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1. WORK AND ENERGY

WE live in a world of endless change and movement: the
wind blows; rivers run; plants grow; and animals search for
food. When things change, energy is used, and the larger
the change the greater the amount of energy required.! We
change things and move them about® as we work and play, by
using our muscles to push and pull them. This gives us a
feeling of effort that helps us to understand what is meant
by ‘a force’.3 Forces make stationary things move,® and
change the speeds of moving things.

When the handle of a basket is pulled upwards with a
force strong enough to® overcome its weight, the basket starts
to rise from the ground. The basket’s weight is the force
with which® gravity pulls it towards the centre of the earth,
and forces are often measured in pounds-weight, usually written
Ib.-wt.? Thus, a force of 10 lb.-wt. is needed to lift a basket
weighing 10 1b. A shop’s scales may be turned by a force as

1 . . .
small as % 0Z- -wt.,® and a jet engine may thrust its aircraft

1 the larger...the greater the amount of energy required: W{Li#fK,
FEEpmERbRil£. 2 move them about: ({1 EHIEE). 3 what
is meant by ‘a force’: “J7” ¥R {t4. 4 make..move: {£...323F).
5 with a force strong enough to: LA—AAKMELL...695. enough to %
B “IELA (BK)”. 6 with which: DIiXA-h. 7 are often measured in
pounds-weight, usually written Ib.-wt.: ®ECBCERTE BEERS
% Ib.-wt. 8 a force as small as !/, oz.-wt.: —/4~0hE Y/, ZF(EHH.
oz. 2 ounce HFE(FAHRE.
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forward with a force as large as 20,000 Ib.-wt.

The force of gravity is not exactly the same in every part
of the earth: when a one-pound weight is weighed on an accu-
rate spring balance it is found to weigh slightly more in some
places than in others,! although two one-pound weights always
balance each other on a pair of scales. Thus, a weight that
weighed exactly 1 Ib. on a spring balance in London, would

1 ] .
be almost 100 °% heavier on the same balance in Aberdeen,

1
and about 30 O% lighter at the equator. These differences

are small enough to be neglected for ordinary purposes,?
but it is not good encugh to measure forces in lb.-wt. for the
most accurate scientific work.

We often want to raise loads that are too heavy for our
muscles to move,3 and therefore many different kinds of lifting
machine have been invented to help us. One of the oldest of
these is the windlass, which is shown in Fig. 14 raising water
from a well. The well rope is wrapped around a winding
drum’® and fastened to it. The drum is turned on an axle by
a handle at the end of a long crank. Experiments show that
the force needed on the handle is least when the crank is long
and the drum is thin. In fact, the force on the handle is:

(weight of the bucket and water X Radius of winding drum)
Length of the crank

1 it is found to weigh slightly more in some places than in others:
BRRE(—A—BEY) WERE SRS R HHE—%.
2 for ordinary purposes: »t— iy Hde#i. 3 loads that are too heavy
for our muscles to move: HTIIHE HMETERNEY. “too...to +TE
R BEL “k..(EOR". 4 Fig. I @ 1. Fig. 2§ Figure GREDMES.
5 winding drom: ZER, .
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For example, a full bucket might
weigh 24 1b., and a convenient
length of crank is about 18 inches.
Hence, if the radius of the wind-
ing drum is 6 inches, the force
needed to turn the handle is:
24 1b. -wt. X6 in.
8 in.
When we wind up! a full we
bucket from a deep well we feel
that we are working hard, and
the heavier the bucket and the
deeper the well the more work we
feel we have done.? Engineers and

=18 1b.-wt.

scientists measure work by mul-

tiplying the force acting on a

load by the distance it moves3 FIG. 1. 4 windlass

When a full bucket weighing 24 Ib. is raised from a well 30 feet

deep, the amount of work done is 30 ft. X 24 1b.=720ft. 1b.4
This amount of work has to be done to raise the bucket,

and we do not escape doing it by using® a windlass to reduce

the force required. Thus, in our example, each turn of the

handle turns the drum once, and so winds up a length of rope

1 wind up: #4282, MAE. 2 the heavier...and the deeper...the more
work we feel we have done: KIFWHE, B, L RINBBAKRMSESH
i £. HPE =4 the..and the..the... 7, BHERHE and HHFE
KHAW=ZEMNXR. Fah and EHEE—4 the.. AP A the.., HikE
B LEBE,.BE ML, R oand EEE A the. FF=A the..,
the..., the...and the..., BI%EA “. . #.. 0. .%..., ... BkE....” 3 maultiply-
ing the force...by the distance it moves: IB...1%HFELLEFS T AIEE &,
4 ft. Ib.=foot pound RiF. 5 we do not escape doing it by wusing...:
BRNFTFHEAEA..HTRAERLEHT.



equal to! one wrap around the drum, that is? about 3 feet. Ten

turns are needed to raise the bucket 30 feet (see Fig. 1). The
handle at the end of the crank moves around a circle 18 inches

radius, and so for each turn3 the § lb.-wt. force acting on the

handle moves about 9 feet. The work done in turning the

handle round once is therefore 9 ft. x8 Ib. = 72 ft. 1b., so

that for the 10 turns needed to raise the bucket the work done

would be 72x10=720 ft. Ib., as before.

The windlass does no work for us: it simply allows us
to choose to do the work by using a small force over a long
distance, instead of% a larger force over a shorter distance.
This is true of all such machines as levers, pulley blocks and
tackles, and the jacks used to lift motor cars.® Indeed, all
of these machines waste some work by friction between their
moving parts. Many inventors have tried to make a machine
that would give out more work than was put into it,® but we
now know that such a ‘perpetual motion’ machine? cannot be
made.

In calculating the work done in lifting a weight it is only
the vertical distance travelled that matters.® Suppose that a
hill is 300 feet high, with a steep slope of 1 in 5 on one side

1 equal to: ZF. fE-ZiEBL a length of rope. 2 that is: BN, ik
£. 3 and so for each turn..: K, H&E—H.... 4 jt simply allows
us to choose...instead of...: & (windlass) HBE{EFHAIEFEDBDEL,
B —A /bt —B R BERTIRZ (A)... . 5 This is true of all such
machines as levers, pulley blocks and tackles, ... cars. X— i FLFF,
LARMBEDRARETRE R EHTF XS~ RURLEERD. 6 that
would give out more work than was put into it: RINMIHTLLRTH
ABFHEHLR). 7 ‘perpetual motion’ machine: Kk FPL. 8 it is enly
the vertical distance travelled that matters: RAEFASHEAHEEA
BHREBW. it is.. that.. EBAAE, kLLFHRIA LA the vertical
distance.
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The same amount of work is done by the engine when the car climbs the hill,
whether it climbs the gentle (I in 20) or the steep (1 in 5) slope

and a gentle slope of 1 in 20 on the other,* as in Fig. 2. When
a motor car climbs to the top of this hill it does not matter
whether it travelled (5x300 ft) = 1500 ft. along the steep
road or? (20x 300 ft.) = 6,000 ft. along the gentle slope, the
same amount of useful work is done, namely: the amount
needed to raise the car through 300 feet.

We have been using the word ‘work’ with a meaning which
is rather different from that of ordinary speech.? When we
stand still* holding a heavy basket in one hand we are doing
no ‘work’, because although we are exerting a lifting force on
the handle, this force produces no movement. This is surprising
at first,> because holding a heavy basket would certainly make
us feel tired. However, the basket might equally weli have
rested on a chair,* and we have done no useful work — pro-
duced no useful changes — by holding it. Again,” the amount
of work done by a force on a load is the same whether the load

1 with a steep slope of 1 in 5§ on one side and...on the other: ||
RN B, MR 15 (s, WS —aR—A T, HE
B 1:20 (&:4D). 2 it does not matter whether...or...: Eitk..., TE...,
MELEE G AXZR). 3 which is rather different from that of
ordinary speech: RA-EEETETHEIEE P “work (L{R)"HIEL. that
FIE#mEREGAY, UBAESE, #it that {4 meaning. 4 stand
still. —zh A zhHsEE. 5 at firstt £, #2456 the basket might...
on a chair: X & F 552 RMT LR BAE AT L. might well... &% “%
L&TEA". 7 Again: B, Hib.



moves quickly or slowly: work equals distance multiplied by
force, and time does not come into it.! The speed with. which
the work is done depends on the ‘power’ employed. In or-
dinary speech the words ‘power’ and ‘force’ have very similar
meanings, but engineers and scientists use them with quite
different meanings: force has been discussed above, and ‘power’
is described in Chapter 5.

The action of the windlass shows that when an object
moves, it is the work done that measures how much change
has taken place, rather than the force or the distance by them-
selves.2 Energy is used when changes happen, and it is con-
venient to measure the amount of energy used by the amount
of change, that is by the amount of work done. Indeed, the
word ‘energy’ comes from two Greek words meaning ‘in’ and
‘work’. Work and energy can both be measured in ft. 1b., and
energy is often said to be ‘the capacity for doing work’.3

Forces are measured in lb.-wt. and work and energy are
measured in ft. 1b. in English-speaking countries. In Euro-
pean countries using the metric system, and for scientific work
in all countries, forces are measured in grammes-weight or
kilogrammes-weight,* and work and energy are measured in
centimetre-gramme or metre-kilogramme units. 5

1 and time does not come into it: (fZh) AEFEMHEN. 2 it is
the work done that...by themselves: JHULEER Z&ERELE £ RKPEFIE
Mh, MARBBUDRIEE K E R, rather than ¥ “T & 3 energy
is often said to be ‘the capacity for doing work’: (HEf DB ¥ ILEERIED)
g h. 4 to be... BEEMNRE. 4 grammes-weight or kilogrammes-
weight: 3(FZ)RTHE(E). 5 centimetre-gramme or metre-kilogramme units:

B - ER-TRE G L.
6



2. ENERGY IN STORE

GRANDFATHER clocks! are often driven by heavy
weights hanging from cords. As the clock ticks, its weights
descend, and from time to time they have to be wound up
again? by turning the handle of a small windlass. Work is done
in winding up the weights, and the energy used to do it comes
from the muscles of the man who turns the handle. This
energy is stored in the raised weights, and as the weights
descend their stored energy is slowly used to do the work of
driving the clock. The energy stored in the weights is called
‘potential energy’, because it makes it possible to do work.t
Potential energy is rather like® money in the bank, which might
be called potential purchases,® because it makes it possible
for us to buy things. Work done corresponds to” money
spent, that is to actual purchases.

Any object supported above the ground has a potential
energy equal to the work done in lifting it to where it now
is.8 For instance,? in lifting a book weighing 2 1b. from the
floor to a library shelf 6 feet high (6 ft. X 2 1b)=12 ft. Ib.
of work is done, and this increases the potential energy of the
book by 12 ft. Ib.10 If the book had been resting on a table,

1 Grandfather clocks: 5B roh, B ARESH. 2 from time to
fime they bave to be wound up again: SHLH EGME. wound 3
wind ftE4riAl. 3 ‘potential energy’: #fE, fifE. 4 makes It pos-
sible to do work: [E&FEE{EDr. 4 it £B1AE, A ER to do work.
5 rather like: i%. 6 potential purchases: ML (F). T corre-
sponds to: 4 F.... 8 the work dome...it now is: Wiz R EHRELD
ERT P ERTY. 9 For instance: ffil4n. 10 increases...by 12 ft. Ib.: &4 ..
H w12 WEE(RYRER). by FAREH.



1 L. .
27 feet high, instead of lying on the floor, the work done

1
would have been (3 5 ft. x2 1b)=7 ft. 1b., and its potential

energy would have increased by 7 ft. 1b. only. But when it
was resting on the table it already had a potential energy of

1
(2—2— ft. x2 Ib.)=5 ft. Ib. relative to! the floor (see Fig. 3).

This example shows that the potential energy of a raised weight
depends not only on how high it is, but also on how far it can
fall.

. . .1
A tennis ball weighs 2 ounces, that is < Ib., and when

it is held 2 feet above the deck of an aircraft flying at 16,000
ft. above the ground, it has a potential energy of 2 ft. X %Ib.———

1
vy ft. 1b. relative to the deck. But when it is resting on the

deck its potential energy relative to the ground is 16,000 ft. X
L3
8
deck would produce much less effect than dropping it 16,000
ft. to the ground.?

Although grandfather clocks are driven by weights, many
modern clocks are driven by springs. Force has to be used to
turn the key to wind a spring, and the work done by this force
is stored as potential energy? in the spring. The stored energy
is used gradually as the clockwork turns. It is often said

1b.=2,000 ft. 1b. And, clearly, dropping it 2 feet to the

1 relative to...: #A3F...(3E)E. 2 dropping it 2 feet..to the
groand: #EE (AR) FRRHFR (AL AR LR, RHETH
16,000 WML LB kKR E B £, dropping 24, EabE
xj5. 3 is stored as potential energy...: e 2 B T B (... ).
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UFTING CRAME HAMMER

e mLe

FiG. 3. Potential encrgy FI1G. 4. Pile driver
A book weighing 2 1b. has a po- The heavy hammer is lifted slowly by the
tential energy of (6 ft. x 2ib.) = crane, and is then dropped suddenty, hitting

121t Ib. whenrestingonashel{f6ft. the pile and driving it into the ground
high.and (24 ft. x 21b) = 5(t.1b.
when resting on the table

that' the energy stored in the spring drives the clock; this is
true enough for ordinary purposes, but it is worth remem-
bering that? it is forces that make things move, not energy.?
It is the force exerted by the wound-up spring that drives the
clockwork, and the work done by this force uses up#* the spring’s
store of potential energy.

Men have known for many hundreds of years how to store
and use energy. One of their earliest uses for stored energy was
for working the weapons and traps they had made.® Thus,
when an archer bends his bow he slowly stores energy in the
springy wood, and when he releases the bowstring, this energy

1 It is often said that...: AfI1EIE.... it ZB[iA, R/R¥H that 3|
HMegEiE 4. 2 it is worth remembering that: [HBIEGME.... it &5
i, foxt@ that SlH@EEND. be worth + ing BEL: HEHAGK). 3 it
is... energy: {EBWEEHHED, MALME. it is... that... ERiEME.
4 uses mp: {H¥ER.... 5 was for working...they had made: ERTH
F I A R B gk 8 PRI R).



is used very quickly to speed the arrow in its flight. A more
modern example, in which energy is stored slowly and used
quickly, is the piledriver. A piledriver (see Fig. 4) is a machine
for driving large steel or wooden beams into soft ground:
these beams are called piles and are used to make a firm foun-
dation for a building. The pile is driven by a very large ham-
mer which is slowly lifted, and then dropped to strike a sadden
heavy blow on the end of the pile. In other machines potential
energy is stored quickly by working hard for a short time, so
that it can be used slowly over a much longer time. An cight-
day clock,* for example, can be wound in half a minute.

Sometimes potential energy is stored and used at the same
rate,? as in the lift shown in Fig. 5. The lift cage and its coun-
terweight hang from opposite ends of a steel rope which
passes over a pulley at the top of the lift shaft.? As the lift
rises, the counterweight falls through an equal distance. If
the counterweight and the cage are equal in weight, then the
work of lifting the cage can just be done by the potential energy
given up by* the counterweight. The electric motor that
turns the pulley has only to supply the small amount of energy
needed to overcome friction. Of course, when passengers
enter the lift, their weight is not balanced by the counterweight,
and the motor then has to do the extra work needed to lift
them; but it still does not have to do the much larger amount
of work needed to lift the heavy cage.

It is very convenient to speak as if the potential energy
of a raised weight were somehow stored inside the weight

1 eight-day clock: (L—rkaxseE)AXEMSh. 2 at the same rate:
CAEIRERSd . 3 lft shaft: FL@&EHLH. 4 given up by: H...JHEK
.
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ELECTRIC MOTOR

PULLEY

STEEL ROPE

COUNTERWEIGHT

F1G. 5. Electric fift '

The counterweight balances the weight of the lift cage, so that the slectric
ﬂ‘lotor gocs not have to lift the heavy cage, which greatly reduces the work it
as to do

itself.* But, a weight held 10 feet above the ground is not no-
ticeably different from the same weight held 3 feet above the
ground, although it certainly has more potential energy. Energy
is stored when a force is prevented from making something
move,2 for instance, when a weight is held up against? the
force of gravity, or when a tightly wound spring is prevented
from uncoiling. Therefore, strictly speaking,* it is the whole
arrangement of a moving force and a checking force that stores
potential energy.

1 It is very convenient to speak ... iiself. B H{E KL —/4 g5 RN
BEYHBRERFRRRDEHEREHREX B SG 2R{l. 2 when
a force is prevented from making something move: %—A-hSIHBF R

tefEityEAnt. 3 is held wp against: ZEIR.. T, 4 strictly
speaking: =HiHbiR.
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3. ENERGY AND MOVEMENT

A BALL at rest on the ground has no surplus energy to give
to other objects on or above the ground, and produces no
changes in them, but when picked up and thrown! it can break
a window or scatter a set of skittle pins.? The energy that an
object has because it is moving is called its ‘kinetic energy’.’
The faster the object moves, and the heavier it is, the greatert
is its kinetic energy. It is the kinetic energy of the wind that
drives a windmill, and the kinetic energy of a fast motor car
that does so much damage in a crash.

Flint axes, made by men who lived perhaps half a million
years ago, are the earliest tools that have been discovered.
With these simple implements early men were able to put the
kinetic energy of a heavy piece of stone to work.? This dis-
covery is ancient but it is not yet old-fashioned for,® although
flint has been replaced by steel, the same principle is used in
hand axes and hammers today. Hammers and axes work by
using up their kinetic energy very rapidly to produce a large
force acting over a very short distance. In other examples
the kinetic energy is used more slowly. When a cyclist reaches
the bottom of a steep hill he has a considerable amount of
kinetic energy, and he can then freewheel for some time? using

1 but when picked ap and thrown...: {A3{EEGERBEIFEHIAM.
2 a set of skittle pins: —FHA:REAL. 3 ‘kinetic emergy’s FEE.
4 The faster..., and the heavier..., the greater...: .. .#&H:,.. . #E, ...
4. (L P.3 #2) 5put... to work: fifi...fETh. 6 for: PG, XEHW
2 M fJ42 the same... today. 7 freewheel for some time: H{T(FR
ER))— BRI EA-
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FLYWHEEL

SPEED REDUCING GEARS ORIVING WHER,

FiG. 6. Push-and-go motor
Push-and-go toys have a fly-wheel geared to their driving wheels. When the
toy is pushed, the driving wheels turn the fly-wheel rapidly, through the gears.
When the toy is released the kinetic energy stored in the fly-wheel turns the
driving wheels and makes the toy go

this energy to work against the friction forces that slow him
down.

Again, kinetic energy can be stored in a fly-wheel, and
many kinds of ‘push-and-go’ toys! are driven by the energy
of a small fly-wheel. The fly-wheel is geared down to the
driving wheels,? as shown in Fig. 6, and when the toy is pushed
the driving wheels spin the fly-wheel. Spinning the fly-wheel
makes the toy harder to push and the extra work that has to
be done is stored as kinetic energy in the fly-wheel. In the
cheaper toys the fly-wheel is made of some plastic material,
and as this is rather light,> the amount of kinetic energy stored
is small, and the toy only goes for a short time. The same
principle is used in a full-sized shunting engine called an elec-
trogyro locomotive,* but its steel fly-wheel is large and weighs

1 ‘push-and-go® toys: —#EizIAIEA. 2 the fly-wheel is geared
down to the driving wheels: ©i#—FHREF 3% L. 3 as this is rather
Lght: T8 EHemiY%. 4 a foll-sized shunting engine called an
electrogyro [i'lekiroudsira] locomotive: —ANIERIA-T, WA BBHEHER
FHRNENEENE.
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