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REVISED

EDITION.

NEARLY six years have elapsed since the publication.of this IllustraWd Astronomy; during this time many new planets or Asteroids -have been
discovered; a notice of which will be found in its proper place; al~o a notice of Professor Bond's new tbeory in regard to Saturn's rings.
'l'he favor wit;h which this work has been received by teachers and the public generally has far exceeded the author's expectations, it having rm±«through fifteen Editions since it.s publication. It ha.'>been thoroughly revised, and the new discoveries are brought up to the present date; fivo new
illustrations have been added and a new set of Electrotype plates have been procured at a great expense, which give a very distinct and beautiful diagram.
It has been the object of the author of this Illustrated Astronomy, to present all t.he distinguishing principles in physical Astronomy with as
few \Vords as possible ; but with such occular demonstrations, by way of diagrams and maps, as shall make the subject easily understood. The
letter press descriptions and the illustrations will invariably be foun<l at the same opening of the book; and• more explanatory cuts are given, and at a.
much less price than have been given in any other elementary Astronomy.
This wo~k is designed for common schools, but may be used with advantage as an introductory work in high-schools and academies. !ff the preparation of these pages most of the best works in our language have been consulted, and the best standard authorities, with regard to new disMveries
and fact.s, have governed the author's decisions.
..__
The Diagrams, which are larger and more full than those of any other work adapted to common schools, are most of them original in their
design, and exhibit the positions and phases of the planets in their orbits. The drawings being upon the principal of perspective, exhibit ttie inclinations of their se,,eral axes to the planes of their orbits more correctly than has hitherto been done in any other popular work. It is well to
intimate to the young elementary student, who hM made himself somo what acquainted with the sublime mechanism of the solar system, that
there is something more magnificent beyond. Accordingly the author has given a few Sidereal Maps, just to awaken in the young astronomer the
amazing conception, that unnumbered suns and revolving worlds occupy the depths of space far beyond the confines of our planetary system. By
these maps he will be able to learn the relative positions of the principal constellations and stars, which will be found useful and interesting to him
in subsequent investigations of the ennobling truths of mathematical Astronomy.
The author is not so vain as to suppose that he hRS been able to present to teachers a faultless work ; but in his own practice, finding it tedious
and often difficult to explain all the representable phenomena of the science· on the black-board, and finding also a general concurrence of opinion
among teachers most interested in the study·of Astronomy, that a cheap, compact, and jllustrated work is necessary in our common schools, he has
attempted the production of such a work. The success of the work and the favor with which it has been received, sufficiently prove its superiority over
all other works for the instrnction of pupils in the general outlines of the science of Astronomy, and satisfies the author that be has not labored in
vain in the production of this work.

Objections which are· sometimes urged against questions and answers, in an elementary work, will not, the Author hopes, be urged in this case, as
the p"upil has the subject, fully illustrated, continually before the eye, while be is learning his lesson.
To the Teachers, of our common country, this work is most respectfully dedicated, in the sincere desire that the cause of education may be
benefitted, and the labors of instruction in Astr6nomy may be rendered more easy and pleasant, from the illustrations it contains.
ASA
SMITH, PRINCIPAL
OF WARD
SCHOOL No. 11, (Late Public School, No. 12,)
Seventeenth Street, near Eighth Avenue, City of New York.
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The following is a list of the names of the new Asteroids, date of discovery, and by whom discovered,
Name and Number.
I.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Ceres ••••.•••••
Pallas ..........
Juno .••••••.•••
Vesta ...........
Asthea ..•••••••
Hebe ..........
Iris ..••• , •••• ,.
Flora ••••.•••••
1\fetis•••••..•••
llygeia ..•••••••
Parthenope .•..•.
Victoria •••.•.••

Date of Discovery
1800,
1802,
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1807,
1845,
1847,
1847,
1847,
1848,
1849,
1850,
1850,

Jan. I.
Mar, 28.
Sept. I.
Mar. 29.
Dec. 8.
July L
Aug. 13,
Oct. 18.
April 26.
Apl'il 12.
May II.
Sept. 13.

Name of Discoverer.
Piazza, of Sicily.
Olbers, of Bremen.
Harding.
Olbers.
Hencke~ of Germany.
Beneke.
Hind, of London.
Hind.
Graham, of Ireland.
De Gasparis, of Naples.
De Gasparis.
Hind.

Name and Number.
13,
14.
15.
16.
I 7.
18.
19.
20.
21.
22.
23.

Egeria .••••••.•••
Irene .••••••••••
,
Eunomia .••••••••
Psyche ..........
Thetis ••••••••••
,
Melpomene ..... , ••
Fortuna .•.•••••••
Massilia.••••••••.
Lutetia ••.•••••••
Calliope..........
'l'halia .•••..••••.

Date of Discovery
1850,
1851,
1851,
1852,
1852,
1852,
1852,
1852,
1852,
1852,
1852,

Nov. 2.
May 19.
July 29.
Mar. 17.
April I 7.
June 24.
Aug. 22.
Sept. 22.
Nov. 15.
Nov. 16.
Dec. 15.

Name of Discoverer.
De Gasparis.
Hind.
De Gasparis,
De Gasparis.
Luther, of Germany.
Hind.
Hind.
De Gasparis.
Goldschmidt, of Germany.
Hind.
Hind.

INTRODUCTION TO ASTRONOMY.
LESSON

I.

Question. -~N,IATis the body called upon whir-h we live 7

An$u;er. It is called the

or

EARTH,

WORLD.

Q. \\ 7hat i<lea had the A.-:-,cn.:::-.Ts
respecting the shape of the earth?

A. They believed it was an extensive plain, rendered
uneven by hills and mountains.
Q. ,vhy did they think it was an extended plain 7

A. Because they formed their opinions from appearances only.
Q. Did they believe that the earth had any motion?

.A. They did not; they believed that the earth rested
on a solid, immovable fOLmdation.
(Thoy very naturally came to this oonclu~ion, as they were entirely ignorant of the laws of
attraction or gravifation. They believed Urnt if the earth were to turn over, that every thing
would be precipitated from its surface.]

q.

Had they any definite ideas respecting

what_held the earth up 7

A. Their views were very vague and unsatisfactory.
(There have been many ob$nrd ideas advanced, at different ages of the world, lJSlo what supported the earth. Some supposed it to be ij\,Qped like 11.C.P<o>:, and to floQt upon the waters; others,
that it rested upon the !Jack of an ~'.1.t:rt1,:.r, or h)lge TuRTLF.; while, according to mythology,
.Atlas supporter\ it upon his shoulder~ : but, what kept the waters in their place, or upon what the
Elephant, Turtle, or Atlai stood-this was a mystery they COULD N.:n:R so1.-n:.]

Q. Did they believe the earth extended the same distance in all
directions 1

Q. \Ve see no body at rest that does not touch some permanent support, but we see bodies in motion supported for different lengths of time
without resting upon any other surface ; if the earth is hung upon
nothing, is it probably at rest 1

A. It is more probable that it is in motion.
Q. If we throw a ball, does the same side ahvays remain forward 1
.A. It does not; it turns over continuously.
Q. What do we call the line round which it turns 1
A. Its axis.
Q. If a fly were on the ball, would distant objects appear to him to
be stationary 1

.A. They would appear to revolve around the ball, as
often as it turned over.
Q. If the earth is moving in space, is it in accordance with the
kno-wn motion of ordinary bodies, to suppose that the same side
remains forward 1

A. It is not. It is more reasonable to suppose that it
turns on its axis.
Q. If the earth turns, and we are carried round on its surface, what
appearflnce must the sun and distant stars necessarily present 1

A. They must appeax to move around the earth in the
opposite direction.

A. They believed it to extend much farther from east
to west than from north tc, south.
(They ob~erved that in !l'.Oingea~! or west, on tho same parallel of lalitude, no change took
place in the appearance of
heavens; lmt in g-ning-north or touth, on the same meridian, every
1
0 1
~\;~1~:~r:i:r1;:'~o~i~~~f'\~~e
sU:n°:~/~?i:·~; \~c;1
~f
1
earth was very long from east to west, hut comparrttivelr narrow from north to south. From tltis
originatet!
use of tho n:R~1s longitude and latitude; longitut!e meaning length, and latitude,
breadth)

the

~!:l;~~~~~
~l~:r~f~~~ ~~:;i~~
~:11:i°d~~
h:ti~:

the

LESSON
Question.

"'~HAT

III.

other reason can you giYe for the earth's turning 1

and Stars 1

.Answer. The stars are so distant, that I.heir motion
would be immensely swift, in comparison with the motion of the earth, to produce the same effect.

A. They supposed that they revolved around the
earth, from east to west, every day.

Q, But have we not positive proof, and that too of different kinds,
that the earth turns on its ax:is 1

Q. What ideas had they respecting the motions of the sun, moon,

Q. What was this system called, that supposed the earth to be at
rest in the centre, and all the heavenly bodies to revolve around it 1

A. The Ptolemaic system.
[Ptolemy asserted, that the sun, moon, planets, and stars revolved around the earth, from east lo

ti',.8h~·
::1~,:~s!1
~\~~~r~~e;.~!.!~ea~~~hnt~~rdtf;i~
0

J~

~~,t,:~:~ni;;\ri;
~~~:t~U~e\\:1:~t~~,t:~ft1~,~;;;
~'~;~:~ti~
~~~r~;:ih lns;~~r~ei:o~gJ s!i:,~thi;~g~el~i:~~t
ti{e;:~nh~J
fixed stars in the eighth. He supposed the stars to be in one

0the'fi~1:~
f~~°F~uJ~';'\{~:s
was not known R.t this timo)-the

1~:Ch~
&is~t~~~~s:'jt~1::r;:h~~r~:~~
;i~i:~
:e~0:~;:e!i;

:i:~r:r:\~l~eissad~\~~pt~illi~
!\~~~ ~~
transparent like glass. The power whkh moved these spheres, he supposed, was commuuicated
from al.Jove the sphere which contained the stars.]

LESSON

II.

Question. EvERY one is conscious that the sun, whtch rises daily in
the east and sets in the west, is the same body ; where does it go
during the night 1

Answer. It appears to pass round under the earth.
Q. When we look out upon the stars, on successive evenings, they
appear to have a definite position with respect to each other, and a
westward movement like the sun; what motion do they appear to have
from their setting to their rising 1

A. They appear to pass under the earth.
Q. From the north to the south point of the heavens, there is a continuous arc of stars, and in their passage under the earth they are not
at all disarranged, what can you infer from this fact 1

.A. That they pass completely around the earth, and
every thing attached to it.

A. We hnve.-1. The shape of the earth, elevated at
the equator and depressed at the poles, can be accounted for on no other supposition.
2. A body at the equator, dropped from a great
height, falls eastward of the perpendicular.
3. The trade winds and ocean currents in the tropical regions are clearly traceable to the same cause.
Q. If the earth is moving in space, does

it proceed in a straight

line 1

A. It does not; but it would do so, were
attracted by other bodies.

it not

Q. \Vhat is tho attraction, by which all particles of matter tend
towards each other, called 1

A. The attraction of gravitation.
Q. What large body, by its attraction, causes the earth to revoh'e
around it in a cur\'e line 1

.A. The sun.
Q. What other similar bodies revolve around the sun?

A. The planets.
Q. ,vhat may we call the earth, when considered with regard to its
size, shape, motions, &c. 1

A. One of the planets.
Q. ·what science describes these characteristics
other heavenly bodies 1

A. Astronomy.

of the earth and
'

LESSON

Q. '\Vhat are their names, beginning at the sun 1

IV.

A. Mercurv, Venus, the Earth, Mars, (Twenty-three

ASTRONOMY.
Question. \V11AT is astronomy?

'

Answer. Astronomy is the science which treats of the
heavenly bodies,
Q. \Vhat &.rethe heavenly bodies?

Asteroids or small Planets,) Jupiter, Saturn, Herschel,
or Uranus, and Leverrier, or Neptune.
Q. How many secondary planets or moons are there t
A. Twenty-one.
Q. ,vhich planets have moons 1

A. The sun, moon, planets, comets, and stars,
Q. "'hat are some of their characteristics, of which astronomy treats?

A. The· Earth has 1, Jupiter 4, Saturn 8, Hersche I
6, and Leverrier 2.

A. Their appearance, ·size, shape, arrangement, distance, motions, physical constitution, mutual influence
on each other, &c.
Q. Are they all of the same magnitude, or size?

A. The sun and stars are much larger thao the other
bodies.
Q. Are they all at the same distance from the earth?

A. They are not ; the moon is the nearest, and the
stars the most distant.
Q. Do they all emit light of themselves?

VI.

Answer. Two;
the sun.

one on its axis, and another around

Q. ,vhat is the axis of a planet 1

A. It is a straight line, round which it turns.
Q. ,vhat is the paih called, in which a planet revokes around the sun !

A. It is called its orbit.

A. They do not.
Q. How arc they divided in this respect?

A. They are divided into two classes, luminous and'
0pake.
Q. What is 'a luminous body?

A. It is a body which shines by its own light.
Q. \.Vhat is an opake body?

A. It is a body which shines only by reflecting the
' hgh1 of a lnminous body.
Q. Which are the lum'inDus bodies in the heavens?

A. The sun and fo,ed stars are luminous bodies.
Q. \Vhich are the opake bodies in the heavens 1

A. The moon, planets, and comets.
Q, \Vhy do the moon, planets, and comets appear luminous 1

A. Because they reflect to us the light of the sun.
Q. What is the shape of the heavenly bodies 1

A. They are round like a globe or ball.
Q. What do the sun, moon, planets, and. comets constitute 1

A. They constitute the solar system.

LESSON

LESSON

Question. How ·many revolutions has a primary planet 7

Q. What is the earth's orbit called 7
A. It is called the ecliptic.
Q. \Vhy is it so called 1·
A: Because eclipses take place, only when tl,e moon
is in its plane.
'
,
Q. How many revolutions has a secondary planet 7

A. Three.

1st, the revolution upon its axis; 2d, the
revolution around its primary; 3d, the revolution with
its primary around the sun.
Q. How are the planets divided, with respect to their distance from
lhe sun 1

A. Into inferior and superior, according as their distance from the sun is inferior or superior to that of the
earth.
q. ,vhich are the inferior planets
A. Mercury and Venus.
Q. Which a;e the superior·?

A. Mars, the Asteroids, Jupiter,
and Leverrier.

V.

LESSON

THE SOLAR SYSTEM.

DIAMETERS,

Q1.estion'.How are the bodies constituting the solar system arranged 7

Answer. The sun is placed in the centre of the system, with the planets and comets revolving around it
at unequal distances.
Q. How m,rny planets are there in the solar system 7

A. Fifty-two is the number known at present.
Q. How arc they divided with respect to their motion 1

A. They are divided into two classes, primary and
seco11dary.
Q. \Vhat is a primary planet 7

A. It is a planet which revolves around the sun only.
Q. What is a secondary planet 7

A. It is a planet which revolves around its primary,
and with it around the sun.
Q. VYhat are the secondary planets usually called 7

A. They are called satellites or moons.
Q_.How mauy primary planets are there 1

7

.

A. 8 large planets and 23 asteroids or small p]anets.

MJ.GlflTUDJ:I;
THP. EAIITft
REING

Miles.

---
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Saturn,

Herschel,

VII.

D11TJ.lfCE!
FROH
THE SUN,
Mile!.

REVOLUTIOlf
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--Days.

25 IO
Sun,
886,952 1,384,472
37,000,000
24
Mercury,
3,200 • • • ••• T"':'
23½
7,700 •••••• -1-,r 68,000,000
Venus,
95,000,000
24
I
7,912
Earth,
142,000,000
-.,.
24½
Mars,
4,189
'
225,000,000 Unknown.
Vesta,
270
:f11T!1'11
'
253,000,000
Astrrea, unknown. Unknown.
"
254,000,000
Juno,
1,400 •••••
Tlll"
"
263,000,000
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1,600 • • • •• T~;f
"
263,000,000
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2,100 ••••••
"K'K
"
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"
Iris,
"
"
"
"
Flora,
" 10
"
"1,280 485,000,000
"
87,000
Jupiter,
1,000
800,000,000
IO½
Saturn,
79,000
so l,800,000,000
Herschel, 35,000
80 2,850,000,000
Leverrier, 35,000
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131

4

222

I
I
3

11
314
29 • 167
84
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VIII.

AND CENTRIFUGAL

FORCE.

Question. WHAT is that force called with which all bodies attract
each other in proportion to their mass ?

Answer. The attraction of gravitation.

centre round which it is revolving.
Q. "\Vhat large body- by its attraction
all the primary planets and comets 1

exerts a centripetal

force upon

is the true place of the earth or a planet 1

A. It is that point in its orbit where it really is at any
given time. (FIG. 8.)
Q. What is the aphelion 7

A. It is that point in the orbit of the earth or planet

Q. What bodies exert a centripetal force upon the other moons 1

A. The primary planets around which they revolve.
Q. What is the centrifugal force of a heavenly body?

A. It is that force which moves it forward in its orbit.
Q. Ifo,V do these two forces cause the planets to move ?

A. They cause them to move in circular or elliptical
orbits.

(FIG. 8.)

Q, What is the perihelion 7

Q. When is the earth in the perihelion, or nearest to the sun 7
A. January 1st. (FIG. 8.)

LESSON

(SEE Fm. 8.)
Q. \\rhat straight line connects these points, and passe;,; through the

b; ~~~~

0 ~~llt~~J!~:Od
1
~~~~!:i1i~tk~t~,ht:f:!!i~
1mpi!, should the teacher call his particular attention to it. Also, a plane ofa circle should bo well
understood.]

b~

X.

Question. IN what points of a planet's orbit do its mean and true
places coincide 7

Answer. At the aphelion and perihelion.

(FIG. 4.)

shoul.d be sure that the pupils understand the delinition of an ellipse, because

~~;~i~,;i~~ !~:~n~~ ~!:~:a:;~~~b}~:~p::;:

•

A. It is that point in the orbit of the earth or planet
nearest to the sun. (FIG. 8.)

Q. Wh~t is a circle?

A. It is a plane figure bounded by a curve line, all parts
of which are equally distant from the centre.-(FIG. 4.)
Q. What is an ellipse 1
A. It is an oblique view of a circle.

(FIG. 8.)

Q. \Vhen is the earth in the aphelion, or farthest from the sun !

A. July 1st.

A. The earth.

[NoTE,-Teachers

OF A PLANET.

A. It is that point in its orbit where it would be if it
moved in a circle, and with the same velocity at all
tin:ies. (FIG. 8.)

farthest from the sun.

A. The snn.
Q. \Vhat body exerts a centripetal force upon the moon 7

PLACE

Q. What is the mean place of the earth, or a planet in its orbit 1

Q. What

Q. \Vhat is centripetal force?

A. It is the force which draws a body towards the

AND TRUE

11

Q. What are the foci of an ellipse 7

A. They are the two points around which the ellipse
is drawn. (FIG. 7.)
Q. "\Vhere are these points situated 7

A. In the greater axis, at equal distances from the
centre.
Q. ·what is the eccentricity of an ellipse 7

sun 7

A. The apsis line.
Q. \\-'hen is the true place of the earth or planet behind its mean
place7

A. While it is moving from the aphelion to the perihelion. (SEE FIG. 8.)
Q. When is the true place of the earth or planet before its mean
place 1

A. While it is moving from the perihelion to the
aphelion? (SEE FIG. 8.)

Q. ,vhen does it move with the least velocity 1
A. When it is at its greatest distance from the sun.
Q. When is the motion of the earth or planet in its orbit increasing 7
Q. Where is the sun situated ,vithin the orbit of each planet 1
A. When it is moving from the aphelion to the periA. It is situated in one of the foci. (FIG. 8.)
helion.
Q. \Vhen are circles in the same plane 1 (Fro. 5.)
Q. \Vhy does the motion increase from the aphelion to the perihelion 7
A. When their planes lie in the same straight line.
A.. Because it is approaching nearer to the sun.
Q. ,vhen are circles not in the same or parallel planes 7
Q. What causes it to approach the sun 1
A. When their planes intersect each other. (FIG. 6.)
A. The centrifugal force at the aphelion is not s,1fficiently great to prevent its falling towards the sun.
LESSON
IX.
Q. When dofls the earth or planet move with the greatest velocity 1
Question. How many laws did Kepler discover, which bear his name 1
A.. When it is the nearest to the snn.
Answer. Three.
Q. When is the motion of the earth or planet decreasing 1
Q. To what do they relate 1
A. While it is moving from the perihelion to the
A. They relate to the motions of the planets.
aphelion.
Q. ,vhat is the first law of Kepler 7
Q. Why does the motion decrease from the perihelion to the aphelion!
A. That all the planets revolve in elliptical •Orbits,
A. Because the planet is receding from the sun.
having the sun in one of their foci. (FIG. 7.)
Q. \Vhat causes it to·Pecede from the sun '!
Q. What is the second law 7
A. The centrifugal force at the perihelion is so great
A. That the radius vector passes over equal spaces in as to carry it farther from the sun.
equal portions of time.
CENTRIPETAL
AND CENTRIFUGAL
FORCES.

A. It is the distance from the centre to either of the
foci. (FIG. 7.)

Q. What is the radius vector 1

A. It is a line drawn from the sun to a planet, in any
part of its orbit. (FIG. 7.)
Q. \Vhat is the third law 7

A. It is that the squares of the times of the revolutions of the planets around the sun, are proportional to
the cubes of their mean distances from the sun.

A body projected by any force would always move forward in a straight line, and with the sam11
velocity, unles5 acted upon by some other force. A ball discharged from a gun or thro.,.,n from the
hand soon looses its projectile force bf" the resistance of the atmo$phere, aud is brought to the
ground by the attraction of the earth, or centripetal force. (Fw. 3) These two forces can be well
illustrated, (SEEF10. l, '2,) by tying ,. gtriug to a ball and swinging it round; the centrifugal force
1b~~a1:.et1~!~!!~~~falfo 3r~~ 0
!rth!~~~~~
~~\~Sti!h: ~t~~j~~~?;e~ tt~j~tt ~~:
not attracted by the earth. The string CoITesponds to the attraction of the snn in our llol:u:-system, which causes the planet, to move in regular cur,es around the sun, instead of straighl line.
If the attraction of the 11m or centripetal force ~hould cease, the planets would fly oJf into spaee
in straight line$; but if tlfe centrifugal force should ceaiJe and th, centripetal force cont.iuue, th1
planets would immediately fail into the sun.

~t~~tJ

!-~~IJ~~~;

w
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,vHATbody is in
Answer. The sun.
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Q. What reasons have we to suppose that the luminous pa.rt of the

XI.

1un is intensely hot 1

THE SUN.
Question.

ASTRONOMY.

the centre of the solar system?

Q. Describe the sun?
A. The sun is a large luminous body, which gives
light and heat to the whole solar system.

A. 1st, the heat of its rays, when collected into a
focus, is very great. 2d, its rays pass through glass
with the greatest facility, (a property belonging to artificial heat in direct proportion to its intensity.) 3d, the
brightness of the sun is greater than the most vivid
flames, or the most intensely ignited solids.

Q. 1'Vhat is the diameter of the sun ?

A. 886,952 miles.
q. How much larger is the sun than the
A. It is 1,384,472 times greater.

LESSON

earth?

TRANSIT

Q. \\That is the specific gravity of the sun?

A. It is H the weight of water.

Question.

(1.38.)

\VHAT

XIII.

OF MERCURY

AND VENUS.

is the transit of a heavenly body 1

Answer. It is its passage across the meridian.

Q. \Vhat is the size of the sun compared with the planets?
A. It is 500 times as great as the bulk of all the

Q. What
A. It is
Q. What
A. It is

planets.
Q. VVhat can you say of its mass or weight?

A. It is about 750 times the mass of all the planets.
Q. " 1hat is the distance of the sun from the earth ?

is generally meant by the transit of Mercury and Venus 7

their passage across the sun's disc.
is the disc of the sun or a planet 1

the circular illuminated surface visible to us.

Q. How do Mercury and Venus appear, when passing across the
sun's disc 1

A. They appear like black spots moving across the

A. It is about 95,000,000 of miles.
Q. "\,Vhatdid the ancient astronomers consider the sun to be?

A. A large globe of fire.
Q. "\Vhat do astronomers at the present day consider it to be ?

A. An opake body like the earth, surrounded by a
luminous atmosphere.

sun.
Q. What proof have we that·Mercury and Venus are not luminous
bodies 1

A. When viewed with the telescope
horned like the moon.

Q. What motions has the sun?

A. It has three motions-1st, on its axis; 2d, around
the centre of gravity of the solar system; 3d, around
the centre of the universe.
(The term universe is used by astronomers, though perhaps improperly, to designate the great
cluster or firmament of starG in w1'ich our sun is situaled.-(Sn; P.,on 45 and 46.) This cluster

they appear

Q. On which side of the sun does a transit begin 1
A. On the east side, and terminates on the west side.
THE

SPOTS ON THE

SUN.

Astronomers do not agree, in all respects, as to the cau~e of the spots on the sun. From the factl
already known, the following appears to be the most rational view of the subject. Tl1e hody of the
sun, whicl1 is opake, is surrounded by a transparent atmosphere, in wl,ich float two strata ofluminous clouds; the lower stratum being mow, dense and opake, and leu luminous than the upper;
while the latter, by ii.I brilliancy, furnishes the greater portion of tho intense light of the sun.
1:{~~ T~:tte:i~!~~ ~~~t ~li;ih;ge~~~

1a~.e ~h~1~i:~:~~s~~~Uoer°:~~si~t3i~h~1~:~1i:~.~ti:~~:~
1:t~s:n~ :&~~~sg; ~i~~r~i
~~-ci~:'i:;.
~~
!t1;:::::t:a:rlL~t;a,~~:·
:r~!~~~ra;;:tg~~~~u~fe~hlc~,~!
like onr sun, are s1Jpposed ~o rcvolv11 around the common centre of gravity of the whole cluster.
~evera\ thousand other distmct cJ,1..~tersor nehulm, sitnated without our firmament, can be seen by
0

U1cbest telescopes, uearly all of which are invisible to the unassisted eye.]
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XII.

Question. W IIA'.r is the inclination of the sun's axis to that of the
ecliptic1

Answer. About 7 ½degrees.
Q. ln what time does it revoke on its axis 1

A. In about 25 days and a half.
Q. How is the revolution of the sun on its axis determinE"d1

A. By spots on its surface, which first appear on the
east side, pass over, and disappear on the west side.
Q. "That is the nature of these spots 1
A. They are supposed to be openings in the luminous

atmosphere, which· enable us to see the dark body of
the sun.
Q. VVha.toccasions these openings in the luminous atmosphere 1

A. They have been attributed to storms and various
other causes.
Q. Do these spots undergo any changes 7
A. They are constantly changing, and sometimes very
rapidly. Some have appeared, others disappeared suddenly.
Q. On what part of the sun do they appear?

A. Within about thirty degrees of the equator.
Q. Is the surface of the sun, in the region of the spots, tranqui't or
agitiited 7

A. It is in a state of continual·and violent agitation.

know, that presents analogous phenomena, is electricity. Tho northern lights are supposed to
:r~e:~J~q~rt~::ia'
ai~:~a~:~~l 1~~!;:;~r at~~l;~~g; sb~~t~~! :~~f~~~- o?~:ct°~!dereo1i~I~

0
~fi~~i;J~
tf1:
~~~!~~~Jr:'e~i~; ~;ftt~g~fs t::Ci:~re0
n~' ~oi~~!::::r 0
~-c~:1;;\~:tf!~;~ 0
!1~:!
!\;~~!i~~de~tr~:! 11
f;!:!
the equator. The spots, besides revoh'ins- with the sun, are found to have a motion from the equa-

tor toward3 the poles, and when the;r arnve at the.comparatively calm region, they gradually di,appear. Sometimes they close up with great rapidity, at others they appear to he suddenly broken
into fragments and dispersed. Bright spots and streakff, called facnlm, apparently caused Uy wave,i
in the luminous portion of the atmosphere, also appear ou variou11 part:. of the disc, but are seen
most distinctly near the margin. In the places where spots appear, faculoo are usually seen on the
da:fi,ftZ-:,'i:~u~J~s:e~~i:;i~~i~i~}
tl\e sun's atmo~phere, which_ is so great as frequently to burst
open the luminous strata 7 AstronomeI"B, at different times, hav6 suggested various causes for the
sun's spots, such as jeti of gas issuing from the sun and decomposin~ the luminous clouds ; high
0
s~~t~~~i~~~n~;i:3!~u&~o~~:s
~}'1~~n~Yle:ts:!:,; ;~J,~e:~~h!~~~~ffri:~2~~.sl~~\:!11s 0u~f;c!~i
the melted, burning mass; or bodies Tery near the sun, revolving round it. But if we are pennitted to reason from what takes place on the earth, we would say, that a close analogy exists
between the phenomena obseITed in our owll atmospl,ere and in that of the sun. On the earth the
heat of the torrid zone causeo the air to expand oud rise, causing currents in the lower part of the

:

~~lc~~P':j~
:~~!~'~to'Ff11!1~~r~~~ts
~:~!
~a~1:r:rtfi~n1e~hceu~::if:~~~*ec~~~!:rl;'~f:Cditi~~~
1

while the uypcr currents sweep ma curve, wertcrly firs!, then toward, lh~ poles, and finally eastward. 'l'he principal disturbance of the atmosphere caused L_yth_etrade wmd is i-9-the vicinity of
the tropics. Storms commencing in the to!T;(! zone, arc earned m the direction of the upper cur-

r;u::~e~~

~t{:1:~Rtth~~~~~:•i~,';=~ ~I
s;;1e~i~~~1l:r ~~~-~~,!:~~f
~~~t~~fi;~~-1:e~~
and north over ~'lorida, or the Gnlfof l\Jexico, and then northeast, over the United States. Simifar
causes scting upon the atmosphere of the sun, would exhibit phenomena similar to those which we
see. Thia explanation suppo~es the atmosphere of the eun to he wlll'm'ilr at the equator than at the
poles; but as the sun does not, like tlie earth, receive its heat from any extraneous body, illo;difference of temperature must tie sought for in the escape of its heat. It could attain this condition
~~~~~~th!
~~:h;oTJ:·~~0
~~:~~;ir~r~ ~~e;:
axis, its equatorial diameter must be greater than its polar, and the stratum of ntmosphere above
the luminous clo11dsmust be thicker over the equatorial reg.i011than over the polar. This must
render the radiation leu free at the equator than at the poles. and cause that part of the sun to be of
a higher temperature. Al.' excess of heat at the sun's equator, witl1 its rotation on its axil!, is sufficient to cause currents in its atmosphere similar to our trade wind~, and thus disturb it~ equatorial
regions ; and if the spots are caused by storms bunting open the luminous strata, their receding
from the equator towards the poles is undoubtedly the effect of tho same physical causes that give
a similar motion to storms upon tho earth.
Some have supposed tho body of the sun to be protected by the lower opake portion of the inner
stratum of clouds, from tho inttmse heat of tho luminoug strata, and thu& rendered inhabitable ; JJut
several objections will at once arise lo this the'Ory. First, the body of the sun being s11rrounded by
dense t-.ndopake clouds, could not send off its heat into space by radiation, and therefore th11heat

~)\~:~d

';hi~!r

~i;;:;:~~d;:~~nl;~~e~o~~:~~r~:~e~r:
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Q. Which sign does the earth enter at this time 7

LES SON XI V.
ZODIAC.
Question.

\VHAT

ways to the sun 1

is the Zodiac 1

Answer. It is a circular belt in the heavens 16 deg_rees
wide; 8 degrees on each side of the ecliptic.
Q. How is the zodiac divided 7
A. It, is divided into 12

A. Capricornus.
Q. Which signs does the sun enter, when the north pole leans side-

A. Aries and Libra.
Q. Which sign does the sun enter, when the north pole leans exactly
from the sun?

A. Capricornus.

equal parts, called signs or

constellations of the zodiac.
Q. How is each sign divided?

A. Each sign is divided into 30 degrees; each degree
into 60 minutes; each minute into 60 seconds, &c.

(22d December.)

Q. Which are the equinoctial signs 7

A. Aries, 21st ofMarch-Librn,
23d of September.
Q. Which are the solstitial signs 7
A. Cancer, 21st of June-Capricornus,
22d of December.

Q. \Vhat great circle is in the middle of the zodiac?

A. The ecliptic, or orbit of the earth.
Q. \Vhat are the names of the constellations of the zodiac and the
signs of the ecliptic?

LESSON

A. Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,
Scorpio, Sagittarius, Capricornus, Aquarius, and Pisces.

Question. How are the signs of the ecliptic rlivided?

Q. Do the constellations of the zodiac and the signs of the ecliptic

XVI

Amwer. They are divided into four divisions, corresponding to the seasons.

occupy the same places in the heavens 1

Q. Which are the spring signs?

A. They do not: the signs in the ecliptic have fallen
bark of the constellations about 31 degrees.

A. Ai·ies, Taurus, Gemini.

Q. Did the constellations of the zodiac and signs of the ecliptic ever
correspond?

A. Cancer, Leo, Virgo.

A. They .corresponded to each other about 22 centuries ago.

A. Libra, Scorpio, Sagittarius.

Q, What is the cause of the falling back of the signs of the ecliptic
amrmg the constellations?

A. Capricornus, Aquarius, Pisces.

A. It is caused by the retrograde mot.ion of the equinoxes. (NOTE.)
Q. Upon what does the length of the seasons depend ?

A. They depend upon the revolution of the earth
from one equinox to the saine, again.
Q. Docs the earth revolve around the sun in exactly the same time
that it moves from one equinox to the same equinox again ?

A. It moves from either equinox to the same again,
seventeen minutes sooner, than around the sun.

LESSON

XV.

fJ_uestion.DoEs the sun appear to moYe in the heavens among the·
.,;tars?

Answer. It has an apparent motion in the ecliptic, eastward around the heavens, during the year.
Q. How is this appearance caused, as tlie sun is in the centre, and
foes not move?

A. It is caused by the earth's moving around the sun.
Q. If the earth is in the sign Aries, where does the sun appear to be?

:A..It appears to be in the opposite sign, Libra.
Q, As the earth moves around in the ecliptic, where does the sun
appear to move?

A. It appears to move in the opposite part of the heavens, nnd in the opposite direction from the motion of
the earth.
Q. Which sign does the sun enter, when the north pole leans exactly
Inwards the sun 1

A. Cancer.

(21st June.)

Q. Which are the summer sigQs ?
Q. ,Vhich are the autumnal signs ?

Q. Which are the winter signs?
of~~ ~o~~::\ time do the equinoxes fall back through the whole circle

A. 25,800 years.
Q. \Vhat is this time called?
A. The Platonic, or great year.
Q.How is this motion caused ?
A. It is caused by a slow annual motion of the earth's
axis. (NoTE.)
Q. What is longitude in the heavens ?

A. It is the distance from the first degree of the sign
Aries, reckoned eastward on the ecliptic, the whole
circumference of the heavens.
Q. "\Vhen the sun enters Aries, what is ih1 longitude ?

A. It has no longitude.
Q. What is the longitude of the earth at that time 1

A. 180 degrees.
Q. ,vhen the sun enters Cancer, what is its longitude 1

A. 90 degrees-the
time 270 degrees.

earth's longitude

at the same

Q. When the sun enters Libra, what is its longitude 1

A. 180 degrees-the

earth's longitude 0 degrees.

Q. When the sun enters Capricornus, what is the longitude?

A. 270 degrees-the
time 90 degrees.

earth's longitude

at the same

[NOTli:.-This variation is caused by the pole of the earth varying a little every year. This motion of the pole of I.he earth is similar to that sometimes shown by a top, as it!pins around on the
poiut-The
stem of the top will hin-e a circular motion, describing a cone with the apex or top
down. This circular motion of the pole of the earth is very dow, T&.rying only W" every year,
and requires '15,S6S years to complete a revolution-which
is called the Platonic or great year.
'l'he pole of the earth is inc~asing its distance from the north st<1rand in 1'l,900 years it will be al)OUt
47° from it; and when the north star is on the meridian, it will be in tl1e zenitl1 of the northern
part of tl1e United States~ but in 'l5,800 years the pole will have made a complete revolution ~o
that it will point again to the nOrth ~tar.)

ILLUSTR.lTED
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Question. \Vn1cH planet is the smallest and nearest the sun 1

Q. Why is Venus a morning or an evening star 66 days longer than
the time of its revolution around the sun 7

A. Because the earth is moving around the sun the
same way.

Answer. Mercury.

Q. ~ 1 hat is the diameter of Mercury?

A. 3,200 miles.

Q. \Vhat is its distance from the sun 7
A. 37 millions of miles.
Q. What is its magnitude, compared with the earth 1

A. It is,\ of the earth's magnitude.
Q. What is the specific gravity of the planet Mercury?

A. It is about 15 times the weight of water. (15.111.)
it revolve on its axis, or perform its daily revo,

lution?

A. In about 24 hours.
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Q. How long is Venus a morning or an evening !!tar, alternately 7
A. About 290 days.

XVII.

MERCURY.

Q. In what time does

ASTRONOMY.

(24 hours 5 minutes.)

[See diagram. Ifwe suppose Venus to be in conjunction, or between
the earth and sun, as they move the same way, Venus will move
half around the sun, or 180 degrees, while the earth moves only ll0
degrees. Venus will during this time be a morning star, and when
Venus has completed its revolution around the sun, the earth will have
passed through 220 degrees of its orbit, and Venus will still continue a
morning star, although it has made a complete revolution around the
sun. It will therefore have to make one complete revolution and 103
degrees over, before it can ho seen on the other side of the sun ; it will
then be an evening star for the same length of time.]

Q. In what time does it revolve around the sun 1

A. In about 88 days.

(87d. 23h. 14m. 33s.)

LESSON

Q. How fast docs it move in its orbit around the sun 7

A. It moves 112,000 miles an hour.
Q. What is the light or heat at .Mercury, compared with that of the
earth?

Q. What is elongation 7

A. It is the apparent distance of any planet from the
sun.
Q. \Vhat is the greatest elongation of Mercury?

A. 30 degrees; which may be either east or west af
the sun.
Q. \Vhy is Mercury never seen in superior conjunction 1

A. Because it is so much involved in the light of the
sun.
Q. Does Mercury experience any change of seasons 7
A. It does not, because its axis is perpendicular to its

orbit. This causes the sun to be continually vertical
at the equator.

WHAT

on each side of the

Q. The tropics are within how many degrees of the poles 1

A. Within 15 degrees.
Q. The polar circles are within how many degrees of the equator 1

A. 15 degrees.

.

Q. What is the diameter of the polar circles 1

A. 150 degrees.
Q. Has Venus any variation of seasons 1

A. She has two summers and two winters at the
equator, and a summer and winter at each of the poles,
during the year.
Q. How are conjunctions divided 7
Q. When is a planet in inferior conjunction 1

A. When it is between the earth and sun.

Q. What is the diameter of Venus 7

Q. \Vhat planets have inferior conjunction 1

A. 7,700 miles.

A. Mercury and Venus; also the moon.

Q. What is its distance from the sun
A. 68 millions of miles.

Q. When is a planet in superior conjunction 1

Q. What is its magnitude compared with the earth 7

A. It is about-;', of the earth's magnitude.
Q. What is the specific gravity of Venus 7

(5.058.)

Q. In what time does it revolve on its axis 7

A. In about 23~ hours.

degrees

equator.

A. Into inferior and superior.

Answer. Venus.

(23h. 2lm.)

Q. In what time does it revolve around the sun 7

A. In 224 days.

Q. How wide a torrid zone does this make 7

A. 150 degrees-75

A. She exhibits phases similar to those of the moon.

planet is next to Mercury 7

A. It is 5 times the weight of water.

A. Only 15 degrees.

Q. How does Venus appear when viewed with a telescope 1

XVIII.

VENUS.
Question.

Answer. 75 degrees.
Q. When the north pole of Venus inclines directly towards the sun,
ho"' many degrees will the axis point above the sun 7

A. It is about seven times as great.

LESSON
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Question. How much is the axis of Venus inclined to that of its orbit 7

(224d. 16h. 41m. 27s.)

Q. How fast does it move in its orbit around the sun 1

A. It moves 75,000 miles an hour.
Q. \Vhat is the comparative light or heat at Venus 7

A. It is about double that of the earth.

A. When it is beyond the sun.
Q. What planets have superior conjunction 7

A. A 11,except the earth.

Q. When is a planet in opposition to the sun 1

A. When it is on the opposite side of the earth.
Q. What planets have opposition 1

A. The super10r planets.

Q. What apparent motions have the planets 7

A. Three;

direct, stationary, and retrograde.

Q. When does a planet's motion appear to be direct 7

A. When it appears to move from west to east among
the stars.

Q. 'What is the greatest elongation of Venus 7

Q. \Vhen is a planet's motion said to be stationary 7

A. About 47 degrees.

A. When it is moving directly towards or from the

Q. ,vhen is Venus a morning star?

A. When it is west of the sun, and rises before it.
Q. ,vhen is it an evening star 7

A. When it is east of the sun, and sets after it.

earth.
Q. When is a planet's motion said to be retrog-rade 1

A. When it appears to move backwards,
to west among th? stars.

or from easl
'

J
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LESSON
Question.

WHAT

A. It is reckoned 180 degrees, or half round the earth.
Q. What is the horizon?

&.c.

is the shape of the earth?

Answer. It is round like a globe or ball, a little flattened at the poles.
Q. How do we know the earth to be round 1

A. 1st. Navigators have sailed round it, by a continued westerly or easterly course.-2d.
The top-mast
of a ship coming in from the sea, always appears first.3d. The earth's shadow upon the moon, in a lunar
eclipse, is circular.
Q. In what m~anner do the inhabitants stand upon the earth?

A. They stand with their feet directed towards the
centre of the earth. (See Diagram.)
Q. What do you understand by the terms upward and downward?

A. Upward is from the centre of the earth, downward
is .towards the centre of the earth.

A. It is a great circle which separates
heavens from the invisible.

the visible

Q. How many horizons are there ?

A. Two;

the visible and the rational.

Q, "What is the visible or sensible horizon ?

A. It is that circle where the earth and sky appear
to meet.
Q. What i:, the rational horizon?

A. It is a great circle, parallel to the visible horizon,
whose plane passes through the centre of the earth.
Q. Into what does it divide the earth?

A. Into upper and lower hemispheres.

Q. Is the rational horizon above or below the visible horizon 1

A. It is below the visible horizon.

Q. "\Vhat keeps the inhabitants, &c., upon the surface of the earth 7

LESSON
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Q. Do all places on the earth have the same horizon?

Q. \Vhat is the axis of the earth?

A. It is the straight line round which it performs its
daily revolution.
Q. What are the poles of the earth?

A. They are the extremities of its axis.
Q. What is the equator?

A. They do not; if we change our place on the earth,
the horizon changes.
Q. What are the poles of the horizon?
A. The zenith and nadir.
Q, What is the zenith ?

A. It is a great circle, whose plane divides the earth
into northern and southern hemispheres.
to the earth's

A. It is that point in the heavens directly over our
heads.
Q. Do all places have the same zenith?

Q. To what is the plane of the equator perpendicular?

A. It is perpendicular
distant from the poles.
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Q. How far is terrestrial longitude reckoned?

XX.
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axis, and equi-

A. They do not; every place has a different zenith.
Q. '" hat is the nadir?
A. It is that point in the heavens which is opposite to
the zenith, or directly unJer our feet.
7

Q.. \Vhat is the meridian of a place on the earth?

A. It is a great circle passing through the place, and
the poles of the earth.
.},. Into what does the plane of the meridian divide the earth?

.d. Into eastern and western hemispheres.

Q. Are the zenith and nadir fixed points in the heavens?

A. They are not; they make a complete revolution
in the heavens every 24 hours.

(J,. "\Vhat is the latitude of a place on tho earth ?

Q. What is the altitude of a heavenly body?

A. It is its distance from the equator, north or south.
Q. On what is i.t measured?
A. On a meridian ?
Q. How far is latitude reckoned?
A. Ninety degrees?

A. It is its height or distance from the horizon.

Q. What places have 90 degrees of latitude 7

Q. \Vhat is the altitude of the star at A? (See Diagram.)
A. It has no altitude, being in the horizon.

Q. \Vhat is the altitude of the star at B 1 also at C ? (See Diagram.)
Q. \Vhat is the polar distance of a heavenly body?

A. It is its distance from the pole.
Q. ,vhat is the polar distance of the star at D ? also at E. and F?

A. The poles.

(See rnagram.)
Q. ,vho are the antipodes 1

LESSON
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A. Those who live on directly opposite sides af the
earth.

Q. "\Vhich is the first meridian?

A. It is the meridian from which longitude
oned.

is reck-

Q. "\Vhich meridian is generally used in this country as the first
meridian? ~

A. The meridian of London.
Q. \Vhat is the longitude of a place on the earth?

A. It is its distance east or west of the first meridian.
Q. W'hat angle expresses the longitude of a place?

A. The angle between the meridian of the place, and
the first meridian.
Q. ,vhere is this angle formed?

A. At the poles, where the meridians intersect each
other.
Q. On what circle is this angle measured ?

A. On the equator.

Q. Who are the antreci?

A. Those who live in equal latitude, on directly opposite sides of the equator.
Q. \Vho are the pcrireci?

A. Those who live in equal latitude on opposite sides
of the pole.
Q. \Vhat peculiarity of circumstances have the antipodes?

A. They have opposite latitude, seasons, longitude,
and day and night.
Q, What have the antreci?

A. They have opposite latitude and seasons, but the
same longitude, and day and night.
Q. What have the perireci?

A. They have the same latitude

and seasons, but
opposite longitude, and day and night.
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Question.

,vHAT

AND

XXIII.
SEASONS.

is the shape of the earth 7•

Answer. It is round like a globe or ball, a little flattened at the poles
Q. ,vhat is its position in the solar system 1

A. It i~ the third planet from the sun.
Q. "That is the mean diameter of the earth 7
A. 7,912 miles. [Equatorial diameter 7,926 miles;
polar diameter 7,899 miles.)
Q. How much greater is the eq1~atorialthan the polar diameter?

.A. About 27 miles.
Q. \.Vhat causes the equatorial diameter to be greater than the polar 7

A. It is caused by the revolution of the earth on its
axis.
[ As the greater portion of the surface of the earth is covered with
water ; and as the earth revolves on its axis, the water recedes from
the poles to\vards the equator, until its tendency to run back towards
the poles, just balances the effects of the centrifugal force. This
causes the equatorial diameter to be greater than the polar. If the
earth should stop revolving on its axis, the water at the equator would
settle away towards the poles, until the earth had assumed the form of
a globe as near as possible. Thus large portions of land in the torrid
zone, which are now covered by the ocean, would be left dry, and new
continents and islands would be formed.]
Q. What is the mean distance of the earth from the sun 1

A. About 95,000,000 of miles.
[The mean distance of a planet, is the distance it would always bo
from the sun, if its orbit should be reduced to a true pircle.]
Q. "\Vhat is the spcc:fic gravity of the earth?

A. It is 5~ times the weight of water. (5.48.)
Q. In what time docs the earth revolve on its axis, or perform its
diurnal revolution 1

A. In 24 hours. (In 23 hours 56 minutes ; as seen
from the stars.)
Q. Which way does it revolve 1

I A.
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Q. How many degrees is the earth's
orbit?

axis inclined towards its

Twenty-three degrees and a half. (23° 28'.)

Q. Is the direction of the earth's axis changed during the year 1

Its change is so slight that it may be considered
I asA.pointing
to the same place in the heavens.
Q. When does the north pole lean directly towards the sun 1

A. On the 21st of June, called the summer solstice.
(See Diagram.)
Q. How many degrees does it lean towards the sun?

A. 23,l; degrees;

and the sun is vertical 23½ degrees
north of the equator.
Q. What seasons does this produce 1

A. Summer in the northern hemisphere, and winter

in the southern.
Q. When does the north pole lean directly from the sun 7

A. On the 22d of December, called the winter sol-

stice. (See Diagram.)
Q. When the north pole leans from the sun, what are the seasons?

A. Winter in the northern hemisphere, and summer
in the southern.
LESSON
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Question. At what points of the ecliptic is the earth at the time of
the solstices 7

A. At the solstitial points.
Q. Through how much of its orbit does the earth pass, in moving
from one solstitial point to .the other?

A. One half of its orbit, or from one side of the sun to
the other.
Q. What are those two points called half way between the solstitial
points 1

A. The equinoctial points. (See Diagram.)
Q. Why are they so called?

A. From west to east.
Q. \Vhat ca.uses day and night 1

A. The light of the sun causes day, and the shade
of the earth causes night.
Q. How great a portion of the earth is continually in the light of the
sun?

A. One half; the other half being in the shade of the
earth.
Q. What does the revolution of the earth upon its axis, cause 1

A. The succession of day and night.
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Question. As tbe earth turns upon its axis, what effect is produced 1

Answer. The sun is continually rising to places in the
west, and continually setting to places in the east.
Q. In what time does the earth reYolve around the sun, or perform
its annual r~volution 1

A. In 365 days 6 hours.
Q. How fast does it move in its orbit around the sun 1

A. 68,000 miles an hour.
Q. How are the changes of the seasons caused 1
A. They are caused by the earth's axis being inclined

to that of its orbit, and its revolution around the sun.

A. Because, when the earth is in these points, the
sun is vertical at the equator, and the days and nights
are every where equal.
Q. "\Vhen is the sun at the vernal equinox 1

A. On the 21st of March.
Q: When is it at the autumnal eC}uinox1
A. On the 23d of September.
Q. Which way does the pole lean when the earth is at the eqinoctial points !

A. It leans sideways to the sun, the snn being vertical at the equator.
Q. When the north pole leans towards the sun, why is summer produced in the northern hemisphere?

A. Because the rays of the sun strike it so directly as
to cause many rays to fall on a given surface.
Q. When the north pole leans from the sun, why is winter produced
in the northern hemisphere?

A. Because the rays of the sun strike it so obliquely,
that they spread over a greater surface.
Q. At what points do the ecliptic and equinoctial intersect e-a.ch
other?

A. At the equinoctial points. (See Diagram.)
Q. How far are the solstitial points from the equinoctial points 1

A. Ninety degrees.
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Su.bslanct.

AEROLITES, METEORS, &.c,
What are meteors

Question.

t

Answer. They are luminous bodies seen in the night
shooting through the heavens.

Pl~e.

Under Tullus Ho~tilius.

Shower of stones

At Rome

Shower of iron
Shower of mercury
Large ilone

In Lucania

Consuls C. Marliu, and Torquatu,.
Year before the defeat of
Crassus.

Threelars:e stones
Showerol
Stone of

fire

59lbs.
Saud for 15 hours
sulphur
rain

Q. Have stones ever been known to fall from the aid

Am.>thcrof
Shower of
Shower of
Sulphurous
The same
Shower of
Shower of

A. They have, and in great numbers.

T~ 0oil~~ge stones, weighing}

Q. What are they usually called l

In Italy
Near tho river Negos, Thrace Secondyear of the 78th Olrm•
piad.
In Thrace
Year before J. C. 452.
At Q.uesnoy
January 4, 1717.
January, 1706.
Near Larissa, Macedonia
Near Padua,Italy
In 1510.
On \lount Vasier, Province November27,1627,
In the Atlantic
April 6, 1719.
Sodomand Gomorra
In the Duchy of Mansfield
Tn 1658.
Copenhagen
In 1646.
Brunswick
October,1721.
Ireland
In 1695.
Liponas,in Bresse
September,1753.
Niort, Normandy
In 1750.
At Luce, in Le Maine
September13, 1769
At Aire, in Artois
In 1768.
In Le Cotentin
In 1768.
~m·ironsof Agen
July 24, 1790,

n lbs.
A~~~\-~ ;~~~h~ot~t6ir:s~fl20

A. Shqoting stars, and sometimes fire-balls.
Q. What is an aerolite 1

A. It is a stone falling from the air.
(See Table.)

sulpliur
unknown

l

matter

A stony mass
A~tone of7 l•:2lbs.
A stone
A stone
Extensive ~bowerof

Q. How did Laplace, Olbers, and other astronomers account for
the falling of these stones 1

stone!
About 12 stones
A large stone of 56 lbs.
A stone of about 20 lbs.
A stone of IO lbs,
Shower of stones
Shower of stones
Mau of iron, 70 cubic feet
l',la~s of iron, 14 qnintals
Shower of stones
Large 6toneof 260lbs.
Two stone,, 200and 300 lbs.
A stone of 20 lbs.
Sel~~'.alstones from 10to 17

A. They believed that they were ejected from volcanos in the moon, beyond the moon's attraction, and
therefore attracted to the earth.
Q. How did they account for the meteors ?

A. They believed them to be gaseous matter collected in the upper regions, and ignited by some unknown cause.

t~Z·~i::·13,

1

!

~:01:tc!~;::~?orkshire
179:i.
Sale, Departmentof the Rhone March 17, 1768.
In Portugal
February 19, 1796.
.8enares,fi:astIndies
December19, 1798
At Plaun,near Tabor, Bohemia July 3, 1753.
America
April:,, iSOO
Abakauk,Siberia
Very old.
Barboutan,near Roquefort
July, 1789.
Ensish<'lim, Upper Rhine
November7, 1492.
Nr,arVerona
In 176'.J.
Sules, near Ville Francl1e
March 12,1798
Near L'Aigle, Normandy
April 26, 1803.

Q. What is the present theory in regard to aerolites and meteors 1

A. Astronomers
origin.

believe that they have the same

Q. Do all meteors produce stones which fall to the earth 1

A. They do not; very few of them are of sufficient density to reach the earth before they <1re
consumed.
Q. Do these meteors originate in our atmosphere?

A. The most of them have their origin far beyond
our atmosphere.
Q. What is the present theory of meteors 1

A. Astronomers maintain that the planetary regions
contain detached portions of chaotic and uncondensed matter, and that the earth in its orbit frequently meets with such masses.
Q. W'hat effect would be produced by such contact i

A. The matter in its passage through the atmosphere would suddenly be ignited and the gaseous
portion consumed, and the mineral portion, if any,
would be condensed and precipitated to the earth in
the form of a stone.
·
,

..

A. They are composed of the same materials and
nearly in the same proportions, and are unlike any
combination of minerals found on the earth.
Q. \Vhat does this fact prove t

A. It conclusively proves that they have a common
origin.
(See

A. On the night of the 12th and 13th of November,
1833.
Q. What was the altitude of the meteors on this occasion~

A. Professor Olmstead says they were not Jess than
2238 miles above the earth.

NOTE.
One of the instances in the table is of sufficient interest to deserve a notice.
ph*o=~~t~la~n~:1a:~ilef'i~~~!~n~o~~Jy, st~~~rdfn~nitis~:i:ne 0 northeR~::iin~!!
middle ages,) may now be admilted to sober attention as a piece of authentic history.
A homely narrative of its fall was drawn up at the time by order of the emperor Max•

:t~h~

~~li;;;t~11~

1~!s~~d~~s~~;~':hfc\
L~~jJJ~t

0

:7t~'
~nf

J!tMa~~i~~ba~ r=~~~rth~

~ii~t

:~:e!n1~~~ ~l~;giJath::1~d:~~ea~dc~;reo1dn~~'jbc':;:r~!~/,~;~~. 0
~a~ h~~~~ t~~r:
great distance; and a stone fell from the air, in the jurisdiction of Ensisheim, which

~~1ehre~h~;oh~~;.dr1h:~d a s~i;\r/~~~dit ~1:~kt:eo~o~ff1!i~ fnoi:he~aP~e~t>jS~1i~Ji:;;io~t
towards t_heRhine and Inn, near the district ofGiscano, which was sown with whrat,
and it did it no harm, except that it made a hole there; and then they conveyed it from
that spot; and many pieces were broken from it, winch the landvogt forbade. They,

~~~! h~ar~e!!~;~~~::kr~~,s~i~~i~h:t!~~~ntt~ ste~~stee~~1~f~~:i:a~
~~: :ri;if~~inbse;~~t
os:di:ea~b~~utr~!~?~~~ires~hda/~~~~~efu~~e':i~i: ~~:~1~
~f::[k~•a~duthedr!t

:t~s

smite the earth from the height of the air; but that it was really a miracle of God; for,

:h:nae~)~h

~:t;rro~~1 :;:~:·s~:;ee,ritl?~ti;~t:r!d
~~~dt~~k:}:;hn~;
:r:c~~~?; st:tr~~
which every body explained to be the will of God that it should be found; and the
~

0

}:eb~[~~;'aa~h~~hfu!:s\~deb~°e'n aiv~~~~~f;J~~id

~t:

:~Jie
~?:;~:~i~ijfa~
0

~~:hha,\~

r:1i:!
tel/~:
1:;1t:~e:n°J

~ited~hiJhrh~j·
fal1~hna~~b:ittu 0
thaem~artl:;·a~t
~:vi~~e~~~i:~~d~
long time about it with the noblemen,
said that the people of Ensisheim ehou!d take
it, and order it to be hung up in the church, and not to allow any body to take anythinj
~~:ft~~ o:~r ~:fh! 1
~ti~~~~~o~f
~t~ 0 ;p:~~c~ ;:e:t"~te~le~bU:ut
this stone, which they suspen~ed in the choir, where it stilfis; and a g-reat many peo-

DiJi~

ilii~t:~~oli~~~~
;r!~is:!~hi~=~ti:alfi~h\~s ni1~~~I~:1
It remained for three centuries sush:~~i:c~n f:!':n
c~~~~~ectt~ss:foire~e~~iI~. ~1ml?ns1~b~ifn
t~rjolt:s f~ih:v;~~:~ s:/o~~~
1

~~/ili~e ..!iiee;c~·:'f th~0 f}:tm!xi~~!~
composition with that of other meteorie stones.

0

the relic.

Q. What is a peculiar characteristic of meteoric stones t

Q. When was the greatest meteoric display ever known t
Note 2,)

Pn°tod.

°'Sh",w=,=-,c.,rcc,,ccc,,cc,.c-----lA"t"R"',m=,~-----1

NOTE

0

1

2.

in \~ec~~:;~~:~~s~ya~aJ 1~: ili~s\~~een~i~/~f1~fie°~~~~h:dii !~~n~!Jt :ain~~~.,fhN;!
meteoric showers with a periodical character; and hence originated the title of
November meteors. An incessent play of dazzlingly brilliant meteors was kept up in
the heavens for several hours. Some of these were of considerable magnitude and
p~culiar form. One of large size remained for some time almof't stationary in the z.-nith,

f

~~~~r~~~e!a\~ic}t
t~;ai:;;, u~~~~~~i~~e~he~~f ~f~~d J'~:e:~l~f ~a:~q~1~lj~d;'ui;1i~it;~
In many districts, the mass of the population were terror-struck, and the more enlightened were awed at contemplating so vivid a picture of the Apocalyptic image-that of

:t~

t~:;::rea1~;1:~~~
s~~;rcH~~n~~gl~1~~
d:~j:r\t~sf\tf'~
:tft>~~

i~a:h:t~e~r:n !i~h~i
aosf
ffe!~i~:c:ri!sufh 0a~ :~:/fenlf~~n~~ 1!~~:.:-;~~i;j_ass ofugi~r~f a~Ja~~i~:t 6 ~~:c;l~o~id
hear from most of the negroes of three plantations, amounting in all to about six or
eight hundred. While earnestly listening for the cause, I heard a faint voice near the
00
1iTfe;id w~~!~m~
~ o~ecnat~
sfilidb:~~~nc\i°r:l;;: 0t~d,r\:~:0:n:1 s~~ini~ 0 m; bttjs
the world is on fire.' I then opened the door, and it is <l1fficultto say which
me most-the awfulness of the scene, or the distressed cries of the negroes. Upwards
of one hundred lay prostrate on the _ground-some speechle~s, and sOme with the bitterest cries, but with their hands rntsed, imploring God to SHVethe world and thrm.
The scene was truly awful; for never did rt1in f,.N much thicker than the meteors fell
towards the earth; east, west, north and south, it was the same."

?

!~i~:·

0·

excitedI
j

I

-ILLUSTRATED
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Q: Do these spots continue through the year?

LE.SSON

A. They entirely disappear as the summer advances
upon the poles.

XXVI.

MARS,

Q. What amount of light and heat has Mars?

Question. \VHA'.r is Mars 1

Answer. Mars is the fourth planet from the sun.
Q. What can you say of its size 1

A. It has about half as much as the earth.

.

ASTEROIDS.

A. It is the smallest except Mercury and the asteroids.
Q. What is its diameter t

Question.

t

A. 142 millions of miles.

Q. How many are there?

Q. \Vhat is its mngnitude t

A. Twenty three is the number known at present.

A. It is about one seventh of the size of the earth.

Q. What is their magnitude f

Q. What is the specific gravity of Mars?

A. They are very small with the exception of Pallas.

A. It is about five times the weight of water. (5.19.)

I

are the asteroids?

Answer. They are small bodies between the orbits
of Mars and Jupiter.

A. 4,189 miles.
Q. What is its distance from the sun

WHAT

Q. In what time does it revolve on its axis?

A. In about 24½ hours.

(24h. 39m. 22s.)

Q. In what time does it revolve around the sun t

A. In one year, 321 days.

Q. What have some astronomers supposed in regard to them 1

A. That they were once united in one planet; bnt
blown to pieces by some internal explosion.
Q. \\'hat facts do they advance to prove this theory?

A. They are rough with sharp angular points.

Q. How fast does it move in its orbit?

A. 55,000 miles an hour.
Q. How many degrees does the axis of l\fars lean towards its orbit t

A. About 30 degrees, (30° 18'.)

(See Diagram.)

Q. Does Mars have any change of seasons?

A. The seasons are similar to those of the earth, but
,nearly twice as long.
Q, Why are they longed

A. Because Mars is nearly two of our years in revolving around the sun.
Q. What is the appearance of Mars when seen with the naked eye t

A. It appears of a red, fiery color.

LESSON
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Q. How does Mars appear when viewed with a telescope 1

A. Outlines of apparent continents and seas, are distinctly seen.
Q. What appearance have the continents 1

A. They have a ruddy color, arising probably from
the nature of the soil.
Q. Of what color are the seas 1

A. They appear of a greenish color, caused no doubt
by contrast with the red color of the continents.
Q. Does .Mars present different phases f

A. It sometimes appears gibbous.
Q. \Vhen does a planet appear gibbous 1

A. When we can see more than half, but not the
whole, of the illuminated surface.
Q. Does Mars ever appear horned like the moon ?

A. It does not, because it does not pass between us
and the sun.
Q. What other appearances does :Mars exhibit when viewed with a
telescope?

A. Bright spots are seen alternately at the poles.
Q. "\Vhen do these spots appear f

A. When it is winter, or continual night at the poles.
Q. \\That is supposed to be the cause of these spots f

A. Snow and ice, which has accumulated at the poles
during winter.

NOTE.
.Astronomers in comparing the distances of the planetfl, found that there was a
great distance between Mars and Jupitel' whi~h did not coincide with the uniformit,v exhibited by the other planets. This led them to suspect that there was an
undiscovered planet circulating in that region, and Baron de Zach went so far as
to_calculate in 1784-G, the orbit of this ideal planet. So confident were astronomers of the existence of a planet, that in 1800, six astronomers, of whom Bal'on
de Zach was one, assembled at Lilienthal, and formed an association vf twentyfoul' observers, the principal object of which was to use their own language "to
force this planet from the regions of analogy into the realms of sense;" hut before
they had got fully OJ"ganized, Piazza discovered CeJ"es; after another year others
discovered Pallas, and Juno and Vesta were brought in at inten'als of a few years.
The search continued fruitless for ten years, it was fairly concluded that this region
\Vas exhausted.
In consequence of the discovery of four small planets irn,tead
of one large planet, the new and somewhat novel idea was advanced by Dr. Olbe1·s,
that these b·odies were originally united in one planet; but by some internal explosion had been blown in pieces.
This theory has beP-n folly discussed by astronomers from that time to the present day. Sevel'al support the theory of Olbers, while others discard it entirely
as untenable. In 1843, astronomers turned their telescopes again to this field for
exploration, and they have succeeded in discovering nineteen new asteroids which
makes the whole number twenty-three.
The first four, Ceres, Pallas, Juno and
Vesta arc from the sixth to the eighth magnitude; \Yhile the ninetee9 new ones
are less than the ninth in magnitude; all of these bodies arc very small and arerough with sharp angular points; these facts would seem to indicate that they had
formerly been united in one body.
The following is a list of the names, date of discovel'}', and by whom discovered.
Name and Number.
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
I 1.
12.
13.
14.
15.

16.
17.
lS.
19.
20.
21.
22.
23.

Ceres ..............
.
Pallas, •••.•••••••
,.
Juno., ••••.••• , •••.
Vesta .••••.•.••••••
,
Astrea .•••••••••••••
Hebe •••••..••••••••
Iris .. , ••••••.•••
, •• ,
Flora .••.••..•••.••.
Metis ...••••••••••••
Hygeia.,.,.,
••••••.
Parthenope .•.•• , •..
Victoria, •.•.•....
,.
Egeria .•••••••..•••.
Irene .•••• , ••••• ,• •.
Eunomia .•••.•••• ,.,
Psyche .••. , .•••••• ,
Thetis .•.•••. , ••••• ,
Melpomene ••••••••.
Fortuna .••.••••••••
Massilia .••••••••••.
Lutetia ..•.•••••••
,.
Calliope .•••.•.•.•
,.
Thalia. .••.•.•...•.

Date of Disco,·ery.

Name of Discoverer.

1800, Jan. 1.
1802, Mar. 28.
1804, Sept. 1.
1807, Mar. W.
1945, Dec. 8.
1847, July 1.
1847, Aug. 13.
18-17, Oct. 18.
1848, April 26.
1849, April 12.
1850, May 11.
lSfiO, Sep. 13.
1850, J\'ov. 2.
1051, May 19.
1851, July 29.
1852, Mar. 17.
1832, April 17'
1852, June 24.
1852, Aug. 22.
185'J, Sept. rn.
1852, Nov. 15.
18!'.d, Nov. 16.
1852, Dec. 15.

Piazza, of Sicily.
O\bcrs, of Bremen.
Harding.
Olbers.
Hencke, of Germany.
Hencke.
Hind, of Lond(ltl.
Hind.
Graham, of Ireland.
De Gt1sparis, of Naples.
De Gasparis.
Hind.
De Gasparis.
Hind.
De Gaspads.
De Casparis
Luther, of Germany.
Hind.
Hind.
De Casparis.
Goldschmidt, of Germany.
Hind.
Hind.
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is Jupiter?

Answer. Jupiter
system.

is the largest planet in the solar

A. It is 1,280 times greater.
Q. What is the specific gravity of Jupiter!

A. It is about H times the weight of water. (1.30.)
Q. How far is Jupiter from the sun?

A. 485 millions of miles.
Q. ·what is its diameter!

A. 87,000 miles.
Q. ,vhich diameter is the gre_ater, the polar or equatorial!

diameter

is 6,000 miles greater

Q. Wh1it causes the equatorial diameter, so much to exceed the polar!

A. The quick rotation of the planet upon its axis.
Q. In what time does it revolve upon its axis 1

~~:t~~I~~

A. In about 10 hours. (9h. 55m. 50s.)

A. In eleven years, 314 days.

~s;;~;

!~~~l'\t~~:;r~: 1\~'~ ;~:t 1~°o'r"~~t1i;~~ 1

Q. How many moons has Jupiter 1

fi!~;~!!!
tlJ~~~i!1~~::
!~i~;~t~~

A. Four.

point may b" such, that the centrifug.al and other foITes balance eac~ other. "And even sh.o_uld
an accumulation of disturbances, ot which the absenrc of inequalities lessens the probab1l1ty,
bring the rings together. the w•locities at Uie point of contact will be very n_early equal, and the
two will coalesce without disastrous conseq11enccs." "lf,inits normal condition, the ring has but

Q. What is their magnitude ?

A. They are about the size of our Moon.

;~:s~~~)io:

~

A. Galileo, the im'entor of the telescope in 1610.
Q. How are the orbits of these Moons situated?

A. They are directly over his equator.
Q. Do these moons frequently eclipse the Sun?

A. They do at each revolution around the Sun.
Q, What great discovery ,vas made by observing these eclipses?

(Note.)

A. It has no change of .seasons.
Q. Why do its seasons not change 1

A. Because its axis is nearly perpendicular to the
plane of its orbit, which causes the sun to be always
vertical at the equator. (See Diagram.)
Q. How does Jupiter appear, when viewed with a telescop_e?

A. Light aud dark belts appear to surround it. (Sec
Fig. 1 and 2:)
Q. \Yhat are the light belts?

A. They are supposed to be clouds, which are thrown
into parallel lines by the quick rotation of the planet
upon its axis.
Q. \Vhat are the dark belts 1

A. They are probably the body of the planet, seen
between the clouds.
.
Q. Do these belts always appear the same?

A. They change frequently, and sometimes
clouds break to pieces. (See Fig. 3.)

the

Q. What is the velocity of its equatorial parts, in turnin" on its axis?

A. 25,000 miles an hour.
Q. What amount of light and heat has Jupiter 1

A. It has 27 times less than the earth.

~fih~fte~~(f;br~b~~\;;~[J

iee;;~i!ra

~~;:,'!\~~~~i~1."
8~m:i~~~i~~,s a;}1~:fba!:~1~~~!,~i~~
i'!'l~~:~~~~~

!~~

1
1f~~nt~~s!;~~a 0rt:·ct:s~71•~a~~~t~:!i::}:,1bf~IG~;:~~
~r.~fbj~e
~u7~fr ;at:~~~~;'~:~,
;,
for by the remo\·al of the sources of disturbance, when the parts thrown off would reunite "
"Finally, a fluid ring, syrnraetrical iu its dimensions, fa not of uecessity in a state of unstable
equilihrium, with reference either to Saturn or the other rings."
At the meetillg at Cincinnati of the American Ass_ociation for the Ad\·ancement of Science,
Professor Il. Peirce, read a memoir on the constitution of Saturn's ring, coutainiug the same
general viflws which he submitted to the Arneric.an Academy of Arts and ~ciences at llo~ton, on
the 15th of Aprt!, J8bl. Mr. I'circe arrives at the. same results by analysis a• those which Mr.
llond had derived from o'!:lservations, illustrate,l and combined by his own ingenious C(!mputations.
l\lr. Peirce ditfors in opinion from Laplace, in regard to the elficacy of an irregular figure i~ i;ns-

~~;~~fd:3!!u;'~':r:i1:~~ s~;g~~~i~~~::n~h~o~ 1at~:;'~~e~~}ag1:i~e~ft~cl~;~~I

sr~~~c}~~~~,~:~·~ob~'.n~~)

1~~1~}~,.;t
1
;;J;:~:h~~co;fjt::!;re•
:~
i;e;:n:1::;it:t
:J"(h:
"/,.;;:~:t~tr;~Y;,,~t:;~~~

Q. Has Jupiter any change of seasons?

r

~1:'
~:\~~rs~~~

0far~~~;•~ip~~r~~ Wier~~:::;t~~

t~et'~: !~~!st'~ear:;p
the outPr rings, which have bee.n supposed to indicate a subdivision mto s':'veral concentric annuli. They do not, however, appear to be permanent; at least they arc sul>JeCt to some change,
as they arc not always visible even when circumstances wonld seem most fa,·ol'llble.
Such are the considerations which led 1-Jr. Bond to reject the idea of solid rings, an,1 to sup~~rfa~~ds~:~:;:~~~·
in '{h~h!~~} 1;fm'::~te;}:!• ~.~;~;:~;:~ees;:~~

Q. How fast does it move in its 01·bitaround the sun¥

A. 30,000 miles an hour.

A. The velocity of Light.

r::~
f~:1r::~~

:C~

1
0r°ia~tr~c
fi~ 1;~:i~f, /~::~~:~;~;
aWo~h::~;~f~eti~nfl ,J~=~~ 0
tern, and whether it may not, in the course of future ages, collect about a nucleus and constitute a
satclllte. '.rhe e,·idcnce of its solidity is not, I think, hy any means conclusive.
On the oth;,r

Q. In what time does it revolve around the sun?

Q. ·who first discovered them

RINGS.

(From the .!lmerican .!llmanac and- &pasitury of 11,g,fulKnowledge, 1962).
W1THTS a fow months the inquiry has been started with fresh interest, By how many rings is
Satur:1 ,urrournled, and in what way are these rings sustained'/
Short saw two_ or three divisions
oUt$ide of the centre of breadth. Herschel the first, in liSO, saw a new division near the inner
edge. As this a_ppearance w9:s temporary, he thought that ohservation would not justify the supposition of multiple rings. Lmes of demarcation were seen on both rings in 1813 and 1814. Quetelet saw the outer ring divided m 18:23 In JS:M and 1826 three divisious were •ccn on the outer
ring hy Kater. In l83i ~:ncll:e noticed that the outer ring wru diviled, and that there were .several marks near the inner edge of the inner ring. De Vico has gi,·en ~n account of sc,·era\ d1vi11
t~~e8;,~;p~I: hil~ ~;4ti::!~Ft~n~
ri;3:e~e:!~ 1a d11·i!!ri~ :re~he 8 ~:~e~ ~~~; 0 •
a;;v~=~~ 0
count of the last ca~e,.and adds: "After sud1 un(JUestionable evid.,nce, there can be no rearnnable doubt of the outer ring's being multiple."
On the 11th of No\'embor, 1S50, G. P. nond saw
what he thought at the time a second division of lhe ring, near the inner edge of the inner ring.
On the liith, his father thought the new ring was wholly disconnected with the old, t~ough the
edge next to the planet was betklr de~~ed than the outer edge. .Micromctric observations gave
fur the inner diameter of the inner div1S1on26".3, wherea~, according to Eucke, the inner diameter
of the old inner ring should be at that time 2\J' 1 8. From this it was inferred that the large refractor at Camhridge Jmd re\'ealed au eutirely unknown and darlrnr ring of Saturn, which was not
to be confounded with the division of.the old inner ring which had frequently h~e_nnoticed .. The
outer edge of the new ring is I ".ii within the inner edge of any ring hitherto vmble.
This conclusion wM confirmed by ohscrvations continued for several weeks. Similar appearances w-,re
noticed on the '.!flth and 26th of November, by Mr. Dawes, and afterwards by Lassell of Liverpool,
and Schmidt of Donn.
On the 1Mh of April, 18/H, G. r. Bond communicated to the American Academy of Arts and
Sciences at .Bo~tou, a memoir on the rings of Saturn. After rehearsing the facts already detailed
in regard to extraordinary divisions offhe rings, he draws attention to the circumstance that other
obsc.-vers, a$ Struve, Bessel, J, F. \V. Herschel, and, we may add, Smyth, have seen only the usual
division, even with the best inshumeuts, and under the mo~t favorable circurnstanc;,s.
11oreover, the divisions on bolh rings are not always seen simu.llan;,ously; and the Camhridge telescope which \ms bro;,nght to view a ring always before invisible. does not iudicate any of the unusual divisions in the two old rings. It seems a justifiable conclusion from all the facts, that the
multiplicity of rings occasionally seen, and the failure to discern more than two at other times,
are uot rcforrahle to the difference of instruments, to the greater or less purity of the air, or to
the uneq11al skill of observers, but to a material fluctuation in the ring itself,
In a lecture publicly dellrnred in Reading, Pennsylvania, on the 3d of January, 185t, Mr.

~;~~~tt

Q. How many times larger is Jupiter than the earth!

A. The equatorial
than the polar.
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XXVIII.

JUPITER.
Question.

>

ASTRONOMY.

•

!i~hn~~':;;'1~!1
The stahility of the ring does not depend on the attraction e.xertetl on 1t by the planet.
In tlie circulation of the fluid annulus around Saturn, the velocity is Ji,ast at the greatest distance. Hence the matter accumulates at the most remote point of the ring, and to such an extent
that the quantity of matter balances the di~ta11ce, and the attraction cxel'ted by the ring :md the
planet on each other is the same in every direction. The ring is held together by the attraction
of the primary; but it is not sustai':'ed as a whole by the primary.
I~ is sustained by the Mlellites.
'l'he satellites disturb it, and susta,n it hy a delicate equipoise of d,sturb1>nces. Somethin.2; like
this restorative 1>ctionbAd been hinted at by SirJ. F. W Herschel. But the remedial peworis insnf.
ficicut to sustain a soliJ ring. lt follows tlrnt no rlanet can have a ring unless richly provided
with meniab to hold it. Saturn alone of all the planets seems competent to preserve a ring when
once bestowed.

1i1;1:~rfi~~~~;tl::r;J;~r~s~:;o':~:hi}~ew~~fJ
how~-~.r~:.:\~;o~~dc, 1~ts}:~r;e;~!:~i.~~a~~~l°l
occur at the point of aphelion might easily lead to chemical action. Pr.ccipitatiou mi~ht ensue,
and the necessary consequence would seem to be a continually accelerated ~cc1nn11lat,on at this
~~.\~~ih~!'i~~~~v ~~~s\i~;li~! fr~~
\tirh
Ju~ffy11~~~

0

0:r°f,~~
1 t~1~;cli°flfi1~:~ib~~~
1
1 tp,~:r.:~!~
~1~:~\10:!s

sailed. nut in 4pproachi.ng the forbidden lim_its of human knowledge, it is becoming lo tread with
caution aIJ/1circumspection.•
Man's specufatrons should be 1mbduod from all nishness and exttav
agance in the immediate presence of the Creator,

[The rings of Saturn have been con$idere,J by the most celebrated astronomers, Laplace, Struve,
Bessel, Sir William Herscl1el, J. F. ,v. Herschel, Smyth and others, as bei11gsolid bo<lies ~urronuding the planet and of the ~ame materials and density; but cl-Jr.G. P. Bond of Cambridge, and Professor Pierce, have advanced a new theory in rugar<l to these ring~. that thE')' are a fluid or ~emiLiquid matter. In regard to this no1•!ll Thoory it is not considered by astronomers 11sfully establishlid. We lmve not adopted this new theory in this work, preferring to wait for a further demonstration of it. ,ve are however inclined to believe that the various phenomena are more
easily explained upon this hypothesis.-AuTHO«.

NOTE.
In 1676 it was ob~erved by Roemer a Danish AstroJJomer, that when the earth v.as nearest to
Jupiter the eclipses of his sattel!ites took place 8 minutes 13 stconds soon,r than the time specified
in the aslroriomical tables; but when the earth was farthest from Jnpiter, the eclipses took place
S minutes \3 seconds too late, the dift'erence being l6rn. '.!6s. From this it appear~ that it takes light
16m. '.!6s. to pass across the earth's orhit which is 190 millons of miles in diametcr-190 millions of
miles divided by 986 the numherof 1,econds in 16m. 26s. gives 19:.l,697miles as the velocity of light
per second.
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SATURN.
Question. W HA"r is Saturn?

:Answer._It is the largest planet except Jupiter.
Q. \Vhat is its magnitude compared with the earth 1

A. It is about 1,000 times larger.
Q. What is its specific gravity 1
A. It is about one half the weight of water. (0.56.)
Q.·What is the diameter of Saturn!
A. 79,000 miles.
Q. \Vhat is its distance from the sun 1

A. 890 millions of miles.
Q. In what time does

it revolve on its axis?

A. In about 10½ hours. (10h. 29m. 16s.)
Q. In what time does it revolve around the sun ?

A. In 29 years and a half. (29y. 167d.)
Q. How fast does it move in its orbit around the sun 1

A. 22,000 miles an hour.
Q. Is there any change of seasons at Saturn?

A. There is, but it is very slow, as it takes near Iy
thirty of our years, to complete a year at Saturn.
Q. How much does the axis of Saturn lean towards its orbit?

A. About 30 degrees. (28° 40'.) (See Diagram.)
Q. How long is it day and night alternately at the poles ?

A. About 15 of our years. (See Diagram.)
Q, What has Saturn which surrounds it?

A. Two large rings of solid matter like the planet.
(See Diagram.)
Q. ,vhat is their position around the planet 1

A. They are directly over the equator.

LESSON

XXX.

Q. Do these rings revolve with the planet !
A. They do, and in nearly the same time as the

planet.
Q. Are these rings connected with the planet or separate 1

A. They are separate from the planet and from each
other.
Q. ,vhat is the distance from the planet to the inner ring ?
A. 19,000 miles.
Q. How ·wide is the inner ring 1
A. 17,000,miles.
Q. How wide is the space between the rings 1
A. About 1,800 miles.
Q. What is the width of the outer ring?

A. }0,000 miles.
Q. How thick are these rings?

A. Abont 100 miles. (Some say 1,000 miles.)
Q. Are these rings uniform 1

A. They are rough and uneven.
Q. How many satellites or moons has Saturn ?

A. Eight.
Q. What is the position of their orbits 1

A. Their orbits, excepting one, are directly over the
rings. (See Diagram.)

Q. Does the sun always shine on the same side of the rings?

A. It shines upon each side alternately
years. (See Diagram.)

for fifteen

Q. 'What amount of light and heat has Saturn 1
A. It has 90 times less than the earth.
Q. What appearance has the disc of Saturn l
A. It has dark belts similar to those of Jupiter.

Saturn.
According to heathen mythology, Saturn was the deity who presided over time. He is sometimes represented as an old man, flying
with wings attached to his back ; carrying an hour-glass in one hand,
and a scythe in the other. These are very appropriate emblems of
time ; the old man represents time, his flying admonishes us to improve
every moment as it comes, or it will be lost ; the hour-glass reminds
us that our life, like the sand in the glass, will soon run out ; and the
scythe, like time,
"Cuts down all,
Both great and small."

Saturn is the 6th lunar planet from the sun, aud the most remarkable; it is next in order to Jupiter, anq the most remote planet from the
earth, of any that are visible to the naked eye. It may easily be distinguished from the fixed stars by its pale, feeble and steady light. It
is 890 millions of miles from the sun, and revolves around it in 29
years 167 days; so that its apparent motion among the stars is very
slow, being only 12 degrees in a year. Saturn, besides being attended
with seven moons, is surrounded by two large concentric rings, which
are separate from each other, and also from the planet. The matter,
of which these rings are composed, is undoubtedly no less solid than
the planet, and they are observed to cast a strong shadow upon the
planet itsel£ Saturn, in bulk, is about 1,000 times larger than the
earth, and revolves on its axis in 10h. 29m. 16s. This rapid motion
upon its axis, causes it to be, like Jupiter, very much flattened at the
poles. So that the equatorial diameter is to the polar, as 12 to 11.
The rings of Saturn present a phenomenon, to which there is nothing
analagous in the rest of the solar system. These rings are very thin,
one within the other, and directly over the equator. They revolve
round in the same time with the planet, although they are detached
from it.
The axis of Saturn is inclined to that of it's orbit 28,;, 40', and as
the rings are in the plane of the equator, the axis of the rings has the
same inclination. It will be seen from this, (see Diagram,) that the
sun shines alternately for 15 years on one side of the rings, and then
upon the other; so that if we lived upon the rings, we should.h_ave
continued day for 15 years, and then continual night for the same length
of time.
The rings of Satui-n must present to the inhabitants of the planet a
most magnificent spectacle. They appear like vast arches, or semi~
circles of light, extending from thl:l eastern to the western horizon, At
the equator, the outer ring is not visible, being hidden from the view
by the inner ring; but, in about 45 degrees of latitude, both rings are
visible, and present a magnificent appearance.
During the day.time,
thP;y appear dim liko a white cloud, but, as the sun goes down their
brightness increases; while the shadow of the planet is seen to come
on at the eastern limb of the ring, and gradually rise to the zenith,
(see Diagram,) when it passes down and disappears in the western
horizon at the rising of the sun, The rays of the sun always fall upon
the si~es of the rings very obliquely, as the sun is never seen more than
30 degrees above the horizon of the rings, while at other times the
edge of the rings only is presented to the sun. (See Diagram.)
These
ringil'.are rough and of unequal width and thickness, and it has been
demonstrated that these rings coul<t not maintain their stability of rota~
tion, if they were in all parts of equal thickness and density, as the
smallest disturbance would destroy their equilibrium, which would continue to increase until at last, they would bo precipitated upon the planet.
Saturn has seven moons, or satellites, but they are only seen with a
good telescope. Their orbits, with the exception of the seventh, are
nearly in the plane of the rings; the seventh, which is the farthest
frorn the plnnet, is the largest, and its orbit is considerably incli~ed to the
plane of the rings. (See Diagram. J
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was Herschel or Uranus discovered 1

Answer. In 1781.

OR NEPTUNE.-Continued

.

Q. In what time does it revolve around the sun 1

A. In about_ 166 years.
Q. How many moons has Leverrier ?

A. One; and another is supposed to have been seen.

Q. By whom?

A. By Sir William Herschel, who was a celebrated
English astronomer.
Q, In what part of the solar system is Herschel situated?

A. It is the 7th large planet from the sun, and next to
the farthest discovered.
Q. ·what is its magnitude?

A. It is 80 times larger than the earth.
Q, ,..vhat is its specific gravity ?

A. It is l½ times the weight of water: (1.53.)
Q. What is its distance from the sun 1

Q. "\Vhat amount of light and heat has this planet?

A. About 900 times Jess than that of tl)e earth.
Q. Does this planet correspond to the calculations of Leverrier, as to
mass and distance from the sun ?

A. Its mass and distance are considerably Jess than
his calculations.
Q. What have these circumstances led some astronomers to suppose 1

A. That Leverrier is one of a group of planets similar
to the Asteroids, situated at nearly the same distance
from the sun.
Q. Are the primary planets inhabited 1

A. 1800 millions of miles.

A. They appear to be inhabitable.

Q. In what time does it revolve on its axis?

I
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LEVERRIER,

XXXI.

HERSCHEL, OR URANUS.
Question.

ASTR@NOMY.

A. It is not certain] y known. [It has been stated at
1 day 18 hours, but there seems to be no proof of it.]

PrefessorNichol.
Q. In ·what time does it revolve around the sun?
A. In abont 84 years. (84y. 6d.)
Q, How fast does it move in its orbit around the sun ?

A. 15,000 miles an honr.
Q. How will the light and heat at Herschel, compare with the same
at the earth?

A. They are 368 times less.
Q. How many moons has Herschel?

A. Six moons were seen by Sir Wm. Herschel, but
only three have been seen by other astronomers.
Q. What angle do the orbits, of the two which are best known,
make with the ecliptic?

A. An angle of78 degrees. (78° 58'.)

[NoTE,-The
presence of clouds indicating both air and water; the
regular succession of the seasons, as well as day and night; the suitable amount of light received from tho sun; the accompaniment of
moons; the specific gravity of bodies at their surface; all seeni to
indicate that the primary planets are suitable residences for living
beings. The only objection to this view is, the difference in the
amount of heat received from the sun, supposing it to be according to
the inverse ratio of the squares of their distances from the sun. But
we see from the difference of temperature on the earth, at the base and
summit of high mountains, that the actual heat depends much upon the
modifying circumstances, as well as upon the direct rays of the sun.
And we have reason to suppose that the temperature of the other
planets does not differ much from that of the earth.
For instance, the temperature of :n.Jars,as indicated by the melting
of its snow, and that of Jupiter and Saturn, as indicated by the amount
of vapor in their atmosphere, appear to be similar to that of the earth.
Mercury and Venus are protected from the direct rays of the sun 'hy
dense clouds. Causes unknown to us, may and probably do, modify
the temperature of all the planets in a greater or less degree, suffi~
ciently 1m,for the purposes of animal life.]

Q. In what direction do these moons move in their orbits 1

A. They move from east to west, contrary to the motions of all the other
secondary.
LESSON
LEVERRIER,
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planets,

XXXII.
OR NEPTUNE.

was Neptune discovered?

A. In 1846, by Dr. Galle, of Berlin.
Q. Who publiShed the elements of this planet, and directed astronomers to the point in the heavens where it might be discovered ?

· A. Leverrier, a celebrated French mathematician.
Q, How near the point, where he directed astronomers to look, was
it found?

A. Within one degree.
. Q. What is the diameter of this planet?
A. It is about 35,000 miles.
Q. \Vhat is its mn.gnit.ude?

A. It is about 80 times larger than the earth.
Q. What is its distance from the sun ?

A. About 2,850 millions of miles.
Q. In what time does it revolve on its axis ?

A. It isnot known.

HERSCHEL.

both primary and

This planet was discovered by Sir ,vmiam Herschel, March 13th,
1781. It had been observed by Flamstead, l\fayer, Tycho Brahe,
and other astronomers, and was regarded by them as a fixed star, and
such it was considered by Dr. Herschel, until he discovered it to be a
planet, from its having moved from the place where he had observed
it some time before.
Sir \Villiam Herschel gave it the name of "Georgium Sidus, or
Georgian Star," in honour of his Royal patron, George III., but the
Royal Academy of Prussia, called it Uranus.
•

THE NEW PLANET.
CAUSE

WHICH

LED

TO ITS

DISCOVERY•

It had been found by observation, that the attraction of the planets
upon each other, accelerate or retard the motion of each. These variations have been well understood by astronomers for many years; but
it was found by a series of observations made during several years
upon the planet Herschel, that its motion in the heavens was affected
by some cause other than that of Saturn or Jupiter. This led astronomers to suspect that there might be another planet, either between the
orbits of Saturn and Herschel, or beyond that of Herschel.
Leverrier,
having collected the observations of the most celebrated astronomers for
many years, was enabled, by his profound knowledge of the mathematics, to calculate its tlemente.
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MOON.
Question. \V1iAT is the moon 1

,Answer. The moon is a secondary plane't, re,·olving
around the earth.
Q. J;; the moon larger or smaller than the tiarth?

A. lt is 49 times less than the earth.·
Q. What Is the diameter of the moon?

A. 2, 180 miles.

·

Q. "That is the.~pecific gravity of the moon?

A. It is 3~ times the weight of 1rnter, (3.37.)
Q. ·what is its mean· distance from the earth?

A. Two hundred and forty thousand miles.
Q. In what time docs the moon rcvoivo. aP-Oundthe earth?

A. In about 2n clays, (27d. 7ft. 43m. Us.G.)
Q. In whnt time does the moon revolve upon its axis?

A In tibout 2n days, or in the same time that it
rernlves around the earth.
Q. \Vhat is the result of the moon's revolving cpon its Mis and
arounrl the earth in the same time?

A. The same sicle of the moon is always presented
to the earth.
·
Q. Have we ever seen the opposite side of the moon?

A. \Ve have not.
Q. What causes the moon always to present the same side to the
wrth?

A. It is supposed that one side of the moon is more
dense than the other, consequently the centre of gravity
is not in the centre of the moon.
Q. What is a lunation, or lunar month 1

A. It is the time from one new moon to another.
Q. \Vhat is the length of a lunation 1

A. About 29½ days. (29d. 12h. 44m.)
Q. \Vhy is a lunation longer than the time it takes the moon to
revolve around the earth 1,

A. 13ecause the earth is revolving around the sun at
the same time. (Fig. 3. See Note l .)

LESSON
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MOON.-Continued.
Q. ,vhen is it full moon 1

A. When the moon is upon the opposite side of the
earth from the sun, and the illuminated side is presented to us. (Fig. l.)

q.

How much greater is the light of the sun than the full moon?

A. 300,000 times greater.
(.

·when are the sun and moon in quadrature?

A. When they are ninety degrees distant from each
other. (Fig'. 1.)
Q. How much of the illuminated side of the moon is Yisible to us
when it is in quarlrature?

A. One-half. (Fig. 1.)
Q. How much huger if, ~he sun than the moon?

A. 70 millions of times greater.
Q. Why does the moon appear as large as the sun 1

A. Because it is four hundred
than the sun. (See Fig. 4.)

Q. ,vhich way does the moon revoke around th~earth?

A. From west to east.
CJ,If the moon- revolves from

west to cast, what causes it to rise in

the east?

A. It is caused by the earth's revolving on its axis tlie
same way. (Note 2.)
Q .. Does the moon rise the same hour every evening 1

A. It rises about GOminutes later every day.
Q. ·what is the cause of its rising 50 minutes later ernry day?

A. It is caused by the moon's revolving around the
eartl, from west to east.
Q. "'hat causes the phases of the moon, from J¥W moon to new
moon again?

A. It is caused by th_e moon's revolving a(ound the
earth. (See Diagram. Note 3.)
Q. \Vhen is it new moon 1

_

A. \Vhen the moon is between the earth and sun,
and the dark side is presented to us. (Fig. 1.)

times nearer to us

Note I. Fig. 3.-The moon revolves around the earth in about 27,\
days, but from one new moon to another it is about 29½ days; this dif:
ference is caused by the earth's re,·olving around the sun at the .same
time that the moon is revolving around tho earth.
This ,,,ill appear
plain by examining Fig. 3, on the opposite page. If we suppose the
moon to be in conjunction or new moon, while the moon is revolving
around the earth, the earth moves through nearly one~twelfi.h part of its
orbit, and when the moon arrives at A, it will have made a complete
revolution around the earth ; but the moon will not be in conjunction,
or between the earth and sun, -until it has moved the distance from
A to B-hence
it will be seen that from one new moon to another the
moon has to make more than one complete reYolution arouud the earth.
Nole 2.-That
the· moon revolves around the earth from west to
east, from one new moon to another in about 29} days, them is
not the least doubt; and it will appear perfectly plain if we comider
that the earth is revolving on its axis th.e same way, or from west to
east; the earth revolves on its axis in 24 hours, whereas the moon is
29! days in revolving around the earth; consequently the moon only
moves from west to east in 24 homs, as much as the earth turns
on its axis in 50 minutes, which makes the nioon rise as much lafor
evcry·evening.
If the €'arth did not revolve upon its axis, then the
moon would rise in the west, and after being above the horizOn for
nearly 15 days, would set in the east, and would be below the horizon
for the same length of time, when it would rise again in the west.

Q. What is the length of the days oi· nights at the moon 1

A. About lG of our days. (Note 4.)
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OF THE

MOON,

Note 3. Fig. 1.-By phases of the moon is meant the various appearancPs which the moon presents from new to foll moon, and from
full mooll to new moon again. As the moon is a dark body of itself;
thf're is only one-half of its surface illuminated by tbC suli, 1~ new
moon, when {he moon is between the earth and sun; that side of
tlie moon upon whirh the sun shines, is towards the sun, and the rl_ark
side is presented to the earth; consequently we do 1rot see any portion
of the illuminated side of the moon at new moon, see Fig. l ; but as
the moon passes around from west to east, it brings the illuminated
sido of the moon more and more to our view; at the first cpmrter we
can see one-half of the illuminated surface, and when the moon arrivPs
at foll moon, we can see the whole of the illuminated surface, as the
carth is then between the sun and moon. From foll moon to new
moon again, the illuminated surface disappears in the same manner as
it appeared. •
LENGTH

OF THE

DAYS AND NIGHTS

AT THE

MOON.

Note 4. As the moon revolves on its axis only once in its revolution
around the earth, it continually presents the same sirle to the earth,
and there would he, consequently, only .one <lay and night in each i-evolution of the moon around the earth, or the day and night would each be
n,~ady fifteen days long.

F
-
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MOON.-Continued.

Question.

HAS

the moon an atmosphere 7

Answer. Very little if any.
Q. 'What is t!:::.appearance of the moon when viewed with a teles.
cope?

A. It appears covered with light and dark spots of
various shapes.
Q. \Vhat is the cause of this appearance?

A. It is caused by the mountains, plains and valleys
in the moon.
Q \Vhat are the light spots ?

A. Mountains and elevated land.
Q. \Vhat are the dark s·pots?

A. Plains, valleys, &c.
Q. Has the moon any oceans, seas, or large bodice of water?

A. Not upon the side towards the earth.
Q. lf you were living upon this side of the moon, what would be the
appearance of the ea1th ?

A. The earth would appear like a large stationary
moon.
Q. How much larger than the moon appears to us 7

A. Thirtepn times greater.
Q. In what time would the heavenly bodies appear to revolve around
the moon?

A. The stars would appear to revolve in 27½ days,
the sun in 29! days.
Q. w·hat is the shape of the moon's orbit 1

A. Elliptical, or one diameter greater than the other.
(See Diagram, page 24.)
Q. ·what is apogee ?

A. It is the point in the orbit of the moon farthest
from the earth.
Q, "\Vhat is perigee ?

A. It is the point in the orbit of the moon nearest
to the earth.
Q. 'When is the moon in apogee?

A. When it is at its greatest distance from the earth.
Q. \Vhcn is the moon in perigee?

A.

When it is nearest to the earth.

Q. Has the moon any change of seasons?

A. None, except
every lunar month.

those changes which take place

Q, ,vhat is the harYest moon?

A. When the moon is full in September and October, it rises only a few minutes later for several successive evenings, and thus affords light for collecting
the harvest, it is therefore called the harvest moon.
Q. \Vhat is the cause of the harvest moon?

A. It is caused by the moon's orbit beino- very oblique to the horizon.
"
Q. Is the moon inhabited ?

A. The want of air and water, render it uninhabitnble by beings like ourselves.

ASTRONOMY.
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CONSTl'J.'UTION OF THE MOON.

ll'f viewing- the moon with the naked eye, her disc appears divcrsifled with dark and bright spots, which on being examined with a. pow.
erful telescope are discovered to be mountains and valleys. The whole
surface of the moon is covered with these spots, which is evident from
the fact that the line of separation between the illuminated and dark
hemisphere!, is at all times extremely ragged and uneven. The
mountains on or near this line cast behind them long black shadows,
like the mountains on the earth when the sun is rising or setting. The
moon is a much more mountainous body than the earth, nnd the moun-

tains are v_astlyhigher compared with its size than those of the earth.
One of the mountains (named Tyclw) situated in the southeast prtrt of
the Moon, is apparently a volcanic crater 50 miles in diameter, and
16,000 feet deep, with a central mountain rising to the ht>ight of
5,000 feet. The height of ten of the principal mountains, according
to the recent measurement of l\faxller, is from 3½ to 4¾ miles. The
mountains of the moon do not run in ranges like those of the earth ;
but are single peaks scattered over nearly the whole surface of the
moon, and are generally of a circuJar form shaped like a cup. These
facts substantially prove the mountains of the moon to be of YO!canic
origin, and in some of the principal ones, decisive marks of volcanic
stratification, arising from successive deposites of ejected matter, may
be distinctly traced with powerful telescopes-The
moon contains no
large bodies of water, such as, oceans, seas, &c., especially upon the
si<le visible to us. If there are any, they must be upon the oppo~ite side
of the moon which is never presented to us. The moon also has w~ry
little if any atmosphere, at least, none of sufficient density to refract the
rays of light in their passage through it: from these two circumstances
there are no clouds floating around the moon : if there were any, they
would at times be visible to us, but none have been observed, it pre.
scnts the same appearance that it did 2,000 years ago ; no trace of
vegetation or change of seasons has been observed, every thing appears
so1id, desolate, and unfit for the support of animal or vegetable life.
Whether the materials of which the moon is composed, are of the
same nature as the ea11b, there are nQ means of knowing. From the
effect of the moon's gravitation in producing the nutation of the ea11h's
axis, the mass of the moon is determined to be very nearly l.S0th of
the mass of the earth, whence, as her volume is l.49th of the
earth's volume, it follows that her density as compared with tlie mean
density of the earth is .615 or a little more than one half; consequent.
ly the materials of which the moon is corriposed are about half as heavy
as the imme bulk of the earth.
·
There being little or no atmosphere about the moon, the heaY<ms,
in the daytime, have the appearance of night to the inhabitants of the
moon, when they turn their backs to the sun; and the stars then
appear, as bright to them as they do in the night to us; for it is entirely
on account of the light which our atmosphere reflects that the heaxemi:
appear luminous about us in the daytime. If our atmol'lphere were
removed, only that part of the heavens would be light in which the sun
is situated; and if we turned our backs to the sun the heavens would
appear as dark as ni~ht, The light which the full moon affords us is
very small, when compared with the light of the sun ; it bein~ 300,000
times less. It has also been demonstrated that the light reflected by
the moon produces no heat ; as its rays, when collected by the aid of
the most powerful glasses, ha,·e not been perceived to produce the
slightest effect upon the thermometer.
JS THE MOON INHABITED?

From the physical constitution of the moon, it is evident that the
moon is not inhabited; at least, by bcin:rs constituted like our~e)ves.
The moon having no atmosphere, we could not maintain an existC'nce
upon its surface for a single hour ; even if it is pro,·ided with the other
necessary means for our existence: n~verthless, this is not conclu~ive
evidence that the moon is not inhabited. The same power that C!llled
tl1e moon into existence could as easily constitute beings fitted to inhabit its surface, and enjoy an existence like that of ours. It may be
very properly asked-if the moon is not a habitable body, for what
purpose was it created? This is a. question which is more easily Mked
than answered. We do know that it exerts a powerful influence m
raising the tide,-1,and how far this influence operates upon the animal
and veget~ble kingdoms, we are unable to decide; its influence t, no
<loubt felt to a greater or less extent.
_)
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ECLIPSES.

ALL opake bodies cast a shadow when the rays from any luminous
body fall upon them. Every primary and secondary planet in the
solar system casts a shadow towards that point of the heavens which
Question. What is an eclipse?
Answer. It is tbe interception of the sun's rays by is opposite to the sun. If the sun were smaller than the earth, the
earth's shadow would increase in diameter as the distance increases
some opake body.
from the earth, (See Fig. I ;) but if the sun and earth were of the
Q. How are ~clipses divided, with respect to the body eclipsed 1
same size, the shadow would be of the same size, no matter how great
the distance from the earth, (See Fig. 2.) But as the sun is imA. Into two kinds, solar and lunar.
mensely larger than the earth, the earth's shadow terminates in a point
Q. What is a solar eclipse 7
at about 600,000 miles from the earth; the length of the earth's
A. It is an eclipse of the sun.
shadow is, however, subject to considerable variation. When the
Q. What is the cause of an eclipse of the sun?
earth is nearest to the sun, which takes place about January 1st, the
A. It is caused by the moon's passing between the · shadow is much shorter than when the ea11h is at its greatest distance,
which
is about the 1st of July. The moon revolves around the earth
earth and sun, and casting its shadow upon the earth.
in about 2.9½ days, from one new moon to another. If the moon
(Fig. 3.)
passed at every new moon exactly between the centres of the sun and
Q. ,Vhcn must an eclipse of the sun take place 1
earth, we should have a great eclipse of the sun at every new moon,
A. It can happen only at new moon.
and a total eclipse of the moon at every full moon, (See Fig. 3 ;) but
the moon's orbit or path makes an angle wlth_the plane of the ecliptic,
Q. What is a lunar eclipse?
(the plane of the ecliptic is described by a line drawn from the centre
A. It is an eclipse of the moon. (Fig. 3.)
of the sun, passing through the centre of the earth and extended to
Q. What causes an eclipse of the moon?
the heavens,) of about 5½ degrees, consequently one half of the moon's
A. It is caused by the moon's passing through the orbit is above the ecliptic, and the other half is below it,
earth's shadow. (Fig. 3.)
The two opposite points where the moon's orbit cuts the plane of the
ecliptic, are called the moon's nodes; the nodes do not keep in the
Q. When must an eclipse of the moon take place?
same
position with respect to the earth and sun, but have a retrograde
A. It can happen only at full moon. (Fig. 3 and 4.)
motion of about 19 degrees in a year. This causes the moon at new
q. How are eclipses divided, with respect to the amount eclipsed?
moon to be too high or too low, so that the moon's shadow passes
A. Into total and partial.
above the north pole or below the south pole, hence there is no eclipse,
and at full moon, the moon passes either above or below the earth's
Q. ,Yhat is a total eclipse ?
A. It is an eclipse of the whole of the sun or moon. shadow. A total eclipse of the moon occurs when the whole of the
moon is immersed in the earth's shadow, (See ]<'ig. 3 ;) but we occa.
(Fig. 3 and 8.)
sionally have a pai1ial eclipse of the moon which is caused by the
Q. What is a partial eclipse?
moon's being so high or so low as only to be partially immersed in the
A. It is an eclipse of only a part of the sun or moon. earth's shadow, (See Fig. 4.) The diameter of the sun and moon'il
discs is divided into twelve equal parts, called digits (See Fig. 6 ;) but
(Fig. 7.)
hy inspecting the diagram, it will be seen that when the sun is said to
Q. ,vhat is au annuiar eclipse?
six. digits eclipsed, that only about one third of the disc of the sun
A. It is an eclipse of the central part of the sun, when have
is covered by the moon, although one half of the diameter of the sun is
the moon is so far from the earth, that the sun can be hidden from view. The sun and moon appear to be about the same
size, but the apparent size of both is subject to some variation: when
seen like a bright ring around it. (Fig. 9, Note.)
the earth is in that pojnt of its orbit nearest the sun (January 1st,) the
Q. Do we have an eclipse of the sun at every new moon?
sun appears larger than at any other time during the year, and, when
A. We do not.
the moon jg at the greatest distance from the earth, she appears the
Q. Why do we not have an eclipse of the sun at eYcry new moon ? smallest. If an eclipse of the sun should take place exactly at this
A. Because at new moon, the moon is generally too time, the shadow of the moon would terminate in a point before it reached
high or too low for its shadow to fall upon the earth. the earth, and the moon would not appear large enough to cover the
whole disc of the sun, but would produce what is called an annular
(Fig. 5.)
eclipse, or the sun would appear like a luminous ring around the moon,
Q. Do we have an eclipse of the moon at every full moon?
(Seo Fig. 9;) but if the earth was at its greatest distance from the sun
A. We do not; at full moon the moon generally (July 1st) and the moon the nearest to the earth, then the moon vtould
appear larger than the sun, and the shadow of the moon would touch
passes above or below the earth's shadow.
the earth before it terminated in a point; this would produce a total and
Q. What is the length of the earth's shadow?
great an eclipse of the sun as can take place, (See Fig. 3.) A
A. About 600,000 miles. (Note. This is the mean or as
total eclipse of the sun is visible only to a small portion of the earth at
average length.)
one and the same time, the shadow of the moon ·where it touches the
Q. What is the length of the moon's shadow 7
earth '.Wouldbe only about 150 miles in diameter, consequently there
A. About 234,000 miles. (Note. This is the mean or would be only a sPace ll.cross the ea1th from west to east about 150
miles wide, in which it would appear total, but, a partial eclipse would
average length.)
be seen from a space more than 2,000 miles wide on each side of
Q. ,vhat is a digit?
.
the umbra, or dark shadow. Those who lived north of the dark
A. It is the twelfth part of the apparent diameter of shadow ,vould see the southern portion of the sun eclipsed, and those
1
who lived south of it, would see the northern Umb of the sun eclipsed.
the sun or moon's disc. (Fig. 6.)
Eclipses of the sun are more frequent than of the moon, because
the sun's ecliptic limits are greater than the moon's, yet we have more
visible eclipses of the moon than of the 1:mn,because eclipses of the
moon are visible from all parts of the earth where the moon is above
the horizon, and are equally great to each of those parts; but eclipses
•car?
of. the sun are visible only to those places upon which the moon's
~~~ Two; and both must be of the sun.
shadow falls.
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Q. }\'hat are the effects of a total eclipse of the Sun t

ECLIPSES.--Continued.

Question. Why are there more eclipses of the Sun than of the Moon 1

Answer. Because the Solar Ecliptic Limit is 10°
degrees gres1ter than that of the Moon.
,, Q~ Are visible ccliPses of the Moon more frequent at any particular
place, than those of the Sun 1

A. They are ; 'because an eclipse of the Moon is
visible and appears as great to all places on the Earth
where the Moon is above the horizon.
Q. \Vhy are not visible eclipses of the Sun as frequent as those of
the Moon 1 '

A. The heavens are shrouded in darkness, so that
the stars and planets become visible ; the animal
tribes become agitated; and a general gloom overspreads the landscape.
.

1
'

Q. How long can a total eclipse of. the Sun continue at any one
place on the earth 1

A. A total eclipse of the Sun cannot continue at
any one place over four minutes.
Q. ,Vhy is the dark portion of the New Moon visihle when seen in
the west soon after the Sun is set 1

A. Because the rays of the Sun falling upon the
A. Because an eclipse of the Sun is visible only at Earth are reflected back upon the dark portion of the
those places on the Earth where the Umbra 01· Pe.n- Moon and render it faintly visible-, see Fig. 4. [This
appearance of the Moon at new moon is sometimes
umbra falls.
Q. What is the Umbra of the Earth, Moon or any other pla.net?
called "the Old Moon in the New Moon's arms."]
A. It is the total dark shadow of the planet, see Fig,
Q. Are the Stars or planets ever hidden from our view by the :\1oon 1
A. They frequently are, which is called the Occul1, 2, 3, 4.
Q. ,vhnt is the Penumbra 1
tution of a star or planet. ·
A. It is a faint shadow surrounding the Umbra, Fig.
1, 2, 3, 4.
EOLlPSES.
Q. What is the extent of the Moon's Umbra. upon the Earth when

EcL!J>SES are among the most interesting phenomena presented to us by the heavenly
bodies. In all ages, when an eclipse has taken place, it has excited the profound attention of the learned, and the fears und superstitions of the ignorant. The causes of
eclipses bdore the seven1eenth century were known only to a few, and they generfllly
it generally is much less, see Fig. 3.
took advantage of this know!ctlgc to impose upoR the credulity of the ignorant by preQ. Why do eclipses of the Sun always begin on the western side tf'nding that they were ins1Jired by the Gods. Among the ancient nations, the Chaideans were the foremost in their observations of the phenomena of the ht>avens; perof tho Sun 1
haps this was owing in some measure to their occupa1ion; They being shephr-rds were
Because the Moon passes from west to east be- obltged to watch their flocks by night to protect them from the wild b~a,,.t,;wluch were
at that time numerous. Men under such circumstances would naturally be led ti}w:itch
t wean the Earth and Sun.
closely the movements of the heavenly bodies, und more especially so; for in the
Q. \Vhy do eclipses of the Moon begin on the easte1;n side or the Moon 1 earlier periods of the world they had no correct mode of rec,..oniog time in order to
the seasons or the proper seed time and harvest.
Because the Moon passes from west to east determine
Eclipses attracted the particular attention of the Chaldeans, and by a series of observations extendt"d through several centuries, they discovered a very important fact
through the Earth's shadow, see Fig. 1.
relating to eclipses although t!iey did not undersumd the cause.
Q. In what direction does the Moon's shadow pass over the Earth
By comparing the records which had been made for a great length of timf', they
found that tt centtin period of time elapsed between eclipses of the same kind llnd
in a 8o1ar Eclipse 1
magnitude; that is, if 18 years, 11 days, 7 hours and 43 minutes, were added to the
A. It passes over the earth from west to east.
time of the happening of any eclipSe;it would show the time of the return of the same
Q. How large a portion of the Earth's snl'face may be covered by eclipse; the only differences wou1d be that it would not happen at the same time in
the day and 1t would be a Huie greater or less than the previous ecli1,se-thus they
the Moi:m's Penumbra 1
were able to predict eclipses wilh sufficient accuracy to answer their designs upon the
A space. about 4,393 miles in diameter.
ignorant without understanding the laws by which these periodical returns were

greatest 1

A. It never can exceed 175 miles in diameter, and

A.

A.

A.

Q. ,vhy are not all eclipses of the Sun total 1

A. Because the Moon being so far from the Earth,
its shadow terminates in a point before it reaches the
earth, see Fig. 2.
Q. In what point of its orbit must the Moon be to cause a total
eclipse of tho Sun t

A. Jt must lie at or near its perigee, when the Umbra oi the i\loon would reach the Earth, see Fig. 3.
Q, How long may an eclipse of the l\loon continu·e 1

A. It may continue four hours;

in this case the
Moon must pass directly through the centre of the
Earth's shadow, see Fig. 1.
Q. ls the Moon ever visible when it is totally eclipsed!

A. It is, and appears of a reddish color like tarnished copper.
Q. \\'hat causes the l\foon to be visible when it is tota11y eclipsed t

A. The rays of the Sun in passing th•ough the
atmo~phere of the Earth are refracted or turned out
of their course and falling upon the Moon render it
faintly visible.

produced.
To explain this briefly, it must be remembered that the moon's orbit makes an anrle
with the plaoe of the earth's orbit of 6f0 ; these two points where the moon's orbit'
cuts the plane of the earth's orbit, are called nodes, (see diiigram, greatest number of
eclipses in one yt"ar, page 45). Now we will suppose that on any day at noon it is new
moon, and the moon is just 16° degrees from her dei=:cendingnode, the shadow of the
moon would just touch the earth at the north pole; in 2'23 lunations or 18 years, ll days,
7 hours, 43 minutes thereafter, the moon would come nearly to the same position as it
was nt the beginning, consequently there would be another small eclipse of the Sun,
and a.t the expiration of every'2'23 lunations it would return, and at each return 1he
moon's shadow would pass across the earth a little more to the south until the eclipse
had appeared a.bout 77 times, when it would pass off at the south pole, occupying a
period of 1388 years: T~e same period would not commence again until the expiration
of 1219~ years. Each eclipse which takes place during any year, belongs to a separate
and similar period. Those periods of eclipses which come in at the Moon's ascending
node, first come on to the earth at the south pole and at each return the moon's ,Jrndow
passes across the_ear1h more to the north and after appearing about 77 times they finally
leave the earth at th':' north pole.
In those periods of eclipses of the moon whtcn come in at the moon's descending
node, the moon first touche!l 1he upper portion of the earth's 15hadowand at each return
the moon passes through tbe earth's shadow more to the south and at the thirty-second
return the moon would pass directly through the centre of the earth's shadow, producing a great eclipse of the moon; also in those eclipses of the moon which come in at
tne moon's ascending node, the moon first comes in contact with the lower portion of
the earth's shadow and at each return the moon passes through the shadow more to the
north and goes through a similar course as in the former c11se; it must be remembered
that there are a number of eclipses in each year, the greatest number is seven the least
two; but the eclipses which happen in any one year cannot take place again until the
expiration of 18 years, 11 days, 7 hours, 43 minutes.
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CONJUNCTION.-Continued.
Q. What planets can be in inferior conjunction ?

XXXVII.

LESSON

MOON'S NODES.
Question.

WHAT

ASTRONOMY.

A. Mercury and Venns; also the moon.

are nodes?

Answer. They are two opposite points where the orbit
of th_emoon, or any other planet intersects the plane of
the earth's orbit or ecliptic.

Q. When are two planets in superior conjunction ?

A. When they are on opposite sides of the sun.
Q. What planets can be in superior conjunction with the sun ?

A. All the planets, except the earth and moon.

Q: What angle docs the moon's orbit make with the plane of the
earth's orbit or ecliptic.

A. About

5Jdegrees.

Q. What part of the moon's orbit is above or north of the plane of
the earth's orbit?

A. One half, the other half being below, or south of
the earth's orbit?

A. It is that point where the moon passes the plane
of the earth's orbit from south to north.
Q. \Vhat is the descending node ? •

A. It is that point where the moon passes the plane
of the earth's orbit from north to south.
Q. Do the nodes change their position as regards a fixed point in the
heaYens 1

A. They have a retrograde motion of about 19 degrees
in a year.
Q. When is the moon in north latitude in the heavens?

A. When it is north of the earth's orbit or ecliptic.
Q. When is the moon in south latitude in the heavens ?

A. When it is south of the earth's orbit or ecliptic.
Q. \Vhat is the greatest latitude of the moon ?

A. 5) degrees north or south of the earth's orbit or
ecliptic.
Q. What is the greatest declination of the moon, or its distance north
or south of the equinoctial or equator?

PLANETS.

Q. How are the primary planets divided 1
A. They are divided into two classes, inferior and

superior.

A. Within seventeen degrees. (16' 59".)
Q. How near one of the nodes must tho moon be

at full moon to

cause an eclipse of the moon 7

A. About 12 degrees. (11° 25' 4".)
Q. If the moon is exactly in one of her nodes at new or full moon,
what kind of an eclipse will it cause 7

A. It will cause a great eclipse of the sun or moon.
Q. What is the extent of the solar ecliptic limit in which an eclipse
of the sun can take place 7

A. Thirty-four degrees, seventeen
side of either node.

degrees on each

Q. What is the extent of the lunar ecliptic limit in which an eclipse
of the moon can take place ?

degrees, twelve
Ar-.'D SUPERIOR

A. Mercury and Venus.
Q. Why are they called inferior planets ?

A. Because their orbits are within the orbit of the
earth.
Q. \Vhich are the superior planets 1

A. Mars, " tlte Asteroids," Jupiter,
and Leverrier.

Saturn, Herschel

Q. Why are they called superior planets 1

A. Because their orbits are greater than the orbit of
the earth.
HELIOCENTRIC

AND GEOCENTRIC

LATITUDE

AND LONGITUDE.

Q. 'What is the Heliocentric latitude and longitude of a planet 1

A. It is its latitude and longitude, as seen from the
sun. (See Diagram.)
Q. What is the Geocentric latitude and longitude of a planet 1

A. It is its latitude and longitude as seen from the
earth.

A. It does not, unless the earth is between the sun
and planet.

XXXVIII.

Q. How near one of the nodes must the moon be at new moon to
cause an eclipse of the sun?

INFERIOR

XXXIX.

AND SUPERIOR

Q. Does a planet, seen from the earth, appear to have the same
longitude as it would have if seen from the sun at the same time ?

A. About 28~ degrees.

LESSON

INFERIOR

Q. \Vhich are the inferior planets 1

Q. What is the ascC'nding node?

A. Twenty-four
either node.

LESSON

(5° 8' 48".)

on each side of

OONJUNOTION.

Q. How many kinds of conjunction are there 1

A. Two; inferior and superior.
Q. \Vhen is a planet in inferior conjunction with the sun?

A. When it is between the earth and sun.

IT will be seen by inspecting the diagram upon the opposite page,
that there are two small circles introduced into the diagram, the white
circle which represents the moon's orbit, and the shaded circle which
lies in the plane of the earth's orbit or ecliptic; this shaded circle is
introduced into the diagram only to show the two points where the
moon's orbit intersects the plane of the earth's orbit or ecliptic; these
two points are called the moon's nodes; the point where the moon
passes from the south to the north side, or above the earth's orbit, is
called the ascending node ; and the opposite point, or where the moon
descends below the earth's orbit, is called the descending node ; the
line passing through the centre of the eai1h from one node to the other,
is called the "line of the nodes." It will be seen also that one half of
the moon's orbit is above the plane of the earth's orbit, and the other
half below it.
The planets IJfercury and Venus are called inferior· planets, because
their orbits are within that of the earth, and of course nearer to the sun.
The other primary planets, Mars, Asteroids, Jupiter, Herschel and
Leverrier, are called superior planets for the same reason that their
orbits are greater, or outside that of the earth.
It will be seen by inspecting the diagram. upon the opposite page,
that the planets, seen by two observers at the same time, one upon the
sun and the other upon the earth, would not appear to be exactly in the
same point of the heavens. The heliocentric longitude of a planet
is where it would appear to be if seen from the sun, and the geocentric
longitude of a planet is its longitude as seen from the earth.

,
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GREATEST NUMBER

XL.

OF ECLIPSES IN A YEAR.

is the greatest number of eclipses that can take

Question. WHAT
place in a year?

Answer. Seven; five of the sun and two of the moon.
Q. '-''hat is the least number of eclipses that can take place in a
year?

A. Two; both of the sun.
Q. ,Vhat must be the position of the moon and her ascending node,
on the first day of January, to cause seven eclipses in a year?

A. It must be new moon, and the moon must be
within 17 degrees of her ascending node at the time.
Q. \Vhen would the second eclipse take place?

A. The second eclipse would be of the moon, January
15th, at her descending node.
Q. \Vhen would the third eclipse take place?

A. The third eclipse would be of the sun, January
29th, at the moon's ascending node.
Q. '\Vhen the fourth eclipse?
A. The fourth eclipse would be of the sun, June 26th,
at the moon's descending node.
Q. \Vhen tho fifth eclipse 7

A. The fifth eclipse would be of the moon, .July 11th,
at her ascending node.
Q. \Vhen the sixth eclipse?

A. The sixth eclipse would be of the sun, .July 25th,
at the moon's descending node.
Q. \VhPn the seventh and last eclipse ?
A. The seventh eclipse would be of the sun, December 20th, at the moon's ascending node.
Q. \Vhy are there no. eclipses in this case from January 29th to
June 26th?

·

A. Because the moon is so high at new moon that ifs
shadow passes above the north pole, and at full moon,
the mooo passes below the earth's shadow.
Q. \Vhy are there no eclipses in this case from July 25th to December 20th?

A. Because the moon is so low at new moon, that its
shadow passes below the south pole, and at full moon,
the moon passes above the earth's shadow.
Q. ,vhat must be the position of the moon and her ascending node,
on the 1st day of January, to cause only two rclipses during the year?

A. It must be new moon, and the moon must be in
or very near her ascending node.
Q. How often are there se,•f'n, or only two eclipses in a year?
A. Not oftener than once in a hundred years.
Q. "rhat is the most common numhcr of eclipses in a year?

A. Four.
Greatest .Number of Eclipses in a Year.
WnF.N the moon is within 17 dcgree.s of either node at new moon, it
will cause an eclipse of tho sun, and when the moon is within 12
degrees of either node at full moon, the moon will then be more or less
edipsed. If the line of the nooes were carried parallel to itself around
the ~un, there would be just half a yf'ar from the time of one node
passing the sun, to the other's coming around to the sun ; but as

ASTRONOMY.
the nodes have a retrograde motion of about nineteen degrees in a year,
it is only 177 <lays from the conjunction of one node to the conjunction
of the other, therefore, in whatever time of the year we have eclipses of
the sun or moon at either node, we may be sure that fo 177 days, we
shall have eclipses about the other node.- lfwe suppose the moon at
new moon to be 17 degrees from her ascending node on the first dny
of January, there would be a small eclipse of tho sun, and at the next
full moon, January 15th, there would be a total eclipse of the moon i as
the moon would be only about 2 degrees from the descending node i at
the next new moon, January 29th, tbe moon would then be about 12
degrees upon the other side of the ascending node, which would cause
another small eclipse of the sun,-hence
we would have two small
('Clipses o(the sun at the ascending node, and one great eclipse of the
moon at the descending node, from January 1st to January 29th. (See
Diagram.) At every subsequent new moon, the moon would be so
high that the shadow would pass above the north pole, and at every
full moon, the moon would pass._.below the earth's shadow, until June
26th, when the moon's descending node would come around to the sun,
(see Diagram;) at this time the moon would be about 7 degrees from
her descending node; this would cause another eclipse of the sun. At
the next full moon, July 11th, there would be another total eclipse of
the moon ; again, at the next new moon, July 25th, the moon would
still be within 17 dC'grees of her descending node, which would produce
another small eclipse· of the sun.
From July 25th, there would be no eclipses of the sun or moon, as
at every subsequent new moon, the moon would be so low that the
shadow of the moon would pass below the south pole, and at every full
moon the moon would pass abo\·e the earth's shadow, until December
20th, when the ascending node would come around again to the sun, and
at the 12th new moon in the year, the moon would again be within 17
degrees of her ascending node; we would, thereforr-, have anothn
small eclipse of the sun, which would be the seventh and last e(·lipse
during the year. It will be seen from the above, that we should have
fil'e eclipses of the sun, and two total eclipses of the moon, <luring the
year, which is the greatest number that can possibly take place in a
year. Seven eclipses in a year do not occur twice in a hundred
years, although perhaps we may barn seven eclipses in one year's
time, for several times during a century. To havo scnn eclipses during the same year, it is necessary that the moon and nodes be in a
particular position on the first day of January.
After the sun, moon and nodes have been once in a. line of conjunction; they return nearly to the same position again in 223 lunations or
18 yf'ars 11 days 7 hours 43 minutes 20 seconds, when four leap years
are included, or one day less, when five leap years are included; consequently, if to the mean time of any eclipse of the sun or moon, we
add 18 years 11 days 7 hours 43 minutes 20 seconds, we shall have
the mean time of the return of the same eclipse for a long period of
time. This period was first discovered by tbe Chaldeans, by a long
series of obser\'ations, extending through many centuries, and by it
they were able to foretell, with considerable exactness, the appearnnce
of an eclipse, varying at most but a few hours. Every rclipse within
this period of 18 years, belongs to a separate series of eclipses, that is,
there is but one eclipse during the 18 years, which belongs tO the same
series. If any series of eclipses commence at the ascending node, the
shadow of the moon just touches the earth at the north pole ; at the
next return in 18 years, the shadow will pass across the earth a. little
more to the south, and at each return, the shadow will continue to pass
more to ihe south until it will have appeared about 77 times, which
will take about 1,388 years, when it will pass otfthe Pa,rth at thr south
pole, and at the expiration of 12,492 years, the same eclipses will commence again to go through a similar course. Those eclipses of the
sun which come in at -the descending node, the shadow of the moon
first touches tho earth at the south pole, and at each return passes more
to the north, and finally leaves the earth at the north pole, afte1· having
appeared the usual number of times. The velocity of the moon's
shadow across the earth in an eclipse of the sun is about 1,850 miles
an hour, or about four times the velocity of a cannon ball. The moon
when totally eclipsed, is generally visible if it is above the horizon~
nnd the sky is clear: it generally appears of a faint dusky red, or
copper color, this is caused by the rays of the sun, which pass through
the atmosphere of the en.rth, and arc refracted or bent inward, so
·that some of the rays fall upon tbe moon and render it visible.
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motion have the earth and moon, besides revolving

A. Into spring and neap.
Q. "\Vhat is spring tide 1

A. It is the greatest flood and ebb tide.

Q. In what part of a straight line joining their centres, is the centre
of gravity situated?

A. It is the least flood and ebb tide.

Q. What effect has the centrifugal force upon the water on the opposite side of the earth from the moon 1

A. It causes it to recede from the centre of gravity,
and to rise on that part of the earth.
Q. ·what effect has this upon the shape of the ear,th ?
A. Its diameter is lengthened in the line of the moon'~
attraction, and shortened at right angles to it.
Q_.What tends to increase this oval shape of the earth?

A. The inequality of the attraction of the moon at the
different sides of the earth.
[The water upon the side _of the earth nearest to the moon, is more
attracted than the centre of the earth ; the water upon the opposite side
is less attracted.]
Q. What effect does the turning of the earth, from west to east on its
axis, produce 1

A. It causes these elevations, or tide waves, to pass
from east to west around the earth.
Q. What is tide!

A. It is the rising and falling of the waters of the
ocean.
Q._How are the tides divided with respect to the rising and falling
of the water 1

A. Into flood and ebb.
Q. What is flood tide 1

A. It is the rising of the water.
Q. :\Vhat term designates the greatest elevation of the flood tide?

A. High water.
Q. What is ebb tide?

A. It is the falling of the water.
Q. How often do flood and ebb tide occur 1

A. Twice in about 25 hours.
Q. Do the tides rise at the same hour every day 1

A. They rise about an hour later each day.
Q. "\Vhy do the tides rise later 1

A. Because the moon passes the meridian about an
hour later each day.
Q. What causes the moon to be later at the meridian 1

A. It is caused by its revolving monthly around the
earth from west to east.
Q. Does the attraction of the sun produce an effect similar to that of
the moon 1

A. It tends to raise a tide two fifths as high.

I
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Q. How are tides divided with respect to their comparative height 1

Answer. They revolve around their common centre
of gravity?

A. About 3,200 miles from the centre of the earth.

1
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TIDES.
Question. WHAT
around the sun 7

ASTRONOMY

Q. What is neap tide 1
Q. ·what proportion do these tides bear to each other 1

, A. The neap tide is about three sevenths as great as
the spring tide.
Q. When do spring tides occur?

A. Twice in each lunar month, at new and full moon.
Q. ,vhen do neap tides occur 1
A. Twice in each lunar month at the quarters.
Q. What effect have the continents upon the tide waves wPen passing round the earth 1

A. They subject them to great irregularities.
Q. ,Vhich side of the continents have the highest tides, the eastern
or the western 7

A. The eastern side.
Q. Does the water remain permanently higher on the east than on
the west side of the continents 1

A. The gulf of Mexico is 20 feet higher than the
Pacific ocean, and the Red sea is 30 feet higher than
the Mediterranean.

Q.:\Vhere the tide wave is least obstructed, as in the Pacific ocean,
how much behind the moon is it 1
A. It is two or three honrs behind it.
Q. How long after the moon passes the meridian, is it high water at
New York 1

A. About 8½ hours.
Q. If the earth were uniformly

A. Not more than two .or three feet. (The tide at
the small islands in the Pacific ocean is usually less.)
Q. ,vhat produces the greatest effect in causing high tides ?

A. The shape of the land, and the position of the
shores.

·

A. In the bay of Fundy.
Q. ,vbat, besides the position of the shores, tends to raise a high
tide at this place 1

A. The meeting of the tide wave from the North
Atla11tic ocean, with the main one from the -South
Atlantic.
Q. How high are the average spring tides at Cumberland near the
head of the bay of Fundy!

A. About 71 feet.
Q. How high are they at Boston 1

A. About 11 feet.
Q. At New York!

A. About 5 feet.

A. They raise a tide equal to the sum of their separate tides.
·

A. About 6 feet.

.(1. They raise a tide equal to the difference of their

\~ tides.

·

Q. "\Vhere are the highest tides· in the world 1

Q. When the sun and moon are on the same or opposite sides of the
earth, what is the effect of their attractive forces 1
Q. "\Vhen they are in quadrature, what is the effect of their counteracting force5 1

covered with water, ho\v high ,vonld

the tide rise ?

Q. At Charleston, South Carolina.
Q. When
phere 1

do we have the highest tides in the northern hernia.

A. At new moon in the summer, and at full moon in
the winter. (See Diagram.)
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ORBITS OF THE PLANETS

AND COMETS.

Question. W HA'.r is the orbit of a primary pl~net 1

Answer. It is the path in which it revolves around
the ~un.
Q, What is the orbit of a secondary planet 1

A. It is the path in which it revolves around its
primary.
Q. 'What is the form of the orbits of all the planets?
A. Elliptical, or longer one way than the other.
Q. Are all the orbits elliptical in the same proportion 1
A. They are not; some are more elongated than
others.
Q. What is the position of the orbits of all the planets 1
A. They extend from west to east in the heavens.
Q. Do the planes of their orbits, intersect the ecliptic or orbit of
the earth 1

A. They do, at small angles. (See Diagram.)
Q. Do they all intersect the plane Of the earth's orbit at one point,
as represented in the diagram ?
.

A. They do not; but intersect it at different points.
Q. Through what point does the plane of the orbit, of every primary
planet and comet in the solar system, pass 1

A. Through the centre of the sun.
Q. Are the planets at nearly the same distance from the sun ?

A. They are not, but at very different distances.

ASTRONOMY.

Q. Do comets ever appear without a luminous train?

A. Some are entirely destitute of any such appendage.
Q. What is the number of comets?

A. The number is not known; about 500 have been
seen at different times.
Q. Are comets solid bodies like the planet!!!?

A. They generally are not; although some have been
observed to have a dense nucleus, or head
Q. What is the nature of comets?
A. They are supposed to be gaseous matter, in the
form of smoke, fog, or clouds.
Q. Do comets shine by their own, or by reflected light 1
A. They shine by reflected light.
Q. Do they all, like the planets, revolve in the same direction around
the sun?

A. They do not; they revolve in different directions.
Q. Are all their orbits within the zodiac?

A. They are not; their orbits are in all directions in
the heavens.
Q. How do many of them move when first seen ?

A. They ap;:iear to move in almost a direct line
towards the sun.
Q. Does their velocity increase as they aproach the sun ?

A. It does; and when near it, they move with immense velocity.
Q. How fast has a comet been known to move ?

A. 880,000 miles an hour.

Q. Are their orbits all contained within the zodiac 1
Comets.

A. They are, except those of a part of the asteroids.
Q. How wide is the zodiac 1

CoMETs were anciently viewed by mankind with astonishment and
A. Sixteen degrees wide : eight degrees on each side fear, as being forerunners of dreadful calamities, such as war, famine,
of the ecliptic.
or pestilence. Many ancient philosophers considere<il them as only
Q. Do all the planets revolve around the sun in the same direction 1 meteors in the atmosphere. Tycho Brahe was the first who showed
A. They do; from west to east.
that they belonged to the planetary system, and revolved around the
sun. 'l'he orbits of all the comets are very elliptical, so that they
Q. Do they all move with the same velocity?
A. The velocity decreases as the distance from the approach the sun almost in a direct line, and after being involved in the
light of the sun for a short time, depart from our solar system in nearly
sun increases.
the same direction, in which they approached, and remain for years,
Q. Which planet moves in its orbit with the greatest velocity 1
or even centuries, beyond the limit of the best telescopes.
A. Mercury.
Very little is known of the physical nature of comet,s; the smaller
Q. Which moves with the least ?
comets,
such as are visible only with telescopes, generally have no
A. Leverrier, or Neptune.
appearance of a tail, and appear like ll'Ound or somewhat oval, va.
Q. '\Vhen does a planet have north latitude ?
porous masses, more dense towards the centre; yet they have no
A. When it is above, or north of the earth's orbit.
distinct nucleus or solid body. Stars of the smallest magnitude are
Q. When does a planet have south latitude?
seen through the most dense parts of these bodies. It is very probable
A. When it is below, or south of the earth's orbit.
that the luminous part of a comet is something of the nature of smoke,
fog, or other gaseous matter. Hall~y's comet, which appeared in
1456, with a tail 60 degrees in l~ngth, and spread out like a fan, has
appeared periodically every 77th year, viz: 1682, 1759, and in 1836;
LESSON
XLIV.
but it has exhibited no tail, or luminous appendage, since 1456. The
COMETS.
comet which appeared 371 years before Christ, is said to have covered
Question. '\VHAT are comets? ·
a third part of the visible heavens. A remarkablP, comet made its

Answer. They are bodies which revolve around the
sun in very elongated orbits.
Q. How are comets usually distinguished from the planets!

A. By a luminous train or tail, on the opposite side
from the sun.

appearance43 yearsbeforeChrist,and,v.asso bright as to be visible
in the day time; it was supposed, by the superstitious, to be the ghost
of Ccesar, who had just been assassinated. The following are some

of the mostremarkablecomets:Cometof 1680,lengthof the tail 123,000,000miles.

Q. Is this luminous train always on the opposite side from the sun?

Do.
Do.

A. Not always; a few have been observed to have

Do.
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COMETS
Question. WHAT are the principal parts ora comet t
Answer. The Nucleus, the Envelope and the Tail.

Q. What is the Nucleus I

A. It is the most dense or solid portion, sometimes
called the head. (See the comet of 371.)
Q. What is the Envelope I

A. It is a luminous matter surrounding the Nucleus.
Q. What is the Tail of of a comet I

A. It is a long luminous train extending off from
the head in the opposite direction from the sun. (See
Note 1.)
·
Q. \Vhat effect has the eccentricity of their orbits upon the motion
of the comets I (See Note 2.)

A. Their motion increases as they approach the
sun and decreases as they recede from the sun.
Q. What effect has ...tlfe change of position upon their appearance?

A. Their tails usually increase both in length and
breadth as they approach the sun and contract as
they recede from the sun.
Q. Is any thing known of their Temperature 1

A. They must be very hot when near the sun.
(See Note 3.)
J
Q. "\\'hat can you say of the size of comets 1

A. Their Nuclei or heads are usually small, being
only from 33 to 2000 miles in diameter.

ASTRONO111Y.

.-Continued.
NOTES.

NoTE !.-Comets assume a great variety of shapes; some appearing like an enor•
mous Jan,others like a long sword or sabre; hut all curved more or less, find concave
towards the regions from which they come. The Comet of 1741, represented on the
opposite page, ('xcited great attention.
No•rr,:2.-The orbits of Comets are very elongated, having their perihtlioo very near
the Sun; (see diagram, page 45,) consequently as they approach the Sun their ve!ociry
increases rapidly by the increaaed attraction of the Sun, and when at their perihelion
they move with immense velocity.
Non 8.-The Comet of 1690, came within 130,100 miles of the f3un, and must have
received 28,000 timE'Smore light and heat than the earth receives from the Sun. Sir
Isaac Newton calculated the beat of this Comet to be 2,000 times greater 1han rtd hot
iron, and that it would require 2,000 years to cool; he assumrd that the Comet was a
solid body, which was not the fact. It is a generally conceded fact at the present day
that the rays of the Sun to produce much heat, must com& in contact with solid bodies;
and as Comets are of an extremely thin gaseous matter the rays of the Sun may pass
through them without producing much heat, this is more probably t_hecase. We find
in ascending high mountains that the atmosphere becomes very cold which ought not
to be the case if the rays of the Sun impart much heat to the atmoflphere in their passage
through it. It is only when the rays of the Sun come in contact with the earth that
much heat is produced. The density of comets is 1irobably not so great as that of our
atmosphere and as they have no solid Nucleus or heads, the probability is thl!t 'COm•
paratively very little heat is produced by their near approach to the Suo.
Non;: 4.-The Comet of JSU, was regarded by the ignorant as the precursor of the
War that was declared in the fo!lowing spring between Great Britain and the U11ited
States. In some cases Comets have excited fears that the day of judg11H•ntwus at hand
and that the comet was sent to burn up the world. In 1773, M. Dda1 ,le of Paris an•
nounced to the Academy that there was great danger of the Comet wh1t•h was soon to
appear, striking the earth. It is said that in consequenoe of this annout1cement when
the Comet appeared, many persons of weak minds died of fright.
NoTE 6 -A Comet by striking the earth would produce no more effect upon the
motions of the enrth than the clouds do in striking against high mountnins; besides
our atmosphere would oppose a powerful resistance, being more dense than 1he comets,
it it1very doubtful, should a Comet strike the earth that it would penetrate rn i1nsur•
face; but it is more probable that it would be retained in the Upper ponions of our
atmosphere. It is very probable that comets contain no aqueous vapors; but are $imply
of a gaseous matter, and it does not follow from this that it would produce any evil con•
sequences if it should be incorporated with our atmosphere.

Q. Do all the comets revolve around the Sun continually 1

A. Prefessor Nichol and Sir John Herschel are of
opinion that the greater number visit our System but
once, and then fly off.in nearly straight lines till they
pass the center of attraction between the Solar System
and Fixed Stars, and go to revolve around suns in the
far distant heavens.
Q. How were comets regarded by the ancients ?

A. As harbingers of famine, pestilence,
other dire calamities. (Note 4.)
Q. ,Vhat other fears have been entertained of comets

war and
t

A. That they might come in collision with onr
globe and dash it to pieces or burn every thing from
its surface.
Q. Is there really any danger of a. comet striking the Earth t

A. It has been determined

upon mathematical calculations that there is not more than 1 in 281,000,000
of chances for a comet to strike the Earth.
Q. ~'hat wonld be the effect if a comet should strike the Earth t

A. The only effect it would produce, is that it
might infuse a gaseous matter into our atmosphere
which might produce disease or death. (Note 5.)
Q. What is known of the Periodic times of comets 1

A. The revolution of only four has been determined. [Enck's comet, 3¼ years; Biela's comet, 61, years;
Halley's comet, 76 years; Comet of 1680, 570 years.

HAS THE EARTH PASSED THROUGH

THE TAILS

OF COMETS?

IT has been asserted by some astronomers that the Earth has on several occasions
passed through tl1e Tail of a comet, and in proof of this fact several cases ofa singular
or peculiar kind of Fog have been noticed at several periods. The first of which any
record is made was that of 1783, it began on the 18th of June and at places \'ery re•
mote from each other. It extended from Africa to Sweden and- throughout North and
South America. This Fog continued more than a month. 1t did 11otappear to be car•
ried to different places by the atmosphere; because io some places it came on with a
north wind and at others with a south or east wind, it prevailed in the highest summits
of the Alps as well as i11 the lowest valleys. The rains which were very 11bundant in
June and July did not appear to disperse it in the least. In LanguE"doc its density was
eo great that the Sun did not become visible in the morning till it was twelve df'grees
above the horiion; it appeared very red during the rest of the day nnd might be loohd
at with the naked eye. This Fag or Smoke had a disagreeable smell and was entirely
destitute of any moisture, whereas most fogs are moist; besides all this there was one
remarkable quality in the Fog or Smoke of 1783, it appeared to poasess a JJhr»phoric
property or a light of its own; "\.Vefind by the accounts of some obs<"rvns, that it
afforded even al mid-night a light equal to that of the foll moon, and which was suffi.
cient to enable a person to see objects distinctly at a distance of two hundred yards,
and to remove all doubts as to the source of this light, it is recorded that at the time
there was a New flioon,
Another remarkable Fog in 1831, which excited the public mind in all quartE"rsof
the globe, resembled so much that of 1783, that the description given of it, applies
with equal force to that of 1831.
Now let us look at tht fact,. It must be acknowledged by all that these Fogs origin•
ated from some uncommon cause; now the next question ii!, to what causaes shnll we
attribute the Jogs of 1783 and 18..'U. Some have supposed that they were caused by
irruptions of ftfount llecla in Iceland, others have advanced the idea tlmt.an immen~e
fire ball in penetrating our atmosphere was there but partially ignited, and !hut torrents
of smoke were deposited in the higher regions of our atmosphere and finally diffused
through it.
These explanations are very unsatisfactory. If the Fogs were actually produced by
the earth's passing through any portion of a comet, we have no cause of fear from theee
bodies which have been for centuries a terrur and dread to mankind g('nerally. We
will concede that it is 1he fact that these Fogs were produced by comet1 unul we have
a better explanation of their origin.
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XLV.

ATMOSPHERE.
Question. WHAT

is air1

Answer. It is an elastic,. invisible fluid, which surrounds the earth.
Q. Of what, besides air, is the atmosphere composed?

A. Of vapor, carbonic acid, and other gases.

Q. ls the atmosphere of the same density as we ascend from the

earth?

Q. " 1hat is the estimated hight of the atmosphere?
Q. What is the Pr~ssure of the atmosphere upon the earth?

A. Nearly fifteen pounds to the square inch. (14.6.)
Q. ,vhat is the weight of air compared with water?
A. It is 816 times lighter than water.
Q. The pressure of the atmosphere is e.qual to a column of water,
of what height?

A. Thirty-three feet.

Q. Of what is air composed ?
A. Of oxygen and. nitrogen gases.
Q. In what proportions?
.A. Twenty parts of oxygen to eighty parts of nitrogen.

XLVI.

and

A. It is the apparent difference in the situation of a
heavenly body when seen in the zenith and horizon
of two places at the same time. (See parallax of Mars
and Moon.)
Q. ,vhat is annual parallax 7
A. It is the apparent difference in the situation of a
star as seen from the earth in opposite points of its
orbit.
Q. Have the stars been observed to haYe any sensible parallax ?

A. A few have been observed to have a small parallax of a part of a second. (NoTE.-No parallax has
been discovered in more than 30 or 40 of them.)
Q. What is the cause of their having no appreciable parallax 7

A. Because they are at such an immense distance
from us.

REFRACTION.
WHAT

Q. Ho\Y are parallaxes divided 1

Q. \Vhat is diurnal parallax 7

A. About fortv-five miles.

Question.

Q. What is the appa;rent place of a planet ?
A. It is the place where it appears to be when seen
from the surface of the-earth.
Q. ,Vhat is the true place of a planet 1
A. It is the place where it would appear to be if see11
from the centre of the earth, or centre of motion.
Q. Where is the parallax of a heavenly body the greatest 1
A. At the horizon, and decreases to the zenith.

A. They are divided into two kinds, diurnal
annual parallax.

A. It grows thinner or less dense.

LESSON
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is refraction ?

Answer. It is the deviation of the rays of light from a
straight line.
Q. What is astronomical refraction ?

Q. If the earth's orbit were a solid ring, how large would it appear
when viewed from the nearest fixed star ?

.A. No larger than a lady's finger ring.

A. It is the· deviation of the rays of light in their
passage through the atmosphere.

LESSON

Q. What is the cause of this refraction 1

A. It is cau,sed by the increase of the density of the
atmosphere towards the earth.

Q. In what part of the heavens is the light of a body most refracted 1
.A..In the horizon.

Q.,_\Vhat effect does this refraction have upon tho sun at its rising
and setting 1

A. It makes the sun appear above the horizon when
it is actually below it. (See Diagram.)
Q. Does this affect the length of the day 1
A. It makes the day from six to ten minutes longer,
from sun rise to sun set.
Q. Is the light of a body refracted when it is in the zenith 1

A. It is not. (See Diagram.)
Q. What is twilight?

A. It is that faint light, seen before the sun rises and
after it sets.
Q. ,vhat is the cause of twilight 1

A. It is caused by the atmosphere's
light of the sun.

reflecting the
.

Q. Twilight ceases when the sun is, how far below the honzon 1

A. Eighteen degrees.

LESSON

XLVII.

Q. Is light a substance thrown off from a luminous body, or is it
caused by a vibratory motion ?

A. It is probably caused by the undulations of an
extremely subtle fluid.
Q. In what direction are the rays of light thrown off from a luminous
body1

A. In straight lines, and in all directions.
Q. With what velocity docs light move?

A. About 192 thousand miles a second. (192,500.J
Q. How was this amazing velocity ascertained 1
A. By observing the eclipses of Jupiter's moons.
Q. In what proportion do the light and heat of the planets increase
or decrease 1

A. In inverse proportion to the squares of their distances from the sun.
Q. \Vhich planet has the most light and heat, and which the least?

A. Mercury has the most, and Leverrier the ·least.

A. Nine feet square, or eighty-one square feet.
Q. What amount of light and heat would fall upon the one foot and
upon the 81 feet 1

is parallax?

Answer. It is the difference between
and true place of a heavenly body.

Q. What bodies produce light 1

A. Luminous bodies.

Q. If a board a foot square be placed one foot from a lighted candle,
how many feet sqllare would the shadow be upon the wall, nine feet
from the candle 1
I

PARALLAX.
Question. WHAT

XL VIII.

LIGHT AND H.E:AT.

the apparent

A. The same amount of light and heat would fall upon
each.
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Q. What angle expresses the right ascension?

XLIX.

AND CELESTIAL

A'3TRONOMY.

GLOBES.

Question. WHAT is a globe?

Answer: A globe is a round body or sphere.

Q. How far is right ascension reckoned?

Q. How many kinds of globes are there used in astronomy?

A.

A. Two; terrestrial and celestial globes.

31;0 degrees, or quite round the heavens.

Q. ,vhat are circles of latitude on the celestial globe?

Q. \Vhat doeg the terrestrial globe represent?

A. It represents the earth.
Q. VVhat are drawn upon the surface of the terrestrial globe?

A. Continents, islands, mountains, oceans, seas, rivers,
republics, kingdoms, empires, &c.
Q. ,vhat does the celestial globe represent ?

A. It represents the heavens as seen from the earth.
Q. \Vhat are usually drawn on the celft~tial glohe?

A. The constellations or stars, galaxy or milky way,
and the figures of various animals and objects from
which the constellations are named.
Q. \Vhat is a constellation ?

Ji. It is a group of stars, to which is applied the name
of some animal or object.
Q. "\,Vhatis the number of constellations?

A. Ninety-three.
Q. In viewing the terrestrial globe, where is the o)lsener
to be placed ?

A. The angle between the meridian passing through
the body, and the one passing through the first point of
1\-ries.

supposed

A. 'fhey are great circles which pass through the
po lee: of the ecliptic, and cut its plane at right angles.
Q. \Vhat is the latitude of a heavenly body?

A. It is its distance north or south of the ecliptic,
measured on a circle of celestial latitude.
Q. ,rhat is the longitude of a heavenly body?

A. It is its distance east of the first point of Aries,
measured on the ecliptic.
Q. What angle expresses the longitude?

A. The angle between the circle of latitude passing
through the body, and the one passing through the first
point of Aries.
· Q. Where is this angle formed?

A. At the polei< of the ecliptic, where the circles of
latitude inters'-'ct each other.
Q. How far is celestial longitude reckoned?

A. It is reckoned 360 degrees.

A. On its surface.
Q. In viewing the celestial giobe, where must the observer suppose
himself to be placed?

A. In the centre, looking towards the h_eavens. (Inside looking out.)
Q. ,vhat is the galaxy or milky way?

A. It is a luminous belt forming a complete circle in
the heavens.
Q. Of what is the galaxy or milky way composed?

A. It is a vast number of stars, so far distant from us,
and situated so nearly in the same direction, as to
appear like a thin cloud.
Q. \Vhat is the position of the milky way in the heavens?

A. It extends from northeast to southwest through
the whole circumference of the heavens.
Q. What are the celestial pole,,;..or poles of the heavens?

A. They are the points where the earth's axis, if
extended, wonld meet the heavens.

LESSON

L.

Question. 1VHATdoes the plane of the equator form, when extended
to the heavens 7

Answer. The equinoctial or celestial equator.
Q. At what angle do the ecliptic and equinoctial intersect each other?

A. At an angle of 23½ degrees.

(23° 28' )

Q. What does the plane of a meridian form when extended to the
heavens?

A. A celestial meridian or circle of declination.
Q. \Vhat are measured on celestial meridians 1

A. Declination and polar distance.
Q. \Vhat is the declination of a heavenly body?

I

A. It is its distance from the eqpinoctial, north or south.
Q. To what are the declination and polar distance always equal?

,:g:~::c::,i::
[ ·iz{::~is~::

ofd:~::v::;yo:od: 7quarter of a
A. It is its distance east of the first point of Aries
neasured on the equinoctial.

Question.

,v
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is a vertical circle ?

Answer. It is a great circle in the heavens, passing
through the zenith and nadir, and cutting the horizon
at right angles.
Q. What vertical circle is the mertdian ?

A. It is that vertical circle which passes through the
north and south points of the horizon.
Q. Which is the prime vertical ?

A. The vertical circle which passes through the east
and west points of the horizon.
Q. What are measured on the vertical circles ?
A. Altitude and zenith distance.
Q. ·what is the zenith distance ofa heavenly body?
A. It is its distance from the zenith.
Q. To what are the altitude and zenith distance always equal 1

A. They are equal to 90 degrees.
Q. What is the azimuth of a heavenly body 1
A. It is its distance east or west of the meridian.
Q, What angle expresses the azimuth 1

A. The angle between the meridian and the vertical
circle passing through the body.
Q, What is the amplitude ofa heavenly body1

A. It i, its distance north or south of the prime vertical.
Q. What angle expresses the amplitude 1

A. The angle between the prime vertical, and the
vertical circle passing through the body.
Q. \Vhere are the angles expressing azimuth and amplitude formed?

A. At the zenith where the vertical circles intersect
each other.
Q. On what circle are tbese angles measured 1
A. On the horizon.
Q. To what are azimuth and amplitude always equal 1
A. They are equal to 90 degrees:
.
.

I

Ll

[The diagram can be used to illm1trate _az~muth, amplitude, alhtu~,
and zenith distance, by supposing the ecliptic to represent Jhe c?leshal
horizon, and the circl:of celestial latitude to represent _vertical c1rcle~.]
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[The stars extend much farther in the direction of the plane of the
milky way, than they do at right angles to it. SEE D1AG1tA1t1.]

LIi.
STARS.

Question. WuAT are those stars called whfbh always appear to be
in the ijame situation with respect to each other 1

Answer. They are called the fixed stars.
Q. What are the fixed stars supposed to be 1
A. They are supposed to be suns like our own, with
planets revolving around them.
Q. Are the stars luminous or opake bodies 1
A. They are luminous bodies. (Astronomers have no
doubt on this point.)
Q. Are all the stars of the same magnitude as the sun 1
A. They are not; some are larger, and others no
doubt smaller than the snn. (NoTE 1.)

Q. What is the number of stars in our cluster?
A. They have been variously estimated from 10 to
100 millions.
Q. By what term do some astronomers designate our cluster or
firmament?

A. They call it the unn :rse.

(NOTE3.)

Q. Do the fixed stars hava any apparent motion 1

A. They do, bnt it is so slight as not to be easily
detected.
Q. Around what, are all the stars in our cluster, including the sun,
supposed to revolve?

A. Around tJ,, common centre
cluster. [Fm. 1.)

of gravity

of the

["From the orbital motion of the double star 61 Cygni, compared
with its distance, Bessel has concluded that the conjoint mass of its two
individuals is 'neither r.nuch more nor much less than half the mass of
our sun.' From the photometric experiments of \Vollaston, on a (Alpha) Lyrre, compared with what we know of its distance, its actual emission of light may be gathered to be not less than 5½ times that of the
sun. Sirius, which is nine times as bright as a Lyrre, and whose
parallax is insensible, cannot, therefore, be estimated at less than 100
suns." Edinburgh Review.]

Q. Wha+. group of starl'I is thought to be near the centre of the
cluster?

Q. tVhnt is the distance of the nearest fixed star, a (Alpha) Centauri?

A. It is so far distant that a cannon ball going 500
miles an hour, would take four millions of years to
reach it.

[Light is about 8 minutes in coming from the sun; about 3½ years
in coming from the nearest tixed star, a Centauri; about 500 years in
coming from the supposed centre of the cluster; and about 5,000 years
in coming from the most remote stars in the cluster.]

Q. ,vhat is the number of stars ,vhose distance is imperfectly known
to us?

Q. How long will it take the sun to revolve around this centre of
gra\ity?

A. About 35; seven of which have their distances
determined with considerable certainty.
Q. Do all the stars remain of the same brilliancy?

A. They do not; some exhibit a periodical change in
their light.
Q. ,vhat is supposed to be the cause of this change in their light?
A. The revolntion on their axes is supposed to present, alternately to us, sides of different brightness.
Q. What are those stars called which appear to be surrounded by a
thin atmosphere ?

A. The Pl.eiades, or seven stars.

(Dr. Maedler.)

Q. In what part of the cluster is the solar sysf('m situated ?

A. It is comparatively near the centre.
Q. How far from us is the centre of the cluster supposed to he?

A. About 150 times the distance of the nearest fixed
star.

A. About twelve millions of years.
Q. What other motioll have some of the stars, besides around the
centre of the cluster?

A. Multiple stars, consisting of two or more, revolve
likewise aronnd their common centre of gravity.
Q. VVhat is the number of these multiple stars?

A. Abont 6,000 have been observed.
Q. Do these stars appear double to the naked eye ?

A. They do not; the most, require a good telescope

A. Nebulous stars.

to separate them.

Q. Do stars ever disappear, or new ones become visible?
A. Thirteen stars have disappeared, and ten ·new

Q. When multiple stars consist of but two, what are they usually
called?

ones become visible, during the last century.

(Note 2.)

A. Double stars, or binary systems.

Q. What is supposed to be the cause of their disappearance ?

A. They have probably ceased to be luminous.
Q. How do astronomers account for the appearance of new stars?

A. Opake bodies may have become luminous, or new
suns may have been created.
LESSON

LIii.

Question. WHAT do the milky way and the single stars that are visible to the naked eye, including our sun, constitute?

I._

Answer. They constitute an immense cluster, or firmament, entirely distinct from the other clnsters or
nehulre of the heavens. (Fw. l.)
Q. What is the shape of this great cluster or firmament !

A. It has the form of a wheel or burning-glass.

Non: 1.-Astronomen, until recently, considered all the •tan to be of about the same magni.
tudc, and probably as large a1 the sun; and that the &tan of the first magnitude owed their bril•
liancy to their being nearer tout; but it has been(ound that the brightest star (S1a1u1)in the whole
heavens, and wWch was considered to be the nearest fixed star, is at a much greater distance
than .some o( the smaller stars, Thia clearly demonstrates that they are of ve.ry unequal magnitudo.
NoTr. 2.-There are now seven or eight well-attested c1111es
of fixed stars JUddenly glowing for ll
time with such brilliancy as to be visible in the day time, through the intendty of U1eirlight ; then
gradually fading away, and becoming entirely extinct. LAl'LAC£ thinks that some great conflagrations, produced by extraordinary causes, have taken place on their surface.
NoTr. S.-The term universe, wu until recently used to denote the whole creRtion ol Goo, and
was never used in the plural number; but astronomen use the term to denote an immeme firmament or cluster ofstaTil, entirely distinct from other clusten-o(which
there are many thousamls
vilible with the telescope-and are at an immense distance from each other. Hence in speakin;ofthese clu,ten, they call them universe, -[PROF, :\11TCHEL'-<,]
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telescop&. (NoTE.-This
naked eye.)

LIV.

NEBULJE.

is

nebula

visible to tlie

Q. 'What is the probable cause of many of the nebulre appearing
elliptical or elongated 1 (SEE DIAGRAM,)

Question. ,vnAT appearance has a nebula?

Answer. A nebula appears like a spot of pale light
seen in the heavens.

A. It is probably caused by the edge of the nebula
being turned more or less towards us.

Q. Of what are the nebulre composed 1

A. The most of them are great clusters of stars, so far
distant as to appear like a thin cloud.
Q. Are there many of them 1

·

A. About 6,000 have been discovered. (NoTE.--Their
number is probably much greater; perhaps infinite.)
Q. What is the distance to these nebulre 1
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Q. Are they visible to the naked eye?

A. Only a few are seen without a telescope.
Q. How large do they appear when viewed with a telescope?

A. Some of them appear as large as one tenth of the
disc of the moon.
Q. Are these nebulre seen in all parts of the heavens 1

A. They are, although they are more numerous in a
narL·ow zone, circumscribing
angles to the milky way.

the heavens,

at right

Q. Into how many classes may nebulre he divided?

A. Into live classes, viz., resolved nebula), resolvable
nebula,, stellar nebula,, irresolvable and planetary
nebula,.
Q. ,vhat are resolved nebulre?

A. They are those which have been discovered with
the telescope to be great clusters of stars.
Q. What are resolvable nebulre ?
A. They are those which are considered to be composed of stars, but are so far distant that the telescopes
have not as yet resolved them.
Q, What are stellar nebulre 7

A. They are those of an oval or round shape, increasing in density towar.ds the centre.
(NoTE.-They
sometimes present the appearance of having a dim star
in the centre.)
Q. What are irresolvable n.cbulre1
,
A. They are those which are considered to be luminous matter in an atmospheric state, condensing into
solid bodies like the sun and planets.
Q. ,vhat are the planetary nebulre 1

A. They are those which resemble the disc of a planet,, and are considered to be in an uncondensed state.
Q. A.re all nebulre beyond our cluster 1

A They
stars.

fro~~t~~

are, except the milky way, and nebulous

Q. By what general term do astronomers designate each nebula or
cluster?

A. They call each nebula a UNIVERSE, or

Fm,1AMENT.

Q. "\Vhat can you say of the great nebula in the Greyhounds 1

A. It resembles our own cluster, or firmament of
stars.
Q. What can you say of the great nebula in ORION?

A. This nebula was considered to be luminous matter in an uncondensed state, but it has lately been discovered to be stars by Lord Rosse, with bi's powerful
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physical organization of comets, and the e:<isteuce of nebulous stars.
Such was tho state of the Aslrouomical argument, when Lord Ro~~e•s Great Reflector was first
applied to tho e:i.ploration ofthe disj.ant regions of space. In a religion~ 1>ointof view, !hls theory
had excited no small amount of discussion, in consequence of its snppos$l Atheistical tondendcs.
Tho friends of the theory contend that it was no mo1-eAtheistical to admit the formation of the
unil·erse by law, than to acknowledge that it is now sustained by laws. Indeed since we must go
1
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witlwutfarm and i·oid." If the earth came into e~istence in il9 present condition, then it had form
and was ru,f i·uid. Hence, this first grand declaration of the inspired writer must refer to the formatiou of the matter, ofwhich the heavens and earth were afterwe.rds formed. Some went so fax as
to trnce out dimly a fuil account of this theory in the order of creation, as laid down in Genesis.
Let us now proceed to the discoll'eries of Lord Rosse, am! their influence ou this greatly disputed
theory. The space penetrating power of lns six feet reflector is much greater than that of Sir
..William llerschel's great telescope, and it wa.s aHticipated tliat many nobulre wliich were unreresolved into clusters of stars by Herschel, would yield under tire greater power and light of Lord
llosse's telescope. This has proved to be the fact. Very many ncbulre have been remove,! from
~~trr1~af~~~~:~1
~~~Jk~~b~~
:if~-nfi1!~~0~~:~"t:he\\!~~s~: t!J:s~~~;~ued th at many
Tl1e most remarkable object which _has been resolved by Lord Rosse, is the great nehula in
Orion, one ofUie most extraordinary ohJects in the heavens. (Su: DuouAvr.) Its size is enormous,
and its figure very extraordinary.
In certain parts adjoining the nebula the heavens are jet black,
either from contrast or by the vacuity of these regions. Two immense spur~ of lig-),t are seen to
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from us, the entire diameter of the earth's orbit, 190 millions o_fmiles,_is~n invisible point, less than
ono sccoud, while this nebula extends to many thousands oft1mes this distance, and more probably
to many millions oftimes.
Several stars have been found, and ere visible on the nebula, bn_thave hitherto been regarded as
being betwceu tbe eye of the observer and this remote object. Sir William Herschel was unable

stars by grcn.ter power. This prediction has icen fully verified, for Lord Rosse's great Reflector
has solved the m}·stery, and filled this extraortlinary object with the'' jewelry of stars."
garn~tdtt~ :t~:sl:l~:r!~fi~~·djj~~\!~/;
t1{;,t~:::!i{iia~!re 1~: r!:~h 1
l~a!~f1;,nne:/~i
join issue on false points. If the nebular theory depended for its existence 11ponthe irresotvubi!ity
of the nebula in Orion, then indeed has the thr.ory been entirely exploded. But this is not the fact.
No one has asserted that the great nebula in Orion was mbulom malter, and if it l\'ere not, then
none existed. Such an is$ue would liave been a false one, had it been made.
The theory has neither lostuor g3ined by the discoveries thus far made; what time may devcl11~i
ff:~\~d~~r:~blo
~~ s1r~o~~trca~~ei~:r::~~h d~ f~s~~:od~~~n~;~~~!~i~~r1::.et~j~:t~cu~e~t!
then, the safer pfan is neiUier to a1lopt nor reject, but investigate until absofote truth shall rew&rd
our long continued labor, and reveal the mvstery of the organization of that stupendous system, of
which ou1·hnmble planet forms an insignificant part. ·
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DESCRIPTION
ANDUSEOF THESIDEREAL
MAPS.
THESE Maps have been drawn by the AUTHOR
with great care, in
orr:lcr to insure perfect accuracy in their representations of the heavens
at the times specified in the annexed tables. They have befln con.
structed to show the sidereal h'emisphere visible on the parallel of lati.
tude and meridian of New York (City.) To insure the greatest amount
of accuracy, the stereographic projection has been made use of, because
of all projections that occasions the least possible disarrangement of the
relative positions of the stars and the angles they form one with ano.
ther, There is a difficulty in reducing a concave or globular surface to
a plane without distortion taking place somewhere ; and in the projection here adopted a little compression will be found, gradually increasing
from the horizon to the centre of the map. The constellations near the
zenith will be found to be somewhat smaller, and the stars nearer
together, than when near the edge of the ma1 or horizon. Several
stars often appear in the heavens, so as to forrn a group, presenting
the appearance of a triangle, a rhomboid, trapezium or parallelogram:
these figures are more correctly preserved by this projection than by
any other which might have been made use of. The centre of each
map represents the zenith on the parallel of New York, or that point
in the heavens directly over the observer's head at the time specified in
the annexed tables. They will answer equally well for any place
within the United States, by making an allowance for the situation of
the place north or south of the parallel of New York. For instai-tce, to
an observer at Washington the zenith, as represented on the maps,
would be about 3-½Qdegrees to the north of his zenith; also, to an
observer at NEw ORLEANS the zenith of the maps would be about 12Q
degrees to the north: at Quebec the zen.ith of the maps would be about
G" degrees to the south; but to all places in the New England, Middle,
and \Vestern States, the variation would be so small that it would
hardly be perceptible, unless by accurate observation. As we go north
or south eur sidereal hemisphere is continually changing. If we go
north new stars seem to emerge from the northern horizon, while those
near the southern horizon disappear below it; amt if we should continue our journey fo the north pole, we should find the north star in the
zenith, or dir;ctly over head, and that the s;tars visible to us did not rise
nor set, but described circles around the north star every 24 hours ;
these circle.s increasing in diameter, according to· the distance of the
star from the north star. To a person thus situated, the equator would
he in the horizon, and he would see none of the stars in the :i;outhern
hemhi;phere. If there were inhabitants at the south pole they ,vould be
similarly situated with regard to the stars in the southern hemisphf!rc;
they would never see the stars on the north side of the equator or in the
northern hemisphere, nor would the stars in the southern hemisphere
ever set to them. To the inhabitantr;; at the equator, the whole of the
stars, from pole to pole, would rise and ~et perpendicularly to their horizon once in every 24 hours. As the equator has no latitude, so has
its zenith no declination, because the celestial equator is directly over
it on a line from east to west: If an observer moves towards either
pole from the equator, for e,·ery degree of his progress his zenith will
have just so many degrees of declination, and as many df'grees can he
see beyond the pole towards which he is advancing; and he will lose
sight of the pole from which he is receding in the same proportion.
For example, as the inhabitants of New York are situated near 41Q
degrees north of the equator, their zenith is elevated 41Q degrees above
the celestial equator; and it follows that the inhabitants on the paral.

lel of New York can see all the stars within 49° degrees south of the
equator-for 41 Q added to 49° makes 90°-the distance from the zenith
to the horizon; also between the zenith of New York and the north
pole, arc 49Q degrees; requiring 41 Qdegrees beyond the pole to make
up the complement of 90 degrees; consequently the stars 41 ° degrees
beyond the north pole never set to the inhabitants living on the parallel
of New York, but describe circles, or appear to revolve around the pole
star every 24 hours.

EXPLANATIONS,
SHOWING THE MANNER
USING THE MAPS.

OF

THE
pupil should be particularly instructed in the manner of using
these maps, or they will be inclined to use them in the same manner
as they do the maps of a Geography or Atlas, which will confuse and
confound them. In using a geographical map the pupil is instructed to
face the north, and lay the map before him; then the top represents ·the
north, the right hand east, &c. : but it will be obsorved, that if this
mode be adopted with these'maps, the right hand represents the west
and the left hand the east. Each map is intended to represent ihe
whole visible heavens at the time given for observation; hence, if we
face the south, and hold the map up over the head, with the pole star
directed towards the north star in the heavens, it will then represent
nearly the condition of the heavens. In viewing the stars south of our
zenith, face the south, and hold the map up in front ~f the eye ; but in
viewing the stars to the north of our zenith, face the north, turn the
ma'p bottom upwards, and hold it so that the pole star on the map shall
correspond with the pole star in the heavens, then the stars on the map
will indicate the positions of the stars in the heavens. In viewing the
stars to the cast, face the east, and hold the map up before the eye, with
the top turned towards the north ; the map will then indicate the correct
positions of the stars : also, in viewing the stars to the west, face the
west, and hold the map up before the eye, with the top turned towards
the north. Great care should be taken when an observation is made,
so a:5not to mistake the planets Venus, Mars, or Jupiter, for fixed stars.

DIRECTIONS

FOR FINDING THE NORTH
AT ANY TIME.

STAR,

Ev1mY pupil should be instructed in the manner of pointing out the
North Star at any time of the night. If they are enahled to do this at
any time, it will assist them in making other iniportant observations, as
well as being of use on many occasions which occur in the life of e,·ery
man. Many persons have been lost in a l'RAIRIE or other unfrequented
places, when if they had been able to haYe told the points of the compass they could have extricated themselves from their lost situation.
This may be done in a very easy manner. There is hardly a chiW of
10 years of age who cannot at any time of night point out the stars in
the Great Bear which form what is called the GREA'.f DrPl'F.R, Now
if an imaginary line be drawn through the two stars which form the
front edge of the Dipper, from the bottom towards the top, and continued
about 20Q degrees, it will pass verJ near the North Star.:..._sonear that
it cannot be mistaken, there being no other stars of that magnitude j
near it. It should be borne in mind that this rule holds good in what- I\
ever position the Dipper may be at the time.
,-
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PRINCIPAL
CONSTELLATIONS
VISIBLE.
FROMJANUARY
~1TOAPRIL17.
'U'-rsaMajor, the Great Bear,-The first seven stars in
this constellation form what is called the Great Dipper. It is situated
ahout 15 degrees north of the zenith, and a little to the east of north.
1t is exactly Lottom upwards, with the handle towards the cast. There
are four stars which form the dipper, and three in the Tail of the Bear,
which form the handle. These stars cannot fail to be recognized at a
glance. Six of these starl!Iare of the second and one of the third mag.
nitude. The first two, a, 8., are called pointers, as a 1ine drawn
through them towards the horizon would pass very near the North Star,
which is about 30 degrees from them towards the horizon.
Ursa Minor, the Little Bear.-The
stars in this conste11ation form a figure calied by some a Wagon, and by others the Little
Dipper. It is north of the Great Dipper and east of the North Star,
whi~h is in the end of the handle. The North Star is at the end of the
tail of the LrrTLE BEAR.
Taurus,
the Bull.-The
star a, or Aldebaran, is one of the first
magnitude, and is in the right eye of the Bull j hence, it. is sometimes
called the Bull's Eye. This constellation is situated nearly west, and
ahout 20 <legrees above the horizon. The cluster of stars on the head
of the Bull is called the Hyades. There is a small cluster of stars on
the neck pf the Bull, and north of the word Taurus on the map. It
consists of seven stars, very near together. This group is called the
Pleiu.des, or Seven Stars. Six of these stars· only are visible to the
naked eye.
Orion.-This
is one of the most remarkable constellations in the
bea,·ens, and was familiarly known to the ancient writers, Jou and
I-loMEU. It contains two stars of the first magnitude, 81-:TE:LGEUSE
on
the right shoulder, and RIGEL on the left foot, of On10N. Half way
between these two stars are three stars in the girdle, in a right line,
forming Jacob's Staff, or the Three Kings, as they are sometimes called.
There is a large nebula seen in this constellation, or rather through
it, as the n·ebula is at an immense distance beyond the stars. According to fable OnrnN was a mighty hunter, who accompanied Diana and
Latona in the chase.
Gemini,
the Twins.-Tho
two p"rincipal stars in this constellation aro (a) Castor and (~) Pollux; one in the head of each Twin.
Canis Minor,
the Little
Dog.-This
constellation contains
two large stars, (a) or Procyon, of the first, and(~) Mirza, of the third
magnitude, besides several small stars. This constellation was said
to be one of the hounds of Orion.

is reprcsenfod as walking, holding in his right hand a spear, and in his
left the leading cords of the two dogs Asterion and Chara, which seem
to be barking at the GnEA'r BEAR,
Virgo, the Virgin.-This
constellation is east of LEo. The
prinCipal star is (a) SPICA, of the first magnitude, in the ear of corn,
which the Virgin holds in her lefi hand, and is the only bright star in
this constellation. The position of this star has been determined with
great exactness for tlle benefit of navigators. It is situated within the
zone, in the heavens traversed by the moon. The moon's distancP
from the star is used for determining the longitude at sea. According
to the ancient poets, this constellation represented the virgin Astrrea, the
goddess of Justice, who lived upon the earth during the golden age; but
being offended at the wickedness of mankind, during the brazen and
iron ages of the world, she returned to heaven, and was placed among
the. constellations of the zodiac, with a pair of scales (LrneA,) in one
hand and a sword in the other.
Corvus,
the Crow.-This
is n small constellation south of the
virgin. It contains four bright star!, forming a trapezium or irrei:,!nlar
square. The brightest of the two upper stars, on the left, is called
ALGORAB,in the east wing of the crow. The crow, it was said, was
once of the pure!lt white, but was changed to black, its present r,olor, as
a punishment for tale bearing.
Corona
Borealis,
the Northern
Crown.-This
is a smnll
constellation between the head of BooTEs and Hercules. Jt may he
distinguished by six principal stars, which form a circular figure, reSembling a wreath or crown. This beautiful cluster of stars was said to
be in commemoration of a crown presented by BAccnvs to Ariadne.
the daughter of l\Iurns, second king of Crete.
Draco, the Dragon.-This
constellation eoils its fore part around
the pole of the Ecliptic, and its tail around the Pole Star. In consequence of its various windings, perhaps it may be found difficult to be
traced. According to fu.ble. Draco, the oflSpring of TYPHON,
with a
hundred hc>ads and as many vmces. was the•guardian of the golden
app1es that grew in the garden of HeL"peridus. He was slain by H&ncuu:s, who obtained the apples, and presented ihem to EunvsTuEus.
Canes Venatici,
the Grey Hounds.-This
constellation con.
tains only small stars. These two hounds, which Bootes lends wi!h a
small cord, are 11amed AsTF.:moNand CnARA.
Coma Berenices-Berenices
Hair.-This
is a small constellation between the Greyhounds, on the north, and the Virgin, on the
south. It contains only small stars.

Canis Major,
the Great
Dog.-This
constella,:on is to the
Crater, the Cup,-This
cup is south of the GREAT LroN, and
southeast of Orion, and contains the star Siriufl, the brightest star in east of the CRow. It contains seven stars, so situated as in some
the whole heavens. This is said by the Greeks to he one of Orion's
degree to resemble the outline of a cup. According to fablf>.,Jupiter
hounds-but the Egyptians, no doubt, gave it the name of DoG, from . sent the CRow with a cup to fetch water; but the bird being of a
the fact that it gave them warning of the approach of the inundation of
vagrant disposition, wasted his time, and returning without the water,
the waters o:' the Nile. \Vhen this star was seen in the direction of
told Apollo that the stream was guarded by a venomous serpent. To
the source of the Nile they moved back from the river upon the high punish the CRow for this fulsehood, Apollo placed him opposite the cup,
ground-and as the dog was e,·er watchful to announce the approach
and commanded the serpent never to allow him to DRINK,
of danger, they gave the same name to this star, which they fancied
Hydra,
the Water
Serpent.-This
is a very long constella.
wanwd them, although silently, of approaching danger.
tion, extending over 100 degrees from west to east. It may be known
Leo Major, the Great
Lion.-The
principal star in this con- by four small stars south of the Crab, and nearly west of R1wur,us.
stellation is (a) or REGULUS: it is on the meridian at the time for This was supposed to he the Lernrean Hydra, which Hercules slew.
observation, and about 30 degrees south of the zenith. There are
Sextans,
the Sextant.-This
constellation was formed by
several bright stars in this constellation. The stars in the head and
He,·elius of stars not included in the other adjacent constellaLions. Jt
neck form a curve somewhat like a sick,e, Re.gulus being in the end of contains only small stars.
the handle·. _ This Lion was supposed to be a metamorphosis of the
Argo Navis, the Ship Argo,-This
constellation is in the southNemrean Lion, which was slain by Hercul6s,
ern horizon. The head of the ship may be known b.,' a small cl.uster
Bootes,
the Herdsman.-This
is a ,·ery large constellation, · of stars about 15 degrees of the dog star Srnrns. The greater part
southea!lt of the Great Bear. The principal stars are (a) Arcturus, of of this constellation is below the horizon. Some said this was the cele.
the first magnitude, and ( E) Izar of the second magnitude. This star is brated ship in which Jason and his companions went to Cor.cms, in
situated in the Belt of Bootes. This constellation is of great antiquity;
quest of the golden fleece, which had fled from Greece. Others ma.:n.
so much so that it is doubtful from whence it derived its name. Bootes
tained that the ship ARGOwas no other than the Amt of N OAR.
Jj
__
j
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MAP, FROM JANUARY 9!1 TO APRIL 11:
[W

Stars and Constellations upon this Map will occupy t_heexact positions in the heavens as they are laid down
on the l\Iap, at the times for observations, as specified in the table. The centre of the Map. represents the zenith of NewYork, or any place situated upon the parallel of latitude of 41 ° north. By occasional observations with these Maps, the
pupil will become familiar with all the Stars of the first magnitude as well as the principal Constellations. The great advantage these l\Iaps have over all others, is, that they show the whole visible heavens at the time given for observations, and the
exact positions of the Stars from the observer as well as.from each other. FoR EXAMPLE :-On the 21st of January, at 1
o'clock 40 minutes in the morning, the Stars occupy the same positions fn the heavens as laid down on the Th-lap. The Star
IlEGULt.Ts,of the first magnitude, will be exactly on the meridian, and about 26° degrees south of the zenith; PROCYON, or
the LITTLE Doo, abOut 35° degrees west oJ REGULUS;
and S1R1us, or the GREAT DoG, southwest of Procyon, and near the
horizon. In this manner the pupil will be able to trace out the principal Stars and Constellations with facility. There are
many Sectional i\laps publisheJ, but they are all subject to this one great objection-which is, the great difficulty the pupil
has in locating it. Tliis objection is entirely obviated in these ~laps.]
THE

STARS OF THE FIRST MAGNITUDE.
NAMES

OF THE CONSTELLATIONS

AND PRINCIPAL

STARS,

LEO, Tim Lrox-(Regulus,
THE PUINClPALSTAR,)-This
star is
26° south of the zenith, and on. the meridian at the times specified in
the Table for Map No. I.
VIRGO, THE Vnwr::-.-(Spica.)-This
star is southeast, and about
20" abo\·e the horizon.
BOOTES, TuE HERDS:'IUN-(Arcturus.)-This
star is situated
nearly east, aud about 40° from the horizon.

LYRA, Tn_E HARP-(Vega.)-This
star is nearly northeast, and
near the horizqn.
CYGNUS, Tni,~ SwAN-(Deneb.)-This
star is about 22° east
of north. and very near the horizon, and perhaps not visible unless
the atmosphere is \·~ry clear, and the observer situated upon an emi.
O

nence.

AURIGA, TttE CHARIOTEER-(Capella.)-This
star is nearly;
northwest, and about half way from the zenith to the horizon.
TAURUS, THE Butt-(Aldebaran.)-This
star is in the eye
of the Bull, aud nearly west, and about 20° above the horizon.
ORION, OmoN-(Betelgeuse.)-This
star is in the right shou,.
der of OmoN, a little south of west, and about 30° above the horizon
ORION, OnrnN-(Rigel.)-This
star is in the left foot of OmoN,
southwest of Betelg11use, and very near the horizon.
CANIS MINOR, LrTTU; DoG-(Procyon.)-This
star is situa.
ted southwest, about -15° degrees from the horizon.
CANIS MAJOR, GREAT DoG-(Sirius.)-This
star is southwest
of PxocYoN, about 20° from the horizon. This is the brightest star in
the heavens, and was considered the nearest; but late observations
have demonstrated to the contrary.

TABLEOFTHETIMESFOROBSERVATIONS.
SHOWING THE DAY AND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP.
II,

JANUARY

FEBRUARY
2
3
4

5
6
7
8

,,
I

It ___

9

10
11

M,

40
36
32
28
24
20
16
12
8
4

21
22
23
24
25
26
27
28
29
30
31
12
12
12
12
12
12
12
12
12
12
12

56
52
48
44
40
36
32
28
24
20
16

FEBRUARY

12

13

MARCH ....

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
1
2
3
4
5

II,

M,

12
12
12
12
11
11
11
II
II

12
8
4

II
II
II
II
II

II
11
11
11
11
10
IO

10

H,

MARCH ••••

6
7
8
9

56
52
48
44
40
36
32
28
24
20
16

12
M

4
56
62
48

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

10
10

M,

44
40
IO 36
10 32
10 28
10 24
10 20
10 16
10 12
IO
8
10
4
10
9 56
9 52
9 48
9 44
9 40
9 36
9 32
9 28
9 24
9 20

MARCH •••

APRIL ......

28
29
30
31
2
3
4
5

9
9
9
9
9
8
8
8
8

G

s

7
8
10

8
8
8
8

11

8

12
13
14
15
16
17

8
8
8
8
8
7

I

9

"·

16
12
8
4
56
52
48
44
40
36
32
28
24
20
16

12
'8
4
56

·····················
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I
AN EXPLANATION OF LEAP-YEAR.
IT has been found by observations, that the earth revolves on its
axis 365¼ times nearly, while it is making one complete revolutio_n
around the sun, or while the sun moves from either equinox to the same
equinox again; consequently the solar year, upon which the sP,asons
depend, contains nearly 365¼ days. It will be seen from this that the
difference between a year of 365 days and the year as measured by the
sun, amounts to one day in every four years; so that in 120 1 years of
365 days, the seasons would fall back one whole month, or 30 days,
and the season for May would be in Ju,ie, and the season for June
would be in July, &c. In 720 years the longest days would be in the
month of December: but in about 1450 years the season would fall
back through the twelve months, and would again correspond to their
present arrangement.
In order to keep the seasons to the saine
months, and to make the solar and civil year correspond, one day more
jg included in the month of February, every fourth year. 'This would
always keep the solar and civil year together, if the earth revolved upon
its axis exactly 365¼ times while it was revolving around the sun, or
during the solar year; but the earth revolves from one equinox to the
same again in 365 days, 5 hours, 48 minutes, 49 seconds; which is 11
min. 11 sec. less than 365¼ days: consequently, in allowing one day
in every four years is allowing 44 min. 44 sec. too much; and in 132
years it would amount to 24 h. 36 min. 6 sec., or more than one day:
so that the longest day, which is now on the 21st of June, would, in 132
years, be on the 20th of June, or one day earlier, and in 264 years the
longest day would be on the 19th of June, and so on.
This mode of reckoning time, by making every fourth year a leapyear, was adopted by the Council of Nice,' in the year of our Lo RD 325,
,vhen the longest day in the year happened June 21st, and the vernal
equinox. March 21st. This mode of reckoning was continued from the
year 325, to 1752, a period of 1427 years; when it was found thit the
longest day was on the 10th of June, and the vernal equinox on the
10th of March; the vernal equinox having fallen back 11 days towards
the beginni11g of the year. To restore the equinoxes to the same days
of the month in which they happened in the year 325, eleven days

were ordered, by the British Government, and the United' States, then
British colonies, to be stricken out of the month of September, 1752,
by calling the 3d day the 14th; and it was ordered that hereafter one
. leap-pmr in every 132 years, or 3 leap-years in 400 years, should be
omitted: that is, that the years 1700, 1800, and 1900, which by the
OLD STYLE would have been leap-years, should be common years of
365 days. This method gives 97 leap-years in every 400 years,
Thus 400 multiplied by 365, plus 97 days for the leap-years, gh·es
146,097 days. This divided by 400 years makes 365 days 5 h. 49 min.
12 sec. ; making a difference from the true solar year of only 23
seconds a year; an error which- amounts only to one day in 3,86(>
years.
This new arrangement is called the NEw STYLE,
This change was mad" to keep the equinoxes and solstices· to the
same days of the so.me months, and to keep the time of celebrating
EASTER, and the other feasts, fasts, and holydays of the Episcopal
Church, to the same seasons of the year. The Rmisians and some other
eastern nations continue the OLD STYLE at the presen:', J4y. The year
1800 was not a }flap year by the NE'\v STYLE, but would have been by
the OLD STYLE : f ,e difference between the styles is now 12 days.

RULE FOR ASCERTAINING
WHAT
LEAP-YEARS.

YEARS

ARE

DIVIDE the years by 4, and if there is no remainder it is LEAPYEAR; if there is I remainder, it is the 1st year after the Jeap-yeal';
if there is 2 remainder, it is the 2d; if there is 3 remainder, it is
the 3d year after leap-year. The even centuries are leap-years only
when, by cutting off the two cyphers, you can divide the other two
figures without a remainder. Thus ] 9(00 is not divisible by 4 without
a remn.inder-consequently it is not a leap-year. The years 2,000,
2,400, 2,800, &c. are leap-years i and 2,100, 2,200, 2,300, 2,500,
2,600, and 2,700 are not leap-years.

EQUATION OF TIME.
IT is obset'ved that time, as measured by the sun, differs from that
shown by a clock that keeps true and equal time : the solar day, or
time from the sun's leaving the meridian of any place till he leaves the
same again, being sometimes less than 24 hours, and sometimes more;
that is, if by a true clock, on a;ny day, the sun leaves the meridian of
any place at just 12 o'clock, it is either a few seconds before or a few
seconds after 12, when he leaves that meridian the next time: it is a
few more seconds, either before or after 12, when he leaves that meri.
dian again; and so on, till in a. few weeks it is several minutes before
or after 12 by the clock when the sun leaves the meridian.
It is, in fact, the place, and the meridian of the place, that leave! the
sun ; but we say the sun leaves the meridian, because by the motion of
the earth round its axis, the sun appears to move round the earth every
day; and by the motion of the earth round the sun, the sun appears to
move in the ecliptic round the earth once a year. The motion of the
earth round its axis is always uniform and equal, never faster at one
time than at another; this is the only perfectly uniform and equal motion known: and the mean or average time of its revolution from the
sun to the sun again is 24 hours ; that is, the average or mean time
from the sun's leaving the meridian of any place, till he leaves the
same again, is 24 hours ; though, as before said, it is sometimes more
and sometimes less.
,
The difference between the time of the sun's leaving the meridian,
and 12 o'clock, by a true clock, is called TnE EQUATIONOF Turn : at
greatest it is 16 min. 15 sec. i this is on the last of October, and first
of November. On the 14th of April, 15th of June, 31st of August, and
23d of December, this equation or difference is nothing, as then the

sun and clock agree ; and these are the only days in the year on which
the sun and clock do agree.
The EQUATIONdepends on two causes ;-viz.
I. The unequal motion of the sun in the ecliptic ;-And,
2. The obliquity of the ecliptic
to the equator.
It has already been shown that the sun, as well as the moon, moves
much slower when in or near its apogee, than when ig, or near its perigee ; and that its true place is never the same as its mean place, except
in apogee and perigee. Now as the motion of the earth round its axis
on the side next the sun, is in the same direction as the apparent motion
of the sun in the ecliptic, it is plain that the slower the sun moves, the
sooner will any place on the earth's surface move round from the sun
to the sun again ; or the shorter will be the solar day; because as the
earth revolves round its axis, any place on the earth's surface will over~
take the sun in less time when he advances through a less space, than
when he moves through a larger.
The first equation depends upon the sun's distance from the perigeP,
or perihelion, and is the difference between the mean and true place ,f
the sun, changed into time.' It fa greatest when the sun is half way
between the aphelion and perihelion, and nothing when it is in the
aphelion or perihelion. The sun is faster than the clock while it
is moving from the aphelion to the perihelion, and slower, while ~ is
moving from thtf perihelion ·10 the aphelion. This difference, beh\.:een
the sun and clock, when greatest, is 7 min. 42 sec.
The second equation, depending upon the- obliquity of the cclipti"
to the equator, at greatest, is 9 min. 53 sec.-(Spojford's Astronom?,,
page 29.)
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PRINCIPAL
CONSTELLATIONS
VISIBLE,
FROMAPRIL18TOJlJLYii.
Corona Borealis, the Northern Crown,-This
constellation is about 15 degrees southwest of the zenith. Six of the principal
stars form a circular figure resembling a wreath or crown.
Bootes, the Herdsman.-Thi~
the Crown.

constellation is situated west of
The principal star is AncTURus.

Heroules.-This
con:3tellation is east of Cono:-.A or tho Crown,
and extends from 12 to 50 degrees, north declination. It contains 011e
hWJ<lred and nineteen stars---{)ne of the 2d maguitude and one of the 3d

in the right shoulder. These are called B1<!TA and GA:'!DtA.
The left
or cast arm of Hercules grasps the three headed monster CERBERUS.
According to mythology, this constellation is intended to immortalize
the name of Hercules, the Theban, so celebrated in antiquity for his
heroic valor and invincible prowess. By command of E1irystheus, he
achieved a number of enterprises, the most difficult and arduous ever
known, called the TwELVE LABORSOF H1mcuLES,
1st. He subdued the Nemrean Lion in his den, and clothed himself
in his skin.
2d. He slew the LERN..EANHYDRA, with a hundred hissing heads,
and dipped his arrows in the gall of the monster, to render their wounds
incurable.
3d. He took alive the stag with golden horns and ·brazen feet, .which
was famous for its i'ncredible swiftness, after pursuing it for hvelve
months, and presented it unhurt to Eurystheus.
4th. He took alive the Erimanthcan
which opposed him.

Boar, and killed the Centaurs

5th. He cleansed the stables of Augias, where 3,000 oxen had been
confined for many years.
6th. He killed the carnivorous birds which ravaged the country of
Arcadia, and fed on human flesh.
7th. He took alh'e, and brought into Peloponnesus, the wild bull of
r,rete, which no mortal durst look upon.
8th. He o.htained for Eurystheus the Mares of Diomedes, which lived
on human flesh, after having given their owner to be first eaten by
them.
9th. He obtained the girdle of the Queen of the Amazonl'!, a formida.
ble nation of warlike females.
10th. He killed the monster Geryon, king of Gades, and brought
away his numerous flocks, which fed upon human flesh.
11th. He obt~ined the Golden Apples from the Garden of Hespe.
rides, which were watched by a dragon.
12th. He finally brought up to the earth th~ three headed dog Cerberus, who guarded the entrance to the infernal regions.

·-'

Aquila,
the Eagle.-T'
three stars in a right line;
between the other two.

ALT

s constellation may be easily found by
UR, of the first magnitude, midway

This constellation is supposed to fiave been Merops, a king of the
Island of Cos. who was transformed into an Eagle, and placed among
the constellations.
Delphinus,
the Dolphin.-This
is a beautiful little cluster of
stars, and may be easily distinguished by four principal stars in the
form of a diamond. The Dolphin was made a constellation for persuad.
ing the goddess Amphitrite, who had made a vow of perpetual celibacy,
to become the wife of Neptune.
Ophiuchus,
the Serpent
Bearer.This constellation is repre.
sented as a man with a long beard, holding in his clenched hands a
prodigious Serpent, which is writhing in his grasp. This constellation
occupies a large space, from 15° nnrth to 25° south of the equator.
The principal star is RAs ALIIAGUE, of the second magnitude, situ.ated in the head. The star on the foot just south of the ecliptic is
Rno. According to mythology, 0PJnucHus or EscuLAPIUS, as he W"I.S
sometimes called, was the god of Medicine. He was the son of Apollo,
but was killed by Jupiter with a thunderbolt, for restoring Hippolytus ,o
!if"'
Scorpio,
the Scorpion.-This
is one of the constellations of
the zodiac. It is a very beautifill group, as it contains one star of the
first, two of the second, and eleven of the third magnitude. (a) An.
tares, of the first magnitude, is situated in the heart of the S~oRI'IO:'i, It
is a little east of the meridian, and about 20 degrees above the horizon.
Orion, a celebrated giant, having impiously boasted that there was no
animal on earth which he could not subdue, DIANA, whom he had
offended, sent a Scorpion, which stung him to peath.
Serpens,
the Serpent.-This
constellation is united with that
of 01 HIUCHUs,who holds the $erpent in his grasp. It may be distinguished by several bright stars in and near the head
1

Libra,
the Scales.-This
constellation contains 4 stars of the
2d magnitude, by which it may be distinguished; two of them heing
about 10 degrees northwest of Antares in the Scorpion. About twenty.
two hundred years ago this constellation coincided with the sign Libra
of the ecliptic, and when the sun entered this constellation the days and
nights were equal ; hence it was very appropriately represented by the
ancients by a pair of scales, which denote equality.

Lyra,
the Harp.-This
is a small but beautiful constellation. It
ccntains ( u) V:F.GA,one of the brightest stars in the northern he mis.
phere, and is situated directly east, and between 30 and 45 degrees
from the zenith.

Scutum,
or Sobiesld's
Shield.-This
is a small constellation,
instituted by HEvELIUS,
It may be known by three small stars in
the form of a triangle.

It is asserted that this is the celestial Lyre which Apollo or Mercury gave to Crpheus, and upon which he played with such a masterly
hand, that e,•en the most rapid rivers ceased to flow ; the wild beasts
of the forest forgot their wildness, and for the time being became tame,
and the mountains came to listen to hii3 song.

Vulpecula et Anser-(THE Fox AND Goos•.)-This constellation was also established by H EVELrus, a.nd is situated south of .he
Swan and north of the Dolphin and Eagle. It contains only small
stars.
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MAP, FROM APRIL 18 TO JULY it.
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TnE Stars and Constellations
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on the l\IAP, 'lt the times for observations,
York,

or an•
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in the table.

of latitude

positions

of 41° north.

in the heavens

STARS
NAMES OF THE CONSTELLATIONS

visi-

The-other two being near the

is very clear.]

OF THE

AND PRINCIPAL

BOOTES, TnE H.1-:nosMAN-(Arctu.rus

the zenith of New-

There will be eight stars of the first magnitude

ble, the moet conspicuous of which will be Arcturus, Vega, Altair, Deneb, Antares, and Spica.
horizon, may not be visible unless the atmosphere

as they arc laid down

of the J\fAp represents

The centre

FIRST

STARS.

THE PRINCIPAL sTAn.)-

This slar is sitmlted towards the southwest, and about 30° from the
zenith

MAGNITUDE.

AQUILA, THE EAGLE-{Altair.)-This
star is nearly southen:!5t
of Vega, and about halfway from Vega to the horizon.
CYUNUS, THE SwAN-{Deneb.)-This

star is nearly .northeast

of the zenith and east of the North Star.

VIItGO, THE VrnGIN-(Spica.)-This
star is almost in a direct
line southwest of Arcturus, and about 30° above the horizon.
LY RA, TnE HAnP-{Vega.)-This

star is due east and about 37°

from the zenith.

LEO MAJOR, T11E G1tF.AT L10N-(Regulus.)-This
wost. u.nd about 10° above the horizon-perhaps

star is due

not visible unless the

atmosphere is very clear.

AURIGA, THE CnARIOTEEn-(Capella,)-This
star is about
16° west of north, and very near the horizon ; perhaps uot visible.

SCORPIO, Tim ScoRPION-(Antares.)-This

star is nearly

south, being only about 20° east of the meridian. It is about 30°
above the southern horizon. There aro two stars of the second magni•
tude about 10° to the northwest of iL

ATIONS.
TABLE OF THE TIMES FOR O.JHlERV
SHOWING THE DAY AND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP.
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TO FIND THE MAGNITUDESOF THE PLANETS.
Tmi: magnitudes of n.ll globes or spheres, are in proportion to one
another, as the cubes of their diameters j-hence, if we cube the diameters of any two globes, and divide the greater product by the less, the
quotient will show how many times the one is greater than the other.
[NoTE.-'fhe
cube of any number is the number multiplied into
itself, and that product multiplied by the first number.]
Example.-Suppose
two globes, one of 5 feet, and the other 10
feet in diameter5
10
5
10
25
5

125. cube of 5.

100
10
1000 cube of 10.

Then 125

+ 1000 I = 8
1000

I

·

Hence it will be seen that the globe of 10 feet in diameter, is 8 times
the magnitude of the less.

To find the magnitudes of the planets, compared with that of the
earth, observe the f,;illowingRuui.Cube the diameter of the earth, which is 7,912 miles, and also the
diameter of en.ch planet,-then if the cube of the earth's diameter, is
greater than that of the planet, divide the greater by the less, and the
quotient will show how many times the earth is greater than the planet;
but if the cube of the diameter of any planet, is greater than the cube
of the earth's diameter, divide the cube of the planet's diameter by the
cube of the earth's diameter, and the quotient will show how many
times the planet is greater than the earth.
EXAMPLE

L

Earth's Diameter, 7,912X7,912=62,599,7 44 X7,912=495,289,l 74,.
528, cube of earth's diameter.
·
Mercury's Diameter, 3,200 X 3,200=10,240,000 X3,200=32,768,000.
000, cube of Mercury's diameter.
Divide the greater by the less,32, 768,000,000)405,280, 174,528(15 times less than the earth.
32,768,000,000
167,609,174,528
163,840,000,000
3,769,174,528

EXAMPLE

II.

Diameter of the Sun886,952 X 886,952 X886,952=697, 750,814,394 ,833,40~.
Di,,ide ·by cube of earth's diameter495,289,174,528) 697, 750,814,394,833,408( =1,408, 734,
Cubes of their Diameters.

Diameters.

Mercury, ••••••. 3,200 miles .••••••••••••••••
32,768,000,000 mile!
Venus, •••••••• 7,700
" •••••••••••••••••.
456,533,000,001) "
Earth, ••• ~·· ••• 7,912
"· ••••••••••••••.•.
49=>,289,174,528 "
Mars, •••••••.•
4,189
"• ••••••••••••••••••
73,507,403,269 "
Vesta,• .......
270
" .......................
10,683,000 "
"· •••••••••••••••••••
2,744,000,000 "
{ Juno,* ••. , •• 1.400
Ceres,* ••••• 1,600
"· ••..•••••••••••••••
4,096,000,000 "
Pallas,* ..... 2,100
"· •••••••••••••••••••
9,261,000,000 "
Moon, •••••••• 2,180
''·, ••••••••••
~ •...•• 10,360,232,000
"
Jupiter, •••••• 87,000
"· ••••••••..•••.
658,503,000,000,000
"
Saturn, .......
79,000
" ...............
493,039,000,000,000
"
Herschel, •••• 35,000
"· •••••••••••••.•
42 1875,000,000,000
"
Leverrier, •••• 35,000
" ••••.•••••••••.
.42,875,000,000,000
"
Sun, •••••.•• 886,952
"· ••••••••••
697,750,814,394,833 1408 "
• Diameters of the other Asteroidsare not known.

EXAMPLE

L

32,768,000,000
\
15 Mercury, T\ - •
•
466,533,000,000t
9 Venus,/', - . • \]
73,507,403,269
6.73 Mars,-}
nearly, .
~
19.683,000 Cubcofea1th'adiameter, )25,163 Vesta, nhir
•
•
;
2,744,000,000~ 495,289,174,528. ( 180, Juno, rh . .
~
4,096,000,000
l 20. Ceres, r½w- •
.,
9,261,000,000
53 Pa.Has,'t'J . .
.;
10,360,232,000
·
58 Moon, /~ nearly,
.,1 0
EXAMPLE

~ .; ( '

li}

'o E~.

eg~

~

i

668,503,000,000,000,}
493,039,000,000 1000,
42,875,000,000,000.
42,875,000,000,000.
697,750,814,394,833,408.

II.

1329+Jupiter larger than the earth.
995+Saturn
"
"
"
86+Herschel "
"
"
86+Leverrier,"
·'
"
1,408.734. Sun "
"
"

NoTE,-The teacher might require the more advanced pupils in the class to
work out the above problems on their slates. It would be a profitable exercise for
them in arithmetic, as well as fixing in the mind the magnitudes of the planets.

TOFINDTHEDISTANCES
OF THEPLANETS
FROMTHESUN.
is 7,744) to a fourth term, which is the cube of Mercury's distance
Tns celebrated astronomer, Kepler, discovered that all the planets
from the sun. And if the cube root of this term be extracted, the
are subject to one general LAW, which is, that the "squares of their
periodit times are proportional to the cubes of their mean distances answer will be 37,000,000 of miles, nearly.
frum the sun." This law was fully demonstrated and established by
Sir lsAAC NEWTON.
Astronomers found it very easy to ascertain the THE FOLLOWING ARE THE STATEMENTS TO .D
THE DISTANCES
OF
periodic times of the planets, which only required them to observe the
THE
OTHER
PLANETS
FROM TBF. SUN,
time it took each planet to revolve around the sun from any particular
A.I 13J,225iltoS57,375,ooo,ooo,ooo,ooo,ooo,ooo
So is the square of the periodic
star to the same star again ; but to find the distances of the planets
••••••••.••••
, • • . • • •• • • •• • • • . • •
ti1ne, in days, of each planet
.from the sun, they found a much more difficult task. By observations
separately to the fourth term,
ma.de upon the transits of VENUS, the earth's distance from the SuN, has • • • • • • • • • • • • • . • • • • • • • • • • • . • • • • •
.
.
•
.
.
•
•
•
.
•
•
•
.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
which ,viii be the cube of the
been founrl to be about 95,000,000 of miles,-hence, if we have the pe••••.•.••••••.••
,
•
•
.
.
•
•
•
•
•
•
•
.
•
•
distance of the planet from
riodic times of the planets, and the distance of one of them from the
the sun. Extract the cube
sur we can, by this law of Kepler's, find the distances of the other •••••••• , . • . . • • • • • • • • . • • . . • • • . •
root of the fourth term, so
planets by the simple RULE of proportion. Therefore, to find the dis- • • • • • • • • . • • • • • • • • • • . • . • . • . • • . • •
, • • • • • •• • • •• • • . . • •
found, and it ,viii give - the
tance of Mercury from the sun, we say, as the square of 365 days ••••••••••••.
.
•
•
•
•
•
•
•
•
•
•
•
.
•
•
•
.
•
•
•
•
•
.
.
•
•
•
planet's mean distance from
(which is 133,225) js to tho cube of 95,000,000 of miles, (which is
the sun.
857,3-75,000,000,000,000,000,000) so is the square of 98 days, (which • • • •• • • •• • • . . . • . . • • •• • • •• • • • . • •
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PRINCIPAL
CONSTELLATIONS
VISIBLE,
FROMJULY~ TOOCTOBER
31.
Cygnus, the Sw~.-Thii:;i
l':Onstel_lationis situated_ a little .to t~e
west of the zenith. It 1s represented with outspread wings, llymg rn
the direction of the MILKY WAY to tho southwest. The five principal
stars are so arranged as to form a large and regular Cross. Deneb, a
star of the first magnitude, is in the head of the Cross, and ALnnrno,
situated in the beak of the Swan, forms the foot. Over the right wing
of the Swan is a remarkable double star, known by tho name of " 61
Cygni."
These stars are of the 5th and 6th magnitude; they revoke
round a common centre of gravity between the two, in 540 years.
These two stars will ever be memorable as being the first whose distance from us was measured with much rrecision, nm! nre the nearest
to us, with a single exception, of any as yet known. The star (a) Centa.uri is about one-third the distance of 61 Cyg-ni. Observations have
heen made on a great many others ; but their parallax is much less,
and in most cases is so small as not to be perceptible with the most
accurate instruments. The distance of 61 Cy:Ini was ascertained by
BESSEL,from_hiij observations, in the yea·rs 18;37, 1838 and 1839. He
found their distance 592,000 times the earth's mean distance from the
sun. So great is this distanr.e, that a CANNONBALL,moving 500 miles
nn hour, would not reach those two stars in less than thirteen millions
nfvears.
The sun, seen from these stars, would appear like a star of
th~ nth magnitude. Previous to this discovery the stnrs were consider.
ed to be about the same in magnitude, and the hrightest stars to owe
their brilliancy to their being nearer to us i but tho brightest star in the
whole heavens (Sirius, the great Dog Star,) is at a much greater distl\.nce than these, and owes its brilliancy to its superior magnitude or
much grenter brilliancy.
Lyra,
the Harp.-This
constellation is next to the SWAN. For
a description of this constellation, see explanations to Map No. 2, from
April 18 to July 31.

•

Oepheus,
the King.-This
constellation may be known hy three
stars of the third magnitude in a right line-in
the neck, hreast,
and knee. Ile stands with his left foot ovi::r the pole. He holds a
sceptre in his hand, extended towards Cassiopeia, his wife. CEPHEUS
was the king of .Ethiopia: the name of his queen was Cassiopeia. He
was one of the AnGONAUTswho accompanied JASONin his expedition
from Greece to Colchis, in quest of the Golden Fleece, and at his death
was changed into a constellation .
Cassiopeia,
the Lady
in her Chair.-This
constellation is
situated east of C1,:rmrns. She is represented in regal state, seated on
a throne or chair, holding in her lrlt hand the branch of a palm tree.
f~he is surrounded by her royal family-CJ.~rmrns, her husband, on .her

r,ght hand; PRRSEus, her son.in-law, on her left, nnd ANDROJ1t1-:DA,
her
daughter, just above her. This constella.tion contains 55 stars, that are
,, .sible to the naked eye : five of these are of the 3d magnitude, which,
with two smaller ones, form a figure resembling an im,erted chair.
Cassiopeia was the wife of CEPHEUS,king of Ethiopia. She was
1.,ossessedof great beauty, and boasted herself f.'\irer than Juno, the sister of Jupiter, or the Nereides, a name given to the sea nymphs. This
prornkod the nymphs of the sea, who complained to N,~?tune, of the
insult. He sent a frightful monster to punish her insolence. It was
finally ordained that she should chain her daughter Andromeda, whom
she tenderly loved, to a desert rock on the bench, and lea,·e her expo.
sed to the fury of this monster. She was thus loft, and the monster
approached; but as he was going to devour her, PEns1-~uskilled him.

m

'

m

Andromeda.-This
constellation is south of CASSIOPEIA, lt con.
taius 66 stars, three of which are of the third magnitude, viz: Sirrah,
iu the head; Mirach, in the breast, and Alrnak, in the feet. Thev
stand nearly in a straight line. ANDROMEDA,
the daughter of Cepheu·s
1
and Cassiopeia, was exposed to be devoured by a Sea Monster, to
appP.nse the wrath of Neptune. She was accordingly chained ttl a rock
1 nea1 .ToPl'A,(now Jaffa in Syria,) and at the moment the monster was
1-!0ingto de,·our her, Perseus, who was returning through the. air from
the conquest of the GoRGONs, saw her and was captivated by her
beauty. He promised to deliver her and destroy the monster, if her
father ~vould give her to him in marriage.
Cepheus consented, and ,

1,--

PP-rseus instantly changed the sea monster into a rock, by showing liim
Medusa's head, which was still reeking in his hand. This fable of
Andromeda and the sea monster might mean that she was courted by
some monster of a sea captain, who attempted to carry her away, but
was prevented by another more gallant and successful ri,·al.
Pegasus,
the Flying
Horse.-This
constellation is represented
with wings. Jt may be known by four stars, which form a regular
quadrangle or trapezium. The northeastern of these four stars is in the
head of ANDROMEDA,Their names are (a) Markab, ({J) Scheat, Alge.
nib, and (a) Sirrah, in the head of AndromC"da. According to fa.hie,
Pegasus was a winged horse, which sprang from the b.1oo<lof l\Jedusa,
when Perseus cut off he-r head.
Equuleus,
the Little
Horse.-This
is a small cluster of stars
west of the head of the Flying Horse. Only the head is visible. This
is supposed to represent the horse which Mercury gave to Castor, and
which he named CELERIS,
Delphinus,
the Dolphin.-This
is a beautifol little constellation, between tho Eagle nnd Equuleus, or Little Horse. It may he distingu:shed hy four stnrs in the shape of a diamond, with two small stars
which form the tail. (Soc map No. 2, and explanation.)
Sagittarius,
the Archer,-This
is the tenth constellation in
the zodiac. It is situated to the southwest, near the horizon. It mav
be known by five stars, forming a figure rese-mbling a short hnndlrd
dipper. It appears turned up, with the handle to thP, north, and the
bowl towards the east. SAGITTARIUS,or Chiron, the son of S..\TUR~,
was a twofold being-half man and half horse. This constellation was
intended, no .doubt, by the ancients to represent the season for hunting; for when the sun enters this sign, the trees ha,·e cast their foliage 1
which enables the hunter to pursue his game to l,etter ad\'antnge.
Capricornus,
the Goat.-This
is the next sign in the ecliptio,
ea-st of Sagittarius.
There are two conspicuous stars in the heucl,
called Giedi and Dabih. Giedi is the most northern star of the two,
and is double. Se,•eral other stars may be traced out by reference le.
the map. The goat was ohserved by the ancients to be fond of climb
ing high mountains and lofl.y precipices, and was therefore considere,
emblematical of the sun, which, having in this sign reached his grP-rJ1.
est southern declination, begins to re.a~cend towards the north.
Aquarius,
the Water
Bearer.-This
constellation is rr-,~resented by the figure of a man pouring out water from an urn, 11.1uJ
is
north and east of Capricornus. It may easily be trnccd by rcfon::1ee to
the map. The ancient Egyptians supposed the disappearing- llf /u1m1rius caused the waterS of the Nile to rise by the sinking of Lis urn jn
the water.
Pisces,
the Fishes.-This
is the last sign in the zv1lll.c. This
constellation is represented by two fishes, a considerable di:,lunc~ apart,
ti(,d hr a. cord or riband. The stars in this constellation are of the
4th an·d inferior magnitudes. The probable origin of tliis sign was
from the fact, that when the sun was in it, it was the s1:ason wlrnn fish
were abundant, and easily taken.
Piscis, the Southern
Fish.-This
constellatiun is south of
Aquarius, and is easily distinguished by the star Fomalhaut, of the first
magnitude, with two small stars, which form an equilateral trian:rlc.
These three are the only important stars in this constellation. This
constellation is supposed to have taken its name from the transformation
of Venus into the shape of a fish, when she fled, terrified at the horrihlo
advances of the monster Typhon, who was said to havo an hunclreQ
heads.
Ursa Major, the Great
Bear.-This
con!tellation is dirrctly
north, and touches the horizon. The Dipper, which is a part of this
constellation, is a little to the northwest of the north star, and is right
sidfl up, with the handle to the west. (For explanation, sec map No. I.)
Lacerta,
the Lizard.-This
is a small constellation nrar the
zenith. It contains a few stars of inferior magnitude.
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MAP, FROM JULY
[ 'W

~~

TO OCTOBER 31.

Stars and Constellations upon this MAP will occupy the exact positions in the heavens as they are laid down
on the MAP, at the times for observations, as specified in the table. The centre of the MAP represents the zenith of NewYork, or any place situated upon the parallel of latitude of 41° north. There will be only six stars of the first magnitude
visible, the most conspicuous of which will be Deneb, Vega, Altair, and Capella. The other two, Aldebaran and Fomalhaut,
being near the horizon, may not be visible unless the atmosphere is very clear.]
THE

STARS

OF THE

FIRST

MAGNITUDE.
PISCIS,

NAMES OF THE CONSTELLATIONS AND PRINCIPAL STARS.

CYGNUS, Tim SwAx-(Deneb
THE PRINCIPAL
STAR.)-This
star is situated directly west, and about 20° from the zenith. It is in
the middle of the Milky-way.

SouTnERN

TAURUS,

LYRA, T11EHAnr-(Vega.)-This
OPneh.

star

AQUILA, Tim EAGLE-(Altair.)-This
the southwest, and about 35° from the zenith.

F1su-(Fomalhaut.)-This

is about

star

10° east of south, and about 15° above the southern horizon-perhaps
it will not be visible only when the atmosphere is clear.
star is nearly norlh-

THE BuLI.-(Aldebaran.)-This

is about 20° west of

east, and within 10° of the horizon.
the atmosphere is very clear.

star is situated towards

AURIGA., Tim CHARIOTEER-(Capella.)-This
star is directly
east of the North Star, and about midway to the horizon.

It will not be visible only when

TABLE OF THE TIMES FOR OBSERVATIONS.
SHOWING THE DAY ,aND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP.

n.
JULY ..••.•

29

30
31
AUGUST ••. I
2
3
4
5
6
7
8
g
10

11
12
1~
14
15
16

M.

56
52
48
44
40
36
32
28
24
20
16
12
8
4

22
23
24
25
26
27
28

12
12
12
12
12
12
12
12
12
12
12

56
52
48
44
40
36
32
28
24
20
16

AUGUST •.•

17
18
19
20
21
22
' 23
24
25
26
27
28
29
30
31
SEPTEMBER
I
2
3
4
5

6
7
8
9

10
11

"·

12
12
12
12
II
II
II
11
11
11
11
11
II
II
II
ll
II
II
11
10
10
10
10
10
10
JO

II.

M.

12
8
4
56
52

48
44
40
36
32
28
24
20
16
12
8
4

56
52
48
44
40
36
32

SEPTEMBER

12
13

"·

10 28
10 24
14 10 20
15 JO 16
16 10 12
17 10
8
4
18 10
19 10
20
9 56
g 52
21
22
9 48
9 44
23
9 40
24
25 • 9 3.6
26
9 S2
g 28
27
28
9 24
29
9 20
30
9 16
OCTOBER ••• I
9 12
2
9
8
3
9
4
g
4
5
8 56
6
8 52
7
8 48

II.

OCTOBER •.•

A

g

....

10
II
12
13
14
15
16
17
18
19
20
21
22
2:1

24
25
26
27
28
29
30
31

8
8
8
8
8

8
8
8
8
8
8

44
40
36
32
28
24
20
16

12
8
4

8

7

56
52
7 48
7 44
7 40
7 36
7 32
7 28
7 24
7 20
7 16
7 12
7

....................
....................
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ZODIACALLIGHT.

THE
Zodiacal Light is a faint luminous appearance, which accompanies the Sun, and is seen just after twilight in the evening, or before
it commences in the morning. It was observed by KEPLER, who supposed it to be the Sun's atmosphere, and afterwards accurately described
by CAssun, in 1683, who gaYe it the name by which it is now known,
in consequence of its always being in the ZonIAc. It probably surrounds the sun on all sides ; but is shaped like a lens, or burning glass,
the circumference of which is directly over the Sun's equator. The edge
being always presented to us gives it_the appearance of a pyramid or
cone. There can only that portion of it be seen which remains above
the horizon after twilight has ceased. ,vhen seen, it extends from the
horizon upwards, and following the course or path of the Sun. For
this reason it is scarcely visible in our latitude, as the path of the Sun
during most of the year, is very oblique to the horizon: consequently
it is obscured by twilight, which does not cease until the Sun is 18
degrees below the horizon. At the equator it can be favorably observed
most of the year, and often presents a beautiful appearance.
The
most favo1able times for observing it in our latitude are in the evening,
1
during the months of April and May, and in the morn ing during the
months Of October and November, as the path of the sun is nearer perpendicular to the horizon than at any other times during the year. It

appears in form like a pyramid, with the base at the horizon-tapering
to a point, and more or less inclined to the horizon.
Its length above the horizon varies, according to circumstances, from
40 to 100 degrees, and its breadth at the base perpendicular to its a·xis
varies from 8 to 30 degrees. It is extremely faint and ill-defined in
our climate ; but is much more conspicuous in tropical countries. An
allusion is made to this phenomenon in a work published by J. Childrey in 1661, in the following passage:-"
In the month of February,
for several years, about six o'clock in the evening, after twilight, I saw
a path of light tending from the twilight towards the Pleiµ,des, as it were
touching them : this is to be seen whenever the weather is clear, but
best when the moon does not shine. I believe that this phenomenon
has been before visible, and will hereafter appear, always at the above
mentioned period of the year; but the cause and nature of it I cannot
guess, and therefore leave it to the inquiry of posterity."
Various opinions and theories have been advanced by astronomers,
both ancient and modern; but none have been able to settle the point
beyond controversy. Cassini thought it might proceed from an innumerable multitude of little bodies revolving around the Sun, reflectin!! a
faint light, like that of the milky-way. Kepler ascribed it4 rtpp~1:1.rnuce
to the atmosphere which he supposed to surround the Sun. Both of
these theories have been discarded as being untenable., Profe:,,sor
Olmstead supposes it to be a nebulous body, or thin gaseous mass,
revolving around the Sun, causing the 1\.-hTEORICSaowEns that have
occurred for several years in the month of November, in consequence
of the earth's near approach to it 1 in its annual course around the Sun.
Herschell and Professor Nichol assert that the ZoDIACALLight is a
phenomenon precisely similar to that exhibited by the nebulous stars,
and if we were living upon some dist~nt star, the Sun would appea1
to us like a star surrounded by a faint light similar to that of a candle
seen at a short distance, in a foggy or thick atmosphere.
The present theory of the ZODIACALLrnuT may be summed up in a
few words-namely, that the matte.r of which the Sun and planets are
composed was originally in a thin gaseous state, and has been condensed into solid bodies, which form the Sun and planets; that the
Zodiacal Light is a portion of this matter, which has not as yet subsided
into the Sun. It is estimated to extend beyond the orbit of Mercury,
and perhaps that of Venus ; if so, they must pass through it twice during
each revolution around the Sun.

A SIMPLE
METHOD
TOFINDTHECIRCUMFERENCE
OFTHEEARTH.
ALL circles, great or small, are supposed to be divided into 360 equal
parts, called degrees. From this it will be seen that a degree has no
definite measure; but depends upon the magnitude of the circle. Jfwe
suppose a circle to be 360 miles in circumference, then one degree
would measure just one mile ; but if the circle were greater a degree
would be greater, and if less a degree would be less. We will now
apply this principle of t~e circle to measure the circumference of the
earth. In order to do this, we must take two places some distance
apart and under the same meridian ; we will suppose N cw York
and Albany.
"We will suppose that the exact distance between the two places has
been found by exact measurement to be 138½ miles-(this
distance

probably does not vary much from the truth.)
We will now Place an
obsen'er at each place with accurate instruments, and on a particular
night, at 12 o'clock, the observer at New York finds a particular star
exactly in his zenith, or over head; but the observer at Albany finds
the same star two degree;; to the south of his zenith,-hence
it will be
seen that there are two degrees between the two places ; and as the
distance, by measurement, was found to be 138½ miles, the two degrees
between New York and Albany are equal to 138½ miles, or one
degree equals 69¼ miles. Now, if we multiply the number of degrees in the whole circle or circumference of the earth (360) by
69¼ miles, it will give 24,930 miles the whole circumference of
the earth.

ri
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PRINCIPAL
CONSTELLATIONS
VISIBLE,
FROl\lNOVEMBER
1 TOJANUARY
~o.
Perseus,

Head.-This
constellation is directly
in the ze(!.ith, or over head. It contains two stars of the '2d mngnitude.
The one in the breast of PERSEUS is called Mirzak, or Algenib; the
other is ALGOL, in Medusa's head : it is about 15° east of the zenith.
This star is remarkable on account of its changeableness.
It changes
in 4 hours from the 2d to the 4th magnitude. It remains in this condition 18 minutes, when it begins to increase in brightness; and in 4
hours and 40 minutes appears again of the 2d magnitude : in which
state it continues 61 hours, when it begins to diminish again. Dr. Herschel attributes its variableness to spots upon its surface like those of
the sun, and that it revolves upon its axis.

and Medusa's

[History.-PERSEUS was the son of Jupiter and DAN..E, He was no
sooner born than he. was cast into the sea with his mother, and was
driven on the coast of one of the islands of CYCLADES. Polydectes,
the King of the place, treated them with kindness, and placed them
in the care of the Priests of Minerva's Temple. He promised to present the King with the head of Medusa, the on1y one of the Gorgons
•.vho was subject to mortality. They were .represented with serpents
wreathing about their heads instead of hair; their bodies grew indissolubly together, and their very looks had the power of turning into stone
all those on whom they fixed their eyes. Being equipped by the gods,
he mounted into the air, conducted by Minerva, and came upon the
monsters, who, with the watchful snakes, were asleep, and with one
blow cut off her head. Perseus then"' made his way through the air,
with Medusa's head yet bleeding, in his hand, and from the blood
which dropped from it as he flew, spra11g all those innumerable serpents that have ever since infested the sandy deserts of Ljbia.]

~e
IOt

Triangulum,
the Tria,ngle.-This
is a small constellation
southwest from Medusa's Head, in the constellation PERSEUS, It may
be known by three stars, which form a triangle. This constellation is
of rocent origin.
Aries, the Ram.-This
constellation lies to the southwest, about
ao~ from the zenith, and may easily be distinguished by three bfight
stars in the head of the RAM, and nearly in a right line. This constellation twenty-two centuries ago occupied the first sign in the ecliptic; or
at that time the constellations of the zodiac and the signs of the ecliptic
corresponded to each other : but in consequence of the retrograde motion of the equinoxes, 50 11 a year, the constellations of the zodiac and
the signs of the ecliptic have been separated from each other, by the
falling back of the signs in the ecliptic about 31 degrees: so that the
constellation Aries is now in the sign Taurus of the ecliptic ; and Taurus in Gnmini, and Gemini in Cancer; and so on. This constellation
probably received its name from the Chaldean Shepherds, who were in
those days the best astronomers, from the fact that their occupation led
them to be on the watch during the night, to defend their flocks from
thQ ravages of wild beasts, They obsen•ed that when the sun entered
this division of the heavens the lambs were with their flocks, or that it
was the season for the increase of their flocks-hence the Ram was
very appropriately made to represent this sign.

ing

an
Jar
star
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be
the

Taurus,
the Bull.-This
constellation is south, about 30° from
the zenith, and will be easiJy distinguished by the star ALDEBARAN,of
the first magnitude, situated in the Bull's eye. There are two very
important.clusters in this constellation, the Hyades on the head, and
the Pleiades on the neck of the Rull. This constellation probably
Uerh·ed its name, as well as the other signs of the zodiac, from some
particular phenomenon which was apparent at that particular time. It

rees
one
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was intended to show that this was the season for the inc~ease Qf the
ox species-hence
the name Taurus, or Bull.
Gemini, the Twins,-This
constellation is situated a little to the
south of east, and may be known by two stars of the 2d magnitude, one
in each head of the Twins.:.....their names (a) Castor and (fl) Pollux.
This sign was originally represented by two goats, and was probably
intended to indicate the seasofl for the multiplication of this animal, as
well ,is t<, show that there were usually two at a birth.
Cancer, the Crab.-This
constellation is next east of GEMINI.
It contains stars only of the 4th magnitude. It was observed by the
Ancients, that the sun, when it enters Cancer, passes sideway along
the tropic, without crossing it, which was fitly represented by a crab,
which moves sideways.
Orion.-This
constellation is southeast of Taurus, and is one of the
most conspicuous constellations in the heavens. It contains two stars
of the first magnitude. (NoTE.-See description of .Map No. I.)
Canis Minor,
the Little
Dog.-This
constellation is southeast of Gemini. It cont&.ins one stn.r of the first magnitude, Procyon,
and one of the 3d, MIRZA, in the head of the Dog.
Canis Major, the Great Dog.-This
constellation is situated
to the southeast, and near the horizon. The principal star is Sirius,
the brightest star in the whole heavens,
(NoTE.-See explar.~::on to

Map No.!.)
Lepus, the Hare.-This
constellation is south of OnroN, It contains three stars of the 3d magnitude. It is situated west of the GREAT
Doc-, which seems to be pursuing it from east to west, owing to the
motion of the earth on its axis. The hare is one. of those animals
which OmoN delighted in hunting, and for this reason was made into a
constellation, and placed near him, among the stars.
Eridanus,
the River
Po.-This
constellation occupies a largo
space in the heavens directly south of TAuRus. It will be found difficult to trace it, in all its windings. Its entire height is 130 degrees,
It commences near the star Rigel, in the foot of Orion. ERIDANUSis
the name ofa celebrated river in Italy, now known by the name of the
river Po.
Cetus,
the Whale.-This
constellation occupies the largest
space of any in the heavens, and is west of the R1v1m Po, As the
whale is the chief monster of the ocean, so is it the largest consle]la.
tion in the heavens. It is considered to be the famous sea monster
sent by Neptune to devour ANDR011IEDA,
because her mother, Cassiopeia. had boasted herself fairer than JuNo, or the sea nymphs-but was
slain by PERSEUS,and placed among the stars, in honor of his hc_roic
deeds.
Monoceros,
the Unicorn.-This
constellation is east of ORroN,
and was made out of the unformed stars of the ancie;its, which lay scattered over a large space between the two dog~ Canis Major and Canis
Minor. The Monoceros is a species of Unicorn or RmNOCEROS, It is
about the size of a horse, with one horn growing out of the middle of
its forehead.
Cohunba,
the Dove.-This
constellation is south of the LEPus,
TuE HAm-:. It is so near the horizon that it probably will not be
visible. It was introduced among the constellations by Rogu in 1679.
Camelopardalus,
the Giraffe.-This
constellation was formed
by HEVELIUs, in the beginning of the 17th century. It was made up
of stars not included in the adjacent constellations, yjz: PERSEus, AvRIGA, the head of URSAl\iAJOR,and the PoLE STAR,
!!
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MAP, FROM NOVEMBER 1 TO JANUARY IBO.
f I:&"' THE Stars and Constellations upon this l\fAr will occupy the exact positions in the heavens as they are laid down
on the MAP, at the times for observations, as specified in the table. The centre of the MAP represents the zenith of New-York,
or any place situated upon the parallel of latitude
41 ° north.
There will be nine stars of the first magnitude above the horizon. The star Vega, in the Harp, being so near the northern horizon, may uot be visible. There will be several of the most
conspicuous constellations in the whole heavens visible, as well as a considerable n·umber o( stars of the first magnitude.
The
principal constellations are, AuRIGA, TAURUS, OmoN, CANIS l\IAJOR, and CANIS l\IrNOR, This is the best season for observation during the year, as the atmosphere is ge~era11y more clear than at any other time, and the stars twinkle with a beautiful
brilliancy.]

of

STAR'S
NAMES OF THE OONSTI:LLATICNS

AURl(L\, T,rn Cn..tRIOTEER-(Capella
This star is about 15Q nNt~east

OF THE

AND PRINCIPAL

FIRST

STARS,

THE PRINCII'AL

sTAR.)-

of the zenith.

TAURUS, THE BuLL-(Aldebaran.)-This
star is in the Bull's
Ere, and is situated about 25° south of the zenith, and .5° east of the
meridian,
CYGNUS, T11~ SwAN-(Deneb.)-This
star is situated in the
and west of the North Star, about midway to the horizon.

M1LKY \VAY,

LYRA, 'l'HE HA·~P-(Vega.)-This
Pt11.r,and rlose to the horizon-probably

MAGNITUDE,

ORION, OntoN-(Betelgeuse.)-This
star is in the right shoulw
dcr of OmoN, and situated southeast about 35 degrees.
H (Rigel. )-This star is on the left fo6t of OnrnN, .southeast from
Betelgeuse.

CA'.'i'IS MAJOR,

DoG-(Sirius.)-This

GREAT

star is situated

southeast, about 20 degrees above the horizon.

CANIS MINOR,

LITTLE

Dos-(Procyon.)-This

east, and about 40 degrees above the horizon.
Srn1us.

star is south.
It is nearly north of

star is nearly

LEO MAJOR, GnF.AT LroN-(Regulus.)-This
east, and about 15° above the horizon.

star is northwest of the North
not visibte.

TABLE OF THE TIMES FOR OBSERVATIONS,
SHOWING THE DAY AND HOUR OF THE NrGHT WHEN THE 'STARS OCCUPY THE POSITIONS INDICATED OK THE MAP,
ll,

NOVEMBER .. I
2
3
4

5
6

·7
8
12
12
II
12
J:2' 12
13 12
14 12
15 12
16 12
17 12
18 12
19 12
20 12
21 12
22 12
23 12
9
IO

I

l___
__

28
24
20
16
12
8
4

NOVEMBER 24
25
26
27
28
29
30

DECE,\IBER
56
52
48
44
40
36
32
28
24
20
16
12
8
4

I
2
3

4
6

6
7

8
9

H.

!II,

ll
ll
II
II
II
II
II
ll
II
II
II
11

56
52
48
44
40
36

II
II

DECEMBER

....

22

23
24
25
26
27
28
29
30

32

28
24
20
16
12
8
4

:n

II
10

17
18
19
20
21

JANUARY ••.

56

I

IO

JO 52

2

II
12
13
14
15

10
10
IO
10
10
10

3
4
5
6
7
8

16

48
44
40
36
32
28

II
II

"·
"·
10 24
10

10
10
10
10
10

20
16
12
8
4

56
52
48
9 44
9 40
9 36
9 32
9 2S
9 28
g 24
& 20
9 16
9 12
9
8
9
4
9
9

9
9

H.

JANUARY ...

g

s

10
II
12
13
14
15
16
17
18
,g
20
21

8

8
8
8
8
8
8
8
8
8

"

56
52
,19
44
40
36
32
28
24
20
16

8

12

22

8
8

4

23
24
25
26
27
28
29
30
31

7
7
7
7
7
7
7
7

8

8

56
52
48
44
40
30
32
2il
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PROBLEMS
PERFORMED
WITHTHETERRESTRIAL
GLOBE.
1.-To find the Latitude of any given pl<J.Ce,
RuLE,-Bring
the given place to the graduated side of the brass
meridian, and the degree on the brass meridian over the place is the
latitude, which is either north or south.
Q. What is the latitude of New York 1
A. About 41 degrees north.
Q. What places have no latitude 1
A. All places on the equator.
Q. Find the latitude of the following places:London,
Philadelphia,
Boston,
Washington,
Edinburgh,
Rome,
Dublin,
Amsterdam,
Moscow,
Stockholm,
Quito,
Mexico,
Algiers,
Astoria,
Cape of Good Hope, Halifax,
Norfolk,
Aleppo,
A.thens,
lspahan,
Madras,
Madrm,
Cape Horn,
Cairo,
Prague,
Dantzic,
Teneriffe,
Lisbon,
Tripoli,
Paris,
•
Lima,
Vienna.
PROBLEM

PRoDLEM2.-To find the Longitude of any given place.
RtrLE--Bring the given place to. the brass meridian, and the degree
on the equator under the brass meridian, is th~ longitude. (No/c.-Longitude is reckoned from the meridian of Greenwich, 180 degrees east
anrl west.)
Q, "\Vhat is the longitude of New York 1
A. 7 4 degrees west.
Q, What is the longitude of Pekin 1
A. 116 degrees east.
Q. Find the lont;itude of the following places :\Vashinnton.,
Hartford,
Sandwich Islands, Gibraltar,
Quebec O
Rhodes,
Calcutta,
Constantinople,
Canton,'
Havana,
Jerusalem,
Nan kin,
Pekin,
St. Petersburgh, Venice,
Berlin,
Astoria,
Cape Horn,
New Orleans,
Rio Janeiro.
PRoBLE::tI3.-To find any place whose latitude and longitude are
given.
RuLE,-Brlng the given· longitude to the brass meridian, and under
the given latitude is the place required.
.
Q, What place. is situated in seventy-four degrees west longitude,
and 41 north latitude?
A. New York.
Q. What places have the following latitudes and longitudes 1
Lat. 42° north, Lon. 71 ° west,
Lat. 34° south, Lon. 18° east.
Lat. 53° north, Lon. 6° west.
Lat. 41° north, Lon. 72° west.
Lat. 38° north, Lon. 9° west.
Lat. 39° north, Lon. 75° west.
Lat. 46° north, Lon. 75° west.
Lat. 32° north, Lon. 81 ° west.
PnoBLEM 4.-To find all those places that are in the same latitude
or longitude as a given place.
RuLE,-Bring the given place to the brass meridian; then all the
places under the meridian have the same longitude; tlirn the globe
round, and all places which pass under· the latitude of the place have
the same latitude.
Q. ,vhat places have nearly the same longitude as New York 1
A. Albany, Montreal, Bogota.
Q. What places are in the same latitude 1
A. Boston, Madrid, Naples, Constantinople.
Q. What places have the same longitude and latitude as the following places :,vashington, London, St. Petersburgh,
Rome,·
Cairo,
New Orleans, Mexico,
Canton,
Calcutta,
Dublin 1
PROBLEM
5...-To find the dffference of Latitude between any two
places.
RuLE,-Find th~ latitude of each place, and note them down; then
if both places are on the same side of the equator, subtract the less
latitude from the greater: if they are on the opposite sides of the
equator, add the latitudes.
Q. ,vhat is the difference of latitude between New York and London 1
A. New York 41° north, London fil 0 north; difference 10°

Q. What is the difference oflatitude between Washington and Cape
Horn?
A. ·washington 37° north, Cape Horn, 56° south.-Sum 03. 0
Q. Find the difference of latitude between the following places :New Orleans and Quebec.
Mexico and Rio Janeiro,
Madrid and Cairo,
Pekin and Botany Bay,
St. Petersburgh and Rome, Cape of Good Hope and Cape Hom.
PROBLEM6.-To find the difference of •longitude between any two
places.·
RuLE.-Find the longitude of each place, and note them do,vn ; then,
if both places are east or west of the meridian, subtract the less longitude from the greater; but if one is east and the other west add tho
longitudes.
'
Q. What is the difference oflongitude between New York and New
Orleans?
A. New York 74°; New Or)eans 90°, west-differenc ..e 16 degrees.
Q. What is the difference in longitude between Boston and Rome 1
A. Boston 71° west; Rome 12° east-sum, 83 degrees.
If the sum of the longitudes exceed 180 degrees, subtract it from 300
degrees j the remainder will be the difference in longitude; as, Astoria
124° west; Pekin 116° east=240 : 360-240=120°
difference in
longitude.
PROBLEM7.-The hour of the day at any place being given, to find
what o'clock it is at any other place.
RuLE.-Bring
the place at which the time is givef! to the brass
meridian; set the index to the giyen hour, then turn the globe till the
proposed place comes to the meridian ; the index will point to the hour
required. If the place required is east of the given place, it is later ;
if to the west, it is earlier.
Q. When it is noon at New York, what is the time in London 1
A. 4 o'clock 56 min.
<J,.When it is noon at Washington, what is the hour at
New Orleans, Mexico, Quebec,
Boston,
Astoria, Pekin,
Cape Horn,
'Rome, St. Petersburgh, Moscow, Canton, Dublin 1
\Vhen it is midnight at New York, what is the hour at
Paris,
Cairo,
Calcutta, St. Helena, Gibraltar, Havana,
Constantinople, Mexico, A!Storia, Nankin,
Tunis,
Cadiz 1
PnoBu:M 8.-Thc hour of the day being given at any place, to find
all places on the globe where it i8 then noon, or·any other given hour.
RuLE.-Ilring the place to the brass meridian; set the index to the
hour of that place; turn the globe till the index points to the other
given hour; then all places uuder the brass meridian will be the places
required."'
PROBLEM9.-To find the Antmci of any place.
RuLE.-Bring tho place to the brass meridian, and find its latitude,
then, under the same degree of latitude, on the opposite side of the
equator will be the Antmci.
PROBLEM10.-To find the Perimci of any place.
RuLE,-Bring
the given place to the brass meridian, and set the
index to twelve ; turn the globe till the index points to the other twelve,
and under the same degree of latitude will be the Pcriwci.
PROBLEM11.-To find the Antipodes of any place.
RuLE.-Bring the place to the hrsss meridian, and find its latitude,
set the index to twelve, and turn the globe till the index.points to the
other twelve ; then under the same degree of latitude, on the other side
of the equator, will be the antipodes.
PROBLEM12.-To find the distance in mile8 between any two place~
on the globe.
RuLE,-Lay the quadrant of altitude over the two places, so that the
division marked O will be on one of the places, and it will show the
number of degrees between them; which, multiplied by 69½ ,vill give
the distance in miles.
·
PROBLEM13.-To find the Sun's Longitude or place in tlte Ecliptic,
and his declination, in any given month or day:

ILLUSTRATED

,-____________
1

RULE,-Look for the given day in the circle of months on the wooden
horizon, and opposite to it, in the circle of signs, are the sign and
degree in which the sun is for that day. Find the same sign and
degree in the ecliptic on the surface of the globe; bring the degree of
the ecliptic, thus found, to the brass meridian, and the degree of the
·meridian will be the declination.
PROBLEU14.-To find the time at which the Sun rises a11dsets at any
place, the day i1i the year, and the length of the day and night at that
place.
RuLE.-Raise the pole (of the hemisphere in which the place is sit.
uated) as many degrees above the horizon as are equal to the latitude
of the place; bring the sun's place on the given day, to the meridian,
and set the index to 12: bring the sun's place to the eastern horizon,
and the index will show the time of the sun's rising j bring the gun's
place to the western edge of the horizon, a,nd the index will show the
hour of setting. Double the time of the sun's setting, and the length of
the day will be had; double the time of the sun's rising, and the length
of the night will be had.
PROBLEM15.-To find the length of the longest and shortest days and
niyhts at any place on the earth.
..
RuLE,-If the place is in the northern hemisphere, elevate the north
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pole till the horizon cuts the brass meridian in the degree corresponding to the latitude of the place ; bring the first degree of Cancer to the
meridian, and set the index to 12; find the sun's place in the ecliptic,
(by problem 13,) and bring it to the eastern edge of the horizon, and
the index will show the hour of the sun's rising; double this time, and
it will give the length of the longest night. Bring the sun's place to
the western edge of the horizon, and the index will show the hour of
setting; double this time, and you will have the length of the longest
day at that place. If the place is in the southern hemisphere, elevate
the ~outh pole to correspond with the latitude of the place ; bring the
first degree of Capricorn to the meridian, and proceed as above.
Q. What is the length of the longest day and shortest night at New
York?
A. Longest day, 14 h. 56 min.; shortest night, 9 h. 4 min.
PnoBLEM 16.-To find thooeplaces where the Sun does not rise or set
on a given day.
RULE.-Find the sun's declination on the given day, (by prob. ] 3,)
raisP- the pole (nearest to the sun's place,) as many degrees above the
horizon as are equal to the declination; turn the globe round on its
axis, and at all places that do not come above the horizon the sun does
not rise on that day ; and at all places around the other pole that do
not pass below the horizon, tho gun does not set on that day.

PROBLEMS
PERFORMED
WITHTHECELESTIAL
GLOBE,
[Latitude,

on the Celestial Globe, is reckoned 90°, either north
or south, on circles of Celestial Latitude, which are at right angles to
the ecliptic. (SEE DIAGRAM,PAGE 55.)
Longitude, on the Celestial Globe, is reckoned on the ecliptic,
from the first degree of ARIES, eastward, round the globe.
Declination,
is reckoned from the equinoctial, either north or
south.
Right Ascension, is reckoned on the equinoctial, from the first
degree in ARIES, eastward, round the globe.]
PROBLEM 1.-To find the Right Ascension and Declination of the
Sun or a Star.
RutE.-Bring
the sun or star to that part of the brass meridian
which is numhered from the equinoctial towards the poles: the degree
on the brass meridian, over the place, will show the declinatioll. ; and
the number of degrees on the equinoctial, between the brass meridian
and the first point of Aries, is the right ascension.
Required-the right ascension and declination of the following stars:
Aldebaran, in Taurus,
Arcturus, in Bootes,
Sirius, in the Great Dog,
Capella, in Auriga,
Vega, in the Harp,
Regulus, in Leo.
PROBLEM2.-To find the Latitude and Longitude of a Star.
RuLE,-Place the end of the quadrant of altitude, which is marked
90", on the north or south pole of the ecliptic, according as the star is
north or south of the ecliptic; then moYe the other end till the graduated edge of,the quadrant comes to the star. The number of degrees on
the quadrant, between the ecliptic and the star, is the latitude; and the
number of degrees on the ecliptic, reckoned eastward, from the first
point of Aries to the quadrant, is the longitude.
ExAMPLE,-Required, the latitudes and longitudes of the following
stars:Aldebaran in Taurus. Ans. Latitude 5" 28' S.; longitude, ~ signs
6" 53 1, or 6~ 53' in Gemini.
Deneb, in the Swan,
Altair, in the ~agle,
Antives, in Scorpio,
Rigel, in Orion,
Fomalhaut, in the S. Fish,
Pollux, in Gemini.
PROBLEM3.-The
declination and right ascension of a Star, the
Moon, a Plunet, or a Comet, being given, to find its place on the globe.
RuLB -Bring the given degrees of right ascension to that part of
the brass meridian which is numbered from the equinoctial towards the
poles ; then under the given declination on the brass meridian you will
find the star or planet.

I

Q. What stars have the following right ascensions and declinations 1
Right Ateension.

76° 14 1
83
6
25 54
53 54

Declination,

8° 27 1 s.
34 I]
s.
19 50 N.
23 29 N.

Right Aseon,ion.

so•
99

13 1
5

II

I]

46

32

Declination.

44° 55 1 N.
16 26 s,
59 38 N,
9 34 s.

PuoBLEM 4.-The
latitude and longitude of the Moon, a Star, or a
Planet, being given, to find its place 011 the globe.
RuLE,-Screw
the quadrant of altitude on the pole of the ecliptic,
and place the other end on the given degree oflongitude in the ecliptic;
then, under the given latitude, on the graduated edge of the quadrant,
you will find the star, or place of the moon or planet.
Q. What stars have the following latitudes and longitudes 7
Latitudes.

160 31 s.
22 52 N.
5 29 s.
44 20 N.

Longitudes.

28 25° 51 1

2 18
2 6
7
9

57
53
22

Latitudes.

Longitudes.

10° 41 N.
21
6 s.
12
3 s.
0 27 N.

38 17° 21 1
11 0 56

I 11 25
4 26 57
latitude of a place, the day and hour being given,
to place the globe in such a manner as to represent the heaveus at that
time, in order to point out the situati011sof the constellations and remarkable stars.
RuLE,-Elevate
the pole for the latitude of the place, and set the
globe due north and south by a meridian line; find the sun's place in
the ecliptic, bring it to the brass meridian, and set the index to 12. If
the time be afternoon, turn the globe westward; if in the forenoon, turn
the globe eastward, till the index points to the given hour. The surface of the globe then represents the appearance of the heavens at that
time and place.
PROBLEM5.-The

PROBLEM6.-To find the distance of the Stars from each other, in
degrees.
RuLE,-Lay the quadrant of altitude over any two stars, so that the
division marked O may be on one of the stars ; the degrees between
them will show their distance, or the angle which these stars subtend,
as seen from the earth.
ExAMPLE.-What is the distance, in degrees, between the two stars
Vega and Altair 1 Ans. 34 degrees.
Also, between Regulus and Procyon,
"
"
Aldebaran and Sirius,
Arcturus and Spica,
Capella a.nd the North Star?
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. .ABERR~fi1'IO!f.-An
apparcnt_annnal motion i_nt_liefixed starli, occasioned by tho velocity of
light r-ombmc<l with the real velocity of the earth m its orbit.
.tibso,-i,.nt Media.-Substances
either solid, liquid,orfl'.1id, which imbibe the rays ofligh_t nnd heat.
~'1ccel,,.,·atian.-An inc~ease in tiie rapi_rJityof th_e motion of a moving body. The motions of the
1,lan<Jlsare accelerated from their aphelion tu thmr perihelion.
.Rcr~nycal.-A star i~ said to riBe or to set acronycally when it rises or sets at the jnsta::.tofsunset.

~:-?iJ:'_:_AH~:i~tr~~esf;~:'.
of air.

mt:;:~t~;~:~r,!~re--A.transparent,

invisible, elastic .fluid, surrounding the earth, in which we

~'.lllitude.-'I'h~ height of an object above the horizon.
.Amphiscii.-A name applied to the inhabitants of the torrid zone, because within the year, their
shadows, at noon, are Calit both north and south.
.,9mp!i:tu_de.-The ,Jista,\ce which a heavenly b::,tly rises from the east, or sets from tho west point
of the honzon.
.Jfoalemma.-A figun:i on the artificial globe, drawn from one tropic to the other, on which is
market! tho sun's declination for each day in the year.
~9'_lglt.-The corner _orope~ing betwee~ two lines that meet. A right angle contains 90degrees,
and 1s fo_rmedby or'.e Jme lallmg perpendicularly upon another. An acute or sharp angle is less
than a right angle. An obtuse or blunt angle is greater thau a right angle. The measure of au
angle is always_ ~lllfN.l•
.
. . ..
on!;~ 1:ar{l::'f1~:n;:{r~l?a~~fo
Star.-The
angle which a lme JOllllllg tho two stari. makes with
11i~,!;1;::: 1~tn~ee~:s::i,~oab:i\~~;~~1~o~;t objects, which is indicated by the angle, made by
st:;fi
. .Annual E9ua.tion.-A perio<l1eal inequality m tho motion of the moon, or a planet, i;oing through
1tschangcs ma year.
:;~:;;;~r~H~:1/i;
f{~}~!t~}\--;J!~:·early
revolution round the sun.
.,i;lnomaly.-The suu's angular distauce from the apogee, or the earth'• from aphelion.
•'1nla,.ctic Circle -A circle round the fiOUthpole, :za"2S' from it.
.!lntipodes.-Those who lh-e on directly opposite sides of tlrn earth
,/lnt,ui.-Those
who live in equal lati_tude on directly opposite sides of the equator.
.8pl1dion.-The point in a planet's orbit which is farthc3tfrom the i;un.
.Rpugu.-The
point of the orbit of the moon or a planet farthest from the earth.
.llpparent Diameltr.-The
diameter ofa body as ~een from the earth.
.flpparent Jlfotion.-The motion of the hean!nly bodie1oas viewed from the earth.
.flppare-nt Time.-Th_e lime shown by the sun, as indicated by a dial
,1./psis.-The 1,oint ol an orbit which is at the greatest or least distance from the centre ol motioo.
The form'"r is called ~he higher apsis; the latter the lower apsis. The two together are termed the
apsides, and a lino umting them is called the apsis line, or line of the apsi<.les.
.!1quarii,s.-The eleven~h sign of the ecliptic.
.f1rc.-Any part ofthe cmmmfereuce ofa circle.
"'11·ctic Cfrcle.-A circle roun'.I the north pole, 23" 2S' from it.
.!1nas.-ln astronomy, they are tho spaces passed over by the ra<lius \'ector of a celestial body.
.flrfrs.-The first sign of the ecliptic. Its first point is at the ~·ernal equinox .
.!lrgument.-Aquantity
by whi"h another quantity or.equation is found.
.Jlscensional Difference.-The
ditli":,rencehetwe~m right and oblique ascension

\~h!

0
0
1
1:r;~t;;i;_·:2~iihre:::a~f
p~i~~~~/;f;;~t~
:
;:~?t:c::tre\~-~~~:t~h:·s!
,ItuI~:r~i~~} 10J0~1~f;r.
Their names are Vesta, Astrrea, Juno, Ceres, Pallas, Hebe, Iris and 1:1ora. Some suppose them to
befragmentsofaplanet,
burst by some internal explosion.
.Jlstrmwmical Time.-Time reckoned from the 1100n of one day up to 24 ho~rs. to tllfl noon of
the next day. It cons~uently is made upof the last 12 hours of the saine cinlday,
an<l the first
12hoursofthonextciv1lday.
.fltmosphtr~.-The
air that surrounds the earth .
.Jll/rnclion.-The
power of one body to dra\v another towards it.
...2ustral.-SoutherIL
.!luro,·a.-Tho morning, or the morning- twilight .
.R1,rora Bortalis, or .Norlh~rn J.ightJ.-A luminous appearance in the heaveIU!, usually seen in
high latitudes, and so named from its freri_nent re~emblance to the morning dawn .
.A:ri, of Rotatinn.-The
line around wluch a revolving body tnrns .
.,1;i.,isof an Ellipre.-Tho
major axis is the greatest diameter. Th8 minor axis is the least
diameter .
.,1zimuth.-The distance or a heavenly body east or west of the meridian. which is indicated by
the angle between the meridian and the vertical cirdo passing through the body
.Jlzimuth, or Vertical Cird6-A
great cirele in the heavens, passing through the zenith and nailir,
an<l cuttiug the horizon at right angles.
Binary System of Stars.-Two
~tars revohfog: about each other.
RinllXtil~, or Uap Year.-~very fourth year, m which February ~as 29 days.
Body.-In astronomy this tennis applied to any one ofthe celestial orb,
Caleiidar.-A term appliecl to the Almanac, or the divisions of time of which it treats.
Calendar Months.-The month~ as laid down io tho almanac.
Oanc,r.-'l'ho fourth .,igu of the ecliptic.
Capricorn.-The
tenth sign of the ecliptic.
Cardinal Poil<ts.-The east, west, norU1 and south poinb ofthe horizon.
Cmtrifugal Force.-The
force which urges a re\•olving body forward in Its orbit, or tends to
carry it away from the centre of motion.
Centripetal forc~.-The force which rlraws a revoking body towards the centre of motion.
Chord.-A ~traight line from oue end of an arc to tlie vther
Circle.-A fi~nre bounded by a cnrve line. every part ?f which is eqnally distant from the centre. A great circle i~ one whose p)a~e divirle~ a glohP mto two equal parts called hemispheres;
a small eirclC is one whoso plane <l1v,desa globe i11touneriua! parts.
Circle ~J.Declinati?"·-The d_rcle where_ t\10
plane of t_he mOl'idian me,its the heav~n,.
0
1;~;h:~;~~~:;r~~
a tgi:~ft'!rhe 1~frc~~·~~~~~~d:r~;e;~ecf::1~
to be

g:~~::1i111~~

~Sc~~;~~~!~·

:~~~i:~ire
3i~~i~a~J~t,;a~!,l~~l1:~7e~S
0 ;n~:.ch degree into 60 equal parts, called llllllUfes; and
Circumpolar Stars.-Those
stars which revolve around the pole without passing below the
hoi~i!:ir.-Vapor,

in the atmosphere,

vii~~!~,s.-Those

two meridio.n.qwhich p11ss through

condensed into small drops of water, and tkns rendered
tho equinoctial an<l solstitial points of the

,~•~1~:i~~~:~!~j~i~~

ec~~~~l.~et!~;
~~ft~~ving around the sun in il very elongated orbit.
Co-mplemenl of an .Rrc or .Ani;le.- \Vhnt it wants of 90 degree..
g:::~riei~-:~d::'.~~_!g~c~i:1~:;t~gnt~~nsC:~e
centre.
Con~.--A solid with a circular base, an\! tapering eqnallr upwnrds to a point.
Conji,nction-Two
herwenly bodies are in conjunction when they hin-e tl,e same longitude. A
planet is in inferior conjunction when it is betweenth.e eiu:U1and_sun i. insup,e-rior conjunctio;1 when
it is beyond the sun. The inferior tilanets only ha Ye mfenorcon;unetion,
but allhavo supenorcon•
jui~~~ilati,mA-Groldp5
of stars to wJ:iich the name1 of men and animal, were anciently given.
The whole starry firmament\~ divided rnto such groups.

TERMS

.

Conux.-Ro,mding
out in a circular manner.
Cowiical.-T~e
rising or setting of a star is sai<l to be cosmical, When it rises or sets at lne
momentofsunnse.
Oub~.-A square solid of six equal sides
g~~:~::~~~-;:_°1!{;:s;,!~:i:;go~::
r:~n!~;i~:;n~i~~~i~~°,;fi~~~~~~
!~t}~~<l:eridian .
OJ1c~e.-A period oftlme ln which the sam<!phenomena or circumstances cf a body begin to occur ·
agammthesameorder
Cyck ,,f lht Moon, •r J1fetonic Cycle.-A p,:,riod of 19 years ; after which tho changes of the moon
retnrn to the same days of the month (when five leap yeani are included,) as on the same year of
thll preceding cycle, or 19 years before .
Cycle of the Sun.-Aperiodof'.!Syeara;
afterwltich the same days of the month return to the
same <laya of the week ; and the sun's place, to the same degrees and minutes of the e"cliptic, as on
tho same year of the preceding cycle.
Cycle of aPland.-A
1ieriod during which a planet passes through its nrious positions with
r,;ii;~~~~:.~-!~~i~l
;;~ 1:; or solid of equal size from end to end.
Cylindn'cal.-Having
the form of a cylinder.
Declinalion.-'l"he angular distance ofa heavenly body, north or south, from the equinoctial.
Degre~.-Ono 360th part of the circumference of a circle.
-0agonal.--;-A line drawn fr?m corn~r to corner of a four sided figure.
D1al.-A11 mstrument show mg the hour of the <lay, by the shadow of the iuJL
. 0amettr.-A
straight line passing through th: centre of a figure, and terminated both way$ by
its sides or surface. The longest ,-n<l shortest diameters of an ellipse are called the transverse anJ
conjugate diameters .
Dicholomizcd.-Divided into equal an<l similar parts, as the disc of the moon at quadrature.
Digit.-One-twelfth
pnrt of the apparent diameter of the sun or moon
Direct motion of a Planet.-Apparent
motion from west to east, according to tho order oftlie g1gn~.
Disc.-The apparent s111;faeeofa heavenly body .
Diurnal ~'1rc._-The are <leset·ibed by a hP.avcnly body from it, rising to ih setting .
Diurnal Revol«tion of !ht Earlh.-lts daily rotation on its axis, from w...,stto cast .
Dominical Utt~·.-Th11 letter in the calendar against Sunday; the first 7 letters of the alphabet
beinga1,pliedtothefirst
7claysofthoycar
.
.Dim1ysian Period.-A period oft.32 years; found by mliltiplying the cydes of the sun and moon .
Eart/a..-The globe on which we live .
Easi.-The
direction in which the sun rises at the equinoxes •
.F:ccentric.-De,·iating from the centre; irregular .
Ecccentric Cirder.-Those
that are wholly or partially included in each other, but have <liJlerent
centres.

f~fz;:~~~~•~•~?~i1,;,st;~:~f~1~ ~!f~~~s.

;f:n:~~t:;:e 0 !::fu,~t:~i~~~~~=~i!
E;reu.-The
act of going out
E/ement.-Fnndamental
principle ; quantity by which something else is found.
Elet·a!ion.-Hcight
or altitude .

~~t;:tii:.~~~~

;;g~~~;e<l:1:ta~~c~~:~e ;l~~:~f1,.!~t~f1~ ~~:,e~;~he difference of their celestial
long1tuda .
Emersion.-The
act of rising out of something, or re-1tppearh1g.
Epact.-The
age of the moon at the commencement of the yesr.
Epfrycle.-The
curve <le~cribed by a point of one circle, rc\•olving upon another circle
E11och or Era.-A particular time, from which e,·enh are reckoned
Equation.-A
riuantity to peapplied to mean time._p!ace, or motion, in order to find the trn~ .
Rgualor.-A great circle, whose 11lane is perpernhcular to the euth'a axis. •
Equirioclial or Cele#ial Equator.-'l'he circle, where the plane of the equator meets the hea,·ens.
anfti;:'~~tial Points.--The points whero the equinoctial cuts the ecliptic, or the first points of Aries
E,11linor.-The time wlien the sun enters either of the equinoctial points.
occurs hi .i\larch, the autumnal in September .
Ev,ctio,i.-A
1,er!odic inequality in the motion of the moon .
Finnament.-The
heavens, or orb of fixed atars.

The vernal equinox

~t..:_~~=·0Jr~'tirr~~!s~·~~eo\~i~ii;~st~:,~r:.,~l~~a!~~1li~:~
:s,r;,.~.!~ each otller.
Fog1 or Mist.-Vapor, condensed into mmute drops of water, as in clouds
Fnutum.-"\Vhntremains
ofa regular figun., aft.Jr a piece is cut offhy a plane parallel to ib bHse.
Galaxy or JICilky JYay.-A luminous ione in the heavens, composed of an immense number of
ftxedstars
Geoce1rtric.-As seen from the earlh, or the earth being the centre .
Gihb,ms.-'1.'he shape of the illumiuated parl of the moon, when more than half and not the who lo
ofitsdiscis,·isible.
to~;;~-~~
t~~ee1:rtt~ll~ 0 t~ui:i!~tt
1f::~fir~~~Jl~ 0e~~fv:~~ kinds are made; the terrestial,
Golden Number.-1'he number of ~•ear~ iu the cycle of the moon since the epact was nothing.
Gravitation or Gravity.-The
attraction or power which draws all bodies towards each other,
Also. its etl'ecl, as weight, caused by the earth's attraction.

°J

J:::;;ln;J~:f*t~

f~t~no~:h~:a~!!~~{~ autumnal equinox.
•
HeliMal.-The
heliacal rising or setting of a dar take~ place, when it rl!es a little before or sets
alittleafterthesun.
Ht/iocmtric.-As
seen from the sun, or the sun being the centre.
Hemispher~.-Half a sphere or globe.
in
lhe\~esf.~~~~~a;:sa~r o1::i~o!~~~
Jf:6ti:t~oz:'ti°oes~ i! 0t~~eu;~uat\~~~nth oso

{{:!";;~s~~~-;;;\i\~~)\~~~;

Jforizo11-'l'he visible or sensible h.:iri:zon is the circle where the !;ky and earth ap;,ear to meet.
The rational hori:zoni! parallel to the vi~ihte, amlits plaue divides the earth into upper and lower

?t~~(~~~\~e~~b

~ii:

~=~~~~tit:~:iJe~I'fh!r~:: 1~i:tli~l~~~i~ln~he wooden horizon, The circle where
Horfronlal.-Level
or parallel to the horizon
Hour Circle.-,A. small circle, on the globe, near the north pole. having on it the hours of the day.
bmnersion.-'l'he act ofplun~ing into ~omething. or <lisappeal'ing.

tt!~r~e

t:~~::.~An~·;:b1~eiia!~~s~~niJ~~;,'~~
;ii~~~~~
on tlrn hour circle.
Ingrcss.-An entrance.
Intercalation.-Thc
insertion ofnn extra day in the calendar, as the Bissextile.
Julian Period.-.A period of7,980 years, found by multiplyiug toi;ether the cyclu elf fhP-511n1rnd
moon, and the Roman Indiction,
Ji,lian Year.-A period ofexactly 365} days.
Latituck on the Earth.-The
distance of a place north or south of the equator.
J.atit11dtin tM Heai,ens.-'l'he angular distance of a heavenly borly from the ecliptic.
Leap Year.-Every
fourth year, in which an extra day is a<lded to the caleudar.
I..eo.-Tho fifth sign of the ecliptic.
Libra.-The7th
signoftheecliptic.
Libra/ion of the JUoon.-A periodical oscillation of her disc.
I,imb.-The curved edge of the sun or moon's dise.
Line.-That which has length but no breadth.
Longitwle on the Eartli.-Distancc
east or we$\ of the first meri,lian.
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ILLUSTRATED

ASTRONO~IY

GLOSSARY,
OREXPLANATION
OFASTRONOJ\IICAL
TERMS,
(CONTINUED.)
Sattllite-A

angular distance of a heavenly body, measured on the ecliptic

lht lltaven,.-The

tl~:;:::;:~~~~:~atr:~r~~i~~:t~j~hout
o'f
m~n~ar .Did1mce.-The angular di,tance

Ii ht from another body.
the cenlre of a celestial object from the centre of the

Lunar Month,-The lime from one new moon to the ntxt.
Lunation.-The
average time of the lunar month.
Ma,i"tr'' c~mpsu.-An
illllrument with a magnetic needle, to point out the horizontal
direction.
11 0Si~~a~~:,dr~ngitude,
place,
M~idian of a Plaee.-A great circle passing through tho place and the poles of the earth. The
first meridian is the on~ from which longitude is reckoned.
The brazen meridian is that in which
the-artificial globe turns,
Mdeor.-A transitory object in the air. Falling stones are often called meteorite..
./ltimi.te.-One60lhpartofarleiree;
alsoone60thpartofanhour.

%:~='i1!.~~~en~iZ;1~:
l!
motion,time,
&c.

::di~_·!:iu1;i~11·di~~11;ir;;;p:~~;
t~1~h:~~~i~:t~: i~;~~l::::-!d~::t~~ ~r!~:e~arth.
NeapTide.--;-Theleastfloodanrlebhtide.
.Nahula.-Chu-•'rs of Stars, or other causes of tho luminous oppearnnces in the heal'en1.
Nocturnal .fire. The arc described by ll- heavenly bo~y from its setting to its rising.
Nonogesimal .De&,·u.-The highest point of the ecliptic above the horizon.

i

~t!~

:Z::1i;,,-;;)1:\,:,~:;.~,1~t:

~!~~~;;;..;~;.~
fi~!'t~;~~:i::r:tn::
fi::~~~J~\~~ie~\u~~~;!i~~

~:rn:~~k.~i;faft:

ci~fe~ •~~~tr~~~hae c~~:;}!~~il.
~rc:~d~rc of !SO degrees.
Si_d~Y.,,l Da11--T~1;1ti~e. incl~ded between two consecutive t_ransits of the s'.'-~e dar at the nme
mer,dian. This penod ,a invariably of exactly the same contmuance; and ,t 1s the only one in
nature, with which we are acquainted, that is so. Hence it forms a perfo·ct ~tand:ird measure, by
refcren_ce to w?,ich all portions ~f lime may be ascertained.
Astronomical clocks are ma1le to
1how si_dereal time. It muy hkew1&e be ob~ervcd that our. ~to.i:dard me~sures of length. capacity,
and weight, depend upon t~ie equable rotation of the earth on its axis, as they are referred to tho
length of a pendulum beating seconds of mean time.
Sien.-Thirty
degrees. or the l"lth part of a circle. The ascending signs of the ecliptic are tho,e
in which the sun's meridian altitude is llaily increasing.
Snow.-Wo.terfrozen
while in the form of clouds, mill, or fine rain, which then falls gently to
the earth .
Snlar Day.-The time from one noon to the next, is the apparent, and the average time of that
period, the mean, solar day.
~
Solar System.-The sun, with its planets and comets arrn11ged regularly, i11their several poiition!.
Snldiees.-The times at which the urn ie in the solstitial points. ,vhen the sun_ is at the summer
1olstice all plnces in the northern hemispher<: ha_ve their l~ngest d~y_. Tliese days vary in length
from 1'2hours at the equator to 24 at the arcllc c,rcle, and m the fr,g1d zone they increase from '2<l
bours at the arctic circle to 6 months at the pole, wl,ere there 1$ lmt ono day and night during the
year. At the same time all places in the southern hemisph_ere have their iho,·/ed day, These vary
from 12 hours at the equator to notlilng at the antarctic circle, where the sun does not rise abo\'e
the hori7,on. The le11gth of the days in 11outh latitude corresponds to the length of the ni,;1,t, in

JlOle.
attraction of the moon
a bo.iy in an oblique

a bo<ly in an oblique

~~!~e':J. plane of the ecliptic.

0

0

~!l~1!e

nadir.
S1,he.·ical.-Ilaving
Sph~·oid:--:A solid
1phero,d; ,f,t be the
Sp,in,; Tide.-The

Sy:-ygiu.-Tl,e

media of diflflrent
to the order of the

it~!nLiI:~:l~.~'.~:e~~~i~d
;of l~j;?:~~~urse.
Rotalion.-The
m11tio-nofa body round its u:l.11

1

~!~~!;;:'f~~:ti~n;r::~~·mh~~.~°n~~c~:e:~·10

ri~,\;tt~j°ci~c~;~.i.a:~1=
10

auother;

it being~II da7r, l'l

~~u~;~~:;~;..

1~

~~:-~'Jf;;1!~i?~~~~iJ,
a;/t\,'~a;;,,:£i1;\~~t~!~;lt~/!t/~

fil;~~::~o°/

~:f.:~Th~-;tri~1a~~~~t~

f~:
2

c~~!~~::~i,?J ~~~1:r;~ai7rti:~fi~rt~

acute anglu
1

~~!0 si!~e tropic or

Tmt Diff1mct.-The actual cJ6r;tnnceof a body from t!,e sun, or of a satellite from its planet.
1',·,u Plau of a Plantt.-The
place where it would appear to be, if seen from the centre of the
i!arth,orcentreofmotion.
1'wilight.-Thcfaintlii;;litofthe,unbefore1unriseand.i.fterrnn-,et.
Umhra.-A dark or total shndow.
ch~~~~~f·;~'.e
whole matt:rial creation.
It bas be,m improjlerly apJllied sometimu to Jarga

Vapor.-\Vater
in an mriform state-steam.
V,.r/ex.-The l1ead, top, or summit.
V•rlical.-The
direction of the plumb-line.
V~tical Plaiu.-A
planll pauing through the plumb-line, consequently perpendicular to the
hori-7.on
t1i!"hi~r:!n~~e::-ht~n~i;;!e
in a ,·ertical plane, passing through the :i:enith and naWr, and cutting
Vfr~Q.-The 6fi! sign of the ecliptic.
JVaning.-Decl,ning
in power, or decreasing in light.
JJ"ert.-That·direction
in which the sun sets when in the equinoxes.
JVi11d.-Air in motion. The trnde wiuds Mow steadily _to the weshnrd,
in tho Atlantic and
Pacific oceans, between the tropics. The monsoons, or shifting trade winds, in the Indian ocf'a-i,,
blow part of the year one way, 3nd !_he other part in !111
opposite direction. Tlie winds \Jcyond
the 40th degree oflatiturle nre all ,·ar,able.
In the torrid 1.one, near the sea, breezes blow from the
landinthcmorninganJfromthescainthe_evc,ning.
Year.-A solar or tropic~] yeRr is the r.er,od from the departure of the gun from the summer so].
slice, to its return to itagam.
Its length ,s 3M days, t, hours, and nearly 49 minutes.
The sillercal
year, which is the period belw_ee~, the depa~ture and return of the sun to a fixed stnr, is ahont Ii
minutes louge1·. The anomal,stical year is the time from tha sun's leaving bi& apogee till 1,11

~h~::~~1~
h:1~df

i;ig1H.

Ri,,olution.-Motion
from a point round to the same again.
Ritht .ifscrnrion -~'he didance '"a.ston the equinoctial from the first point of Aries.

1!r~~i!~:

points in the moon's orbit where ahe i&new or full.

~~dt~~!:~fs~::~~~

~}i:~-;;:~:.~P.,}h!
;;:~f i~}{.

f~~!Ye~~~ ;~~~t~ho~irary

On tho artificial globe a right sphe':~

1;:~h~
~~:~(J~:1:
~[~~s!~~ f1~:
[S1

V~n.,'.~~~;~a!:_~cfi;~r~lb~ua.iJeaJ~i~~ /~~:~~~e;~t~is:iJ~!. sun's disc.
. T1-ia1,gle:-A figui-c hounded by three lii:es, or sides. An cq11ilate~l triangle has three equal
side,; an ,so~celes, only two; a scalene tr1anglo has three _unequal sides. A trfangle is called a

~~

or bending of a ray of light in passing through

1~]~~in~

.
f~'f1~n~f
of the ocean. The rising of the water is called flood
bde; the lalhng,ebbtidQ.
Tranril.-The
passage of a body across the meridian of a place. The transit of Mercury and

caQ~a~~!"!~~~~'~t; oJet;:e~~.\~~
~;~,:f;~t1;i~~!r~~t!~~
~:a:~;~1!n~1~:.tor.
Quadralure.-The
pos1tton, a quarter of a circle from the sun,
Quadrilalual F"iem·t-Onathathasfoursi<le•
Q,im•lifo.-Ninety degrees distant from each other.
QW:,u...ni.-At rest; not in motion.
Radiatio1<.-An ernission of mys
Ra,liu.s.-A strnight line from the centre of a cirole or ~phere to it~ circumference.
R11di,u Vec/01·.-A straight line between a planet and the 11un,or centre of motion.
n~ 1
f~f~~!~e ociJi~~~-or sound from a surface.
brcakmg

1

tlie form of a sphere.
reseml)lin_g _nsphere. If the polar diameter be tho lea.st, it b called an oblate
greatest, 1t1s called a prolate or oblong spheroid.
greatest flood and ebb tide.

ho!ir:n;E;~,~;'.~

!~i

~:f,u;;::~~-;l'}'o~fo~1:'f:%~J,t~~~Jl!:;~sn:~~i~~

being ~arallel to.the hori1.on.

wif~«:~oa~a~fihc~!~~ ~~~;:~di!ot~l~~JI~r:i°:1i::!~~f.o~i~tpl~~f,~
~l~~:ni:_s real motion, combined
Suppltrneo,t of an a.-c or 11n1;.le.-,vhat the arc or ung e w11nb of 160 dcgre".

~rit~~t 1 ~~~~d ;','.1;;~iJ';_anets nearer to the sun than the earth i11,are
P!efod,s.-The1e\·enst:irsintheconstellationTauru,.
Poinl.-Tl,at
whi<'ii has position but no magnitu(hi.
Polur Circlu.-Small
circles drawn around the poles, 'l3j degreea from them.
Polar Di,lance.-Angu!ar
di~tance from the pole, measured on a circle ofdeclin:ition.
Pnles.-The terrestrial poles are the extt<:'mities of the earth's axis. The celestial poles are the
pqints where the earth's a,-i~, ,fi,roduced, would meet the heavens.
•
- Pole Star.-A star of the second magnitude. 1111-11.r
the north poJe of the liea\·cns.
PoinltrR,-Two 5tars in the great bear, that ser,·e to point 0111 the pole star
P,·ecu$ion of t~e Eyuino:i,es.-A retrograde motion, on the ecliptic, of the equinoctial points,

Rt/~·adion.-Tlie
dens,t,ell.

!~)~:
ofdaily_motion

5
~ nd~~;~::~e:g"(J1f~tt;ft:~ha~1l:i•:;ht!ir~:i~;.

~:i;;~~;~·;-;~~~;oi~~iti~~l~r:ni: i,°!J1;s!~~.~:"r~~:!i1h:io~ri:r~n opposite ddes of the earth.
Ori.m1.. t.-Toward1i the east, where the heavenly bo<lies rise.
Parn/1":".-The ?itt"erence of the place ofa body, as seen from <litferent points o! view. Diurnal
p11ral_!ax,sthe<l,tlere11ce between the apparent and true plac-eofabody.
lfori·wntal parallax is
the dmrflal parallax ofa body in the hornon.
Aunual parallax is the difference of the apparent
placeofahody,asseen
from ditforentparl8oftheearth'sorbit.
Para/lactic Molion.-A,iigular motion sufficiently great to ho perceived.
Paralld Linu.-Those
continued in the same tlircction, at the same distance from each other.
Paralleh of altitude~ declination, aud latitudti, are small circles parallel to thoi J1orizon, equinocti:J,
and equator.
Pcmouhra.-A pa:tial or imperfcri shadow.
Pll"igu -The 1•omt ne~re£t lhe c:H'th, in the orbit of tl1e moon or a planet.
1-'e-rioeci.-Those who ln'e in equal _latitude ou oppo11ite sides of the pole.
Ptri/i,1/on.-Thc
lol\·er apsis, or pomt nearest the 11un,in a planet's or!Jit.
Pe-iiodic lnr']Uality-An
irregularity in the motion ofa celestial body, requiring a comparatively
1horttimefor1tsaccomplishment.
Pe1-iodic Time.-The time in which a ~eavenly body revolve, around it9 centre of motion
l'triscii.-f
name given to the iflhab1tants of the frigid zone, becaui;e tlieir shadows turn all
ro11ndthem1uoneday
Papendicular.-Making
a right angle with some line or surfoce,
Pertu,·batfons.-Jrreg11laritie9
in the motions ofhodic:•, from some di$~Hrbing cause.
Phaur.-Di!forent
a1,peara11ccs of the moon and planets as they are.J1ftCrently illuminated.
PheM111ma.-,l.ppc_arances in t~e works of nature.
{!Singular l'henomenon.)
Phyrical.-llelongmg
to materrnl nature.
Piscu.-The
!'2th 1iign ofthE1.ecliptic.
Plan~.-Length
and br!lad\b without thickness.
':('he plane of a circle j~ the ,urface contained
wi~:~ 1:,;::~~dn cz~'!t~ 1~~(;~~eo\~oi1'.-~~/;1~~~j· t1i,~es~1~telfh~o -~~eo~~:~;%anets re,·olve aron ll(l•ttfe

q~~~:;•~1~

01~::~i:i!~~::~~s

I'i?~t!~~tl~~~:Jo~nct,_~he~~i!hs~~ t::eari1t~sj.7u:~;l~~1!:~~~dthi~ :~~\'1~~iso}
~)Zj
the south~rn hen1isphere presents the same phenomena, with respect to U,e snn, as does the 1i'ortll•
ern Wl.ien the sun is nt the summer solstice.
Solstitial Poi,11,.-The points of the ecliptic which are farthest from the equinoctial.
S011th.-That point of the horizon which i:i directly opposite to !be nortl1 pole
Sphere.-A globe or ball. A solid which has c,·ory f!Oint of its surface equally distant from its
cen_t~e. Al_so,the c_oncave expanse of the haa\'ens that surrounds Hie earth. T~e sphere has thrao

8;;:~!~~'i.:rt7.}:iee~~if:!e~fd~s~~;t~~~,:~~e~i:1;t:!1;a~o;t/:i~Je~nother
planet.
Old Sty/e.-'J hat reckoning of time which makes eve1syfourth year a leap year.
Opake.-Not luminous_ or tnmsparcnt

1~~~\\h~s;·~~:;
~;\;:;~7J,

~~f:~~.

t1!~i~:

1a~~t :ti~ej¾i 1~fn~
ar!"r!~~J~~:.p:~~toO:!~~hmsti;'~r°~h~
l'c~~~rt;so0[~~:~~
i:c:~n~~
ofthe 11odes. The place where the body panes to the nonh of the ecliptic is called the alcending
node; theotherthedescendingnode.
New Style.-The reckoning oftimo es_tablishe_dby Gregory XIII., and now generally adopted.

~~~zzr i::hh~~ldj:~:~c!l);!~;;tit!!1:e~~;~hern
Nutalfon-A
variation in the direction of the Cflrtfi's axi,, caused by the
ontheprotuherantmatterattheterrestrialequator
Obliqut.- •Forming an acute or obtuse angle ; not pllrpendicular.
Oblique .ilrcmrio11.-That
degree of the equinoctial which rise; with
,phere.
ObUqu, Dnun,ion.-That
degree of the equinoctial ,rhich aetl with
1phere.
_
Ohliquity.-Deviati~n
from parallelism and from perpen~icularity.

moon, or secondary planet.

~~::t:;1~~c~!~-~~i~t\~f:;ee
that are perpendicular to tho,e circles of which tl1cy
arethesecondaric,.
Sector of a Circle.-Space
enclosed hy two radii and en arc, less thaua aemitircle.
Secular Intqualilie,.-Variat.ions
in the mot.ions or the heavenly bodie.11,requiring many age, for
their accomplishment.

I

6?ndt~veH 0e1~~~8 ~~~~-0~1~~~ 1:~~te..
rc~i::i~h 1
7.t.,ilh .Distance.-The angular di&tance ofa heavenly bod_ from the zenith, meamred on a verti.
calci,cle.
•
zgdiac.-A .!!pa.Ceor belt in the hen\'en~, HI degrees broad, , ·o on each side of the ecliptic) in
wl,ich are the orbits o{all the planets except a part oft!:e io.stero,,lS.
'
Zone.-A belt or ginlle on the f'arlh"s surface, !orm,,d by circles pnrallel to the equator
ThNe
ar~ five zoneli ; the torrid, two temper::.te, and two fr:giJ, formed by the tropics and polar eirc!ei

TOWER'S SERIES OF SCHOOL BOOKS,
PUBLISHED

DANIEL
Gradual Primer.

1/

First Book,

THE merits of this book consist,1. In coupling letters by their resemblances.
2. In giving only a few letters of the alphabet, before words are given composed solely of those few letters.
3. In giving only one vowel in a lesson, with words whieh contain the nam.esottntl of that vowel. Thls is a new an<l peculiar method of teaching the alphabet.
4. In considering the several powers of each vowel in a .w:paralf' lesson, with
easy words, and short, plain sentences, to illustrate each individual power or
sound; thus teaching only one thing at a time.
5. The diphthong,; or combined vowels are taught in the same manner.
6. Each consonant element is then considered by itself, in a separate lesson, with easy words and sentences, for exercise on its particular sound.
7. Particular and specific direction£ are, for the first time, given to teachers, for uttering each elementary sound in the language.
8. More general directions or suggestipns are also given for teachers.
Tables, peculiar to this Series alone, :u.•einserted for daily practice of classes
si'lnultaneously in all the simple elementary sounds.
These are the prominent features of this Primer, and are peculiar to it alone.
The teacher, as well as the pupil, will, from its use, lay the foundation of a
distinct articulation, and be saved from much expense of time and labor in
unlearning.
This is ' 1 the right step taken in the right place."
Introduction
to the Gradual Reader, . Second Book.
The peculiarities of this book comiist,1. In taking the pupil gradually through :'lll the easier consonant
binations, by a regular progressive exercise on each combination.
2. Through all the points, or marks used by writers-, illustrating each in a
separate lesson.
3. Through all the simple slides of the voice, in the same manner.
4. Progressive reading lessohs, adapted to the progresa: of the pupil-The
reading lessons arc kept entirely distinct from the lessons in articulation, points,
&c., that only one thing may be taught at a time, as in the Primer, \Vhich it
is designed to follow.
5. Tables for daily simultaneous practice of the elementary sounds, and simple combinations.
T.his book is the second progressive step in attaining a distinct utterance, and correct pronunciation.
6. Suggestions to teachers for avoiding errors in reading.
Gradual Reader.
Third Book.
This book contains,1. Such a selection of reading matter as will interest, as well as instruct, the
learner, progressively suited to his capacity.
2.\ A complete and original system of artfrulatbtm, consisting of exercises
upon every vowel and consonant clement, and upon every vowel and consonant
combination, in the language, even the most difficult. This was the first ever
published, and is the only complete system.
3. Tables for simultaneous practice, by a whole school, on all the elementary sounds and their combinations.
Since the publication of these Exercises,
in 1811, the subject of articulation has received much attention, and they are
said to have done more. for both teacher arnl pupil, in making good readers,
than anv other book.
4. The Gradual Reader was prepa.l'edas staled in the preface, on the r.lan of teaching only one thing at a time, a plan peculiar to this book, unless copied by others.
5. The exercise,s are kept separate from the reading lessons, that the whole
school at once, may be kept daily drilled in some portio~flhem
previous to reading; then t~e pupil's attention will no! be conti;1uaVy called fr~m th_esent_iment
andexpres,uon of a piece, by constant mterrnptwn, to correct lus articulation.
6. The exercises in this book are full, to supply any deficiency in the elementary instruction of advanced pupils. (See printed notices of the book and system.)
These three books furnish complete and thorough instruction in articulation,
the groundwork of all good readmg.
N. A. Second Class Reader. Fourth Book.
1. This Reader contains an elaborate but comprehensive treatise on Elocution, in which the leading princiJ?les of good raading are simplified: and rules
deduced and illustrated by practical examples.
These are so plam that the
child can easily comprehend them.
.
. .
2. n,,f,,rences are made in each readmg lesson to some of the pnnc1ples alre~r1:, uevcloped, that the pupil may exercise his mind by the practical applic.,.uon of the same.
3. Each lesson has its partial vocabulary, to exercise the pupil's judgment in
discriminating and selecting the definition appropriate to explain the author's
meaning.
•
4. Above a thousand of the roost difficult words are th1111practically learned; and the pupil's knowledge of la~guage is ~nder_standingl_y~nlarged: .
5. Each lesson is preceded by practical exercises m enunciation, exh1b1ting the correct pronunciation of words, and the distinct utterance of simple
elements and difficult combir. ,tions.
6, These exercises may· .e practised 11imultaneously previous to taking up
the reading lesson.
.
.
.
7. The selections have been carefully made rn reference to their practical
utility and interest, and their adaptation to the ca.pacity of the pupils for whom
they were designed.
N. A. First Class Reader.
Fifth Book.
This Reader contains a philosopftical treatise on the higher departments
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of Elocution.
In this treatise the vocal elements are treated as the constituents of speech, Each. one is considered in an insulated light, and illustrated
by appropriate exercises. It is next shown how these constituents are applied
in combination, in every instanc.e of chaste and impassioned eloquence or carcorrect and impressive reading. When this treatise is examined, it will be found
that the whole subject is clearly illustrated, and the essential points are arranged in such a manner as to be easily comprehended.
"It is my firm conviction,"
says one of the most accomplished scholars of the present day, "the treatise
on elocution and principles of reading as illustrated and explained in the North
American First and Second Class Readers, will do more to excite the attenticin on the subject of language and reading, than any thing else which has yet
madp it.s appearance; and were I again to teach, I should by all means exercise
my classes on the illustrations as they are arranged under each principle.
The
selections are excellent, and, if merit be recommendation or any criterion
of success, these books are destined to be more extensively used than any other
series of reading books which has yet been published." These books are now
presented to the public without agents to push them into notice, it being presumed that when examined they will meet with general farnr.
Gradual Speller,
1. This book is the first attempt to arrange words, in separate classes, by the
consonant combinations-thus
aiding the memory on the principle of association.
2. It is free from the unmeaninK cuts which disfigure most books of the kind,

fu~t!~~J
~fth

1~e~fdfu1;):~~~~!,t~s~i:~q~cte~a°u:!t~:t~~- place.
an~. f~~1i~s~o~
4. It contains an exercise on each consonant element as well as each vowel
element.
5. It gives also <l:nexercise on each consonant combination separately. No
other spelling-hook doi:s.
,,.
6. It gives the sound of each vowel in every word; without which, any Spelling-book would be worse than useless in a ~chool.
7, The sounds of the vowels are indicated by a new method; so simple, that
any child can readily master and use it.
8. The same notation answers for the diphthongs, which is an advantage
over any other plan.
9. As each element and each combination is considered in a separate exercise, the book is a great collateral aid to articulation, while it gives the correct
pronunciation in connection with teilching the orthography of the language.

Intellectual

Algebra.

Thie is on a new and original plan, and is the first attempt to simplify and
illustrate this science, that it may be taught orally. As a discipline of the mind
iP. teaching the pupil to think and reason, algebra is pre-eminent; and th.is
work places it in the power of younger classes to be benefited by such mental
exercise. Where it has been used, it has more than answered the high expectations of teacher.s.
1. The processes are so divided and subdivided as to present but one thing
at a time to the learner, and that in its simplest form.
2. The operations are limited to small numbers, so as not to embarrass the
reasoning powers.
3. The pupil is led gradually from the simplest to more complicated reasoning.
4. Though not designed for that purpose, it has been used successfully as a
text-book for written algebra,

A Complete

Irey to the Algebra.

This book contains explanations and solutions to all the questions in the
Algebra, for the convenience of teachers, and for their us~ only.

Gradual Lessons in Grammar.
1. It is based entirely on the analysis and composition of sentences; and
it!" exercises are, consequently, from the very beginning, entirely of a practical character.
li~it~!t:/~io/~~~e~n\~:;;s
of each proposition are foci modified or_

{~~::f:re

3. The pupil must not only know the meaning of each word, but how it
affects the meaning of the general proposition.
4. Besides the abstract power of words, the local Yalue will also be gradually
acquired from observing: their modified influences as they are variously usPd,
5. Language is, in this way, both regarded and studied as the medium of
thought.
6. The two principal parts of a proposition must first be fom1d; theQ how
each is modified bv the several \'lords that cluster around it; and thus how the
meaning of the pl\rt or the whole is affected thereby.
This is an invaluable
exercise of the understanding,
7. Then the pupil is required to analyze compound sentences, till the connection or dependence of clauses is rightly understood, with their limiting
or modifving power.
8. Seritences are thus analyzed and constructed, and the relations of words
and clauses comprehended, with the limiting force of each, before the minor
distinctions and tha technicalities are introduced.
9. The plan is new, and pleases every enlightened teacher who examines
it. The pupil is taught to .:ompose as well as analyze.
Teachers say that this Grammar opens a nf'W path for the pup it, enabling him,
to pursue this sometimes dry study not only undetstandingly, but with interest
and pleasure. It is predicted of the" Lessons," that they will produce as great a
chans-e in the method of teaching grammar, as Colburn's "First Lessons" did
in arithmetic.
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