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PREFACE.

THe object of this little book 1s to create In its
readers a sufficient interest in physical science to
lead them to the study of more advanced works
on the same subject.

Professor Balfour Stewart, in the preface to his

“Primer on Physics,” says that “the authors of
the ‘Science Primers on Physics and Chemistry’
feel that the thing to be aimed at is not so much
to give information, as to endeavour to discipline
the mind in a way which has not hitherto been
customary, by bringing it into immediate contact
with Nature herself.” The present writer i1s of
opinion that to awaken the desire for such discipline
15 one great means of ensuring that 1t will be

welcomed and submitted to; and, therefore, that,

in the first place, interest should be excited by
b
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supplying elementary infﬂrmatinn, not perhaps of
the precise kind or in the precise manner which
a man of science considers most necessary to be-
ginners, but that which the beginners themselves
chiefly care to have. It has seemed to her that,
without experiments, and even without diagrams,
both of which may be baffling where classes cannot
be attended or special teaching be had, 1t would
be possible to convey, in narrative form, a general
and rudimentary idea of the nature and causes of
phenomena of daily occurrence, so far as they are
known. At the same time, the very plan which
she proposed to herself, and which she has endea-
voured to follow out, precludes the little volume
which is the outcome of her efforts from accom-
plishing the work of an ordinary primer, or from
being treated as such. It is not, properly speaking,
a lesson-book at all, though it might very possibly
be found suitable as a “holiday task” in schools
where such are given. It is simply a narration, or
rather a series of narrations, made with a view to
attracting the interest of beginners. Nevertheless,

areat care has been taken to ensure perfect accuracy,
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and to omit no detail necessary to the intelligent
understanding of those elementary matters with
which alone the writer has attempted to deal ; and
though, on account of the untechnical form of hLer
work, too great preponderance may seem to be given
to some branches of a subject over others of really
equal importance, this has not been carelessly done,
but still in the endeavour, by dwelling principally
on what would most strike the mind untrained in
science, to stimulate it to that more detailed and
systematic study for which the materials are now so

rich, and which so surely brings its own reward.

E M. C.
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INTRODUCTION.

Tuis book is intended for readers who love to hear
of wonderful things, but who prefer the wonders
of truth to the wonders of fiction. Everyone enjoys
a good story, and most of us delight in the beautiful
fancies of Hans Andersen, the gorgeous imaginations
of the “ Arabian Nights,” and the extraordinary and
exciting adventures narrated by Mr. Rider Haggard.
Such tales transport us into a different world, where
new marvels await us at every step; but there
is one drawback to our enjoyment—the world which
we are shown 1s an invented, not a real one, and
when we come back to our actual surroundings,
we are apt to think them dull and commonplace,
“How I wish it were all true!” is the exclamation
of many a young reader when the exciting romance

is closed and everyday life asserts itself once mcre,
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Now, it is a pity we should think the fancy world
so much more interesting than the real one, because
1t 1s in the latter we maust live and work, and
therefore it is the latter which we ought to care
about most. I believe we all should do so if we
knew 1t as 1t 1s, but we are very ignorant about it ;
we only see just the outside, and though that is
mm truth wonderful enough to rouse our curiosity
and interest very much, we are so used to it that
we hardly give it even a moment’s attention ;
yet every wind that blows, every sunbeam that
shines, could tell us more wonderful things by far
than the cleverest story-inventor. I have listened
to a few of these wonderful things, and now I want
you to listen to them too. In order to prove
how strange and interesting the very commonest
occurrences that go on around us are, I shall try
to show you some of the marvels they conceal—
1.e. conceal from the careless and frivolous, for they
do not conceal but display them to those who have
the earnestness to ask questions, and the patience
to look for answers. Such people never speak of

the “commonplace world we live in.” To them it
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1s full of wonder and beauty, for they have been
shown by the “ Invisible Powers of Nature”™ some-
thing of their majesty and glory. It is of these
Invisible Powers I am about to tell you. Their
names are perhaps familiar enough—~Gravitation,
Heat, Electricity, you know these. Now we will
see if they cannot become something more than
names ; and though it is but a slight glimpse I
can give you of their working, I shall hope that
in the future, many among you will attain to a
far higher, wider view, and will perhaps be able

to help others to do the same.

E. M. C.







THE INVISIBLE POWERS OF NATURE.

CHAPTER 1.
GRAVITATION.

Newton the discoverer of gravitation—Work of gravitation to give
weight—DMolecular formation of bodies—Each molecule sepa-
rately acted on by gravitation—Tossibility of counteracting
gravitation—Definition of foree—Resistance of the air—Foree
of eravitation is increased by mass—Varies with distance—
Law of variation.

I am afraid the name at the head of this chapter will
make you feel inclined to skip it altogether, for no
doubt GRAVITATION is an old friend to whom you do
not consider you need any fresh introduction. We
are not always, however, so intimately acquainted

with old friends as we 1magine, as, if you will have

the patience to read on, you may find in this case.
No doubt you are familiar with the story of

Newton and the apple, and have often heard how the

simple fact of an apple falling from the tree under

which he was sitting, called his attention to the

problem that had long perplexed scientific men, viz,

why things, when unsupported, should always fall to

B
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the ground. Not only did Newton, after much study,
and years of patient waiting and expeectation till his
theory could be proved and verified, discover this,
but he also discovered why the stars and planets
move 1n a certain fixed way and no other, for it is
this same gravitation which governs them. We must,
however, confine our attention to the work of gravi-
tation on earth ; and that its very name tells us, for it
comes from the Latin word, gravis, “heavy.” The
work of gravitation is to give weight, so that objects
are obliged to fall down to the earth. They are, in
fact, attracted by it, and the earth is, in the same
way, attracted by them, only they are far too small
to show their power by making the earth move to-
wards them as they are obliged to move towards it.

Jefore telling you anything about the way in
which gravitation works, I must ask a question.

Here is a bullet, made, as every one knows, of lead;
but of how many pieces of lead ?

One.,

No, that is quite a mistaken idea. A bullet is not
made of one, nor of ten, nor of a hundred separate
little pieces of lead, but of thousands and thousands,
all holding close together, and so small, that if one
were by itself, it could not be seen, even through

the strongest microscope.
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This seems extraordinary. A bullet looks like
one undivided piece of lead, and yet it is really
composed of all these countless morsels; and not
only lead, but everything you can mention, is made
in the same way, even to your own bodies.

These 1nvisible particles are called MOLECULES,
and a collection of them forming one piece of any-
thing is called a Bopy. Thus, a table is a body
formed of molecules of wood, a fender is a body
formed of molecules of steel or iron, and so on.

Since these molecules are so small, you might
naturally suppose that gravitation would aet upoi:
them ecollectively, 1.c. upon the whole number of them
contained in one body, and not upon every mole-
cule separately. This is a mistake, however. HKach
molecule in a body distinetly feels itself drawn to-
wards the earth, and all those contained in the same
body are (if it 1s made of one substance) drawn
towards the earth with the same amount of strength.

If, however, gravitation draws all bodies and all
molecules down to the earth, how 1s it that we are
ble to throw things wpwards ?

That is because the upward force of the throw is
stronger for the time being than the downward force

f gravitation, and as long as it so continues the object




4 The Invisible Powers of Nature. [Cuar.

thrown goes on rising. Yet all the while it 1s still
being attracted to the earth, and therefore, as the
impetus of your throw spends itself, the object rises
more and more slowly, because that attraction is
galning more power over it, till at last it stops rising
altogether and begins to fall again, completely under
the mastery of gravitation once more. The greater the
strength which is used in throwing the object up,
the higher it will rise before the relentless force of
oravitation brings it down ; but there 1s no strength
areat enough to overcome gravitation altogether ; it
is always finally victorious.

And here it is necessary that I should explain
to you a word which I have already twice nsed—
rorcE.  When we speak of jforeing a person, we
mean obliging him to do something which, left to
himself, he would not have done. By force, in its
scientific sense, very much the same thing is in-
tended. Force is whatever sets a body which 1s at
rest in motion, and also whatever brings one which
is moving to rest; and, as you must know by experi-
ence, bodies never either move, or stop moving, of
their own free will. Something outside themselves
starts their movement, or brings it to an end. This

something is force. As with gravitation, however,
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so with every other force, it may be counteracted by
an opposing force of equal strength., A book lying
on a table cannot be brought to the ground by gravi-
tation, because the downward force of the latter is
counteracted by the supporting force of the table.

Some things fall faster than others, which would
make us suppose gravitation has more power over
them. Is this the case ?

In one sense, yes. Lead is more powerfully
attracted towards the earth than paper; but that
would only make it heavier to lift, and require a
much stronger support to hold it up. It is from
quite a different cause that a bullet falls faster than
a piece of paper, for were they thrown into the air
together, and the action of gravitation not interfered
with, they would touch the earth at the same moment.
What prevents this ?

It is the air. You would not have thought this
possible, perhaps, for no doubt you are in the habit
of thinking little of the strength of the air, and are
surprised to hear it makes so much difference to the
powerful force of gravitation; but you will not feel
so astonished if you think how difficult it is to stand
against a high wind, which is nothing but the air

moving against you very hard, like the strong, swift
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current of a river. Even when the air is still it
has a great deal of power, and if it were not always
trying to hold things up, while gravitation 1s drawing
them down, they would fall much faster than they
do. . The air can support some things much better
than others, and you will easily see one reason why.

The greater the quantity of air which is able to
get underneath anything, the stronger, of course, its
support is. In a substance like lead, the mole-
cules forming it are all so very close together that
only a little air can get underneath, compared to the
immense quantity of moleeules it has to hold up,
consequently its support is weak, and the lead falls
fast, whereas in a substance like paper, whose mole-
cules are not so densely packed, a great deal of air
can get underneath, and so its support 1s strong, and
the paper falls slowly. This is not, however, the
only or the chief reason why the air is better able
to support some things than others. You will find
it 1n a later chapter, when explanations enabling
you to understand it have been given.

We know now two things concerning gravitation,
They are, firstly, its work, which consists in drawing
all things down towards the earth ; and, secondly, the

unequal resistance it has to encounter from the air.
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But I must mention two more equally important
matters. The first is, that the force of gravitation is
increased by the mass of the bodies between which
it 1s exerted. Mass does not mean size. This you
must already know; for though you might have
a sheet of paper ten feet square, you would never
think of calling it massive; yet you would feel the
term to be richtly applied to a block of stone not
a quarter so big. By the mass of a body we mean
the quantity of matter contained in it ; and since, the
more matter there is, the more molecules there are
for gravitation to act on, it follows that the more
massive a body is, the more forcibly it can attract
and be attracted, 7.e., the fecvier it will be.

Lastly, the strength of gravitation varies with
distance. The further a body is away from the earth,
the less powerful is the attraction between the two ;
and the nearer a body 1s to the earth, the more power-
ful is the attraction. This variation of the force of
aravitation is governed by a fixed law, which was dis-
covered by Newton, and it is such, that if the distance
between two bodies is doubled, the attraction between
them is four times less; if trebled, nine times less, and
so on, This law 1s expressed by saying that gravita-

tion varies inversely as the square of the distance.
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CHAPTER II.
GRAVITATION (continued).

Jodies kept in their right position by gravitation—Attractive force
acts in a vertical direction—Centre of gravity—Line between
centre of gravity and the earth must be inside the base—Two
ways of supporting bodies—Tendency of centre of gravity to
place itself as low as possible—Three states of equilibrium—
Centre of gravity centre of weight—The balance.

IN the last chapter I told you in a general way what
the work of gravitation is; but there is still some-
thing for you to hear about it. As yet we have only
said that things are Lept on the earth by gravitation ;
but we must notice, besides, that when there, they are
also kept in their right place and position. Think
how awkward it would be if, instead of your feet
only remaining on the ground, your whole body were
obliged to be there; and if the tables and chairs
were always lying on their sides, instead of standing
upright as they are intended to! We are so much
accustomed to seeing people and things in their

right position, that it does not occur to us to ask
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how they are kept in it; but this is the question
I am going to answer, and you must acknowledge,
now I have reminded you of it, that it i1s a very
important one.

There is a simple law laid down by gravita-
tion, and all people and things who obey it are
kept in their right place and position ; but all that
disobey it are left to go tumbling and sprawling
about anyhow. This law I will try and explain.
Though you know nothing about it, you are obeying
it every day, as you do many other laws of the
invisible powers of nature.

First I must tell you that the force of gravitation
always attracts things to the earth in a vertical line.
We know this, because if we let an object fall with-
out throwing or pushing it in any direction, it moves
towards the ground in a perfectly straight line; it
does not bend or curve in any way in falling. Now,
you remember, no doubt, my telling you that the
way 1 which gravitation draws bodies to the earth
(or to the cenfre of the earth, as it really is, for there
the strongest force of attraction lies) is by attracting
every molecule contained in them separately. Every

body has one particular point connected with it called

the CENTRE OF GRAVITY, through which the whole









































































































































































































































































































































































































































































































































































































































































































































































