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1. SOLID THINGS*

If you go camping®, you will need to set up a tent®, and thig
means that tent pegs must be hammered into the ground.
Using a wooden mallet, you hammer in each peg® until there
is enough of it in the ground to kesp a firm hold on* the guy-
rope from the tent. Yet however much the tent peg has o
be hammered into the grounds, it always keeps.the same shape.
This is because the peg is made of* solid wood; and is harder
than the ground. o

The wood for a tent peg comes froma tree, but be-
fore the tree can be used for making pegs or planks, or
anything else, it must be felled. An axe is often used
for felling a tree’. 'The head of an.axe is made of a sokid
metal such as iron or steel, ivhich is much harder than twood.
When the woodman swings his axe against a tree‘; the axe
keepe its shape, but the softer tree does not, and pieces
arc chipped off. When enough of the tree trunk is chipped
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away, the tree falls and can be sent to the sawmills where
it is sliced up with steel saws. It can cven be ground up into
sawdust, when it has none of its shape lefi at all.?°

Although most metals are far harder than most kinds
of wood, they are not the hardest substances Lnown™, The
hardest thing of all is a diamond, and its pointed edge
will easily scratch a tough metal such as sicel. Indeed,
it is possible to make a saw that has diamond instead of?
metal teeth, and it will not only cut metal but™® will even
slice straight through a block of glass. ‘

If, then, we want to cut somecthing that is solid, we
must always do so with another solid that is harder.
For tnstance, it is no- good trying to hammer a wooden peg into a
brick wall'* hecause the brick is too hard and the wood
will break. Yet a steel nail will certainly go in, since's
steel is far harder than brick.

Solid things, therefore, keep their shape except when
they are hit by other solids which are harder's, But selids
vary in other ways as well as hardness?. If we throw stoncs
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at them, for example's, the result is different for different
substances. A stone thrown at the steel pillar of a bridge™®
will bounce off and, except perhaps for making a small dent®,
it will kave no effect at all on the steel**. A stone thrown at
a brick wall will also bounce off, but this time, instead
of making a slight dent, it will chip a small piece out of
the wall.  Brick is not as tough as steel, and also it does
not bend or ‘give’ a little as steel does®®, but it is far more
‘brittle’, consequently the brick chips. Glass, too, is
hard, as brick and steel is, but it is very much more brittle
than either. A stone thrown at a glass window will
crack or even shatter the glass altogether. ‘
There are some solids that ‘give’ or bend quite easily
and are not brittle at all. The stone thrown at the steel
pillar might dent it slightly, but #f thrown at a tin which is
made of thin steel, it will not break the tin but it will bend s,
and probably quite alter its shape or ‘deform’ it. If
the stone hits a lead water pipe, the lead will bend too,
even more than the tin. Steel and lead are quite different
kinds of solid from2 glass — they do not crack, but they
do® bend, steel with difficulty and lead more easily.
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Different solid substances, therefore, have different
qualities. Some bend easily others are brittle. Solids
such as iron and steel are very tough, whereas others,
such as paper, cardboard, and most kinds of wood, are
much less tough and can be cut and shaped quite easily.
Engineers and manufacturers need to know very exactly
how hard, tough, brittle, or ‘bendable any substance is?® when
they are making things, especially things such as bridges
or aircraft which have to carry great weights or stand severe
strains?,

The quality of a solid does not always remain the
same. A lump of butter which has been in a cold re-
 frigerator has a definite shape and is quite hard; but if
it is left in a warm room it becomes softer and may begin
to lose its shape®. If it is left near the fire, so that it becomes
very warm®, it will lose its shape altogether and become
liquid. Most solids grow softer when they are heated.
But very hard solids such as stone or iron do not become
softer until they are very hot indeed, so in the everyday
world around us we always find them hard and strong

(see also Chapter 4).
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2. LIQUID THINGS *

The coldest land on Earth' lies round the South Pole®. It
1s a huge continent, bigger than the whole of Furope and the
U.S.A. put together®, and there is nothing but* ice and snow
and a little bare rock on some of the mountains. Yet
scientists are living there, studying the weather and ex-
amining the rocks that lie underneath the ice, and they
stay for months on ends. If they want water for washing,
or for drinking, then they have to gather snow or ice and
heat it. As they heat it, s0® it melts and furns into” water.

The same kind of thing happens with an ice-cream.
When it comes out of the refrigerator it sits like a lump
at the top of the cone. Sometimes it is round, sometimes
almost square; but in either case® it is solid. Then as it
becomes warmer and as you eat it, the ice-cream melts.
As it melts, it turns into a milky liquid that runs everywhere
unless you are careful,

Ice is quite hard and solid. During a very cold win-
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ter, the water in a tank outside a house will be frozen,
and the ice will be one large, solid lump. If there is a
tap at one side of the tank and it is turned on®, nothing will hap-
pen, because a solid lump cannot flow through the tap.
But when the weather becomes warmer, the ice will melt
and change to water. The water can take any shape,
and does not keep in a solid block like the ice, so. it will
run through the tap and flow away.

Water is a liquid, and all liguids take the shape of whai-
ever is holding them'. 1f water is poured into a glass with
straight sides, it will fill the glass and have the same shape
as™ the inside of the glass.  But if it is poured into a shallow
cup or a basin, it will take the shape of the basin or the
cup. The same thing happens with milk, or with tea,
or with any other liquid. And if you spill water on the
floor, it runs all over the place, because it has nothing to make
it keep a special shapor2,

Water not only iakes the shape of whatever its con-
tainer may be — a glass, a cup, or a basin — but it also
presses on the inside of that container as if it is lrying to
escape®. A good way of showing this is to fill a tall tin
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with water, stand it by the edge of
a sink or a bath'*, and pierce
three holes in it: one hole near
the top, one in the middle, and
one near the hottom. Water
pours out from all three holes,
but it spurts out further from the
middle hole than from the top one,
and from the bottom hole it spurls
out furthest of all, as the picture

Water spurting from three
holes at different levels shows15,

The reason why the water spuris out jfurther from the lower
holes is because it is pressed out with a stronger push.®* The
push or pressure comes from the water that lies above, and
since more water lies above the middle hole than above the top
one”, the water will spurt.out. further. And, of course,
since there is more water lying above the: bottom hole than
above the other two; the pressure there will be the great-
est, and the water will spurt out further still.

The pressure.on the water is caused by the weight
of the water., . Pepple do not-always think of water as weigh-

14, BEBHAERRERB IS L. 15, MEFS, hAHEERKE L
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ing anything'®, but if you lift an empty bucket and then
lift a full one, you immediately know that water is quite
heavy. In the tin with holes in it, the pressure on the
bottom hole is caused by the weight of all the water, but
the pressure on the middle hole is caused by the weight
of only half the water pressing on it; the top hole has very
little weight at all above it, and so the pressure there is least
of all®,

If you take a tin of soup and punch one hole in the
top, you will find that the soup does not run ou?. Even
if you tip the tin upside down®, and the weight of all the
soup presses on the hole, no soup will come out. Why ?
The reason is that no soup can leave the tin unless something
else can get in to take its place>. But no air can get into
the tin if there is only one hole because the soup is block-
ing the hole. If you punch another hole, then the soup
will pour out easily from one hole, and air will enter by
the other to take its place. If you put a Singer over the sec-
ond hole®, then the flow will stop. This is why a container
musé have two holes for it to pour properly**, and that is why
there is always a hole in the ld of a teapot.

16. IKEIFHSE. think of ... as Bl 19, Eteiig
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i the, 20. 4. N, ERFESE. upside down i, s,
22. BAEB MY — L RPERIS AT 2, BRER ST HIF T, 23. ¥
BIREETL. 24, iafff.%?&%ﬁﬁﬁﬁl"ﬁfﬁ%ﬁi?&ﬁkiﬁﬁﬁz*ﬁb‘?ﬁ
i, XEAY it E Rk,

o 8



3. GASES *

In a wind evervthing blows about: tree branches, leaves,
paper, and caps and hats. Sometimes the wind is strong
enough to blow down fences and trees and do a great deal of dam-
age.!  Yet, however strong it is?, we can never see the wind,
we can only feel it blowing against us® and see what it doest,
We cannot see the wind itself because a wind is made by
moving air® (see Chapter 14), and we can feel and breathe
air, but not see it.

Although we cannot see it, the air is spread out all
around us, filling up every tiny space and crevice®. In a room,
the air is everywhere: inside the cupboards, under the
<hairs, up in the corners of the ceiling, even underneath
the carpet. The air is everywhere because it is a gas,
and ‘& gas, like a liquid, does not keep any special shape
but Spreads out in all directions. The air spreads right
round the Earth, so that wherever we go on the Earth,
we shall always find that there is air to breathe.

A good way of seeing how air fills up a space is to pump

”“Tﬁi 1, ﬁ’ﬁ RABTRURS EEMAAR, HERRAEIF. do damage
BE, ®IE. 2. RgRE k. :%ul:ﬂiﬁb%%'}})kﬁ] 3. BEIREMBTMINE.
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up @ digycle tyre.”  Lvery time® the handle of the pump moves
out, air goes into the pump, and every time the pump
handle moves down, the air in the pump is pushed into
the tyre. As the pumping goes on, the tyre becomes
fatter and rounder as® the air is filling up the space in-
sicde 1t.  As it grows fatter and rounder, se'® it grows hard-
cr, and gradually @ needs stronger and sironger pushes o work
the fumptt. ) .

It becomes harder to work the pump because the
aiv inside the tyre is being pressed tighter and tighter as
we pump in still more air'®, and so we have to press harder
to push it in. This is why the tyre becomes harder.
The more air there is inside the tyre, the harder it is pressed to-
gether, and so the harder it pushes on the inside of the- tyre, >

The pressing together or ‘compression’ of air .can be very
stiong, as we can see if we blow up a balloon too far'* To
begin with'®, the balloon. is soft. and : shapeless; then, as
the air is blown into it, it -begins to fill ouf'*: the air
lakes up' all the space inside; and the balloon turns into a
7. E—TWE‘*‘T’?ﬁ?fﬂ?ﬁiﬁﬁil‘ﬂ%.ﬁﬂﬁ&%.%ﬁﬁi%ﬂéﬁ&%. 8. &
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