced in the constellation following.

IL. The diameter of this planet is upwards of eleven times that of the earth,
amounting to 89,069 miles. His bulk is 1400 times greater, but his density is so
far inferior, but little heavier than water, that the quantity of matter included in
his enormous volume is only about 331 times that of the earth.

While two globes of granite of equal dimensions with the earth would be required
to balance it, Jupiter would only require a globe of wood of the same magnitude as

?bis own. The force of gravity at his surface is aboat eight times that at the surface of
e earth,

Were the orbital motion arrested, Jupiter would occupy a period of 765 days
15 hours in falling to the sun.

III. While the year of Jupiter is equal to nearly twelve of ours, his day is not
half so long, a rotation upon his axis being performed in 9 hours, 55 minutes,
49 seconds, involving a rate of motion which is 25 times as rapid as the rotatory
motion of the earth, or about 26,000 miles an hour at his equator.

The immense velocity of the axical rotation has proportionably modified the form
of the planet. The compression at the poles is sufficiently great to be sensibly per-
ceived with the telescope. The polar diameter is less by 6000 miles than the equa-
torial ; more than three-quarters of the whole diameter of the earth.

IV. Owing to his greater distance, the sun will appear to Jupiter only gy of the
size which he does to us, affording but ¢y of the amount of light and heat. But
the swifter rotation upon his axis compensates in some degree for this deficiency,
by rendering the period during which the direct solar influence is suspended a
much shorter interval than with us. A night and day of five hours’ duration alter-
nate with each other.

V. The axis of Jupiter being perpendicular, or nearly o, to the plane of his
orbit, there is no change of seasons, and no difference in the length of the days
and nights.

Of course the seasons differ at different parallels of latitude ; but the same place has
constantly the same season, whatever it may be. It is perpetual summer at the equa-
tor, and winter at the poles; but there is the same length of day and n ht at each.
This obviously beneficent arrangement is due to the position of the planet's axis; for

bad it been inclined like that of the earth, there would have been alternately six years
night and winter at his poles.

VI. The telescopic appearance of Jupiter usually presents a series of zones or
belts, surrounding the body of the planet in a direction parallel to his equator,
being generally parallel to each other. They sometimes remain for two or three
months without undergoing any change, and at other times alter their appear-
ance in the course of an hour. They vary not only in breadth but in number,
from one to seven or eight; but more usually three are observable. Bright ﬂ}ld
dark spots are also frequently seen in the belts, which appear and vanish with
them.

The belts of Jupiter were first observed at Naples by the Jesuits Zappi and Bartoli,
about the year 1633.

By some these appearances have been supposed to be the effect of great changes on
the surface of the planet ; but the more probable opinion is, that they are caused by
atmospheric fluctuations. It is conceived that clouds and vapours floating in .the
atmosphere, which reflect more light than the body of the planet, being thrown into
parallel strata by the rapidity of its diurnal motion, form the luminous zones,
the interstices of which its opaque body appears, constituting the dark belts.

VIL Jupiter is attended by four satellites or moons, quite invisible to the
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naked eye, but easily seen with a telescope magnifying thirty times, or with a
much lower power, in a pure condition of the atmosphere.

Their first discoverer was Galileo, on the night of January 7, 1610, He called them
the Medicean stars, in honour of his patrons the Medici. Till then it had been com-
monly urged as an argument in favour of the revolution of the heavens round the
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are named after their relative position to him, first, second, third, and fourth;
which, with their comparative magnitudes, the following figure expresses. They
are all larger than our own moon, except the second, their united bulk being
equal to thirteen of our moons. Their elements are as follows:

earth, that our planet was the most dignified body in the universe, having an attendant |  Sstellite.  Diameter ia Miles.  Distance from Jupiter. Time of Revolution.  Duration of Eclipse.
moon; a notion which the discovery soon exploded. 1 . . . 258 . . . 260000 . . 1d. 18h. 28m. 2 hours.
. . . . 2 . . . 2068 . 420, T . 3
VIIL The moons of Jupltgr rev‘olve n:ound him at different dmfancea, and 3 . . . 3317 670:% o g lg l; D T
mtate upon their axes respectively in the time of one orbital revolution. They 4 . 2890 . ., . 1,180,000 .18 16 32 . . .5 ,
Firs Seeond Therd,
i rs @
Tousrth
]

1X. The satellites of Jupiter, in revolving round their primary, pass between
him and the sun, in which case there is a solar eclipse to that part of the planet
upon which their shadows are projected ; a phenomenon which may be seen from
the earth with the aid of a good telescope. They pass also between the planet
and the earth, and are then sometimes seen as spots upon his illuminated disk.
They are occulted likewise by passing directly behind his orb; and lastly, all the
satellites are eclipsed in every revolution, by entering the shadow of Jupiter,
with the exception of the fourth, which sometimes escapes, because of the greater
inclination of its orbit.

The entrance of a satellite into the planet’s shadow, is called an immersion ; the coming
out, an emersion, The immersion and emersion of the first satellite, and generally of

- the second, can never be both seen from the earth, owing to their nearness to Jupiter.

At A. B, C, D, the earth appears in its orbit; and at J, Jupiter surrounded by his
satellites, whose orbits are marked 1, 2, 3, 4. At a the first satellite is shown entering
his shadow, while & is the point of emergence from it. Now from the earth at D, the
immersion at @ will be visible, but not the emersion at 4, because of the interposing
b?‘?Y of the planet. 8o, for the same reason, from the earth at B, the emersion will be
visible, but not the immersion. From the earth at a, the satellite has its greatest
¢astern and western elongations at ¢ and ¢, and appears upon the disk of Jupiter at d.

X. These eclipses furnish a ready means for ascertaining the longitude of
Places, or the difference of meridians on the earth, especially those of the first
satellite, on account of their more rapid recurrence, For this purpose, the times
of immersion and emersion are calculated for the meridian of Greenwich, and in-
serted in the Nautical Almanack, equally facilitating the movements of the tra-
veller in an unknown country, and the mariner. At sea, however, this method of
finding the longitude is often difficult and impossible, owing to the unsteadiness
of the observer’s station, and hence more convenient and accurate modes have
hrgely superseded it in navigation.

The earth revolves on its axis at the rate of 15 degrees in an hour, which is one
desﬂ‘? in four minutes of time. If, then, an observer finds the time of immersion or
emersion of any one of the satellites to occur an hour later than the time given for
Greenwich, as obtained from the Almanack, he may
be sure that be is 15 degrees west of that meridian;

or, if an hour earlier, that he is 15 degrees east.
Faster time shows that he is east, and slower that

he is west; and the difference of time gives the dis- *
tauce east or west, at the rate of one degree to four
minates. A good telescope, and a watch beating &
scconds or half seconds are required. '

XI. It was from observation of the eclipses . -

of Jupiter’s satellites that the interesting dis- \
covery of the progressive motion of light was
made. Repeated experiments have shown, that

- when the earth is at b in the diagram, or nearest

to Jupiter, 3, the eclipses are seen sooner than when at a, or farthest from him.
The times are sooner or later than as calculated from the laws of their own
movements, owing to the variations of the earth’s distance. This would not be
the case if light were propagated instantaneously. But the fact that time is
required for it to fly over the increased distance, equal to the whole diameter of
the earth’s orbit, determines its progressive motion, and the rate of its trans-
mission.

The discovery was made b‘y the Danish astronomer, Roemer, in the year 1675.

The diameter of the earth’s orbit is 190,000,000 of miles. Hence the difference of
time between the calculated period for the eclipses of the satellites and their observation,
in the two positions of the earth, gives the time for light to compass that distance.
This is 16} minutes; so that light has a velocity of 12 millions of miles a minute, or
190,000 miles a second.

XII. The system of Jupiter exhibits upon a smell acale a picture of the solar
universe. The satellites are governed in their revolution round him by the laws
which govern the planets in their revolution round the sun. Their orbits also
are elliptical, and their motion in them from west to east, as in the case of the
superior bodies.

CHAPTER X.
SATURN.

I. The most singular body in the system in point of architecture, Saturn, is
nearly twice the distance of Jupiter from the sun, or at the mean distance of about
900,000,000 miles. He performs his revolution in 10,759 solar days, somewhat
less than 29} of our years, moving at the rate of 22,072 miles an hour.

The mean daily motion of Saturn among the stars is only about 2, the thirtieth part
of a degree. At a mean rate, therefore, he is about 24 years in passing over one sign
of the zodiac.

The planet would fall to the sun in 1901 days, equal to 5 years, 76 days, if his
orbital revolution were arrested.

1. Saturn rotates upon his axis in 10 hours, 29 minutes, the length of his day.
The axis is inclined about 29° to the plane of the orbit, which renders the intervals
of light and darkness of unequal length, and produces seasonal changes.

For above seven years at a time the poles of the planet are immersed in wintry dark-
ness, not receiving any direct rays from the sun.

II1. Next to Jupiter, the apparently diminutive orb of Saturn is by far the
largest of the planets, having a diameter of 76,068 miles, and a bulk equal to
near a thousand times that of the earth. The rapid axical whirl of the planet
has had the effect of flattening its form at the poles. The polar diameter is less
by 6700 miles than the equatorial, or in the proportion of 11 to 12. Thisisa
greater degree of oblatcness than belongs to Jupiter, though the axical rotation is
less rapid, an effect due to a less dense material.

The density of Satarn is not quite half that of water, and little more than that of

cork.

The north polar region of the planet is much more flattened than the south, and the
diameter is not the greatest at the equator, but at the parallel of 45° from it. This
peculiarity of form is supﬁosed to be due to the attraction of the rings of Saturn. His
surface also exhibits bright and dark belts, as in the case of Jupiter.

IV. Never hailed by us from any point nearer than 800,000,000 miles, Saturn
shines to the naked eye with a pale, feeble, yet steady light, but becomes one of
the most fascinating objects in the heavens as seen with the telescope. The body
of the planet is encompassed with an inner and outer ring, of which the wooden
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horizon of an artificial globe, removed to a little distance from it, may be taken
a3 a rough representation,

Galileo was the first who
noticed the extraordinary
form of Saturn, in the year
1610, which he supposed
to be made up of three
stars. Huygens, with a
more perfect telescope, re-
solved the appearance into
a ring. Herschel disco-
vered two rings; and from
Captain Kater's observa-
tions in 1825, the outer
ring appears to be sub-
divided into  several
others.

The ball of Saturn, it has been recently found, is not in the centre of the rings, but
a little to the west of it. Struve’s measurements of these appendages are as follows :

Exterior diameter of exterior ring . . 176,418 miles.

Interior diameter of exterior ring . 155,272 ,,
Exterior diameter of interior ring 151,690 ,,
Interior diameter of interior ring . 117,339 ,,
Interval between the inner ring and Saturn . 19,090 .-
Interval between therings . . . . . . 1,791 ,
Thickness of the rings not morethan . . . 100

»

V. The outer ring has a width of 10,573 miles; the inner of 17,175 miles; and
the entire width of the double ring, including the interval, is 29,539 miles.
The rings project shadows upon the surface of the planet, and are consequently
opaque bodies, receiving also a projection of the planet’s shadows. Both have a
motion of rotation accomplished in 10 hours, 29 minutes, 17 seconds. The cen-

trifugal force hereby engendered balances the attraction of the planet, and prevents
their precipitation to its surface.

VI. The plane of the rings is inclined to that of the orbit of Saturn in an angle
of 28°. In consequence of this obliquity of position they appear to us of an
elongated oval form, of very variable ellipticity, sometimes reduced to a straight
line, according to the respective positions of Saturn and the earth.

From their most open appearance the rings gradually contract to an almost imper-
ceptible line, or to entire disparition, unless the mightiest telescopic power is used, and
then expand again till the former shape is regained. 'These are the phases of Satarn.

Alternately one of the surfaces of the rings is presented to us, and then the other.

The rindgs are reduced to a straight line, in appearance intersecting the disk of the
planet, and projecting on each side, when the earth is in their plane. This happens
every 15 years, or twice in every revolution of Saturn round the sun.

hen the plunet is in either of the first six signs of the zodiac, the sun shines on
the south side of the rings; and wh.en in either of the last six signs, upon their north
side.

The rings are most open when the planet is in 19° of Gemini or of Sagittarius; and
least so when in 19° of Pisces or of Virgo.

At present the northern side of the rings is presented to us. They will disappear

Dec. 1847, and the southern side be seen to the greatest advantage, the rings most
expanded, April 1855,

VIL In addition to these remarkable appendages, Saturn is attended by seven
satellites revolving round him in periods varying from less than 1 to 79 days, and

at distances ranging from half the distance of our moon from us to 2,000,000 of
miles.

The first satellite discovered was by Huygens, being the sixth in point of dis-
tance. Though not the largest it is the brightest, and commonly called the Huyge-
nisn satellite and Saturn’s guard.

Four others were discovered by Cassini; the third, fourth, fifth, and seventh in the
order of distance from the planet. The last is the largest, supposed to be nearly equal
to Mars in size.

Two more were discovered by Hersche), the first and second as to position, which
require the most powerful and finished instruments to be caught.

he following table exhibits an approximation to their elements which are not
known with precision :

Satellites in order Time of Mean distance from Saturn Discoverer and

from the planet.  Revolution. in Miles. Date.
1 . 0d.22h.38m. . . 120,000 . ‘W. Herschel, 1789.
2 ., . 1 8 53. .. 150,000 . W. Herschel, 1789.
3 .. .12 18.. 190,000 . D. Cassini, 1684.
4 .. . 217 45. . 243,000 . D. Cassini, 1684.
5 .. . 4 12 25. . . . 340,000 . . D. Cassini, 1684.
6 .15 22 41, . . . 788,000 . . C. Huygens, 1655.
7 .79 7 585, . .2,297,000 . D. Cassiui, 1671,

VIII. The sun as seen from the surface of Saturn will only appear to be rather
more than 3’ in diameter, affording about one-ninetieth part of the heat and
jght which the earth enjoys. But the sun returns more than twice as soon to
the meridian of any place on the Saturnian globe, owing to the planet’s quick
rotation on its axis; while, as a farther compensation, a plentiful supply of
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reflected light is afforded by means of the satellites and rings, equal to that
of a thousand of our full moons. The nearest satellite will present a disk nearly
ten times as large as
that of our lunar world,
and in little more than
22 hours will exhibit
the various phases
which the moon takes
amonth to assume. At
30° from the poles the
rings will be seen as
the segment of a circle
above the horizon.
They will be seen at a
higher elevation from
lower latitudes; and
from the equatorial
regions will appear

stretching across the heavens near the zenith, with the planet’s shadow resting

upon them.

CHAPTER XI.
URANUS.

I. Uranus, the Georgium Sidus, Georgian, or Herschel, names applied to the
same planet, is an addition to our system in modern times, having been disco-
vered by Herschel at Bath, on the 13th of March, 1781.

The planet was observed three times by Flamstead, once by Bradley, once by
Mayer, eleven times by Lemonnier, but supposed to be one of the stars. With a

telescope of small magnifying power it appears like a star of the 6th or 7th magnitude.

On a very clear night, when the moon is absent, it may be seen by a practised eye
without a telescope.

II. The planet is at the mean distance of 1,800,000,000 miles from the sun,
and accomplishes an orbital course around the centre of light in 84 years,
journeying at the rate of 16,000 miles an hour.

Surrendered to the solar attraction, Uranas would not fall to the sun under 5425
days, or nearly 15 years.

he proportion of light and heat received from the sun is about g}y that enjoyed by
the eargh; but this illamination would be equal to that of 300 of our full moons.
An inhabitaot of Uranus may bave a distinct view of Satarn, and just catch 8
glimpse of Jupiter, but the other interior planets are all invisible.

IIL Insignificant as the planet appears, it has a diameter of 35,000 miles, and
is eighty times the magnitude of the earth.

IV. Uranus is attended by six satellites, which offer two remarkable peculiari-
ties. They revolve round him nearly at right angles to the plane of his orbit,
and in a direction from east to west, which is contrary to the order of the signs.
The satellites of this planet, and the two innermost moons of Saturn, are the
most difficult objects in the system to get a sight of.

CHAPTER XII.
NEPTUNE.

Previous to the discovery of Uranus, it had been conjectured by astronomers
that certain perturbations in the motions of Jupiter and Saturn, which could not
otherwise be explained, might be due to the action of some unknown planet exterior

|

to them. In like manner astronomers have been for some time aware that the

motions of Uranus could not be accounted for by the action of the known planets;

and M. Leverrier, after examining the theory of this remote wanderer with great -
care, ascertained that the irregularities arose from an unknown body, whose exact -

position and diameter he determined by calculation. This remarkable theoretic
conclusion was verified on the night of September 23rd, 1846, by M. Galle, at
Berlin, the planet being found in the position and with the diameter nnnom}ced
by Leverrier ; one of the noblest achievements of modern times. It has since
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© of 123,000,000 of miles at its greatest
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beei. repeatedly avd carefully observed by astronomers. A fortnight before
the discovery, Sir John Herschel remarked, on resigning the chair of the
British Association, at Southampton, Sept. 10, that the last twelvemonth had
added s new planet (Astrza) to our list, and proceeded to observe, “ it has done
more—it has given us the probable prospect of the discovery of another. We
see it as Columbus saw America from the shores of Spain. Its movements have
been felt, trembling along the far-reaching line of our analysis, with a certainty
hardly inferior to that of ocular demonstraticn.”

The new planet, according to M. Arago, is at the astounding distance of
1,250,000,000 of ieagues from the sun, about 3,125,000,000 of miles. Its
volume is about 230 times that of the earth. Thus, during the year 1846, the
bounds of our solar system have been nearly doubled. The planet has received
the name of Neptune with the general consent of European astronomers. The
existence of a satellite and a ring seems couclusive from recent observations.

CHAPTER XIII
COMETS.

I. Besides the planets with their satellites, which may be considered as the
regular members of the solar system, there are other bodies, called comets, some
of which have their orbits included within its visible bounds, while others appear
within it during only a small part of their course, accomplishing the rest in

regions of remote and unknown invisibility.

The word comet, from the Greek, signifying kair, alludes to & kind of nebulosity, or
baze, which often surrounds their nuclei. Their frequent appearance presents a definite
bright point, or nucleus—a luminous envelope, or the hair—and a stream of light,
formerly called the beard when preceding the nucleus, and the tail when following it,
but now universally known by the latter term. No importance is now attached
to these features; but all bodies are considercd comets which have a motion of their
own, and describe extremely elliptical orbits.

II. Comets differ from planetary bodies in their configuration, which varies
from a simple splierical luminosity to an irregular wisp-like shape; in the form l
of their orbits, which are immensely elongated ellipses, only one end of which
lies within the visible limits of the solar systemn; in their motion, which is often
retrograde, or from east to west; and in their paths, which are extra-zodiacal,
cutting the ecliptic in every direction, some being even perpendicular to it,
traversing the heavens in all parts. ’

The diagram represents a part of the
path of the comet of 1680, which was de-
senbgd in about two months, at an average
velocity of 800,000 miles an hour. It had

the thrg-c features of nucleus, hair, and tail.
The tail was computed to extend upwards

length; and in two days an extent of
60,000,000 of miles was emitted from the
nucleus. At its perihelion, or nearest ap-
proach to the sun, it was not more than
144,000 miles apart from his surface; and
in three minutes it would have closed with
his mass, if the projectile force bad been
suspended.

he diagram shows the direction of the
lnmln?ns train, or tail, away from the sun,
following the nucleus when approaching
the sun, and preceding it afterwards; ac-
quiring, also, its greatest extent, after pass-
ing the point of perihelion. If the tail is
vaporisation caused by intense heat acting
upon the body of the comet, this accounts
for its greatest length after the perihelion,
Just us the earth attains its highest tempe-
Tature after the summer solstice, though
the daily supply of sblar influence is then
actually diminishing. According to New-
ton, an observer of this object, it must have
:en heated to a degree 2,000 times greater
h‘n that of red-hot iron in passing round
;-el'mn. The comet is shown in its peri- i,
ille lon | merely for the sake of B
. ustration, as then it was completely lost FPerthelios .
in thg solar blaze,
tbz; }:':hco{llet is supposed to be identified with the comctary appearances B.c. 34,
ot ¢ time of Casar’s death, A.D. 531, in the reign of Justinian, and A.. 1106, in

Teigu of Henry II. Between these periods, and between the last and 1630, there
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is the interval of 575 years, which Newton supposed to be its periodic time. 1If this
be correct, it will return in the year 2255.

III. Comets with nucleus, hair, and tail, have a remarkable, and sowmnetimes a
terrific aspect. The nuclei often shine with a very vivacious light, but are of
small diameter. On the contra:y, their trains have stretched over 90° or 100°,
reaching to the zenith, while the nucleus has been below the horizon, compassing
an extent of 150,000,000 of miles. Some have nore than one train, as that of
1744, which had six. The appearance of comets is not only diverse from each
other, some seeming to be mere patches of cloud without any condensation, but
the appearance of the same object alters considerably in its periods of revolution.
Astronomers discard such circumstances as those of shape, size, and brilliancy
being similar in identifying two cometary appearances as apparitions of the same
body, and attend only to the clements of the path being accordant.

IV. The periodic time of several comets has been calculated, and supposed to
be as follows :—

Year of Comet. Perlod. Authority.
PN . . e e ... 575 years Newton.
1682 . . . . . .. .. . 75 Halley.
1807 . . e e e e e e 1543, Bessel.
1811 . . . « .. 3383 ,, Bessel,
. . . . . 2388 ,, Argelander.
1813 & v & v v 4« o e . W 72-77 Bessel and others.
1819, second comet ., . . . . 5% Encke.
1819, fourth comet . . . . . 33, Encke.
is12 . ., C e e e e e 66-76 ,, Encke.
1822, second comet . ., . . . 1550 , Encke.
1822, third comet e e e e 1817 ,, Rumker,
1825, fourth comet . . . . . 556 Haausen,
1826 . . . .. ... . 63 » Biela.

Three of these-calculations have been verified.

V. To Halley the grand discovery is due, that comets revolve about the sun
in elliptical orbits that return into themselves, announcing the periodic time of
the one which appeared in 1682, whose return he predicted would take place in
the year 1758, after an interval of 76 years.

The event answered to the prediction. The comet was first seen in the neighbour-
hood of Dresden, on Christmas-day, 1758, by George Palitzch, with an cight feet
telescope, and afterwards at Paris, Leipzic, Cadiz, and Lishon.

Another of its periodic times brings us to the year 1835, and on the 5th of August
in that year the comet was seen at Rome, and passed its perihelion, November 16,

At its perihelion Halley’s comet is only 55,700,000 miles from the sun; at its
aphelion, 1t is 3,371,700,000 miles. Its mean distance is 1,713,700,000 miles, which is
less than that of the planet Uranus.

There is reason to regard the following cometary appearances as apparitions of the
same body.

Years of comets 1155 1230 1305 1380 1456 1531 1607 1682 1758 1835
Intervals between them 75 75 75 76 75 76 75 76 7
Halley’s comet has undergone remarkable changes in appearance. In 1456 it
Y)as:g near the eart_h. with a tail extending over 60° in the form of a sword or sabre.

hrdhza describes its aspect, as seen from Constantinople, of which the Turks had
just become masters, whom it filled with consternation, Coincident with it there was
a full lunar eclipse. Its later apparitions have been much less conspicuous.

V1. The Encke comet, called after the astronomer who determined the dimen-
sions of its orbit and its periodic time, performs its revolution round the sun in
about 1203 days, or 3y% years. It passes within the orbit of Mercury at its
peribelion, and accomplishes its aphelion between that of Jupiter and the aste-
roids, being 358,000,000 of miles farther from the sun in the one case than in the
other. It has no nucleus, or tail, but resembles a globular patch of vapour, is

scarcely perceptible, and seems to be increasing in dimness.
c
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VII. The third comet with whose elements we are well acquainted, called after |
M. Biela, of Josephstadt, who determined them, performs its revolution in 2,461

days, or about 6§ years. Its aphelion is beyond the orbit of Jupiter; its perihe-
lion within that of Venus.

The path of this comet passes very near to that of the earth, so near, indeed, that
when the centre of the comet, which has altogether a diameter of 42,280 miles, is ut
the point nearest to the earth’s

ath, it is included in the nebu- o .
ous atmosphere of the comet. O C &
If, then, the earth were at the kAL
same time in that part of its
orbit, the two would be in actual
contact.

This collision was apprehend-
ed by many in the year 1832. It
was calculated, that a little before
midnight, October 29, the comet
would gau the earth’s orbit very
near where the earth itself would
be on the morning of November
30; and had the comet been de-
layed by any perturbation till the
latter period, contact would have
taken place. But a month inter-
vened, and the two bodies were
never nearer than 60,000,000 of 2,
miles.

VIII. In passing among and
near the planets, comets are
liable to be deflected from
their courses, and in some
cases to have their orbits en-
tirely changed. Jupiter espe-
cially has been a repeated
stumbling-block to them, but
no derangement of the motions
of his satellites has ever ensued
from the rencontre.

Previous to the return of Halley's comet in 1758, it was calculated, that 618 days
more would be required for it to return to perihelion than on the preceding revolution,
from the action of Saturn and Jupiter. The event answered to the calculation.

The comet of 1770, moving in a moderate ellipse, in the periodic time of 5} years,
as determined by Lexell, afterwards got entangled in the system of Jupiter, and has

n?t since been heard of, having been deflected into a remoter path by the action of the
planet.

IX. Among the more remarkable of these objects, one appeared in December,
1743, and remained visible during the spring of 1744, shining with great bright-
ness, and eventually presenting a train with six branches curving in the same
direction. Another came into view in the autumn of 1811, with a tail extending
123,000,000 of miles by a breadth of 15,000,000, which, according to the dhlcu-
lation of Bessel, will not repeat its visit till the year 5194! A third suddenly
buurst upon our gaze in the spring of 1843, when travelling away from the sun, a

comet of the very largest class, but was not so distinctly seen here as in southern
latitudes.

X. Respecting the physi(;al constitution of comets, we know nothing farther
than that they are most probably entirely gaseous, simple aggregations of vapour.
The following considerations warrant this idea :—

Lexell’s lost comet of 1770 passed through the system of Jupiter without disturbing
it, when, had it been 5 of one of the satellites in mass, derangement must have been
produced. It came also 50 near to our own globe, that, had it been ygigy of the earth in
mass, it would have appreciably shortened the length of our year.

Sir John Herschel, in 1832, saw a group of stars of the sixteenth magnitude, through
the very centre of Biela's comet.

XI. Though quite in the dark respecting the office of these members of our
system, we moay dismiss as idle imaginations their supposed influence through
(:ontact with them in producing great physical changes, such as the deluge of
Noah, the depression of a part of Western Asia, and the origin of the tele-
scopi¢ planets from a comet-stricken orb. The possibility of collision between
our globe and one of these erratic objects 1s very admissible; but probably the
only consequence would be some effect upon the temperature, with peculiar
atmospheric phenomena, without any disturbance transpiring in the planetary
constitution of the earth.

X11. A third comet, of short period, was discovered by Faye, Nov. 22nd, 1843, at

the Paris Observatory, which accomplishes its revolution in rather more than seven
years. The last few years have been remarkable for the number of comets observed.

CHAPTER XIV.
AEROLITES. \

1. Mankind, in all ages and countries, have been familiar with the appearance \.
of transient luminosities in the heavens at night, popularly called “shooting ‘
stars,” from their resemblance to a star falling from its sphere. These mete-
orites vary in apparent magnitude, brilliancy, velocity, elevation, and the extent l
of space described by them.

Out of 98 appearances observed by Brandes in the year 1823, in the neighbourhood
of Breslau, the computed heights were:—
4 under 15 miles.

15 from 15 to 30 miles.
22 , 30to45
33 ,, 45t070.

13 from 70 to 90 miles.
6 above 90 miles.
5 from 140 to 460 miles.

I1. Luminosities of a far more striking kind, though of much rarer occurrence,
have repeatedly been observed giving out an intense light and hissing noise dur- |
ing their progress, a loud explosion attending their termination.

In 1676, a luminous body passed over Italy about two hours after sunset, coming
from the Adriatic, and crossing the country in_the direction of Rimini and Leghorn, 4
at which latter place a loud report was heard, disappearing towards Corsica.

In 1718, a similar object was seen all over England, at the computed distance of ‘

\
|

about 60 miles above the surface, with a brightness so intense as to efface the lustre of
the moon and stars, the sound of an explosion being heard in Devon and Cornwall.
On the night of Sept. 25, 1846, about 10 o'clock, a magnificent meteorite was ob-
served from different parts of the kingdom, travelling in a north-westerly direction
across the heavens, leaving behind it a fiery train. The light, of a lurid bluish tinge,

was so powerful, that for half a minute there seemed to be a transition from darkness
to daylight. |

III. The sctual descent of heavy bodies to the earth from surrounding space l
is a well-established fact. To these bodies the term aérolites is applied, signify- | ‘
ing atmospheric stones. l

At Ennisheim, on the Rhine, a stone of 260 1bs. weight fell in the year 1492.
In 1627, Gassendi observed a similar event near Nice, and examined the mass of \
59 Ibs.

In 1790, a complete shower of stones fell in France, of various sizes. '

In 1795, a stone weighing 56 lbs. fell near Wold Cottage, in Yorkshire, a loud ex- '
plosion being heard. :

In 1803, another shower took place in France, of nearly 3,000 stones, which were |

examined, some of which weighed 174 1bs. The above are only a few of many cases of = |
the same nature. |

IV. Aérolites, examined immediately after their descent, are always found to |
be intensely hot. They are uniformly composed of the same substances, and |
nearly in the same proportions, whether falling in India or in England, viz., silics, -
magnesih, iron, nickel, sulphur, and zinc. These are substances native to the |
earth; but it is a remarkable fact, that they are never found natively combined 85 |
in the case of the meteoric stones.

. . |

V. In various countries, large metallic masses have been met with, lymg com- ‘
pletely insulated and half buried in the earth, of identical composition with the

known aérolites, leaving no doubt as to their common origin. ‘

An immense mass of malleable iron mixed with nickel was discovered by Pallas, at
a considerable height on a mountain of slate in Siberia. . .
A similar block, computed to weigh 13 tons, lies on the plain of Otumba, in the dis-
tnr;ct of Buenos Ayres, of which a specimen weighing 1,4001bs. is in the British
useum.

In the province of Bahia, in Brazil, there is another block weighing six tons. i

VI. These remarkable bodies have been supposed to be concretions formed in |
the atmosphere from particles in it ; but their size, and the fact that their mgre-
dients have never been found in the atmosphere, analyzed at the sea level and
on the tops of high mountains, renders the hypothesis inadmissible. They have
been also considered projections from lunar volcanoes. But the supposition of | ‘
a body, or bodies, in the system circulating round the sun, which, encoul.ltﬂfmg
the earth in its orbit, are drawn towards it by attraction, and become igoited
upan entering the atmosphere, in consequence of their rapid motion, is the most
probable theory; and is, perhaps, the true explanation of the phenomens of
shooting stars, aérolites, and the November meteoric displaysf

Sir Humphrey Davy advocated the opinion of meteorites being solid bodies movl}:g
in space; and states, that the heat produced by the compression of the most mrell»re
air from their velocity must be sufficient to ignite their mass. Some, no do“b"ba.l'
completely dissipated in the atmosphere; others may pass by us horizontally as b1l

liant lights re-entering the depth of space ; while others fall to the earth without beiog
completely fused. ‘

VIL Resplendent showers of stars are mentioned in old chronicles, but have
been assigned to the ancient love of the marvellous, till confirmed by analogous
exhibitions in modern times. What is most remarkable is, that these grander
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and more extensive meteoric displays have usually been witnessed in the month
of November, and at about the same period of the month.

On November 13,1799,
the Moravian missionaries
in Greenland—Humboldt
and Boupland, in South
America—the Franciscan
monks near the entrance
of the Orinoco, and Mr.
Elliott at sea, between
CapeFloridaand the West
Indies, cbserved this maf-
nificent phenomenon. It
continuedfrom about three
o'clock in the morping
until after daybreak, the
meteors falling towards
the earth as thick as hail.
In 1814 and 1819, simi-
lar stellar showers were
observed in Canada; and
during the sutamn of
1818, in the North Sea.
On November 13, 1831, the same event occurred upon a great scale, and was scen
off the coast of Spain, and in the Ohio country.
At the same time, in 1832, another exhibition was witnessed from the Red Sea,
westward to the Atlantic, and from Switserland to the Mauritius,

VIIL. The most astonishing and awful spectacle of this class took place No-
vember 13, 1833, and was observed from the longitude of 61°in the Atlantic
Ocean, to that of 100’ in Central Mexico, and from the latitude of the North
American lakes to the West Indies. It was not seen anywhere in Europe, or in
South America, or in any part of the Pacific Ocean; but within the area named,
from a little before midnight, in a very clear state of the firmament, there was

an incessant play of meteors in the sky, till the full break of day rendered them
invisible.

The remarkable fact was
established uponthis occa-
sion, that the meteoric
shower proceeded from one
pointof the heavens, to the
south-east of the zenith,
near the star y Leonis.
None of the luminosities
started directly from this
point; but, traced back-
wards, they converged to-
wards it as to a common
focus (represented by the
Diagram). The point re-
mained stationary with
respect to the stars, and
was thus independent of
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the earth’s rotation. It was computed to be not lcss than 2,238 miles above the earth’s
surface. :

IX. The periodicity of the occurrence appearing to be established, it has been
anxiously watched for in the November of succeeding years, and though no rival
scene to the preceding has been witnessed, yet extraordinary flights of shooting
stars have appeared at the periodic time.

qalll. November 13, 1834, they were seen in Europe and America, more abundant than
usu
On November 12 and 13, 1836, the following results were obtained in France: —

Places. Meteors. Places. Met ors.
Paris, at the Observatory . . 170 | Von Altimarl . . . . . 5
Dieppe . . . . . . . 36 Anjou . N 49
Arras . . . . . . . . 27 Rochefort . . . . 23
Strasburg 85 | Havre . . . . . 800

On November 12, 1837, many falling stars were seen in England, but at 10 o’clock
dar‘l/(. clouds prevented further observation. In November, 1838, they were frequent
at Vienna.

X. Professor Olmstead, of Yale College, an eye-witness of the imposing scene
of 1833, after carefully collecting and comparing facts, came to the conclusion,
that the meteors *emanated from a nebulous body, which was then pursuing its
way along with the earth around the sun; that this body continues to revolve
around the sun in an elliptical orbit, but little inclined to the plane of the ecliptic,
and having its aphelion near to the orbit of the earth; and finally, that the body
has a period of nearly six months, and that its perihelion is a little below the
orbit of Mercury.” The diagram represents at E the orbit of the earth, at M
that of Mercury, and at N that of the
supposed nebula, particles of which,
when the two bodies periodically ap-
proximate, are attracted towards the
earth, and fused upon entering our
atmosphere by their concurrent velo-
cities, causing the appearance of a
meteoric shower. However doubtful
this particular theory, the fact seems
indisputable, that, besides plancts,
satellites, and comets, the system con-
tains unknown bodies in circulation
round the sun, which the earth en-
counters in its orbital revolution, and
hence the preceding phenomena.

CELESTIAL AND TERRESTRIAL PHENOMENA.

CHAPTER I.

SOLAR ECLIPSES.

.I. AN eclipse of the sun is caused by the dark body of the moon passing
dnrect.ly between the earth and the sun, intercepting his light.
a This is, properly speaking, an occultation of the solar orb by the moon, which
p(e)l:-tril;::, certain portions of the earth’s surface of his light, thereby eclipsing those
If the sun and moon had been of equal
magnitude, the moon’s shadow would be
cyllmdnca.l and of unlimited length, as fig. 1.
o f the moon had been of greater magnitude
a0 the sun, her shadow would then re-
:ﬂé;le; truncated cone, of indefinite extent,
The moon being immensely inferior to the

:l;né;e;' shadow hence converges to a point,

IL. When the sun is at his greatest dist-
;.nce from the earth, and the moon at her
east, her .shadow is sufficiently long to
reach the earth. and extend about 19,000

miles beyond it. If, then, the moon comes in a direct line between the sun and
the earth, the dark shadow of the moon will fall upon the earth, covering a cifcu-
lar area, within which there will be a total cclipse of the sun. But besides the
dark shadow of the moon, or umbra, there is another fainter shadow, or penumbra,
much more extensive, caused by the moon hiding a part only of the sun’s disk,
to all places within which the eclipse is more or less partial.

Lines drawn to the earth, as in the
diagram, from the upper and lower
limbs of the sun and moon, define the
umbra, the moon's dark conical
shadow.

Lines drawn to the earth, along
opposite edges of the sun and moon,
define the penumbra, or fainter
shadow,

The dark shadow .of ghe moon can never cover more of the earth’s surface than an
area of about 175 miles in diameter, where the eclipse is total ; but in consequence of
the ear{h‘s motion, this area becomes a continuous belt, as the shadow sweeps over the
terrestrial superfices. No total eclipse, therefore, can last longer to any part of the
'0';‘13 than 7 m';’nutes 58 seconds.

e fainter shadow covers an area of ahout 4000 miles in diameter; a i
becomes less extensive within it with the distance from the area wheI:e ir(ilst!h:taﬁ?hpse

As s general tule, subject to many modifications, it may be observed, that places
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VIL The third comet with whose elements we are well acquainted, called after
M. Biela, of Josephstadt, who determined them, performs its revolution in 2,461
days, or about 63 years. Its aphelion is beyond the orbit of Jupiter; its perihe-

lion within that of Venus.

The path of this comet passes very mear to that of the earth, 8o near, indeed, that
when the centre of the comet, which has altogether a diameter of 42,280 miles, is ut

the point nearest to the earth’s
Fath, it is included in the nebu-
ous atmosphere of the comet.
If, then, the earth were at the
same time in that part of its
orbit, the two would be in actual
contact.

This collision was apprehend-
ed by many in the year 1832. It
was calculated, that a little before
midnight, October 29, the comet
would pass the earth’s orbit very
near where the earth itself would
be on the morning of November
30; and had the comet been de-
layed by any perturbation till the
latter period, contact would have
taken place. But a wmonth inter-
vened, and the two bodies were
never nearer than 60,000,000 of
miles.

VIIL In passing among and
near the planets, comets are
liable to be deflected from
their courses, and in some
cases to have their orbits en-
tirely changed. Jupiter espe-
cially has been a repeated
stumbling-block to them, but
no derangement of the motions
of his satellites has ever ensued
from the rencontre.

Previous to the return of Halley’s comet in 1758, it was calculated, that 618 days
more would be required for it to return to peribelion than on the preceding revolution,
from the action of Saturn and Jupiter. The event auswered to the calculation.

The comet of 1770, moving in a moderate ellipse, in the periodic time of 54 years,
as determined by Lexell, afterwards got entangled in the system of Jupiter, and has
not since been heard of, baving been deflected into a remoter path by the action of the

planet.

IX. Among the more remarkable of these objects, one appeared in December,
1743, and remained visible during the spring of 1744, shining with great bright-
ness, and eventually presenting a train with six branches curving in the same
direction. Another came into view in the autumn of 1811, with a tail extending
123,000,000 of miles by a breadth of 15,000,000, which, according to the dhleu-
lation of Bessel, will not repeat its visit till the year 5194! A third suddenly
burst upon our gaze in the spring of 1843, when travelling away from the sun, a
comet of the very largest class, but was not so distinctly seen here as in southern

latitudes.

X. Respecting the physiéal constitution of comets, we know nothing farther
than that they are most probably entirely gaseous, simple aggregations of vapour.
The following considerations warrant this idea :—

Lexell’s lost comet of 1770 passed through the system of Jupiter without disturbing
it, when, had it been g of one of the satellites in mass, derangement must have been
produced. It came also s0 mear to our own globe, that, had it been ygy of the earth in
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mass, it would have appreciably shortened the length of our year.

Sir John Herschel, in 1832, saw a group of stars of the sixteenth magnitude, through

the very centre of Biela’s comet.

XI. Though quite in the dark respecting the office of these members of our
system, we may dismiss as idle imaginations their supposed influence through
contact with them in producing great physical changes, such as the deluge of
Noah, the depression of a part of Western Asia, and the origin of the tele-
scopi¢ planets from a comet-stricken orb. The possibility of collision between
our globe and one of these erratic objects 1s very admissible; but probably the
only consequence would be some effect upon the temperature, with peculiar
atmospheric phenomena, without any disturbance transpiring in the planetary

constitution of the earth,

X1I. A third comet, of short period, was discovered by Faye, Nov. 22nd, 1843, at
the Paris Observatory, which accomplishes its revolution in rather more than seven

CHAPTER XIV.
AEROLITES.

L. Mankind, in all ages and countries, have been familiar with the appearance
of transient luminosities in the heavens at night, popularly called “shooting
stars,” from their resemblance to a star falling from its sphere. These mete-
orites vary in apparent magnitude, brilliancy, velocity, elevation, and the extent
of space described by them.

Out of 98 appearances observed by Brandes in the year 1823, in the neighbourhood
of Breslau, the computed heights were:—
4 under 15 miles.

15 from 15 to 30 miles.
22 ,, 30to45
33 ,, 45to70.

13 from 70 to 90 miles.
6 above 90 miles.
5 from 140 to 460 miles.

IT. Luminosities of a far more striking kind, though of much rarer occurrence,
have repeatedly been observed giving out an intense light and hissing noise dur-
ing their progress, a loud explosion attending their termination.

In 1676, a luminous body passed over Italy about two hours after sunset, coming
from the Adriatic, and crossing the country in the direction of Rimini and Leghorn,
at which latter place a loud report was heard, disappearing towards Corsica.

In 1718, a similar object was seen all over England, at the computed distance of
about 60 miles above the surface, with a brightness so intense as to efface the lustre of
the moon and stars, the sound of an explosion being heard in Devon and Cornwall.

On the night of Sept. 25, 1846, about 10 o'clock, a magnificent meteorite was ob-
served from different parts of the kingdom, travelling in a north-westerly direction
across the heavens, leaving behind it a fiery train. The light, of a lurid bluish tinge,
was 80 I!vverful, that for half a minute there seemed to be a transition from darkness
to daylight.

III. The actual descent of heavy bodies to the earth from surrounding space
is a well-established fact. To these bodies the term aérolites is applied, signify-

ing atmospheric stones.

At Ennisheim, on the Rhine, a stone of 260 Ibs. weight fell in the year 1492,

In 1627, Gassendi observed a similar event near Nice, and examined the mass of
59 1bs.

In 1790, a complete shower of stones fell in France, of various sizes. .

In 1795, a stone weighing 56 lbs. fell near Wold Cottage, in Yorkshire, a loud ex-
plosion being heard.

examined, some of which weighed 174 Ibs. The above are only a few of many cases of
the same nature,

IV. Akrolites, examined immediately after their descent, are always found to
be intensely hot. They are uniformly composed of the same substances, and
nearly in the same proportions, whether falling in India or in England, viz., silica,
magnesih, iron, nickel, sulphur, and zinc. These are substances native to the
earth; but it is a remarkable fact, that they are never found natively combined as
in the case of the meteoric stones.

V. In various countries, large metallic masses have been met with, lying com-
pletely insulated and half buried in the earth, of identical composition with the
known agrolites, leaving no doubt as to their common origin.

An immense mass of malleable iron mixed with nickel was discovered by Pallas, at
a considerable height on a mountain of slate in Siberia. .

A similar block, computed to weigh 13 tons, lies on the plain of Otumba, in the dis-
tﬁz;e 31;‘ Buenos Ajyres, of which a specimen weighing 1,4001bs. is in the British

In the province of Bahia, in Brazil, there is another block weighing six tons.

VI. These remarkable bodies have been supposed to be concretions formed in
| the atmosphere from particles in it; but their size, and the fact that their mgre-
dients have never heen found in the atmosphere, analyzed at the sea level and
on the tops of high mountains, renders the hypothesis inadmissible. They have
been also considered projections from lunar volcanoes. But the supposition of
4 body, or bodies, in the system circulating round the sun, which, encountering
the earth in its orbit, are drawn towards it by attraction, and become ignited
upan entering the atmosphere, in consequence of their rapid motion, is the most
probable theory; and is, perhaps, the true explanation of the phenomena of
shooting stars, aérolites, and the November meteoric displays.

Sir Humphrey Davy advocated the opinion of meteorites being solid bodies moving
in space; and states, that the heat produced by tbe compression of the most rarefied
air from their velocity must be sufficient to ignite their mass. Some, no doubt, are
completely dissipated in the atmosphere; others may pass by us horizontally as biil-

completely fused.

VII. Resplendent showers of stars are mentioned in old chronicles, but have

been assigned to the ancient love of the marvellous, till confirmed by analogous

years. Thelast few years have been remarkable for the number of comets observed. exhibitions in modern times. What is most remarkable is, that these grander

In 1803, another shower took place in France, of nearly 3,000 stones, which were |

liant lights re-entering the depth of space; while others fall to the earth without being




and more extensive meteoric displays have usually been witnessed in the month
of November, and at about the same period of the month.
On November 13,1799,

the Moravian missionaries
in Greenland— Humboldt
aod Bonpland, in South
America—the Franciscan
mouks near the entrance
of the Orinoco, and Mr.
Elliott at sea, between
Cape Floridaand the West
Indies, cbserved this mag-
nificent phenomenon. ?t
continuedfrom about three
o'clock in the morning
until after daybreak, the
meteors falling towards
the eartb as thick as hail.
In 1814 and 1819, simi-
lar stellar showers were
observed in Canada; and
during the satomn of
1818, in the North Sea.
On November 13, 1831. the same event occurred upon a great scale, and was seen
off the coast of Spain, and in the Ohio country.
At the same time, in 1832, another exhibition was witnessed from the Red Sea,
westward to the Atlantic, and from Switzerland to the Mauritius,

VIII. The most astonishing and awful spectacle of this class took place No-

_—

vember 13, 1833, and was observed from the longitude of 61”in the Atlantic
Ocean, to that of 100° in Central Mexico, and from the latitude of the North
American lakes to the West Indies. It was not seen anywhere in Europe, or in
South America, or in any part of the Pacific Ocean; but within the area named,
from a little before midnight, in a very clear state of the firmament, there was
an incessant play of meteors in the sky, till the full break of day rendered them
invisible.
The remarkable fact was
established upon this occa-
sion, that the meteoric
shower proceeded from one
pointof the heavens, to the
south-east of the zenith,
near the star y Leonis.
None of the luminosities
started directly from this
point; but, traced back-
wards, they converged to-
wards it as to a common
focus (represented by the
Diagram). The point re-
mained stationary with
respect to the stars, and
was thus independent of
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g:'f xth‘s rotation. It was computed to be not lcss than 2,238 miles above the earth’s

IX. The periodicity of the occurrence appearing to be established, it has been
anxiously watched for in the November of succeeding years, and though no rival
scene to the preceding has been witnessed, yet extraordinary flights of shooting
stars have appeared at the periodic time.

(:lll. November 13, 1834, they were seen in Europe and America, more abundant than
usu.

On November 12 and 13, 1836, the following results were obtained in France :—

Places. Meteors. Places. Met: ors.
Paris, at the Observatory . . 170 | Von Altimarl. . . . . . %5
Dieppe . . . . . . 36 Anjou . . ., . . ., . . 49
Arras . . . . . . .. 27 Rochefort . . . . ., . . 23

Strasburg . . . . . . . 85 Havre . . . . . . . .300

On November 12, 1837, many falling stars were seen in England, bat at 10 o’clock
dmg,( clouds prevented further observation. In November, 1838, they were frequent
at Vienna.

X. Professor Olmstead, of Yale College, an eye-witness of the imposing scene
of 1833, after carefully collecting and comparing facts, came to the conclusion,
that the metcors ““emanated from a nebulous body, which was then pursuing its
way along with the earth around the sun; that this body continues to revolve
around the sun in an elliptical orbit, but little inclined to the plane of the ecliptic,
and having its aphelion near to the orbit of the earth; and finally, that the body
has a period of nearly six months, and that its perihelion is a little below the
orbit of Mercury.” The diagram represents at & the orbit of the earth, at M
that of Mercury, and at N that of the
supposed nebula, particles of which, » —
when the two bodies periodically ap-
proximate, are attracted towards the
earth, and fused upon entering our
atmosphere by their concurrent velo-
cities, causing the appearance of a
metcoric shower. However doubtful
this particular theory, the fact scems
indisputable, that, besides planets,
satellites, and comets, the system con-
tains unknown bodies in circulation
round the sun, which the earth en-
counters in its orbital revolution, and
hence the preceding phenomena.
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CHAPTER L
SOLAR ECLIPSES.

I. AN cclipse of the sun is caused by the dark body of the moon passing
directly between the earth and the sun, intercepting his light. .
This is, properly speaking, an occultation of the solar orb by the moon, which
deprives certain portions of the earth’s surface of his light, thereby eclipsing those
portions.
If the sun and moon had been of equal
itude, the moon’s shadow would be
cylindrical and of unlimited length, as fig. 1.
If the moon had been of greater magnitude
than the sun, her shadow would then re-
semble a truncated cone, of indefinite extent,
as fig. 2,
The moon being immensely inferior to the
sun, her shadow hence converges to a point,

as fig, 3.

II. When the sun is at his greatest dist-
ance from the earth, and the moon at her
least, her .shadow is sufficiently long to
reach the earth. and extend about 19,000

—_—

miles beyond it. If, then, the moon comes in a dircet line between the sun and
the eartfx, the dark shadow of the moon will fall upon the earth, covering a circu-
lar area, within which there will be a total eclipse of the sun. But besides the
dark shadow of the moon, or umbra, there is another fainter shadow, or penumbra,
much more extensive, caused by the moon hiding a part only of the sun’s disk,
to all places within which the eclipse is more or less partial.

Lines drawn to the earth, as in the
diagram, from the upper and lower
limbs of the sun and moon, define 'the
umhra, the moon's dark conical
shadow.

Lines drawn to the earth, along
opposite edges of the sun and moon,
define the penumbra, or fainter
shadow,

The dark shadow of the moon can never cover more of the earth’s surface than an
area of about 175 miles in diameter, where the eclipse is total; but in consequence of
the earth’s motion, this area becomes a continuous belt, as the shadow sweeps over the
terrestrial superfices. No total eclipse, therefore, can last longer to any part of the
world than 7 minutes 58 seconds.

The fainter shadow covers an area of about 4000 miles in diameter; aud the eclipse
becomes less extensive within it with the distance from the area where it is total.

As a general rule, subject to many modifications, it may be observed, that places
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CHAPTER III.
THE SUN AND MOON AT THE HORIZON.

I.-'l'he atmosphere surrounding the earth not being a medium of uniform
density, the rays of light from any celestial object are refracted or bent from a

' straight course in passing through it, and as the density increases with the lowe.

observer.

elevation of the atinosphere, the rays of light
deviate more and more from a right line to-
wards a curve, in passing to the eve of an

o

Let ab, qb. ub, ab, be strata, or layers of the at-
mosphere, increasing in density towards m n, the
surface of the earth. A ray of light from the star
8, will be refracted or bent, 80 as to move in the
curve rrr A; and as an object is seen in the
direction of the ray that meets the eye, the star
which is actually at 8 will seem to be at c, to a
spectator at A. Owing to refraction, which always acts in a vertical direction,
objects appear elevated above their real place, and hence a body at D below the
horizon H o will be seen as if at o.

The refractive power of the atmosphere was known to Ptolemy, but Tycho Brahe
was the first who attempted an estimate of its value, and systematically applied it to
correct the obeerved altitude of the sun, moon, and stars.

IL In the zenith there is no refraction, and a celestial object there is seen in
its true position, as if there were no atmosphere. Halfway between the zenith

" and the horizon, or at the altitude of 45°, the refraction amounts to only 55 of a

degree; but at the horizon it is equal to 33, which is rather more than the
greatest apparent diameter of either the sun or moon.

IIL. Hence it follows, that all the heavenly boulies, except when in the zenith,
appear higher than they really are, and are seen for a short time before they rise
to the horizon, and also after they have sunk below it. When the sun or the
moon’s lower limb appears just resting on the horizon, the entire body of either
luminary is actually below it, and would be quite concealed by the convexity of
the earth, but for the upward bending of the rays in their passage through the air.

It was in consequence of refraction, that, April 20, 1837, the moon appeared to rise

. eclipsed before the sun had sct, which also occarred September 20, 1717, But for

refraction, the phenomenon could uot possibly have happened, for the three bodies
would not have been in a line. . . .

The effect of refraction may be familiarly illustrated by plunging a stick partially
into a river, or other collection of water. The stick appears perfectly straight as usual
whiie held upright, because in that position there is no refraction ; but let it be inclined,
and it appears bent, refraction then taking place. )

Or, let any small object, as a piece of money, be placed in an empty basin, as near
the centr= as possible, and retire to such a distance as just to lose sight of the object.
let water then be poured into the basin, and the object will appear in view. Upon
again rh:tiring till it is just no longer seen, and more water being added, the object will
again be visible.

The edge of the basin may be supposed to represent the horizon; the water, the
atinosphere; and the piece of money, the sun, which is thus made to appear by the
power of refraction, when otherwise it would be invisible.

IV. One obvious effect of refraction is to shorten the duration of night and
darkness by prolonging the apparent stay of the sun and moon above the horizon.
At some periods of the year, the sun appears 5 minutes longer, morning and
eveniog, and about 3} minutes longer, as the mean for every morning and
evening through the year, than he would do if there were no refraction.

V. Viewed at the horizon from the summit of a mountain, or an eminence by
the sea, the sun and moon ae often distinctly observed to have a compressed- or
oval shape. This arises from the unequal refraction of the rays of light proceeding

from their upper and lower limbs.

The lower regions of the atmosphere being the densest, have the greatest refractive
power. Hence the rays of light from the lower limbs are bent more than t.ho;se. from
tke upper. 'The apparent vertical diameter of the sun or moon is thereby diminished,
while the apparent horizontal diameter is scarcely affecteq, as refraction acts only in a
vertical direction. ‘They appear, therefore, to lose their circular form, and put on a
compressed shape, .

The vertical diameter of the solar disk at the horizon, has been found, by micro-

‘I:L':,"icalt al;lmnremems, to be four, five, and even six minutes of & degree less than the
izontal,

_ VL The solar glory at the horizon can be horne by the naked eye without
Inconvenience, but his meridian splendour is oppressive and intolerable to the
unprotected vision. This is due to the absorbent property of the atmosphere, to
the Tays of light having to pass through a much larger extent of it, and to the
medium being much more dense in the one case than in the other.

Rays of light passing from m, the horizon, will
embrace a much greater portion of the atmosphere
included between the two arcs than rays proceeding
from z, the zenith. Consequently, as the air is an
absorbent, a much less quantity will reach the eye
from the sun at the horizon than in other positions,
It is computed that the solar light, in the cireum-
stances named, is diminished 1300 times from its
meridian strength,

?%—1

VII. At the horizon the sun and moon appear much larger than in other
situations, though then, according to the laws of optics, they should appear
smaller, being farther away from the eye by the enrtl’s semi-diameter, than if in
the zenith. This effect may be due in part to refraction, but is chicfly an optical
illusion, caused by the iutervening landscape over which they are seen, as, when
measured by an instrument, their apparent diameters are not increased at all.

CHAPTER IV.
THE HARVEST MOON AND THE HUNTER'S MOON.

L. The progress of the moon in her orbit from west to east being about 13° daily,
she rises at the mean rate of nearly 50 minutes later every day than on that
preceding. But in places of considerable latitude, as our own country, this
general rule is departed from, especially about the time of harvest, when the full
moon rises for several nights only about 20 minutes later than the one preceding.
The benefit thus conferred upon the husbandman, in having a greater share of
natural light, when employed in reaping and garnering the fruits of the earth,
has acquired for the moon, under these circumstances, the title of the harvest
moon.

_ At and near the equator, the moon rises with nearly the equal daily difference
of 48] minutes throughout the year, and consequently there the harvest moon is
unknown.

II. The fact of the moon rising in northern latitudes with different intervals
between the times of rising, which is also true of corresponding latitudes in the |
southern hemisphere, is due to the different angles which her orbit makes with
the horizon, some parts of it lying less oblique to the horizon than others. When
the angle, or obliquity, is small, a larger portion of the moon’s orbit, or of the |
ecliptic, rises in equal times than when the angle or obliquity is greater.

In the latitude of London, for instance, those parts of the moon's orbit, or of the ecliptic,
which at their rising make the smallest angle with the horizon, are the signs Pisces
and Aries. As much of them rises in two hours as the moon goes through in six days.
Hence it follows, that, while the moon is in these signs, she differs but two hours in
rising for six days together, or, one day with another, she rises about twenty minutes
later every day than on the preceding.

III. As the moon passes through Pisces and Aries every month, it follows that
her rising for a week together at nearly the same time is a monthly phenomenon;
but it is only in the autumnal inonths, September and October, that she rises
with so little variation as a full moon, and it is her appearance, and the season,
that renders the event remarkable. The former is the harvest, and the latter the

hunter’s moon.

The moon can never be full but when she is opposite to the sun. For the moon
then to be full in Pisces and Aries, the sun must be in the opposite signs, Virgo and
Libra; and the sun is never in those signs except in our autumnal months. .

While in northern latitudes the autumnal full moons are in Pisces and Aries, in
corresponding southern latitudes it is just the Teverse, bgcause tI!e seasons are so,
There, Virgo and Libra rise at as small angles with the horizon as Pisces and Aries do
with us ; and hence, south of the equator, the harvest moons occur as regularly, but at
an opposite period of the ycar.

IV. The phenomenon of the harvest moon was observed by sgriculturists long
before it engaged the attention of astronomers, and regarded as a special
ordination of Providence for their benefit.
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form of the earth, and the unequal attraction of the sun and moon on the un.equal
masses of matter at the equator and the poles, producing a slow reeling motion of
the earth’s axis from east to west, and the recession westward of the equinoctial
points.

CHAPTER IX.
OBLIQUITY OF THE ECLIPTIC.

L. The obliquity of the ecliptic is the distance between the equinoctial and
either tropic measured on a meridian; or it may be defined to be the angle which
the plane of the equator makes with the plane of the earth’s orbit. The inclination
of these planes to each other, upon which the unequal length of day and night,
and the succession of the seasons depend, is subject to & very small annual
reduction, the tendency of which is to bring the two planes to coincide—that of
the equator with the ecliptic.

I This diminution in the obliquity of the ecliptic is due chiefly to the action
of the.planets on the earth, principally of Jupiter and Venus, by which the plane
of its orbit is drawn nearer to the equinoctial, so that the tropics are not so far
distant from it, and the sun does not come so far north of the equator in summer,
nor decline so far south in winter, as he must have done several thousand years
ago, by nearly a degree.

The amount of the obliquity of the ecliptic has been carefully observed in different
ages, with the following results: —

Date. Obliquit,

Date.
Eratosthenes . 230B.c..23° 51’

y. . Obliquity.
20” | Cassini .

. 1655 A.D. .23° 29’ 15”
Ptolemy . 1404.0..28 48 45 | Flamstead . 1690 . .23 29 0
Albategnius . 880 . .23 35 O |Roemer . . 1706 . .23 28 41
Arzachel . .1104 . .23 33 30 |Bradley . . 1750 . .28 28 18
Ulug Beg . .1463 . .23 30 17 | Maskelyne . 1800 . .23 27 565
Keppler . .1627 . .23 30 30 [Airy . . . 1840 . .28 27 365

Thus in two thousand years, the ecliptic has decreased its angle by only 28’ 43”5, and
is still decreasing it, but the annual amount is almost imperceptible.

III. However small the rate of diminution in the obliquity of the ecliptic, it is
obvious, that if it proceeded without check, the plane of the earth’s orbit and
that of the equator would at last coincide, the sun be always in the equinoctial,
and our seasons be exchanged for a perpetual spring, the days and nights being
always equal to each other. It has been found, however, from the theory of gravi-
tation, that the reduction of the obliquity will at length cease, and an increase set
in; the action of Jupiter and Venus upon the 2arth producing an inverse effect,
to decrease and again increase, thus oscillating between definite and restricted
limits, under control of regular planetary perturbations.

CHAPTER X.
EQUATION OF TIME.

I. It has been already observed, that the intervals between two successive
arrivals of the sun on the meridian, are not the same at all times of the year, but
sometimes greater, and sometimes less, than 24 hours, as shown by a well-regulated
clock. Hence the distinction between apparent or solar time, shown by the sun-
dial, and true, or mean, or equinoctial time, given by a clock adjusted by an
imaginary sun, supposed to move in the plane of the equator with an equable
mean motion. The difference between them, which sometimes amounts to
16} minutes, is called the equation of time.

The following figure represents
the difference between solar,
ecliptic, or apparent time, and
mean, equinoctial, or clock time.
It will be seen that from Aries to
Cancer, the san in the ecliptic
comes to the meridian before the

uinoctial sun; from Cauncer to
Libra after it; from Libra to
Capricorn before it; and from
Capricorn to Aries after it, Thus,
from December 25 to April 16,
and from June 16 to September 1,
the clock is faster than the sun-
dial ; from April 16 to June 16,
and from September 1 to Decem-
ber 25, the sua-dial is faster than
the clock.

I1. The following table shows
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the equation of time at noon, or the interval between the apparent and true noon,
or the days on which a clock keeping good time will be an even number of
minutes faster or slower than the sun’s noon, as shown by a correct sun-dial :

F rast, 8 sLow, MINUTES,

Days. Min.| Days. Min.| Days. Min.| Days. Min.| Days. Min.| Days. Min,

January 2 F 4 | March 9 11| May 1 3|August2l 3! October 4 11| Dec. 10 7
4 5 12 10 15 4 25 7 12 12 6
6 6 16 9 30 3 2 1 11 13 4 3
8 7 19 8| June 5 3 |8ept. 1 0 15 14 17 4
n s s 7 n 1 481 20 15 19 3
13 9 2 6 16 0 7 2 28 16 21 ¢
16 10 9 3 20F1 10 38| Nov. 16 15 23 1
19 11| April 1 4 25 2 18 4 21 14 25 o0
2 12 5 3 S0 3 16 5 25 13 27F |
27 13 8 2|July 5 4 19 6 28 12 29 2

Ped. 1 14 12 1 11 5 22 7| Dec. 1 11 3 3
21 14 18 0 22 6 24 8 3 10
28 13 2081 31 5 27 9 6 9

March § 12‘ 25 2| August 16 4 30 IOI 8 8

CHAPTER XI.
TIDES.

L. The periodical flux and reflux of the waters of the ocean, an important
auxiliary to navigation, and to the health of cities visited by the tidal wave,
depends upon an astronomical cause, the attractive influence of the sun and moon.
The general theory of the tides is very simple in its principle, but complicated in
its details by the geographical distribution of land and sea.

The ocean rises, or flows, as it is called, gradually, about six hours; it remaios
stationary about a quarter of an hour; it then retires, or ebbs, during another six
hours, to flow again after a brief repose.

IL. The moon is the most potent agent in the production of the tides, owing
to her proximity to us. Twice every day, or in the interval between successive
returns of the moon to the meridian of a place, which is 24 hours, 50§ minutes,
the sea flows and ebbs, but much less towards the poles than within the tropics,
the latter zone being more directly exposed to the lunar attraction.

If the earth were surrounded by a
uniform mantle of water subject to no
external influence, it would uniformly
maintain the same level, and lie upon its
surface in the form of the shaded zone
in the diagram. But let us see what,
according to the law of gravitation, will
be the effect of the presence of a body
like the moon, and is actually exhibited
by tidal phenomena. .

The attraction of gravitation has refererce to all matter, solids and flnids, but may
be expected to produce its greatest effect upon the liquid form of it, so susceptible of
mcg)ihty, yielding to the slightest impression.

up .
attracting body from the point attracted, it follows, that the particles of water atha
will be more powerfully acted upon by the moon than those at ¢ and f, or than the
;igrticles of land at the bottom of the water at b, these being at a greater dm’“g'

he waters, therefore, are drawn towards the point directly opposite the moon by the
force of her attraction, and bulge out as in the diagram. <o in the

High water is thus produced at a, and it is also caused at the same time u:i e
opposite hemisphere at d, for the same reasons. The particles of land at ¢, a0 i
earth’s centre E, will be more powerfully drawn towards the moon than the '.l:etrllre
d, being nearer, and recede from them, producing the same effect as thong| y
receded or rose up from the centre of the earth. - lace

High water is thus produced at a and d, and as the ocean cannot rise in oned§
without being correspondingly depressed at another, it is then low water at e anc.j.

IIL. The rise of the tide, or high water at any given point, i.s thus ‘”}““’edo:l’;
the point in question being in the direct line of the lunar attraction, or t e: he
passing the superior or inferior meridian of its position, that which l(]:u o
zenith and the nadir. The ebb of the tide, or low water, 18 'mused ?yht ets e
being 90° from the zenith and nadir of the place, on a circle which cuf
meridian at right angles, or appearing in the Lorizon.

As the moon is a month in completing a circuit round t h
be two tides of flood and ebb evergmmonth, if the earth reposed upon “:im'
dinrnal rotation brings the moon daily to the superior and inferior e
part of the globe, producing two daily seasons of high and low wattel;: s not precisel y

It is found, however, by observation, that the time of high ':'n e ours afterwards
coincident with the moon passing the meridian, but about three B e after she
The explanation is, that the moon acts with considerable force :gr s:aters of the ocean
has passed the meridian, and owing to the impulse given to the the tupar sinfluence
they continue to ascend, reaching their maximum elevation when the ’
is on the wane.

IV. The attraction of the sun operates in producing the tides,

1d only
the earth, there wouBu' .

of every

but is feebltff
owing 10 his

than that of the moon, calculated to be about three times less,

[

———————

e m the moon, then, as the force of attraction varies with the distance of the |
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greater distance. Sometimes the two bodies act in conjunction, and sometimes
in opposition, causing high and low tides.

Let s be the sun, and a, b, ¢, d, the
moon in four parts of her orbit.

‘When the moon is at b and d, her action
and that of the sun are in opposite direc-
tions, and to some extent counteract each
other. This happens twice a month,
when the moon is in quadrature, and
then occur the lowest or neap tides.

When the moon is at a, as it is new
moon, she unites her influence with that
of the sun; and this is the case also
when she is at ¢ or full, for while the sun
attracts the waters on the side nearest to
him, the moon attracts the earth from
them, and while the moon attracts the
waters on the side nearest to her, the
sun attracts the earth towards him.
Hence in these positions of the moon,
new and full, we have the highest or
spring tides.

But the greatest

spring tides are not exactly coincident with the full and change of
the moon, nor are the least neap tides coincident with her (Luadratureo. The former
occur about l& days after the new and full moons; and the latter about 1} days after
ber first and third quarters. This is for the same reason that high water occurs after
the moon’s coming to the meridian.

In addition to this, the highest floods and the lowest ebbs occur at the new and full

moon near the equinoxes in March and September, when the moon is in perigee, or
Dearest the earth.

V. Such is the general theory of those fluctuations to which the waters of the
ocean are subject, as far as they depend upon astronomical causes. The actual
phenomens, however; are greatly complicated by the varying action of the winds,
by oceanic currents, by the inequalities that mark the bed of the ses, and more
especially by the irregular intermingling of immense masses of dry land with the
waters.

Supposing the earth completely covered with water, the tides would flow from east to
west, that being the direction which the moon appears to pursue daily in consequence
of our diurnal rotation from west to east. But continents and islands arrest and divert
the tidal waves from this course, and peninsulas, headlands, and narrow channels,
introdoce further complexity, so that to different places the tides flow in different
directions, rise to very varying heights, and happen at all distances of the moon from
the meridian, or at all hours o? the lunar day.

VI. Lakes have no tides, owing to their dimensions being so small, that the
moon’s attraction is equal to every part, and does not therefore disturb the equi-
librium of their waters. Some narrow seas also, as the Mediterranean and the
Baltic, undergo very trifling changes of level for the same reason, and because
their entrances are so contracted that they cannot receive a sufficient effux from
the tidal waves of the outlying oceans sensibly to raise their surfaces.

CHAPTER XII.
LATITUDE AND LONGITUDE.

L. The latitude of a place on the earth’s surface or its distance north or south
from fhe equator, measured on its own meridian, is readily found by taking the
elevation of the pole above the horizon, for it is always equal to that elevation.

To mariners and travellers in the northern hemisphere, the polar star is a useful
suxiliary in finding the latitude, being about 1° 32’ from the true polar point in the
heavens. The navigator, therefore, applies his quadrant to this star, ascertains its
m:ge, makes the necessary allowance for the polar aberration, and thus obtains his

e,

At Quito, nearly on the equator, the pole star is scarcely visible, being in the hori-
zon of tbg spectator. As we proceed northwards from this or any other point, its
elevation increases, amounting at Greenwich to 51° 28’ 40”, the latitude of the place.

II. The longitude of a place on the earth’s surface, or its distance east or west
from any fixed station, the meridian of Greenwich being adopted by English
Astronomers and geographers, is a more difficult problem. The distance is at
once ascertained, if we know the time at our own station, and at the place from
which we want to compute our distance, for the difference of an hour earlier or
later shows that we are 15° to the west or east of it; and so on proportionably.
The whole question of the longitude resolves itself into knowing the difference

of time, and to obtain this various methods are adopted.

25

The exact times at which solar and lunar eclipses, and the eccl:rel of Jupiter’s
satellites occur at a given meridian, as that of Greenwich, are calculated and an-
nounced several years in advance, and by observing the phenomena, and comparing
the hour at the piace of observation with that given in the tables, the traveller or
mariner arrives at the difference of time, and from thence deduces his longitude,

Again—Lunar distances, or the distances of the moon from partic stars, are
calculated beforehand, and set down in the tables according to Greenwich time. If,
then, the mariner finds s particular star registered in the “ Nautical Almanack” as at
such a lunar distance at a certain hour at Greenwich, he observes the hour when this
lunar distance occurs, as seen from his ship, and thus obtains the difference of time,
and from thence his longitnde,

III. The preceding methods are imperfect, because a day or two before and
after the change the moon is invisible. Fogs and clouds also may completely
obscure the sky; and the rolling of a vessel in boisterous weather renders correct
observation often impossible. Hence chronometers, constructed upon the prin-
ciple of ordinary watches, but fitted up with extreme care, and furnished with a
compensator, are now commonly carried out as an additional means of finding the
longitude. At the moment of departure the chronometer is set exactly to the
time of the meridian of Greenwich, or any other given station, and when accurate
time-keepers, as such instruments are made, the mariner has only to take the
hour of the place he is in, to compare it with that given by the chronometer as
the hour at Greenwich, and he obtains the difference of time, and consequently
his longitude.

CHAPTER XIIIL
MOTIONS OF THE PLANETS.

I. The real motions of the planets, or as seen from the sun, are in elliptical
orbits from west to east. Their apparent motions, or as seen from the earth, are
sometimes direct and sometimes retrograde, or from west to east and from east to
west, describing paths the most vexed and unsystematic, spiral loops, complicated

curves, and angular movements.

The paths of Jupiter and Mars, at the intervals stated,
as observed from the earth, were as roughly repre-
sented in the diagram.

IL. A planet’s motion is said to be direct when
to a spectator on the earth it appears to go forwards
in the zodiae, according to the order of the signs ;—
to be stationary, when it appears for some time in
the same point of the heavens;—and to be retro-
grade, when it seems to go backward in the zodiac,
contrary to the order of the signs. These apparent
irregularities result from the combined prosecution
of direct and regular paths on the part of the earth and the planets, but with
different velocities.

Let 8 be the sun; A, B, C, D, part of the
earth’s orbit in the direction of the arrow; a,
d, c, b, part of the orbit of a superior planet;
M, N, an arc of the celestial sphere.

When the earth is at 4, and the planet at a,
a terrestrial spectator will see it ’&rojecud to
a place in the heavens at E. e angular
motion of a superior planet being slower than
that of an inferior, when the earth is at B, the
planet may be supposed to be at d, and its
place will bedprojected in tl:e.heauv]ens tt ¥,
thus apparently retrograding in the sphere
from E l:: ¥, 51&1. accom;l;'luhing the direct
movement from a to d. The next movement
of the earth, B, c, and of the planet d, ¢, will
produce a further retrogradation of the latter
in thehla:'eavens e:l\'om r wdo.th Bultn:vhen tbhe
earth arrived at D, and the planet at b, the retrogradation will appear to have
ceased, and the direct movement of the planet in the heavens, G n,lzgelmve taken
place. As both proceed in their orbits, the planet will appear stationary among the
stars, then to have a direct, and afterwards a retrograde motion.

III. Assuming the earth to be the centre of the universe, the foundation prin-
ciple of the old astronomy, the motions of the planets defied the efforts of all
theorists to reduce them into harmony with orderly paths; but their direct,
stationary, and retrograde aspects, are resolved into appearances simply, by their
common revolution round the sun in connexion with the earth.

D




CHAPTER XIV.
PARALLAX.

L. Parallax, signifying a change of place, is a change of apparent potition of
any celestial object, or it is the difference between the true and apparent place of
the heavenly bodies.

IL. The apparent place of a celestial object is that point of the heavens in
which it is seen from the surface of the earth. Its true place is that point of the
heavens in which it would be seen from the centre. The difference between the
two points is the parallax of the object.

All astronomical
observations are re-
ferred to the centre
of the earth as a ge-
neral station; and
a8 & heavenly body
can only be viewed
from the surface, a
correction is made
for its position,
termed a reduction
for the centre.

Let g be the earth,
and B a position on
the surface. From
B the heavenly bo-
dies, a, b, ¢, d, will
be viewed in the di-
rection of the dotted
Lines, and be pro-
ected respectively
i, &, . But

the centre,
would be projected
to ¢ f, ¢, h which
would be their true
laces. The angles
formed by the two
lines at b, ¢, d, are the parallactic angles, and £, i, g, k and &, [, show respectively the

Hence it follows, that an object in the zenith has no parallax at all, is seen in its
troe place, in 8 straight line with the centre of the earth; and that the parallax

diminishes in proportion as an object reaches the zenith,
1t follows, that the true place of a heavenly body not in the senith is somewhat
higher than the ap ¢ place ; and hence, in obtaining the true altitude of the sun

and moon, to find his latitude at sea, the mariner must add the parallax to the
apparent altitude,

II1. Parallax, in & more general sense, is the change of apparent situation of
an object, produced by a real change ‘of place on the part of the observer. We
are familiar every day with this effect; for as we walk or journey, the trees,
houses, and hedgerows upon which we gaze, appear to change their place in
relation to each other, and are projected towards different points of the horizon.

A spectator at a, o
baving two trees be-

fore him in the direct

line a, b, ¢, will see & 2

both trees jected Qe c

towards meppr?mt d é T g

But if he shifts his po-

sition to e, the nearest ~—

tree will befleen :l ge .\

direction f, an e

farthest i‘zd the direc- r

i ; mea- .

l:;ilng the buzline a, ¢, and the respective angles subtended, the distance of the trees

from the points of observation, by the rules of trigonometry, is readily obtained.
Now two spectators, at two remote stations on the of the earth, observing

the sun or the moon, a¢ the same instant, will see either body projected to different
points in the sphere of the fixed stars, and by determining accurately the precise
quntity of their parallaxes, or the amount of'theu- ap) t dmplwement,' their
tive distance from the earth, by trigonometrical t‘{ﬂnclplen, may be ascertained.

*Ee mean horizontal parallax of the moon can be taken without any difficulty, as it
amounts to nearly 1°; but as the greater the distance of m{ body from the earth the
less is its parallax, that of the sun is so exceedingly small as to require the nicest
observation, aided by the rare phenomenon of a transit of Yenus, to be ascertained
with any precision. By the common consent of astronomers it has been settled at the
minate quantity of about 0° 0’ 8”6,

1V. The principles of parallax are important ; for when it has been accurately
found in relation to any heavenly body, the real distance of the body from tye
earth follows; and that element obtained, we have only then to measure its
apparent diameter, to find its magnitude.

CELESTIAL AND TERRESTRIAI, PHENOMENA.

CHAPTER XV,
ABERRATION.

L The aberration of the stars is their apparent motion in & small ellipse, an
optical illusion, arising from the earth’s revolution
in its orbit, and the progressive transmission of ¥ ¢
light. The phenomenon and its cause are the dis-
coveries of Bradley, who made them while atten-
tively observing  particular star, v Draconis, in _—|
the hope of detecting some parallax, or apparent 5
change of place, ariting from its being viewed from
opposite points of the earth’s orbit, separated from
each other by its entire diameter, or 190,000,000
miles. He found no parallax of the star, but dis-
covered the aberration.

Suppose the circle A D the orbit of the earth, and »
the star y is. When the earth is at 4, the star
will be seen in the direction B c; but when the earth D A
is at D, if there were any sensible parallax, the star
would be seen in the direction B®. The observed
appearance, however, was that of the star seen from
4 in the direction c, appearing from D in the direction
r. Thus the apparent elun&: of place was opposite to what would have been the
result of parallax, caused by the earth’s motion alone.

The next diagram represents the apparent annual course of y Dra-
conis, and other stars similarly situated, near the zenith. Suppose the .
line a bent overhead, B being the senith, and a the pole. Tﬁe ellipse
is the apparent annual movement of the star, the transverse diameter of
which is about 40”.

~d

B

IL To this apparent motion the term aberration is applied, but s
not with strict accuracy, as the movement is not irregular but uni-
form. It long foiled sagacity to discover the cause of this effect,
but at length it was satisfactorily explained to result from the D
progressive motion of light combined with that of the earth in its ﬁ
orbit.

Let an observer be sup)
light passes from c to B. The impression of the ray of
light meeting the eye at B, owing to the combined mo- c
tions, will be exactly similar to what it would have been
if the eye had been at rest at B, and the molecule of
light had come to it in the direction D B. The star,
therefore, from which the ray of light proceeds, whose
real place is at c, will appear in the direetion p to the
observer at B.

A precisely similar effect takes place when a person moves ra idlythmﬁ' h a per
pendicular shower of rain. If he modsﬁlLthedropowonldﬁan n his t:ﬁ"v
owing to his motion, they beat his face, as though they fell obliquely, and not
from the zenith. Now, as an object is seen in the direction in which the rays of light
impinge upon the eye, a star in the zenith will appear at a little distance from it to
a spectator carried -{ong with the earth in its orbit.

[ A

1. The aberration of the stars is a fact of great importance, as it is the only
sensible evidence we have of the earth’s translation in space. With its discovery

the locomotion of our planet became a demonstration.

to move from A to B in the same time that a ray of

P



THE SIDEREAL HEAVENS.

CHAPTER 1.

THE FIXED STARS

I. Under the dencmination of fixed stars, those celestial bodies are included,
which, while partaking in the apparent diurnal revolution of the sphere, seem to
maintsin invariably the same positions in relation to each other.

The denomination is, strictly speaking, inaccurate, for many of the stars have their
own proper motions ; but they are so exceedingly slow and small that their detection
and estimate belong to the refinements of astronomy, so that for all general purposes
the received phrase is sufficiently correct.

11. The apparent immobility of these bodies renders them of immense service
to mankind, as celestial guide-posts to the traveller in the desert, where there are
no land-marks to direct his way, and to the mariner at sea to find his longitude.

For this latter purpose, nine conspicuous stars are chiefly used, conveniently situated
in relation to the moon's path in the heavens :—a Arietis, Aldebaran, Pollux, Regulos,
Spica Virginis, Antares, Altair, Fomalhaut, and Markab. Their lunar distances, at
certain hours of the day for several years to come, are calculated for the meridian of
Greenwich, and by comparison of his own observations with the tables, the seaman
finds his distance from meridian.

III. The fixed stars are divided into classes according to their magnitudes,
ranging from the first down to the sixteenth; but all after the sixth magnitude
are invisible to the naked eye.

Within reach of a practised eye, there are in both hemispheres, about the following
number of stars :

First magnitude . . 20 stars | Fourth magnitade. . . 500 stars

Second . . . . . . . 70 ,, |Fith . . . . . . 690 ,,

Thid . . . . . 220 ,, Sixth . . . . . . 1,500 ,,
—Total 3,000.

IV. The stars have, however, no appreciable magnitude at all, remaining mere
points of light, without any apparent diameter, under the mightiest telescopic
power. They vary simply in brightness, and appear much brighter when viewed
through a telescope ; and hence it would be more proper to compare them with
each other by brightness, not by magnitude.

V. To facilitate reference to the heavens, the stars are arranged in constella-
tions, or groups; a convenient practice, analogous to the civil divisions of the
globe into countries and states. The arrangement has, however, been more the
work of fancy than of judgment. The stars have been grouped into outlines of
men, animals, and dragons, to which the particular stellar clusters have no
natural resemblance; and hence we have constellations involved, and running
into each other in the most irregular manncr.

The formation of the constellations has been the work of different periods, but the
greater part were produced in very ancient times. Aratus, a Cilician from Eudoxus,
B.C. 370, a cotempo! of Plato, enumerated 45 as then in use, all of which are now

depicted on our celestial globes, the 12 zodiacal, with 20 in the northern, and 13 in the
southern hemisphere,

Ptolemy gives the next enumeration, which includes the preceding, and three addi-
tional, one northern and two southern constellations, making 48.

Large accessions have since been made, maritime discovery having led to a full
acquaintanee with the southern heavens, of which the Greeks and Romans had only
a partial knowledge. Lacaille, in 1751, went to the Cape of Good Hope to catalogue
the southern stars, and form them into constellations; and by Hevelius and others,
some stars of the northern hemisphere, not included in the ancient groups, have been
formed into new ones.

VI. Prominent stars in the heavens received from the Greek and Arabian
astronomers particular names, which are still popularly retained—as Sirius,
Arcturus, Rigel, Capella, Markab, &c.; but in scientific works the stars in each
constellation are denoted, according to their brightness, by Bayer's characters,
consisting of the letters of the Greek and Roman alphabets, and of numerals.

Thus a designates the most brilliant star of a group, 3 the next, y the third, 3 the
fourth, &c. en these are exhausted the Roman letters a, , ¢, d, &c., are used ; and
when these fail, the numerals 1, 2, 3, 4, &c., are employed.

The relative briihtneu of the stars of a particular ng, and not of the heavens in
general, is thus indicated. Hence y, Virginis, is equal i brightness to a, Aquarii.

VII. This nomenclature of the stars was first proposed by John Bayer, of
Augsburg, in Suabia, in the year 1603, and has been generally followed.

CHAPTER II
ZODIACAL CONSTELLATIONS.

L. The constellations in the zodiac are twelve in number. In the following

table the number of the stars in each is given, and the principal are mentioned
with their magnitude. The right ascensions and declinations refer to the middle
of the several constellations. The name Aratus signifies merely that they are in
his list

CONSTELLATIONS. AUTHOR NO. OF STARS. PRINCIPAL STARS. MAGNITUDE. | RT. ASC. DEC.
Aries, the Ram Aratus 66 a Arietis. Sheratan. 23 M 18 N.
7T'aurus, the Bull ” 141 Aldebaran, Pleiades, Hyades. 1 62 18,
Gemnind, the TWINS .c.cvuecs e corsesnmses o srssensas sassonass sussosses smmsesass sassasars ” 83 Cuastor, Pollux. 11 106 35,
Cancer, the Crab - " 83 Acubens. 3 128 20 ,,
Leo, the Lion " 23 Regulus, Denebola. 12 155 15 ,,
Virgo, the VITgIN ...cceeeueneeeernnannnenes e 110 Spica Virginis. 1 192 s,
Ll'tuni the Bal eneee " ﬁ Aubenlch Meli. 2 ;25 158
Bcorpio, the SCOTPION ...eereereeeeevesseresresrenons seses ” ntares. 1 42 26 ,,
Sagittarius, the Archer " 69 v ses ver e ene e . aee sne e 285 s,
Capricornus, the Goat U " 51 we see e e wes ems . e e 312 20 ,,
Aquarius, the Water-Bearer ceasresnane e essserasnsene " 108 Bcheat. 3 332 9.
Pisces, the Pishes - s © e aee s e e e [ 5 10 N.

IL. Arixs has two conspicuous stars in the head of the ram, about 4> apart
They are the nautical star a Arietis,
called Hamal by the Arabs, of the
la?ond magnitude, and Sheratan of the
th¥rd. Bright stars in pairs, but one
bng_bter than the other, are common.
Owing. 4o the precession of the equi-
Doxes, 23 before stated, the constella-
tion Aries is now in the sign Taurus,
thile the constellation Pisces is in the
ugn Aries; but 2,000 years ago, the
zodiacal asterisms and signs corre-
sponded. Hence some ancient repre-
sentations depict the equinoctial colure
Intersecting the stellar ram.

III. Taurus, one of the finest of
the zodiacal asterisms, is just rising in
the east, when Aries is 27° high. It
includes Aldebaran, a star of the first
magnitude, forming with the Hyades.
the letter V on the face of the bull,
and the well-known cluster of the
Pleiades on the shoulder.
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30
, CONSTELLATIONS. AUTHOR. NO. OF STARS. PRINCIPAL STARS. MAGNITUDE. RT. ASC. DEC.
I
*Pheenrx Bayer. 13 . . oo s0s  see oee  ees oo vos voe l: :g 8.
*Apparatus Sculptoris, the Sculptor’s ApParatus .......c.cceusseer Lacaille. 12 | e e e - e e eee ees "
Eridanus nu:;-’;-. th:.l:ive: Fo ]Ahmus. % Achernas 1 g: % "
*Hydrus, the Water Snake yer. cee ses _ses  see  ses  oee or vos s eee e ”
c,{u., the Whale Aratus. 97 Menkar, Mira. 22 25 12,
Pornax Chemica, the Chemist’s Furnace ........ceeeees 14 oo s ee eee see e wee s | e e o oo 42 3,,
*Horologl the Clock " 13 - [ET [ 40 87,
#Rheticulus Rhomboidialus, the Rhomboidal Net...c.orereerecene " 10 R T I e e 60 e,
#Xiphias Dorado, the Sword Fish Bayer. 7 e oo ene cos  eee  oee  see 75 6,
*Celapraxitels, the Engraver's Tools ......ccosecsessercne Lacaille. 16 [ v one 68 42,
Lorm, the Hare Aratus, 19 cee vee es aes aee ses ses sas | eee eee ooe  oee 80 20,,
Columba Noachi, Noah's Dove Halley. 10 Phaet. 2 85 3,,
Orion Aratus. 78 Betelgeux, Rigel, Bellatrix, Saiph. 1°1-2-8 83 0
Atgo Navis, the Ship Argo " 64 Canopus, Miaplacidus, Naos. 1-1-3 ns 808.
Canis Major, the Great Dog " 81 Sirius, Mirzam. 12 100 3,
Equuleus Pictoris, the Painter's Easel ..c...cccomcnneessnencorcanes Lacaille. 8 cer  see see  wme . e oo 80 85,
Monoceros, the Unicrm Hevelius 81 st ane s s aes wes  wee en o 110 3,
Canis Minor, the Little Dog Ptolemy 14 Procyon, Gomelza. 112 SN,
*Ch 1 - Bayer. 10 s ae  wee eee  see  see  ees  oee 168 788,
is Nautica, the Mariner's Compass ......cccceeeseressene Lacaille. 4 oee  eve  eee  wes  see SO 138 0,
*Piscis Volans, the Flying Pish Bayer. 8 we ses  ses  sse  ees wos  ooe . 127 es,,
Hydra, the Serpent Aratus. 60 Cor Hydree. 139 10,,
Sextans, the Sextant Hevelius 41 oo wee aee ass e s see 155 0
*Robur Carolinum, the Oak of Charles 11 Halley. 12 - v ane .. 159 608.
Antlia Pneumatica, the Air-pump ....... Lacaille. 3 e e e oes . 150 35,
Crater, the Cup Aratus 31 Alker. 168 1s,,
Corvus, the Crow " 9 Algorab. 183 18,,
*Crux, the Cross Royer. 6 e e see ase e eee o e 188 60,,
Apis Musca, the Southern Fly Bayer. 4 . wo | e e e e 188 68,
# Avis Indica, the Bird of Paradi " 1 e e e 245 76 ,,
*Circinus, the Comp Lacaille. 4 oo [ 5 220 64,,
C us, the Ci Aratus. 35 wor aee s aee  ese . 195 48,
Lupus, the Wolf » 24 oos  soe eee  ses  oee os 230 45,
Normas, vel Quadra Euclidis, Euclid’s Sq Lacaille. 12 eoe  ooe  aes  ses  aes e 242 45 ,,
*Triangulum A lis, the Southern Triang] Bayer. 5 e ces ese see o . 238 65,
*Ara, the Altar Aratus. 9 wo oo see ses e - 256 64,
*Telescopium, the Telescope ...... Lacaille, 9 cor see s see  sen o 278 58,
Corona Australis, the Southern Crown Ptolemy 12 oo ses  ses  ser  eas  eee . 278 40,,
*Pavo, the Bayer. 4 w8 oo se ses ses s - 303 68,,
*Indus, the Indian " 12 s eve wee ees ses ees  ses  ses o 315 55,,
Mi ium, the Mi; P Lacallle. 10 . see  ees  ses  eee  see  see o 310 37,
#Octans Hadliensis, Hadley's OCLAN .ee.u.sessssnssossessnaeneousees " 4 . o e e see e e - 810 80,
*Grus, the Crane Bayer. 14 . e e eee  see e eee o 330 47,
Toucan, the American Goose ..... " 9 s as ees ses eee s ase  eee ses ore a0 e 359 66,
Piscis Australis, tha Southern Pish Aratus. 24 Fomalhaut. 1 335 3,
*Mons Menss, the Table M | Lacaille. 30 we s ses see oes  ses ses on . OO 76 n,
Those marked * are not visible in the latitude of London.

The parallelogram is intersected in
the middle by three stars of the second
magnitude, in a straight line about 3° in
length, running from north-west to south-
east, These form the belt of Orio),
otherwise called the Three Kings. Thae
uppermost, or most northern star of the
belt, called Mintika, being less than §° §.
of the ea:ﬁnoctiul, is almost exactly ver-
tical to the equator.

South of the belt there is another row
of stars in an oblique direction, of the
fourth and fifth magnitude, forming the
" The. belt asd sword sre popals

e belt and sword are rl
called the Yard and Ell, beeeul: 8 lin{
Joining the three stars of the former is 3°
in length, and is divided by the central
star into two equal parts like a yard-stick,
and because the stars of the latter form
a line which is 1} the length of the yard,

III. Canis Major, on the south-east of Orion, contains one star of the first
magnitude, four of the second, and two of the third, the former, Sirius, glowing
in our winter hemisphere with a lustre unequalled by any other star in the
firmament, being apparently the largest and nearest of the stellar orbs. Canis
Minor, east of Orion and north of Canis Major, has two brilliant stars, Procyon,
of the first magnitude, and Gomelza, of the
second, on the S.E., about 4° distant.

Procyon is a Greek compouud, signifying ants
cani:??r * before the dog,” referringgn to {u rising
above the horizon before Sirius, the dog-star.

IV. Of all the southern constellations, the
Cross, invisible in our latitude, is the most
interesting to the mariner on account of the
sacred emblem to which it has been referred,
and also its real use in navigation. It consists
of four bright stars, so disposed as readily to
admit of the cruciform configuration assigned
to them. The three lower are immersed in
the Milky Way. The upper and the lower
are the Pointers to the south pole.

CHAPTER V.
NUMBER OF THE STARS.

L. By adding together the numbers given in the preceding tables, the sum will
be found to be 1016 stars in the zodiacal constellations, 1456 in those of the
northern, 1995 in those of the southern hemisphere,—making a grand total of
3467. These are mot all visible to the naked eye, but they are those whose
declination and right ascension have been accurately determined, and inserted
chiefly in Flamstead’s catalogue. Taking the whole heavens, there are not more
than 3000 which can be reached by the keenest eye without instrumental aid,
and consequently not more than 1500 from the same station.

On gazing at the heavens, the impression made upon the mind is
larger number of stars being visible to the eye than that stated above,
orderly position, with their twinkling, compietely deceives the sight.
is soon corrected by an attempt to count them. ¢l

The twinkling of the stars arises from the molecl::lel: oioshe atl::giel’ﬂ; ‘;‘;‘““n ¥y
undergoing sudden compressions and dilatations, which produce ¢!
tive pgaer, and co ugnt changes in the direction of the rays of light, ap&ﬂ‘n:‘:gz
every moment displacing the stars, From the tops of high mountains the scll
is less, from the greater rarity of the atmosphere.

that of a mach
Bat their dis-
The impression

11. Directing a telescope to the heavens almost indiﬂ'erently,a.multltl‘lde :f
stars, invisible to the eye, is revealed, realising the common optical impression the
their infinite number. Every increase of instrumental power increases
catalogue of stars in every asterism.

The undermentioned constellatious, in different catalogues, stand as follows:

Bode.
Ptolemy. cho Brahe.  Hevelius. Flamstead.
Aries . . . 18 stu!s. Tyﬁl stars. 27 stars. 66 stars. ;;g “:“'
Ursa Major. 35 56 ,, 73 87 » 319 o
Boites . . 23 ,, 28 52 54 337
Leo . . 35 40 50 95 sl .
Virgp . . . 32 , 39 50 110 o o
Taurus . . . 44 ,, 43 ,, 51 141 » Galileo
The extreme number of visible stars in Orion is not P‘°"°t"ll‘:: gf;tb":?mn the
found 80 in the belt with his imperfect instrument, and 500 1o an ted within the
compass of one or two degrees; upwards of 2000 have been counl
trapezium, or unequal square of Orion. o ted no less thav 568
xamining the Milky Way with his telescope, Hersch W“:t ‘more extensive
stars in the same field of view; and in a space of the gnle“: 258,000,
10° long by 24° wide, he computed that there could not than
__—-—‘-/

-
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'IL. Professor Bessel, of Konigsberg, observed in three years between 30,000
and 40,000 stars included within a zone of 15° on each side of the equator. This
same zone was parcelled out among twenty-four observers for examination, at the
recommendation of the Berlin Academy, each confining himself to 15° of right
ascension, and surveying it in minute detail. Professor Inghirami, of Florence,
took the eighteenth division, comprehended between right ascension 2556 and
270°, and determined the positions of 75,000 stars in it. Upon the whole, it is
estimated that there are not fewer than 100,000,000 of stars within the range of
the telescope.

CHAPTER VI.
DISTANCE AND MAGNITUDE OF THE STARS.

L. Upon the principle of an annual parallax, astronomers have attempted with
great assiduity to approximate at least to the nearest of the fixed stars, but not
until very recently with any success.

For this purpose it is necessary to employ the longest measure that astronomy can
use, or the whole diameter of the earth's orbit, amounting to 190,000,000 miles. This
being taken as 8 base line, and the angular bearing from us of some star being observed
at intervals of six months, when the earth has actually shifted its place from one end of
the base line to the other, the d question to be salved is, the change in the angular
bearing of the star, if any, and its amount, occasioned by this vast shift of the post of
obeervation. Till lately, not the smallest appreciable quantity of parallax, or apparent
change of position, could be detected with the most perfect instruments, so that instead
of any angle being formed by a star, when viewed from points 190,000,000 miles
apart, the star appeared in the same point of the heavens during the earth’s annual
course round the sun, and the same straight line in both cases would describe its

IL Dr. Bradley made a series of observations on y Draconis, a star which,
when on the meridian, is nearly in the zenith of London, but could only infer
that its annual parallax did not amount to 17, or to ygiyy of a degree, otherwise it
must have been detected by his instruments. For the same purpose, a zenith-
micrometer was erected a few years ago at Greenwich to observe the same star,
but no parallax oould be discovered.

Supposing the parallax of the star to be exactly 17, then knowing the length of the
base line, 190,000,000 miles, any schoolboy may compute the distance. As the sine
of the star's parallax 17 : is to radius, or 90° :: o is the semi-diameter of the earth's
orbit, or 95,000,000 miles to the distance of the star 3 or as 0°0000048481368. nat. sine
of 1” : is to 1000000000000, nat. sine of 90° :: so is 95,000,000, semi-diameter of
earth’s orbit : to 19,000,000,000,000 star’s distance. Bat the star had not this amount
of and consequently was more than 19 billions of miles distant.

1L In order to discover an annual parallax, Professor Bessel took the star 61
Cygni in hand, in 1834, and continued observations upon it through four years,
Wwhich commonly amounted to sixteen every night. He ascertained its parallax
to be 0”.3136, somewhat less than one-third of 17, which gives it a distance of
657,700 semi-diameters of the earth’s orbit, or nearly 62} billions of miles,

Light, which ﬂles to us in 8 minates from the sun, would require more than 10 years

to dart across this space. A single hair placed before the eye of a spectator at that
distance would hide from view [:ge whole solar system.

61 Cygui is a star of the 5th . in the right wing of the Swan, passing the meri-
dian near the genith. e ne 8 8

IV. Respecting the magnitude of the stars, we have nothing whatever to guide
us beyond the fact of their visibility when so vastly remote. From experiments
upon the light of Sirius, it is inferred, that regarding the star at the least sup-
posable distance, it must be equal to two of our suns, and is, in all probability,
vastly greater.
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CHAPTER VII.

LOST, NEW, AND TEMPORARY STARS.

L In a number of instances, stars whose places bave been registered in the
catalogues, have subsequently disappeared, and have not since been recovered.
Losses of this kind may no doubt be apparent only, there having been a mistaken
entry ; but in many cases, stars whose positions have been marked with precision,
are no longer to be found.

Montanari observed in 1664 two stars of
ship Argo, but in 1668 he could not obtain

55 Herculis in Flamstead's catalogue,
Herschel in 1781 and 1782,
been seen.

In 1823, Sir John Herschel missed a star in Virgo, inserted in Baron Zach's
catalogue, and has never been able to perceive it.

II. Some stars, on the other hand, appear to be new, as no entry of them
occurs in the catalogues of former observers, who have registered objects of
inferior magnitude in their vicinity, and would scarcely have omitted these had
they been present.

A star in the head of

the 2nd mag. in the stern and yard of the
the least glimpse of them.

of the 5th mag., was particularly observed by
but nine years afterwards it was gone, and has not since

r Cetl:elu, one in Gemini, another in Equuleus, a fourth in
Sexstantis, a remarkable one between 3 and & Eydre, a sixth in Hercules, and several
others, are not in Flamstead's catalogue, and are probably new. Since 1826 a star has
appeared in the great nebula of Orion. .

II1. Temporary stars are those which appear in the heavens and vanish, after
shining with more or less lustre for a time, of which there are several well-
authenticated cases on record.

IV. Lost, new, and temporary stars, are among the mysteries of the universe.
In relation to the latter, Laplace and others have conceived that they are bodies
hid from terrestrial gaze by their remoteness, which some vast conflagration
brings into sudden and transient
visibility. The idea has, how-
ever, been started, that they are
subject to a periodical transla-
tion from the depths of space,
moving in immensely elliptical
orbits, (asin the diagram,)atone
extremity of which they become
visible to us, and then retire
from view. The temporary stars of 945, 1264, and 1574, are also supposed to
have been returns of the same stars, on the ground of the close accordance of the
intervals between them.

From 945 to 1264 = 319 years. | From 1264 to 1572 = 308 years,

The temporary stars of these years all appeared in Cassiopeia, and if the
hypothesis be correct, another apparition may be expected towards the close of
the present century. But it labours under the difficulty of no change of place
having been observed during their visibility.
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CHAPTER VIIL
VERSATILE STARS.

i iodi i ly waxing and

1. Stars whose light undergoes penodlct'zl mutations, regular )
waning, form the class called versatile or variable. Some fade away into corfaplete
obscurity for a time, while others merely have their brightness reduced without

being hid from view. Alohi, th e

a variation of Al-ghul, the monster or
deﬁ(lf:lihe name of the star 3 Persei, in the head
of Medusa, is one of the most remarkable of this
class. Montari first observed its variableness ;
Maraldi, in 1694, ascertained the amount; and
Mr. Goodricke, of York, in 1782, accurately fixed
the period of its changes. Algol, at the brightest,
is a star of the second magnitude. It continues
go 2 days, 14 hours. Then its light suddenly
diminishes, and in 3} hours it is reduced to the
fourth maguitude. It remains at the feeblest a
little more than 15 minutes. It then begins
to increase, and in 3} hours more is restored
to its former aspect, thus going through its
changes in 2 days, 20 hours, 48 minutes. The
star may be clearly seen on any fine evening from

August, through the winter months, to May.
¢ Céti, otherwise called Stella Mira, the “ won-
derful star,” is another exmordinari object of
the same class, in the middle of the Whale’s neck,
first noticed by Fabricius, in 1596. Its general
phases are, that of a star of the second magnitude
for about 14 days, diminishing during 3 months,
passing entirely out of sight, remaining invisible
about 5 months, again coming into view, and
faining in 3 months more its maximum brightness.
ts cycle of change occupies 331 days, 10 hours,
19 minates ; bat its period of invisibility is some-
times longer, and it does not always return to the
same degree of brightoess. The relative positions
of Algol and Stella Mira are indicated in the cut.

II. About twenty stars are ascertained to be
versatile, but a much greater number are
suspected to belong to the class. The fol-
lowing contains the more prominent in our
hemisphere, with their amount of change, and periods of variation :

Stars, Periods. Diff. of Mag. Authority.

o Ceti(Mira) . . . .|331d 10bh.19min.| 2to 0 | Herschel, W.
B Persei (Algol) . 2 20 48 210 4 | Goodricke,
n Antinoi . . . . . 7 4 15 3to 5 | Pigot.
x C %m e . sgg 21 o0 6to 10
y Hydre. . . . . .|4 o o0 3tol0
¥ Leonis . . . . .. Several years, 6to o
« Sagittarii . . . . Ditto. Sto 6
‘I!BCL:ozu_. « e .. |8 28 0 5010

phei . . . . . . 5 8 30 S8t 5 | Goodri i
B Lyre (Sheliak) . . . 6 10 34 3to 5 Gmglk‘:gohthseor:
a Herculis (Ras Algethi) | 60 6 0 3to 4 | Herschel, W.

III. These singular appearances are accounted for, b } i
8 X > Dy supposing a rotatin,
:zody to hav‘el. o;e of lx)ts hemispheres less luminous than the other, or nong
uminous, which upon eing presented to us in the course of rotation, prod
the periodical decay of light, or absolute invisibility, observable. v prodies

CHAPTER IX.
MULTIPLE STARS

I'. Upon directing 2 telescope of considerable power to the heavens, stars
whnc'h appear to be single objects to the naked eye are found to be compound,
consisting of two or more individuals. In the northern hemisphere alone, ami

within 15° 8. of the equator, the number of stars who iple character
> y se multipl
been determined, cannot be rated at less than 6000, e hes

II. Binary stars, or combinations of two, are the
, O s most numerous, of which
Castor, ?Comnz, Rigel, Polaris, Mirac, y Leonis, y Virginis, § U::asold:;o:l
@ Herculis, 36 Andromedse, A Ophinchi, and Aquile, are examples. '

i is the most northerly of the two
Castor, or & Gemmoruml.):isg;l: stars in the %mad of the
Twins. It easily separates into
two constituents, of the third and
fmh I}nagnitudu. at present
about 3” |
) Coron?:,n‘ha.lf-way between
the club of Bodtes and the North-
ern Crown, is not separable but
with the most powerful instruments, and under favourable
circumstances. Herschel discovered its compound character
in 1781, since which time its constituents have completed

more than one revolution round each other. .

Rigel, or B Orionis, the well-known star 1n the right
foot of Orion, whence the name
from the Arabic, Rijl-al-jauzd.
the Giant's leg, consists of one
large and brilliant object, with
a minute companion.

Polaris, the pole-star, resolves
into two of very unequal size, )
one appearing a mere point in B Rigel.
comparison with the other. .

irac, or e Bootis, on the herdsman's left hip, about 10°
N.E. of Arcturus, is one of the loveliest objects in the
heavens, owing to the distinct
and strongly contrasted colours
of the two stars composing it,
one being a pale orange, and the
other a sea-green. Hence Struve
calls this star pulcherima.

y Leonis, about 7}° N.E. of
Regulus, is another striking

« Bootis.

double star.

ITI. Triple stars, or combinations of three individuals,
are not uncommon. Eleven sets of bright triple stars
are specified by Struve in a very small space of the
heavens.

1T Monocerotis, in the unicorn’s right fore-foot, is a
triplicate discovered by Herschel in 1781, & Librm
is another example of a ternary system.

IV Quadruple stars, combinations of four in-
dividuals, consisting of two double stars, bave also
bfeen detected, and even combinations of five indi-
viduals, constituting quintuple.

¢ Lyree is an example, an irre, looking star,
visible to the naked eye, 13° N.E. of Vega in the
Lyre. It separates into two stars with the slightest
optical aid. Each of these becomes binary under a
higher power; and between the pairs are t small

stars forming a curve to the south, as in the diagram,
constituting a septuple system. ™

11 Monocerotis.

V. With reference to the compound stars, it
was at first supposed that no mutual connection
subsisted between their constituents, but that they
ap.peared double and triple, owing to ome star
lying at an immense distance behind another, and
nearly upon the same straight line with the eye.
The effect of beholding the two stars represented in the lower part of the diagram,
upon nearly the same straight line, is shown by the immediately
contiguous stars in the upper part. But this explanation is rendered
untenable by the excessive prevalence of the multiple arrangement,
and by evidence of the real connection of respective constituents.

VI. The components of the binary stars, closely watched through
a series of years, are found to change their respective positions,
and to repeat the same cyele of change, thus demonstrating their
real relation and systematic union.

The relative positions of the two stars of Castor, at the periods
,

na:lned; and of the two stars respectively which com Y Vgreginil,
and £ Urse Majoris, are shown in the annexed cuts. Bl?;les is unques-
tionable evidence of orbital motion, the revolution of suns around
suns, each probably attended by a train of planets, the smaller moving

arolznd the greater, or bogh around a common centre of gravity.
o consequence of their proper motion, the constituents of a binary
T appear to vary their distance from each other, as in the cut re-
g:esenung y.erglms, where the component stars seem ually to
ve approximated. The two stars of Castor are likewise now ap-
parently approaching each other, and will ap to close, 8o as to
?‘;‘i‘;’ele“;%f;:"“lflwpel to be capable of showing otherwise than

eir res i i

gbetveen foniy pective motions again opening as it were a

[ Lim.




1802

Position of the two Stars of Castor.

855 1835
z?'jh,. 20* May

Position of the two Stars of y Virgiois.

Position of the two Stars of £ Ursee Majoris,

revolution are known in some instances, as a complete ome
1 Corone, while in other

'“P&lied data for approximate calculation, of which the anmex
result :—

prevail in the solar system,
their satellites, at a distance

their vast remoteness into a space which a grain of sand will cover.

CHAPTER X.
COLOUR OF THE STARS.

have undergone remarkable changes of colour.

and Capella, are orange; Aldebaran, Antures,
geux, are red.

But Sirius, now intensely white, was anciently a red star, a chan
to that which the planet Mars exhibited recentl , from red to white.
7 Delphini have Perceptibly changed colour within the last half century.

IL. The constituents of a
the same complexion and

Phenomenon of contrasted colours or complementary tints.
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From the observations that have been made upon the bin: stars, their Penodl of
o "{u been performed b

cases, the observed change in the angles of position has

table contains the

Yre. Yrs. Yrs.

{ Herculis . , , 35 y Virginis . . . . 150 | u Draconis . . . 600
t Corons . + « 40| a Geminorum (Castor) 240 |49 Serpentis , . 610
n Coron. . . ., 441927 Virginis . . . . 240 [13 Lyncis. . . . ¢80

{Cameri . . ., ., 60| 36 Andromede ., . 250 g Cassiopeim . 700
£ Urse Majoris , 65| 4 Aquarii . . 300 Z Aquani . 750

n Ophinchi . 80 € Arietis . . . . 400| & Bootis (Mirac) . 980

w Leonis . , | | g9 urBoitis . . . . 460| y Leonis . . . . 1000
7 Ophiuchi . . 83| 37Pegasi . . . . 500| 5Lyre . . . 1000

A Ophiuchi © - 8 ) 61Cygni. . . . . 54| eLyre . . . . 2000
51 Libree - 1004 o Corone . . . . 560 J Herculis . . . 2046
& Boitis . . 120 ¢ Leonis . 580 | 65 Piscium . . 3067

VII. The multiple stars thus appear to be respectively schemes of suns revoly-
ing about a common centre, under control of laws of gravitation like those which
each constituent having probably its planets with
from the orbs they attend parallel to that of our
tatellites from their primaries, and of our planets from the sun, but crowded by

L To the naked eye the stars vary sensibly in their hues, and are known to

rius, Lyra, Spica Vir inis, Bellatrix, Altair, and Vega, are white stars; Procyon
H A Arcturus, Rigel, Pollux, and Betel-

of colour inverse

y Leonis and

binary or multiple system, though in many cases of
intensity, often exhibit the curious and beautiful

Of 596 binary stars, Struve gives the following analysis:

Pairs of the same colour and intensity « .« . 375
Pairs of the same colour, but of different intensity 101
Pairs of totally different colours c -« . 120

— 596
III. White, red, blue, green, yellow, and violet-coloured stars are common in
the multiple systems. The white are estimated at 2§ times the number of the
red, and the red at twice the number of the blue,
Struve gives the following list of blue attendants upon different coloured principals:
Pairs, consisting of a blue and a white principal star . 53
" . " a light yellow principal star 52
» v » a yellow or red rincipal star 52
” " " a green principal star . 16
It is impoesible to conceive adequately of the varied illumination of two suns, a red
and a green, or a yellow and a blue one, afforded to a planet revolving around either
of them, as both together may be above its horigon ; or the effect of a green or red
daylight alone, following another tint, as one of the suns only come to be present to it.
IV. While insulated red stars of a colour as deep as blood occur in the
heavens, as well as white and yellow stars, it has been noticed, that no case
has yet been met with of a green, blue, or violet-coloured star, unassociated
with a companion orb,

CHAPTER XI.
CLUSTERS OF STARS. NEBULZE.

I. A number of stars apparently closely compressed together, forming dis-
tinet groups and clusters, are found in various parts of the heavens, some of
the individuals of which are visible to the naked eye, while in other cases only
& general haze is discernible, caused by the aggregation. Every increase of
telescopic power resolves these clusters into a greater number of components,

The Pleiades furnish a familiar example. Six or seven stars are presented to the
naked eye, but a moderate telescope easily distinguishes about 40 individuals, Keppler
counted 32 ; De la Hire, 64; Hook, 78; Rbheita, 118,

The Hysdes in the head of Taurus appear to consist of 5 stars, but between
30 and 40 are easily counted with a telescope.

Presepe, gleaming as a speck of light in the sombre districts of Cancer, is a congeries
of minute stars, some of which the commonest instrament unfolds. Galileo counted 36,

Coma Berenices is a more diffused group of larger stars.

The existence of these clusters shows, that the stars in particular regions of the
heavens have been subject to particular laws of aggregation,

IL. The term nebula, signifying a cloud or mist, denotes an identical class of
objects, which appear isolated patches of luminous matter to the naked eye, or
through common telescopes, but are resolved into clusters of stars by instruments
of greater power, the individuals of which are to be reckoned by thousands and
tens of thousands.

There are hundreds of such clusters of various shapes, the globular or roundish
form predominating, of which the annexed representations are specimens :

Fig. 1. A nebula in the
sword-handle of Perseus, a
grouping of an immense num-
ber of stars, difficult to separate,
with a central circlet of brighter
individuals,

Fig. 2. A nebula in Canes Venatici,
discovered by Messier in 1784, and re-
solved by Herschel into a stellar cluster
of about 5’ or 6’ in diameter.

2. Nebula in Canes Venatici.

. |

—_—
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Fig. 1. A nebula in
Vulpecula et Anser,
on the breast of the
Fox. It has the shape
of a dumb-bell or hour-
glass, composed of the
3. Nebula in Pegasus. two connected derse
hemispheres, and hence
called the dumb-bell
nebula. No other form
parallel to this has been
found.

Fig. 3. A nebula in Pegasus,
foung by Maraldi in 1745, ob-
served by Messier in 1764, and
separated into constituents by
Herschel in 1783.

Fig. 4. A nebula in Hercules,
sbout 22° due W. of Vegs, . Dumbbell Nebula
which appears to the naked eye
when the sky is serene and the
moon absent. With a common
telescope, it seems a faint co-
metary body, but with higher
power it becomes a magnificent
assemblage of stars, showing

eat central condensation and Fig. 2. A nebula in Canes Venatici,
splendour. called the halo nebula from its shape, and
Besides globular, there are the ghost of the planet Saturn, as seen with
clusters of oval and fantastic his rings in a vertical position. There is a
outline. | bright central nucleus, and an annulus split
through part of its circumference, u_fP -

simile of our divided Milky Way.

4. Nebula in Hercules.
2. Halo Nebula.

Fig. 5. A nebula of the southern hemisphere,
the 30 Doradus, sketched at Paramatta, by Mr. §
Danlop, resembling a knot formed by a bunch of Fig. 3. A nebula in Andromeds, of
ribbons, an elongated form, supposed to be an
immense ring like the Milky Way, which
appears elongnted, owing to lying oblique
to our line of vision.

5. Nebula 30 Doradus.

8. Elongated Nebula.
The dumb-bell and halo nebule have been resolved by Lord Rosse’s telescope.

IV. Nebule, properly so called, have till very recently appeared to be quite
Fig. 6. A nebula in the Twins, angular- of a different character to the classes noticed, suggesting no idea of stars, but
shaped, discovered by Herschel in 1783. seeming to be simply portions of luminous matter, extending over immense

regions of space, in various stages of condensation.
A well-known object of
this class is in the middle of
the sword of Orion, and may
be picked up by a good eye
on a favourable night. As
it subtends nearly an angle
of 10/, and considering it to
be at the distance of a star of
the 8th mag., it has been
computed to be more than

. 3,000,000,000,000,000,000. or

Fig. 7. A nebula in Scutum Sobieski, on three trillions of times the
the shield, discovered by Kirch in 1681, re- size of our sun. Its appear-
sembling the form of a distant flight of wild ance has been compared to
fowl. that of a curdling liquid,

or a surface strewed over

with QWks of wool, or to the

breaking up of a mackerel

sky, when the clouds of

which it consists begin to

- e assuine a cirrous appearance.

‘ hUpon thfe hextraordinary

) character of this and kindred

II1. In areas of the heavens not exceeding ¢ of the lunar diameter, there are | nebule, the Pm'lml"i‘;ﬂ was

thus schemes of stars, each constituting as rich a firmament as that immediately built of the existence of im- o

'around us. But besides reso.lved nebulee, or those whose stellar constitution .';iﬁﬁ’fﬂﬁﬁf: :Et]:::e i: re e 0w rocess

is known, t.hereonlm °“:§'§ lying on the extreme verge of observation, which “;" ‘l‘eg.i"“'. of g‘: universe, the rude material of new worlds and 'y;:em’, i&f grest

appear to want only s sufficient increase of instrumental power to be discriminated | °f  ¢1aboration, from it. This theory, however, is now quite untenable, 88 P17+

s great sywems of stars pow be d | nebula of Orion, hitherto the strangye'st and most incomprehensible of these objects,
has been resolved into stars by Lord Roese's telescope.
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V. The nebule, therefore, of all classes are probably sidereal firmaments, each
as expansive as that of which the farthest verge of the Milky Way may be deemed
the outward boundary, but compressed by their immeasurable remoteness into a
space, which at the largest, to the naked eye, a snow-flake will utterly conceal.

CHAPTER XII

THE MILKY WAY.

1. The Galaxy, Via Lactes, or Milky Way, is the name given to the only real
and sensible circle in the heavens, on account of its colour and appearance. It
forms nearly a complete circle of the sphere, but coincides neither with the
ecliptic, the equinoctial, nor with the colures, in its direction. It varies in
breadth from 4° to 20°; and in brightness, being much more brilliant in the
southern than in the northern hemisphere, particularly in the neighbourhood of
the Cross. This has led to the surmise, that we are eccentrically situated in re-
lation to it, being much nearer to those parts that are about the Cross than to
those that are diametrically opposite. Though more or less visible at all seasons
of the year, the Milky Way is seen to the best advantage in the months of August,
September, and October, the latter part of July, and the beginning of November.

Traced along its course, it passes from the head of Cepheus about 30° from the
north pole, through Cassiopeia, nearly covering Perseus, over of Auriga, and
crosses the ecliptic between the feet of Gemini and the horns of Taurus. Thence it
proceeds over the equinoctial, through Monoceros, the middle of the ship Argo,
Robur Carolinum, Crux, coming within 20° of the south pole. It then takes a
northerly direction, assuming a double path, dividing into two branches, before leav-
ing the southern hemisphere. The eastern branch streams over the bow of Sagit-
tarias, the shield of Sobieski, the feet of Antinous, through Aquila, to Cygmu. The
western branch passes over the tail of Scorpio, the right side of Serpentarius, Taurus
Poniatowski, to the neck of Cygnus. The two branches then unite, after remaining
distinct for aboat 150°, and pass on to Cepheus, the point from whence we started.

IL. The ancients imagined this silvery zone to be composed of stars. The im-
pression was confirmed upon the application of the telescope to it, but no idea
was entertained of its profound depths, and multitudinous objects, till it was
gauged and examined by the large reflecting telescopes of Schroeter and Herschel.
It is constituted entirely of stars, “scattered by millions, like glittering dust, on
the black ground of the general heavens,” the average magnitude of the stars being
about the tenth or eleventh, removed from each other, if not by equal distances,

yet by spaces proportionate to that of the nearest star from ourselves.

III. This won-
derful and lucid
tract is now con-
sidered to be a ne-
bula, or scheme of
stars, of which our
sun is one of the
members. Its par-
ticular form is sup-
posed to be that
of a layer or stra-
tum, bifurcated or
divided into two
principal branches
at one of its extre-
mities, the thick-
ness of the stratum
being very small in
comparison  with
the length and
bmdth.—'l‘hig is
represented in the
diagram, the letter
8 indicating the
place of our solar
system. —The ex-
terior  bifurcated
ring exhibits the
effect of the stars of
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the stratum being viewed in the direction of its length and breadth, precisely
the appearance of the Milky Way, the remaining scattered stars representing
those seen in the direction of the thickness of the stratum, comparatively of small
extent. It is open to observation, that there is a crowding together of stars
towards that perfect conglomeration of them to the naked eye, which forms the
Milky Way, while more apart from it they appear diffused and insulated.

CHAPTER XIIIL

TO KNOW THE HEAVENS

I. When a few particular stars have been recognised, they may serve as
starting points, and by alignment, or drawing imaginary lines from them, other
stars may be detected, and thus a general knowledge of firmamental objects be
acquired.

The alignment rule to find the Pole-star, by an imaginary line drawn through the
two well-known Pointers of the Great Bear, need only be mentioned for the sake of
stating, that it may serve as a rough scale of measurement, to take the distance
between the Pointers at 5°, and between them and the Pole-star at 29°.

A line projected from the Pole-star, perpendicular to that passing through it from
the Pointers, in a direction opposite to that of the Great Bear, leads to Capella, at the
distance of 44°. Capella may also be found by projecting a line through the two
northern stars in the square of Ursa Major, from &e smaller to the larger, and con-
tinuing it about 50°.

A line projected from the first star in the triangle of Ursa Major next the square to
the Pole-star, and carried on, leads to Schedir and the bright group of Cassiopeis, at
nearly an equal distance on the opposite side of the pole. en Ursa Major is at its
lowest position below the pole, Cassiopeia is near the genith, and vice-versd.

A line projected from the Pole-star through the last star in the triangle of Ursa
Major, and carried onwards about 30°, leads to Arcturus. The Pole-star and Arcturus
make nearly a right angle with Vega in the Lyre.

A line drawn through the side of the square of Ursa Major, opposite to the Pointers,
and continued southwards, leads to Regulus.

A line projected from the Pole-star, through the middle star in the triangle of Ursa
Major, Jeads to Spica Virginis at the distance of 70°. Regulus, Arcturus, and Spica

make a large triangle,
through Spica, continued 45° farther eastward, passes below

A lipe from Regulas
Antares.

A line drawn through the belt of Orion leads northerly to Aldebaran, and southerly

Sirius.

A line drawn from Sirius, perpendicular to another joining that star and Orion’s
Belt, leads to Procyon.

A magnifient equilateral triangle is formed by Sirius, Procyon, and Betelgeur, as
well as a right-angled one by Betelgeux, Procyon,and Pollux. = Castor may be known
by its connection with Pollux, as the northern star of the pair. .

A line drawn from Castor through Pollux, and continued about three times the
distance between them, or 15°, reaches Presepe in Cancer.

A line projected from Orion’s Belt to Aldebaran, and carried to somewhat more than
the same distance beyond, hits the head of Medusa, and reaches the remarkable versa-
tile star Algol.

Algol, vgh Algenib in the side of Perseus, and Almaac in the foot of Andromeds,
forms a triangle, with the open part towards Cassiopeia. . . .

A line drawn from Orion’s Belt, passing below Aldebaran, hits a Arietis, the prin-
cipal star in Aries, and carried onwards, reaches Alpherat in Andromeda; and still
continued, leads to Scheat in Pegasus. .

Alpherat and Scheat, 14° apart, form the porthern side of the “great square of
Pegasus;” Markab13°S. of 8cheat, and Algenib14°8S. of Alpherat, form the southern uclde.

Igenib in Pegasus, and 14° N. Alpherat in Andromeda, and from thence 30° N.
Caph in Cassiopeia, are important stars, for a line produced q:rough them, terminates
at the pole. They are