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CHAPTER 1

THE EARTH AND ITS NEIGHBORS
W3R Fe € 6 4R EA

1. The Evening Sky. —As the light of the sun fades in the evening,
we see the stars coming out one by one until at last the sky is studded
with them. We notice, too, that the brighter the star is, the sooner it

PART OF THE MILKY WAY.
The plate for this photograph was exposed ten hours and a quarter.

appears. In the morning, just the reverse of this takes place, the stars
begin gradually to fade, and the brightest stars are the last to disap-
pear.

We know how brilliant the light of a match or candle appears in
a dark room, and how a light of this kind seems to fade out when it
is brought into the presence of a strong electric light. It would seem
quite probable that the vast light of the sun might have the same effect
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upon the light of the stars. This
supposition is also supported
by the fact that when the sun
| is covered in an eclipse the
stars begin to appear as in the
, 1 evening. Astronomers are all
agreed that if it were not for
the greater brilliancy of the sun
we should see the heavens full
§ of stars all the time.

In the northern hemisphere

| the stars, except those at the

DOME OF THE 60-INCH REFLECTING TELESCOPE AT s
MT. WILSON SOLAR OBSERVATORY. nOI'th, which seem to g0 around
Pictures of the heavens are taken through a telescope. in a circle, appear to rise in the

east and to set in the west, just as the sun does. If we observe the stars
which rise to the east, southeast, and northeast of us, we shall find that
these are above the horizon for different lengths of time.

The ancients noticed these facts, and explained them by saying that
the earth was at the center of a hollow sphere, upon the inner surface
of which were the stars, and that this sphere was continually revolving
about the earth and also slightly changing its position in respect to the
earth. We of the present day know that it is the earth that is turning
around on an imaginary axis, and also gradually changing its position
in relation to the stars. We also know that this axis, if extended far
enough, would almost strike a star in the center of the northern
heavens, which we call the North Star. The points on the surface of the
earth through which the axis passes are called the poles.

2. The Earth as one of the Planets. —If we carefully observe the
bright points which appear in the sky at night, we shall see that almost
all of them shine with a twinkling light. There are, however, three of
the brightest which give a steady light like that of the moon. When the
positions of these three bodies are carefully observed for some time, it
will be seen that they are continually changing their places among the
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stars, whereas the positions of the stars do not appear to change in
relation to each other.

One of these three brightest points has a reddish brown color and
has been named Mars, from the Roman god of war. The other two bear
the names Venus and Jupiter, one named
from the goddess of beauty and the other from
the king of the Roman gods. Astronomers
call the earth and these three bodies, together
with four others, planets, and tell us that they
revolve around the sun as a center. They have
no light of their own as do the true stars, but

the light which comes to us from them is a MARS.
., . Most like the earth of all the planets.
reflection of the llght of the sun. It is supposed to have a polar ice cap.

The unaided eye is able at some times to see five of these planets.
Astronomers tell us that their change of place in relation to the stars is
due to their motion about the sun. If we could stand upon one of these
visible planets, our earth would appear to us like one of them. But the
surface of some of these planets, like Jupiter or Saturn, is not solid like

THREE VIEWS OF SATURN.
The planet with the beautiful rings.

that of the earth. Our sun, if seen from the distance of one of the stars,
would appear like a star.

The list of the planets in the order of distance from the sun is:
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune.
The sun, with the bodies revolving about it, is called the solar system.
There is reason to believe that ours is only one of many similar solar
systems that exist throughout space.
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The planets are by far the
nearest of all the starlike bodies,
although the distance from
the sun to the farthest of the
planets is some 2700 million
miles greater than the distance
from the earth to the sun. The

HALLEY'S COMET. distance of the nearest of the
One of the most famous visitors from outer space. .
The small white dots are stars seen through the tail. stars however, is probably about

25,000,000,000,000 miles. This distance is so great that it takes light,
which travels at the inconceivable rate of 186,000 miles in a second
of time, over four and a half years to come to us from this star. From
Arcturus, another of the stars, it takes light about 180 years to reach
us, and from others very much longer. Sometimes from this outer
space comets visit our solar system. Thus we see that our little earth is
only a speck in the universe.

In the space between the planets Mars and Jupiter, there has been
found a group of small bodies which are called planetoids or asteroids.
The brighest of these is Vesta, not more than 250 miles in diameter.

A famous theory, called
the Nebular Hypothesis, was
suggested many years ago to
account for the formation of
our solar system. This theory
supposes that the materials
of which the members of the
solar system are composed once
formed a cloud or nebula of
finely divided matter filling an

enormous space, and that this DIAGRAM OF THE SOLAR SYSTEM.
Showing roughly the positions of the various planets
matter, by reason of the mutual and their moons.

attraction of the particles, gathered together into what is now our sun
with its planets and their satellites. Man is unable to comprehend how
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matter originated or how matter can either be created or destroyed.
But we do know many of the properties of matter.

3. Properties of the Matter Composing the Universe.

Experiment 1. —Pull out the handle of a compression air-pump or bicycle
pump. Close the exit valve or stop up the end of the bicycle pump. Now try
to push in the handle. What keeps it from moving easily? Try to shove an
inverted drinking glass into a pail of water. Why does not the water fill the

glass?

All matter as we know it occupies room or space. In other words, it
has extension. When we pump up a bicycle tire we find that even the
air demands room for itself. In the experiment with the air compressor
we found that the space occupied by the air could be reduced only to
a limited extent. However great the pressure might have been the air
would still have occupied a certain amount of space.

Experiment 2. —Place a coin on a card extending
slightly beyond the edge of a table. Suddenly snap
the card horizontally. Does the coin move?

to move unless some force acts upon it, nor when moving does it stop
unless some force stops it. When the card was snapped from under the
coin, the coin did not appear to move because the friction of the paper
was not sufficient to transfer any appreciable motion to it. If the coin
had been glued to the card, both coin and card would have moved.

Experiment 3. —Revolve around the hand a small

weight attached to a strong rubber band. Suddenly let o

go the band. Does the weight keep on moving in the ',f Y

circular path in which it was revolving? ' i
When a car is moving along a level track we do \ ) :

not expect it to stop until the friction of the track ™., rd

-’
""""""
e

or some other force stops it. When we revolved Fig. 2.
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the weight attached to the rubber band and let go the band the weight
started off in a straight line. It did not continue in this straight line
because a force, gravity, pulled it down toward the earth. This property
which bodies have of remaining at rest unless acted upon by some
force, and when in motion of continuing to move in a
straight line with the same speed unless acted upon by
an outside force, is called inertia. Sir Isaac Newton first
stated this fact, and so it is sometimes called Newton’s
First Law. It is due to inertia that people are thrown

out of an automobile if it is suddenly stopped.

Experiment 4. —Suspend a heavy ball by a string not
much too strong to hold it. (Place a pad beneath it to catch
it if it drops.) Attach a similar string to the bottom of the
ball. Attempt to lift it suddenly by the upper string. What

happens? Suspend it again and pull down gradually on

the lower string. What happens? Suspend it again
and pull down suddenly on the lower string. What

happens?

When we tried suddenly to lift the suspended ball the force of inertia
was so great that it broke the string. When the string was attached to
the bottom of the ball and the pull gradually exerted, the upper string
broke, since it had both the weight of the ball and the pull of the string
to withstand; but when the pull was suddenly exerted, the inertia of the
ball was sufficient to withstand the pull, and the lower string broke.

It is the inertia of the water which enables the small, rapidly
revolving propeller to move the big ship. The same is true of both the
propelling and supporting of flying machines. The resistance which
the particles of air offer to being suddenly thrown into motion, their
inertia, enables the propeller to push the aeroplane along and keeps it
from falling to the ground as long as it is moving rapidly. It is inertia
which keeps the heavenly bodies moving in space. Once in motion they
must keep on forever unless some force stops them.



CHAPTER | THE EARTH AND ITS NEIGHBORS - #iERFIEHBEN] 7

A BIPLANE.
The blur shows how swiftly the propeller is revolving.

Experiment 5. —Place a glass globe partly
filled with water on a rotating apparatus.
Rotate the globe rapidly. What does the water
tend to do?

Inertia also manifests itself in the tendency
of revolving bodies to move away from the center
around which they are revolving. Inertia thus manifesting itself is called
centrifugal force. An example of this was seen in Experiments 3 and 5.

Newton many years ago discovered that all bodies of matter have
an attraction for each other and that this force of attraction varies as
the masses of the bodies, that is, the more matter two bodies contain
the more they attract each other. But this attraction becomes less as
the distance between the bodies increases. This lessening of the force
of attraction on account of the increase of distance is proportional not
to the distance, but to the square of the distance. This means that the
attraction between the same bodies when twice as far apart is only one
fourth as great; when three times as far apart, one ninth as great, and
so on. What causes this attraction no one knows, but the name given
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to this force of attraction is Gravitation. Gravitation is always acting
upon all bodies, and their conduct is constantly affected by it. It keeps
the heavenly bodies from wandering away from each other just as the
rubber band kept the weight from flying away from the hand.

When this attraction is considered in relation to the earth and bodies
near its surface the term gravity is used. We are constantly measuring
the pull of gravity and calling it weight. This is the cause of bodies falling
to the earth. It is the force which causes us to lie down when we wish to
sleep comfortably, and frequently makes men fall who try to fly.

If two forces act upon a free body, each will influence the direction
of its motion and it will go in the direction of neither force, but in
a direction between the two. If there are more than two forces, the
path will be the result of the action of all the forces. In the case of the
weight and the rubber band we found that the moving weight when not
held by the force of the band flew
away from the hand. The rubber
band continually pulled it toward
the hand. The result of these two
forces, the “centrifugal force” and

O/(‘
J?O
3

WEIGHT

\J/ PUSH

v

THREE FORCES IN PLAY. Fig.5.

the pull of the band, was to make the path of the weight lie between the
two. In this case the forces at every instant almost balanced each other,
and the path was nearly a circle. It is the force of gravitation acting
against the inertia, or the centrifugal force, of the heavenly bodies
which holds them in their orbits.
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4. Relation of the Earth to Sun and Moon. —Not only do all
the planets revolve around the sun, but certain of these them-
selves have other smaller bodies revolving around them. We call
such small bodies satellites or moons. The earth has one of these
satellites and Saturn has the greatest number of all, ten, one hav-
ing been discovered as late as 1905. Our own moon has a diam-
eter of about 2000 miles and a weight of about 1/80 that of the
earth. Its average distance from the earth is about 240,000 miles.
Compared with the distance of the other heavenly bodies it is in-
deed very near.

The sun, although a near neighbor as compared with the rest of
the stellar community, is at an average distance of about 93,000,000
miles. It is so big that if it were hollow and the earth were placed at its
center with the moon as far away as it now is, there would be almost
as great a distance between the moon and the sun’s surface as there
is between the moon and the earth. A good way to get an idea of the
relative size of these bodies is to let a pencil dot represent the moon,
a circle an eighth of an inch in diameter the earth, and a circle with a
diameter of a little more than thirteen and one half inches the sun.

SURFACE OF THE MOON.
Showing the great crater-like depressions.
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Both the sun and the moon are of the greatest interest to us, as they
have much to do with our existence. If it were not for the sun, we should
have almost no heat or light on the earth, and life could not exist. If the
sun were much nearer, it would be too hot for life as we know it, and if
much farther away, too cold. If it were not for the moon, the beauty and
variety of our nights would be largely
lacking, and we should have no tides
strong enough to sweep clean our

bays, removing the sewage, and to
help vessels over the bars into some
of our harbors. If the distance of the
moon were changed, the height of |
the tides would be changed, and this
would greatly affect our coast towns.
Although we see the moon as a
very bright object at night for a part
of every month, yet it has no light HIGH TIDE IN Nova SCOTIA.
of itself, and all the light it gives us
is reflected from the sun. It has a

rough, barren, rocky surface, full l
of great crater-like depressions. As
far as known, it has no air or water
upon it. As the earth goes around
the sun, and the moon around the
earth, the position of these three in
relation to each other is constantly [
changing, and it is these changes
which give us the varying heights of LOW TIDEATTHE SAME PLE.
the tides and the different phases Showing the clean swept sea floor.
of the moon. It is profitable to try to picture to oneself the changing
phases of the moon. A good way to do this is to carry a ball around a
bright light and observe what part of the surface is illuminated in the
different positions.




