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1. ELECTRICITY

Almost everyone today uses electricity in one way or an-
other,! and it is hard to imagine what life in our large towns
would be like without it.2 Electricity lights the streets and
buildings, warms the houses, heats food in cookers or cools it
in refrigerators, works trains and trolley buses, traffic lights
and lifts, and drives the machines in factories making all
kinds of goods. And the everyday wonders of radio and
television use electricity to bring entertainment and news to
millions of families.

In villages and farms electrical machines milk the cows?
and chop their food, cool the milk, and churn the butter. In-
deed, electricity finds as much work to do in the country as
it does in the towns.*

These uses for electricity have all developed in this century,
but electricity itself was discovered a very long time ago. At
least® 2,500 years ago the Greeks knew that if they rubbed a
piece of amber it would attract small pieces of thread and dust.
This happens because the amber becomes electrified. Amber
is a natural substance which ancient peoples used for making
ornaments, and we can imagine one of them polishing an amber
bead with a woollen cloth and noticing® that the hairs from the

1. in one way or another: LLXFaifFr# . 2. it is hard to imag-
ine ... without it: fRAEMGAREA R, RIVRTHEBELZBRALHET. X
B it AR R M A £ A to imagine.... 3. milk the cows: $f4-15. 4. electricity
finds as much work ... in the towns: 1S A hiyAEMEERTHA
&—#%. xXHB does {t# finds work. 5. at least: /. 6. imagine
one of them polishing ... and noticing: A8 {& b1 Ay — NTEEE. . IE
#3%l.... #4k polishing F noticing #4yid, {E one of them %R IE.



wool clung to the bead. The Greek name for amber! is ‘elek-
tron’, and this gave us our word electricity. Rubbing amber
is not a very good way of generating large amounts of electric-
ity, and we use different methods today. ‘

The ancient peoples also knew that in a place called Mag-
nesia®? there were curious stones which would pick up® small
pieces of iron. They called them Magnes-stones, and so we
have our word magnet. It was many hundreds of years later,
in 1819, that* the Danish scientist Oersted® discovered that
an electric current, that is a stream of electricity, acted like a
magnet. A few years later, in 1832, the British scientist Fa-
raday® discovered how to produce an electric current by moving
a magnet near a coil of wire. These two important discoveries
made it easy’ to produce very large currents of electricity and
to use their magnetic forces to drive powerful electric motors.

Nowadays, great quantities of electric power are generated
in large power stations, and this power is carried over long
distances through thick copper wires to the places where it is
used to give light, heat, and driving power. Electric light,
electric heat, and electric driving power can be provided without
dirt or noise just where they are needed,® and can be quickly
and easily controlled. This makes electricity a very convenient

1. The Greek name for amber: FEHIMAN 45. 2. Magnesia
[meeg'ni:fo]: EEEBEE. 4, EFREHALEFEHER. 3. pick up: #
#&. 4. It was many huondreds of years later, in 1819, that: I
JLEHELAR, ME—A—JLE, ... XH it was ... that E5R{HAE, 389K @&
JRiE many hundreds of years later, in 1819. 5. Danish scientist Oersted
[‘e:stid]: JHZEFL25 stk (1777-1851). 6. British scientist Faraday [\fae-
rodi]: FEFIFEK LR (Michael Farady, 1791-1867). 7. made it easy:
{25, it REFEHEMAER to produce il to use. 8. just where they
are needed: BRZEHEZEMIMMBT.
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source of light, heat, and power. Electricity is working
everywhere, so everyone should know something about
how it is generated and how it behaves. Electrical devices?
are much more interesting to use? when you know just
how they work.

2. ELECTRICITY AT REST

If a rubber toy balloon is rubbed with a piece of woollen
cloth the balloon collects electricity all over its surface,® and
then it will pick up small pieces of paper and thread, for ex-
ample. If the electrified balloon is hung up* by a long piece
of cotton tied to its neck and the woollen cloth is held near, the
balloon will be attracted by the cloth and move towards it. If
another balloon is electrified and held near, the suspended bal-
loon will move away, showing that the two electrified balloons
repel each other.

We now know that there are two different kinds of electric-
ity, which we call positive electricity and negative electricity.
Ordinary things contain equal amounts of positive and negative
electricity, and as these have equal and opposite effects we do
not usually notice that any electricity is present at all.> When
a balloon is rubbed a small amount of negative electricity passes
from the woollen cloth to the balloon. The balloon then has
a surplus of negative electricity, and we call this its ‘negative
electric charge’. The cloth has lost some of its negative elec-
tricity, and so it is left with a surplus of positive electricity,®

1. electrical devices: W5i%%. 2. much more interesting to use: i
BEEHEE L. 3. all over its surface: fEE L4 L. 4. is hung up:
#i&E¥kE. 5. not .. at all: £74; 2. 6. and so it is left with a surplus
of positive eleciricity: FHLEREA L KMIER.



that is, it has a positive electric charge. Two negative charges
repel each other, and sb do two positive charges;! but positive
and negative charges attract each other: that is, like charges
repel, unlike charges attract,2 as shown in Fig. 1. The strength
of the attraction, or repulsion, between two electric charges is
doubled if the amount of electricity in one of the charges is
doubled. It increases by 2 x 2=4 times? if the distance between
the original charges is halved.

B @
Q**Q

Fia. 1. (a) Two positive charges repel each other. (b) Two
negative charges repel each other. (c¢) Positive and
negative charges attract each other

The attraction between positive and negative electric charges
pulls them towards each other, and unless they are prevented
from* moving they come together again and cancel out.” The
electric charges on a body can move quite easily when the body
is made of carbon or of a metal, such as copper or aluminium.
These materials are called conductors of electricity because
they can be used to conduct, or lead, electricity from place to

1. so do two positive charges: FATEBRATBEXHE. so do RaeTEA
repel each other. #4345, 2. like charges repel, unlike charges
attract: FEPEEFFHTER, FRHERAH®%S]. 3. increases by 2X2=4 times:
¥ PR Aeay)mfE. 4. they are prevented from: Aik{bfl.... 5. cancel
out: #EH.
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place.r Many materials are rather poor conductors,? and
electricity can move through them only with difficulty. Or-
dinary water is a poor conductor of electricity, damp earth
is another, and so is the human body.® Some materials, such
as amber, silk, paper, rubber, glass, porcelain, and some plastios,
do not normally allow electricity to move through them at
all: these materials are called non-conductors or insulators.

When a rubber balloon is rubbed with wool, the negative
electric charge which ‘it collects cannot move, because rubber
is an insulator, and so the balloon holds on to its charge. But
when a piece of metal is rubbed, the electricity produced® moves
freely through the metal, passes through the hand and body
of the person holding it, and flows away into the earth. The
metal loses its surplus negative electricity as fast as it comes®
and does not collect an electric charge. But if the piece of
metal is held by a handle made of an insulating material such
as? glass, this stops the electricity flowing away,® and so the
metal soon becomes electrified when it is rubbed.

The electricity that collects on insulators is called a static
charge because the electricity is static, that is, at rest.® When
two nearby bodies have very large static charges of opposite
kinds, the strong attraction between the positive and negative
charges may cause a stream of electricity to rush suddenly through

1. from place to place: Fiib; W—AHh 3| B —4b). 2. rather poor
conductors: A RS, 3. so is the human body: A&t Rk
i) RMEEm%. 4. holds on to its charge: {R{FMAEEAyEF. 5. produced:
At g4, fERziE. 6. The metal ... as fast as it comes: (&R _L#Y)
£ &MTURET—27= 0k, RN 4e. as fast as, Fn...—#tk. 7. such as:
@ln. 8. this stops the electricity flowing away: JXERFELIEREHH. 9.
at rest: T ILRE.



the air with the hot, bright flash and the bang which we call
an electric spark. Sparks can start fires; and therefore in cer-
tain places — for instance, in a paper mill, where the rubbing
of the paper through the paper-making machine builds up® a
static charge — special care has to be taken? to prevent static
charges from collecting. Lightning is an enormous electric spark
produced by the static charge on a thunder-cloud: the thun-
der is the noise of the spark. Buses and other vehicles that
are insulated from the earth by their rubber tyres may collect
a static charge during a thunderstorm. When, therefore, any-
one standing on the ground touches the vehicle, he may feel
its electric ‘'charge flow through his body and away into the
earth® — an unpleasant sensation that we call an electric shock.
To prevent this, the vehicle is connected to the ground all the
time* either by a dangling steel chain or by tyres in which some
conducting material such as carbon dust has been mixed with
the non-conducting rubber.

Over the whole world there are about 100 flashes of lightn-
ing every second. Lightning rushes towards the ground at
about 250,000 m.p.h.,® and its intense heat damages whatever
it strikes.® Tall buildings, such as church towers, therefore,
are often protected from this danger by a lightning conductor;?
this consists of a thick copper strip which is run up the outside
of the building,® the bottom end of the strip being buried in the

1. builds up: #%; #K%. 2. special care has to be taken: 44§57
/hila. to take care, /hil>. 3. and away into the earth: AFESTF(HLih s
#)FHTF I, 4. all the time: —F; #4%. 5. m.p.h. = miles per hour
F/EMEE. 6. whatever it strikes: ‘EFREBITIRH A%, 7. lightning
conductor: ¥ Tr%F. 8. run up the outside of the building: HHR W
ShEpm L.
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Fie. 2. Lightning conductor reducing the negative charge on a
thunder-cloud

earth and the top end joined to a sharp-pointed copper rod
that stands up above the building. The rod is sharp pointed
because electricity leaks away quite quickly from sharp points.
The large negative electric charge of the thunder-cloud attracts
positive electricity from the earth up through the point of the
lightning conductor, as in Fig. 2, and the stream of positive elec-
tricity cancels the static charge on the cloud quickly and safely,
before it can produce lightning. A ‘lightning preventer’®
would be a more accurate name than a lightning conductor;
although, if the thunder-storm is very severe and lightning does
strike? the building, the lightning conductor will usually take

1. ‘Bghtning preventer’: ‘BHEa%." 2. does strike: F(fHdi.... does
wenERZ A (strike) ESOIER-



the stroke itself,* and so reduce the damage to the building.

Small amounts of electricity can be stored in a device called
a condenser. The simplest kind of condenser consists of two
metal plates separated by a thin sheet of insulating material.
One plate can be given a positive electric charge and the other
plate a negative charge,® and the two charges, though they
attract each other, are kept apart® by the insulator. The stored
electricity can be taken out when required by two copper wires

= |
METAL SHEETS |

CONNECTING
WIRE
Fi1G. 3. Electric condenser

connected to the plates.t If the condenser has several plates
arranged in two sets, as in Fig. 3, more electricity can be stored.
The plates are sandwiched together with thin sheets of the in-
sulating mineral substance mica in between.’

1. take the stroke itself: ‘& GEEE) A KZHEL. 2. and the
other plate a negative charge = and the other plate can be given a nega-
tive charge. 3. are kept apart: 4yJF. 4. The stored electricity can be
taken out... connected to the plates: {3, W] LLFI FH LB A A B 220k
g AR d. 5. The plates are sandwiched together with ... in between.
EESRBEZAE-RALEZRBEFHREEE—R.
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3. ELECTRICITY ON THE MOVE

Electricity can move easily through a good conductor such
as copper, and when the ends of a copper wire are joined to
a device called an electric cell' a steady stream of electricity flows
through the wire. The simplest kind of electric cell is a glass
jar containing a mixture of sulphuric acid* and water and a

€ —

7] coppER

FiG. 4. Simple electric cell

piece of zinc and a piece of copper dipped into the liquid but
not touching each other. When the zinc and the copper, which
are called electrodes, are joined by a piece of copper wire as
in Fig. 4, the zinc begins to dissolve in the acid. This chemical
reaction results in the zinc soon being covered with bubbles
of hydrogen gas.®* At the same time a continuous stream, or

1. electric cell: . 2. sulphuric [sal'fjusrik] acid: #k@EE. 3. This
chemical reaction results in ... of hydrogen gas. {b2ERBIfIEE REHMR
teibh S BT EW. being covered JE3)4id.



current, of electricity flows through the wire from the copper
to the zinc. If the wire is broken the current stops, for elec-
tricity cannot flow through air, which is an insulator, and the
acid stops dissolving the zinc. The zinc is called the negative
electrode of the cell, because it has a surplus of negative elec-
tricity, and the copper is the positive electrode. In flowing
through the copper wire the electric current heats it, and if the
wire is thin and the current strong, the wire becomes very hot
indeed. In an ordinary electric torch! current passes through
a very thin wire inside a glass bulb, and the wire becomes white
hot and glows with a bright light.

The simple electric cell, first discovered in 1800 by the
Ttalian scientist Volta,? is not a very efficient way of producing
an electric current, and many better kinds of cell have since
been invented.? The electric current in a wire can be made
stronger by using several cells with their electrodes joined toge-
ther by pieces of wire.* A group of celis joined together in this
way makes an electric battery. Batteries of two or three cells
are used in electric torches, cycle lamps,” and bells. Very
strong electric currents are produced in power stations by large
machines called generators, which are usualily driven by power-
ful steam turbines. The electric current from the generators
is taken through thick copper wires from the power station to
wherever it is needed.® A steady electric current flows only when

1. eleciric torch: F#1{%. 2. Italian scientist Volta ['volta]: & AFIF
£ {R4T (1745—1827). 3. have since been invented: [ MIPHEARE MR
7. 4. with their electrodes ... of wire: “E{i1i9H B —2%4 Mk
dasge. 5. cyele lamps: H 74 4T. 6. to wherever it is needed: B{E{i7F
bR A 0B Ly
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there is a complete ring of conductors for it to flow around.!
Such a ring of conductors is called an electric circuit. If the
circuit is broken at any point the current immediately stops,
but it will start again as soon as the break is mended.?

The bulb in an electric torch is joined to its battery as shown
in Fig. 5. When the spring switch? is pushed forward to touch
the brass neck of the bulb at 4,
an electric current flows from
the brass cap at the top of the
battery, through the metal tip
gatTery at the base of the bulb, through
the filament, the screw-neck* of
the bulb, the spring switch,
and back through the spiral
spring® that presses against the
metal base of the battery. The
current then flows through the battery. The bulb, the metal
springs, and the battery all conduct electricity, and form an
electric circuit.

It is very useful to be able to start and stop the current
in an electric circuit, for instance, to turn a torch bulb on and
off,* and the devices used to do this are called switches. In
the torch shown in Fig. 5 the electric circuit can be made and
broken by moving the spring switch so that it either touches
or does not touch the neck of the bulb. Electric switches are
made in a great many different shapes and sizes, but they all

FiG. 5. Electric torch

1. only when ... to fiow arcund: HEFYUF—NEERALHELS SEN
Biht. 2. as soon as the break is mended: fEM7ib—EHdE%N. 3. spring
switch: 36T 3¢. 4. screw-neck: ¥£JEZi. S. spiral spring: #£35. 6. to
turn a forch bulb on and off: 3§y fi A (Y ) 8638 i FF.
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work in the same way.  In all of them there are two fixed
springy metal parts called contacts and a movable metal link.
When the link is pressed firmly between the spring contacts,
as in Fig. 6 (@), an electric current can flow through the switch,
but when the link is removed, as in Fig. 6 (b), the circuit is broken

‘and the current stops.
spmnc%

4,%&‘ CONTACTS

a b
FiG. 6. Simple switch, (@) Switch ‘on*. (b) Switch * off*

Electrical engineers often have to draw diagrams of elec-
tric circuits. It takes too long to draw! batteries, bulbs,
switches, and so on as they really are, and so they use symbols
and join these by straight lines to represent the copper wires.
The symbols for the parts of the electric circuit of Fig 5 and a
complete ‘circuit diagram’ of this circuit are shown in Fig. 7.
The arrow-head shows which way the electric current flows.

Suppose that in the electric circuit of Fig. 7 the two wires
joined to the battery were accidentally to touch each other,?
a very strong electric current would immediately rush from the
one wire to the other where they touched.t That is, the current

1. It takes too long fo dvaw: .. SEERMEHE. it RERER
to draw. 2. as they really are: IEFIFIEMIBH; EIH. kaOEH
BT fy to draw. 3. were accidentally to fouch each other: {84k H A1 fl.
4. rush from the one wire ... touched: ZES{IEMMILHT N—KFHTMAS
—RTE. :
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would flow through the ‘short circuit’ between the wires, rather
than flowing all the way round the long circuit through the switch
and the bulb.! The bulb, therefore, would not light, and as the
switch could not be used to turn the current off, the short-
circuit current would soon run the battery down.? To prevent

_|l. R —i s

1! .
ll - é

Fic. 7. Symbols for an electric circuit. (a) Battery. (5) Bulb or lamp.
(c) Switch ‘on’. (d) Switch * off . (e) Circuit of an electric torch

short circuits, the wires are kept from? touching one another
by being covered with an insulator such as rubber or one of
the plastic materials. This also reduces the risk that someone
may get an electric shock by touching a wire and so causing
the electric current to flow through his body. Electric shocks
feel very unpleasant,* and a strong current can be very dangerous.
It is safest, therefore, to cover all the bare metal parts of an elec-
tric circuit with insulating material,

1. rather than ... and the bulb: MARLBH LGB ZAX&ESR
Bkt zh. rather than, fiA. 2. run the battery down: 3 it (9 RE)H#E
$#. 3. are kept from: (¥)#%. 4. feel very umpleasant: 4 AHHF
AT IR B9 RS
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