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PREFACE.

AsTrRoNOMY is not studied in the lower and inter-

mediate schools of the United States as much as 1its
importance and interest demand. Its phenomena are

go striking, so well calculated to awaken thought, and
80 much objects of common notice, that an intelligent
appreciation of their causes and relations 1s greatly to
be desired.

This book 1s believed to be written so that any
person of ordinary education and intelligence can un-
derstand 1it.

arithmetic 18 necessary, except that in a few cases trig-

No knowledge of mathematics beyond

onometrical solutions of important problems have been
given in foot-notes for the benefit of those who un-
derstand such methods.

to render clear the abstruse points in the science,—

Special effort has been made

with what success can be judged from the explanations
of the Transit of Venus, the Precession of the Equi-
noxes, the Tides, etc. Particular care has been taken
to distinguish between theories and established facts,
even when the former seem to be highly probable;
while mere speculations are altogether excluded. The
llustrations have been carefully chosen. They are
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believed to be better and more numerous than are usu-
ally found 1n books of this character, and it 18 hoped

that they will render considerable help in making the .
subject clear and interesting.

The most original feature of the work is the direc-
tion everywhere given for observations with the naked
As 1llustrations of this

may be mentioned the methods of observing meteors,

eye and with small telescopes.

variable stars, and the phenomena of Jupiter’s satellites.
This plan of setting students at practical work has been
8o successful in chemistry, botany, and other sciences,
that it seems to be quite time to use it in astronomy.
It may be that many of the readers of this little book
will be surprised at the large amount of interesting and
valuable observation that can be made with the aid of

a very small glass, and even with the unassisted eye.

PREFACE TO THE FOURTH EDITION.

THE present edition has been carefully revised. The
recent discoveries of importance have been included, as
The authors thank-

fully acknowledge the receipt of valuable suggestions

well as the best of new theories.

from teachers as to better methods of presenting certain
portions of the subject, which they have freely used.
The book 1s believed to be not only adapted to class
use, but reliable and thoroughly modern.
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SUGGESTIONS TO TEAOHERS.

Aids.— A celestial globe, twelve inches, or there-
abouts, in diameter, 18 most useful in illustrating
and explaining many astronomical phenomena, and in
finding the constellations and principal stars. Be
sure that the globe has a horizontal ring about the
middle. A Planisphere 18 a tolerable substitute for a
globe, and much cheaper.

A Star Lantern 1s also very
convenient. A good star-map i1s important. A tele
scope of any size, or even a good spy-glass or pair of
opera-glasses, will add much interest to the study.
Methods of Instruction.—Each teacher has his own
method of conducting recitations, but the authors’ ex-
perience leads them to prefer the fopical method, and
whenever possible they would have the student learn
the topics in their order, so as to get a complete and
connected knowledge of the subject. The headings of
the paragraphs and the arrangement of the topics will
facilitate this. Reviews here, as elsewhere, will be
found to be very valuable. Distances, dimensions, ete.,
as given in round numbers, should be learned and

made perfectly familiar by frequent repetition. Par-

ticular attention ought to be paid to the questions and
{
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suggested problems in the foot-notes. This will test
the pupil’s knowledge and make it more thorough.
A teacher should never be content until his class un-
derstands each point thoroughly; and it must not be
forgotten that no one can explain clearly to a class
what he does not clearly understand himself. It is
hoped that every teacher who essays to teach this
subject will acquaint himself thoroughly with it by
making use of standard works upon astronomy; and
he may rest assured that no knowledge that he can
acquire will be more interesting, or more valuable
everywhere and anywhere, than this.

Practical Work.— Above all things, the teacher
must not neglect the practical work. Let him take
his class out under the clear sky and point out the
constellations, principal stars, and planets. Let him
make himself, and lead his students to make, the ob-
gervations described in the following pages. He will
be surprised at the interest awakened, and at the valu-
able results, A common household almanac will be

of great aid here. There is much more in an almanac
. than most people see




INTRODUCTION.

History of Astronomy.

1. Early History. —Astronomy, the science of the
heavenly bodies, is probably the oldest of all the sci-
ences. S0 old is it that there is no trustworthy account
of 1t8s origin; indeed, almost every famous nation of
antiquity claimed the honor of originating it. Nor is
1t hard to see why this science should have been culti-
vated so early. The first men had no books to occupy
their time, hence they observed nature. The most
str_¥ing occurrence was the succession of day and
night, the one lighted up by the brilliant sun, the other
dark, or feebly illuminated by the wonderful stars and
the curiously changing moon. These changes were a
very natural division of time, the only ones they had.
As men knew not the true God, they naturally turned
to the heavens for objects of worship, and this led to
careful study and observation of the heavenly bodies
by priests and other ministers of religion. Besides,
the occupations and modes of living of our earliest an-
cestors were most favorable to the study of astronomy.
As hunters, shepherds, and farmers, their lives were
snent in the open air, by night as well as by day. In

travelling over the thinly-peopled earth, and the sea as
9
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well, the stars were their guides. It is not surprising,
then, that these men, with no instruments, no books,
no schools, knew much about astronomy. They seem,
1n fact, to have known more about the appearance and
phenomena of the heavens than we generally do.

2. Astronomy of the Chaldeans.—According to the
(Aréek historians, the Chaldeans were the first astrono-
mers. These people lived along the Euphrates River
in Asia, in and about the city of Babylon. They kept
careful records of the movements and phenomena of
the heavenly bodies. By these records they discovered
that the eclipses of the sun and moon are almost ex-
actly repeated every eighteen years, and thus success-
fully predicted eclipses. But of the real causes of
eclipses, or of the nature, distance, or real motions of
the heavenly bodies, these ancient astronomers knew
nothing. |

3. Astronomy among other Ancient Nations.—The Egyp-
tians, like the Chaldeans, studied astronomy in very
ancient times. Some writers contend that their famous
pyramids are so built as to show great astronomical
knowledge, but very little 18 certainly known about
this matter, or about their advancement in astronomy.
It seems to be proved that the Chinese had a knowl-
edge of astronomy very early,—more than four thou-
sand years ago, according to their own claim; but the
evidence of this extreme age of the science among them
is doubtful. Their records relate that about that date
Ho and Hi were the two royal astronomers, whose duty
1t was to predict all eclipses, but that, giving themselves
up to the pursuit of pleasure, they neglected their du-
ties, and an eclipse of the sun occurred without being
predicted. The whole nation was thus exposed to the
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anger of their gods, because of the omission of the
religious ceremonies always performed upon such oc-
casions. The unfortunate astronomers were 1mme-
diately put to death. It i1s certain, however, that the
Chinese made reliable astronomical observations, some

of which are of use to us, at least two thousand five
hundred years ago.

The Hindoos also claim to have been the first to
study astronomy. They have proved their claim to an
extensive knowledge of the subject, but whether they
borrowed this knowledge from the neighboring nations,
or gained it by observation, is uncertain.

4. Greek Astronomy.— Astronomy was a favorite sci-
ence with the ancient Greeks. But, as was the case
with a great part of their science, their astronomy was
imagined rather than observed. Some of their astron-
omers advanced surprisingly correct theories of the
heavenly bodies, but seem to have made little effort
to prove them. Certain of their earliest philosophers
taught that the earth is a sphere, a belief not original
with Columbus, as some people think, but one taught
iIn (Greece two thousand years before Columbus was
born. Later some of the Greeks taught that the sun
18 the centre of the system of planets to which the earth
belongs, and that all revolve about the sun; others
taught that day and night are caused by the revolution
of the earth upon its axis. These great truths are the
foundation of modern astronomy, but the Greek phi-
losophers brought forth so little evidence in support of
these guesses, and mingled so many absurdities with
them, that they were not generally believed, and were
soon forgotten. Notwithstanding their general habit
of neglecting experiments for theories, the Greeks
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achieved some substantial results. They made obser-
vations which were of use to succeeding astronomers,
they greatly improved the reckoning of time, and de-
termined the length of the year to be three hundred
and sixty-five and one-fourth days, which 1is wonder-
fully near its exact length."

5. The Alexandrians.—For a few hundred years be-
fore and after the Christian era,? the city of Alexandria
in Heypt was famous for its learning. Its astronomers
were the most skilful that had yet lived. They at-
tempted to find the relative distances of the sun and
moon from the earth. The method employed was a
correct and very ingenious one, but from the imperfec-
tions of their observations their results were far from
the truth. They determined the width of the torrid
zone with great exactness, and found the circumference

of the earth with surprising accuracy, using the method

1 The ancients found the length of the year by means of a gnomon
(nd’mon). This was a pillar set up to cast a shadow, which was
measured at noon every day. When the noonday sun was lowest
down in the sky the shadow of the gnomon was longest, as a little re-
flection will show. This time of year is called the winter solstice,
and marks the time when the sun is farthest south of the equator and
is shining directly down upon the tropic of Capricorn; according to
our reckoning, this is about the 21st of December. After that date
the noonday shadow grows shorter, because the sun gets farther north
every day. Now, if the day upon which the gnomon’s shadow is
shortest is found, and the days are carefully counted until the short-
est shadow comes again, the length of the year is found. It is inter-
esting to know that the obelisks of Egypt, one of which has lately
been brought to New York and set up in the Park there, are thought
to have been used as gnomons.

If the gnomon were south of the equator, would it make any change
in this explanation? Could the time of noon be found by measuring
the length of the shadow ?

' What is meant by this ?
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the subject. The foundations of the Ptolemaic system
are that the earth is a sphere, that it is the centre of the
unwerse, and that « s stationary, while all the heavenly
bodies revolve about it every twenty-four hours. That the
earth is a sphere Ptolemy proved by the fact that at
places west of the observer the sun rose and set
later, and at places east, earlier ;' and also because as
one goes north the pole-star rises higher in the sky,
while 1t sinks lower as he goes south. That the earth
stands still while the sun and stars revolve about it,
- Ptolemy argued was simply common sense. And he
took some pains to show the absurdity of the belief
that these phenomena are caused by the turning of the
earth upon its axis. Ptolemy’s theory explains the
apparent motions of the sun, moon, and stars pretty
well, but the apparent motions of the planets? are so
peculiar, as will be explained when these are treated
of, that he was forced to conclude that these bodies do
not move in circles about the earth, but in very com-
plicated circular paths, composed of series of loops.
This 18 the theory of the universe which was accepted
everywhere without question until the sixteenth cen-
tury.’

1 A little thought, aided perhaps by a diagram, will make this rea-
gsoning clear. At St. Louis the sun rises and sets an hour later than
at Philadelphia ; hence St. Louis time is an hour behind Philadelphia
time. How would this affect travellers? How does it affect railroad-
trains ?

2 A few of what are commonly called stars are planets, and are
comparatively near to us. They resemble the earth in many respects.
The others are properly called stars, and are suns, situated at immense
distances from us. The word planet is derived from a Greek word,
meaning a wanderer, because these bodies wander among the stars.

8 The sixteenth century began at the beginning of the year 1501
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8. Copernicus' and his System.—It has already been
raentioned that some of the old (reek astronomers
held and taught the true theory of the heavenly bodies,
but, substantiated by no proofs and borne down by
the great authority of Ptolemy, their teachings had
long since been forgotten. And it was not until about
1500 A.p. that Copernicus, a Prussian mathematician
and astronomer, revived and firmly established the
essential truths of astronomy. He showed that the
earth and planets revolve about the sun as a centre,
and that the daily risings and settings of the heav-
enly bodies are caused by the turning of the earth
upon 1ts axis. Although his theories were not strictly
original with him, and although he left them very
incomplete, yet Copernicus has been honored greatly
and justly for bringing forward and clearly stating
the true principles of astronomy, at the same time
showing good reasons for his belief; as well as for
his courage in thus breaking away from the ignorance
and superstition of his age. His work upon the subject
was not published until just at the close of his life, and
the first printed copy of it was put into his hands only
a few hours before his death. In his honor our theory
of astronomy is still called the Copernican System.

9. Kepler.>— This great mathematical astronomer
followed Copernicus. His whole life was spent in
laborious calculations. His name is most frequently
mentioned in connection with three great laws, which
explain the paths, motions, and distances of the planets.

and ended at the close of the year 1600. What century is this?
When did it begin, and when will it close ?

1 Copernicus (ko-per/ni-kus), 1473-1643.

3 Kep’ler, a German, 15671-1630.
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These three laws (see page 86), which would scarcely
fill a half of one of these pages, cost him seventeen
years of hard work. When the third one was estab-
lished, he said of the book containing it, ¢ It may well
wait a century for a reader, as God has waited six
thousand years for an observer.”

10. Galileo.!—This famous Ttalian first used the tele-
scope 1n astronomy. The first telescope was made
in Holland in 1608; a vague report of the invention
reached (Falileo the next year, and from this hint, after
one night’s reflection, he was able to construct one
which magnified objects three times, and he finally
made one which magnified thirty-two times. He dis-
covered the moons of Jupiter, the spots upon the sun,
and many other wonderful things. His brilliant dis-
coveries convinced the world of the truth of the Co-
pernican theory, but brought on him the condemnation
of the Church for teaching heresies, and the closing
years of his life were saddened by its persecutions.
Natural philosophy 18 as greatly indebted to this re-
markable man as astronomy.

11. Newton. —Within a year of the day on which
(Galileo died, Sir Isaac Newton was born in England.

While Newton did not discover the law of gravitation, as
18 sometimes stated, yet he first proved that the force

which brings the apple to the earth binds the planets
and sun into one system.} This establishment of the

1 Galileo (Gal-i-lee’0), 1564-1642.
2 New’ton, 1642-1727.

3 The well-known story that while driven into the country by the
Plague in London, Newton noticed an apple falling from a tree, and
that this suggested the idea that the motions of the planets might be
controlled by the same force, is worth remembering. This discovery
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fact that gravity is the force which controls the motions
of the heavenly bodies was of the greatest importance :
a large part of the science of astronomy depends upon
it.! Newton, like Kepler, was a mathematical astron-
omer, not an observer. He discovered and proved
many other important facts in astronomy, besides
making many and valuable discoveries in natural phi-
losophy and other sciences. He also occupied impor-
tant positions under the English government. Sir
Isaac Newton was probably the greatest scientist that
the world has yet seen. His great work is called the
‘ Principia.”’ La Place,? the only man who could have
disputed Newton’s pre-eminence as a mathematical as-
tronomer, pronounced this work the greatest produc-
tion of the human intellect.

12. Modern Astronomy.—Since Newton a host of emi-
nent astronomers and mathematicians have given their
lives to the advancement of our science. Every gen-
eration and every civilized country has furnished its
share. As it was the earliest begun, so it is the far-
thest advanced of the sciences. Its strides seem to be
growing longer rather than shorter. Our own genera-
tion and our living astronomers are inferior to none of
their predecessors in ability or in the value of their dis-
coveries. And there is every reason to expect these
discoveries to go on with increased rapidity. In the

was made by Newton while he was absent from London on account
of the Plague, but the rest of the story is not supported by sufficient,
evidence; it is not at all improbable, however.

1 It may not be amiss to remark that, while the laws and effects of
gravity are well known, the cause of this force has never been dis-
covered.

2 La Place (Lé-plédss’), a great French mathematician and astrono-
mer, 1749-1827.

a&*
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astronomical work of the last generation our own
country has done 1ts full share. Our astronomers and
observatories have no superiors. Qur contributions to
the world’s store of knowledge have been greater in
this direction than in any other. The history of the
important discoveries in astronomy made since New-
ton’s day would fill a much larger book than this. We
can only give these discoveries in their proper places
1n a general account of the subject.

General View of the Heavens.

13. Introductory.—It a person will carefully watch the
heavens, he will see much that will tend to excite his
curiosity. What are all the glittering lights? How
far are they away? Why do they seem to move around
him in a circle every day? Why do some of them
change their position among the others? Many such
questions as these will come up, and the best method
of arriving at a correct answer 18 first to observe care-
fully all that can be seen. The ancients did this much
more falthfully than we do, and the various generations
of men have accumulated a great number of facts and
laws of which we can now have the benefit. It is the
object of a book on astronomy to explain these points
3o that an observer can better comprehend the causes
of what he sees. But careful watching must accom-
pany the study if the phenomena are to be fully under
stood.

14. The Heavens by Day.—But what can the unaided
eye see? In the daytime there is usually only the sun,
and this presents the same general appearance every
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day. We will find that continual changes are taking
place on his surface, but these changes are not visible
to the eye. His position in the heavens 1s, however,
perceptibly changing. Kvery one i1s familiar with the
motion which occurs each day,—his rising in the east,
reaching the highest point at noon, and setting in the
west. A careful observer will notice, besides this, a
change of place at different seasons of the year. He is
in the south every day at noon, but in the summer he
18 higher up in the sky than in the winter. It will be
noticed, too, that he does not rise and set in the same
place through the year. If the point of setting be
noted every evening, beginning with the first of the
year, it will be found to be moving towards the north
as the winter progresses. This will go on till the mid-
dle of summer, when the place of setting will be far to
the north of the west. Then it will slowly change back
again towards the south through the fall and early
winter. So with the &ime of rising and setting: it will
be noticed that the farther to the north the sun rises,
the earlier in the day it will rise and the later it wilk

get.!

15. Horizon and Zenith.—The circle where the earth
and sky appear to meet is called the horizon. On the
ocean it 18 a perfect circle, but on land 1t 18 broken up
with the irregularities of the surface. When the sun
rises 1t passes above this circle, and when it sets it sinks

1 Let the student carefully note, by reference to a tree or some dis-
tant object, the point in the horizon where the sun rises or sets, at
intervals of a week or two, and this change of place will be readily
manifest. He must be careful to occupy the same point of observa-
¢ion at the different times. I.et him also with a watch observe the
exact time, and thus notice the gradual change.
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below it. The point in the sky directly over the head
of the observer 18 called the zenith.'

16. The Heavens by Night.—In the night there is
much more to attract attention in the sky. The
moon seems to follow nearly in the path of the sun.
It carefully observed, she will be seen to change her
place among the stars, being each night a little farther
to the east than the preceding. The changes 1n her
appearance from crescent-shaped to full, and trom full
to crescent-shaped, are also striking. There will be
certain nights each month when she cannot be seen;
after this a glimpse of her can be obtained in the west
just after sunset; she will then be crescent-shaped, and
her horns will point directly away from' the sun. She
will then grow in size for about two weeks, all the
time appearing farther and farther away from the sun
at sunset, till when quite full she will rise in the east
just as the sun is setting in the west. Then she will
go through the changes in a reverse order for two
weeks more.

It will also be noticed that certain of the brighter
stars appear, like the moon, to change their places
among the others. The ancients called these planets,
or ¢ wandering stars.”” Those that can readily be seen
by the naked eye are Venus, Mars, Jupiter, and Saturn.

But the great majority of the stars preserve exactly
their relative positions. They appear night after night
looking precisely the same. A given star will always

! Towards what point will a plumb-line, extended upwards, point ?
Does the zenith change with a change of position on the earth? 1Is
the sun ever seen in the zenith in the northern hemisphere? On
which side of the zenith is the sun at noon? In what time of year
does the sun pass nearest the zenith ?
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17. Diurnal Motion.—This general motion of the sun,
moon, planets, and stars, which carries them apparently
around the earth every twenty-four hours, 1s called the
diurnal motion. The heavens appear to us to be the con-
cave surface of a sphere, called the celestial sphere. The
celestial sphere and all the heavenly bodies revolve
about the earth every day, while the sun, moon, and
planets have a separate motion of their own, which
causes them to change their places among the stars.

18. Cause of Diurnal Motion.— A quiet motion often
gives the linpression of rest. A salling vessel will
glide along through still water so quietly that a person
on board can easily conceive that he 18 at rest and sur-
rounding objects are in motion in the opposite direc-

tion. Now the earth is turning on its axis from west
o east with a perfectly noiseless and smooth motion.
The effect produced on us is that all the heavenly
bodies are passing over from eas! to west. The appar-
ent diurnal motion of the heavens 18 therefore due to
a real motion of the earth. Instead of the sun, moon,
and stars rising above the horizon, the eastern horizon
18 really falling away from them. Instead of their set-
ting, the western horizon is rising to obscure them.
The reason that they appear to clin.b the sky is because
the portion of the earth on which we are 18 turning
more directly under them; and the reason that they
sink 18 because we are revolving away from them.
All the effects of diurnal motion above described are
readily explained by the rotation of the earth on 1its
axis, this axis pointing nearly towards the pole-star.

N Wl T e R R

the south pole will not pass above the horizon. There are some very
brilliant southern stars that we never see in this latitude.
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=~ some explanations it 18 easier to consider that the
sun moves about the earth, as it seems to do. When
we speak in this way, it must be remembered that we
refer to the apparent and not the real motion.!

19. Celestial Measures.—The heavenly bodies being
apparently on the inner surface of a sphere, the line
joining their positions on this sphere 18 an arc of a
circle. Hence we do not measure distances in the
heavens by imiles or other linear units, but by circular
measure. HKEvery circle 18 divided into three hundred
and sixty degrees (°), each degree 1nto sixty minutes ('),
and each minute into sixty seconds (/). The distance
trom the zenith to the horizon 1s a quarter of a circle,
or ninety degrees. It 18 well
for the student to have a correct
idea of the size of small meas-
ures 1n the heavens. The fol- ol
lowing will aid i1n obtaining it.

There are two stars which con-
tinually point to the pole-star.
They are two of the seven
which form what is often called the Dipper, revolving
continually about the pole-star and just touching the
northern horizon. These two ¢ pointers’” are just

Pointers
s 4—e---

F1a. 1.

1 In the summer of 1881 there was a bright comet, the tail of which
pointed nearly to Polaris. It partook of the diurnal motion of the
heavens, and being near the pole-star was seen all night. When
in the northwest in the evening, its tail pointed upwards and to the
right. When it got around to the northeast in the morning, the tail
vointed upwards and to the left. Many people who saw it in both
of these positions, not understanding about the diurnal motion,
thought there were two comets. Let the student think of this matter

till he sees how it was that the comet thuschanged the direction of
ite tail with reference to the horizon.
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about five degrees apart. The diameter of the sun
and that of the full moon are each about half a degree
or thirty minutes long. If two stars are nearer to-
gether than three or four minutes, they will appear as
one to the eye.!
20. The Heavens at the Equator and at the Poles.—As
the observer changes his position on the earth, the ap-
pearance of the heavens will also change. If he move
eastward or westward, his horizon will move the same
way, and the time of rising and setting of the stars
will vary. If the movement be eastward, the same
stars will pursue the same course through the sky, but
they will rise earlier and set earlier ; if westward, the
reverse will be the case. If, however, the observer
move towards the north or south, the whole aspect of
the heavens will change.

The reason that the pole-star does not seem to move
18 because the axis about which the earth revolves
points almost directly towards it.* There is no change
of the horizon with reference to it. To an observer at
the equator the pole-star would be at the horizon, be-

! The following additional measurements will assist in estimating
distances. The stars may be found on a map or globe, or some one
knowing them may point them out in the heavens. The extreme
stars of the three in the belt of Orion are about three degrees apart ;
Castor and Pollux about four degrees. Near Vega is a faint star,
which by a good eye can be seen to be made up of two stars. They
are three and a half minutes apart. The height of the pole-star above
the horizon is about equal to the latitude of the place. In the Middle
States this is nearly forty degrees.

* The axis of the earth does not point directly towards the pole-star,
tait about one and a half degrees from it. The pole-star, therefore,
describes a small circle about the pole of the heavens, though, roughly
speaking, it may be said to correspond with it.
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cause the axis of the earth is pointing in that direction.
If a globe be set with its axis horizontal, it will show
the motion of the heavenly bodies to a person at the
equator. The stars that rise in the east will pass di-
rectly overhead and set in the west; every star will be
just twelve hours above the horizon; those around the
poles will describe small circles, those farther away
larger; there will be no stars that never rise, and none
that never set.
As the person moves towards the north pole, the pole-
star will rise above the horizon, its height being equal
to the latitude of the person;! that is, if the observer
18 at latitude 40°, as at Philadelphia, the pole-star will
be forty degrees above the horizon. When the ob-
server reaches the pole, the pole-star will be in his
zenith ; the heavens seem to move as in the case of a
globe with its axis vertical; only one-half the stars
will be ever wvisible; those in the horizon will con-

1 The elevation of the pole-star may be shown to be equal to the
latitude by the aid of Fig. 2.
Let BAC (be a meridian of the earth, P the north pole, and E the
point where the meridian cuts
the equator. The axis of the
earth, OP, will cut the celestial
sphere at a point, P/, very near
the pole-star. Let A be the posi-
tion of the observer on the earth.
Then the arc EA, or the angle
EOA, is the latitude of the place
of the observer, and BOP is the
elevation of the pole of the heavens above the horizon.
prove that EOA — BOP.

BOA is a right angle, asis also POE, because the equator is ninety
degrees from the pole. Hence BOA — POE. Taking from these

equals the angle POA, we have BOP —= AOK, which is what we
wished to prove.

NA
, / :

Fi1a. 2.

We wish to
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tinually skirt around the horizon; none will ever rise,
and none set.

The same changes would be noticed if the observer
moved southward from the equator, except that there
8 no star to mark the position of the south pole.

Usefulness of Astronomy.

21. Astronomy, besides being a very grand and
interesting science, has great practical usefulness.

Every day there 1s telegraphed over the country from
the Washington and other observatories the accurate
time of noon; this is determined by astronomical ob-
servations, without which it would be almost impos-
sible to keep our clocks and watches correct.

Every captain of a vessel when he starts out on a
long voyage takes with him a chronometer' which has
been previously tested at an observatory, and a nautical
" almanac,? 1n which the positions of the sun, moon, and
principal stars are given with great accuracy. With
these and some simple observations he is able to tell
his position on the ocean and thus to direct his move-
ments,

The basis of our calendar is astronomical. The
lengths of the year, month, and day are governed by
phenomena of the heavenly bodies, and are determined
by observations of them. Our common almanacs are
calculated from the nautical almanacs, which are 1ssued
from the national observatories.

1 A clock swinging in rings, so that the motion of the vesse will
not affect it.
3 This will be further explained on page 169.
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All the maps of the surface of the earth are depend-
ent for their accuracy on astronomical observations;
the methods of finding latitude and longltude are

largely astronomical.
Astronomy 18 also-a help to geology, to meteorology,

and to other sciences.

Hence we see that it is one of the very practical
sciences ; and it will probably be found that some of
its researches, which do not now seem to be of any
use to man, will in the future be 1n some way closely
related to his welfare.

It will be of use to students also, if they study it
rightly, to teach habits of observation, to strengthen
their powers of thought, and to give correct ideas of the
method by which the Creator of the universc works.
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members revolve. The time that it takes one of these
bodies to revolve about the sun 1s called its year. If
an observer could be at the sun and watch the other
members of the solar system, they would revolve about
him 1n apparent circles, just as we see the moon re-
volving about the earth. But from one of the planets
these motions do not seem so simple, and 1t was a long
time before men found out that the earth and the rest
of these bodies revolve about the sun.

F16. 3.—THE ORBITS or MARS, THE EARTR, AND VEKUS. One inch = 100,010,000 miles.

The arrows show the direction in which the planets move, as seen fivu the north side
of their orbits.

The path in which a body moves about the sun 1is
called its orbit. Fig. 3 shows the orbits of the earth
and the planets next to it on either side, Mars and
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Venus. Those planets whose orbits are inside of the
earth’s orbit, as Venus, are called inferior planets, be-
cause they are nearer to the sun. Those outside are
called superior planets. !

24. Positions and Apparent Motions.— When a heav-
enly body is on the side of the earth opposite to the sun,
1t 18 sald to be 1n opposition ; thus, 1if Mars 1s at M, with
the earth at E, Mars is in opposition. When a heav-
enly body and the sun are on the same side of the
earth, the body is 1n conjunction ; thus, if Mars is at M/,!
with the earth at E, Mars is in conjunction. It 18 evi-
dent from the figure that an inferior planet has two
conjunctions. With the earth at E, Venus at V is 1n
inferior conjunction, but at V'’ is in superior conjunction.
If iIn going between the earth and the sun Venus
should happen to pass directly across the face of the
sun, 1t would be called a transiy.? This rarely happens;
the inferior planets usually cross a little below or above
the sun. A superior planet may be seen at any height
in the heavens; it may be in opposition to the sun,
when it would rise about the time the sun sets, and
would shine all night. An inferior planet can never
be in opposition to the sun, but in revolving about the
sun seems to us to pass back and forth, from one side
of the sun to the other, as Fig. 3 shows 1s the case with

Venus. An inferior planet, then, is never far from the
sun ; 1t 18 only seen a little while after sunset or before

sunrise. When Venus is at V/’ or V/”/, with the earth
at E, it seems to be farthest from the sun; it is then
sald to be at 1ts greatest elongation. The planets all

1 M/ is read M prime; V/, V prime; V//, V second; V///, V
$hird, etc.
2 Can a superior planet ever transit ?
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move about the sun in the same direction, from west
to east. To an observer north of them (as anywhere
in the United States north of Florida) they would seem
to move .rom the right over to the left, or in a direc-
tion opposite to the motion of the hands of a clock.!
Although the planets always move around the sun in
the same direction, our position upon the earth makes
them seem to move differently sometimes. With the
earth at K, Venus seems, while moving from V”/ to
V  to move in the proper direction, from right to
left, but while moving from V’// to V//, across between
us end the sun, it seems to move in the opposite direc-
tion.* This 18 called its retrograde (backward) motion.
A superior planet retrogrades when the earth passes
between it and the sun. The earth leaves the planet
behind, and it seems to move backward, just as trees
seem to move backward when we pass them in the
cars. If we imagine ourselves at K, watching Venus
pass us, or Mars as we pass him, it will be clear.

25. Shapes of the Orbits.—The orbits of the planets
are not circles, but ellipses. An ellipse is an oblong
curve, 80 made that the sum of the dislances from any

) This motion must not be confounded with the apparent diurnal
motion of the heavenly bodies. All of the planets and stars seem to
move every night from east to west, which, as has been explained, is
caused by the revolution of the earth upon its axis. But the motion
here referred to is one which the planets have in the opposite direction
among the stars, just as the moon moves to the east among the stars,
although it rises and sets with them. The planets move more slowly
than the moon, but if one of them be watched from night to night,
its motion eastward among the stars may be seen. It is very im-
portant to have this matter perfectly clear.

? For the sake of simplicity the earth is here supposed to be station-
ary ; the earth’s motion really shortens very much the time of retrogra~

dation.
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pownt of it lo two fixed points is always the same. Fig. 4
represents an ellipse. The sum of ES and EF is just
equal to the sum of E’'S and E’F.! If the ends of a

string be fastened at two points (S and F') upon a table,
go a8 to lie loosely between them, and a pencil held

against the string so as to stretch it (as at E) be moved

F10. 4. —KLLIPSR. F16. 5.~PARAPOLA.

along, it will mark an ellipse. S and F are called the
foci (fo’s1). In the orbits of the planets the sun is al-
ways at one focus (fo’kus). If the foci are nearer to
the centre C, the ellipse 18 nearer circular. The eccen-
tricity of an ellipse is the distance CS divided by CP;
it is usually expressed in a decimal fraction : the eccen-
tricity in Fig. 4 18 .8, or 42 The eccentricity of an
ellipse shows whether it is nearly circular or more ob-
long. The orbits of the planets have very little eccen-
tricity, as the table in Art. 27 shows. It must be re-
membered, then, that the elliptical shape of a planetary

1 Measure the lines in the figure, and see if SE and EF taken to-
gether are equal to SE/ and E/F. Try the sum of the distances to

any other point on the curve.
3 Measure CS and CP, and see if CS is .8 (or $) of CP.
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orbit, as shown in Fig. 4, is greatly exaggerated. An
exact figure of a planet’s orbit could not be distin-
guished by the eye from a circle. Fig. 8 shows the
real shapes of the orbits of Mars, Earth, and Venus.
If the sun and the other orbits be covered, no one of
these can be distinguished from a circle. That point
of a planet’s orbit which is nearest to the sun 1s its
perihelion ;' the point which 1s farthest from the sun is
1ts aphelion.? In Fig. 4, P 18 the perihelion, and A the
aphelion. The difference between the distances of
these two points from the sun may be very consider-
able, even if the orbit does seem to be almost a circle.
In the case of the earth the difference is three millions
of miles, and with most of the other planets the differ-
ence 18 greater. Some of the comefs are thought to
move not in ellipses, but in parabolas.® The two sides
of this curve (Fig. 5) keep separating farther and far-
ther forever. The parabola i1s not a closed curve like
the circle and the ellipse.

26. Characteristics of all the Planets.—Next to the sun
the planets are the most important parts of the solar
gsystem. They are alike in many points. Besides
moving about the sun in the same direction in ellip-

tical orbits, they all seem to revolve upon their axes in
the same direction, giving them all day and night.
Their paths all lie nearly in the same plane. They

are all of the same shape. They all shine by reflected
sunlight.

e A i ———

e ———————— = e B e, - A S ———— e —

' Perihél’ion, from the Greek peri, near, and Aelios, the sun.

* Aphél/ion, from the Greek apo, from, and kelios, the sun.

® The parab’ola is so drawn that every point of the curve is equally
distant from a fixed point and a fixed straight line. As in Fig. b,
CD and C8 are equal ; S is the focus, and DD’ the directriz.
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27. Statistics of the Sun and Planets.

Average

the sun.

Planetvids... unknown unknown

Jupiter

This table is not to be committed, as the most 1m-
portant of these statistics will be given in round num-
bers in connection with the separate planets, but some
of its striking facts should be noticed. The sun 1s by
far the largest body in the solar system. His mass is
seven hundred times that of all of the planets together.
The planets are divided into three groups. Nearest

the sun are four small planets, not differing very greatly
in size; of these the earth is the largest. Next to these
18 a large number of very small planets, or planetoids.
Then come four giant planets, which i1n several re-
spects resemble one another. The four small planets
are of .heavy material; the sun and the four large
planets are all about as light as water. Two of the
four small planets have days about twenty-four hours
long, while all of the large planets whose axial rev-
olutions have been determined have days of only
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ten hours. Figs. 6 and 7 will assist in giving clear
1deas of the sizes and distances of the planets. In

Fig. 7 two of the
planetoids are put
between Mars and

Jupiter. These
planetoids are very
small planets. They
all come between
Mars and Jupiter,
and are close to-
gether.  Little 1s
known about them.
The planetoids and
the two farthest
planets, Uranus
and Neptune, were
unknown to the
ancients.
28. Satellites. —
All of the principal
planets except the
two 1nner ones,
Venus and Mer-
cury, have one or more satellites. The earth has one
satellite, the moon; and the satellites of the other
planets are often called their moons. These satellites
all revolve around their planets, just as the planets re-
volve about the sun, and are carried with them by the
planets in their journey about the sun.
29. Kepler’s Laws.—As has been said, Kepler discov-
ered three important laws, by which the motion of all the
planets and their satellites 18 interpreted. These are:

F1a. 6.—THE COMPARATIVE SIZE OF THE PLANETS.






https://www.forgottenbooks.com/join

38 ASTRONOMY.

e - - =y —— . —ag— e — . — e ey, e o,

L. The radius-veclor of each planet sweeps over equal areas
in equal times. ‘
The radius-vector 18 the line drawn from the sun to
any point of the orbit, as SP, SP!, SP? etc., in Fig. 8.

&

P 4

Fi1g. 8 —TLLUSTrATING KEPLER'S StcoOND LaAw,.

In this figure suppose that PP!, P?P3 and P*P® each
represent the path of a planet for two weeks. Then
the three shaded parts will be equal 1n area.

III. The squares of the times of revolution of two planets
are proportional to the cubes of their distances from the sun.
To 1llustrate this law, let us compare the times and
distances of Mercury and Mars, from the table on
page 35, and by this law we shall have:

882 : 687% :: 36,000,000 : 141,000,000°

Mercur,\"s) ( Mars's \ - ( Mercury’s Mars's )
period. period di~tance. iistance.

If this be worked out, the product of the means will
be found to be nearly equal to the product of the ex
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tremes.! The same proportion will be trug for any
other pair of planets. Observation has fixed the times
of revolution of the planets very exactly, and when
the distance of the earth from the sun is found,? the
third law enables us to ind the distance <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>