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FOREWORD

YuebHoe mocodue mpeaHa3HaYeHO MPEXkE BCEro sl CTYJAEHTOB BY-
30B 3JIEKTPOIHEPreTUUECKUX HAMPABICHUNA MOATOTOBKHU, U3YUYaAIOIIMX WHO-
CTpaHHBIN S3BIK Ha yYpOBHE OakayiaBpuaTa. PekoMeH/10BaHO JJisI CTY/ICH-
TOB, U3YYaBIINX AHTJIMUCKUU SA3bIK B CPEIHEW IIKOJIE WM CPEIHUX IPO-
(dbeccHOHANBHBIX YYEOHBIX 3aBEJICHUSX U MMEIOIIUX Oa30BbIC 3HAHUS aH-
IJIMACKOTO SI3BIKA.

Lenp ydyeOHOro mocoOust 3akitoyaercs B (OPMUPOBAHUM HABBIKOB
YTEHUS CHEIUAIbHONU JIUTEPATYPhl C LENIbIO MOTYyUYeHUsT HHPOpMaIU, pe-
dbeprupoBaHHA W TEPEBOJA JIUTEPATYPHI MO CHEIHUAIBHOCTH, a TaKXe CO-
BEPILICHCTBOBAHUU HABBIKOB MU YMEHUM YCTHOW M NMUCBMEHHOM HMHOS3bIY-
HOU peun Ha 6a3e npodeccuoHaIbHON JEKCUKH.

[Tocobue coCTOUT U3 MIECTH TEMaTUYECKUX pa3eioB: «Tok U dJek-
Tpuueckue nenuy, «l[IpuHIMnuanIbHble CXeMbl U 3JIEMEHTHI 1enuy, «IIpo-
U3BOJCTBO 3JIEKTposHeprum», «llepemaua snexkrposaneprun», «llorpedie-
HUE DJIEKTPOIHEPTUN», «COBPEMEHHBIC TEXHOJOTUM B DJICKTPOIHEPTETH-
key». Kaxnaplii pazzen BKIHOYAET B Ce0sl TEKCThI, CIOBAPHBI MUHUMYM,
VIPaKHEHHUS, HaNpaBJICHHbIE HA  COBEPIICHCTBOBAHME  JIEKCHKO-
rpaMMaTHYE€CKUX M KOMMYHHMKATUBHBIX HABBIKOB, a TaK)K€ HABBIKOB UTE-
HUS U TIEPEBO/IA.

B xoHI11e mocoOust mpuBeIeHBI KIuIe 11 peepupoBaHUs TEKCTOB U
KOHTPOJBHBIC 3aJaHusS 0 TEMaM W pasjeliaM IOCOOMs, KOTOpPhIE MOTYT
OBITh HCMOJIb30BaHbl CTYJEHTAMH CAaMOCTOSITEILHO C IIEJIbI0 CaMo-
KOHTPOJISI, @ TAKXKE ayJIUTOPHO MpenoaaBaTesieM sl IPOBEACHUS CIIOBap-
HBIX JTUKTAHTOB.

[Tocobue pexkoMEeHI0BaHO JJisl CTYJACHTOB OYHOM M 3a04HON (opm
oOyueHus.



PART 1.
CURRENT AND CIRCUITS

Unit 1. Electricity

Vocabulary

battery Oarapest

to break pa3MBbIKaTh

break OOpBIB, pa3phIB (ICTIH)

broken Pa30MKHYTBIN

broken circuit pPa30MKHYyTas IICTIb

to burn out neperoparb

cell raJlbBAHMYECKHI JIEMEHT, OaTaperika

charge 3apsi

complete circuit 3aMKHYTas eI

component DJIEMEHT LENHU

connection COeTMHEHHE

current (2JIEKTPUYECKUI ) TOK; CHJIa TOKA

diagram CXeMa, YepTex

(electric) circuit AJIEKTpHUYECKAs LEIh

electricity IEKTPUYECTBO

energy SHEprus

flow MIOTOK, MPOTEKaHKE (TOKA)

lead BBIBOJI (JI€TaIH)

power supply HUCTOYHHMK (DJIEKTPO)ITUTAHHMS DJIEKTPO-
cHa0XeHue

short KOPOTKOE 3aMbIKaHUE

switch BBIKJTIOYATEIh, TIEPEKIII0YaTENb

voltage HaMpsOKEHUE

voltage source
wire
wrong connection

HCTOYHUK HAIIPSAKCHUA
IMPpOBOJIOKA, ITPOBOJ
OIITHO0YHOE COCAMHCHUC



Text

Electricity is the flow of charge around a circuit carrying energy
from the battery (or power supply) to components such as lamps and mo-
tors.

Electric current can flow only if a circuit is complete. Electric current
flows through wires from the battery to circuit components and back to the
battery again.

The diagram shows a simple circuit. The
components of the circuit are a battery, wires, a ““C'//

-
i
i
—_—
T

switch and a lamp. The switch works by breaking
the circuit.

When the switch is open the circuit is bro-
ken, electricity cannot flow and the lamp is off.
With the switch closed the circuit is complete al-
lowing electricity to flow and the lamp is on.
What is “open circuit”?

We say “open circuit” when there is no connection. “Open circuit” is
a break in some part of a circuit (for example a switch in the open or off
position) or a fault (for example a broken wire or burnt out component).
What is “short circuit”?

A “short circuit” is a connection with very low resistance such as a
wire which provides a very easy way for current. A short circuit is a fault
or wrong connection.

For example, if the battery leads contact one another they create a
connection with very low resistance and make a short circuit. Current will
flow though this short circuit instead through the circuit. This stops the cir-
cuit working. Short circuit can be the cause of a fire, because large current
flows through the leads and the battery, and they will become very hot.
Voltage and current (complete circuit)

Current can flow when the switch is closed and the circuit is com-
plete. The lamp is glowing.

Voltage but no current (open circuit)

Current cannot flow because the switch is open and the circuit is
broken. The lamp is not glowing.

No voltage and no current (open circuit, no voltage source)
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Current cannot flow because without the cell there is no source of
voltage. The lamp is not glowing.

Exercise 1. Answer the questions
1. What is electricity?
2. What circuit is called complete?
3. What happens if a short circuit takes place in an electric circuit?
4. What are the basic components of any electric circuit?
5. In which circuit can there be voltage but no current?

Exercise 2. Translate into English

1. Korga nepekiiroyaTesb BBIKJIIOYEH, 1IETh pa30MKHYTa U JIaMIa He
TOpHUT.

2. Korpaa nepekiroyaresnb BKIFOYEH, AIEKTPUUECTBO TEUYET MO LIENHU U
jamia ropur.

3. Ecnm namma neperopaer, 1emb pa3MbIKaeTcsl.

4. DNeKTpUYECKUN TOK T€UET Yepe3 MpoBoJia OT Oarapeu K JIeMEH-
TaM 1€ U Ha3aj K Oarapee.

5. KopoTkoe 3aMpikaHie MOKET OBITh MPUUUHOMN TTOXKapa.

Unit 2. Types of current

Vocabulary

alternating TICpEMEHHBIHN (TOK)

to apply IPUMEHSTH, IPUIIaraTh
to consider paccMaTpuBaTh, 00CYK1aTh
cycle 1070.9)1

direct MOCTOSIHHBIH (TOK)
direction HaIpaBJIcHUE

frequency 4acToTa

mains electricity CETEBOE IJICKTPHUCCTBO
necessary HEOOXOIMMBIH, HYKHBIH
provided (that) IPH YCIIOBUH, YTO
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sine wave CUHYyCOHJIaJIbHAs BOJTHA

single-phase o1HO(a3HbIH
three-phase Tpexa3HbIi
to use HCII0JIb30BAaTh
Text

Current is flow of electricity through a circuit. Let us consider two
main types of current: direct and alternating. Direct current (DC) flows
through a conducting circuit in one direction only. It flows provided a di-
rect voltage source is applied to the circuit. The current from a cell is direct
current.

Alternating current (AC) is current that changes its direction of flow
through a circuit. It flows provided an alternating voltage source is applied
to the circuit. The electricity supplied to homes and other buildings —
called mains electricity — is alternating current. Alternating current flows in
cycles. The number of cycles per second is called the frequency of the cur-
rent. For example, in the UK, AC supply is 50 Hz — it alternates 50 times
per second.

The current supplied to most homes is single-phase — it forms one si-
ne wave. In factories and large buildings, which have powerful electrical
equipment, the supply if often three-phase — effectively three currents, each
with a different phase (timing). This provides a smoother supply as it re-
duces the gaps between the voltage peaks.

It is easy to transform AC power from one voltage to another using a
transformer. Transformers are also used to step down the voltage at the re-
ceiving point of the line to the low values that are necessary for use.

AC can be changed into DC but this is seldom necessary.

Exercise 1. Answer the questions
1. What is current?
2. What types of current do you know?
3. What type of current is called alternating current?
4. What type of current is called direct current?
5. What is the frequency of the current?



6. What device is used to transform AC power from one voltage to

another?

7. Is it often necessary to change AC into DC?

Exercise 2. Choose the correct answer

1. DC is current that ...

2. AC flows provided ...

a) changes its direction of flow

b) flows in one direction

a) a direct voltage source is applied
b) an alternating voltage source is ap-
plied

3. The 50 Hz alternating current a) flows in one direction 50 times per se-

4. AC ...

Vocabulary

to add up

to blow

to complete circuit
to connect

to go out

identical
milliampere, mA
mixed connection
parallel connection
series connection
supply voltage
volt, V

cond

b) flows in one direction 50 times and in
the other direction 50 times per second
a) can be changed into DC

b) cannot be changed into DC

Unit 3. Parallel and series circuits

CKJIQIBIBAThCS, CYMMUPOBATHCS
neperoparh (00 3IeKTponprudopax)
3aMbIKaTh 11T

COCIUHSATH

MOTacHYTh

OJIMHAKOBBIN, MJCHTUYHBIN
MUJITUAMITED

CMEIIaHHOE COCIMHCHHE
MApALIEITLHOE COCTMHEHUE
I10CJICJOBATEIHbHOC COSIMHCHIE
HaIpsHKCHUE TTUTaHUS

BOJIbT (€IMHUIIA U3MEPEHUS HANIPSKEHUS, 3.]1.C.)



Text

There are two ways of connecting circuit components:
1. Connection in series -

When components are connected in series each compo- e
nent has the same current.

The battery voltage is divided between the two lamps.
Each lamp will have half the battery voltage if the lamps are identical.
2. Connection in parallel

When components are connected in parallel each J;
component has the same voltage. . ® @

Both lamps have the full battery voltage across them. i
The battery current is divided between the two lamps.

Most circuits contain a mixture of series and parallel connections.
The terms series circuit and parallel circuit are sometimes used, but only
the simplest of circuits are entirely one type or the other. It is better to refer
to specific components and say they are connected in series or connected in

parallel.
- K For example, the circuit shows a mixed connec-
! tion: a resistor and LED are connected in series (on
-|— Z the right) and two lamps are connected in parallel (in
the centre). The switch is connected in series with the

two lamps.
Lamps in series
If several lamps are connected in series

they will all be switched on and off together by a r@“@‘@/
switch connected anywhere in the circuit. The &
supply voltage is divided equally between the

lamps (if they are all identical). If one lamp blows, all the lamps will go
out because the circuit is broken.
Lamps in parallel

’ » If several lamps are connected in parallel
Z\ \ \ each one has the full supply voltage across it. The
lamps may be switched on and off independently
by connecting a switch in series with each lamp as
shown in the circuit diagram. This arrangement is

9
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used to control the lamps in buildings. This type of circuit is often called a
parallel circuit but the switches are in series with the lamps, and it is these
switch and lamp pairs that are connected in parallel.
Switches in series
If several on-off switches are connected in series they must all be
closed (on) to complete the circuit.
The diagram shows a simple circuit with two Mgt
switches connected in series to control a lamp. T
Switch S1 and switch S2 must be closed to light ——
the lamp. T
Switches in parallel
If several on-off switches are connected in parallel only one needs to
be closed (on) to complete the circuit.
- The diagram shows a simple circuit with
—l—_tgo_.. two switches connected in parallel to control a
l lamp. Switch S1 or switch S2 (or both of them)
_-'|-_ @ must be closed to light the lamp.
Voltage and current for components in series
Voltages add up for components connected in series. Currents are the
same through all components connected in series. UL
For example, in this circuit the 4V across the resis- ——

tor and the 2V across the LED add up to the battery volt- ¢, :

resistor and LED) is 20mA. e
Voltage and current for components in parallel
Voltages are the same across all components connected in parallel.
5 Currents add up for components connected in parallel.

— For example, in this circuit the battery, resistor
o | ® and lamp all have 6V across them. The 30mA current
- oma Yeoma tNFOUGH the resistor and the 60mA current through the

S0mA lamp add up to the 90mA current through the battery.

J0mA  [60mA

Exercise 1. Answer the questions
1. What ways of connecting circuit components are there?
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2. What type of connection is used more frequently?

3. What happens if one of the lamps connected in series blows?
4. What type of connection should be used for lamps to be switched

on and off independently?

5. In which type of connection do components have the same voltage

across them?

Exercise 2. Find in the text above the English equivalents of the follow-
ing word combinations

1. mpocteiiiue uenu; 2. AEIUTh MOPOBHY; 3. 3aMbIKaTh IIEMb; 4.
JBYXITO3UIIMOHHBIN BBIKIIOYATENb; 5. 3aKeub JaMIly; 6. mapa «IepeKiIro-

yaTellb — JIamMIay; 7. OJIOBUHA HANPSKEHUs OaTapeu.

Vocabulary

cheap

common
conductor

copper

to decrease
difficulty

to increase
insulator

load

load resistance
make smb do smth
resistance
resistance material
rubber

since

thus

voltage drop

Unit 4. Conductors and insulators

S11(S:38171

0O011IMi1, pacIpOCTPaHEHHBIM
MIPOBOJHUK

MeJb

YMEHBIIAThCS

TPYAHOCTh

BO3pAaCTaTh, yBEIUYUBATHCS
U30JIATOP

Harpyska

CONPOTHUBJIEHUE HATPY3KHU
3aCTaBUTh KOTO-JI. CJIeJIaTh YTO-JI.
CONIPOTHUBJICHUE
PE3UCTUBHBIN MaTepHal
pe3uHa

TaK KaK

TaK, TAKUM 00pa3oM
NaJCHUE HANPSIKEHUS
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Text

Conductors are materials having a low resistance so that current easi-
ly passes through them. The lower the resistance of the material, the more
current can pass through it.

The most common conductors are metals. Silver and copper are the
best of them. The advantage of copper is that it is much cheaper than sil-
ver. Thus, copper is widely used to produce wire conductors. One of the
common functions of wire conductors is to connect a voltage source to a
load resistance. Since copper wire conductors have a very low resistance, a
minimum voltage drop is produced in them. Thus, all of the applied volt-
age can produce current in the load resistance.

It should be taken into consideration that most materials change the
value of resistance when their temperature changes.

Metals increase their resistance when the temperature increases while
carbon decreases its resistance when the temperature increases. Thus, met-
als have a positive temperature coefficient of resistance while carbon has a
negative temperature coefficient. The smaller is the temperature coefficient
or the less the change of resistance with the change of temperature, the
more perfect is the resistance material.

Materials having a very high resistance are called insulators. Current
passes through insulators with great difficulty. The most common insula-
tors are air, paper, rubber, plastics.

Any insulator can conduct current when a high enough voltage is ap-
plied to it. Current of great value must be applied to insulators in order to
make them conduct. The higher the resistance of an insulator, the greater
the applied voltage must be.

When an insulator is connected to a voltage source, it stores electric
charge and a potential is produced on the insulator. Thus, insulators have
two main functions: to isolate conducting wires and thus to prevent a short
between them; to store electric charge when a voltage source is applied.

Exercise 1. Answer the questions
1. What materials are called conductors?
2. What is the advantage of copper as compared to silver?

12



3. What is the most common function of wire conductors?

4. Why is a minimum voltage drop produced in copper conductors?

5. What is the relation between the value of resistance and the tem-
perature in carbon?

6. What materials are called insulators?

7. What are the most common insulators?

8. What are the main functions of insulators?

Exercise 2. Choose the correct answer

1. Insulators are materials having ... a) low resistance
b) high resistance
2. Current passes through conduc- a) easily
tors ... b) with great difficulty
3. Copper and silver are ... a) common insulators
b) common conductors
4. Air, paper and plastics are ... a) common insulators

b) common conductors
5. In case a high voltage is applied  a) it does not conduct current

to an insulator ... b) it conducts current
6. Insulators are used ... a) to reduce voltage
b) to store electric charge
7. Metals have ... a) a positive temperature coefficient

of resistance
b) a negative temperature coeffi-
cient of resistance

8. Metals increase their resistance ... a) when the temperature decreases
b) when the temperature increases

Unit 5. Electromotive force and resistance

Vocabulary
to consist (of) COCTOSITH (H3)
to depend (on) 3aBHCETH (OT)
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electromotive force AIIEKTPOJIBMKYIIAS CHITA

excess U30BITOK, 3JIUIITHEE KOJINICCTBO

to influence BJIUATD

to measure U3MEPSATH, MEPUTH

movement BU)KCHUE

to offer resistance OKa3bIBaTh COMPOTUBIICHHE

on the other hand C IPYrO¥ CTOPOHBI

photocell (doTosrIEeMEHT

potential difference Pa3HOCTh MOTEHITNAIOB

to provide IPEIOCTABIATH; 00CCIICUNBATh; CHA0XKAaTh
Text

There is always a disorderly movement of free electrons within all
substances, especially metals. Let us suppose that there is a movement of
electrons through the wire, say, from point A to point B. What does it
mean? It means that there is excess of electrons at point A. Unless there
were a flow of electric current between A and B in any direction, it would
mean that both the former and the latter were at the same potential. Of
course, the greater the potential difference, the greater is the electron flow.

The electromotive force (EMF) is the very force that moves the elec-
trons from one point in an electric circuit towards another. In case this
EMF is direct, the current is direct. On the other hand, were the electromo-
tive force alternating, the current would be alternating, too. The EMF is
measurable and it is the volt that is the unit used for measuring it.

Current is unable to flow in a circuit consisting of metallic wires
alone. A source of an EMF should be provided as well. The source under
consideration may be a cell or a battery, a generator, a photocell, etc.

In addition to the electromotive force and the potential difference
reference should be made here to another important factor that greatly in-
fluences electrical flow, namely, resistance. All substances offer a certain
amount of opposition, that is to say, resistance to the flow of current. This
resistance may be high or low depending on the type of circuit and the ma-
terial employed. Take glass or rubber as an example. The offer a very high
resistance and, hence, they are considered as good insulators. Nevertheless,
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one must not forget that all substances do allow the passage of some cur-
rent provided the potential difference is high enough.

Certain factors can greatly influence the resistance of an electric cir-
cuit. Among them there are the size of the wire, its length and type. The
thinner or longer the wire, the greater is the resistance offered. Besides,
silver wire would offer less resistance than an iron one.

Exercise 1. Put all possible questions to the following sentences
1. The excess electrons will flow towards the point of deficiency.
2. The parallel circuit provides two or more paths for current flow.

Exercise 2. Find in the text above the English equivalents of the follow-
ing word combinations

1. Tem He MeHee; 2. OeCOPSI0YHOE JBUKEHUE AJIEKTPOHOB; 3. OKa-
3bIBaTh COMPOTHUBIICHUE; 4. KaK MEPBbIMA, TaK M MOCIEIHUM; 5. B CIydae,
ecnu; 6. UCMOIb3YEMbI MaTepuall; 7. MPOXO0XKICHUE TOKA; 8. ONpeeNeH-

HbIE (PAKTOPBHI.

Unit 6. Inductance and mutual inductance

Vocabulary

ampere, A amnep (eAMHMIIA U3MEPECHUS CHUJIbI TOKA)
to bring IPUHOCUTH

coil KaTyIka, 0OMOTKa

definite OTIpEICTICHHBIH

fast OBICTpBIHT

high-frequency BBICOKOYACTOTHBIN

to induce UHIYIIUPOBATh

induced voltage WHIYIIUPOBAHHOE HAMPSHKEHUE
inductance WUHIYKTUBHOCTh
low-frequency HU3KOYACTOTHBIH

mutual B3aMMHBIN

result from

IMPOUCXOOUTH B PC3YJILTATC, OBITH CJIICACTBHUECM
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size pasmep

terminal KJIEMMAa; BBOJI, BEIBOJI
that is TO €CTh

to touch KacaThCsl, TPOTaTh
unit eIMHUILIA

value 3HAYEHHE, BEIMYMHA
Text

Any conductor has some definite value of inductance. The induct-
ance of a conductor shows how well it can provide induced voltage.

Elements of a circuit with a definite value of inductance are coils of
wire called inductors. The inductance of a coil depends on its size and ma-
terial. The greater the number of turns of a coil, the higher is its induct-
ance. An iron core also increases the value of inductance. Coils of this type
are used for low-frequency currents while coils with an air core are used
for high-frequency currents.

The coils 1 and 2 are brought close together and a source of alternat-
ing current is applied to coil 1. If a measuring device is connected across
the terminals of coil 2 it will
be found that voltage is in- Coil 1 Coil 2

duced in this coil though the —~—_ — _ﬂ/ :njﬁ/

two coils do not touch. The ——— =

secondary voltage, that is the ———7 1t —~

voltage in coil 2, is called in- : ® \\
I; changing E, induced \

duced voltage and energy from

. |
one coil to the other transfers @ 8
by induction. The coil across Galvanometer

which the current is applied is called the primary, that in which voltage is
induced is called the secondary. The primary and the secondary coils have
mutual inductance. Mutual inductance is measured in the same unit as in-
ductance, that is in henries.

Thus, when a rate of change of one ampere per second in the primary
coil will produce one volt in the secondary coil, the two coils have one
henry of mutual inductance.

16



It should be taken into consideration that induction by alternating
current results from the change in current, not in the current value. The
faster the current changes, the higher the induced voltage.

Exercise 1. Answer the questions
1. What are elements with a definite value of inductance called?
2. What does the inductance of a coil depend on?
3. What units is the value of mutual inductance measured in?
4. Do conductors have any value of inductance?
5. What does the inductance of a conductor show?
6. What type of coils is used for low-frequency currents?

Exercise 2. Choose the correct answer

1. Any conductor has ... a) some definite value of resistance
b) some definite value of inductance
2. Any conductor can provide ...  a) induced voltage

b) electric power
3. Elements with a definite value a) inductors

of inductance are called ... b) coils
4. The inductance of a coil de- a) size and material
pendsonits ... b) size, material, core, number of turns
5. Aniron core ... a) increases the value of inductance
b) decreases the value of inductance
6. The value of mutual induct- a) watts
ance is measured in ... b) henries
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PART 2.

CIRCUIT DIAGRAMS AND CIRCUIT COMPONENTS

Unit 1. Circuit diagrams and component layouts

Vocabulary

actual (dakTHYECKUH, peaTbHbIH
to arrange pacrioyiararb, pa3menarb
blob MaJICHbKHU TIIAPUK

capacitance
circuit diagram

CMKOCTBb
IIPUHOUIIHAJIbHAS CXCMa

controls AJICMEHTBI YIIPABJICHHS

to draw YepTUTh, PUCOBATH
drawing PHUCYHOK, YepTEex

input BXOJ, BBOJI

junction COEIMHEHUE

to label moMedJaTh, 0003HaYaTh
layout pacrojoKeHne, KOMIIOHOBKA
to make sure yOeIuThCs, 00ECTICUHTh
to omit IIPOITyCKaTh, HE BKIIFOYATh
output BBIXOJI, BEIBO/I

variable TIepEeMEHHBIH

Text

Circuit diagrams show how circuit components are connected to-
gether. Each component is represented by a symbol. All wires are shown as
straight lines. The actual layout of the components is usually quite different
from the circuit diagram. A circuit diagram is useful when testing a circuit
and for understanding how it works. When drawing circuit diagrams:

e Make sure you use the correct symbol for each component.
e Draw connecting wires as straight lines (use a ruler).
e Puta “blob” () at each junction between wires.
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e Label components such as resistors and capacitors with their values.

e The positive (+) supply should be at the top and the negative (-) sup-
ply at the bottom. The negative supply is usually labeled 0V, zero
volts.

e Try to arrange the diagram so that signals flow from left to right: in-
puts and controls should be on the left, outputs on the right.

e You may omit the battery or power supply symbols, but you must in-
clude (and label) the supply lines at the top and bottom.
In the table below you will find some circuit components, their sym-

bols and their functions in circuits.

Table of circuit components

Circuit sym-

Component bol

Component function

Wires joined | mpoBosia COeIMHEHBI Wires connect components

of a circuit to another.

Wires not IPOBOE HE COBTH- | | and pass current from one part

joined HEHBI
Cell raJIbBAHUYECKH | A cell supplies electrical en-
JJIEMEHT, OaTapest ergy.
A battery is two or more cells
Batter 0 - .
y rapes ‘l 2 1 - joined together.
HCTOYHUK MOCTOSH- - - Supplies electrical energy (di-
DC suppl
PPYY" | horo toxa —0O  O— rect current).
UCTOYHUK TIEPEMECH- Supplies electrical energy (al-
AC suppl —0 oO— .
PPYY HOT'O TOKa ~ ternating current).
A safety device which will
Fuse TUTaBKHH Mpenoxpa- [ melt if the current flowing
HUTEIb ——— | through it exceeds a specified
value.
Transformers are used to step
Transformer | rpancopmarop % H g up (increase) and step down
(decrease) AC voltages.

Lamp A lamp providing illumina-
. . JJaMIla OCBCIICHUA .
(lighting) tion.




A lamp which is an indicator,

IICPCKII0YATCIIb Ha

A 2-way switch directs the
flow of current to one of two

Lamp _®_ N
- CUTHAJIbHAS JIaMIIa for example a warning light
(indicator)
on a car dashboard.
A motor converts electrical
Motor MOTOD —@— energy to kinetic energy (mo-
tion).
A coil of wire creates a mag-
Coil KaTyIIKa _ YY" | netic field when current pass-
es through it.
JIBYXIO3UI[MOHHBIN
i MEPEKITI0YATEIh Current flows only when the
On-off switch (BKJTIOYEHO- o o switch is closed (on).
BBIKJTFOUEHO)
—o/o_
D_

2-way switch . . .
JIBa HAIIPABJIICHUS routes according to its posi-
tion.
An electrically operated
wo | switch.
Relay pene |:::| —ocow | NO = Normally Open
"** | cOM = Common
NC = Normally Closed
: Resistors limit the flow of cur-
Resistor pesucTop — + ent
: . Variable resistors with two
Variable re- | mepemenHsbIit pe3u-
. contacts are used to control
sistor CTOp
current.
Capacitor HETOJISPHBIN KOH- Capacitors store electric

(unpolarized)

JEHCATOP

charge.

Capacitor MOJISIPHBIN KOH/ICH- + These capacitors have large
(polarized) caTop capacitance.
Variable ca- | konaencarop nepe- % 2 A variable capacitor is used in
pacitor MEHHOU eMKOCTH Vs a radio tuner.
. Diodes allow current to flow
Diode IO, — } .
in one direction only.

LED (Light :

. ( g . 17 LEDs convert electrical ener-
Emitting Di- | cBeTonuon _>|_ o liaht
ode) gy to hignt.




Exercise 1. Find in the text above the English equivalents of the follow-
ing words and word combinations

1. mpeoOpa3oBbIBaTh 3HEPrUI0; 2. OrPAaHUYMBATH TEUYEHUE TOKa;
3. curHasibHas namia; 4. mpuOopHas MaHeNlb; 5. OCBEICHHE; 6. Mperoxpa-
HUTEJIBHOE YCTPOMCTBO; 7. NMPEBBIIATH 3aJAHHOE 3HAYEHHE; . YEPTUTH
NPUHLMIUAIBHYIO cxemy; 9. npsimas nmunus; 10. cieBa Hanpaso; 11. nuaus
nutaHus; 12. mepekntoyaresb ¢ 3JIEKTPUUYECKUM MPUBOAOM; 13. Hampas-
JATh TOK; 14. cOeIMHEHHbIE MPOBOJA; 15. MOBBINIATE HANPSIKEHHUE.

Exercise 2. Draw a circuit diagram of an electric circuit containing a

cell and a variable resistor of 5 in series with a combination of two
lighting lamps in parallel

Unit 2. Electric cells

Vocabulary

alkaline

cell phone

charging

chemical

consumer electronics
discharged
electrolyte

energy capacity
energy-to-weight ratio
to go flat

laptop (computer)
lead-acid battery
lead dioxide
lithium-ion battery
manganese oxide
mercuric oxide

LICJIOYHOU

COTOBBIN TenehoH

3apsiaKa, mo3apsaKa
XUMHUKAT

OBITOBasA AJIEKTPOHUKA
pa3psSKCHHBIN

AIEKTPOJIUT

SHEPTOEMKOCTh

yZeJbHasi HEPrusl 0 Macce
caauThes (0 OaTapeiikax, akKyMyJsaTopax)
HOYTOYK
CBUHIIOBO-KHMCJIOTHas Oarapest
JMOKCHJI CBHHIIA
MOHHO-JIUTUEBAs OaTapes
OKCH/JI MapraHia

OKCHUJ PTYTH
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mercury
nickel-cadmium battery
nickel-iron battery
portable

potassium hydroxide
primary cell

to react

to recharge
rechargeable

to release

remote control
reverse direction
secondary cell
solution

to start an engine
storage cell

sulfuric acid

torch

useful life

vehicle

wristwatch

Text

Electric cell is a device that stores electric energy in the form of
chemical energy. All cells consist of an electrolyte (solution containing
ions), positive electrode and negative electrode. Electricity is generated
when the negative electrode (cathode) reacts with the electrolyte. During
the reaction electrons are released. They move to the positive electrode
(anode). The electric energy is released when a conductor is connected be-
tween the terminals of the cell. When the cell has no power to release elec-
tricity (when electrolyte has reacted fully), the cell is said to be discharged.
Some types of cells can be recharged by passing current in reverse direc-
tion. This type of rechargeable cells is also called storage cell or secondary

PTYThH
HUKETb-KaJIMHEeBas OaTapes
HUKEJb-KeJe3Has 0aTapest
IIOPTAaTUBHBIN, IEPEHOCHOU

TUAPOKCH]T KaJIHsI

NEPBUYHBIN (ralbBAHUYECKHIT) JIEMEHT
pearupoBarhb

nepe3apsikaTh

Iepe3apsKACMbI

0CBO0O0K1aTh, BEICBOOOKIATH

MyJIbT JTUCTAHIIMOHHOTO yIIPaBICHUS
00paTHOE HaMpaBJICHUE

BTOPUYHBIN (AaKKyMYJISITOPHBII ) SJIEMEHT
pacTBop

3aIyCTUTD JIBUTATEIh

AKKyMYJIATOD

cepHasi Kucjiaora

(doHapb(puUK)

CPOK CITyKOBbI

TPaHCIOPTHOE CPEICTBO

HapYy4YHbIC YaChI

cell. Primary cells cannot be recharged.
Let’s consider some basic types of electric cells.
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Alkaline dry cells

One of the oldest types of primary cell used
today is alkaline dry cell. This type of cell consists
of a positive electrode made of manganese oxide
(MnO) and a negative electrode made of zinc. The
electrolyte is potassium hydroxide (KOH). Alkaline
cells are widely used in radios, remote controls and
torches. They can supply quite large currents for long periods.
Mercury cells

Mercury cells are made in the shape of a small disc to be used in
small portable electronic devices. They can be
used in wristwatches, calculators, etc. In these cells
the negative electrode consists of zinc, while the
positive electrode is made of mercuric oxide

(HgO). The electrolyte is a solution of potas-
sium hydroxide (KOH).
Silver oxide primary cells

Silver oxide positive electrode in the
e : cell gives better voltage than mercury cells.
CAIEEaH © ] Shoerotilc SEpam They are also often made in the shape of a
e small disc.

Lead-acid battery

This is a secondary cell because it can be recharged. It generally con-
sists of three or six cells connected in series.
The electrolyte used is a solution of sulfuric ac-
id (H,SO,), the negative electrode consists of
lead (Pb) and the positive electrode is made of  [JEELEL]

12V/5n

lead dioxide (PbO,). This type of battery is used &R

Anode top (-ve) Insulating gasket

"ﬂnspnlah!e -
mostly in cars, trucks, air planes and other vehi- giL.eé".'Jf*;w 1
. . . . Echargeable bt o

cles. Its major advantage is that it can give a Sl
very large electric current for starting an engine. [%,

A lead-acid storage cell goes flat when
sulfuric acid is gradually converted into water and the electrodes are con-
verted into lead sulfate (PbO,4). When the lead-acid battery is recharged,
these chemical reactions are reversed until the chemicals have been re-
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_&ég stored to their original condition. A lead-acid battery has a
useful life of about two to three years and they produce
about 2V per cell.

@»@@] Nickel-iron battery
& A secondary cell widely used in heavy industry is
nickel-iron battery. The principle of operation is the same as
in the lead-acid cell. The only exception is that the negative
electrode consists of iron and the positive electrode is made
of nickel oxide (Ni,Og3). The electrolyte is a solution of po-
tassium hydroxide (KOH). The nickel-iron cell has the dis-
advantage of emitting hydrogen gas during charging.
Cadmium battery (nickel-cadmium cell)

This is also very similar to nickel-ion battery. Here
negative iron electrode is replaced by cadmium electrode.
The positive electrode is nickel oxide. Some nickel-cadmium
batteries gradually lose their maximum energy capacity if
they are repeatedly recharged after being only partially dis-
charged — this phenomenon of losing energy capacity is
called “memory effect”.

Lithium-ion battery

This is a rechargeable type of battery in which a lithium ion moves
between the anode and the cathode. This type of
battery is very commonly used in consumer elec-
tronics, laptop computers, cell phones, video
games, etc. Because of the best energy-to-weight
ratios, no memory effect and a slow loss of charge
when not in use, they are one of the most popular
types of battery for portable electronics.

.}f

BUIyD Ul epep
AL YyvywoogeL
Q0EL-OSS/v PO-IN

Exercise 1. Match the battery types with their applications

1. Lithium-ion battery ... a) is used in vehicles

2. Mercury cell ... b) is used in cell phones and laptop com-
puters

3. Alkaline dry cell ... c) is used in wristwatches and calculators

4. Lead-acid battery ... d) is used in remote controls and torches
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Exercise 2. Translate into English

1. barapeiika naet 3IEKTpUUECTBO, KOTJIa OTPUIIATEIbHBINA AIEKTPO/T
(KaToxa) pearupyer C JIEKTPOIUTOM.

2. Korga »yiexTpoiuT mpopearupoBall MOJTHOCTHbIO, TOBOPSAT, YTO
JIIEMEHT MUTAHUS Pa3psKEH.

3. HekoTopsie TUIBI rajibBAaHUYECKUX AJIEMEHTOB MOTYT Iepe3apsi-
’KaThCsl, €CJIM MPOIMYCKAaTh TOK B 0OpaTHOM HampaBJICHUH.

4. lllenoynslie GaTapeilku MIMPOKO MCIONB3YIOTCS B PaAUONPUEMHU-
Kax, MyJIbTax JUCTAHIIMOHHOTO yIpaBieHus U (oHApUKaX.

5. PryTHble OaTapeiiku cienanbl B GopMe MaJICHbKOTO AUCKA, YTOObI
UCIIOJIB30BaThCSl B MOPTATUBHBIX AJIEKTPOHHBIX YCTPOMCTBAX — HAPYUHBIX
yacax, KaJIbKyJISITOpax H T.1.

6. CBHMHIIOBO-KUCJIOTHBIH aKKyMYJISITOp IJisi aBTOMOOWJISE OOBIYHO
COCTOUT U3 LIECTU 3JEMEHTOB, COCIMHEHHBIX MOCIIEI0BATEIbHO, U MOMXKET
JaBaTh OYEHb OOJBIIION TOK JIJIsl 3aITyCKa JIBUTATEIIA.

/. VlonHo-nuTHEBbIE OaTapeu OOBIYHO HCIOJIB3YIOTCS B OBITOBOM
AJIEKTPOHMKE, HOYTOYKax, COTOBBIX Tele(oHax u T.1.

Unit 3. Capacitors

Vocabulary

advantage IPEUMYIIECTBO

besides KpPOMeE TOTO

capacitor KOHZCHCATOP

disadvantage HEJ0CTaTOK

distance paccTosiHue

fixed capacitor KOHCHCATOP MOCTOSIHHOW EMKOCTH
for this reason 10 TOM MPUYHHE

to move JIBUTATH(Cs1), IEpemMeniaTh(csl)
open 0OpBbIB, pa3phIB

part 4acTh

plate aHOJI
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to prevent IpeAOTBpAaIlaTh

reason IpUYMHA

to smooth CTJIQ)KMBATh

to store charge HAKaTUIMBATh 3apsijl

variable capacitor KOHCHCATOP MEPEMEHHOM EMKOCTH
Text

A capacitor is one of the main elements of a circuit. It stores electric
charge. A capacitor stores electric energy provided that a voltage source is
applied to it. Capacitors are used to smooth varying DC supplies by acting
as a reservoir of charge. They are also used in filter circuits because ca-
pacitors easily pass AC signals but they block DC signals.

Capacitance is a measure of a capacitor’s ability to store charge.
Large capacnanc_:e mee}ns that mor_e charge can Contaciive plaie
be stored. Capacitance is measured in farads. | / \

The main parts of a capacitor are metal 4 | 7 1 2
plates and insulators. The function of insulators ¥
Is to isolate the metal plates and in this way to
prevent a short.

Two common types of capacitors in use
nowadays are a fixed capacitor and a variable one. The plates of a fixed
capacitor cannot be moved; for this reason its capacitance does not change.
The plates of a variable capacitor move; its capacitance changes. The
greater the distance between the plates, the less is the capacitance of a ca-
pacitor. Variable capacitors are commonly used by radiomen; their func-
tion is to vary the frequency in the circuit. Fixed capacitors are used in tel-
ephone and radio work.

a s E Fixed capacitors have insulators pro-
A. B2 .

; e

| 1 a

| Dielectric

duced of paper, ceramics and other materials;
variable capacitors have air insulators. Paper
capacitors are commonly used in radio and
electronics; their advantage is their high ca-
pacitance, it may be higher than 1,000 pico-
farad.
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Besides, electrolyte capacitors are highly in use. They also have a
very high capacitance; it varies from 0.5 to 2,000 microfarad. Their disad-
vantage is that they change their capacitance when the temperature chang-
es. They can operate without a change only at temperatures not lower than
-40° C.

Common troubles in capacitors are an open and a short. A capacitor
stops operating and does not store energy in case it has a trouble. A capaci-
tor with a trouble should be substituted by a new one.

Exercise 1. Answer the questions

1. What is a capacitor used for?

2. What are the main parts of a capacitor?

3. What is the function of insulators?

4. What is the difference between a fixed capacitor and a variable
one?

5. What type of insulators do fixed capacitors have?

Exercise 2. Choose the correct answer

1. A capacitor is used ... a) to supply voltage
b) to store energy
2. A capacitor includes ... a) insulators
b) conducting wires
3. The function of insulators is ... a) to store energy
b) to prevent a short between met-
al plates
4. The capacitance of a fixed capacitor a) constant
is .. b) varied

5. The plates of a variable capacitor ... a) can be moved
b) cannot be moved
6. The greater the distance between the a) the greater is the capacitance
plates, ... b) the less is the capacitance
7. Fixed capacitors have ... a) air insulators
b) paper insulators
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Unit 4. Resistors

Vocabulary

to adjust perynupoBaTh (HaCTpanuBaTh)

cermet MeTaJlJIOKEpaMuKa

circuit board [Ie4yaTHas cXema, Ij1ara

fixed resistor HOCTOSTHHBIA PE3UCTOP

IR drop aKTUBHOE (OMUYECKOE) MaJIcHUE HaIpsoKe-
HUS; NaJ€HUE HAMPSHKEHUS HA BHYTPEHHEM
AKTUBHOM COIPOTUBJICHUU

to mount yCTaHaBIMBaTh, MOHTUPOBATH

potentiometer TIOTCHIIHOMET]

preset [IpeiBapuTebHas yCTaHOBKA

resistance track PE3UCTUBHAS JOPOIKKA

rheostat peocrar

variable resistor IIEPEMEHHBIN PE3UCTOP

wiper TIOJI3YHOK

Text

A resistor is one of the most common elements of any circuit. Re-
sistance is the property of a resistor which restricts the flow of charge. Re-
sistors are used 1) to reduce the value of current in the circuit; 2) to pro-
duce IR voltage drop and in this way to change the value of the voltage.

When current is passing through a resistor its temperature rises high.
The higher the value of current, the higher is the temperature of a resistor.
Each resistor has a maximum temperature to which it may be heated with-
out a trouble. If the temperature rises higher the resistor fails in an open
configuration and opens the circuit.

Resistors are rated in watts. The watt is the rate at which electric en-
ergy is supplied when current of one ampere is passing at a potential dif-
ference of one volt.

Some resistors have a constant value — these are fixed resistors, the
value of other resistors may be varied — these are variable resistors.
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Variable resistors consist of a resistance track with track
connections at both ends and a wiper wiper
which moves along the track. The
. £, track may be made of carbon, cermet
~ (ceramic and metal mixture) or a coil
Ny of wire (for low resistances). terminals

Y 5 ’ Variable resistors may be used as a rheostat
with two connections (the wiper and just one end of the track) or as a po-
tentiometer with all three connections in use. Miniature versions called
presets are made for setting up circuits which will not require regular ad-
justment.

In a rheostat two terminals are used: one connected to an end of the
track, the other to the moveable wiper. The resistance changes between the
two terminals from zero up to the maximum resistance. Rheostats are often
used to vary current, for example to control the brightness of a lamp or the
rate of charging a capacitor.

Potentiometers have all three terminals connected. This arrangement
Is normally used to vary voltage, for example to control the volume (loud-
ness) in radio or TV,

Presets are miniature versions of standard
variable resistors. They are designed to be mount-
ed directly onto circuit boards and adjusted only
when the circuit is built. For example, they may
be used to set the frequency of an alarm tone or
the sensitivity of a light-sensitive circuit. A small
screwdriver or similar tool is usually required to
adjust presets.

Exercise 1. Answer the questions
1. What is a resistor used for?
2. When does the temperature of a resistor rise?
3. What element is used to change the value of voltage?
4. How are resistors rated?
5. What types of resistors are there?
6. When does a resistor get open?
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7. What does an open resistor result in?
8. What is the difference between a fixed resistor and a variable re-
sistor?

Exercise 2. Translate into English

1. Pe3ucTopbl UCIIOJIB3YIOTCS ISl YMEHBIIIEHHS TOKA B LEIH.

2. Korga TOok mpoXoauT 4epe3 Pe3UCTop, €ro TeMrneparypa moBbIlia-
€TCA.

3. IlocTOsIHHBIE PE3UCTOPHI UMEIOT TOCTOSHHOE 3HAYEHUE COTIPOTUB-
JICHUA.

4. Ecnu BeInM4nHA COIIPOTHUBJICHUA MOIKCT OBITH HU3MCHECHA, TO 3TO
IIEPEMEHHBIN PE3UCTOP.

5. IlepeMeHHBIE PE3UCTOPBI COCTOAT W3 PE3UCTUBHOU JOPOXKKH U

TOJI3YHKA.

Unit 5. Relays
Vocabulary
to allow TIO3BOJISITh, pa3peniaTh
lever phIyar
magnetic field MarHUTHOE TIOJIe
relay coil KaTyIIIKa pee
separate OTIIENbHBIN; 000CO0ICHHBIN
set Ha0O0p (COBOKYITHOCTD)
Text

A relay is an electrically operated
switch. Current flowing through the coil of the
relay creates a magnetic field which attracts a
lever and connects or disconnects the switch
contacts. The coil current can be on or off so
relays have two switch positions.
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Relays allow one circuit to switch a second circuit which can be
completely separate from the first. For example, a low voltage battery cir-
cuit can use a relay to switch a 230V AC mains circuit. There is no electri-
cal connection inside the relay between the two circuits; the link is magnet-
ic and mechanical.

The coil of a relay passes a relatively large current, typically 30mA
for a 12V relay, but it can be as much as 100mA for relays designed to op-
erate from lower voltages.

Relays can have many sets of switch contacts. The relay’s switch
connections are usually labeled COM, NC and NO:

e COM = Common, always connect to this; it is the moving part of

the switch. NO

e NC = Normally Closed, COM is con-

_ C COM
nected to this when the relay coil is £

NG
off.
e NO = Normally Open, COM is connected to this when the relay
coil is on,

Connect to COM and NO if you want the switched circuit to be on
when the relay coil is on.

Connect to COM and NC if you want the switched circuit to be on
when the relay coil is off.

Exercise 1. Translate into English

1. Tok, npoxoasiuil Yyepe3 KaTyllIKy pelie, CO3AaeT MAarHUTHOE TOJIE,
KOTOPOE MPUTITUBACT PhlUar M 3aMbIKaeT WU Pa3MbIKA€T KOHTAKTHI BbI-
KJIFO4aTesl.

2. BuyTpu pene HET 3JIEeKTPUYECKOr0 COSTUMHEHUSI MEXITY JBYMSI lie-
TISIMHU.

3. Bce peiie UMEIOT J1Ba MOJI0KEHUS TIEPEKITIOUATES.

4. Pene MOTYT UMETh MHOTO KOHTAKTHBIX TPYIII MEPEKITIOUCHHUS.

Exercise 2. Pair work. Make up a dialogue about principles of relay
operation
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Unit 6. Electron tubes

Vocabulary

amplification YCHJICHHE

anode aHoJ{

carrier HOCHTEIb (3aps/a)
cathode KaTos

diode IO

electrode BIICKTPO]I

electron tube DJIGKTPOHHAS JTaMIIa

to emit UCITYCKaTh, H3]Ty4aTh
envelope 0ayuToH, KoJ10a

evacuated BAKYYMHBIN, pa3pe:KeHHbIN
field emission aBTOXJICKTPOHHASI SMUCCHS
filament HHUTh HaKaja

filament voltage HaIpsDKECHUE HaKalia
gas-filled ra30HANOTHCHHBIN

grid CeTKa

to heat HarpeBath(cs)

heater HarpeBaTeb

operation pabora

photoelectric emission
plate current

rectifier

to repel

secondary emission
thermionic emission

(bOTORIIEKTPOHHAS SMUCCUS
TOK aHO/a, aHOJJHBIN TOK
BBITIPSIMUTEIh

OTTAJIKUBATh

BTOPHUYHASI SMUCCUS
TEPMOAJIEKTPOHHAS IMUCCHS

triode TPHUO/T
velocity CKOPOCTH
Text

A good high vacuum is practically a perfect nonconductor, since in it
no carriers of electricity are present. If two metal plates or electrodes are
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enclosed in a vacuum by a glass envelope, we have an open circuit and no
current will flow.

However, if one of the electrodes is heated to a high temperature, the
velocity of some of the electrons in the metal becomes high enough for
these electrons to escape. This process is called emission.

There are some methods of obtaining emission. They are thermionic,
photoelectric, field and secondary. The operation of electron tubes or vac-
uum tubes is based on the thermionic emission.

The electrode which emits the electrons is called a cathode. The elec-
trode which acts as a collector of the electrons (positive potential) is called
a plate or anode. The electrodes are mounted in an evacuated or gas-filled
envelope. So any electron tube is a metal, glass or ceramic envelope con-
taining electrodes.

Electron tubes are classified by the number of electrodes they con-
tain. A tube with two electrodes is known as a diode, a tube with three
electrodes is a triode, etc.

Diodes

The diode design is simple. It has a cathode with a heater and a plate.
When the filament voltage is turned on, the cathode emits electrons. Nega-
tive voltage on the cathode repels the ot
electrons. Positive voltage on the plate at- e ——
tracts the electrons. Then the electrons re- M o Snade Potema!
turn through the external circuit to the
cathode. The electric field is established
within the tube. The current flows through
the tube. This flow of electrons is known
as the plate current. If negative voltage is
applied to the plate, the current does not ©*""
flow. The plate current flows only during
the time when the plate is positive. Thus, Fitament {'
the diode conducts the current in one di- e
rection only.

Diodes are used as rectifiers of alternating voltages, as detectors of
radio signals, as switching devices, etc. So the only function of a diode is
to convert alternating current voltage into direct current voltage.
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Triodes

In a triode there are three electrodes: a cathode, a plate and a grid.
When heated the cathode emits electrons. The
asassenveiope  €lectrons flow from the cathode to the plate.
Plate (anode) The grid is placed between the cathode and the
o plate. It controls the flow of electrons. The
closer the grid is to the cathode, the more influ-
ence it has on the electron flow. Even if small
negative voltage is applied to the grid, a large
plate current flows. If large negative voltage is
applied to the grid, the plate current decreases.

Due to this property of a triode, it can be used for amplification.

AL Filament (cathode)

Exercise 1. Translate the words in brackets into English

1. (Pabota snexTpoHHbIX Jamm) IS based on the thermionic emission.

2. The electrode which (u3myuaer) electrons is called a cathode.

3. The electrode which acts as (coouparens amextponon) is called a
plate.

4. An electron tube is an evacuated or gas-filled envelope (coxep-
KAl 3JCKTPOIbI).

5. The diode (ycrpoiicTBo) is simple.

6. The cathode is used as an (u3nyuarens) of the electrons.

7. The diode (mposoauT) current in one direction only.

8. All the triodes have the following electrodes: a cathode, a plate
and the third element called (cetka).

9. The grid (ympasaser) the flow of electrons.

10. (Yem Onmxe) the grid to the cathode, (TeM Oosbiiie BiusiHUSA) it
has on the electron flow.

Exercise 2. Match the questions with the answers

a) 1. Are electron tubes classified by the number  a) No, it isn’t.
of electrodes they contain?
2. |s a tube with three electrodes called a diode? b) Yes, there are.
3. Are there four methods of obtaining emis- Cc) Yes, it is.
sion?
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b)

4. The operation of electron tubes is based on
the thermionic emission, isn’t 1t?

1. The diode design isn’t complex, is it?

2. Does the diode conduct the current in one di-
rection only?

3. Is the diode used as a rectifier?

4. Does the triode convert AC voltage into DC
voltage?

1. Is the triode used as a rectifier?

2. Are there four electrodes in a triode?

3. Does the plate control the flow of electrons?
4. Is the grid placed between the plate and the
cathode?
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d) Yes, they are.

a) Yes, it does.
b) No, it doesn’t.

c) No, it isn’t.
d) Yes, it is.

a) No, there aren’t.
b) Yes, itis.

c¢) No, it isn’t.

d) No, it doesn’t.



PART 3.
ELECTRIC POWER GENERATION

Unit 1. Power plant

Vocabulary

alternator
beam

boiler

chain reaction
to condense
convenient
dam
equipment
fissile

fission

fossil fuel
to generate

reHepaTop MepeMEeHHOT0 TOKa
Ty

napoBoOi KoTel, Ooilsep

IeTTHAs PeaKIIHs

KOHJICHCUPOBATh

yIOOHBIM

namoa, INIOTHHA

000pya0BaHUE

pacCIIeTUISIOIIUICS,; IOJIBEPTAOLITUICSI
pacCIIEIUICHUIO, SIICPHOMY JIETICHUIO
paciieruieHue, neneHue (aToMHOTO  sapa
NPY NETTHON PeaKInm)

MICKOTIaeMO€ TOTINBO

BBIpA0ATHIBATh (IHEPTHIO U T.II.), POU3BO-
JMTh, TCHEPUPOBATh

geothermal energy reoTepMalibHast SHEPTHS

hydroelectric power plant THIPOIJICKTPOCTAHIINS
industrial enterprise IPOMBIIIUICHHOE MPEIITPUSITHE
nuclear energy s/IepHAsl, aTOMHAs YHEPTHUS
petroleum HEPThH

photovoltaic power plant (hOTOIEKTpHUYECKasT CTAHITUS
power plant AJICKTPOCTAHITUS

renewable energy BO300HOBJIsICMasi SHEPTHUs
solar array COJIHEYHAs ITaHEeIIb

solar power plant COJIHEYHAs 3JICKTPOCTAHIUS

steam rap
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steam power plant napoTypOHHHAs 3JIEKTPOCTAHIIMS

turbine TypOHHa

wind farm BETPOBast 3JIEKTPOCTAHIIUS
working fluid paboyast >KUJIKOCTh

Text

Energy exists in various forms but electrical energy is the most con-
venient form of energy. It can be transported with ease, generated in differ-
ent ways, and can be converted into mechanical work or heat energy. A
power plant (also known as power station) is basically an industrial enter-
prise for the generation of electrical energy. The basic purpose of a power
plant is to convert other types of energy such as chemical energy, nuclear
energy, geothermal energy, falling water energy (hydroelectric dams) into
electric power. The electric equipment used inside a power plant converts
mechanical energy into electrical energy using turbines and alternators.

Thermal power plants convert heat energy into electrical energy.
Heat is generated by burning fossil fuels like coal, petroleum or natural
gas. These power plants are also called the fossil fuel power plants. The
working fluid of these plants is mostly steam.

A steam power plant consists of a boiler which is used to generate
the steam from water, a steam turbine rotating the alternator to produce
electricity. The steam is again condensed in the condenser and led back to
the boiler.

Hydroelectric power plants use the kinetic energy of flowing water
to produce electrical energy. Hydroelectric power plants store water in
large reservoirs. The water in these reservoirs flows down the dam and ro-
tates a turbine. As the blades of the turbine turn, so do the magnets inside
the generator which is connected to the turbine. These magnets rotate past
copper coils and with each rotation, electricity is produced. The major
drawback of hydroelectric power plants is that they are highly dependent
on the hydrological cycle of the area where they are built.

Nuclear power plants work on the chemical process of fission. Fis-
sion is a nuclear reaction in which atoms of certain elements called nuclear
fuels absorb free neutrons. Then they split into two or more smaller nuclei
and some free neutrons. In this process, large amount of energy is released.
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The free neutrons further strike the atoms of other fissile materials, thus
beginning a chain reaction. The energy released from this chain reaction is
used to generate electricity. Nuclear power plants have ways to control or
stop these reactions when they go out of control. A lot of radioactive mate-
rial is created in the process of fission. These substances remain radioac-
tive for long time, so there exists the problem of managing nuclear waste.

Solar power plants concentrate the rays of the sun into a single beam
using lenses and mirrors. The beam then heats a working fluid that is used to
generate power. Besides, the concentrating solar power plants, multi-
megawatt photovoltaic power plants have also been built in recent times. In
these plants, sun rays are concentrated on photovoltaic solar arrays which
convert the Sun’s energy into electrical energy using the photoelectric effect.

Wind farms are renewable energy converters. The energy generated
by a wind farm can be fed directly into the general energy grid after pass-
ing through transformers. Wind farms are a large source of renewable en-
ergy. Once installed, a wind farm can operate for a long time.

Exercise 1. Complete the sentences using information from the text

1. An industrial enterprise for the generation of electrical energy is
called ...

2. Conversion of other energy types into electric power is ...

3. In thermal power plants, ... is converted into electrical energy.

4. The kinetic energy of flowing water is used to produce electrical
energy in ...

5. The working principle of nuclear power plants is based on ...

6. ... are used in solar power plants to concentrate the rays of the Sun
into a single beam.

7. Awind farmisa ...

Exercise 2. Translate into English

1. DyeKTpoCTaHIMsI — TO MPOMBIIUICHHOE MPEANPUATHES IS TCHE-
PUPOBAHUS DIICKTPOIHEPTHH.

2. DIeKTpooOOPYI0BaHUE HA AJICKTPOCTAHIIMHU MpeoldpazyeT Mexa-
HUYECKYIO SHEPTHIO, HCIIOJIb3Ys TYPOHHBI U TeHEPaTOPBHI.
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3. ITapoBas IEKTPOCTAHIUSA COCTOUT U3 KOTJIA VIS MOJy4EeHUs napa
13 BOJIBI U MTAPOBOM TYPOWHBI, BpaIaloIIei TeHepaTop.

4. I'maBHBIA HEAOCTATOK TUIPOAIEKTPOCTAHIIMN COCTOUT B TOM, UTO
OHM OYEHBb 3aBUCAT OT TMAPOJIOTHYECKOIO IMKJIA TOTO palloHa, II€ OHM
ITIOCTPOCHBI.

5. Ha conHeuYHbIX dJIEKTPOCTAHIUAX JIYUYH COJIHIIA KOHLEHTPUPYIOTCS
Ha COJIHEYHBIX MAaHEJAX, KOTOPbIE IPeo0pa3yoT SHEPTHIO COJIHLIA B AJIEK-
TPUUYECKYIO SHEPTHUIO.

6. DHeprus, NpPOU3BEACHHAsA BETPOBOM JIIEKTPOCTAHLIMEN, MOXKET
[10/1aBaThCS HEMOCPEJACTBEHHO B OOILYIO CETh MOCIIE MPOXOKIACHUS Yepes

TpaHchopMaTOpHI.
Unit 2. Hydroelectric power plant
Vocabulary
blade JI0MACTh
to fluctuate MEHSITHCST;, KOIe0aThCs
water head HAIIOp BOJIBI; BOASHOM CTOJIO
level ypOBEHb
magnitude BEJIMYMHA
power capacity MOIITHOCTb
to rotate Bpamath(csi)
runner poTop
shaft BaJI, OCh
Text

Hydroelectric power plants are built on rivers. Large-capacity hydro-
electric power plants are commonly located at considerable distances from
the consumers of electric power.

The production process at these plants is rather simple: the water
flows into the hydroturbine runner, acts upon the runner blades and rotates
the runner and the turbine shaft.
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The generator shaft is
connected to the turbine run-
ner shaft. The difference in
the water level influences the
power capacity of a plant,
I.e. the magnitude of the wa-
ter head and the daily inflow Turbine -
of water fluctuate considera- |
bly according to the season.

The production process is different at power plants of different con-
structions and of different kinds. In atomic power plants, for example, it is
not so simple as in hydroelectric plants.

Exercise 1. Find in the text above the English equivalents of the follow-
ing word combinations

1. 3HAUUTENBHOE PACCTOSHUE; 2. MPOMU3BOACTBEHHBIN Ipo1iecc; 3. Baj
reHepaTopa; 4. THIPOIICKTPOCTAHIIHUS OOJIBIION €MKOCTH; 5. BIUITh HA
MOIIHOCTb; 6. CYTOUYHBIM MPUTOK BOJBI; /. HOTPEOUTENHN SIEKTPOIHEPTUH;
8. poTop TYypOUHBI.

Exercise 2. Choose the correct answer
1. Hydroelectric power plants are  a) rivers

built on ... b) waterfalls
2. Large-capacity power plants are  a) at a short distance from consumers
located ... of power

b) at a considerable distance from
power consumers

3. The production process at hy- a) very complex

droelectric power plants is ... b) rather simple

4. The power capacity of a plant ... a) remains constant
b) changes depending on the differ-
ence in the water level

5. The daily inflow of water fluctu- a) the consumption

ates according to ... b) the season
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6. The production process ... a) depends on the construction of a
plant
b) is the same at power plants of dif-
ferent constructions

Unit 3. Atomic power plant

Vocabulary

attending personnel 00CITY)KUBAIOIINN TIEPCOHAT
to deliver [IOCTaBJIATH; JOCTABIIATE
dust IBUTH

to feed [101aBaTh; OABOIUTE
heat exchanger TEIJI00OMEHHMK

to include BKJIFOYATh B CEOs

to install yCTaHABIIMBATh

to pollute 3arps3HATH

to shield 3alMIIATh

tube TpyOa

Text

Atomic power plants are modern installations. They consist of sever-
al main units and a great number of auxiliary ones.

In a nuclear reactor uranium is utilized as fuel. During operation pro-
cess powerful heat and radioactive radiation are produced. The nuclear re-
actor is cooled by water circulation. Cooling water circulates through a
system of tubes, in which the water is heated to a temperature of 250-
300°C. In order to prevent boiling of water, it passes into the reactor at a
pressure up to 150 atmospheres.

A steam generator includes a series of heat exchangers comprising
tubes. The water heated in the reactor is delivered into the heat exchanger
tubes. The water to be converted into steam flows outside these tubes. The
steam produced is fed into the turbogenerator.
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Besides, an atomic power plant comprises a common turbogenerator,
a steam condenser with circulating water and a switchboard.

Steam
Generator }

Heavy Water
Coolant

{in heat
transport
system)

Generator

[ >

Fuel \ Heavy Water Fuelling Transformer

{Uranium) Moderator Machine
(in calandria)

Cooling Water
from Lake/Ccean/River

Atomic power plants have both advantages and disadvantages. The
reactors and steam generators operate in them noiselessly; the atmosphere
is not polluted with dust and smoke. As to the fuel consumption, it is of no
special importance and there is no problem of fuel transportation.

The disadvantage of power plants utilizing nuclear fuel is their radia-
tion. Radioactive radiation produced in the reactors is dangerous for at-
tending personnel. Therefore, the reactors and steam generators are in-
stalled underground. They are also shielded by thick (up to 1.5 m) concrete
walls. All their controls are operated by means of automatic devices. These
measures serve to protect people from radioactive radiation.

Exercise 1. Answer the questions

1. What are the main units of an atomic power plant?

2. How is the nuclear reactor cooled?

3. At what pressure does the water pass into the reactor?

4. Why is it necessary to protect atomic power plant personnel?

5. What measures are taken to protect the personnel from radioactive
radiation?

42



Exercise 2. Complete the text with the words below. Entitle the text

a) designed b) contaminated C) accident
d) cooling e) explosions

The earthquake and tsunami that struck eastern Japan on March 11,
2011, caused a serious at the Fukushima Dai-ichi nuclear
power plant on the northeastern coast of Japan.

The earthquake cut off external power to the reactors. Tsunami,
which reached levels more than twice as high as the plant was
to withstand, disabled backup diesel generators, crippling
the reactor systems. Battery power was quickly exhausted,
and overheating fuel in the plant’s operating reactor cores led to hydrogen
that severely damaged three of the reactor buildings. Fuel
in three of the reactor cores melted, and radiation releases from the dam-
aged reactors a wide area surrounding the plant and forced
the evacuation of nearly half a million residents.
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PART 4.
ELECTRIC POWER TRANSMISSION

Unit 1. Transmission lines

Vocabulary

air circuit breaker
alternate route

bus bar

bus support insulator
capacitor bank

Cross arm

cross sectional area
demand

to energize
Interconnected power system
leakage current

line conductor
network

oil circuit breaker
overhead power line
pole

pothead

(power) grid

to quench the arc

to reinforce

shut down

strand

substation
subtransmission line

suspension insulator string
supply

tower

to transmit

transmission line
underground power line

BO3IYIIHBINA BBIKJIFOUATEIIb
aNbTEPHATUBHBIN, 00XOJHON NyTh
cobupaTenpHas MUHA

ONIOPHBIN IIWHHBIN U30JISITOP
KOHJIeHCAaTOpHast OaTapes

nornepevyHas 0aaka

IUIOLIA/b TOTIEPEYHOTO CEYEHUS

cpoc

[0/1aBaTh MUTAHUE; BKIOYATh HAIPSKEHUE
00beIMHEHHAsI PHEPTOCUCTEMA

TOK yTCUKHU

JIMHEVHBIN MPOBOJ

CETh

MAaCJISTHBIN BBIKTIOYATENb

BO3JIyIIHAS JIMHUS 3JIEKTpOIepeaadn
CTOJIO

KOHILIeBas KabenbHas Mydra
AJIIEKTPO3HEPreTUUECKAs CUCTEMA; JJICK-
TpUYECKas CETh

racuTh AYTY

YKPEIUISTh, YCUIINBATh

OTKJIIOYUTH (JIEKTPUUECTBO); OCTAHOBUTH
xKua, npsap (kadess)

MOJICTAHIIUS

pacnpeaenuTenbHas JMHUS, OTXOA1Ias OT
OKOHEYHOW MOJCTAaHIUU AJIEKTponepe1adn
TUPJISIHAA TTOABECHBIX U30JIATOPOB
CHa0>XXEeHHE, OCTABKA; MPEJI0KEHNE
BbIIIKA; MayTa; onopa (JIDIT)

nepenaBaTh

JTUHUS TIepeadn

No/I3eMHas JTMHUA dJIEKTpONepeaun
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Text

Electrical energy from power plants is transferred to substations lo-
cated near cities. Transmission lines are high-voltage transmission net-
works. They are usually called “power grids” or simply “grids”. Transmis-
sion lines use three-phase alternating current (AC). Railway electrification
systems sometimes use single phase AC. It is more economical to transmit
electricity at high voltages (110 kV or above) to reduce the energy loss in
long distance transmission. Electric power is usually transmitted through
overhead power lines. Underground power transmission lines through ca-
bles are more expensive but are often used in cities.

Electrical energy cannot be stored and therefore must be generated
when it is needed. Electrical energy supply must be equal to the demand. If
supply and demand are not equal, generation plants and transmission
equipment can shut down. That is why electric transmission networks are
interconnected into regional, national or continental wide networks. This
interconnected power system provides alternate routes for electric power to
another part of the network.

Subtransmission lines carry voltages reduced from the major trans-
mission line system (typically,
34.5 kV to 69 kV). This power is
sent to regional distribution sub-
stations.

Overhead AC transmission
lines usually carry three-phase
current. The voltages can be dif-
ferent according to the particular ‘ )
grid system they belong to. Transmission voltages vary from 69 kV up to
765 kV.

The DC voltage transmission tower has lines in pairs rather than in
threes (for three-phase current) as in AC voltage lines. One line is the posi-
tive current line and the other is the negative current line.

High-voltage overhead lines are made of aluminum wires not cov-
ered by insulation. Wires have several strands and are often reinforced with
steel strands. Copper was sometimes used before for overhead transmission
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but aluminum weighs less and is cheaper. Overhead conductors can have
cross sectional area from 12 mm? to 750 mm?. Transmission voltages are
usually 110 kV and above. Voltages 66 kV and 33 kV are sometimes used
on long lines with small loads. Voltages less than 33 kV are usually used
for distribution. : booK 2

Insulators are usually made of porcelain ¢ a D
or glass and can be stacked in a suspension in- - g
sulator string. They hang fromacrossarmona 4 ¢ e
tower or pole and support the line conductor. @ L o= &
Suspension insulators are used for very high voltage systems.

A pothead is a type of insulator with a bell-
or pot-like shape used to connect underground
electrical cables to overhead lines. It separates the
conductors from one another in the cable. It also
seals the cable end from the weather. Potheads are
mounted on a distribution pole.

Air circuit breakers are used to break circuits while current flows
through them. Compressed air is used to quench the arc when the connec-
tion is broken.

Bus support insulators are porcelain or /iz :
fibreglass insulators that serve to isolate the
bus bar switches and other support structures
and to prevent leakage current from flowing
through the structure or to ground. These insu- <
lators are similar in function to other insulators —_  —_ — | | _—

- - - - /‘ ;L_i—/"-.v'<N
used in substations and transmission poles and 3, .— {_,,r@/
towers. i’ g a3l =

Capacitors are used to control the level of the voltage supplied. Oil
circuit breakers are used to switch circuits and equipment in and out of a
system in a substation. They are oil filled to provide cooling and to prevent
arching when the switch is activated.

Circuit switches provide equipment protection for transformers,
lines, cables and capacitor banks. They are also used to energize and reen-
ergize capacitor banks and other circuits.
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Exercise 1. Answer the questions

1. What is the usual way of transmitting electric power?

2. Can electrical energy be stored?

3. What types of transmission lines are there?

4. Why is electricity transmitted at high voltages?

5. Why are electric transmission networks interconnected into wider
networks?

6. Which type of insulator is used to connect underground cables to
overhead lines?

7. What is used to control the voltage level supplied?

Exercise 2. Translate into English

1. JIuaum snekTpornepeaadyn UCroiab3yloT Tpexda3Hblidl TepeMeHHbBIN
TOK.

2. JIuHUM 3JIEKTPOIEPEIaun CBSI3aHbl B PETMOHAJIBHBIE, HAIMOHAIIb-
HBIC WJIA KOHTUHEHTAJIbHBIC CETH.

3. BBICOKOBOJIbTHBIE BO3AYIIHBIE JIMHUU 3JIEKTPONEPENAUYN UCIIOIb-
3YIOT AJIIOMUHUEBBIE TTPOBO/IA, HE TOKPHITHIE U30JISAIIUEN.

4. TlopzemHbIe JTUHUU DJEKTpOTEpenadn OoJjiee JOPOTHE, HO YacTo
VICIIOJIB3YIOTCS B TOPOJIAX.

5. 'upngHaa MOABECHBIX M30JISITOPOB BUCUT HA MONEPEUYMHE BBIIIKU
WJIM Ha CTOJI0C M TIOAICP)KUBACT JTUHEHHBIM MPOBO/I.

6. Bo3ayiiHbie BBIKIIOYATEIN UCTIOB3YIOTCS ISl PEPhIBAHUS 1IETIH,
KOTJIa B HUX TE€YET TOK.

Unit 2. Transformers

Vocabulary

to convert npeoOpa3oBHIBATH
core CEPJICUYHUK

due to Onmaromaps; uz-3a
electric power AJIEKTPOIHEPT U
primary winding IepBUYHAs 0OMOTKA
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regulator CTa0MIIM3aTOop

secondary winding BTOpHUYHAsT OOMOTKA

smoothing CTJIQKUBAOMIAs (PYIIBTPAIIHS

to step down OHMKATh

step-down transformer MOHIKAIOIIUI TpaHchopmaTop

to step up IOBBIIATH

step-up transformer HOBBIIIAIOIINI TpaHcHopMaTOP

to supply CHA0XXaTh; OCTABJIATH; MOJaBaTh; MUTATh
to transfer niepeaaBaTh, IEPEHOCHUTH
two-winding transformer IBYXOOMOTOYHBIN TpaHChOpMaTOp
turn BUTOK

while TOTIa KaK

winding 0o0OMOTKa

Text

There are many types of power supply. Most are designed to convert
high voltage AC mains electricity to a suitable low voltage supply for elec-
tronics circuits and other devices. A power supply can be broken down into
a series of blocks (e.g. transformer, rectifier, smoothing, regulator), each of
which performs a particular function.

A transformer is a static device which transfers AC electrical power
from one circuit to the other at the same frequency, but the voltage level is
usually changed. For economical reasons, electric power is required to be
transmitted at high voltage while it has to be utilized at low voltage from a
safety point of view. (artiiated Core
Due to the transformer _. i
electric power may be R ——
transferred at a high acuoroge ., q lr \5 Ijmad
voltage and reduced at  s°urce | 42_:;.5;” 1!
the point where it must s, e o i -
be used to any value. Winding

A two-winding transformer consists of a closed core and two coils
(windings). The primary winding is connected to the voltage source. It re-
ceives energy. The secondary winding is connected to the load resistance
and supplies energy to the load.
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The value of voltage across the secondary winding depends on the

L

number of turns in it. In case it is
equal to the number of turns in the
primary winding, the voltage in the
secondary winding is the same as in
the primary. In case the secondary
has more turns than the primary, the
output voltage is greater than the in-
put voltage. The voltage in the sec-
ondary is greater than the voltage in
the primary by as many times as the
number of turns in the secondary is
greater than the number of turns in

the primary. A transformer of this type increases or steps up the voltage
and is called a step-up transformer. In case the secondary has fewer turns
than the primary, the output voltage is lower than the input. Such a trans-
former decreases or steps down the voltage; it is called a step-down trans-

former.

Common troubles in transformers are an open in the winding, a short
between the primary and the secondary, and a short between turns. In case
a transformer has a trouble it stops operating or operates badly. A trans-
former with a trouble should be substituted.

Exercise 1. Choose the correct answer

1. A transformer is used ...

2. Electric power is transferred
at a high voltage and reduced to
any value due to ...

3. A transformer consists of ...

4. The function of the primary is

5. The function of the secondary
IS ...

a) to change the frequency in a circuit
b) to change the voltage in a circuit
a) transformers

b) rectifiers

a) a core and windings

b) primary and secondary windings
a) to receive energy

b) to supply energy

a) to receive energy

b) to supply energy
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6. A step-up transformer in-

creases the voltage ...

a) on its primary winding with respect
to the secondary

b) on its secondary winding with respect
to the primary

7. In a step-down transformer ... a) the number of turns of the secondary

winding is greater than the number of
turns of the primary

b) the number of turns of the primary
winding is greater than the number of
turns of the secondary

Exercise 2. Complete the sentences using while
1. The secondary winding of a transformer is connected to the load

resistance ...

2. The primary winding receives energy ...

3. A step-down transformer decreases the voltage ...
4. In a step-up transformer the number of turns of the secondary
winding is greater than the number of turns of the primary winding ...

Vocabulary

bus

control house
distribution substation
emergency
end-user

grounded neutral
power blackout
power line carrier
power transformer
residential customer
supervisory control

Unit 3. Substation

IMHA
JTUCTIETYEPCKUIN MYHKT

pacnpeaenuTenbHas MoICTaHLIMs

aBapusl; HEMPEIBUIACHHBIN ClIydan
KOHEYHBIN MOJIb30BATENb

3a3EMJICHHAS! HEUTPAIb

OTKJIFOYCHHE DIEKTPOIHEPTUU
BBICOKOYACTOTHAs CBS3b 1O npoBoaam JIDII
CUJIOBOM TpaHchopmMaTop

OBITOBOI MOTPEOUTENH FIEKTPOIHEPTUU
IUCIIETYEPCKOE YIPABIEHUE
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switchboard panel pacrpenenuTeIbHbINA AT

switching point HepeKIToUaTeIbHast OCTaHIUs
transmission substation nepearonas Mo ICTaHIUs
Text

A substation is a high-voltage electric system facility. It is used to
switch on and off generators, equipment and circuits or lines in a system. It
Is also used to change AC voltages from one level to another or change al-
ternating current to direct current or vice versa. Some substations are
small; they have a transformer and switches. Other substations are very
large with several transformers and dozens of switches and other equip-
ment.

The substation control house contains switchboard panels, batteries,
battery chargers, supervisory control, power-line carrier, meters and relays.
The control house provides all weather protection and security for the con-
trol equipment.

Batteries are used in the substation control house to power the con-
trol systems in case of a power blackout. Control panels contain meters,
control switches and recorders located in the control building, also called a
doghouse. These are used to control the substation equipment, to send
power from one circuit to another or to open or to shut down circuits when
needed.

There are three main types of substations.

A step-up transmission substation receives electric power from a
nearby power plant and uses a large power transformer to increase the
voltage for transmission to distant places. A transmission bus is used to
distribute electric power to one or more transmission lines.

A substation can have circuit breakers that are used to switch genera-
tion and transmission circuits in and out of service. This is made in case of
emergencies requiring shut-down of power to a circuit or redirection of
power.

The voltages from a step-up transmission substation are determined
by the customer needs in regional grids. Direct current voltage is either
positive or negative. A DC line has two conductors, so one would be posi-
tive and the other negative.
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Step-down transmission substations are located at switching points
in an electrical grid. They connect different parts of a grid and are a source
for subtransmission lines or distribution lines. The step-down substation
can change the transmission voltage to a subtransmission voltage, usually
69 kV. The subtransmission voltage lines can then serve as a source to dis-
tribution substations. The power goes to a distribution substation.

Distribution substations are located near the end-users. Distribution
substation transformers change the transmission voltage to lower levels for
end-user consumption. Typical distribution voltages vary from
34,500Y/19,920 volts to 4,160Y/2,400 volts.

34,500Y/19,920 volts means a three-phase circuit with a grounded
neutral source. This would have three high-voltage conductors or wires and
one grounded neutral conductor, a total of four wires. The voltage between
the three-phase conductors would be 34,500 volts and the voltage between
one-phase conductor and the neutral ground would be 19,920 volts.

From distribution substation the power is distributed to industrial,
commercial and residential customers.

Exercise 1. Put the words in the correct order

1. A step-up transformer, places, is, to increase, for, to, transmission,
the voltage, distant, used.

2. Are, of, three, there, types, substations, main.

3. A source, step-down transmission substations, distribution lines,
are, for.

4. Determined, the voltage, needs, by, is, the customer.

Exercise 2. Translate into English

1. HOI[CTaHHI/ISI HCIIOJB3YCTCA AJIsd TOIO, YTOOBI BKJIIOYATh U BBIKIIIO-
4aThb I'CHCPATOPHI, 060py)103aHI/Ie U JIMHUHU B CUCTCMC.

2. HOI[CTaHLII/II/I MOT'yT OBITH OYEHBb OOJBIINE C HECKOJIbKUMHU TpaHC-
dbopmaTopaMu 1 MHOKECTBOM BBIKITIOUATEIIEH U APYroro 000pyI0BaHUS.

3. HOBBIH_IaIOHIaSI nepeaaromas nmoACTaHuA 1oJIydacT 3JICKTPOIHEP-
THI0 OT ONM3IeKamie 3JIEKTPOCTAHIIMM W HWCIOJIb3yeT TpaHchopmaTop
OOJBIION MOIIHOCTH, YTOOBI YBETUYUTH HAIIPSKEHUE.
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4. TloHmxkarnme nepenaronye noJCTaHIMd PacoIOKEHbI TIPU Tie-
PEKII0YATEIbHBIX MOACTAHIUAX B DAJIEKTPUYECKON CETHU M SIBIAIOTCS HC-
TOYHUKOM JIJISI pacTIpeIeIUTEIIbHBIX TUHUM.

5. PacnpenenutenbHble MOJACTAHIIMA HW3MEHSIOT I€pe/laBacMoe
HaIpsDKeHUE 70 0oJiee HU3KOTO YPOBHA MJiA MOTPEOJeHUS KOHEUHBIMH
10JIb30BATCIISIMH.

Exercise 3. Choose the correct words from the brackets to com-
plete the descriptions of different stages of AC generation and supply.
Put the stages in the correct order

a. After the step-up transformer, the current enters a (distribution /
transmission) line.

b. Current is produced at sites called (power / electric) stations.

c. The current goes from the step-down transformer to a (distribution
/ transmission) line.

d. The current leaves the power (grid / station) and enters homes.

e. Amperage is reduced and voltage is increased by a (step-up / step-
down) transformer.
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PART 5.

ELECTRIC POWER CONSUMPTION

Unit 1. Plug and socket types

Vocabulary

earthing
grounded
grounding
hot

to insert
outlet
pin

plug
prong
recessed
socket

spring

Text

- mainly used in the USA,
Canada, Mexico & Japan
- 2 pins
* not grounded
-15A
- almost always 100-127 V
- socket compatible with plug
type A

3a3eMJICHHE
3a3eMJICHHBIN

3a3eMJICHHUE

O] HAMIPSIKEHUEM

BCTaBJIATH

HITETCENbHAs PO3ETKa

HITBIPh; TUDT

IITEIICEIIbHAS BIJIKA

3y0elr; MTHIPb

YCTAHOBJICHHBIN 3aI10JIMIO; YTOTJIEHHBIN
HITETCENbHAs PO3€ETKa

py>K1Ha

There are currently 15 types of electri-
cal plugs in use today, each of which has
been assigned a letter by the US Department
of Commerce International Trade Admin-
istration (ITA), starting with A and moving
through the alphabet. Let’s consider some
most widely spread of them.

Type A

This class Il ungrounded plug with two
flat parallel prongs is pretty much standard in
most of North and Central America. It is
known as NEMA 1-15 and was invented in
1904 by Harvey Hubbell 1I. The plug has two
flat 1.5 mm thick blades, measuring 15.9—
18.3 mm in length and spaced 12.7 mm
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apart. Type A plugs are generally polarized and can only be inserted one
way because the two blades do not have the same width. The blade con-
nected to neutral is 7.9 mm wide and the hot blade is 6.3 mm wide. This
plug is rated at 15 amps.
Type B

This class | plug is designated as American standard NEMA 5-15. It
has two flat 1.5 mm thick blades, spaced 12.7 mm apart, measuring 15.9—
18.3 mm in length and 6.3 mm in width. It also has a 4.8 mm diameter
round or U-shaped earth pin, which is 3.2 mm longer than the two flat
blades, so the device is grounded before the power is connected. The cen-
tre-to-centre distance between the grounding pin and the middle of the im-
aginary line connecting the two power blades is 11.9 mm. The plug is rated
at 15 amps.

Type B

Type A and B plugs have two flat
prongs with (often, but not always) a hole
near the tip. These holes aren’t there without
a reason. If you were to take apart a type A
or B socket and look at the contact wipers
that the prongs slide into, you would find that
in some cases they have bumps on them.
These bumps fit into the holes so that the
outlet can grip the plug’s prongs more firmly. - mainly used in the USA,
This prevents the plug from slipping out of |  Canada, Mexico & Japan

: * 3 pi
the socket due to the weight of the plug and : groﬁrﬂid
cord. It also improves the contact between -15 A
the plug and the outlet. Some sockets, how- | - almostalways 100-127 V
q h h b but i - socket compatible with plug
ever, do not have those bumps but just two types A & B

spring-action blades that grip the sides of the
plug pin, in which case the holes are not necessary.

Type A and B plugs are not insulated (i.e. the pin shanks do not have
a black covering towards the plug body) and the outlets are not recessed
into the wall, which means that if a plug is pulled halfway out, its prongs
are still connected to the socket. Type A and B sockets are potentially dan-
gerous, since the distance between the socket and a partially pulled-out
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plug is big enough to touch the pins with your fingers or with a metal ob-
ject such as a teaspoon.
Type C

Type C is probably the single most widely used international plug.

Type C

- commonly used in Europe,
South America & Asia
- 2 pins
* not grounded

-25A

- almost always 220-240 V

» socket compatible with plug
type C

This two-wire plug is ungrounded and has
two round prongs. It is popularly known as
the Europlug which is described in CEE
7/16. The plug has two 4 mm round pins,
measuring 19 mm in length on centers
spaced 18.6 mm apart at the base and 17.5
mm apart at the tip. The two pins have 10
mm long insulated sleeves. They converge
slightly, but they are relatively flexible,
which allows the plug to mate with any
socket that accepts 4.0-4.8 mm round con-
tacts on 17.5-19 mm centers. The plug is
generally limited for use in class Il applica-
tions that require 2.5 amps or less. It is, of
course, unpolarized. It is commonly used in

all countries of Europe except in the United Type F

Kingdom, Ireland, Cyprus and Malta. It is al-
so used in various parts of the developing

world.

Whereas type C plugs are very com-
monly used, this is not the case for type C
sockets. This kind of socket is the older and
ungrounded variant of socket types E, F, J, K
or N. Nowadays most countries demand

- used almost everywhere in

grounded sockets to be installed in new | Europe & Russia, except for

buildings. Since type C sockets are un- the UK & Ireland
grounded, they are being replaced by type E, ) gr%mr;d
F, J, Kor N (depending on the country). .16 A
Type F - 220-240V
- socket compatible with plug
typesC,E & F
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Plug F is known as CEE 7/4 and commonly called “Schuko plug”,
which is the acronym of “Schutzkontakt”, a German word meaning “pro-
tection contact” or “safety contact”. The plug was designed in Germany
shortly after the First World War. It goes back to a patent (DE 370538)
granted in 1926 to Albert Biittner, a Bavarian manufacturer of electrical
accessories.

Type F is similar to C except that it is round and has the addition of
two grounding clips on the side of the plug. The plug has two 4.8 mm
round pins, measuring 19 mm in length on centers spaced 19 mm apart.
The distance between either of the two earthing clips and the middle of the
imaginary line connecting the centers of the two power pins is 16 mm.

Because the CEE 7/4 plug can be inserted in either direction into the
socket, the Schuko connection system is unpolarized (i.e. line and neutral
are connected at random). It is used in applications up to 16 amps.

Exercise 1. Choose the correct answer
1. Type A plugs are ... a) ungrounded, generally polarized, in-
sulated
b) ungrounded, polarized, not insulated
2. The most widely used interna-  a) type B

tional plug is ... b) type C
3. Type F socket is similarto ...  a) type C

b) type A
4. In 1904 Harvey Hubbell Il in-  a) type A plug
vented ... b) type F plug
5. Type ... plug has a grounding a) B
pin. b) F
6. Type C plug is popularly a) Europlug
known as ... b) Schuko plug

Exercise 2. Answer the questions
1. How many types of plugs are there nowadays?
2. Which plug type is used in Russia?
3. Why are type A and B plugs potentially dangerous?
4. Why is type F plug called Schuko?
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5. Why are type C sockets not commonly used in new buildings?
6. Which plug type is safer: C or F? Why?

Unit 2. Types and characteristics of electrical wires

Vocabulary

bare wire

circuit breaker panel

conduit

cord
flame-resistant
gauge

ground wire
hardwired

heat resistance
hot wire

main feed
junction box
service drop
sheathing
single strand wire
smoke detector
solid wire
stranded wire
wiring

Text

The terms wire and cable are often

TOJIBIM IPOBOJ

NaHesb MpephIBaTeieH 1enu
TpyOa JIsl SEKTPOMPOBOIKU
HHyp

OTHECTOMKUU

Kanmuop, COpTaMEHT
3a3EMJISIFOIIUIA TPOBOJ
COCIMHECHHBIA TPOBOIAMHU
TEIUIOCTOUKOCTh

POBOJI, MOJ1 HANPSIKEHUEM
MarucrpaibHasl JIMHUS (MATaHUS)
pacmpeaenurenbHas Kopooka
OTBETBJICHUE K MOTPEOUTEIIO
000JI04Ka

OJHOXHUJIbHBIN ITPOBO

JATYUK JbIMa

OJHOKUJIbHBIN MTPOBOJ]
MHOTOXXHWJIBHBIN TTPOBOJ
MPOKJIA/IKA JIEKTPUUECKUX MMPOBOJIOB;
AIEKTPOINPOBOJKA

Wire

used to describe the same thing, but they =

are actually quite different. Wire is a single

electrical conductor, whereas a cable is a /-
group of wires swathed in sheathing. . —
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Size of wires

Each application requires a certain wire size for installation, and the
right size for a specific application is determined by the wire gauge. Com-
mon wire sizes are 10, 12 and 14 — a higher number means a smaller wire
size, and affects the amount of power it can carry. For example, a low-
voltage lamp cord with 10 Amps will require 18-gauge wire, while service
panels or subpanels with 100 Amps will require 2-gauge wire.

Wire lettering

The letters THHN, THWN, THW and XHHN represent the main in-
sulation types of individual wires. These letters depict the following NEC
(National Electric Code) requirements:

e T —Thermoplastic insulation

e H — Heat resistance

e HH — High heat resistance (up to 194°F)

e W —Suitable for wet locations

e N — Nylon coating, resistant to damage by oil or gas

e X — Synthetic polymer that is flame-resistant
Types of wires

There are mainly 5 types of wire:

e Triplex wires: Triplex wires are usually used
in single-phase service drop conductors, between the
power pole and weatherheads. They are composed of
two insulated aluminum wires wrapped with a third
bare wire which is used as a common neutral. The
neutral is usually of a smaller p==—m—m—
— gauge and grounded at both the e

electric meter and the transformer.

e Main feeder wires: Main power feeder wires
are the wires that connect the service weatherhead to
the house. They’re made with stranded or solid THHN
wire and the cable installed is 25% more than the load
required.

e Panel feed wires: Panel feed cables are gener-
ally black insulated THHN wire. These are used to power the main junc-
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tion box and the circuit breaker panels. Just like main power feeder wires,
the cables should be rated for 25% more than the actual load.

e Non-metallic sheathed wires: .
Non-metallic Sheath WIre, OF ROMEX, mo oo s
IS used in most homes and has 2-3
c-onductors, each with pla_stlc msu-la- 2_wire with ground
tion, and a bare ground wire. The in-
dividual wires are covered with an- | /
other layer of non-metallic sheathing.
Since it’s relatively cheaper and avail-
able in ratings for 15, 20 and 20 amps,
this type is preferred for in-house wir- 3-wire with ground

ing.

e Single strand wires: Single strand wire also uses THHN wire,
though there are other variants. Each wire is separate and multiple wires
can be drawn together through a pipe easily. Single strand wires are the
most popular choice for layouts that use pipes to contain wires.

Color codes

Different color wires serve different purposes, like:

e Black: Hot wire, for switches or outlets.

e Red: Hot wire, for switch legs and for connecting wire between
two hardwired smoke detectors.

e Blue and Yellow: Hot wires, pulled in conduit. Blue for 3-4 way
switch application, and yellow for switch legs to control fan, lights etc.

e White: Always neutral.

e Green and Bare Copper: Only for grounding.

Exercise 1. Answer the questions
1. What is the difference between wire and cable?
2. What is the wire gauge?
3. What does wire lettering represent?
4. What wire type is used in service drop conductors?
5. Why are non-metallic sheath wires preferred for in-house wiring?
6. What insulation is used in non-metallic sheath wires?

7. What color is the ground wire?
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Exercise 2. Match the words with their definitions

1. wire a) a wire which comes from the bottom terminal of the
switch and becomes hot when the switch is turned on;
it is used to turn the load on and off

2. cable b) a flexible insulated electric cable, used especially to
connect appliances to mains

3. cord c) an overhead electrical line running from a utility

pole, to a customer’s building or other premises

4. service drop

d) a flexible metallic conductor, usually insulated,

used to carry electric current in a circuit

5. weatherhead
wires
6. switch leg

e) a grouping of two or more independent electrical

) a weatherproof receptacle at the service drop entry

point where overhead conductors enter a building

Unit 3. Watt hour meters

Vocabulary

accuracy
automatic meter reading system

counter mechanism

current coil

dial

eddy current

electromagnet

electromechanical induction meter

to exert force

flux

gear train

high end processor

TOYHOCTh

CHCTEMa aBTOMAaTU3UPOBAHHOTO
CHSTHS TIOKa3aHUM CUETUYMKA
CUCTHBIA MEXaHU3M

00MOTKa TOKa

ndepOat; Kpyrosas IKasna
BUXPEBOM TOK

3JICKTPOMArHuT
AJIEKTPOMEXaHUYECKUN UHIYKIIU-
OHHBIN CUETYHUK

npujiaraTb CUIy

ITIOTOK

3yOuaTas rnepenaya
BBICOKOTIPOU3BOIUTEIBHBIN MPO-
eccop
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instantaneous voltage

to lag

meter

metering point

phase angle

power line communication
pressure coil

product

pulse rate
smart energy meter

spindle
utilities

Text

MT'HOBEHHOE HampsKeHUe
OTCTaBaTh

CUYETUUK

MECTO U3MEpEHUs

yroi casura (a3, pa3zoBblii yroi
BY-cBsa3p no JIOII

00MOTKa HalpsHKEHUS
IpOU3BEJICHUE, PE3YIbTAT YMHOMXKE-
HUS

4acTOTa MOBTOPEHUS HMITYJILCOB
WHTEJICKTYaJIbHBINA CYETUHK DJICK-
TPOIHEPTUU

0Ch, BaJ

KOMMYHaJIbHbIE TPEANPUATHS

Watt hour meter or energy meter is an instrument which measures
amount of electrical energy used by the consumers.

Energy meters are classified in accordance with several factors such as:

o type of display like analog or digital electric meter;

o type of metering point like grid, secondary transmission, primary

and local distribution;

e end applications like domestic, commercial and industrial;
e technical like three phases, single phase, HT (High Tension), LT
(Low Tension) and accuracy class meters.

Electromechanical induction type energy meter

It is the popularly known and most common
type of age old watt hour meter. It consists of rotating
aluminum disc mounted on a spindle between two
electromagnets. Speed of rotation of disc is propor-
tional to the power and this power is integrated by the
use of counter mechanism and gear trains. It compris-
es two silicon steel laminated electromagnets, i.e., se-

ries and shunt magnets.
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Series magnet carries a coil which is of few turns of thick wire (cur-
rent coil) whereas shunt magnet carries a coil with many turns of thin wire
(pressure coil).

Braking magnet is a permanent magnet which applies the force op-
posite to normal disc rotation to move that disc at balanced position and to
stop the disc while power is off.

Pressure Coil

Shunt Magnet

Copper Band ~Copper Band
Current
Proportional
to Load Brakin
Voltage Igy Magnegt
Y

o A Series ' LOAD

Single F’L‘nase AC Supply Magnet E:

Series magnet produces the flux which is proportional to the current
flowing and shunt magnet produces the flux proportional to the voltage.
These two fluxes lag by 90 degrees due to inductive nature. The interaction
of these two fields produces eddy current in the disk, exerting a force,
which is proportional to product of instantaneous voltage, current and
phase angle between them.

Vertical spindle or shaft of the aluminum disc is connected to gear
arrangement which records a number, proportional to the number of revo-
lutions of the disc. This gear arrangement sets the number in a series of di-
als and indicates energy consumed over a time. This type of meter is sim-
ple in construction and accuracy is somewhat less due to creeping and oth-
er external fields. A major problem with these types of meters is their easy
prone to tampering, leading to a requirement of an electrical energy moni-
toring system. These are very commonly used in domestic and industrial
applications.
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Electronic energy meters

These meters are accurate and reliable types of measuring instru-
ments as compared to conventional mechanical meters. They consume less
power and start measuring instantaneously when connected to load. These
meters might be analog or digital. In analog meter, power is converted to
proportional frequency or pulse rate and it is integrated by counters placed
inside it. In digital electric meter, power is directly measured by high end
processor. The power is integrated by logic circuits to get the energy and
also for testing and calibration purpose. It is then converted to frequency or
pulse rate.

Smart energy meters

It is an advanced metering technology involving placing intelligent
meters to read, process and feedback the data to customers. It measures en-
ergy consumption, remotely switches the supply to customers and remotely
controls the maximum electricity consumption. Smart metering system us-
es the advanced metering infrastructure sys-
tem technology for better performance. (

These meters are capable of com- ‘
municating in both directions. They can [ &
transmit the data to the utilities like energy | il |
consumption, parameter values, alarms, etc.
and also can receive information from utili- &~
ties such as automatic meter reading sys-
tem, reconnect / disconnect instructions, upgrading of meter software and
other important messages. These meters reduce the need to visit while tak-
ing or reading monthly bill. Modems are used in these smart meters to fa-
cilitate communication systems such as telephone, wireless, fiber cable,
power line communications. Another advantage of smart metering is com-
plete avoidance of tampering of energy meter where there is scope of using
power in an illegal way.

agims

Exercise 1. Answer the questions
1. What is the most common type of electricity meter?
2. What physical principle is at work in electromechanical meters?
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3. How many magnets are there in electromechanical meters? What
are their functions?

4. What types of electronic energy meters are there?

5. Is there a meter which can help get accurate bills and save energy?

Exercise 2. Find in the text above the English equivalents of the follow-
ing word combinations

1. ycraHOBJEHHBI Ha OCH, 2. CYETHBIH MexaHu3M; 3. cOaJaHCHPO-
BaHHOE MOJIOKEHUE; 4. B3aUMOJICHCTBUE ABYX MOJICH; 5. YUCI0 000POTOB
nucka; 6. MOJIKIoUYaTh K Harpyske; /. Joruueckas cxema; 8. MakCUMallb-
HOE TMOTPeOJICHUE JIEKTPOIHEPTUH; 9. 0OHOBICHUE MPOTPAMMHOI0 0bec-
neuenus; 10. e;xxeMeCSIYHBIN cYeT.

Exercise 3. Pair work. Talk to your partner about advantages and dis-
advantages of electromechanical induction meter and smart energy
meter. Compare the following characteristics: accuracy, tampering
possibilities, communication technology, data management, etc.
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PART 6.
LATEST TECHNOLOGY
IN ELECTRICAL ENGINEERING INDUSTRY

Unit 1. Innovations in electric power generation

Vocabulary

containment 3amuTHas 000JI09Ka (SACPHOTO peaKTopa)
drive train IIeTb MPUBOJIA

electric service AJIEKTPOCHAOKEHUE

heat rod HarpeBaTeIbHBINA CTEPIKEHB
outdoor lighting Hapy>KHOE OCBEIICHUE
photovoltaic cell (doToraapbBaHUYECKUN IIEMEHT
semiconductor TIOJTYTIPOBOTHUK

solar cell COJTHCYHBIN 3JIEMEHT

wind turbine BeTpsiHast TypOHHA

Text

Science and industry researchers are constantly finding ways to pro-
vide electric power more easily and inexpensively. As a result, innovations
in electric power have made the industry cleaner and more efficient
throughout its history, and made electric service available to millions of
homes.

Wind turbines

With our lives centered
around electricity, modern scien-
tists have found innovative ways
to convert the kinetic energy from
the wind into electric power.

A wind turbine typically _.
consists of a large, three-bladed SHSESS
propeller, called a rotor, atop a £ =
tower that’s high enough that




nothing blocks it from the wind. The turbine has a drive train similar to a
car’s engine that includes an electric generator. The electricity generated
gets added to the electric grid, which powers hundreds of homes and busi-
nesses in a geographic location. Wind farms are becoming increasingly
common in large open spaces.

Solar cells

The sun provides a significant amount of energy in the forms of heat
and light. Solar cell technology, called photovoltaic (PV) cells, converts
that light into electricity. These PV cells contain semiconductor materials
such as silicon. Electrons in the semiconductor move when the material ab-
sorbs the light.

Solar cells are versatile in
size and portability. Large solar
panels with hundreds of cells can
be built in a factory and then sold
to stretch out across land or
mount on a rooftop. These large
panels are used to power homes
and businesses and must be re-
placed after about 30 years. Small
solar panels with only a few cells gather enough energy to power
standalone devices, like calculators and outdoor lighting.

Despite being a clean, renewable energy source, sunlight alone isn’t
sufficient for those who want to use electricity at night or on cloudy days.
In most cases, solar panels are a supplemental power source for a building
that’s already attached to the electric grid.

Nuclear reactors

Nuclear fission is the process of breaking apart an atom, releasing the
energy that holds the atom together. In the 1950s, nuclear fission of the ra-
dioactive isotope uranium-235 made energy cheaper and more efficient to
produce. A nuclear reactor is a structure that produces this fission process
from uranium-235. Nuclear power plants include one or more reactors
along with large and complex mechanisms for cooling and containment.

The nuclear reactor itself is the key innovation here. The reactor con-
trols the fission process from a very small amount of uranium-235 and
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channels the energy to heat rods which, in turn, heat water to produce
steam. The steam moves a turbine and turns an electric generator, similar
to the way wind and water turbines work. So, in essence, a nuclear plant is
just a steam plant powered by nuclear energy.

By using nuclear power, the world uses less of other resources, like
coal and oil, to heat the water and produce steam. Despite this advantage,
concerns still plague the minds of skeptics. Concerns include the safety of
people who live and work in and around nuclear plants and the potential
hazards of nuclear waste disposal. In addition, several notorious nuclear
reactor disasters around the world have tainted the reputation of this energy
source.

Exercise 1. Find in the text above the English equivalents of the follow-
ing word combinations

1. fOCTYNHBIN MWUIMOHAM; 2. 3HAYUTEIBHOE KOJUYECTBO; 3. MOIJIO-
naTh CBET; 4. aBTOHOMHOE YCTPOWCTBO; 5. JIONMOJHUTEIbHBIA HMCTOYHUK
SHEpPruu; 6. MEXaHU3M IJI OXJAXKACHUS; 7. IPUBOJUTH B ABUKECHUE TYyp-
OuHy; 8. B CYIIHOCTH; 9. TpeBOXUTH yMbI; 10. yTuan3auus saepHbIX OTXO-
JIOB.

Exercise 2. Find in the text above synonyms for the following words
1. advanced; 2. diversified; 3. to install; 4. gadget; 5. to rotate; 6. al-
ternative energy; 7. additional; 8. enough; 9. danger; 10. infamous.

Exercise 3. Put the verbs in the correct form

1. Scientists constantly (to look for) ways to provide electric power
more easily and inexpensively.

2. Electric power industry (to become) cleaner and more efficient
throughout its history.

3. The amount of electricity generated from wind (to grow) signifi-
cantly since 2000.

4. The first wind turbine used for the production of electricity (to
build) in Scotland in 1887.

5. Wind and solar power generation (to grow) quickly around the
world.
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6. Photovoltaic cells (to use) the light of the sun to produce electricity.
7. Sunlight (to be) a clean, renewable energy source.
8. In the nuclear fission reaction, a large amount of energy (to re-

lease).

9. Nuclear reactors (to use) for generating electricity, moving aircraft

carriers and submarines.

10. The nuclear power industry (to improve) the safety and perfor-

mance of reactors.

Unit 2. Electric vehicle

Vocabulary

AC motor
accelerator pedal
all-electric range
all-electric vehicle

battery electric vehicle

braking

charger

DC motor

to deplete

drive mechanism
electric vehicle

fuel cell electric vehicle

internal combustion engine
motor controller

nickel metal hydride (NiMH)
battery
to plug in

JBUTATEIh TIEPEMEHHOTO TOKA
nejanib raza

3amac xoja Ha dJEKTPOTITe

TIOJTHOCTBIO JIEKTPUPUITUPOBAHHBIN aB-
TOMOOMIIb

YUCTBIN STIEKTPOMOOMIIb (paboTaroIIHii
UCKJIFOUUTENILHO Ha OaTapesix)
TOPMOYKEHHE

3apsAHOE YCTPOUCTBO

JIBUTATENh TIOCTOSTHHOTO TOKA
UCTOINATh, NCYEPIIBIBATH

IPUBOHOM MEXaHHU3M

AIEKTPOMOOUITH

AIIEKTPOMOOUITH Ha TOTUTMBHBIX AJIEMEH-
Tax

JBUTATEIh BHYTPEHHETO CTOpaHUs
KOHTPOJIJIEP; PETYJIATOP YaCTOTHI Bpa-
IICHUS JTBUTATEIIS
HUKEJIb-METAJJIOTUIPUIHBIA aKKyMYJIs-
TOP

BKJIIOYATh B CETh
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plug-in hybrid electric vehicle  mmarumH-ruOpUIHBI ABTOMOOUIIH (JIEK-
TPOMOOMITB-THOPHU/T C TIOA3APSAKON OT

CEeTH)
regenerative braking pEKyInepaTuBHOE TOPMOKEHUE
tailpipe BBIXJIONHAs TpyOa
tailpipe emissions BBIOPOC BBIXJIOITHBIX T'a30B

Text

Electric vehicles (or “EVs”) run at least partially on electricity. There
are two basic types of EVs: all-electric vehicles (AEVs) and plug-in hybrid
electric vehicles (PHEVS).

All-electric vehicles (AEVS) run only on electricity. They receive
electricity by plugging into the grid and store it in batteries. They consume
= N0 petroleum-based fuel and produce
| no tailpipe emissions. AEVs include
Battery Electric Vehicles (BEVS) and
Fuel Cell Electric Vehicles (FCEVS).
In addition to charging from the elec-
trical grid, both types are charged in
part by regenerative braking, which
PAR K N e e )\ A& @ generates electricity from some of the
energy normally lost when braking.

Most AEVs have all-electric ranges of 80 to 100 miles, while a few
luxury models have ranges up to 250 miles. When the battery is depleted, it
can take from 30 minutes (with fast charging) up to nearly a full day (with
Level 1 charging) to recharge it, depending on the type of charger and bat-
tery.

Plug-in hybrid electric vehicles (PHEVs) offer both a gasoline or die-
sel engine and an
electric motor. Hosehols
PHEVsS run on "
electricity for  fea
shorter ranges (6
to 40 miles), then
switch over to an

Controlier
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internal combustion engine running on gasoline when the battery is depleted.
The flexibility of PHEVs allows drivers to use electricity as often as possible
while also being able to fuel up with gasoline if needed. Powering the vehicle
with electricity from the grid reduces fuel costs, cuts petroleum consumption,
and reduces tailpipe emissions compared to conventional vehicles.

An electric vehicle’s drive mechanism is mainly constituted of the
following three parts: car motor, motor controller, car batteries.

Basically, all cars run on the principle of conversion of energy from
one form to another. In a traditional gasoline car, the chemical energy
stored in the fuel is converted into kinetic energy by the internal combus-
tion engine, releasing byproducts in the form of combustion emissions.
Whereas in an electric car, the electromechanical energy from the batteries
Is converted first into electrical energy and then into Kinetic energy re-
quired for driving the car.

Car motor: The accelerator pedal in these cars is connected to a po-
tentiometer (variable resistor). The potentiometer sends an appropriate
electric signal to the motor controller corresponding to the amount by
which the pedal is pressed. If the pedal is not pressed, no signal is transmit-
ted. If the pedal is grounded or fully pressed, maximum signal is transmit-
ted. Thus, the motor will deliver maximum power. The car motor may be a
DC or an AC motor. DC motors are easy to maintain, more efficient and
also allow greater acceleration. The motor can deliver between 20,000
watts to 30,000 watts of power.

Motor controller: This device is a link between the car batteries and
the actual motor. It receives the controlling signal from the potentiometer
connected to the accelerator pedal. It will transmit the battery voltage to
the motor depending on this input signal.

Car batteries: Car batteries can be simple lead-acid batteries or the
more sophisticated and long lasting NiMH batteries. These batteries will be
between 96 to 192 volts for a typical DC motor. The battery charging
mechanism in an electric car is of prime importance. It monitors the volt-
age, amperage and battery temperatures to avoid battery damage by over-
heating. A typical battery can be fully charged in 3-4 hours via hard wired
charging docks built specially for this purpose.
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Exercise 1. Answer the questions

1. What is an electric vehicle?

2. What types of EVs are there?

3. Which EV type is more environmentally friendly: AEV or PHEV?
Why?

4. Are AEVs suitable for long-distance travel?

5. Do EVs run on the principle of energy conversion?

6. What are the main parts of the EV drive mechanism?

7. What is the function of the potentiometer in the EV motor?

8. Why is the battery charging mechanism of prime importance in
EVs?

Exercise 2. Complete the sentences with the words below

a) tailpipe emissions b) regenerative braking c) all-electric range
d) accelerator pedal e) motor controller

1. IS unique to EVs and enables the vehicle’s ki-
netic energy to be converted back to electrical energy during braking.
2. A can include automatic or manual means for

starting / stopping the motor, choosing forward / reverse rotation, selecting
and controlling the speed, etc.
3. A PHEV often has a larger battery than a hybrid and provides a

longer :

4. result from fuel combustion in a vehicle’s en-
gine.

5. According to the regulations, the is “the only

means by which the driver may control acceleration torque to the driven
wheels.”

Exercise 3. Pair work. Talk to your partner about advantages and dis-

advantages of electric vehicles as compared to gasoline vehicles. Make
use of the information provided below
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Electric

Gasoline

No tailpipe emissions

Environmental impact

Greenhouse gases / Pollution

About 6-7 hours

Recharge or refuel time

Less than 5 minutes

About 2 cents per mile

Costs

More than 12 cents per mile

Purchase price

Higher price Lower price
Driving range
62-294 miles 240-703 miles
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SUMMARY WRITING

How to write a summary of a text
1. Onpenenure Ha3BaHUE TEKCTA
The title of the text is “... ” (The text is entitled “... ")

2. Onpenenute aBTopa TEKCTa
The author of the text is ... (The text is written by ...)

3. Onpenenute UCTOYHUK MyOTUKAIUN
The text is taken from ... (The text is published in ..., number ..., on page

)

4. OnpenenuTe OCHOBHYIO HCIO0 TEKCTA
The text is about ... (The main idea of the text is ..., The text is devoted to
..., The purpose of the text is to give the reader some information on ...)

5. Kpatko nepenaiite coaeprkanue Texcta (10-15 npeanoskeHmii)
The author starts by telling the reader that ...
The author stresses ...
It is reported that ...
1t is found out that ...
It is assumed that ...
It is pointed out that ...
It is claimed that ...
Particular emphasis is placed on the fact, that ...
The text discusses...
The text considers...
The text analyzes...
The text reports on ...
Further the author reports that ...
According to the text, ...
Much (little) attention is given to the fact, that ...
A careful account is given to ...
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A detailed (brief) description is given to the fact, that ...
Of particular interest is the fact, that ...
The author cites ... (the words of..., who says, that ...)

6. OrpeeuTe BEIBOIBI, K KOTOPHIM IPHUXOIMT aBTOP B KOHIIE TEKCTa
In conclusion the author wants to add that ...
It is recognized that ...

7. Bripa3ute cBoe MHEHHUE 1O 00CYykaaeMoM rpoodsieme
The text is expressive/very emotional
The text contains very important facts
The text contains the most up-to-date information on ...
The text is of (great) interest for ...
The text is (highly) recommended to ...
The information is of value for ...
The text contains a lot of key (important) words (terms), such as ...
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