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REAL THINGS IN NATURE



TO MY YOUNG FRIEND
KATHARINE TILLMAN






PREFACE.

THE immediate object of this volume is to present
to young children a view of the world which shall
be, in its degree, complete, useful and interesting.

An American lad of a dozen years of age has
had training at home and at school; he has ob-
served the world for himself, and has profited more
or less by the experience of his fellows. He has
ideas upon many subjects; he is forming habits of
thought that will be of the greatest consequence to
others and to himself in the future. He is just at the
time of life when his mind is open to direction, and
is eager for explanations of the world in which he
lives. He is full of questions. The various parts of
this volume give the answers to such questions.

For example : the American school boy is familiar
with railways, electric lights, the telegraph, the
teiephone, etc. He has many questions to ask
concerning them, and concerning the machines
that he sees in daily use — the lever, the balance,
etc. The answers are given in the book on Physics.

Every American boy is interested in the habits of
animals and has met in his own experience many
instances of their intelligence. He listens with
interest to accounts of their social organizations,
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viii PREFACE.

and to explanations of their adaptations to environ-
ment and circumstance.

It is not possible to give complete explanations ;
but it is not difficult to have the explanations com-
plete so far as they go. He will have nothing to
inlearn in the future; on the foundations here laid
in these and other subjects he can go as far as he
likes.

Certain scientific ideas are entirely too difficult
to be grasped by young minds. It is better to omit
some topics altogether than to present a set of words
which can have no vital meaning. Very much of
chemistry, for example, is above the capacity of
young pupils. All that can be done is to present a
few fundamental ideas, to enforce them by a few
simple and safe experiments and to leave the rest
of the science untouched.

It is the fundamental ideas of science and its
methods that are here insisted upon; its facts are’
of importance chiefly as illustrating its mode of
thought. The methods of astronomy, of geol-

- ogy, of chemistry, for example, are very different.
The answers to the questions: How do you know
that the stars are self-luminous? How is it proved
that water is compound? How is the age of the
Earth determined? are reached by very different
paths. It is of the first importance that the pupil
should know how his elders set about to prove such
things. He should carry away from his reading
an intimate conviction that such answers have
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really been found. and that, on the whole, he
knows 4ow it was done, although he may not know
all the details of the processes.

"The experiments here described are, with very few
exc.:ptions, such as can be performed by the teacher
in the class-room or by the pupil at home. In
general, it is a mere waste of words to describe an
experiment that requires complex apparatus which
the pupil wili never see except in the figures of his
text-book. Simple experiments are here suggested
and the pupil is reminded of verifications that he
himself can make by the words (try it) —which
occur very frequently in this text.

The main object is to teach sdeas. Technical
words are avoided so far as possible. At the same
time technical terms have been unhesitatingly em-
ployed when they are essential to brevity, or when
they are such as will be constantly met with here-
after. It is necessary to say profoplasm, for in-
stance ; there is no royal road round it.

The book is designed to supplement the instruc-
tion which the pupil has gained from other text-
books and to carry it further, according to a sym-
metric plan. It is occasionally necessary to treat
subjects here that have already been studied by the
child in his Geography, History, etc. ; but it will be
found that the old topics are approached in new
ways, so that there is no real loss of energy or
time.
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Sometimes the same topic has been treated twice,
from two different points of view, in two different
sections of the book. New relations of familiar
things are thus disclosed ; and this method would
have been followed oftener had the limits of space
permitted.

The illustrations have been carefully chosen,
usually from books published by the Macmillan
Company, especially : Huxley’s Physiology,Bailey’s
Botany and Lessons on Plants, Davenport’s Zool-
“ogy, McMurry & Tarr’s Geography, Tarr’s Geol-
ogy and Physical Geography, etc., etc. To these
and other authorities the writer’s obligations are
gratefully acknowledged.

The titles to the cuts are usually given in two
parts: first, a short title which the pupil will re-
member; second, a longer explanation which
makes the cut complete in itself and saves a refer-
ence to the text. The pictures in the book, with
their titles, constitute an abstract of the whole work.
‘When the book is used in the class-room the pupil
should be instructed to point, with a long pin, at
each part of a cut as he reads its explanation in the
title.

After a cut in the book is understood the pupil
should, in many cases, be required to draw it from
memory. If he can reproduce such cuts as those
giving the theory of shadows, the connections of
an electric bell, the genealogical tree of the mam-
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malia, etc., he unders’ands what he has studied.
There is no better test.,

There can, of course, be no originality in the sub-
ject matter of an elementary book of this sort. The
chief merit which can be hoped for is a clear pres-
entation of well-known facts. It is possible to
make great subjects interesting to both teacher and
pupil, even where they must be treated with extreme
conciseness. If, as is hoped, this has been done the
volume should be of value. If America is to take
and maintain a foremost place in the world, it can
only be done through the predominance of certain
qualities in its citizens that scientific education fosters
to a very important degree. We cannot afford to
neglect any means of developing thoroughness and
faithfulness in the performance of duty in those who
will soon be the responsible governorsof ourcountry.

Every year thousands of children leave the public
schools to begin life for themselves. Only a small
percentage enter high schools, and a very much
smaller percentage enter colleges. It is the duty of
the common schools to prepare their graduates as
fully as possible for the business of life. They
must be thoroughly grounded in the elements of
knowledge. What more can be done under the cir-
cumstances? Some of the workings of the world
around them can be explained. They canbe made
to understand the fundamental notions of govern-
ment, law, history, science. They can be taugh*
to reflect on what they see and hear.
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It is believed that a book like the present volume
in the hands of the zealous and intelligent teachers
of the country will be a suggestive help in all these
matters. Under the most favorable conditions the
pupil will have been taught what it contains in his
own home. In many cases he must depend upon
formal instruction at school. To aid formal in-
struction of this sort, to systematize it, is the main
object of the book. Its ultimate purpose is fully

explained in the introduction that follows.
E. S. H.
U. S. MILITARY ACADEMY,
WEesT PoiNnT, NEW YORK,

June 17, 1902.



INTRODUCTION.

(TO BE READ BY THE CHILDREN WHO OWN
THIS BOOK.)

THE children who read this book ought to know
before they read it what use it is going to be to
them. Let us see. The book is owned by an
American school boy (or school girl) who was born
ten or twelve years ago and who expects to live in
this world fifty or sixty years more. Fifty years is
a very long time — think of all the things that have
happened in the last fifty years—and then think
forward what may happen in the next fifty years
—things that may happen in the world, in this our
country, or to you.

Suppose that we could ‘make things happen by
merely wishing them, what would you and I wish
for the whole world? We should begin by wishing
that there might be peace and plenty—no wars, no
famines, plenty of work for all of us, a chance for
every one, and a wish in every one to do his best.
What we desire for the whole world in general,
we particularly wish for our own country. We
hope its future will be peaceful, that there will be
no quarrels or wars, that every man can always

find work to do, that every one of us will wish to
xiii



xiv * INTRODUCTION.

work and will do his work faithfilly and cheerfully.

Your best friend will wish tl.e same thing for you
that we have wished for the country. He will wish
that your whole life shall be peaceful and happy,
that whenever you need money for yourself or for
your family and friends you can find plenty of
well-paid work to do and that you will wish to do
it faithfully and with all your might, that you will
always try to do the right and useful thing cheerfully.

If these wishes come true you will lead a happy
life, you will be useful to your country; and if all
the school children are like that, your country will
be useful to the whole world and honored every-
where. Something depends on you, then; yov
can be useful to your friends and family and coun-
try if you will try; and if you try, you will be
happy yourself. If enough of us try we can make
the country useful to the whole world. But we
must try in the right way ; we must know what to
do and how to do it.

We must understand things and the reasons of
things—what they are and why they are. Not to
understand is like trying to work in the dark. The
better you understand the reasons, the better
work you can do, and the happier you will be in
doing it.

For instance, just suppose that one of the boys
in a school grows up to be the engineer of a loco-
motive. All engineers understand their business
very well, but some understand it a little better than
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others. Any engineer can run his engine safely
so long as all the machinery works well. Some
day, in spite of everything, there is danger of an
accident. The man that knows his business best
is most likely to take his train safe through. Be-
cause he understands he is able to save his train
and, it may be, to save people’s lives. That is
worth doing. It is worth while to understand.

This book teaches every boy something about
the locomotive. If he understands what is taught
here he can easily go on and learn more. It
teaches him about electricity, too, so that he -will
know how the telephone carries the voice from
place to place; why it is possible to telegraph from
New York to San Francisco, or under the ocean
to London; how it is that electric cars are made
to go; and a hundred other things of the same sort.

In a small book like this it is not possible
to speak of everything; but the most important
machines and inventions are explained. By pay-
ing attention you can understand these, and if you
thoroughly understand one machine you can easily
learn about others. While you are learning you
are fitting yourself to be a more useful citizen.
The man that understands is the man that every-
one trusts. He has the work he wants and is well
paid for it. He likes his work. It is a pleasure
for him to do it. Many of the chapters in this
book speak about just such practical things as the
locomotive, the telegraph, etc.
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Some of them speak about matters that do not
. seem to be practical at all, about things that are
not immediately useful—about the motions of the
Sun, Moon and Stars, for instance. You may say,
what earthly good can it be to me to know that the
Stars rise and set, as the Sun does; or to know
what makes the colors of the rainbow ; or to study
about the chemistry of sulphur and carbon and nitre?

Here is an answer to one of these questions ; and
all of them have answers of the same sort. Itis
extremely ¢¢ practical ” for ship captains to be able
to navigate their vessels safely and quickly from
port to port. The navigating of vessels is done by
the stars. The first thing for a captain to know is
that all the stars rise and set. He has to begin
with that. Afterwards he finds out the latitude
and the longitude of his ship by measuring the
height of the sun and stars above his horizon
at certain times every day. If he knows his lati-
tude and longitude he knows where his ship is
on the trackless ocean. That is ¢¢ practical.” It
would be very unpractical for a ship captain to
arrive at Brazil when he meant to go to England.
But that is the very kind of thing he might do
unless he began by learning what is taught in this
book about the stars.

Gunpowder is made by mixing charcoal and
sulphur and nitre; and it is made according to the
rules of chemistry. It is practical and useful to be
able to make good gunpowder, so that rocks can
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be quarried easily, tunnels hollowed out, cannons
fired, and so forth. :

Moreover, it is interesting to know such things.
Here you are living in a world full of interesting
things—sunsets, rainbows, machinery, and so forth.
Why not learn about them?

Suppose some one working in a factory saw a
steam engine driving the machinery every day and
all day, and never took the trouble to ask how it
was that a little coal put in a boiler downstairs
made a wheel turn round in the fourth story. It
would show, in the first place, that he was not very
much interested in his work, and in the second
place that he was rather stupid not to find out how
a coal fire could be used to heat water to make
steam; and how steam could be made to turn a
wheel on the engine; and finally how belts on this
wheel could be made to turn all the wheels in a
whole building. Suppose a boy never tried to find
out what made the hands of his watch turn round
so as to tell the time. It would be stupid for him
to call it magic, and not to try to understand.

Now the whole world can be explained. It is
not magic. Thereis a good reason for everything.
Some of the reasons are not easy to find out but
many of them are. This book explains some of the
simplest and most interesting and important things.
When you have thoroughly understood these you
can understand others either by looking about you
and thinking for yourself; or by asking questions
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of older people; or by looking in encyclopzdias
and other books of the sort. When you under-
stand, you can be useful; and when you are use-
ful you will be happy. The business of grown-up
men and women is to do useful things; the busi-
ness of children is to Jearn how to do them.

This book is written, then, ta help you to under-
stand the world you live in; to put you in the way
of being a useful citizen ; to help you to be happy.
Every intelligent American child, boy or girl,
ought to know all that is in this book (and a great
deal more). Things that are explained here will
help you, every day, to understand the world you
live in. It is yowur world (whose else is it?). Why
shouldn’t you take the pains to' understand it?
The difference between men and animals is just
that men are interested and do-understand while
animals take everything for granted and do not
even try to understand what they see.

The boy that tries to understand turns out to be
the most intelligent man; the most intelligent man
can be the most useful and the happiest; the nation
that has the most intelligent citizens is the most use-
ful nation in the world. You have a share in this
work and this book is written to help you to do
your part.
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BOOK I: ASTRONOMY.

Tue Earth that we live on is the most important
thing in the whole universe to us; and accordingly,
nearly all books that are written relate to the Earth
itself; or to the creatures that live on the Earth
—men and animals; or to the history of what men
have done ; or, most important of all, to the thougﬁts
that they are thinking, or have thought.

Geography teaches us about the divisions of the
Earth into land and water; why the rivers run as
they do; what lands are fertile and what bar-
ren; and describes the different countries of the
globe. Meteorology explains why certain countries
have pleasant climates while others are cold and
bleak, or too hot to live in with comfort; it de-
scribes the atmosphere of air which we breathe;
tells us what fogs, mists and clouds are made of;
why we have storms, and so forth. Geology de-
scribes the rocks of which the earth is made ; shows
how the mountains were lifted up; explains the
causes of volcanoes and earthquakes. Etknology
tells us about the different races of men ; and History
recounts everything that they have done, and shows
why they did as they did. Natural History—the
history of Nature—is a description of all the living

1 1
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beings of the globe—animals, and so forth-—and
Botany is an account of all the plants.

Every thing that we know about is a solid, a
liquid or a gas. Physics is a science that explains
how solids, liquids and gases behave when they
are heated or cooled; what sound, light, elec-
tricity and magnetism are. Chemistry explains
how two things can be combined so as to makea
third thing different from either—how, for example,
you can mix two gases together and get a liquid,
or how common salt can be separated into a metal -
and a gas.

All these different sciences are treated in this
book. It is so important for us to understand about
Machines that a chapter has been given to them;
and as the Human Body is the most important of
all machines it also has a chapter to itself.

The present chapter is devoted to Astronomy.
You know that the Earth is one of the planets and
that the Sun has a family of such planets—Venus,
Jupiter, the Earth and others beside. Astronomy
is the science that explains what the sun and stars
really are, how they move in the sky and why they
seem to move as they do. It tells the same things
about planets and comets, too.

The Earth.—In the first place, you know that
the Earth is a globe about 8,000 miles in diameter
and that it is about 25,000 miles round the sur-
face from New York back to New York again,









THE NORTH STAR. b

£16. 5. The sun seems to rise in the east, mount in the sky
dll it is highest at noon, then sink towards the west till it sets.
The picture shows how things look about 3 P. M. (Why about
3 P. M.?) The stars, at night, seem to rise and set also.

The Stars Rise and Set.—You know very well
that the Moon rises and sets. All the Stars, toc,
rise and set, once every twenty-four hours, except
some of the northern stars. They turn around
Polaris'—the pole star—once in 24 hours, but they
are always above the horizon—always in sight ex-
cept in the daytime and, even then, they can be
seen in telescopes.

The North Star.—A bright star named Polaris,
the pole-star, is very near the north pole of the sky.
You can always find it in a clear night by first find-
ing the Great Dipper (some people call it the
Great Bear, or, in Latin, Ursa major)in the north-
ern part of the sky, then finding the two Pointers,

! Pronounced P3-)3'ris.















12 ASTRONOMY.

Telescopes are described in Book II. of this vol-
ume (Light). The smallest telescopes are opera-
glasses and spy glasses. If you can get an opera-
glass you should use
it to look at the stars,
the planets and the
Moon. _

Do not look at the Sun,
however ; its light is so in-

tense that it will make you
blind.

A telescope consists
of two lenses held at
the right distance
apart by a tube. Itis
usually mounted on a
stiff stand. The lens
at one end of the tube
is large. It collects
all the rays of light
from the object you

Fic. 12. A good school tele- are looking at and
scope on a tripod. It is about makes a little picture
three fect long. of them (at the other
end of the tube). You can see just such a picture
on the ground glass of any photographer’s camera.
The small eyepiece is nothing but a magnifying-
glass that magnifies this picture.

Clocks and Chronometers.—If you say the Earth
turns round in twenty-four hours you ought to be
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able to prove it; and to prove it you must have

some way of measuring time.

ures distances; a clock or
chronometer measures times.

The Pendulum.— Every
boy should make, for him-
self, a pendulum like the
one in the picture. The
length of the pendulum can
be changed (by winding up
the thread on the spool).
When the pendulum is
short, it swings quickly;
when it is long, it swings
slowly 5  when it is 39{¢
inches long, it beats seconds.
(Try it.)

Circles. — Astronomers
measure the angle between
two stars by telescopes fast-
ened to circles. The cir-
cumference of each circle
is divided into 360 degrees
(360°). See Fig. 14.

F16.13. A home-
made pendulum :
Screw a spool to a
table by the screw
(S’); in the edge.
of the table put a
smaller screw (R);
fasten a weight (B)
to a thread andwind
it round the spool;
make the distance
from Rtothemiddle
of the weight (B),
3915 inchesand then
the pendulum will

A foot-rule meas-

@

swing to and fro in exactly
one second. It will swing

60 times in 1 min

ute;

3,600 times in an hour;

86,400 times in a day.

The Earth and Planets Move Round the Sun.—
The Earth moves round the Sun, in a path that
is called its orbst, once every year—every 365}

days.

There are other planets beside the Earth,

and each and every one of them moves round the

‘Sun in an orbit—a path—of its cwn.

The planets
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are named Mercury, Venus, Earth, Mars, Jupiter,
Saturn, Uranus, Neptune. Venus you know be-
cause it is often the bright Evening Star. Jupiter

FI1G. 14. O is the center of a brass circle whose rim ( C) is di-
vided into 360°. A telescope moves on a pivot at O and can be
pointed at any star as a (the eye will then be placed at /), or to
any other star 5 (the eye will then be placed at /7). The angle
between the two stars (the angle 205) is measured by the number
of degrees between the two positions of the telescope (7 and /7).

is bright, too. Mars is bright and so is Saturn.

" The others are much fainter. All the planets look
exactly like stars, but they are really very different
from stars.

The Sun and all the Stars Shine by Their Own
Light.—The Sun and every one of the stars shines
by its own light, just as an electric-light, or a
candle, shines by its own light.

The Moon and Planets Shine by Light Reflected
From the Sun.—The planets have no light of their
own, They shine by light sent out from the Sun
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and reflected to us, just as a far off mirror has no
light of its own, but is bright because it reflects the
sunlight. The Moon, too, shines by reflected sun-
light. If you could blow out the Sun as you can
blow out a candle all the stars would keep on shin-
ing, but all the planets, and the Moon, would cease
to shine the moment the sunlight was taken away.

The Orbits (Patks) of the Plancts.—The Sun is
in the middle of all these orbits—which are nearly

\ </
\éan /
226 days /

365 days

-~

e —, e -

687 davs

F1G. 15. The orbits of the four planets that are nearest the
Sun. The orbits are drawn in the right proportion. The dis-
tance from the Sun to the Earth is 93,000,000 miles.
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circles. Each planet moves in its orbit around the
Sun.
The planet Mercury goes once round the Sun in 88 days.

" . Venus 13 “ ‘" 225 (0
" Enrth " “ " 36‘; "
‘" Mars ‘" ‘" “" 68‘7 ‘"

We must make another picture to show the orbits
of the four planets that are farthest from the Sun,
because the page of this book is not large enough
to show them on the same scale as Fig. 15.

. re.,.. e,

_~Neptune
/

L)
A" Mars . "Q,
-.-. "4
o}
8un/

F1G. 16. The orbits of the four planets that are farthest from
the Sun. The orbits are drawn in the right proportion. The
distance from the Sun to Mars 141,000,000 miles.
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The planet Jupiter goes once round the Sun in 12 years.

“ Saturn ““ “ “ 29 ‘"
. Uranus 3 “" 3 84 ‘e
. Neptune [ ‘. 3 165 “

The Distances of the. Planets from the Sun.—

Mercury is 36,000,000 miles from the Sun.
2/ Venus is 67,000,000 6 L (L

Earth is 93,000,600 [ “ s

Mars is 141,000,000 “ ‘e “

Jupiter is 5 times as far as the Earth.
Saturn is 9 e ¢ “ o
Uranus is 19 ¢ ‘e ¢ [
Neptune is 30 ¢ ¢ o “

The Minor Planets.—Between Mars and Jupiter
there are several hundred very small planets, none
of them more than 200 miles in diameter. (See
Fig. 16.)

The Distance of the Earth from the Sun.—The
distance round the Earth from New York back to
New York again is 25,000 miles. Four times
round the Earth is 100,000 miles; forty times
round the Earth is 1,000,000 miles; three thou-
sand seven hundred and twenty times round the
Earth is 93,000,000 miles. If you were to live long
enough to go three thousand times round and
round the Earthy still you would not have travelled
so far ag the distance that separates the Sun from
the Earth.

A fast railway train travels forty miles an hour.
If such a train could travel to the Sun it would
take 363 years to make the journey. A cannonball

2
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thirty times greater; and the stars are very much
further away than Neptune, even.

The Sizes of the Planets.—The diameters of the
planets.are :

Mercury, 3,000 miles; Jupiter, 86,500 miles,
L.-Venus, 7,700 ‘‘ ; Saturn (the globe), 73,000 ¢

Earth, 7,900 ¢ ; Uranus, 32,000 ¢

Mars, 4,200 * ; Neptune, 35,000 ‘¢

The Size of the Sun.—The diameter of the Sun
is 870,000 miles.

" The Planct Mercury.—Mercury can sometimes
be seen with the naked eye about the time of our
sunrise or sunset, not far from the Sun. Its loaks
like a star. In the telescope it looks like a small
bright disc. So far as we know this planet has no
atmosphere.

The Planet Venus.—Venus is often seen near
the Sun about sunset or sunrise as the bright Even-
ing Star. In the telescope it looks IMI
bright disc ; sometimes, a crescent. It probably has
an atmosphere and the disc that we see is probably
the outer layer of its clouds. We never see the real
surface of the planet itself.

The Planet Mars.—Mars looks like a reddish
star to the naked eye. In the telescope we see
markings on the disc which have sometimes been
supposed to be land and water. There is, in all
probability, little or no water in Mars and it has
little or no atmosphere. The temperature on Mars

is so low that no human life could exist there. :
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The Moon also has no water and no air. It is
possible that we may, by and by, learn that men
might possibly live on some one of the planets—on
Venus for instance ; but so far as we know now we
have no reason to believe it. There is probably ne
human life on the Sun (where it is very much too
hot for men to live) or on the planets Mercury,
Mars and Jupiter. We know absolutely nothing
of what is underneath the clouds on Venus, or
Saturn, or Uranus, or Neptune.

The Moon.—The planets revolve about the Sun.
They are his family. Some of the planets have
moons that revolve about them in circles while

Aoon

F16. 23. The orbits of the Earth ahout the Sun and of the Moon
about the Earth. The distance from the Sun to the Earth is 93,~
000,000 miles ; from the Earth to the Moon is 240,000 miles.
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the planet itself is revolving about the Sun. Our
Moon revolves about the Earth (once every month)
while the Earth is revolving about the Sun (once .
every year).

The Phases of the Moon.—The Moon’s disk has
different shapes at different times of the month.
You have noticed this, of course. Why is it so?

The half of the Moon that is turned towards the
Sun is always lighted; it shines by his reflected
light. Suppose, in Fig. 25, we take the candle to
stand for the Sun, the boy’s head to stand for the
Earth, theball to stand for the Moon. Now the Moon
travels round the Earth and the Earth travels about
the sun. The boy then must slowly walk around the
table and one of his friends must, while he walks,
move the ball round his head. (Try this experiment
in a darkened room. The boy must turn his eyes
towards the ball, of course, wherever it is, just as
we on the Earth, turn our eyes toward the Moon.)
Half of the ball is always bright. Half of the ball
is always turned towards the boy. But these two
halves are not always the same. Sometimes the
boy will see none, or only a very little, of the
bright half of the ball. It is then New Moon (§ ).
Sometimes he will see all of the bright half (&®).
Sometimes he will see less than this. (Tryit.) The
different shapes shown in Fig. 24 are the piases of
the Moon. They occur, in a regular order, every
month, as you can prove by watching the real .
Moon in the sky. When the Moon is a thin sickle
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they must be inclined, as in the picture, because
the axis of the Earth is not perpendicular to its
orbit, but inclined. The upper ends of the needles
stand for the north pole, the lower ends for the
south pole, of the Earth. The real Earth, in Decem-
ber every year, is where the right-hand apple of the
picture is. 'The real Earth is where the middle
apple is, in March every year. The real Earth
is where the left-hand apple is, in June every year.

You live in the United States, let us say in lati-
tude 45° north. Stick a pin in each apple any-
-where in 45° north latitude. The pin stands for
you. - Take the right-hand apple and turn it
slowly round its axis, just as the earth turns. This
pin will be a shorter time in the light than in the
dark. Now you see why the days are shorter than
fhe nights in December. The pin in the middle
apple is half the time in the light, half in the dark.
Now you see why the days and nights are equal in
March (the egui-nox).! The days in June in the
United States are longer than the nights. (Try
these experiments with the apples several times.)

Suppose you lived at the north pole of the Earth.
Your nights would be nearly six months long. If
the right-hand boy moves his apple completely
round the candle the knitting needle will be in the
dark half the time. (Try it.)

1If there were a fourth boy in the picture holding an apple just
opposite to the middle one his apple would stand for the Earth
in September ; the days and nights are equal in September, toa.
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Suppose vou lived at the equator of the Earth—in
Brazil or Africa. Stck a pin in each appie half way
between the poles. As the apple turns this pim is
half the time in the lighr. haif the time in the dark.
i Try it—and vou will see that this explains why the
days and nights at the equator are equal—as they
are.) Suppose vou lived in the southern hemisphere.
See if yvou can rind out what would happen there.

oy
rities
Arthalle

T Varnel Equinex

F1G. 28. The seasons in the northern hemisphere : Begin with
the picture of the Earth in March and notice the changes of sea-
son at the north pole throughout the year.

Derikelion is the point where the Earth is nearest to, Apkelion
where it is farthest from, the Sun.  Vernal Equinox = the Equi-
nox of Spring.  The Solstice is a point than which the Sun goes
no further south (in our winter) or north (in our summer).

7he Scasons.—During winter at any part of the
the nights are very much longer than the
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‘days. During summer the days are very much
longer than the nights. The Sun sends out rays of
light, but they are rays of heat, too. They make
whatever thing they touch é»igk/; and they also
make it warm. Inour Spring (March) the days and
nights are of equal length. All summer, until the
Autumn, the days are longer than the nights. In
September the days and nights areequal. All winter,
until March, the nights are longer than the days.

This is true for the northern hemisphere of the Earth. In
the southern hemisphere winter is in July, summer in January.
Prove this from Fig. 27.

Eclipses of the Sun.—The Sun is eclipsed to an
observer on the Earth when the Moon moves in
between him and the Sun.

F16. 29. A school-room experiment to explain an eclipse of the
Sun: The room must be darkened. The lamp should have a
ground-glass or an opal shade to represent the circle of the Sun’s
disc. An orange ( B) fastened to a pincushion stands for the
Earth. A small ball (C) ona string stands for the Moon. The
Moon casts a shadow on part of the Earth. Anyone who lives
on that part of the Earth has an eclipse of the Sun until the
Moon moves out of the way.

”
v
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Eclipses of the Moon.—The Moon is eclipsed to
an observer on the Earth when it is in the Earth’s
shadow.

The Earth casts a shadow. At times the Moon moves through
it. When it does so all its sunlight is cut off. Inthe last picture

if the ball (C) were in the shadow of the ball (B) the circum-
stances would be the same as those of an eclipse of the Moon.

F1G. 30. Eclipses of the Sun and Moon : The reader should
use this picture to explain both solar and lunar eclipses. Notice
that each shadow is composed of two parts, one very black—the
umbra, and one lighter—the penumbra. Try to explain why the
different dotted lines of the picture are drawn as they are.

The Sun.—The Sun is a huge globe nearly
870,000 miles in diameter. It is intensely hot and
is made of gases and vapors.. All the metals that
we know—iron, gold, copper, silver—are in the
Sun but they are not solid. They are vapors.
The clouds in the Sun are made up of drops of
melted iron, gold, silver and so forth, just as our
clouds are made up of drops of water. These
fiery clouds are inconceivably hot; and they are
driven to and fro by terrific hurricances and winds.
If you look into an iron furnace where the white-
hot iron is boiling you get a kind of a picture of
what the Sun’s surface is. The boiling lava in a
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volcano is a little like the surface of the Sun, only
not nearly so hot. The Sun is 5,000 times more
brilliant than white-hot boiling iron.

F1G. 31. The Sun is the large white circle. The real Sun is
870,000 milesin diameter. If youcould put the Earth at the center
of the Sun the whole orbit of the Moon would be far inside the
Sun’s surface. The Moon’s distance from the Earth is 240,000
miles. The next time you see the Moon in the sky recollect that
the Sun is large enough to contain the Earth and the Moon’s
whole orbit.

The Sun is a Star.—All the Stars ave Suns.
They are all made up of boiling metals and white-
hot gases. The Sun is just one ot the millions of
Stars.

The Sun’s Corona.—Outside of the boiling sur-
face of the Sun with its atmosphere of white-hot
metallic clouds there is another envelope something
like another atmosphere. Itis called the corona—
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globe of an electric street-lamp, go off a little dis-
tance and you will see that the swarm looks like a
whitish cloud. The rings of Saturn and comets
are swarms of stones. If you go near to the elec-
tric-light you can see the separate flies. If you
could go near enough to a comet (or to the rings
of Saturn) you could see the separate stones.
Comets give out light of their own, perhaps due to
electricity. The rings of Saturn shine by reflected
sunlight.

Shooting-Stars (Meteors).—If you will watch
the sky, any clear, night, patiently you will be sure
to see several shooting stars every hour. You will
see a little spot of light like a star suddenly appear
and move across the sky, often leaving a bright
trail of light. Each of these shooting stars (or
meteors) is caused by a stone from a meteor swarm
which enters the Earth's atmosphere and falls
towards the Earth. As it falls (at the rate of
about 20 miles a second) it becomes hot and bursts
into flame and fire. Even-a rifle bullet, which
only goes half a mile a second, gets very hot in
its passage through the air. A meteor becomes so
hot that it burns up completely unless it is very
large. Sometimes pieces of large meteors are
found and our museums have many such speci-
mens. The heights of meteors have been mea-
sured and it appears that they often become visible
as much as 75 miles above the Earth’s surface.
Our atmosphere must be at Jeast 75 miles high,
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travels about 186,000 miles in a single second, as
youwill by and by learn. It takes a ray of light
alittle over a second to come to the Earth from the
Moon, about eight minutes to come to us from the
Sun, and more than four years to come to us from
the nearest fixed star. The light of Polaris—the
pole star—takes nearly 50 years to reach us.

_ It the star Polaris were to be suddenly destroyed—now, this
instant—its light would continue to shine for nearly half a cen-
tury more. The moonlight that you see now left the Moon a
‘econd ago. The sunlight that you see now left the Sun eight
inutes ago. The starlight that you see now left the stars years
20,



BOOK II: PHYSICS.

Physics.—Several of the sciences deal with liv-

ing things in Nature: Botany is the science that
tells us about living plants, for instance; Natural
History the science that tells us about living animals.
Physics is one of the sciences that deals with things
in Nature that are not living. It speaks about solids
and liquids, and tells how they differ from each
other; about Heat, Light, Sound, Magnetism and
Electricity—what they are and what they do. Chem-
istry and Meteorology are parts of Physics, but they
are so important that separate chapters are glven to
them in this book.
- Solids, Liquids and Gases.—A piece of iron,
lead, ice or cork is a solid. A solid body (or thing)
is one that is rather hard
to the touch and that has
a shape of its own. If
you put a solid in a cup it
keeps its own shape.-

Quicksilver, water,
kerosene oil, alcohol, are
liquids.  Liquids have
no shape of their own. If you put aliquid in a
cup it will take the shape of the cup.

44

Fi1c. 38. A liquid takes the
shape of thecup that contains it.
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The air and the coal-gas that is burned to give
light in street-lamps are gases. Gases are usually
invisible. You cannot see
the coal-gas, but you can
hear it rushing out of the
opened burner, and when you
touch it with a lighted match
it burns. You cannot see the
air you are breathing but it is
there, just the same. The
wind is nothing but moving
air, and you can feel the
wind. Clouds float in the
air just as corks float in
water. A balloon floats in
the visible air. : Fie. 39. A balloon

Ice is a solid; melt it, floats in the air s?mewhat

as a cork floats in water.
and it becomes a liquid; :
the water is just the same thing as the ice—the
same thing in a different form. You can freeze
the water again, if you like, and have ice, once
more. Or you can take the liquid water, heat it in
a tea-kettle and boil it all away into steam. So/id
ice, /iquid water, gaseous steam, are three different
forms of the same thing.

Real steam is invisible, as you could tell if you boiled water
ina glass tea-kettle, You would see the water and nothing els2
though the steam would be there, filling the kettle above tle
water. The little clouds of vapor at the spout of a tea-kettle are

not clouds of gaseous steam, but extremely small drops of liquid
water. They look white just as the little drops of spray from a
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fountain look white. Both the fine spray of the fountain and
the fine bubbles that make the clouds at the spout of a tea-
kettle are water and only water. By pressing and freezing air it

can be made liquid and even solid.

Force of Gravity.—If you drop a stone from

your hand it falls to the ground.

Fi1G. 40. The leaning tower of Pisa.
This tower was built about A. ). 1200,
and is still to be seen, as in the picture.

Anything—Ilead,
iron, stone, wood
—falls when you
let it go, and it
keeps on falling
till it reaches the
ground, or until
itis stopped by
something—by a
table, or some-
thing of the sort.
Every heavy
thing falls as far
as it can. And
everything that
you know of is
heavy. Paperis
heavy ; it has
weight.  (The
Latin word for
weight is grav-
7las=heaviness.)
A newspaper
crumpled up into

a ball has the same weight as the same newspaper
loose in sheets, If you let the loose newspaper fall
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from a second-story window it will flutter about and
take along while in falling ; but if you crumple it up
tight it will fall to the ground in just the same time
as a stone dropped at the same moment. (Try it.)

Fall of Heavy Bodies.—Drop a
heavy stone and a lighter one from

the second story window at the -

same time and you will see that
both of them reach the ground at
the same instant. (Tryit.) For
thousands of years men thought
that a heavy stone would fall
quicker than a light one, but
Galileo! tried this experiment
from the leaning tower of Pisa?
and proved thatall things, heavy or
light, fall with the same quickness.

Ten pounds of loose feathers
float about in the air for a long
time. The air blows them about.
But if you put them in a tight
bag they fall just as fast as ten
pounds of ice, or water, or lead;
just as fast, and no faster, than
one pound of lead, or ice, or water.

Attraction of the Earth.—Why
do these things fall down? Why
do they not rise up?

! Pronounced gal-i-I&’5,
died in 1642.
* Pronounced pé’zi. A city of Italy.

F16. 41. A mag-
net attracts bits of
iron near it. (The
experiment should
be tried.) There is
something about
the magnet that at-
tracts iron; there is
somethingabout the
Earth that saakes
things fall. There
is a force in the
magnet, and a force
in the Earth.

The answer is: They fall
He was born in Italy in 1564, and
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because the Earth attracts them——somewhat as a
magnet attracts a piece of iron. (Try it.)

The weight of a horse walking presses on the ground and
makes deep footprints. The heavier the horse the deeper the
footprints. If you hold a stone by a string as in the picture of
the pendulum (Fig. 13 ) the weight of the stone pulls on the
string. The heavier the stone the more it pulls. A large stone
pulls twice as much as one half as large. If you fasten the stone
to a spring-balance, you can measure how heavy it is—one
pound, two pounds-and so forth. What you are measuring is
how much the Earth is pulling the stone downwards.

If you throw the stone in the air it goes a certain distance up-
wards but it always falls. The Earth is always attracting the
stone; it is always attracting apples downwards from the trees

when they are ripe the stems are weaker and the apples fall) :
it is always pulling down the mountains by attracting the rocks
and making them fall ; always, day and night, making the rivers
flow down hill. After a stone has fallen as far as it can go and
is lying flat on the ground, the Earth still attracts it. Tryto pick
it up and you will sce that the stone still has weight—that the
Earth keeps on attracting it, somewhat as a magnet holds fast to
the bits of iron it is attracting.

How Fast do Things Fali ?>—All heavy things
fall at the same rate; one falls just as fast as an-
cother. By dropping things from high towers and
timing their fall by a watch, it has been found that
All heavy things fali 16 feet in the first second,

“ o« « ¢ 64 ¢ ¢ ¢« ¢« two seconds,
“ ¢ 66144 ¢« o« three seconds,
and so on.

You can prove a part of what has just been said if you can
find two windows one 16 and the other 64 feet from the ground.
A stone dropped 16 feet takes one second (by a watch) to reach
the ground. A stone dropped 64 feet takes two seconds. - If you

* have no watch you can miake a pendulum that swings in just one



WEIGHT. 49

eecond by taking a string 39y} inches long and tying one end to
a nail and the other to a weight (a key will do):

One swing of the pendulum of Fig. 13, from any point back
to the same place again takes two seconds. One boy can drop the
stones and another can count the swings—the seconds. (Try it.)

Weight.—The government keeps a piece ot
metal in Washington which is called a pound
weight; and there is a law that all the pound
weights in the whole country from Maine to Cali-
fornia shall be alike.

F1G. 42. A balance. If you put two weights that are alike in
the two pans, the arm (A428) will be level. If one weight weighs
more than the other its pan will go down. You can make a
weight like another weight, then, by filing it down till the two
just balance.

One-sixteenth of a pound is called an ounce. All
the ounce weights of all the druggists in the whole
, ,
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Ice is lighter than water ; it floats.

Gold is 19 times heavier than water ;'

Duicksilver is 13}4 times heavier than water ;

Lead is 11 times heavier than water;

Copper is g times heavier than water;

Iron, Tin, Zinc are 7 times heavier than water ;

Common stone is 2% times heavier than water;

Ice is 5 as heavy as water;

Oak wood is % as heavy as water;

Kerosene oil is {5 as heavy as water;

Cork is {5 as heavy as water.

Notice that things that are heavier than water sink when
they are put into it; and that all things that are lighter than
water (ice, wood, cork, etc.) float. Iron will float on Quick-
silver. (Try it.) The air is much lighter than water (and so all
air-bubbles rise in atumbler of water). Theair in any box weighs
only one one-thousandth as much as the water that would fill it.

The Vertical Line; Up and Down.—The Earth
attracts all heavy bodies somewhat as a magnet at-
tracts every piece of iron. All heavy bodies fall
down as low as they can. Fasten a string to a nail
and a weight to the other end of the string. The
string points #p and down, we say. It is a vertical
line. Up is towards the nail ; down is towards the
Earth. Wherever you may be a pendulum at rest
is vertical—is up and down.

Now the Earth is round, and as you travel round
the Earth you will have a vertical line at each city,
but a different vertical line at different cities.

Up then really means away from the center of
the Earth; down really means towards the Earth's
center. A vertical line is really the line cf that
diameter of the Earth which passes through your
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feet. The point in the sky, among vthe stars, over
your head is called your Zenith-point. The four
boys in the picture have four different zenith-points.

F1G. 44. A pendulum at rest anywhere on the surface of the
Earth points to the center of the Earth.

The Sun attracts the Earth and all the planets just as the
Earth attracts everything in its neighborhood. Everything on
the Earth is held near it by its attraction, just as all the planets
are held near the Sun by its attraction.

F16. 45. A level somewhat like the levels used by carpenters
When the little air-bubble is in the middle of its tube, the straight.
edged board is level—is horizontal.

The vertical line is perpendicular to the level sur-
face of the ocean, or to the level surface of still water
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anywhere (hold a pendulum over a basin of water
and see for yourself). Masons use a pendulum
swung in a board to get their brick walls verti-

cal, and carpenters and surveyors
use levels—which are glass tubes
almost filled with alcohol—to get
their lines horizontal, or level.

Mecasures of Length—a foot,
a yard, a mile.—The government
keeps a bar of metal in Washing-
ton and the distance between two
particular lines on that bar is
called a_foof. Three feet make a
yard; 5,280 feet make a mile.
Twelve #nckes make one foot.
There is a law that every foot-rule
in the whole country, from Maine
to California, shall be of one and
the same length. Every carpen-
ter’s foot-rule is just the length of
the foot-rule of every other car-
penter.

Carpenters measure by feet and
inches; machinists file iron by
fractions of an inch—as 5 inch,
¢z inch; shopkeepers sell cloth
and ribbons by the yard; sur-
veyors measure roads by the mile.

Thke Metric System.—In France there
is a metal bar kept by the government as
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a standard. The distance between two particular lines on it is
called a metre (or meter)

F1G. 47. A carpenter’s two-foot rule.
It is usually made so as to be only six

inches long when folded up. '

A meter = 39#% inches ; it is about

three inches longer
than a yard.

A kslometer is 1,000
meters = about % of
a mile.

A decimeter is 5 ot
a meter = about four
inches.

A centimeter is 1}, of a meter—=about & of an inch.

A millimeter is 155 of a meter = about y#3 of an inch.

A gram is the French measure of weight and it is equal tu
about 17 of an ounce; a kilogram is about 2 pounds.

A Utre is the French measure for liquids, etc., and it is abow

equal to our quart.

The French measures are used over nearly all of the continents
of Europe and of South America, and the laws of the Unitea

Short
tapes a yard (3 feet; 36 inches)

Fi1G.48. A tape-measure.

long are used by salesmen to meas-

ure cloth or ribbons. Longer
tapes (50 or 100 feet long) are
used by carpenters and masons.
Tapes made of flexible steel
are used by surveyors to meas-
ure land, lay out streets and so

forth.

F1G. 49. Compasses or
dividers. These are used
bymen who draw plans, by
carpentersand machinists,
to carry a measure made in
one place over to another
place; or else to find out
how many inches long a
piece of wood or iron must
be to be of just the same
length as a plan of it drawn
in an office beforehand.
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States allow our merchants to use them also; and that is the rea-
son they are mentioned here.

Time.—The instant when the sun is highest in
the sky—half way between sun-rise and sun-set—
we call zoon. Our watches are set so as to mark
12" o™ o* at the instant of noon, and regulated so as
to mark 12" o™ 0* again at the next noon. From
Monday noon to Tuesday noon is a day = 24 hours.
One hour =60 minutes; and the minutes are
marked on all watch-dials. One minute = 6o
seconds; and the seconds are marked on most
watch-dials, ' :

To keep account of the days we give them names
(Monday, Tuesday, and so forth) because we find it
convenient, just as it is convenient to name children
(Tom, Agnes, Mary, Jack, and so forth). Monday
begins at midnight of Sunday; Tuesday begins at
midnight of Monday, and so on. Seven days make
a week (the first day of the week is Sunday, the
second Monday, and so on). The weeks have no
names. It has not been found convenient to name
weeks as days are named. But months are named
for convenience (January, February, and so forth).
Some months have 30 days, some 31 and one has
28. (Name them.)

A year has 12 months and common years are 365
days long. 3651 days is the time required for the
Earth to go once round the Sun. It is the period
from one midsummer to the next one, from one
Christmas to the next one, Every fourth year we



56 PHYSICS.

call a leap year and it has 366 days (February has
29 days in a leap year). The number of days in
four years is, then, 365 + 365 + 365 + 366 = 1461.
One fourth of 1461 is 365 . The years are num-
bered. The first year of the twentieth century
began January 1, 1go1. The next year was 1902
and so on. The count began with the year in which
Christ was born (ahout 19oo years ago). He was
born within the first century and the centuries are
numbered. Itisconvenientto say that England was
conquered by the Normans in the XI. century ; that
America was discovered by Columbus in the XV.
century ; that the Pilgrims came to America in the
XVII. century; that our Revolutionary War was
fought in the XVIII. century; and so on..

HEAT.

Thermometers.—A thermometer is made of a
glass tube partly filled with quicksilver, but with no
air in the tube. A scale of degrees is engraved
alongside the tube. If you put the thermometer
into melting ice (or freezing water) the quicksilver
stands at 32° of the scale; ¢¢ Freezing Point.” If
you put the bulb of the thermometer into your
mouth the mercury will stand at about g8°. That
is the temperature of your body. If you stand the
thermometer in a kettle of boiling water' the mer-
cury will rise to 212°.

1Do not put a cold thermometer suddenly into boiling water
if you do not want to break it. Warm it at a fire beforehand.
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PAHRENHEIT.

Fic. s0.
A ther-
mometer
with the
quicksilver
standing at
30°,

Centigrade Thermometer. — The
French and most other nations use a
different scale for their thermometer
from that used by the Americans and
English. Qur scale is called Fahren-
heit’s scale! from the German scien-
tific man who invented it about 1714.
Theirs is called Centigrade, because
there are 100 degrees between the
melting point of ice (0°) and the
boiling point of water (100°). It is

used everywhere by scientific men .

and in most countries of Europe
and South America in commerce.

The ¢heat” of boiling
water is the heat that it has
got from the fire. Its ¢‘ tem-
perature” is 212°. The ¢“heat”
of your body is the heat you
have got from the food you
have eaten. The ¢‘tempera-
ture ” of your body is 98°.

Melting Points; Boiling
Points.—Themelting point of
ice is 329, the boiling point of

_ice (or water) is 212°. The

melting point of anything is
the reading of the thermome-

ter when that thing changes from a solid
into a liquid; the boiling point is the
reading of the thermometer when that
thing changes from a liquid into a gas.

' Pronounced fi ‘ren-hit.

Fic. s1.
A Centi-
grade Ther-
mometer.
The scale is
divided into
one hun-
dred de-
grees. Such
thermome-
ters oare
used in Eu-
ropean and
South Am-
erican coun-
tries.
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The melting point of ice is 32°; it changes into liquid water.

The melting point of quicksilver is—38°; it changes from
solid quicksilver into liquid at 38° below zero.

The melting point of solid sulphur is 240°; it becomes liquid.

The melting point of solid lead is 600° ; it becomes liquid.

The melting point of solid iron is 2,200°; it becomes liquid.

FI16. 52. Aniron ball that
just fits aring when it is cold
will be too large to slip
through it when the ball is
red hot. This is a proof
that iron expands when
heated. The ring remains
of its old size. The ball is
larger when it is hot. (An
apparatus like that in the
picture can be made by any
ingenious boy.)

uring them.

The boiling point of water is
212°; in changes into steam.

The boiling point of alcohol is
172°; it changes into gas.

Hot Bodies Usually Ex-
pand.—The tire of a wagon
wheel is larger when it is
hot than when it is cold.
The blacksmith tries a cold
tire and finds that it is too
small to fit the wheel. He
heats the tire; it expands.
He slips it over the wheel
and lets it cool. It shrinks
and fits tight. The quick-
silver column in a ther-
mometer becomes longer
as the column gets hotter.

Nearly every solid thing
is larger when hot than
when cold. Very hot can-
non balls are larger than
the same balls when cold,
as can be told by meas-

Railway rails are longer when hot

than when cold and you will notice that they are
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laid down with a little free space at the end of each
rail to allow for expansion. Melted lead takes up
more space than cold lead. But there is one im-
portant exception to this general rule. Melted ice
(water, that is) takes up less space than cold ice.
Water gets larger when it freezes, not smaller.
This is the reason why our water pipes so often
burst when the water freezes. The pipes are full
of water at first; when the water freezes it expands
and the pipes break.

Conduction of Heat. —Heat is conducted through
bodies somewhat as if it were water flowing through
pipes. Some bodies (things) let the heat flow fast.
A silver spoon, for instance, dipped in boiling
water will soon be-hot all along its length. (Try
it.) A piece of charcoal alongside of the silver
will be very hot where it dips into the water, but
will remain cool at its upper end. (Try it.)

Silver, iron, copper and other metals are good conductors of
heat; charcoal, wood, wool, felt, fur, are poor conductors of
heat. We make our winter clothes out of wool and fur because
they do not conduct the heat of our bodies away to the cold air.
A jacket made of copper would keep the wind away thoroughly,
but it would be a very poor garment for cold weather. (Why?)

Work can be Turned into Heat.—If you rub two
sticks together both sticks get warmer. Savages
light fires by turning a stick of hard wood rapidly
in a dent in a piece of soft wood. + The hard wood
is moved as if it were an auger, boring into the
soft wood. By and by the soft wood begins to
char and to burn. The movement that you give
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\he stick is turned into heat. If you bore a
hole in hard wood with a gimlet both wood and
gimlet become warm. If you rub your hands to-
gether in cold weather you can warm them. Inall
these cases work of some sort has been turned into
heat. If you place a copper cent on an anvil and
pound it with a heavy hammer the coin becomes
hot. (Try it.) The
harder and faster you
pound the hotter be-
comes the coin. A ma-
chine could be made
to do the pounding so
hard and so fast that
the coin would become
red hot. The work
done by the hammer
has somehow been
taken up by the coin,
and given out as heat.
Stcam.—When
water is boiled in a tea-
kettle steam is formed
F16. 53. Steam from heated and escapes through
yater will drive out a tightly fit- the spout and by lifting
ing cork.
the lid. If the spout
were securely stopped up and the lid soldered down
the steam might burst the tea-kettle just as it some-
times bursts boilers. Steam can do work, then.
In the steam engine it is made to do useful work.
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The Steam Engine.—The steam engine is a
machine that turns heat (of the fire) back into
work. The fire makes the wheels of the locomo-
tive turn. You have often seen a locomotive. "It
is worth while to understand how it works.

A (Fig. 54) is the fire in the fire-box ; the heat goes
through tubes in the doi/er (&) and turns the water
round the tubes into steam. The steam is led by
a pipe into the steam-chest (H') and from there it
goes through another pipe to the cylinder (B) just
above the front wheels of the locomotive. (There
is a separate picture of the cylinder at the top of
page 61.) Inside of the cylinder a piston (K) fits

F1G. §5. Another picture of the cylinder of a steam-engine.
The steam rushes from the boiler into the valve-ckest and through
the open way into the cylinder and pushes the piston to the right
(inthe picture). Then the steam is let into the cylinder by another
way and pushes the piston to the left (in the picture). The pis-
ton-rod keeps moving to and fro. It is fastened to the driving:
wheels by a crank, and the wheels keep moving round and round,
and the locomotive keeps moving along, dragging the train afte:

itself.
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tightly and the piston-rod goes out of the cylinder
and is fastened to the large driving wheels at the
rear end of the locomotive. The machinery is so
arranged that the steam is first let into the front
end of the cylinder (£) and drives the piston back-
ward ; then the steam is let into the rear end of the
cylinder and drives the piston forward. The pis-
ton keeps moving to and fro, and therefore the
wheels keep turning round, and the locomotive
keeps going.

The pupil shouid read this description carefully, pointing with
a pin at the different parts of the engine as they are named.

LIGHT.

The Sun and Stars Shine by Light of Their
Own.—The Sun and all the stars give out light of
their own. The Moon has no light of its own but
shines by reflecting the Sun’s light to us. At times
only part of the Moon’s face is shined on by the
Sun and only part of it, therefore, is seen by us.
(See page 26 for an explanation of this.) A
candle, an electric light, a fire-fly, a glowing coal,
shines by its own light. It is se//~luminous. Phos-
phorus is self-luminous, as you can prove by going
into a dark closet and rubbing the head of a match
gently with your hand. (Tryit.) The head of the
match contains a good deal of phosphorus.
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shone, then, by the sun’s light. They were Zumi:-
nous (light-giving) but not se/fluminous. Most
things in the world are seen by the Sun’s light
which they reflect. The light comes to them from
the distant Sun ; they reflect it somewhat as a mirror
reflects ; and the reflected light enters your eye and
you see them. When the Sun goes down you see
them no more ; unless, indeed, they are lighted by
rays from a lamp. Daylight is the Sun’s light re-
flected from and scattered by dust in the atmos-
- phere, from clouds, the ground, buildings, streets,
and so forth.

All Light-rays Travel in Straight Lines.—The
Sun’s rays travel in straight lines. You can prove
this by making some room that faces the south very
dark and by then letting in a ray of sunlight through
a small hole.

A

Y

F16. 58. Rays of light from a candle go in all direction.
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Rays of Light go in All Directions.—An electric
street lamp, for instance, shines towards the north,
east, west, south. It shines upwards and down-
wards. Its rays of light must, then, go in @// direc-
tions. If you puta candle in a darkened room, the
whole of the room is lighted—the ceiling, the walls,
the floor. Wherever you place your eye some ray
from the candle will enter it. Wherever you are
you can see the candle. This proves that the
candle’s rays go in all possible directions, up, down,
sidewise. The Sun shines in every possible direc-
tion, too—towards the north, east, south, west.

F1G. 59. The Sun sends out rays in a//directions. The Earth
receives only a smal! part of them.

Shadows.—When the Sun shines on any body
(thing) it lights one half of it. The half turned
towards the Sun is lighted. The half turned away
from the Sun is not lighted. Beyond the body
that is shined upon there is the shadow. The
shadow of a thing is the space beyond it from which
it keeps the light away. Your shadow, properly
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speaking, is not the flat distorted picture on the
ground, but all the space back of you, from which
your body keeps the light away.

Fi1G. 60. The Sun shines on a ball and lights one-half of it;
the other half is not lighted. All the space back of the bali
which is not lighted is its shadow, though we often speak of the
dark oval, where the shadow meets the table as ‘‘the shadow of
the ball.”

To the side of the Earth lighted by the Sun it is
daytime ;. to the other side of the Earth, it is night;
beyond the Earth its shadow extends for thousands
of miles. In the same way, the Sun lights one half
of the Moon (the half turned towards the Sun);
the other half of the Moon is dark; and beyond
the Moon its shadow stretches out for thousands of
miles.
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F1G. 61. The Sunshining on the Earth (or the Moon) lights
one-half of it. Beyond is the unlighted shadow from which the
Sun’s rays are cut off.

Place a candle on a table in the middle of a dark room and
hold a pencil near the candle. Hold a sheet of white paper a
toot beyond the pencil and let the shadow of the pencil fall on
the paper. Keep the pencil in the same place and move the
paper two feet away ; then three feet ; and so forth. Now move
the pencil further away from the candle and try the same experi-
ments.again. Put two candles close together and try the same
experiments. Each time look for the umbra and for the pen-
umbra of the shadow. The umbra is the darkest portion of.any
shadow ; the penumbra is the rest of the same shadow. With
only one candle make the shadow of a ball—of a book—of a
card. Hold the card edgewise towards the light—flatwise—in-
clined. Cut a circle out of a card and try to make its shadow
round —oval—a straight line. (See Figs. 29, 30.)

Shadow of an Obelisk.—When the Sun is high
in the heavens the shadow of an obelisk on the
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F1G. 62. The shadow of an obelisk when the
Sun is high in the heavens.

FiG. 63. The shadow of the same obelisk
when the Sun is not so high in the heavens.

ground will
be short as
in Fig. 62.
When the
Sun is low-
er, the shad-
ow on the
ground will
be longer,
as in Fig.
63. The
height of the
Sun in the
heavens can
be calculiat-
ed by simply
measuring
the length of
the shad-
ow on the
ground—by
measuring
LM. The
ancient as-
tronomers of
Egypt de-
termined the
Sun’s height
in this way.
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them to the eye of the observer who uses a magni-
fying eyepiece. '

Fi1G. 66. Kaleidoscope.—Images of a candle made by two
mirrors at right angles to each other. There are three images.
(Try it.) ’

If two mirrors @ and & are placed so that they
make an angle of 60° with each other like this

/ the reflections will be six-sided. Anyone can
- :

try this experiment by I. folding back the lid of an
upright piano till the lid and the top make an angle

like this V . ‘The polished lid and top are mir-
top

rors. II. by putting a shawl over the lid so as to
make a dark box with the two ends open. III. by
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placing his eye at one end of the triangular box
while a friend moves some bright object like a
skein of worsted, a bunch of keys and so forth to
and fro at the other end. (Try it.)

Refraction of Light.—A ray of light in the air
moves in a straight line. When it moves first in air
and then in water the ray is bent just where it enters
the water. Take a tumbler half full of water and
put a spoon in it. Hold it in front of you at arm’s
length so that the top of the water is on a level
with your eye. (Try it.) The spoon will look as
if it were bent out of shape—as if it were broken.
The water breaks—refracts—the light. '

Refraction of Light by a Prism:

FiG. 67. A triangular prism of glass. Look at it endwise and
you see atriangle as in the left-hand picture. The glass pendants
to chandeliers are often prisms.

When a ray of light passes through a prism of
glass it is also bent out of its course.
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Refraction of Light by a Lens.—A lens is a piece
of glass with curved sides (a burning glass, for in-
stance) which is used to bend rays of light from
their first course into a new one.

Fi1G. 68. The light from the candle strikes the prism and is
bent down so that the man sees the candle not where it is, but
raised in the air. If you have a prism, try it.

Microscope.—If you take a burning glass like
that in Fig. 70 and use it to look at this page of
your book you will find that it magnifies the letters.



76 PHYSICS.

(Tryit.) A microscope is a lens or a set of lenses
used to make small things appear larger.

Microscopes are used by geologists to study the structure of
rocks ; by physicians to study the bacteria that produce diseases,
and so forth.

Fi16. 69. Hold a burning glass in the
sunlight and it will bend the rays of the
Sun so that all that fall upon it meet in

-one point—which is called the focus. A
burning glass collects the Sun’s rays into
asmall spot of light. Allthe rays that fall Fi16. 70. A burn-
on all the surface of the lens are brought  ing glass.
to a single spot.

F1G. 71. Glass lenses of different shapes. Spectacles are lenses
of these kinds. The different kinds are used for eyes with differ-
ent sorts of troubles. Near-sighted eyes need concave glasses,
far-sighted need convex glasses.
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Telescope.—A telescope is an apparatus used to
make far off things seem near (a spy-glass is a
small telescope; so is an opera-glass). It is usu-
ally made of two, or more, glass lenses. The first
lens collects the rays from the distant object at its
focus and forms a little picture of the object there.
The second lens magnifies the little picture. The
two lenses together form a telescope.

In an opera glass, one lens is at the large end; the other (or
others) near the small end. It magnifies from 3 to 8 times. It
makes things seem 3 to 8 times nearer than they really are.

A large telescope such as astronomers use to look at the stars
can be made to magnify about a thousand times. It makes the
Moon seem about a thousand times nearer than it really is.

The Solar Spectrum :

You can hold a prism in the sunlight so as to get
a band of colored light. (Try it.) There will be
seven colors, Violet, Indigo, Blue, Green, Yellow,
Orange, Red—VIBGYOR (remember this word
and it will recall the order in which the colors come.
It is the order of the colors in the rainbow). The
prism does two things to the sunlight that falls on
it: I. It bends the light into a new course; II. It
separates the light into seven colors. Sunlight is
made up of seven colors and no more. When they
are all together they make what we call w#ize light,
that is, sunlight. It is just as if every beam of sun-
light were made up of seven strands of silk thread
—uibgyor. When they are all in one bundle they
look white. Separate the bundle into parts, and
you have seven separate colors—violet, indigo, blue,
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green, yellow, orange, red. A few experiments
with a prism will prove this. Looking at the rain-
bow proves it. The white sunlight going through
the drops of .rain (which act somewhat as if they
were prisms) is separated into seven colors.

Velocity of Light.—Light travels from place to place at the
rate of 186,000 miles in one second of time—almost instanta-
neously : almost, but not quite. It comes to us from the Moon
in less than two seconds, but it takes eight minutes to come from
the Sun. That is, a ray of light that left the Sun eight minutes
ago arrived at the Earth this very instant. A ray of light just
leaving the Sun now—this instant—will not arrive for eight
minutes. Eight minutes are required to make the journey of
93,000,000 miles. Light goes from any one place on the Earth to
any other place practically instantaneously. You see an electric
street lamp at practically the very instant when it is lighted.

You see the flash of a gun the instant it is fired, though you do
not hear the sound for some seconds.

SOUND.

Sound-waves.—When a church-bell is struck by
a hammer a sound is heard. No matter where you
are—north, south, east, west of the bell—you
hear it. Close to the bell the sound is loud;
two miles away the sound is faint. Anywhere
within two miles you hear it. This proves that
waves of sound travel outwards from the bell, in
every direction, somewhat as waves of water travel
outwards from a stone thrown into a pond. The
waves are more marked where the stone struck the
water ; less marked as they go outward. (Try it.)
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finger lightly against the glass you can feel it
tremble—vibrate. (Tryit.) So long as the trem-

Fic. 73. A
wine glass filled
with water vi-
brates when a
fiddle bow is
drawn across its
edge. Touch
the glass lightly
with your finger
and notice that
at four places
there are no
waves. (Tryit.)

bling goes on the sound is heard.
Stop the trembling by clasping your
fingers round the glass and the sound
will stop. (Tryit.) To have a sound
you must first have vibration of some
sort. A vibration is a quick trem-
bling to and fro, like that of a bell
when it is struck.

Musical Instruments. — A drum
makes a sound because the parch-
ment drum-head vibrates when it is
struck. The air vibrating regularly
in an organ-pipe makes a sound.
The string of a violin vibrates when
the bow is drawn across it, just as the
string of a piano vibrates when the
hammer strikes it. You can feel the
vibrations of the piano strings by
putting your finger lightly agamst
them. (Tryit.)

The vibrations of all musical instruments are
regular—rhythmical—and the sounds are pleasant.

Such sounds are called musical.

Irregular vibra-

tions, such as are made by beating on a fence
with a stick, are unpleasant—we call them noises.

A way has been contrived to count the number of vibrations

>f the strings of a
dle C of the piano

piano. [t is found that the mid-
— is made by a string

vibrating 256 times in a second; the C next above
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is made by a string that vibrates 512 times in a second. The
shorter the string the more vibrations it makes in a second. The
shortest strings in a piano, the ones that give the highest notes,
make about 4,000 vibrations in one second; the longest strings,
that give the lowest notes, make about 32.

The sounding-board of a piano also vibrates when
the string is struck and makes the sound louder;
and all the air inside of a fiddle vibrates when the
string is plucked. When you are at a concert rec-
ollect that all the air inside the concert-hall is set
into vibration every time a note is played on the
violin. Each stroke of the fiddle-bow sets tons of
air into motion.

Singing.—You have in your throat two cords,
muscles, called the vocal cords. By making them
act you can change the quickness of the vibrations
of the air that passes through your throat as you
sing. Very deep bass sounds (men’s voices) are
made by air vibrating about 200 times a second;
the very highest notes of a woman’s voice are made
by air vibrating about 2,000 times in a second.
Learning to sing is mainly learning to control the
vocal cords.

Sound Travels Through the Air.—Open the
window of a room and send a boy to beat on the
fence with a stick. You hear the sound which is
brought to you by the air. The air cannot go
through the window when it is closed. Close it
then; and you cannot hear the sound, though you
can still see the stick striking the fence.

6
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If the fence is very near, and if the boy strikes very hard
sometimes you can hear the sound even when the window is
shut. That is because the air outside of the window makes the
window-glass vibrate, and because the window-glass, in turn,
sets the air in the room into vibration. Sounds usually come to
us from the sounding body (thing) by vibrations in the air.

But sound travels through solids too. If you
hold a watch close against a long plank a boy at
the other end of the plank can hear the ticking
much plainer than if you hold the watch a foot
away from the plank. (Try it.) The ticks of the
watch travel through the plank in the first experi-
ment ; through the air in the second. If a railroad
train is far away, you can hear it better by laying
your ear close to the rails than you can by stand-
ing up and listening.

Velocity of Sound.—Light travels almost instan-
taneously from place to place. You see the flash
of a distant gun the moment it is fired. But the
sound does not come at once. If the gun is 1,100
feet away from you the sound comes one second of
time after the flash. If the gun is 2,200 feet
away the sound comes two seconds after the flash.
Sound travels 1,100 feet (about a fifth of a mile)
in one second. Ittravels a mile in a little less than
five seconds.

Any two country boys who own a watch and a gun and who
can get a mile apart can prove this. City boys are not allowed
to fire guns in the streets but they can recollect that sound travels
a distance of about 500 of their steps in each and every second of
time.
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ELECTRICITY.

Experinients.—Before beginning the experiments
you should get

A piece of sealing wax about 4 inches long.

A glass tube or a glass rod about 4 inches long.

A little piece of elder pith with a silk thread run through i
so that it can be hung to a long nail in the wall, or to the eng
of a stick projecting from a shelf (put a heavy book on one ene
of the stick to keep it steady),

A little ball of sealing wax fastened to a silk thread.

A little glass bead fastened to a silk thread.

A pound of resin; have it melted and poured into a shallow
wooden box to cool. (See Fig. 75.)

A piece of fur—a cat-skin will do very well.

Electricity by Friction.—Now try these experi
ments one by one:

I. Strew some small bits of paper on the table
and hold the sealing-wax, then the glass, near
them. Nothing happens.

II. Rub the sealing-wax smartly on the fur or on
your sleeve, and then hold it near the bits of paper.
It attracts the paper. The little bits of pieces fly
to the wax and stick to it.

ITII. Rub the glass rod smartly on your sleeve
and hold it near the bits of paper. It attracts the
paper.

Whenever a piece of wax or glass is rubbed it
gets a new power. It will attract light bodies such
as bits of paper. Before it was rubbed it did not
have the power. It is the rubbing—the friction
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that, somehow, gives the new power to the wax ot
glass.

The ancients, thousands of years ago, knew that
if amber was rubbed it would attract light bodies,
such as bits of chopped straw. The Greek name
for amber is Electron, and from that word we get
our name of electricity.

Electricity is the something that gives a piece of
glass that has been rubbed the power to attract
pieces of paper.

When sealing wax is rubbed you get electricity
of one sort; when glass is rubbed you get elec-
tricity of another sort, as
the following experiments
will show :

IV. Fasten a little pith
ball so that it can swing
freely. Hold a piece
of sealing-wax near it.
Nothing happens if the
wax has not been rubbed.
Hold a piece of glass near
it.  Nothing happens it

F16. 74. A pith-ball hung the glass has not been
by a silk string is repelled by rubbed.

an electrified stick of sealing- V. Rub the wax and

, or glass. ’ . .
ek or g then hold it near the pith-
ball. The ball is first attracted and then quickly
repelled. The wax repels the ball.




ELECTRICITY BY FRICTION. 85

VI. Rub the glass rod and quickly bring it near
to the pith-ball. The ball was repelled by the
rubbed sealing-wax, but it is now atfracted by the
rubbed glass. Wax-electricity seems to be differ-
ent from glass-electricity.! When one repels. the
pith ball the other attracts it.

VII. Rub the glass first, and it will repel the
pith ball; then quickly rub the wax and it will at-
tract the ball. Wax-electricity is certainly different
from glass-electricity. You have proved it to be
different.

VIII. Rub the little sealing-wax ball with a piece
of fur; rub the stick of sealing-wax and bring
them close together; they repel each other. If
now the glass rod be quickly rubbed it will attract
the wax ball.

IX. Rub the glass bead and bring the rubbea
glass rod near. They repel each other. The
rubbed stick of wax will attract the ball.

All these experiments taken together prove that:

When bodies are charged with Zke electricities,
they repel each other [wax repels wax, glass repels
glass].

When bodies are charged with un/ike electric~
ities, they attract each other [wax attracts glass,
glass attracts wax].

X. Take the wooden box filled with melted resin
and beat or rub it with a piece of fur. Now put

1 The scientific names are resinous electricity and vitreous
electricity ; sealing-wax is made of resin.



86 PHYSICS.

your knuckle close to the resin and you will feel a
little electric shock. Some of the electricity in the

FiG. 75. Taking a spark from a box of resin which has been
electrified by beating it with a piece of fur.

resin has gone into your body. If this is done in
the dark you can see a little spark pass; and
whenever the spark passes there is a little crackling
noise. The spark is just the same thing as Zigkt-
ning; the little noise is thunder. Your knuckle
was struck by lightning.

If you break a piece of sugar while you are in the dark you
will see a faint light which is caused by electricity. Breaking
the sugar is akind of rubbing of one surface on another. If you
rub the fur of a cat with your hand you can electrify the cat and
can take sparks from her back or from her nose (much to her sur-
prise!) Rubadry lamp-chimney with a woolen cloth and you can
take sparks from it with your knuckle. In cold dry weather you
can scuffle your shoes over the carpet and electrify yourself—
so that you can light the gas by a spark between your knuckle
and the metal gas-fixture. (Remember these things and try them
all when the weather is cool and dry.) Notice that in such
weather a rubber comb passed through your hair will attract the
bairs and make them rise up.






88 PHYSICS.

ZINC LA 'PER PLATE

F1G. 77. Onecell of an electric bat-
tery: The glass jar contains two plates,
one of copper, the other of zinc, and a
liquid, which is diluted sulphuric acid.
A wire is fastened to each plate. The
larger the plates the more electricity
flows when the two wires are joined.

electricity in the
cloudswas the same
kind of thing as the
electricity that he
could make, any-
time, by experi-
ments.

Electricity from
Batteries. — Now-
a-days electricity is
used for sending
messages by tele-
graph; and it is
used to light lamps,

to drive street cars, automobiles, elevators, etc. The
electricity for telegraphs is obtained from batteries ;
for lighting and power from dynamos.

F1G. 78. Several cells of a battery joined together (the zinc
plate of one cell to the copper plate of the next one). A strong
electric current flows through the wires when they are joined, no

matter if the wire is short or long.

If the wire extends from

Boston to New York a current will flow and if we can make the
current work telegraph sounders in the two cities we can tele-

graph messages.
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You can prove that a current of electricity
is flowing in a battery by putting one wire

above your tongue, and
the other below it (both
touching the tongue). When
you do this you will feel a
little current every time you
move the wires slightly. A
current of electricity flows
from the copper slip through
the wire to your tongue,
through your tongue and
back to the zinc slip. The
current runs round a circle
of wire and such a circle of
wire is called an electric
circuil.

The cell that you make
is not as strong or as con-
venient as one that you
can buy, and it is worth
while to buy what is called
a cell of ¢¢ dry battery,”?
to use.

+
Zn Cu

F1G. 79. A home-made
electric battery. The
glass goblet is filled with
weak sulphuric acid and
contains two slips of
metal, one of Zinc (Zn),
the other of Copper(Cu).
To use it two pieces of
flexible copper wire must
be soldered to the two
pieces of metal.

which is handy and clean

!Buy for the school from the Western Electric Company,
New York City, its Electric Bell outfit (complete) No. 9429, com-
prising a bell, one cell of Phenix Dry Battery, one bronze push-
button, 75 feet of No. 18 annunciator wire and staples, for

$2.75.
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Electric Bells:

BATTERY

F1G. 80. An electric bell outfit complete—push-button (at the
right), one cell of battery, bell and wire.

Battery

Button

@

F1G. 81. Plan of the circuit for an electric bell. Touch the
push-button and the bell will ring. Touching the push-button
connects the two ends of the wire, previousiy unconnected.
When the wire is all in one piece the electricity flows from the
battery into the electro-magnet of the bell and makes the bell
ring. If the battery were strong enough you could stretch the

wires from New York to Boston and make a bell in Boston ring
when a button in New York was pushed.

Wire




THE ELECTRIC TELEGRAPH.

91

The Electric Telegraph.—Signals can be sent
over a long distance by using strong batteries of

many cells.
in Boston, and a
key and battery in
New York, and
connect all three
by telegraph wire
strung on  posts.

Suppose we have a ¢¢sounder”

FiG. 82. A telegraph key.

Whenever the key in New York is pressed a cur-
rent of electricity from the battery runs along the
wire and into the coils of the sounder in Boston.

FiG. 83. A Sounder. Itis
an electromagnet (see p. 99)
that is, it is a magnet whenever
a current of electricity runs
through its coils—whenever a
key in the circuit is pressed;
and not a magnet when no cur-
rent is flowing. In the picture
one of the coils is shown—a
vertical black cylinder.

The sounder becomes a
magnet and pulls down
the bar above it with a
click. Letgo of the key
in New York and the
sounder-magnet lets go
of the bar. We can
thus make clicks that
can be heard in Boston
by touching a key in New
York. The current of
electricity does the work.

The Telegraph Alpha-
bet. — An alphabet has
been invented to use in

sending telegraphic messages. The shortest touch
of the key makes a short click which is called a
Jdot . ; a longer touch makes a dash — .
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To send A make a dot and a dash, J—
¢« ¢« B ¢« 3 dash and three dots, — ...
3 « E ‘6 a dot, .3
¢« ¢« M < two dashes, —_——

Boston R i N _Ncw York
Key Key
— Sounder Sounder _J
]
Battery

Fi1G. 84. Plan of a telegraph line between Boston and New York.

and so on for the rest of the letters. In this way

any word can be spelled out to the ear in Boston
by touches of a key in New York.
A key (on the same circuit of wire]
in Boston when touched will spel
out words to the ear in New York.
It is in this way that telegraph mes-
sages are now sent.

The Telephone.—The telephone
is a kind of telegraph. Itsends the
vibrations of your voice instead of
sending the clicks of the tele-
graph key, and this is done as

Fi1G. 85. Tele- _follows:
phone. Eachper- 1. You call the person you wish
son who speaks t, sheqk to (or the central office)by

hasaninstrument = 7 K
like this. ringing an electric bell (D).
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II. You speak into your ¢ transmitter ” (A). This
is a box containing a very thin disk of metal. When
you speak the vibrations of your voice make this
disk vibrate and the vibrations of the disk travel
along the wires and reach the telephone which
your friend is holding to his ear. In his telephone
(and in yours (B) too) there is a little metal disk
which vibrates just as your voice vibrates. The
air in his telephone vibrates, then, just as your voice
did; and it makes the same sounds that you made.
It repeats your very words, even your whispers.

The Dynamo.—A dynamo-electric machine is a
set of magnets made to revolve rapidly by a steam

engine. When

they revolve

they create a

current of elec-

tricity. Wires

led from the

dynamo carry

the current

wherever you

wish. You can

use the current

Fic. 86. A Dynamo. to light lamps,

or to run elec-

tric cars, or to drive any machine you choose. The
more powerful your steam engine, the stronger cur-
rent you can get and the more work you can do.
It is the steam engine that does the work, after a\\.
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F16.87. An Electric Railway. The Dynamo (4) in the power-
house sends a current of electricity along the wire. Each car
takes the electricity it needs by the trolley and motors under-
neath the floor of the car drive the wheels.

F1G. 88. Anelec-
tric lamp; a glow-
lamp; suchas isused
in houses. A cur-
rent of electricity
fromadynamo heats
a little strip of bam-
boo white-hot, and
the glowing of this
strip gives the light.

The dynamo simply changes the
energy of the steam engine into
electricity and the wires carry the
electricity to the places where
you wish to use it.

The Electric Railway.— A
dynamo driven by a steam-engine
in a power-house (so-called) is
used to send a current of elec-
tricity along an overhead wire,
and the electricity is led from
this wire by a little wheel (a z7o/-
ley) to electric motors underneath
the car. These motors turn the
car-wheels round and make the
car move along the track.

Electric Lighting.—A current
of electricity is sent out from a
power-house by a dynamo driven

by a steam-engine. The current is led along wires



NATURAL MAGNETS. 95

to light the street lamps (arc lamps, they are called)
in cities; and into houses to light the glow-lamps
(incandescent lamps, they are sometimes called).

MAGNETISM.

Natural Magnets.—In Magnesia, a district of
Greece, the ancients found a kind of iron ore that
attracts little pieces of iron filings, tacks, etc.,
when they are brought near to it. The name
‘““magnet” comes from the name of the place—
¢ Magnesia.” Natural magnets are found in many
other parts of the world. To try the experiments
described in this book it will be best to buy from
any toy-shop one of the manufactured magnets
shown in the pictures.

F16. go. A horse-
shoe magnet: it is
. shaped like a horse-
shoe. The piece of

Fi1G. 89. A bar magnet steel across the
dipped in iron filings. It is ends is called the
shaped likea bar. Theendsof keeper, or the arma-

a magnet are called its poles. ture.
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Experiments.—Spread two or three needles on a table and
pick them up with the magnet. (Tryit.) Try to pick up
some brass pins. If you make a little pile of bits of iron wire,
steel needles, copper wire, brass wire, lead, sand, coal-dust, aud
so forth the magnet will pick out the iron and steel and nothing
else. Whatever the magnet picks up #s iron or steel. There is
a machine made which sorts small pieces of iron out of a mass
of crushed rock by alarge magnet. If they were not picked out in
this way you could not get them at all. Surgeons use magnets
to take needles, etc., out of wounds. The mariner’s compass is
nothing but a magnet (page 99).

Magnetism.—A magnet, then, is something dif-
ferent from a piece of iron of the same shape.
There is some force in the magnet that reaches out
and attracts iron; somewhat as the forec of gravity
(see p. 46) in the Earth reaches out and attracts
heavy bodies (things). Notice that it is the ends
of a magnet that attract. The middle parts scarcely
attract at all.  (Try it.)

Take a pane of glass and lay it on two piles of
books, one at each end. Now lay a needle on the
glass and move the magnet underneath. You will
see that the magnet acts through the glass (try
it) ; and it will act through paper or copper or
cloth—through anything, in fact.

Artificial Magnets.—Take a fresh needle from
the case and see if it will pick up little bits of iron.
It will not. Now lay the needle down and rub
it with the magnet, lengthwise, from the center
towards the point for a minute. Then rub the
needle with the magnet from the center towards the
eye-end for another minute. The needle will now



ARTIFICIAL MAGNETS. N

pick up iron filings. (Tryit.) It has become a
magnet. You can make magnets in this way. You
can magnetize the blade of your pen-knife, if you
like. The first artificial magnets were made from
natural magnets. Now-a-days we make one arti-
ficial magnet from others, or by electricity as you
shall hear later.

F1G. 91. A bar magnet was laid on a pane of glass and fine
iron filings were spread all over the glass. The magnet attracted
the bits of iron. After a while the magnet was lifted up and
this picture was taken. Notice that the ends (poles) of the
magnet attracted the most filings and that the middle attracted
the fewest; all over the glass the filings are arranged in curves.
You can try this experiment yourself. (Tap the edge of the
glass gently with your finger nail to keep the filings from
sticking to the glass.)

Experiments.—Take a fresh needle, lay it down, and magnetize
it by moving the magnet from the eye-end towards the point.
(Rub it only in this direction.) Magnetize a second needle in
exactly the same way. Now you have two small magnets, just
alike. Either of them will pick up iron filings. (Try it.) Tie
a thread round the middle of one of them and hang it from a
long nail in the wall, or from a gas bracket, so that it is horizontal
and can swing freely. Let it come to rest.

7
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Now take the second needle (call it No. 2 for short) and try
these experiments and see what happens. '

Touch the eye-end of No. 1 with the point end of No. 2; they
attract.

Touch the point-end of No. 1 with the eye-end of No 2; they
attract.

Touch the point-end of No 1 with the point-end of No. 2 ; they
repel.

Touch the eye-end of No. 1 with the eye-end of No. 2; they
repel.

These magnets are just alike; the eye-end poles (ends) of
each are alike, the point-end poles (ends) of each are alike.
They were made in the same way and this must be true. But
the experiments have shown that the eye-end poles are nof like
the point-end poles ; and the experiments have also shown that
like poles of two magnets repel each other; unlike poles of two
magnets attract each other.

You must try these experiments over and over till you thor-
oughly understand them.—It is much easier to understand the
experiments than to understand a description of them.

If any sewing needle is laid gently on the surface
of water the needle will float. (Try it.)

If a magnetized needle is
laid on water it will turn till
it points to the north. It is
a compass. (Try it.)

If you take another magnet
and bring it near to the float-
ing compass-needle you can
easily prove that /i&e poles

] of two magnets repel, un-
sewP;;Gg'_zz ;‘ﬁ‘e";zga;?;:: like pc‘>1es attract each other.
a bowl of water. (Try 1t-)

7

e ———




ELECTRO-MAGNETS.

The Mariner’s Com-
pass.—If a magnet is
suspended by a string

(or balanced on a sharp”

point) or floated on
water, so that it can
swing. freely, it will
point to the north.
The Chinese knew this
centuries ago and used
compasses to steer their

99

F1G. 93. The Mariner’s Com-
pass. The needle always points
to the north, and therefore sail-

ships by. Their inven-

F1G. 94. Anelectro-
magnet. Itisa pieceof
iron wrapped with wire.
While a current of elec-
tricity is flowing
wuirough the wire it is a
magnet : the instant
the current stops flow-
ing it is a magnet no
longer-.

ors can steer by it.

tion was brought to Europe
and has been used by our
sailors since A.D. 1302.
Columbus (1492) steered
west from Spain by the com-
pass and discovered America.
If you have a compass see
what will happen when you
bring a magnet near to one of
its ends. (Try it.)
Electro-Magnets. — You
know that a current of elec-
tricity from an electric battery
flows along a telegraph wire
so that messages are sent from
Boston to New York. Sup-
pose you tnok a piece of soft.

3902GN
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iron and bent it into the shape of a U and wound
wire around it, as in the picture and let a cur-
rent of electricity flow through the wire. You
would find that while the current is flowing (and no
longer) the iron would be a magnet. Stop the cur-
rent and the iron is iron and nothing more. You
can see an electro-magnet working in any tele-
graph station. The bell that rings when an elec-
tric push button is touched is an electric bell. Its
hammer is moved by an electro-magnet. (See

page 9o.)
MACHINES.

The Pulley.—A pulley like the one in figure
95 is often used to change the direction in which
arope is led. A pull of one pound on the rope
will lift one pound and no more.

F16. 95. A common pulley. ‘
Fi16. 96. These two pulleys are rlgged s0 that a pull of one
pound on the right-hand rope will raise two pounds atached \a

‘the left-hand pulley. (Try it.)
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Fi1G. g9. A weight of one pound can be made to balance a
weight of two pounds if it is hung at the end of a lever twice as

long.

(Try it by making astick with holes every six inches, as

in the picture, and putting a round iron nail (F') for the stick
to move on.) Putthe pinin different holes and see what weights

will balance each other.

F16. 100. A hammer: A
lever with a short arm near the
nail—the fulcrum is the point
where the hammer touches the

floor—and a long arm from the
floor to where your hand takes
kold of the handle.

The point F is the fulcrum.

A hammer is a lever
when you use it in pull-
ing out nails. A pair of
scissors, of pinchers, of
nut-crackers, are levers.
The fulcrum of each one
is the place where the two
parts are joined together.
A butcher’s steelyard is a
lever in which a littlé
weight at the end of a long’

.arm balances a larger

weight at the end of a
shorter arm.

The Inclined Plane.—
A weight 100 heavy Wk
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laid up a mountain by making it curve so that the
mountain is climbed a little at a time.

F16. 103. A screw-press: By turning the screw a great pres-
sure can be put upon the books—a little at a time.

The Screw.—A hole can be bored in a piece of
hard wood by a gimlet when you cannot possibly
make a hole by a smooth straight brad-awl. The
screw is made up of an inclined plane wound round
a straight line. It enters the wood gradually—a
little at a time.

The Common Suction Pump.—This picture and
the three following it explain the way in which the
common pump raises water from a well.

In the picture I. the pump is empty. There is
no water cbove the level of the top of the well.
We wish to raise the water as high as the nozzle
of the pump. How shall we do it? Recollect
that the air—the atmosphere—is pressing on the
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F1G. 104. Z. A common pump. Its barrel is empty of water
but full of air. A suction pipe ( E)withastrainer (F ) onthe end
of it leads down to the water in the well. At the top of this pipeis
the suction-valve—a little door opening upwards (D). Above
this is the pump barrel (A) in which the piston (B) works air-
tight. The piston-valve (C) is a little door opening upwards.
The piston is moved up and down by the pump handle (not
drawn in the picture).
~ Fi16. 105. /7. A common pump : The piston is moving up-
wards. When the piston has reached the top the barrel of the
pump will be nearly full of water.

The upper valve will be shut, the lower one open.

FiG. 106. Z7II. A common pump: The piston is now moving
downwards. Its valve is opened and some of the water rises
above the piston.

F16. 107. V. A common pump : The piston is now moving
upwards, and some of the water in the barrel has been lifted high
enough to flow from the spout.
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upper surface of the water in the well and that the

suction-pipe (£') and the whole pump barrel is full
" of air pressing down. Air, like all heavy things,
presses downwards by its weight. If we can take
this air out, the air over the well will press the well-
water up, just as the quicskilver is pressed up in
the barometer (see page 111).

II. Let us raise the pump piston then. As this
rises its piston will lift all the air above it. Below
the piston the barrel will be empty of air and the
water from the well will rush up and fill it. The
air above the well-water presses it up.



BOOK II1: METEOROLOGY.

The Atmosphere.—The Earth that we live on is
composed of land and water and surrounded by an
atmosphere of air. The land and water we can see,
but the air is iavisible. We know it is there, how-
ever, because clouds float in it just as corks float in
water. Thewindsare nothing but air moving past us.

Fi16. 108. The atmosphere is an ocean of air lying above the
land and sea. We live at the bottom of the ocean of air just
as some fishes live at the bottom of the ocean of water.

The higher you go in the atmosphere the less air
there is. Itis easy to breathe anywhere near the
level of the sea. On the top of a mountain a mile
high (5,280 feet) you begin to feel that there is not

107
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air enough; on a mountain two miles hugh you feel
this very distinctly ; on a mountain three miles high
it is very difficult to breathe; and in the Andes or
Himalaya mountains, where men have gone as
high as four miles, it is hardly possible to breathe
at all. Men have gone somewhat higher than this
in balloons; and the higher you go the less air
there is. Even birds do not fly more than four
miles high.

Height of the Atmosphere.—Shooting stars do not
begin to burn until they have come from space well
inside the Earth’s atmosphere (see page 39), and it
has been proved that some of them begin to burn
about 75 miles above the Earth’s surface—therefore
the atmosphere must extend at least as high as 75
miles. There is some air at that height, though
very little indeed.

Air is a Mixture of Oxygen and Nitrogen Gas.
—Chemists have proved that air is chiefly a mixture
of oxygen and nitrogen gas, together with some
other gases and with the vapor of water. Without
the oxygen men and animals could not live. They
need it to breathe.

Air is Heavy.—The simplest way to prove that
air has weight is to take a tight box with a stop-
cock and to weigh it when the stop-cock is open
and it is full of air, and then to pump all the air
out of the box and to weigh it after the stop-cock is
closed. A cubic foot of air (that is the air in a box
I2 x 12 x 12 inches) weighs a little over an ounce
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at the level of the sea. A cubic foot of water
weighs about 67 pounds.

The Weight of the Atmosphere.—Each cubic
foot weighs something. ‘Near the level of the sea
a cubic foot weighs more than

an ounce; higher up, it weighs 6
less; higher up still, it weighs

less still. Imagine a tall column s
of air reaching from the ground

to the top of the atmosphere (see .
Fig. 109) and instead of think-

ing of cubic feet let us think of 3
cubic inches (1728 cubic inches
make a cubic foot). The base 3
of the column (AB) on the
ground will be one square inch. 1
On the top of that is a cubic inch et ground.

of air pressing down by its

. . Fi1G. 109. The
weight; on the top of that an- umosphere presses
other; and then another; and so the surface of the
on. It will be proved in the next 8round about 15

. pounds on every

paragraph that the weight of each square inch.
and every such column of air is
about fifteen pounds. Each and every square
inch of the Earth’s surface and of the surface of
everything up on the Earth is pressed about fifteen
pounds. The pressure is not only downwards but
sidewise, too, because gases and liquids press
equally in all directions.
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FiG. 110. Fill a
tumbler partly full of
water,cover it closely
with a piece of writ-
ing paper, hold the
paper with your hand
and turn the tumbler
over. Now take your
hand away and the
paper will stay in
place. The weight
of the water is press-
ing it down, but the
air outside the tum-
bler is pressing it up
and keeps it in place.
(Trv it—you may
have to try several
times in order to get
the paper to fit tight
enough tokeeptheair
out of the tumbler.)

METEOROLOGY.

F1G. 111. Wet
a piece of leath-
er tied to a
string (a suck-
er). Press it
tight to a piece
of wood. You
can lift thewood.
Why? Because
the air presses
the sucker with
a pressure great-
er than the
weight of the
wood. If it did
not, the wood
would fall.

Fic. 112. Fill the
tumbler as in Fig. 110,
cover it, turn it over,
put it in a basin of
water, and carefully
draw the paper out.
The water in the tum-
bler will stand above
the level of the water
in the basin. Why?
Because the air is pres-
sing on the water in
the basin and =mof on
the water inside the
tumbler.

The Barometer —Why does the quicksilver stand
in the tube about thirty inches above the quicksilver
in the basin? (Fig. 113.) Because the air is press-
ing down on the basin and forcing the quicksilver
upwards. It goesupwards a certain distance (abou.
30 inches) until the weight of the quicksilver in the

tube, pressing downwards, justbalances e gressure
of the atmosphere upwards. 1f the gass Whenow
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square inch in area the quicksilver in it will weigh 15
pounds. Therefore the pressure of the air (which
is balanced by this weight) is 15 pounds on a
square inch: on this square inch and on every
other one near the level of the sea. If you try this
experiment on a mountain the quicksilver column

FiG. 113. Fill a tube closed at one end and about 34 inches
long completely full of quicksilver; there will be no air in it.
Cover the tube with your thumb. Carefully and slowly turn the
tube upside down and put the end of it in a basin of quicksilver.

Now take away your thumb. The quicksilver will stand 2bout
Jo inches high in the tube.
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will not be so high; it will weigh less; because
the pressure of the atmosphere (which it just bal-
ances) is less.

b

_Tecm.

F16. 114. In order to have an empty space above the quick-
silver the barometer tube must be more than 30 inches long and
it must stand upright.

Measurement of Heights by the Barometer.—I1f
jou are at the level of the sea the barometer will
stand at about 30 inches. If you go up in a bal-
loon or ascend a mountain there will be less air
above you and the barometer will stand lower, con-
sequently. On a mountain 7,000 feet high the
barometer will stand at about 24 inches. A balloon
has carried men as high as 31,500 feet (nearly six
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miles) and the barometer stood at 7} inches.
There was not air enough to keep the balloonists
alive. They breathed oxygen carried up with them
in metal boxes. The heights of mountains are
usually measured by barometers, not by levelling.

Fi1G. 115. An Aneroid Barometer, which measures the pressure
of the air not by the height of a quicksilver column but by the
changes in shape of a metal box (inside the outer case). The box
is empty of air, and is sealed tight. As the air presses upon it it
changes shape. The needle is arranged so as to mark the changes
and to tell the height at which a quicksilver barometer would stand
(see the inner circle of figures.in the picture). The outer circle
of figures shows how high above the level of the sea you are
when the barometer points at each figure. When you are at the
ievel of the sea the barometer stands at about 30 inches.

At 2,nn0 feet altitude the barometer stands at about 28.5 inches
At 4,000 feet altitude the barometer stands at about 27.0 inches.

8
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- At 6,000 feet altitude the barometer stands at about 25.0 inches.
At 8,000 feet altitude the barometer stands at about 23.0 inches.
The Barometer is a Weather-Glass.—The barom-

eter at the level of the sea usually stands at about
3o inches : in very fine clear weather it often stands
higher; in very bad weather it stands between 28
and 29 inches. By watching the barometer you
can tell something about the weather you are going
to have. If the barometer is rising it is likely that
the weather is going to be fine. If the barometer
is falling below 29 inches it is likely that you will
have rain (see Fig. 115, where the words are written
on the dial-plate).

U. S. Weather Burcau Predictions of Weather.—
In Washington there-is a Government office called
the Weather-Bureau. Several times a day this
central office receives telegrams from cities all over
the country telling the height of the barometer, of
the thermometer, the direction and force of the
wind, etc., at each and every one of the cities—at
San Francisco, Denver, Omaha, Chicago, St. Paul,
New Orleans, Mobile, Charleston, New York,
Boston, Bangor for instance. Several times a day
all these things are marked on a map.”

Every few hours a weather map is made and
the tracks of storms are drawn. Therefore the
Weather Bureau can tell us beforehand when we
are likely to have a storm. Farmers can take care
of their crops in time ; fruit-growers are warned of
frosts; railway managers know when to expect
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Water- Vapor.—The air contains morsture—
vapor of water—which is invisible, just as steam is
invisible. Most of this moisture comes from the

FiG.117. Dropsof water
will condense on the out-
side of a glass of ice-water.
(Tryit.) The little drops
on the outside come from
the warm air of the room.

sea. Invisible vapor rises
from the surface of the
ocean into the air. We
cannot see it, but we can
prove that it is there, in this
way:

We know, in the first
place, that warm air can
hold more water-vapor in
every cubic foot than cold
air can hold. If we cool
any mass of air some of the
water?vapor in it will be
squeezed out by the cold.

If you are in a warm room
on a cold day you will see
that the cold window glass
is covered with moisture.

The air near the glass is cooled and some of its
vapor of water is condensed in drops on the panes.

Mists and Fogs.—If warm air with plenty of
invisible moisture in it is blown by the wind across
a cool valley or lake some of its moisture becomes

visible as mist or fog.

Dew.—Some of the moisture of the air condenses
upon cold solid bodies and we call that visible mois-
ture Zew. You can see it in the morning before
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The Snow-line—On very high mountains the
snow never melts even in tropical regions. In the
Arctic regions the snow never melts even at the
level of the sea. The line above which the snow
never melts is called the snow-line. In our Rocky
Mountain regions it is about 13,000 feet above sea-
level.

The Rainbow.—A beam of white lightthat leaves
a prism is spread out into the colors of the spec-
trum (page 77). White sunlight reflected withip
rain drops makes the rainbow.

Fic. 123. A sunbeam F16. 124. The rainbow. Itis
of white light leaves’ a  formed by parallel rays from the
rain drop as a beam of col- Sun (S, S, &, §7) refracted by
ored light. rain drops (a, b, a’, b’) entering

the eye. There are often fwo
bows. HH’ is the horizon.

Flalos.—Most halos are formed by the light of
the Sun (or Moon) refracted by crystals of ice in -
the upper air.



BOOK 1V: CHEMISTRY.

CHEMISTRY is the science that tells us what things
are made of ; and it is useful in all kinds of manu-
factures. If you want to make gunpowder, or
bread, totan leather, or to make good steel, you
must use a receipt that chemists have found out.
The best way to understand chemistry is to make a
few experiments.

The teacher should prepare the apparatus and try the ex-
periments beforehand, and repeat them before the class. As
the subject is not an easy one the experiments chosen are pur-
posely made simple. Here, as elsewhere, it is sought to incul-
cate principles and to teach methods first of all. Little more
than this can be done with children who have had no formal in-
struction in chemistry.

The following materials are needed. Every bottle should be
plainly labeled.

In small glass-stoppered bottles :

Sulphuric Acid, Nitric Acid, Hydrochlcric Acid, Acetic
Acid.

In cork-stoppered bottles :

Sulphur, iron wire or filings or tacks, copper wire or filings
or tacks, zinc wire or filings or tacks, quicklime, chalk cray-
ons, scraps of zinc, scraps of pure lead, gunpowder, oxyd of
manganese, sulphur matches, common table salt, phosphorus,
fragments of marble, niter.

A pair of scales, a few glass tumblers and dishes, corks, a
glass stirring rod, filter paper, a spirit lamp, a pane of window
glass, glass jars, will be needed also,
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Prysical Changes: Solutions.— A pinch of com-
mon table salt is disso/ved in a tumbler of water.
The salt, which is a solid, becomes invisible in the
liquid water. It is invisible, but all of it still remains
inthe water. If the solution is poured into a flat dish
and set on a hot stove, the water will go off in steam
and vapor, and will leave the solid salt in the dish.
(Try it.)

Mixtures—Mix powdered sulphur with iron
filings by shaking them together in a box. A
magnet will attract the iron filings and not the sul-
phur, and the two things can be separated in this
way. (Try it.)

When salt is dissolved in water you can get the
salt back again by heating the water; neither salt
nor water is lost or changed. And when sulphur
and iron are mixed you canseparate them by a mag-
net. Neither is altered.

Combination.—But there are many things which
combine when they are mixed together. You put
in two things and they combine to make a third
thing different from either.

Sulphate of Iron.-—For instance, take one part
(by weight) of iron wire, two parts of strong sul-
phuric acid in four parts of water and mix them.
The acid and the iron will combine, and the iron
will disappear.! Now filter the fluid and set it on
a hot stove in a flat dish. The fluid will evaporate
and will leave beautiful green crystals of sulphate

1If the mixture is heated the action will be more rapid.
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of iron—green vitriol, so called. The acid and the
iron have combined to make a third thing—green
vitriol—different from either. (Try it.)

Sulphate of Copper.—Or again, take one part,
(by weight) of copper wire, with ten parts of strong
sulphuric acid (and no water). Mix them and boil
the acid over a lamp until gas escapes rapidly.
Let the mixture cool and pour off the liquid care-
fully. Add water to the residue and evaporate the
solution over a fire. Beautiful blue crystals of
sulphate of copper — blue vitriol —will remain.
The acid and the copper have combined to mak. a
third thing—blue vitriol—different from either.
(Try it.)

Sulphate of Zinc.—Or again, take two parts
(by weight) of zinc scraps and put them with three
parts (by weight) of sulphuric acid to which there
has been added ten partsof water. (Do not heat
it.) When the action ceases you will have a liquid.
Evaporate it over a fire and crystals of sulphate of
zinc will remain. Two things have combined, and
a third thing has been made, different from either
of them. (Try it.)

Carbonate of Lime.—A piece of chalk is made
up of two things, namely, carbonic acid and lime.
Chalk is carbonate of lime. Pour some diluted
sulphuric acid on the chalk. The carbonic acid,
which is a gas, will be driven off, in bubbles, by
the sulphuric acid, and sulphate of lime will remain.
(Try it)) Itis as if lime were a prisoner and the
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carbonic acid a soldier holding him. Sulphuric acid
is a stronger soldier and takes the prisoner away.

Chemical Affinity.—The sulphuric acid has a
stronger afinity for (liking for; fondness for) lime
than the carbonic acid and always drives it off and
takes the lime prisoner in its turn. Vinegar is an
acid (acetic acid). It, also, has a stronger afinsty for
lime than carbonic acid has. Pour some strong
vinegar on a piece of chalk (carbonate of lime) and
the carbonic acid gas will fly away in bubbles and
leave acetate of lime. (Try it.) It is just as if
lime Jiked to be a prisoner of acetic acid rather
than of carbonic acid. .

Lime has a greater affinity for acetic acid, than
for carbonic acid, the chemists say. It is by
studying these likes and dislikes of the metals
that chemists find out the easiest and the cheapest
ways to manufacture them.

Chemical Manufactures.—All sorts of things,
gunpowder, glass, soap, cheese, illuminating gas,
bread, etc., are made by receipts that the chemists
have invented. '

Gunpowder is a mixture of charcoal, sulphur and
niter.! These three things are mixed—they are
not combined until the gunpowder is fired off.
Then they suddenly combine and make a gas.’
The gas in the bore of the gun pushes the bullet
out quickly. The best gunpowder is that which
gives the most gas, and chemists have taught us

! Niter is a combination of potassium and nitric acid.
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exactly how to make it. A cannon ball can be
shot out at a speed of 2,500 feet a second now-a-
days; a hundred years ago it was not possible to
shoot it out a quarter as fast.

Composition of Air and Water.—Our air—the
atmosphere—is a mixture (not a combination) of
two invisible gases called oxygen and nitrogen.
Water is a combination (not a.mixture) of two in-
visible gases called oxygen and hydrogen.

Oxygen.—Take a piece of oxyd of manganese.
It is made up of oxygen gas combined with man-
ganese, which is a metal. Heat it and the oxygen
gas will go off in bubbles and can be collected
under a jar. (Try it.)

F1G. 125. Preparation of oxygen gas. Heat powdered oxyd
of manganese in a tube about one-third full. The oxygen gas
will be driven off by the heat and can be collected over water in
a jar turned upside down. Afterwards slide a sheet of glass
under the jar so as to close it and keep the gas till it is wanted
for other experiments.

Nitrogen Gas can be prepared by burning a
bit of phosphorus® (not bigger than a green pea)

1Handle the phosphorus with pincers—forceps ; never touch it
with the hands as it produces very bad sores.
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under a glass jar containing air. Air is oxygen
and nitrogen mixed together. The phcsphorus
burns up the oxygen of the air and all that is left in
the jar is nitrogen gas.

F1G. 126. Preparation of nitrogen gas. Float a little phos-
phorus in a saucer on a small piece of wood in a jar of water.
Cover it by a bell-jar. Set the phosphorus on fire. It will
burn up all the oxygen in the bell-jar and leave only nitrogen.
Slip a pane of glass under the bell-jar while it is in the water
and keep the nitrogen gas till it is wanted for use.

In 100 pounds of air, 23 pounds are oxygen and
77 pounds are nitrogen. This is the air we breathe,
and it is the oxygen in the air that keeps us alive.
If an animal (a mouse for instance) is put into a
jar of nitrogen gas it dies. The nitrogen gas does
not kill the mouse ; it is the lack of oxygen that kills
it, A match will not burn in nitrogen. (Try it.)
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Preparation of Hydrogen:

Fi16. 127. Preparation of Hydrogen. The left-hand jar con-
tains scraps of zinc in water. Through the straight tube with a
cup at the top carefully pour in some strong hydrochloric acid.
The liquid will begin to bubble all round the zinc and the bubbles
will rise, go over through the bent tube and be caught above the
water in the closed jar which has been turned upside down and
set on a stand. These bubbles are hydrogen gas.

What has happened is this : the zinc has taken some chlorine
from the hydrochloric acid (which is chlorine gas combined with
hydrogen gas), and formed chloride of zinc, which stays in the
first jar. The hydrogen gas set free has gone over in bubbles,
and is collected in the right-hand jar.

N. B. This is a dangerous experiment, because if hydrogen
gas mixes with air the mixture may explode. Two things must
be carefully attended to : I. The right-hand jar must be completely
filled with water and then turned upside down so that no air
remains at the top of it, above the water. II. The bent tube
(which, in the picture, extends too far into the left-hand jar)
must not be put under the right-hand jar for some little time
after the acid is poured on the zinc—not until it is sure that all
the air in the left-hand jar is driven off, and that nothing but pure
hydrogen gas is coming through the tube.

9
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Combustion.—Combustion is burning. When a
match, or a piece of coal, burns there is combustion.
Combustion is usually the combination of some-

F16. 128. Sulphur

burned in oxygen.
Fasten a spiral wire to
acork as in the pic-
ture. Heat the wire
red hot and put it into
some powdered sul-
phur. Light the sul-
phur with a match and
remove the cork that
stoppers a bell-jar of
oxygen and put the
cork with the spiral
wire in its place.
The sulphurwill blaze
brilliantly till it is
all burned away.
" (Try it.)

thing with oxygen. When a
match burns, the sulphur on its
head combines with the oxygen
of the air, and it makes a stifling
gas. .
When coal burns the carbon
of the coal combines with the
oxygen of the air and makes
carbonic acid gas. The com-
bustion (burning) is rapid in
these cases. When iron rusts
some of the iron combines
(slowly) with the oxygen of
the air and makes the oxyd
of iron (iron-rust). When we
breathe air into our lungs there
is a slow combustion there.
Part of our body rusts, as it
were ; the slow burning of our
fat and food ' keeps the tem-
perature of our body at about
98° Fahrenheit even when the
air round us is at zero. The

colder the air the more food we must eat to keep

warm.
fat and blubber.

That is the reason why the Eskimo eat
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Combustion ¢n Oxygen.—Light a match and let it burn in the
air and blow it out. While the end of the match is still glowing
red put it into a jar of oxygen gas. The match will instantly
burst into flame. (Try it.) Blow out the match and try it again
and again.

Fi16. 129. Hydrogen burning in air. The bottle contains
hydrogen gas. The left-hand tube is stopped up. The right-
hand tube leads up inside an empty glass jar. Hydrogen gas will
stream up this tube. Light it with a match and it will burn. It
will combine with the oxygen of the air. Hydrogen and Oxygen
combined form water. Notice the drops of water that condense
on the inside of the glass. The teacher should try this experi-
ment, using great care.

Hydrogen is the lightest of all gases and is ex-
actly suitable for the filling of balloons. 1t takes
fourteen cubic feet of hydrogen to weigh as much
as one cubic foot of air, so that a balloon filled with
hydrogen (a little toy balloon for instance) will
float in the air.
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F1G. 130. A balloon. Hydrogen is expensive and most
balloons are filled with common coal gas (illuminating gas).

Chemical Elements.—When a chemist sees a
substance new to him, a mineral, for instance, the
first thing he tries to find out is whether the sub-
stance is a combination of substances that he knows
already. For example, he finds that salt is made
out of chlorine (a gas) and sodium (a very light
metal). Next he tries to separate chlorine into any
other two substances. He cannot do it; or, at any
rate no chemists have succeeded in doing it, so far.
Neither have they separated sodium into any sim-
pler things. Substances that cannot be separated
into any simpler substances are called elements.
Here is a list of the most familiar elements.
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METALS.
Aluminum Sodium
Calcium Quicksilver (a liquid
Copper metal)
Gold : * Nickel
Iron Silver
Lead Tin
Potassium Zinc.
Non-METALs.
* Arsenic ' * Iodine
Carbon Nitrogen (a gas)
Chlorine (a gas) Oxygen (a gas)
Hydrogen (a gas) * Phosphorus
Sulphur.

There are twenty-two elements named in this
list. There are about seventy elements in all, but
many of them are very rare. Ninety-nine hun-
dredths of the substances on the Earth are made
up of the eighteen elements in this list whose names
are nof marked *.

Every single thing on Earth that you can name
is made up of one of these elements, or of a com-
bination of two, three or four of them. And all
that we know about the Sun, Planets, Stars and
nebula leads us to think that they, too, are made
up of the same elements.

Chemical Compounds.—Some of the substances
that we see and handle on the Earth are elements
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(gold, silver, iron, etc.), but most of them are
compounds—made up of two or more elements
(salt, clay, steel, wood, leather, etc., are compound
substances).

Clay is silicon, aluminum, oxygen and hydro-
gen.

Salt is chlorine and sodium.

Steel is iron and carbon and phosphorus and
sulphur and nickel.

Wood is chiefly carbon, oxygen, hydrogen and
nitrogen.

Leather is chiefly carbon, oxygen, hydrogen and
nitrogen (combined in different proportions from
wood).

Diamond is pure carbon.

Black-lead, in a pencil, is very nearly pure
carbon.

Sugar is carbon, hydrogen and oxygen.

Human hair is carbon, hydrogen, oxygen, ni-
trogen and sulphur.

Indigo is carbon, hydrogen, nitrogen and oxygen.

RQuartz is silicon and oxygen.

G'ranite is silicon, oxygen, aluminum, potassium
or sodium.

LQuinine is carbon, hydrogen, nitrogen, oxygen |
and sulphur.

Air is oxygen and nitrogen (mixed).

Water is oxygen and hydrogen (combined).

Iluman flesh—fat is carbon, hydrogen, oxygen;
/ear is carbon, hydrogen, oxygen, nitrogen, sulphur.
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Milk is water (oxygen and hydrogen) containing
fat (carbon, hydrogen, oxygen, nitrogen, sulphur).

Chemical Symbols.— Instead of writing the word oxygen out
in full chemists use the symbol O to stand for it, and in a sim-
ilar way they use other letters to stand for the other elements.
These symbols always stand for fixed weights of the elements.
O always stands for 16 parts, by weight, of oxygen. H always
stands for one part, by weight, of hydrogen. Na stands for 2;
parts of sodium, Cl for 35 parts of chlorine, and so on.

Symbols of the Elements.

Calcium is Ca, Silver is Ag,

Gold is Au, Zinc is Zn,
Iron is Fe, etc.

Lead is Pb, Sodium is Na,
Carbon is C, Hydrogen is 11,

Chlorine is Cl, Nitrogen is N,
. ' Oxygen is O.

Chemists write the symbol for water 11,0, which means that
in water there are 16 parts, by weight, of oxygen to two parts, by
weight, of hydrogen. Sodium combines with chlorine to make
common salt. Chemists write the symbol for salt NaCl, which
means that it contains 23 parts. by weight, of sodium and 35
parts of chlorine. Sulphuric acid is H,SO, ; nitric acid is HNOy;
hydrochloric acid is HCI; acetic acid is C,H,0,; carbonic acid
H,CO,.

Green vitriol is FeSO,; blue vitriol is CuSO,; marble is Ca
COy; starch is C4H(Og; cane-sugar is C,,H,,0,,; and so on.

This is a short way of writing ; and it can be used for describ-
ing an experiment and for telling beforehand what third thing
is going to be produced when two things are combined. For
instance, the experiment on page 125 (to make blue vitriol) can
be described in this way :

Cu + H,S0, = CuS0, | H,
(Copper) (Sulphuricacid) (Sulphate of copper = blue vitriol)
and so on for other combinations.



BOOK V: GEOLOGY.

Geology is the science of the rocks. It tells
how rocks were made in the first place, how they
have been raised above the level of the sea, then
crumpled up by earthquakes and pressure to make
mountains, how they have been worn away by
water and ice. The past history of the Earth is
written in the rocks, and Geology tells how to read
the history right. How old is the Earth? How
does it happen to have its present shape ? How
long have men lived on it? Such questions as
these cannot be answered without studying the
rocks. We have to begin by studying the way in
which water and ice make changes in the Earth’s
surface.

The Eartk’s Crust.—The crust of the Earth is
the rock and soil of the land and the rock and clay
of the ocean floors. No one knows exactly what
is below the crust. The deepest wells and cafions
are about a mile in depth. The hot lava from vol-
canoes does not come from very great depths.
The only parts of the Earth that we ever can see or
touch are the rocks of the thin outer crust. Draw
a circle eight inches in diameter, and let it stand
for the Earth. The thin pencil line that bounds it
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Glaciers.—Snow falls on the tops of mountains
in the winter and if they are very high it does not
melt when the summer comes. Above the snow-
line (see Fig. 122) there is perpetual snow. This
snow slides downwards on the steep slopes .and
r>ecomes packed into ice (as a snow ball can be
racked, by pressure, into ice) and the ice, like a
iver, slowly flows downward between walls of
‘ocks towards the valley below. At the lower end
f the glacier the ice melts and forms rivers that are
isually torrents. Glaciers flow like rivers, only
very slowly, a few feet every day. If you drive a
row of stakes in a line across a glacier like this:

Rocks .. | .. ... ... . . Rocks
Glacier

n a few months the stakes will look like this:
Rocks . .| . _ .| .. Rocks

Glacier
!

The four stakes on the rocks will not move, of
ourse; the others move as the ice moves; the
niddle of the glacier moves fastest. (Why?)
Bowlders.—The glacier grinds against its rock
valls and carries pieces of rock down with it.
3owlders fall on it and are carried down on its sur-
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The Stratified Rocks arc About Five Miles
Thick.—Few rock walls are more than a mile high.
How can we know, then, that the stratified rocks of
the Earth’s crust are at least five miles thick? In
the crumpling of the crust the stratified rocks are
sometimes turned on edge, as in Fig. 152. We
can then actually measure their thickness.

F1G. 153. A series of layers of rocks of different kinds that
were originally horizontal and that have been tilted up on edge.

Crumpling of the Eartl’s Crust:

F1G. 154. A picture to show how mountains are sometimes
formed by crumplings of the Earth’s crust, and how rivers flow
in the valleys. The black stratum is coal. It would never have
been found if the layers of rock had not been crumpled.
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Mountains are usually formed by the crumpling
of the crust of the Earth as it cools. At first the
ridge is a huge bulge on the Earth’s surface. Af-
terwards it is sculptured into shape by water. The
Appalachian Mountains are 1,000 miles long, 100
miles wide and 3,000 feet high. The Rocky
Mountains and the Andes together are 10,000 miles
long, 500 to 1,000 miles wide and 10,000 to 20,000
feet high. Water has carved them into shape.

All Nova Scotia and New England and the very
places where the cities of New York, Philadelphia,
Baltimore, Washington and Richmond now stand
were once covered with mountains as high as the
Alps. Water has worn them away.

The Pressure of the Rocks within the Earth.—
Imagine the pressure on the bottom bricks of a
brick wall 100 feet high. If the wall were 1,000 feet
high the bottom bricks would be ground to powder.
The rocks fifty miles deep in the Earth would be
ground to powder, too, if each piece of rock were
not packed on every sidle—from below as well as
from above. If a crack opens near such a piece, the
rock will flow through the crack just as tar would.
The motion will produce great heat, just as draw-
ing a rough file over iron produces heat.

The least weakness in the Earth’s crust, any-
where, produces crumpling. It may build moun-
tains.

Take a piece of putty or dough and push it sidewise from
both sides. The center will rise into the shape of a mountain.
(Tryit.)
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thousands of them. Their skeletons ay/iill found
by scores. : . -

Fossils.—The stratified rocks“were formed in
seas, lakes, and in the deltas of rivers. Shells,
bones, skeletons, leaves, plants, logs and the like
were buried in these layers millions of years ago
and some of them have been preserved. They
have been turned into stone. We know something
about the fauna and flora of past times by the
fossils that have been found. We know that the
Kangaroo, to-day, belongs to Australia. In the
same way we can associate certain fossils with cer-
tain layers of rock—with certain ages. If you find"
a certain kind of fossil fish in Iceland and another
of the same kind in Norway you know that the two
rocks containing the fish are of about the same
age, because that fish lived at one period of the
Earth’s history and at no other. The animals and
plants that first appeared on the Earth are buried in
the deepest layers.

The Unstratified Rocks.—Granites and lavas
that are not stratified form the greater part of all
the mass of the globe. They lie deep down, and
we only see them when the rocks above them have
been worn away by water or when they have (like
lavas) been pushed up by pressure from below.

Volcanoes.—Volcanoes are mountains built up by
lava flowing out from the hot interior of the Earth.
The lava is forced upwards by pressures in the
Earth’s interior. Lava is melted rock. Enormous

11



162 GEOLOGY.

quantities of it flow from some volcanoes. The
whole of the Hawaiian Islands have been built from
lava flows. In the northwestern parts of the United
States (Washington, Idaho) there are lava fields
“that cover 200,000 square miles, and they are some-
times 3,000 to 4,000 feetthick. Arizona has a lava
field covering 25,000 square miles. These im-
mense sheets of lava were not sent out all at one
time, but the lava flows were spread over millions
of years. Mt. Etna is 11,000 feet high and go
miles in circumference and is all solid lava; the
Hawaiian volcanoes are much larger. There are
hundreds of active volcanoes now; and thousands
of extinct volcanoes.

The surface of the Moon (see Figs. 22 and 26) is covered
with extinct volcanoes.

F1G. 156. Lava (colored black in the picture) flows from a hot
reservoir deep down in the Earth to the surface and flows out.
It builds up first a hill and then a mountain.

Vesuvius.—One of the most famous active vol-
canoes is Vesuvius, near Naples, in Italy. In the
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Volcanoes send out gas, flame, steam, mud,
ashes, hot stones and floods of melted lava, or some-
times of hot mud.

The steam causes violent explosions and some-
times tears the mountains to pieces as at Krakatoa,
near Java, in 1883, and in Martinique in 1go01.

The volcano of Cotopaxiis known to have thrown
a rock nine feet square and thirty feet long nine
miles away. Instances of the sort give some idea
of the immense energy of the explosions.

Earthquakes. —1f the underground rocks are
moved at all a shock is sent in every direction.
Ten million tons of rock moving a hundredth of an
inch will make a heavy shock, and if the move-
ment is not too deep.underground we shall feel the
shock at the surface. The earthquake at Charles-
ton, in 1886, threw down hundreds of houses,
opened great cracks in the ground, made new
ponds and lakes, and was felt all the way from
Wisconsin to Cuba. At the Lisbon earthquake
(1755) forty thousand persons perished-—many of
them by great waves that rolled in from the sea
when the level of the ocean-floor was changed.
There are earthquakes during every volcanic erup-
tion. It is the earthquakes of millions of years
that have crumpled'the crust of the Earth.

The Age of the Earth.—No one can tell the age
of the Earth exactly, but we can form some idea of
it. The sedimentary rocks were all formed by soil
washed out to sea. The sedimentary rocks are
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ce}‘taz'nl:y 6,000 feet thick (probably they are more;
see page 158). Rivers bring soil from the land at
the rate of about one foot deep of soil every 5,000
years (see page 141) 6,000 times 5,000 = 30,000,000
years. If the rivers of old time worked no faster
than the rivers of our time then the Earth must
be at least 30,000,000 years old.

Suppose that one of your steps—two feet long—
stood for a hundred years and that you start
out for a walk. Three steps from your house
put a stake in the ground to stand for the landing
of the Pilgrims, three hundred years ago nearly
(1620); four steps from your house put another
stake to stand for the landing of Columbus (1492);
at eight steps put a stake to stand for the conquest
of England by William the Conqueror (1066); at
nineteen steps, a stake to stand for the date of
the birth of Christ; at sixty steps, another to
stand for the building of the Pyramids in Egypt
(about 4,000 B.C.). Nearly all the history we
know is represented by sixty of your steps. It
would take 15,000 such steps (about 6 miles) to
mark off a million years of the Earth’s history.
You would have to walk af Jeast 180 miles to re-
present the age of the Earth.

If the time during which the Earth has endured is represented
by 180 miles then the whole known history of mankind is repre-
sented by not more than a couple of hundred feez.

Geological Ages.—We can tell the age of some
rocks by noticing what fossils they contain. First of
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all, there are many rocks (granites, lavas, etc.) that
contain no fossils at all. 'We can tell nothing about
them. They are called rocks of the Arckean age.

nstocene
Ccnozonc{ ocene

cene

staceous
Mesozoic

ratrias
rbonterous

vonias

Paleozoic unan

dovician

mbrian

shean
Archean '

Fi1G6. 158. The succession of the rocks of the Earth’s crust.
The oldest rocks are at the bottom, the youngest at the top.
They were deposited in that order. The Arckean rocks have no
fossils ; the Age of Inverfebrates has few animals with back-
bones ; in the Age of Reptiles animals with backbones, especially
reptiles, are numerous ; in the Age of Mammals there are many
animals that give suck to their young.

Lying over them are layers of rocks that contain
the fossil remains of plants, seaweeds, shellfish, etc.
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This is called the Age of Reptiles; or the Mesozoic
Age—the middle age of life. And, lying over these
rocks, again, are others younger still, that contain
the fossils of animals that give suck to their young
— mammals (such as foxes, dogs, wolves, lions,
horses, cows, elephants, and man). This is called
the Age of Mammals — the age in which animals
that give suck to their young are common. And
these great Ages are divided into shorter periods.
The Carboniferous period is that in which the coal
was formed; the Glacial period is that when the
Earth’s surface was largely covered with glaciers,
and there are many others.

Lifeinthe Age of Invertebrates.—What life there
may have been before this Age we do not know.
The earlier rocks have no fossils. The earliest
fossils belong to the age of animals without a back-
bone and to the seaweeds of those times. There
were many corals; an incredible number of shell
fish, some of them fifteen feet long ; fishes of many
kinds, some of them almost like reptiles, and so
forth.

The Coal-Period—The coal beds of the world
are immense swamps of ancient times in which the
trees have rotted and died. During long ages the
trees have been gradually turned into coal.

A thick forest makes about a ton of dead leaves,
dead branches and trunks on every acre every year.
If you spread this evenly over an acre it makes a
layer less than a thousandth of an inch thick. In
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bon, nitrogen, etc.). Plants and trees drop their
leaves every year and finally die themselves, and
fall. In wet places peat is formed, often rapidly.
Coins left by Roman soldiers 2,000 years ago have
been found covered by ten feet of peat bog, so that
the peat has increased about a foot every two cen-
turies, in that particular place.

There are many single layers where the coal is
5o feet thick and the thickness of the rocks that
contain coal is more than two miles. The ancient
swamps were of immense extent. In Pennsyl-
vania, Ohio, Virginia, Tennessee, Georgia and
Alabama there are more than 60,000 square miles
of coal lands, and in North America alone about
200,000 square miles. These were once swamps.

The climate in those times was very different
ent from now ; it was warm and moist everywhere,
even in the arctic regions (where coal is often found
and where there must have been forests, of course).
There were many corals, land and fresh-water
shells, and very many insects, such as dragon-
flies, spiders, beetles. These insects had organs
by which they could make a noise, a note, to call
their fellows.

Life in the Age of Reptiles.—Some of the fish
of the Age of Invertebrates gradually turned into
reptiles—land and sea animals with a backbone—
somewhat as a tadpole changes into a frog. That
is, the descendants of some of the early fishes be-
came reptiles; the descendants of other fish re-
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our birds. Our horses are the descendants of ani-
mals of the same sort that lived in these ancient
times. Our oak trees, poplars, willows and so forth,
were unknown till the Chalk period, but they are the
children of old forms of trees, much chaxlged in
the course of millions of years. Great lizard-like
animals of past times were the ancestors of our
crocodiles and alligators.

Ancestors of the Horsc.—The fossil remains of
horses that lived millions of years ago have been
discovered, and their bones are now in our museums.
There was the Eé%ippus, the first horse, the ances-
tor of all horses. He was no bigger than a fox,
and he had five toes on his front feet instead of one
toe (a hoof) as our horses have. This horse lived
about 4,000,000 years ago. Nextcame the Oro-
hippus (mountain horse), which was about the same
size, and which had four toes on his front feet.
Next came the Mesokippus, a horse about the size
of a sheep, having three toes on his front feet. He
lived about 2,000,000 years ago. Then came the
Protokippus, about the size of a donkey, having
three toes, only one of which touched the ground.
The others were too high to touch it.

Then, about 1,000,000 years ago, came the Plio-
hippus, a small pony, with hoofs; and finally the
horse.

Four million years ago all the horses had five
toes and were no larger than foxes. They found
good food and grew larger because they found it.
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The larger and stronger the horse the more food
he could find, the further he could travel to find it.
If he lived in stony places, as Orokippus did, the
horse with the fewest and hardest toes was the most
fitted to live in those places. The strongest and
biggest horses had the strongest and biggest colts,
and they, in their turn had stronger and bigger
“colts. Finally, in three million years or so, the
children of the little £oksppus had grown to be real
horses. The jittest survived and had colts; tke
weakest perisked in the struggle for existence.
Natural Selection— The Struggle for Existence.
Every animal gets its food and saves its life from
enemies by a struggle for existence. The fittest
survive ; the weaker die. It is the same with plants
and trees; with fish and birds. Why, do you sup-
pose, are most wild animals, deer for instance, of
the same color on both sides? And why is that
color the color of the regions in which the deer
live? Because a dun-colored deer is not so easily
seen in a desert as a black one. More of the black
ones have been killed by lions and tigers; more of
the dun-colored have survived. The young deer
grow like their parents in color. Deer are the same
color on both sides because the deer of different
colors are quickest seen and most often killed.
Fewer of them live to have young. Lions are the
same color on both sides because the lions that were
of different colors were more easily seen; they got
less food ; fewer of them lived to have young. Wild
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bulls are nearly always of the same color on both
sides; farm bulls are often of several colors. It
makes no difference in their life on a farm what
color they are. But it makes a difference to the
wild bulls. Bears that live in forests are brown;
polar bears are white to match the snow.

Learn these lines by heart; they were written as a joke, but
they are true if they are rightly understood.
The fastest lions caught the most animals,
And the fastest animals got away from the most lions;
So all the slow animals were eaten,
And all the slow lions starved to death!

Heredily : Adaptation.—Young plants or ani-
mals are much like their parents. They znherit
their shape and size from their ancestors. A young
tree is aiways an oak if it grew from an acorn; 1t
never turns out to be a willow or a chestnut. DBut
all the young trees are not equally vigorous. Sonit
of them can stand several dry summers in succe:
s1on, and some cannot. Trees that can best ada)t
themselves to their surroundings live the most vigor-
ous lives and have the healthiest acorns. If the
climate changes, the weak trees die and the others
well adapt themselves to new circumstances. If the
climate changes very slowly indeed, the oak tree,
in thousands of years may change very much. In
California, where there is no winter, the oak trees
are evergreen; they do not shed their leaves at all.

Animals change in the same way. Once there
were no birds, but there were flying reptiles. Then
came a kind of reptile with feathers, and afterwards
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abird. Some of the ancient fishes were half rep-
tiles. Some of the great lizards were half whales ;
others were partly birds, partly mammals.

Every living thing must adapt itself to its sur-
roundings or die. When the surroundings change
many animals and plants die, but many others
change and become very different from their former
selves. .

Some kinds of animals and plants (sea-shells and
sea-weeds for example) have changed very little in
millions of years. Other kinds, trees, horses, men,
have changed very much.

‘Recent Geological Periods.—Any time not more
than four or five millions of years ago is recent in
Geology. The times that are most interesting to
us are the last two or three hundred thousand years ;
Man appears on the Earth about 200,000 or 300,000
years ago.

If the entire age of the Earth is measured by two hundred
miles (one of your steps to a century) the time that men have

tived on the Earth will be measured by two hundred of your
teps ; the known history of mankind by about thirty steps.

There have been great changes of climate on the
Earth in the last million years. Before the Glacial
Period Greenland was covered with a rich vegeta-
tion like that of our temperate zones. The fossils
prove it. The beds of coal found in the Arctic
regions prove that the arctic climate was then warm
and moist. Fossil trees that need a warm climate
(willows and maples) are now found in Greenland

12
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under great cliffs of ice. There were formerly
rhinoceroses, elephants, lious, tigers and hyenas
(animals that live in warm countries) in England.
Their bones are still found in caves together with
stone arrow-heads made by men—our ancestors.
The Glacial Period.—(See page 147.) For
some reason, not well understood, the climate of
North America grew colder. Glaciers a mile thick
covered Canada and part of the United States as
far south as Ohio. At this time our continent was
united with Asia near Alaska and perhaps men
came to America along that road. The animals.of
the country were slowly driven southwards by the
ice in search of food and warmth. Many trees and
plants were killed by the cold and other more hardy
plants took their places. Fossils of Arctic plants

Fi6. 166. Arctic poppies growing on edge ot a wnow-bank.
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are now found as far south as Pennsylvania. Fos-
8il plants of the temperate zone are found in Old
Mexico. The climate again changed, we do not
Xnow why, and the glaciers melted after thousands
of years and left the country very much as we see
it to-day. You can understand the changes that
Thave taken place on our continent as the climate
<hanged, if you will think of what now takes place
©on a high mountain in the tropics.

Botanical Regions.—A high mountain in Mexico
has perpetual snow on its summit. No plants can
Jive there. Then comes a belt of rocks- where
there are no trees. Below this is a belt where pine
trees grow, and then comes a belt of hard-wood
trees. Lowest of all is a belt with palm-trees and
all kinds of tropical plants. The chief reason for
this is, of course, the temperature. Palms can
only grow in hot regions. Pine trees can only
grow in cold regions. Few plants grow in the
snow. If you divide the Earth’s surface into zones
there are few plants and no trees in the Arctic
zone, many pines and hard-wood trees in the Tem-
perature zones ; a profusion of palms in the tropics.

Plants are fixed to the soil and cannot travel
from place to place as animals do. Plants, then,
must stay where the temperature is favorable to
them. They cannot live elsewhere. Wild animals
like the buffalo used to range over the Western
United States from Canada to Texas. But even
then they could not live where they found no good
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are our ancestors. At first they did not know how
to make a fire and had weapons of bone or chipped
flint (the Stone Age). They were clothed in skins.
By and by they learned to weave cloth and to make
weapons and tools out of copper (the Bronze Age)
and afterwards of iron (the Iron Age). At first
they tamed no animal but the dog. By and by
they tamed cows, sheep, goats, horses. At first
they lived in caves, then they built huts and after-
wards houses.

Ten thousand years ago, in Egypt men were
cultivating wheat, working in metals, living under
a 1egular government. Six thousand years ago the
Egyptian pyramids were built; men had learned to
write, to make statues, to live in an orderly way,
in peace and comfort.



BOOK VI: ZOOLOGY.

Zodlogy is the study of animals; Botany is the
study of plants (see Book VII). Biology is the
study of all living beings, plants and animals alike.

The Study of Zoology.—There are millions upon
millions of living things on the Earth—fish in the
sea, worms in the ground, birds and insects in the
air, animals of all sorts on the land. One of the
first things to do is to separate all these animals into
classes, so as to get those that are alike into one
class, and then to study each class thoroughly. For
instance, the cats form a class—a large family, as
it were. The panthers form another class, the
leopards another, the tigers another. After each
of these classes has been studied by itself, we must
see if there is any likeness between the different
classes ; how the cats, the leopards and the tigers
resemble each other and how they differ.

Kingdom, Class, Order, Family, Genus, Species.
—In this way animals are separated into groups
and companies. All the animals of one group are
like those of the same group and differ, in some
way, from the animals in all other groups. Take
an Angora cat, for instance. ‘It belongs to

The Aingdom of animals,
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The Branck of vertebrates (animals with back-
bones),

The Class of mammals (animals that suckle
their young),

The Order of Carnivora (meat-eaters),

The Family of Felide (the cats, lions, tigers,
lynxes, etc., all belong to this family),

The Genus Felis (wildcats, cats, but not lynxes.
belong to this genus),

The Species Domestic Cats (there are several
kinds in this species),

The Variety Angora (there is only one kind in
this variety ; but there are other varieties).

A schoolboy—Ilet us call him John Robinson—sometimes
addresses a letter to himself this way: Mr. John Robinson, 227
Michigan Avenue, Chicago, Cook County, Illinois, United
States, North America, Western Hemisphere, World. The post-
man can find him in time. The address fully describes him. In
the same way the angora cat is fully described by the variety,
species, genus, etc., and cannot be completely described in fewer
words. There are many boys of the genus schoolboy, and a
nuraber of the species Robinson, but not so many of the varicty
John Robinson.

Differences between Plants and Animals.—It is
easy to distinguish between the plants and the
higher animals. A horse is an animal; an oak-
tree is a plant. Most animals can move from place
to place, but some animals—corals and sponges,
for instance —are fixed to one place; a few
plants can move about. Animals can generally
see, hear, touch, smell, taste; they digest thei~
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food ; their blood circulates. Animals usually eat
other* dnimals (as.the lion does) or they eat Plarts- -
(as the qov;'; does). Plants usually get their food
from the 'air and from the soil (though there are
plants that catch flies and eat them). Animals
usually breathe in oxygen and breathe out car-
bonic acid gas. Plants usually breathe in carbonic
acid gas and breathe out oxygen.

Sometimes it is very difficult to tell the lowest
kinds of animals from plants. People at the sea-
shore press sea-weeds into albums. Most sea-
__Wweeds are plants; but nearly all such albums con-

tain certain animals that look almost exactly like
real sea-weed.

Fossil Animals.—Beside the millions of animals
now living there are millions of fossil animals (and
plants). Usually the’living animals are somewhat
like their fossil ancestors ; they belong to the same
family, but not to the same species or variety. The
living animals fit the present time and the cir-
cumstances in which they live. Their fossil ances-
tors fitted the very different circumstances of
geologic ages long ago. The horse to-day has one
toe on each foot; the fossil horses had several toes.

Fauna and Flora.—The animals that live in
each country are called its fauna—its animals.
The animals of the Arctic regions are the Arctic
fauna ; those of North America are the North Amer-
ican fauna; of the ocean are the ocean fauna and
so forth. Each region has a fflora too — its plants.
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M. E E1GHT BRANCHES OF THE Wsu

VIIL. Vertebrates (animals with VII. Shell-fish a®d insects (lob-
backbones: Fish, frogs, sters, crabs, bees, wasps,
birds, reptiles, tigers and etc.).

the like; and men).
VI. Clams, oysters, snails,
S lisdin

V. Starfish, etc.

| |

1V. Worms (long squirming animals on the
land and in the water; some of them
live inside other animals).

! |
1I. Jelly-fish, etc. II. Sponges (and other
' Sp% plant-like water-an-

imals that cannot
move about).
. The lowest animals (animals made up

froTgomg 25 S o
All living and fossil animals belong to one of the
eight branches of the animal kingdom ; and in each
branch there are thousands of families, species and
varieties. Zoology studies all these animals, all
these species. In this book we shall only describe
a few specimens of each branch, and we shall begin
with the simplest of all animals and go on to the
highest of all—that is, man.
A spade is a machine; a steam engine is a
machine. The steam engine is a higher kind of
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machine than a spade not because it is more power=
ful, but because it is more complicated and because
it can do very many kinds of work while the spade
can only do one kind. The ox is stronger thaa a
man; but a man is higher because he can do many
kinds of work while the ox is fitted to do only a
few kinds.

Cells.—In the first place it is necessary to say
that the bodies of all animals are made up of cells,
so ca,lled. The body of a man, for instance, is
made up of thousands and thousands of cells each
one of them being a bit of profoplasm (something
like the white of an egg) and all of them being
very small, about zgyy of an inch. When you
wound your hand it heals by new cells forming on
the wounded places and taking the place of the old
ones.

Protoplasm is the glairy mass that makes up
each one of the cells of every animal’s body. Itis
a chemical compound of carbon, hydrogen, oxygen
and nitrogen. These four things are dead elements
and no one of them, by itself, can be alive. When
they are combined into protoplasm the combination
can be alive. When the body dies it separates into
its elements again.

One-celled Animals —the Amaba.— The very
simplest of all animals are made up of one and only
one cell. They are very small. Amaba lives in
pools or ditches of water in the ooze or mud at the
bottom. If you put some of this mud on a plale ot
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glass under a microscope you will see a very small
moving mass that looks like transparent jelly. Itis
alive. It moves by swelling out on one side and
then flowing towards that side somewhat as a drop
of honey flows. It feeds on very small plants
(diatoms) by flowing over and around them —
swallowing them, as it were. If you touch it, its
body shrinks, which proves that it can feel. It can
move. It digests its food, using some of it, reject-
ing the rest. It grows. It absorbs oxygen, and
gives out carbonic acid gas, which is a kind of

F1G6. 169. Amceba, magnified many times. At » is the central
nucleus of the animal; w and v are water nuclei; fv is one of
the food nuclei. The animal flows outward from the center in
the direction of the arrows. ’

Scrape the green growth off the outside of a flower-pot and
cover the scrapings with water. In two or three weeks many of
these animals will be found in the scrapings. A microscope is
needed to see them.









JELLY-FISH. 191

inside of a sponge has many pouches that serve as
stomachs and a great many small openings which
serve as mouths. The water pours through them
and the mouths seize their food (small sea-animals).
Inside of the sponge there is a kind of skeleton
made of glassy rods and spikes. Young sponges
come from eggs formed inside the body of the
parent, which is fixed to the rock. The young
sponge floats about and, by and by, in its turn, be-
comes fixed. Some sponges also bud, like flowers,
and young sponges are the buds, and are finally
separated. You have to remember that even low
animals, like sponges, come from eggs. The lowest
animals of all divide into parts and each part lives.

Jelly-Fish.—Any one who has been at the sea-
shore has noticed jelly-fish floating about on the

F1G. 172. A jelly-fish seen from the under side—natural size.
Some common jelly-fishes grow to be eight or ten inches in
diameter.
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sting like nettles and paralyze other little animals
that it uses for food. Jelly-fishes and coral animals
have the same kind of feelers which they use in the
same way. If a Hydra is cut into slices crosswise,
each slice grows into a complete animal ; if it is cut
into strips lengthwise each strip makes a complete
animal.

Worms.—The best way to understand what a
worm is like and how he moves is to dig up a few
earth-worms and to put them on china plates. In
one of the plates put some garden soil and watch the
worm as he burrows into it. We think the worm
is a very low animal, but it has eyes to see, ears
to hear, nerves to feel, a head and a kind of brain
in it, a body made up of separate rings, muscles, a
skin, a mouth and stomach (or, rather, a gizzard in
which the food is ground up) a kind of ‘heart with
white blood in it. It can move about on the
ground or even climb a vertical wall by using rows
of short bristles that are arranged on each side of
its body. The earth-worm burrows by swelling out
its head till it pushes the dirt away on both sides
and also by swallowing some of the dirt and pass-
ing it through its body. The thousands of earth-
worms in every field do much good by loosening
the soil, thus allowing the air and_rain to reach the
roots of plants. They work the soil over by the
finest kind of gardening, and the layer of blackish
soil at the top of the ground (you can see it almost
everywhere) is their work. Their chief food is
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half-decayed leaves. They lay eggs from which
the young are hatched; although if a worm be cut
into two pieces each of the pieces will grow to be a
complete worm. They are like the Amceba (page
188) in this, and like the birds and crocodiles in lay-
ing eggs. If two worms are each cut in half the
tail of one worm can be made to grow on to the
head of the other so as to make a new animal.

Fi1c. 176. A starfish. This particular kind is blood-red in
color and has a skin like leather. It is about four inches in
diameter.

Starfish (Radiates).—Children who live near
the seashore can catch a starfish any day—for
there are thousands of them—and keep it in salt
water for study. These animals are bult ke 2
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five-pointed star with arms about an inch long. At
the end of each arm there is an eye—five eyes in
all. The eyes show the arms which way to crawl,
and underneath each arm are rows of little suckers
by which the crawling is done. The mouth and
stomach of the animal are at the center of the star.

There is a ring of nerves around the animal's
mouth, other nerves running along each arm, and
little nerves running to each sucker. The animal
can feel and see, and smell and breathe. Its young
are hatched from eggs. Inside ofits body are chan-
nels through which water and other fluids circulate
somewhat as red blood circulates 1n our own veins.

If one of the arms is broken oft it dies—it does
not grow into a new animal; but a new arm grows
in its place. Injuries like this are quickly made
whole again in the lower animals. If your leg
were cut off it would never grow again, of course;
still less would it grow into another boy. The
starfish can replace a lost leg; and a worm cut
in two grows into two separate worms. The star-
fishes eat mussels and oysters. 'When an oyster is
open (trying to get #ts food) the starfish places
part of its body in the opening and sucks the soft
part of the oyster up into its own mouth. .

Oysters have two shells joined by a hinge and
shut by a muscle. (Look at the two shells of an
oyster and see how the hinge is arranged. The
muscle is fastened where the purple spot shows on
the inside of the shell.) The gristly part of the
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body of the oyster is the muscle itself and the soft
greenish part is the oyster’s liver. The layers
around part of the body are the oyster’s gills by
whick it breathes. Opysters have a heart somewhat
like our hearts and a set of veins and arteries, but
no 7ed blood, of course.

The young of clams, mussels and oysters come
from eggs; and a single oyster may produce a
million young. The food of oysters is made up of
little sea-animals floating in the water ip “.c oymer’s
open shell ; but they can be fattened on corn-meal,
too. :

Pearls are formed inside the oyster round some little grain of
sand, somewhat as our own flesh might grow around a bullet.

Mother-of-Pearl.—The oyster builds its own shell of layers
upon layers of the very same stuff of which pearls are made,
adding to them from the inside.

These thin layers one upon another make fine ridges like
parallel lines and light shining on the ridges is scattered so as to
make the rainbow colors. The colors are due to the ridges, as
you can prove by taking an impression of the inside of the shell
in wax and noticing that the little ridges in the wax give the
same rainbow colors.

The Lobster. — The group of animals to which
the lobster, the crab, and all insects belong, has
the two sides of the body alike. The legs, jaws
and so forth are arranged in pairs. The earth-
worm is made up of a number of rings, one ring
like another. The arrangement of the starfish is
five-fold; it has five arms. Man and the higher
animals are built so that the right-hand and left-
hand halves of their hodies are alike.
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caterpillar inside of this in the form of a smooth brown puga
or chrysalis. A week or so after the cocoon is formed it splits
open at one end, and a winged moth—the Isabella Tiger Moth—
comes out and flies away.

Intelligence of Insects: Ants.—Insects have a brain a.nd are
able to do quite wonderful things. The brain of the ant is pro-
portionally larger than that of any other insect. Some of the
ants (the rust-red ants that live under large flat stones) make
slaves of other ants (black ants). They go out in war-parties,
capture the black ants and make them work. The black ants
feed their masters and build their nests for them. The agricul-
tural ant of Texas clears a space about its ant-hill and allows
only one kind of grass to grow there. It harvests the ripe grass
seeds and stores them away for winter food. From time to time
the seeds are brought out and dried in the sun to prevent their
sprouting. The army ants of South Africa live by hunting and
migrate from place to place in search of food. The young ants
are carried by the older ones. When the army of ants arrives at
any place every living thing tries to escape. The ants devour -
all the other insects, spiders, birds, rats and so forth. When
they come to a house the men leave it and in a few hours every-
thing that is edible is eaten. If these ants could make a plan
and remember it they could drive all the inhabitants of a coun-
try out of it. The leaf-cutting ants of South America work in
gangs. One gang goes up the tree and cuts the leaves into
pieces of a convenient size; another gang picks up the pieces
that fall to the ground and carries them to the door of the ant-
hill. Another gang stores the leaves away. Some ants keep
and feed the ap/kis insects as we keep and feed cows and regularly
“milk ’ them for honey.

Ants Have a Kind of Language.—Two ants continually
stroke each other with their anfenne (feelers) and can tell each
other where to find food ; that an enemy is coming, and so forth.
They are fond of their comrades, remember them, and show
signs of joy when they return after an absence of more than a
year.

Bees.—The bumble bees build nests in the ground. All of
them except the queen-bee die every autumn. In the spring

each queen-bee lays eggs that develop into worker-bees. When
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bees. Others go out early in the morning and return to tell the
hive where the best flowers are, others keep the hive ciean,
others guard the door, others feed the young and the queen.
There are more than 60,000 separate cells in a full hive. The
wonderful thing about these cells is their shape. Look at a
honey-comb and you will see that each cell has the shape of a
six-sided lead pencil with a bluntly-pointed end.

Mathematicians can solve by mathematics much too hard for
you to understand now a problem like this one : What is the shape
of a cell that shall have the greatest possible contents and at the
same time the smallest possible surface ? You can see for your-
self that it cannot be a sphere, it cannot be a cube. 1t is in fact
exactly the shape of a bee’s cell—a six-sided prism with blunted
ends. The bee has solved this problem all by itself—not by
mathematics but by practice.

In these cells honey is stored and the queen bee lays the eggs
from which new swarms are to be oorn. When the city gets too
full, and after a new queen bee has been born, the old queen leads
more than half of the inhabitants away in a flight that lasts until
they find a new place to live—usually a new hive that the bee-
keeper provides for them—and a new city is built in the new hive.

Before they leave the old hive they have made about 120
pounds of honey, that is, more than 12 times the weight of the
bees who made it (just as if a city of 80,000 men should make
60,000 tons of provisions). All of this they leave behind them
to kecp the old city supplied, and industriously make 120 more
pounds for the new city they have founded. And so each hive
goes on making new hives year after year. Each one of the new
hives is governed like a city—has its queen, its royal family, its
drones or male bees (who do not work), its workers (who are
female bees, but who lay no eggs—all the eggs being laid by the
queen). ' If too many queen bees are born, the workers kill the
useless queens. If all the queens are dead and there is no
queen to lay eggs for the new city, the workers feed one of the
very voung bees on a special kind of food that makes the young
bee turn into a queen. If it had not been so fed, it would have
grown up to be a mere worker.

If you were up above one of our great cities looking down on
it and trying to find out what all its men and women were doing
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you would by and by discover that each one was trying to be as
happy as possible for himself. Each person is usually trying to
be happy now, this instant. If you look in the same way at a hive
of bees you will find that each bee is working so that the new
hive that is going to swarm off by and by shall be as happy as
possible &y and by. Most men work for the present time; most
bees seegn to work for the future.

Spiders.—The webs of spiders are beautiful pieces of work
and show great intelligence. Some spiders make nests in the

F1G. 184. One kind of spider spinning its web.

ground and close them with a trap door on a hinge. The door
is covered with dirt and looks exactly like the ground when it is
shut, and this makes it hard for the spider’s enemies to find the
nest. When an enemy does find it and tries to open the door
the spider inside holds it shut with all his force.
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Insects are very strong. A fly’s wing vibrates
600 times in a second. A flea can jump much
further in proportion to its size than any other ani-
mal—much further in proportion than even the
kangaroo. A bee can pull twenty times its own
weight, while a horse can only move abcut six-
sevenths of its own weight.

Insects are both useful and harmful to plants.
They are useful in carrying the pollen of one flower
to other flowers so that the other flowers can be fer-
tilized. They are harmful too. In four years the
Rocky Mountain locusts as they moved eastward
did $200,000,000 worth of damage by spoiling the
crops in Dakota, etc.

Beetles and other insects are useful to man by
eating up or burying offal. Insects are often harm-
ful to man, too. House flies carry the germs that
produce typhoid fever. Mosquitoes carry yellow
fever germs. The large white ants of the tropics
destroy the timbers of houses by eating the fiber of
the wood.

Vertebrates are animals with backbones which
form part of bony skeletons. They never have
more than two pairs of limbs—either two arms and
two legs, like men, or four legs like horses. They
have a brain-box, or skull ; and the mouth, two eyes
and two ears are in the skull. All vertebrate ani-
mals (fish, frogs, reptiles, birds and mammals—
those that suckle their young) have a heart, and
birds and mammals have red blood. The fish and
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the tadpoles breathe by gills, but all the rest have
lungs.

SRLVHUEILYIA

F1G. 185. The vertebrate animals succeed the invertebrates
(animals with no backbone). Animals with backbones spread
into fire brancteas. )
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Fiskes are cold-blooded animals that live in the
water. They are usually covered with scales.
They breathe through gills. Their fins are the be-
ginnings of limbs.

Amphibians (frogs and the like)are born from
eggs, become a complete animal of one sort (a
tadpole, for instance), and then change into a com-
plete animal of another sort (a frog, for instance).
The last sort always has legs. Amphibians live in
the water and also on land. They are half way
between fishes and reptiles.

Reptiles are cold-blooded animals either with
shells (turtles and the like), or with skins (snakes,
crocodiles). Some live on land, some in the
water.

Birds are warm-blooded, air-breathing animals,
with feathers.

Mammals are warm-blooded and air-breathing
animals. The young are born alive and are suckled
by the mother. Whales, for instance, are mammals,
not fish.

In what follows we shall speak of some animals
of each sort.

Fishes.—The codfish lives in the North Atlantic
Ocean, especially on the Grand Banks. The female
codfish produces eight or nine million eggs every
year. The eggs float on the surface of the water.
The mother pays no attention to them and in about
twenty days they develop into young fish. Some
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fishes have a pouch in which they carry the eggs and
young fish abouttill the young are large enough to"
take care of themselves.

Fi1G. 186. The Mammals of North America—the highest to.
wards the top. This picture fits at the very top of Fig. 185.

14
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Fi1G. 193. 1. The insect-eating bill of a Robin. 2. Seed-
crushing bill of a Sparrow. 3. Snapping bill of a Whippoor-
4. Needle-bill of a Humming Bird. §. Two views of the
6. Climbing-bill of a Parokeet.
8. Drinking-bill of a Dove. 9.
10. Wedge-bill of a Plover.
ALTEANAY

will.
chisel-bill of a Woodpecker.
7. Tearing-bill of a falcon.

Glcaning-bill of a Ruffed Grouse.
12. Two views of the probing-bill of a Snipe.
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Birds are clothed with feathers; have no teeth
(though some fossil birds had teeth), have warm,
red blood; hollow bones filled with air; a very
flexible backbone (they can turn their heads so as
to look directly backwards); wing-bones that are
like the arm bones of a man; very sharp sight,
hearing and smell. They build nests, lay only a
few eggs, and the young birds have to be cared for
by the parents. Some birds have beautiful plumage
and some have beautiful songs. Both plumage and
song are used to attract their mates. Doves and
other birds are very affectionate to each- other and
mourn the loss of a mate. Parrots can be taught
to speak.

The Sparrow.—The history of the spread of the
common sparrow is interesting. Two thousand
years ago it lived only in middle Europe. Since
then it has covered all Europe and entered Siberia;
crossed the Mediterranean Sea and invaded Africa.
It was brought to New York in 1850 by persons
who thought it would be a useful scavenger. By
1870 it had spread all over the Eastern States; by
1886 it had reached Kansas and it is now abundant
all over the United States and in Canada. In fifty
years it has covered the whole continent. Other
birds were here before it. Why has the sparrow
succeeded when they have barely held their own?
The reasons are that the sparrow is bold, hardy,
crafty ; it will eat anything, live anywhere ; it has
several broods a year. It is like some of the weeds
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use. They feed on the grubs fattened by the
acorns. Turkey-buzzards tell each other where
food is by a high flight into the air which calls
other buzzards from a distance. The Frigate Bird
will not fish for itself but it follows the Booby-bird
and takes the fish that it has caught. The nests
of birds are constructed with great intelligence and
are often changed in form when new circumstances
arise.

Mammals.— The young of mammals are born
alive, and are suckled with milk by the mother.
Opossums and kangaroos carry the young in a
pouch till they can take care of themselves. Mam-
mals have four limbs whose bones are alike. Seals
and whales have fins and flippers, dogs and cats
four legs, monkeys and man two arms and two
legs. All are mammals. Man is the only animal
who habitually walks upright and has his arms free.

Horns.— Deer, rhinoceroses, etc., have horns.
Deer shed their horns every year. Most mammals
do not.

Many mammals have good voices : the gibbon ape
can sing eight notes—an octave—correctly. Their
voices are used to call their mates, to give alarms,
etc. Many animals (the bear for instance) 4zber-
nate—that is sleep—for a large part of the winter.
Most wild animals have a color to match the land-
scape they live in (see page 175). Arctic animals

are usually white. A red polar bear would starve.
Why?
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Intelligence of Animals.—Everyone knowsstories
of the intelligence of horses, dogs, cats, foxes, etc.
Pigs, seals, bears, monkeys are often trained to do
tricks. Elephants perform all kinds of work for
men —they pile timber, make roads, etc. Beavers
build dams and canals and cut down trees, making
them fall the right way. All hunting and hunted
animals show intelligence. Dogs sometimes reason
about things just as men would do in the same
case.

- A dog following a rabbit by scent comes to three
paths; he smells at two of them and finds the
rabbit has not gone in either of those ways, and so
he dashes along the third path without wasting the
time to smell it. Horses have been known to go
of themselves to the Smith to be shod when they
have lost a shoe.

- Animals often form themselves into bands or
tribes like the tribes of Red Indians (monkeys and
apes, for instance, who appoint chiefs, scouts and so
forth) ; or they live in cities as we do (the bees, for
instance) ; or they travel in bands like the Tartars
(the army ants for instance). They sometimes have
a kingdom (the bees); or a republic (like the ants);
they send out colonies (the bees) ; there are strictly
defined classes or castes among them, like those of
the Hindus (the ants again). Almost every human
arrangement resembles some arrangement invented
by animals.
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Bear,

Chimpanzee. Orung., Buboon ]

Gorilla.

Man.

F16. 208. The Skeletons of
Man and Quadrupeds compared.

Monkeys are the
nearest to man in in-
telligence. They are,
however, far inferior to
even the lowest sav-
ages. No monkey
ever made a fire, or
used a bow and arrow.

- Monkeys have a skele-

ton made up of the
same 200 bones ar-
ranged in the same
order as in our skele-
tons. Their 300 mus-
cles are the same as
ours, and their teeth are
the same. Their hearts
are like ours and sowith
many other organs.
Man.—The body of
a man is, then, in a
great many ways, like
the bodies of the higher
animals. The higher
animals resemble the

"lower animals (fossil

or living species) in
many ways. One of
the man-like monkeys
1s more ke 2 man than
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it is like the lower forms of monkeys. The great
difference between man and other animals isin the
size and structure of his brain. The brain of a
man is more than twice as large as that of any
monkey, and very much more complex; and there
is also a great difference between the size of the
brains of savage and civilized men. It is not at all
unlikely that men are descended from ancestors
who were very much lower than even the lowest
savage of to-day; just as the horse is descended
from Eokippus, the little five-toed horse of long ago.






BOOK VII: BOTANY.

BoTaNy is the science that tells about plants—
about vegetables, shrubs, trees.! Suppose you see
a cherry tree in full blossom. You know that, by
and by, it will bear fruit. It will bear cherries —
not peaches, not apples. The tree will grow
larger, too, as years go on. Botany teaches us
how the roots of the tree find food in the soil, and
how the food is carried through the stem to all parts
of the tree to keep them alive and growing. It
tells what the leaves are and what work they do;
what the flowers are for and how the fruit comes;
why the leaves fall off in the winter when the tree
goes to sleep, as it were ; how the whole tree wakes
up in the spring-time.

To understand all this we must begin at the be-
ginning and learn one thing at a time. And the
beginning of plants, like the beginning of animals,
is in small parts called cells. '

Cells.—All parts of plants are made up of very
small cells, or cavities; filled up with living vege-
table protoplasm.

1A tree is a plant; a shrub is a plant; a vegetable is a plant.

When we say ‘ plants > we mean all kinds of plants—trees as
well as shrubs and grasses.

235
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You have seen a honey comb? It is full of large

cavities bounded by walls.

F16. 209. The growing
point of a root of Indian
corn (maize) sliced up and
down. It is made up of
cells. The cells are hud-
dled together in the grow-
ing point (i) where the
root is most alive; the
very end of the root is
protected by a hard cap,
the root cap (c) which
bores into the ground like
agimlet; the whole of the
root is made up of a tissue
of cells, and is covered by
a skin (d, d).

Every part of every
plant — the stem, the leaves,
the fruit—is made up of very
small cells, and each cell is
filled, usually, with vegetable
protoplasm, somewhat as
the cells of the honeycomnib
are filled with honey.

If you take the petal of a flower,
or a thin transparent bit of seaweed
and hold it up between your eye
and the light, you can often see
little separate cells that make up
the tissue—the woven web—of the
petal or the seaweed. (Try it.)

Or, you can take the delicate
rootlet of any seedling plant, cut it
into thin slices, and then examine
the slices with a magnifying glass
or with a microscope. (Try it.)

Every part of a plant or
tree is made up of such
separate cells. They are
usually separated by walls.
If you cut a grape ipto two
parts all the liquid inside of
it does not escape pecause
most of it is kept in placc
by the walls of the little
cells that have not been cut.

The Cells Contain Protoplasm that is Alive.—
No one knows exactly what life is3 but a plant that
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F1G. 211. Four steps in the division of a cell. The left-hand
picture shows the mother-cell, very much magnified. There are
two nuclei in it, like two yolks in an egg. In the next picture,
which was taken a little later in time, a little wall is beginning
to grow across the cell. In the third picture the wall has spread
all across and has grown thicker. In the last picture there are
shown two daughter-cells. By and by each of these will divide
and grow, too. In this way each mother-cell will become the
parent of hundreds of daughter-cells. The plant grows by the
multiplication of its cells.

A plant is made up of thousands of cells just as
a wall is made of thousands of bricks, only the cells
of growing plants usually have empty spaces be-
tween them. In a fine spring day some plants
grow three or four inches in length. Millions of
new cells must be formed, then, in twenty-four
hours. The cells form the #/ssues of the plant;
wood-tissue, skin-tissue and so forth. "

Color of Plants — Chlorophyll. — The walls of
very young cells are usually transparent and color-
less. When a plant is growing in the sunlight the
cell-walls are stained with a green stain called
chlorophyll.

Sunlight, acting on the protoplasm of the cell
makes a green coloring stain somewhat as sunlight
acting on a photographic plate makes a dark stain.
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When an onion grows in a dark cellar its shoots
have a sickly pale yellow color. Bring it out into
the light and in a short while they will become
green. (Try it, if you can.)

Herbs, Skrubs and Trees.—Herbs are soft plants
with very little wood in their stems (the catnip, for
example). Skrubs are plants with woody stems
that do not grow above twenty or thirty feet high.
Currant bushes are shrubs, and so are lilacs.
Trees are woody plants taller than shrubs.

Annuals, Biennials, Perennials.—All shrubs and
trees are perennials; they live on year after year.
Some herbs are annuals (the morning-glory, maize,
oats, etc., for example). They grow from the seed,
blossom, and die all in the same season. Plants of

F1G. 212. Different kinds of roots. («) the tap-root of a plant
(like the young oak tree); (&) a root made up of fibers, with no
tap-root (like the roots of grass or of the Dahlia); (c) a thick
tap-root (like the carrot root).

this kind have fibrous roots. Some herbs are bi-
ennials —they live for two seasons (turnips, cax-
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rots, beets, etc., for instance). They do not blos-
som at all in the first season but grow leaves and a
thick root. The second season they bear flowers
and form seeds and then die. Some herbs are also
perennials (the peony, dahlia, sweet potato, the
iris, etc.).

FI1G. 213. A large tree with its roots. They spread out to get
food from the soil and to hold up the tree. You see that a good
part of the tree is under ground.

The Roots of Plants.—Generally the root strikes
downward from the seed into the ground. Its busi-
ness is to hold the plant up and to get the necessary
food and water from thesoil. The larger and heavier
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the plant the firmer its roots must be fixed in the
ground. The main body of the root is covered
with many fine branches—root-kairs—Ilittle tubes
whose business is to suck water up into the stem
and to give it to the leaves.
The more leaves there are on a
tree the more water they need,
and therefore the greater the
number of the root-hairs.

Plant a common bean and wait till it
has grown a few leaves. Then carefully
lift the plant with the soil round its
roots and wash away the soil in a wash-
basin. Hold the roots up against the
light and you can see the fine root-hairs
Zrowing from the roots. Each root-hair

is a little tube that sucks water up from
the soil to feed the plant.

Work of Roots.—The water
and some of the solid parts of
the soil are sucked in by the  Fio-214. Aplant
r . d he ; with a fibrous root.
oot-hairs and passed to the in- p; hae no tap-root
terior of the root, from the root and it diesevery win-
to the stem, from the stem to the te’l*l ;“d is the‘"elf“fi
ca an asnuai—1\
branches, and from the branchf:s lives only a year. -
to the leaves, flowers or fruit.
The food of the plant comes from the soil;
it is turned into sap and circulates in the plant
somewhat as blood circulates in your veins. A
tree without sap is dead. No matter how a tree is
planted its roots will (generally) grow downward,

and its stem upward, even in the dark.
16
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Fi16. 215. How wa-
ter rises from the
roots of plants (by
root-fressure as it is
called). A footrule is
laid along the glass
tube to measure the
height of water in

the glass tube.

BOTANY.

Roots grow downward, natu-
rally; stems grow upward, nat-
urally. Why? No one can
give a reason in words any more
than one can say why young
ducks naturally take to the water
and why young chickens do not.

Here is an experiment that you can
try. Take a strong healthy plant that is
growing in a
flower pot
and cut it off
just above
the soil. A
strong shoot
of a grape-
vine is a
good one to
try. Slip a
short piece of
rubbertubing
over the top
of the cut-off
stem.  Into
theupper end
of the tubing
slip a small
giass tube of
about the
same size as
the stem.

Pour in a lit-

tle water, and F1G. 216. The roots of
notice how Indian corn (maize).
the water

rises because of the pressure from be-
Jow. 1t risetin the glexs tube now, just
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as it rose, before, in the stem of the plant. Some of the solid
elements of the soil are dissolved in the water and rise along
with it; and it is in this way that the plant gets its food.

Plant Food from the Soil.—The plant gets from the soil car-
bon, oxygen, nitrogen, hydrogen, potassium, calcium, magne-
sium, phosphorus, sulphur, iron and chlorine not as elements,
but in chemical compounds.

Fi1G. 218. The Strawberry Vine, with its roots. I¢ wends ou.
runners that take root at convenient distances.

A barley plant or an oat plant has roots that stretch
several feet into the ground; if you measure the
length of each root and rootlet and add all the
lengths together it amounts to fifty feet or more. An
animmal can move about and find its food. A plant
is fixed to one spot and must send out its roots to find
the food it needs.

Most roots grow in the ground. Some vines,
like the Poison-ivy, or the Trumpet-vine, have little
roots that are all above ground, in the air (aérials
rootlets they are called), by which they climb.
Water-plants have few roots. Their food comes to
them ready made. Marsh-plants have more roots,
and land-plants most of all.
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pupil should examine a slice of the trunk of a tree
and count the rings and notice the way the bark
grows around the fresh sap-wood.)

F16. 220. The stem of palm
tree several years old. It grows
from the inside outwards. It
is, like the corn stalk, endoge-
nous. It grows by adding new
material on the inside. The
new fibers are mixed in among
the old.

Fi1G. 221. The plan on which Indian corn (maize) is bu® I
The stalk has here been cut into pieces. Each piece is on t

same plan. Every tree and every plant is built on a certain plems—"
The plant keeps on carrying out this plan over and over aga 3 ™

A coral island is, in many ways, like a tre= <
The coral near the surface of the water is full ©f
. life—like the sap-wood and the leaves of a growiz?§
tree. The coral deeper down was once alive amd
is now dead — like the heart-wood of the tree. In

the coral island, as in the tree, a colony of live C
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rxowing cells is built on a foundation of cells once
.1ive and now quite dead.

The stem of a plant bears leaves and buds; the
‘oot of a plant has no buds. This is a general
—uale, and is the way to tell a stem from a root. A
i€ w plants have underground stems just as a few
plants have roots in the air. The Irish potato we
call, in common language, a root; but it is really
an underground stem.

F16. 222. The branches of a sour-cherry tree. Notice that in
this tree the stem is lost in the branches. Maples, oaks, elms
and other trees have stems of this sort.
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light grows best and lives the longest and health-
iest life.

Winter Buds.— A plant gets its food from the
soil through the roots and when the spring comes
it begins to grow quickly after its winter sleep.
During the warm weather the tree or plant is full
of leaves. If you look .at the branch of a tree just
where the stalk of a leaf joins the branch, you will
find a little bud—a winter bud, so called. (Try it.)

F1G. 225. Maple leaves. Notice the winfer buds at the foot
of the stalk of each leaf next the branch. There are winter buds
at the end of the shoot also.

Fall of the Leaf—In most of our trees the leaves
fall in autumn (called ‘¢ the fall”). Their work i is
done. ‘They are ripe and die, even before the frost
kills them. The stem falls off with the leaf and
leaves a scar. .
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Fi1G. 226. Leaf-scars of hickory trees. Above each scar youm
can see the winter bud. The bud becomes a growing point next—
soring.

FEvergreens are trees and shrubs in which the
leaves do not fall in the winter.

Buds.—In the growing season the buds are small
and many persons do not notice them. In the
winter the bud is tightly wrapped up, but it is easy
to see because the leaf is out of the way. In the
spring the buds grow to be branches, and new
leaves grow on the new branches or shoots.

It is easy to make the bud swell in a room in winter-time,
even. Cut some branches two or threce feet long—from a red
maple tree, a lilac bush, a peach tree, an apple tree, etc.—in the
winter. Put them into jars or vases of water just as if they were
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flowers. Renew the water every day or two and cut off the bot-
toms of the branches once a week so as to give a fresh surface
there. . In a week or two.the buds will begin to swell. In two
or three weeks flowers will appear. Such branches flower best
in a room that is not lighted with gas. They flower more
quickly if the vases are set in the sunshine for a few hours every
day.

Leaves.—A complete leaf has three parts —the
blade, the foot-stalk that fastens the leaf to the
branch, and the st/pules (which are often green and

leaf-like themselves).

F16. 237. Three complete leaves of a bean-plant. Notice the
leaf whose blade is upright; it has a foot-stalk and stipules.

The pupil should gather several different kinds of leaves and
€xamine them carefully. The blade of the leaf is made up of
green pulp covered with a thin skin. It is supported by a kind
of framework of thick pieces—the »ibs. Usually there is a rib
in the middle—the m/d-rib—and other smaller ones called veins
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Arrangement of the Leaves on the Shoot.—The
leaves (and the buds from which next year’s leaves

Fi1G. 231. The leaves of the black Walnut tree are arranged
in pairs; each leaf of the pair is opposite the other.

are to spring) are arranged on the shoot in two
ways. Either the buds are opposite each other, of
they are alternate.
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FiG. 232. The leaves of a Mulberry shoot are alfernate. The
€aves are not arranged in pairs, but one by one.

Breathing-pores (or Holes) in Leaves. — Every
leaf has a framework of ribs and veins that hold it
t()gether like the ribs of an umbrella. The blade of
the leaf is very thin, but when it is looked at under
Q microscope it is seen to have thousands of little
Pores, or breathing holes.

On the lower surface of each leaf of a lilac bush
there are more than 150,000 breathing holes to
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Fi1G. 233. The leaf of Poison-Ivy.

(Be careful not to handle it.)

every square inch! Each
leaf has several hundred
thousand pores, and the
whole bush has millions
and millions. The breath-
ing holes take in air and
carbonic acid gas. Plants
need the oxygen of the air
as animals do, only they
do not need so much of it.
Plants also need carbonic
acid gas. They breathe it
in. Whenanimals breathe,
they breatbe carbonic acid

BOTANY.

Notice the ribs and veins-

FI1G. 234. Part of the thick-
ness of an ivy leaf, very much
magnified. The bottom of the
picture shows part of the bot-
tom of the leaf. The breathing
holes are on the under side of
the leaf. Oneof them is shown
in the picture surrounded by
cells that make up the leaf it-
self. The leaf takes in air and
carbonic acid gas through
thousands of pores of the sort.
The leaf breathes in this way.
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You can prove this as follows: Cut off a green shoot of any
plant (rhubarb, for instance) and put the end of the shoot through
a hole in a curk and stand the shoot in a bottle of water. Puta
tumbler upside down over the shoot and its leaves, and notice
that a mist soon shows on the inside of the glass. The green
shoot sucks up the water. The leaves use all they need for food.
What they do not need they give off as invisible water-vapor, and
this vapor soon fills the inside of the tumbler. The cold tumbler
condenses the invisible water-vapor into visible drops (just as
the invisible water-vapor of your breath is condensed when you
breathe against a cold window-pane.) (Try it.)

Why the Shade of a Tree is Cool.—The shade of a tree is cool
in the first place, because the leaves keep off the direct sunshine.
It is also cool because the water-vapor given off by the leaves is
always evaporating—and whenever water evaporates, becomes
vapor, it uses up heat to do it, and leaves the space round about
much cooler. Tie a wet towel round your bead. The water will
evaporate and leave the towel nearly dry. As it does this your
forehead will become cooler.

How Plants Get their Food.—A green plant gets
its food fi7st, from the soil, through its roots ; second,
from the air, through its leaves.

Dry a green plant thoroughly in an oven. Water will pass
off. Al this water came from the soil. Burn the dried plant in
a fire. Gas will pass off and ashes will remain. AU tke elements
that came from the air were in the gas. All the ask came from
the soil.

Plants contain muck carbon; and you know this because by
burning a mass of plants or trees you can make ch ircoal—which
is nearly pure carbon. About half of a dried dead tree is carbon.

A Green Plant gets its Carbon from the Air.—The plant
breathes in air (air is a mixture of nitrogen and oxygen gases.
with a small amount of carbonic acid gas), and sucks the car-
bonic acid gas into the little cells inside the plant. If you puta
piece of caustic potask into a mixture of several different kinds ot
gases the potash will absorb all the carbonic acid gas out of the
mixture and leave the rest. We know that it does so, although
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The Sap.—The sap flows everywhere in the
plant somewhat as blood flows in our veins. Some
of it flows from the roots to the leaves; some of it
flows from the leaves to the root. The sap from
the roots takes up food from the soil ; the leaf sends
down its sap; the two together manufacture new
vegetable protoplasm. Exactly how this is done no
one knows yet; but it is done. The life of a plant
goes on somewhat like the life of an animal.! It
takes in food, digests it, sends it to all parts of its

body, manufactures cells
of protoplasm.  These
cells multiply and the
plant grows. When the
protoplasm in the cells
dies, the plant (or the
animal) dies.

Fi1c. 237. Leaves of the
Venus’ Fly-Trap. Plants that Catck Flies for

Food.—There is a plant in Amer-
ica called Venus’ Fly Trap that catches flies and eats them ! Three
hairs on each leaf are very sensitive like the whiskers of a cat.
When a fly touches one of these hairs the leaf closes up witha
snap and holds the fly fast. If the fly is alive the leaf keeps closed
and sucks the fly dry and then opens. If it is dead the leaf
opens almost at once. Somehow the leaf is able to tell thata
dead fly is not the food it wants. A Blue-bott!e flies, spiders, cater-

pillars and even bits of raw meat are greedily taken by this plant
as food.

Flower-branches.—The branches on which flow-
ers grow are born from the winter-buds. Some-

1'The life of a free is more like the life of the colony of animals
that make up a coral bank (see page 246).
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leaves of the buttercup flower. Double roses have
many leaves in their corollas.

A calyx often has several leaves; each one of
them is called a sepal.

A corolla usually has several leaves; each one
of them is called a petal.

A flower is borne on the thickened end of the
flower-stalk ; this end is called a Zorus.

Look at the last pictures again. Inside of the
petals of the buttercup you will see: jfrs¢, the
stamens of the flower (that is the little rods that

stand up highest, each rod having a thickened end) ; .

and, second, the pistils (that is the little clump
inside of the ring of the stamens). The pistil is
the seed-bearing part of the flower. You must
examine all sorts of flowers and find the stamens

FIG. 243. A hollyhock flower sliced into two. The fine little
hairs with thickened ends are the sfamens (point them out):
The clump in the middle of the ﬂower is made up of pistls

(point to it).
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and p7stils in eachi one, if you can. They are dif-
ferently arranged in different flowers. Notice that
the ends of the stamens are always thickened. The
thickened end of a stamen is called its antker.
(Point out the entker in the last three pictures —
and find them in real flowers.)

Pollen is Borne by the Stamens.—Pollen is the
dust-like grains on the anther. The violet pro-
duces about a hundred grains of pollen in each
blossom, while the poppy produces more than three
million grains, and some flowers (orchids for in-
stance) many millions.

FIG. 244. A plum blossom sliced in two to show: se, the
sepals ; p, the petals; sza, the stamens. The pistil occupies the
middle of the blossom and consists of three parts: o, the ovary;
s, the style; s¢, the stigma.

The Seeds are Borne by the Pistils.—The ovary
(o) ripens into the fruit. The anthers of the stamens
(sta— not s, not s¢) are tipped with pollen.

Fertilization of Flowers.—Flowers will not pro-
duce seeds unless the egg-cells in the ovary (o) are
fertilized (made fertile, made productive) by pollen- -
cells from the anthers.
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A grain of pollen falls on the stigma (s in the
last picture). There it absorbs the juices of the
stigma and grows a fine hair-like tube. This tube
grows downward through the style (s in Fig. 244)
and reaches the ovary (0). When the pollen-cell
meets an egg-cell in the ovary, the two join and the
egg-cell ripens into a seed. '

F1G. 245. In the right-hand part (B) you see the pollen of 2
plum blossom escaping from the anther. It falls on the stigma
14). It sends out fine shoots that are carried down the style to
the ovary. There they meet with and fertilize the egg-celis.
tach fertile egg-cell grows into a seed.

Fertilization of Flowers.— A flower may be
fertilized by its own pollen ; but the seeds grow best
if they are fertilized by the pollen from other
fiowers.

Cross-fertilization is the fertilization of the egg-
cells of one flower by the pollen from another
flower.

Pollen is carried by the winds from flower 10

Jower.
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Pollen is also carried by insects and bees from

JSlower to flower.

Plants that depend upon the wind for bringing pollen to them
usually have small flowers with little odor. They do not need to
attract the bees by their odor. Flowers that are fertilized by pol-

len carried by bees usually have large
gay flowers with a strong odor.
Grasses are fertilized by pollen borne
by the wind and so are oak trees,
birches, elm trees, poplars and pine
trees. The flowers of such trees do
not close at night. They must always
be ready to catch what pollen the
wind brings. Flowers that close at
night are usually fertilized by pollen
carried by bees. The bees do not fly
by night.

If all the bees in the world should
suddenly die, more than 100.000
species of flowers would perish, too.
The bees can not live without the
flowers, the flowers cannot live with-
out the bees, and mankind would
find it very inconvenient to live
without the fruits which the bees help
to fertilize when they are flowers.

Fruits.—The ovary filled
with seedc ripens into the

F1G. 246. The pollen
of this flower is dusted
over the back of the busy
bee who enters the flower
to get its nectar, its honey.
When he enters another
flower of the same sort he
leaves pollen there, and
thus the second flower is
cross-fertilized. Straw-
berry plants, for instance,
are fertilized entirely by
bees.

fruit. It may be a berry, a stone-fruit,a nut, a grain,
or a pod. Hickory nuts,chestnuts, acorns, are fruits
just the same as peaches, apples, etc. Beans and
peas bear pods as fruit. Think of all the fruits you
know ; and say where the seeds are in each kind.

Life in Seeds.— A seed is alive —the protoplasm
in it is alive~but it does npt begin to grow we\
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F16. 247. The
fruit of the black
maple.  Fruits of
this shape are called
key-fruits.

BOTANY.,

the spring comes. Seeds
dry place will keep alive
several years—some for :
than fifty years. But the st
about ‘“ Mummy-wheat” g
from seeds found in the c
of Egyptian mummies w
they had been for thousan:
years are not true.

llow Sceds are Scattere
When the fruit is ripe the :
are ready for planting. Us
the tree has to do its own
ing. The tree that bears
most seeds and scatters
furthest abroad has the

chance of producing new trees of its own
Such trees are, then, most numerous.

The seeds of the dandelion
and thistle are carried by the
wind. Some seed-vessels
burst when they are ripe and
scatter the seeds in this way.
Birds eat fruits and digest the
pulp but excrete the seeds,
an i thus scatter them. Fruits
wih burs cling to the fur of
animals and are thus scattered
far and wide. Nuts are buried

Fi1G. 248. The
pod of the balsam
explodes and sc

by squirrels; some of them yneseeds.
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are not eaten but grow to be trees. Finally, men
plant the seeds of the plants they value and take
care of the young plants. The plants cared for by
men have, accordingly, a great advantage in the -~
struggle for existence. ]

How Seeds Grow to be Plants.— Each seed con-
tains a young plant all ready to grow.

F16. 249. A seed in the ground (the middle one in the pic-
‘“l‘e) grows a root. and a stem, and leaves, and becomes a com-
Plete plant. The original seed contained a young plant all ready
o Brow

. Take an almond out of its shell. Soak it a little
N water and pull off the thin brown outer coat. At
One end of the meat you will find a little plant, or
bud (called the plumule), all ready to grow. (Try
it.) The meat inside a cherry seed is like an
almond and you can find the plumule there too.
(Try it.) Open a fresh morning-glory seed; or a
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dried one that has been wéll soaked in hot water
and see what you'll find. (Try it.)

Plants Sometimes Grow from Buds.—Cut up a potato leaving
a bud or “eye” in each piece and plant the pieces. A plant will
grow from each piece. (Try it.)

Plants Sometimes Grow from Cuttings.—A bit of rose, or
geranium or carnation stem may grow if it is stuck in the ground.

Fi1G.251.

Cion of

Apple.

The Cion

Inserted.

F1c. 250. A gera- . The parts

nium grown from a must be

cutting. The short cut- well waxed

ting is tied to a wooden to keep

toothpick to keep it out the
upright. air.

{Tryit.) The tips of strong upright shoots make the best cut-
tings. Each cutting should have a joint near its lower end.
They should be planted in a box about five inches deep filled
with loose sandy soil. In about a month roots will form and
new leaves will come at the tips. Then they may be trans

planted.
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ut Trees Grow from Grafts on the Stems of Other Trees.
cions (slips from thetree) are often grafted into the stems
aches of other trees.

252. The small-fruited shagbark hickory in the winter time.

th grafting is done in the spring, using cions cut in the
. Pears grafted on quince trees grow well; but quinces
d on pears do not grow so well. Tomato plants grafted on
- plants and also potato plants grafted on tomato plants
well. When the potato is the root, both tomatoes and
es may be produced. When the tomato is the root, neither
es nor potatoes are produced. Chestnuts can be made \o
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grow on some kinds of oak trees but not on others. The reasons
for these things are¢. not well understood. We have to find out
what a graft will do by trying the experiment.

F1G. 253. The sweet cherry in the winter time.

The Forms of Plants.— There are differences i
the leaves on the same oak tree, differences in the
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to be white, yellow or red. More bees and birds see it and come
to carry its pollen to other flowers of the same sort.

Of the 1,200 white flowers 187 had a smell.

" ‘“ 950 yel]ow ‘“ 75 [ “ “

[ ‘e 920 red 3 85 [ T3

[T 590 blue ““ 31 TN

[ [ 3w violet ““ 23 [ T )

[T} 150 green “ 12 ¢ e«

. [T} 50 orange “ 3 TR}
et 3 3 20 brown 173 ) LI I

S Ee probable that bees and birds and insects are attracted by
e sinell of a flower even more than by its color.

v The Gardener Helps Nature to Form Varieties
of Plants. — Nature selects the best and strongest
Plants by making it difficult for the weak ones to
five. 'Those plants that survive in the struggle for
&xistence are very apt to be what we call weeds.
But man wants wheat, barley, rye, grass, etc., and
he helps these useful plants to grow by planting
and cultivating them and by Kkilling off the weeds.
Moreover, the gardener saves the seeds of the
strongest and best plants and sows them, but not the
seeds of the poorer sort. The next year he again
selects and sows the best seeds, and so on. Every
plant inherits something from the seed which was
its parent. So, finally, the gardener improves the
plants he selects. His wheat is improved so as to
give the greatest product of grain; his grasses to
give the most hay ; his apples to be the largest and
best flavored ; his flowers to be the largest, of the
brightest colors and of the finest odors. Ile helps
Nature to form the very varieties that he wants.
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Varieties of animals are produced by the same kind
of selection. A good trotting horse is the son of 2
long line of trotting horses. A good milch cow is
the descendant of many generations of good milkers.
In every generation man selected the best cows.
The others were killed, perhaps, for beef.

Some of the Uses of Plants:

1. Plants Purify the Air so that Animals can
Breathe It.— Animals breathe in air and use its
oxygen in their lungs and breathe out carbonic acid
gas. This poisonous gas (which no animal can
breathe and live) is being constantly poured into
the air by the breathing of animals. Plants breathe
it in and use it for food, and they also breatheout oxy-
gen. Plants keep the air pure for animals to breathe.

I1. Plants Make All the Food that Animals Live
Upon.—-Some animals eat plants only (cows,
sheep, rabbits, etc.). Without plants they could
not live. Some animals feed upon smaller animals
(lions and tigers do this). Some animals live on
animal food and on plant food at the same time
(men do this, for instance; they eat meat and
vegetables and grain). Without plants there could
be no animal life on the earth. Plants could live
if there were no animals, but no animals could live
if there were no plants.

I11. Plants Furnisk Clothing for Men.— Cotton
and linen are made directly from plants; silk is
spun by the silkworm that feeds on leaves; wool
comes from sheep who are kept alive by grass.
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IV. Plants Supply all the Fuel in the World. —
Fire-wood and charcoal are made from trees. All
the coal in the world is made from trees and plants
of long-past ages.

V. Plants Give Us the Artificial Light that Men
Use.—Gas for burning is made from coal-fossil
plants; kerosene is coal-oil; electric lighting is
done by dynamos that are usually run by steam
engines (a few dynamos are run by water-power,
but even here, their lamps have carbons (coal) for

. making the light).

V1. A/l Steam-engines Get Their Energy From
Plants.—The coal, or wood, or petroleum used as
fuel by steam engines is the product of plants, so
that everything in the world that is made by a
steam-engine, or driven by a steam-engine, depends
directly upon plants. Cotton cloth, for instance,
is woven by steam-driven machinery, and it is
carried from Boston to San Francisco and from
San Francisco to Manila by locomotives and
steam-ships.

All the Life in the World, Then, Depends Upon
Plants.—But plants cannot grow without sunshine,
so that, finally, we may say that @// the life on the
earth and in the solar system depends upon the
sun. When the sun stops shining all the solar
system will die.

Arbor-Day. — Americans, especially in the far
West, have learned the value of trees and in many
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states there is a holiday in the spring on which
school-children and others plant trees in places
where they are needed. Millions of trees are now
growing on land that was once treeless.

WNumber of Plants.— There are at least 125,000
known species of seed-bearing plants. We do not
yet know half the plants of Africa, South America
and China.

Species.—Each kind of plant forms a species
The white oaks form one species, the red oaks
another, and so on.

Names of Species.— Since Linnzeus, the fathe:
of modern botany, published his book on the species
of plants (Species Plantarum) in 1753 all species.
are known by two Latin names. Thus the white
oak is called Quercus (oak) alba (white). Quercus
is the name for all the oaks; e/ba is the particular
name for the white species. (We say Quercus alba
just as one might say ¢¢ Smith— John.”)

Oak Trees.—To show you how different species
in the same fam:ly differ and how they resemble
each other some of the oaks and some of the cone-
bearing trees (pine trees, etc.) are here described.
A complete botany would give descriptions like
these for every known species of tree and shrub,
and plant and herb.

Cone-Bearing Trees.—The White Pine is a large forest tree
much used for lumber. Its leaves are long and soft, light green,

arranged in groups of five. 7he Pitck Pine is a medium-sized
tree. Its leaves are arranged in threes.
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FiG. 258. The F16. 259. The Fic. 260. The
acorn of the acorn of the Red- acorn of the Blacke
‘White-Oak. Oak. Oak.

X16. 261. The acorn of the Fi1G. 262. The acorn of the
B“"'-Onk. Chestnut-Oak.

F16. 263. The acorn of the FiG. 264. The acorn of the
Swamp White-Oak. Scarlet-Oak.
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F1G. 265. Shoot of White Pine, one-third as large as life.
From the tip of the branchto 4 is the last season’s growth; from
Ato B it is two years old; from B to C it is three years old.

F16. 266. The Pitch Pine.
An old open cone is shown on
the left hand side of the picture.

Fie. 268.
The cone of
the Norway
Spruce, a com-

: ~ N mon ever-

F16. 267. The cone and foliage green in the

of the Black Spruce. United States.
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F1G. 270. The cone and
F1G.269. The cone and foliage foliage of the Arbor-vitz
of the Hemlock. (used in evergreen hedges).

Make a Collection of Dried Plants.—Plants can
be preserved by drying and pressing them between
blotting paper.cut into sheets 12 x 18 inches. For
each species there should be at least one specimen
of the stem, foliage, flower, root and fruit, properly
and neatly labeled. After the plants are thoroughly
dry they can be fastened (gummed down by strips of
paper) to strong white writing paper.

Fi16. 271. The Christmas
Fern, which remains green
all winter. .

Fi16. 272. The underside of the leaves of the Christmas Fern
are covered with little brown spots. Each of these spots (shown
magnified at @) is covered with a little shield () and contains
fine brown dust. From this dust new ferns will grow, It is
not a seed, because it did not come from a flower.
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Put Only One Species on a Skheet,—The label of
each sheet should give : The name of the collector;
the place where the plant was found ; the date when
found ; remarks as to the height, color, etc., of the
plant, the nature of the soil, etc., and finally the
English and Latin name of the plant. Consult any
large illustrated dictionary or encyclopadia, or
work on botany, for help in finding the names; or
ask some one who knows.

Ferns, Mosses, Muskrooms.—All the plants that we have sc
far studied bear flowers and produce seeds. Their seeds, in turn
produce new plants. There is another kind of plants (ferns
mosses and mushrooms) that do not flower and have no seeds.

There is not room in this little book to say more about this

class of plants, or to say anything about fossi planmts or bac-
teria.



BOOK VIII: THE HUMAN BODY.

Physiology is the science that teaches us the uses
of all the parts of the body of an animal and ex-
plains the ways in which they do their work. This
book will describe the uses of the parts of the
human body, and there is only room to describe the
most important parts.

Ana'tomy describes the form and uses of the
bones, tissues, muscles, et .

Hygiene (pronounced hi'ji &n) tells how the body
may be kept healthy.

1 Note to Teachers.—The subject treated in this chapter is so
important, and at the same time. so difficult, that a number of
fundamental matters are insisted upon, in various places and in
different manners, in order that the pupil may not fail to note
their significance. Space is used in these repetitions that it is
possible might better have been bestowed upon other topics
which are passed over with slight mention, or omitted entirely.
It is believed that the method adopted will prove itself to be the
wise one, however. It is far better that the pupil should have a
firm grasp on a few things, than a merely superficial acquain-
tance with many. The application of the principles here ex-
plained to the art of healthy living is hygiene. The exposition
of the laws of hygiene is here left, to a very great degree, to the
teacher, who should not fail to point out the injurious effects of
stimulants and of tobacco upon the separate organs, upon the
general health, and upon the morale.

acg
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The highest classes of vertebrate animals are
men, monkeys and four-footed beasts. They are
called Mamimalia because their young are suckled
at the breast (Mamma is the Latin for breast). All
the mammals have red warm blood.

The Human Skeleton seen sidewise (see Fig. 274).

Na.=the bones of the Nose,
Fr.=the Frontal bone,

Pa.=the Pari’etal bones,

Oc. = the Occip'ital bone,

Mn. =the Man'dible (lower jaw).
S?. = the Sternum (breast-bone), }

These bones are in the
SKULL.

These form the cavity of

R. = the Ribs, the THORAX.

R'. =the Car'tilages of the ribs.
S.=the Sa'crum.
Cx. = the Coccyx.
Scp. = the Sca'pula (shoulder-blade).
Cl. = the Cla'vicle (collar-bone).
H.=the Hu'merus (upper arm bone),

Ra.=the Ra’dius lower arm bone), These are in the
U. =the Ulna (lower arm bone), ARM and in the
Mec. = the Metacar’pus (hand bone), HAND.

D. = the Digits (fingers),
1l. = the Ilium,
Pb. = the Pubis, }These, together, form the Hip-BoNE.
Zs. = the Ischium.
F. =the Femur (upper leg bone) (thigh bone),
Tb. =the Tibia (lower leg bone),
Fb.=the Fibula (lower leg bone),
7. =the Tarsus (ankle bones),
Mt. = the Metatarsus (foot bones),
D. =the Digits (toes).

The names are Latin names, because early scientific books
were written in Latin.

These are in
. the LEG and
inthe Foor.
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tew F16.275. The plan of the human body. If a dead body wer
s frozen and then cut in two down the middle it would sho
~ ¥newhat as in the picture. The blackest parts of the pictul
1i =X nd for bones. MV is the cavity of the skull in which the ra:
s. The brain is connected with the spinal-marrow or spim
*-d (N) in the hollow part of the backbone (ee). The brai
(‘\ o spinal cord fill up a space that is called the dorsal cavi
wrsal means back). In front of the backbone is the ventr
. ity (vestral means stomach) ¢ is the cavity of the nose; o, tl
N §Vity of the moxth ; Iis the lungs (connected with the mouth 1
g e windpipe)’ k is the keart; f is the sfomack ; the tube leadir
&"bm the mouth to the stomach is the g'ullet the tube from tl
tQmach to the lower end of the body is the sntes'tine; % is a ki
P®ey; dis a partition called the di'aphragm.

The Human Body is Built on a Plan.—Tt
Stems and branches of a tree are built on a plai
and just in the same way the bodies of men an
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The abdomen contains the stomach (which is
connected with the mouth by the gullet), liver, in-
testines (or bowels), etc.

J '\

FiG. 278. The contents of the lower part of the ventral cavity
—the abdomen.

Put your finger at the bottom of your neck and move it down-
wards, feeling for bones. When you feel no more bones you
have reached the bottom of the chest (or thorax). Below that is
the ab’domen. The food we eat passes through the gullet to the
stomach, is there digested, and the useless remainder is got rid of
through the intestine.
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Organs of the Human Body.—The organs of the
body are its separate parts that do special kinds of
work. The heart is the organ that pumps blood
through the body; the lung is the organ that
breathes; the stomach is the organ that digests
food ; the ear is the organ by which we hear, and
so on.

F1G. 279. The human body opened from the front so as to
show the contents of the upper part of the ventral cavity. The
windpipe comes down from the mouth to the lungs, which lie on
both sides of the body. The heart is shown like a bag near the
center. The upper part of the ventral cavity is separated from
the lower part by the diaphragm, which is a stout membrane, or
skin.

What the Body is Made Of.—The outside of the
body is covered with skin. If the skin were taken
off we should find fa¢ below it. Under the fat, in
the ball of the thumb, for instance, we should find
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red flesh, like the Jean part of beef. This red
flesh is muscle. 'The skeleton of hard bones (see
Fig. 274) holds the body together and keeps it
upright. Where the ends of joints come together,
- as in the fingers, for instance, we should find gristle,
or cartilage. Besides all these things there are
various kinds of tissues—stringy networks of fibers.

Connective tissuc is tough and binds the different
parts of the body together; muscle tissue is tough
and strong and makes the muscles ; cartilage tissue
makes the gristle; dony tissue is stiffer and makes
the bones. Saliva, or spittle, is in the mouth, &lood
in the arteries and veins, etc.

Chemistry of the Body.—1If the trunk of a tree
be burned part goes off in gases and part remains
as ashes. If a human body be burned part goes off
as gas and part remains as solid ash. Chemists
have examined all the substances in the human body
and have found that its principal elements are Car-
bon (C), Hydrogen (H), Oxygen (O), Nitrogen (N),
Sulphur (S), Lime (Ca). These are combined into
chemical compounds. Much of the body (of the
blood, for instance) consists of water (OH,); a good
part of the bones is lime (Ca), etc.

The Human Skeleton: Bones.— A very young
baby has a skeleton but its bones are soft like
gristle. As it gets older the bones grow to be
stiffer and stronger. Between the joints cartilage
is found, and the bones are joined together by con-
nective tissue. There are 206 different bones in



CONNECTIVE TISSUE. 295

the human skeleton. The most important are
named in Fig. 274.
The pupil should turn to this page and point out, with a pin.
on the picture, the principal bones of the body.
Cartilage.—The end of your nose is cartilage
and can be bent. It is elastic. The upper part is
bone and cannot be bent. (Try it.)

F1G. 280. Bundles of connective tissue such as bind the skin
to the body. The tissues that bind the bones together and those
between the muscles are of pretty much the same kind.

Connective Tissue.—If you watch the cook cut
up a piece of suet you will see all through the mass
a lot of tough strong fibers. She takes it out be-
cause it will not melt in cooking. Connective tissue
in the body sometimes forms /guments to bind the
bones together, sometimes membrancs (a kind of
skin) that wraps and supports different parts.



Fic. 281. Side view (4) and back view (B) of a man’s back-
bone. He has seven vertebrz in his neck (C 1, 2, 3, 4, 5, 6, 7)}
twelve in his back (D1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12); fivein
his loins (Z 1.2, 3, 4, 5); S is the sacrum, C, the coccyx (like
the beginning of a tail). Notice how each piece in the back
view (B) matches a piece in the side view (A). You can feel
the different pieces in your own body. (p. 296)
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™

FiG. 283. A side view of a human skull. f is the fronfal
bone; p, the dari'etal bone; o, the occi'pital bone; au is the
opening to the ear; cr is the place where the muscles of the
lower jaw are fastened. The crinkled lines between the bones
of the upper skull are called sufures. They are dove-tailed so as
to be strong. Carpenters make the ends of bureau drawers in
the same way for the same reason.

The skull is shaped like a dome so as to be
strong to protect the brain. Try to crush an egg-
shell between your fingers. Although it is so thin
and brittle, its dome-like shape makes it strong.
The brain is the most delicate part of an animal’s
body. If it is injured, its mind will not work.
And that is the reason why it is a great advantage
to any animal to have its brain well protected.

A bone in the human body is covered closely
with a kind of skin or tissue. The tissue or cover-
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Fi6. 286. Front view of a man’s left leg (A4) and left arm (B).
Take the arm first (B): ¢/ is the collar-bone (clavicle); scap is
the shoulder-blade
(scapula); hum is
the bone of the up-
Per arm (Aumerus) ;
7ad and wulr are the
two bones of the
lower arm (radius
and wulna); car is
the place of eight
bones of the wrist
\ carpal bones) ;
=2elqc is the place of
five bones of the
hand (metacarpal
Sones) ; phl are the
Nnger-bones ( pka-
anges). Take the
teg next (4): innin
this picture is the
Same as the hip-

ne marked L in
the last picture
Compare the two) ;
Jem ig the bone of
€ upper leg (_fe-
M22e5-); pat is the
;‘f‘ee-cap (patella) ;
t’b and fib are the
l‘VO bones of the
Ower leg (#bia and
S2ela); tar is the
Place of the seven
nes of the ankle
8nq heel (zarsal
Ones); metat is the
Blace of the five
nes of the foot
Cmetatarsal bones);
2k are the toe-
vones ( phalanges).
You can easily discover many of these bones in yourself by feel-
ing your own arm and leg. (Try it.)




302 THE HUMAN BODY.

F16. 287. The upper bone of
theright arm as it is: and as it
would look if sawed down the
middle. The upperend of the
humerus fits into the shoulder-blade (see Fig. 286). The lower
end forms part of the elbow. The joints are oiled with a fluid
like oil. The bone is hollow and the hollow is filled with marrow.
Round this is the spongy bone 4 and ¢; and outside is the hard
bone. At the ends are two pieces of gristle @, @. Split the bone
of a chicken’s leg and you will see how bones axe built.  (Tryit.)
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The Bones of the Arm, with the Biceps Muscle.

Fi1G. 288. The bones of the arm, with the biceps muscle. By
comparing this picture with Fig. 286 you can see how the muscle
of your upper arm is fastened to the shoulder-blade by two zen-
dons at (a). The lower end of the biceps muscle is fastened te
the radius bone of the lower arm at P. F is the elbow. By
willing to do so, you can make the biceps swell up and shorter
(the thin lines show its outline then) and thus raise your hand
to the place shown in the middle of the picture. - Put one hand
on your biceps and raise your lower arm as in the picture, and
you can feel the biceps grow larger and shorten. Muscles move
the bones they are fastened to when they shorten. Muscles
shorten when you wi/l that they should do so.

1t is Worth While to Keep Our Bodies Healthy.
—Children usually feel pretty well and think very
little about good health or bad health. But if they
will look around them they will see that the world
is full of older people who are not well. Every
one of those people is less strong, less useful, and
less happy than he or she ought to be. How would
you like to be ill and in pain for half of your life?
By eating the right kind of food in the right way,
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by not eating the wrong kind of food at all, by not
smoking tobacco and by not drinking alcoholic
drinks, by standing, walking and sitting straight,
by wearing the right kind of clothes and shoes, by
keeping your body clean by baths, and strong by .
regular exercise, you can keep yourself healthy.

Fi1c. 289. The elbow-joint—separated. Projections- on the
bone of the upper arm (/4umerus) fit into cups at the upper ends
of the two bones of the lower arm (u#lra, radius). The bones
are joined by ligaments (two of them are shown cut apart in the
picture). Hold your arm straight out and turn your lower arm
round so that the back of your hand is first up, and then down.

If your body is healthy and your mind is healthy
too, you will be able to live a useful and a happy
life. This is worth while. Think about jt. At
least half the misery in the world comes because
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children have neglected the very simple laws of
health during the years when their bodies were
growing and developing. Begin zow to form good
habits which will keep you healthy and happy all
your life.

e

F1G. 290. The bones of the right foot. Notice that the foot
rests on two points; on the heel and on the ball of the foot.
Between those points there is an arch (the instep) which is
elastic. That is why you walk with a springy step. If there
were no elastic arch you would feel a jar in your brain every
time you planted your foot in walking.

Moreover, if you will look about you, you will
see that many older persons who seem, on the
whole, healthy enough, are yet not very useful, not
very successful, and on the whole not very happy.
In very many cases they are less useful and less
successful because in the struggle for life they are
handicapped and hindered by a poor digestion,
headaches, nervousness or something of the kind.
Our opportunities for usefulness or success come
unexpectedly and do not wait upon our convenience.
They come suddenly and do not wait long. The
man who is in good health can seize them as they
fly. The man who has headackes, who is too fat,

20
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or too tired, lets the fortunate moment pass. He
does not succeed ; he is not useful. Many battles
have been lost. because the Generals were not in
perfectly good condition and health. They could
not think quickly and correctly. Life is, in some
ways, like a battle. The soldier who keeps his

A C
D

S

F16. 291. The human foot is naturally like 4 or B in the pic-
ture. A narrow-toed shoe, of the shape of the outline in B, will
cramp the toes as in C or D.

body and mind in good health is the one who
succeeds. Healthy minds usually live in healthy
" bodies.

 The Teeth.—Babies begin to cut their mslk-teeth
when they are about six months old, and by their
second year they have twenty teeth. The perma-
nent feeth begin to grow when the child is six years
old. They take the places of the milk-teeth. The
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Muscles.—The muscles of our body make it pos-
sible for us to move, to walk or to.stand erect; for

F1G. 293. The outer muscles of the body. If the skin of a
man were transparent you would see his muscles as in the pic-
ture. Beneath the muscles shown here there are hundreds of
others. The picture shows only the outer layer. Compare this
picture with the next one and trace out, with a pin, the muscles
of the shin, the thigh, the abdomen,the beck, the neck, the arm-

——
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our heart to keep beating, for our lungs to breathe,
for our stomachs to digest our food.

We breathe and our hearts beat
whether we w7// to have it so, or not.
The muscles that do this sort of work
are called #nvoluntary muscles (that is
muscles that work independently of
our wills). You cannot make your
heart stop beating. (Try it.) You
can hold your breath a long time, but 3~
not forever. (Try it.) We move our |
arms and legs by another kind of mus-
cles which do their work when we w://
them to do it— voluntary muscles.
You w7l/ to move your arm first; and
then your arm moves.

When a gorilla—whose skeleton is very much
like that of a man (see Fig. 273)—is walking, he
rests his fists on the ground and goes on all fours
nearly all the time. A man walks uprightand his
two hands arefree. Thus aman, even if youthink
of him as an animal and nothing else, has a great
advantage over any other animal. Man is the only
‘“‘tool-using animal’’ partly because his two hands
are free to use the tools ; partly because his intelli-
gence is sharp enough to invent the tools in the
first place.

FIG. 294. A sketch to show where some of the most important
muscles are: (I.) the muscles of the calf of the leg; (II.) the
muscles of the back of the thigh; (III.) the muscles of the back-
bone (these keep the body from falling forward); (1) the mus-
cles of the front of the leg; (2) those of the front of the thigh;
(3) those of the abdomen ; (4, 5) those of the neck. When you
are standing still all these muscles are at work to keep you up-
right. The pull, the force, acts along each muscle in the direc-
tion of the arrows. )
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Tendons.—The middle of a muscle is usually a

red soft swollen part (like the biceps of your upper
arm — Fig. 288) connected by tendons— tough
white cords — with the parts that are to be moved.
You can easily find the tendons that bend your
 fingers by feeling for them on the inside of your
wrist. :
Muscles Can be Educated and Can Get Habits.
—A baby has to /earn to stand. Each muscle has
to be faught. By and by the muscles learn just
how they must act and each muscle acquires a Aabst.
After that the child can stand without thinking how
standing is done. Swimming, bicycling, riding on
horseback, have to be Jearned. The proper mus-
cles have to acquire Aabits. After that, we can
swim or ride on bicycles without thinking. When
you are first learning to ride a wheel your brain
has to think every minute about what you are doing.
After you have learned, you can ride along and
think about something else. All your muscles
have acquired their habits, and your brain is free
from responsibility. Your breathing is done, for
instance, without any thought of yours.

Contraction of Muscles.—A muscle does its work
by contracting — by getting shorter. If the biceps
muscle in your upper arm were a stout rubber band
that would get shorter whenever you said ¢ Now”
and longer when you said ¢ Enough” such a rub-
ber band would do the work that is wanted. A
rubber band would not get tired, but muscles do
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get tired in time. Then they must rest until
enough new blood has been poured into them.
They are like willing laborers ; but every now and
then a laborer must stop. for food and for rest.

Tke Skin.—The skin.fs#the tough outer covering
of the whole body. It is like an India-rubber bag
fitting loosely over the fat and muscles underneath.
You can see that it is not tightly fixed to them by
pinching up a fold of skin on the back of your hand
and rolling ittoand fro. Directlyunderneath theskin
is a layer of fat, and under the fat are the muscles.

The Dermis and Epidermis.—The skin is made
in two layers very close together. The outer layer,
the one that you see, is the epidermis (sometimes
called the cuticle). The inner layer is the dermis
or the true skin. The outer skin is thin, horny,
almost transparent, without blood-vessels or nerves,
and is a protection to the sensitive skin underneath.
If there were no outer layer to protect the inner
skin, the whole body would feel like the ¢ raw”
skin at the bottom of a blister.

You can run a needle under the skin on the palm of your
hand without hurting yourself, or without bringing blood, if you
are careful not to go too deep (try it). The moment the needle
enters the true skin underneath it touches a little vein, and blood
flows ; and it touches a nerve and you feel pain. Nerves are con-
nected with the brain and telegraph a message there the moment
they are touched. The dermis is alive and is all the while fed by
the blood ; the outer horny skin is, in great part, dead, and is all
the while being worn off. After a hot bath a great deal of the
outer skin can be rubbed off with a towel. A sunburned nose
loses its outer covering of skin which peels off. The same thing
happens after scarlet fever or measles. The outer skin peels off.
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¥1G. 295. How a piece of skin would look if it were sliced
through and very much magnified.

The skin is about a tenth of an inch thick (of different thick-
nesses in different parts of the body). On the outside of it is
cuticle or horny skin—ZEc in the picture. This layer is dead and
is continually being worn away. Underneath it is a layer, Em,
of live cells from which new outer skin is contigually being built
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up. All the rest is the dermss—true skin. It is full of veins
carrying blood—v in the picture (trace out the veins in the
picture with a pin)." It is ful! of nerves, too—## in the picture.
Trace out the course of this nerve and you see it branches into a
little coil £c. It is by little coils like this, joined to nerves, that
you are able to feel when you touch anything; g7 is one of the
sweat-glands in your skin and it is connected with the outer parts
by a tube, dd (trace it out).

The Organs of Touck.— Throughout the skin
there are little coils joined to the nerves (%, in the
last picture). When the skin above one of these is
touched, the nerve telegraphs to the brain ¢¢I am
touched.” If you take a pencil in your hand it
touches a long row of suchcoils . . . . . . Each
one of the row telegraphs to the brain and your
brain (somehow) knows the shape of the pencil
even when your eyes are shut. (Try it.)

If you press a postage stamp on your hand it

touches a lot of coils arranged this way :
- each one of these coils
tele- © ' ' graphsto thebrain ¢“I am
touched,”. . . . . . and the brain (somehow)
knows the shape of the thing that is touching. Not
only does the brain know the skape in this way, but
it learns something about the ardness. A copper
cent feels differently from a round piece of cardboard
of the same size (try it with your eyes shut). A
warm cent feels differently from a cold one, too.
The brain learns something about the femperature
in this way, also.

Some Parts of Your Body are More Sensitive than Others.—
Take two lead pencils sharpened to dull points and hold them

. . .
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close together, side by side. Have one of your companions
close his eyes and do you touch the back of his hand or the top
of his tongue gently with both points at once. He will tell you
that two things are touching him. Now touch him with both
points on the back of his arm, or on his shoulder-blade. He
will tell you that only one point is touching him. (Try this ex-
periment and others of the same kind, using sometimes one
point, sometimes two; and putting the points sometimes close
together, sometimes an inch or more apart.) Some parts of the
body have a great many sensitive spots on every square inch
(the tongue, the cheeks, the hands) ; some have only a few (the
backs of the arms, the shoulders, the feet). The more of the
spots there are, the more sensitive the body is to touch.

Sweat-glands.—]Just as the leaf of a tree is full
of pores, so the skin is full of little holes through
which sweat, or perspiration, escapes. See Fig.
295, g/ and dd. There are about 3,000 such
sweat-glands to every square inch of the palm of
your hand and about two millions and a half
(2,500,000) in the whole body. Look at the palm
. of your hand with a common magnifying glass and
you can see the holes at the ends of the sweat-gland
tubes. The little tubes leading to the glands are
about I/ of an inch long, so that in the whole body
there are about ten miles of them.

The Chief Use of the Sweat-glands is to Keep
the Body at the Right Temperature.—Ilt is a fact
that the temperature of the body of a healthy man
is about 98° Fahrenheit, no matter whether he isin
the cold arctic regions, or in the burning deserts of
Arizona. If his temperature falls a few-degrees
he dies; if it rises a few degrees he dies, The
sweat-glands regulate his temperature. When the
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body is very cold there is almost no sweat; when it
is very hot there is abundance of perspiration which
collects in drops on the skin. There it evaporates
into the air ‘as (invisible) water-vapor and in evapo-
rating it makes the body cooler. (All evaporation
cools the air.) It is in damp weather, when the
perspiration evaporates very slowly (because the
air is already full of water-vapor) that you feel the
hottest. Hot, dry weather is far less trying. If
the whole body is kept clean by daily baths the
sweat-glands will work well and will be healthy.

The Complexion.—Deep down in the little cells
that make the dermis there are grains of coloring
matter like a paint. In blonde persons there is only
a little of it and we say they have pale faces.
Brunettes have more, and we say their complexions
are dark. Negroes have a great deal. When the
skin is much exposed to sunlight more of this color-
ing matter is formed and the skin is ¢ tanned,” as
we say. If the true skin is burned by a deep burn
the coloring matter is all destroyed, no more grows
and therefore scars, even on negroes, are white.

Blusking.—Sometimes there is a rush of blood to the dermis
underlying the cheeks that brings a blush. It is curious that our
arms or shoulders do not blush. They are usually covered, and
blushing there would not be a sign to others that we were
ashamed or angry. Blushes come to the checks where they can
bé seen, just as flowers have gay petals in the places where they
are of some use.

Finger-nails and toe-nails are made from the
outer layer of the skin, but they are fed by the true
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skin (dermsis) at their roots. The claws of animals
.correspond to our finger and toe-nails.

F1G. 296. A slice of the skin—much magnified—showing the
way hairs grow on the body : a is the outer layer of horny skin;
d is the inner layer of skin. Two hairs are shown growing in
two little sheaths. The oil that makes the hair glossy comes
from two oil-glands (e) half way up the root of each hair. The
roots of the hairs are close to nerves. When a hair is pulled out
you feel a little pain. When anything touches the end of a hair
you know it, just as a cat knows when anything touches the ends
of her whiskers. (Try touching the hairs on the back of your
hand.)

Hairs.—The bodies of many animals are covered
with thick fur. Our bodies — except the palms of
the hands and the soles of the feet — are covered
with a scanty growth of fine hairs (look at the back
of your hand) and long and thick hair grows on
our heads.

Food and How it is Used in the Body.— The
body is a machine for doing work, somewhat as the
steam-engine is a machine for doing work. In the
steam-engine we must have fuel that is burned and
from the burning we get power. -In the body we
must have food that is oxidized (that is burned)
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and from the food our. bodies get power.! When
a steam-engine gets out of order, it cannot mend
itself, but our bodies can and do mend themselves

J \

Fi1G. 297. The stomach and intestines. In the picture the
stomach is slit open to show its interior.

1The work that a man’s body does is partly external, partly
internal. The external work can be measured in foot-pounds
(the energy required to lift one pound one foot is a foot-pound).
A healthy man can do about 2,000,000 foot-pounds of external
work per day. that is he can lift about 2,000,000 pcunds one foot
high, lifting a few pounds at a time and keeping at it. His in-
ternal work keeps his heart beating, his lungs breathing, his
body at its temperature of 98° Fahr., etc., and amounts to about
5,000,000 foot-pounds daily.
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in many cases. For instance, if your arm is badly
burned and loses its power, your blood will bring
the food necessary to make it well and strong
again.

FiG. 298. The stomach, the large intestine, the small intestine
(seen from the front) : s is the stomach; 77, the small intestine;
A col, T col, D col, the large intestine; werm is the appendix.

Food taken into the mouth is chewed and then
swallowed. It goes through the gullet into the
stomach. There it is dissolved by the gustric-juice
and made into a soft mass. like very thick soup,
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Digestion in the Mouth.—If the food is well
chewed there is a good supply of saliva (spittle) in
the mouth. The mouth and gullet are lined with a
soft red skin called the mucous membrane. (You
can see part of it by standing in front of a mirror
with your mouth wide open). The sa/fva moistens
the food and gets it ready to be swallowed. You
could not swallow a cracker—which would be mere
dust—unless it were first moistened.

The smell of food, or even the thought of it,
makes the sa//va flow. ¢ It makes your mouth
water,” we say.

Food Passes Down the Gullet Slowly.—It does
not fall down as a brick falls down a chimney.
The gullet is a small tube full of rings of muscle
which seize the bits of food and move them along
from ring to ring. Horses drink with their heads
lower than their stomachs by this means. The
water they drink is made to flow up-hill.

Gastric Juice.—The moment food enters the
stomach gastric juice trickles out, somewhat as
sweat on the skin, and begins to digest the food.

A Canadian hunter was accidentally shot so that the bullet left
a hole from his abdomen into the stomach. His doctor was able
to see exactly how digestion went on by experiments made
through this wound.

After a time, sometimes one hour, sometimes as
much as four hours, the ciyme of the stomach be-
gins to move into the small intestine. Usually the
stomach is entirely emptied about three or four
hours after a meal.
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Digestion in the Stomach.

F1G. 300. The stomach sliced in two so as to show: a, the
lower end of the gullet ; 4, the opening into the small intestine ;
e, the tube through which 4:/e comes from the liver. The stomach
is large enough to hold about four pints. Its walls are stout and
muscular. Inside it is covered with a mucous membrane full of
thousands of small glands that give out gastric juice.

Digestion in the Small Intestine.—The small
intestine is coiled up in folds which, if extended,
would be about 20 feet long. (See Fig. 298.) It
takes up the cZyme and passes it along by its rings
of muscle. At the same time the chyme is changed
into ckyle — which is very nutritious and looks like
cream. As the ckyle passes along it is absorbed,
sucked up, by thousands of small tubes. From
some of these tubes the c4y/e goes into the blood at
once. Other tubes take part of it, mix it with Jympk
and pour it into a large blood-vessel, ready for use

in making new blood.
21
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Digestion.—W ater taken into the mouth is ready
to mix with the blood at once. Things like sugar
und salt are ready to mix with the blood as soon as
they are dissolved. Starchy foods, the lean. part of
meat, etc., have to be changed by the gastric juice
into cAyme and then again changed into cAyle, be-
fore they are fit for food.

Absorption. — Some of the nutritive food is
absorbed by the blood-vessels of the stomach and
thus passes into the blood. Much more of it is
sucked up from the blood-vessels of the small intes-
tine; still more by its Jympk-vessels. All the use-
ful parts of the food finally get into the blood, are
«carried by the blood to the heart, and from the
heart this rich blood is pumped all through the
body. New blood is continually being made in this
way, and old blood is continually being made
richer. All parts of the body are continually fed
with blood. Good blood and plenty of it is what

- keeps us alive and well.

Tke Circulation of the Blood.—The blood circu-
lates. It moves through the body in every direc-
tion. The heart is a hollow muscle filled with
blood. It beats, that is it contracts like the bulb of
a syringe, and squeezes its blood outwards into the
arteries. The arteries go all through the body.
You cannot put the point of a fine needle into your
flesh anywhere without touching an arfery and
drawing blood. From the fine ends of the arteries
the blood goes into still finer tubes called the capil-
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lary (hair-like) zubes. The flesh, everywhete, is
nourished and fed by arterial blood (it is bright
scarlet in color). Other capillaries are joined on
to the vesns. The arterial blood from which the
rich nourishment has been taken is sucked in by

F1G. 301. The arteries (@, @) and veins (v, v) of the web be-
tween the toes of a frog, much magnified. The arrows (=)
show which way the blood runs. All the smaller lines stand fo
the capillaries.
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the capillaries, passed on to the veins (where it be
comes dark red) and back to the heart again. Ia
its course the blood passes through the lungs, too.
Here it sucks in the oxygen gas of the air we have
breathed. This oxygen makes the blood rich and
nourishing again (and scarlet in color), and so the
circulation goes on as long as you live.

Scarlet blood goes through the arteries and
nourishes all parts of the body. After it has lost
its oxygen it is of no use as food and must return to
the lungs and to the heart to be made rich again.

There are so many thousand arteries, veins and capillaries
that your whole body is made up of countless little islands,
where no blood is, surrounded by rivers of blood flowing past
them and making them rich and fertile (the arteries) or else tak-
ing away from them food that has been once used and is now
useless (the veins).

The Heart.—(See Fig. 303.)

The Course of the Flow of Blood.—The blood starts from the
left ventricle and flows into a large artery which soon divides
into branches that lead all over the body. These branches end
in the fine capillaries and when the rich blood has reached them
it has done its work. It has brought nourishment to every part
of the body. It has lost its oxygen and changed in color from
scarlet to dull red. The fine network of veins collects the blood
from the capillaries and draws it through larger and larger vein
branches and finally pours it into the right auricle. From there
it is pumped into the right ventricle and from there it goes to
the lungs. Here it is again made rich by the oxygen of the air
and is returned to the left auricle. From there it flows to the
left ventricle and begins its circulation once more, and so on as
long as you are alive. The blood flows through the whole body;
this is the systemic civculation. It also flows through the lungs;
this is the pulmonary circulation.
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FiG. 304. The plan of the arteries and veins of the front part
of the body. The arteries are black; the veins are drawn in
dotted lines. (Trace out the arteries and veins with a pin for a
pointer.) In the arteries the blood flows about 16 inches every
second, and in the larger veins about 4 inches.

F16. 305. An experiment to show
the beating of the heart (the pulse)
toaclass. Bare the wrist and press
a bit of looking-glass about half an
inch square upon the wrist and hold
it there steadily with one finge:.
Every time the pulse beats the mir-
ror will move slightly. Let the di-
rect rays of the sun fall on the
mirror and be reflected to make a

spot of light on the ceiling or wall. The motion of this spot will
show the beat of the pulse, much magnified. (The teacher should
t show the scholars how {o make {his tnstroctive exgeriment. )
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The Blood.—The blood in a man’s body weighs
about twelve pounds, Blood, to the eye, looks like
ared liquid. Whenit is seen through a microscope
we find it to be a colorless liquid (the 4/ood-plasma)
in which float thousands of little solid particles.
These are the dlood-corpuscles. Most of them are
red, but many are white.

Blood Corpuscles.—

FiG. 366. Blood-corpuscles. (A) The picture between the
letters A and 4 is not very much magnified. It shows the red
corpuscles lying in strings like piles of copper cents, and two
white corpuscles @, @. B shows two red corpuscles, much mag-
nified, seen flatwise. C is a red corpuscle seen edgewise. D iy
a string of red corpuscles.
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The red corpuscles are about ygys of an inch'in diameter
and about ys}yy of an inch thick. Ten millions of them
will lie on a-square inch, and the body is full of them. Zike
red corpuscles carry oxygem with them to all parts of the body,
and keep st alive. The white corpuscles of the blood are in
form and in character like the single-celled animals called
Amabe. When they meet a particle of blood that has no right
to be there, they flow around it and absorb it, just as the Amaeba
flows around and absorbs its own food. As long as the red cor-
puscles of the blood are healthy they are not attacked, but the
moment a red corpuscle is diseased, it is treated like an enemy.
Bacteria (vegetable germs of some diseases—microbes, so called)
are devoured by the white corpuscles, and the body protected
from harm. During an illness due to poisoning of the blood by
microbes—malaria, for instance—there are countless battles be-
tween the hostile microbes and the white corpuscles. 1f the lat-
ter win the fight the patient recovers. If the white corpuscles
are defeated the patient dies.

Without Blood We Cannot Live—If an artery is cut by an
accident, the man will bleed to death. If blood from another
person, or from a dog, is pumped into his veins he can be re-
vived—made to live again.

Blood gets its nourishing food from digested food. It gets
oxygen from the air we breath. (Air is a mixture of oxygen
and nitrogen gas.) As the blood passes through the lungs it
gives out carbonic acid gas and this is breathed out by the lungs
at each breath.

We Speak by Air Forced Through the Glottss,
and different sounds are heard according as the
opening of the glottis is large or narrow. By much
practice the muscles have learned just how wide to
open the glottis to make the sound of A, or B, etc.
Babies learning to speak have to think about the
words they are going to say. We have said them
so often that our muscles have learned their habits
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Take a hollow. tube, like a piece of a bamboo fishing rod,
about a foot long and cut the top of it sloping like a A. Wrap
a piece of thin sheet rubber (such as dentists use) round the top
30 as to leave a narrow slit at the very top of the A, to stand for
the opening of the glottis. Tie the rubber on with a string.
Now .blow through the lower end of the tube and you will geta
sound. Touch the vibrating rubber at different points with the
sharp end of a pencil and you will get different sounds. (Tryit.)

FiG. 308. Back view of the windpipe and lungs. In the pic-
ture the backbone is not shown. M is the mouth (seen from
behind, as if the body were transparent); G/ is the glottss (part
of the windpipe); 7 is the windpipe; LL is the left lung; RL
is the right lung; B (on both sides) are the dronckial tubes (the
ends of the windpipe); /7 is the heart. (Point these parts out
with a pin for a pointer.) ’

Breathing ( Respiration).— We breathe air
(which is a mixture of oxygen gas and nitrogen
gas). It goes into the lungs through the éronchsal
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tubes and mixes with the blood which takes out all
the oxygen it needs. The used-up matters in the
blood (mostly carbon) combine with some of the
supply of oxygen and make carbonic acid gas.
This poisonous gas we breathe oz about 18 or 20
times a minute (oftener for children).

F1G. 309. The lungsand the branches of the bronchial tubes.

Experiment.—Take a very small picce of guick lime and drop
it into a little water at the hottom of a good-sized jar. It will
bubble fiercely and become hot (the water is combining with the
lime). When it is cool filter a clear solution—lime-water—into
a tumbler. Now let one of the pupils breathe into the lime-
water through a clean glass tube. The water will become turbid.
Why? Because the carbonic acid gas of the breath has combined
chemically with the lime to form carbonate of lime which is in-
soluble in water. Let the water settle, Pour off the surplus
liquid, leaving only the semi-solid muss. Add vinegar. It will
displace the carboni¢ acid gas which will go off in bubbles.
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Movements of the Chest in Breathing.—

F1G6. 310. A is a section of the body as air is breathed s». 5
as air is breathed ous. 77 is the windpipe, D is the diaphragm.
45 the muscular walls of the abdomen. The chest, abdomen.
breastbone (.S¢) and ribs move when you breathe.

- Plenty of Fresk Air is Necessary to Life. —1
there is not enough fresh air, the blood will not get
enough oxygen and the body will starve, Many
headaches come from lack of fresh air. Go out of
doors and they will disappear.

Good ventilation is supplying plenty of air to the
rooms in which we live—study-rooms, living-rooms,
sleeping-rooms. Always have fresh air and plenty



THE BRAIN. 333

of it, and arrange the doors and windows so as not
o make ¢‘draughts” of air blowing directly on
you.

Sneezing and Coughing.—Draw a deep breath and fill the
lungs, and then force out the air through your nose. (Try it.)
Now let some one tickle the inside of your nostril with the fine
end of a feather. You sneeze; you Zave to sneeze; you cannot
help it. Filling the lungs full and then forcing the air through
the nose, wken you cannot kelp doing so, is sneezing. Coughing
is forcing the air out through the mouth.

Breathe Through Your Nose, Not Through Your
Mouth.—Keep your mouth shut when you breathe,
even when you are running. Air that gets to the
lungs should be warmed by passing through the
passages of the nose, not taken in directly through
the mouth, in which case it is likely to be too cold.
The little hairs inside the nostril act as strainers,
and catch dust that ought not to get into the lungs.

The mnervous system consists of the Brain, the
Spinal cord (or marrow) and a set of #zerves spread-
ing all over the body. \

The brain is a complicated mass of very sensitive
matter that fills the upper part of the skull. It
weighs about 4 pounds. (A butcher will show you
a sheep’s brain if you ask him.) It has three main
parts : the cere'brum, or large brain (in this part all
the most important things we do are decided); the
cer'ebellum, or lesser brain (this part arranges our
motions so that our muscles work together in har-
mony). If this part is removed from a bird’s skull
it can still see, hear, eat and fly—but it cannot fly
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knows what you are seeing and hearing now, de-
cides what is best to do now, and sends out orders
through the nerves for the muscles to do it— and
they obey.

The brain is connected with the spinal marrow, and nerves
branch off in every direction (very many more than are drawn in
the picture).

The merves are fine hollow tubes filled with
something like clear jelly. They run all over the
body as telegraph wires run from a central office.

The Nerves Carry Messages To and From the
Braim.—The brain acts as if it were a central tele-
graph station. Some nerves, like telegraph wires,
carry messages zzwards to the brain, and others
carry messages ouiwards from the brain. Suppose
some one pricks your finger with a pin. The pin
touches a nerve. This nerve carries a message to
the brain and says ¢“I am touched.” The brain
sends a message to the muscle of your finger along
another nerve and says ‘‘ move away.” The mus-
cle shortens and the finger moves away from the
pin. All the most important bodily actions of men
and animals are decided in this way.

This can be proved. We know exactly which nerve takes the
message from the finger to the brain, and which nerve brings the
order out. We can cut them with a knife, if we choose.

- Message goes to the Brain

Brain

B> Message goes to the Finger

Suppose we cut the top nerve, and then prick the finger.
The finger cannot send any message to the brain because its
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nerve is cut. The brain will know nothing about the pin-prick
because it has received no message. It will send out no order.
Or, suppose we leave the top nerve whole, and cut the lower one.
Now prick the finger. The finger will send a message to the
brain and say ‘‘ I am touched.”” The brain will know it. It will
try to send out a message ‘‘ move away,”’ but as the nerve is cut
the message cannot go that way.

Paralysis.—All the nerves that are in the leg unite near the
hip into three or four large cords which join the spinal cord near
its lower end. If these nerves are accidentally broken at the
ankle, the foot is paralyzed; it cannot feel or move. But the
rest of the leg is all right. If these nerves are broken at the
knee, the lower leg is paralyzed ; the upper leg can still feel and
move. If they are broken at the hip, the whole leg is paralyzed.
If the nerves of the leg are not injured, but the spinal cord is
wounded, all the body below the wound is paralyzed,

Spinal Cord Hip Knee Foot
™%k i | :
|l Radl

Omaha Chicago Albany Boston

If atelegraph line from Omaha to Boston is cut beyond Albany,
then Boston can get no messages; if it is cut beyond Chicago,
then Albany and Boston suffer; if it is cut between Omaha and
Chicago, then no messages can be sent to any part of the line
beyond the break.

N. B.—We do not purposely cut nerves to try such experi-
ments, but men sometimes meet with accidents that cut their
rerves in two. In all such cases the doctors have noticed just
what has been described.

If the whole cerebrum is cut out of an animal, a frog for in-
stance, all its intelligence and will goes. It remains alive, but
it is a mere machine that breathes, whose heart beats, etc. It
can no longer ckoose what it likes to do. If the frog’s legs are
touched i moves them (not because it wants to do so, but be-
cause it cannot help it—just as you cannot help sneezing when
the inside of your nose is tickled).

Such movements are made when messages are sent out from
the nerve-centers in the spinal-cord, which control the beating
of the heart, breathing, coughing, sneezing and all actions that

22
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Fi1G. 313. A sketch to show how one set of nerves takes mes.
sages fo certain centers in the brain, and how another set of
nerves carries orders from these brain-centers Zo the mouth, the
hand, etc. ¥ (in the back part of the brain) is the center for
seeing; A (connected with ear) is the center for hearing; E is
the center for speaking; W is the center for moving the muscles
of the hand in writing. If a sound comes to the ear a message
is sent /2 to A. If a picture is seen by the eye a message is sent
into V. 1If you wish to speak a message is sent ouz from E to
the lips. If you wish to write a message is sent ouZ from W to
the hand. It is as if the brain were the central telegraph office in
which there are many operators at V, W, 4, E,etc. When one of
them receives a message coming 7z he tells the others what messa-
ges tosend ou?. The messages are sent ou# and the hand or the leg
or the lips obey the messages they receive. The messages come
& along the nerves s, s’ 3 they go out along the nerves m, m’.
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must be done whether you will or no—reflex-actions as they are
called. The involuntary muscles are controlled by centers in the
spinal-cord.

Reflex-Action.—Experiment : Sit on a chair and cross your
right leg over your left one. Now take a book and tap your
right leg with it gently, just below the knee-cap. A short time
after the tap your right leg will kick out, whether you will to do
so or not. A set of nerves of the knee takes a message to the
spinal cord (not to the brain), I am struck.” The spinal cord
telegraphs back, ‘‘ Kick then.”” The spinal-cord does all the
work. The time between the tap on the knee and the kick is
taken up by the two messages travelling two ways and by the
action of the muscles of the leg. (Try it.)

Nerve Centers.—The nerve centers that control
such movements as sneezing, etc., are in the spinal
cord. Other parts of the brain are centers for see-
ing, centers for hearing, for speaking, for moving
the hand, for moving the leg, for remembering, etc.

The different centers were discovered by noticing what hap-
pened when men’s brains were injured by accident. If one part
was injured, the man could not speak, though he could hear, see
and move. If another part was injured, he could not move,
though he could see, hear and speak. In thix way it has been

found that in certain tracts of the brain the powers of memory,
of sight, of hearing, etc., reside.

How a particular spot in the brain makes us re-
member no one knows ; but it is certainly so, for if
this part of the brain is injured we cannot remem-
ber anything; as long as it is not injured, we can.

Sleep. — Plenty of sound sleep is necessary to
give the brain rest. Children need about ten hours
sleep. Seven or eight are needed by grown-up
persons. During sleep the muscles rest as well as
the brain, the heart beats more slowly, the breath-
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ing is more quiet, the temperature of the body is
lower. The whole of your body does not go to
sleep at one and the same time. First the eyes go to
sleep, then the smell, then the taste, then the hear-
ing, and last of all, the touch. When you wake
_ your touch wakes first, then your hearing, taste,
smell and sight in that order.

Death.—Parts of our bodics are dying all the time; the outer
skin, for instance. Itdies and is rubbed off. Parts are dying all
the time and being revived all the time; the blood-corpuscles, for
instance. They lose their oxygen, which is their life, but get new
oxygen from the lungs. A very bad burn kills the arm and it
may wither and die, though the rest of the body lives on very well
without it. The whole body dies a natural death when the heart
stops sending good blood, or when the lungs stop breathing. So
long as the heart and lungs are doing their work the body is alive.
When they stop, either through disease or as the result of some
injury or violence, the body dies.

Decomposition.—The body is built up of chemical elements.
So long as it is alive the Zife within us (whatever that may be—
no one knows) has the wonderful power of making each element
do some useful work in building up bone, muscle, fat, in making
blood or tissue. When the Zife is gone, when the body is dead,
the chemical substances of which it is made go back to form parts
of the earth from which they originally came. Atoms that once
formed part of Julius C®sar’s body were taken into the soil and
may now be part of the clay of some vase in a collection of Roman
pottery, or they may stop a hole in some workman’s cabin to
keep the wind away as Shakspeare has said

¢ Imperious Csar, dead and turned to clay
Might stop a hole to keep the wind away :
Oh, that that earth, which kept the world in awe,
Should patch a wall to expel the winter’s flaw.”

The Senses.—** The five senses ” are sight, hear-
ing, smell, taste, touch. There is at least one more
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—the temperature-sense. You can tell whether a
piece of iron is hotter than your hand without touch-
ing it and with your eyes shut. It is possible that
birds and fish have special senses.that men do not
have. They seem to know their way home in
cases where men would be quite lost.

We Know the Outside World Through Our
Senses.—Things in the external world are known
to us only through our senses. We see, hear and
touch them. If we are blind or deaf we know
much less than we otherwise should know. The
nerves of sight, hearing, touch, bring messages
from things in the world to our brain. Our brain
thinks about these messages and decides what is to
be done. If anything is to be done it sends mes-
sages to the muscles and they do it.

We often make wrong judgments about the mes-
sages that our senses send to the brain, as is proved
by the experiments on page 346. It is not certain,
then, that we always know the outside world cor-
rectly. Any one of us is much more certain about
anything he hears or sees if he knows that some
one else sees or hears it in the same way. The
things in the outside world that we are most certain
about are the ones that a very great number of
people have seen and described a very great num-
ber of times.

Personality.—There is one thing that we know
without asking anyone’s help. Each one of us
knows that he exists ; that he is a person. So long
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as his mind and brain go on thinking, and reflecting
about his thoughts, he is sure that %e exists, any
way. No other animal but man thinks about his
own thoughts. .A dog may notice that snow is
white, besides being cold; that chalk is white, be-
sides being hard ; that milk is white, besides being
good to drink. It is possible, though not likely,
that when he is thinking of milk to drink he may
remember that milk is white. But no dog ever
imagined such a thing as whiteness, nor thought
that milk, chalk and snow, different as they are in
most respects, at least are alike in this one respect
—namely of whiteness. Most animals are, in a
large degree, machines—they act without thinking
about their acts. Men also do many acts in a ma-
chine-like way. For instance if some one pretends
to aim a blow at your eye, you wink — you cannot
help doing it— although you know very well you
are not going to be hit. If the inside lining of
your nose is tickled with a feather you /Zave te
sneeze. You cannot help it any more than a loco-
motive can help going when the steam is turned on.
When the stimulus (the exciting feather-touch)
comes the action mus¢ follow. If an insect-eating
plant is touched, even by a stick, it shuts its leaves
with a snap. If an oyster feels anything floating
over its open shell 1t shuts up whether the thing is
good for food or not. If a fly lights on your fore-
head you brush it off even when you are asleep.
You are like the lower animals in this machine-like
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response to a stimulus. But you are very different
from them in your power to think, to remember
your thoughts and to reflect about them; in your
power to know what is honorable, what is good, and
what is right. That kind of knowledge makes you
a person, and it makes you responsible. 1f you have
such powers it is your duty to use them rightly.

Cells. — If we keep on dividing any part of the
body of an animal (or a plant) as long as possible
we find, at last, that it is made of cells. A cell is
a little box with walls, filled on the inside with living
protoplasm (something like the white of egg). The
bones, the tissues, the muscles, the blood, the
nerves are made of small cells. The smallest are
about gzl of an inch in diameter. Even the
largest are very small. Each cell is alive, that is,
the protoplasm inside it is alive. Many cells (as
the white corpuscles of your blood — see page 32%)
can move and do grow by division just as the
single-celled animal, the Amwba, moves and grows.!
Every such cell grows ; divides over and over again
to make others ; by and by decays ; and finally dies.
While it is alive it does work of some kind and
takes food. If it is a muscle-cell it helps to build
up muscle. If it a tissue-cell it builds up tissue.
Sometimes, in case of need, a cell will take up
work not its own. If, for instance, a muscle is in-
jured, tissue cells will help to build it up.

The Human Body is a Colony of Cells. — The
human body is something like a great colony or

1 See Book VI, Zoslogy, page 188.
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ant-hill of different kinds of cells each one working
to help the colony to live and prosper. Some cells
make food, others carry it where it is needed (the
blood-cells), others build up bones and muscles,
others transmit messages (the nerve-cells). In the
spinal-cord there are committees of cells (nerve-
centers) that manage all matters like breathing,
sneezing, etc., without troubling the brain with such
little things; and finally in the brain there are
higher committees of cells (nerve-centers) each at-
tending to its own work. One brain-committee
attends to hearing, another to seeing, another to
touching, and other committees help us to remem-
ber, to make judgments, to be affectionate or angry.
A tree is something like a colony of coral animals.!
The body of a man is a much more complicated
colony —something like a great city with all kinds
of persons in it, each kind doing one sort of useful
work, and all working together to make the whole
body healthy and strong.

The Human Will Governs the Body. — Back of
all this there is your personality ; the thing, what-
ever it is, that makes you yox and not someone else.
This can decide what is right, and w7/ to do it. It
can wish to do right. It can try, and if it fails one
time, it can keep on trying. Your body, with all
its wonderful arrangements, is, after all, of no
gpecial good uniess it is directed by a will that
means to do right—to be true, brave and kind. It

1See Book VII, Botany, page 248.
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is your business to have that kind of a will: it is
the business of your body to do what you tell it to do.
Seeing: The Eye.—

CcT

F16. 314. How the image of an object is seen on the ground
glass of a photographic camera. Rays of light from the arrow
®—> pass through the lens of the camera, through the dark
chamber, and make an fmage (see Book I., Astronomy, p. 12)
on the ground glass.

F1G. 315. How the image of an object is seen on the back
part of the eye (on the »etina). Rays of light from the arrow
®—> pass through the lens of the eye, through the dark chamber
of the eye and make an image on the »efina. The retina is cov-
ered with nerves and these send messages to the brain ‘I am
touched by light—by light of such a brightness and of such a
color.”” The brain receives all these messages and makes up its
mind what sort of a thing is seen. ¢ /s the brain that does the
real seeing, not the eye. The eye only forms the image. The
brain decides what it is.

Experiments.—Wipe the tongue dry and put a bit of sugar on
the tip. It will not taste sweet till the sugar is dissolved.

Take two one-pound weights from a grocer’s scales (both iron
or both lead and of the same size). Heat one of them and leave
the other one cold. The cold weight will seem the heavier.

MM
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Cross your middle finger over your /
forefinger so as to leave a V-shaped space /|
between their ends. Rub the ends of
both fingers lightly against the very point
of your nose. It will feel as if there
were two points to your nose. (Try it
several times.) ) V

A bit of alum on the tip of the tongue A B
tastes sour; on the back of the tongue Fic. 317. Draw
oweetish. (Try it.) . . two lines 4 B of the

The experiments just given show that

, X same length. Put

your judgments about your sensations ... o beods on A
are mot always right. The reasons for ;.4 arrow-tails on
the mistakes of judgment are well known

B. B will appear
but need not be given here. longer than 4.

Hearing: The Ear.
A

Fi1G. 318. The Ear: M the skell of the ear; G external tube
Which carries vibrating air to the drum (7). This vibrates
ang gets the air of the inner ear, as well as its little bones, to
Vibrating. The vibrations are carried by the nerve 4 to a par-
1cular part of the brain. 77 is tle brain that does the real hear-
'ng, wottheear. R isa tube leading from each ear to Yhemoukn,
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Smell: the Nose.—The mucous membrane that
lines the nostrils is the organ of smell. Nerves
from each nostril run to the brain. A piece of
camphor is all the while giving off little particles.
Some of these touch the ends of small nerves in the
nostrils and other nerves carry the news to the
brain, /¢ is really the brain that does the smelling,
not the nose.

Taste: the Tongue.— The upper side of the
tongue is covered with thousands of little elevations
under which are nerves — sometimes nerves of
touch, sometimes nerves of taste. When sugar is
put on the tongue these nerves telegraph to the
brain. /¢ is really the brain that tastes, not the
tongue. What we call tastes (flavors) are often
not tastes but smells. Hold your nostrils tight and
chew a piece of cinnamon. You will have a hot
sensation but no Zaste till the nostrils are opened.
(Try it.) Remember this when you have medicines
to take. Hold your nostrils tight shut, and in most
cases you can not taste what you are swallowing.




.

BOOK IX: THE EARLY HISTORY OF
MANKIND.!

Book VIII, 7he Human Body, tells how the
body of a man is made, what work it does, and how
his mind directs his body what to do. It gives an
account of one man—of any man taken by himself.

1Note to Teachers: The young reader commencing this book
knows very well the customs and beliefs of his own time and of
his own country. He does not know, however, that cach and
every one of them is rooted in the remote past. It is here sought
to give, so far as space allows, a picture of society which will
suggest to him the origins of human customs, arts, govern-
ments, religions, and to trace their developments up to the his-
toric period. In other books he will, hereafter, read the written
history to which these pages are introductory. In some few
cases it has seemed wise to treat of matters well within the his-
torical period. It is of the first importance that the pupil should
connect what is given here with what is already familiar to him.
It will assist him’to understand human progress if he sees, side
by side, the boats of barbarous peoples and a modern steam-
ship; or the fetish of African negroes and a modern cathedral.
Many illustrations of this scrt are given. Occasionally, how-
ever, stress has been purposely laid on the unfamiliar—and
for the reason that abstract ideas are often best illustrated by
examples quite out of one’s daily experience. One can under-
stand the religious beliefs of savages far better if they are com-
pared with those of Moslems or Buddhists than if the compari-
son is made with Christianity. The endeavor has been to
choose the form of presentation that gives the simplest notion
both of the methods of ethnology and of its results.

9
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family life they lead, what sort of government they
have, what kind of religion theybelieve in,and so on.
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F1G. 320. A map of the World. When a place is spoken
about in this book turn to this map and see if you know where
che glace is; if it is not given here find it on some larger weR.
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the civilized Germans were savage tribes— Zeutons
and others. The ancestors of the civilized Hunga-
rians were savage tribes from Asia, called Huns.
The ancestors of the civilized Egyptians of 6,000
years ago were half-civilized people who lived in
cities at least 10,000 years ago. Before them were
barbarians, and before them savages. Every tribe
and nation in the world was once savage.

The Celts of England were still savage:when th
Egyptians had become civilized. The North Amer=+"
ican Indians were barbarians when Columbugg,
landed (A.D., 1492). The Inca Indians of Pt
were civilized when they were conquered by th
Spaniards under Pizarro (A.D., 1524). They we
in the bronze age, they did not know the use
iron, to be sure, but in many ways they were as °
civilized as the Spaniards themselves.

Cannibals.—Savages in many parts of the world have the
notion that they can acquire bravery by eating the hearts of -
ferocious animals—tigers, etc.; swiftness by eating the legs of *
swift animals —deer and antelopes—and so on. Hindu drivers
put the eyes of owls in the food of their elephants to make them
sec well at night.  Some wild tribes eat part of the bodies of the
men, especially of the brave men, that they have captured in bat-
tle, or else their priests and chiefs eat for the whole tribe. The
famous English explorer, Captain Cook, was killed by the natives
of Hawaii in 1779; they admired his bravery, and the Hawaiian
high priest, whose name was /7, ate a part of Captain Cook’s heart
in order that the whole nation might thus become brave and wise.

Ilow we can tell the Previous Conditions of a
People.—In a hundred thousand years from now
the city of New York may be a heap of ruins
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Can you imagine a man who never died but always wandered
to and fro on the Earth? A French poet tells what such a man
saw every time he visited a certain spot. The man says:

When 1 first arrived in this place, riding in my chariot, I
saw a great city, with its walls, workshops and palaces. Men
were running to and fro. I asked one of them how long that
city had been in that spot. He answered with pride: It has
always been here. It is my country.

Five thousand years passed by,
Again [ visited thai spot.

Walls, palaces, temples—all were gone. The sun shone down
on green meadows where a single shepherd was tending hit
sheep. I asked him how long these meadows had been there
He answered : They have been here forever and always.

Frve thousand years passed by,
Again I visited that spot

A vast forest covered the plain; great trees and vines grew in
the silence and sheltered packs of wild beasts. I asked a solitary
hunter how long the forest had been there. e answered : These
oaks are centuries old; the forest has been here forever and
always.

ve thousand years passed by,
Again I visited that spol.

It was an ocean now. On its waves a fisherman was riding
in his little boat. 1 asked him how long since the forest had
been covered by the sea. lHe answered: The sea is the oldest
thing in the world; it has always been here.

Five thousand years passed by,
Again I visited that spot.

It was a desert now. Waves of sand were where the ocean
waves had been. The desert stretched further than the eye could
reach. Iasked a camel-driver in the caravan how long the desert
had been there. He answered: The desert is eternal ; it has been
here forever and always.

Five thousand years passed by,
Again I visited that spot.
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that men used to live there.! The same thing is
true for nearly every part of the world. We know
almost as much about it now, as its people knew,
then. If we find fish hooks made of bone, axes and
clubs and arrow heads made of stone, but no metal,
no pottery, we can say that the people who made
those thirgs lived in the stone-age; that they were
savages. If we find weapons and tools of copper or
bronze or iron we can say they lived in the copper
age, the bronze age, the iron age. If there are
charred bones of oxen, we can say that the people
used cattle for food and understood how to make a
fire. Such excavations (diggings) nearly always
show some human remains, especially in Europe
and Asia where men have lived a long time.
Archeology is the science that treats of the relics and remains
that man has left upon the earth, particularly the remains that
were left by men who lived in ancient times before there was
any written or printed history. An arcke@ologist is a man that
studies such things, just as an anfiguary is a man that studies
the relics of men who lived in early times after history began :o
be written. Men that lived in the days before written history
begins—thousands of vears ago—are called pre-kistoric men.
How to Measure Time in the Ancient History of Mankind.—
We can make a good guess in many cases how long ago the men
lived who made and used the tools we find. For instance, in
Denmark, the forests are now mostly beech trees. Underneath
the peat-bogs ? there are still to be found many stems and roots
of oak trees and decper down there are many stems and roots of
pine trees. For thousands of yvears Denmark has been covered
by beech forests; for thousands of years before that, it was cov-
! We now know almost as much about Pompeii (see page 163)
as the Romans did when they were iving in .
2See page 170.
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ered with oak forests; for thousands of years before that it was
covered with forests of pine.

Now-a-days the Danes cut down their beech trees with steel
axes; among the oak tree stumps bronze axes are very often
found; among the pine stumps stone axes are very often found.
Geologists and botanists can tell us pretty nearly how old each
of the forests is; therefore we know about how long ago the
Danes lived who used bronze axes (they were in the Bronze Age) ;
and how long ago ‘the Danes lived who used stone axes (they
were in the Stone Age).

The stone axes that are found in the very lowest depths are
rude and badly made; the stone axes found in higher levels are
much more neatly fashioned; the bronze axes improve in shape
and workmanship as you go upwards. This proves that the
people themselves were learning all through these thousands and
thousands of years.

Along with stone axes and the stumps of fir trees we find the
bones of the mammoth, the rhinoceros, the hippopotamus, the
lion. That proves that in those ancient days all those wild ani-
mals were found in Denmark. There are no living mammoths
now. And there are no lions nearer than Africa and Asia. But
in that old time they were plentiful in Denmark, in France and
in England. There were many grizzly-bears and musk-oxen in
England then. Now there are none nearer than the Rocky
Mountains and Athabasca.

Cave-men. — Savages that lived in very ancient
days—about the time of the Glacial Epoch ' (perhaps
100,000 years ago) often used caves for houses.
Many of their caves have been discovered and
searched. The dirt on the floor contained rude
stone hatchets, bone spear-heads, awls, arrow-heads,
along with the bones of the reindeer, the bear, the
tiger, etc. The bones are often split open length-
wise so as to get the marrow from them, and black-

1 See pages 147, 178.
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ened in the fire. Even the cave-dwetters had fire,
then.

FiG. 331. A drawing of a mammoth scratched on a mam.
moth’s tusk by a pre-historic man.

Pictures of Animals Drawn by Pre- Historic Men.
In these very caves there have been found rude
carvings of animals scratched by the cave-dwellers

Fi16. 332. Thereindeer : scratched on a bone by a pre-historic man.

on ivory or stone. These are the very oldest pict-
ures in the world, thousands and thousands of years
older than any pictures yet found in Egypt. The
men that made them were living almost like wild
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Early History of the Egyptians.—We know
more about the early history of the Egyptians than
about that of any other people. At least 10,000
years ago the Egyptians near the mouth of the Nile
lived in great cities. At least 7,000 years ago the
fertile valleyof the Nilewas filled with a nation under
one king. Memphis — the capital city—was pro-
tected from the yearly floods of the river by a huge
stone dyke built so strongly that part of it still exists.

We begin to know a great deal about the Egyp-
tians of B. C. 2,000—about 4,000 years ago.

The pyramids, built by three kings of Egypt,
are still standing near Cairo, as solid as ever. The
largest pyramid is nearly soo feet high and was
built for King Cheops. The covering stones were
so nicely jointed that a hair could hardly be put
between two blocks. Inside of the huge mass
there was a long passage way leading to a few
little rooms. All the rest was solid. One of these
little rooms was the tomb of the king and the whole
" pyramid was his monument. The passageway
within the pyramid pointed exactly at the North Star.'

The Egyptian priests of 4000 years ago were
skilled astronomers as well -as good architects,

Near the pyramids is the SpAsnx, a huge statue
as high as a five-story house, made from a single
stone. It was an idol, or image, of one of the gods
whom the Egyptians worshipped — the god of the
Rising Sun; and the Sphinx is older than the pyra-

1 See Book I, Astronomy, page 7. '
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books on geometry, medicine and religion have
come down to us. Their religious poetry is very
like the poetical parts of our Bible. ‘
" Egyptian Writing.—The oldest Egyptians that
we know anything about could write. Their writ-
ing was, at first, picture-writing. When they
wanted to say ‘‘man,” they drew a sketch of a
man; when they wanted to say ¢¢ army,” they made
a picture of an army; when they wanted to say
¢¢ tool,” they drew the likeness of a tool. By and
by, they changed their way of writing. They still
used pictures; but a picture of a man no longer
stood for man, but for its first sound m. A picture
of an army stood for a ; of a foo/ stood for ¢, and c0 °
on. Now they had a way of spelling new words.
Three pictures—man, army, tool—spelled ma¢, and
soon. They had an alphabet. Such pictures were
called kieroglyphics. By and by they invented new
ways by which they could write much faster. They
used pens made out of split reeds, and they made
writing paper out of the papy’rus plant. '

The King.—The king (Pharaoh) was worshipped
as a god on earth. He was absolute master of all
\iis people. When he wanted a pyramid built they
were obliged to work for him as long as necessary.

The Priests. — Egypt was full of temples, and
thousands of priests directed the worship of the
different gods (for there were many).

The Scribes (learned men).—There was another
class of well-educated men who were bookkeepers,
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clerks, engineers, architects, government officers.
They superintended the public works, were secre-
taries to governors, etc. Learning was the road to
power and riches in Egypt, just as it is in China
to-day.

The Army.—The king kept a large army—some- -
times 400,000 men. Some were foot-soldiers
(infantry), some horse-soldiers (cavalry), and some
who drove the war chariots. Egypt was a rich
country surrounded by savage tribes, and had many
wars, therefore.

The People.—The Egyptian people were mostly
small farmers. They were gentle, merry, gay,
like children (and they still are so). Each man
paid a tax of part of his harvest every year, and
was obliged to work for the king in making roads,
building temples, and so forth, whenever he was
called upon.

Egyptian Commerce.—T e Egvptmm under-
stood how to work in metals—iron, copper, gold,
siltver. They wove fine linen and dyed it in
bright colors, made cups and plates of glass, fine
pottery, brenze and silver vases, jewelry, paper
and so forth. They sold these things to traders who
brought back gold from South Africa, ivory, copper,
wood from other countries. They were not sailors
themselves, nor travelers.

Religion of the Egyptians.—The Greek traveler
[1erod’otus, who visited Egvpt between 460 and 454
B. C. described them as the most religious of men.
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Their principal god was the Sun. There were many
other gods and goddesses —some that were believed
to make good harvests, some that brought the water
inthe Nile. Each city had a god of its own, beside.
Some of the gods were kind to men, they said, and
some were cruel. All of them were worshipped,
good and bad alike. They thanked the kind gods
for their goodness, and prayed to the cruel gods for
mercy.

Sacred Animals. — The lion, the crocodile, the
bull, the cat, the beetle, and others beside, were

- sacred animals. It was a crime to kill them, and
they were worshipped like gods.

Mummics. — The Egyptians believed that when
the body of a man died something in him—his soul,
his spirit, his ghost— continued to live. They
thought the soul would be happier after death if the
man’s body were preserved, and so they embalmed
the dead body and put it in a spacious tomb with
food, water, clothing, etc., which, somehow, would
be useful, they thought.

At first they believed that the soul, after death,
stayed near the dead body. Afterwards they came
to think that souis went to some kingdom under-
ground, near the sunset, and that each soul was
judged before admission. The actions that a man
did during his lifetime were weighed in scales, they
said, the good actions in one scale, the bad ones in
another. If the good actions weighed the most the
man was admitted to an eternal, happy life. If
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the man had been bad during his life the soul was
punished and tortured, bitten by scorpions and ser-
pepts, and finally perished altogether. ‘

How we Have Been Taught by Ancient Nations.
The Egyptians and the people of Chaldea (a
country whose chief city was Babylon) were very
closely connected. The Jews who were captives in
Egypt in the time of Moses, and in Babylon, were
much influenced by the learning and beliefs of their
masters. The account of the Deluge in the Bible
is largely copied from the Chaldean records ; Moses
“was skilled in the learning of the Egyptians.”
Through the Bible of the Jews—the Old Testament
— we, to-day, are influenced by the beliefs and
traditions of Egypt and Chaldea. The early Greek
philosophers and scientific men studied in Egypt,
and Greek philosophy and science is the foundation:
of that of all Europe. Greek art is founded on the
art of Egypt and the West of Asia, and our art is
mostly derived from that of Greece.

An American boy may not have a drop of any
blood in his veins except English. For a thousand
generations his ancestors may have been English-
men. Yet in his beliefs he is influenced by Asiatic
or Egyptian peoples. His religion comes from Asia,
the laws of his country are Roman and English and
depend upon ideas of justice and right that were
first invented in the Orient. His science is built
upon Greek foundations, and the Greeks learned
their science in Egypt. Our arts of life——farming,
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Pictures that Show how rcach Nation Lives.—If
we wish to know, for instance, what kind of people
the Egyptians were there is no quicker way than to
look at pictures that show the people of Egypt
piowing, weaving, building ; that show the statues
and temples and pyramids they set up; their build-
ings; and the dress and manners of their men and
women. The pictures speak for themselves more

Fic. 338. A Chinese mandarin or officer of the government.
He is well educated.  None but educated men can become officials
in China.
plainly than words. You have only to think what
they mean.

In this book, then, a great many pictures are
given. and under each picture a few words to helg
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like that to-day. Egyptian paintings of 4,000
years ago represent certain races very much as
they are to-day (see Fig. 336).

Fi16. 341. A cowboy of the western plains (United States).

The Shape of the Skull.—If you look directly
downwards at the skulls of different races.you will
iind that some are long and parrow (like the skulls
of most Negroes) ; some are wide and thick (like the
skulls of most Eskimos); and some are about half
way between the two (like the skulls of most Euro-
peans). The jaws of most Negroes project much
further forward than those of Euvropeans. The
shape of the skull is another sign of race. People
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would prove that they are all related, and that the
ancestors of Germans, Dutch and English spoke
the same tongue.

The French language, the Spanish, the Portu-
guese, the Italian, the Roumanian are all very like
the Latin language which was spoken by the
ancient Romans. :

When we compare the language of the people of
ancient India — it is called Sanskrit — with Greek

and Latin, we find that all three
langyages are alike in many ways.
Lhe Aryan People and Lan-
guage.—The explanation of all
this is simple. There was once,
thousands of years ago a people
dwelling somewhere in the
southeastern parts of Europe, or
in the northwestern parts of Asia,
who all spoke a language called
the .17yen language. The people
are called Aryvans. They were
of fair complexion, they tilled the

Fi6. 350. A man soil, kept flocks and herds, worked
fron Armenia in in metal, went forth in chariots
Turkey-in-Asia.  to fight their enemies, made laws
He is white, like R
the Persians and ANd obeyed them, worshipped
like ourselves. gods who lived in the sky, in the

sun, in fire, in rivers, they said:
and reverenced their ancestors. Enough of their
speech still remains as fossil words in modern lan-
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other ‘countries, too, there are classes of the same
sort, but they are most sharply marked in India.

Fi16. 354. An Arab of the desert (Bedouin). The wild Arabs
have been very much the same for thousands of years. There
s little chance to improve when you live in a desert. Still,
they are very far above barbarians. They are religious in their
way; they care for heroic poetry; they are brave and wise in
their own fashion.

The Semitic Languages.— There is another great group of
languages which are like each other, but not like the languages
of the Aryan group. The Arabic and Hebrew languages are two
that belong to this group. The modern Arab says saldm alaikum
meaning ‘‘ peace be upon you’’: the Hebrew of Bible times said
skdlom ldchem, ** peace to you.”” The language of the ancient
Egyptians is a very distant cousin to the Hebrew.

Otker Groups of Languages.— There are other groups of
languages, also. The Chinese languages are alike, though a
Chinaman from Canton cannot understand the speech of a
Chinaman from Peking. Our North American Indians spoke
many different languages.

In the whole world we know that there are or
have been at least 800 different languages: ¢ dead
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Writing. — The first writing of every nation is
picture writing.

Just such pictures as this were painted by other
North American Indians on buffalo robes and
<heir history was recorded in this way.

Fi16. 358. A picture-writing by Red Indians on a rock near
Lake Superior. It means that a chief with five canoes and fifty-
one men (count them) traveled for three days (three suns under
three arches of the sky) and reached land on the other side of the
lake (shown by the land-turtle). The chief of the whole party
is the man on horseback (though, of course, he did not take his
horse over). One of the chiefs in the first canoes was named
Kingfisker (the bird near the large canoe). What they did on
-he other side of the lake is not recorded.

Chinese Writing. — The Chinese characters rep-
resent /k7ngs or else ideas.

MOON MOUNTAIN TREE

-5 3 E ¥ %
wooem [ A \) * R

F16. 359. Chinese characters: The upper line is ancient; the
lower modern. The older characters are rude pictures of the
sun; the moon; a mountain; a tree; a dog. By and by they
were changed to modern forms, more easy to make with a brush
dipped in India ink.
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Egyptian Writing. — The first hieroglyphics of
Egypt were pictures. By and by they made a pic-
ture stand for a sound (page 372), just as if we
should make a picture of a cat stand for ¢, apic- -
ture of an ostrick stand for o, a picture of a dull
stand for &, etc.; cat-ostrich-bull would spell cob
then, and any word could be spelled by sound.
- The Assyrians used writing at least 5000 years ago.

The Alphabet. — The Pheenicians who lived in
Syria, and on the north coast of Africa (Tyre and
Carthage were two of their cities) were close neigh-
bors of the Egyptians and carried on trading with
them. At least as early as 1000 B. C.—3000 years
ago—they invented an alphabet, which was after-
wards copied, with changes, by the Hebrews,
Greeks, and Romans. The English alphabet is .
directly derived from those of the Greeks and
Romans.

So soon as a people has learned to write it has
made a great step forward. Men no longer have
to remember everything which they wish to know.
They can write some things down and leave their
minds free for other things. They can set down
words that other men can read long afterward.
History can be written. Bargains between mer-
chants can be recorded. Letters can be sent to
distant friends. One king actually Za?fooed a letter
on the skin of a messenger and sent him to another
king, far away! In many countries it was a long
time before writing was generally used. Scribes
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and secretaries and clerks did the writing and the
kings and nobles signed it or sealed it. King
Richard I of England, did not know how to write
bis name, for instance.

Printing.—In very early times kings and mer-
chants had their names engraved on seals (seal-
rings were first used in this way). The Chinese
about 1,300 years ago (A. D. 593) used to engrave a
whole page of a book on a block of wood and print
a page at a time. In the XIV century this plan is
mentioned in Arabian books that were known in
Spain and in other countries of the west. Separate
letters of the alphabet were engraved on little
blocks of metal in Europe, about the middle of the
XV century, so that the same types could be used
to print many different books. Printing i one o.
several arts that we owe to the Chinese.

Paper was invented by the Egyptians, but most
early manuscripts were written on parchment (goat
or sheep skin) which was much tougher.

Counting.—Almost all savages can count up ta
five, using the fingers of one hand for counters.
More than five they often call ‘¢ many,” without
trying to say Zow many. Many barbarians use the
word for hand to mean jffve. The Zulu’s word for
six is ‘‘taking the thumb.” He means he has
taken the left hand and a thumb besides to count
with. Inwriting,but notin spelling, Roman numer-
als we call six: ¢five-one” (VI), seven: ¢ five-
two” (V1I), and eight: ¢ five-three” (VIII). Many
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uncivilized people use such names in speaking ; six
is called five-one ; seven, five-two; just as we also
call twenty and one, twenty-one. Ten is counted
on the fingers of both hands, and our arithmetic is
decimal simply because our ancesters had ter
fingers. If they had had twelve we should have
done all our counting by dozens instead of by tens.
Up to twenty a man can count on fingers and toes
together. Some Central American tribes count by
twenties as we count by tens, and the French now
say eighty-eleven where we say ninety-one. They
are counting by twenties.

F1G. 360. Flutes mzde of bamboo, invented by Hawaiians.
Notice that the holes are ditferently placed from the holes tn our
flutes. That shows that the Hawaiian scale of music is different
from ours.

Measuring.—The first measures were the lengths
Of parts of a man’s body. We still say a board is
0 many feet long, a horse so many Zands high.
A pace was a double step (passus in Latin), and a
thousand (m:/le) of them made a mile. The Egyp-
tians had pieces of wood for standard measures,
just as we have foot rules. The King’s chamber
in the Great Pyramid is exactly 20 by 10 cubsts (an
Egyptian cubit was 20 English inches). Our
pound and ounce, gallon and pint come from the
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old Roman measures. A quart is a guart-er of a.
gallon. The Egyptians were great farmers and
the name geometry is nothing but ¢ land-survey ” in
Greek. The Greeks learned the art in Egypt and
we learn it out of books written by Euklid, who
lived in Alexandria, in Egypt.

-~

F1G. 361. Guitar and harmonica made by the Wayao negroes
of Africa. .

Mathematics is nothing but the science of measur-
ing, and begins with counting units. The first
units were the lengths of parts of a inan’s bod; as
we have seen.

Beginnings of the Sciences.— Chemistry began when a savage
found that a metal could be melted in a fire, or that vinegar
poured on copper would make verdegris. Asfromomy began
when a shepherd watched the planets, or a sailor steered his lit-
tle boat by the North Star. The Chinese regularly observed
eclipses thousands of years ago. The barbarians who played
on a flute made of a reed laid the foundations of the science
of sound (acoustics). Amber (electron—from which comes the
word electricity) attracts light pieces of straw and paper. The
hunter who cut up an antelope for food knew something of amaz-

_omy and physiology. Medicine began with the use of common
plants; ipecacuanha is in the Brazilian language spe-caa-goenc
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which means ‘¢ little-wayside-plant-emetic.” Plato (died B. C.
347) compares the heart to a fountain sending the blood to
nourish the body which, he says, is like a garden laid out with
irrigating channels. Aristotle (died B. C. 322) knew a very
great deal about natural kistory and many other kinds of science.
Our knowledge has grown by small steps for thousands and
thousands of years and will keep on growing.

Food. -——The very first need of men is food. In
tropical regions there are fruits —the banana, the
Jbread-fruit, the cocoa-nut — sufficient for all. In
the temperate zones, fruits and grains — wheat,
maize, barley, oats—must be cultivated. Fish and
wild animals are to be found nearly everywhere.
Savage men live on such food as long as they can
and move to a new place when it is necessary.
The very first machinery and tools that men invented
were for hunting and fishing —traps for game, fish-
hooks, spears, clubs, etc. Men trained dogs for
hunting many thousand years ago; leopards were
so trained in India and hawks and falcons in Europe.

If you want to understand what sort of men sav-
ages are and how much they know, try to make for
yourself, without any iron tools, a stone adze (like
Fig. 365) or a good bow. Try to get fire without
matches; make a hut in a tree (like Fig. 369).
Remember you must use no iron tools.

Flocks and Herds. — The Laplander has herds
of reindeer that give him milk and drag his sledge
from place to place. The wild Arab has herds of
camels, sheep and goats. Ilerds of cows are kept
by many roving tribes and by nearly all that have

2 ‘
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settled down to village life. So soon as a tribe
owns cattle it is free from the immediate fear of
hunger and it begins to have leisure and comfort.
When such a tribe takes to farming it lives in one
place and builds houses and barns.

Government and Laws.—Villages sp.ing up and
some kind of government is invented — usually a
government of the oldest and wisest men. Laws
are made and those who do not obey the laws are’
punished. From the very simplest beginning a
company of people grows into a tribe or clan—and
by and by tribes join together to make a nation.
The Iroquois Indians were six North American
tribes (¢ The Six Nations”), joined together for
detence and offence. These barbarians were on
the road to make a nation.

Fire.—There must have been a time when some
savages did not understand the use of fire, but no
tribe of men is now known that does not use it.-
Forest fires are often set by lightning, and fire can
be had by tribes that live near volcanoes or burning
oil-wells. Perhaps the first fires came in this way.
Our own remote ancestors, the Aryans (see page
388) thought fire a sacred thing and worshipped it,
and carried it carefully from place to place in their
wanderings.

Flint and Steel—Fire can be had by striking a
hard tool against rocks and letting the sparks fall
on very dry wood. The fire-drill used by the
ancient Mexicans and in Australia, China, Africa
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and many other places was a drill of hard wood
twirled between the hands on a piece of soft wood
on which tinder or wood-dust is spread.

Matches.—Our common matches were invented
about 1840 and it is only two generations since
every kitchen fire was lighted with flint and steel !

Light.—Fire not only kept men warm in wintry
weather but protected them from wild beasts, and
gave them light at night.

Metal-working.—Metals were mere heavy lumps
like stone till men melted them with fire to form
weapons, tools, and ornaments of all kinds.

Pottery.— Baked earthern ware is hard and dur-
able and as soon as it was invented a great step to-
-vards comfort and de-

cent living was made. X >
Meats could be cooked

in pottery jars; a sup- \k
ply of water could be

kept, etc. FiG. 362. Ancient Egyptians

making pottery.

Bricks.—Clayblocks
burned in the fire make bricks for building and
enable people to do without stones. The very first
books were soft clay bricks on which men wrote
before they baked them hard in ovens. To speak
one’s thoughts in language is the greatest outward
difference between men and animals, but to use
fire as men do is a difference almost as great.

Money. — Savage nations live by barter; by ex-
changing a spear for a knife, for instance. The
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tice. Society is a mass of men organized so as to
get justice and preserve it. Every man must yield
a little of his liberty for the benefit of the rest. All
men must see to it that each man has justice and a
fair chance. You will understand how laws should
be made if you think about this sentence: Wkat is
good for the hive is good for the bee. What is good
for men in general is good for you even in cases
where it does not at once seem to be so. The motto
for a civilized nation should be: One for all--All
Jor each one.

Laws.—At the very first each man made his own
laws to suit himself and carried them out by fight-
ing, if necessary. If some one stole from him
he arrested the thief and punished him. He was
policeman, judge, jury, and jailer all in one. But
just as soon as several families were joined together
in one place they, the tribe, made laws to suit
everybody in general, not some in particular.
They made rules about hunting, rules to say how
the game they killed should be divided, rules about
marriage, about war, about the worship of their
gods, about property. If any man had killed one
of their tribe, the whole tribe hunted down the
murderer and punished him. The laws were made
by the wisest men. If the tribe had a chief or a
king it was his particular business to see that the
laws were carried out. - Republics like our own are
not governed by kings but by committees of wise
men (Congress) who make laws that are intended
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But she takes good care to be caught by the right
‘man. It is only in civilized countries and in
modern times that the woman has the right to
‘choose her own husband.

Slgves.—Wild tribes are perpetually at war with
each other ; they capture wives in this way, property
and prisoners. The prisoners are sometimes killed
but often brought back to work as slaves. Since the

, world began men have enslaved each other and. it
- is only recently that all European peoples. have
. agreed that slavery was wrong. The negro slaves
in America were freed in 1863. Africa and Asia
are full of slaves to-day, especially the former.
Try to think how it would be if you belonged. to
some one else just as his horse belonged to him if
you had to do what work you were told to do, and
if the money you earned belonged not to you, but
to your master.

Religious Ideas.—The very lowest savages prob-
ably had little notion of any God or Gods. The
Australian savages believe that what they see and
hear in dreams is as real as what they see and hear
when awake. They think there are two worlds;
the world of dreams and the world of waking-hours.
Men live in one world ; the ghosts or spirits of men
in the other, they say.

African negroes think there are evil spirits that
bring ill luck, good spirits that bring good fortune.
Their Fetishes are images or idols of these good

and evil spirits. The negro often prays to his
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Jerusalem was founded nearly 2,000 years
B. C. Here King Solomon built a temple to
Jehovah about 1,000 B. C. Itwas in the hands of
the Saracens (Mohammedans) after A. D. 637, and

Fi1G. 401. View of some Christian churches in Jerusalem.

the Crusaders — Christian soldiers — captured it in
A. D. 1099, in order that the tomb of Jesus Christ
should not be in the hands of unbelievers. In 1187
it was re-taken by the Saracens and since 1516 it
has been held by the Turks (who are Mohamme-
dans). They allow Christians, however, to build
churches and to worship there.
Mokammed.—The Arab prophet and lawgiver
was born at Mecca about A. D. 570. When he
was 40 years of age he heard, he said, the voice of
an angel ordering him to write down words spoken
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Property.—Among savages the land belongs to
everybody to use as he likes. He uses it only to
hunt over. Barbarous tribes that keep flocks and
herds use grazing land in much the same way, but
when a man once plants a field of corn or builds a

F16. 408. A Chinese Temple (Pagoda). Such old temples
as this are to be found all over China.

house, that particular piece of ground'belongs to
him alone, just as the bow and arrow of a savage
belong to him. As men became more civilized
there were more and more things that could belong
to a man personally—things that he alone had the
right to use in his lifetime, and to give to his chil-
dren when he died, ‘
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Every one in the tribe understands that the prop-
erty of every other person 7z tke ¢r:be must not be
taken. ¢ Thou shalt not steal ” only applies to the
things that belong to one’s fellow-tribesmen, at first.
Civilized men know that this commandment applies
to the property of strangers, as well. They have
learned that it is right to treat all men as if they
were their brothers. Butall barbarians think that it
is quite right to steal from strangers.

As a country becomes more civilized there are
more and more things that it becomes the duty of
the government to do, because no single person can
attend to them properly.

Civilized people must see that their government
provides water and light, makes good roads, keeps
up good schools, a good police, takes care of the
insane, and sick, and poor and so on. To do this
well the government must have money — it must
have property, just like a person.

Zaxes are payments by the people to the govern-
ment to enable it to do its work. Now-a-days we
pay our taxes in money. In some countries the
farmer still pays his taxes by giving hay or corn.
Each man pays his taxes; the government spends
the money for the benefit of all. Think for a
moment what you get by living in a civilized country
—your life is safe, all your wants are provided for,
you have a fair chance, justice. A few dollars in
taxes every year is not much o vay for all this,
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Conclusion.— This little book has told a few of
the many things that are known about the different
races of men and about their habits, customs, lgws
and religions. Most of its pages describe the very
early history of mankind, but you must remember,
when you come to read the written history of your
own country and of other countries, that every one
of our habits, customs, laws and beliefs has a
starting point far back in the past, and you must
try to understand that the whole history of mankind
is continuous. You are the remote descendant of
those men of ancient times and that is why it is
important for you to understand what kind of people
they were, and to study the early stages of our long
kuman history.








