


XEH SRR
A BOOK OF SCIENCE
B % m

CFD

[¥] HH-TH *
BAE BRAEB IR

LEW T LR



HENBERRY
A BOOK OF SCIENCE
M a R
(F
(%] #iK-BH F
EEE BRAM R

LV SR AR

EWERRHE 55 F14 5
k444 L BETHRES
LA TTEN R T TR
FFATBTX1092 1/32 BIK 4 25 F¥K 93.000

198546 AWM 1R 1985466 A 1 )M
E%: 00 001—26.500 #

HE. 9188:270  Efh: 0.577%



22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.

37.
38.
39.
40.

CONTENTS

WHAT “WEIGHT” MEANS.....coeevevvennns 1
BALANCING ..o 7
CENTRIFUGAL FORCE ......cccvvveereernn, 14
METALS oovveeveeeeevenn, e 20
SPRINGS AND SPRINGINESS ............... 25
BRIDGES AND ARCHES ...coooveevvneann. 31
ELECTRICITY oooveeeeeereeeeeereereeseevenn, 37
ELECTRIC CURRENT ..oovvoveoeeesien 43
MAGNETS=1 oo, 49
MAGNETS-2 evevveeeereeeeeeeeeeeeeeeseenn, 56
LIGHT AND DARKNESS ...ovoovieevivnn 62
LIGHT AND COLOUR .....ccovvvevonn. 68
REFLECTION AND MIRRORS-I ......... 73
REFLECTION AND MIRRORS-2 ......... 78
REFRACTION AND MAGNIFYING

GLASSES evveeeeeeeereeeeeeeeeseennn . e 83
EYES AND EYESIGHT .....cooomvooeoien, 90
OPTICAL ILLUSIONS ........cccocovvmnn... 97
OPTICAL ILLUSIONS (COLOUR)......103
LIGHT AND HEAT WAVES av..voov...... 108



41. THE SHORTEST WAVES.......ccecereuenn. 113

42. SOUND WAVES ... 118

43. HOW SOUND BEHAVES............coeeenine 123

VOCABULARY ..c.oviiiiiiiiiinenniiiieieennaees 129
d

g



22 WHAT “WEIGHT” MEANS*

When we want to compare a heavy thing with® a light

Fig. 1. A lever weighing machine for heavy weights

thing, we speak about its weight. This book does not
weigh very much, and you can lift it easily with one hand;
but you certainly could not pick up a large slab of concrete?,
even by using both your hands, because the concrete weighs
much more than the hook,

o REROWER 1 K HemH, 2, —ARBRL, a slab
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To measure weight, we make use of® various ‘units’ of
measurement. Britain and America have used the ‘avoirdu-
pois’ system — ounces and pounds®. A baby may weigh
9 or 10 pounds whileS a 9-year-old boy may weigh as much
as 50 or 60 pounds. For® heavier things, such as coal,
we use larger units. There are 120 pounds (/bs)? in one
hundredweight (cwt)® and 2240 pounds or 20 hundred-
weight in one ton. (By American measurements® there are 100
Ibs in one cwt and 2000 lbs in one ton.) Many counries use
the metric system™: 100 grammes equal about 3% ounces, and
1 kilogramme (1000 grammes) equals about 2} pounds.
Britain will soon use this system.

The weight of a body depends partly upon its size and partly
upon the material of which it is made™. 1If you have a small
Piece of wood and also a large piece of the same kind of
wood, then anyone knows that the large piece will be the
heavier of the two. But if we weigh a piece of wood against'®
an equal-sized piece of lead, then we will find that the
lead, though no bigger's, will have the greater weight, because
lead is a much heavier material. A well-known trick is to
ask someone, ‘Which is the heavier; a ‘pound of feathers or

3. FA. 4. REH—RIANB. 5. W 2R, BR.
6. XEgFor fk'EF, B FiR'M. 7. RTElibrac (B)%S,
= pounds. 8. hundrcdweight(*g)ggggg. 9. REFFR.
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a pound of lead ?* Many people will answer quickly: ‘Lead,
of course; it is much heavier than feathers. But they are
wrong; both weigh one pound ! It is only the bulk which
is different.

We can show this more exactly by using a pair of
scales. In one pan of the scales we put a piece of wood,
and in the other pan a stone of exactly the same size (Fig.
2). The scales will #ip down'® on the side of the stone. If
we want to balance the scales, we must use a much bigger
piece of wood. Most weighing machines of this kind use meas-
ured or ‘standard’ ‘weights’ to put in one pan or at om’ end of the
balancing machine'®, while the object to be we1ghed is put in
the other, '

Fig. 2. Scales in which the weight in one pan is measured against the weight
in the other

Another way of measuring weight is to use what is called
a spring balance’. The object to be weighed is put into a

14, —BXF, 15 B 16 REFPASKER R &, e
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pan on top of a coiled spring'®. As it presses down, the spring is
compressed—more, or less, according to the weight of what is put into
the pan®®. The movement of the spring is made t work a
pointer on a dial?®, and so the weight is recorded (see Chapter
26). Heavy things are often weighed by using a lever weigh-
ing machine®, as shown in Fig. 1,

Of course, a pair of scales or a spring balance works
by means of *2 gravity. The lead is being pulled down on our
scales, and so is the piece of wood®; but because the lead is
heavier, it is being pulled down more strongly. If we could
take our scales up on to the Moon, we would still find that
the lead weuld weigh more than the same-sized piece of
wood. But the Moon has less gravity than the Earth, and so
neither the lead nor* the wood would weigh so much, for
both would be pulled down much less strongly. But the
lead would still be the heavier. If we put a pound of sug-
ar on the scales on Earth, it would press down on the scales
with a weight of 16 0z5%; but on the Moon it would
press down with a weight of only 2} ozs. There is still ex-
actly the same amount or ‘mass’ of sugar in the packet®, but on
the Moon only 2} ozs of force ha.r 10 be exerted to resist the pull
of gravity instead of 16 o0zs*,

18, MK, 19. YR TIRR, MONBEFES, B E0 MBS iy
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The Greek scientist Archimedes®®, whom we read about in
Chapter 18, discovered a very useful way of finding out the
differences in weight (or mass) between two objects made of
different materials, by measuring how much water each dis-
placed. This is useful for weighing huge things such as
ships, which are awkward to put on scales®®. The ship can
be put into a dock full of water, and the amount of water
which then overflows from the dock can be measured.

Another way of telling roughly the difference in weight
(or mass) is to measure how much force is needed to move
objects made of different materials. If you take a light ping-
pong ball and tap it along a smooth table, a very light tap
makes it start moving. But a much heavier tap would be
needed to start a brass ball of the same size®® moving on the
same table. You can test the same thing by kicking a foot-
ball along a field and then trying to kick a cannon-ball®* of
the same size.  Also less force is needed to stop a light ball
than a heavy one, as anyone knows who has tried to catch a light
tennis ball or a heavy cricket ball, thrown hard®®. Scientists have
ways of measuring this kind of force very exactly. But
moving things, such as balls, are affected by other things as
well as their weight and the force with which we kick or

28. MEEHERFTEX . 29, REPRERTF L. AERBEFTENA,
%1% ships, awkward 24, £ wdEy f. 30, FE#RADRRE
R 31, Mus. 32. EMEMRAEIER A9 e B R E K
WIRIART T MBiIBREE.  who .. cricket ball, 4FAiBM4, @i anyone
thrown hard, WX4HAGE, (FRETIE, B a light tennis ball or a
heavy cricket. ball, ' .



throw them. A ball kicked along a smooth road will travel
much further than the same ball kicked with the same force
along a rough field, because the friction of the field® resists
the ball much more than the friction of the smooth road.
Also, just as the air resistance holds back a feather more than
a heavier penny**, so does the friction of the rough surface
hold back the light ball more than the heavy ball,
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23 BALANCING*

2/
/ A tightrope walker

If you have to carry a heavy load such as a bucket full
of water or a basket full of shopping', you will usually have to
use one hand only. You will find #* much easier to keep
your balance and stay upright® if you stretch out your other
arm. A4 tightrope-walker will usually stretch out both his arms¢,
or perhaps carry a long pole with its ends stretching some
« B 1 WE-RAREE-ETHIORN. 2 XENiR
FARE, BEE to keep ... and stay ... RIHFFHFEREEELEREIE,
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way to either side of his body; this helps him to balance
when he is walking along the narrow rope.

If you want to keep your balance when you are carry-
ing a heavy load, or walking along a narrow place such as
the top of a wall, you must move your ‘centre of gravity’®
(in other words®, you must shift your weight) into such a
position that you are less likely to topple over’. If you are
carrying something heavy® in your right hand, your centre
of gravity will be moved over to the right side, so it is diffi~
cult not to topple over that way. But if you stretch out your
left arm, you will move some of your weight across to
the left side, and the centre of gravity will come back to a
proper middle position. A tightrope-walker spreads his weight
about® by using his arms or a pole, so that his centre of gravity
stays in the middle of his body, even if*® he does not keep
perfectly upright as he moves along.

This is true of things as well as pesple’®  Supposing we
want to make a pile of books, for convenience all the same size and
thickness.’®* We put one book on a table, and it lies quite
safely. Its weight us concentrated™® at its centre of gravity,
which lies in the middle of the book — that is to say, the
middle of the middle page. Then we put two more books

5. ‘EL, 6. ;2. 7. 8T, 8. XEf heavy RIEETIE,
8% something. anything f1 nothing fEBEEFE. 9. ¥ipymEy-
BE2H, XEH about REIF, ' RE"#. 10. BifE, 11. XFf
WOUBERTHRA, WERTA, be true of: FHTF, 12, BRERNIER
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on top of the first one. Now the centre of gravity will be
shifted a httle way upward®®; it will lie in the middle page
of the middle book. As we go on'® piling books up, the cen-
tre of gravity will move further and further above the
table, and the whole pile will become more and more
unsteady. By the time we have, say, twenty-one, and the centre
of gravity has moved up to the middle of the eleventh book', the
pile is so unsteady that a slight tilt of the table®® will bring
them all down.

Try to balance a pencil across your finger® If more of
the pencil is on one side of your finger, gravity will pull
the pencil down that side, but if your finger is supporting
the pencil exactly in the middle, the pull of gravity is the
same on each side of your finger, and the pencil stays
balanced®; it will not fall off even if you move your Singer slowly
about™, Now try to stand the pencil on one end??, using a table —
which is much steadier than your finger. It is not easy to
make the pencil stand up, because the centre of gravity,
which still lies in the middle of the pencil, is high above the
table. The force of gravity makes the pencil tumble down?3
if . it moves only very slightly to one side or the other.

15. M EBEH—4&. 16. 4% F£. go on JSERZHE . 7. &
W, RIVEBET A+ —ATEOBBTE+— & i ff &, By the time:
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It is fun to make a penny balance on the rim of a glass tum-
bler?* You can do it quite easily if you place the penny
with the rim exactly across its middle. If it is not across
the middle it will fall down one side or other. But if you
take two forks of the same size and fix the penny through
their prongs, as shown in the picture, and tilt the handles
of the forks slightly towards the glass, you can now make
the penny balance on the glass rim with three-quarters or
more of the penny on one side and a quarter or less on
the other. You must adjust the forks and penny carefully
until you have the balance correct®. The penny remains
balanced because the weight of the fork brings the centre
of gravity below the point of balance of the penny, so that
it pushes down on to the edge of the glass as well as
balancing.

As we saw with our pile of books, the lower the centre of

%4. B~ E TR ERRER G SRR EY. XEe it BRERE
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gravity, the steadier the object will be*®. Toy shops often sell
toy clowns with no legs and large round stomachs®. However
much you push them over, they always come back again
to an upright position. This is because they are made with
a heavy weight at the bottom of the stomach, so, since®®
almost all their weight is in the lower part, their centre of
gravity is very low down. If you push the toy over, the
centre of gravity is lifted up; but as seon as you let go*, the
centre of gravity falls down again, making the toy stand
upright.

Testing a London bus to see how far it can tilt without falling over. Sand-
bags are put on the top deck instead of passengers

26. Q«E\ﬂf&. Wik RY 18, 27. BREHY, XEMME@EE RO, 28. X
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You can do this yourself with a lemonade bottle®. When
the bottle is empty it is quite easy o knock over™; but if you
put, say, 2 inches of water in the bottle, it will be much
harder to knock over, because the weight of the water will
have brought the centre of gravity down closer to the bot--
tom. But if you fill the bottle up®®, the centre of gravity is
moved upward and therefore it is again easier to knock the
bottle over.

Modern cars and trains are made with their centres
of gravity low down, so that they do not turn over when going
round corners®®. A large double-decker bus® is built so that
its heavy parts are very close to the ground, and so it can
carry a full load of passengers on its top deck without any
danger of toppling over on to its side®>. Even then®, the con-
ductor will not let more people on the top than there are
seats for, though he may, in the rush hour®, let them stand

30. UK. 31, §TH. 32, KT, 33. RLEI8ER
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