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PREFACE.

Tm: design of this work is to farnish a snitable text-book of

- Astronomy for academies and seminaries of learning.

For juvenile learners, the “Primary Astronomy™ is all that
can be desired; and for advanced classes, who wish to study the
Constellations, in connection with Mythology, the *Geography of
the Heavens™ should be chosen in preference to all others; but
for all ordinary students, this intermediate work will be found
sufficiently elementary on the one hand, and sufficiently extended
on the other.

The work is now divided into three parts. After an introduc-

_ tion, which consists of Preliminary Observations and Definitions,
and occipies twenty pages, Part First is devoted to the Solar
System—the sun, planets, comets, eclipses, tides, &c.; Part
Second relates to the Sidereal Heavens—the fixed stars, con-
stellations, clusters, and nebule; and Part Third to Practical
Astronomy—the structure and use of instruments, refraction,
parallax, &c. This department, so seldom introduced into text-
books for schools, will be found especially interesting and valu-
able.

_ Besides embracing all the late discoveries in astronomy, under
& strictly philosophical classification, the work is thoroughly
illustrated, by the introduction of diagrams into its pages, in con-
nection with the text; and the adaptation throughout to the use
of- the black-board, during recitation, caunot fail to be appreciated
by every practical teacher.

The variety of type affords an agreeable relief to the eye of the
student, and at the same time distinguishes the main text from
the less important matter, the more careful stady of which may
be left for a review. The suggestive topical questions at the bot-
tom of the page complete the design.

On the whole, the work is believed to be a decldod improve-
ment upon the works heretofore in use in this department of
study; and as such it is offered to the professional teachers of
the country.

H. MatTI80XN.
New York, August, 1866.
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INTRODUCTION.

FRELIMINARY OBSERVATIOXS AND DEFINITIOXS.

—_—————

CHAPTER 1.

ORIGIN AND HISTORY OF THR S8CIENCE.

— 1. Sciexce is knowledge systematically arra 80
as to be conveniently muggt, )t;asily learngd, mm&ﬂy
applied.

—~ 2. AstroNoMy is the science of the heavenly bodies—
the Sun, Moon, Planets, Comets, and Fixed Stars.

The term astronomy is from the Greek asiron, a and nemos 2 law,; and
vifics the laws or scienco of the starss san ' “

~ 8. Astronomy is divided into Descriptive, Physical
and Practical. ’ ’
7 Descriptive A includes the mere facts of the
science, irrespective of the causes of the phenomena ob-

“served, or of the means by which the facts were ascer-
tained.

7 Physical Astronomy explains the causes of the vari-
ous. phenomena observed, as of Day and Night, the
Seasons, Eclipses, Tides, &ec.

* Practical Astronomy relates to the means for acquirin
astronomical knowledge by the use of instruments, an
by mathematical calculations.

These three departments have arisen, one after the other, in the order in which they
are here stated. At first a few facts and phenomena were observed, but the causes
me unknown. Next some of the causes were investi one by one: and, finally,

ruments were invented for measuring distances, altitudes, &c.; data for ca.cula-
téons were obtained ; and thus arose the department of Practical Astrunomy,

x %’1‘.‘”“‘::.‘:.,% From whist is the term derived

A at is : what e.

% Howdisss Aot Deairreh Bt Braotioad? (Stats
the 'nm&m’ wm*mpﬁ 'ﬂ'li'l!-)”.i ‘



10 ASTRONOMY.

4. Astronomy has long been regarded as the most
sublime of the sciences, eminently calculated to illus
trate the wisdom, power, and goodness of God ; to ele-
vate and expand the human mind, and to fill it with ex-
alted views of the C'reator—

“ The glorious Architect who built the sl;ie&"

1. “The greatest men of all ages have t;:rono\moed this science to be tha must stbiime
and surpaseing of all that can be tested by human genius, and to be worthy of a life of
stady."—Smyth's Celestial .

2. “Our very fuculties are enlarged with the grandeur of the ideas it conveys, onr
m!nds exalted above the low-contracted prejudices of the vulgar, and our understand-
iugs cleariy convinted. and affected with the conviction of the existence, wiswom, power,
guodness, ard superintendency of the SUPREME BRING !"—Ferguxon.

3. 8o remarkably does this science exhibit the glory and majesty of God, by its
astounding reveiations of His works. that it almost necessarily tends to fill the mind
with awe and reverence. It was in view of this tendency that the poet Young said,

“ An undevout astronomer is mad.”

4. To.the moral influence of the contemplation of the heavens, we have ent
reference in the sacred Scriptures. *“The heavens declare the ilo‘.’y of God; and the
Briament showeth hie handy-work.” (Psalm xix. 1.) “When I consider thy heavens,
the work of thy fingers: the moon and stars, which thon hast ordained; what is man,
%at 8t’|m|)l urt mindful of him? and the son of man, that thou visitest him?" (Psalm

L 8, 4. '

_— b. Astronomy ic probably the most ancient of all the

' sciences. Some of the Chaldean observations date as
far Lack as 2,250 years before Christ, or only 98 years
after the Flood! Laplace speaks confidéntly of Chinese
observations 1,100 B. c.; and Mr. Bailly, an English
astronomer, fixes the time of a conjunction of Mars,
Jupiter, Saturn, and Mercury, mentioned in Chinese
records, at 2,449 years before Christ.

1. The ancient Chinese astronomers and mathematicians were held to a fearful re-
tponsibility for the correct, of their calculati In the reign of the Emperor Chou-
ung, hLis two chief astronomers, Ho and Hi, were condemned to death for neglecting to
announce the precise time of a sular eclipse, which took place B. C. 2,169.

2. The Holy Scriptures, some parts of which are very ancient, con several allusions
to the science of astronomy. In the first chapter of Genesis we have an account of ‘the
ereatiom of the Sun, Moon, and Stars. “ And God said, Let there be lights in the firna-
rent of the heaven, to divide the day from the night, and let them be for signs, and for
sessons, and for days and years. And let them be for lights in the firmament of the
Lieaven, to give light upon the earth: and it was so, And God made two lights;
the greater light to rule the day, and the lesser light to rule the night: he made the
stars also.”  Verses 14-16.

8. In the book of Job, written 1,50~ years before Christ, we read of several constella-
tions that bear the same names now tuat they did three thousand years ago. *Which
maketh Areturus, Orion. and Pleiades, and the chambers of the south.” (ix. 9.) Again.
¢ Canst thou bind the sweet influences of Pleiades, or loose the bands of Orion? 8t
thou bring forth Mazzaroth in his season? or canst thou guide Arcturus with his sons "
(Chap. xxxviil. 81, 82.)

4. How astronomy regarded ? (Smyth? Ferguson?! Young? Sériptum
..5. What of antiquity of astronomy? Chaldean and Chinese observatious
(Resvonsibility of Chinese astronomers? Ancient Scriptural allusiona 1)

i



EARLY ASTRONOMERS. 1n

——6. The first astronomers were shepherds and herdsmen,
who were led to this study by observing the movements
of the sun, moon, and stars, while watciing their flocks
from year to year in the open fields.

ANCIENXT ASTRONOMNFRS OBSERVING THE HEAVENS.

~—T. Thales, one of the seven wise men of Greece, was
the first lar teacher of Astronomy, B. c. 600. The
next was Anaximander, a disciple o )I‘hales, who suc-
ceeded him as head of the school at Miletus, B. c. 548.
He asserted the true figure of the earth, and seems to
have had some idea of its daily revolution.

Anaximander is supposed to have been the first who constructed globes and mape.
He taught that the moon shines by reflection, and in several other respects advanced
beyond the knowledge imparted by his distinguished tutor.

- 8. Pythagoras, another Greek philosopher, who
founded the school of Croton, B. c. 500, greatly enlarged
the science. He first gave form to the vague ideas that
the sun was in the center of the plane orbits, that
the earth floated unsupported in space, and that the d's-
tant stars were worlds, and probably inhabited.

“It was Pythagoras,” says Smyth, “ who taught, in fact, the system which now im-
mortalizes the name of Copernicus.” But he adds that his teachings were but “the con-

cctures of a ious mind, not possessed of the evidence requisite to give stability to
13 opinfons.™ Pythagoras is sai? w nave perished from hunger, in his oﬁ age.

6. Who were the first astronomers? How led to this study ?

7. Who first regular teacher of this science? How early? Who nextt—
and when? What correct notions did he seem to entertain? (For what else
distin&-uished 1)

8. W lio next after Anaximander? What advances did he make in this
study? (What does Smyth say of his teachings? What said of his deuth ¥
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——9. Ptolemy,an Egyptian philosopher, taught astronomy
in the second century of the Christian era. He adopted
the theory that the earth was located in the center of the
universe, that it was perfectly at rest, and that the sun,
moon, and stars actuaﬁy revolved around it, from east to
west, as they appear to do, every twenty-four hours. This
system is called, after its author, the Ptolemaic Theory.

PTOLEMAIC THEORY OF THE STRUCTURE OF THE UNIVERSE.

1. Ptolemy supposed the earth to bo in the center of a system of crystalline arches,
or hollow spheres, arranged one within the other, asrepresented in the cut. Itis thought
by some that he understood the spherical figure of the earth, and the cut is constructed -
upon this supposition. Ptolemy farther supposed that the sun, moon, and stars were
fixed in these crystalline spheres. at different distances from our globe: that the Moon
was in the first, Mercury in the second, Venus in the third. the Sun in the fourth. Mars.

9. Who was Ptolemy ?—and when did he flourish? Describe his theory,
(How lorate sun, moon, &c.? What absurdity did it involve, aa it respects




XA

"+ wft undisturbed in space,to assume the same shape. But the Bibie teaches that tho

COPERNICAN SYSTEM. 13

Jupiler, and Satarn in the next three, and the fixed stars in the eighth. The ancionts

h::g no knowledge of Uranus or Neptune. This f Linery was supposed to

revolve from east to west around the earth, carrying with it the sun, moon, and stars,

:;l'ery Lhwelnty-four hours; and the spheres being crystal, the distant swrs were visible
rough them.

2. If the sun was designed to enlighten and warm the different sides of our globe,
the Ptolemaic method of effecting this object is most unreasonable. To carry the sun
around the eurth. to warm and enlighten its cifferent sides, instead of having the eurth
turn first one side and then the other to the sun, by a revolutivn on its axis, would be
like curryinf a fire around a person who was cold, and wished to be warmed, instead of
his turning himself to the fire as he pleased.

3. The Ptolemaic theory would require a motion inconceivably rapid in all the
heavenly bodies, As the sun is ninety-five millions of miles tfrom the earth, the entire
dixmeter of his sphere would be one hundred and ninety millions of miles, and its cir-
cumference about six hundred millions, Divide this distance by twenty-four—the num-
ber of hours in a day—and it gives twenty-floe million milea an hour, or sixty-nine
thiousand four hundred and forty-four miles per second, as the velocity of the sun! This
theory would require a still more rapid motion in the fixed stars, It would require the
neurest of these to move at the rate of nearly fourtesn thousand millions of miles per

d, or seventy th d times as swift as light, in order to accomplish their daily
course. But with all these difficulties in its way, the Ptolemaic theory was generally
Lolieved till about the middle of the sixteenth century, or three hundred years ugo.

THE COPERNICAN SYSTEM.

—10. About the year 1510, the ancient theory of Pythag-
oras was revived and improved by Copernicus, a Prus-
sian astronomer, and has since been called, after him, the
Copernican System.

1. The investigations of Cc icns were conducted between the years 1507 and 1530,
In the latter year he finished ‘his tables of the planets, and his great work, The Revolu~
tion of the Celestial Orbs; but he did not venture to sublish his views till thirteen years
after, or 1543, when he recei* da copy of it only & tew hiours before his death, and con-
sequently neverread it in print. It contains the old philosophy, interspersed with his

- own original and acute conceptions, aud was received under very considerable opposi-
tion.—Smyth, vol. 1, p. 88.

2. Copernicus is g lly regarded as the di. er of the sy which bears his
name, but this is aPpo pular error. There is abundant proof, notwithstanding the loss of
his writings, that yLLagom understood the leading features of what is now called the
Copernican Theory.

— 11. The first prominent feature of the Copernican sys-
tem is, that the earth is a sphere or globe, inhabited on
all sides. .

. The evidence that the earth is » rphere or globe may be arranged and stated as fol-

1OWS ]

" 'eLme themn to e, affords ground for the presumption, at least, that the earth also is
\ ol
' o, Water falling from the clouds is i:thered into little globes or dropa; and melted

wead poured from the summit of a high tower assumes the form of glolss, which, when

eooled, are called shot.  And the same law would cause a larger mass of fuid niatter, if

\w:lmlttlng that the sur, moon, and stars are eorl/ds, the fact that they are round,

light and heat? What in respect to the motions of the heavenly bodies ¢
Was such u theory ever zeneruﬁ_v believed 7 Till how recently ¢)

In. Who was Copernicus?  For what distinguished ? About what time ?
Wha* of his investigations? His work? Its publicution? Characterd
What popular error noticed #)

11. State the first leuding feature of the Copernican thcory. (What
rocfs of ita correctness § The first? Second? Third? Xourth? kifth4
ixth f Seventh?)
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whale earth was once in & fluid state—one vast drop—the substances now constituting
the oceans and continents being indiscriminately mingled together. “ And the earth
was without form and vold [i. e, chaotic, confused, unorganized], and darkness dwelt
upon the face of the deap; and the spirit of God moved upon the face of the waters,
¢ ¢ * And Go” «ald, Let the waters under the heavens be gathered together unto
one place, and let ..v dry land appear: and it was so. And God called the dr{ land
«n’t}:. and the gathering together of the waters called he scas."—Genesis i. 2,9, 10. Up
to this time there was no “ earth,” either as continents or islands, neither were there any
“seas,” but all the elements were mingled together; and a mass of fluid thus dropped
futo space, from the hand of the Creator, would be as certain to assume the form of a
globe, as the melted lead from the shot-tower, or the water from the passing cloud.

8. The apparent elevation and depression of the North Star, as we approach toward or
recede from it, shows that the surface of the earth is convex, or that the earth is & glohe.

4. The fact that the tops of mountains are last reen as we recede from, or first as we
appruach, the sea-shore, proves that the surface of the water upon which we sail is con-
vex: so when a ship is approaching the shore, the topmasts are always seen first, and
the hull or body last. And when seamen wish to survey the horizon at sea to a great
distance, in search of whale or other shipping, they * go to the mast-head,” as they call
:‘L f;ou; w;hic::ipolnt they can often discover objects that are entirely invisible from the

eck of the ships.

5. If an aqueduct is to be constructed a mile long, 8o as to be filled with water to the
brim at every point, it must be about eight inches kigher in the mniddle than at the ends,
80 a8 to allow the surface of the water to canform to the convex figure of the globe. We
say iigher. not that it needs to be higher as determined by a water level, for a water
level is convex, but higher as deterinined by a straight line drawn from.one end of the
aquelduct to the other. This definite knowledge of the curvature of water, even for small
distances, shows that the earth's surface i8 convex—or, in other words, that the earth is
spherical.  (I'he curvature trom a tanfent line 18 5 inchesdor one mile, trum the point
of contact; 82 inches for two miles; T2 inches for three miles, &c.)

6. When the moon falls into the shadow of the earth and is eclipsed, or, in othex
words, the earth gets into her sunlight, and throws its shadow upon her, the shadow is
seen to be convex. We must either conclude, therefore, that the earth, which casts the
shadow, 8 in the form of a dinner-plate, and is always kept sidewise, and the same side
towar] the sun (which we know is not the case); or that it is a globe, and casts a coni-
cal shadow, whatever its position.

1. 'l:lhie earth is known to be a globe, from the fact tha. ships are constantly sailing
around it

8. It is not certain whether Ptolemy admitted the earth to be asphere or not. Some
writers maintain that he rejected this doctrine, and otliers that he admitted it. In the
“ PRIMARY ASTRONOMY,” page 8, the author has inserted a cut representing the Ptole-
aaic theory, with the earth Aaf; but in this work (page 12), where the same theory is
cepresentedd, the earth is shown as a globe. In all other respects, the thecry representod
is the same in both works; and this is only a minor point in the systom.

-~ 12. A second leading teature of the Copernican theory
is, that the apparent revolution of the sun, moon, and
stars westward every day, is caused by the revolution of
the earth around its own axis, from west to east, every

twentv-fonr hours.

That the heavenly bodies appear to revolve westward. is no proof that they are acta-
wlly in motion, We often transfer our own motion, in imagination, to bodies that are at
rest: expecially when carried swiftly forward without any apparent cause. as when one
travels in a steambont or railway car. and when for a time he forgets his own motion,
“ Copernicus tells us that he was first led to think that the apparent motions of the heav-

ly bo-lies, in their diurnal revolution. were owing to the real motion of the earth in

1 the?opposite direction, from observing instances «f the same kind among terrestrial ob-

S reets: as when the shore seems to the mariner to recede as he rapidly =ails from it and

a8 trees and ather objects seem to gli le by us, when. on riding swiftly past thein, we lose

3.2 the consciousness of our own motion.” ‘This remark would go to show that tue revolu-
“*ion of the earth on its own axis was an original discovery with Copernicus.

12. State the second leading feature of the (‘opernican system. (Do not
our own_senses furnish proof that the heavenly bodies revolve westward
daily? Why not? What remark from Copernicus¥ What does it seem to

anply 1)
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3. A third feature of the Copernican theory is, that
the sun is the grand center around which the earth and

all the other planets revolve.

THE COPERNICAN EYSTEM,

1. The above cut is a representation of the Copernican Theory of the Solar Bystem,
In the center is seen the Dll)lll. in » state of rest. Around him, at unequal distances, are

the planets and fixed stars—the former revolving about him from west to east, or fromn
the right over to the left. The white circles represent the orbits. or paths, in which the
planets move around the sun. On the right is seen a comet plunging down into the s
tsem around the sun, and then departing. This is the Copernican Theory of the 8o
ystem.
“ 0 how unlike the complex works of man,
Heaven's easy, artless. nnencuinber'd plan I®

2. The truth of the Copernican theory is established by the mest conclusive and satis
fhetory evidence.  Eclipses of the sun and moon are cacalated upon this theory. and
astronomers are able tu %:‘edlct thereby their com»: ir.cement, duration, &ec.. toa minute,
even hundreds of years before they occur. e snall therefore assyme the truth of this
mtiem without further proof, as we r~uceed hereafter to the study of the heaveuly

os.

18. State the tkird 7rominent feature of the theory of Copernicus, (De-
qc;xbl: t.)be cut. What additional evidence of the truth of this theory, as o
whole . .

/
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CHAPTER II.

DEFINITIONS. *

14. SoLips, Surraces, &c.

A Solid, or Body, is s figure having length, breadth,
and thickness. ‘

A Surface is the outsids or exterior of 3 hody, and lias
length and breadth only.

Surfises are of three kinds—llune, Concave, and Cor-
vez.

Asarface may also be mugk or amooth, hard: or soft; the sbove definition having
reference only to the general figure of budies,

A Plane Surfuce is one that is perfectly flat or even,
I’ke the floor ot a building; or the sides of a room.

1. We may imagine what is called a plana, to extend off heyond the pline surfaco
as far as we please : or, in other words, to be Iml;ﬂnib.ty ectended, When a plane or
o line is extended in this way, It ix sailto be profuced,

2. An imaginary plane may exist where there is no Jody having a plane surfice: or
between two lines, like the E‘Iaue of 8 circle. A sheet of tin, hid across a xmill wire
hoop, would represent the plane of that circle. in whatever position It might be held
whether horizontally, perpendicularly, or otherwise; and the place which the tin would
Dass through, if extended to the starry heavens, is the plane of that cirele,

8. All objects which the tin would tonch or ent, if extended ontward to
the heavens, or to infinity, are in ¢ie plune of the sheet. or the circle upon
which it is Iasid. A point i3 in a plane produced, when the plane continued
or extended would pass through that peint,

DParallel Planes are such as would never meet
or cnt each other, however far they mi_ht be ex-
teaded.

The two sides of a board, or two sheets of tin placed equidistant from each
other at every point, represent parallcl planes,

* To some who will use this work. many of the following diagrams and definitions wi!l
be supertluous, the substance of them helng already sufficiently understomd.  With such
:lmdcn? the judicious teacher will pass rapidly uver the noxt tem pages, or vmit them

together. -

14. Define a solil, or boJy—a surfaice. How many kinds of. surfiuces !
Any other distinctiona ?)  What is a plune surfuce? (May a pluife. oxtend
yond,thm::e surfuce? May.a plane. exist where there is no i 1l

lastzute. is 2 plane 1) What are paraliel planest Perpa..
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\ PERPENDICULAR PLANES,

Perpendicular Planes are
such as stand exactly upright
upon each other, or cross each
other at right angles.

in the figurg, one plane is placed horizontally,
and the other perpendicular to it. They ure
<herefore perpendicular o each other, however
they may stand in relation to the observor.
Inclined Planes are such as
are inclined toward, and cut

each other obliquely. INCLINKED PLANES,

The Angle of Inclination is
the angle contained between the 3
two surtaces of the planes near-
est each other.

Tne spaces A and B in the adjoining cut repro-
sent thesp Angle of lncllnsuon.u” s P

The Area of a plane figure is the amount of surface
contained therein.

A Convex Surface is one that
is swollen out like the outside of
a bowl.

OCONYEX AND OCONCAVE SULFACYS.

A Concave Swiface is one that
is hollowed out like the inside
of a bowl.

15. Spaeres, _ HeMIsPHERES,
and SpHERoIDS,

A Sphere is a globe or ball, every
part of the surface of which is equidis-
tant from a point within, called its
center.

This {s the ordinary definition; but in Astronomy, the term

is applied to the apparent concave of the heavens, as if it were
the actual concave surface of a hollow sphere. .

dicular? Inclined? What is meant by the angle of inclination¢ The aras
of a plane surface? Describe a conovec surtace—a concave.
15. Describe a sphere—hemisphere—sphcroid. (Derivation of spheroid f)
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A HEMISPHER

A Hemisphere is the half of a sphere or

globe, or of the apparent concave of the heav-
ens.

e“Iln mllz r:g often read of the Eastern and Western, and North-

ispheres, but in Astr y the term is only ap-
plied o the Northern and Southern portions of the heavens.

A Spheroid is a body resembling a sphere, but yet
not perfectly round or spherical.

The term spheroid is from the Greek sphaira, a sphere, and eidos, form, and signi
fes sphere-like,

Spheroids are of two kinds— Oblate, ax osrare sruzzow.
and Oblong or Prolate.

An Oblate Spheroid is a globe
slightly flattened, as if pressed on.oppo-
site sides.

This is a difficult figure to represent upon paper. Should
the pupil fail to obtain a correct idea, the Teacher will be at
no loss for an illustration, :

A Prolate or Oblong Spheroid is an elongated
sphere. :
This figure, like an Oblate Spheroid, admits of various degrees of departure from the

spherical form. It may be much or but slightly elon and the ends may be alike or
otherwise, A eommo: egg is an Oblong Spheroid. gated, Y

The A:vis Of a sphere is AXIS OF A BPHEER.
the line, real orimaginary,
around which it revolves.

The Poles of a sphere
are the extremities of its
axis, or the points where
the axis cuts the two op-
posite surfaces.

The Eguator of a sphere is an imaginary circle upon
its surface, midway between its poles, the plane of which
cuts the axis perpendicularly, and divides the sphere
mto two equal parts or hemispheres.

Kinds of spheroids? Describe each. What is the axis of a sphere? Whav,
i{ho P"k.d' ‘I' The equator? By what other name called? What a Leas Cinde?
eridisLe
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The equator of a sphere is sometimes
called a Great Circle, because no larger
circle can be drawn upon its surface.

A Less Circle is one that divides a
gphere into two unequal parts.

Tn the cut, the circles are re| ted in renpecﬂn. The
Great Circle embraces the ¢ of the sr here, where its full
diameter is included ; while the Less Circle passes around it
between the Equator and the Poles, and is consequently “ less™
than the Equator.

GREAT AND LSS CINCLIR,

MERIDIAN,

Meridians of a sphere are lines
drawn from pole to pole upon its
surface. o

. 16. Lixes and ANGf.lfS.

A Point is that which has no magnitude or extension,
but simply position.

“The common notion of a point is derivod from the ex ity of some slender body,

such as the axtremity of a common sewing-needle. This being perceptitic to the

senses, i8 & physical nt, and not & mathemuticul point; for, by the definition, s
point has no magnitude."—Prorzssor Pxrxins.

A Right Line is the shortest distance 4 mosrrme
between two points.

A Curved Line is one that departs con- ~ ovsvwo iom
tinually from a direct course. —

Parallel Lines are such as remain at ramausioes
the same distance from each other through- N
out their whole extent. P ——

Oblique Lines are such as are not paral- 451008 vem.
lel, but incline toward or approach each ———

—_———

other.
AN ANGLR,
When two lines intersect or cut each
other, the space included between them is
called an Angle. . AxoLE.

16. Whatisapoint? (Physical? Mathematical?) A rightline !—a curved
line ?—parallel lines ?—an angle !—kind of angles f Describe a rigkt angle
-—an acutc—an obtuse
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Angles are of three kinds—namely, the Right Angle,
the Acute Angle, and the Obtuse Angle.
Right Angles are formed when one  weme anix:

right line intersects another ou-
larly, and the angles on each side are
equal.

ACUTE AND ODTUSR
An Acrute angle is one that is less, and AnoLes.
an Obtuse angle one that is greater, than
a right angle. Acura \ opTUeR,

17. Or TriANGLEs.
A Triangle is a plane figure, bounded by straight
lines, and having only three sides.
. Triangles are of six kinds—viz., Right-angled, Obtuse-
angled, Acute-angled, Equilateral, Isosceles, and Scalene.
A Right-angled Triangle is one having  »9IT-AxoLm
one right angle.

The parts of a Right-angled Triangle
are the Base, the Perpendicular, and the
Hypothenuse.

Hrpoﬁmu, from a Greek word, which signifies to subtend or stretch—a line sub-
tended from the base to the perpendicular, &

&

O

%
<%

#O

)

OBTUSE-ANGLED TRIANGLE

An Obtuseangled Triangle 8
one having an obtuse angle.

AOUTE-ANGLED TRIANGLR

An Acute-angled Triangle is one
having three acute angles.

AN BQUILATERAL

TRIANGLR
An Fyuilateral Triangle has all three of
its sides equal.

'Eqwgg:ml,ﬁomthohdnaquﬂ,QquLmdM&M

17. What is a triangle? How many kinds? Describe (or dnw'), a right-
tngled triangle. Describe its parts. (Hypoth ?) Anobtuse! Acute!
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OI0KLES
TRIANOLR

An Jsasceles Triangle has only two of its
sides equal.

The term Iwaceles 18 from & Greck word siymifving aual legs ;
bouce » trisngle with two equal logs is culled an Lisovles Trianglo.

A Scalene Triangle is one having no two sides

equal. .
The term Scalene is from the,Greek skalenos, and signifies olligue, unogual. (Sce
eobtuse and acate angled.) g { 777
e TV i e A CIRCLR

¢ 18, Circrrs axp Ervipsks.
requ
A Clircle is a plane figure, bounded by a .
curved line, every part of which is equally
distant fromn a point within called the center.

Concentric Circles are such as are drawn

around a common center.
The Circumference of acircle is the curved @

line which bounds it.

I0nCFNTRIO
OIRCLEN

The Diameter of a circle i3 a right Puxeres cmcourm.

ENCE, ETC

line passing through its center, and ter
minating each way in the circumfer-
ence.

The Radius of a circle is & right line
drawn fom its center to any point in the

circumference.
‘The plural of radius is radii; and as radif from a common center, light,
which Is from a lumi point in all directions, is said to rudéate ; and tho

“sght thus dispersed is sometimes called radiutions or radiance.

All circles, whether great or small, are supposed to be
divided into 360 equal parts, called degrees; each degree
into 60 equal pwmts, called minutes; and each minute
into 60 equal parts, called seconds. They are marked
respectively thus: Degrees (®), minutes ('), seconds (";.

:'i’quiilinend t (Derivation?) Isosccles? (Derivationi?) Sculene? (Deriva-
on

13. Whatisacirdlet Concentriceircles? The Circumference? Diau.eter?
Badins? (l'lural, &} How all dirclus dividéd f (What is s protrectsr?
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To save the trouble of dividing a circle into 8600, in order to measure the degroes
of an angie, ws make use of an instrument called s Protractor, It consists of a eomi~
circle of silver or brass, divided into ile-

E‘”““ p d in the inclosed figure, A PROTRACTOR.

0 measure an angle, as A B C, the ’ oy
straight edge of the protractor is placed A .
upon the line B C, so that the center
sround which it is drawn will be exactly
at the intersection of the lines, or point of
the angle, as at B; then the number of de-
grees included between the lines on the
protractor will reqruent the guantity or
amount of theangle. From this it will be
scen that the amount of the angle dues not
depend upon the length of the lines whlfh
form it, por upon the magnitude of the
circle n which the degrees are marked by which it is measured, but limrly upon tho
width of the opening between the lines as compared with the whole circumference
cround the point B. "A circle marked off into degrees, minutes, and seconds, is called &
graduated cirole,

Circles are also divided into Semicircles, Quadrants,
Seatants, Signs, and Ares. :

A Semicircle is the half of a cir- PARTS OF A OTROLE
cle, or 180°. 3

A Quadrant is one quarter of a o
circle, or 90°, ” 2
Zfe

The term Quadrant is app'led tn a nantical Instru-
ment, of the form of a quarter of a circle, which is much
used by navigators in determining the altitude or appa-
teut hight of the sun, moon, and stars,

A Sextant is the sixth part of a
circle, and contains 60°.
The word Sartant-also denotes an instrument similar to a Quadrant. and is used for

similar purposes. The main difference iy, that one r:‘m—a(-mn 600, and the other 900,
of a circle.  The Octant, or elghth part of a circle, Is also used for shnilar Jrarposee.

A Sign is the twalfth part of a circle, or 30°.

An Are is any indefinite portion of a circle.

The word Aro is from the Latin @rcus, a bow. vault, or arch. By associating the woru
Gro with arch, the student may always remember its meaning.

A Chord is a right line, joining the  4=0 axv omomn.
extremi ies of an are. 7

The Chord of an Arc is saii} to be aultended (from aub,
under. and ¢#no, to stretch), becanse it scems stretched under
the arc like the string of a bow. In the cut, there are four
arcs, and a8 many chords. The lower arc is a large one,
while the are and chord, A C. are quite small. 8till each
division of the circle, whether great or small, is an are, and
the line joining the extremities of each are, respoctively, is a

Deseribe. A graduated circle 7)  What larger divisions of a circle 7 What is
a semicircle? A quadrant¢ (Note.) A sextant { (Note.) A=xign{ Aa
ure? (Derivation of torm #) Doflus o chonls  (Why said wo bo subtendud ¢
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An Ellipes is an oblong figure ~ ousoraxsumes
like an oblique view of a circle,
having two poiuts called its foct,
. around which, as centers, the figure
is described.

Foot is the plural of fbous.

The longer diameter of an ellipse  wasor axp wixor axms.
is called its Major Axis, and the
shorter its Minor Awis.

Awes 18 the plural of axés. The longer is some-
times called the 7ransverse, and the shorter the
Conjugate, Axis; but major and minor are more sim-
ple and perspi , and therefore preferabl

The Hecentricity of an ellipse
is the distance between its cen-
ter and either focus.

from, and centrum, center, . x
Hence a circle that varies in its distance from the * ECCENTRICITY» ECCENTRICITY
center i8 eccontric. 8o, also, persons whelepart
from the usunai round of thought and custom are
called eccentric persons.

19. Tar TErRESTRIAL SPHERE.

The Terrestrial Sphere is the earth or globe we in-
habit.

1. Though the earth is not, strictly speaking, a aphere, as that figure is defined (14),
but rather an oblate spheroid (14), still it is usnally calied a sphere on account of its
near approach to that figure, and as a matter of convenience.

2. Latin terrestris, from terra, the earth. “Thera are alsn celestial
bodies, and bodies terrestrial ; but the glory of the celestial is une, and the giory of tho
tesrestrial is another.”—1 Cor. xv. 40,

The Awis of the earth is the imaginary line about which
it makes its daily revolution.

The Poles of the earth are the extremitivs of her axis
where they cut or pass through the earth’s surface.

The wire tpon which an artificial globe turns represents the earth’s axia, cnd tne
extremities thl:)Nonh and South l’olc-.‘l

The Eyuator of the earth is an imaginary circle drawn
around it, from east to west, at an equal distance from
the poles, and dividing it into two equal parts, called
Iemispheres. '

Boe illustraticn, page 18,

o eFjFOCIEE" o

RCCENTRICITY OF AN ELLIPSR

An ellipse? Its foci? (Plural and singular?) Major and minor axes !
(8ingular and plural %) centricity of un ellipse ? (Derivation ?)

19, The terrostrial sphere 7 (ls the earth a sphere? Derivation of term
terrostrial #) mwﬁn ewth? Poles? Equator! Latitude? Purullelst
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Latitude upon the earth is distance either North or
South of the Equator, and is reckoned each way toward
the Poles in Degrees, Minutes, and Seconds.

As the distance from the Equator to the Pole cannot be more than s quarter of a
circle, or 909, it is obvious that no place can have more than 90° of latitude ; or, in
other words, all places upon the ﬂl’&'l surface must be between the Equator and 90¢

latitude, either porth or south,

PARALLELS.

Parallels of Latitude are circles
either North or South of the Equator,
and running parallel to it.

‘We may imagine any conceivable number of parallels
between the Equator and the Poles, though upon most
:’mpo and globes they are drawn only once for every ten

egroes.

The Tropirs are two parallels of = Torics axp roran

latitude, each 23° 28’ from the
Equator.

The Northern is called the Tropie
of Cancer, and the Southern the
Tropic of Capricorn.

1. The Tropical Circles are shown at E E in the an-
nexed figure,
2. The sun never shines perpendicularly upon sny
ints on the earth further from the Equator than the
ropics. Between these he seems to travel regularly, leaving the Southern Tropic on
the of D ber, ing the Eq northward on the 20th of March, reachin,
the Northern Tropic on the 2lst of June, crossing the Equator southward on the 23d 15
8eptember, ani reaching the 8outhern Tropic again on the 28d of December. In this
manner he secis to crose and recross the Equator, and vibrate between the Tropics
:‘hmu year to year. The cuase of this apparent motion of the sun will be explained
ereafler.

The Polar Circles are two parallels of latitude, 23° 28’
from the Poles. (See F F in the last cut.)

The Northern is called the Arctic, and the Southern
the Antarctic, Circle. ‘

The Zropics and Polar Circles divide the globe into
flve principal parts, called Zones, namely, one Torrid,
two Temperate, and two Frigid.

A sone properly signifies a girdle; but the term is here used in an socommodnted

ense, as only three of these five divisions at all resemble a girdle. The parts cut off
by the pular circles are mere convex segments of the earth’s surface. :

The tropics¢ Namex? Polur circles? Numex? Zones? Names? (Are
there in reulity any frigid zones #) Situation of the several zones? Meril-
inns ! Longitude ou the earth ? First meridian ? (European and Amer}
aun SLaris and globts 1) How longitade reckoned i gt axtent

-
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The Torrid Zone is situated between 7= rvEzomm.
the Tropics; the Temperate, between
the Tropics and the Polar Circles; and
the Frigid, between the Polar Circles
and the Poles.
Meridians are imaginary lines drawn
from pole to pole over the earth’s sur-

face.
Meridians cross the Equator at right angles ; and the

plane of any two Meridians dlrg:tly l:)gpposlta each MERIDIANG.
other would divide the earth into Eastern and Western
Hemispheres, as the Equator divides it into Northern
aud Southern. We may imagine Meridians to pass
through every conceivable point npon the earth’s sur-
face. They meet at the Poles, and are furthest apart
at the Equator.

Longitude upon the earth is dis- —
tance either East or West of any
given meridian.

A d of longitude at the Equator eom about 69} miles, but is less and
less as the meridians ‘Y roach the Poles, at which points it i8 nothing. A degree of
1atitnde is about 693 miles on all parts of the globe,

The First Meridian is that from which the reckoning

of Longitude is commenced.

On European charts and globes, longitude is usually reckoned from the Royal Ob-
servatory at Greenwich, near London; but in this country it is often reckoned from
the Meridian of Washington. It would be better for ho , if all nati
tecko‘ril;vl llong'lt,ucle from the same Meridian, and all charts and globes were constructed
accordingly. )

AS LOH tude is TERRESTRIAL AND CELESTIAL SPHERES,

reckoned both East
and West, the great-
est longitude that
any place can have
is 180°.

20. Tue CELESTIAL
SPHERE.

—~—The Celestial
Sphere is the appa-
rent concave sur-
face of the hea-
vens, surroundin
the earth in all di-
rections.

nb'(l"hedrelgtion 'of tllx‘? I')l‘:lrrestrlll to the Oetlheatlnl Spll:sr:n may be under:ltlood by tht:
ve diagramn, in which the stars surround the earth directions, as they seem
A1) che whole celestial vault. 7

2
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——

The Awis of the Heavens is the axis of the earth pro-
duced or extended both ways to the concave surface of
the heavens.

TheEguatorofthe BQUATOR OF THE ENAVENS, OB BQUINOOTIAL.
heavens, or Equinoo-
tial, is the plane of
the Earth’s equator
extended to the starry
heavens.
_— Declination is dis-
tance either north or
south of the Equinoc-
tial.

Declination is to the b
precisoly what latitude is upon
the earth. It is reckoned from
the celestial equator, both North
and South, to ,ot&otheg:l&l
of the heavens. Celestial -
tude can be explained better
hereafter, and so with the terms
Eplio, Zodéac, &e.

Riikt Ascension is distance east of a given point, and
is reckoned on the Equinoctial quite around the heavens,

In one re:goct, Right A fon in the h is like longitude on the earth:
they are both reckoned upon the equators of their ive spheres. But while

longitude is reckoned both east and west of the first meridian, and can only amount to
1800, Right Ascension is reckoned only eastward, and consequently may amount to
8609, or the whole circle of the heavens. The principal difterence hetween Right As-
cension and Celestial Longitude is, that the foriner is reckoned un the Equinoc and .
the latter on the Ecliptic.

" The Sensible Horizon is that SENSIBLE
circle which terminates our view,
or where the earth and sky seem
to meet.

_’The Rational Horizon is an
.imaginary slane, below the visible
horizon, and parallel to it, which,
passing through the earth’s cen-
ter, divides it into upper and lower hemispheres.

1. These hemispheres are distinguished as upper and lower with reference to the ob»
eervor only.

20. Celestial sphere? (Relation to terrestrial?) Axis of the heavens?
Equator of the heavens? Declination? (How illustrated by terrestrial
latitude ! How reckoned ? Its limita?) Right ascension? (How resemble
longitnde? What difference 1) Bensible horizou? Rational? Explsin by
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2 The sentible horizon is half the diameter of thie earth, or about 4,000 miles from
the rational ; and yet so distant are the stars, that both these planes scem to cut the
celestial arch at the same point; and we see the same hemisphere of stars above the
sensible horizon of any place that we should if the upper half of tiie earth wers re-
moved, and we stood on the rational horizon of that place.

The Poles of the Horizon are two opposite points—
one directly above, and the other directly beneath,
us. The first is called the Zenc¢th, and the latter the
Nadir.

The points Up and Down, East and West, are not
positive and permanent directions, but merely rela-
tive.

1. As the earth is a sphere, inhabited on all sides, UP AND POWN, AND EAST AND

the Zenith point is merely zpodta ta conter, and the WEST.

Nadir toward its center. with the directions Up

and Down : one is from the center, and the other
toward it; and the same direction which is up to one,
is down to another. This fact should not merely be
acknowledged, but should be dwelt upon until the mind
has become familiarized to the ooneertion of it, and di-
vasted, as far ns possible, of the notion of an absolute
up and down in space. We should remembor that we
are bound to the earth's surface by attraction, as so
msn{ needles would be bound to the surface of a spher-
{cal loadstone.

2. East and West also are not abeolute, but mmlz
relative, directions. East is that direction in whic
the sun .rpem to rise, and West is the opposite direc-
tion ; and yet, so far as absvlute direction is concerned,
what is East to one, as to the observer at A, is West to
B, and so with C and ). And as the earth revolves upon its axis every twenty-four
hours, it is obvions that East and West npon its surface must, in that ti:ne, change to
every point in the whole circle of the heavens. The same is true of the Zenith and
Nadir, or of up and down.

7 Space, in Astronomy, is that boundless intcrval or void
in which the earth and the heavenly bodies are situated,
and extending infinitely beyond them all, in every direc-
tion.

Bpace has no limits—or, in other words, is boundless, or infinite. Suppose six

rsons were to start from as many different points upon the earth’s surface—as, for
r.stance. one from each pole, and one from each of the positions cccupied by observers
in the next figure. Lct them ascend or diverge from the earth in straight lines, perpen-
dicularly, to its surface. and though they were to proceed onward, separating from
each other, with the speed of lightning, for millions of ages, none of these celestial
voyagers would find an end to space, or any effectnal barrier to hinder their advance-
ment. 8hould they chance to meet another world in the line of their flight, it would
soon Jnme«l. like a ship mot by a mariner upon the ocean, and beyond it space
would still invite them onward to explore its immeasurable depths. And thus they
might go on forerer, without changing their position in respect to the center or boun-
daries of immensity : for as eternity has no beginning, middle, or end, so spuce is with-
out center or circumference—an etherea! ocean, without bottotn or shore.

diagram. Poles of the horizon? Names? Up and down—poxsitive or rela-
tive points? (lllustrate by diagram; also east and west.) Term space in
sstronomy? (Has it any linuts ¥ 1llustration.) .
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21. First GrAND
DivisioNs OoF THE
UNIVERSE.

The visible uni-
verse may be con-
sidered under two
grand  divisions—
viz., the SoLar Sys-
TeM and the SiDE-
REAL HEAVENS.

_.—The Solar System

consists of the sun
and all the planets
and comets that re-
volve around him.

The Stdereal Hea-
vens include all
those bodies that lie
around and beyond
the Solar System,
in the region of the
Fixed Stars.

In considering the general subject of Astronomy, we
shall proceed according to the foregoing classification,
treating first of the SoLar SystrM, and, secondly, of the

Smerear HeavEns.

THE SOLAR SYSTEM.

SOLAR SYSTEM AND SIDEREAL HEAVENS.

21. How visible universe divided ?

drawing.) Of which division does the author first treat ?

Define each? (Derivation of term
sidercul ? Reclation of solar system to the sidereal heavens? Illustrate by



PART I.
THE SOLAR SYSTEN,

— e

CHAPTER 1.
THE PRIMARY PLANETS.

22. The Solar System derives its name from the Latin
term gol, the sun. It signities, therefore, the System of
the Sun. It includes that ﬁreat luminary, and all the
planets and comets that revolve around him.

23. The Sun is the center of the system, around
which all the solar bodies revolve, and from which they
receive their light and heat.

94, The Planets are those spherical bodies or worlds
that revolve statedly around the sun, and receive their
light and heat tfrom him.

. _‘The term planet signifies 8 wandever, and was applied to the solar bodies because
they seemed to move or wander about among the stars.

The Orbit of a planet is the path it pursues in its revo-
lution around the sun.

25. The planets are divided into Prémary and Secon-
dary planets.

The P’rimary Planets are those larger bodies of the
system_that revolve around the sun only, as their center
of motion.

The Secondary Plancts are a smaller class of bodies,

22. Of what does Part II. treat ¥ What meant by the Solar 8ystem? In.
eludes what ?

28. What is the sun?

24. Describe l.he lanets. (The term ) The orbit of a planct?
d:&- I'I)w planets vxded ] cnbe each. (What other names for secon-
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that revolve not only around the sun, but also around the
primary planets, as their attendants, or moons.

The secondary planets are also called Moons or Satellites. A satellite is a follower on
dant upon another.

VIEW OF THE SOLAK SYSTEM.

In this cut, the sun may be seen in the center. The white circles are the Orbdéte
of the primary planets. The planets may be seen in those orbits at various distances
from the sun. The numerous orbits so close together are those of the Asteroids. The
s.condary planoets may be seen near their respective Erimnrles. revolving around them,
whle they all go on together around the sun. On the right is seen a Comet plnngiuf
fnto the system, with his long and flery train. _His orbit is ceen to be very elliptical

All these bodies are opake, the sun excepted. Even the blazing comet shiues only by
reflection.

26. The planets are again divided into Jnferior and
Exterior planets. .

The Interior Planets are those whose orbits lie within
the orbit of the earth, or between it and the sun.

28. What meant by interior and exterior planets? (Why not inferior and
superior #)
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The Eirterior Planets are those whose orbits lie with-
out the orbit of the earth.

Some Astronomers speak of these two classes respectively as Infiwior and Superior,
The reason seems to be, that as those nearer the sun than the earth are lower than she’
in—that is, nearer the great center of the system—they are, in this respect, inferior
toher; while, on the other hand, those that are above, or beyond her, are her superiors.
But as the distinetion is founded upon, and I8 intended to denote, the position of the
planets with respect to tho earth’s orbit, it i obvious that interior and exterior are the
more appropriate terms. It seems Lardly allowable to call the Asteroids superior plan-
ots. and Mercury and Venus, which are much larger, inferior.

27. Comets are a singular class of obI];ects belonging
to the solar system, distinguished for their iong trains
of light, their various shapes, and the great eccentricity

of their orbits. 1
" ha SO e e s
NUMBER AND NAMES OF THE PRIMARY PLANETS,

28. The principal Primary Planets are Mercury,
Venus, Earth, Mars, Jupiter, Saturn, Uranus, and
Neptune. Five of these, including the Earth, were
known to the ancients; but Uranus and Neptune have
both been discovered during the last hundred years.

Besides the eight larger planets, there are now known
to exist eighty-five small planets, called Asteroids, all
revolving between the orbits of Mars and Jupiter.
Four of these, namely, Ceres, Pallas, Juno, and Vesta,
have been known to exist since 1807. The remainin
eighty-one have all been discovered since 1845, ans
most of them between 1852 and 1865. (For a complete
list of the Asteroids, see page 247.)

The term Asteroid signifies star-like, and is applied to these small planets because
of their comparative minuteness. They are nover seen except throui!‘:) telescopes,
and through ordinary instruments are not always readily distinguished from the fixed
stars,

29. The Primary Planets are denoted in astronomi-
cal works by certain signs or symbols; and as their
names are derived from Mythology, their symbols
usually relate to the imaginary divinities after whom
they are named.

27. What are comets? How distinguished ?

28. Number of the principal planets ? How longknown? What other
planets? How long known? hat said of their discovery? Meaning
of the term Asteroid ?

2C. How are the planets designated in astronomical works ? (Describe
the preceding cut. Where the sun? Primaries? Secondaries? Aste
ropi:ikst) Orbits? Comet and orbit? eWhich self-luminous, and which
() Y
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1. In the preceding cut, the planets are placed at their respective distances from
the sun, as nearly as can be represented in so small a drawing. The orbits of the
asteroids are represented by a few white circles only, located hetween the orbits of
Mars and Jupiter.

2. The mythological history and aymbols of a few of the planets will now be given
as samples of the whole, many of the asteroids not having auy sigus attached to
their numes as yet in astronomical works,

MYTHOLOGICAL HISTORY AND SYMBOLS.

X 80. MEercurY was the messenger of the
gods, and the patron of thieves and dishon-
est persons. His symbol denotes his cadu-
ceus, or rod, with serpents twined around

ROD OF MERCURY

it (¥).*
1. Mercury was repr ted as very eloguent, and skilifl in in-
ing and_explaini a8 the god of rhetoricians and orators.

ter

Hence, when Paul and Barnsbas visited Lystra. addressed the greo-
ple, and wrought a miracle, they said, “ The gods have come down
to us in the likcness of men. And they called Barnabas Jupiter,
and Paul Mercurius, beciuse he was the chief speaker.”

2. “The caduceus of Mercury was a sort of wand or scepter, horne by Mercury as an
ensign of quality and office. On medals. it is a symbol of yeod conduct, peace. and
prosperity. The rod represents power; the serpents, om ; and the two wings,
diligence and activity."—ENOYCLOP £DIA.

8. The original form of this sign may be understood by the preceding cut, to which the
present astronomical symbol ( ér)‘ bears but a slight resemblance.

X 81. Venus was the goddess of love wmror or vexus.
and beauty, and her sign is an ancient

mirror or looking-glass %9 ), which she is

represented as carrying in her hand.

Anciently, mirrors were made of brass or silver, hlghlzegol-
{shed, 8o as to reflect the image of whatever was brought before
them. Hence it is said in the Book of Exodus, written fifteen
centuries before Christ, that Moses “made the laver of bran;
and the foot of it of brass, of the looking-glusses of the women,

For convenience, the ancient mirrors had a handle at-
tached, as represented in the cut, which very much resembles
the sign of the planet.

¥ 82. Tug Earta (called by the Greeks

(e, and by the Latins Zerra) has two sym-

bols—one representing a sphere and its equator (€), and
the other (@) the four quarters of the globe.

* All these symbols should be drawn in rotation upon the Blackboard, during recits
tion, by the Teacher, or some member of the class. It will be well, therefore, for the
student to observe each sign carefully, that he may he prepared to draw and emplain
it, if called upon.

80. Who was Mercury, in Mythology, and what does his symbol denote
(How was he representeé! What Scriptural allusion? Deseribe his sadu
ocus. The meaning of its parts?)
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X' 83. Mars was the god of war, and his sign
(&) represents an ancient shield or buckler, Srxsz s sxmn
crossed by a spear.

Gunpowder was not known to the ancients, consequently th
had no pistols, muskets, or cannon. Th'e‘y fought with short swo:
and and defended themselves with the shiald, carried on
the left arm. A shield and spear were, therefore, very appropri
emblems of war. The original form of the sign of &lﬂ is pre-
sented in the cut.

a 34. Fx,om:i virlas the « u(een of all the
owers,” and her symbol () is a flower
the “Rose of England.” ’

85. Cuio was one of the Muses. Her sign (¥)is a
star, with a sprig of laurel over it.

36. Vesta was the goddess of fire, and her sign (&) is
an altar, with a fire b%:zding upon it.

37. Irms was the beautiful waiting-maid of Juno, the
queen of heaven. Her symbol (m)is composed of a
semicircle, representing the raenbow, with an interior
star, and a base line for the horizon.

“ As an attendant upon Juno,” says Prof Hind, “the name was not inappropriate at
the time of discovery, when Juno was txaversing the 18th hour of right ascension, and
was fullowed by Iris in the 19th.”

38. Mkris was the first wife of Jupiter, and the god-
dess of prudence and sagacity. Her symbol (&) is an
eye (denoting wisdom) and a star.

39. Heer presided over children and youth, and was
cup-bearer to Jupiter. Her sign (g) i8 a cup.

Hebe was celebrated for her beauty, but happening one day to stumble and spill the
nectar, as she was serving Jupiter, she was turned into an ,and doomed to harness
and drive the peacocks of the queen of heaven.

40. ParTHENOPE was one of the three Syrens—a sea
nymph of rare beauty. They were all admirable singers ;
hence a lyre (#) is her appropriate sign.

1. The three Syrens—Parthenope, Ligeia, and Lencosis—were represented as dwell-

81. Venus and symhol ! (Ancient mirrors? Scripture allusion 1)
82. The Earth—anai~ot, name and symbols ?
88. Mars and symbol? (Ancient mode of warfare?)
84. Flora and sign §
85. Clio and symbol ¢
86. Vesta and her symbol ¢
87. Iris and her sign? (Prof. Hind’s remark 1’
88, Metis and her sign 1
89, Hebe and her sign? cident mentioned in nate ?)
. 40, Parthenope and sign? (What said of (he Eyrena? Of the appro
priateness of the name?) g®
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Ing upon the coast of Sicily, and luring mariners npon the rocks of destruction by thets
f‘nchaming songs. lence whatever tends to entice or seduce to ruin is often called 8
syren song.”
As this planet was discovered at the Naples Observatory. in Italy, it was quite oa}-
{ropriate to name it after ono of the Syrens, that Mythology located op the coast of &
neighboring island.

41. Eceria was the counsi.lor of Numa Pompilius,
Symbol not yet agreed upon by astronomers.

42. AstrEA was the goddess of Justice, and her sign
(&) is a balance.
xzthol teaches that Jusiice left heaven, during the golden age, to reside on the
earth; but ming weary with the iniquities of men, she returned to heaven, and
1a lation of stars. The constellations Virgo and Libra in the zodiac
are reprosentations of Astreea and her golden seales. 8o the female figure, holding a

Pair of scales, in the coat of arms of several of the United States, is a representation of
Astriea, and denotes Justéoe,

43. IrENE was one of the Seasons. The planet was so
named by Sir John Herschel, in honor of the peace pre-
vailing_in Europe at the time of its discovery (May,
1851). Its symbol (sa:) is a dove, with an olive branch in
her mouth, and a star upon her head.

44, Eunoyia was another of the Seasons-—a sister of
Irene. (Symbol not ascertained.)

45. Juno was the reputed queen of heaven, and her
sign (%) is an ancient mirror, crowned with a star—an
emblem of beauty and power.

46. Crmes was the goddess of ‘grain and Aarvests, and
her sign (?) is a sickle.

47, Pawras (or Minerva) was the goddess of wisdom
and of war. Her symbol (9) is the of a spear.

1. The ancient Palladium was an image of Pallas, preserved in the castle of the city
of Troy ; for while the castle of the city of Minerva was building, they say this image
fell from heaven into it, before it was covered with a roof —7ooke’s Pantheon.

2. To a sinilar fable, respecting an image falling from heaven, the Town-Clerk al-
::des.lAclis xixf %’5:]——“ Y?s men of hEImes}mt'h what mngr:);a therﬁ that kn:lm':t‘lil n n‘t how

at the city of Ephesus is a worshiper of the great ess Diana, and of the émuges
which fell down from Jupiter ver

41. Egeria and her symbol ?

42. Astreeaand signf (Mythological legend? Virgo and Librat Where
olse found ¢)

43. Irene—by whom named, and why ¢ Symbol?

44, Eunomia and symbol

45, Juno and rymbol ¢

:s. g«:{les auddheir symbolbl 1 P P

7. as and her symbo Ancient Palladium eputed origin ¥

Baript 1ral allusion to it 6
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48. {Ixcria was the goddess of Aealth, and the daugh-
ter of Escualapius, the father of the healing art. (Symgo)
not ascertained.)

Our ' dern word MTygeian, which signifies the laws of health, is dorived from the
goddess Hygum

49. Juerrer was the reputed father of the gods—the
king of heaven. His symbol (¥) was originally the
Greek letter {, zeta (the same as our Z)—the initial of
the Greck word Zeus, the name for Jupiter.

X 80. Saturn—called by the saTURX, OB CEHRONOS.
Greeks  Chronos — presided
over time and chronology.
His sign (%) represents a
scythe.

1. Saturn presented in Mythol
an old M'W.I‘fhr:ﬂng&nbdd :xeegttin; a bt
lock, with a scythe in one hand, and an hour-
glass in the other. The same figure is now

. used to represent time.

2. Oar modern word cRronology, from

i
chronos, time, and logos, discourse, signifies
the science of keeping time, dates, &c.

51. Uranus was the father
of Saturn, and presided over
astronomy. The symbol of
this planet (%) consists of the
letter H, with a planet suspended from the cross-bar, in
honor of Sir Wilﬁam Herschel, its discoverer.

This planet is popularly known by the name of Herschel, but astronomers now almost
universally call it Uranus. It bears this name in the British Nautical Almanao for
1851, with the full consent of 8ir John Herschel, the son of the great discoverer. It was
first called Georgtum Sidue, by Dr. Herschel, in honor of his royal patron, George IIL

52. NeprunE was the god of the seas, but the symbol
of the planet (¥) is composed of an L and a V uni
with a planet suspended from the hairline of the V, in
honor of Le Verrier, its discoverer.

N'l'hls rlanet was first called Ls Vervier, but is more generally known by the name of
eptune.

%. 53. The Moox was called LZuna by the Romans, and

48. Hygeia and symbol ? iTerm hygeian ?)
‘49, Jupiter and his symbol ¢
50. Saturn? Greek name? Symbol? (How represented in Mythology
Word ckronnlogy ?) -
51. Uranus and symbol? (What other names, and why 1)
53, Neptune and his symbol? (Former name i)
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Selens by the Greeks. She is known by various sy .
bols, according as she is new, half-grown, or fi.4,
thus: @@, O.

1. From Zuna we have our modern terms lunar and lunacy; the former of wirich
ggnt}]ﬁes pertaining to the moon, and the "atter a di iently supposed to be d
y the moon.
2. Selene, in Mythology, was the daughter of Helios, the Sun. Our English word
selenography—a description of the moon's surfuce—is from Selene, her ancient rame,
aud grapho, to describe.

54. The Sun—called Sol by the Romans, and Helios
by the Greeks—is represented by a skield or buckler,
thus: ©, @ ©. As the large and polished bucklers of
the ancients dazzled the eyes of their enemies, this in-
strument was selected as an appropriate emblem of the
sun.

(AN
DISTANCES OF THE PLANETS,

= _55. The orbits of all the planets being more or less
elliptic, they must vary in their distances from the sun
in proportion to the ellipticity of their respective orbits,
and their position in their orbits. The following table
exhibits the mean or average distances of the several
planets from the sun, commencing with Mercury and
proceeding outward.
>4 Mercury . . . 37 millions, or 37,890,000

:¢Venus . ., . ., 69 “ 68,770,000 -
/Barth . . . . 95 95,298,260
J3yMars . . . . 145 “« 145,205,000

The Asteroids, from 210  “  to 300,000,000
2 75'Jupiter e e 496 “  or 495,817,000
/

¢)sSaturn . . . 909 “ 909,028,000
7 #granus . . . 1828 « 1,828,071,000
..Neptune . . . 2,862 ¢« 2,862,457,000

‘1. The first column of round numbers only should be committed to memory by the
student. These should be well fixed in the mind, as it will greatly facilitate the pro-
gress of the student hereafter. The family of Asteroids being less important, their
distances need not be learned in detail.

* It is impossible for the human mind to form any adeq\mte conception of the dis-
tance represented by the phrase “a million of miles.” It is only hv conceiving aright
in regard to short distances, and then using illustrations and instituting comparisons,
that we can forin any distinct idea of these really inconceivable spaces.

53. The Moon—Latin and Greek names? Symbols? (Words lunar an¢
Wnacy? Who was Selene in Mythology ? Selenography # Derivation %)

54. The Sun—Latin and Greek names 2 Symbol, and why #

55. Rehearse, in round numbers, the distances of the planets from the
(Substance of note lst? Object of note 2d? Note 8d¢ Note 4th 1)
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2 The parative dist of the planets are rep ted in the cut, page 18, and
also in the foliowing:

COMPARATIVE DISTANCES OF THE PLANETS.

sl —d U\! N‘,

/ I [

8. To assist his conception of these vast distances, the student may imagine a rail-
road laid down from the sun to the orbit of Neptune. Now if the train proceed from
the sun at the rate of thirty miles an hour, without intermiseion, it will reach Mercury
in 152 years: the Eurth in 361 yeurs: Jupiter in 1.884 years; Saturn in 8.493 years,
Cranua in 6,98S: and Neptune in 10.800 years: Such a journey would be equal to
riding 900,000 times across the continent, from Boston to Oregon!

4. It i8 now about 5870 years since the creation of man. Had a train of cal
started from the sun at that time toward the orbit of Neptune, and traveled day an
night ever since, it would still be 284 millions of miles within the orbit of Uranus—
sbeut where the head of the locomotive stands, as shown in the cut! To reach even
that planet would require over 1.000 years loager; and to arrive at Neptune, nearly
6,000 {ears to come! 8uch is the vast area embraced within the orbita of the plunets,
and (ti.:‘e spaces over which the sunlight travels, to warm and enlighten its attendant
worl

56. The apparent magnitude of the heavenly bodies
depends mucﬁ upon the distance from which they are
viewed ; the magnitude increasing as the distance is
diminished, and diminishing as the distance is increased.

KEAR AND REMOTE VIEWS OF THE SAME OBJECT.

Let A represent the position of an observer upon ‘the earth, to whom the sun appears
82', or about half a degree in diameter. Now it is obvious that if the observer advance
to B (half way), the object will fill an angle in his eye twice as large as it filled when
viewed from A. Again: if he recede from A to C, the object will appear but Aal/ as

Hence the rule, that the apparent magnitude is i d as the di is
diminished, and diminished as the distance is increased.

57. Could a beholder leave the earth, and, descending
toward the sun, station himself u{:on Mercury, he would
find the apparent magnitude of the sun vastly increased.
Should he then return, and pass outward to Mars or
Jupiter, he would observe a corresponding diminution in
the sun’s magnitude, in proportion as the distance was

increased. Hence the apparent magnitude must vary

56. How apparent magnitudes of heavenly bodies modified ¥ (Illustrate
by diagram.)
'u.f" Su'ppose a person to go to Mercury—what effect upon apparent s2ze of
sun
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exceedingiy, as viewed from different points in the solar
system. -

THE SUN, AS SEEN FROM THE DIFFERENT PLANETS,

Fro
N'? H. 8. Jupiter. Mars.

...,%%

The above cut represents the relative apparent magni-
tude of the sun, as se¢n from the different planets. In
angular measurements, its diameter would be as follows :

From Mercury . 823 | From Jupiter .
“ Venus . 44—3’ ¢« Saturn. .
« FEarth . . 32 “ Uranus . . 1¢
“« Mars . . 21' “ Neptune .

The Asteroids, say- 12’

~Let us continue our imaginary journey outward,
yond Neptune, toward the fixed stars, and in a
time the glorious sun, so resplendent and dazzling to our

view, will appear only as a sparkling star; and the fixed __~

stars will expand to view as we afproach them, till they
assume all the magnitude and splendor of the sun him-
self.

LIGHT AND HEAT OF THE PLANETS.

58. As the distances of the planets, respectively, affect
the apparent magnitude of the sun, as viewed from their
surfaces, so it must affect the relative amount of light
and Aeat which they respectively receive from this great
luminary.

59. The amount of light and heat received from the
sun, by the several planets, is in inverse proportion t¢
the square of their respective distances.

58. What effect has the distances of the planets fromn the sun, respectively
apon their relative ‘ight and heat ¢
69. What rule guverns the diffusion of light? (Illustrate Ly & diagram.'
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PHILOSOPAY OF THE DITFUSION OF LIGHT,

1. Here the light is sesn passing in right linea from the sun on the left towar.i the

several planets on therigbt. It is #iro shown that the surfaces A. B. and C receive ~qual
;uantities of light, though Bis four times, and C nine times, as large a8 A : and as the

hght falling upon A is spre:d over four thnes as much surface at B. and nine time« a8
much at C, it follows that it is only one-ninth as intense at C. and one-fourth at B, as it
wat A. Hence the rule, that the liyht und heut of the planets are, inversely, as the
squares of their reapective distnces.

2. The student may not exactly understand this last statcment. The square of any
number is its product, when mltiplied by itself. Now suppose we call the distancee
A, B, and C I.{lml 3 miles. Then the square of | is | ; the square of 2 ix4: and the
square of 3 is 9. The light and heat, then, would be in inrerse proportion at these
three points, as 1, 4, and 9: that i3, four times lexs at B than st A, and nine times less at
C. These amounts we should sta% ss |, §, and J,

60. The intensity of lizht and heat received upon the
several planets varies, according to their respective dis-
tances, from 64 times as mach as our globe to z}5th part
as much. '

1. The comparative light and heat o* the planets—the earth being 1—is ss fl-

lows:

Venus...coeeeeccesececncesorneness SatUrN.ceecceccrcnes Yy '!..
The Earth ...... 1 Oranus.cceeeiieiiinnniennnniennes yiy

D Y 1 2ieptune..v.es ceieercnsnecrcannas 1
The Asterolds...........cccuenenee vos

) Mercuryesccceccesccceccecccscccese 64 ) Jupiter.oceeeneeaennenns

2. From this table it appears that Mercury )as 6} times as much light and heat as our
globe, Uranus only ,,,‘, 1» and Neptune only ;%th part as much. Now if the average
temperature of the earth is 50 degrees, the avarage temperature of Mercury wonld be
825 degrees; and as water bofls at 212, the tem x ratnre of Mercury must be 113 degrees
above that of boiling water, Venus would have an average temnperature of 100 degrees,
which would be twice that of the earth. On tke other hand, Jupiter, Saturn, Uranus,
and Neptune, seem doomed to the rigors of pirpetusl winter. And what conception
ean we form of a region 900 times as cold as our ylobe! Surely,

“ Who there inhabit must have other powers,
Juices, and veins, and sense, and life than ours;
One moment's cold, like theirs, woul! Yleroe the bone,
Freeze the heart’s blood, and turn us all to stone I

8. It is not certain, however, that the heat is proportionate to the light received by

80. Between what limits does the light snd heat of the several planets
vary ¥ (What would that be for Mercury ? For Venus? How with the ex
terior planets Poetry ! 1Is it certain that the heat of the planets is in exact
proportion to the light they respectively reccive! Why nott) :
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the res; ve planets, as various local causes may conspire to modify either extreme of
the high or low temperatures. For inctance, Mercury may have an atmosphere that ar-
rests the light, and screens the Laly of the ‘:I.net from the Insuppomb{; rays of the
sun: while the atmospheres of Saturn, llerschel. &c., may act as a refracting medium to
gather the light for a great distance arvund them, and concentrate it npon their other-
wise cold and dark bvsoms,

Tl pan
MAGNITCDE OF THE PLANETS.
61. The planets vary as much in their respective mag-
nitudes, a8 in their distances. Their sever£ diameters,
so far as known, are as fullows :

94 fMercury . . . 2,950 |Astrea. . . . —
7/7/ 7 dVenusr)t e « . 1900 |Irene.. . . . —
]]?iarth e o« « » 7912 |Eunomia . . ., —
g Mars . . . . 4500|Juno . . . . 1,400
07 Fom & o0 2 | Cores | Lo ies
Clio. . . .. — |Pallas. . . . 77
Vesta . . . . 295|Hygeia. . . —
Iris . . . . . Jupiter. 55‘/771/ 88,780
Metis . . . . Saturn . ¢, f ey 718,484
Hebe . . . . Uranus. 3y ) 7 36,000
Parthenope . . Neptune [ 35,000
Egeria. . . . ,

1. The asteroids are so small and so remote, that measurements of their exact diam-
eters are obtained with great difficulty : hence the numerous blanks in the above talle,
And even when diameters are given, they are somewhat doubtful.

€. In the case of the other planets, we have given their mean or average diameters,
according to the best authorities. As most of them are more or less oblate, their polar
diameters are less, and their equatorial more, than the amount given in the table.

62. The magnitude of the principal planets, as com-
grared with the earth, ollows :—Mercury, ¢5 as large:
enus, 5 ; Jupiter, times as large; Saturn, 3;666~

. e

times , uranus, -20’ times ; and Neptune,69.
4 )

1. The magnitudes of spherical bodies are to each other as the cﬁm of their diam-
eters. Thus, 7912 X7912 X 7912=495.289.174,428, the cube of the earth's diameter; and
€950 X 2950 X 2050=25,672,375,000, the cube of the diameter of Mercury. Divide the
former by the latter, and we have 19 and a fraction as the number of times the bulk of
Mercury is contained in the earth.

81. State the diameters of the several planets? (Why blanks in the
table? What diameters are given—polar, equatorial, or neither ¢; '

62. Give the mugnitude of the principal planets, as compared with the
earth. (llow ascerwin relutive mugnitudes§ How possible that a mere star
can be such an immense wond 1)

—
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COMPARATIVE MAGNITUDE OF THE SUN AND PLANETS.

LIt mu(soem almost incredible that what ngﬁen only as small stars in the heavens
should be larger than the mighty globe npon which we dwell. But when we consider -
their immense distance, and the effect this must have upon thejr apparent magnitude,
as illustrated at 55, it is evident that the planets could not be seen at all were they not
very large bodies. The above cut will give some idea of *he magnitude of the several
planets, as compared with e’h other, ?Zd élso with the sun.

7

63. The Sun._is 1466 times as large as our globe,
and J00 times as large as all the other bodies of the solar
systém put together. It would take one hundred and
twelve such worlds as our earth, it laid side by side, to
reach across his vast diameter.

" DENSITY.

64. The planets differ greatly in their density, or in the
compactness of the substances of whieh they are com-
posed. Mercury is about three times as dense as owr
globe, or equal to lead.  Venus and Mars are abont the

- same as the earth ; while Jupiter and Uranus are only ¢th

as dense, or about equal to water. Saturn has only h
the density of our globe, answering pretty nearly to cork

63. State the magnitude of the sun as compared with the earth. With the
rest of the system. lllustration?
' 64. What meant by density ? Do the planets differ in this respect? State
snd illastrate. (How masses of planets ascertained? How with Mercury 1)
) .

4

/M{// //(4(,./5,{ {/(d,{,/ ) / '/' ’
Zé‘ﬁ/ﬂt 7 e lever.
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The massas of the planets are determined by the revolution of thetr respective satel.
lites: but as Mercury has no satellite, the determinstion of his mass and densit,
cotes 8 very,difficult sud uncertain matter. “But it fortunately happens,” says
Hind, “that'we have a curious method of approximating to this el viz.. by tha
perturbations produced by the planet in the movements of & comet known as Encke’s,
which revolves sround sun in little more than three years, and occasionally ap-
proaches very near Mercury, &c. From computations based upon these perturbations,
Prof. H concludes that Mercury is only about ;3 more dense than our globe—a resuit

widsly diffeent from that arrived at by his predeccssors.

GRAVITATION. -

85. Attraction, or (Gravitation, is the tendency of
bodies toward each other. It is that tendency which
causes bodies raised from the earth, and left without sup-
port, to fall to its surface. '

All substances fall toward tho earth's
center from evory part of the globe, as &
spherical loadstone would attract parti-
cles of rteel tu its surface in every di-
rection. Hence when these four men,
standing on different rides of the gilol
drop exch a stone, tney all fll tow
the samo point, becanse the earth at-
tracts them all to herself

66. Gravitation is what
constitutes the weight of
bodies, and depends upon
the quantity of matter in
the bodies attracting, and
their distances from each
other.

The reason why a cubic f:.i of cork weighs much less than the same bulk of lead, ia,
that being less densg, ic contains much less inatter to be attracted.

67. From the above law of attraction, it follows that
large bodies attract much more strongly than small ones,
provided their densities are equal, and their distances the
same; and as the force of attraction constitutes the weight
of a body, it follows that a body weighing a given num-
ber of pounds on the earth, would weigh much more on
Jupiter or Saturn, and much less on Mercury or the

Asteroids.

65. Define gravitation. (What illustration given )

66. What relation has intstion to weight # Upon what does it depend
for its degree of force# (Why is a cubic foot of cork lighter than the sama
bulk of leud #)

67. What effect have the bulk and density of the planets upon the weight
of bodies on their surfaces? (State comparative weights. IMustrationf
Why not attractive force or weiﬁn; in exact proportion to bulk ¢ How muat
Y:dies be weighed to ascertain di oxonoo,andwgloyt)

ATTRACTION OF TRE BARTR
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1 The following table shows the relative attractive force of the sun and planeta A
body weighing one pound on the earth, would weigh,

On Mercury

“ Venus
“ . .. 0 8| % Neptune
% Jupiter 2 8 | “ The Sun

2. A person weighing 150 1bs. on the earth would consequently welg bat 74 iba. u
Mars; while upon Jupiter, his weight would be 375 1bs. ; and upon the sam, 4,250 1bs. 1
The attractive foroe of the Astesoids s so slight, that, if 8 man of ordinary muscula
om-nqth were transported to one of them, he might predably lift & hogshead of lead
from its surface without difticulty. E

<. Butthe learner will notice that the attractive force, as shown in the above table, s
not 1n strict proportion to the bulk of the planets respectively. This.difference will be
accounted for by considering the difference in their denxity (64). From the principles-
there Iaid downi’lt will be seen at once, that thongh one planet beas large as another,
still, if it were but half as dense, it would ‘contain no more matter than the smaller one,
and their attractive force would be equal. 1f Jupiter, for instance, were as denso as the
earth, his attractive force would be four times whut it now is; and if the density of all
the solar boilies were gerocisely the same, their attractive force, or the weight of bodies on
their surfaces, would be in exact proportion to their bulk.

4. It mnst be remenibered, however, that if a Lody were actually weighed upon the
surface of each planet, by ~xcales, It would weigh the same on all, because the force of
attraction upon the w $ghts would be just equal to that of the body to be weigh
whether it were more or less. With a steclyard it would be the same, A spring an
hook, therefore, is the vuly instrument with which we could weigh objects sccurately on
the different pianets,

68. If the earth were only one-half as dense as she now
is, it would reduce the weight of bodies at her surface
one-half. So if a body were taken from the earth’s sur-
face half way down to her center, the weight would be
reduced one-half. At her center it would be nothing,
because the attractive force would be the same in
directions.

In this cut, the dfameter of the earth is divided into four
equal parts—C. D, E, and F. At A, the whole attraction

to four pounds. When the stone reaches B, tha C
part C attracts as strongly upward as D does downward, and
their forces balance each other. Then as C and D mutually D

neutralize each other, we have only the parts K and F, or one-

half the globe, to attract the stone downward ; consequently E
the attractive force would be only half as freuﬂ. B as at A,

and the stone would weigh only two pounds.

69. The force with which bodics gravi-
tate toward each other is in direct pro-
portion to their respective masses, and in inverse propor-
tion to the squares of their distances.

A man carried upward in a balloon welghs less and less as his distance from the earth
s increased. The same law holds 11n regurd to the planetary worlds. The nearer
a planet is te the sun, or to any other buly, the stronger the mutual gravitation.

68. How effeét weight of bodies on the carth to reduce her density one-
galt{’l ¢ llow)to take down half wuy to center? Quite to center? (lllustrate
y disgram.
)69. ive the exact law of gravitation? (What said of & man ascending u
aballoon? Of more distant planets #)
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69. This great law was discovered by Sir Jsaac New-
ton, in 1666. He was then only twenty-four years of
age.

The inguiry which led to the dizcovery is said to have been suggested to the miund of

this youthfn! philosopher hy seeing an apple fall from the limb of s tree. “ What dres
these two globes (the apple and the carth) together

PERIODIC REVOLUTIONS OF THE PLANETS.

70. The planets all revolve around the sun from west
to east, or toward that part of the heavens in which the
sun appears to rise.

To assist his conception of the directiom in which the planets revolve, the studem
may suppose that if the earth was in her orbit beyond the sun, at 12 o'clock, she would
go wiat we should call eastward, which would be the same direction that we should
call westward on the earth, at the same time: as bodies revolving in a circle move in

pposite directions on opposite sides of the circle.

71. The passage of a planet from any particular point
in its orbit, around to the same point again, is called ite
periodic revolution; and the time occupied in making
such revolution is called its period, or periodic time
']I‘he periodic times of the principal planets are as fol
oOws :

. Years. Days. Years. Days.
Mercury . . . 0 83 |Jupiter . . . 11 3I7
Venus . . . O 225(Saturn . . . 29 175
Earth . . . . 1 — |Uranus . . . 8¢ 27
Mars . . . . 1 3822 |Neptune . . 164 226

72. The periodic times of the Asteroids vary from
1,200 to 2,000 days, the average being about 1,600
days, or four and a-half' years. This resemblance in

- the time of their revolutions is due to the fact that they
vary but slightly in their distance from the sun, a cir-
cumstance which governs the time of the revolution of
all the planets.

€9. When and by whom were the Laws of Gravitation discovered ? How
old ¢ (What led to this discovery ?) o

0. In what direction do the planets revolve in their orbits? (Give illua-

ion.) .

tngi' n\\'hat meant by the perindic revolution of & ]planet? Its period or peri-
odi time ?  Give the periads of the nrincipal planets.

72. Periodic times of the Asteroids? Cause of agreement? (What
constitutes the year of a planet? Compare years.)
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HOURLY MOTION OF THE PLANETS IN THEIR ORBITS.

738. The velocity with which the planets fly throngh
space, in performing their per’odical journeys around the
sun, varies from 11,000 to 110,000 miles an hour. 'The
liourly motion of the earth amonnts to 63,090 miles !

1. The hourly motion of the planets is, approxt Iy, a8
Miles Mites

PR .

JOpiter..oiiienneieee vanenenen 30
. Saturn . 22.000
. Uranus... 15,000
Mars........... sesevscnssanse 55000 [ Neptune «ccoeeivirenirenan s - 11.000

Here. instead of finding the swiftest planets perforniing the longest periodic journeys,
this order is reversed, and they are found revolving in the smallext orbits. The nearer a
plunet ix to the sun. the more rapid _its motion. and the shorter its perimdic time. The
reasons for this ditterence in the velocities and periodic titnes of the planets, will appear
in asubsequent parmeauph, )

2. 1t may seem incredible to the student that the ponderous globe is flying throngh
space at the rate of 68,000 miles an hour, or gome 30 thmes as awift as a bnllet: but,
like many other astonishing facts in Astronomy. fts truth can easily te demonsteated.
The dinmeter of a circle is to jts cirenmference as 7 s to 22 nearly. The enrths dis-
tance from the sun being ¥3.000,00 milex, it & obvious that the whaole diameter of her
orbit is twice that distance. or 190,000,000 then, as 7:22:: 190,000,000 : 597.142.857
miles, the cireumference of the earth’s orbit.  Divide this sum by 8,766, the number of
aours in a year. and we have 85168 miles as the hourly velocity of the earth.

3. As the earth is not propelled by machinery like a steamboat. or borne upon wheels
fike a railroad ear. it is not strange that we are insensible of its rapid motion, especially
as every thing upon its surface, and the atmosphere by which it is surrounded, move
onward with it in its rapid Hight.

CENTRIPETAL AND CENTRIFUGAL FORCES.

74. The mutual attractive force of the sun and planets

is called the centripetul torce; while the tendency of the

lanets to fly off from the sun, as they revolve around
1im, is called the centrifugal torce.

1. The term centripetal is from centrum, center. and peto, to move toward ; and
centrifugal. from centrum. and fugio, to fly trom the center.

2. The centrifugal force is generated by the revolution of the planet, and is in pro-
portian to its velocity—the more rapid the revolution, the stronger the tendency to fly
off fromn the sun.

8. If the centrifagal force were suspended. the planets would at once fall to the sun;

and if the centripetal furce were destroyed, the planets would fly off in straight lines,
and leave the solar system forever. Then wmight Le realized the chavs snd confusion of

the poet:
“Let Earth unbalanced from her orbit tly,
Planets and sans run lawless throngh the sky:
Let ruling angels from their spheres be hurled,
Being un being wreck'd, and world on world.™

75. It has already been stated (63), that the force of
attraction depends somewhat upon the distances of the
attracting bodies—those wearest together being mutually

78. What said of the velocity of the planeta? Of the earth? (Table?
Remarks upon it? How is the hourly velocity of the earth ascertained ?
Why not seuxible of this rupid motion ¢)
74. Centripetal and centrifugal forces? (Derivation of terms? How oon-
generated ! Suppose either suspeaded 1) -
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attracted most. It follows, therefore, that Mercury haa
the strongest tendency toward the sun, Venus next, the
Earth next, &c., till we get through to Neptune ; and as
the centrifugal furce which is to balance the centripetal is
created by the velocity or &'ojectile force of the planets,
that velocity must needs in proportion to their dis-
tances, respectively, from the sun ; the nearest revolving
the most rapidly. This we find to be the actual state of
things in the solar system.

The mechanism of the solar system strikingly displays the wisdom of the great
Creator. The evutrifugal force depends. of course, upon the rn‘xldlty of the revolution;
and in onler that these forces might be exactly balanced, God has imparted to cach
plnnet a velucity just sufticient to pricduce a contrifugal forco equal to that of its gravita.
tion. Thus they neither fall to the sun_on the one hand. nor ﬂ'y off beyond the reach o
bis beams on the other, but remuin balanced in their orbits hetween these two yreas
forcen, and steadily revuiving from age to age. * liow manifold aro tby works! In wis
dom bast thou made them all”

Fool
LAWS OF PLANETARY MOTION.

76. Three very important laws, or principles, governing
the movements of the planets, were discovered by Ae;
ler, a German astronomer, in 1609. In honor of their
discoverer, they ave called Kepler’s Laws.

Kepler was a disciple of Tycho Brahe, a noted astronomer of Denmark, and was
equally celebrated with his renowned tutur. 1llis residence and observatory were in
Wittenberg, Germany.

77. The first of these laws is, that the bty
orbits of all the planets are elliptical, A
having the sun in the common focus.

The point in a planet’s orbit nearest
the sun is called the perihelion point,
and the point most remote the aphelion @
point.  Pershelion is from peri, about or
near, and Aelins, the sun ; and aphelion, e
trom apo, from, and Aelios, the sun. - PERIEELION.

From this first law of Kepler, it results that the plan-
cts move with different velocities, in different parts ot
theirorbits. From the aphelion to the perikelion points,
the centripetal force combines with tE: centrifugal to
accelerate the planet’s motion; while from perihelion to

~ v
\“‘--.....-—/

75. Why the planets nearest the sun revolve most rapidly in their orbits /
(Remark ?{

76. Laws of planetary motion? (Who was Kepler #)

7. State the fra of Keplar's lawa. Perihalion? Apheliou?
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aphelion points, the centripetal I
acts against the centrifugal torce, -
and retards it. : ["

1. Frum A to B in the diagram, the centrifugal force,
represented by the line C, acts with the tendency to ™, ¢
revoive, nnud the planet's motion is accelerated ; but ,’ ~.C l?/’
from B to A the sume force, shown by the line D, "
acts «againat the tendency to advance, and the planet "\ ra
is retarded. Heuce it comes to Aphelion with its

least velocity. and to Perihelion with its greatest. Poi 4 /
2. In  he statement of velocities on page 45, the 3
meun or uverage velocity is given, @ S
78. The second law is, that the
radius vector of a planet describes
equal areas in equal times. The
radius is an imaginary line joining the center of the
sun and the center of the planet, in any part of its orbit
Vector is from weho, to carry ;
hence the radius vector is a radius
carried round. By the statement
thatst describes equal areasin equal
times, is meant that it sweeps over
the same surface in an hour, when
a planet is near the sun, and moves
swifily, as, when furthest from the
sun, it moves most slowly.

The nearer a planet is to the sun, the more raphl
its motion. 1t follows. therefore, that if the orbit of &
planet is an ellipse, with the sun in one of the focl, its
rate of motion will be unequal in different parts of
its orbit—swittest at perihelion, and slowest st aphe- .
lion. From perihelion to aphelion the centripotal mnore directly conrteracts the cen-
trifugal force, and the planet is returded. On the other hand, from the aphelion to the

rilheliun point, the centripetal and centrifugal forces are united, or #<t in a sknilar

irection. They c‘mset?uently hasten the planet onward, and its rate of motion is cone
stantly acoelerated. Now suppose, when the planet is at a certain point near its peri-
helion, we draw a line from its center to the center of the sun. This line is the swling
veclor, At the end of one day, for instance, after the planet has wlvancea considerably
inits orbit, we draw another line in the same manner to the sun’s center. and estimate
the area between the two lines. At another time, when the planet is neur its aphelion,
we note the space over which the raidius vector travels in one day. and estimate its area
On _comparison, it will be found. that notwithstanding the unequal velocity of the planet,
and consequently of the radius vector, at the two ends of the ellipse, the darea over
which the radius vector has traveled is the same in both cases The ssme principle ob-
tains in every part of the planetary orbits, whatever may be their ellipticity or the mean
distance of the planet from the sun; hence the rule. that the radius vector dexoribes
oqueil areas in equal times. In the preceding cut, the twelve triangles. nuwbeed L, 8,
8, &c., over each of which theradius vector sweeps in equal times, are equal.

79. The third law of Kepler is, that the squares of the

BADIUS VECTOR.

78. State the second law of planetary motion. Define rudiux cector. 1Kz
plain this serond laws) Lo owd
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periodic times of any two planets are proportioned to the
cubes of their mean distances from the sun.

1. Take, for example, the earth and Mars, whose periods are 335-2564 and 686-979¢
days, and whose distances from the sun are in the proportion of 1 to 1:52369, and it will
be found that (3652564): (6869796?":: (1) :(152369)3.

2. According to these laws, which are known to prevail throughout the solar system,
many of the facts of astronomy are deduced from other facts previously sscertained
They are, therefore, of great importance, and should be studied till they are, at least,
thoroughly understood, if not itted to y.

ASPECTS OF THE PLANETS.

80. By the aspects of the planets is meant their posi-
tions in their orbits with respect to each other. The
principal  aspects
are conjmtm, MARS IN gmauncﬂon
quadrature,and op-

osition. Two bod-
les are in conjunc-
tion when in the
same longitude ;
that is, on the same
north and south
line in the heavens.
The sign for con-
junctionis ¢. When
90° apart, . bodies
are said to be in
quadrature, with
the sign 0O; and
when 180° apart, or
in opposite part: of
the heavens, they are in opposition, and the sign is 8.
Conjunctions are of two kinds. An ¢nferior conjunction
is when the planet is between the earth and the sun;
and a superior conjunction, when it is beyond the sun.

1. Let the student imagine himself stationed upon the earth in the cul. Then the
sun and three planets above are in conjunction. The inferior and superior are distin-
guished : while at A, & pianet is shown in quadrature, and at the bottom of the cut the
pianet Marys in oppowition with the sun and interior planet.

~ene.. e’

-.-..a..
MARS IN OPPOSITION

79. State the third law. (Illustration? What said of the importunce of &
knowledge of these laws 1)

8¢. What meant by the aspects of the planetc? State principal aspecta?
Define each. Signs¢ How many kinds of conjunctions? Define each.
(Explain by diagram. When is Venus nourest ¢ W hat difference at superior
wnid inferior conjunctions {) . .
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2 When at her superior conjunction, Venus is 154 millions of miles from the earth;
but when at her inferior conjunction, she is only 26 millions of miles distant, or the whole
diameter of ber orbit hearer, ,

. .

SIDEREAL AND SYNODIC REVOLUTIONS.

81. The sidereal revolution of a planet is a eomplete
revolution from any givent point in its orbit around to the
same point again.

Sidereal, from sideralis—a revolution as measurod by the stars. See page 28, note 1.
The periodic lutions of the pl , given at Art. 71, are sidereal revolutions.

82. A synodic revolution is from one conjunction to
the same conjunction again.

1. The term synod signifies a meeting or convention ; and the synodic revolution of
aplanet is a meeting revolution: that is, from one ing or con}j ion to h

2. The difference between a sidereal and synodic revolution may be {ll d by the
motion of the hands of a clock or watch. Attwelve o'cluck, the hour and minute hands
are together; but at one o'clock, when the minute-hand has made a complete revola-
tion, and points to XIL. again, the hour-hand has gone forward to L, and the minute-
band will not overtake it till about five minutes afterward. The revolution of the
minute-hand fromn XIL to XIL again, represents the sidereal revolution of s planet;
snd when it overtakes tha hour-hand, it a synodio revolutd

8. The sidereal and synodic periods of the principal planets are as follows:

Sidereal.

— ° 88 days..

From thi§ table it is seen that the synodic perfods of the more distant planets corre- .

spond very nearly with the periodic time of the earth. Being remote from the sun, they

m?ry slowly, and the earth soon overtakes them, after performing her periodia
ution.

SYXODIO PERIODS OF THE EXTERIOR PLANETS,

.
.

“~
/ /
o"’

—

o
&
» e
-
2o

i

the earth and Uranus to be in ction, a8 shown at A B. In%}g;r.
the earth rms her sidereal or pe: revolution, and returps to the pdint
A sgain, the mean time Uranus, whose periodic time is

81. What meant by the sidereal revolution of a planet? (Derivation of
term? Are tne periods of tho 1plu.mm sidereai revolutions ?)

82. Synodio revolution? (Illustrate difference by clock. What fact re-
mﬂ@hmé{ﬁmpwh How explained ! Lluutrate by
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through only ' th part of his orbit, or about 4{0to the point C; and in 4} days che
earth overtakes him on the line D. It is on this account that the synodic periol o
Uranus is only 867} days, or 4§ days longer than the periodic time of the earth.

THYE ECLIPTIO, ZODIAC, BIGNS, ETC.

83. The Ecliptic is the plane of the earth’s orbit, or
;:lbe path in wgglf the sun appears to revolve in ‘the
euvens.

PLANE OF THE EOLIPTIC.

1. In the above cut, an attempt is made to represent the ecliptie, or plane of the
earth's orbit. It isan oblique view, which makes the orbit appear elliptical. It shows
one-half of the sun and half the earth on one side, and half on the other. The circle
pro‘!lo&tlng beyond the orbit is to represent the plane of the ecliptic, indefinitely ex-
ten

2. If the student has any difficulty in getting & correct idea mreetlng the ecliptie,
let him snggou the orbit of the earth to be a hooE of small wire laid upon a table: the
surface of the table, both within and without the hoop, would then represent the plane
of the ecliptic. From the above definition and description, igwill be seen that the eclip-
tic passes through the center of the earth, and the center of the sun; consequently the
ecliptic and the apparent path of the sun through the heavens are in the same plane.
J< will be easy, therefors, to ascertain the true position of the ecliptic in the heavens, and
to lm;glne its course among the stars.

8. The plane of the earth’s orbit is called the acliptic, because eclipses of the sun
and moon never take place except when the moon is in or near this plane.

84. The position of the ecliptic to persons north of the
equator is south of us. It runs east and west, cuttin
the centers of the sun and earth. HNorth of the ecliptic
is called above 4¢; and south of it, below .

The student should again be reminded that there is no absolute up or dorwn in the
universe. He must also guard against the idea that the ecliptic may be hordzontal. This
term has reference only to the earth, and is desctiptive of a plane depending ultoPthet
for 1ts own position upon that of the observer. as shown and illustrated at 20. Though
the ecliptic is a permanent plane, and cuts the starry heavens around us at the same
&)lnm m age to age, it has no absolute up or down, unless it should be the direction

and from the san. The distinction of and below is merely arbitrary, and grows
cut of our position north of the equatcr, which makes the south side of the ecliptic ap-
pear down to us

£8. What the ecliptic? (How cnt the earth and sun? Point out its courss
10 the heavens. Why called the edliptic f)
4. What meant by clovs and beloss the ecliptio?  (Remsarks in muts.)
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- 85. The Poles qf the Ebl?t/w are the extremities of
an imaginary axis upon which the ecliptic seems to
revolve.

As the ecliptic and noctial are not in the same their poles do not cof
or are no'.inpt.l.;a npempoln in the heavens. ﬂmmdmh’dvmmﬁum
plained hereafter, .

"t vy L Lo i
86. The Zodiac iy an imaginary belt 16° wide, viz,
8° on each side of the ecliptic, and extending from west
to east quite around the heavens. In the heavens, it in-
cludes the sun’s a ;La.rent path, and a space of eight Jde-
grees south, and eight degrees north of it.

THER EOLIPTIO AND ZODIAG.

e -—

In this cut, the interfor dotted circle represents the earth’s orbit; the exterio» the

of her orbit extended to the starry heavens. The dark lines each side cf the

ecliptic are the limits of the zodiac. The earth is shown in perspective, largest uear to
us, and growing smaller as her dist: is i d. The arrowe show her direction.

87. The great circle of the zodiac is divided into twelve
equal parts, called stgns. (Thesedivisions are shown in the
above cut, by the spaces between the perpendicular lines
that cross the zodiac.) The ancients 1magined the stars
of each sign to represent some animal or object, and gave
them names accordingly. On this account, they gave
the name zodiac to this belt around the heavens ; not, as
some have imagined, because it was a zone, but from the
Greek zoin, an animal, because so many animals were
represented within its limits. '

" 85. The poles of the ecliptic? (Do the poles of the eclipt{> and the poles
of heavens coincide ?)
.86. What is the zodiac?
87. How is the zodiac divided? Idea of the ancients?! Origin of the

BMPG sudige? L.
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88. The names, order, and symbols of the twelve signs
of the zodiac are as follows:

Aries (or the Ram).... T | Libra (the Balance).... =
Taurus (the Bull) ..... 8 | Scorpio (the Scorpion) . M
Gemini (the Twins). ... II | Sagittarius (the Archer; !
Cancer (the Crab)..... % | Capricornus (the Goat) ¥3
Leo (the Lion)........ §l| Aquarius(theWaterman)=
Virgo (the Virgin) .... ™M | Pisces (the Fishes) .... %

‘These names being from the Latin, their signification is added In parentheses, and should
e understood by the pupil. In reciting, however, it is only necessary to give the first
names—as Aries, Taurus, Gemini, &c. By carefull observing these symbols, the sta-
dent will deteat a resoinblance between several of them Aﬂ:lot e ob{.ects thez‘ropreoont.
For instance, the sign for Ariesrepresents his Aorns; so with Taurus,

89. The ancients pretended to predict future events by
the signs, aspects, &c. This art, as it was called, was
denominated Astrology. Astrology was either natural
or judicial. Natural Astrology aimed at predicting re-
markable occurrences in the natural world, as earthquakes,
volcanoes, tempests, and pestilential diseases. Judicial
Astrology aimed at foretelling

.the fates of individuals or of em-
pires.

“This science,” “{l Webster,  was formerly in
frm q asmen ign ly supposed the heaven-
y bodies to have a ruling influence over the physical

and moral world ; but it is now universally exploded
by true sclence and philosophy.” A fragmnent of this
ancient superstition, like the adjoining tigure, ma;

still be met with occasionally in the of an al-
manac; and there are still persons to be found in al-
most every cominunity who think certain “signs”
fovern certain portions of the human body, and that
t is very important to do every thing “when the
sign s right.™ lmpostors, also, are still taking advan-
tage of this lulity ; and. professing to “tell for-
tunes,” ax they call it, by the sf;ru, fmpose upon and

defraud the ignorant. The stars have no more to do
with our ~ destiny” than we have with theirs.

90. The order of the signs is from west to east arcund
the heavens. Thus Aries, Taurus, Gemini, &c., around
to Pisces.

ANOCIENT ASTEOLOGY.

88, Names of the signs? Symbola on blackboard.

&9. What is astrolony ? How divided? Define each. (Remark of Web-
ster? Of the author

90. The order of thé' signs? (Deswibe the cut. What said of Taurugh
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PERPENDICULAR VIEW OF THE BOLIPTIO

o8l 06\

On 50 and 51, we presented oblique views of the ecliptic. The above is a pe-
pend: r view, The sun is seen in the center, and the earth revolving around oin
and in the distance is shown the circle of the starry heavens. This circle is divided
into twelve equal parts, rerresentlng the twelve signs; while the object which the stars

In each sign were sup to resemble is placed {n that sign, and the symhol immee
:}mlynopposiw and within the sign. But the Lead ofTanrg: ‘should polli/t”;’ut instead
wes! .

CELESTIAL LATITUDE AND LONGITUDE.

91. Celestial Longitude is distance east of a given
point in the heavens, reckoned on the ecliptic. Begin-
ning at the Vernal Lguinow, it is reckoned eastward to
360°, or to the point whence we started.

The pupil will consult the preceding cut, in which the hm%:m“ is marked for ev:
ten degrees. By holding the book up to the south of him, the surface of the page wi
represent the plane of the ecliptic; and the reckoning «f 10, 20, 81, &c.. from the top of
the cut easticard, will answer to the manner in which celestial longitude is reckoned
eastward around the heavens,

92. Celestial Longitude is either Ifeliocentric or Geo-
centric. The heliocentric longitude of a planet is its
longitude as viewed from the sun ; and the geocentric, its
longitude as viewed from the earth.

Wﬂm 1s from q; ‘:l::r.urth, and kentron, center; and Aelocontvéo from hehos,

91. Celestial longitude? Where begin to recken? Llastzwtr by book,
Point out order of reckoning in the Leavens,
- 92. What is Aeliocentric longitude? Geocentric? (Renvation of termst
[lustrate by diagram.) .

Va
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GEOCENTRIC AND HELIOORNTRIC LONGITUDR

In this cut. the planet B, when viewed from the earth at A, seems to be ‘n the sign
@; but when viewed from the sun, it appears to be in II. Ayxain: when at C, hee
appnrem longitude from the earth is in W : when from the sun, she appears to be in ¢,
'helearner will not only perceive the difference between geocentric and heliocenrio
longitude, but will see why the latter more than the former indicates the true position
of the planet. It is an easy thing, howcver, if one is known, to deduce the other from it.
MEAN AND TRUE PLACES MEAN AND TRUE PLACES OF A PLANNT.
OF A PLANET. o I S
93. The mean place g
of a planet is the place
it would have occupied
had it revolved in a cir-
cular orbit, and with
uniform velocity.

The true f)lace is that
which it really occupies,
revolving as it does in
an elliptical orbit, and

with unequal velocity.

1. In the cut, the dotted ellipse
represents the orbit of the planet,
and the points T T T, &ec., its true
.place. In the circle or hypothetical
orbit, the points M M. &c., Indicate
the meun gluce of the planet. M

.. T

$3. What is meant by the mean placs of a planet? The true place? (When
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2. From the perikalion to the aphelion, it will be seen that the true is in ad-
vance, or eustwoard, of the mean place; while from aphelion to n, the
mean place is in advance of the true. But at the perihelion and aphelion points, the
mean and true places coincide.

2. In one respect, the cut conveys an pression, as it rep the planet
s passing over an equal distance in its orbit lneq;’nluma. This is not the fact. The
difference in its velocity in ditferent of its orbit could not well be represanted here ;
but the student will find it beautifull ‘y illustrated by the second cut on page 47, sud in
the explanatory note accompanying it.

hgt;:h CelestzialdLaaItude is distance 7i0rt1:_ 3:' south of
the ecliptic, an y;reck ned to_the pole of the ecliptic,
orto90°.\}5’(kr - ¥§[ g\i/@?’ch_: ¢ "C,cp«,v.,
'DIREOT AND EETROGRADE WSiiH

1&}‘\( i(\L((‘
95. The apparent motion of a planet is said to 3}/’

direct when it is eastward among the stars, and r

when it seems to go back or westward in the ecliptic.
When it seems to move neither east nor west, it is said to
be stationary.

96. The cause of the appa-
rent retrogression of the in-
terior planets is the fact
that they revolve much more
rapidly than the earth, from
which we view them ; causing
their direct motion to appear
to be retrograde.

B‘Snppoum :ﬂeenrthmbeb:t&énd Venuhl:
would appesar to at C, am t
stars. If the edrth nnnlhedqul‘:l.lg\Ve-
nus was passing from B to D, she would
mhu&oﬁ:ﬂemcm E: bat as the
earth rm A to F while Venus goes
from B to D, Venus will appear to be at G ;
and the amount of her aspmnt westward
motion will only be from Cto G.

97. The apparent retro-
grade motions of the exterior
planets is due to the rapidity
with which the position from which we view them is

DIRROT AND RETREOGRADR MOTIONS.

is the true in advance of the mean?! When the reverse? When do thei
ooinclc}:i Wherein is the cut defective? Where have we a true represen
tation .

94. Celestial latitude? How reckoned {

95. When is a planct's apparent motion direct? Retrograde? When is
s planet said to be stationary?

96. State the cause of the apparent retrogression of an inierior planet.
(lll;lst'rﬁw by diagrfam.) ¢ plan a o b

97. The cause of retrogression of exterior ets. ustrate by diagram.
What fact shown ?)
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changed, as we are carried rapidly through space with the
earth, in her annual journey around the sun. o

98. The portion of the ecliptic through which a planet
seems to retrograde is called the Arc of Retrogradution.
The more remote the planet the less the arc, and the
longer the time of its retrogression.

ADR Or THE PLANETS.

1. Buppose the earth at A, and _the planet Neﬂtnno at B, he would then appear to
be nt C, amoung the stars ; but as Neptune moves but a little fromn B toward ¥, while the
earth is passing from A to D, Neptune will appear to retrograde from C to BE. Whate
vver Neptuie may have moved, however, fromm B toward F, will go to reduce the
amount of aumrent retrogression. T

2. It is obvious from this fizure. that the more distant an exterior planet is, and the
slower it moves, the less will be its arc of retrogradation, and the longer will it be retro-
grading. Neptune appears to retrograde 180 days, or neariy balf the year.

The following table exhibits the amount of arc and the time of the retrogradation of
the principal pianets:
Are, Days

..... ceennneencanaeaeens B0 iiiiiiiiiiiiiaiiiiiiieee. B8

Venns . .. 16 ..

99. The greatest elongation of an interior planet is the
greatest apparent distance east or west of the sun at
which it is ever found

.In the second cnt back, the point B would represent the greatest eastern, and D the
greatest western, elongation of the planet. At these two points she would appear to be
stationary. . .

100. The greatest elongations of Venus vary from 45
to 48°. The fact that she never departs more than 48°
from the sun proves that her orbit is withen that of the
earth ; and the variation in her elongations shows that
her orbit is not an exact circle.

98. What meant by the Arc of Retrogradation?
. 99. Greatest elongation ?
100. Greatest elongation of Venus? What does it prove ?
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~ 101. When Venns is west of the sun, and rises hefcre
him, she is morning star; and when east of the sun ¢’:e
is evening star.

1. Let the student hold the book up of him, and he will at once see why Venns
is slternately morning and evenlns‘ . Let the plane A B represent the sensible or
visible horizon, CD the apparent daily of the sun throu'i”:ho heavens, and B
the earth in her apparent position. e sun is shown at different points—
namely, rising in the east, on the meridian, and setting in the west; while Venus is
seen revolvinti:onnd him from west to east, orin the direction of the arrows, Now
it is obvious when Venus is at F, or ecest of the sun, she sets before him as at G,
and rises before him as at H. She must, therefore, be mornéng star. On the other
hand, when she i8 east of the sun, as at J, she lingers in the west after the sun has gone
downi as at K, and is consequently evening star.

2. In this cut, Venus would be at her greatest o!onption eastward at J, and twest-
-.ward at F, mdﬁdjnﬂl:oth cases would be “stationary.” AtL and M she would be in

w e sun.

8. Were the earth to suspend her daily rotation, with the sun on the meridian of the
obeervde: asrepresented at L, we might readily watch Venus through her whole circuit
around the sun.

4. Venus may sometimes beseen at mid-day, eitlier east or west of the sun, and Dr
Dick considers the day-time most favorable for observing her with a telescope.

102. Venus is morning and evening star, alternately
for about 292 days, or from one conjunction to another.
Appearing first east and then west of the sun, she was
regarded by the ancients as two different stars, which they
called Phosphor and Hesperus. .

‘When Venus is near her test elongation from the sun, she is one of the most bean-
tiful stars in the heavens. Bhe is very easily fonnd.l either just before sunrise, or just
‘after sundown; and we earnestly recommend the class to ascertain where she is, at the
time of learning this lesson, and to watch her movements for a few months, and see 1f

they do not correspond with the description here given. The knowledge acquired will
thus be located mp&e uesvens, P ¢ .

101, When ing and when evening star {
102. How long is Venus alternately morning and evening star? How re-
‘garded by the ancients? (Remark hax;m 1) S

“,'—-‘
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103. The greatest elongations of Mercury vary from 16
to 29 degrees from the sun, which proves his orbit to be
elliptical, and to be within that of Venus.

1. As Mercury never departs more than 29° fromn the eun“when at his elonga.
tion, and Venus is never nearer than about 459, when at her greatest elongation, it is
evident that his orbit is inside that of Venus,

2. When at perihelion, Mercury is only 29,305,000 miles from the sun's center; while
in the opposite part of his orbit, or in aphelion, he reaches to 44,474,000—making a vari.
ation of distance, arising from the ellipticity of his orbit, of more than 15,169,000 miles,
which is nearly five times a8 great as in the case of the earth.

104. In consequence of the nearness of Mercury to the
sun, he is very rarely seen ; and if seen at all, it must be
in strong twilight, either morning or evening. He never
appears conspicuous, even under the most favorable cir-
cumstances, but twinkles like a star of the third magni-
tude, with a pale rosy light.

Iting an al the student can ascertain when Mercury is at his

eh?n{ptlon. nmflfﬁt is eastward, look ont for him low down in the west, just afier sun-
set. If his elongation is westward, he must be looked for §n the east, before sunrise,
It will be worth rising early to see him. £ e
OEVIATION OF THE ORBITS OF THE PLANETS FROM THE PLANE
OF THE ECLIPTIC. L

105. Although the sun is the great center around
which all the Pizaners revolve, it should be borne in mind
that no two «f them revolve wn the same plane. Takin
the plane of the earth’s orbit or ecliptic as the standard,
the orbits of the other Ylanets all depart from that plane,
some more and some less. As a consequence, they all
pass through or cut the plane of the ecliptic twice at
every revolution, -

VENUS PASSING AND REPASSING THE FLANE OF THE EARTH'S ORBIT,

In this cus, e spnvo vIuEn Wit WE VIVIL VI WS TaluE 5 unvou w represent B

plane. Within her orbit, and part above, and part below it, may be seen the orbit of

108. Greatest elongation of Mercury? Proves what? (Show how demou-
strated. What suid of the eccentricity of the orbit of Mercury ?)
ldO4. Is Mercury often seen{ When, if at ull! Appearance? (How

find§ .
. Illos? ?.rod.l the planetary orbite in the same plane? What consequence
oliows
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Fenua, the arrows showing direction. Her orbit goes out of sight when it passes
the plane of the ecliptic.

106. The points e a planet passes the plane of the
ecliptic are called the Nodes of its orbit. 'Phey are in
oppusite sides of the ecliptic, and of course 180° apart.
The point where they pass south of the ecliptic is called
the descending node, and marked ¥ ; and that through
which they pass north of the ecliptic is called the ascend- .
ing node, and marked Q. The Line of the Nodes is a
line drawn from one node to the other across the ecliptic.

‘The nodes, ascending and descending, and their bola, and also the line of the nodes,
marked L N, are =il wgll represented h? the cut.

INCLINATION OF THE ORBITS OF THE PLANETS TO THR PLANE OF THR BILIPTIO.

107. The nodes of the planetary orbits are not all in
the same longitude, but ‘are distributed all arvund the
ecliptic. In astronomical works and calculations, the

. longitude of the ascending node only is noted, as the
opposite node is always just 180° from it.
The iongitude of the ascending nodes of the planets, respectively, is as follows :

108. What are the Nodes of a planet’s orbit? How situsted with respect to
?}‘Chhmh:ri 1 'What called respectively, and why ¥ What meant by the line
of the nodes

107. Are the nodes of all the planetary orbits in the same longitude ! How
distributed? Which nede usually mentioned and looated? Why not both?
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108. The deviation of the planets, respectively, from
the ecliptic varies from 1° 18" to 343°. The orbits of the .
larger planets are all near the ecliptic, while some of the
asteroids depart widely from it. On this account they are
sometimes called wltra-zodiacal planets.

The preceding cut may help the student to form an idea of the inclination of the
planetary orbits; but we must guard against the impressicn it may inake that all the
plunetary nodes are in the sume purt of the ecliptic, as we were obliged to represent in
the cut. Instead of this, they are distributed all about the ecliptic. Again: the cut
shows the several planets at about the same distance from the sun, contrary to the fact,
as stuted and illustrated on page 80. The dotfed line represents the earth’s orbit, or
plane of the ecliptic, and the other lines the planes of the orbits of several of the [‘;hm-
ets, and their departure from the ecliptic. The inclination of the several orbits ‘s, in

round numbers, as follows:
Mereury...........70 Metis.coovveeaes.. 5984° | Ceres..coveeee «..10087
Venus.............8028 | Hebe............. 140 47 .
! Earth . — | Parthenope....... -
\ Egeria....cocouuee —
AStrees ...... ... 5019
Irene ....... -
| Eunomia —
5028’ | JUNO ¢orrrennennns 180 &
OF TRANSITS.

109. The passage of a heavenly body across the me-
ridian of any place, or across the disk of the sun, is
called a fransit. A planet will seem to pass over the
disk of the sun when it passes directly bctween us and
him ; and as none but the interior planets can ever get
between us and the sun, it is obvious that no others can
ever make a transit over his disk.

The te  ~ mansit is sometimes ured with reference to terrestrial nbjects, as when we
speak of the franait or passage of goods through a country. The words trunsition,
$ramsitive, transitory, &c., are derived from the primitive word transit.

110. Mercury and Venus are the only planets that can
a{) ear to cross over the sun’s disk, as viewed from our
globe.

‘Were we stationed upon one of the remote exterjor planets, we might see the earth,
and Mars, and Jupiter transit the sun; but as it is, we shall never witness such phe-
vomwena, or, at least, till we leave the present world.

111. Were the orbits of Mercury and Venus in the
same plane with that of the earth, they would transit the

108. To what extent do the planctary orbits depurt from the ecliptic?

‘What said of the larger planets 1p Of the smaller{ (Remarks upon the cut,

State the inclination of’ Mercury, Venus, Mars, &ec.) :
109. What is a transit# When do planets transit thesun ? - What planets

do this ¥ Why not the exterior? (Rémarks upon teri trunsit.)

. 110). What planets make transits across the sun's disk? (Remarks i

aote. '
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sun at every synodic revolution ; but as one-half of each
of their orbits is above, and the other half delow the
ecliptic, they generally appear to pass either above o1
below the sun.

Let the right line A, joining the earth and the sun in the above diagram, represent
the plane of the ecliptic. Now when an interfor planet is in this plane, as shown at A,
it may appear to be upon the sun’s disk ; but if it is either above or below the ecliptic,
.6 Sh‘:len, at B and G, it will appear to pass either above or below the sun, as shown at

an

~ 112. A transit can never occur except when the inte-
rior plavet is in or very near the ecliptic. The earth and
the planet must be on the same side of' the ecliptic; the
rlanet being at one of its nodes, and the earth on the
ine ot its nodes.

PHILOSOPHY OF TRANSITS.

This cat re?reeents the ecliptic and zodisc, with the orbit of an interior planet, h»

nodes, &e. The line of his nodes is, as shown, in the 160 of ¥ and the 160 of M

Now if the earth is in 5, on the line L N, as shown in the cut, when Mercury is at

his ascending node (Q), he will seem to pass upiward over the sun's face, lie a dark

:fm!.lsn‘armnwl in the fgure. On the other hand, if Mercury is at his & when

ﬁ;:ean.h in the 16° of M, the former will seem to pass downiward across the disk of
sun.,

113. Asthe nodes of the planetary orbits are in oppo-

111. Why not transits every revolution of Mercury and Venus? (Ilus.
trate by diagram.) -

112. WrLen must transits occur, if at all? Wkere must the earth und
planet be? (Illustrate by diagram.) : : . .
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site sides of the ecliptic, it follows that the earth must
pass the line of the nodes of the interior planets, re-
spectively, in opposite months of the year. These
unonths are calleX the node months of the planet, and are
the months in which all its transits must occur.

114. In making transits across the sun’s disk, the
lanets seem to pass from east to west, and to ascend or
escend, as respects the ecliptic, according as the planet

is at the ascending or descending node. .

This variation in the direction of the planets, during different transits, is well renre-
sented in the next cut.

115. The node months of Mercury are May and No-
vember.

All the transits of Mercury ever noticed have occurred in one or the other of thesa
months, and for the reason already assigned. The first ever observed tuok place
November 6, 1631 ; since which time there have been 29 others by the same planet—
fu all 30—S8 in May, and 22 in November.

116. The last tran-
sit of Mercury oc-
curred November
11, 1861; and the
next will take place
November 4, 1868.
Besides this, ‘there
will be fourmore dur-
ing the present cen-
tury—two in May,
and two in Nov’r.

The accompanying cut is a de-
lineation of all the transits of
Mercury from 1802 to the close
of the present century. The
qark line running east and west
across the sun’s center represents
the plane of the ecliptic, and the
dotted lines the apparent paths
of Mercury in the several transita. The planet is shown at its nearest point to the sun’s
eenter. His path in the last transit and in the next will easily be found.

2. The last trunsitof Mercury was observed in this country by Professor Mitchel. at
the Cincinnati Observatory,and by many others both in America and in Europe.

118. What are the node montks 7 (Explain by diagram.)

114. In what direction do planets cross the sun in transits, and why ?

115. Which are the node months of Mercury {

116. When did the last transit of Mercury occur? When will the next
take place! (What ented in the cut ? scribe. Where is the
shiown? What said of last tracsit of Mercury?)
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The writer had made all neeecur{ veparation for observing the phenomenon at his
vesidence, near Oswego, New Yorl ,' Sut, unfortunately, hla‘lky u'u overhung with
which hid the sun from his view, and disuppointed all his'hopes.

117. The node months of Venus are December and
Jdune. The line of her nodes lies in Gemini () and
Sagittarius (#); and as the earth always passes thuse
vunte in the months named, it tfollows that all transits of

enus must occur in those months for ages to come.

This tion will be well understood by eonsulting the cut on 61 for as the
ine of Venus's nodes is only one sign aheal of thut of Mercury, the earth will reach
hat Bolnt in the ecliptic in one nionth after she Lenw the line of Mercury's nodes ; s0
<hat if his transits occur in May and November, should occur in June and Decewns
Jer, 88 is slways the case,

118. The last transit of Venus occurred June 3, 1769 ;
and the next will take place December 8, 1874.

1. Only three transits of Venus have as yet been observed—namely, December 4, 1639 ;
June 5, 170l ; and June 3, 1769. It is said that Rittenhou-e was so interesied in view-
ing that of 1769, that he actually fainted. In defining the terin eranxit, Dr. Webster
says: =1 witnessedl the tranxitof Venus over the sun’s o K, June 3, 1769." (See * Una-
bridged” Dictionary.) . The next four wiil occur December 8, 1574 December 3, laes;
June i, 2004 ; and June b, 2 12,

2. The first transit ever witnessed was that of December 4, 1639. The observer was
s {on man named Horrox. living in an olscure village near Liverpool, Enrlmd. The
wable o Keg’er. constructed upon the obxervations of Tycho Brahe, indicated a transit of
Venus in 1631, but none was obzerved. Horrox, without much sssistance from
and instruments, set himself to inquire into the error of the tables, and found that such
a phenomenon might be expected to hiappen in 1639, lle repeated his calculations
during this interval with all the ful and enthusiasm of a schol bitious of
being the first to predict and observe a celestial phenomenon which, fromn the creation of
the world, had never been witnessed. Conflident of the result, he communicated his ex

triumph to a confidential friend residing in Manchester, and desired him to watch

T the event, and to take observations. 80 anxious was Horrox notto fuil of witneesing
it himeelf, that he d his obeervations the day before it was expected, and re-
sumed themn at the rising of the sun on the morrow. ~But the very Aowr when his cal-
culations led him to expect the visibleappearance of Venus on the sun's Jisk, was aleo
the appointed howr for the public worship of God onthe Subbath. The delay of a few
minates might deprive him forever of an opportunity of observing the transit. If its
very were not noticed, clouds might intervene, and cunceal it untii the
sun should set; and nearly a century and a half would elapse before another oqportnnit.y
would occur. He had been walting for the event with the most ardent anticipation for

t ‘;eare. and the result prom much benefit to the science. Notwithstanding ald
lorrom twice his observations, and twice repaired to the house of God,
che great Author of the bright works he delighted to conteynplate. When his duty was
chus performed, and he hal returned to his chamber the second time, his love of science
was gratified with full success, and he saw what no mortal eye had observed before. If
any thing can add i to this incident, it is the lesty with which the youn
astronomer apologizes to the world for suxpending his observations at all. “ I observe!
it,” says he, “from sunrise till nine o'clock, aguin a little before ten. and lastly at noon,
and from one to two o'clock ; the rest of the day being devoted to higher duties, which
might not be neglected for these pastimes.”
The transit of 1769 was observed with i i by astr in both hemi-
spheres. To secure the advantages of observations at different points, Capt. Cook was

117. Node months of Venus?! Where line of nodest Why June and
December her node months ¢ ( Why only one month after those of Mercury 1)

118, When last transit of Venus{ Nexti (llow many have been ob-
served? What said of Rittenhous” * Webster? When uext four transits
of Venus? When first transit nou.. . . What said of it? That of 1769
‘Cook-~nse of sbeervations 1)
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sent to the Pacific in the bark “Endeavor,” where he perished lnbiequenﬂy by the
hands of savages at one of the Sandwich islands. Observations upon these wransits far-
nish data for important astronomical calculations.

119. In consequence of the earth’s annual revolution
around the sun, he appears to travel eastward, through
all the signs of the zodiac, every 365} days. It is this
eastward motion of the sun that causes the stars to rise
and set earlier and earlier every night.

SUN'S APPARENT MOTION AROUND THE ECLIPTIO.

SOLSTICE

8OLSTICE

JUNE 2!

2.6t & person walk d a tree, for inst , at 8 shqrt distance from it, and it will
appear to sweep around the horizon in an opposite d on, 80 as the eartl revolves
snnually about the sun, the sun nprem to traverse the circle of the heavens ir the up
site direction. 8uppose the earth is at A on the 20th of March: the sun will appear to
be at B in the o roslw side of the ecliptic. As the earth moves on in her m*'t froin A
tu C, the sun wil n‘»pm.r to move from B to D: and will seem thus to tinverse the-
whoale circle of the heavens every 3651 days. or as often as the earth revolz.x around
him. The time of thesun's apparent entrance into the different constellations as he jour-
neys eastward. is usually laid down in almanacs, Thus: “Sun enters ? (A1 es) 2uth of
March, &e.;" at which time the earth wonld enter the sign «a (Libra), and the aun
would seem to enter the opposite sign Aries.

119. What said of sun’s apparent motion? Cause? Time of rivolution ?
Effect npon the stars? (Tllustration from tree? By diagram.) What ia
weant by the sun’s entering Aries? When? Where earth then { :

N \ \
f B
oA
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CHAPTER II.

.

PRIMARY PLANEKTS CONTINUED.

120. Besioes the revolution around the sun, the planets
all revolve rapidly about their respective aves, as the
perform their celestial journeys. This is called their
diurnal revolution.

The evidences of the earth's revolution have already been considered on Yaga 18 and
14, That most of the vther planets revolve has been ascertained by carefully observing
the motions of spots, as they seemed to pass periodically over their diska.

121. The axis of the earth is inclined to the plane of
the ecliptic 23° 28'. It is always parallel to z'tseF —that
is, it always inclines the same way, and to the same
amount.

INCLINATION OF THR EARTH'S AXIS TO THE PLANE OF THR ECLIPTIO.

OG-0

1. The inclination of the earth's axis, and its llelism to itself, are exhibited in the
above cut, as also in the cuts, pages 50, 51, and 64, to which the student will‘do well to
tarn. .

2. The author is aware that the poles of the earth have a slow motion around the pole
of the ecliptic, requiring 25,000 years for a single revolution, but prefers to consider this
point hereafter, in connection with the pr ion of the equi

122. The axes of all the planets are inclined more or
less to the planes of their respective orbits. This incli-

nation, so far as known, is as fullows :

Venus . . . 75° Jupiter . . . 3°05' \

Mars. . . . 28°42 |[Saturn . . . 26°50

120. What revolution have the planets besides around the sunt What
ealled 2 (What proof of the earth’s revolution? Of the other planets ?)

121. What said of the axis of the earth ? Of the stability oF its inclina-
tion? (Is there no variation ?)

122. Are the axes of the other ﬁ{anets inclined? To what extent, respect-
Ively? (Substance of note 11 Illustrate by diagram. Note 21)

/

!
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1. 'rbe student will bear in mind that the above inclination is not to the ecliptic, oe
rlm of the earth’s orbit, but to the plane of the orbits of the several planets respects
vely. Take the case of Venus, for instance:

$°* ORBIT

PLANE OF VENV
PLANE OF THE ECLIPTIC

The orbét of Venus departs from the ecliptic 310, as stated at 108, while_her axis is in-
clined to the plane of her orbit 750, as shown in the above figures. This distinction
should be kept definitely in.view by the student.

2. The inclination of the axes of the several planets, each to the plane of its own or-
bit, is represented in the following cut: *

INOLINATION OF THE AXES OF THE SEVERAL PLAKETS TO THR PLANES OF THEIR ORBITR.

- 123. The inclination of the earth’s axis to the plane of
the ecliptic causes the equinoctial to depart 23° 28’ from
the ecliptic. This ansle made by the equinoctial and the
e:liptic is called the Obliguity of the Ecliptic.

OBLIQUITY OF THE ECLIPTIC.

A
28028’

'%o.
&
028098
PLANE OF THE BOLIPTIO
023098’

'9%%
z

23028’
A B

2t the line A A represent the axis of the earth, and B B the poles or axisof the ecly
e, Now if the line A A inclines toward the plane of the ecliptic, or. fn other wo!
departs from the line B B to the amounl of 28028, it is obvious that the plane of the

123. What effect has the inclination of the earth’s axis upon the equinoc-
tiul? What is the obliquity of the ecliptic? (Illustrate by dhgnm.g



EQUINOCTIAL AND SOLSTITIAL POINTS. 14

ator, or equinoctisl, will depart from the ecliptic to the same amount. This depart.
mshown l;‘uu sagles CC, constitute the oblt’zuay @f the ecliptic.

124. The permanent inclination of the earth’s axis, and
her revolution around the sun, cause first one pole to be
enlightened and then the other, thus producing the sea-
sons. 'The same inclination and revolution cause the sun
%0 appear to oscillate fromn north to south, crossing the
equator twice every year. This is called the sun’s decls-
nation. (See page 26.)

This subject of the seasons will be suficiently understood by examining the cuts on
pages 64 and 65.

125. The equinoctial points in the earth’s orbit are two
points in opposite sides of the ecliptic, at which the sun
18 exactly in the equinoctial; or, in other words, the

lane of the equinoctial exactly cuts the sun’s center.

he first of these is passed on the 20th of March (the
sun beginning then to decline northward), on account of
which it is called the vernal equinox ; and the other on
the 23d of September, on account of which it is called
the autumnal equinow. (See the earth at A and B, in
the cut, page 61.)

If the sun is vertical at the equator, he will, of course, shine to both poles, as repre-
gented in the cut, and the dnmnd nights will be equal all over the world. Henoe the
name eguinoctial, from the Latin @quus, equal, and nue, night.

126. The solstitial points are those points in the earth’s
orbit where the sun ceases to decline from the eqninoc-
tial, and begins again to return toward it. They are
respectively 90° from the equinoctial points.

The Summer Solstice is rvached on the 21st of June,
when the sun has the greatest northern declination, and
it is summer in the northern hemisphere.

The Winter Solstice is reached on the 23d of Decem-
ber, when the sun has the greatest southern declination,
and it is summer in the southern hemisphere, and winter
mn the northern. (See the earth at E F, cut, page 64.)

124. What other effects from the inclination of the earth’s axis? Sun’s
declination 1

125. What are the eguinactial points? Iow distinguished, and why?
When passed ¥ (Substunce of note ?)

126. The solstitial pointst How far frem the equinoctial poiuts? How
distinguished ¥ When passed {
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127. The amount of the sun’s deelination north and
south of the equinoctial is 23° 28’ ; answering to the in-
clination of the earth’s axis, by which it is caused, and
marking tue 1imits of the tropics upon the earth’s surface.

1. On the 21st of 4 "ne the sun reaches his greatsst northern declination or Summer
BSolstice, and is verticai on the Tropic of Cancer. From this time he approaches thw
equator of the heavens ul) the 20th of S8eptember, when he crosses it, and ns to de-
cline southward. m the 384 of December he has
reached his greatest soufhorn declination, or Winfer SHADOWS AT THE REQUATOR.
Svlstice, and begins to return wwevd the equinoctial,
which he gmea on the 20th of Maich, and reaches his
Summer Solstice again on e 2st of June. In this
manner he contw. nes to decli @, dvst north and then
south of the equaty,* from yeartnvear. But itshould
not he forgotter tha. the sun dues not really move,
first north and ti.on south, but that the apparent mo-
tion is caused sim}.v by the inclination of the earth’s
axis and her revolution around the sun.

2. The sun's denlination msy he easily measured
by the shadow of « suitahle -. upon the earth’s
lnrfaeo.d' S?p tla\ flag- F tl]the cut to stagd ,

rpendicularly, and o y Jp the t n L k
Ther23d of December m:-m vould be thrown c B A
northward to A, or 230 38 —jus 48 faras the sun has
declined south. At 12 o’clock up the 20th of March, and the 23d of Septomber, there
would be no shadow; and on the %18t of June, it would extend southward 23° 28’ to
C. Thus, at the equator, the shad«:w falls first north and then south of all perpendicular
objects, for six months alternately.

MEASURING THE SUN'S DECLINATION IN NORTHERN LATITUDR

3. This cut shows how the student may measure the sun’s declination wherever he
may ba located north of the equator. The shadows are such as are cast by objects
during the year, about 45° north of the equator. On the 23d of December, when the
sun has his greatest declination, the shadow of the flag-staff extends north at 12
o'clock to the point C, where two boys are seen, having just driven down s stake.
From this time to June 21st the shadow gradually shortens, till on that day it reaches
the point B, where another stake is driven. It then begins to elongate; and in six
months is extended to C again. The point.A is just half-way from B to C in angular
measurement, though the distances on the plain in the picture are very different
‘When the sun is on the equator, Murch 21st and September 284, the shadow will reach
only to A; and the angle A B and the top of the staff shows the northern, and A C and
the top of the staff the southern declination. 1t will be found to be 230 28 each way,
as marked in the figure. -

127. To what extent does the sun decline from the equinoctial north and
south? Why not more? (Substance of note 17 Note 2, and explain vy

diagram. Note 8, and diagram. What is a gnomon ?)
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4. The angle formed by the top and bottom of the pole and the point A will exactly
oorreapond with the latitude of the place where the experiment is nuule.

5. Let the students try this matter for thetselvex. Belect a level spot, and put np s
stake, say ten feet high. Get an exact = noon mark.” or north and outh line. whore
the stahe i8 driven, and at 12 o'clock, every fiir duy, L'-m down a small stake at the end
of the shadow. In this manner you will soon be able to measure the sun's declination
for yourselves, to determine the latitwle of the place where you live, and to understand
bhow mariners at sea ascertain their latitude by the declination of the sun.

6. The anci had pillars 1 for the purpose of making observations upon their
shadows. Such a pillar is called & gnomon,

ROTATION OF THE PLANETS UPON THEIR AXES.

128. The tine, so far as known, ot the revolution of
the l»lanets upon their respective axes, or, in otlier words,
the length of their natural days, is as follows :

. h m | 9 ll!.’

ereury . %4/,24 5 | Jupiter . 9. 956
Venus ~ . 25,23 21 |Saturn . 7/, 10 29
Earth . . 9, 24 00 [ Uranus . 7/., 93

| Mars . . ,1,1/.%/24 37 | Neptune . /AU'nknown

" These statistics are given npon the suthority of 8ir John F. W. Herschel, though he
\_ wmnarks Juno and Uranus as doubtful. v

129. The revolution of the earth upon its axis is the
cause of the agreeable vicissitudes of day and night.

PHILOSOPUY OF DAY AND XNIGHT.

How wisely adapted to the happiness of TTis creatures are all the works of God! The
night prepares us for the day, and the day in turn prepares us to welcome the nl%tht;
and in t hange mini to the happl of man and beast. Andbhut
for heing carried aronnd into the darkness of the earth’s shadow, we should never have

Ami the dazzling fir t, as it declared the glory of God. and showed forth his
handiwerk. How beantiful the poctic allusion to the revealing power of night!

l(*mrlons Night! when our first parent knew

hee, fromn report divine. and hennl thy name,
Did he not tremble for this lovely frame,

This glorious canopy of liglit anyl blue ?

Yet, ‘neath a curtain of translucent dew,
Bathed in the rays of the great setting flame,
Hesperus with the host of heaven cume;

And lo! creation widen'd in men's view.

128, In what time do the other plunets rotate on their respective axest
( Note iz : - . s
1. of duy and night? (Substanos 6f note? Poetic quotation fy
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‘Who could have thought snch darkness lay conceal’d
‘Within thy beams, O S8un! or who find,
‘Whilst fly, and leaf, and insect stood revealed,
That to such cuuntless orbs thon mad'st us hiind ?
‘Why do we. then, shun death with anxious strife?
If light can thus deceive us, may not life?

130. The earth and all the other P»ww¥AL=ErvoLoTION O

planets revolve eastward upon their ;
axes, or in the same direction in which
they revolve in their orbits. This
also is determined (with the exception
of the earth) by observing the motion
of «pots upon their surfaces, by the
aid of telescopes.

1. In the cut we have an arc of the earth's orbit, and the
earth revolving on her axis as she revolves arvund the sun. -
The arrows show the direction in buth cases. .

$. By holding the book up south of him, and looking at-
tentively at the cut. the student will understand why the . ¢
sun “rises” or first appears in the east. It is because the
earth revolves eastward. Thus the observer at A is carried round into the light, and
seos the sun rise when he reaches B. .

/ +
TIME. ((“ﬂ o mf/./
131. T%me is duration measured either by natural or

artificial means. The principal natural indicators of the

lapee of duration are the revolution of the earth upon its
axis, marking a natural day ; the change of the moon,
denoting a lunar month ; and the cycle of the seasons,
denoting a year. Time is measured artificially by clocks,
watches, chronometers, dials, &ec.; the standard being
the solar day still, which is divided artificially into 24
parts, called Zours, and these again into minutes and
seconds.

The aboriginal tribes of this country all reckoned time by “moons,™ or months, az
denoted by the moon’s changes.

132. The motion of the earth upon its axis is the most
regular of which we have any knowledge. It dues not
vary one second. in a thousand years.

To this aubllitlv‘uof the earth’s motion npon her axis the prophet refers when he says:
- Thus waith the Lord, If ye can break mly cuvenant of the day, and my covenant of the

180, [n what direction do the planets rotate on their axes? How ascer-
tained ? gll'lxplain wl?' the sun appears to rise in Yhe east.)

181. What is timef What naturul standards £ Anificial? (How meas.
ared by aboriginea #) .

ls2b What said of earth's motior on axis? (What reference to in Scrip-
Sules - . 5 , Lo Lo

~
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ht, ard that there should not be day and night in their seasons, then may also my
e6 renant be broken with David,” &c.—Jeremiab xxxiil. 20.

133. Time is of two kinds—Solar and Sidereal. A
solar day is the time elapsing from the sun’s crussing the
meridian of any place, to his coming to the same me-
ridian again. A sidercal day is the time intervening
between the transit of a star across the meridian, to its
coming to the same meridian again.

134. A solar day consists of 24 hours, at a mean rate,
but a sidereal day is accomplished in 23 hours, 56 min-
utes, and 4 seconds ; the solar day being nearly 4 minutes
longer. This slight difference of about 4 minutes daily,
between solar and sidereal time, amounts to one wholo
day in every 3653 days. Owing to the revolution of
the earth around the sun, and his apparent annual revo-
lution eastward among the stars, it re«tnires 366 revolu-
tions of the earth, as measured by the fixed stars, to
make 365} days, as measured by the sun.

135. The cause of this difference in the apparent revo-
lutions of the sun and stars, and consequent difference in
the length of a natural day, as measured by the passage
of a star or of the sun across the meridian, is this: The
earth is constantly advancing in her orbit while she re.
volves on her axis, causing the sun to @ppear to move
slowly eastward among the stars; or, what is the same
thing, the stars to appear to rise earlier and earlier every
night, and one after another to overtake and pass by the
sun. (See Article 119.) When, therefore, the meridian
is brought around to that point in the heavens where
the sun was 24 hours before, he is not there, but has
moved a littie eastward. But a star that, 24 hours betore,
was exactly behind the center of the sun in the distant
heavens, will be found west of the sun, and will conse
quently cross the meridian before the sun does. The
tune required for the meridian to revolve from the star
to thesun constitutes the 3 minutes 56 seconds difference
between solar and sidereal time.

183, ﬁnds of time? Define each.

134. Longth of solar da[y]"? Sidereal? Differcnce? Araountin year?
185. State the causs of the difforence in the time of the uppurent revolutios
the #un dud stafs. Hldtrato by diagraw. —
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SOLAER AND SIDEREAL TIMR,

— SIDERTAL DAY ] 7
OLAR OAY e 4
"‘.____..—-——"‘” H
E._..——-— SUN ON THE MERIDIAN @:f
A

I

1. To the man at A the sun (8) is exactly on .the meridian, or it is twelve o'clock,
aoon. The earth passes on from B to D, and at the same time revolves on her axis,
Wher she reaches D, the man who has stood on the same meridian has made a complete
revolution, as determined by the star G (which was also on his meridian s*. twelve o'clock
the day before); but the sun is now east of the meridian, and he must wait four minutes
for the earth to roll a little further eastward, and bring the sun again over his north and
south line, If the earth were not revolving around the sun, her solar acd sidereal days
would be the same ; but asit is, she has to perform a little more than one vomplete revo
lution each solar day, to bring the sun on the weridian.

EQUATION OF TIME. ;2 Cc oo i
136. As the distant stars have no motio ,"’regf or ap<- - '
arent, around the ecliptic, and the earth’s motion upon
1t is uniform, it results that sidereal time is always exactly

the same.

A clock that keeps sidereal time is called a sidereal clonk. One of these instruments
is almost indispenssble in the observatory of the astronomer.

137. Soular time is constantly varying. No two sue-
cessive solar days are exactly of a length. The 24 hours
given as the length of a solar day (134) is the awerage
of all the solar days throughout the year. Ience it is
called mean solar time. fﬁle time, as indicated by the
transit of the sun across the meridian, from day to day,
is called apparent time.

138. A well-regulated clock will keep mean solar time,
and will vary from the apparent time (as indicated by a
noon mark, or dial) to the amount of 16} minutes one
way, and 14} the other. The sun will at one time eross
the meridian 16} minutes before it is noon by the clock—
the apparent time being 16} minutes faster than mean or
clock time ; while at another time it will be noon by the
clock 14} minutes before it is noon by the sun.

176. Is sidereal time always the same? Why must it bet (What is &
sidereal clock ?)
187. What said of the variations of solar time? What is mean solar time P

Apgatent?'
“1 ssi What time do coruuon clocks keop?  How much vayiation from sun !
ow B ac HOR BT )
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139. The difference between apparent and mean solar
time is called the Equation of Time. It is greatest about
the 3d of November, when the clock is 16 minutes and
17 seconds behind the sun. Four times a year—viz.,
April 15th, June 15th, September 1st,and December 23d
—the clock and sun will agree; or, in other words, mean
and apparent time will be alike.

140. The inequality of the solar days depends upon
two causes—the unequal velocity of the earth in her
orbit (77,78),and the inclination of her axis to the plane
of her orbit (123).

141. If the earth’s crbit were an exact -circle, she
would move with thesame .qv#.o/t.n R

velocity in all parts of it; o0
and if she revolved witli ‘Q /Q ] ’
regularity upon her axis, ; " ]

her solar days would be
exactly of a length.

Let the circle in the adjoining cut rep-
resent the earth’s orbit, and the projec-
tions from the earth u&rnd the o;'n s
pillar or gnomon standing upon a given
meridian. The cat will then show that
with a circular orbit, and uniform motion
in it, and a regular rotation upon her
axis, vhe earth would bring the gnomon )
around toward the sun at regular inter- b

& )
vals, both of distance in her orbit, and Y L
Bl SR g
142. As the orbit of the earth is elhkﬁti{cal, it requires
more time for the earth to pass from the vernal equinox,
through the aphelion, to the autumnal equinox, than it
does from the autumnal equinox, through the perihelion,
to the vernal equinox. The difference is about eight days
—the sun being north of the equinoctial about eight days
longer than he is south of it. Hence the summers of the
vorthern hemisphere are longer than the winters.

143. As the earth’s orbit is an ellipse, and the earth

139. What this difference called? When greatest? When no difference ¢
140, What canses the inequulit{ in the length of the solar days ?
141. What necessary in order that they may be equal ? (INustrate by dia-
e oo on Dexplanations.)
142, What .t has the ellipticity of the earth’s orbit upon the length of
tuceeasons, north and south of thu equator?  -- [y
4
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moves faster in some parts of it than in others, while its
rotary motion is uniform, it follows that its orbitual ve
locity in longitude must
sometimes be faster, and
. D

at others slower than its q2Q
orbitual motion, thus caus- qq — ?p

o . R

UNEQUAL SOLAR DAYS

ing an inequality in the
length of the solar days. .?\ )
-

From A to B in the adjoining cut,
the orbitual motion is slower than its y
mean rate, and the rotary motion gains H
apon it. Hence the gnomon is shown BQ" DA
revolving too fast, and as puinting east Y H
of the sun, when the earth has per- '.__ \é
.

formed her journey for a mean solar
day. From B to A, the earth's motion
in her orbit gains upon her rotary mo-
tion, and the gnomon is behind, or wesé (N i

of the sun. At A and B the clock ,‘ - b

and sun would agreo. From A to D e, ‘ e

the sun gains on the clock, till it gets B A

14} minutes ahead. From D to B this C

difference is diminished, till at B the

sun and clock agree. From B to C the clock gains en the sun, till the difference is 163
mlnut:;l and from C to A this difference diminishes, till at A mean and apparent time
agree again. )

144. The earth’s ﬁerihe]ion is in I, and her aphelion

in ¥ ; the first of which she passes on the first of Janu-

ary, and the latter on the 8d of July. We are conse-

3uently about three millions of miles nearer the sun
an. 1, than July 3d.

The natural effect of this variation would be, so far as it had any influence, to modify
the cold and heat in the Northern Hemisphere, and to anﬁmem. th in the Southern,
For instance, our nearnegs to the sun in January would slightly soften our winter, while,
at the same time, it slightly increased the heat of the summer south of the eguator.
Bo, also, our increased distance in July would dimninish the heat of our summer. and at
the same tiine enhance the cold of the corresponding winter in the Southorn Ilemis
sphore. But the variation of 8,000,000 miles is so slight, when compared with the whole
Jhmee of the sun, that the change of temperature produced ”nby iyimpercoptibl

THE CALENDAR, LEAP YEAR, OLD AND NEW STYLE, £16.
145. The Julian calendar divided the year into 12
months, containing in all 365 days. But a full astro-
nomical year, or ﬁle time requisite for the earth to re-
volve from one equinox around to the same equinox
again, consists of 365d. 5h. 48m. 51s. Hence the Julian

148, Exglain the cause of this inequalitv? /Tllustrate by diagram.)

144. Where are the perihelion =~ apuelion points, and when passed?

When nearest, and how mucu ¥ (W hat effect ) i
145. Describe the Julian calendar? An astronomical year? What dif

frende? What effect? How corrected? . L :




THE CALENDAR, LEAP YEAR, ETC. (]

year was nearly 6 hours, or one day in every four years,
tou short; which, if left uncorrected, would in time com-
pletely reverse the seasons, giving harvests in January,
and snow in July. To prevent this constant falling be-
hind, a correction was applied, by adding one day to
February every fourth year. Hence it is called Bissco-
tile or Zap Year.

146. But one whole day added for every four years
was 44m. 36s. foo much. From a.p. 325 to 1582 this
excess amounted to about 10 days; so that the civil year
was thus much ahead of the astronomical. In 1582,
Pope Gregory XIII. applied a further correction, or re-
Jormed the x.Yulian calendar. To make the civil and as-
tronomical years agree, so that the vernal equinox would
happen on the 21st of March, as it did 1257 years before,
Gregory resolved to strike out of the civil year the 10
days it had gained, and ordered that the 5th of October
should be called the 15th. This reformed or corrected
calendar is called the (Fregorian calendar.

147. To prevent the civil year from running ahead of
the astronomical again, in the lapse of centuries, by the
11m. 12s. which it exceeded the astronomical, it was pre-
scribed that at certain convenient periods the intercalary
day of the Julian period should be omitted. Thus the
centennial years 1700, 1800, 1900, are, according to the
Julian calendar, bissextiles ; but on these it was ordered
that the intercalary day should not be inserted; inserted
again in 2000, but not inserted in 2100, 2200, 2300; and
80 on for succeeding centuries.

148. The Gregorian or reformed calendar was adopted
as soon as promulgated, in all Catholic countries ; but in
England, the “change of style,” as it was called, did not
take place till September, 1752. Eleven nominal days
were then struck out, and the 3d of September was called
the 14th. At the same time, the time of the beginning

146. Was the calendar then correct? Why not? What result? Whe
corrected? When? How? What this reformed calendar called 1

147. What further correction necessary ? How effected ¢

148, Was the Gregorian calendar at once adopted? When in Englandt
How then adopted ? ~ What other change atthe sune Wme? What elfect in
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of the civil year was changed from the 25th of March to
January 1st, as it now stands. The year 1752, which
was to have begun on the 25th of March, was made to
begin on the 1st of January preceding ; so that for dates
falling between the 1st of January and the 25th of March,
the nunrber of the year is one greater by the New than
by the Old Style. And as the intercalary day was omit-
ted in 1800, there is now, for all dates, 12 days difference
between the old and new styles. Russia is now the only
Christian country in_which the Gregorian calendar is not
used. z([l_,{, » ,yrm:{% .
TIME{’AS AFFECTED BY LGNGITUDE.
149. As the sun’s crossing the'meridian of any place
determines it to be 12 o’clock, apparent solar time, at
that place, it is evident
that 12 o’clock eomes
sooner to places easton
the earth’s surface, and
later to places west.

1. Let the adjoining cut represent the
earth, the arrows indicating the direo-
tion of her revolution, and the sun bein,
on the meridian at XIL at the top. It
will then be day over all the light For-
tion of the globe, and nightover all the
shaded portion. On the meridian
exactly under the sun it is just XIL
o'clock noon: while at the meridian on
the o[;posito side of the earth it is just
12 o'clock at night, or inidnight. en
the light and shale meet on the right, it
is VI o'clock morning; and directly
?pposiu on theleft, is V1. o'clock even-

ng. -

g. Observe that when it is XIL at A,
itis L. o'clock at B, II. o'clock at C, &e.,
whileit isonly XL o'clock at D, X. o'clock at E, IX. o'clock at F, &c.; thus showing
how it is that tiine is earlier east, and later west of any given meridian.

150. Every 15° of longitude upon the earth’s surface
makes an hour’s difference in the time. If east of the
Eriven meridian, it will be an hour earlier; if west, an

our later.

oNINIA Y
MORNING .

vockoning years f time? What the difference now between Old and New
style, and why ? What calendar used in Russia ?

149. Wit effect has the longitude of a place upon its time? (Diagram,
ayd explain ?)

150. What difference of lo%itude is re;uimd to make an hour’s difference
n ticre?! When eurlier? When later? (How demonstrated? When 6



TIME, AS AFFECTED BY LONGITUDE. (i

1. If the mn‘)um through 8600 every 24 hours, he must over 15 exn hour,
a8 2407 - 24 =150, Hence every 15° must make an hour's difference in the time ; and
when it is sunrise, or 6 o'clock, svlar time, in New York city, it will be noon, or 13
o'clock, 90° east of New York. and midnight 900 west of it.

2. Taking the circumference of the earth at 25,000 miles, the sun over 10413
miles every hour at the %nawr; for 25.000 miles =24 equals 1041% miles, And it
10415 miles be divided by 60, the number of minutes in an hour, it gives about 174 miles
as tue space over which the sun travels at the equator every minute. Kvery 17§ miles,
therefore, east or west, will make one minute's difference in the time. As we recede
from the equator north or south, the meridians approach each other, and a degree o’
longitude becomes less and less to the poles.

€. A person leavln%Boswn with the exact time will find, on reaching Albany, about 30
west of Boston, that his watch is some 12 minutes ahead of the Albany time: and on
reaching Buffalo, about 5° further west, that it is some 32 minutes ahead of the true time
at "uffalo. 8oin traveling from Buffalo to Boston, the Albany and Boston time will be
found to be the same extent akiead of the Buffalo time, Hence conductors on rail;
running their trains by time, set their watches from Alba:ﬂ to Buffalo by sume stand.
:g're‘zd upon—as, for instance, Syracuse time—and reject all other local Lo it faste:

-or ~lower.

151. As every 15° upon the earth’s surface makes an
hour’s ditference in the time, it is easy to convert degrees
into time, or time into degrees. By this means, a mari-
ner having the time at the place whence he sailed, and
the time where he is, from observing when the sun
crosses the meridian, can ascertain, from the difference
between his standard and local time, his distance eas: or
west of the port whence he sailed, or, in other words, his

longitude.

1. Time is converted into degrees by mnllgslylng the hours by 15 for the degrees, and
adding one-fourth of the minutes to the product; for every minute of time mmuskes 9,
and every second of time §’ in longitude. -

2. On the other hand, degrees of longitude are converted into time by diriding them
by 15 for the hours, and multiplying the rewmainder, if any, by 4 for the minutes, &c.

152. The rotation of the planets upon their respective
axes has ecaused them to swell out at their equators, and
contract at their poles—thus assuming the form of oblate
spheroids (page 18).

1. When fluids are left frée to yield to the infl of attraction, as mutually existin,
between their particles, they invariably assume a a‘pha'iad rm.  Hence water, in fall-
ing Xrom the clouds, takes the form of spherical drops: and melted leal thrown from
the top of a shot-tower, takes a spherical form, and cooling in the air on iws pussage
down, remains perfect little globes, called #kot.

2. A 8olid sphere would never become oblate by revolution. It might burst. from
its powerful centrifugal tendency, as grindstones rometimes do in manufactorice of cute

lery ; but it must be fluid, or at least soft and yielding, in order to become ublate by
revolution.

o’clock in New York, what time 90° east #—90° west? How many miles does
the sun pass over in an hour at the equator? Per minutef llow deter-
mined ¢ How north and south of equator § At 45th degree{ W hat ditfer-
ence from Boston to Albany and Buffalo? From Buffulo to Boston? Hence
what practice ) ’

151, Can time be converted into degrees, and degrees into time? How
usefu?l) in navigation? (How convert time into degrees? Degrces into
time

152. Effect of rotation upon figure of planets? (Note1? 2. Solidst
8. What does oblateness indicate ! 4. Proof from Scriptures! Remark?)
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8. The oblateness of the planets, then, seems to indicate two things: First, that they
were all once in a fluld or plastic state : and, secondly. that they began to revolve while
:;'l th:lst state, or before any part of them had become solid, like our continents and

ands.

4. 8o far as the earth is concerned, we are taught in the Holy Serirmres—the best
and most accurate of all books—that the earth and water of our globe were unce so
mixed, that the whole appeared as a * void” of “ waters ;" and that they were afterward
separatad into “earth™ and “seas™ by the Almighty Creator. (See Genesis f. 2.9, 10.)
Thus we see that true scienceand the Bible are always in harmony with each other.

153. The difference between the polar and equatorial
diameters of the planets, so far as known, is as follows :
the Earth, 26 miles; Mars, 25; Jupiter, 6,000; and
Saturn, 7,500.

The nhlateness of Jnlﬂm and Saturn is as plainly visible through a telescope, as the
difference in the fullowing figures is to the eye of the student.

ORIGINAL FORM. PRESENT APPEARANOR

The plain line in the middle figure shows the original form, and the dotted line its

present form. The difference is the change | d by its rotati When d
by the proper Instruments, it is found, in the caxe of Jupiter, to amount to about 'y
of his average diameter; and that being 89,000 miles, ;' is but little less than 6,000,
154. As Mercury and Venus rotate in about the same
time of our globe, and their sidereal years are only 88
and 225 days respectively (72), it follows that Mercury
has but 88 natural days to his year, and Venus only
about 225 to hers. But the natural day of Jupiter being
only 10 hours long, and his year equal to abont 12 of
ours (11 years 317 days), he must have 10,397 natural
days in one of his years. So Saturn’s year, consisting of
29 years 175 days of our time, will allow him to rotate
on his axis abont 25,000 times; or, in other words, will
allow of 25,000 natural days in each of his years. The
year of Uranus being equal to 84 years and 27 days of

153, State the difference of equatorial and polar diameters of planets?
{Remark respecting Jupiter and Saturn ?)

154, Hlow nany natural days has Mercury in hisyear? Venus? Jupiter$
How somany? Baturn? Uranus? (Demonstrate.)
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our time (71), and his diurnal revolution 93 Lours (128),
it follows that he has 92,683 natural days in his year.

29 years 175 days = 10,760 days of our time; X 24=258,240 hours 4-10} hours, the
time of Saturn's revolution, = 24,504 %, the number of deys in his yesr. Bo 84 years,

27 days, the periodic time of Uranus = 86,687 days, or 880,488 hours; which + 9} hours,
the tineof the planet’s diurual revolution = 92,668, the number of natural days in his

year.
155. As going from the earth’s center is to ascend
(Eage 27), and the equator of an oblate spheroid is fur-
ther from the center than the soles, it follows, that the
earth being an oblate spheroid, we must ascend some-
what in going frowm either pole to the equator. A river,
therefure, running for a great distance toward the equator,
would actually wscend; or, in other words, run up uill
—the centrifugal furce generated by the earth’s motion
driving the water on toward the equator.
The Mississippi is maid to be Liigher at its month than it is some thousands of miles
::n’h %fe Itl. If its bed col;)f:l:jl:s at all o tll.g gelnen'llﬂcm of the earth, this mnust cer
the case, a8 ina, nonstrated by the alc
of ':I: annexed dh:ram.y Let A B represent ihe Jmln' WATER RUNNING UP MILL,
and C D the equatorial diametera, The entire differ- [
ence between them is 26 miles, or 13 miles on each
sige. The two circles represent Lhis difference. Now
as the earth's circumference is 25.000 wniles, the dis-
twnce from the poles to the equator (being one-
fourth of that distance) must be 6,250 miles; and in
that 6250 miles the ascent is 13 miles, or over two
miles to every 1,000 toward the equator. The Mis-
llsl&pl runs from the SUth to the 80th degree of
north latitude inclusive, or 21 degrees; which. at
69} miles to a degree, wonld amount to about 1,500
miles. If, then, it runs a distance equivalent to 1,300
miles directly south (in a winding course of about
8,000), theory requires that it should be about three \‘
miles highier at it mouth than it is 1.500 miles directly “"-D
north  There is some philosophy, therefore, in saying

tlu; ('l'l.. river runs for » great distance from either pole toward the equator, it must rum
sp

156. Should the earth cease to rotate upon its axis, the
waters about the equator would at once rush toward the
poles, flooding thew to the depth of 65 miles, and reced-
ing from the equator to the same amount. So far as the
solid portions of the earth would pennit, it would at once
become a perfect sphere. (See page 17, and also Art. 153
and note.)

157. It has already been stated (77), that the orbits of
all the planets were ellipses ; but they are not all alike
eccentric. The orbit of Mercury is quite elliptical, while

185. What curious fact follows from the earth's oblateness? (What in

etance given ? Illustrate by diagram.)
1566. What would be the effect should the earth cease to rotate !
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that of Venus is nearly a circle. The student should
observe that the eccentricity is not the deviation from a
_circle, but the distance from the center of an ellipse to
either focus (see page 23 and cuts).
The eccentricity of the orbits of the principal planets is as follows:
Mi'es. " Miles.

Mercury..cooieeeicecenaiannns 7,000,000 [ Ceres....ccooeuenenernssnanss 21,000,000
Vems... veo 492,000 | Pallas . X
E-wth . 1.618,000 | Jupiter . X
Mrs .. 18,500,000 | Saturn. . .. 49,000,000
Vesta . .21,000,000 | Uranus . . 85,000,000
Astrees .. ver m—— Neptune........ essesseessene =
JUNO cuaiiieriiiieenrnnnens 64,000,000 " i ¢ " d/
‘ i
ad 4 3
PRECESSION OF THE EQUINOX&: gﬂ '

158. The equinoctial points have already been defined
(125) as two points in the earth’s orbit where the equi-
noctial or celestial equator (20) cuts the sun’s center.
They are in opposite sides of the ecliptic, or 180° apart
(see 119 and cut). The vernal equinox is the point from
which both celestial longitude and right ascension are reck-
oned (20 and 91) ; but not being marked by any fixed ob-
ject in the heavens, it is reached just when the sun comes
to be exactly over the earth’s equator, or in the equinoctial

159. But it is PRECESSION OF THE RQUINOXES.

found by long and
careful observation
thatthe earth reaches
the equinoctial point
about 22 minutes
and 23 seconds ear-
lier every year than
on the year preced-
ing. Thisisequalto
anarc of 503" in the
ecliptic.  In  this
manner the equinoc-
tial points are slowly
receding westward,

157. What said of the orbits of Mercury and Venus? Of eccentricity

158. Are the equinoctial points marked by any fixed object in the heavens
How know when reached ?

159. Are they stationary or not? Reached how much earlier annually
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or falling back upon the ecliptic, at the rate’of 503" a
year, ur 1° every 713 years. This would amount to 30°,
or one whole sign in 2,140 years, and to the entire circle
“of the ecliptic in 25,868 years.

This very interesting phenomenon may be explained by the preceding diagram. Let
the point A represent the vernal equinox, hed, for i , at 12 o'clock on the 20th
of March, “The next year the sun will be in the equi fal 22 mi 23 Is ear-
lier, at which time the earth will be 501" on the ecliptic, back of the point where the
sun was in the equinoctial the vear Lefore. The next year the same will occur again;
and thus the equinoctial point will recede westward little by little, as shown by the small
lines from A to B, and from C to 1). It is in reference to the stars going furward, or
speming to precede the equinoxes, that the phenomenon was called the ression of
the Equinoxes, But in reference to the motion of the equinoxes themselves, it is rather
a7

160. The cause of this wonderful motion was unknown,
until Newton proved that it was a necessary consequence
of the rotation of the earth, combined with its elliptical
figure, and the unequal attraction of the sun and moon
on its polar and equatorial regions. There being more
matter about the earth’s equator than at the poles, the
former is more strongly attracted than the latter,. which
causes a slight gyratory or wabbling motion of the poles
of the earth around those of the ecliptic, like the pin of
a top about its center of motion, when it spins a little
obliquely to the base.

161. One marked effect of this recession of the equi
noxes is an increase of longitude in all the heavenly
bodies. As the vernal equinox is the zero or starting
Ezint, if that recedes westward, it increases the distance

tween it and all bodies east of it; or, in other words,
increases their longitude to the amount of its recession.
Hence catalogues of stars, and maps, showing their lon-
gitude, need to be corrected at least every 50 years,
otherwise their longitude, as laid down, will be too little
to indicate their true position. Allowing the world to
have stood at this date (1867) 5,871 years, the equinoxes
have receded already through about 75° of longitude.
At the same time the comteﬁations have gone forward

How much in angular measnrement? Revolving which way? At what
rate? How long for 1°¢ For 80°% For the whole circle of the ecliptiv?
(1llustrate by diagram.) .

160. Cuuse of recession? Who discovered ?

161. Etfeet of recession upon longitude? Explain how effscted. Sicrs
and conatellations ! .-
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eastward, and left the signs which bear their names.
Ience the sign Aries actually covers the constellation
Disces.

162. Another effect of the recession of the equinoxes
is, that it gives to the pole of the earth a corresponding
revolution around the
pule of the ecliptic in
25,868 years.

Let the line A A in the figure
legesent the plane of the ecliptic;
D B, the poles of the ecliptic; CC,
the poles of the earth; and P D,
the equinoctial, EK is the obliquity
of the ecliptic. The star C at the
top represents the pole star, and the
curve line passing te the right from
it may represent the circular orbit
of the north pole of the heavens
around the north pole of the ecliptic.

163. This gyratory
motion of the north
pole of the heavens,
while it keeps at the~
distance of 23° 28’ from
the pole of the ecliptic, will cause it to change its place
in the heavens to the amount of 46° 56’ in 12,934 years;
thus alternately approaching toward and receding from
the stars, at every revolution of the eqninoxes around the
ecliptic. Thus tﬁe place of the pole is in constant but
very slow motion around the pole of the ecliptic.

164. The Nutation of the earth’s axis is another small
and slow gyratory motion, by which, if subsisting alone,
the pole would describe among the stars, in the period of
about 19 years, 8 minute ellipse, having its longer axis
equal to 18", and its shorter about 14 ; the longer axis
pointing toward the pole of the ecliptic. It is on account
of these varied motions shifting the point from which
tongitude and right ascension are reckoned, and also the
pole of the heavens, that it becomes necessary, in de-

162. What other effect of recession? ([llustrate by diagram.) ‘

163. What etlect upon the apparent distance of the stars from the north
pole of the heavens ? :

164'. What is Nutation? ‘What meant by epoch, and why necessary to
srate
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scribing the place of a star or planet, by any of these
standards, to state the epoch or time, and also whether it
be mean right ascension—. e., right ascension after hav-
ing been corrected for the recession of the equinox, the
Zero poiat.

165. The Culures are two great circles crossing at the
oles of the ecliptic at right angles. One passes through
the” equinoxes, and is thence called the Zjuinoctial
Colure ; the other passes through the solstices, and is
called the SoktitiJ Colure. They are to the heavens
what four meridians, each 90° apart, would be to the

earth. A\\u {v B"d CC L

L
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¢ S\,O\‘ ( TELESCOPIO VIEWS OF THE PLANETS.,
W :(,'\' .

166. By the aid of telescopes, we discover myriads ot
objects in the heavens that are entirely invisible to the
naked eye ; while objects naturallﬂ visible are immensely
magnified, and seem to be brought much nearer the ob-

scrver.

This impression of nearness is an intellectual conclusion drawn from the fact of the
Increased distinctness of the object; as we judge of the distance of objects, in a great
measure, by their dimness or distinctness.

MERCURY.

167. Under favorable circumstances, Mercury is visible
to the naked eye, but yet is seldom seen, owing to his
nearness to the sun. During a few days in March and
April, and August and September, he may be seen for
several minutes in the morning or evening twilight, when

165. What are the colures # Describe.
166. Effect of the teluscope upon vision? Upon distant objects? (Why
appear nearer ?)
67. Can Mercury be seen by the naked eye? Is he often seen! Why
o0t? W hen may Le be seent” How appear?
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his greatest elongations (99? happen in those months
Ile appears like a star of the third magnitude, with a
pale rosy light. See 104 and note.

168. Through a telescope, Mercury exhibits different
phasesin different parts ot his orbit, similar to those pre-
sented by the moon in her revolution around the earth.
The German astronomer, Schroeter, discovered numerous
mountains-upon the surface of Mercury, one of which he
estimated to be nearly 11 miles in hight. By observing
these at different times, he determined the diurnal revo-
lution of the planet to be 24h. 5in. 28s. But these observa-
tions have not been confirmed by any other astronomer.
The apparent angular diameter of Mercury varies from
5" to 12", according to his position with respect to the
earth (56 and 80). So far as is known,lie is not attended
by any satellite. »

VENTS.

169. When favorally situated, Venus is one of the
most conspicuous members of the planetary system, and
is a most brilliant object even to the naked eye. Her
color is of a silvery white, and, when at a distance from
the sun, either east or west, she is exceedingly bright and
beautitul. When nearest the earth, her apparent di-
ameter is 61", which is greater than that of any other
planet, owing to her being so much nearer than Jupiter
or Saturn.

Under a telescope, Venus exhibits all the phases of
the moon, as she revolves around the sun. The cause of
this phenomenon is, thdt we see more ot her enlightened
side at one time than at another; and the same is true
of Mercury.

1. The tolescopic appeat inco of Venus, at different points in her orbit. is represented
in the following figure. At X and W she has her greatest eastern and western elongse

163. How appear through telescope? What said of Schroeter? What
esnclusion fromn observing the spots ¢ Confirmed by others, or not¢ Ane
gular diameter of Mercury? Why vary? llas he a satellite ?

169. What said of Venus'? 1fer appurent diameter? Why greater thap
that of Jupiter? IHow appear through telescope ?  Cuure of her phaseat
(Dexcribe phases when east of the sun—west. What prediction befure
the discovery of the telescope?)
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tion, -and is stationary; while her positions oppocits the words direct” and * retroe
rade” represent her at her conjunctions. The spots on the fuce of the sun represent
yenus projectud upon his disk, in a transit, the arrow indicating her direction.

TELFSCOPIO PHASES OF VENUS.

spection of Venus will reveal a variety of spots upon
her surface. These ure supposed to be the natural divi-
sions of hersurface, as continents,islands, &e. Schroeter
measured several mmountains upon this planet, one of
which he estimated at over twenty miles in hight. There
is evidence of the existence of an atmosphere about this

planet, extending to the distance of about three miles.

D
" SPOTS BEEN UPON THE S8URFACE OF VENUS.

171. Were a person situated upon one of the exteriut
planets, at a distance from our globe, it would exhibit
phases like Mercury and Venus, in its annual revoluation ;
and the continents, islands, and seas would appear only
as &pots upon her surface, assuming various forms, ac-
cording to the position from which they were viewed.

170. What else seen npon Venus? What supposed to he? Schroetor’s
measurements ?  Has Venus an otmaoxphere 2
171. How would our globe appeur it vicwed from a distanve
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DISTANT TELESOOPIC VIEWS OF THE EARTH.
2. 8

MARS,

172. Mars usually appears like a star of the second
magnitude, of a reddish hue. When in opposition, or
nearest to the earth, he appears quite brilliant, as we see
his disk fully illuminated. His apparent diameter is
then about 18”; whereas, when on the opposite side of
the ecliptic, or in conjunction with the sun (80), it is only
4. He exhibits s]ig{n phases, and his surface seems to
be variegated with hill and vale, like the other planetary
bodies. “Upon this planet,” says Dr. Herschel, “ we
discern, with perfect distinctness, the outlines of what
may be continents and seas.” When it is winter at his
north pole, that part of the planet is white, as if covered
with ice and snow ; but as summer returns to his north-
ern hemisphere, the brightness about his north poie dis-
appears. '

173. The general ruddy color of Mars is supposed by
Sir John Herschel to indicate “an ochery tinge in the
general scil, like what the red sandstone districts on the
earth may possibly offer to the inhabitants of Mars.”
Others suppose it to indicate the existence of a very
dense atmosphere, which analyzes the light reflected from
the planet.

‘When the sunlight s through vapor or clouds in the morning or evening, the
difterent rays of which it is composed are separated, and the red rays only pass to the

172, Usual appearance of Mars? When bri%htcst. and why? parent
q uvret;:lri (‘,auso of great variation? Phases? Herschel’s romark'? Spo
s L rth poie

173. Supposed causes of his color? (Note.)
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earth, giving to the clouds a us crimson appearance. In a simflar manner it is
pp 5 t.hitt.lw tmosph g:frﬁnmy give hrm his crimson hue.

TELESCOPIO APPEARANCES OF MARS,

1. The right-hand figure represents Mars as seen at the Cincinnat! Observatory.
August 5,1845. On the 80th of tho same month he appeared as represented on the le!
The middle view is from a drawing by Dr. Dick.

2. Just east of the “8even Stars,” or Plefades, the student will find another gronp
ealled the Hyades,; one of which, called Aldebaran. is of a reddish cast, and somewhat
wesembles the planet Mars. When Mars is in oppoxition, however, at his nearest point
zgs. and with his enlightened side toward us, he appears much larger and brighter than

ebaran .

174. As the periodic time of Mars is only 1 yr. 322
days (71), his motion eastward among the stars will be
very rapid, as in that tiine he must traverse the whole
circle of the heavens. Ilis rate of motion being about
1° for every two days, or oue whole sign in 57 days, it
will be easy to detect his eastward progress by observing
his change of position with reference to the fixed stars,
for a few evenings only ; and by marking his place occa-
sionally for two&,years, we may track him quite around

the heavens. ‘ "‘ 7 / /‘ o\ WD
¢ THE AFEROIDS,

175. The Asteroids are invisible except through tele-
scopes, though Vesta was once seen by Schroeter with
the naked eye. Few of them present any sensible disks,
even under the telescope. They have a pale ash-color,
with the exception of Ceres, which is of a reddish hue,
resembling Mars. A thin haze or nebulous envelope has
been observed around Pallas, supposed to indicate an
extensive atmosphere ; but no spots or other phenomena

‘have ever been detected.

“On such planets,” says 8ir John Herschel, “giants might exist; and those animais
which on earth require the buoyant power of water to ccunteract their weight might

174. What said of the egstward motion of Mars? How detected ¢ Rate?
175. Are the asteroids visible to nuked eye? Schréeter? How appenz
endertelescnpe? Ceres? Pullus? (Remarks of Sir John Herschel 1)
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there be denizens of the land. A man placed on one of these p'anets might apring with
easo to the hight of 60 feet, and sustain no greater shock in his deccent than L does up
the earth from leaping a yard.” See 65 to 67, and notes.

JUPITER.

176. To the naked eye, Jupiter appears like a fine
bright star of the first magnitude. His apparent di
ameter varies from 30" to 46", according to his distance
from the earth. His coloris of a pale yellow. Under a
telescope, his ob-
lateness is plainly
perceptible (as
shown at 135),
and his disk is
seen to be streak-
ed with curious
belts, running
parallel to his
equator,asshown
in the cut.

1. The number of belts
to be seen upon the disk
of Jupiter depends very
much upon the power of
the instrument through
which he is viewed. An
ordinary telescope will
show the two main belts, one each side of his equator; but those of greater power ex-
lnibiht mm-;zl g: ]t;:‘eu curious appendages. Dr. Herschel once saw his whole disk covered
with smal

177. These belts sometimes continue without change
for months, and at other times break up and change their
forms in a few hours. They are quite rregular, both in
form and apparent density ; as both bright and dark
spots appear in them, and their edges are always broken
and vueven. They are supposed by some to be openings
in the atmosphere of the planet, through which its real
body is seen; while others think they may be clouds,
thrown into parallel strata by the rapid motion of Jupi-
ter upon his axis. The spots in the belts are thonght to

TELRSOOPIO VIEW OF JUPITER.

178. Jupiter to naked eye? Apparent magnitude? Cause of variation?
Color? Figure? Belts? (Number of belts?  Ordinarily ? . As seeu by
Herschel ¢ What view in the cut ?)

_177. Are these belts permanent and regular? What supposed to be?
What said of spots in the belts? What ascertsined by observing spots |
(What said in note )
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be caverns or mountains, or, at least, something perma
nently attached to the body of the planet. It was by
watching these that the rotation of the planet upon h.s
axis was ascertained.

One of these spots, first observed in 1665, disapp d, and reay ed regularly inthe
enme form for more than forty years; showing conclusively that it was something per
manent, and not 8 mere atmospherical phenomenon,

178. In examining Jupiter with a telescope, from one
to four small stars will be seen near him, which, on
examination, will be found to accompany him in his
eastward journey around the heavens, and to revolve
statedly around him. These are the moons of Jupiter,
of which we shall speak more fully under the head of

Secondary Planets.

The writer once saw all four of these satellites at once, and very distinetly, through
& commo.. ship telescope, worth on'y twelve or fifteen dollars. They were first seen
}){ Galileo with a teleacope, the object-ylass of which was only one inch in diameter!

the student can get hold of any such instrument whatever, let him try it upon Jupt-
ter, and see if he cannot find from one to four small stars near him, that will occupy
different positiuns at different times.

179. As the periodic time of Jupiter is 11 years 317
days (71), his rate of motion eastward through the fixed
stars is about 30° a year. Still, this motion can soon be
detected, and in 12 years we may watch his progress
quite around the heavens.

The writer has watched this planet from the conste'lation of Aries, west of the
«8even Stars,” till he passed that group, and onward through 3, 11, @, %c., to bis for-
mer position, He then commenced his second round under our observation, which
be coinpleted in 1860, and now (July, 1866) has completed over one-half of his third
Journey of the celestial circls, which he perfc ly every twolve years,

satorN; | 4L fﬂ' o d

180. This planet is plainly visible t6 the naked eye,
appearing like a star of the third magnitude, of a pale
bluish tint. His average angular diameter is about 18",
By the aid of the telescope, he is found not only to be -
oblate, and striped with belts, and attended by satellites
like Jupiter, but to be encircled by a suite of gorgeous
rings, which renders him one of the most interesting
objects in all the heavens.

]78?.) What else discovered about Jupiter? What are they ? (Remark in
note
179. Jupiter's rate of motion eastward? Is it easily detected ? (Remark
n no?t)e? Where was Jupiter in 1846? 1n 18587 Where now? Where in
1858

180. Natural ap, ce of Saturn? Angular diameter? Appearacee
through telescope 5 } gt P
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181. The oblateness of Saturn (15) is distinetly visi
ble through good telescopes (as shown in the cut), while
the body of the planet is of a lead color, and the rings
of a silvery white. They may be compared to concen-
tric circles (18) cut out of a sheet of tin. They are
broad, flat, and thin,and are placed one within the other
directly over the equator of the planet, and revolve with
him about his axis, in the same direction, and in the
same time (128). They are estimated to be about 100
wiles in thickness.

182. These rings are golid matter, like the body of the
planet. This is proved by the fact that they invariablv
cast a strong shadow upon the body of the planet, and
frequently exhibit the planet’s shadow very distinctly
upon their own surfaces. It is also evident that they
are wholly detached from the planet, as the fixed stars
in the distant heavens beyondp have been seen through
the opening in the rings, and between the planet and
the first ring.

TELESOOPIO VIEW OF SATURN,
The anjoining -t i3 an ex-
cellent represestation of SBa-
turn as seen shrough a tele-
scupe. The sblateness of the
planet is eusily perceptible,
and his shadow can be seen
uI-on the rings back of the
planet. The shadow of the
rings may also be seen run-
ning across his disk. The
writer has often seen the
opening between the body of
the planet and the interior
ring as distinctly as it appears
to the student in the cut. Un-
der very powerful teiescopes,
these rings are fourd to be again subdivided into an indefinit ber of trie
circles, one within tne other, though this is considered doubtful by 8ir John Herschel

183. As our view of the rings of Saturn is generally
an oblique one, they usually appear elliptical, and
never circular. The ellipse seems to contract for about
74 years, till it almost entirely disappears, when it begins

181. Oblateness? Color? Rings—what like? How situated? What
motion ? Thickness ?

182. What said of substance of the rings? What proof? What evidence
that they are detached? (Remark of author as to seeing satellites? Re-
speeting rings?  Opinion of Herschel ?)

183. What the geueral apparent figure of the rings? Why elliptical #




SATURN. 91

to expand again, and continnes to enlarge for 7} years,
when it reaches its maximumn of expansion, and again
begins to contract. For fitteen years, the part of the
rings foward us seems to be thrown wup, while for the
next fiftecen it appears to drop below the apparent center
of the planet; and while shifting from one extreme to
the other, the rings become almost invisible, appearing
only as a faint line of light running from the planet in
opposite directions. The rings vary also in their inclina-
ltion, sometimes dipping to the right, and at others to the
eft.

The pbove is a good representation of the various inclinations and degrees of expane
sion of the rings of Saturn, during his periodic journey of 30 years.

184. The rings of the pianet are always directed more
or less toward the earth,
and sometimes exactly
toward us; so that we
never see them perpen-
dicularly, but always
either exactly edge-
wise, or obliquely, as
shown in the last figure.
Were either pole of the
planet _ exactly toward
us, we should then have
a perpendicular view of
the rings, as shown in
the adjoining cut.

185. The various Ehases of Saturn’s rings are ex-
plained by the facts that his axis remains parallel to it-
relf (see following cut), with a uniform inclination to the

Whut periodic variation of expansion? Of inclination? When nearly in-
visible ¢

184. Iow are the rinFs situated with respect to the earth? How woula
they appear if either pole of Suturn wore toward us #
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lane of his orbit (122), which is very near the ecliptie
108); and as the rings revolve over his equator. and at
right angles with his axis, they also remain parallel to
themselves. The revolution of the planet about the earth
every 30 years (72) must therefore bring first one side
of the rings to view, and then the other—causing all the
variations of expansion, position, and inclination which
the rings present. :

SATURN AT DIFFERENT POINTS IN HIS ORBIT.

1. Here observe, first, that the axis of Satm'l:i like those of all the other planets
remains permanent, or parallel with itself; and as the rings are in the plane of his

uator, and at right angles with his axis, they also must remain parallel to themselvea
whatever gosltion the planet may occupy in its orbit.

2. This being the case, it is obvious that while the planet is passing from A to E, the
sun will shine upon the under or south side of the rings: and while he passes from ¥
to A again, upon the upper or north side: and as it requires ahout 30 years for the
Pplanet to traverse these two semicircles, it is plain that the alternate day and night on
the rings will be 15 years each. .

8. A and E are the equinoctial, and C and G the solstitial points in the orbit of
Baturn. At A and E the ringsare edyewise toward the sun, and also toward the eanh|
provided 8aturn is in oppogition to the sun. To an observer on the carth, the rings wil
seem to expand from A to C, and to contract from C to E. 8o, also, from E to G, and
frora G to Again: from A to E the front of the rings will appear above the planet's
oenter, and from E to A below {t.

4, The rings of Saturn were invizible. as rings, from the 22d of April, 1848, to the 19th
of January, 1849. He came to his equinox Beptember 7, 1848: from which time to
February, 1856, his rings will continue to expand. From that time to June, 1863, they
will contract, when he will reach his other equinox at E, and the rings will be invisible,
From June, 1 to September, 1870, they will again expand; and from September,
1870, to March, 1877, they will contract, when he will be at the equinox passed Septemns
ber 7, 1848, or 29} years before.

5. The writer has often seen the rings of 8aturn in different stages of expansion and
contraction, and once when they were almost directly edgewise toward the earth. At
that time (january., 1849), they appeared as a bright line of light, as represented at A
and E, in the above cut.

185. What is the cause of these varying phases, &c.? (Explain by dia-

m. When rings invisible? When at hiz equinox? How long rings ex-

pand # Contract? When rings next invisible? Expansion again{ Cone
traction? At what point then? Author's observations #)
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186. The dimensions of the rings of Saturn may be
stated in 10und nunibers as tollows :
. Milea
Distance from the body of the planet to the
fisstring . . . . . . . . . . . 19,000
Width of mnteriorring . . . . . . . 17,000
S€ace between the interior and exterior rings 2,000
Width of exteriorring . . . . . . . 10,500
Thickness of therings . . . . . . . 100
‘These statistics, as given by 8ir John lerschel, are as follows:
Exterior diameter of exterior ring...... vee 407095 = 176.41; mlLel.

Interior do....vvuieeniniinnnnnan "' 289 = 155,27

Exterior diameter of interior ring 847:475 = 151,690 “
Interfor do............. veeeees . 267668 = 117,839 “
Equatorial diameter of the body............. 177991 = 79,160 “
Interval between “he planet and interior ring. 4889 = 19,090, “
Interval of the Fing8...c.ccoveivenineananss 048 = 1,791 :

Thickness of the rings not exceeding.... i

187. The rings of Saturn serve as reflectors to reflect
the light of the sun updn his disk, as our moon reflects
the light to the earth. In his nocturnal sky, they must
appear like two gorgeous arches of light, bright as the
full moon, and spanning the
whole heavens like a stupen-
dous rainbow.

In the annexed cut, the beholder is supposed
to be situated some 300 north of the equator of
Saturn, and looking directly south. The shad-
ow of the planet is seen travelling up the arch
as the night advances, while a New Moon is
show i in the west, and a Full Moon in the east
at the same time.

188. The two rings united are nearly 13 times as wide
as the diameter of the moon; and the nearest is only
v5th as far from the planet as the moon is from us.

1. The two rings united are 27,500 miles wide; which - 2,160 the moon's diame-
ter=12 7. 80 240,000 wiles, the moon's distance --19,000 the distance of Saturn's in-
terior ring=12'3,

2. At the distance of only 19,000 miles, our moon would appear some forty times as
large as she does at her present di H ificent and inconceivably grand,

ow
then, must these vast rings appear, with a& thousand times the moon’s magnitude, and
only one-twelfth part of her distance !

NIGHT SOENE UPON SATURN,

186. State the distances and dimensions of his rings, beginning at-the body -
ofltl;(;)p]unet., and passing outward. (What additional statistics from Her-
scehel

187. What purpose do the rings of Saturn serve? How appear in his
evening sky ?

188, W i\ftb of two rings, as compared with moon? Distance ? (Demon-
strate bothi  How would our moou appear at tho distencd of Saturn’s rings #-
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189. Besides the magnificent rings already descriled,
the telescope reveals. eight satellites or moons, revolving
around Saturn. But these are seen only with good in-

struments, and under favorable circuistances.

On one occasion, the writer saw five of them at once, with a six-inch refractor manne
factured by Mr. Henry Fitz, of New York ; but the remaining three hie has never tven,
For a further description of these satellites, see chapters on the § dary Planets,

190. The periodic time of Saturn being nearly 20
years (72), his motion eastward among the stars must he
very slow, amounting to only 12° a year, or one sign in
2} years. It will be easy, therefore, having once ascer-
tained his position, to watch his slow progress eastward
year after year. Saturn is now (October, 1852) about
15° west of the seven stars, and consequently will pass
them eastward early in 1854.

URANTS.

191. Uranus is scarcely ever wsible except through a
telescope ; and even then we see nothing but a small
round aniformly illuminated disk, without rings, belts,
or discernible spots. llis apparent diameter is about
4", from which he never varies much, owing to the smail-
ness of our orbit in comparison with his own.

8ir John Herschel says he is without discernible spots, and yet in his tables he lays
down the time of the planet’s rotution (which could only be ascertained by the rotation
of spots upon the planet's disk), at 9 hours (123). TLis time is rrobnbly given vn the
authority of 8chrieter, and is murked as doubtful by Dr. Herschel.

192. The motion of Uranus in longitude is still slower
than that of Saturn. Ilis periodic time being 84 years
27 days, his eastward motion can amount to only about
4° 17" in a whole year. To detect this motion requires
instruments and close observations. At this date (1853)
Uranus has passed over about j of his orbit, since his
discovery in 1781 ; and in 1865 will have traversed the
whole circuit of the heavens, and reached the point
where Herschel found him 84 years before. _

1l89. \)Nhat else seen about Saturn? When seen? (Observations of the
author.

190. Motion of Saturn eastward? Rate?

191. How Uranus seen{ llow appear throngh telescopes? Apparent
dismeter ! Why so small, when =0 much larger thun Venus ¢ Why so little
variation ¥ (Remark respecting xpots.)

192. What said of Uranns’ apparent motion? Rate per year? In 1853
how far since discovered ¢ When uuude a oomylem revolution since 17811
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193. Uranus is attended by several satellites-—four at

least, probably five or six.

8ir William Herschel reckoned six, though no other obssrver has confirined tl's
spinion* and even his son, 8ir John Herschel, scems to consider the existence of six
satellites quite doubtful.

NEPTUNE.

194. Neptune is a purely telesco&nc 1anet, and his
innmense distance seems to preclude all hope of our
coming at much knowledge of his physical state. A
single satellite has been discovered in attendance upon
him, and the existence of another is suspccted; but if
others exist, they are as yet undetected.

195. On the 3d of October, 1846, Mr. Lassell, cf
Liverpool, England, supposed he had discovered a ring
about the planet, similar to the rings of Saturn ; but this
supposition has not yet been confirmed by the observa-
tions of other astronomers.

196. The periodic time of Neptune being 164 years
226 days, his motion in longitude amounts to only about
2° 10’ per year; and yet this slow motion of abont 21/
per day is easily detected, in a short time, by the aid of
the ﬁroper instruments. It is by this motion, as well as
by the disk which it exhibits under the telescupe, that
the object was first distinguished from the fixed stars,
" and recognized as a planet.

THE SOLAR SYSTEM IN MINIATURE.

197. Choose any level field or bowling-green, ard in
its center place a globe two feet in diameter, to 1epresent
the sun. ]idercury may then be represented by a mus-
tard-sced, at the distance of 82 feet; Venus by a pea, at
the distance of 142 feet ; the earth alwo by a pea, at the
distance of 215 feet. A large pin’s “ead would repre-
sent Mars, if placed 327 feet distant; avd the Asteroids
may be represented by grains of sand. trom 500 to 600

198. Attendants of Uranus? How many? (Remuarb m note 1)

194. How Neptune seen? What attendant? Suspraiimus

195. Supposition of Lassell ? Is it confirmed ?

1968, Motion of Neptune per year? Why so slow? ww it he datented ®
197. What reprosentatior. of the solar system ? 8ize w sanr Mercury,
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feet from the center. A moderate sized orange would re
resent Jupiter, at the distance of' 80 rods, or 1,320 feet ;
while a smaller orange would represent Saturn, at the
distance of 124 rods, or 2,046 fect. Place a full-sizud
cherry or small plum three-fourths of a mile distant for
Uranus, and another a mile and & quarter distant for

Neptune, and you have the solar system in miniature.
198. To imitate the motions of the planets in their
orbits, in the above illustration, Mercury must move to
the amount of Ais own diameter in 41 seconds; Venus,
in 4m. 14s.; the earth, in Tm.; Mars, in 4m. 48s.; Jupi-
ter, in 2h. 56m.; Saturn, in 3h. 13m.; Uranus, in 2h.

16m.; and Neptune, in 3h: 30m. I
cnd r, %m /f)

CHAPTER 1V,

SEASONS OF THE DIFFERENT PLANETS, ETC.

199. The general philosophy of the seasons has already
beeu explained (Art. 119 to 125).

The inclination of the awis of a planet determines the
extent and character of its zones; and the length of ite
periodic time determines the lenyth of its seasons.

Thur the axis of the earth being inclined toward the ecliptic 280 28’, the tropics fall
23C 25’ from the equator. and the polar circles 230 28 from the poles; and the period of
the earth’s revolution around the sun being 865} days, it follows that each of the four
seasons must include about three months, or 91 days on ap average. If the aXis were
snore inclined, the tropics would fall further from the equator, and the polar circles fur-
ther from the poles, so that the torrid and frigid zones would be wider, and the tem-
[:':rlute narrower; and if the earth’s period were longer, her seasons, respectively, would

onger.

200. The general temperature of a planet is probably
governed by its distance from the sun (59, 60); but the
temperature of any particular portion of a planet de-
pends mainly upon the directness or obliquity with which

21'1 where placed# Venus, what and where? Earth? Asteroids? Mars
ze. -

198, How imitate the motions of the several planets ¢

199, What determines the extent and character of a planet's zones?  What
the length Of jts seasons? (lllustrate by inclination and period of the earth.)



SEASONS OF THE DIFFERENT PLANETS, ETC. T

the rays of light full upon it—a circumstance that greatly
aflects the amount of light received by any given por-
tion of its surtace. Hence we have summer in the
northern hemisphere in July, when the earth is farthest
from the sun ; and winter in January, when she is near-
est the sun (144). '

Though nearer the sun in January than in July, still
as the northern hemisphere is then inclined from the
sun, his rays strike its surface obliquely ; less light falls
upon the same space than if its contact were more direct,
and it is consequently cold. But in July, the rays are
more direct—the northern hemisphere being inclined
toward the sun—and it is summer, notwithstanding we
are three millions of miles further from the sun than in
January. -

. L The oompm;o amount of light received in the northern hemisphere in July and

'y ma, by the woow-
ing figure, in which the rays of light fo SUMMER AND WINTER RATS.
ferent seasons are represented to the eye. In
Jan . they are seen to strike the northern
bemisphere obliquely. and consequently the same
smount of light is spread over a much greater sur-
face. In July, the rays fall almost perpendicularly
upon us, and are much more intense. Hence the
variations of temperature which constitute the

seasons,
2. If the student is not perfectly clear as to Aow
the north pole is turned first Zoward and then from
the sun, he will need to be ,,ém“ded against the
vulgar idea that the earth's axis “ wabbles,” as it is
called. By consulting 119 to 121, and the cuts, it
will be seen that the very permanency of a plan-
et’s axis, combined with its periodic revolution, gives the beautiful and ever welcome
b of the How simple, and yet how effectual, this Divine mechanism!

201. As the inclination of the axis of a planet and the
length of its periodic time determine the extent and
character of its zones, and the length of its seasons, it
follows that where these are known, we have a reliable
clew to the seasons of a planet, even though we have
neither viited nor heard from it ; and as we do not know
the inclination of the axis of Mercury, we have no
knowledge of his seasons.

200. What governs the general temperature of the planetst The tem-
aeraturoe of particular zones? What result from this last? Why not warm-
et in Junuary, &c.?  (1lustrate b:v disgram.) How are the poles shifted ¢
and from the sun? Do the poles “ wabbls 1"

. 201. How uscertain the character of.tho seasons of distant planets? Ses-
sons of Mercury f 5 o
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202. The seasons of Venus are very remarkalle. Su
great is her inclination (122), that her tropies tall witLin
15° of her poles, and her polar circles (as if to retaliate
for the trespass upon their territory), go up to within 15°
of her equator. I.)[(;ms the torrid and frigid zones over-
lap each other, and the temperate zone is altogether
annihilated.

The period of Venus being but 225 days (72), the sun
declines in that time from her equinoctial to within 15°
of one pole; then back to the equinoctial, and to within
15° of the other pole, and again back to the equinoctial.
The effect of this very great inclination is to give eight -
seasons at her equator every 225 days.

In her short period of 225 days, the sun seems to pass from her northern rolstice
through her equinox to her southern solstice, and back to the point from which he
[ When he is over one of her tropics. it is winter not only at the other tropic,
but also at her equator; and as the sun passes over from u'uri(- to tropic, and back again
every 225 days, making spring at the equator as he approaches it, summer as he passes
over it, autumn as he declines from it, and winter when he resaches the tropie, it follows
that at her equator Venus has eéght reasons in one of her years, or in 225 of our days.
ller seasons, therefore, at her equator, consist of only about four weeks of our time, or
28} days; and, from the heat of summer to the cold of winter, can be only about 58
days. At her tropics, she has only four seasons of 56 days each.

208. The polar inclination of Mars being 28° 42 (122),
his torrid zone must be 57° 40’ from his poles—leaving
only 32° 40’ for the width of his temperate zone. But
as his year consists of 687 days, his four seasons must
consist of about 172 days each, or nearly twice the
length of the seasons of our globe.

204. So slight is the inclination of the axis of Jupiter
to his orbit, that he has but a narrow torrid zone, and
small-polar circles. As his orbit deJJarts from the plane
of the ecliptic only 1° 18’ (108), and his axis is inclined
to his orbit only 3° 5 it follows that his axis is nearly
verpendicular to the ecliptic. The sun never departs
more than 3° §’ from his equator; and still, as Lis peri-
odic time is about 12 years (72), he has alte: aately six
years of northern and six of southern declination. His
narrow torrid zone and small polar circles leave very ex-

202, Seasons of Venus? Where her tropics ? Polar circles ¢ Tem'penta
sone? Sun’s declination upon her? Its effect? ‘Subatunce of note f)
208, Zones of Mars? Length of seasons, and why ?

204. Zones of Jupi d ? Describe bis BSesasons !
ad niah:' li’olo:gu“’w by ' olipste. W‘
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tensive temperate zones. In passing from his eqnator to
his poles, we meet every variety of climate, from the
warmest to the coldest, with but slight variations in an
latitude, from age to age. His days and nights are al-
ways nearly of the same length, as the sun is always
near his equinoctial. His poles have alternately six
years day and six years night.

205. The polar inclination and zones of Saturn differ
but little from those of Mars ; but his seasons are greatly
modified by the length of his periodic time. This bein
about 30 years, his four seasons must each be about 7
years long ; and his polar regions must have alternately
15 years ﬁay and 15 years night. The rings of Saturn,
which lie in the plane of his equator, and revolve every
10} hours, are crossed by the sun when he crosses the
equinoctial of the planet. During the southern declina-
tion of the sun, which lasts fifteen years, the south side
of the rings is enlightened, and has its summer. It has
also its day and nighs, by revolving in a portion of the
planet’s shadow. When the sun is at the southern tropic,
1t is midsummer on the south side of the rings, as the
rays of light then fall most directly upon them. As the
sun approaches the equator, the temperature decreases,
till he crosses the equinoctial, and the long winter of fif-
teen years begins. At the same time, the north side of
the rings begins to have its spring ; summer ensues, and
in turn it has fifteen years of light and heat. The influ-
ence of these wonderful rings upon the climate of Saturn
must be very considerable. During the winter in each
hemisphere, they cast a deep shadow upon some portion
of his surface during the day ; and in the summer, these
immense reflectors so near the planet, and so bright
in the sunlight, must contribute greatly to the light, if
not to the warmth, of his summer evenings. The poles
of Saturn are alternately 15 years in the light, and 15
years in darkness.

206. Of the inclination of the axes of Uranus and

205, Zones of Saturn, and why? Lerﬁ\ of seasons?! Rings—how eun.
lightened ? 1nfluence upon climate ! ePolar days and nights

'
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Neptune, respectively, we have no knowledge, and con
se«iucntly can form no opiniun respecting their tropics,
V ar circles, zones, &c. If not too much incline:l, like
enus, they have but four seasons in their year, which
would make each season of Uranus 22 years und 9 days
long, and each season of Neptune 41 years and 56} days
long; as these periuds are, respectively, one-fourth of the
periodic time of the planet (72). ;

Thus we see that tropics, polar circles, zones, and seasons are not peculiar to our globe,

but areanecessary result of an inclined axis, and a revolution sround the sun. The

. ¢3uses which produce our seasons are known to be in operation In other planetary
worlds, and it would be unreasonable to deny that the ¢ffacs was there alsv.

DISCOVERY OF THE DIFFERENT PLANETS.

207. The old planets, as they are called, viz., Mercury,
Venus, Murs, Jupiter, and Suturn, have been known as
planets, or “ wanderers,” from the earliest ages. Uranus
was discovered by Sir William Herschel, March 13th,
1781. Neptune was demonstrated to exist before it had
been seen, by M. Le Verrier, of France, August, 1846
and first seen by Dr. Galle, of Bérlin, Sept. 23, 1846.

208. The discovery of Neptune is probably one of the
greatest achievements of mathematical science ever
recorded. By comparing the true places of Uranus
with the places assigned %y the tables, it was found that
he was not where %is known rate of motion required
him to be; and after making 21l due allowance for the
attraction of Jupiter and Saturn (65), by which pertur-
bations would be produced, it was found that there was
evidently the ¢ffect of some other body, exterior to the
orbit of Uranus, the attraction of which body helped to
cause the perturbations of Uranus. From this ¢ffect,
produced by an unknown and invidible world, lying far
sut beyond the supposed boundaries of the solar system,
not only was the exzstence of its cause demonstrated, but
its direction, distance, mass, and period were proxi-
mately asceftained.

206. What said of the seasons of Uranus and Neptune? Probable length
of former? Latter? (Remark in note?)

207. What suid of the “old planets " Of Uranus? Neptune?
- 208, Dencribu the discovery of Neptune. Perturbations? Tables, &, ¢
(Vescribo sucvessive steps in dotail. ® What suid of Mr. Adamsf) - .



DISOGVERY OF TBE DIFFERENT PLANETS. 101

1. On the evening of the 284 of SBeptemt.er, 1846, Dr. Galle, one of the astronomers
of the Royal Observatory at Berlin, received a letter from Le Verrier. of Paris, request-
ing him to emglor the great telescope at his command in searching tor the ~up:posed
new planet, and giving its pogition, as ascertained by calculation, ar 8200 524’ of geocen-
tric longitude. Dr. Galle, taking advantage of the very evening on which he received
Le Verrier's letter, soon discovered an object resembling a stur of the eighth magnitude,
near the spot indicated by Le Verrier, as the place of the new planet. On consulting an
accurate star chart, it was found that no.such star was there laid down, and olwervations
were at once commenced, with a view to detecting any change of place. In three hours
tine, it was seen to have mnoved ; and by the next evening at eight o'clock, | was found
to have retrograded more than four seconds of time (see 97 and cut)—a rir-immstance
which proved it to be much nearer the earth than the fixed stars. and consequently a
&»}nllet—the very planet which had d the ble irregularities of Uranus,

he ntric longitude of the planet, at midnight, Beptember 23, 1846, was 3270528’
which was less than 10 from the place assigned to it by Le Verrier! The renson why
Le Verrier wrote to Dr. Galle was, that the former had no suitable telescopw for cone
ducting the search in which he was so deeply interested.

2. 1t is worthy of remark that Mr. Adams, of 8t John's College, Cambridge. Eng-
lan., had also calculated the place, &c., of the new planet,and had arrived wt results
similar to those reachied by Le Verrier: but as the latter had lished his cunclusiong
first, the honor of the discovery is generally accorded to Le Verrior.

209. The Asteroids have all been discovered during

the present century, and most of them since 1847. The
first known was discovered by Professor Piazzi, of
Palermo, on the first day of January, 1801, while
searching for a star which he found mapped down in
-his star chart, but could not find in the heavens. He
soon lost sight of it, however, on account of its nearness
to the sun, but it was re-discuvered by Dr. Olbers, of
Bremen, in January, 1802. Pallas, Juno, and Vesta
were discovered between 1802 and 1807, after which
no additional astervids were diseovered for thirty-eight
‘years, or till 1845, From 1845 to 1855, thirty new
asteroids were discovered, while fifty others were added
to the list during the next ten years. From the proba-
bility that they are very numerous, and the rapidity with
which they have recently been discovered, it is not
unlikely that the list may yet be extended te hundreds.
(For complete list, see page 247.)

2. How long have asteroids been known ? When and by whom was the
fir t discovered? The next three? How many from 1807 to 1843 From
1345 to 18552 From 1855 to 1865 From 1865 to the present tiwe?
What said of the probability of other discoverice?
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CHAPTER V.
SECONDARY PLANETS—THE MOON. .

210. Tue Secondary Planets are those that revolve
biatedly around the primaries, and accompany them in
dheir periodical journeys around the sun. Of these, the
earth has one; Jupiter, four; Saturn, eight; Uranus,
six; and Neptune, one—in all twenty. Besides these,
there ig a strong suspicion among astronomers that Venus
is attended by a satellite, and that Neptune has at least
two, instead of one.

8ir John Herschel says Uranus is attended “certainly by four, and perhaps by six
and Neptune by two or more.” Outlines, Art. 533, Ln reganl w Venus, rof Hind, of
London, says: * Astronomers are by no means satisfled whether Venus should be ate
tended by a ratellite or not. ® * & It is a question of-great | t, and must re-
main open for future discussion,”

211. Though the secondary planets have a compound
motion, and revolve both around the sun and around
their respective primaries, they are subject to the same
general laws of gravitation—of centripetal and centrif-
ugal force—by which their primaries are governed.
Like them, they receive their 1'ght and heat from the
sun, and revolve periodically in their orbits, and on their
respective axes. In the economy of nature, they seem
to serve as so many maérrors to reflect the sun’s light upon
superior worlds, when their sides are turned away from
a more direct illumination.

The desizn of all the secondaries may be inferred from what is sald of the purpom“
for which onr own satellite was created. * And Gl said, Let there be iights in the fir-
mament of heaven, to divide the day from the night: and let them be for sizns, and for.
seasons. and for days and years: and let them be for lights in the firmament of heaven,
to give light upon the earth: and it was so. And God made two great lights; the
greater lizht to rule the day, and the lesser light to rule the night: he made the stars
also."—Gen. i, 14—16,

210. What are the Secondary plunets? How many? How distributed §
glmlg s;xplwsitiou respeeting Venus t Neptune ? (Herschel’s remark ¢ Prof.

ma's ¢)

211. What said of the laws by which the primaries are governed  Ligat

and heat? Uses? (From what may we infer their design?)
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212. To the inhabitants of our globe, the earth’s satel-
lite or moon is one of the most interesting objects in all
the heavens. Her nearness to the earth, and consequent
apparent magnitude, her rapid angular motion eastward,
her perpetual phases or changes, and the mottled appear-
ance of her surface, even to the naked eye, all conspire
to arrest the attention, and to awaken inquiry. Add to
this her connection with FEclipses, and her influence in
the production of Z%des (of both of which we shall speak
hereafter in distinct chapters), and she opens before us
one of the most interesting fields of astronomical re-

" search. .

213. The Romans called the moon Zuna, and the
Greeks Selene. From the former, we have our English
terms {unar and lunacy. In mythology, Selene was the
daughter of Ifeléos, the sun. Our English word selenog-
raphy—a description of the moon’s surface—is from
Selene, her ancient name, and grapho, to describe.

214. The point in the moon’s APOGER,
orbit nearest the earth is called

Y
Perigee, from the Greek peri,
about, and ge, the earth. The point
most distant is called Apogee, from ;|

apo, from, and ge, the earth. These ;|

two points are also called the ap- i

sides of her orbit ; and a line join- 1} @

ing them, the line of the apsides. \

Bee the moon in apogee and perigee in the cut. The
singular of apsides 18 apie,

215. The mean distance of the @
moon from the earth’s center is, in FERIGER.
round nambers, 239,000 miles; or, more accurately,
238,650. The eccentricity of her orbit amounting to
13,333 miles, of course her distance must vary, and also
her apparent magnitude (56). Her average angular

212. What said of out moon? Why sgecially interesting ¢

213. Latin name of the.moon? Greek ! Derivation of words from Luna
Who wus Selene in'mythology § Selenography ?

214. Perigee and Apogee? Derivation ? \zhat other name for these two
points ¢ hat is the line of the apsides? (Apsis?)

815, Moon’s distance? Does it vary? Why?! Eccentricity of orbit?
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.diameter is 31’ 7", and her real diameter 2,160 miles.
She is consequently only Jyth pait as large as the carth,

and ygpassosth part as large as the sun.

The masses of giobes are proportional to the cubes of their diameters. Then
2180 % 2,160 X 2,160 = 10,077.696,M¥, the cube of the moun's diameter: and T.012
X 1.912 X 7,912 = 495,289,174.428, the cube of the earth’s diameter. Divide the lat:er
by the former, and we have 49 and a fraction over, as the number of times the balk «f
the moon is contained in the earth. Its mass, a8 compared with the sun, is ascertsined
in the smune manner. M

216. The plane of the moon’s orbit is very near that
of the ecliptic. It departs from the latter only about
51° (5° 8 48").

INCLINATION OF THR MOON'S ORMIT TO THR PLANE OF THE ECLIPTIC.

: A e/g EcurTic B O

D

Let the line A B represent the plane of the earth's orbit. and the line Joining the
moon at C and D would represent the inclination of the moon’s orbit to that of the
-earth. At C the moon wuuﬂi be aithin the earth’s orbit, and at ‘D exterfor to it} and
it would be Full Moon at D, and New Moon at C.

* 217. The line of the apsides of the mom’s arbit 's not
fixed in the ecliptic, but revolves slowly around the
cclirtic, from west to enst, NOTION OF THE APSIDES.
in the period of about nine —
Yyears,

In the adjoining cut. an attempt ix made
to reprezent this motion. At A, the line
of the apsides points directly to the right
and left; but at B, C, and D) it is secn
changing ita direction. till at E the chanyze
is very perceptible when compared with
A. But the same ratio of change con-
tinues: and at the end of a year, when the
earth reaches A in, the line of the ap-
sides is fonnd to have revolved enstward
to the dotted line 1K, or about 4°, In
.line years, the aphelion point near A will
have made a complete revolution, and re-
turned to its vriginal position.

218. The line of the moon’s nodes is also in revilu
tion; but it retrogrades or falls Lack westward, making
the circuit of the ecliptic unce in about 19 venrs.

Angular diwmwneter ¥ In miles? How compare with earth ? With sun? (Iew
demonstrated ?) -

216, How is the plane of the moon’s orbit situated with rexpect to the
ecliptic? (llluxtrate by diagram.)

217 Is the line of the moon’s apsides stationary or not? Wkat motion?
Period ¢ (lllustrate.) .

218. What of the line of the moon’s nodes? ' In what time d-es it make
‘the circuit of the ecliptic? Amount of motion ¢ .

™~
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*  The amount of this motion is 100 35’ per annum, which would =~quire 18 years and
219 dasys for a complete revolution.

219. The diameter of the moon is only ;}5th
_ part as great as that of the sun ; and yet the ap-
parent diameter of the moon is nearly equal to
that of the sun. The former is 31’ 7", and the
latter 32’ 2", or only 55 difference. The reason
why the moon appears to vie with the sun-in
magnitude, when she is only y4,33%.557 88 large,
is, that she is 400 times nearer to us than he is.
Sce Art. 56.

1. The cutin the margin will show how it is that a small object near us will
fill as an angle, or, in other woris, appear as large, as a much !arger
obliecl. which is more remote. The moon at A fills'the same angle that is
filled by the sun at B.

2. This fact may serve to illustrate the comparative influence of things
present and future upon most minds. The little Invon may eclipse the sun;

. or even a dime, if held near enough to the eye, will completsly hide all his
glories from our view. S0 in morais and religion. The * things which are
seen and temporsl™ are too apt to hide fromn our view the more distant but
superior glories of the life to come.

220. The density of the moon is only about
two-thirds that of the earth, and her surfuce {sth
- as great. The light reflected to the earth by her,
at her tull, is only y33%sath part as much as we
receive on an average from the sun. |

221, The daily apparent revolution of the 2§,
moon is from east to west, with the sun and ‘\‘
stars ; but her real motion around the earth is 4
from west to east. Hence, when first seen as a “new
moon,” she is very near, but just east of the sun; but
departs further and further from him eastward, till at

length she is seen in the east as a full moon, as the sun
goes down in the west.

222. The moon performs a sidereal revolution around
the earth in %7d. 7h. 43m. ; and a synodec in 23d. 12h.
44m. The sidereal is a complete revolution, as measured
by a fixed star ; but the motion of the earth easrward in

L)

cecesessenssensmonees:

219. Moon’s diameter, as compared with that of the sun? With sun’s

apparent diameter ? Why appear so near of a size? (Ilustrute by diagram.
eflection of the author !{

220. Denrity of the moon? Her light?
221, Her daily apparent motion ¢ Real motion? How traced?
- 222, What is her sidereal revolution # ler synodic?. What difference?
Why!? (lllustrate by disgram.) » .
5
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her orbit gives the sun an apparent motion eastward
[ ) . 0
among the stars (119;, and renders it necessary for the
moon to perforin a little more than a complete revolution
each montl, in order to come in conjunction with the
sun, and make a synodic revolution.

SIDEREAL AND SYNODIC REVOLUTIONS OF THE MOON.

Beceeeeennns ... SI0EREAL REVOIUTION 274 DAYS

Ji/

1. On the right, the earth is shown in her orbdit, revolving around the sun, and the
moon in her orbit, revolving around the earth. At A, the sun and moon sre in con-
function, or it Is New Moon. As the earth passes from D to E, the moon posses
around from A to B, or the exact puint in her orbit where she was 274 days before.
But she Is still west of the sun, and muxt pass on from B to C, or 1 duy and 20 hours
longer, before she can again come in conjunction with him. This 1 day and 20 hours
eonstituies the difference between a sidereal and a synodic revolution,

2. The student will perceive that the difference between a sidereal and synodic revo-
lution of the moon, like that between solar und sidereal tiine, is due to the ssme cause—
naniely, the revolution of the earth around the sun. Bee 185 Q s

223. The daily angular ~ DAiLY rzoazmss or Tfik uoow xasTwaRD,
motion of the moon east- 0o 8.7 ¢
ward is 13° 10’ 35”. Her 7
average hourly motion is
about 32,300 miles. This

motion may be detected *
by watching her for a few #{~——S A !
hours only ; and by mark- # "%5\"
ing her position, with ref- : 1’:

ence to the stars, from
night to night, her daily g
journeys will appear pro- wod.
minent and striking. 20 5122

The estimate of 130 10’ 85" is made
for a sidercal duy of twenty-four hours. In the sbove cut, the daily progress of the
moon may be traced from her conjunction or * change™ at A on the right, around to the
sume point again.  This being a sidereul revolution, requires only 273 days.

2

223. Dnily angulur motion eastward ¥ How detected? (For what day is
thiy estiimate mude ?)
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224. In her journeyings eastward, the moon often
seems to run over and obscure
the distant planets and stars.
This phenomenon is called an oc-
cultution.

The adjoining~ewt represents the new moon as
Just about to obscure a aistunt star, by passing be-
tween us and it. In 1850, she occulted Jupiter for
three revoiutions in succession—viz., Jan. 3th, Feb.
27th, and March 26th. Through a telescope, the
mnon is seen to be constantly obscuring stars that
are {nvisible to the naked eye. They d ugpur be-
hind the wnoon's eastern limb, and in a short time
reap from behind her western; thus distinctly
exhibiting her eastward motion.

225. Though the moon’s orbit is an ellipse, with res-
pect to the earth, it is, in reality, an irregular curve,
always concave toward the sun,
and crossing the earth’s orbit
every 13° nearly.

1. If the earth stood still in her orbit, the
moon would describe just such a path in the
oclll:ltic as she describes with respect to the
earth.

2. If the earth moved but s®wly on her way,
the moon would actually retrograde on the eclip-
tic at the time of her change, and would cross
‘her own path at every revolution, as shown in
the ndi:inin figure. But as the earth advances
some 46 millions of miles, or near 100 times the
diameter of the moon's orbit, during a single lu-
nation, it is evident that the moon’s orbit never
can return into itself, or retrograde, as here rep-
resen!

THR MOON'S ORBIT ALWAYS OCONCAVE TOWARD THE 8UN.

A

8. That the lunar orbit is always concave toward the sun,-may be demonstrated b
she above diagram. Let the upper curve line A B represent an arc of the earth's
orbit, equal to that passed through by the earth during haif a lunation. Now the
radius and arc being known, it is found that the chord A B must pass more than 400,000
miles within the earth. But as the moon departs only 240,000 from the earth, as shown
in the figure, it follows that she must describe the curve denoted by the middle line,
which is concave toward the sun.

224. What are ocen’tations? How produced? (Are they frequent? Are
planets ever occulted ¢ Describe process.)

225. What is the form of the moon's orbit with respect to the earth? The
sun? (How if the ewth were stationary? If moving slowly¥ Demon-
strate her orbit to be concave, &c. Draw orbit for complete lunation, azd
describe her reiative motion.)
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4; This subject may be still further illustrated by the following on@, representing

TOE MOON'S PATH DURING A COMPLETE LUNATION,

Tlere the plain line represents the earth’s orbit, and the dotted one that of the moun
At A the moon crosses the earthi's track 240,000 miles hehind her. She gains on the
earth, tiil in seven days she passes her at B as a Full Moon, Continuing to gain on
the earth, she crosses her orbit at C, 240,000 mniles ahead of her, being then at her Third
Quarter. From this point the earth gains upon the moon, till seven days afterward she
overtakes her at D as a New Moon. From D to E the carth continues to gain, till at
E the moon crosses 240,00 hekind the eurth, as she had done four weeks before at A,
Thus the moon winds her way along. first within and then without the earth; always
gaining upon us when outside of our orbit, and falling behind us when within it.
. 5. The small circles in the cut represent the moon's orbit with respect to the earth,
which is as regular fo us as if the earth had no revolution around the sun,

226. The 1roon never retrogrades on the ecliptic, or
returns into her own path again; but is always ad-
vancing with the earth, at the rate
of not less than 65,700 miles per
hour.

1. I'ne moon's orhitual velocity. with respect to
the earth, is about 2,300 miles per hour. When out-
side the earth, as at B, in the last figure, she guins
2300 miles per hour, which, added to the earth’s ve-
locity, would give 70,300 miles as the hourly velocity
of the moon. When ewithin the earth’s orbit, as at
1, she loses 2300 miles per hour, which, subtracted
from 63.00 niles (the earth’s hourly velocity), would
leave 65,700 miles as the slowest motian of the moon
in space, even when she is falling beh.;.d the earth.

2. Could we look down perpendicuiarly upon the
ecliptic, and see the paths of the earth and moon,
we should see the latter pursuing her sorpentine
couree, first within and then outside our globe. somewhat as represe:}éd by the datted

MOON'S PATH.

el

line in the annexed figure. Her path. however, woull be coucave gownrd the sun. as
shiown on the preceding page, and not convex, as We were oblige| é represent it hero
in 8o small a disgran, A N

)

227. That the moon is opake, like t;le' rest of the plan-
ets, and shines only by reflection, is obvious, from the
fact that we can see only that part of her upon which
the sun shines; and as the enlightened portion is some-
times toward and sometimes from us, the moon is con-
stantly varying in her apparent form and brightness.
‘These variations are called her phases.

£26. At what rate does the moon advance with the earth? Moon’s or
- bitual veloeity, with respect to the earth ¢ Slowest motion ¢  (HUlustrute the
wio0N's course.) - T : '

237. What proof that the moon is opake? What meant by lier phdses ?
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228, The cause of the moon’s phases—her waxing and
waning—is her revolution around the earth, which euna-
bles us to see more of her enlightened side at one tiwe

“than at another.

CAUSE OF TUE MOOK'S PRASES

2
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1. This cut represents the m.oon revolving eastward around the earth. In the outside
circle, she is represented as she would appear, if viewed from a direction at right angles
with the plane of her orbit. The side toward the sun is enlightened in every case, and
she appears like a half moon at every point.

2. The interior suit represents her as she appears when viewed from the earth.
At A it is New Moon: and if seen at all 80 near the sun, she would appear like a dark
globe. At B ehe would appear like a crescent, concave toward the east. At C, more
of her enlightened side is visible; at D, still more; and at E, the enlightened hemisphere
is fully in view. We then call her a Full Moon. From E around to A again, the dark
portion becomes more and more visible, as the luminous part goes out of view, till sho
comes to her change at A.  When at D and F, the mnoon is said to be gihhouas.

8. If the student will turn his book bottom upward, and hold it south of him, he will

_see why the crescent of the old moon at H is concave on the west. instead of the east,
like the new moon, and why she is seen before sunrise, instead of just after sunset.

229. The cusps of the moon are the extremities of the
crescent. Her syzygies are two points in her orbit 180°
apart, where she is new and full moon. (See positions
1 and 3 in the last cut.) The quadratures are four points
90° apart (like 1,2, 3, and 4 in cut); and her octunts
eight points 45° apart (like A, B, C, &c., in the cut).

230. The moon is said to change when she comes in
conjunction with the sun, and is changed from Old Moon
to New Moon.

228, Cause of phases? (lllustrate.)
224, What are the cusps of the noon? Her Syzygies? Quadratures? Oo
tunis? (lllustrate on blackvoard.)
230. W hat meant by the chunye of the moon? (Ilow noticed or traced ¥)
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If the student will be on the look-out, he can easily find the moon west of the sun
én the daytime; and, by observing her carefully, wili see that she is rapidly approsche
ing him. Ina short time she will be lost in his beams, and soon after will appear east
of the sun, just after sundown, as & New Moon. This change, as it is called, takee pluce
when she passes the sun eastward.

2381. A New Moon is the moon when she has just
passed the sun in her eastward journey, and when only
a small portion of her enlightened hemisphere is visible
from the earth. She then appears like a slender cres-
cent, concave on the east. ’lgxe First Quarter is when
she has advanced 90° eastward from the sun. She is
then south of us at sundown, and we see one-half of her
enlightened side. The #ull of the moon is when she has
advanced 180° from the sun, and is in the east when he

down in the west. Her enlightened side is then
toward us, and she appears circular, or full. The Z%rd
Quarter is when the moon has advanced 270°, or 3ths
of her synodic journey. She has been waning since the
full, on her western limb, and is now gibbous. She is but
90° west of the sun, is approaching him, and waning
more and more every day. The wawtng of the moon is
from the change to the f{&ll ; and the waning, from the
Jull to the change agam. °

We earnestly d to both teacher and student to observe the present place
and ap ce of the moon, and watch her through one lunation at least. A little time
me:i“ this way will do more to fix correct ideas in the mind than months of abstract
stady.

232. The line which ‘separates the dark from the en-
lightened portion of the moon’s disk is called the Zerma-
nator.

As just one-half of the moon is always enlightened by the sun, whether it appears
80 to us or not, it follows that the terminator must extend quite around the moon
dividing the enlightened from the unenligl d hemisphere. This circle is called
the C¥rcle of Ilumination. At new and full moon this circle is sédewise to us; but
at the first and third quarters, it is edgewise. The portion of the terminator visible
from the earth traverses the moon's disk twice during every lunation.

233. A variety of dark lines and spots may be seen
upon the surface of the moon with the naked eye. There
is a dark figure on her western limb, resembling that of
a man, with his head to the north, and his body inclined

231. What is the New Moon? How asapear! First Quarter? When?
Appearance? Full Moon and appearance! Third Quarter? Position and
appearance? When wuxing? Waning? ¢What recommended by author ¥)
232. What is the Zerminator? (Substance of notef) :
288. Describe the natural appearance of the full moon. (What said of cut?
8ketch on blackboard. Qjibway legend 1)
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“to the east. J ust east of him, and opposite his shou.ders
is an irregular object, resembling a huge bundle or

1. Both these objects are represented in the ad- NATURAL APPEARANCE OF THER
joining cut, which was drawn from nature by the
aathor, on the evening of December 18, 1850, It
represents the moon as she agpeup when about two
hours high, and is the best of six different sketches
taken during the same evening. Let the student com-

it with the next Full Moon, and see if our draw-

niis correct.

The Ojibway Indians have a legend by which
they explain this ain%ulu' appearance of the moon,
Instead of a “ man,” they say this figure is a beautiful
Ojioway maiden, who was translated to the moon
“ mtng snows ago,” fur having set her affections npon
that o 'joet, and refusing to marry any of the  young
braves” of the Ojibway nation. How the “ beautiful
maiden” came to look so coarse and masculine. and
what the rest of the figure means, the tradition dves
not inform us

234. There rude figures upon the moon’s disk are
probably the outlines of her great natural divisions, as
mountains, valleys, and continents.

Almost everybody has noticed these rude fimres npon the face of the moon, and
many. doubtless, have wondered what they were: hut Low few have supposed, as the.
were gazing upon her mottled disk, that tk:{ were enjoying A distant view of a 1001/
and that these dim outlines were a netu. map of its nearest hemisphere! Having
seen the “man in the moon,” they have suppored it useless to p the subject any
further, and here their investigations have ended.

235. By a careful observation of the moon’s disk, from
month to month, it is found that the same side 18 always
toward the earth. From this fact, it follows that she re-
volves on her axis but once during her synodic revolu-
tion around the earth.

I. By watching the moon carefully with the MOON'S REVOLUTION,
naked eye, it will be seen that the same ssou
occupy nearly the same places upon her disk . q) .o,

same side is always toward us.
2.8 t d upon the

. Bupp s

moon’s surface, 80 a8 to point toward the earth
at New Moon, as represented at A, From the
earth it would appear in the moon’s center.
Now if the moon so revolved upon her axis, in
the direction of the arrows, as to keep the pillar
pointing directly toward the earth, as shown at

C, and D, and the intermediate points, she
must make just one revolution on her axis during
her periodic revolution. At A, the pillar points
from the sun, and at C toward him; show'ng
that, in going half way round the earth, she has
performed half a revolution upon her axis,

from month to month; which shows that the B
' DRI )}

234. What are these rude figures supposed to be ¢ (Note.) '
235, What interexting fact established by watching the moon? What fol-
‘ows from it§ (Ilustrute by sketch of cut on black! .) ;
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236. As the same side of the moon is always toward
8, it follows that the earth is invisible from one-half of
the moon. Frum the o:her halt, our globe would appear
like a stationary planet, nearly thirteen times as large as
the moon appears to us, and exhibiting all her varying
phases.

237. Though the moon always presents nearly the same
hemisphere toward the earth, it is not always precisely
the same. Owing to the ellipticity of her orbit, and the
conseqi ent inequality of her angular velocity, she ap-
pears to 70l a little on lier axis, first one way and then
the other—thus alternately revealing and. hiding new
territory, as it were, on her "
eastern. and western limbs.

f

MOON'S LIBRATIONS,

‘This rolling motion east and Q

‘west is called her libration in S
longitude. Q ’)
The accompanying cut will illnstrate the sub-

Ject of the moon's librations in longitule. i

1. From A around to C. the amzutar motion is R H
#lower than the average. and the dinrnal motion . . Ny
gains upon it, 8o thatthe pillar points weat of the O—O A 'O .
earth, and we see more of the ewstern limb of N\,
the moon. 5 §

2. From C to A, again, the moon advances !
faster than a mean rate, and geinx npon the D {
dinrnal revolution; so that the pillar points east a
uf the earth, and we see more of the moon's R N g
western limb. Thus she seems to librate or roll, - n

first one way and then the other, during every
periodic revolution.
At B, we see most of her eastern limb; and at D, most of her western.

238. The axis of the moon is inclined to the plane of
her orbit only about vne and a half degrees (1° 30’ 10-8").
Baut this sli Kt inclination enables us to see first one pole
and then the other, in her revolution around the earth,
These slight rolling motiuns are called her librations in
latitude.

As the inclination of the earth's axis brings first one pole and then the other toward
the sun, and produces the seasons, s» the inclination of the moon's axis brings first une

le and then the other in view from the earth. But as her inclination is only 149, the
ibration in latitude is very slight. -

286. What other fact follows fromn the moon’s kee})ing the same side toward
us? How would onr globe appeur from the moon ) )

237. What are the moon’s 'l&bralioiw ? 1n lonyitude, and cause? (Illne
trate on blackboard,) .

288, In latitude? Cuuse?  (Illustrate by the case of the earth.)
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239. The moon’s year consiats of 293 of our days ; l.ut
as she makes but one revulution upon her axis in that
time, she can have but one day and one night in her
whole year. And so slight is the inclination of her ax’s
to the plane of her orbit, that the sun’s declination from
ber equator is only about 1}°. She must therefore have
perpetual winter at her poles ; while at her equator, her
long days are very warm, and her long nights very cold.

240. By the aid of the telescope, the surface of the

moon is found to be exceedingly rough and uneven, cov-
ered with vast plains, deep valleys, and lofty mountains.
Several of the latter are from three to four and a half
miles high. That they are really mountains is proved by
three facts: 1st, the line of the terminator is jagged or
uneven, as shown in the cut ; 2d., shadows are seen pro-
jecting first to the east and then to the west, showing the
existence of elevations of some sort, that intercept the
light; and 3d, from new to full moon, bright spots break
out from time to time, : :
Just east of the ter-
minator, in the dark
jortion, and  grow
arger and larger, till
they join the illumi-
nated portion, show-
ing them to be the
tops of mountains,
which reflect the sun-
light before it reaches
the intervening val-
leys.

1. Specimens of these shad-
orcx may be seen in the cat, pro-
{ecting to the left. Bright points
of light, or, in other wor the
illuminated tops of- ins,
may also be seen near the terminator, in the dark pprtion. The writer has often
watched them, and seen them enlarge more and more, as the sun arose upon the side ot
the moon toward us, and enlightened the sides of her mountains,

239. Length of moon’s year? Number of natural days? Sun’s declina-
tion upon her? Climate at equator and poles ? ’ .

240. How appear through telescopes? What proof of mountains? (Re-
marks upon cut? Observations of the author? Describe shadows and their
char ges. Illustrate, by reference to the Andes and their shadows.)
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2. Theshadows are always projected in a direction om;odte the sun, or toward the
dark side of the moon ; and as her eastern limb is dark from the change to the fuli, and
her wesiem from the full to the change, of course the direction of the shadows must be
reversad.,

3. Supyp a person stationed st a distance directly over the Andes. Before the
sun arose, he would see the tallest peaks enlightened ; and as he arose, the long shadows
of the mountains would extend to the west. At noon, however, little or no shadow
would be visible; but at sunset, they would again be seen stretching away to the east.
This is precisely the change that is seen to take place with the lunar shadows, except
that the #éme required is a lunar day, equal to about 15 of our days, instead of one of
our days of 12 hours,

241. Some of the lunar mountains are in extensive
ranges, like our Alps and Andes; while others are cir-
cular, like the craters of huge volcanoes. Great num-
bers of the latter may be seen with telescopes of only
moderate power. Through such an instrument, the moon
will appear of a yellowish bue, and the circular moun-
tains like drops of thick oil on vhe surface of water. Two
extensive ranges, and several of the circular elevations,
are shown in the last cut. Dr. Scoresby, of Bradford,
England, who examined the moon through the monster
telescope of Lord Rosse, says he saw a vast number of
extinct volcanoes, some of whose craters were several
miles in breadth. Her general appearance was that of a
vagt ruin of nature. Dr. Herschel supposed he saw the
light of several active volcanoes upon ﬁer surface.

242. In regard to the existence of an atmosphere
around the moon, astronomers are divided. From obser-
vations during ecliﬁses of the sun, and other phe-
nomena, it is thought that if the moon has any atmos-

here at all, it must be very limited in extent, and far
Fess dense than that of the earth. Dr. Scoresby saw no
indications of the existence of water, or of an atmos-
phere. :

From observations during several oocultations of stars, the writer is of opinion that
& refracting medium of some sort exists in the vicinity of the moou. The aétmosphere
1s doubtl bject to the g 1 law of }nviwdon. Hence it is most dense at the
earth's surface, and grows rare as we I h, therefore, as the g 1 den-
sity of the atmosphere of any planet is dependent upon the attracting force of that
planet, and the moon has only about .,'ﬁd part as much attracting power as the earth, it
follows that her atmosphere, if she has one, ought to be much less dense than ours.

243. That no water exists upon the moon’s surface,

241. Form of lunar mountains? Number of craters visible? Appearance
£ surface, as seen by Dr. Scoresby ? Dr. Herschel’s supposition

242. Has the moon an atmosphere ? Dr. Scoreshy’s statement ! (Remark
of author? Why moon’s atmosphere must be comparatively rare?)

243. Why thought there is no water on the moon ?
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has been inferred from the fact, that it would Le con-
verted into steam or vapor during ler long and hot days,
and also from the fact that no clouds are ever seen float-
ing around her.

244. Professors Baer and Midler, of Berlin, have con-
structed a map of the moon, which is characterized by
Professor Nichol, of Glasgow, as “ vastly more accurate
than any map of the earth we can yet produce,” and as
¢“the only authentic and valnable work of the kind in
existence.”

The following is a Hst of the principal lunar meuntains, with their hight, according
to the recent measarements of M. dler:

Feet.  Miles. ' Feet. Mites.
Pasidonius ..19,880 876 Clavius ......... Ceeseenes 19.080 840
Tycho .. .20,190 863 Huygens. .. 18,670 854
Calinpus .20,390 886 : Blancanns . 18010 84l
Casatua . .. 18,440 8Y9

Newton.

.

22810 482 Movetus
25830 452

245. The apparent position of the moon in the heavens
is one of the principal means by which mariners ascer-
tain their longitude at sea. So regular is her motion,
that her “place,” as viewed from

" any fixed point on the earth, at
any specified time, and with ref-
erence to the four stars that lie in
or near her, may be determined
for nll)onths and )i:aarsfto (l:]ome;
and, by observing how far she ap-  }... y
pears {)ut of plagce, either east (l»); : —~
west, at the time specified, we
may determine how far we are
cast or west of the place for
which her lungitude is given in
the tables.

Let A in the cut represent Greenwich Observa-
tory, near London, B is the moon, and C her appa-
rent place among the distant stars, about 400 west of
the star D, The ship E, having Greenwich time, as
well ax her own local time, sails from London west-
ward : but on observing the moon when, by Greenwich time, she ought to be at C, she
i> found to te at I, or only about 20° west of the star D. It is therefore obvious that

D F c

/

244. What celebrated chart mentioned # How characterized ? (What list
of wountains given{ General hight ?)

245. Whut use made of the moon in navigation? Explain the process
What called? What otl.er method for determining longitude
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the ahip is west of Greenwich, as the moon appears east of her Greenwich place. From
this difference between her place as laidd down in the tables, and her obser. cd place, a8
referred to certain prominent star<, the mariner deterinines how far he ir east or w st of
the meridian of Greenwich. The moon's geocentric place (or place, as viewed from the
center of the earth, may be glven instesd of her Greenwich plice, and the <ame conclu.
sions arrived at. In either case. this ia called the lunar method of determining the
longitude. It is also ascertained by siinple comparison of local and standard time, a8
cxplained at 151,

246. The best time for observing the moon with a tele-
scope is from the change to the first quarter, and from the
third quarter to the change. Near the first and third
quarters, the shadows of objects are seen at right angles
with the line of vision, and to the best advantage ; while
at full moon, objects cast no shadows visible to us.

CHAPTER VI.
ECLIPSES OF THE SUN AND MOON.

247. An Eclipse is a partial or total obscuration or
darkening of the sun or moon, by the intervention of
some opake body. Eclipses are either solar or lunar. A
solar eclipse is an eclipse of the sun. and a luaar eclipse
is an eclipse of the moon. A solar eclipse is caused by
the moon, when she passes between the earth and the
sun, in her revolution eastward, and casts her shadow
upon the earth. A lunar eclipse takes place when the
moon is in opposition to the sun, and passes through a
portion of the earth’s-shadow.

The general law of shadows may be illustrated by the following:

Q

Here the sun and planet are represented as of the same #ise and the shadow of the
latter is in the form of & cylinder. -

248, When is the best time for viewing the moon with a telescope? Why?

247. What is an eclipse? A solur ¢ Lunar? Cause of xolar eclipres 1 0f
lunar ¥ When do lunar eclipses tuke pluce { (llustrate the laws of shaduwa
oy Jdiagram on blackboard.) :
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In this eur, the 0[nll"" only Ix the lurger, and the shadow projected from: it diverges

or grows more broad as the distunce frois, the planet increusea,
T,
(3
< AT
dab

ere the Iuminous body is the larger, and the shadow converges to a point, and tikes
the furm of 8 cone.

7N

" Here. altn, the Tuminons bady is the larzer. and hoth precisely of the same size as in
the cut preceding; but being placed neurer esch vther, the shadow is shown to be con-
siderably shorter.

248. All the planets, hoth primaries and secondaries,
cast shadows in a direction opposite the sun (sce the
aldjoining cn?. The
form and length of these
ghadows depend upon
the comparative magni-
tude ot the sun and
planet, and their dis-
tance from each other.
1t the sun and a planet
were of the same size,
the shadow of the
planet would be in the
form  of a  eylinder,
whatever its distance.
1frue planet were turyer
than the sun, the shad-
ow would diverge, as
we proceed from the planet off into space; and the
nearer the sun, the more divergent the shadow would be.

SHAPOWS OF THE PLANKETS.

248. What said of the shadows of the planets 2 Of their form and length 1
How would it be if the sun and Pplanet wury of tho aame size ¢ . If the planet
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But as all the- Ylanets are much smaller than the sun,

their shadows all converge to a point, and take the form

:}t]‘ ?i cone; and the nearer to the sun, the shorter the
adow, : z \

These principles are partly illustrated in the Erooodlng cat. The planets nearest the
sun have com ively short shadows, while those more remote extend to a great dis-
;v;nme:.t. No pi , however, casts & shadow long enough to reach the next exterior

249. Eclipses of the sun must always happen at New
Moon, and those of the moon at Full Moon. The reason .
of this is, that the moon can never be between us and
the sun, to eclipse him, except at the time of her change,
or new moon; and she can never get into the earth’s
shadow, to be eclipsed herself, except when she is in op-
position to the sun, and it is full moon.

250. If the moon’s orbit lay exactly in the plane of
the ecliptic, she would eclipse the sun at every change,
and be eclipsed herselt’ at every full; but as her orbit
departs from the ecliptic over 5° (216), she may pass
either above or below the sun at the time of her change,
01:1 lsa,bove or below the earth’s shadow at the time of her
full. -

NEW AND FULL MOONS WITHOUT ECLIPSES,
Shadow above the Earth, Above the Earth’s shadow,

Shadow below the Earth. Below the Earth’s shadow

1. Let the line joining the earth and the sun represent the plane of the ecliptic. Now
88 the orbit of the moon departs from this plane about 39 9, she may appear either
above or below the sun at new mwmy, as represented in the fiyure, and her shadow may
M'I abu;;o the north pole or below the south, At such times. then, there can be no
solar eclipse.

2. On the rifbt, the moon is shown at her full, both above and below the eart’ “u
shadow, in which case there can be no lunar eclipse.

-

was largeat? If brought nearer? How if planets smallest? How affected

by distance? (How, then, with planets nearest the sun? More remote ?

Does any primary throw its shadow out to the next exterior planet 1£

thw.’ t what time of the moon do solur eclipses always occur? Luna3?
y

$50. Why not two eclipess every lunar mounth {  (Llustrate)



ECLIPSES OF THE SUN AND MOON. 119

251. Eclipses of the sun always come on from the west,
and pass over eastward ; while eclipses of the moon come
soras soursn, 01 from the east, and pass over
westward. This is a necessary
result of the eastward motion
of the moon in her orbit.

1. In the right hand cut, the moun is seen re-
volving eastward, throwing her shadow upon
the earth, and hiding the western limb of the
sun. In some Ilnst-n‘ees. ho:ever, when tll:o
eclipse is very slight, it may first appear on the
northern oraymu)ﬂlm limb of the sun—that is,
the u m- or lower side; but even then its
diract must be from west to east. It will
also be obvious from this figure, that the shad-
ow of the moon upon the earth must also trave
erse her surface from west to east; conse-
quently the eclipse will be visible earlier in the
west than in the east.

2. On the left, the moon is seen striking into
the earth’s shadow from the west, and having
her eastern limb first obscured. By holding
the book up south of him, the student will see
at once why the revolution of the moon east-
ward must cause asolar eclipse to proceed from
west to east, and a lunar eclipse from east to
west, To locate objects and motions correotly,
the student should generally imagine himself
looking to the south. as we are situated north
of the equinoctial. The student should bear ia
mind that nearly all the cuts in the book are
drawn to represent 8 view from northern lati-
tude upon the earth, Hence by holding the

k up south of him, the cuts will generall
afford an accurate illustration both of the posi-
tions and motions of the bodies represented.

SOLAR BMOLIFSR.

252. Eclipses can never take place, except when the
moon i8 near the ecliptic; or, in other words, at or near
one of her nodes. At all other times, she passes above
or below the sun, and also above or below the earth’s
shadow. It is not necessary that she should be exactly
at her node, in order that an eclipse occur. If she is
within 17° of her node at the time of her change, she
will eclipse the sun; and if within 12° of her node at her
full, she will strike into the earth’s shadow, and be more
or less eclipsed. These distances are called, respectively,
the solar and lunar ecliptic limsts. .

f 251, ';Vhat is the direction of a solar eclipse? A lunar? Why this dif
erer ce

252. Where must the moon be, with respect to the ecliptic and her nodes,
In order to an eclipse # What meant by aﬁtw limits? Name the disauce
of ench, respectively, from the node. (lliustrate.)
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This subject may be understood by Iting the following figure:

THE MOON CHHANGING AT DIFFERENT DISTANOES FROM HER NODES.

253. All parts of a planet’s shadow are not alike dense:
The darkest portion is called the wmbra, and the partial
shadow the penumbra.

UMBEA AXD PENUMBEA OF THE EARTH AND MOON.

Penumbra is from the Latin , almost, and umbra, ashadow. In this cut, the
earth’s umbra and penumbra will be readily found by the lettering; while A is the um-
ora, and B B the penumbra, of the moon. “The latter is nore broad than it should be,
owing to the nearness of the sun in the cut, as it never extends to much over half the
earth’s dinmeter. The student will see at once thut solar eclipses can he total only to
persons within the umbra: while to all on which the penumbra fulls, & portion of the
sun’s disk will be obscured.

254. The average length of the earth’s umbra is abont
860,000 miles; and its dreadth, at the distance of the
moon, is about 6,000 miles, or three times the moon's
diameter. ’

As both the earth and_moon revolve in eIHYtlcnl orbits, hoth the above estimates are
subject to varistions. The length of the earth's wimbra varies from 842217 to 871,269
miles; and its dismeter where the moon passes it, varies from 5,235 to 6,865 wiles.

255. The average length of the moon’s umbra is about
239,000 miles. 1Lt varies from 221,148 to 252,638 miles,

©53. What is the umbra of the earthor noon? The penumbra? (Deriva
tion ?  Within whicn are solar eclipses total ¢)

254, The uverage length of the eurth’s shadow ?  Breadth at the moon's
distance ! (Do they vary? Why1) oo N
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according to the moon’s distance from the eun. Its
greatest diameter, at the distance of the earth, is 170
miles ; but the penumbra may cover a space on the
earth’s surface 4,393 miles in diameter.

256, When the moon but just touches the limb of the
sun, or the umbra of the earth, it is called an appulse.
(See D and @G, in the first cut on the opposite page.)

A partial eclipse is one in which only part of the sun
or moon is obscured. A solar eclipse is partial to all
places outside the umbra ; but within the umbra, where
the whole disk is obscured, the eclipse is said to be
total. A central eclipse is one taking place when the
moon is exactly at one of her nodes. If lunar, it 18
total, as the earth’s umbra is always broad enough, at
the moon’s distance, if centrally passed, to obscure ler
whole disk. But a solar eclipse may be central and not
total, as the moon is not always of sufficient apparent
diameter to cover the whole disk of the sun. }I)n that
case, the eclipse would be ennular (from annulus, a
rinf), because the moon only hides the center of the sun,
and leaves a bright ring unobscured.

FROGRESS OF A CENTRAL ROLIPSR
Gomng off Anuular. Coming en.

57. It has already been shown (56) that the apparent
magnitudes of bodies vary as their distances vary ; and
as both the earth and moon revolve in elliptical orbits, it

£5. Average length of the moon’s umbra? Does itvary? Why? Great-
est diameter at the earth’s surfuce ? Of penumbra 2
256. What is an appulse? A partialeclipse? A total? A cantral? Arc
all central eclipses total? Whynot? What called then? Why?
257. Why are soms central eclipses tatal, and others purt ‘al and annulsrt
(Disgram.) 6 ,
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. follows that the moon and sun must both vary in their
- respective apparent magnitudes.\ Ilence some central
oclipses of the sun are total, while others are partial and
annular.

TOTAL AND ANNULAR ECLIPSES OF THE SUN.
Annular. Total.

[ /Al
N
1. At A, the earth Is at her aphelion, and the sun being at his most distant point, will

bave his least apparent magnitude, At the same time, the mnoon is in perigee, and ap-
pears larger than usual. If, t fore, she pass lly over tho sun's disk, the eclipse

will be total,

2. At B, this order is reversed. The earth is at her perihelion, and the moon in
apogee; 8o that the sun appears Zarger, and the moon smaller than usual. 1f, then, a
central eclipse occur under these circumstances, the moon will not be large enongh tc
eclipse the whole of the sun, but will leave a ring, apparently around herself, unob-
acured. Such eclipse will be annular.

258. As the solar ecliptic’s limits are further from the
moon’s nodes than the lunar, it results\that we have more
eclipses of the sun than of the moom, There may be
seven in all in one year, viz., five solat and two lurar;
but the most usual number is four. There can never be
less than two in a year; in which case, both must be of
the sun. Eclipses both of the sun and moon recur in
nearly the same order, and at the same intervals, at the
expiration of a cycle of 223 lunations, or 18 years of 365
days and 15 hours. This cycle is called the Period of
the Eclipses. At the expiration of this time, the sun
and the moon’s nodes will sustain the same relation to
each other as at the beginning, and a new cycle of
eclipses begins.

259. In a total eclipse of the sun, the heavens are
shrouded in darkness, the planets and stars become visi-
‘ble, the temperature declines, the animal tribes become
agitated, and a general gloom overspreads the landscape.
Such were the effects of the great eclipse of 1806. Ina
lunar eclipse, the moon begins to lose a portion of her

258. Which kind of eclipses is most frequent? Why? The greatest
number in we&r? How many of each ? Least number, and which ¢ Usaal -
number? What said of the order of eclipses? Time of e;:lgle

259. Desc ri’be the offects of a total eclipse of the suu.

?
he process ¢f a
unar eclipse
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li%ht and grows dim, as she enters the earth’s penumbra,
till at length she comes in contact with the umbra, and
the real eclipse begins.

260. In order to measure and record the extent of
eclipses, the apparent diameters of the sun and moon
are divided into twelve equal parts, called digits; and
in predicting eclipses, astronomers usually state which
“limb” of the body is to be eclipsed—the southern or
northern—the time of the first contact, of the nearest
approach of centers, direction, and number of digits
eclipsed.

261. The last annular eclipse visible in the United
States occurred Oct. 19, 1865. The next total eclipse
of the sun will be August 7, 1869.

Some of the ancients and all barbarous nations formerly
regarded eclipses with amazement and fear, as supernatu-
ral events, iné)icating the displeasure of the gods. Colum-
bus is said to have made a very happy use of this supersti-
tion. When the inhabitants of gt. Domingo refused to
allow him to anchor, in 1502, or to furnish him supplies, he
told them the Great Spirit was offended at their conduct,
and was about to punish them. In proof, he said the
moon would be darkened tkat very night ; for he knew
an eclipse was to occur. The artifice led to a speedy and
ample supply of his wants.

262. Eclipses can be calculated with the greatest pre-
cision, not only for a few years to come, but for centuries

260. How are eclipses measured and recorded ?

261. When the next annular eclipse visible in *his country? The next
total ¢ How have the ignorant and superstitious regarded eclipses ? Aneo-
dote of Columbus ?
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and ages either past or to come. This fact demonstrates
the truth of the Copernican theory, and illustrates the

order and stability that everywhere reign throughout the

planetary regions. L( . .,

’

CHAPTER VII.
SATELLITES OF THE EXTERIOR PLANETS,

263. Jurrrer is attended by four satellites or moons.
They are easily seen with a common spy-glass, appear-
ing like small stars near the
primary. (See adjoining cut,
and note at 178.} By watch-
ing them for a few evenings,
they will be seen to change
their places, and to occupy dif-
ferent positions. At times,
only one or two may be seen,
as the others are either between
the observer and the planet, or
beyond the primary, or eclipsed
by his shadow.

264. The size of these satel-
lites is about the same as our
moon, except the second, which
is a trifle less. The first is
about the distance of our moon ; and the others, respect-
ively, about two, three, and five times as far off.

OOMPAEATIVE DISTANCES OF JUPITER'S MOONS,

e, 8d. % 1Ist A—
. r =y

262. What suid of the calculation of eclipses? What does this demon-
stratc and illustrate ? .

263. llow many moons has Jupiter? How seen? Why notall scen at once {

264. Theirsize? Distances? Peri ds? Wby so rapid?
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Their periods of revolution are from 1 day 18 honrs to
17 days, according to their distances. This rapid mo-
tion is necessary, in order to counterbalance the power-
ful centripetal force of the planet, and to keep the satel-

lites from falling to his surface. :
‘\ The magnitudes, dlmnqea, and periods of the of Jupiter are as follows :

Diameter in miles. Distance. Perindic timea,
1 day 18 hours,
.8 %12

265. The orbits of Jupiter’s moons are all in or near
the plane of his equator; and as his orbit nearly coin-
cides with the ecliptic, and his equator with his orbit, it
follows that, like our own noon, his satellites revolve
near the plane of the ecliptic. On this account, they
are sometimes between us and the planet, and sometimnes
beyond him, and seem to oscillate, like a pendulum, from
their greatest elongation on one side to their greatest
elongation on the other.

_266. Their direction.is from west to east, or in the
direction their primary revolves, both upon his axis and
in his orbit. f"rom the fact that their elongations east
and west of Jupiter are nearly the same at every revolu-
tion, it is concluded that their orbits are but slightly
elliptical. They are supposed to revolve on their re-.
spective axes; like our own satellite, the moon, once
during every periodic revolution.

267. As these orbits lie near the plane of the ecliptic,
they have, to pass through his broad shadow when in
opposition to the sun, and be totally eclipsed at every
revolution. To this there is but one exception. As the
fourth satellite departs about 3° from the plane of Jupi-
ter’s orbit, and is quite distant, it ssmetimes passes above
or below the shaduw, and escapes eclipse. But such
escapes are not frequent.

265. How are their orbits xituated # How ratellites appear to move ?

266. Direction of secondaries¢ Forin of orbits? ~llow ascertuined?
‘W hat motion on axes ? ;

267, What said of eclipses? Of fourth satellite? Of solar eclipses upon
Jupiter! Number of aof:r and lunar? . .

11*
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These moons are not only ofien eclipsed, hut they often
eclipse Jupiter, by throwing their own dark shadows
upon his disk. They may be seen like dark round spots
traversing it from side to side, causing, wherever that
shadow falls, an eclipse of the sun. Altogether, zbout
forty of these eclipses occur in the system of Jupiter
every month,

268. The tmmersions and emersions of Jupiter’s moons
have reference to the rhenomena of their being eclipsed.
Their entrance into the shadow is the smmersion ; and
their coming out of it the emersion.

ROLIPSES OF JUPITER'S MOONS, EMXRSIONS, ETO0.
P e

/
\
49

1. The above is a ndicular view of the orbits of Jupiter's satellites. Tlis broau
shadow {s proj I in & directi pposite the sun. At C. the second satellite is suffere
ing an imamersion, and will soon be totally eclipsed ; while at D, the first is in the act of
emersion, and will soon appear with its wonted brightness, The other satellites are
seen to cast their shadows off into space, and are ready in turn to eclipse the sun, or cut off
& portion of his beans from the face of the primary. ’

2. If the earth were at A in the cut. the {mmersion, represented at C. would be in-
visible; and if at B, the emersion st D could not be seen. So, aleo, if the earth were
exactly at F, neither could be seen : as Jupiter and all bis \} would be directly
beyoud the sum, and would be hid from our view,

269. The system of Jupiter may be regarded as a
miniature representation of the solar system, and as fur-
nishing triumphant evidence of the truth of the Coper
nican theory. It may also be regarded as a great natw-
ral clock, keeping absolute time fur the whole world; as
the immersions and emersions of his satellites tfurnish a
uniform standard, and, like a vast chronometer hung up
in the heavens, enable the mariner to determine his lon-
gitude upon the trackless deep.

268. What are the immersions and emersions of Jupiter's moons? (Aro
tillnle immersions and emersions always visible from the earth? Why nott

Hustrate. )

269. How may the system of J uﬂter be regarded ? What use mac» of in
anviga jon? (Lnetrate method. Much ased N '
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By long and carefnl obeervations nl.m\ these satellites, astronomers have been able
o construct tahles. showing the exact time when each immersion and emersion will take
Wlace, at Greenwich Olwervatory, near London. Now sup) the tables fixed tho time
"-nr acertain aatellite to be eclip<ed at 12 o'cluck at Greenwich, but we find it to occur at
9 w'clock, for instance, by our local time: this would show that our time was three hours
behind the time at Greenwich; or, in other words, that we were three hours, or 459,
wext of Greenwich. If our tine was vhsad of Greenwich time, it would show that we
were eant of that meridisn, to the amouunt of 130 for every hour of variation. But this
method of finding the longitnde is less used than the * lunar method™ (Art, 245), on ac-

ovunt of the greater difticulty of muking the necessary observations.

270. By observations upon the eclipses of Jupiter’s
moons, a8 compared with the tables fixing the time of
their occurrence, it was discovered that light had a pro-
gressive motion, at the rate of about 200,000 miles per
second.

1. Thie dhem-er{‘:uy he fllustrated by again referring to the te cut. In the
year 1675, {t was observed by Roemer, a Danish astronomer, that when the earth was
pearest to Jupiter, as at E, the eclipres of his satellites took place 8 minutes 18 seconds
sooner than the mean thne of the tables; but when thie earth was farthest from Jupiter,
a8 at F, the eclipses touk piace 8 minutes and 13 neconds later than the tables predicted
the entire difference being 16 minutes and 28 secunds. This difference of time he
ascribed to the progressive motion of light, which he luded required 16 mi and
26 seconds to cross the earth's ordit from E to F.

2. This progress may be demonstrated as follows:—16m, 26s. = 986s. If the radius of
the earth's orbit be 95 millions of milea, the diameter must be twice that, or 190 mil-
lions. Divide 190,000,000 wmiles by 986 seconds, and we have 192,697 ?;’,* miles as the
progress of light in each second. At this rate, light would pass nearly eight times
around the glube at every tick of the clock, or na}fy 500 times every minute

;

SATURN.

271. The moons of Saturn are eight in number, and
are seen only with telescopes of considerable power.
The best time for obgerv-
ing them is when the
planet is at his equinoxes,
and his rings are nearly
invisible.

°fIr;l Jnnnnulr:v.“l 849, the anthor :;v five

these ratellites, as represented in the adjoining cut. The rings appeared only as &
line of light, extending exch way from the planet. and the mlllm"we':e in the dln’ctlon
of the line, at different dist 8, a3 here rep d

272. These satellites all revolve eastward with the
rings of the planet, in orbits nearly circular, and, with
the exception of the eighth, in the plane of the rings.
Their mean distances, respectively, from the planet’s cen-

SATELLITES OF SATURN.

270. What discovery by observing these eclipses? (Illustrate method.
Diagram. Demonstration.)
271. Number of Saturn’s moons? Howeseen? Best time?
P2Z§a‘ t;ow revdlve? Shape of orbits? How situated? Distances?
T
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tcr are from 123,000 to 2,366,000 miles; and théir pe:
riods from 22 hours to 79 days, according to their dis-
tances. '

The distances and periods of the satellites of Saturn are as follows:

Distance in miles, Periodic time. Distance in milea. - Perlodlc tme.
18t...... 118,000.......0 day 22§ hours. | OGth......886000 .......4 days 12 hours,
ed. ..... 152,000.......1 % 9 th T18000.......15 & 92
8d....... 188,000.,..... 1 %921 ‘0 %
4th... ...240,000.......2 “ 1T « B

OOMPARATIVE DISTANCES OF THE MOONS OF BATURN,
1334 6
- > $ 3 :

273. The sixth of these satellites is the largest, sup-
posed to be about the size of Mercury; and the remain-
der grow smaller as they are nearer the primary. They
are seldom eclipsed, on account of the great inclination
of their orbits to the ecliptic, except twice in thirty years,
when the rings are edgewise toward the sun. The eighth
satellite, which has been studied more than all ‘the rest,
is known to revolve once upon its axis during every
periodic revolution ; from which it is inferred that they
all revolve on their respective axes in the same manner.

1. Let the line A B represent the N
plane of the planet’s orbit, C D lis SYSTEM OF SATURN—NO ECLIFSFA.
axis, and ¥ F the plane of his rings B, Cm—
The satellites being in the plane of the :
rings, will revolve around the shadow
of the primary, instead of passing
through it, and being eclipsed.

2. At the time of his equinuxes, how-
ever, when the rings are turned toward
the sun (see A and E, cut, page 92),
they must be in the center of the shad-
ow on the opposite side; and the
moons, revolving in the plane of the rings, must pass.through the -shadow at every
revolution. The eighth, however. may sometimes escape, on account of his departure

from the plane of the rings, as shown in the cut.

URANUS.

274. Uranus is supposed to be attended by six secon-
daries. Sir Wm. Herschel recorded that he saw this
number, and computed their periods and distances ; and
on his authority tEe opinion is generally received, though

273. Size? Eclipses of? When? Why not oftener? (Illustrate.) .

274. Satellites of Uranus? Upon what authority ¢ Distances ¢ Periods?
%{itun_t,lilo?'of orbits# Form? Direction in revolutiont Remark of Dr.

ersche .
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no other observer has ever been able to discover mora
than three. - They- are situated at various distances, and
revolve in from 1 day and 21 hours to 117 days. Their
orbits are nearly perpendicular to the ecliptic, and they
revolve backwar«): or from east to west, contrary to all
the other motions of our planetary system. Their or-
bits are nearly circular, and they are described by Dr.
Herschel as “the most difficult objects to obtain a sight
of, of any in our system.”

The distances and periods of the system of Uranus, as laid down by Dr. Herschel, are
a8 follows :

Distance in miles. Periodic times. Distance in miles. Periodic times.
1st...... 000...00000 1day 21 hours. | 4th...... 890,000...... 18 da‘?'s 11 hours.
...... 000,......0 *o “ 5th......777,000...... 83 g 4« -
8d......840,000........ 10 “ 28 « 6th.... 1,556,000......117T “ 1T «
NEPTUNE.

275. Neptune is known to be attended by one satel-
lite, and suspected of having two. Professor Bond, of
Cambridge, Mass., states that he has at times been quite
confident of seeing a second. The mean distance of the
known satellite from its primary is 236,000 miles, or near
_thehdistance of our moon. 1Its period is only 5 days and
21 hours.

‘We have here another fllustration of the great law of planetary motion explained at
74. 8o great is the attractive power of Neptune, that to keep a satellite, at the distance
of our moon, from falling to his surface, it must revolve some five times as swiftly as she
revolves around the The centripetal and centrifugal forces must be balanced in
all cases, a8 the laws of gravitation a:ﬁi lanetary motion, discovered by Newton and

F)

Kopler, to and p 8 e
. : t . r) \
[SAN

CHAPTER VIII.

NATURE AND CAUSE OF TIDES,

276. TipEs are the alternate rising and falling of the
waters of the ocean, at regular intervals. Flood tide is
when the waters are risiny; and ebb tide, when they are

275. What said of Neptune's secondaries? Remark of Prof. Bond ¥ Dis-
tance and period of theinown satellite? (Remark ic note.)

276. What are tides? Flood and ebb tides? High and low? How cfien
do they ebb and flow? - .
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falling. The highest and lowest points to which they
go are called, respectively, Aigh and low tides. The
tides ebb and flow twice every twenty-four hours—s. e.,
we have two flood and two ebb tides in that time.

277. The tides are not uniform, either as to time or
amount. They occur about 50 minutes later every day
(as we shall explain hereafter), and sometimes rise muc
higher and sinrt much lower than the average. These
extraordinary high and low tides are called, respectively,
spring and neap tides. :

278. The cause of the tides is the attraction of the sun
and moon upon the waters of the ocean. But for this
foreign influence, as we may call it, the waters having
foun§ their proper level, would cease to heave and swell,
as they now do, from ocean to ocean,and . .o
would remain calm and undisturbed, save A
by its own inhabitants and the winds of g
heaven, from age to age.

In this figure, the earth is repr ted as surrounded by water, in a
state of rest or equilibrium, as it would be were it not acted upon by
the sun and moon,

279. To most minds, it would seem that the natural
effect of the moon's attraction would be to produce a
single tide-wave on the side of the earth toward the
moon. It is easy, therefore, for students to conceive how
the moon can produce one flood and one ebb
tide in twenty-four hours.

1. In this cut, the moon is shown at a distance. above the earth, ‘)
and attracting the waters of the ocean, so as to produce a high tide
at A. But as the moon makes her apparent westward revolution
around the earth but once a day, the simple raising of a flood tide
on the side of the earth toward the moon, would give us but one flood
and one ebb tide in twenty-four hours; whereas it is known that we
bave two of each. . .

2 “The tides,” says Dr. Herschel, “are a subject on which many
persons find a strange difficulty of conception. That the moon, by her
attraction, should heap up the waters of the ocean under her, seems
to many persons very natural. That the same cause shouldl, at the -
eame time. heap them up on the opposite side of the earth (viz., at B in the figure), seems
t muny palpably absul Yet nothing is more true.”

280. Instead of a sngle tide-wave upon the waters of

ONE TIDE-WAVR,

277. Are the tides uniform? What variation of time? As to amount?
What are these extraordinary high and low tides called ¢

278. The cause of tides? llow but for this influence ?

279, What most obvious effect of the moon's attraction? (Substanoce ot
noto 1! Remark of Dr. Herschel ¥) P
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the globe, directly under the moon, itis found that on
the side of the earth directly opposite there is another
high tide; and that half way lLetween these two high
tides are two low tides. These four tides, . . = =
viz., two high and two low, traverse the
ocean from east to west every day, which
accounts for both a flood and an ebb tide
every twelve hours.

In this cut, we have a representation of the tide-waves as the
actually exist, exoert that their hight, as compared with the magn
tude of the oarth, is vastly too great. It is designedly exaggerated,
the better to illustrate the principle under consideration. W hile
the moon at A attracts the waters of the ocean, and produces a h:i:
tide at B, we see another high tide at C on the oEmolm side of
globe. At the same time it is low tide at D and

281. The principal cause of the tide-wave on the side
of the earth opposite the moon is the difference of the
moon’s attraction on different sides of the earth.

If the student well understands the subject of gravitation (65), he will easily percoive
how a difference of attraction, as above descrﬂmir:vould tend to produce an elongation
of the huge drop of water called the earth. The diameter of the earth amounts to about
n',,th of the moon's distance ; so that, by the rule (69), the difference in her attraction
on the side of the earth toward her, and the opposite side, would be about Tl$ th. The
sttraction being stronger at B (in the last cut) than at the earth’s center, and stronger at
her center than at C, w‘onld tend to aeg)ai;ato these three portions of the globe, giving

lht waters au elong: form, and p g two opposite tide-waves, as shown in the
eul

282. A secondary cause of the tide-wave on the side
of the earth opposite the moon, is the ‘revolution of the
earth around tﬁe common center of gravity between the
earth and moon, thereby generating an increased centri-
fugal force on that side of the earth. )

The center of gravity between the earth and moon is the point where they would
exactly balance each other, if connected by a rod, and poised upon & fulcrum.

Zarth, OENTER OF GRAVITY BETWEEN THE EARTH AND MOONM,

This point, which, sccording to Ferguson, is about 6,000 miles from the earth’s center
Is represented at A in the above, and also in the next cut.

280. How many tide-waves are there on the globe, and how situated ?

281. State the principal cause of the wave opposite the moon? (Demon-
strate b{l‘diagram.)

282. What other cause operates with the one just stated to produce the
tide-wave opposite the moon? (What is the center of gravity between the
earth and the moon? Whereis it situated ? Illustrute the operation of this
wecondary cause, Disgram.)
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° SEOCONDARY CAUSE OF HIGH TIDE OPPOSITE THE MOOY C '

-

1. The point A represents the center of gravity between the ear h ..,d moon; and as

is this point which traces the regular curve of the earth’s orbit, ! is repre:ented in
*he arc of that orbit, while the earth's center is 6,000 miles one side f i’. Now the law
of gravitation requires that while both the moon and earth revolve s .ound the sun, they
should also revolve around the common center of gravity between itiein, or around the
point A. This would give the earth a third revolution, in addition to that around the
sun and on her axis. The small circles show her path around the center ot gravity,
and the arrows her direction.

2. This motion of the earth would slightly increase the centrifugal tendency at B,
and thus help to raise the tide-wave opposite the moon. But as this ‘mouion is slow,
corresponding with the revolution of the moon around the earth, the centrifugal force
could not be greatly augmented by such & cause.

283. As the moon, which is the principal cause of the
tides, is revolving eastward, and comes to the meridian
later and later every night, so the tides are about 50
minutes later each successive day. This makes the in-
terval between two successive high tides 12 hours and 25
minutes. Besides thisdaily lagging ‘
with the moon, the highest point ®s-wAvEs srmixp THE 00N,
of the tide-wave is found to be
about 45° behind or east of the
moon, so that high' tide does not
oceur till about three hours after
the moon has crossed the merid-
ian. The waters do not at once
yield to the impulse of the moon’s
attraction, but continue to rise
after she-has passed over. o

In the cut, the moon is on the meridian, but the highest point of the wave is at A, o1

45° east of the meridian; and the corresponding wave on the opposite side at B is
equally behind. B

284. The time and character of the tides are alse
affected by winds, and by the situation of different places.
Strong winds may either retard or hasten the tides, or
may increase or diminish their hight ; and if a place is
situated on a large bay, with but a narrow opening into
the sea, the tide will be longer in rising, as the bay has

288. What daily lagging of the tides? Interval between two successive
high tides? What other lagging? Cause of this last ¢
234, What modification of the time and character of the tidus t
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to il through a narrow gate. Hence it is not nsually
high tide at New York till eight or nine hours after the
moon has passed the meridian.

285. As both the sun and moon are concerned in the
production of tides, and yet are constantly changing
their positions with respect to the earth and to each
other, it follows that they sometimes act against cach
other, and measurably neutralize each other’s influence ;
while at other timmes they combine their forces, and mutu-
ally assist each other. In the latter case, an unusually
high tide occurs, called the Spring Téde. This happens
both at new and full moon.

CAUSE OF SPRING TIDES.

h Pyyd

1. Here ti:e sun and moon, being in conjunction, unite their forces to produce an exe.
traordinary tide. The same effect follows when they are in opposition ; 8o that we have
two spring vides évery month—namely, at new and full moon.

2, If the tide-waves at A and B are one-third higher at the moon’s quadrature than
usual, those of C and D will be one-third lower than usual.

286. Although the sun attracts the earth much more
powerfully, as a whole, than the moon does, still the
moon contributes more than the sun to the production
of tides. Their relative influence is as one to three.
The nearness of the moon makes the difference of her
attraction on different sides of the earth much greater
than the difference of the sun’s attraction on ditferent
sides. '

It must not be forgotten that the tides are the result not so much of the attraction of
the sun and moon, a8 a whole, us of the difference in their attraction on different sides

235. Do the sun and moon always act together in attracting the waters ?
Why not?! How affeet ench other’s influence? Effect on the tides? What
are Spring Tides? When do they occur¢ (Illustrate by dingram the cause
of spring tide, when the sun and moon are in conjunction.)

286. Compurative influence of sun and moon in the production of tides?
Why moon’s influence the greatest? (Substance of note? Demonstrution.Y

-
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of the earth, caused by a difference in the distances of the several parts. The attrnn.
tion being inversely, as the square of the distance (69), the influence of the sun and
moon, regpectively, must be in the ratio of the earth’s diameter to their dist Now
the difference in the distance of two sides of the earth from the moon is ,‘». th of tho
moon’s distance ; as 240,000 - 8,000 = 80; while the difference, as compared with the
distance of the sun, is only ;7§ y3th, 88 95,000,000 -+ 8,000 =11,875.

287. When the moon is in guadrature, and her influ-
ence is partly neutralized by the sun, which now acts
zgainst er, the result is a very low tide, called Neap

ude. :

The whole philosophy of spring
and neap tides may be illustrated by
the annexed diagram.

1. On the right side of the cut, the
sun and moon are in conjunction,
and unite to produce a spring tide.

2. At the first quarter, their at-
traction acts at right angles, and: the

sun. instead of contributing to the
lunar tide-waves, detracts from it to

SPRING AND NEAP TIDES,

the amount of his own attractive
force. The tendency to form & tide
of his own, as represented in the
figure, reduces the moon's wave to
the amount of one«third.

8. At the full moon, she is in oppo-

ion to the sun, and their joint ate
traction acting again in the same
line, tends to clongute the tluid por-
tion of the earth, and a second spring

is produced.

4. Finally, at the third quarter,
the sun and moon act against each
other again, and the second neap tide is the resnlt. Thus we have two spring and two
neap tides during every lunation—the forwer at the moon's syzygies, and the latter at "sez
quadratures,

288. The tides are subject to another periodic varia-
tion, caused by the declination of the sun and moon
north and south of the equator. A8 1w arrecrsn v proLINA-
the tendency of the tide-wave is to Tiow.
rise directly under the sun and . i
moon, when they are in the south, -
.as in winter, or in the north, as in
summer, every alternate tide is
higher than the intermediate one.

Atthetime of the equinoxes, thesun being over the
eqnator, and the moon within 540 of it, the crest of the -
great tideswave will be on the equator; but as the sun
and moon decline south to A, one tide-wave forms in
the south, a8 at B, and the opposite one in the north, as at C. If the declinatior. waa
north, a8 shown at D, the order of the tides would bereversed. The following diagram,

287. What ure Neap Tides? Their cause? (lllustrate entire philosophy
by diugram. .

88. What other periodic variutions mentioned? (Explain cause, and
Mlastrate.)
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If carefully stndied, will more fully llustrate the subject of the slternate high and low
tides, in high latitudes, in winter and summer:

ALTERNATE HIGH AND LOW TIDES,

1. Let the line A A represent the plane of the ec/iptic. and B B the equinoctial, On
the 21st of June, the day tide-wave is north, and the evening wave gouth, so that tha
tide following about three hours after the sun and moon will higher than the inter-
mediate one at 8 o’clock in the morning.

2. On the 28d of December, the sun and moon being over the southern tropie, the
highest wave in the southern hemisphere will he about 8 o'clock I’. M., and the iowest
ahout 8 o'clock A. M.; while at the north, this order will be reversed. It is on this ace
count that in high latitudes every alternate tidle ia higher than the intermediate ones}
the eveninf tides in ling the ing tides, and the morning tides in win-
ter exceeding those of evening.

289. All spring and neap tides are not alike as to their
elevation and depression. As the déstances of the sun
and moon are varied, so are the tides varied, especially
by the variations of' the moon.

VARIATIONS IN THE SPRING TIDES.

14 \_
J N 7/

1. At A, the earth is in aphelion, and the moon in apoges. As both the sun and moon
are at their greatest distances, the earth is least affected by their attraction, and the spring
tides are proportionately low. .

2. At l£ the earth is in perikelion, and the moon in perigee j so that both the sun and
moon exert their greatest influence upon our globe, and the spring tides are highest, as
shown in the figure. In both cases, the sun and moon are in conjunction, but the varia-
tion in the distances of the sun and moon causes variations in the spring tides.

290. In the open ocean, especially the Pacific, the tide
rises and falls but a few feet ; but when pressed into nar-
row bays or channels, it rises much higher than under
ordinary circumstances.

289 Are all spring and neap tides alike? By what are they modified
(1llustrate by diagram.)

290. Hight of tides in open seas? Ilow in narrow bays and chonnele?
(Hight at%iﬂ‘ennt poirts on our coast )
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The averago ele ition of the tide at several points on ou: ~~st is ns follows:

Cumberland, head of the Bay of Fundy....c.  ceeer eiievaienannn 71 fect.
DSEON . o eveeneersocesssassccanassaans teeeees eee o e 114 &
New Haven. 8§ ¢
New York .. 5 =
Charleston, 8. C... . . 6«

291. As the great tide-waves proceced from east to
west, they are arrested by the continents, so that the
waters are permanently higler on their east than on their
west sides. The Gulf of Mexico is, 20 teet higher than
the Pacific Ocean, on the other side of the Isthmus ; and
the Red Sea is 30 fect higher than the Mediterranean.
Inland seas and lakes have no perceptible tides, because
they are too small, compared with the whole surface of
the globe, to be sensibly affected by the attraction of the.
sun and moon. : _

We have thus stated the principal facts connected with
this complicated phenomenon, and the causes to which
they are generally attributed. And yet it is not certain
that the philosophy of tides is to this day fully under-
stood. ZLa Place, the great French mathematician and
astronomer, pronounced it gne of the most difficult prob-
lems in the whole range of celestial mechanics. It is
probable that the atmosphere of our globe has its tides,
as well as the waters ; but we have no means, as yet, for
definitely ascertaining the fact.

. r, 7 P " - co ‘ .3 ,’
Lol Ot . oo - \ . v R AR CEAN

CHAPTER IX.

OF COMETS.

-

292. CoMmeTs are a singular class of bodies, belonging
to the solar system, distinguished for their long trains of
light, their various shapes, and the great eccentricity ot
their orbits. Their name is from the Greek coma, which

291, Direction of tide-waves ? What result? Instances cited? Have in-
land sess and lakes any tidex? Why not? Remarks respecting philosophy
of tides? Of La Place? Atmospleric tides?

292. What are comets? Derivation of name? Are tley opake or sclf-
luminous ?



OF CCMETS, 18T

signifies deard or hair, on account of their bearded or
nairy appearance. They are known to be opake, from
the fact that they sometimes exhibit phases, which show
that they shine only by reflection.

293. Comets usually consist of three parts—the nu-
cleus, the envelope, and the tail. The nuclews is what
may be called the dody or kead of the comet. The
envelope is_the mnebulous or hairy covering that sur-
rounds the nucleus ; and
the Zail is the expan-
sion or elongation of the
envelope. But all comets
have not these parts.
Some have no percept-
ible nucleus ; their entire
structure being like that
of a thin vapory cloud
passinﬁ through the dis-
tant heavens.  Others
have but aslight envelope
around a strougly marked
nucleus.

The great comet that apreared Mmoo
years hefore Christ exhibital the ditferent parts of a comet with great distinctness: on

Which account, as well as for its striking magnificence, we give & view of it in the above
cut.

294. The tails of comets usually lie in a direction
opposite to the sun, so that from perihelion to aphelion
they precede their nuclei or heads; or, in other words,
comets seem, after having passed their peribelion, to back
out of the solar system. Their tails are usually curved
more or less, being concave toward the region fromn
whence they come. This is well shown in the comets ot
1811, 1843, and in the following cut. That of 1689 is
said to hate been curved like a Turkish sabre. The
cause of this curvature of the tails of comets iz supposed
to be a very rare ethereal substance which pervades

GREAT COMKT OF 871 BEFORE CHRIST.

293. Parts of a comet? Describe each. Hsve all comota thase three parts ?
{W hat comet shown as a sample in the cut ?) o .

294, ,D'u-eetiou of the tails of comets? llow curved? «(ausc of this cur-
vature
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apace, and offers a slight resistance to their progress. Of
course it munt be a%most infinitely attenuated, as the
comets themselves are a mere vapor, which could muke
no progress through the spaces of the heavens, were they
not very nearly a vacuum. . They could no more pass «
medium as dense as our atmosphere, than an ordinary
cloud could pass through the waters of the sea. '

295. The form of the comets’ orbits is generally that
of an ellipse greatly flattened or elongated. The sun
being near one end of the ellipse, and the planets com-
paratively in his immediate neighborhood, the comets
are in the vicinity of the sun and planets but a short
time, and then hasten outward again beyond the limits of
huan vision, with the aid of the best telescopes, to he
gone again for centuries.

ORBIT OF A OOMET.

Here it will be seen that the orbit is very tric, that the perihelion point is very
near the sun, and the aphelion point very t

296. The tails of comets do not continue (ff the same
uniform length. They dincrease both in length and
breadth as they approach the sun, and contract as they
recede from himj until they often nearly disappear before
the comet gets out of sight. Instances have occurred in
which tails of comets have been suddenly expanded or
elongated to a great distance. This is said to have been
the case with the great comet of 1811.

295. Form of the orbits of comets? What near the earth but little of “he
time ¢ .

296, What said of the contraction and expansion of the tails of comnta
What sfocimen shown in the cnt
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GREAT OOMET or 1811,

297. Comets have been known to exhibit several tails
at the same time. That of 1744, represented in the cat,
bhad no less than siz tadls
spread out in the heavens,
like an enormous fan. The
comet of 1823 is said to have
had ¢two tails, one of which
extended foward the sun.

The comet of 1744, represented in this cut,
excited great attention and interest. It ex-
hibited no train till within the distance of the
orbit of Mars from the sun; but early in
March it tpreared with a tail divided into six
branches, all diverging, but curved in the
same direction. Each of these tails was about
40 wide, and from 3(° to 440 in length. The
edges were bright and decided, the middle
fuint. and the intervening s a8 dark as
the rest of the - fir t, the sf hining .
in them. When circamstances were favor-
able to the display of this remarkable bm“l{.
the scene was striking and magnificent, .al-
most beyond description.

298. The Aeads or nucles of comets are comparatively
small. The following table shows the estimated diam-
eter in five different instances :

The comet of 1778 . diameter of head 383 miles.

coMET oF 1744,

[13 1805 . (13 (19 36 (13
43 1799 R 13 13 462 13
“« 1807 . t “« 666«
“« 1811 « « 498 «

£97. Have they ever’more than one tail ? Whameculiarity of the comet
of “8237 (What specimen “f comet with several tails# Describe.)
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Many comets have simply the envelope, without any tail
or elongation. Such were those that appeared in 1585
and 1763, the former of which is

represented in the adjoining cut.

Cassini describes the comet of

1682 as being as round and as

bright as Juprter, without even an
. envelope. DBut these are very rare

exceptions to the general charac-

ter of cometary bodies.

299. The tails of comets are
ofterr of enormous length and
magnitude. That of 371 before
Christ was 60° long, covering one-third of the visible
heavens. In 1618, a comet appeared, which was 104°
in length. Its tail had not all risen when its head
reached the middle of the heavens. That of 1680 had
a tail 70° long; so that though its head set soon after
sundown, its tail continued visible all night.

.

GREAT COMET OF 1848

The following table will show the length of the tails of some of the moet remarkable
g:mets, both in degrees and in miles. They will be characterizeq only by the year when
ey appeared : -

Miles. Deg.
Jeeesess140,000,000 | A.D. 1744 ...... 80 ...
60 . .. 70.000,000 | % 1769 ...... 90

65000000 | % 1811..
128,000,000 | “ 1843 ..
100,000,000 .

298. What of the size of the nuclei of comets? Give a few examples.
‘What comets without tails? What specimen in the cut? What said of the
ocomet of 16822 Are such comets nuincrous

299. What of the size of the tails of comets? That of 871 B. C.? Of
A.D.16187 Of 1680t (What specimen in cut, and its length? State tho

longth of rome othurs in miles.)
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300, The 2elocity with which comets often move is
truly wonderful. Their motions are accelerated as they
approach, and retarded as they recede from the sun; so
that their velocity is greatest while passing their peri-
helions. The comet of 1472 described an arc of the
heavens of 120° in extent in a single day! That of
1680 moved, when near its peribelion, at the rate of
1,000,000 miles per hour. .

301. The temperature of some comets, when nearcst
the sun, must be very great. That of 1680 came within
130,000 miles of the sun’s surface, and must have re-
ceived 28,000 times the light and heat which the earth
receives from the sun—a lieat more than 2,000 times
as great as that of red-liot iron! What substance can
a comet be compaosed of to endure the extrenes of heat
and cold to which it is subject? Some have supposed
that their tails were caused by the sun’s light and heat
rarefying and driving back the vapory substance cow-
posing the envel«)pe. EER "

302. The periods of but few comets areknown. Thyt of
1818, called Encke’s Co- :
met, Las a period of only
3} vears. Bielu’s Comet
has a period of 6% years.

That ot 1852 (then firat

inticed with care, and

identified as the same

that had appeared in

1456, 1531, and 1697)

has a period of about 76

years. It is called Jlal-

ley's Comet, atter Dr.

Ialley, who determined

its periodic time. The .

great comet of 1680 has a periodic time of 570 years,
so that its'next return to our system will be in the year

800. Velocity of comets? Uniform or not? Comet of 14727 Of 16801

801, Temperature? ~Comet of 16802 Supposed cause of their tails ?

802, Periods? Encke's? Biela's? Ialley’sf That of 16807 Suppesed
pesiuds of otyers? . Opinions of Prof. Nichol and Dr. Herschel ¢
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2250. Many are supposed to have periods of thousands
of years; and some have their orbits so moditied by the
attraction of the planets, as to pass off in parabolic curves,
to return to our system no more.

Prof. Nichol Is of opinion that the greater namber visit our system but once, and then
fly off in nearly straight lines till they pass the center of attraction between the solur
svstem and the fixed stars, and go to revolve around other suns in the far distant hoave
ens. Bir John Herschel expresses the same opinjon.

303. The distances to which those comets that return
must go, to be so long absent, must be very great. Still
their bounds are set by the great law of gravitation, for
were they to pass the point “ where gravitation turns the
other way,” they would never return. But some, at
least, do return, after their “long travel of a thousand
years.” What a sublime conception this affords us of
the almost infinite space between the solar system and
the fixed stars.

ORBIT OF MALLEY'S COMET.

that have apf>eared, and whose elements have been esti-
mated by astronomers, are also exceedingly variable.
While some pass very near the sun, others are at an im-
mense distance from him, even at their perihelion. Of
137 that have been particularly noticed,

30 passed between the sun and the orbit of Mercury.
44 between the orbits of Mercury and Venus.

34 “ “ Venus and the earth.
23 « “ the earth and Mars.
6 « “ Mars and Jupiter.

808. Distances to which they go? Remurk respecting the law of gravi
wition f  What specimen of orbit given ¢
804, What 2aid of perikelion distances? How msny noticed? Where dnd

.
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It ) orbit of Encke's comet i§ wholly within the orbit of Jupiter, whila that of
Riela‘’s extends but a short distance beyond it. The aphelion distunce of Haliey 8 comot
Is 8,40 millions of miles, or 550 millions

of miles beyond the orbit of Neptune, ORBITS OF XEVKRAL COMKTS.
But these are all comets of short poriods.

305. The number of /"-
comets belonging to, or Ve RS
that visit the solar system, 7 oo ”,

is very great. Some have
estimated them at several
millions. When we con-
sider that most cumets are
seen ouly through tele-
scopes—an instrument of
comparatively modern
date—and that, notwith-
standing this, some 440
are mentioned in ancient °
annals and chronicles, as having been seen with the
naked eye, it is probable that the above opinion is by no
means extravagant. It is supposed that not less than 650
have been seen at different times since the birth of
Cl.lris(li:. The paths of only about 140 have been deter-
mined.

The extreme difficulty of observing comets wnose nearest point is bevond the orbit
of Murs, s suppesed to account for the comparatively small number that have been roen
without that limit; and the proximnate uniformity of the distribution of their orbits
over the n‘nwe included within the orbit of Mars. seems to justify the conclusion, that
though seldom detected beyond his path, they are nevertheless equally distributed
through all the spaces of the solar heavens. Reasoning upon this hypothesis. Professor
Arago concludes that there are probably seven méllions of comets that belong t» or
visit the solar system.

306. The directions of comets are as variable as their
forms or magnitudes. They enter the solar system fromn
all points of the heavens. Some seem to come up from
the immeasurable depths below the ecliptic, and, having
doubled “heayen’s mighty cape,” again plunge down-
ward with their fiery trains, and are Tost for ages in the
cthereal void. Others appear to come down from the
~ zenith of the universe, and, having passed their peri-

—_—

they pass? (SWhat samples given in cut? Where does the orbit of Encke’s
comet lie? Of Biclas? Of Halley's ?)

805, The number of comets? hat estimate? Why probably correct?
How many supposed to have been seen since the birth of Christ?” (Why so
Gwseen? How supposed to be distributed? W hat conclusivon of Aragao?)

806. Direction of cometa? (Remurk of lute writer?)
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I

helion, reascend far above all human vision. Others
again are dashing through the solar system, in all possible
directions, apparently without any prescribed path,or any
guide to direct them in their eccentric wanderings. In-
stead of revolving uniformly from east to west, %iske the
planets, their motions are direct, retrograde, and in every
conceivable direction. '

It is remarked by a late writer, that tho average énclinations of all the planes in
which the comets now on record have been found to move, is about 90°, This he re-
gards as a wonderful inst: of the | of Provid , in ing their motions
wh:e performed in a manner least like‘l'y to come in contact with the earth and the other
planets.

307. Of the physical nature of comets, little is known.
That they are, in general, very light and wvapory bodies,
is evident from the fact that stars have sometimes been
seen even through their densest portions, and are gene-
rally visible through their tails, and from the little attrac-
tive influence they exert upon the planets in causing
verturbations. While Jupiter and Saturn often retard
and delay comets for months in their periodic revolutions,
comets have not Yower, in turn, to Aasten the time of the
planets for a single hour; showing conclusively that the
relative masses of the comets and planets are almost in-
fiuitely disproportionate.

Buch is the extreme lightness or tenuity of cometary bodics, that in all probahility
the entire mass of the largest of them, if condensed to a solid substance, wou'd not
amonnt to more than a few hundred pounds,  8ir Isanc Newton was of opinion, that if
the tail of the lurgest ¢met wax compressed within the space of a cubic inch, it would
not then Le as dense as atmosphieric air! The comiet of 1770 ot entangled. by attrac-
tion. among the moons of Jupiter, on its way to the sun, and remained near them for

Tour montis: yet it did not sensibly atfect Jupiter or his moons. In this way the
orbite of comets aure often entirely changed.

308. Cowmets were formerly regarded as harbingers of
famine, pestilence, war, and other dire calamities. In
one or two instances, they have excited serivus appre-
hension that the day of judgment was at hand, and that
they were the appointed messengers of Divine wrath,
hasting apace to burn up the world. A little reflection,
however, will show that all such fears are groundless.
The same unerring hand that guides the ponderous planet

807. Ph‘ysical nature of comets? What proofs of their light and vapory
character ¥ (What said of their probable mass? Opinion of Newton ¢
W hat said of the comet of 1770? What etfeet on orbits ¢)

808. How comets formerly regarded ¢ Why no feurs of collision (Whas
estimate of ¢ chances ¥} .
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10 its way, directs also the majestic comet, and where
infinite wisdom and almighty power direct, it is almost
Pprotane to talk of collision or accident.

Even those who have calculated the “chances” of collision—as if chance had any
thing to do among the solar bodies—have concluded the chances of coliision are about
as one to 281,000,000—i. ., like the chance one would have in a lottery, whero there
were 281,000,000 black balls, and but one white one; and where the white ball must be
produced at the first drawing to secure a prize.

309. Were a collision actually to take place between
a comet and the earth, it is not probable that the former
would even penetrate our atmosphere, much less dash
the world to pieces. Prof. Olmsted is of opinion that
in such an event, not a particle of the comet would reach
the earth—that the portions encountered by her would
be arrested by the atmosphere, and probably inflamed ;
and that they would perhaps exhibit, on a more magnifi-
cent scale than was ever before observed, the phenomena
of shooting stars or meteoric showers. The idea, there-
fore, that comets are dangerous visitants to our system,
has more support from superstition than from reason or
science.

The air is to us what the waters are to fish. Some flsh swim around Intbode:'x;.
while others, like lobsters and oysters, keep on the bottom. 8o birds whig the
while men and beasts are the * lobsters” that crawl around on the bottom. Now there
is no more probability that a comet would through the atmosphere, and injure us
upon the earth, than there is that a han of fog or vapor thrown down upon the sur
face of the ocean, would pass through and kill the shell-fish at the bottom.

310. After all that is supposed to be known respecting
comets, it must be admitted that they are less under-
stood than any other bodies belonging to our system.
“ What regions these bodies visit, when they pass beyond
the limits of our view; upon what errands they come,
when they again revisit the central parts of our system ;
what is the difference between their physical constitution
and that of the sun and planets ; and what important
ends they are destined to accomplish in the economy of
the univurse, are inquiries whicﬁ naturally arise in the
mind, but which surpass the limited powers of the human
understanding at present to determine.” £ ., .

p S -
A -, N

S
809, What probable effect in case of collision? Prof. Olmsted’s opfnion ?
(Remark respecting the air, fish, lobsters, &c. 1)
810. Are we as well acquainted with comets as with other bodies of ouz
system ! What inquiries suggestd ?7Bow snswordd ¢

|-
[
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CHAPTER X.

O¥ THE BUN.
' 311, Or all the celestial objects with which we aru
acquainted, none make so strong and universal an im-
pression upon our globe as does the sun. Ileis the great
center of the solar system—a vast and fiery orb, kindled
by the Almighty on the morn of creation, to cheer th.
dark abyss, and to pour his radiance upon surrounding
worlds. Compared with him, all the solar bodies are of
inconsiderable dimensions ; and without him, they would
be wrapped in the gloomn of interminable night.

812. The form of the sun is that of an oblate sphe-
roid, his equatorial being somewhat greater than his

lar di er. The mean of the two i1s 886,000 miles.
g)e is 1 890,000 times as large as the mighty globe we
inbabit, and J00 times as large as all the planets put
together. ere he placed
where the earth is, he would
fill all the orbit of the moon,
and extend 200,000 miles be-
yond it in every direction. It
would take 112 such worlds
as ours, if laid side by side, to
reach across his vast diameter.

1. The vast magnitude of the sun may be
+inferred from the fact, that when rising or set-
ting, he often appeuars Iarfer than the largest
building, or the tops of the largest trees. Now
if the angle filled by him at the distance of two
miles is over 100 feet across, what must it be
at the distance of 95 millions of miles?
2. Were a railroad passed through the sun’s center, and should a train of cars start
from one side, and proceed on at the rate of 30 miles an hour, it would require 8} years

THR SUN AND THE MOON'S ORBIT,

811. Describe the sun. How compare with the rest of the system ?

812. What is his form? Diameter # Mass, as compared with our globe?
With all other bodies of the system ? With moon’s orbit ? g:' hut sensible
evidence of *he vast magnitude of the sun? lllustration frum raiiroad?
Demonctration as to its comparison with moon’s orbit #)
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to cross osver s diameter. To traverse his vast circumference, at the same rate of
speed, would require nearly 11 years.
8. The mean distance of the moon from the earth's center is 240.000 infles: conse-
uently the diameter of her orbit, which is twice the radius, !s 450,000, Subtract this
?rom 886,000, the sun’s diameter, and we have 406,000 miles left, or 203,000 miles on each
side, beyond the moon’s orbit,

313. By the aid of telescopes, a variety of spots have
been discovered upen the sun’s disk. Their number is
exceedingly variable at different times. From 1611 to
1629, a period of 18 years, the sun was never found clear
of spots, except for a few
days in December, 1624.
At other times, twenty or
thirty were frequently seen
atonce ; and at one period,
in 1825, upwards of fifty
were to be seen. Prof.
Olmsted states that over
100 are sometimes visible.
From 1650 to 1670, a pe-
riod of 20 years, scarcely |
any spots were visible ; and [
for eight years, from 1676
to 1684, no spots whatever
were to be seen. For the last 46 years, a greater or less
number of spots have been visible every year. For
several days, during the latter part of September, 1846,
we could count sixteen of these spots, which were dis-
tinctly visible, and most of them well defined; but on
the 7th of October following, only six small spots were
visible, though the same telescope was used, and circum-

stances were equally favorable.

The sun is a difficult object to view throngh a telescope, even when the cye is pro-
tected in the best by colored gl In some cases (as in one reluted to tho
author by Professor Caswell, of Brown University), the heat mes 80 great as to
spoil the eye-pieces of the instrument, and sometimes the eye of the observer is irrepa~
rubly injured.

314. The solar spots are all found within a zone 60°
wide—«. e., 30° each side of the sun’s equator. They are
generally permanent, though they have been known to

SPOTS ON TRE SUN.

813. View of sun’s surface through telescopes? Number of spots seen ?
Are they always to be seen? How from 1611 to 1629? In 18257 Prot,
Olmsted’s statement ¢ How from 1650 to 16707 From 1676 to 1684% Iw.
1846 ¢ (What said of difficuuties of observing?) .

- - 814, - Where.are these spota situsted ! Are they permanent! What mo
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break in pieces, and disappear in a very short time.
They sometimes break out again in the same places, or
where none were perceptible before. They pass from
left to right over the sun’s disk in 13 days, 15 hours,
and 45 minutes ; from which it has been ascertained that
he performs a sidereal revolution on his axis, from west
to east, or in the di-
rection of all the

lanets, every 25

ays, 7 hours, and
48 minutes.

1. His apparent or synodic
revolution requires 27 days T}
bours; but this is as much more
than a complete revolution upon
bis axis, as the earth has ad-
vanced in her orbit in 25 days 8
bours. Let8 reﬂrosem. the sun,
and A the earth in her orbit,
When she is at A, a spot is seen
upon the disk of the sun at B,
'r?.'i san revolves in the direction of the arrows, and in 25 days 10 hours the spot comes
round to B again, or opposite the star E. This is a aidereal revolution,

2. During these 25 days 8 hours, the earth has passed on in_her orbit some 239, or
nearly to C, which will require nearly two days for the spot at B to get directly toward
the earth, as shown at ). This last is a synodic revolution, It consists of one come
plete revolutivu of the sun upon his axis, and about 27° over.

315. Of the nature of these wonderful spots, a variety
of opinions have prevailed, and many curious theories
have been constructed. Lalande, as cited by Herschel,
suggests that they are the tope of mountains on the sun’s
surtace, laid bare by fluctuations in his luminous atmos-
phere ; and that the penumbree are the shoaling declivi-
ties of the mountains, where the luminous fluid is less
deep. Another gentleman, of some astronomical kirowl-
edge, supposes that the tops of the solar mountains are
exposed by fides in the sun’s atmosphere, produced by
planetary attraction.

To the theory of Lalande, Dr. Herschel objects that
1t is contradicted by the sharp termination of both the in-
ternal and external edges of the penumbree; and ad

vances as & more probable theory, that “ they are the

SIDEREAL AND SYNODIC REVOLUTIONS OF THE 8UN.

tion have they? What conclusion from it? (What revolution is this?
What time required for a synodic revolution # Illustrate.)

815. What are these spots supposed to be? Lalande? &o. Dr. Herschel’e
‘enrk 1 Pmt‘()lmml? Prof. Wilsog ? Experiments of Prof. Heury?
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dark, or. at least, comparatively dark, solid body of the
sun itself, laid bare to our view by those immense fluc-
tuations in the luminous regions of the atmospnere, to
which it appears to be subject.” Prof. Olmsted supports
this theory by demonstrating that the spots must b
S nearly or quite in contact with the body of the sun.”

In 1778, Prof. Wilson, of the University of Glasgow,
ascertained, by a series of observations, that the spot
were probably *wast excavations in the luminous matter
of the sun;” the nuclei being their bottom, and the um-
bre their shelving sides. This conclusion varies but
little from that of Dr. Herschel, subsequently arrived at.

In a series of experiments conducted by Prof. Ilenry,
of the Smithsonian Institute, at Washington, by mneans
of a thermo-electrical apparatus, applied to an image
of the sun thrown on a screen in a dark room, it was
found that the spots were perceptibly colder than the
surrounding light surface.

316. The magnitude of the solar spots is as ariable
as their number. Upon this point, the second cut pre-
ceding gives a correct idea, as it is a Eretty accurale rep-
resentation of the sun’s disk, as seen by the writer vn the
22d of September, 1846. In 1779, Dr. Herschel ob-
served a spot nearly 30,000 miles in breadth ; and he
further states, that others have been observed, whose
diameter was upward of 45,000 miles. Dr. Dick ob-
serves that he has several times seen spots whicli were
not less than J; of the sun’s diameter, or 22,192 miles
across.

It is stated, upon good authority, that solar spots have
been seen by the naked eye—a fact from which Dr.
Dick concludes that such spots could not be less than
50,000 miles in diameter. The observations of the
writer, as above referred to, and represented in the cut,
would go to confirm this deduction, and to assign a still
greater inagnitude to some of these curious and interest-
ing phenomena.

817. The axis of the sun is inclined to the ecliptic 71°,

816. What said of the size of the solar spots? Dr. Herschel’s obsorva
tong?! Dr. Dink’s? The writer's? .
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or, more accurately, 7°20’. This is but a slight deviation
from what we may call a perpendicular ; so that, in rela-
tion to the earth, he may be considered as standing -up
and revolving with one of his poles resting upon a poiut,
Jjust half his diameter below the ecliptic.

As the result of the sun’s motion upon his axis, his
spots always appear first on his eastern limb, and pass off
or disappear on the west. But though the direction of
the spots, as viewed from the earth, is from east to west,
it only proves his motion to coincide with that of the
earth, which we call from west to east; as when two
spheres revolve in the same direction, the sides toward
each other will appear to move in opposite directions.
During one-half of the passage of the spots across the
sun’s disk, their apparent motion is accelerated; and
during the remainder, it is refarded.

'This apparent irregularity in the motion of the spots
upon the sun’s surface, is the necessarf' result of an
equable motion upon the surface of a globe or sphere.

hen near the eastern limb, the spots are coming partly-
toward us, and their angular motion is but slig%nt; but
when near the center, their angular and real motions are
equal. So, also, as the spots pass on to the west, it is
their angular motion only that is diminished, while the
motion of the sun upon his axis is perfectly uniform.

318. The figure of the sun affects not only the appa-
rent velocity of the spots, but also their forms. hen
first seen on the east, they appear narrow and slender, as
represented in the cut, page 147. As they advance
westward, they continue to widen or enlarge till they
reach the center, where they appear largest; when the
again begin to contract, and are constantly 'minishes{
till they Eisappear. , oo el A

319. Another result of the revolution of the sun upon
an axis inclined to the ecliptic, and the revolution of' th

817. How is the sun’s axis situated? What said of the direction of the
upota ?  Of their rate of motion?

818. Of the cause of this irregularity? What variations .n the forms « ¢
the solur spots ¥ Cause ?

819. What other result of the sun’s revolution about an inclined axis¢
(lustrate by diagrams.)
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earth around him, is, that when viewed from our mov-
able observatory, the earth, at different seasons of the
year, the directeon of the spots seems materially to vary

VARIOUS DIREOTIONS OF TIUE SOLAR B8POTS.

March. June. 8 b D b

1. Let EF represent the plane ofthe ccliptic. In March, the spots describe a curve,
which is convex to the south, as shown at A. In June, they cross the sun’s disk m
nearly straight lines, but incline upward. In Bepteinber, they curve again, tho in
the;\gmire direction: and in Deceinber, pass over in straight lines, inclining downe
eurd. The figurcs B and D show the inclination of the sun’s axis.

2. The cawsa of this difference in the direction of the solar spots will be fully under~
stwod by the following diagram : .

BOLAR 8POTS OBSERVED FROM DMFFERENT POINTS.

.

Let the student imagine himself stationed upon the earth at A, in March, looking
g{mn the sun in the center, whose north or upper pole is now inclined toward him,

he spots will then curve downward. Three months afterward—viz., in June—the
earth will be at B: when the sun's axis will incline to the left, and the spots seem to
puss upward to the right. In three months longer, the observer will be at C, when the
north pole of the sun willincline from him, and the spots seem to curve uproard; and
fn three months longer, he will be at D, when the axis of the sun will incline to ths
réght, and the spots seemn to incline downward,

320. Of the physical constitution of the sun, very lit-
tle is known. (’Vﬁeﬂ seen through a telescope, it is like

"a globe of fire, in a state of violent commotion or ebu-
lition. La Place believed it to be in a state of actual
combustion, the spots being immense caverns or craters,
caused by eruptions or expfosions of elastic fluids in the
interior.

820. What said of the physical constitution of the sun? La Place’s opin-
ion ? Most prohable opinion ¢
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The most probable opinion is, that the body of the sun
is opake, like one of the planets; that it is surrounded
by an atmosphere of considerable depth; and that the
light is sent off from a luminous stratum of clouds, float-
ing above or outside the atmosphere. This theory accords
best with his density, and with the phenomena of the
sular spots.

321. Of the temperature of the sun’s surface, Dr. Her-
schel thinks that it must exceed that produced in fur-
naces, or even by chemical or galvanic processes. By
the law governing the diffusion of light, he shows that
a body at the sun’s surface must receive 300,000 times
the light and heat of our globe ; and adds that a far less

uantity of solar light is sufficient, when collected in the
focus of a burning-glass, to dissipate gold and platina into
vapor. The same writer observes that the most vivid
flames disappear, and the most intensely ignited solids
appear only as black spots on the disk of the sun, when
held between him and the eye. From this circumstance
he infers, that however dark the body of the sun may
appear, when seen through its spots, it may, neverthe
less, be in a state of most intense ignition. It does not,
however, follow, of necessity, that it must be so. The
contrary is, at least, thsically ossible. A perfectly
reflective canopy would effectually defend it from the
radiation of the luminous regions above its atmosphere,
and no heat would be conducted downward through a
gaseous medium increasing rapidly in density. The
great mystery, however, is to conceive how so enormous
a conflagration (if such it be) can be kept up from age
to age. Every discovery in chemical science here leaves
us completely at a loss, or rather seems to remove further
from us the prospect of explanation. If conjecture
might be hazarded, we should look rather to the known
pussibility of an indefinite generation of heat by friction,
or to its excitement by the electric discharge, than to
any actual combustion of ponderable fluid, whether solid |
or gaseous, for the origin of the solar radiation? ; » o~ f,

oo s o G A

821. Sun’s temperature? Dr. Ilerschel’s idea? What rwoﬁmg ng@:bt‘ l
nis opinion ? hat mystory ¢
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822. The Zodiacal Light is a faint nebulous light, re-
sembling the tail of a comet, or the milky way, which
seems to be reflected from SODIAGAL L30T,
the regions about the sun,
and is distinguishable from
ordinary twilight. Its form
is that of a pyramid or
cone, with its base toward
the sun,and inclined slight-
ly to the ecliptic. Itseems
to surround the sun on all
sides, though at various
depths, as it may be seen
in the merning preceding
the sun, as well as in the
evening following him
and the bases of the cones,
where they meet at the sun, are much larger than his
diameter.

323. Of the nature of this singular phenomenon, very
little is positively known. It was formerly thought to
be the atmosphere of the sun. Prof. Nichol says: ¢ Of
this, at least, we are certain—the zodiacal light is a phe-
nomenon precisely similar in kind to the nebulous atmos-
pheres of the distant stars, &c.” Sir John Herschel re-
marks that it is manifestly of the nature of a thin len-
ticulurly-forméd atmosphere, surrounding the sun, and
extending at least beyond-the orbit of Mercury, and
even of Venus. He gives the apparent angular distance
of its vertex from the sun, at from 40° to 90°; and the
breadth of its base, from 8° to 30°. It sometimes ex-
tends 50° westward, and 70° east of the sun at the same
time.

324. The form of this substance surrounding the sun.
and which 1s sufficiently dense to reflect his light to the

822. What is the zodiacal light? Its form? When seen?

'828. Nature of this light? Former opinion? Prof. Nichol's remark? Da.
Herschel's? Its extent from the sun ¢ .

824. Form of this lighn How situated with respect to sun’s axis, &o. ¢

(Tllustrate by dhpa.m -
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earth, secmms to be that of a lens; or rather that of a
huge wheel, thickest at the center, and thinned down
to an edge at the outor extremities. Its being seen
edgewise, andonl On&half FORM, BXTRNT, XTC., OF THE ZODIACAL
at a time, gives 1t the a e
pearance of two pyramids
with their bases joined at
the sun.  Itis an interest-
ing fact, stated by Prof.
Nichol, that this light or
nebulous body lies in the
plane of thesun’s equator.
A line drawn through its
transverse diameter, or
from one apex of the pyra-
mids to the other, would
cross the axis of the sun
at right angles. This fact
would seem to indicate a revolution of this curious sub-
stance with the sun upon his axis.
Let A.in the above cut, represent the sun, BB his axis; then CC will represent the
extent, and D D the thicknoss of this curivus appendage.

325. At the meeting of the American Association for
the Advancement of Science, held in Providence, R.
I, August 18, 1855. The Rev. George Jones, of the
U. 8. navy, read an elaborate paper upon the Zodiacal
Light, founded upon his own observations during a
cruise in the United States’ steam frigate Mississippi,
from 41° N. lat. to 52° S. lat. From a record of 331
observations, each accompanied by a drawing, showing
the exact form and position of the Light among the
stars, Mr. Jones was {;cided in the conviction that the
Zodiacal Light is a luminous ring around the earth, like
that which surrounds the planet Saturn. Prof. Rierce,
of Harvard College, is said to have concurred with Him
in this opinion.

826. After all the observations that have been made,

825. Mr. Jones’ observations? Extent? Where made, and when?
-Prof. Pierce’s reported opinion ¥ .

»
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end the theories that have been advanced, it must be ad-
mitted that the subject of the zodiacal light is but imper-
fectly understood. Prof. Olmsted supposes it to be a
nebulous body, or a thin vapory mass revolving around
the sun; and that the meteoric showers which have oc-
curred for several years in the month of November, may
be derived from this body. This is the opinion of Arago,
Biot, and others.

The best time for observing the zodiacal light is on
clear evenings, in the months of March and April. It
may be seen, however, in October, November, and De-
cember, before sunrise ; and also in the evening sky.

THE SUN’S MOTION IN SPACE.

227. Although, in fgeneral terms, we speak of the sun’
as the fiwed center of the system, it must not be under-
" stood that the sun is absolutely witheut motion. On the
contrary, he has a periodical motion, in nearly a circular
direction, around the common center of all the planetary
bodies; never deviating from his position by more than
twice his diameter. From the known laws of gravita-
tion, it is certain that the sun is affected in some measure
by the attraction of the planets, especially when many
ot them are found on the same side of the ecliptic at the
same time ; but this would by no means account for e
great a periodical motion.

328. In addition to the motion above described, the
sun is found to be moving, with all his retinue of planets
and comets, in a vast orbit, around some distant and
hitherto unknown center. This opinion was first ad
vanced, we think, by Sir William Herschel; but the
honor of actually determining this interesting fact be-
longs to Struve, who ascertained not only the direction
of the sun and solar system, but also their wvelocity.

826. Is this subject well underatood as yet! Prof. Olmsted’s theory?
When the best time for obsorving the zodiacal light #

8?7. Is the sun really stationary ¥ What motion? How affected by plan-
ots N

828. What other motion? Who first advanced the opinion that he had
s1ch 2 motion? Who demonstrated it? Toward what point is the suu and
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The point of tendency is toward the constellation Her
cules, right ascension 259°, declination 35°. The ve
locity of the sun in space is estimated at 8 miles per
second, or 28,000 miles per hour. Its period is about
18,200,000 years; and the arc of its orbit, over which
the sun has traveled since the creation of the world,
amounts to only about ygl55th part of his orbit, or about
7 minutes—an arc so small, compared with the whole, as
40 be hardly distinguishable from a straight line.

329. With this wonderful fact in view, we may no
longer consider the sun as fixed and stationai y, but rather
as a vast and luminous prunet, sustaining the same rela-
tion to some central orb that the primary pianets sustain
to him, or that the secordaries sustain to tlcir primaries.
Nor is it necessary that the stupendous inechanism of
nature should be restricted even to these si.blime propor-
tions. The sun’s central body may also have its orbit,
and its center of attraction and motion, and sc on, till,
as Dr. Dick observes, we come to the great center of ail
—to the THRONE oF GoD!

Professor Madler, of Dorpat, in Russia, has recently announced as a discovery that
the star Aloyone, one of the seven stars, is the center around which the sun and sviar
system are revolving.

‘i

CHAPTER XI.

MISCELLANEOUS REMARKS UPON THE SOLAR SYSTEM.

NEBULAR THEORY OF THE ORIGIN OF THE SOLAR SYSTEM.

330. It was the opinion of La Place, a celebrated
French astronomer, that the entire matter- of the solar
system, which is now mostly found in a consolidated

solar system tending ! Its velocity ? Period of revolution? Amount of its
progress since the creation of the world ?

329. How, then, should the sun be considered? How extend the analogy ¢
What further reccnt discovery, and by whom ?

880, State the ‘ nebular theory” of the origin of the solar system? Who
At started this theory ¢
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state, in the sun and planets, was once a vast nebula or
gaseous vapor, extending beyond the orbits of the most
distant planets—that in the process of gradual conden-
sation, by attraction, a rotary motion was eng.ndered
an'l imparted to the whole mass—that this motion caused
the consolidating matter to assume the form of various
concentric rngs, like those of Saturn; and, finally, that
these rings collapsing, at their respective distances, and
still retaining their motion, were gathered up into plan-
ets, as they are now found to exist. This opinion is sup-
posed to be favored, not only by the fact of Saturn’s
revolving rings, but by the existence of the zodiacal light,
or a resisting medium about the sun; and also by the
character of irresolvable or planetary nebuls, hereafter
to be described. :

331. To this theory, however, there are many plau
sible, if not insurmountable, objections.

(@.) It seems to be directly at variance with the Mosaie
account of the creation of the sun, moon, and stars.
The idea that the sun and all the planets were made up,
so to speak, out of the same general mass, not only
throws the creation of this matter back indefinitely into
eternity, but it substitutes the general law of attraction
for the more direct agency of the Almighty. The crea-
tion spoken of in the Bible thus becomes not the orig:-
nating of things that did not previously exist, but the
mere organization or arrangement of matter already
existing. )

(%) %‘he supposed consolidation of the nebulous mass,
in obedience to the general law of attraction, does not
of itself account for the rotary motion which is an essen-
tial part of the theory. Under the influence of mere at- .
traction, the particles must tend directly toward the cen-
ter of the mass, and consequently could iave no tendéncy
to produce & rotary motion during the process of conden-
sation.

(c.) The variation of the planetary orbits from the

831. What said of it? State the first objection named ? The second?
Third? Fourth? Fifth? What remnark added by the author? -

14
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Y]ane of the sun’s equator contradicts the nebular theory.
f the several primary planets were successively thrown
off from the general mass, of which the sun is a part,
they could not have been separated from the parent E(‘)ldy
till they were near the plane of its equator. Now, as
the sun is assumed to be a part of the same mass, re-
volving still, the theory would require that the portions
now separated from him, and called planets, should still
revolve in the plane of his equator. But instead of this,
it is found that some of them vary from this plane to the
amount of nearly 42°.

(d.) This theory assumes not only that the primary
planets were thrown off from the parent mass by its
rapid revolution, but that the primaries, in turn, threw
oft their respective satellites. These, then, should all
revolve in the plane of the planetary equators respect-
ively, and in the direction in which their primaries re-
volve. But their orbits not only depart from the plane
of the equators of their primaries (Jupiter’s satellites
excepted), but the moons of Uranus actually have a
retrograde or backward revolution.

(e.) If the sun and planets are corhposed of what was
originally the same 1ass, it will be hecessary to show
why they ditfer so materially in their ph¥sical natures—
why the sun is self-lnminous, and the planets opake.

But we have not room to discuss the subject at length
in this treatise. It is but justice, however, to say, that
men eminent for learning and piety have advocated
the nebular theory, in the beliet that it is perfectly con-
sistent with the Mosaic account of creat.on. But the
writer is frank to state, that while he acknowledges the
force of some of the considerations urged in its sup-
port, he has not yet seen reason for adopting this theory
of the origin of the solar system. -“Through faith we
understand that the worlds were framed by the word ot
God [not by the law of gravitation], so that things which
are scen were not made of things which do appear [or of
pre-existing matter].”—IIeb. xi. 3.

332. Upon the supposition that the sun and planets
were created as they are, by the direct act of God, an
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inquiry at once arises as to the probable ewfent of the
creation recorded by Moses. Does it include the whole
universe  or is it to be understood as applicable only to
the solar system? Upon this point our only light is, that
“in the beginning God created the heavens and the
earth”—that he not only made the sun and moon, but
that ¢ he made the stars also;” and that when these were
spoken into being, God had *finished” his work. (See
Genesis, 1st chapter.) ¢ Thus the heavens and the earth
were finished, and all the host of themn.” It seems most
probable, therefore, that the Mosaic creation includes the
whole material universe—that when God * laid the foun-
dations of the earth,” and the *heavens were the work
of his hands,” ke “ made the worlds also;” that is, they
were then all “ framed by the word of God.” '

WERE THE ASTEROIDS ORIGINALLY ONE PLANET ¢

333. Some very curious speculations have been enter-
tained by astronomers in regard to the origin of the
Asteroids. As in the case of the recently é:iiscovered
planet, Neptune, the existence of a large planet between
the orbit of Mars and Jupiter was suspected before the
asteroids were known. This suspicion arose mainly from
the seeming chasm that the absence of such a body would
leave in the otherwise well-balanced solar system. The
prediction that such a body would be discovered in the
tuture stimulated the search of astronomers, till at length,
instead of one lzrge planet, eighty-five smali ones have,
one after another, been discovered. ‘

334. From certain peculiarities of the asteroids, it has
been considered highﬁ\? probable that they are the frag-
ments of one large planet, which has been burst asunder
by some great convulsion or collision. The grounds cf
this opinion are as follows:

832. What other interesting question started ¥ 'What light apon this sub-
joct? What most probable ¢ . . ..

838. What curious speculation resnecting the asteroids # What suspicions
Lefore any of them were discoverca !t .

834. .W{mt opinion respecting the origin of the asteroids? State the
Jrounds of this opinion in order. . . . :
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(a.) The asteroids are much smaller than uny of the
other primary planes.

(6.) They are all at nearly the same distance from the
sun.

(c.) Their periodic revolutions are accomplished in
neary the same time. The difference of their periodic
times is not greater than might result from the supposed
disruption, as the parts thrown forward would have their
motion accelerated, while the other parts would be thrown
back or retarded ; thus changing the periodic times of
both.

(d.) The great departure of the orbits of the asteroids
from the plane of the ecliptic is supposed to favor the
hypothesis of their having been originally one planet, the
assuinption being that the explosion separating the ori-
ginal body into fragments wounld net only accelerate some
portions and retard others, but would also throw them out
of the plane of the original orbit, and in some cases still
further from the ecliptic.

(¢.) Their orbits are more eccentric than those of the
other primaries. Although the tables show the eccen-
tricity of Uranus’s orbit as greater in miles than that of
even Juno or Pallas, yet when we consider the difference
in the magnitude of their orbits, it will easily be seen
that his orbit is less elliptical than theirs.

(') The orbite of Ceres and Pallas, at least, cross each
other. This, if we except, perbaps, the orbits of some
of the comets, is a perfect anomaly in the solar system.

335. From all these circumstances, it has been con-
cluded that the asteroids are only the fragments of an
exploded world, which have assumed their present forms
since the disruption, in obedience to the general laws of
gravitation. ’l}l)nis theory, first advanced by Dr. Olbers, is
favored by Prof. Nichel, Dr. Brewster, Dr. Dick, and
others ; while Sir John Ilerschel observes that it may
serve as a specimen of the dreams in which astronomers,
like other speculators, occasionally and harmlessly in-

885. Who was the author of this theory? What distinguished astrono-
‘ners favor it # What says Sir John Herschel? Remurk of Dr. Dick { Opin-
ton and rewarks of the author?
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dulge. Dr. Dick remarks that the breaking unp of the
exteriur crust of the earth, at the time of the general
deluge, was a catastrophe as tremendous and astonishing
as the bursting asunder of a large planet. In view, how-
ever, of the Aarmony and order that everywhere reign
throughout the planetary regions, directing the pathway
and controlling the destiny of every world, it is bard to
believe cither that one world has been so constructed
as to explode, like a vast bomb-shell, and scatter its frag-
ments over the regions of its former pathway: or that
He who guides even the erratic comet has allowed a pon-
derous world to get so off its track, as to dash itself to
Pieces against its fellow worlds. 2 -~ o
coeT o X o
ARE THE PLANETS INHABITED BY RATIONAL BEINGS ?

336. Upon this interesting question, it must be ‘ad-
mitted that we have no positive testimony. The argu-
ment for the inhabitedness of the planets rests wholly
upon analogy, and the conclusion is to be regarded only
in the light of a legitimate inference. Still, it is remark-
able tnat those who are best acquainted with the facts of
astrrnomy are most confident that other worlds as well
as ours are the abodes of intellectual life. Indeed, as
Dr. Dick well remarks, it requires a minute knowledge
of the whole scenery and circumstances connected with
the planetary system, before this truth comes home to the
understanding with full conviction.

337. The analogies from which it is concluded that all
the primary planets, at least, are inhabited by rational
beings, are the following :

(@.) The planets are all soléd bodi¢s resembling the
earth, and not mere clouds or vapors. »»

(5 ) They all have a spherical or spheroidal figure, like
our own planet.

(c.) The laws of gravitation, by which we are kept
npon the surface of the earth, prevail upon all the other

836. What other question proposed? What admission? Nature of the
evidence of the inhabitedness of the plancts? What remarkable fact? Re
waurk of Dr. Dick ¢ :

837. State the principal points of ana!;)gy between our globe and the otne.

14

P
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planets, as if to bind races of material beings to their sur-
faces, and provide for the erection of habitations and
other conveniences of life. It is very remarkable, how-
ever, that those planets whose bulks are such as to indi-
cate an insupportable attractive force, are not only less
dense than our globe, but they have the most rapid daily
revolution ; as if, by diminished density, and a strong
centrifugal force combined, to reduce the attractive force,
and ren§:r locomotion possible upon their surfaces.

(@.) The magnitudes of the planets are such as to af-
ford ample scope for the abodes of myriads of inbabit-
ants. It is estimated that the solar bodies, exclusive of
the comets, contain an area of 78,000,000,000 of square
miles, or 397 times the surface of our globe. According
to the population of England, this vast area would afford
a residence to 21,875,000,000,000 of inhabitants; or
27,000 times the population of our globe.

(e.) The planets have a diw revolution around
their axes, thus affording the agreeable vicissitudes of
day and night. Not only are they opake bodies like our
globe, receiving their light and heat from the sun, but
they also revolve so as to distribute the light and shade
alternately over each hemisphere. There, too, the glo-
rious sun rises to enlighten, warm, and cheer; and there
“the sun-strown firmament” of the more distant heavens
is rendered visible by the no less important blessing of a
periodic night.

(/') All the planets have an annwal revolution round
the sun; which, in connection with the inclination of
their axes to their respective orbits, necessarily results in
the production of seasons.

(9.) The planets, in all probability, are enveloped in
atmospheres. That this is the case with many of them
is certain; and the fact that a fixed star, or any other
orb, is not rendered dim or distorted when it approaches
their margin, is no evidence that the planets have no at-
mosphere. This appendage to the planets is known to
vary in density ; and in those cases where it is no* de-

—

planets. Substance?! Forms? Gravitation? Magnitude? Days and
nights? Seasons? Atmospheres? Moons? Mountains? &e.
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tected by its intercepting or refracting the light, it may
be of a nature too clear and rare to produce such phe-
nomena.

(A.) The principal,primary planets are provided with
moons or satellites, lg afford them light in the absence of
the sun. It is not improbable that both Mars and Venus
have each, at least, one moon. The earth has one3 and
a8 the distances of the planets are increased, the nuriber
of mnoons seems to increase. The discovery of six around
Uranus, and only one around Neptune, 18 no evidence
that others do not exist which have not yet been dis-
covered.

(2.) The surfaces of all the planets, primaries as well
as secondaries, seem to be variegated with A¢ll and dale,
mountain and plain. These are the spots revealed by
the telescope.

(7.) Every part of the globe we inhabit is adapted
to the support of animal life. It would, therefore, be
contrary to the analogy of nature, as displayed to us, to
suppose that the other planets are empty and barren
wastes, utterly devoid of animnated being. And if ani-
mals of any kind exist there, why not intelligent beings ¢

338 If other worlds are not the abodes of intellectnal
life, for what were they created? What influence do
they exert upon our globe, especially those most remote §
There are doubtless myriads of worlds beyond our system
that will never even be seen by mortal eye, and that have
no perceptible connection with our globe. If, then, they
are barren and uninhabited islands in the great ocean of
immensity, we repeat, for what were they created? The
inquiry presses itself upon the mind with irresistible
force, Why should this one small world be inbabited,
and all the rest unoccupied? Ior what purpose were all
these splendid and magnificent worlds fitted up, if not to
be inhabited? Why these days and years—this light and
shade—these atinospheres, and seasons, and satellites, and
hill and dale?

. :ia? What difficulty on the supposition that the planets are not inha! .
t
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839. To suppose all these worlds to be fitted up upon
orllzfeneml plan, provided with similar conveniences as
abodes for intellectual beings, and yet only one ot them
to be inhabited, is like supposing a rich capitalist would
build some thirty fine dwellings, all after one model,
though of different mater:als, sizes, and colors, and pro-
vide in all for light, warnth, air, &c.; and yet, having
placed the family of a son in one of them, allow the
remaining twenty-nine to remain unoccupied forever !
And as God is wiser than man, in the same proportion
does it appear absurd, that of nearly ninety planetary
temples now known to exist, only one has ever been occu
pied; while the remainder are mere specimens of Divine
architecture, wheeling through the solitudes of immen-
sity! The legitimate and almost inevitable conclusion,
therefore, is, that our globe is only one of the man;
worlds which God has created to be inhabited, and whic
are now the abodes of his intelligent offspring. It seems
irrational to suppose that we of earth are the only intel
ligent subjects of the ‘ Great King,” whose dominions
border up,on infinity. It is much more in keeping with
sound reason, and with all the analogies of our globe,
to suppose that

“ Each revolving sphere, a seeming point,
Which through night’s curtain sparkles on the eye,
Sustains, like this our earth, its busy millions.” -

840. The fact that we neither see, nor kear, nor hear
from the inhabitants of other worlds, is no evidence that
such inhabitants do not exist. It would have been

remature in Columbus had he concluded, when he saw
and in the distance, that it was uninhabited, simply be-
cause he could not hear the shout of its savages, or see
them gathered in groups upon the beach. So in regard
to the distant planets. Our circumstances forbid ou
knowing positively that they are inhabited ; so that the
absence of that knowledge is no argument against the
inhabitedness of other worlds.

839. What illustration? Conclusion? Poetry ¢ '
840. What said of the objection that we neither see, hear, nor hear [rum
the inhabitrnts of the other worlds 1
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341. Tt may be thonght that the extremes of heat and.
cold on some of the planets must be fatal to the idea of
animal life, at least. Dut even this dves not follow.
Upon our globe, some animals live and flourish where
others would soon die from heat or cold. And some ani-
mals, having cold blood, may be trozen, and yet live.
So in other worlds. He who made the three Hebrews
to live in the fiery turnace, can easily adapt the inhabit-
ants of Mercury to their warm abode. And of the exte
rior planets we have only to say:

“ Who there inhabit must have other powers,
Juices, and veins, and sense. and life, than ours ;
One moment’s cold, like theirs, would pierce the bone,
Frecze the heart'’s blood, and turn us all to stone |”

Adaptation is a law of the universe; and this at once
obviates every difticulty in regard to the temperature of
the planets, which might otherwise be urged as a reason
why they were not inhabited.

N

841. Objection drwn from extremes of tomperature? l'oetry?! What
gren law auswenrs overy such objection ¢

7 3



PART II.

THE SIDEREAL HEAVEXS.

CHAPTER I.
THE FIXED STARS—CLASSIFICATION, NUMBER, DISTANCE, ETC.

342. ThE sidereal heavens embrace all those celestial
budies that lie around and beyond the solar system, in
the region of the fixed stars.

The fixed stars are distinguished from the planetary
bodies by the following characteristics

(a.) They shine by their own light, like the sun, and
not by reflection.

(3.) To the naked eye, they seem to twinle or scintil-
late ; while the planets appear tranquil and serene.

(c.) They maintain the same general positions, with
respect to each other, from age to age. On this account,
they are called fized stars.

(d.) They are inconceivably distant; so that, whes
viewed through a telescope, they present no sensible disk,
but appear only as shining points on the dark concave of
the sky. To these might be added several other peculi-
arities, which will be noticed hereafter.

343. For purposes of convenience, in finding or refer-
ring to particular stars, recourse is had to a variety of
- artificial methods of classification.

842. What Wm of the hook have we now gone over? Upon what do we
aow enter ? hat is meant by the =idercal heuveus? How ure the fixed
sturs distinguished from planetary bodies ?

843. What are constellations ? “Their origin ?
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First, The whole concave of the heavens is divided
into rections or groups of stars of greater or less extent.
The ancients imagined that the stars were thrown toge-
ther in clusters, resembling different objects, and they
consequently named the ditferent groups after the objects
which they supposed them to resemble. These clusters,
when thus marked out by the figure of some animal,
person, or thing, and named accordingly, were called
constellations.

344. Secondly, The stars are all classed according to
their magnitudes. There are usually reckoned twelve
different magnitudes, of which the first six only are
visible to the naked eye, the rest being telescopic stars.
These magnitudes, of course, relate only to their ap})arent
brightness ; as the faintest star may appear dim so. &lly on
account of its immeasurable distance. The method by
which stars of different nitudes are distinguished in
astronomical charts is as follows :

STARS OF DIFFERENT MAGNITUDES.,

“ It must be observed,” says Dr. Herschel, “ that s classification into magnitudes fo
entirely nrbl(nlx. Of a muititude of brlght objects, differing, probably, intrinsically
both in size and in splendor, and ar at qual di from us, one must of
necessity appear the brightest ; the one next below it brighter still, and so on.”

345. The next step is to classify the stars of each con
stellation according to their magnitude ¢n relation to each
other, and without reference to other constellations. In
this classification, the Greek alphabet is first used. For
instance, the largest star in Taurus would be marked (=)
Alpha; the next largest (8) Beta ; the next (y) Gamma,
&c. When tb~ Greek alphabet is exhaunsted, the Roman
or English is tuken up; and when these are all absorbed,
recourse is finally had to figures.

As Greek letters so frequently occur in catalogues and maps of the stars, and on the
celestial globes, the Greek alphabet is here inserted, for the benefit of those who are not

844. How clasrified by magnitudes? (Remark of Dr. Herschel 1)
845. Nextstepin classifying? Howconducted? Greck letters? (Repon
the ulphabet.) n
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soquainted with it; but as the capitals are seldom used for designa the stars, the
small characters only are given : P o

THE GREEK ALPHABET.

. «  Alpha s v Nu n \
B Beta b ¢ Xi x \
/ Gamma e Omicron oshort \
/ ! Do r Pi P i
/ ¢ Epsilon  eshort ¢ Rho r |
| T Zeta z ¢ Sigma s |
| n Eta e long r Tau t /
i 0 Theta th ¢ Upiln u /
| ¢ Iota i ¢ ph /
\ & Kap%ld. k x Chi ch /
. A Lam 1 ¢ Psi ps /
s Mu m @ Omega o long /

346. To aid in finding particular stars, and especially
in determining their numbers, and detecting changes,
should any occur, astronomers have constructed cafa-
logues of the stars, one of which is nearly 2,000 years
ald. Several of the principal etars have a specific name
—as Strius, Aldebaran, Regulus, &c.; and clusters of
stars in a constellation sometimes receive a specific
name, as the Pleiades and Hyades in Taurus.

347. The stars are stjll further divided into double,
triple, and quadruple stars, binary systems, variable
stars, periodic stars, nebulous stars, &c., all of which
will be noticed hereafter.

NUMBER OF THE FIXED STARS.

848. The actual number of the stars is known only to
Him who “telleth the number of the stars, and calleth
them all by their names.” The powers of the human -
mind are barely sufficient to form a vague estimate of
the number near enough to be seen by our best tele-
scopes, and here our inquiries must end.

1e number of stars, down to the twelfth magnitude,
has been estimated as follows :

846, What farther methods for finding particular stars?

847. How ure the stars still further distinguished?

848. Number of the sturs{ Of each magnitude? Number visible to
naked eye ! Additional veen through telescopes? Total? Remurks of
Uorschol aud Oimstad ¢
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—

Visible to the naked eye. Visible only through telescopea.

Y 18t magnitude . 18| Tth magnitude 26,000
v ad ‘e — o521 8th “ " 170,000
T, . 177| 9th € 1,100,000
4th “ - . 3876|10th « 7,000,000
5th  « . 1,000 [11th 46,000,000
6th . 4000y12th € 800,000,000
\lotal . . . . . 5,623| Grand total, 354,301,623

Of these stars, Dr. Herschel remarks that from 15,000
to 20,000 of the first seven magnitudes are already regzs-
tered, or noted down in catalogues; and Prof. Olmsted
observes that Lalande has registered the positions of no
less than 50,000.

349. The reason why there are so many more of the
small stars than of the large ones is, that we are in the
midst of a great cluster, with but few stars near us, the
number increasing as the NUMBER OF STALS OF EACH MAGNITUDE.
circumnference  of
view is enlarged.
second cut, page 28
also the adjoining.)

Let the sentral star repres
suil (8 star only among *he res
the solar system revolving t
liim and the first circle. 'ﬁle
In space 18t will apperr to be
first magnitude, on acount
etrnexs, and they sra thus
canse they emnrace hut a s
of the entire cluste. The
space 24 will appear smaller
more distant ; but as it embrac
space, they will be nore nu

hus as we advance from on
0 another, the apparent ma
constantly diminishes, but th
ser constantly increases, Tt
white circle marks the limit
natural vision. KEven this cut
srease in numbers, for we can
of stars, whieh exhibits the in
bedded in the midst of amagi
iree riclily laden with fruit), t

349, Why 8o many more of small stars than of thelarger  (Illustrate b
diagram. Does this convey a complete idea of the ;;f;ition of the sun, wit
referenco to the fixed stars? Why not? What does his position more noarly
vysemblo f) '

8
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850. If we suppose that each of these snns is accomw-
panied only by as many planets as are embraced in our
solar system, we have nine thousand millions of worlds
in our firmament. No human mind can forin a concep-
tion of this number; but even these, as will hereatter be
shown, form but a minute and comparatively insignifi-
cant portion of the boundless empire which the Creator
has reared, and_over which he reigns. * Lo, these are
ﬁn’ts of his ways; but how little a portion is heard of

im? but the thunder of his power who can under-
stand.” (Job xxvi. 14.)

DISTANCES AND MAGNITUDES OF THE STARS.

531. It has been demonstrated that the nearest of tne
fixed stars cannot be less than 20,000,000,000 (¢wenty
billions) of miles distant! For light to fravel over this
space, at the rate of 200,000 miles per second, would re-
quire 100,000,000 seconds, or upwards of three years.

What, then, must be the distances of the telescopic
stars, of the 10th and 12th magnitudes ? * If we adnit,”
says Dr. Herschel, “ that the light of a star of each mag
nitade is half that of the magnitude next above it, it will
follow that a star of the first magnitude will require to
be removed to 362 times its distance, to appear no larger
than one of the twelfth magnitude. It follows, therefore,
that among the countless multitude of such stars, visible
in telescopes, there must be many whose light has taken
at least a thousand years to reach us ; and that when we
observe their places, and note their changes, we are, in
fact, reading only their history of a thonsand years’
.date, thus wonderfully recorded.” Should such a star be
struck out of existence now, its light would continue to
stream upon us for a thousand years to come ; and should
a new star be created in those distant regions, a thousand
years must pass away before its light could reach the
solar system, to apprise us of its existence.

850, What supposition and conclusion ? SchFtnre quotation ?
851. Distances of the nearest stars? Time for light to travel over tius
spaco? BSuppositions and conclusions of Dr. Herschel ?
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352. From what we have already said respecting the
almost inconceivable distances of the fixed stars, it will
readily be inferred that they must be bodies of great
magnitude, in order to be visible to us upon the earth.
It 1s probable, however, that ‘one star differeth from
another” in its intrinsic splendor or “glory,” although
we are not to infer that a star is comparatively small be
cause it appears small to us.

353. The prevailing opinion among astronomers is
that what we call .the fixed stars are so many suns and
centers of other systems. From a series of experiments

upon the light received by us from SirineyeshmSiim.
: # it is concluded that if the sun were re-
moved 141,400 times his present distance from us, or

to a point thirteen billions of miles distant, his light
would be no stronger than that of Sirius; and as Sirius
is more than twenty billions of miles distant, he must,
in intrinsic magnitude and splendor, be equal to two suns
like ours. Dr. Wollaston, as cited by Dr. Herschel, con-
cludes that this star must be equal in intrinsic light to
nearly fourteen suns. According to the measurements
of Sir Wm. Herschel, the diameter of the star Vega in
the Lyre is 38 times that of the sun, and its solid con-
tents 54,872 times greater! The star numbered 61 in
the Swan is estimated to be 200,000,000 miles in di-
ameter.

354. Sir John Herschel states, that while making ob-
servations with his forty-feet reflector, a star of the first
magnitude was unintentionally brought into the field of
view. ¢ Sirius,” says he, “ announced his approach like
the dawn of day ;” and so great was his s fendor when
thus viewed, and so strong was his light, that the great
astronomer was actually driven from the eye-piece of his
telescope by it, as if the sun himself had suddenly burst
upon his view.

852, What inference from the great distance of the stars? What proba-
bility as to the real magnitude £ the stars?

858. The prevailing opinion among astronomers ! Conclusions from ex-
periments with Sirius? ~ Magnitude of Fege? Of No. 61 in the Swan ¢
" . 854, Incident stated by Dr. Herschel? (Relative light of the stars ot the
first six mugnitudes 1) .
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According to 8ir Wm. Herschel, the relative light of the stars of tho finst six magni-
tudes is as follows:

u§ht of & star of the average ls:it ma‘n‘l‘tnde:
“

“ “ m “
- - “ 4th dE T P S
b “ “  bth T R T T TR TSP
. “ 6th 8 eeeteneees eececcntteteteiantcas

CHAPTER 1II.
DESCRIPTION OF THE CONSTELLATIOKS,

355. ArtHOUGH this work is designed particularly to
illustrate the mechanism of the heavens, as displayed in
the solar system, we are desirous of furnishing the
learner with a sufficient guide to enable him to extend
his inquiries and investigations not only to the different
classes of bodies lyini beyond the limits of the solar
system in the far off heavens, but also to the constella-
tions, as such. For this purpose, we shall here furnish
a brief description of the principal constellations visible
in the Unitéd States, or in north latitude; by the aid of
which, the student will be able to trace them, with ver,
little difliculty, upon that glorious celestial atlas whic
the Almighty has spread out before us.

If the student will be at the tronble to identify the constellations by the aid of these
descriptions, and without the aid of charts, it will give him a practical familiarity with
the heavens which can be acguired in no other way, Indeed, this exercise is indispen-
sable to a competent knowledge of sidereal astronomy, even where maps of the constel-
lations are used. Let all students, therefore, embrace every favorable opportunity for
looking up the constellations.

Those who wish to study their mythological history will consult the author's edition
of the “ Geography of the Heavens,” by E. H. B the most reliable and popul
work upon this subject in the English language,

356. Of the nature and origin of the constellations
we have already spoken, at 343. Their formation has
been the work of ages. Some of them were known at
least 3,000 years ago. In the 9th chapter of Jub, we

855. Principal design of this text-book? What further object? What
done for this purpose# (Substance of note ?)

858. What said of the formation of the constellations?! Antiquity?
Bcripture allusions? .

<
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read of “ Arcturus, Orion, and Pleiades, and the cham-
bers of the south ;” and in the 38th chapter of the same
book, it is asked, * Canst thou bind the sweet influences
of Pleiades, or loose the bands of Orion? Canst thou
bring forth Mazzaroth in his season{ or canst thou guide
Arcturus with his sons ¢’

357. The constellations are divided into ancient and
modern. According to Ptolemy’s catalogue, the ancients
had only 48 constellations; but being found convenient
in the study of the heavens, new ones were added to
the list, composed of stars not yet made up into hydras
and dragons, till there a»e now scarcely stars or room
enough left to construct the smallest new constellation,
in all the spacions heavens. The present number,
according to the catalogue of the Observatory Royal of
Paris, is 93.

358. The constellations are further divided into the
Zodiacal, Northern, and Southern. The zodiacal con-
stellations are those which lie in the sun’s apparent path,
or along the line of the zodiac. The northern are those
which are situated between the zodiacal and the north

ole of the heavens; and the southern, those which lie

etween the zodiacal and the south pole of the heavens.
They are distributed as follows—viz,, 12 zodiacal, 35
rorthern, and 46 southern,

This division is convenient for reference: but in tracing the constellations in the
heavens, or upon a map. it is better to begin with those that are on or near the meridian,
and proceed eastward, taking northern and southern together, so far as they are 4. view,
And where classes in astronomy are organized during the fall months, it will be found
ltlldvsnmgeo;ls to begin with the constellations that are in view at seasonable hours during

Jose months.

359. In consequence of the eastward motion of the
earth in its annual revolution, the constellations rise ear-
lier and earlier every night ; so that if an observer were
to watch the stars from the same position for a whole
year, he would see each constellation, in turn, coming to
the meridian at midnight (or at any other hour fixed

857. How are the constellations classified ? How many of eacn? Inull?

858. How further classitied? Describe each. How many of each? (Whut
said in note ?)

859. What said of the rising of the constellations? How proceed in de
sribing and tracing 1
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upon), till he had seen the whole panorama of the lieav-
ens. Beginning, therefore, with the constellations that
are on or near the meridian at 9 o’clock, on the 15th ot
November, and going eastward, we shall now proceed
with our description of the constellations.

OCTOBER, NOVEMBER, AND DECEMBER.

# 860. ANprOMEDA.—Almost directly over head, at 9
o’clock, on the 15th of November, may be seen the con-
stellation Andromeda. The figure is that of a woman
in a sitting posture, with her head to the southwest.
Andromeda may be known by three stars of the second
magnitude, situated about 12° apart, nearly in 2 straight
line, and extending from east to west. The middle star
of the three is situated in her girdle, and is called
Mirach. The one west of Miracﬁ is Alpheratz, in the
head of Andromeda; and the eastern one, called Al-
maak, is in her lft foot. The star iu her Lead is in the 3
equinoctial colure. The three largest stars in this con- i
stellativn are of the second magnitude. Near Mirach, /

are two stars of the third and fourth magnitudes, and the L
three in a row constitute the girdle. |

This constellation embraces 66 stars, of which three are of the 20 magnitnde, two of !
the 3d, and the rest small. About 2° from », at the nurthwestern extremity of the

rdle, is & remarkable cluster or nebula of very minute stars, and the only one of the

ind which is ever visible to the naked eve. It resembles two cones of light, joined at

their base, about 3° in length, and 1° in breadth. :

~—"7361. Prcasus (the Flying Ilorse)—The figure is the———

« - head and fore parts of a Aorse, with wings. The three ¥
principal stars are of the 2d magnitude—viz., Algendd, | _
about 15° south of Alpheratz, in Andromeda; Markab, |

‘ about 18° west of Algenib; and Skeat, 15° north «of. /

~° Markab. These three, with Alpherat in Andromeda,
form what is called the Square of Pegasus. The head
“of the figure is to the scuthwest, almost in a line with
Algenib and Markab, and about 20° from the latter. \‘

860. Constollutions on the meridian, in what months taken up? An
dromedu—where xitunted ¢ Figure?  Powsition? Ilow known? Nome
p];ilncip‘:;l stars. (llow muny sturs in constellation? What cluster, snd
#here

861. Figure of Pegasus? Principal stars? How situated? Forming
what? How the horse situated? His head whero

\
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362. Psoxs (the Fishes) consists of two fishes, distin-

ished as the mortkern and western, connected by an
irregular line of stars.

The Western Fish is situated directly south of the
square of Pegasus—is about 20° long, with its head to
the west.. It includes & number of small stars, just
south of Pegasus.

The Nort Fish is about the same size, with its
head near Mirach in Andromeda, and its body extendin
to the south. This, also, includes small stars only, an
is by no means conspicuous.

The flewure or wlbgm, uniting the tails of the northern
and western fishes, extends eastward trom the latter, from
star to star, till it comes opposite the former, when it
turns to the north, taking several small stars in its way,
till it joins the northern fish.

363. Aquarius (the Water-bearer) is represented by
the figure of a man in a reclining posture, with his head
to the northwest. Its four largest stars are of the third
magunitude. It is situated directly south of the head of
Pegasus, and from 5° to 30° north of a star of the first
magnitude, in the southern fish. Three of the principal
stars of Aqnarius are near each other in the water-pot
which he holds in his right hand.
~ 364. Pscis AusteaLs (the Southern Fish) is situated
directly south of Aquarius. Its largest star is Fomal-
haut, of the 1st magnitude, which constitutes the eye of
the fish. The body extends westward about 20°.

365. Grus (the Crane) is situated directly south of the
southern fish, with its head to the north. It is composed
of a few stars only, of the fourth magnitude. As it is
45° south of the equinoctial, it appears low down in the
south to persons situated in the Middle or Eastern States.

866. Trr Pr@ENIx is about 25° east of the Crane. It

862. Describe Pisces. The Western Fish? The Northern? Flexure?

868. Figure of Agquariue? Largest stars? Situation and extent? Fur-
ther dexcription.

864. Pisces Australis—largest star? Situation of figure !

865. @Grus—how situated? Where? Composition ¢

866. Situation of the Phaniz? Principal stars



176 ASTRONOMY.

has two stars of the 2d magnitude, about 12° apart east
and west. The most western of these,in the neck of the
bird, is about 25° southeast of Fomalhaut, in the South-
ern Fish. The other stars of the figure are of the 3d
and 4th magnitudes. x——

ZZZZ:% 367. CassiopEiA (the Queen).—About 30° northeast o&:‘ B

2t -, pAndromeda is Cassiopeia. The figure is that of a an

(¢ Andromeda is Cassiop g wom

{i¢ hrw Bitting in a chair, with her head from the pole, and her X
4 deody in the Milky Way. Its four largest stars are of ™~
_ “"“““the 3d magnitude.

“'" --—368. Perseus (the King)—Directly north of the
“seven stars,” and east of Andromeda, is Perseus. The
figure is that of a man with a sword in his right hand,
and the head of Medusa in his left. _Algol, a star of the
2d magnitude, is about 18° from the Pleiades (or seven
stars), in the head of Medusa ; and 9° northeast of Al-

ol 18 Algenid, of the same magnitude, in the back of
erseus. It embraces four other stars of the third mag-
nitude, besides many smaller.

—869. Musca (the Fly) is about 12° south of Medusa’s
head. It is a very small constellation, embracing one
star of the 2d magnitude, two of the 3d, and a few
smaller.

- ~—=——370. TrE Triancres include a few small stars, about—j(—'"'-'
half-way between Musca in the southeast, and Mirach in '
Andromeda in the northwest. Its two principal sta
are of the 83d magnitude.

—-—=-"371. Aries (the Ram)—The head of Aries is about—  ~
10° south of the Triangles. It may be known by two >
stars about 4° apart, of the 3d and 4th magnitudes. The
most northeasterly of.the two is the brightest, and is
called @ Arietis. The back of the figure is to the north, N
and the body extends eastward almost to the Pleiades.

~

S—
867. Where is Cassiopeia? Figure? Situation? Largest stars?
863. ?Peraeua—ﬂgure fﬂ{l‘wo principal stars? Names? Situation? Mag-
nitude
369. Where is Musca # Size? Composition ?
870. The Triangles—where? Principal stars ?
871. Where is Aries? low known? Which of two principal stan
brightost{ Namo? How figure situated? Extent?
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872. Cerus (the Whale).—Directly southeast of Ari-
etis, and about 25° distant, is Menkar, a star of the 2d
magnitude, in the mouth of Cetus. This is the larges:
constellation in the heavens. It is situated below o1
south of Aries. It is represented with its head to the
east, and ‘extends 50° east and west, with an average
breadth of 20°. The %ead of Cetus may be known by
five remarkable stars, 4° and 5° apart, and so situated as
to form a regular pentagon, or five-sided figure. About
40° southwest of Efenkar, is another star in the body ot
the figure, near which are four small stars nearly in a
row, and close together, running east and west.

Passing eastward, we next take the constellations that
are on the meridian in

JANUARY, FEBRUARY, AND MARCH.

\/ 873. Tauvrus (the Bull) will be readil}); found- by the
seven stars or Pletades, which lie in his neck. The
largest star in Taurus is Aldebaran, in the Bull’s eye, a
star of the first magnitude, of a reddish color, somewhat
resembling the planet Mars. Aldebaran, and four other
stars in the face of Taurus, compose the Hyades. They

,are so placed as to form the letter V.

™ 874. Orion lies southeast of Taurus, and is one of the
most conspicuous and beautiful of the constellations. The
figure is that of a man in the act of assaulting the bull,
with a sword in his belt, and a club in his right hand.
It contains two stars of the first magnitude, four of the
second, three of the third, and fifteen of the fourth. Be-

,,-/ = telguese forms the right, and Bellatrix the left shoulder.
A loose cluster of small stars forms the head. Three
small stars, forming a straight line about 3° in length,
constitute the del?, called by Job ¢ the bands of Orion.”
They are sometimes called the Zhree Kings, Lecause
they point out the Hyades and P’leiades on the one hand,

872. Cetus—what star pointed out? Size of constellation? Situation
Extent? How know its head? What other star pointed out? What cuu-
stellations next described in order? .

878. Taurus—how found? Largeststar? Hyades?

874, Orion~situation? Characters Figuref Compouition?
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and Sirius on the other. A row of very small stars runs
down from the belt, forming the sword. These, with the
stars of the belt, are sometimes called the E/l and
Yard. Mintaka, the northernmnost star in the belt, is
less than 1° south of the equinoctial. ZRigel, a bright
star of the first magnitude, is in the left foot, 15° south
of Bellatrix ; and Sasph, of the third magnitude, is situ-
ated in the right knee, 84° east of' Rigel.

375. Lerus (the Hare) is directly south of and near
Orion. It may be known by four stars of the third mag-
nitude, in the form of an irregular square. Zeta, of the
fourth magnitude, is the first star, situated in the back,

-and about 5° south of Saiph in Orion. About the same
distance below Zeta are the four principal stars, in the
legs and feet.

376. CorvyBa Noacnr (Noah’s Dove) lies about 16°
south "of Lepus. It contains but four stars, of which
DLhaet is the brightest. It lies on the right, a little
higher than Beta, the next brightest. This last may be
known by a small star just east of it.

377. Ermaxus (the River I’0) is a large and irregular
constellation, very difticult to trace. It is 130° in length,
and is divided into the northern and southern streams.
The former lies between Orion and Cetus, commencing
near Rigel in the foot of Orion, and flowing out westerly
in a serpentine course, near 40°, to the Whale.

———878. Canis MaJor (the Greater Dog) lies southeast of

- © Orion, and may be readily found by the brilliancy of its

principal star, Sir¢us. This is the largest of the fixed

. stars, and was once supposed to be the nearest to the

solar system. Several others are now supposed to be
~————Tearer.

379. Arco Navs (the Ship Argo) is a large and

splendid constellation southeast of Sirius, but so low down

in the south that but little of it can be seen in the United

875, Where is Lepus? Tlow known? Describe.

876. Culumba Nouchi—situation? Composition $

877. Describe Lridunus. Length? Division? Situation?

873, Where is Conir Mujor situuted ? -Ilow found ! What of Sirivs?
879. Describe dran Nuris. Whero sitnated 7 Prinelpal sturs aud whera
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States. It lies southeast of Canis Major, and may be
known by the stars in the prow of the ship. Markeb, of
the fourth magnitude, is 16° southeast of Sirius, Nace
and y, still turther south, are of the second magnitude,
and Cunopus and Miaplacidus of the first.

77 .7 7880. Canis Mivor (the Lesser Dog) is situated about

& [/ 23° northeast of Sirius, and between Canis Major and

Lr’v%"vCancer. It is a small constellation, having one star,

" Procyon, of the 1st magnitude, and Gomelza, of the 2d.

© - 77881. MonocEros (tlie Unicorn).—A little more than
half way from Procyon to Betelguese in Orion, are three
stars in a row, about 4° apart, and of the 4th magnitude.
They extend from northeast to southwest, and constitute
the face of Monoceros. His head is to the west, with
Canis Minor on his back, and his hind feet about 25°
southeast of Procyon. It is a large constellation, with
but few stars, and those mostly small.

382. Hypra (the Water Serpent).—About 20° east of
Procyon are four stars of the fourth magnitude, situated
about 4° apart, and so as to form a déamond; the longer
axis running east and west. These constitute the kead
of Hydra, which points to the west. The figure extends
to the south and east more than 100°, taking in an ir-
regular line of stars of the 3d and 4th magnitudes. The
largest star is about 15° southeast of the head. It is of
the 2d magnitude, and is called Alphard.

383. Cancer (the Crab) is the least remarkable of the
zodiacal constellations. It is situated about 15° north of
the diamond in Hydra. It has no stars larger than the
8d magnitude, and is distinguished for a group of small
stars called the Nebula of Cancer, which is often mis-
taken for a comet. A common telescope resolves this
nebula into a beautiful assemblage of bright stars.

884. Grmin (the Twins) may be known by two bright

880. Canis Minor—where? Describe.

881, Where is Munoceros? How situated? Composed? Character?

882. Where is the head of Hydra? How formed? Extentand position §
Largest star?

883. Describe Cancer., Situation? Composition? For what distin-
gnished
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—stars of the 2d magnitude—one in the head of esck

‘ ~&uﬁgure. They are abont 5° apart; the northeasterly oune,

and the brightest of the two, bemo' about 25° due north

of Procyon. This is Pollue; and “the other one is called

)rw{ Castor. The bodies of the Twins extend from Castor

v, +v- and Pollux about 15° to the southwest, or toward Betel-
__guese, in the right shoulder of Orion.

“This constellation,” says Dr. Adam Clark, “ was deemed propitions to mariners ;"
and on this account, the ship in which 8t. Panl sailed from Alexandrin (Acts xxviii. ll)
bad the sign of Castor and Polirx,

385. HerscHEL’s TELESCOPE covers two stars of the 5th
magnitude, near each other, and about 10° north of Cas-
tor; and one other star of the same magnitude, about
10° northwest of the two first named. It is a small affair
to immortalize Herschel’s grand telescope.

386. Tue Lynx is situated between Gemini and Can-
cer on the south, and the Pole in the north, the head
being to the northwest. It has no stars l.u'ger than the
4th magmtude, and these are in two pairs—the first 15°
northeast of Cancer, and the other 30° north of it. It is
a loose and tame constellation, with nothing striking or
peculiar by which it may be 1dent1ﬁed

387. CaMerorarDALUS (the Camelopard) extends from
Perseus to the Pole. - This, too, is a tame and uninterest-
ing constellation, with but few stars in it, and those of
the 4th magnitude, or less. The hind feet of the figure
touch the Milky Way, and the head is composed of two
stars of the 5th magnitude, 5° and 10° from the Pole
star, toward the “ dipper” in the Great Bear.

We now pass eastward to constellations that are on the
meridian in

sl

APRIL, MAY, AND JUNE. -
\{\ 388. Ursa MaJor (the Great Bear) is one}[ﬁme most
conspicuous in the northern heavens. It may be known

834. Gemini—how known? Numes and situation of principul stars? Of
figures? (Note.)

385. Herschel's Telescope—where? Character?

886. Situation of the Lynx? Position? Character ?

887. Position of Cumelopardalis? Extent? Character? Where the feet?
l'huhhle::d and how composed? What range of constellutions next de-
scribhec :
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by the figure of a large dipper, which constitutes the
ninder part of the animal. This dipper is composed of
seven stars. - The first, in the end of the handle, is called
Benetnash, and is of the 2d magnitude. The next is
Mizar, known by a minute star almost touching it, called
Alcor. Mzizaris a double star. The third in the handle
is Alioth. The first star in the bowl of the dipper, at
the junction of the handle, is Megrez. Passing to the
bottom of the dipper, we find Phad and Merak, while
Dubhe forms the rim opposite the handle. Merak and
Dubhe are called the Pounters, because they always point
toward the Pole star. The Aead of the Great Bear lies
far to the west of the Pointers (apparently ezsz when
seen below the Pole), and is compose(F of numerous small
stars ; while the feet are severally composed of two small
stars, very near to each other. Megrez in Ursa Major,
and Caph in Cassiopeia, are almost exactly opposite each
other, on different sides of the Pole star, and about
equally distant from it. They are both in the equinoc-
tial colure.

389. Leo (the Lion).—About 55° southwest of the
Pointers is Fegulus, a star of the 1st magnitude, in the
breast of Leo. This star is situated directly in the
ecliptic. The Aead of the figure is to the west, the back
being to the south. North of Regulus are several bright
stars, in the form of a sickle, of which Regulus is the
handle. Denebola is a bright star of the 2d magnitude,
in the Lion’s tail, about 25° northeast of Regn%:l)s, and
85° west of Arcturus.

390. Leo Minor (the Lesser Lion) is a small cluster
of stars, of which one is of the 3d, and others of the 5th
 magnitude, about half way between Regulus and the
Pointers. The head of the figure is northwest, and the
principal stars form the body in the east, and the fore
paws, which are extended to.the west.

888. Describe [rsa Major. How known? Names of principal starsi
Which are the Pointers? =~ What said of Megrez and Coph ¥

8%y, Where is Regulus? In what constellation? How sitnated? Mayni-
tmde? How Leo placed? Where is the sickle? How coustituted? Where
is Denelola ? .

890. Describe Lev Minor. Where and how situated

16

N
A Y



182 , ASTRONOMY.

391. Coua Berenices (Berenices’ Hair) is & beantiful
cluster of small stars, about 20° northeast of Denebola,
and halt way trom Leo Minor to Arcturus. It has but
one star as large as the 4th magnitude.

392. Cor Carorr (Charles’s Heart) is a bright star of
the 3d magnicude, about 12° north of Coma Berenices.
The figure includes several other stars, east and west, of
the 5t§ magnitude.

393. Bootes (the Bear-driver) is directly east of Coma
Berenices. The figure is that of a man, with his head
toward the Pole, and Arcturus, a star of the 1st magni-
tude, in the left knee. The other stars are of the 8d and
4th magnitudes. Three small stars, forming a triangle,
and situated 15° northeast of Arcturus, mark the right
hand of the figure ; while two stars of the 3d and 4th
magnitudes, and still further north, mark his shoulders.
The head is marked by Nekkar, another star of the 3d
magnitude.

394. Vireo (the Virgin) lies directly south of Coma
Berenices and Bootes. The figure is that of a woman
with wings, with her head to the west, near Denebola in
Leo; and her feet about 40° to the east. Spica, the prin-
cipal star, is of the 1st magnitude, about 35° southwest
of Arcturus.

395. CraTEr (the Cup) is composed of six small stars
30° west of Spica. The largest is of the 4th magnitude.

396. Corvus(the Crow) is still nearer, being only 15°
southwest of Spica. It has two stars of the 3d magni-
tude, and three of the 4th.

397. Lisra (the Balance) is about 25° east of Spica.
It has two stars of the 2d magnitude, about 10° apart,
which, with two others of the 3d magnitude southeast o

891. Coma Berenices—character? Situation?

842. Cor Corvli—principal star? Situation?

893. Where is Bootes? Figure? Position? Principal stars?

8v4. Where is Virgo sitnated? Figure? Position? Principal stars?
. 895. Crater—how wsituated ¢ Largest star ?

896. Corvis—where? Composition ¢

897. Where is Zibra? Composition
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‘them, form a small quadrilateral figure. Its few remain-
ing stare are at the east, and of the 4th magnitude.

398. Centaurus (the Centaur) is a fine compact con-
stellation about 30° south or svutheast of Spica. It has
nine stars of the 3d magnitude, mostly in the head of
the figure. It is too low m the south to be visible in the
United States, except when near the meridian.

N~ JULY, AUGUST, AND SEPTEMBER.

399. Ursa Mivor (the Lesser Bear) is composed of a
few stars near the north pole of the heavens, and mostly
of the 3d and 4th magnitudes. The back of the figure
is toward the pole, with its head to the west. The ‘i'olc
star, of the 2(130 magnitude, is in the extremity of its tail.

400. Draco (the Dragon) is an irregular serpentine con
stellation, embracing a large cireuit in the polar regions.
He winds round between the Great and Little Bear, and,
commencing with the tail, between the Pointers and Pole
star, is easily traced, by a succession of bright stars
extending from west to east. Dassing south of Ursa
Minor, around nearly to Cepheus, it returns westward,
and terminates in four stars, which form the head, near
the foot of Hercules. These four stars are 8°, 4°, and 5°
apart, so situated as to forin an irregularsquare ; the two
upper ones, Etamis and Rastaben, being the brightest,
and both of the 2d magnitude.

401. Hercures (the Giant) is a large, but not very
striking or conspicuous constellation. e figure is that
of a giant, with a large club in his right hand, and a
hydrain his left. The head of the figure is to the south,
and the whole is composed of stars from the 2d to the 4th
magnitude. This constellation is thickly set with stars,
the largest of which is called Zasalgethi, in the head

898. Describe Centaurus. Position? Compnsition?

899. Ursa Minor—position? Principal star ?

400. Draco—position? How traced? Where head? How composed 1
Form what ? _

401, Hercules—figure? Situation? Composition ? Principal star? Num-
dur of stars ? :
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of the figure, and is of the 2d magnitude. It has nine
stars of, the 3d magnitude, and 19 of the 4th.

% 402/601: NA Borravs (the Northern Crown) is about
15° west of the middle of Hercules. Its principal star
is Alphacca, a bright star of the 2d magnitude, about
20° northeast of Arcturus. About the same distance,
directly east of Arcturus, is a small group of stars, which
coustitute the head of the Serpent.

403. Scorrro (the Scorpion) is one of the most interest
ing and splendid of the constellations. It is situated
about 45° east of Spica, adjoining Libra. The head ot
the figure is composed of five stars—one of the 2d, and
the others of the 3d magnitude—forming an arc of a cir-
cle convex to the west. The largest of these five stars is
in the ecliptic, and is called Graffias. About 9° south-
east of Graffias is Antares, a star of the 1st magnitude,
in the body of the figure, and of a reddish color. A
number of bright stars of the 4th magnitude extend to
the southeast into the Milky Way, and then curve around
to the east and north, forming the tail of Scorpio.

404. Lupus (the Wolf) consists of a small group ot
stars, about 15° southwest of Antares. The head of the
figure is to the north.

405. SerpENTARIUS (the Serpent-bearer) is a large but
uninteresting coustellation, between Scorpio on the south,
and Hercules on the north. | The figure is that of a man

rasping a serpent, the head of which has already been
.geecribed (402). The folds of the serpent may be traced
by a succession of bright stars extending for some dis-
tance to the east. The principal star in Serpentarius is or
the 2d magnitude, an(l is called Ras Alhague. It is
situated in the Aead of the figure, and within 5° of Ra-
salgethi, in the head of Ilercules. The feet of the figure

402, Coroni Borealis—location? Principal star? What other group of
stars mentioned ?

403, Describe Seorpio: Situation? Comporition? Largest star in headd
What other large star ¢ Position and composition of’ tuil ¢

404. Lepus—composition? Position ¢

405, Serpentarius—situntion? Figure? DPrincipal star? Situation?
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rest upon Scorpio, and the right shoulder touches the

Milky Way. : *
406. Lyra (the Harp) is a small constellation 15° east £
Hercules. Its principal star is Vega, of the 1st mag-

nitude, one of the brightest stars in the northern hemi-

sphere. It has two stars of the 3d magnitude, and sev- A

eral others of the 4th. .

407. Cyonus, (the Swan) is situated directly east of
ra. Three bright stars, which lie along the Milky
* Way, form the fody and neck of the Swan, running
northeast and southwest; and two others, at right angles,
in a line with the middle one of the three, constitute the
wings. These five stars form a large cross. Arided, in £
the body of the Swan, is a star of the 1st magnitude,
and the remaining ones of the constellation are of the
8d and 4th. :

408. Tue Fox anDp Goosk is located just south of Cyg-
nus, with the head to the west. It is's small constella-
tion ; the two principal stars of which, of the 2d magni-
tude, form the head of the Fox. Most of the figure is
in the Milky Way.

Xt 409. Aquira (the Eagie) is still south of Cygnus and
he Fox. It is conspicuous for three bright stars in its
neck, of which the central one, Altair, is a Drilliant
white star of the first magnitude, just east of the Galaxy.

¥ y/410. Derpaivus (the Dolphin) is a beautiful little clus-
of stars, 15° northeast of the Eagle. It may be
known by four principal stars in the zilead, of the 3d

Xmagnitude, arranged in the figure of a diamond, and
pointing northeast and southwest. A star of the same

X magnitude, about 5° south, makes the tail.

411. AnmiNous lies directly south of Aquila, his head
being near Altair, and the body and feet to the south-
west. Two stars of the 3d magnitude constitute the right

406. a—situation? Principal star? What others ? /)
407. (ygnus—situation? Cowposition? Vs .
408. For and Goose—location ? ~ Position of figure? ) P y
409. Aquile—where? For what conspicuous :

410. Describe Delphinus. How known? - - .
411. Antonius—situation? How pln;ed ? Composition? / ¢
. 16 - ’
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arm, and several smaller ones make the bow and arrows
beld in his hand.

412. Sacrrrarius (the Archer) lies next to Scorpio, and
may be known by three stars in the Galaxy, arranged in .
a curve, to represent the bow of the archer. The central
star is the brightest, and has a bright star directly west
of it, forming the head of the arrow. The head and
chest of Sagittarius are just east of the Milky Way, be-
tween the tail of Scorpio and the head of Capricornus.

413. Carricornus (the Goat) is situated about 20°
northeast of Sagittarius. The head of the figuze is to
the west, and is composed of two bright stars, of the 3d
magnitude, and about 4° apart. There is a smaller star
:)ftween them, and several still smaller close around

em. ‘

‘414, Crux (the Cross) is a brilliant little constellation,
but too far south to be visible to us at the north. It con-
sists of four princfpal stars—namely, one of the 1st, two
of the 2d, and one of the 3d magnitude.

Besides these, there are al fine llations about the south pole of the heav-
ens, as the Altar, the Peacock, Charles's Ouk, &c. ; but as they cannot be traced from
:hh:n:.aﬁmdu in which this book will be used, it is thought not important to describe

412. Sagittarius—where? How known? .

418. Cupricornus—where? Position of ﬁ%;lref Oou;?osition!

414, Oruv—describe. Composition ? hat said of south circurapclar
eonstellutions? Names?! Why not described #)
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CHAPTER III,
JOUBLE, VARIABLE, AND TEMPORARY STARS, BINARY SYSTEMS, ETC

415. Many of the stars which, to the naked eye, ap-
pear single, are found, when examined by the aid of a
telescupe, to consist of two or more stars, in a state ot
near proximity to each other. These are called Double
Stars. When three or more stars are found thus closely
connected, they are called Zriple or Multiple Stars.

416. Double and triple stars are supposed to be consti-
tuted in two ways—first, by actual contiguity; and
secondly, where they are only near the same line of
vision, one of the component stars being far beyond the
‘other. In the former case, they are said to be phAysically
double, from the belief that they are bound together by
attraction, and that one revolves around the other ; while
3.1 thle latter case, they are considered as only optically

ouble.

STARS OPTICALLY DOUBLE.

Apparent positions. True positions,
.......................................... *
P 3 - -
N B

Here the observer on the left soes a large and small star at A, apparently near toge-
ther—the lowest star being much the smnallest. But instead of their being situated as
they %)pear to b? with respect to each other, the true position of the smaller star may »
be at B instead of A ; and the difference in their appurent magnitudes may be wholly
owing to the greater distance of the lower star.

Upon this subject Dr. Herschel remarks, that this nearness of the stars to each other,
in certain cases, might be attributed to some accidental cause, did it occur only in a few
! ; but the freq y of this panionship, the extreme closencss, and, in
many cases, the near equality of the stars so conjoined, would alone lead to a strong
suspicion of a more near and intimate relation than mere casual juxtaposition.

415. What said of double, tr(ifle, and multiple stars ?

416. How are they su to be constituted? How distinguished
(Illustrate by diagram. Kewnark of Dr. Herschel? How many specimer
of double stars giveu ¢)
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The following will convey to the student an idea of the telescopic appearance of some
of the double stars:

SPECIMENS OF DOUBLE STARS.

¥ 417. A is a double star in Ursa Minor, commonly
known as the Pole star. It consists of a star of the 2d,
and another of the 9th magnitude, situated about 18
apart, or about four times the diameter of the larger
star. They are both of a silvery white. It requires a
pretty good telescope to show this star double; henee it
18 considered a very good fest object by which to ascer-
tain the qualities of a telescope, especially of the low-
priced refractors.

The writer has often seen the companion of the Pole star distinctly, with a six-iuch
refracting telescope, manufactured by Mr. Henry Fitz, New York.

418. B is a view of the double star Castor, in the
Twins. The stars are of a greenish white, of the 3d and
4th magnitudes, and about 5”, or two diameters of the
principal star, apart. This also is considered a good
test object. Through ordinary telescopes, the stars seem
to be in contact; but with those of higher power, they
appear fairly divided. These stars constitute what is
calied a Binary System.

\. 419. C is a representation of Mizar, the middle star,
in the tail of the Great Bear. It may be seen double
with a good spy-glass. The stars are both of a greenish
white, of the 3d and 4th magnitudes, and " about 14"
apart. Mizar has sometimes been seen without & com-
panion, and at other times it has been known suddenly
to appear. The companion is not Alcor, near Mizar, and
visible to the naked eye, but a telescopic star.

417. What is Fig. A in the cut? How composed? Color? Howsecn?
(Remark of author in note ?)

418. Fig. B—color? Magnitudes? Distance apart? Further remark?

419.kf|1g. C—how seen? Color? Magnitude? Distance? A<ditioual
remar,
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420. D is a view of the double star Mintaka, the mid-
dle star of the three forming the belt of Orion. The
component stars are of the 4th and 8th magnitudes—the
largest of a reddish hue, and the small one white. They
are about 10” apart, or four times the diameter of the
largest star. :

€421, E is a view of Rigel, in the left foot of Orion.
The components are of the 1st and 9th magnitudes, and
about 10” apart. Their color is a yellowish white.

» 422. F is a view of the bright star Vega, in the Lyre.
Its companion is a star of the 11th magnitude, sitnated
about 40" distant. This is a close test object for an ordi-
nary telescope.

¥ 423. Tue number of double stars has been various!
estimated. Sir William Herschel enumerates upwards
of 500, the individuals of which are within 30" of each
other. Professor Struve of Dorpat estimated the num-
ber at about 3,000 ; and more recent observations fix the
number at not less than 6,000. The great number of the
double stars first led astronomers to suspect a physical
counection by the laws of gravitation, and also a revolu-
tion of star around star, as the planets revolve around
the sun.

BINARY AND OTHER SYSTEMS.

. 424. By carefully noting the relative distances and
angular positions of double and multiple stars, for a se-
ries of years, it has been found that many of them have
their periodic revolutions around each other. Where
two stars are found in a state of revolution abuut a com-
men center, they constitute what is called a Binary Sys-
tem. These, it must be remembered, are the dowble and
multiple stars, which appear single to the naked eye.
Sir \{ Herschel noticed about 50 instances of changes
in the angular position of double stars; and the revolu

420. Fig. D—describe. Magnitude? Color? Distance?
421. Fig. E—place! Components? Distunce? Colort
422. Fig. F—com(}mnion?

423. Number of double stars? Led to what?

434, Mwtions of double sturs? What arc dinary syatems ?



190 ASTRONOMY.

tion of some eightern of these is considered certain.
Their periods vary from 40 to 1,200 years.

425. The star numbered 70 in the Serpent-bearer is a
binary system. The periodic time of the revolving star
is about 93 years. In the course of its revolution, the
two stars sometimes appear separated, sometimes very
near together, and at other times as one star. They are
of' the 5th and 6th magnitudes, and of a yellowish hue.

X 426. The star §, in the left hind paw of Trea Maior
is une of these stellar systems. The revolution of its
component stars began to be noticed in 1781: since
which time they have made one cowplete revoiution,
and are now (1853) some fourtcen years on the second.
Of course, then, their periodic time is about 58 years.

Their angular motion is about 6° 24’ per year.

Dr. Dick supposes these stars to be some 200,000,000,000 miles apart; and upon the
supposition that tho smaller revolves around the latter, computes its velocity to be 107
less than 2,471,000 miles every nour. This would be 85 times the velocity of Jupi.er
and 23 times the velocity of Mer«ury—the swiftest planet in the solar system.

427. The star y in Virgo is another of these systems.
It has been known ag a double star for at least 130 years.
The two stars are both of the 3d magnitude, and of a
yellowish color. The late E. P. Mason, of Yale College,
estimated its period at 171 years. More recent observa
tions and estimates by Madler give a period of 145
years.

428. “To some minds, not accustomed to deep reflec
tion,” says Dr. Dick, * it may appear a very trivial fact
to behold a small and scarcely distinguishable point of
light immediately adjacent to a larger star, and to be in-
formed that this lucid point revolves around its larger
attendant; but this phenomenon, minute and trivial as
it may at first sight appear, proclaims the astonishing
fact, that suns revolve around suns, and systems around
systems.  This is a comparatively new idea, derived from
our late sidereal investigations, and forms one of the

425, Describe 70 Ophiuchi?
426 What ageoimen described? Period? Yearly angular motion? (Lr.
Dick’s remark ?)
P 427. What other binary system? How long known? Cowponeuts?
eriod ¢ .
428. Quotation from Dr. Dick.
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most sublime conceptions which the modern discoveries
of astronomy have imparted.

429. “It undoubtedly conveys a very sublime idea,
to contemplate such a globe as the planet Jupiter—a
body thirteen hundred times larger than the earth—re-
volving around the sun, at the rate of twenty-nine thou-
sand miles every hour; and the planet Saturn, with its
rings and moons, revolving in a similar manner round
this central orb, in an orbit five thousand six hundred
and ninety millions of miles in circumference. But how
much more august and overpowering the conception of a
sun revolving around another. sun—of a sun encircled
with a retinue of huge planetary bodies, all in rapid mo-
tion, revolving round a distant sun, over a circumnference
a hundred times larger than what has been now stated,
and with a velocity perhaps a hundred times greater than
that of either Jupiter or Saturn, and carrying all its
planets, satellites, comets, or other globes, along with it in
its swift career! Such a sun, too, may as far exceed
these planets in size as our sun transcends in magnitude
either this earth or the planet Venus; the bulk of any
one of which scarcely amounts to the thirteen-hundred-
zhousandth part of the solar orb which enlightens our

ay.

430. “The further we advance in our explorations of
the distant regions of space, and the more minute and
specific our investigations are, the more august and as-
tonishing are the scenes which open to our view, and the
more elevated do our conceptions become of the gran-
deur of that Almighty Being who ¢marshalled all the
starry hosts,” and of the &?%m’ty and variety of ar-
rangements he has introduced into his vast creation.
And this consideration ought to serve as an argument
to every raticnal being, both in a scientific and a reli-
gious point of view, to stimulate him to a study of the
c perations of the Most High, who is ¢ wonderful in coun-
sel, and excellent in working,” and whose works in every

429, What further remarks ? R .
430, Continue guotation. (What table? Nota?) .



(2 e E Urse Majoris 5826 || a Hercules ...| 381-468

193 ASTRONOMY.

part of his dominions adumbrate the glory of his perfec-
tions, and proclaim the depths of his wisdow, and the
greatness of his power.”

The following table shows the periodic times of the
principal binary systems, so far as known:

BINARY SYSTEMS.

Period in Period in
years. Names. yosrs.

n Coronse. ... 4340 || w Leonis . ....| 82533
¢ Cancri ....| 5500 | #Bootes.....|[117-140

Names.

70 Ophiuchi...| 9300 {f b Urse Majoris| 58262
61 %ygni ceees| 45200 ([ ¢« “ 'l 61464
y Virginis ...| 14500 E Ophiuchi...| 73862
Castor.....| 28600 “ ...] 80340

¢ Corons....| 14500 || c “ o ...| 92870
y Leonis. .. ..|1200:00 || 8 Corona. ... |60845C

The student should here be reminded that these are not systems of planets revolving
around suns, but of sun revelving around sun; and that their component stars may
not only be as far apart as our sun and 8irius, but that they are probably each the center
of his own planetary system, like that which revolves around our central orb.

431. Besides the revolutions of these double stars
around each other, they are found to have a proper mo-
tion together in space, like that which our sun has around
the great central Sun. Upon this subject Sir John Her-
schel observes, that these stars not only revolve .around
each other, or about their common center of gravity, but
that they are also transferred, without parting company,
by a progressive motion common to both, toward some
determinate region.

The two stars of 61 Cygni, which are nenrly equal, have remained constantly at the
satue, or very nearly the same, distance of 157, for at least 50 years Past. Meanwhiie,
they have shitted their local situation in the heavens, in this interval of time, through
10 less than 4’ 23" —the annual proper motion of each star being 5.8; by which quan-
sty (exceeding a third of their interval) this system is every year carried bodily along
in some unknoan path, by & motion which, for many centuries, must be regarded as
aviform and rectilinear. Among stars not double, and no way differing from the rest in
any other obvious particular, . Cassiopei® is to be remarked as having the greatest
prope~ rotion of any yet ascertained, amounting to 8”.74 of annual displscement.

431. What other motion of thestars? Dr, Herschel? (Specimenin nota?
;l:;iom;)? What star nawmed as having the greutest proper motion of any yet
wa - :

C et et el
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432. Dut though motions which require whole centu-
ries to accumulate before they produce changes of ar-
rangewment, such as the naked eye can detect, are quite
sufficient to destroy that idea of mathematical fixity
which precludes speculation, yet are they too trifling, so
far as practical applications go, to induce a change o.
lan%'uage, and lead us to speak of the stars, in common
parlance, as otherwise than fixed.

433. Most of the double, triple, and multiple stars are
of various colors, beautifully contrasting with each pther.
% ——————— Other suns, perhapes,
With their attendant moons
Communicating male and female light,

(Which two great sexes animate the world,)
Stored in each orb, perhaps, with some that live.”

It is probable, however, that, in most cases, this variet;
of colors is merely complimentary, in accordance wit
that general law of optics which provides that when the
retina is under the influence of excitement, by any bright
colored lights, feebler lights, which, seen alone, would
produce no sensation but of whiteness, shall for the time
appear colored with the tint complimentary to that of
the brighter. Thus, if a yellow color predominate in
the light of the brighter star, that of the less bright one
in the same field of view will appear blue ; while, if the
tint of the brighter star verge to crimson, that of the
other will exhibit a tendency to green, or even appear as
u vivid green, under favorable circumstances.

434. This first law of contrast is beautifully exhibited
by s+ Cancri—the latter by y Andromede; both fine
double stars. If, however, the colored star be much
the less bright of the two, it will not materially affect
the other. ﬁ‘hus, for instance, 4 Cassiopeise exhigits the
beautiful combination of a large white star, and a small
one of a rich ruddy purple.

It is by no means, however, intended to say, that in all such cases one of the colors
io a mere effect of contrast; and it may be easier suggested in words than conceived in

422. Why called ¢ fixed stars,” if in motion ?
433. What said of the color of double stars? Quotation from Miltun ¢
Cause of this variety of colors? .
434. Bpecimens of complimentary colorst  ( Are they all comolimentary ¥
17
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fmagination what variety of illamination 200 suns—a red and a green, or a yellaw an?
a blue one—must atford a planct circulating sbout either, ai.d what charming contrasts
and “ grateful vicissitudes™—a red and a green day, for instance. alternating with a whito
one and with darkness—might arise from the prescnce or absence of one or nther, or
both, above the horizon. Insulated stars of a color, almost as deep as that of bloed,
occur in many parts of the heavens ; l‘:ut no green or blue star, of any decided hue, has,

we believe, ever been noti d with a panion brighter than itself.
VARIABLE OR PERIODICAL s‘f’f:f[ / 24 st
435. Variable stars are those which undergo a regular
periodical increase and diminution of lustre, amount-
ing, in some cases, to a complete extinction and revival.
These variations of brilliancy, to which some of the
fixed stars are subject, are reckoned among the most
remarkable of celestial phenomena. Some of them pass
through their successive changes with great rapidity ;
while in other cases, their brilliancy is increased or
diminished gradually for months. The time occupied by
one of these stars, in passing through all their different
phases, is called its period.

436. One of the most remarkable of these variable
stars is the star Omicron, or Mira in the Whale. Its
period is about 332 days, during which time it varies
from a star of the 2d magnitude to complete invisibility.
It appears about twelve times in eleven years—remains
at its greatest brightness about a fortnight ; being then,
on some occasions, equal to a large star of the 2d magni-
tude. It then decreases for about three months, when it
disappears. In about five months, it becomes visible
again, and continues to increase during the remaining
three months of its period.

Its increase of light is much more rapid than its de-
crease. It increases from the 6th to the 2d magnitude
in 40 days, continues thus brilliant 26 days, and then
fades to the 6th magnitude again in 66 days. Hence it
is above the 6th magnitude for 132 days, and below 200
days of its period.

435. What are variable stars ? How regarded? What difference? What
their period ? .

486. What remarkable sample described? Period? Amount of variation?
Progress of variation ?
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437. Another remarkable periodic star is that called
Algol, in the constellation Perseus. It is usually visible
as a star of the 2d magnitude, and such it continues for
the space of 2 days 14 hours, when it suddenly begins
to diminish in splendor; and in about 3} hours, it is re-
duced to the 4th magnitude. It then bcgins again to
increase, and in 3} hours more is restoreg to its usual
brightness ; going through all its changes in 2 days 20
hours and 48 minutes, or thereabouts. Through all its
successive changes, this star shines with a white light,
while the color of all the other variable stars is red.

438. The cause of these periodic variations in the
brightness of some of the stars is not known. Some
- suppose them to be occasioned by opake bodies revolv-
ing around them, and cutting off a portion of their light
from us. Speaking of the sudden obscuration of Algol,
mentioned above, %r. Herschel remarks that it indicates
«a high degree of activity in regions where, but for such
evidences, we might conclude all lifeless.

439. “I am disposed,” says Dr. Dick, “to consider it
as highly probable, that the interposition of the opake
bodies of large planets revolving around such stars may,
in some cases, account for the phenomena.

* It is true that the planets connected with the solar system are so small, in comparison
of the sun, that their interposition between that orb and a spectator, at an immense dis-
tance, would produce no sensible effoct. But we have no reason to conclude that in all
other systemns the planets are formed in the same proportions to their central orbs as
ours; but frowmn the variety we perceive in every part of nature, both in heaven and
earth, we have reason to conclude that every system of the universe is, in some re-
epects, different from another. There is no improbability in admitting that the planets
which revolve round some of the stars may be so large as to beur a considerable propor-
tion (perhaps one-half or ons-third) to the diametersof the orbs around which they re-
volve; in which case, if the plane of their orbit lay nearly in a line of our own vision,
they would, in certain parts of their revolutions, interpose between our oye and the
stars. so as to hide for a time a portion of their surfaces from our view, while in that
part of their orbits which is next to the earth.”

440, Others, again, are of opinion that those distant
suns have one luminous and one opake or clouded hemi-
sphere; and that their variations nvay thus result from a
revolution upon their axes, by which they would present
us alternately with their full and their diminished luster.

437. What other specimen? Usual appearance? Periodl ? Peculiar color
438. Cause of these variations? Supposition? Mr. Herschel?

439. Dr. Dick’s opinion? (Reasoning in note ¥)

44v. What other hypothesis s
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Another theory is, that these stars are moving with
inconceivable velocity in an immense elliptical orbit,
the longer axis of which is nearly in a direction toward
the eye, and the shorter axis of which would be imper-
ceptible from our system. In such case, the star would
appear alternately to approach and recede ; now lookin
in upon our quarter of the universe for a few days, an
then rushing back into immensity, to be seen no more
by human eyes during the lapse of years or of ages.

441. “ Whatever may be the cause,” says Mr. Abbott,
“the fact of these variations is perfectly established, and
the contemplation of the stupendous changes which must
be occurring in those distant orbs overwhelms the mind
with amazement. Worlds vastly larger than our sun sud-
denly appear, and as suddenly disappear. Now they
blaze forth with most resplendent brilliancy, and again
they fade away, and often are apparently blotted from
existence. These worlds are unquestionably thronged
with myriads of inhabitants ; and the phenomenon which
to us appears but as the waxing or waning luster of a
twinkling star, may, to the dwellers on these orbs, be
evolutions of grandeur, such as no earthly imagination
has ever conceived. But these scenes, now veiled from
human eyes, will doubtless all be revealed, when the
iChristi’an shall ascend on an angel’s wing to the angel’s
10ome.’

TEMPORARY STARS.

442. Temporary stars are those which have appeared
from time to time in different parts of the heavens, blaz-
ing forth with extraordinary luster, and, after remaining
for a while apparently immovable, died away, and "left
no traces of tﬁeir existence behind. Some writers class
them among the periodical stars, while others notice them
under the head of “ New and Lost Stars.”

A star of this kind, which appeared in the year 125

441. Remarks of Mr. Abbott?
442, What are temporury stars? How classed? First noticod? What
other instancs

i - - ———
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B.C., led Hipparchus to draw up a catalogue of the stars
the earliest on record. In a.p. 389, a similar star ap
peared near the largest star in the Eagle, which, after
remaining for three weeks as bright as Venus, disap-
peared entirely from view.

443. On the 11th of November, 1572, Tycho Brahe, a
celebrated Danish astronomer, was returning, in the
evening, from his laboratory to his dwelling-house, when
he was surprised to find a group of country people gazing
upon a star which he was sure did not exist half an hour
before. It was then as bright as Sirius, and continued
to increase till it surpassed Jupiter in brightness, and
was visible at noonday. In December of the same year
it began to diminish ; and in March, 1574, had entirely
disappeared.

This remarkable star was in the constellation Cassio-
peta, about 5° northeast of the star Caph. The placo
where it once shone is now a dark void!

444. This star was observed for about 16 months, ana
during the time of its visibility its color exhibited all the
different shades of a prodigious flame. ¢ First it was of
a dazzling white, then of a reddish yellow, and lastly of
an ashy paleness, in which its light expired.” It is im-
possible,” says Mrs. Somerville, “ to imagine any thing
more tremendous than a conflagration that could be visi-
ble at such a distance.”

445. In reference to the same phenomenon, Dr. Dicx
observes, that *the splendor concentrated in that point
of the heavens where the star appeared must have been,
in reality, more than equal to the Llaze of twelve hundred
thousand worlds such as ours, were they all collected
into one mass, and all at once wrapped in flames. Nay,
it is not improbable, that were a globe as large as would
fill the whole circumference of the earth’s annual orbit
to be lighted up with a splendor similar to that of the

443, What other remarkable instance described? By whomi When
1n what constellation ? Position 2

444. How Iong observed? Appearance? Mrs. Sumervilie?

&35, Dr. Dick’s remarks
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sun, it would scarcely surpass in brilliancy and splendor
the star to which we refer.”

446. Rev. Prof. VincE, who has been characterized as
“one of the most learned and pious astronomers of the
age,” advances the opinion, that “the disappearance of
some stars may be the destruction of that system at the
time appointed by the Deity for the probation of its in-
habitants; and the appearance of new stars may be the
formation of new systemns for new races of beings then
called into existence to adorn the works of their Creator.”

447. La Pracg, whose opinion upon such snbjects is
always entitled to consideration, says : ¢ As to these stars
which suddenly shine forth with a very vivid light, and
then immediately disappear, it is extremely probable
that great conflagrations, produced by extraordinary
causes, take place on their surface. This conjecture is
contirmed by their change of color, which is analogous
to that presented to us on the earth by those bodies which -
are set on fire, and then gradually extingnished.”

448, Dr. Jouxn Masox Goob, author of the Book of
Nature, &c., seems to have entertained opinions similar
to those already expressed. “ Worlas and systems of
worlds,” says he, ‘are not only perpetually creating, but
also perpetually disappearing. - It is an extraordinary
fact, that within the period of the last century, not less
than thirteen stars, in different constellations, seem to
have totally perished, and fen new ones to have yveen
created. In many instances, it is unquestionable, that
the stars themselves, the supposed habitations of other
kinds or orders of intelligent beings, together with the
different planets by which it is probable they were sur-
rounded, Have utterly vanished, and the spots they occu-

ied in the heavens have become blanks. What has
efallen other systems will assuredly befall our own. Of
the time and manner we know nothing, but the fact ie
incontrovertible; it is foretold by revelation; it is in-
scribed in the heavens; it is felt through the earth. Such
in the awful and daily text. What, then, ought to be the
comment §”

44v. Prof. Vince's remarks? 447, La Place’s? 448. Dr. Goode’s ¢

&OL g/f‘( l \-4:"(‘(' .
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CHAPTER 1IV.
CLUSTERS OF STARS AND NEBULSK,

449. In surveying the concave of the heavens in a
clear night, we observe here and there groups of stars,
forming bright patches, as
if drawn together by some
cause other than casual
distribution. Such are the.
Pleiades and Hyades in
Taurus. These are called
Clusters of Stars. The
‘luminons spot called the
Bee [ive, in Cancer (visi-
ble to the naked eye), is
somewhat similar, but less
definite, and requires a
moderate telescope to re-
solve it into stars. In the
sword-handle of Perseus is
another such spot or clus-
ter, which is also visible to
the naked eye, but which
requires a rather better telescope to resolve it into dis-
tinct stars. ‘When fairly in view, however, it is one of
the mast splendid and magnificent spectacles upon which
the eye can rest.

“ O what a confluence of ethereal fires,

From worlds unnumber’d down the steep of heaven,
Stream to a point, and center on my sight.”

450. Many of these faint and compact clusters have
neen mistaken for comets, as through telescopes of mcd-

TRLEACOTIC VIBW OF THRE PLEIADIR,

449, Clusters? Specimens?
450. What mistake respecting? What like? How known that they are
not omets ¥
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erate power they appear like such. Messier has given a
list of 103 objects of this sort, with which all who search
for comets ought to be familiar, to avoid being misled by
their similarity of appearance. That they are not comets,
is evident from their fixedness in the heavens, and from
the fact, that when we come to examine them with in-
struments of great power, they are perceived to consist
entirely of stars, crowded together so as to exhibit a defi
nite outline, and to run up to a blaze of light in the cen
ter, where their condensation is usually the greatest.

451. Some of these clusters are of an exceedingly
rough figure, and convey the idea of a globular space
filled full of stars, insulated in the heavens, and consti-
tuting in itself a family or so-
ciety apart from the rest, and
subject only to its own internal
laws.

It would be a vain effort to
attempt to count the stars in
one of these clusters. They are
not to be reckoned by hundreds;
and on a rough calculation,
grounded on the ‘apparent inter-
vals between them at the bor-
ders, and the angular diameter
of the whole group, it would appear that many clusters
of this description must contain, at least, from ten to
twenty thousand stars, compacted and wedged together
in a round space, whose angular diameter does not ex-
ceed eight or ten minutes, or an area equal to a tenth
part of that covered by the moon. *

452. Some of these clusters have a very irregular out-
line. These are generally less rich in stars, and especi-
ally less condenseg toward the center. They are also less
definite in point of outline. In some of them, the stars
are nearly all of a size; in others, extremely different.
It is no uncommon thing to find a very red star, much

d_4:51. W?hnt said of the form of these clusters? Stars in each? Apparem
lameter
452. What further respecting forms? Character of irregular clusters?
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brighter than the rest, occupying & conspicuous sitvation
1n them.

453. It is by no means improbable that the individual
stars of these clusters are suns like our own, the centers
of so many distinct systems, and that their mutual dis-
tances are equal to those
which separate our sun from
the nearest fixed stars. Be-
sides, the round figure of
some of these groups seems
to indicate the existence of
some general bond of union,
of the nature of an attractive
force.

This is one of the most us clusters
in all the heavens. Sir John Herschel pro-
nounced it the most magnificent object he
had ever beheld. It isabout 6’ in diameter,
and contains a countless throng of stars,
that scarcely ever fuil to elicit a burst of sur-

rise and isk t from the behold

ho can gaze upon such a scene, and not for a time forget earth, in the rapt contempls

tion of the distant glory?

RICH CLUSTER IN DERENICRS' BAIR.

“ There's not a scene to mortals given,
That more divides the soul and clod,
Than yon proud heraldry of heaven—
Yon burning blazonry of God.”

A similar cluster, though somewhat different in form, may be found between ¢ and 7,
in Hercules. This, too, i8 a most magnificent object. Under favorable circmnsunem
it may be scen with the naked ?0; and by the aid of telescopes, it is easily resolv:
fnto myriads of stars, ‘It is, indeed, truly lg_lorlous,“ says Smyth, “and enlarges on the
eye by studious gazing.” * Perhaps,” says Prof. Nichol, * no one ever saw it, for the first
lzm, hrough a telescope, without ut a shout of wonder.”

NEBULZ.

454. The term Nebulm is applied to those clusters ot
stars that are so distant as to appear only like a faint
cloud or haze of light. In this sense, some of the clus-
ters heretofore described may be classed as nebule ; and,
indeed, it may be said of all the different kinds ot nebu-
lee, that it is impossible to say where one species ends,
and another begins.

453, What said of individual stars in clusters? Of round figure of somo
clusters? (What specitaen in cut? What said of it? Angular diameter?
Effect of seeing? Poetry? What other similar cluster? What said of it?)

454, What are Nebulw? How diﬂsr*from clustera®
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455. Resolvable Nebula are those clusters, the light o
whose individual stars are blended together, when seer.
through a common telescope; but which, when viewed
through glasses of suflicient power, can be resolved into
distinct stars.

456. Irresolvable Nebulw are those nebulous spots
which were formerly supposed to consist of vast fields of
matter in a high state of rarefaction, and not of distinct
stars. But it is doubtful whether any nebulz exist which
could not be resolved into stars, had we telescopes of
suflicient power.

“ About the cluse of last year,” says Dr. Scoresby, in
1846, *“ the Earl of Rosse succeeded in getting his great
telescope into complete operation ; and during the first
month of his observations on fifty of the unresolvable
nebule®, he succeeded in ascertaining that 43 of them
were already resolvable into masses of stars. Thus is
confirmed the opinion, that we have only to increase the
power of the instrument to resolve all the nebule into
stars, and the grand nebular hypothesis of La Place into

splendid astronomical dream.” ,

DOUELS NELULR

457. Nebule of almost every
conceivable shape may be found in
the heavens. gome are round—
others elliptical. Some occur sin-
gly, while others are double, or
seem to be connected together.

The specimen here shown {s in the Greyhound. The
two nebule are elliptical, as shown, and are so united
as to stand perpendicularly to each other.

458. Annular Nebulm are those that exhibit the form
of aring. Of these, but few specimens are known. One
of the most striking may be found about 6° below Mezar,

455. What are resolvuble nebule? How when seen through powerful
telescopes ¢

456, lrresolvable nebule? Are any nebulw really irresolvable? Remarks
from Dr. Scoresby ¢

437. What ﬁm{ner description of nebule? Specimen?

458. What are annulur nebulss - Are they common ¢ What apecimen i1
cut? Deseribo it. : - :
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the middle star in the tail of the Great Bear. It
consists of a large and
bright globular nebula,
surrounded by a double
ring, at a considerable
distance trom the globe;
or rather a singie ring
divided through about
twoifths of its circum-
ference, and having one
portion turned up, as it
were, out of the plane of
the rest. A faint nebu-
lous atmosphere, and a
small round nebula near
it, like a satellite, com=
pletes the figure.

459. Another very conspicuous nebula of this class
ms:iy be found half-way between B and y, in the Lyre,
and may be seen with a telescope of moderate power.
Itis small, and particularly well defined, so as, in fact, to
have much more the appearance of a flat oval solid ring,
than of a nebula. The space within the ring is filled
with a faint hazy light, uniformly spread over it, like a
fine gauze stretched over a hoop.

460. « Planetary Nebulw,” says Dr. Herschel, ¢ are
very extraordinary objects. They have, as their name

-imports, exactly the appearance of planets—round or
siightly oval dises—in some instances auite sharply ter-
minated, in others a little hazy at the borders, and of &
light exactly equuble, or only a very little mottled, which,
in some of thewn, approaches in vividness to that of the
actual planets. W hatever be their nature, they must be
of enormous magnitude.” 4

461. Stellar Nebulw, or Nebulous Stars, are such as
present the appearance of a thin cloud, with a bright
star in or near the center. They are round or oval-

' ANNULAR NEBULA.

459, What other annular nebule? Describe.
460. Planetary nebule{ Describe, -
461. Stellar nebule? Remarks of Professor Mitchal 1
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shaped, and look like a star with a burr around it, or a
candle shining through horn. “It was an object of this
kind,” says Prof. Mitchel, ¢ which
first suggested to Sir W. Herschel
his great theory of the formation
of suns out of a nebulous fluid.
1le thought it impossible to ac-
count for the central location of
stars, surrounded by nebulous
niatter, in any way except by sup-
pusing this to be a sort of atmos-
phere attracted to, and sustained
in its spherical form by, the power of the central body.
I bave examined specimens of these objects, and always
with increasing wonder. Their magnitude must be enor-
mous, as the stars are certainly not nearer than other
stars ; and yet the circular halo around them is of a
diameter easily measured, and proves them to have a
circumference perhaps greater than the entire orbit of
Neptune.”

462. One of
the most remark-
able nebula in
all the heavens
may be found
around the mid-
dle star in the
sword of Orion.
It is easily seen
with a common
telescope. It is
shaped like the
head of some
animal—a fish, for instance—with its mouth open. Near
the inner surface of this mouth are four stars, ranged in
the form of a trapezium. It requires a good telescope
to see four stars ; but, with powerful instruments, six are
visible, instead of four.

STELLAR NEBULAZ,

GREAT NEBULA IN ORION.

462, Deseribe the ucbula of Orien? Where situated ¥ Shape? What
sturs ju it
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468. The sun is considered by astronomers as belong-
ing to this class of nebulous stars; and the Zodiacal
Light (322 and 325) has been regarded as of the nature
of the gaseous matter with which the nebulous stars are
surrounded. It is supposed that if we were as far from
the sun as from the stellar nebulee, he would appearto us
ouly as a small and nebulous star!

464, Until recently, the most powerful instruments
have failed to reveal any thing like distinct stars, as com-
pusing the body of the remarkable nebula in Orion.
Both the Herschels regarded it as positively irresolvable;
or, in other words, as composed of nebulous fluid or un-
organized matter. DBut it has recently been seen to be
composed of distinet stars, both by the monster telescope
of Lord Rosse, and the great refractor of Cambridge,
near Boston.

465. The magnitude of this nebula must be beyond
all human conception.  “If,” says Mr. Smyth, *the
parallax of this nebula be 1o greater than that of the
stars, its breadth cannot be less than a hundred times
that of the diameter of the eartl’s orbit; but if] as is
more probable, it is a vast distance beyond them, its
magnitude must be utterly inconceivable.” - .

466. Prof. Mitchel observes, that in case light be not
absorbed in its journey through the celestial spaces, the
light of the nebula ot Orion cannot reach the eye-in less
than 60,000 years, with a velocity of twelve millions of
miles in every minute of time! And yet this object
may be seei from this stupendous distance, even by the
naked eye! What, then, must be its dimensions ¢ 1lere,
indeed, we behold a wniverse of itselt too vast for the
imagination to grasp, and yet so remote as to appear s
faint spot upon the sky.”

467. The number of such nebulous bodies is unknown

463. Remarks respecting the sun? .

464. How the nebula in Orion regarded? What recent discovery ?

465, Its probable magnitude ? Remark of Smyth ¢

468. Prof. Mitchel’s observations respeeting its distance and dimensions ?

467. What said of the number of nebulous bodies in the heavens? Where
n net abundunt ?  Herschel’s cataloguef  Various forms
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perhaps we should say innumerable. They are especially
abundunt in the Galaxy or Milky Way. Sir W. Her-
schel arranged a catalogue, showing the rlaces of two
thousand of these objects. They are of all shapes and
sizes, and of all degrees of brightness, from the faintest
wilky appearance to the light of a fixed star.

468. Star Dust is a name given to those exceedingly
faint nebulous patches that appear to be scattered about
at random in the far-distant heavens. It is barely visible
through the best telescopes, and seems to form a sort of
back-ground, far beyond all stars, clusters, and nebuls,
vesoivable or irresolvable.

469. “The nebule,” says Sir John Herschel, ¢ fur
nish, in every point of view, an inexhaustible field of
speculation and conjecture. That by far a larger share
of them consist of stars, there can be little doubt; and
in the interminable range of system upon system, and
firmament upon firmament, which we thus catch a
glimpse of, the imagination is bewildered and lost.”

470. It is a general belief among astronomers that the
material universe consists of distinct clusters, separated
from each other by innumerable chasms: that the fixed
stars by which we are surrounded constitute one great
cluster—the sun being a star with the rest, and appearing
a8 he does to us, solely on account of our nearness to him;
that the nebule are far beyond our cluster, like so many
distinet continents in the boundless ocean of immensity.

471. Could we leave our system, and pass outward
toward the fixed stars, they would doubtless expand to
the dimensions of suns as we approached them, while
our own central luminary would dwindle to a glimmering
star. Reaching the frontier of the cluster, and plunging
off into the awtful solitudes of space, toward the distant
aebule beyond, we should see them also expand as we
drew near, while our vast firmament of stars seemed te

468. What is meant b{ star dust? Where supposed to be situated ?
459. Herschel's remark respecting the nebule ¢ .
470. What the prevailing opinion among astronomers, as to the structure

of the universe ¥
471, Waat imaginary journey and scenery described by the nuthor?
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be gathering into a compact group; till at length, enter-
ing the bosom of the distant nebulse, we should find our-
selves surrounded by new and strange constellationsz
and if we saw our own firmament at all, should see it
only as a faint annular nebula, far beyond the reach ot
all unassisted vision.

472. The great stellar cluster in which the sun and
golar system are imbedded is supposed, in its furm, to
resemble a double convex lens, with the sun and solar
system near its center; and by being viewed edgewise
from our central position, to give us the phenomenon ot
the Milky Way. :

GCEAT FIEULA OF TUE S8OLAD SVETIM.

‘The above is an edgewise view of the great stellar cluster, in the midst of which tho
solar system is placed, as drawn by Sir William Herschel Its figure was ascertained bx
gauging the s penetrating power of his telescope, and then “ sounding the heavens,
to ascertain tge distance through the cluster, in all directions, to the open void. Tho
nebule lie in distinct and independent islands, far beyond the limits of our cluster.

Let the student imagine the sun to be one of the stars near the middle of the lens-
shaped cluster, of which the above is an edge view, with the planets revolving close
around it. If, then, he look out upon the surrounding stars, the number visible, and
their distinctness, will depend upon the direction in which he looks. If toward the
thin part of the cluster (either up or down in the cut), fewer stars will be seen, while
they will be comparatively distinct. But if the view be toward the edge of the cluster,
nstead of the sides (or horizontally, in the cut), there will be seen beyond the large
stars, and fnmﬂ? away to an indistinct and mingled Iiiht., a ‘numberless host of stars;
and this zone bf distant stars will extend quite around the heavens. Buch is the Galgxy
or Milky Way. The zone of milky light is the light of the stars in the remote edge of
the great cluster. The opening in the left end of the fivureis a split in the cluster, and
gonsv.itnm th;og'ivlsion seen in the milky way, extending part way around the heavens.

ee cut page .

The vast apparent exfent of the Galaxy, as compared with other nebule, is supposed
to be justlfy attributable to its eomparative nerness. Weore we as far from the solar
system as from the nebule in the Lyre. the Milky Way would doubtless appear as an
annular nebula no larger than that. It may therefore with propriety be called *tho
great nebula of the solar system.”

473. Sir W. Herschel estimated that 50,000 stars
passed the field of his telescope, in the Milky Way, in a

472, Supposed form of our own stellar cluster? Philosophy of Galaxy
(Wh apparently ro large t How :]Kenr ut a great distance ¥)
478. Stars in Milky Way? Mutuul distances? Character of cach star?
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single hour! Anund yet the space thus examined was
. hardly a point in the mighty concave of our own “sun
strown firmament.” What an idea is here conveyed to
the mind, of the almost boundless extent ,of the uni-
verse! The mutual distances of these innumerable orbs
are probably not less than the distance from our sun to
the nearest fixed stars, while they are each the center of
a distinct system of worlds, to which they dispense light
and heat.

474. Were the universe limited to the Great Solar
Cluster, in the midst of which we are placed, it would
be impossible to conceive of its aimost infinite dimen-
sions; but when we reflect that this vast and glowing
zone of suns i8 but one of thousands of such assem-
blages, which, from their remoteness, appear only as
fleecy clouds hovering over the frontiers of space, we are
absolutely overwhelmed and lost in the mighty abyss of
being ! .

475. And here we close our rapid and necessarily im-
perfect survey of the Sidereal Heavens. And while the
mind of the student is filled with awe, in contemplating
the vastness and majesty of creation, let him not forget
that over all these Jehovah reigns—that ¢ these are but
parts of his ways ;” and yet so perfect Is Lis knowledge
and providence in every world, that the very hairs of
our heads are numbered, and not a sparrow falls without
his notice. And while we behold the wisdom, power,
and goodness of God so gloriously inscribed in the heav-
ens, let us learn to be hnmble and obedient—to love aud
serve our Maker here—that we may be prepared for the
still more extended scenes of another life, and for the
society of the wise and good in a world to come.

474. Magnitude of ourown cluster? What in ecomparison with all otl.cra?
475. Remarks in closing puragraph? Moral refiections ¢
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PART IIL

PRACTICAL ASTRONONMY

— et ¢ e

CHAPTER 1I..

PROPERTIES OF LIGHT, .

476. DPractical Astronomy has respect to the means
employed for the acquisition of astronomical knowledge.
1t includes the pro(l)erties of light, the structure and use
of instruments, and the processes of mathematical calcu-

Jation.

In the present treatise, nothing further will be attempted than a mere introduction to
practical astr-vnoln(. ‘In a work designed for popular use, math ical d rations
would be out of place, 8till, every student in astronomy should know how telescop:ea
are made upon what laws they depend for their power, and how they are used. 1t ia
for this purpose mainly that we add the following chapters on Practical Astronomy.

477. Light is that invisible ethereal substance by which
we are apprised of the existence, forms, and colors of
material objects, through the medium of the visual organs.
To this subtile fluid we are especially indebted for our
knowledge of those distant worlds that are the principal
subjects of astronomical inquiry.

478. The term light is used in two different senses. It
may signify either light itself, or the degree of light by
which we are enabled to see objects distinctly. %n this
last sense, we put light in opposition to darkness. But

476. Parts of the book gone over? Subject of Part III. ¥ Of Chapter 1.1
What is practical astronomy? (How far discussed in this treatise ?)
477. Define light. For what indebted to it ?
478. Ditferent senses in which the term is used ! What is darkness? Can
: light at the same timme? Is there any place without light !
(Q.uot.a.tion’ ffom Dick ?)
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it should be borne in mind that darkness is merely the
absence of that degree of light which is necessary to
human vision ; and when it is dark to us, it may be light
to many of the lower animals. Indeed, there is more or
less light even in the darkest night, and in the deepest
dungeon.

“Those unfortunate individuals,” says Dr. Dick, “ who have been confined in the dark-
est d , have declared, that though, on their first entrance, no object conld be per-
ccived, perhaps for a day or two, yet, in the course of time, as the pl:glla of their eyes
oxﬂa.ndal., they could readily perceive mice, rats, and other aniwmals that infested their
cclls, and likewise the walls of their apartments; which shows that, even in such situus~
Uons, light is present, and produces a certain degree of influence.”

479. Of the nature of the substance we call light two
theories have been advanced. The first is, that the whole
sphere of the universe is filled with a subtile fluid; which
receives from luminous bodies an agitation; so that, by
its continued vibratory motion, we are enabled to per
ceive luminous bodies. This was the opinion of Des-
cartes, Euler, Huygens, and Franklin.

The second thcory is, that light consists of particles
thrown off from luminous bodies, and actually proceeding
through space. This is the doctrine of Newton, and of
the British philosophers generally.

‘Without attempting to decide, in this place, upon the relative merits of these v~ hy-
potheses, we shall use thuse terms, for convenience sake, that indicate the actual passage
of light from one body to another.

480. Light proceeds from luminous bodies in straight
lines, and in all directions. It will not wind its way
through a crooked passage, like sound ; neither is it con-
fined to a part of' the circumference around it.

As the sun may be seen from every %oint in the solar system, and far hence into space
in every direction, even till he appears but a faint and glimmering star, it is evident that
he fills every part of this vast space with his beams. And the same might be said of
every star in the firmament.

481. As vision depends not upon the existence of light
merely, but requires a certain degree of light to emanate
from the object, and to enter the pupil of the eye, it is
obvious that if we can, by any means, concentrate the

479. What theories of the nature of light, and by whom supported respect-
ively? (Remark of author?)

480i) ow light proceeds from luminous bodies ! (Radiations from sun anda
stars

481, How improve vision, and why? (Animals?)
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light, so that more may enter the eye, it will improve
our perception of visible objects, and even enable us to
see objects otherwise wholly invisible.

Some animals have the power of adapting their eyes to the existing degrse of light.
The cat, horse, &c., can see day or night; while the owl, that sees w lnm night, soos
poorly in the day-time. %~

482. Light may be turned out of its course either by
reflection or refraction. 1t is reflected when it falis upon
the highly polished surface of metals and other intrans-
parent substances ; and refracted when it passes through
transparent substarices of ditterent densities.

REFRACTION OF LIGHT.

483. Whenever light passes from a rare medium to
one more dense, and enters the latter obliquely, it inva-
riably leaves its first direction, and assumes a new one.
This change or bending of the rays of light is what is
called qu%'action.

h;l‘g; :ﬁ:n': .:m Er:o;r‘x g:: E:yt::: re, and frango, to break ; and signifies the break

484. As air and water are both transparent, but of
different densities, it follows that, when light passes
obliquely from one to
the other, it will be
refracted. If it pass
from the air into the
water, it will be re-
fracted toward a per-
pendicular.

Here the r:l ?ﬂ (l} strl‘li(ee the
‘water ndicularly, and passes
directlget rough wyB without
peing refracted. But theray D C
atl;i]k?a tmnt?r at (ll obliquel{i 3
and ins of ng straight
through to E, isp:sfracwd at C
and reaches the bottom of the
water at F. If, therefore, a person were to receive the ray into the eye at F, and to
judge of the place of the object from which the lizht emanates from the direction of the
1ay C F, he would conclude that he saw the object at G, unless he made allowance for
the refruction of the light at C.

LIGHT REFRACTED BY WATER,

A

452, How light turned out of course? .
488, What is refraction? How proluced? (Derivation of term r¢fract 7V
484. How refracted by air and water? (llustrate by diagrani.)
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485. When light . LIGHT PROCEEDING FROM WATER.

passes obliquely
from a denser to a
rarer medium, as
from water into air,
it is refracted from
a perpendicular to-
ward a horizontal.

Here the lnm‘) A shines up
through water into air. The
ray ;llm.laul'lkeu the snrfaeewpeg

ndicular passes on
l:relt.hout. be{ng refracted ; but
the other rays that leave the water obliquely are refracted toward a horizontal direction,
in proportion to their distance fromp the perpendicular; or, in other words, in propor-
tion to the obliquity of their contact witn the surface of the water.

486. In consequence of the refraction of light toward
a horizontal direction, in passing from water into air, a
pole, half of which is in the water, seems bent at the
surface, and the lower end seems nearer the surface than
it really is. For the ZPPROT OF REFEACTION.
same reason, the bottom
of a river seems higher,
if seen obliquely, than it
really is; and the water
is always deeper than
we judge it to be.

In this cut, the oar, the blade of
whica is in the water, seems bent at
the snrf .ce of the water. The rays of
light passing from the part under
water to the surface at D, are refract-
od toward a horizontal direction at
that point, and received into the eye of the observer at B. who, judging of the position
of the immersed portion nf the oar from the direction of the rays D B, locates the blade
of the oar at C; thus reversing the etfect illustrated at 484.

487. The refracting power of different transggrent
substances depends mainly upon their density. ater
refracts more than air, glass more than water, and dia-
mond most of all. But the angle of incidence, or the
obliquity of the contact of the rays with the denser sub-

485. How when light passes from denser to rarer mediums? (Diagram.)
486. Etfect of refraction upon objects seen under water? (Diagram.)
487. lI'Ipon what does the refracting power of different transparent media
opens:
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stance, has also much to do in determining the amount
of refraction.

488. By the aid of re- EFFECT OF KErKACTION.
fraction, we may see ob-
jects that are actually be-
hind an opake or intrans-
parent body.

Ilere the piece of money at A, at the
bottom of the cup, wounld be invisible to
the beholder at B, if the cup was empty,
us the light from the money would pass
from A to C: but when the eup is filled
with water, the light is refracted to B,
and the beholder sees the woney appa-
rontly at D,

489. By the law of refraction, light has been found
to consist of a combination of colors. DBy passing a
beam of light through a triangular piece of flint glass
called a prism, it is seen that sume parts of the light are
more refrangible than others, so that the light is analyzed,
or separated into its component parts or elements.

RCFRACTION BY A PRISM.

Let a ray of light from the sun be admitted throneh a hole in the window shatter, A
into a roomn from which all other light is excluded ; it will form, on a screen placed a lit-
e distance in front, a circular image, B, of white light. Now, interpose near the shut-
ter a glass prism, C, and the light, in ing through it will not only be refracted in the
same direction, both when it enters the prism and when it leaves it. but the several rays
cof which white light is composed will be separuted. and will arrange in regular order on
the screen, immedintely above the image B. which will disappear. The violet ray, it
will be seen, is most refracted, and the red least: the whole forming on the screen an
elongated image of the sun, called the solar spectrum.—Johnston.

488. What other effect of refraction? (How illustrated)
489. What discovery by refraction? (How made?)
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490. It is the refraction of the clouds that gives the
sky its beautiful colors morning and evening; and the
refracting power of the rain-drops produces the beautiful
phenomenon of the rainbow. '

ATMOSPHERICAL REFRACTION.

491. The refracting power of the atmosphere produces
many curious dphenomena. Sometimes ships are seen
bottom upwards in the air, single or double. At other
times, s objects really below the horizon, as ships or
islands, seem to rise up, and to come distinctly in view.

492. A veryimportant effect of refraction, as it relates
to astronomy, is, that it more or less affects the apparent
places of all the heavenly bodies. As the light coming
froin them strikes the atmosphere obliquely, and passes
downward throngh it, it is refracted or bent toward the
earth, or toward a perpendicular. And as we judge of
the position of the object by the direction of the ray
when it enters the eve, we place objects higher in the
heavens than they really are.

ATMOSPHERICAL REFRACTION.

Tet A, in the cut, represent the earth; B, the atmosphere: C C, the visible horizon;
and the exterior circle the apparent concave of the heavens. Now, as the light pusses
from the stars, and strikes the atmosphiere, it is seen to curve downward, use it
strikes the atmosphere oblignely : and the air increases in density as we approach the
earth. But as the amount of refraction derends not only upon the density. but also
upon the obliquity of the contact. it is seen that the refraction is greatest at the horizon,
and gradually diminishes till the object reaches the zenith, when there is no obliquity, and
the refraction wholly ceases. The dark lines in the cut show the true, and the dotted
the apparent positions,

490, What other effects of refraction?
491. Atmospherical refraction ¢ Etfcets on terrestrial ol‘x'ects?

492, Upon apparent places of stars, &c.? (Disgram. What said of exag
geraton
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In che cut, the depth of the atmospliere, as compared with the globe, is greatly exags
gerated.  Even allowing it to be 50 miles deep. it is only ,l;th of the semi-diameter of
the globe, which is equal to only about ‘-'_,t.h of an inch upon a common 18-inch gisba.
‘But it was necessary to exaggerate, in order to illustrate the principle.

493. The amount of displacement of objects in the
horizon, by atmospherical refraction, is about 83, or a
little more than the greatest apparent diameter of either
the sun or moon. It follows, therefore, that when we
see the lower edge of either apparently resting on the
horizon, its whole disk is in reality below it; and would be
entirely concealed by the convexity of the earth, were it
not for refraction.

494. Refraction sometimes causes the sun and moon
to appear elongated horizontally, when near the horizon,
and seen through a dense atmosphere. The rays from
their lower limb being refracted more than those from
the upper limb, on account of coming to us through a
lower and denser portion of the atmosphere, the lower
portion seems higher in proportion ; or, in other words,
the perpendicular diameter of the object seems the
shortest. It is then called a Aorizontal moon.

495. Another effect of refraction is, that the sun seems
to rise about three minutes earlier, and to set about three
minutes later, on account of atmospherical refraction,
than it otherwise would ; thus adding about six minutes,

on an average, to the length of each day.

The atmosphere is said to be so dense about the North Pole as to bring the sun above
the horizon some days before he should apg:ar. sccording to calculation. In 1396, some
Dutch navigators, who wintered at Nova Zembla, in latitude 76°, found that the snun be.
gan to be visible 17 days before it should have sgpeated by calculation; and Kepler

that the atmospheric refraction must have amounted to 50, or 10 times as
much as with us,

46. The twilight of morning and evening is produced
partly by refraction, but mainly by reflection. In the
morning, when the sun arrives within 18° of the horizon,
hiis rays pass over our heads into the higher region of
the atmosphere, and are thence reflected down to the
earth. The day is then said to dawn, and the light
gradually increases till sunrise. In the evening, this

‘ l4‘!)8. %mount of displ t of celestial objects by refraction? What
Hllows

494, What effect ugon apparent form of moon, &e. 1

495, On length of days? }\llow about Norib Pole?)

496. Cause of twilight? (Note.)




216 - ASTRONOMY.

process is reversed, and the twilight lingers till the eun
i3 18° below the horizon. There is thus more than an
hour of twilight both morning and evening.

In the arctic regions, the sun is never more than 18° below the horizon; so that the
twilight continues during the whole night.

497. In making astronomical observations, for the pur-
poses of navigation, &c., allowance has to be made for
refraction, according to the altitude of the object, and
the state of the atmnosphere. For this purpose tables
are constructed, showing the amount of refraction for
every degree of altitude, from the horizon to the zenith.

REFRACTION BY GLASS LENSES.

498. A lens is a piece of glass or other transparent
substance, of such a form as to collect or disperse the
rays of light that are passed through it, by refracting
them out ot adirect course. They are of ditferent forms,
and have different powers.

In the adjoining cut, we have an edgewise
view of six ditferent lenses,
A is a plano-convex, or half a double con-
vex lens; one side being cunvex, and the other
lane.
P B is a plano-concave; one surfuce being con-
cave, and the other plane.
C is a doulle-conres lens, or one that is
bounded by two convex surfaces.
D is a double-concave lews, or a circular
piece of glass hollowed out on both sides.
E is a concavo-convex lons, whose curves differ, bnt do not meet, if produced.
F is a miniscus, or a cuncavo-convex lens, the curves of whose surfaces meet.

499. A double-convex
lens converges parallel
rays to a point called
the focus; and the dis-
tance of the focus de-
pends upon the degree
of convexity.

In the first of these cuts, the lens
fo gmite thick, and the focus of the
rLys is quite near; but the other
baing lcss couvex, the focus is mors
Mmmoto.

LENSES OF DIFFERENT FORMS.

LIGHT REFRACTED BY LENSES,

497. What allowar « for refraction? Tablea?

498. What is u lena 2 (Draw and describe different kinds ?)

449, Refracting powel of double-concer lens?  Focal distance?
g dlustrate.)
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the focus of a double-con-
vex glass lens is the ra-
dius of the sphere of its
convexity.

In this cut, it will be seen that the
parallel rays A are refracted to a focus
at G, by the double convex lens B, the
convexity of whose surfaces is just
equal to the curve of the circle D.

501. The focal distance of a plano-convex lens is equa,
to the diameter of the sphere formed by the convex sm%ce

produced. PLANO-CONOA: -

It must be borne in mind
that light is refracted both
when it enters and when it

leaves a double-convex lens,
and in both instances in the
same direction; and, so far as
the distance of the focus is con-
cerned, to the same extent.
But when the leas is convex
only ou one side, half its re-
fracting power is gone, so that
the rays are not 8o soon re-
toafocus. In thiscase,
the focal distance i8 equal to
the diameter of the sphere :
formed by extending the convex surfuce of the lens; while with the double-convex lens,”
the focal distance is only equal to the radius of such sphere. In the cut, the parallel
rays A are refracted to a focus at B, by the plano-concave lens C; and the distance C B
is the diameter of the circle D, formed by the convex surface of the lens C produced.

502. A double- BAYS DISPERSED BY' REFEACTION,
concave lens dis- : -
perses parallel
rays, as if they
diverged from the
center of a circle
formned by the con-
vex surface pro-
duced.

In this cut, the m‘:I rays A are dispersed by the doubl lens B, as shown
at C; and their d n, as thus refracted, is the same as if they proceeded from tig
somt D, which is the center of a circle formed by the concave su.r&» of the lens pro-

500. How focal distance governed? (Diagram.)
501. What is the focal distance of sﬁl:no—mue lena? (Diagram.) .
502. Effect of doullo-convex lens ¢ ount of divergency of rays! (Da

gram.). ) . . .
10 R
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508. Common spectacles, opera-glasses, burning-glasres.
and refracting telescopes are made by converging light
to a focus, by the use of double-convex lenses.

The ordinary burning-glass, which may be bonght for a
few shillings, is a double-convex disk of glass two or three
inches in diameter, inclosgd in a slight metallic frame *
with a handle on one side.

Old tobacco-smokers some- rommeTaLs
times carry them in their
pockets, to light their pipes
with when the sun shines.
In other instances, they have.
been so placed as to fire a
cannon in clear weather, by
igniting the priming at 12
o’clock.

g Sonvessing o vage o the sun 1o &
sSocus, and setting combustible substances on

fire. Such glasses have been made power-
fal enough to melt the most refractory sub-

* stances, as platinum, agate, &c. “A lens three feet in diameter.” says Professor Gray,

“has been known to melt carnelian in 75 seconds, and a picce ol’:hlu agate in 30
seconds.”

REFLECTION OF LIGHT.

504. We have now shown how light may be turned
out of its course, and analyzed, dispersed, or converged
to a point by refraction. Let us now consider how it
may be converged to a focus by reflection.

505. When light falls upon a highly polished surface,
especially of metals, it is reflected or thrown off in a new
direction, and the angles of con- | = o siAxE Mizmox.
tact and departure are always ¢
" “equal. '

Let A B represent the polished metallic sur-
face. C the source of light, and the arrows the
direction of the ray. Then D would represent
tue angle of incidence or contact, and E the angle D
of reflection or departure—which angles are seen 5 —B.
to be equal. .

508. What articles made with double-ccnvex lenses? Uses? (Power o1

burmng‘#lm )
- 504, What now shown in this chapter# What next !

505, What is reflection, and when does it take place? What law governs
t (Disgram.) . P
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506. A concawe mnrror reflects parallel rays back tq a
focus, the distance of which is equal to half the radins
of the sphere formed by the concave surface produced.

REFLEOTION BY A CONCAVE MINROR.

1n this cut, the pmllel‘ rays A fall upon the concave mirror B B, and are reflectea to
the focus C, which is half the radius or‘::e sphere formed by the surface of the mirror
duoced therefore, it was desirable to construct a concave mirror, having its focus
10 feet distant, it would only be necessary to gtind it on the circle of a sphere having s
radias of 90 feet. } '
507. In reflection, a portion of the light is absorbed or
‘otherwise lost, so that a reflector of a given diameter will
not converge as much lifht to a focus as a double-convex
‘lens of the same size. In the latter case, all the light is
‘transmitted. Still, reflectors have been formed of such
power a8 to melt iron, and other more difticult sub-
stances.

~I"We‘ hl:." now e?‘ﬁdered 80 much of optics as is oees to an und, l; 1'1;:.3“ of the
ncl [ which telescopes are constructed ; an rtfxrthupurﬁcu s, refer
the enlx.dom.pu?nbooks of Natural Philosophy. !

508. How does a concave mirror reflect parallel rays? Dintance of focus ?
(Diagrum. How would you construct a concave mirror with a 19 feer focus ¥)

507. s all the light falling upon a polished surface reflected? 'Wkut then !
{Closing note 1)
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CHAPTER II.. _
TELESCOPES. A

508. A Zelescope is an optical instrument emr]oyed in
viewing distant objects, especially the heavenly bodies.
The term telescope is derived trom two Greek words, viz.,
tele, at a distance, and skopeo, to see.

509. So far as is now known, the ancients had no
knowledge of the telescope. Its invention, which oc-
curred in 1609, is usually attributed to Galileo, a phi-
losopher of Florence, in Italy.

The discovery of the principle upon which the refracting telescope is constructed
was purely accidental. e children of one Jt 8 ! ker of Middleburgh,
in Holland, being at play in their father's shop, hnlzrene('l to place two glasses in such a
manner, that in looking through them, at the weather-cock of the church, it appeared
to be nearvr and much larger than usual. This led their father to fix the glasses upon a
board, that they might be ready for observation; and the news of the discovery was e~on
conveyed to the learned throughout Enrogo. Galilev hearing of the ph n, Mon
discovered the secret, and put the glasses in s fube, instead of on & bourd; and thus the
first telescope was constructed. :

510. The telescope of Galileo was but one inch in di
ameter, and magnified objects but 30 times. Yet with
this simple instrument he discovered the face of the
moon to be full of inequalities, like mountains and val-
leys; the spots on the sun ; the phases of Venus ; the satel-
lites of Jupiter; and thousands of new stars in all parts
of the heavens.

Notwithstanding this propiti 8o slow was the ];rog’:u of the
telescope toward its present state, that in 1816, Bonnycastie speaks of the 80-fold mag-

nifying power of the telescope of Galileo a8 * nearly the greatest perfection that this
ki:nyd of telescope is capable ol;.i" 7

511, If he be the real author of an invention who,
from a knowledge of the cause upon which it depends,
‘deduces it from one principle to another, till he arrives

508. Subject of Chap. II.# Telescope? Derivation ?

509. Ancient or modern? Inventor? (Incidents of discovery?)

5‘13). (:;:)dileo’s telescope? Discoveries with it? (Progress in telescofo
wmaking :
® %]i.lfr)h Galileo entitled to the honor of inventing the telescope? (Wkaro
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at the end proposcd, then the whole merit of the inven-
tion of the telescope helongs to Galileo. The telescope
of Jansen was a rude instrument of mere curiosity, acci-
dentally arranged ; but Galileo was the first who con-
structed it upon principles of science, and showed the
practical uses to which 1t might be applied. .

It is said that the original telescope constructed by Galileo is still prescrved in the
g;i.:ial; Museum. A pigwmy, indeed, in its way, but the honored progenitor of a race of
s .

512. The discovery of the telescope tended grenilv to
sustain the Copernican theory, which had just been pro-
inulgated (10), and of which Galileo was an ardent dis-
ciple. Like Copernicus, however, his doctrines subjected
him to severe persecutions, and he was obliged to re-
ucunce them.

The following is his renunciation, made June 28, 1688: “I, Galfleo, in the sevantieth

ear of my age, on bended knees before your eminences, having before my eyes and

snching with” my hands the Holy Gospela. I curse and detest the error of the carth’s
m vement." As he left the court, however, after this forced renunciation, he is said
to have stamped upon the earth, and exclaimed, * It does move, after ulll® Ten years
_after this he was sent to prison for the same supposed error; and soon, his age advan-
cing, the grave received him from the malice of his persecutors. .

DIFFERENT KINDS OF TELESCOPES. '

513. Telescopes are of two kinds— Reflectors and Re-
Jractors. Refracting telescopes are made by refracting
the light to a focus with a glass lens (499); and reflect-
ing telescopes, by r:z{lwm'ng it to a focus with a concave
mirror (506). Besides this general division, there are
various kinds, both of reflectors and refractors.

514. Telescopes assist vision in various ways—first,
by enlarging the visual angle under which a distant ob-
ject is seen, and thus magnifying that object; and,
secondly, by converging to a point more light than could
otherwise enter the eye—thus rendering vbjects distinet
or visible that would otherwise be indistinct or invisible.

All the light blllr:ﬁ ukon 8 8ix or a twelve inch lens may be converged to a fucus, so
us to be taken into the human eye through the pupil, which is but one-fonrth of an inch
in diameter. Our vision is thus made as perfect by art as if nature bad given us ability
tw enlarge the eye till the pupil was g foot in diameter.

512. Relation of disoove7 to Copernican theory?! Effects upon Galilco?
(His renunciation? Deathf)

5618, Kinds of telescopes # Describe. :

014. How nsaist vision1 (Illustrative note f)

; Ny



€99 ASTRONOMY.

515. Refracting telescopes may consist of a double.
convex lens placed upon a stand, without tube cr eye-
iece. Indeed, a pair of ordinary spectacles is nothin
Fess than a pair of small telescopes, for aiding impair

vision. !
A REFRACTING TELESCOPE WITU A SINGLE LENS,

Here the parallel raysare seen to pass throngh the lens at A. and to be so eonverged to
8 point us to enter the eye of the beholder at B. 1iseye s thus virtually enlarged to the
size of the lenzat A.  But it would be very difficult to direct such a telescupe toward
colestial objects, or to get the eye in the focus after it was thus directed.

516. The Gulilean telescope cong'sts of two glasses—
a double-convex next the o){;iaect, and a double-concave
near the eye. The former converges the light till it can
be received Ly a small double-concave, by which the con-
vergency is corrected (502), and the rayvs rendered paral-
lel again, though in so small a beam as to be capable of
entering the eye.
GALILEAN TELESCOPR.
A

Here the light s converged by the lens A, till it can be received by the double-con-
cave lens B. by which the rays are made to becomne a small parallel beam, that can enter
the eye at U. "This was the form of the telescupe constructed by Jansen, and improved
by Galileo: on which account it is cal'ed the Galilean telexcope, In the cut, the two
lenses are represented as fastened to u board, as first exhibited by Jansen.

517. The common astronomical telescope consists of
two glasses—viz, a large double-convex lens next the

515.' Simplest forin of' refructing telescope ¢ (Diagram ¥)

“'51;5 Gulilean telescope ! (Diugram and explanation? Why called Gali-
n
817. How common astronomical telescopes made ! Why in tabe ?
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object, called the object-glass ; and a small double-convex
lens or m’croscope next the eye, called the eye-péece. For
the greater convenience in using, they are both placed in
a tube of wood or metal, and mounted in various ways,
according to their size, and the purposes to which they
are devoted. ~

LENSES PLACED IN A TUBE,

A is the object-giaae, B the aye-prece, and C the piace where the tube in which the
eye-piece is set. slides in and out of the lurge tube, to adjust the eye-piece to the focat
distance, Bj placing the ienses in a tube, the eye is easily placed e focus, and the
wbject irected wwand any desired object.

518. The object-glass of a telescope is usually pro-
tected, when not in use, by a brass cap that shuts over
the end of the instrument ; and the eye-pieces, of which
there are several, of different magnifying powers, are
?0 hxed as to screw RUFRACTING TELESCOPE MOUNTED OX A STAND.
into asmall movable ' » A
tube in the lower end /4
of the instrument, 80
as to adjust them re-
sectively to the fo-
cus, and to the eyes
of different obgerv-
ers. Such telescopes
usually represent ob-
jects in an inverted
position. - B

The adjoiniag cut represents
the simplest form of a mounted
refeactor. The object-glass is at
A, where the brass cap may be
seen covering it. B is the small
tube into which the eye-piece
is screwed, and which is moved D
in and out by the small screw
C. Twoeye-pieces may be seen m
at D—aone short one, for asiro-
nomical ohgervations: and a
long one. for lund objecrs.  For
- jewing the sun. it Is neceseary to add a screen, made of colored glass. At E, s bolt goes
f1to & sucket in the tap of the stand, in which it turns, allowing the telescope to sweep

518. How object-glase protected! What said of eye-pieces? (Cut and
explanation f) )

.

f-‘-i-
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ground the horizon; while the joint, connecting the saddle in which the tel ‘résts
with the top of the bolt, allows it to be directed to any point between the ho: and
the senith. But such stands answer only for comparatively amall instruments.

519. Refracting telescopes are mounted in varions
ways. So important is it that they should not shake or
vibrate, that, in most observatories, the stand rests upon
heavy mason-work in no way connected with the build-
ing, so that neither the wind nor the tread of the ob-
server can shake it. They are then furnished with a
double axis, which allows of motion up and down, or
east and west; and two graduated circles show the pre-
cise amount of declination and right ascension. They
are then furnished with clockwork, by which the tele-
scope is made to move westward just as fust as the earth
turns eastward ; so that the celestial object being once
found, by setting the instrument for its right ascension
and declination, or by the aid of the #inder—a small
telescope attached to the lower end of the large one—it
may be kept in view by the clockwork for any desirable
length of time. A telescope thus furnished with right
ascension and declination circles is called an Zyuatorial,
or is said to be torially mounted, because it sweeps
east and west in the heavens parallel to the equator.

520. The object-glasses of telescopes are not always
made of a single piece of glass. They may be made of
two concavo-convex glasses, like two watch crystals, with
their concave sides toward each other, or with a thin
double concave glass between them. They are thus
double, or triple; but when thus constructed, the whole
is called a lens, as if composed of a single piece. Lenses
have also been formed by putting two concavo-convex
glasses together, and filling the space between them with
some transparent fluid. These are called Barlow lenses,
from Prot. Barlow, their inventor.

521. As a prism analyzes the light, and exhibits dif-
ferent colors, so & double-convex lens may analyze the

+

519. How refractors mounted, and why? When equatorial, and why ¢
520. How object-glasses made? Whata lens? A Barlow lens ¢
521. What is an Achromatic telescope ! (Derivation of term?)
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light that falls near its circumference, and thus represent
the outside of the heavenly bodies as colored. But this
defect is remedied by using disks made of different kinds
of glass, 80 as to correct one refraction by another. Re-
fracting telescopes thus corrected are called Achromatio
telescopes.

Achromatic is from the Greek @ ohroma, which signifies destitute ef color. Most
refracting telescopes are now so constructed as to be achromatic.

522. It is but recently that any good refracting tele-
scopes have been made in this country. The best have
been made in Germany and France. Several very good
instruments have been made by Alvan Clark, E':q., of
Boston, Charles A. Spencer, Esq., of Troy, N. Y., and
the late Henry Fitz, Jun., of New York City.

‘The author was p lly well soquainted with Mr, Fitz, and during his life ano
favorable desa'lftlons of his instruments in these Yage and did ali that he could to
make his capabilities known to the American public. Ho made his first telescope in
1885. In the winter of 1841 he invented s method of perfecting object-glasses for
reﬁ-ncm‘xlﬁ telescopes, making the first one of the bottom of an ordinary tumbler. In
the fall of 1845 he exhibited at the Fair of the American Institate, an fnstrument of 6
inches aperture, which, although made of common Ameriean material, in the way of
flint glass, was a very excellent instrument, It secured him the friendship of noted
::lconomeu,kmd ‘g'o;n that 'tllmo forwardf he d:;vohd lﬁmself to the l.;ualn‘:’u gf
lescope-makin,| th a legree of | progressi n size, he
finally ‘::ewedef mnkf::d instruments of 16 inches a] uyre, one of which is now
in the possession of Mr, Van Dusee, of Buffalo, N. Y. He made two of 18 inches, one
for the Dadl Oblervata? at Albany, and the other for an associat'on of gentlemen
at Alleghany City, Pa. 18 inches aperture he uced one for the Observatory at
Ann Arbor, Michigan, and another for the Vassar Female Uollege, He made for Mr.
L M Rnd:erbtd, of New York, at various times, telesoopes of 4, 51, 6, 9, and 11}
inches aperture; the last, an instrnment of remarkable defining rwer, is now
mounted in Mr. Rutherford’s Observatory in Eleventh Street, New York city. Mr.
Vickers of Baltimore has 8 10-inch. Several of the size of 8 and 9 inches are scattered
over the eountry. The British d'Affaires at Montevideo has a 9-inch. Mr,
Campbell, of New York, has an 8-in¢ Of a large number of 6 inches aperture, one
very fine instrument was ordered by the United States Government for Lieut. Gillies’s
expedition to Chili; it is still in the Obeervatory of the Chilian Government. At
sbout the same time he made another of the same size for Mr. Robert Van Arsdale,
of Nowark, N. J Mr. Th P. Harrison, Principal of the Public Grammar
8chool in nwich Avenae, New York, bas another mounted on that building. In
1850, M. Foueault announ to the French Academy of Science & t discovery in
the facture of tel local polishing—a discovery that hir. Fitz had been
using for fifteen years. When he was soized with his last iliness he was about to go to
Kurope to select a glass for a 24-inch telescope, the ambition of his later years.

522. What sald of the manufactare of telescopes? What Americuns
bave made them? What said of Mr. Fitz's telescopes?

10%
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EUTHERFORD'S BQUATORIAL REFRACTOR

523. The above cut represents an equatorial telescope
manntactured by Mr. Henry Fitz, of New York—the one
used by the author in making most of his observatious.
Its- olject-glass is six inches in diameter, and its fucal

lengath eight feet.

A it the declination circle, and B the eircle of right ascension. The two sticks hange
nge from these eireles are used to move the instrument in right ascension or declination,
while the ohserver is at the eyesplece.

The Finder is seen attached tothe lower end of the large instrument. It takes in
8 larger fie'd of view in the heavens than the latter, and enables the observer to look
up objects with facility. and bring them into the field of the larger instrument.

This instruiment has no clockwork attached. It rests upon a pillar of heavy masor-
work, the top of which may be seen in the cut: and in the hands of its present owner,
Lewis M. Rutherford, Esq, has already rendered very eft'“ient service.

628. Mr. Rutherford's telescopo? By whom made
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OI-I'AT REFRACTING TELESOOPE AT OCINCINNATI, OHIO.

524. The above cut represents one of the most im-
ortant telescopes in the United States. It is located
i the observatory on Mount Adams, near Cincinnati,
Ohio, and was for several years under the direction of
the late Prof. O. M. Mitchel, by whose instrumentality
it was purchased and mounted.

The object-glass is abou* 12 inches in diameter, with a focal distance of 17 feet. It
vas purcl in Munich. Germauny, in 1844, at an expense of nearly son thousand
dollars. There is now but one better vne in this country, though probably severul
larger instruments than this is. .-

524. Cincinnati refractor—where located? By whom purchased?
(Whore? When? Cost? S8ize and focal distance? Comparative sizo?)




228 PEFRACTING TELESCOYES,

THE PRILADELPHIA REFRACTOR.®

*  525. This instrument is located in the Observatory of the High
-School of Philadelphia. Its focal length is eight feet, and ite
aperture six inches. It was made by Merz & Maliler, of Munich,
and cost §2,200,

* We are indebted to the courtesy of Messrs. Harper Brothers. of New York, fm
- eoples of several of these cuts from their Monthly Magazine for June, 1853,

523, The Plaladelphia refractor? Size? By whom made? Cost?
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HANULTON COLLEGE CINBACTOR.

526. This instrument has a focal length of sixteen feet, with
an object-glass thirteen-and-a-half inches in diameter. Its focal
length is therefore about four fret less than is usual in the Mu-
nich instruments of the same averture. The flint and crown
glass discs for it were imported from Germany, and the instru-
ment was made by Messrs. Spencer & Raton, of Canastota, N. Y.,
at & cost of $10,000. It is reported to be a very superior tcle
scope, and, in workmanship, is regsrded as fully equal to the
Munich instruments,

526. 8izo of the Hamilton Coliege telescope? Whit pea'atitv w0 o length? By
whom made? Cost?
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TIE BQUATORIAL KEFRACTOR AT ALBAXY, X. Y. '

527. This superb instrument is mounted in the Dudley Ob
servatory, at Albany, and is one of the most important instrn
ments in America. Its focal length is 15 feet 2 inches. T'h
object-glass, made by the late Henry Fitz, of New York, is 1:
inches clear aperture, and the tube is of mahogany, constructe-
Ly glueing together strips of about an inch in width. A findes
or small telescope for finding objects, is seen attached to th-
-ower end of the large instrument.

83(. Where located? Sigze? DBy whom made? What asid o' tabo? Finder?
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TIHE GREAT BQUATORIAL REFRACTOR AT CAMBRIDGE MASS.

528. This is probably the best ins'1ument in the United States.
Its object-glass is 15 inches in diam ter, with a focal length of
22 feet 6 inches, It has eighteen ditferent powers, ranging from
103 to 2,000. It was made by Merz & Mabler, of Munich, Ba-
varia, and cost $19,842.
ln.g: mr uh‘:‘tv;‘ tlel;:g‘e:g:g in the revolving dome of the observatory, and the observer

528 Comgtnﬁn value? Bize? AMagnifying powera? By whom made? Cost of tae
fustrument ] :
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THE GREAT CRAIG TELESCOPE, WANDSWORTH OOMMON, NEAR LONDON.

529. This is the largest refracting telescope ever con
structed. The object-glass is two feet in diameter, witk
a focal distance of 76 teet. The tube is of heavy sheet
iron, and shaped somewhat like a cigar. It is 13 feet in

cirenmference in the largest place, and weighs about
three tons.

This telescope is nded from a brick tower 63 foet high, 15 foet in diameter. and
weighing 220 tons. The top of the tower, from which the telescope is suspended, re-
volves; and by a chain running over pulleys, and a weight and windlass, it is balanced,
and raised or lowered. The lower end rests on a smnall carriage, that runs upon a circa-
.«ar railroad around the tower, at the distance of 52 feet frcm its center. By these
neans it is directed to almost any point in the heavens. It is called the “ Craig™ tele-
scope, in honor of Rev. Mr. Craig. under whose direction, and at whose expense, it was
sopstructed. It is located at Wandsworth Common, near London.

529, Describe the Craig telescope. Object-glass 1—focal distance? Tubo?
{How mounted? Why called “ Craig” telescope? W here locuted )
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A TRANBIT INSTRUMENT,

530. A Transit Instrument is a telescope used for observing
the transits of celestial objects across the meridian, for the pur
‘pose of determining differences of right ascension, or obtaining
correct time. They are usually from six to ten feet long, and
are mounted upon a horizontal axis, between two abutments of
mason-work ; so that the instrument, when horizontal, will point
exactly to the south. It will then take objects in the heavens,
when they are exattly on the meridian, .

The Transit Instrament and Maral Circle have been combined
in one instrument, called a Meridian Circle, as shown on a sub-
sequent page. ’

Let A D in the cut represent the telescope, and E and W the east and west abutments,
between which it is placed. On the left is seen, attached to the mason work, a graduated
circle; and on the rastern end of tho axis of the telescope s seen an arm, 7, extending
to the circle, a8 an index. Now, suppose the index # to be at o, in the upper part of thi¢
circle, when the telescope is horizontal; then if the meridian altitude of the ubject to be
taken is 10°, the index must e moved 10° from 0, as the degrees on the circie-and the
altitude of the object will correspond.

k80 What is a transit instrument? Size? How mounted? Describe parts as shown
:;otkhe :::'t’. How oct the instrument for tho altitude of a star? What counbinativn
on
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531. An Astronomical Clock is a clock adapted to keep

exact sidereal time (136).

'l';kln: the vernal equinox in the heavens as the zero Jolnt, and reckoning 24 hounre
sstward to the same point again, the time—reckoning 15° to an hour—when an object
russes the meridian, will always ngreeent the right ascension of the object. Hence
*ght ascension is usually given in hours, minutes, and seconds; or in time by thc
stroncmical clock, set by the vernal equinox, . .

THR MURAL CIRCLE, -

532. A Mural Circle is a large efraduated circle, with
a telescope crossing its center, used for the measurement
of the altitudes and zenith distances of the heavenly
bodies, at the instant of their crossing the meridian.
They are usually fixed upon a horizontal axis, that turne
in a socket firmly fixed 1n a north and south wall. The¢
degrees, minutes, and seconds on the circle are read by
means of microscopes, and indicate the altitude of thc

object. .

In the cut, A is a reading microscope, and BCD E the wall to which the cirele is at
hed. Theo tel would d an altitude of about 400, which would leave 50° ac
the zenith distance.

581, An astronomical clock? How set? How indicate right ascension 0s

objects
%3‘2. Describe & mural circle? Its uses! How mounted? (How ascertaa
altitude and zenith distance by it2)

P
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TRANSIT INSTRUMENT, WASHINGTON, D. 0.

533. This instrument is located in the National Observatory,

at Washington, D. C. It is mounted upon piers of granite, which
_rest firmly upon a foundation of stone, extending ten feet below

the s uface of the ground. The object-glass was furnished by
Merz & Mahler, and the instrument was constructed by Ertel &
Son, Munich. The entire cost was $1,480.

L)

638, Where locatod? How mounted? By whom mad:? Cost?
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MERIDIAN CIBRCLE AT ALBAXY, N, Y. ~-

534. This is a superior transit instrument, with a mural circle
attached. It is located in the east wing of the Dudley Ob»erva~
tory, at Albany, N. Y., and rests upon piers of Lockport lime-
stene, which rest upon a bed of sand and gravel, some ten feet
belew the floor of the cellar, Taken as a whole, it is probably
the best transit instrument in the United States.

1. A Mural Circle is a large graduated circle, with a telescope crossing its center, used
for the measur-ment of the altitudes and zenith distances of the heavenl bodies, at the
instant of their crossing the meridiun. They are usually fixed upon a horizontal axis,
that tarns in a socket firmly fixed in a north and south wall. e degrees, minutes,
and sceonds on_the circle are read by means of microscopes, and indicate the aititndo

of the abject. The Mural Circle and a transit instrument, a8 now combined, are called
8 Meridian Circle.

534. Where located? How mounted? Comparative importance? What is a Afurul
CGurcle! Usa? How asually ted? How bi ‘I!m What aalled ?
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535. A Comet Seeker is a
refracting telescope with a
large aperture and short fo-
cal distance. . As comets
cannot be found by their
right ascension and declina-
tion, but often have to be
searched up, by sweeping
around the heavens with a
telescope, before they De-
come visible to the naked )
eye, it is important to have telescopes that will cover
considerable space—that is, of wide aperture and short
focal distance. Such a telescope was made by Mr. Fitz
for Miss Mitchel, of Newport, R. L.

REFLECTING TELESCOPES.

. 536, The Reflecting Telescope is one in which the light
is converged to a focus by means of a concave metallic
reflector or speculnm. Like the Refractors, they may
be constructed with very little mounting; .hough, for
convenience in use, it is necessary to place the reflector
in'a tube.

B SIMPLEST FORM OF A REFLECTING TELESCOPR.
.

— T

In this cut. the light A is scen passing from the object on the right, and falling upon
the cuncave surface of the reflector at B, from which it is reflected back to a focus, and
oniters the eye of the observer at L This telescupe hias nv eye-piece.

537. The focal distance of a concave reflector is equal
to half the radius of the sphefe formed by the concave

535. What is a comet zeeker ? 'Why necessary ?
534 Describe a retlecting telescope. . Simplest form .
537 Fooal distance ! (Diagmm_.;é - .
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surface produced. Hence to grind a reflector for a focus
of 20 feet, it will be necessary to'have the curve that of
a circle whose radius is 40 feet.

FOCAL DISTANCE OF A CONCAVE REFLECTOR.

=

Here the enrve of the specnlum B is that of a circle, whoﬁ cene
ter is C; while the focus of the speculuin is at D, which is only
half the distance frum B to C. N

538. Reflecting telescopes are of several kinds—-viz.,
the Gregorian, the Newtonian, the Cassegranian, the
Herschelian, &c. The Gregorian Riflector has an aper-
ture 1n the center of the specnlum, and a small concave
mirror in the focus of the specnlum, which reflects the
-light back through the aperture to the eye-piece. In
this way the observer is enabled to face the object, anc
to direct the telescope toward it, as if it were a refractor

B GREGORI\N REFLECTOR,

—a

S A

Here the light A falls upon the speen'nm at B, and is reflected back to the small mir
ror C. by which it is thrown out. throurh the aperture in the speculum, to the eye of
the observer at D, The object i supposed to be off on the right. in the direction toward
which the instrument is pointed. It ix called a Gregorian telescope, after Mr. James
Gregory, who first suggested the construction gf reflecting telescopes.

539. The Newtonian R.:flector is so called after Sir
Isaac Newton, its inventor. Instead of a concave wir-
ror in the focus of the speculum, he placed a plane mir-

538. How many kinds of reflectors?  Describe the Gregorian. (Diagram
Why onlled Greazzriun 7 : Tego (

69 Newtonian reflectors? (Diagram and explanstion.) °
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ror there, inclined so as to reflect the light wo the side of
the tube, whereit was received by the observer.

NEWTONIAN REFLECTOR.

(| -
- 7
- - |
. /
The ligh. from the speculum is here shown falling upon the inclined mirror in the
center, and reflected out to the eyc of the observer.

540. The Cassegranian R:flector is so called from M.
Cassegrain, its inventor. It resembles the Gregorian,
except that the speculum placed in the focus of the re-
flector is conwex, instead of concave. "

541. The Herschelian Reflector differs from all others,
in having no small reflector whatever; the light bein
reflected %)ack to a focus at the top of the telescope, anﬁ
near the edge of the tube, where the eve-piece is placed,
and where the observer sits looking iuto the mirror with
his back to the object.

LIAN TEL ®

=

Here the concave speculum is seen to be inclined a little to the lower side of.tho

. tabe, so that the Hel rays A are reflected back to the observer at B, at the side a¢

the instrument, where the eye-piece is placed. .

542, The first telescope constructed upon this plan w;
that by Sir William Herschel, in 1782. This was calleu
his 20 feet reflector, and was the instrument with whica
- he made many of his chservations upon the double stats:

In 1789, he completed his forty feet reflector, until
recently the largest telescope ever constructed. -

" 540, Casiegranian? Differencat -
"T41. Herschelian? Where eye piece ! - How observer sit !
542, Furst Herscheling telescope? What-eilled ? - Next?
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SIR WILLIAM HERSCHEL'S FORTY FEET REPLECTOR.
e

543. The speculum of this instruient is 4 feet in
diameter, 3} inches thick, and weighed, beforo being
ground, 2,118 pounds. The tube is made of sheet iron
riveted together, and painted within and without.

The length of the tube is 39 feet 4 inches, and its weight 8.260 pounds. It is elovated
or lowered by tackles, attached to strong frame-work ; and the observer, who sits in a
chair at the upper end of the tube, and looks down into the reflector at the bottom, is
raised and lowered with the instr t. Three p are to use this tele-
scope—one to abserve, another to work the tube, and & third to note down the observa-
tions. A speaking tnbe runs from the observer to the house where the assistants are at
work. By this telescope, the sixth and seventh satellites of Saturn were discovered
and it was the thief instrnment used by its distingunished owner, in making the obsers
vatious and discoveries which have inmortalized his name, and which have so abun-
dantly euriched and advanced the science of astronomy.

543. Herschel's forty feet reflector ? Size of speculum? Weight? Tubo
{ungth and weight . How mounted # Obslerve;"wyt_s_rp!d U eryh H
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LORD ROSSE S OREAT REFLECTING TELESCOPS.

544. This is the largest reflecting telescope ever con-
structed. The speculum, composed of copper and tin,
weighed three tons as it came from the mould, and lost
about }th of an inch in grinding. It is 5} inches thick,
and 6 feet in diameter. It was cast on the 13th of April,
1842, and was cooled gradually in an oven for 16 weeks,
to prevent its cracking, by a sudden or unequal reduc-
tion of the temperature. is speculum has a reflecting
surface of 4,071 square inches. The tube is made of
deal wood, one inch thick, and hooped with won. Its
diameter is seven feet, and its length 56.

The entire weight of this telescope is twelve tons.
It is mounted between two north and south walls, 24 feet
apart, 72 feet long, and 48 feet high. The lower end
rests upon a universal hinge. It can be lowered to the
horizon, and raised to the zenith, and lowered northward
till it takes in the Pole star. Its motion from east to
west i8 limited to 15 degrees. This magnificent instru-
ment is situated at Burr Castle, Ireland. It was con-
structed by the Earl of Rosse, at an expense of $60,000.

544. Lord Roswe's tal ! Weight of * Diameter! Thick-
), Golngd c'x';.gb:a s wesht§ Hom uten §Weat mochend
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OBSERVATORIZS AND TELESOOPES IN THE UNITRD STATES.



PARALLAX OF THE HEAVENLY BODIES. 943

* 545, Parallax is the difference between the altitude of
any celestial object seen from the earth’s surface, and the
altitude of the same object seen at the same time from
the earth’s center; or it is the angle under wkich the
semi-diameter of the earth would appear, as seen from
the object.

The true place of a celestial body is that point of the
heavens in which it would be seen by an eye placed at
the center of the earth. The apparent place is that point-
of the heavens where the bodlyq?s seen from the surface:
of the earth. The parallax of a heavenly body is great-
est when in the horizon, and is thence called the /ors-
zontal parallax. Parallax decreases as the body ascends
toward the zenith, at which place -
it is nothing.

. The adjoining cut will afford a sufficient 1llustration.

‘When the observer, standing upon the earth at A,
views the object at B, it a) to be at C, when, at

PARALLAX OF THE FLAYETS.

the same time, if viewed the center of the earth,
it would axpur to be at D. The is the
BCD or A BE, which is the between

altitude of the object B, when seen from the earth’s
surface, and when seen from her center. 1t is also
the angle under which the semi-diameter of the earth,

AE, is seen from the object B.
As the object ad from the bori: to the me-
nith, the parallax is seen gradually to diminish, till at

glthumpualhx,orﬁfappueitmduuepheom '-i i
NS

'.i‘h“i;nq.fiagnm will also show why objects nearest
the earth have the paraliax, and those most
dkwl,: o v:m ; t:o yl‘xh:dm&o; t.::’m th;‘lro‘h:l:lltx; distance, bave l;: ﬂ”qvp»reekblo
&wﬁn{wn—m semi-diameter of the earth, st such' s distance, being

[ % oo A ! .

546. As the effect of parallax on a heavenly body is
to depress it delow its true place,it must necessarily affect
its right ascension and declination, its latitude and longi-
tude. On this account, the parallax of the sun and
moon must be added -to their apparent altitude, in order
to obtain their frue altitude.

. The true altitude of the sun and moon, except when in the zenith, is always affectert,
more or less, both by parallax and refraction, but slways in & contrary manner. Henoce
the mariner, in lndi);g the latitude at sea, » ways add:. the parallax, and subtracts the

refiaction, to and from the sun's observed altitude, in order to obtain the érue altitudy,
and thenoc the latitude.

545. Parnllax? True place of a celestial body ! Apparent? When par-.
allax greqtestn! Leas?) t? Called what, and why{ (Diagram e 1 What objocts
reatest ax
%6. ect of Kral!ax? How obtain true altitude? (How differ from rv-
fruction ¢ How then obtain truo altitude?) < - o T
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547. The principles of parallax are of t import-
ance to astronomy, as they enable us to determine the
distances of the heavenly bodies from the earth, the mag-
ﬁitudes of the planets, and the dimensions of their or-

its. .

The sun’s horizontal parallax being accurately known,
the earth’s distance from the sun becomes known; and
the earth’s distance from the sun being known, that of
all the planets may be known also, because we know the
exact periods of their sidereal revolutions, and, according
to the third law of Kepler, the squares of the times of
their revolutions are proportional to the cubes of their
mean distances. Hence, the first great desideratum in
astronomy, where measure and magnitude are concerned,
is the determination of the true parallax.

At & council of astronomers assembled in London some years from the most
learned nations in Europe, the sun’s mean horizontal parallax was ed, as the result
of their united observ. 8t 00 0 8".5776.  Now the value of radius, expressed like-
‘wise in seconds, is 206264"'.8; and this divided by 8".5776, gives 34047 for the distance
of the sun from the earth, in semi-diameters of the latter. If we take the
semi-diameter of the earth as sanctioned by the same tribunal, at (7924-+-3=) 8963 miles,
we shall bave 34047 %8983—95,278,869 miles for the sun's true distance.

548. The change in the apparent position of the fixed
stars, caused by the change of the earth’s place in her
revolution around the sun, is called their annual parql-
la@. So immense is their distance, that the semi-annual
variation of 190,000,000 of miles in the earth’s distance,
from all those stars that lie in the plane of her orbit,
makes no perceptible difference in their apparent magni
tude or brightness.

The following cut will illustrate eus meaniag:

fe
1 000 of miles nearer the star than it will be at D six months afterward; and yet
tmmi-mnnﬂ variation of 190,000,000 miles in the distance of the star is so msﬁ
fraction of the whole distance to it, as neither to increase or diminish its apparent
brightness,

547. Use of parallax? How employed? (Note?)
548. What meant by earth’s aungaloypa lla(zi Effect of variation of earth’s
distancc on the fixed stars? (Diagram.)
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. 549, It is only those stars that are situated near the
axis of the earth’s orbit whose psrallax can be measured
at all, on account of its almost imper-
ceptible quantity. So distant are
they, that the variation of 190,000,000
miles in the earth’s place causes an
apparent change of less than 1’ in
the nearest and most favorably situ-
ated fixed star.

Lot A represent the carth on the 1st of January, and B

@ star observed at that time. Of course, its appurent - place
in the more distant heavens will be at C. But in six
months the earth will be at D, and the star B will appear
::.bo st E 'l‘h;| o AhBD or t'?ului. will ennstitute
parsllatie angle. In the eut, angle amounts to
489, the real parallax of the sturs is less

than 4';th of one degree, or ;y%5,th part this amount
approsching each other thus slowly would appear
paraliel ; and the earth's orbit, if filled with a globe of fire,
and viewed from the fixed stars, would appear but a point of light 1’ in diamotor!

PARALLAX OF TIME STADW,

MISCELLANIA.,

850. The Aémosphere is an elastic gas, which sur
rounds the earth on every side. It is supposed to be
from 40 to 60 miles in h(tht, growing more rare as we
ascend, and is kept around the earth by attraction.

551. Wind is air put in motion by heat, causing bodies
of air to rise from the earth’s surface, and other air to
rush in to supply its place. The velocity of the wind
ranges from 5 to 100 miles an hour.

552. Clouds are collections of vaﬁor suspended in the
air. They range from two miles to half a mile in hight,
according to their density and weight. They serve to
screen us from the oppressive heat of the sun, and to
convey water from the rivers and oceans, and pour it
down in showers upon the earth. '

553. Rawn is water condensed, or collected into drops
by attraction, and falling from the clouds. Hael is drops

549. What stars have perceptible parallax! Amount? (Diagram, sud

. 1 aththdaunoog{xm' Extent!? How kept areund tho earth?
1. Wind? How put in metion? Velocity ! :
Clouds?. TUses?

. Rain? Huil? Snow!?
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of rain frozen on its way to the earth; and Snow is par
ticles of clouds frozen before being condensed into drops.

554. Lightning is electricity passing from one cloud
to another, or between the clouds and the earth; and
Thunder is the sudden shock given to-the atmosphere
by the passage of the electricity through it.

555. The Awrora Borealis, or Northern Light, is a
reddish «nsteady light sometimes seen in the north. It
is supposed to be caused by electricity passing throngh
%el dpper regions of the atmosphere, about the Nortk

ole.

856. “ Shooting Stars” are meteors that shoot down-
ward toward the earth, like stars falling from their
spheres. They are usnally seen one at a time, and only
in the night, but sometimes fall in showers, and no doubt
fall in the day time, though invisible.

From £ o'clock in the morning. November 18, 1888, till dnyllghi the whole heavens
were fllled with these flery icles and streaks of light darting downward from the
sky. These meteors, no doubt. come from regions beyond the limits of the atnosphere,
and are ?nmd by their rapid pussage through it. 'Ehdnﬂ(handmum - yet
matters of inquiry and apoeul.u!on. .

557. Aerolites, or Meteoric Stones, are masses of stone
or iron that have fallen from the sky at various periods,
and on almost every J:art of the globe. They are often
found after the explosion of large meteors, scmetimes.
while they are yet hot.

A large met ploded over Cab ty, North Carolina, a fow years
several pieces of which were picked up the mext J‘X' One piece, 'elghlng 19 Ibe,, b
struck a.large pine tree lying on the ground, and had gone through it, and into the
earth, to the of three foet. lnwmoe.%hrgomo!uwhveulm In
December, 1 a stone weighing 51 lbs. fell in Yorkshire, England. The writer hasa

ece of an ‘serolite that weighed 90 lbs., that fell in New Jersey.: A large mass of
gmodehvnmybomhthommmd'fdeconm

554. Lightning and thunder? .
555. Ayrora Borealis !
556. ‘‘Shooting stars " How seen? (What shower mentioned? Dis-
wance from which they come?)
557, Aerolitos §. (What instances of their fall citod ?)
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.- TABLE OF THE ASTEROIDS.

558, The following table comprises the' names, ;iistsuces,
periods, etc., of the Asteroids, so far as known. They aro
placed in the order of their discovery.

Distance from | Periodie
No. Names . Distance from | Periodle Time of By whom a,
- Milea Days. v

1 ceeees.) 262,764,110 | 1,680 |Jan. 1, 1801/ Plagst......|Palermo,

R P veoes.| 263,186.670 | 1,634 |March 38, 1808| Dr. Olbers..|Bremen.
‘8. JURO,ieee..| 358594410 | 1,502 r 1, 1804/ Harding. . .. | Lilienthal,
4 Vesta.......| 224827205 | 1,825 |March 29, 1807|Dr. Olbers. |Bremen.

5. Astrma. 244767,500 | 1511 |Dec. 8 1845|Hencke.....|Driesden.

€. Hebe encke,

930,414,710
883,

1. Tris.. 965
Flora 909,181,670
8 Metis 26,644350 | 1
10. Hygela......| 299,190,485 | 2041
292,995,860 | 1,408
it |
245950,000 | 1529
951,197,100 | 1570
7,661,440 | 1,825
1421

EpEEEEEEERES

&8

5

Oct. 28, 1854, .
April 18, 1855 Chacornac..

April 19, 1835 Luther.....|Bilk. ,

5, 1855 Goldsmidt.. (S

8, 1855 Luther. ....|Bilk.
856/ Chacornac. .

et
882

86 Atalanta....| 261.126975
87. 65

285
[
;
5

BEREE

:
s
28

$

:

23
>
EE%
5.
&
]

941/296.960 113:% im ﬁ}gg'}rm ..|oxford,
€. Agigia ool 780 |8enc. 18, 151 Lutpen. -~ IBiLx |
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TABLE OF THE ASTEROIDS.— Continsed

Distance from
ibe Ban i
Milea,

Time of By whom

Where

48. Dorta.......
49. Pales.......
80; Virginis....
51, Nemausa....
32. Enropa......

83, Calypeo.....| 248

54. Alcxandrs ..
85, Pandora .. .
58. Melete......

OI mpls. .

19, 1857(Goldsmidt .

ISepL
19,1 ¢
erguson. ..
Laurent ...
|Goldsmidt..
Luther.....
Goldsafidt..

Starle. .....
Goldsmidt..

Go smidt. .

Goldalnldt

2| Tattle......
Tempel.....

Sept. 14, 1863| Watson.....

May 3,1864 Pogson.....

- |Sept. 80, 1864 Tempel.....| Marseil

E;:ﬂ 3;!’ lg:; I]sl;thor. .ee
Ang 25, 1865 Lnthor. cer
Bept. 19, 1805 Poters ..

eeer|B
aparelli

March 15, 1863| Luther.....|Bf

Paris,

Goldsmidt. . | Paris.

Washington, D. Q.
smes.

Lnther. «e..|Bilk.

PN
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PROBLEMS AND TABLES.
1.—T0 CONVERT DEGREES, ETC., INTO TIME,

Ruiz 1.—Divide the degrees by 15, for hours; and multiply
the remainder, if any, by 4, for minutes.

2. Divide the odd minutes and seconds in the same man-
ner by 15 for minutes, seconds, &c., and multiply each remain-
der by 4, for the next lower denomination,

ExaurrLe 1.—Convert 32° 34’ 45” into time.

Thus, 32°¢15=2h. 8’
84 =15 2 18”
45 =15 38

Ans. 82° 34’ 45""=2h. 10’ 19"
ExawpLe 2.—If it is 12 o’clock at this place, what is tho
time 20° east of us?
IL.—TO CONVERT TIME INTO DEGREES, ETC.

Rurz.—Multiply the hours by 15, and to the product add
one-fourth of the minutes, seconds, &c., observing that every
minute of time makes }°, and every second of time }’.

ExaurLe 1.—In 2 hours, 10 minutes, and 19 seconds, how
many degrees !

Thus, ¢h. 10m. 19.
156
‘ 80°
Add 10 quarters, or } of themin. 2 30’
Add 19 quarters, o1 } of the sec. 4 45"

. Ans, 82° 3¢/ 45"
Ex. 2.—When it is 13 o’clock at Hartford, it is 4 hours, 51

minutes. and 20 seconds past noon at Greenwich; how many

degrees is Hartford west of Greenwich?

Thus: 15 times 4 is 60—added to } of 51,.is 73° 45”, and-

this, increased by 4 of 80, is 72° 50’, ~ Aua.

Vel
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Ex. 3.—The moment of greatest darkness, during the annun-
lar eclipse of 1831, took place at New Ha\en, 10 minutes
after 1 o'clock. A gentleman reports that it happened pre-
ciscly at 1, where he observed it; and another, tgat it was 5
minutes after 1 where he saw it: Query. How far east or west
were these gentlemen from each other, and how inany degrees
from New Havent

1II,—TO0 FIND THE EARTH’S MEAN DISTANCE FROM THE SUN.

RuLe.—As the Sun’s horizontal parallax is to radius, so is
the semi-diameter of the Earth to its distance from the Sun..

By Logarithms.—As tangent of the Sun’s horizontal par-
allax is to radius, so is the Earth’s semi-diameter to her mean
distance from the Sun.

8 .6716 2062647.8: : 3962 95,273,869 miles.
As ta t of th 8 Bh #zooaﬂl‘hpmllu, 8".5776 5.6189407
s tangent of the Sun's horizonta ==
Isto ngdﬁus, or 90°, 10.0000000
8o is the Earth’s semi-dluneter, 896!-. 8 5979148
- To the Earth’s distlnoe, ) - 95,278,869= 17.9789738

—’l‘O FIND THE D!B'I'ANCE OF ANY PLANET FROM THE BUR,;
THAT OF THE EARTH BEING KNOWN.

RuLe.—Divide the square of the plauet’s sidereal revolution
round the Sun, by the square of the Earth’s sidereal revolution,
and multiply the cube root of the quotient by the Earth’s
mean distance from the Sun, :

By Logarithms.—From twice the logarithm of the planet’s
sidereal revolution, subtract twice the logarithm of the Earth’s-
sidereai revolution, and to one-third of the remainder add ‘the
logarithm, of the Earth’s mean distance from the San.

ExanrLe—Required Mercury’s mean distance from the Sun, that of the Earth
being 95.273,369 miles.
Mercury's sidereal revolution Is 87.960258 days, or 76005437.8913: the Earth's
sidereal revolution is 8&':,25681“11 days, or
815581517 . - 16005439 -
8] 51 ”.5 - - - 7600543.9

995010902096952 25 by which divide 57768267575827.21
and the quoticnt will be.0.058005106713202, the cube root of which is 0.8870977, and
this mnlt‘fplled by 94,881, 891 gives 86,721,607 miles, for Mercury’s distance from the

Sun. This problem may be performed by logarithms In a8 many minules as the
former method requires 8,

Mercury's 8id. Rov, 70003499 log. =6.8808447 x $ 18.7616594
Earth's Sid. Rev. 813381517, log.=T7.4991303x$ . 14.9982604 -

$)—2.76342%¢

. . T ’ T LB8T8097
Add log. of the Earth's mean distance, X 1.9789788 .

3 . L. . . S . . ettt <
Morcury's distanoe, 88,880,424, Apa 1.6667885
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¥,~7T0 ¥IND THE HOURLY MOTION OF A PLANE? IN ITS ORBIT.

Rure.—Multiply the planet’s mean distance from the Sin
by 6.2#31853, and divide the product by the time of the
planet’s sidereal revolution, expressed in hours, and the deci
mals of an hour. . ..

By Logarithms.—Add 0.7981799 to the logarithm of the
planet’s mean distance from the Sun, and from the sum subtract
the logarithm of the planet’s revolution, expressed in hours.

ExamMrLR. uired the Earth's hourly motion i itgorbit. -

. of Earth's distance=7.9780738 +0.7981799= 81711567
Subtract log. of Earth’s revolution - 8.9423000
Gives Esrtg'n horary motion, 68,288 miles, “4.8848447

. VL—TO FIND THE HOURLY MOTION OF A PLANET ON IT8 AXIS.

Rure.—Multiply the diameter of the given planet by 3.14159,
- and divide the product by the peried of its diurnal rotation.
By Logarithms.—Add 4.0534524 to the logarithm of the
lanet’s diameter, and from the sum subtract the logarithm of
its diurnal rotation, expressed in seconds.

Earth's dismeter, 7924 log. = 8.%
Add log, of 8600” +log. y 8.14109 = 4.0534
7.9%2396y
Subtract Jog. diurnal rotation, 28h. 5¢ 47.09 = 4.9353263
Ana  1040.09 miles = 8.0170706

- YII—TO FIND THE RELATIVE MAGNITUDE OF THE PLANKLTS.

- RuLe.—Divide the cube of the diameter of the larger planet
by the cube of the diametér of the less.
. By Logarithms,—From three times the logarithm of ihe

larger, sabtract three times the logarithm of the less.
ExaurrLe.~How much does the size of the Earth exceed that of the Moon ?
Earth’s dismeter, 7918 log. 8.8982863 x 8= . 11.6948589
Moon's diameter, 2160 log. 8.8343376 x 8= 10.0090128
The Earth excteds the Moon, 49.1865 times. Ans. 1.6918461
In this exampie, 7912 miles is assumed as the mean between the -Earth's equato
_rial and polar diameter ; the former being 7924, aud the latter 7898 miles.

VIIL—T0 FIND THE PROPORTION OF SOL.V&VR LIGHT AND HEAT
AT EACH OF THE PLANETS.

Ruie.—Divide the square of the planet’s greater distance
from the Sun, by the square” of the less,—Or, subtract twice
the logarithm of the greater distance from twice the logarithm
of the less.
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Exanrprz.—How much greater is the Sun’s light and heat at
Mercury, than at the Earth?

Log. of Earth's distance 1.9T897T08 x $=15.9579476
“ " of Mercury's - 7.5667959 x 3=15.1835018
Ana 66736 times greater= 0.8343568

1X,—TO FIND THE CIRCUMFERENCE OF THE PLANETS.

Rure.—Multiply the diameter of the planet by 3.14159, or,
add the logarithm of the planet’s diameter to 0.4971499.

X.—TO0 FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS.

Rure.—Multiply the planet’s mean distance from the Sun
by 6.28318583; or, to the logarithm of the planet’s mean dis-
tance add 0.7981799, and the sum will be the logarithm of the
answer.

ZL—T0 FIND IN WHAT TIME ANY OF THE PLANETS WOULD
FALL TO THE 8UN, IF LEFT TO THE FORCE OF GRAVITATION
ALONE,

RuLe.—Multiply the time of the planet’s sidereal revolution
by 0.176776; the result will be the answer.

By Logarithms—From the logarithm of the planet’s
sidereal revolution, subtract 0.7625750, and the remainder
will be the logarithm of the answer, in the same denomination
as the sidereal revolution.

Required the times, respectively, in which the several planets would fall to the
Sun by the force of gravity.

Planets would fall to the Sun, Days. H. M. 8. Logarithms,
Mercury, 15 18 18 16 6.1289686
Venus, 8 17 19 22 €.5355424
Farth, - 64 13 88 B 6.74653857
Mars, !‘ 121 10 86 8 7.0208317
Jupiter, -, 265 91 88 85 7.8906849
BSaturn, 1901 8 U ¢ 8.8157186
Herschel, 3424 16 58 1 8.6708807
Moon to the Earth, .4 19 b4 BT 5.6304450
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