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CHAPTER 1

A CHANCE FOR ADVENTURE

I do not know what I may appear to the world, but to
myself I seem to have been only like a boy playing on the
seashore and diverting myself in now and then finding
a prettier shell than ordinary, whilst the great ocean of
truth lay all undiscovered before me—SIrR Isaac
NEWTON.

DzEP in the heart of almost every boy lies an instinct for
adventure, a love of the unknown and a desire to know the
secrets of things. Whether a farm boy, city lad, millionaire’s
son, or newsboy, the hankering after strange ventures takes all,
some only in imagination but others in reality, to the far
corners of the four winds. They want to know the stars and
the seas as travelers, not as astronomers or geographers; and
the birds and live things as hunters, not as scientists.

In all ages there have been pioneers and adventurers. These
have been men who have gone out on new and strange journeys
and through their work have benefited the people of the world.
Thus, Columbus discovered America and the early English
settlers colonized New England and Virginia. In the same
way, inhabitants of this country pushed West and made new
homes beyond the Alleghenies and the Rockies.

There you have the whole thing in a nutshell. These old
pioneers left everything behind them in order to push forward
into the unexplored wilderness beyond.

13
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The young reader of this page cannot leave home to go to
Africa or some other far-away place in order to find a frontier
whence he may push into the great unknown beyond. It is not
even necessary. There is, right at home, a wonderful border-
land which needs exploring, and the boy who passes along
the frontier which exists on the edge of a land called Science
has an opportunity for adventure which far surpasses almost
anything else of the sort that he might desire.

Every boy probably knows a little bit about electricity, me-
chanics, chemistry, astronomy, etc. Some of you probably
know so little that it does not seriously interest you, for it is
not until you begin to approach the boundary line on the other
side of which lies the Land of Science that you will become
interested. Here is opportunity for real adventure.

Exploring the Land of Science

This Land of Science, as I have called it, is well worth some
of your spare minutes. It is really a huge wilderness into which
countless men have gone in exploration. The knowledge which
they have brought back with them is one of our most precious
possessions. This land is so huge that no man can even imagine
going to its farthermost border.

The entrance to this great territory is right at hand, and is in
such a strange place that you would hardly look for it there.
It is wherever your toys, or those things which you use for
.amusement may happen to be. The very top which you spin
on the sidewalk is a portion of the Land of Science which is just
being explored and which promises many interesting adventures.

Have any of you ever heard of the gyroscope? It is really a
sort of top. Every top exhibits gyroscopic action. That is why
it stands up when spinning and falls down as it stops. A gyro-
scope is a top which is supported at both ends. You will per-
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haps understand better by referring to the illustration in Fig-
gre 2 which shows a gyroscope spinning. If the wheel in the
centre of the gyroscope is set to spinning by pulling a string,
which has been wrapped around the shaft in the same manner
as for spinning your top, the apparatus will exhibit many
strange properties which it did not possess before the wheel

Fic. 1.— The top which you spin on the sidewalk is a portion of
the Land of Science. A top stands upright on its point while spin-
ning, by reason of its gyroscopic action.

started to spin. For example, if you pick it up in your hand by
means of the framework and give it a sudden twist, you will
find that it resists you and tries to twist back just as if it were
alive.

Some explorer noticed this peculiar property of a spinning
gyroscope to resist any attempt suddenly to change its position
and tried to put it to good use.
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As a result, gyroscopes now balance and steer airplanes and
ships. It used to be necessary for a steersman or pilot to con-
stantly shift the wheel of an airplane or ship so as to counteract
the effect of the waves, currents, and winds, and keep the craft

= ;‘:—‘%\\‘
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Fi16. 2. — The gyroscope was once only a toy. Scientists and invent-
ors who played with it learned how to use a gyroscope for balanc-
ing and steering ships and airplanes,

true to her course. Gyroscopes now tirelessly perform this duty
far more accurately than men could. The gyroscopes used for
this purpose are kept continuously spinning by means of an
electric motor. They are mounted on very delicate pivots. After
the ship’s course is set, any slight tendency to turn to the right
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or left, even an almost imperceptible bit, affects the gyroscope,
and the latter by means of its resisting action, immediately sets
into operation an electrical device which turns the rudder in
the proper direction and corrects the course. This is only one

F16. 3.— The Greek toy called an Eolipile was the
forerunner of the modern steam engine. It consisted of
a shallow vessel of water closed by a tight-fitting lid
and connected to a hollow ball by tubes. When heat
was applied and the water boiled, steam escaping from
the jets caused the ball to revolve.

of the many useful purposes of the gyroscope which have been
discovered during the past few years.

Two thousand years ago the steam-engine was a toy. The
ancient Greeks used to play with a toy in which a jet of steam
caused a wheel to rotate. They never dreamed that this simple
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device was the germ of something which would replace slaves
and finally make possible the great factories, railroads, steam-
ships, and other such things of our day.

Another toy which is on the borderland between you and
science is the permanent magnet most of you are familiar with
in the shape of a steel horseshoe which will attract nails and
tacks or bits of iron and steel. But although many of you may
know what a magnet is, do you also know that telephone-re-
ceivers, automobile magnetos, dynamos and many wonderful

Fic. 4.— The magnet was once only a play-
thing. It is now an essential part of tele-
phone receivers, magnetos, radio speakers,
electrical meters and other instruments.

electrical instruments are entirely dependent upon permanent
magnets and that we only possess them because some pioneer
went adventuring and used his powers of observation and rea-
soning to bring them back from the-Land of Science?

Some one had to observe intelligently those things to cause
the Greek toy to become a steam-locomotive and the permanent
magnet a telephone-receiver.

Oftentimes an apparently trivial thing which you may notice
about some of those objects which surround you, especially
your playthings, and for which there does not seem to be any
useful application at present, may some day develop into a new
invention which will prove useful to all humanity.
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Don’t despise the small ideas. They may prove of inestimable
worth in an opportune moment.

If you build a toy steam-turbine, a telegraph set, or an electric
motor, it is not the actual work which will prove of the most
benefit to you, but rather your observance of the principles of
those devices and the things which take place in your mind
after you finish them and set them in operation.

Therefore, in telling you how to make batteries, steam-
engines, chemicals, water-motors, barometers, and the many
other things described in the following pages, I have not only
presented the constructional details but have tried to be your
guide in observing some of the apparently trivial things about
the apparatus which should prove valuable clues to the trail
that leads to the wonderland of Science if you have a mind to
go adventuring.

Experimenting

For every mystery there is an explanation. We are some-
times a very long time in finding the explanation, but the more
we know about the true meanings and properties of things, the
more mysteries we are able to explain—and as soon as we can
explain a mystery, i ceases to be one.

Whenever we want to find the answer to a mystery or any-
thing which we do not know, there are two good ways of pro-
ceeding. One is to ask some one who does know or else to
read what learned men may have discovered and written about
it. The other is to arrange an experiment and find out the
answer ourselves.

An experiment is not a conjuring trick, for the purpose of
amusement, but is a question which we ask of Nature, and Na-
ture is always ready to give a correct answer provided the ques-
tion is properly asked by arranging the proper experiment.
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Sometimes you must have good sharp eyes to get the right
answer, but above all you must have a good “thinker,” and a
good “eye in the mind.”

Experimenting will not only train your powers of observation
but also your ability to reason correctly. Therefore, in the fol-
lowing pages you will not only find instructions for building
various interesting devices, but also the method of performing
many simple experiments which will be of the utmost worth
to you in learning to use your own reasoning powers and in
explaining the mystery of some of the wonderful happenings
which occur every day around about you.

Theories

One of the first things that an experienced scientist, who
wishes to solve a mystery or make an invention, does, is to
form a theory. His theory is the probable explanation or prin-
ciple existing in his mind which he thinks is the answer to his
problem.

He then sets to work to prove his theory by means of ex-
periments. The results of these experiments often make it
necessary to discard the old theory and adopt a new one time
and time again. Or, as has often been the case, one man’s life-
time is not long enough to prove a theory and the work has had
to be passed on to others.

Many thousands of theories, attempting to explain the won-
ders of science have been thrown away as only useful for the
time being because they have ultimately been disproved. On the
other hand, many others have resisted every attempt to dis-
prove them and stand to-day in the light of Nature’s laws or
truths.

One of the advantages of a true theory is that it not only
explains what has happened but what will happen.
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The Science of Physics

This whirling old ball upon which we live, moves in a won-
derful universe filled with many strange substances and amaz-
ing happenings.

When we first wake in the morning, we see light, then
objects, hear sounds and become conscious that we are touch-
ing things. As the day progresses, our senses bring us into
contact with innumerable substances and the many different
manifestations of heat, light, electricity, chemistry, etc. Our
familiarity with such things has led us to take them more or
less for granted without stopping to think why various things
happen, how they take place and how they may be related to
one another.

But if my young reader stops for a minute to think seriously
of the world around him, he is probably first amazed and then
bewildered by the complexity of it all. Thousands of phenom-
ena of all sorts, seemingly hopelessly entangled, confront him.

But one of the most persistent beliefs of mankind has al-
ways been that these things are not the intricate tangle that
they seem, but that this is a harmonious, orderly universe
with a well-defined principle back of every phenomenon.
And so the brilliant and untiring minds of scientists have been
patiently at work since the beginning of time, trying to un-
ravel these mysteries. Progress has been slow, and made only
step by step.

When we take advantage of all this painstaking work which
has been done for us, and actually begin to sort things out, we
find that instead of being hopelessly entangled, as they seemed
at first, matters proceed with amazing smoothness, and our
knowledge soon arranges itself into perfect order. Our knowl-
edge has become Science, for science is simply classified or
systematized knowledge.
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In recent times, human learning has become so extensive
and so complex that the truths which have been ascertained have
had to be divided into groups. We, therefore, have the science
of electricity or classified knowledge of electricity, the science
of chemistry or classified knowledge of chemistry, and many
other sciences covering the different groups of knowledge which
mankind has painstakingly labored to acquire.

But no matter how many of these various sciences of elec-
tricity, heat, light, etc., and their branches there are, it soon
becomes apparent that they have much in common and are all
concerned with matter and energy. They all are actually part
of the science of physics. Physics is the science that treats of
matter, especially in its relations to energy.

Matter

If you were asked to define the word matter, you would
probably stop and think for a moment and then say that matter
is “stuff.” This would be a poor sort of answer but the reason
that you probably could not give a better one is not because
you do not recognize matter when you see it or feel it, but
rather because you do not really know what it is when you
have recognized it. And in all fairness to you, it should be ex-
plained that just exactly what matter really is, it is impossible
to say.

In order, however, that we shall have some uniform under-
standing, let us consider matter to be something which oc-
cupies space and possesses weight. Thus, wood, air, iron, water,
etc., are matter and fill space. They can be weighed in pounds
or measured in quarts or inches.

It may seem to you, upon first thought, that everything is
matter; but light, heat, electricity, magnetism, etc., cannot be
considered to fill so many quarts or to weigh so many pounds.
They are therefore not matter.
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If you apply this understanding of matter to some of the
things which you see around about you, you will begin to
realize that there is practically an endless number of forms of
matter. Two hundred and fifty thousand would probably be a
modest estimate of the number of things having properties
that clearly differentiate them from every other thing.

All of these many forms of matter may exist in three states
—solid, liquid or in the form of gas. Water is one of the most
common forms of matter known to us in these three states.
When it is frozen into ice,
it is a solid, when melted,
it is a liquid, and when va- I\
porized, it is an invisible
gas.

Air may be made so cold
that it becomes a liquid like
water or even a solid like
ice. Gaseous air or gaseous
water are just as real and
as much matter as liquid

air or liquid water. But pyg 5.— When a candle burns it disap-
gaseous water and air are  pears but the matter of which it was
. made still exists somewhere. Matter is
invisible and are good ex-  j destructible.
amples of why we should
not persist in thinking that anything which we cannot see or
cannot feel is not real. If you put your hand out against the
wall, you can feel it, but when you look at the wall, you cannot
see that the space between is filled with matter which is just as
real as that of which the wall is made. But this is a fact. It
is filled with air.

There is a great fundamental law governing matter in all
its varied forms which up to the present time has been abso-
lutely iron-clad and unbreakable. This law is known as the law
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of conservation of mass and states that no particle of matter,
even though it may be exceedingly small, can be created or
destroyed by man or nature.

Consider such an apparently insignificant thing as a small
chip of wood. You can crush it, burn it with fire, or consume it
with acids and employ every apparently annihilating means or
agency and yet the matter out of which that bit of wood is com-
posed will still exist somewhere.

When you burn a candle it disappears. The wax or ‘tallow
is first in a solid state. It melts and becomes a liquid. The
liquid burns and becomes a gas. Before the candle was burned,
it might have rested on your table or desk. After it has burned
up, the matter of which it was composed still exists, floating
around in the air about you.

Matter is also as uncreatable as it is indestructible. In other
words, you cannot create something out of nothing. If the
creation or destruction of matter is taking place, it is unknown
to us. Human beings are merely unwitting spectators and
cannot take any hand in the process.

The Ether

All of you have no doubt been always more or less familiar
with matter, but when we come to the subject of the ether it
is probably a little strange because you have never had any
evidence of its existence. In order for most of us to be aware of,
or to believe in the existence of anything, we must be able to
see it, hear it, taste it, smell it, weigh it, or feel it. In other
words, it must be evident to our physical senses. When you are
told that you cannot see the ether, or taste it, or feel it, or dis-
cern it with any of the physical senses, you may perhaps be
inclined to doubt its reality.

You have already been warned against depending entirely
upon the physical senses, and the fact of the matter is, that
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while the ether is not evident to the eye, or touch, or nose, etc.,
it is visible to the “eye of the mind” which is much less likely
to make mistakes than our physical organ of vision.

Many scientists once accepted the existence of the ether, not
as a vague dream but as a reality, in order to explain the evi-
dence that light and heat consist of wawves.

The evidence that light and heat are waves could be readily
given but it would lead away from the subject we are now con-
sidering.

If light and heat are waves, you will probably want to ask,
waves in what? They must exist in something. This something
cannot be any of those forms of matter which we are familiar
with, for throughout the 93,000,000 miles which exist between
out world and the sun there is space. There is no such thing as
a real emptiness, however, and, according to the ether theory,
this seeming space must be filled and filled to the brim with the
ether. In every corner of the universe, wherever a star shines,
in the centre of the earth or in a bar of iron, in our own bodies,
the ether must exist. Everything must lie in a vast pool of the
ether, not only surrounded by it but soaking it up as a sponge
lies soaking in a pail of water.

Light and heat waves are supposed to take place in the ether
and this is the something through which travels the light and
heat, whether coming streaming down to us from the sun over
the inconceivable distance of over ninety million miles or from
a lamp a few feet or inches away from our eyes.

A word must be said in conclusion regarding the ether and
the nature of light. The existence of the ether and the wavelike
nature of light are both theoretical. In certain experiments
light acts more as if made of tiny particles than waves. This
has led to the “Quantum” theory which presumes light to be
particles called photons. Neither theory has been proven. You
can probably better understand the simpler wave theory.
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Energy

Just as there is no such thing as emptiness, so there is no
such thing as perfect rest. A bar of iron or a block of wood is
not the solid it seems, but is made up of an enormous number
of extremely small pieces, too small to be seen with the eye or
the most powerful microscope, and which we will call for the
present particles. These little particles are not at rest but are
in a state of perpetual motion.

Now this restless motion is not the same at all times but is
continually changing from one speed to another and the same
kind of reasoning which leads us to believe in the ether leads
us to believe that these particles can move faster or slower only
because of some cause. This cause or power which changes the
speed of the little quivering particles is called energy.

Just as there are different forms of matter, so there are dif-
ferent forms of energy. In the following list, remember that
these are not different energies but different forms of the same
energy.

Chemical Energy
Electrical Energy
Magnetic Energy
Radiant Energy

Kinetic Energy
Gravitation Energy
Heat

Energy of Elasticity
Cohesion Energy

Gip e N
© N O

We shall learn to recognize these different forms of energy
later on. The principal thing to remember now is that one of
these different forms may be converted directly or indirectly
into any of the other forms.

A good example of the conversion of one form of energy into
another is the chemical energy of burning coal which supplies
heat energy to water in a steam-boiler. The steam passes into
an engine.producing mechanical energy, which in turn drives
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a dynamo creating electrical energy. This electrical energy may
be finally converted into the radiant energy of an electric lamp.

Therefore wherever we find energy, there must have been
some other energy. The great underlying law or principle of en-
ergy is very similar to that of matter. It is called the conserva-
tion of energy and states that energy can neither be created or
destroyed.




CHAPTER II

CHEMISTRY

The Kitchen a Chemical Laboratory

THosE things around about us, with which we are most fa-
miliar usually occasion the least thought and are regarded with
the least wonder. We have, no farther away than in our own
homes, a great many of the most interesting phases of science
and by far the larger number of these take place in the kitchen,
for you should realize that a kitchen is nothing more or less
than a domestic chemical laboratory. A great many volumes
would be required to embrace the present-day knowledge of
chemistry, and this whole book would be necessary in order
to give you the simple principles of it. Since no more than a
single chapter can here be devoted to one subject, our experi-
ments in chemistry will be confined practically to those com-
mon substances which are to be found in any well-equipped
pantry and medicine-chest. The water, salt, and vinegar on the
dining-table or the alcohol and iodine in the medicine-closet
are no less chemicals because we eat them or apply them to our
bodies to repair an injury than those substances with the long-
sounding names to be found on the chemist’s shelf. And that
which takes place in the kitchen when yeast is put in the bread-
dough is just as interesting a chemical process as the manufac-
ture of some wonderful compound in a great factory.

Not only do many chemical processes daily take place in our
kitchens, but we also have there the final result and benefit of a

28
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great many elaborate chemical actions which have taken place
elsewhere. The gas burning under the teakettle is undergoing
a chemical change, but one of small importance in comparison
with the things which have happened in the production of that
gas.

o =T

CuPROUS
SULPHATE |

= -

WATER SALT

VINEGAR

Fic. 6. = The water, salt and vinegar on a dining table are no less
chemicals l‘)ecause we eat them than those substances with the
long sounding names to be found in a chemist’s laboratory.

If we consider some of these things, we shall find that it is
possible to learn a great deal about chemistry with a kitchen
table, some bottles, glass tubing, and a few substances right
at hand.

When you study chemistry, however, you are investigating
a particular branch of knowledge and it is well first to under-
stand exactly what the science of chemistry concerns.
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Chemical Changes

When air moves in a breeze or wind, and water moves in rain
or tides, the air and water remain air and water. Their consti-
tution is not changed by their motion whether fast or slow or
however frequent. A bit of iron thrown off the roof of a
building and striking on the sidewalk below is no new or altered

ela
b

F16. 7.— It is possible to learn a great deal about chemistry with nothing
more than a kitchen table, some bottles, glass tubing and a few other sub-
stances right at hand.

thing but still a bit of iron. If broken into bits or reduced to
filings, each small piece is still metallic iron. The molten iron
in the foundry and the finished casting of a steam-engine are
the same in substance, only differing in respect to temperature
and shape.

But when a piece of clean iron is exposed to air and mois-
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ture, it becomes covered with a brownish earthy coating which
bears no outward resemblance to the original iron. The iron
becomes rusty, at first only on the surface, but if allowed to
remain in the air long enough the metal completely disappears
and becomes entirely changed to the reddish-brown rust so that
no iron, as such, is left.

A piece of coal, burning in the kitchen stove, soon vanishes,
leaving nothing but a few ashes. Dead vegetable or animal mat-
ter, buried in the ground, decays and after a time disappears.

Changes of this sort in the iron and the coal and the vegetable
matter involve alterations in the intimate constitution of the
bodies which undergo them. What are the causes of these re-
markable changes? What can we learn about them by experi-
ment and study?

What the Science of Chemistry Comprises

Those changes which do not affect the composition of sub-
stances, as when iron is simply melted, are called physical
changes and come under that branch of science known as
physics. Iron rust is, however, not iron but iron and oxygen.
The change which takes place when iron is allowed to rust or
coal to burn gives rise to the formation of a new substance
with new properties and is a chemical change, dealt with in the
realm of chemistry.

Compounds and Elements

We have already learned that the number of different weigh-
able, space-filling things in our world would probably reach
the astonishing total of over two hundred and fifty thousand.
Most of these substances are known as compounds because they
are made up of more than one substance.

Ordinary water may be broken down into two invisible gases
called oxygen and hydrogen. Common table salt may be decom-
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posed into a silvery metal that floats on water, called sodium,
and a greenish yellow gas called chlorine. In fact, almost every
one of this one quarter of a million substances may be broken
down into the simpler bodies of which they are composed. These
simpler bodies such as the oxygen and the hydrogen of the water
and the sodium and the chlorine of the salt have so far resisted
all attempts to be decomposed themselves, and some ninety-six in
all constitute what the chemist calls the elements of matter.
Some of these elements may exist free or combined, as iron,
sulphur, copper, etc., while others such as calcium, fluorine,
etc,, are always combined with some other substance and you
never find them alone in Nature. Some elements are literally as
common as dirt, while others are a thousand times scarcer than
gold.

The important thing to remember is that these ninety odd
elements unite in different ways and in different quantities to
constitute all the matter that there is, whether here on earth or
on the sun, moon, and stars.

Molecules and Atoms

If we take a bag of salt and a sharp knife we can easily divide
it in half. We can keep on sub-dividing it until we have only
a single grain of salt left. And we could split the grain of salt
in half and keep on dividing its pieces into halves if we had
eyes and instruments fine enough, until away down in the scale
of fineness we arrived at a piece so small, that if it were broken
in two, we should no longer have two pieces of salt resulting, but
instead two pieces of two different elements, namely a piece of
metallic sodium and a bit of the gas chlorine.

This small piece of salt, so infinitesimal that if it were broken
in half, it would no longer be salt is called a molecule of salt. A
grain of salt is therefore simply a large quantity of molecules
of salt.
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The little pieces or particles of sodium and chlorine which
resulted when the molecule was broken, are called atoms.
Molecules are made of atoms. There are as many different
atoms as there are elements. Instead, therefore, of considering
a compound to be a substance composed of elements, the chemist

TWO ONE
ATOMS OF ATOM OF

PLUS

ONE
MOLECULE OF

FORM

WATER

Fra. 8.—Diagram‘to illustrate that two atoms of hydro-
gen join company with one atom of oxygen to form a
molecule of water.

considers it to be a substance, the molecules of which are made
up of particles or atoms of the elements.

We can therefore reconsider a bit some of our first definitions
which were given by way of explanation and call:

A molecule, the smallest piece of a substance that can exist
without being divided into atoms,

An atom, the smallest particle of an element that exists in
any molecule,

An element, a substance whose molecule contains only one
kind of an atom, and

A compound, a substance whose molecule contains two or
more kinds of atoms.
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Actinium
Alabamium
Aluminum
Americium
Antimony
Argon
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Cesium
Calcium
Carbon
Cerium
Chlorine
Cobalt
Columbium
Copper
Curium
Dysprosium
Erbium
Europium
Fluorine
Gadolinium
Gallium
Germanium
Glucinum
Gold
Hafnium

‘Atoms have been called the bricks of the universe, for out of
them everything is built. The different names by which the

Atoms of the Elements

Helium
Holmium
Hydrogen
IHinium
Indium
Todine
Iridium
Iron
Krypton
Lanthanum
Lead
Lithium
Lutecium
Magnesium
Manganese
Masurium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Nitrogen
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium

Prptotactinium
Radium
Radon
Rhenium
Rhodium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontjum
Sulfur
Tantalum
Tellurium
Terbium
Thallium
Thorium
Thulium
Tifanium
Tin
Titanium
Tungsten
Uranium
Vanadium
Virginium
Xenon
Ytterbium
Yttrium
Zinc
Zirconiumn
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principal atoms are known to the chemist are given in the table
above. You will find a great many old and well-known friends,
such as oxygen, hydrogen, copper, iron, gold, nickel, radium,
etc., among them. Others may not be quite so familiar because
they are extremely scarce or, as is often the case, are quite com-
mon but disguised. Thus, caesium is fifteen times and radium
thousands of times rarer than gold. Some others such as
krypton and samarium are so scarce that they cannot be bought.
Calcium and silicon are common elements which are usually
disguised. They are silvery metals, yet we see them most often
in the form of lime and sand.

Some chemicals, such as calcium and sodium, are very so-
ciable and do not like to be alone but always join company with
certain other elements as soon as possible. Such elements are
said to have a strong chemical affinity for each other.

Another property of the elements is that they always like a
certain definite amount of company and have the habit of asso-
ciating with each other in definite numbers.

An atom of oxygen does not like to be alone, but tries to join
company with another atom of oxygen.

Hydrogen is a lonely atom which travels around by itself,
but if it joins company with an atom of oxygen much prefers
that another one of its fellows be included in the group. Two
atoms of hydrogen and one atom of oxygen in company with
each other form a molecule of water.

It will be well to know something about how the different
atoms group together to form the molecules of various sub-
stances, for the mere addition or subtraction of a single atom
from a group results in a molecule of a substance having entirely
different chemical properties. Although this is not exactly the
way a chemist considers atoms and molecules, just for our own
purposes, we will represent an atom as a little ball with its
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name on the side and a molecule as a box contair.ling two or
more atoms. We can then easily show how water is composed
of two atoms of Aydrogen joining with one atom of oxygen or
how a molecule of salt is formed of an atom of chlorine and

one of sodium.

Something About the Chemicals We Breathe

We are everywhere surrounded by an invisible gas which

we call . -3
Air. This is perhaps the most common substance with whic

we come into contact and, as human beings, we have an especial

CANDLE é;gl—:s'sc%u; /‘\‘
AND WAT -
IN TUMBLER ,\——; ‘\

: is si ill gi 1 le clue regarding the com-

. 9.— This simple apparatus will give a valuab ¢ 1
FIIG)os?tion of air. The candle will burn for a short time and tfhen go Olét.' Tti:e
water will rise in the tumbler and there will be much less air enclosed in the

tumbler.

interest in the composition of air because our living depends
upon it. . =
When in motion, air is wind and we can easily recognize it
by its effect on things. It raises dust, moyes tre.es, and can be
felt flowing against us. When air is not in motion, we cannot
feel it, but it nevertheless exists in the stillest places. We oft-en
speak of bottles, boxes, etc., as being .err.lpty u‘r‘hen m”realxtly
they are full of air. The presence of air in an “empty” bottle
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can be shown by trying to pour water into a bottle having a
narrow neck. The water will not run in easily. The bottle which
we called empty, is in reality filled with air, and it is this air
which prevents the water from entering easily.

Pure air is tasteless and odorless. Small quantities are color-
less, but when in large masses, as in the sky on a cloudless day,
it appears blue.

However, the real question which we are interested in is, of
what is air composed. We can get a valuable clue by trying a
simple experiment.

Place the lighted stump of a candle on a flat cork or block
of wood floating in a shallow pan of water. Then set an in-
verted tumbler, jelly-glass, or fruit-jar over the candle.

The candle will burn for a short time and then go out. If you
allow the jar to cool off you will find that the water has risen
part way into it and there is much less air in the jar than in
the beginning.

Why did the candle g0 out and what happened to part of
the air which was in the jar? Something necessary for the
candle flame to exist must have become exhausted and something
originally in the air must have disappeared in order for the
water to rise and take its place. How does the air remaining
in the jar differ from that which was there before the candle
went out ?

This something is oxygen and that which remains in the jar

is principally nitrogen. Air is largely a mixture of these two

gases.

Oxygen is a transparent, colorless gas which cannot be dis-
tinguished by its appearance from atmospheric air. It is prob-
ably the most widely distributed element in Nature. Tt exists
in very large quantities. It forms nearly one-half of the solid
crust of the earth, about eight-ninths of the water and approx-
imately one-fifth of the air. It enters largely into the composi-
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tion of all plants and animals and is absolutely necessary to all
animal and vegetable life.

When things burn, they combine with oxygen. When a stick
burns, the carbon and hydrogen, etc., in the wood combine with
oxygen. The compounds which are formed by the union of
oxygen with other elements are called oxides.

The reason that the lighted candle, under the jar, went out
is because the oxygen in the air became used up. The disap-
pearance of the oxygen created a partial vacuum and drew the
water in.

Nitrogen is also a transparent, colorless, odorless, and taste-
less gas. Like oxygen, it is widely diffused in nature and consti-
tutes an important part of all animal and vegetable life. But
in its chemical behavior towards other substances, it is remark-
ably unlike oxygen. Oxygen has a strong chemical gffinity, that
is, it is active and aggressive and tries to combine with other
substances, while nitrogen, at least when in the condition in
which it exists in air, is quite inactive and indifferent as regards
entering into combination with other bodies.

It extinguishes flames and destroys life. Animals, plants, and
fire cannot live in an atmosphere of pure nitrogen. It is not
poisonous, however, for if it were, it could not be breathed in
such large quantities as exist in air. Animals, plants, and fires
are killed in an atmosphere of nitrogen simply from want of
oxygen.

The other substances in air besides oxygen and nitrogen
are so small that they are almost negligible from the ordinary
standpoint.

Argon is one of the principal of these. This substance is also
a gas. There is only about one-hundredth part as much argon
as there is nitrogen in the air. Besides argon, there are also
found other much rarer gases and particles of dust. Some of the
dust is living dust and some inorganic. The part which is in-
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organic consists of coal dust, tiny shreds of cotton, refuse from
the streets, etc. The living dust consists of bacteria, pollen,
spores of fungi, etc.

Pure country air contains about three parts in ten thousand
of a gas called carbon dioxide. The other gases which we have
named have all been elements, but carbon dioxide is a com-
pound. We shall learn more about this gas later. In the cities
there are from six to seven parts of carbon dioxide in every tex;
thousand of air, while in the air of a crowded audience room
there may be nearly ten times as much.

At each breath we draw air into our lungs at the rate of
about fourteen cubic feet an hour. The oxygen of this air is
partly taken up by the blood, the remainder passing out again
with the exhaled breath. The nitrogen is unaffected.

The exhaled air contains considerable carbon dioxide, which
is formed when oxygen combines with carbon. This is another
example of the s