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This is no fancy tale; it is literally true, as we shall see in Lecture VIII, that the
warmth of a coal fire could not exist if the plants of long ago had not used the
sunbeams to make their leaves, holding them ready to give up their warmth again

whenever those crushed leaves are consumed.

Now, do you believe in, and care for, my fairy-land? Can you see in your

imagination fairy 'Cohesion' ever ready to lock atoms together when they draw
very near to each other: or fairy 'Gravitation' dragging rain-drops down to the
earth: or the fairy of 'Crystallization' building up the snow-flakes in the clouds?

Can you picture tiny sunbeam-waves of light and heat travelling from the sun to
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the earth? Do you care to know how another strange fairy, 'Electricity,' flings the
lightning across the sky and causes the rumbling thunder? Would you like to learn
how the sun makes pictures of the world on which he shines, so that we can carry
about with us photographs or sun-pictures of all the beautiful scenery of the
earth? And have you any curiosity about 'Chemical action,' which works such
wonders in air, and land, and sea? If you have any wish to know and make friends

of these invisible forces, the next question is
How are you to enter the fairy-land of science?

There is but one way. Like the knight or peasant in the fairy tales, you must open
you eyes. There is no lack of objects, everything around you will tell some history
if touched with the fairy wand of imagination. I have often thought, when seeing
some sickly child drawn along the street, lying on its back while other children
romp and play, how much happiness might be given to sick children at home or in
hospitals, if only they were told the stories which lie hidden in the things around
them. They need not even move from their beds, for sunbeams can fall on them
there, and in a sunbeam there are stories enough to occupy a month. The fire in
the grate, the lamp by the bedside, the water in the tumbler, the fly on the ceiling
above, the flower in the vase on the table, anything, everything, has its history,

and can reveal to us nature's invisible fairies.

Only you must with to see them. If you go through the world looking upon
everything only as so much to eat, to drink, and to use, you will never see the
fairies of science. But if you ask yourself why things happen, and how the great
God above us has made and governs this world of ours; If you listen to the wind,
and care to learn why it blows; if you ask the little flower why it opens in the
sunshine and closes in the storm; and if when you find questions you cannot
answer, you will take the trouble to hunt out in books, or make experiments to

solve your own questions, then you will learn to know and love those fairies.
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Mind, I do not advise you to be constantly asking questions of other people; for
often a question quickly answered is quickly forgotten, but a difficulty really
hunted down is a triumph for ever. For example, if you ask why the rain dries up
from the ground, most likely you will be answered, "that the sun dries it," and
you will rest satisfied with the sound of the words. But if you hold a wet
handkerchief before the fire and see the damp rising out of it, then you have some

real idea how moisture may be drawn up by heat from the earth.

A little foreign niece of mine, only four years old, who could scarcely speak
English plainly, was standing one morning near the bedroom window and she
noticed the damp trickling down the window-pane. "Auntie," she said, "what for
it rain inside?" It was quite useless to explain to her in words, how our breath
had condensed into drops of water upon the cold glass; but I wiped the pane
clear, and breathed on it several times. When new drops were formed, I said,
"Cissy and auntie have done like this all night in the room." She nodded her little
head and amused herself for a long time breathing on the window-pane and
watching the tiny drops; and about a month later, when we were travelling back
to Italy, I saw her following the drops on the carriage window with her little
finger, and heard her say quietly to herself, "Cissy and auntie made you." Had not
even this little child some real picture in her mind of invisible water coming from

her mouth, and making drops upon the window-pane?

Then again, you must learn something of the language of science. If you travel in
a country with no knowledge of its language, you can learn very little about it:
and in the same way if you are to go to books to find answers to your questions,
you must know something of the language they speak. You need not learn hard
scientific names, for the best books have the fewest of these, but you must really

understand what is meant by ordinary words.

For example, how few people can really explain the difference between a solid,

such as the wood of the table; a liquid, as water; and a gas, such as I can let off
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from this gas-jet by turning the tap. And yet any child can make a picture of this

in his mind if only it has been properly put before him.

All matter in the world is made up of minute parts or particles; in a solid these
particles are locked together so tightly that you must tear them forcibly apart if
you with to alter the shape of the solid piece. If I break or bend this wood I have
to force the particles to move round each other, and I have great difficulty doing
it. But in a liquid, though the particles are still held together, they do not cling so
tightly, but are able to roll or glide round each other, so that when you pour
water out of a cup on to a table, it loses its cuplike shape and spreads itself out
flat. Lastly, in a gas the particles are no longer held together at all, but they try
to fly away from each other; and unless you shut a gas in tightly and safely, it will

soon have spread all over the room.

A solid, therefore, will retain the same bulk and shape unless you forcibly alter it;
a liquid will retain the same bulk, but no the same shape if it be left free; a gas
will not retain either the same bulk or the same shape, but will spread over as
large a space as it can find wherever it can penetrate. Such simple things as these

you must learn from books and by experiment.

Then you must understand what is meant by chemical attraction; and though I
can explain this roughly here, you will have to make many interesting
experiments before you will really learn to know this wonderful fairy power. IfI
dissolve sugar in water, though it disappears it still remains sugar, and does not
join itself to the water. I have only to let the cup stand till the water dries, and

the sugar will remain at the bottom. There has been no chemical attraction here.

But now I will put something else in water which will call up the fairy power. Here
is a little piece of the metal potassium, one of the simple substances of the earth;
that is to say, we cannot split it up into other substances, wherever we find it, it

is always the same. Now if I put this piece of potassium on the water it does not
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disappear quietly like the sugar. See how it rolls round and round, fizzing

violently with a blue flame burning round it, and at last goes off with a pop.
What has been happening here?

You must first know that water is made of two substances, hydrogen and oxygen,
and these are not merely held together, but are joined to completely that they
have lost themselves and have become water; and each atom of water is made of

two atoms of hydrogen and one of oxygen.

Now the metal potassium is devotedly fond of oxygen, and the moment I threw it
on the water it called the fairy "chemical attraction' to help it, and dragged the
atoms of oxygen out of the water and joined them to itself. In doing this it also
caught part of the hydrogen, but only half, and so the rest was left out in the
cold. No, not in the cold! for the potassium and oxygen made such a great heat in
clashing together that the rest of the hydrogen became very hot indeed, and
sprang into the air to find some other companion to make up for what it had lost.
Here it found some free oxygen floating about, and it seized upon it so violently,
that they made a burning flame, while the potassium with its newly found oxygen
and hydrogen sank down quietly into the water as potash. And so you see we
have got quite a new substance potash in the basin; made with a great deal of

fuss by chemical attraction drawing different atoms together.
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