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ОТ АВТОРОВ 
 

Настоящий учебник предназначен для учащихся морских 
колледжей и курсантов 2-3 курсов высших учебных заведений 
дневной и заочной форм обучения. Рассчитан на три семестра 
аудиторной и самостоятельной работы. 
В пособие включено 34 текста. Каждый текст включает пред-

текстовые и послетекстовые задания. Тексты сопровождаются 
переводом, объяснением специфических слов и выражений, а 
также словарем новых слов с транскрипцией, схемами и табли-
цами. Цель предтекстовых заданий – помочь справиться с язы-
ковыми трудностями. 
Даны задания на расширение потенциального словаря, на 

восприятие синтаксической структуры предложений и другие. 
Послетекстовые задания предназначены для контроля пони-

мания и усвоения содержания проработанного материала. 
В конце учебника имеется список сокращений, встречаю-

щихся в учебном пособии, таблица префиксов дольных и крат-
ных единиц, английская транскрипция русского алфавита, спи-
сок предлогов и союзов, список неправильных глаголов. 
Целью учебника является формирование и развитие умений 

и навыков всех видов речевой деятельности. 
Подбор и обработку текстового материала выполнили 

С. В. Глушков, З. В. Коршунова. 
Составителями упражнений являются: 
– к текстам 1–9; 17–20; 28; 29; 31; 32 – З. В. Коршунова; 
– к текстам 10–16; 21–27; 30; 33; 34 – И. Д. Краснова; 
– справочной части – З. В. Коршунова и И. Д. Краснова. 
Рисунки и таблицы выполнил С. В. Глушков. 
Техническим консультантом и научным редактором учебного 

пособия является д-р техн. наук, профессор, заведующий ка-
федрой АИС С. В. Глушков. 
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Text 1 
Units associated with basic electrical quantities 

 
Ex. 1. Give the initial form of the following words: 
 
majority, measurement, acceleration, combination, division, trans-
ferred, difference, generator, conductance, resistance, conductor,       
voltage. 
 
Ex. 2. Give all possible derivatives of these words: 
 
intense, lumen, part, small, to define, to generate, to measure, to 
transfer, to conduct, to agree. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them. 
 
1. a) The system of units used is International system of units. 
 b) The coulomb is defined as the quantity of electricity. 

2. a) The unit of force is the newton.  
 b) Newton is defined as the work done. 

3. a) A change in electric potential between two points is called          
a potential difference. 

 b) A source of energy provides the electromotive force. 
 
Ex. 4. Read and translate the text using the following words: 
 
weight   [weIt]  вес 
to maintain [m´n»teIn]  поддерживать, содержать 
to define  [dI»faIn]  определять 
to apply  [´»plaI]  прикладывать, применять 
to transfer  [trQns»f´:]  передавать, переносить 
to exert  [Ig»z´:t]  влиять, зд. совершать 
capacity  [k´»pQsItI]  емкость, способность 
gravitation     сила тяжести, притяжение 



 5

to dissipate    рассеиваться 
reciprocal  [rI»sIpr´k´l] обратная величина 
to denote     определять 
obligatory  [´»blIg´t´rI] обязательный 
particular     особенный 
 

The system of units used in engineering and science is the Inter-
national system of units, usually abbreviated to SI units, and is 
based on the metric system. This was introduced in 1960 and is now 
adopted by the majority of countries as the official system of meas-
urement. The basic units in the SI system are listed with their sym-
bols, in Table 1. 

Table 1 
Basic SI Units 

 

Quantity Unit 

length 
mass  
time  
electric current  
thermodynamic temperature  
luminous intensity  
amount of substance  

metre, m 
kilogram, kg 
second, s 
ampere, A 
kelvin, K 
candela, Cd 
mole, mol 

 
Derived SI units use combinations of basic units and there are 

many of them. Two examples are: 
* Velocity – metres per second (m/s) 
* Acceleration – metres per second squared (m/s2)  

SI units may be made larger or smaller by using prefixes which 
denote multiplication or division by a particular amount. The six 
most common multiples, with their meaning, are listed in Table 2. 
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Table 2 

Prefix Name Meaning  

M  
k  
m  
µ  
n  
p  

Mega 
Kilo 
Milli 
micro 
nano 
pico 

multiply by 1 000 000 
multiply by 1000 
divide by 1000 
divide by 1 000 000 
divide by 1 000 000 000 
divide by 1 000 000 000 000 

(i.e. × 106) 
(i.e. × 103) 
(i.e. × 10-3) 
(i.e. × 10-6) 
(i.e. × 10-9) 
(i.e. × 10-12)  

The unit of charge is the coulomb (C) where one coulomb is one 
ampere second. (1 coulomb D 6.24 ð 1018 electrons). The coulomb is 
defined as the quantity of electricity which flows past a given point 
in an electric circuit when a current of one ampere is maintained for 
one second. Thus, charge, in coulombs Q = It 
where I is the current in amperes and t is the time in seconds. 

The unit of force is the newton (N) where one newton is one kilo-
gram metre per second squared. The newton is defined as the force 
which, when applied to a mass of one kilogram, gives it an accelera-
tion of one metre per second squared. Thus, force, in Newton’s F = 
ma 
where m is the mass in kilograms and a is the acceleration in metres 
per second squared. Gravitational force, or weight, is mg, where g D 
9.81 m/s2 

The unit of work or energy is the joule (J) where one joule is one 
newton metre. The joule is defined as the work done or energy 
transferred when a force of one newton is exerted through a dis-
tance of one metre in the direction of the force. Thus work done on a 
body, in joules  
W = Fs, 
where F is the force in Newton’s and s is the distance in metres 
moved by the body in the direction of the force. Energy is the capac-
ity for doing work.  

The unit of power is the watt (W) where one watt is one joule per 
second. Power is defined as the rate of doing work or transferring      
energy. Thus, power in watts, P =Wt, 
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where W is the work done or energy transferred in joules and t is 
the time in seconds. Thus power in watts, P =Wt, 
where W is the work done or energy transferred in joules and t is 
the time in seconds. Thus energy, in joules, W = Pt. 

There are three possible formulae which may be used for calcu-
lating power. 

1) P = V × I 
2) P = I2 × R 

3) P = V2/R
R

V 2

 

The unit of electric potential is the volt (V) where one volt is one 
joule per coulomb. One volt is defined as the difference in potential 
between two points in a conductor which, when carrying a current 
of one ampere, dissipates a power of one watt, i.e. 
 
 
 

 
A change in electric potential between two points in an electric       

circuit is called a potential difference. The electromotive force 
(e.m.f.) provided by a source of energy such as a battery or a genera-
tor is measured in volts. 

The unit of electric resistance is the ohm (Z) where one ohm is 
one volt per ampere. It is defined as the resistance between two 
points in a conductor when a constant electric potential of one volt 
applied at the two points produces a current flow of one ampere in 
the conductor. Thus, resistance, in ohms  

I
VR = , 

where V is the potential difference across the two points in volts and 
I is the current flowing between the two points in amperes. The re-
ciprocal of resistance is called conductance and is measured in sie-
mens (S). Thus, conductance, in siemens 
 

R
IG = , 

where R is the resistance in ohms. 

coulombs
joules

ondsampere
joules

amperes
ondjoules

amperes
wattsvolts =

⋅
===

sec
sec/
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When a direct current of I amperes is flowing in an electric circuit 
and the voltage across the circuit is V volts, then power, in watts P = VI 

Electrical energy =Power × time=Vit  joules. 

Although the unit of energy is the joule, when dealing with large 
amounts of energy, the unit used is the kilowatt hour (kWh),  
where 1 kWh = 1000 watt hour = 1000 × 3600 watt seconds or joules = 
3 600 000 J 

 
Standard symbols for electrical components 

 
Symbols are used for components in electrical circuit diagrams 

and some of the more common ones are shown in fig. 1. 
 
Ex. 5. Find out the synonyms among the following words: 
 

one ampere second, term, although, force, direct, word, constant, 
though, power, one joule, a newton metre, one coulomb. 
 
Ex. 6. Suggest the English equivalents for the Russian ones: 
 

техника и наука, метрическая система, уменьшать, перечислить, 
ампер в секунду, принимать, разность потенциалов, источник 
энергии, проводимость, лампа накаливания, измерять в ваттах, 
способность совершать работу, означать, иметь дело (с), на се-
кунду в квадрате, направление тока, изменение электрического 
потенциала, между двумя точками на проводнике, один вольт, 
приложенный к двум точкам, напряжение цепи. 
 
the voltage across the circuit, a change in electric potential, one volt 
applied at the two points, engineering and science, the source of         
energy, between two points in a conductor, a filament lamp, metric 
system, to adopt, conductance, to make smaller, to list, to measure in 
watts, the capacity for doing work, per second squared, one volt,      
ampere per second, the difference in potential, to denote, to deal 
with, the current flow. 
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Fig. 1 
 
Ex. 7. Agree or disagree with the following statements: 
 

1. The unit of force is the joule (J). 
2. The unit of power is the newton (N). 
3. The unit of electric potential is the volt (V). 
4. The unit of electric resistance is the watt (W). 
5. The unit of energy is the joule (J). 
6. The kilowatt hour (kWh) is not the unit of electrical energy. 

 
Ex. 8. Match the following words with their definitions. 
 

velocity A combination of two units – meters per second 
(m/s) is a derived SI unit 

coulomb The rate of doing work or transferring energy 

Conductor 
Two conductors cross-
ing but not joined 

Two conductors 
joined together 

Fixed resistor Alternative symbol 
for fixed resistor Variable resistor 

Cell Battery of 3 cells Alternative symbol 
for battery 

Switch Filament lamp Fuse 

Ammeter Voltmeter Alternative fuse 
symbol 
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amount of 
substance 

It is the capacity of doing work 

work It can mean to accept something 

resistance In other words it is to originate from 

force Quantity is a good version for this expression 

power The unit of charge is defined as: Q = It 

acceleration Force and distance are chief components for doing 
this 

energy The synonym for this word is to deliver 

siemen The unit of measuring the conductance 

conductance Strength exerted on an object 

capacity The opposition to electron flow in a substance 

to adopt One kilogram metre per second squared 

to transfer Transmission of current, heat etc. 

to derive It is the ability of doing work 

 
Ex. 9. Translate the following sentences into English. 
 
1. Система Сименс (SI) была введена в 1960 г. и используется 
большинством стран как официальная система измерения. 

2. Единицы измерения можно изменить при помощи исполь-
зования приставки, например, kilo, micro, milli. 

3. Значения единиц можно увеличить или уменьшить путем 
умножения или деления на определенное число. 

4. Ньютон определяется как сила, которая, будучи приложен-
ной к телу с массой в 1 кг, сообщает ему ускорение в 1 м/с2. 

5. Мощность определяется как скорость совершения работы 
или передачи энергии. 

6. Единица электрического сопротивления – это сопротивле-
ние между двумя точками проводника. 

7. Электродвижущая сила от источника энергии (батареи или 
генератора) измеряется в вольтах. 
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8. Один вольт – это разница напряжения между двумя точка-
ми проводника при протекании тока силой в 1 ампер и со-
противлении этого проводника 1 Ом. 

9. Единицей сопротивления является ом, который равняется 
отношению одного вольта на один ампер. 

10. Обратная величина сопротивления называется проводимо-
стью и измеряется в сименсах (Si). 

 
Ex. 10. Ask your friend if he knows: 
 
1) what international system of units is based on. 
2) how possible it is to make Si units larger or smaller. 
3) what one coulomb is 
4) that the unit of force is newton (n) 
5) that the reciprocal of resistance is called conductance. 
6) how power is defined 
7) what equation of volt is. 
8) that one volt is defined as the difference in potential between 

two points in a conductor. 
9) why the electric resistance is measured in ohm but not in joules. 

10) when power is computed as P = VI by the Ohm's law. 
 

 
Text 2 

 
Electric current and quantity of electricity 

 
Ex. 1. Give the initial form of the following words: 
 

different, indefinitely, powerfully, however, movement, insulator, 
property, opposition, variable, various, kilowatts, application, igni-
tion, heater, typical. 
 
Ex. 2. Give all possible derivatives of these words: 
 

definite, electric, conduct, insulate, ignite, resist, express, similar, 
vary. 
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Ex. 3. Choose the sentences with the Passive construction. Translate them 
into Russian. 

 

1. a) The value of the resistivity is that resistance of a unit cube of 
the material measured between opposite faces of the cube. 

 b) Greek alpha (α) symbol is used for the temperature coefficient 
of resistance. 

2. a) The units are usually expressed only as "per o C". 
 b) If the current becomes too large the fuse wire melts and so 

breaks the circuit. 

3. a) The unit of energy is often called the unit of electricity. 
 b) Distilled water contains no ions and is a poor conductor. 

 
Ex. 4. Read and translate the text using the following words: 
 

Part 1 

nucleus  [»nju:klIəs]  ядро 
electron  [I»lektrçn]  электрон 
neutron  [»nju:trçn]  нейтрон 
to remove  [rI»mu:v]  удалять 
to cancel (out)     [»kQns´l]  отменять, выталкивать 
shell      ячейка 
to be bound together   зд. притягиваться, быть связанным 
to exist  [Ig»zIst]  существовать, находиться 
to attract  [´»trQkt]  притягивать 
random  [»rQnd´m]  случайный, зд. беспорядочное   
                                                            (движение частиц) 
rate      скорость 
firm      крепкий, твердый 
drift      поток 
to be subjected to …   подвергаться 
inversely  [In»v´:slI]  обратно пропорционально 
cork      пробка 
rubber     каучук, резина 
indefinitely                    до  бесконечности 
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Part 2 

complete  [k´m»plI:t] полный  
path   [pA:T]  путь, траектория 
cell      ячейка 
terminal  [»t´:mInl]  конечный, клемма 
property  [»prçp´tI]  свойство 
to plot     чертить, наносить на план 
origin  [»çrIdZIn]  источник, происхождение 
gradient  [»greIdj´nt] градиент 
multiple  [»m√ltIpl] составной, многочисленный 
cross-sectional area   площадь пересечений 
to halve  [hA:v]  делить пополам 
to take into account   принимать во внимание 

Part 3 

to record  [rI»kç:d]  делать запись 
effect   [I»fect]  результат, влияние 
to heat (heat) [hI:t]   нагреть (теплота) 
fuse   [fju:z]  предохранитель 
to melt     плавиться 
wire   [waI´]  проволока, проводник 
whilst  [waIlst]  пока 
alloy   [»QloI]  сплав 
to remain     оставаться 
coefficient  [«kouI»fIS´nt] коэффициент 
to solder     паять 
 
 

Part 1 
 

All atoms consist of protons, neutrons and electrons. The protons, 
which have positive electrical charges, and the neutrons, which have 
no electrical charge, are contained within the nucleus. Removed 
from the nucleus are negatively charged particles called electrons. 
Atoms of different materials differ from one another by having dif-
ferent numbers of protons, neutrons and electrons. An equal num-
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ber of protons and electrons exist within an atom and it is said to be 
electrically balanced, as the positive and negative charges cancel 
each other out. When there are more than two electrons in an atom 
the electrons are arranged into shells at various distances from the 
nucleus. 

All atoms are bound together by powerful forces of attraction ex-
isting between the nucleus and its electrons. Electrons in the outer 
shell of an atom, however, are attracted to their nucleus less power-
fully than are electrons whose shells are nearer the nucleus. It is 
possible for an atom to lose an electron; the atom, which is now 
called an ion, is not now electrically balanced, but is positively 
charged and is thus able to attract an electron to itself from another 
atom. Electrons that move from one atom to another are called free 
electrons and such random motion can continue indefinitely. How-
ever, if an electric pressure or voltage is applied across any material 
there is a tendency for electrons to move in a particular direction. 
This movement of free electrons, known as drift, constitutes an elec-
tric current flow. Thus current is the rate of movement of charge. 

Conductors are materials that contain electrons that are loosely 
connected to the nucleus and can easily move through the material 
from one atom to another. Insulators are materials whose electrons 
are held firmly to their nucleus. 

The unit used to measure the quantity of electrical charge Q is 
called the coulomb C (where 1 coulomb = 6.24 x 1018 electrons). If the 
drift of electrons in a conductor takes place at the rate of one cou-
lomb per    second the resulting current is said to be a current of one 
ampere. 

Thus, 1 ampere = 1 coulomb per second or 1 A = 1 C/s. 

Hence, 1 coulomb = 1 ampere second or 1 C = 1 As. 
Generally, if I is the current in amperes and t the time in seconds 

during which the current flows, then I x t represents the quantity of 
electrical charge in coulombs, i.e. quantity of electrical charge trans-
ferred,  

Q = I × t coulombs. 
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A conductor is a material having a low resistance which allows 
electric current to flow in it. All metals are conductors and some ex-
amples include copper, aluminium, brass, platinum, silver, gold and 
carbon. An insulator is a material having a high resistance which 
does not      allow electric current to flow in it. Some examples of in-
sulators include plastic, rubber, glass, air, paper, cork, mica, ceram-
ics and certain oils. 

 

Part 2 
 

Potential difference and resistance 
 

For a continuous current to flow between two points in a circuit a 
potential difference (p.d.) or voltage, V, is required between them; a 
complete conducting path is necessary to and from the source of 
electrical energy.  

The unit of p.d. is the volt, V. 

Figure 3 shows a cell connected across a filament lamp. Current 
flow, by convention, is considered as flowing from the positive ter-
minal of the cell, around the circuit to the negative terminal. The 
flow of electric current is subjected to friction. This friction, or oppo-
sition, is called resistance R and is the property of a conductor that 
limits current. The unit of resistance is the ohm; 

1 ohm is defined as the resistance which will have a current of 1 
ampere flowing through it when 1 volt is connected across it, i.e. 
 

potential difference
resistance R = 

          current 
.

The resistance of an electrical conductor depends on 4 factors, 
these being:  
 (a) the length of the conductor, (b) the cross-sectional area of the 
conductor, (c) the type of material and (d) the temperature of the 
material. Resistance, R, is directly proportional to length, l, of a con-
ductor, i.e. Rα l. Thus, for example, if the length of a piece of wire is 
doubled, then the resistance is doubled. Resistance, R, is inversely 
proportional to cross-sectional area, a, of a conductor, i.e. Rα l /a. 
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Thus, for example, if the cross-sectional area of a piece of wire is 
doubled then the resistance is halved. Since Rα l and Rα l /a then 
Rα l /a. By inserting a constant of proportionality into this relation-
ship the type of material used may be taken into account. The con-
stant of proportionality is known as the resistivity of the material 
and is given the symbol _ (Greek rho). Thus, resistance 
     

a
lR ρ

= ohms, 

   ρ  is measured in ohm metres (m). 

The value of the resistivity is that resistance of a unit cube of the 
material measured between opposite faces of the cube. Resistivity     
varies with temperature and some typical values of resistivities      
measured at about room temperature are given below: 
copper 1.7 × 10-8 Ωm (or 0.017 Ωµ m); 
aluminium 2.6 × 10-8 Ωm (or 0.026 Ωµ m); 
carbon (graphite) 10 × 10-8 Ωm (or 0.1 Ωµ m); 
glass 1 × 1010 Ωm (or 104 Ωµ m); 
mica 1 × 1013 Ωm (or 107 Ωµ m). 

Note that good conductors of electricity have a low value of resis-
tivity and good insulators have a high value of resistivity. 

Fig. 2 shows a circuit in which current I can be varied by the vari-
able resistor R2. For various settings of R2, the current flowing in re-
sistor R1, displayed on the ammeter, and the p.d. across R1, dis-
played on the voltmeter, are noted and a graph is plotted of p.d. 
against current. The result is shown in fig. 2a where the straight line 
graph passing through the origin indicates that current is directly 
proportional to the p.d. 

Since the gradient i.e. (p.d./current) is constant, resistance R1 is 
constant. A resistor is thus an example of a linear device. 

If the resistor R1 in fig. 2 is replaced by a component such as a 
lamp then the graph shown in fig. 2b results when values of p.d. are 
noted for various current readings. Since the gradient is changing, 
the lamp is an example of a non-linear device. 
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  Fig. 3                                Fig. 2  

 

Ohm’s law states that the current I flowing in a circuit is directly 
proportional to the applied voltage V and inversely proportional to 
the resistance R, provided the temperature remains constant. Thus,  

 

           =
VI R     or  IRV =   or  

I
VR = . 

Currents, voltages and resistances can often be very large or very 
small. Thus multiples and sub-multiples of units are often used. The 
most common ones, with an example of each, are listed in Table 3. 

 

Table 3 

Prefix Name Meaning Example 
M 
 

k 
 

m 
 
µ  
 

mega 
 
kilo 
 
milli 
 
micro 
 

multiply by 1 000 
000 
(i.e. x106) 
multiply by 1000 
(i.e. x103) 
divide by 1000 
(i.e. x10-3) 
divide by 1 000 000 
(i.e. x10-6) 

2 MΩ = 2 000 000 ohms 
 
10 kV = 10000 volts 

 
25 mA = 

1000
25  A 

50 μV = 
1000000

50 V = 0.00005 volts

 
Part 3 

 

Electrical energy = power × time. 
If the power is measured in watts and the time in seconds then 

the unit of energy is watt-seconds or joules. If the power is meas-
ured in kilowatts and the time in hours then the unit of energy is 
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kilowatt-hours, often called the "unit of electricity". The "electricity 
meter" in the home records the number of kilowatt-hours used and 
is thus an energy meter. 

The three main effects of an electric current are: 
(a) magnetic effect 
(b) chemical effect 
(c) heating effect. 

Some practical applications of the effects of an electric current         
include: 

– magnetic effect: bells, relays, motors, generators, transformers, 
telephones, car-ignition and lifting magnets; 

– chemical effect: primary and secondary cells and electroplating; 
heating effect: cookers, water heaters, electric fires, irons, fur-

naces, kettles and soldering irons. 
A fuse is used to prevent overloading of electrical circuits. The 

fuse, which is made of material having a low melting point, utilizes 
the heating effect of an electric current. A fuse is placed in an electri-
cal circuit and if the current becomes too large the fuse wire melts 
and so breaks the circuit. 

In general, as the temperature of a material increases, most con-
ductors increase in resistance, insulators decrease in resistance, 
whilst the resistance of some special alloys remains almost constant. 
The temperature coefficient of resistance of a material is the increase 
in the resistance of a 1 Ω  resistor of that material when it is sub-
jected to a rise of temperature of 1 o C. The symbol used for the tem-
perature coefficient of resistance is α  (Greek alpha). Thus, if some 
copper wire of resistance 1 Ω  is heated through 1o C and its resis-
tance is then measured as 1.0043 Ω  then α  = 0.0043 Ω /Ω  o C for cop-
per. The units are usually expressed only as "per o C", i.e., α  = 0.0043 
/ o C for copper. If the 1 Ω  resistor of copper is heated through 100 o C 
then the resistance at 100 o C would be 1+ 100 × 0.0043 = 1.43Ω . Some 
typical values of temperature coefficient of resistance measured at 0 

o C are given below: 
 

Copper 
Nickel 

0.0043 °C 
0.0062 °C 

Aluminium
Carbon 

 0.00 38 °C 
–0.000 48 °C 
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Constantan 0 Eureka  0.000 01°C 
(Note that the negative sign for carbon indicates that its resistance 
falls with increase of temperature.) If the resistance of a material at 0 
°C is known the resistance at any other temperature can be deter-
mined from: 

)1( 00 θαθ += RR , 

where R0 = resistance at o C; 
RT = resistance at temperatureθ o C; 

θα = temperature coefficient of resistance at o C. 
 
Ex. 5. Find out the synonyms among the following words: 
 

to remove, to cancel, to be bound together, to draw, certainly,  
opposition, to repel, to adopt, definitely, wire, to repulse, resistance, 
conductor, to be tied, to select. 
Ex. 6. Suggest the English equivalents: 
 

находиться внутри ядра; объединяются; скорость движения за-
ряда; измерять величину электрического заряда; подвергаться 
трению; тесно прижаты к своему ядру; со скоростью один кулон 
в секунду; непрерывный поток электрического тока; обратно 
пропорциональный по отношению к чему-либо; так как гради-
ент постоянен; известно, что проистекающий ток равен; едини-
ца измерения мощности – ватт, времени – секунда; фиксировать 
число потребленных киловатт-часов; иметь низкую точку плав-
ления; известно, что постоянная пропорциональности есть со-
противление материала. 
The constant of proportionality is known as the resistivity of the ma-
terial; continuous current (I) flow; to have a low melting point; the 
resulting current is said to be; to be contained within nucleus; to be 
subjected to friction; are bound together; are held firmly to their nu-
cleus; the rate of movement of charge; to measure the quantity of 
electrical charge; at the rate of one coulomb per second; inversely 
proportional to; the power is measured in watts and the time in sec-
onds; to record the number of kilowatt hours; since gradient is con-
stant. 
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Ex. 7. Agree or disagree with the following statements: 
 

1. The protons are negative electrical charges and positively 
charged particles are called electrons. 

2. Electrons in the outer shell of an atom are attracted to their          
nucleus less powerfully than those to be nearer the nucleus. 

3. The loose or firm connection of electrons to their nucleus makes 
the material a conductor or insulator. 

4. The opposition to current flow is called conductance. 
5. A lamp is a non-linear device because its gradient is constant. 
6. The material the fuse is made of has a low melting point. 

 
 
 
Ex. 8. Match the following words with their definitions. 
 

friction The particles which are positively charged and are 
contained within the nucleus. 

current The particles having no electrical charge, are 
contained within the nucleus.  

electron This is the resistance and is the property of a 
conductor that limits current.  

proton It is the rate of charge movement. 
neutron Removed from the nucleus negatively charged 

particles. 
electricity    
meter 

It is a device recording the number of kilowatt-
hours used. 

magnetic       
effect 

This property is applied in cookers, water heaters, 
irons, furnaces, etc. 

chemical ef-
fect 

It finds practical applications in bells, relays, mo-
tors, generators, telephones, lifting magnets, etc. 

heating effect This property of an electric current is used in pri-
mary and secondary cells. 

electrodes consisting of more than two parts 
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halves Positively and negatively charged particles join very 
quickly. 

multiple The two conductors carrying current to the electro-
lyte. 

attract This word divides something in two parts. 
alloy It is produced whenever an electric current flows 

through a resistance. 
heat Some special mixes of metals neither increase non    

decrease in resistance with increase of temperature. 
 
Ex. 9. Translate into English. 
 

1. Электроны, которые перемещаются от одного атома к дру-
гому, называются свободными электронами. 

2. Движение свободных электронов представляет собой про-
текание электрического тока. 

3. Электрический ток – это скорость движения заряда. 
4. Одним из свойств проводника является сопротивление, ко-
торое ограничивает движение тока. 

5. Электроприборы с изменчивым градиентом тока относят к 
нелинейным устройствам, а наоборот, с постоянным – к ли-
нейным. 

6. Магнитный, химический и тепловой эффекты электриче-
ского тока находят применение в разных приборах. 

7. Предохранитель устанавливают в электрическую цепь для 
размыкания цепи в случае появления в ней слишком боль-
шого тока. 

8. Предохранитель выполнен из материала, имеющего низ-
кую точку плавления. В нем используется тепловой эффект 
электрического тока. 

9. С повышением температуры материала сопротивление осо-
бых сплавов остается почти постоянным. 

10. Сопротивление большинства проводников возрастает, а 
изоляторов уменьшается при повышении их температуры. 
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Ex. 10. Ask your friend if he remembers: 
 

1) what forces all atoms are bound together by; 
2) why atoms of different materials differ from one another; 
3) why a number of protons and electrons are electrically bal-

anced; 
4) when the atom can not be electrically balanced; 
5) what makes electrons move in a particular direction; 
6) what materials are called conductors and what – insulators; 
7) why current flows continuously; 
8) that electric current is subjected to friction or not; 
9) what the resistivity is; 

10) some examples of linear devices and non-linear devices; 
11) where main effects of electric current find their application; 
12) why a fuse breaks the circuit when the current becomes too 

large. 
 

Text 3 
 

Chemical effects of electricity 
 

Ex. 1. Give the initial form of the following words: 
 

whereas, fairly, electrolyte, practical, terminal, tinplating, applica-
tion, comprising, measured, chromium, undergo, relationship. 
 
Ex. 2. Give all possible derivatives of these words: 
 

carry, apply, term, where, similar, electric, hydro, exist, determine, 
compose. 
 
Ex. 3. Fill in the blanks with may, can, to be able to, must, It is possi-

ble for, to allow. 
 

1. Currents, voltages and resistances ____ often be very large or 
very small. 

2. ____ an atom to lose electrons. 
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3. There are three possible formulae which ____ be used for calcu-
lating power. 

4. An insulator has a high resistance which does not ____ electric 
current to flow in it. 

5. Electrons containing in conductors ____ easily move from one 
atom to another. 

6. Any material containing charged particles ____ to conduct elec-
tric current. 

7. To conduct electric current a material ____ contain charged par-
ticles. 

8. Ions ____ possess a positive or negative charge. 
9. The e.m.f. of any pair of metals ____ be determined. 

 
Ex. 4. Read and translate the text using the following words: 
 

solid       твердое вещество 
liquid   [»lIkwId]  жидкость, жидкий 
molecule  [»mçlIkju:l]  молекула 
to acquire  [´k»waI´]  приобретать, достигать 
hydrogen  [»haIdrIdZ´n] водород 
fairly   [»fE´lI]  довольно 
decomposition    распад 
compound     соединение, смесь 
electroplating     [I»lektrou»pleItIN] электропокрытие,  
                                                            гальванопокрытие 
to refine     очищать 
extraction  [Iks»trQkS´n] извлечение 
to undergo  [«√nd´»gou]  испытывать, подвергаться 
sulphuric  [s√l»fju´rIk] серный 
beaker  [»bI:k´]  мензурка, лабораторный стакан 
bubble     пузырь; кипеть; бить ключом 
tin           олово, жесть (белая) 
to gain     приобретать 
to possess  [p´»zes]  обладать 
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A material must contain charged particles to be able to con-
duct electric current. In solids, the current is carried by electrons. 
Copper, lead, aluminium, iron and carbon are some examples of 
solid conductors. In liquids and gases, the current is carried by the 
part of a molecule which has acquired an electric charge, called ions. 
These can possess a positive or negative charge, and examples in-
clude hydrogen ion HC, copper ion Cu++ and hydroxyl ion OH-. 
Distilled water contains no ions and is a poor conductor of electric-
ity whereas salt water contains ions and is a fairly good conductor 
of electricity. 

Electrolysis is the decomposition of a liquid compound by the 
passage of electric current through it. Practical applications of elec-
trolysis include the electroplating of metals, the refining of copper 
and the extraction of aluminium from its ore. An electrolyte is a 
compound which will undergo electrolysis. Examples include salt 
water, copper sulphate and sulphuric acid. The electrodes are the 
two conductors carrying current to the electrolyte. The positive-
connected electrode is called the anode and the negative-connected 
electrode the cathode. When two copper wires connected to a bat-
tery are placed in a beaker containing a salt water solution, current 
will flow through the solution. Air bubbles appear around the wires 
as the water is changed into  hydrogen and oxygen by electrolysis. 

Electroplating uses the principle of electrolysis to apply a thin 
coat of one metal to another metal. Some practical applications in-
clude the tinplating of steel, silver-plating of nickel alloys and 
chromium-plating of steel. If two copper electrodes connected to a 
battery are placed in a beaker containing copper sulphate as the 
electrolyte it is found that the cathode (i.e. the electrode connected 
to the negative terminal of the battery) gains copper whilst the an-
ode loses copper. 

The purpose of an electric cell is to convert chemical energy 
into electrical energy. A simple cell comprises two dissimilar con-
ductors (electrodes) in an electrolyte. Such a cell is shown in fig. 4, 
comprising copper and zinc electrodes. An electric current is found 
to flow between the electrodes. Other possible electrode pairs exist, 
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including zinc-lead and zinc-iron. The electrode potential (i.e. the 
p.d. measured between the electrodes) varies for each pair of metals. 

By knowing the e.m.f. of each metal with respect to some stan-
dard electrode the e.m.f. of any pair of metals may be determined. 
The standard used is the hydrogen electrode. The electrochemical 
series is a way of listing elements in order of electrical potential, and 
Table 4 shows a number of elements in such a series. 
 

      
                                    Fig. 4 
 
Ex. 5. Find the synonyms among the following words: 
 

to have, to achieve, disintegration, a glass, decomposition, to ac-
quire, to gain, a beaker, to get, to possess. 
 
Ex. 6. Match the English equivalents with the Russian ones:  
 

to contain charged particles, in solids, current is carried by, extrac-
tion from smth., the purpose of an electric cell, sulphuric acid, to 
possess a positive or negative charge, the positive-connected elec-
trode, to flow through the solution, containing copper sulphate, as, 
whilst the anode loses copper, whereas salt water contains ions, a 
fairly good conductor, decomposition of a liquid compound, to con-
vert chemical energy into electrical energy, an electric current is 
found to flow, by knowing the e.m.f., is a way of doing smth., two 
dissimilar electrodes. 
 

два разнородных электрода, зная значение электродвижущей 
силы, тогда как соленая вода содержит ионы, распад соедине-
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ния жидкого вещества, содержать заряженные частицы, иметь 
положительный или отрицательный заряд, в твердых вещест-
вах, ток проводится, так как анод теряет медь, электрод с соеди-
нением + , назначение электрического элемента, преобразовы-
вать химическую энергию в электрическую, достаточно хоро-
ший проводник, извлечение из чего-то, серная кислота, проис-
текать через раствор, содержащий сульфат меди, в качестве, 
способ совершения, электрический ток проистекает. 
 
Ex. 7. Agree or disagree with the following statements. 
 
1. The electrodes are two insulators carrying current. 
2. The current is carried by protons in solids. 
3. In liquids and gases the current is carried by a molecule which 

is electrically charged or ionized. 
4. Salt water, copper sulphate and sulphuric acid are good exam-

ples of electrolyte. 
5. An electric cell is used for converting mechanical energy into 

chemical energy. 
6. By knowing the e.m.f. of each metal it is possible to determine 

the e.m.f. of any pair of metals. 
 
Ex. 8. Match the following words with their definitions. 
 
application Substances whose property is to flow like water or 

to be kept in any capacity. 

to refine Not completely, correctly. 

extraction It is a good quality of metals. 

 

to undergo To make the material much better or pure no matter 
it is hydro, gaseous or solid. 

bubble Some synonyms to this word are use, utilization. 

to gain It means to mix ingredients. 
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to possess A good name can't be bought but you can only win 
it doing useful things by yourself for oneself. 

solid To hold as a property. 

liquids It looks like a chewing gum when you force air into 
it with your lips. 

fairly To arrive at a desirable place or to obtain a desir-
able thing. 

decomposition To experience or to be subjected to. 

to compound Pulling out. 

 
Ex. 9. Translate into English. 
 

1. Вещества, содержащие заряженные частицы, способны про-
водить электрический ток. 

2. Ионы обладают положительным или отрицательным заря-
дом. 

3. В дистиллированной воде не содержатся ионы. 
4. Соленая вода содержит ионы и является хорошим провод-
ником электричества. 

5. Электролиз – это распад жидкого вещества при прохожде-
нии по нему электрического тока. 

6. Положительно соединенный электрод называется анодом. 
7. Отрицательно соединенный электрод называется катодом. 
8. В электропокрытии применяется принцип электролиза, 
чтобы нанести тонкий слой одного метала на другой. 

9. Простой электрический элемент включает в себя два разно-
родных проводника в электролите. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) that to conduct electric current a material must contain charged 
particles; 

2) some examples of solid conductors; 
3) how the current can be carried in liquids and gases; 
4) which materials do not contain ions; 
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5) what practical applications includes the electroplating; 
6) what a compound is; 
7) what conditions exist to make current flow through the solu-

tion; 
8) why bubbles appear around the wires in the solution; 
9) what an electric cell is used for. 

 
 

Text 4 
 

Polarization 
 

Ex. 1. Give the initial form of the following words: 
 
formation, polarization, electrolyte, resistance, overcome, sulphuric, 
dissolve, impurity, primary, localized, protective, layer, behaviour, 
higher, representative. 
 
Ex. 2. Give all possible derivatives of these words: 
 
type, operate, transmit, continue, control, vary, rely, locate, add, 
weak. 
 
Ex. 3. Supply prepositions from the list where necessary:  

for, in, to, on, with, of, between, by, from. 
 

1. The simple cell is shown … scheme 1. 
2. The polarization of the cell can be overcome … using a                  

depolarizer. 
3. Iron may be plated … zinc. 
4. … the presence of moisture air is required … rusting. 
5. Corrosion is the destruction … a metal. 
6. Ions can possess … a positive or negative charge. 
7. The electrodes are two conductors carrying current … the elec-

trolyte. 
8. The greater the separation in the series … the two metals the 

greater the produced e.m.f. is. 
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9. The layer of zink helps to prevent the iron … corroding. 
10. A small amount … mercury forms a protective layer … the sur-

face … the electrode. 
 
Ex. 4. Read and translate the text using the following words: 
 

film      пленка, тонкий слой 
to prevent     мешать, предотвращать 
depolarizer [dI:»poul´rAIz´] деполяризатор 
potassium  [p´»tQsj´m] калий 
dichromate  [«daIkr´»meIt] дихромат 
to dilute  [daI»lju:t]  разбавлять, разводить 
to dissolve  [dI»zçlv]  растворять 
impurity  [Im»pju´rItI] примесь 
primary  [»praIm´rI]  первичный, основной 
to localize  [louk´»laIz]  определять местонахождение,  

локализовать 
mercury  [»m´:kjurI]  ртуть 
layer      слой 
behaviour  [bI»heIvI´]  поведение 
representative [«rIprI»zent´tiv] представитель, пример 
to tend     иметь склонность 
voltaic  [vçl»teIIk]  гальванический 
gradual     постепенный 
to deprive     мешать 
damp     сырой 
in addition to    кроме 
moisture  [»mçIstS´]  влага 
to rust     ржаветь 
valve      клапан 
brass   [brA:s]  латунь, желтая медь 
to weaken  [»wI:k´n]  ослаблять 
wastage  [»weIstI:dZ]  изнашивание 
enamel  [I»nQml]  эмаль 
to predict  [prI»dIkt]  предсказывать 
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If the simple cell shown in Figure 4 is left connected for some 
time, the current I decreases fairly rapidly. This is because of the 
formation of a film of hydrogen bubbles on the copper anode. This 
effect is known as the polarization of the cell. The hydrogen pre-
vents full contact between the copper electrode and the electrolyte 
and this increases the internal resistance of the cell. The effect can be 
overcome by using a chemical depolarizing agent or depolarizer, 
such as potassium dichromate which removes the hydrogen bubbles 
as they form. This   allows the cell to deliver a steady current. 

 
Table 4 

Part of the electrochemical series 

potassium 
sodium 
aluminium 
zinc 
iron lead 

 
hydrogen
copper 
silver 
carbon 

When commercial zinc is placed in dilute sulphuric acid, hydro-
gen gas is liberated from it and the zinc dissolves. The reason for 
this is that impurities, such as traces of iron, are present in the zinc 
which set up small primary cells with the zinc. These small cells are 
short-circuited by the electrolyte, with the result that localized cur-
rents flow causing corrosion. This action is known as local action of 
the cell. This may be prevented by rubbing a small amount of mer-
cury on the zinc surface, which forms a protective layer on the sur-
face of the electrode. When two metals are used in a simple cell the 
electrochemical series may be used to predict the behaviour of the 
cell: 
– The metal that is higher in the series acts as the negative electrode, 
and vice-versa. For example, the zinc electrode in the cell shown in    
fig. 4 is negative and the copper electrode is positive. 
– The greater the separation in the series between the two metals the 
greater is the e.m.f. produced by the cell. The electrochemical series 
is representative of the order of reactivity of the metals and their 
compounds: 
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– The higher metals in the series react more readily with oxygen and 
vice-versa. 
– When two metal electrodes are used in a simple cell the one that is 
higher in the series tends to dissolve in the electrolyte. 

Corrosion is the gradual destruction of a metal in a damp atmos-
phere by means of simple cell action. In addition to the presence of 
moisture and air required for rusting, an electrolyte, an anode and a 
cathode are required for corrosion. Thus, if metals widely spaced in 
the electrochemical series, are used in contact with each other in the 
presence of an electrolyte, corrosion will occur. For example, if a 
brass valve is fitted to a heating system made of steel, corrosion will 
occur. The effects of corrosion include the weakening of structures, 
the reduction of the life of components and materials, the wastage of 
materials and the expense of replacement. Corrosion may be pre-
vented by coating with paint, grease, plastic coatings and enamels, 
or by plating with tin or chromium. Also, iron may be galvanized, 
i.e., plated with zinc, the layer of zinc helping to prevent the iron 
from corroding. 
 
Ex. 5. Find out the synonyms among the following words: 
 

to plate, film, moisture, to localize, to effect, to weaken, impurity, 
steady, to relax, to influence, to place, dampness, layer, to coat,         
constant, contamination. 
 
Ex. 6. Suggest the English equivalents for: 
 

изнашивание материалов, в растворе серной кислоты, выделить 
газ из чего-то, вызывая коррозию, защитная пленка на поверх-
ности, находиться в чем-то, предвидеть поведение элемента, на-
оборот, чем больше … тем больше, помимо влаги и воздуха, 
нарушение структур, сокращение срока годности составных час-
тей, предотвратить коррозию, покрывать краской и эмалью, 
коррозийные воздействия. 
 

To coat with paint and enamel, in dilute of sulphuric acid, to liberate 
gas from, to prevent from corroding, the reduction of the life of com-
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ponents, the weakening of structures, to predict the behaviour of the 
cell, the effects of corrosion, in addition to the presence of moisture 
and air, the wastage of materials, the greater … the greater, vice 
versa, a protective layer on the surface, causing corrosion, to be pre-
sent in. 
 
Ex. 7. Agree or disagree with the following statements: 
 
1. The effects of corrosion do not produce any damage. 
2. Zinc dissolves at certain conditions. 
3. Corrosion can be prevented by rubbing a small amount of mer-

cury on the zinc surface. 
4. One of two metal electrodes in a simple cell being lower in the 

series tends to dissolve in the electrolyte. 
5. Dampness is the enemy of metals. 
6. The layer of zink does not help to prevent the iron from corrod-

ing. 
 

Ex. 8. Match the following words with their definitions: 
 
film subjecting to friction 

to depolarize to restrict to particular place 

to increase destroyed gradually 

moisture yellowish-brown coating formed on iron usually be-
cause of moisture or other effects. 

corroded It means to grow in numbers or become greater. 

mercury a mixture of some colours can be contained in this 
word or some kind of dirt it is. 

cell It is a device for controlling a passage of liquid or 
gas through a pipe 

rubbing something covering the surface. 

impurity to change direction; to deprive of polarity 

rust this can be water or any other liquid. 
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wastage a liquid metal which can become poison for a man. 

behaviour voltaic apparatus with only one pair of metallic ele-
ment or a unit of a battery. 

to localize It is the way in which a ship, machine, any sub-
stance works or acts. 

valve group of things which come one after the other one 
in a set order. 

series an amount which can be lost 

 
Ex. 9. Translate into English. 
 
1. Образование слоя из пузырьков водорода на медном аноде 
снижает величину тока довольно быстро. 

2. Присутствие водорода мешает хорошему взаимодействию 
медного электрода с электролитом. 

3. Значение сопротивления возрастает из-за плохого контакта 
между медным электродом и электролитом. 

4. Удаление пузырьков водорода по мере их образования в ба-
тарее способствует лучшей выработке постоянного тока. 

5. Цинк растворяется в растворе серной кислоты. 
6. Коррозия может быть вызвана током, образованным в ре-
зультате короткого замыкания под воздействием электро-
лита. 

7. Тонкий слой ртути на поверхности цинка предотвращает 
коррозию электрода. 

8. Коррозия – это постепенное разрушение металла в сырой 
атмосфере. 

9. Воздействие коррозии приводит к ослаблению структур, 
уменьшению срока годности компонентов, изнашиванию 
материалов и т. д. 

10. Различные виды покрытий (краска, смазочные материалы, 
пластик и т. д.) могут предотвратить коррозию. 
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Ex. 10. Ask your friend if he remembers: 
 

1) what happens to the current if the simple cell (fig. 4) is left con-
nected for some time; 

2) why current decreases rapidly; 
3) what polarization is; 
4) what role of hydrogen in the cell is; 
5) what local action is; 
6) which of two electrodes dissolves in electrolyte first; 
7) how it is possible to prevent corrosion; 
8) the consequences of corrosion. 

 
 

Text 5 
 

E.m.f. and internal resistance of a cell 
 

Ex. 1. Give the initial form of the following words: 
 

opposition, available, primary recharge, continuous, lighter, main-
tenance, relative, density, discharging, respectively. 
 
Ex. 2. Give all possible derivatives of these words: 
 

common, charge, transist, suit, pole, oppose, apply, resist. 
 
Ex. 3. Use the correct form of the verbs when opening the brackets. 
 
1. When a cell (not to connect) to a load, its e.m.f. (to be) the p.d. 

between its terminals. 
2. Examples of a primary cell (to include) the mercury cell and        

Leclanché cell. 
3. The relative specific gravity of a lead-acid cell may (to measure) 

by a hydrometer. 
4. Corrosion will occur if a brass valve (to fit) to a heating system 

(to make) of steel. 
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5. During discharge the electrolyte (to weaken) and the relative 
density (to fall). 

6. The reciprocal of resistance (to call) conductance and (to meas-
ure) in siemens. 

7. Electrons (to move) from one atom to another. 
8. Current (to be) the rate of movement of charge. 

 
 

Ex. 4. Read and translate the text using the following words: 
 
otherwise  [»√D´waIz]  иначе 
hence  [hens]  следовательно 
opposition  [çp´»zIS´n]  сопротивление, контраст 
exhaust  [Ig»zç:st]  выхлоп, выпуск 
intermittent [Int´»mIt´nt] перемежающийся, прерывистый,  

 зд. временный 
torch   [tçtS]   карманный электрический  

фонарь 
spongy  [»sp√ndZI]  губчатый 
to release  [rI»lI:s]  высвобождать 
peroxide  [p´»rçksAId] перекись, оксид+4 
to dissipate [»dIsIpeIt]  рассеиваться 
shelf-life     зд. срок годности 

 
The electromotive force (e.m.f.), E, of a cell is the p.d. between its 

terminals when it is not connected to a load (i.e. the cell is on "no 
load"). The e.m.f. of a cell is measured by using a high resistance 
voltmeter connected in parallel with the cell. The voltmeter must 
have a high resistance otherwise it will pass current and the cell will 
not be on no-load. For example, if the resistance of a cell is 1Ω  and 
that of a voltmeter 1 MΩ _ then the equivalent resistance of the cir-
cuit is 1 MΩ  + 1Ω , i.e. approximately 1 MΩ , hence no current flows 
and the cell is not loaded. The voltage available at the terminals of a 
cell falls when a load is connected. This is caused by the internal re-
sistance of the cell which is the opposition of the material of the cell 
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to the flow of current. The internal resistance acts in series with 
other resistances in the circuit. Fig. 5 shows a cell of e.m.f. E volts 
and internal resistance, r, and XY represents the terminals of the cell. 
When a load (shown as resistance R) is not connected, no current 
flows and the terminal p.d., V = E. When R is connected a current I 
flows which causes a voltage drop in the cell, given by Ir. The p.d. 
available at the cell terminals is less than the e.m.f. of the cell and is 
given by: rIEV −=  

 

 
Fig. 5 

 
Primary cells cannot be recharged, that is, the conversion of 

chemical energy to electrical energy is irreversible and the cell can-
not be used once the chemicals are exhausted. Examples of primary 
cells include the Leclanché cell and the mercury cell. 

A typical dry Leclanché cell is shown in fig. 6.  
Such a cell has an e.m.f. of about 1.5 V when new, but this falls 

rapidly if in continuous use due to polarization. The hydrogen film 
on the carbon electrode forms faster than can be dissipated by the 
depolarizer. The Leclanché cell is suitable only for intermittent use, 
applications including torches, transistor radios, bells, indicator cir-
cuits, gas lighters, controlling switch-gear, and so on. The cell is the 
most commonly used of primary cells, is cheap, requires little main-
tenance and has a shelf-life of about 2 years. The relative density (or 
specific gravity) of a lead- acid cell, which may be measured using a 
hydrometer, varies between about 1.26 when the cell is fully charged 
to about 1.19 when discharged.  

The terminal p.d. of a lead-acid cell is about 2 V. When a cell sup-
plies current to a load it is said to be discharging. During discharge: 
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– the lead peroxide (positive plate) and the spongy lead (negative 
plate) are converted into lead sulphate, and  
– the oxygen in the lead peroxide combines with hydrogen in the 
electrolyte to form water. The electrolyte is therefore weakened and 
the relative density falls. 
 

     
 
 

The terminal p.d. of a lead-acid cell when fully discharged is 
about 1.8 V. A cell is charged by connecting a d.c. supply to its ter-
minals, the positive terminal of the cell being connected to the posi-
tive terminal of the supply. The charging current flows in the re-
verse direction to the discharge current and the chemical action is 
reversed. During charging: 
– the lead sulphate on the positive and negative plates is converted 
back to lead peroxide and lead respectively, and 
– the water content of the electrolyte decreases as the oxygen re-
leased from the electrolyte combines with the lead of the positive 
plate. The relative density of the electrolyte thus increases. 

The colour of the positive plate when fully charged is dark brown 
and when discharged is light brown. The colour of the negative 
plate when fully charged is grey and when discharged is light grey. 

 
Ex. 5. Find out the synonyms among the following words: 
 

force, otherwise, opposition, represent, vary, combine, free, loosen,   
unite, differ, introduce, differently, strength, resistance, opposition. 

Fig. 6
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Ex. 6. Suggest the Russian equivalents for: 
 

between cell's terminals, by using a high resistance voltmeter, avail-
able at the terminals, this is caused by, opposition of the material, no 
current flows, to cause a voltage drop, for intermittent use, to re-
quire little maintenance, relative density, a cell is said to be dis-
charging, reverse direction, the oxygen released, fully charged, the 
positive terminal of the cell being connected to. 
 
Используя вольтметр высокого сопротивления, это вызвано, ток 
не протекает, для промежуточного использования, удельная 
плотность, обратное направление, полностью заряжен, между 
клеммами аккумуляторной банки, находящееся на концах 
(клеммах), сопротивление материала, вызвать падение напря-
жения, не требует большого ухода; говорят, что аккумулятор 
разряжается; выделенный кислород, причем положительная 
клемма аккумулятора соединяется с … . 
 
Ex. 7. Agree or disagree with the following statements: 
 

1. The Leclanché cell is used to produce power for main consumers. 
2. Primary cells can easily be recharged. 
3. When a load is connected no current flows in the circuit. 
4. The e.m.f. of a cell is measured with a voltmeter of high resis-

tance. 
5. A resistance of the cell is not the same as opposition of the ma-

terial. 
6. The flow of charging current is direct to the discharge current. 

 
Ex. 8. Match the following words with their definitions. 
 
cheap a lighting device 

indicator circuit It is a process which can't be stopped and can be 
called unalterable 

lead an electric line pointing out e.g. faults 
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irreversible to disappear like vapour or a cloud in the sky 

torch a metal which is used in batteries 

to dissipate of low cost and bad quality 

to release chemical liquid compound applied in a cell 

bell This device is used to measure relative density of 
electrolyte 

hydrometer This object can make various sounds it is made of 
metal 

electrolyte to set free from something 

 
Ex. 9. Translate into English. 
 
1. Электродвижущая сила является источником электриче-
ского тока. 

2. Электродвижущую силу можно получить разными спосо-
бами (механическим трением, применением тепла, давле-
ния,  химическим действием и т. д.). 

3. Электродвижущая сила измеряется вольтметром высокого    
сопротивления. 

4. Для определения ЭДС аккумулятора измерительный при-
бор (вольтметр) подсоединятся параллельно. 

5. Внутренним сопротивлением аккумулятора является со-
противление материала аккумулятора движению тока. 

6. Внутреннее сопротивление аккумулятора последовательно    
относительно других сопротивлений цепи. 

7. Химическую энергию можно преобразовать в электриче-
скую. 

8. К первичным элементам относят ртутные элементы и эле-
менты  Лекланше. 

9. Элемент Лекланше не требует большого ухода, и он сравни-
тельно дешевый. 

10. Разница потенциалов на клеммах аккумулятора составляет 
1,8 V при полной его разрядке. 
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Ex. 10. Ask your friend if he remembers: 
 
1) what abbreviation of electromotive force is; 
2) how it is possible to measure e.m.f.; 
3) that no current flows when a load is not connected; 
4) that p.d. available at the cell terminals is less than the e.m.f. of 

the cell; 
5) what examples of primary cells are; 
6) where the Leclanché cell is applied; 
7) when primary cells can be considered as charged; 
8) when they are said to be discharged; 
9) why water content of the electrolyte decreases; 

10) what happens to the relative density when decreasing water 
content of electrolyte; 

11) how to distinguish by colour if the positive plate is charged or 
discharged. 

 
 

Text 6 
 

Alkaline cell 
 

Ex. 1. Give the initial form of the following words: 
 

solution, addition, chemical, enclosed, resistance, undergo, another, 
construction, without, indefinitely, discharge, withstanding. 
 
Ex. 2. Give all possible derivatives of these words: 
 

intermit, light, practice, carry, port, start, advantage, electro, vibrate, 
port. 
 
Ex. 3. Use the required form of the adjective in the following sentences:            

(-er, -est, more, the most). 
1. The sound grew (faint) and (faint). 
2. An alkaline cell is (expensive) than acid cell. 
3. It requires (many) cells for a given e.m.f. 
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4. The lead-acid cell is (common) one in practice because of its 
(high) efficiency. 

5. A nickel-cadmium cell has (robust) construction and (long) life. 
6. For a given capacity an alkaline cell is (light) in weight. 
7. The alkaline cells can require (long) idle periods of all other 

cells. 
8. What is the (late) news? 

 
Ex. 4. Read and translate the text using words: 
 

intermittent                                       промежуточный 
potassium  [p´»tQsj´m] калий 
to enclose  [In»klouz]  заключать 
to perforate [»p´:f´reIt]  просверливать, пробивать  
                                                             отверстия 
addition  [´»dIS´n]  добавление 
rod      прут, брусок 
crate      упаковочная корзина (клеть) 
robust  [r´»b√st]  крепкий 
to withstand    выдерживать, противостоять 
to require  [rIk»waI´]  требовать 
idle   [«AIdl]  запасной, резервный 
traction  [»trQkS´n]  тяга 
average  [»Qv´rIdZ]  средний 
fine      хороший, тонкий, изящный 
to undergo  [«√nd´»gou]  испытывать 
graphite  [»grQfAIt]  графит 
 

There are two main types of alkaline cell – the nickel-iron cell and 
the nickel-cadmium cell. In both types the positive plate is made of 
nickel hydroxide enclosed in finely perforated steel tubes, the resis-
tance being reduced by the addition of pure nickel or graphite. The 
tubes are assembled into nickel-steel plates. In the nickel-iron cell, 
(sometimes called the Edison cell), the negative plate is made of iron 
oxide, with the resistance being reduced by a little mercuric oxide, 
the whole being enclosed in perforated steel tubes and assembled in 
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steel plates. In the nickel-cadmium cell the negative plate is made of 
cadmium. The electrolyte in each type of cell is a solution of potas-
sium hydroxide which does not undergo any chemical change and 
thus the quantity can be reduced to a minimum. The plates are sepa-
rated by insulating rods and assembled in steel containers which are 
then enclosed in a non-metallic crate to insulate the cells from one 
another. The average discharge p.d. of an alkaline cell is about 1.2 V. 

Advantages of an alkaline cell (for example, a nickel-cadmium 
cell or a nickel-iron cell) over a lead-acid cell include: 
– more robust construction 
– capable of withstanding heavy charging and discharging currents 

without damage 
– has a longer life 
– for a given capacity is lighter in weight 
– can be left indefinitely in any state of charge or discharge without 
damage 
– is not self-discharging. 

Disadvantages of an alkaline cell over a lead-acid cell include: 
– is relatively more expensive 
– requires more cells for a given e.m.f. 
– has a higher internal resistance 
– must be kept sealed 
– has a lower efficiency. 

Alkaline cells may be used in extremes of temperature, in condi-
tions where vibration is experienced or where duties require long 
idle periods or heavy discharge currents. Practical examples include 
traction and marine work, lighting in railway carriages, military 
portable radios and for starting diesel and petrol engines. However, 
the lead-acid cell is the most common one in practical use. 
 
Ex. 5. Find out the opposites among the following words: 
 

charge, positive, decrease, robust, extreme, to exclude, idle, definite, 
advantage, lower, discharge, negative, weak, increase, higher, usual, 
main, to comprise, indefinite, disadvantage. 
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Ex. 6. Suggest the Russian equivalents for: 
 

in weight, by isolating rods, enclosed in a non-metallic crate, robust 
construction, in extremes of temperature, vibration is experienced,       
to keep sealed, to be made of, self-discharging, idle periods, heavy        
discharge currents, average discharge p.d., in any state. 
В любом состоянии, среднее значение разности потенциалов 
разряда, сильные разрядные токи, длительный простой, само-
разрядка, быть изготовленным из, держать(ся) под пломбой, 
ощущать вибрацию, в крайних температурных условиях, креп-
кая конструкция, заключенный в неметаллическую клеть, изо-
лирующими брусьями (прутьями), по весу. 
 
Ex. 7. Agree or disagree with the following statements. 
 
 

1. Alkaline cell is of one type. 
2. The tubes are assembled into nickel-steel plates. 
3. The nickel-iron cell is called Leclanché cell. 
4. Alkaline cell has some advantages over a lead-acid cell among 

them its more robust construction. 
5. There are some disadvantages of an alkaline cell such as: a 

lower efficiency, a higher internal resistance, and it is more ex-
pensive. 

6. The alkaline cell is mostly used in practice. 
 
 

Ex. 8. Match the following words with their definitions. 
 
alkalines conversion of solid or gas into liquid form by mix-

ture with liquid called the solvent 

cell farthest from the centre, situated at either end 

to enclose to make holes in paper, metal and so on 

to perforate such substances, whose hydroxide is alkalis 

to withstand voltaic apparatus with only one pair of elements 
and can be called a unit of a battery 
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robust slender metal bar or connecting bar (round stick) 

idle  to be of strong state 

to undergo to be subjected to 

solution temperatures which are the farthers from 0 (zero) 

rod unoccupied, coming into operation in case of break 
down, in some useless 

extreme to resist to forces, people etc. 

average to contain 
 
 

Ex. 9. Translate into English. 
 
 

1. На практике используются два вида щелочных аккумулято-
ров: никель-железные и никель-кадмиевые. 

2. В тех и других видах аккумуляторов положительная пла-
стина выполнена из гидроокиси никеля. 

3. Добавление чистого никеля или графита уменьшает внут-
реннее сопротивление. 

4. Никель-кадмиевый аккумулятор называют аккумулятором 
Эдисона. 

5. Что касается отрицательной пластины (катод), то она пред-
ставляет собой окись железа, чье сопротивление можно 
уменьшить добавлением небольшого количества окиси рту-
ти. 

6. Электролит – это раствор гидроокиси калия. 
7. Раствор гидроокиси, как правило, не подвержен химиче-
ским изменениям, и поэтому его количество можно сводить 
до минимума. 

8. Пластины аккумулятора разделяются между собой тонки-
ми изолирующими брусками. 

9. У щелочных аккумуляторов есть ряд преимуществ и недос-
татков. 

10. Однако применение свинцовых аккумуляторов предпочти-
тельней, чем щелочных. 
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Ex. 10. Ask your friend if he remembers: 
 
1) what types of alkaline cell are in practical use; 
2) what they consist of; 
3) how nickel-iron cells are sometimes called; 
4) how it is possible to reduce the resistance of the negative plate 

made of iron oxide; 
5) what electrolyte is made of; 
6) what the plates are separated from each other by; 
7) what average discharged p.d. of an alkaline cell is; 
8) what advantages an alkaline cell has; 
9) what disadvantages an alkaline cell includes; 

10) where an alkaline cell can be used. 
 
 

Text 7 
 

Series and parallel networks 
 
Ex. 1. Give the initial form of the following words: 
 

readings, ammeters, voltage, throughout, reference, frequently,          
divider, dimly, decorative, brilliantly, unaffected, brightness. 
 
Ex. 2. Give all possible derivatives of these words: 
 

affect, install, connect, require, add, far, other, determine, frequent,     
divide, distribute, apply. 
 
Ex. 3. Read and translate the sentences. Transform the Passive construc-

tion into the Active one. 
 

1. The same reading is found on each of the ammeters. 
2. The total resistance is obtained by adding the values of the 

separate resistances. 
3. The voltage distribution for the circuit is shown in fig. 8a. 
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4. The circuit in the fig. 8b is often referred to as a potential di-
vider circuit. 

5. Voltages from a potential divider circuit are taken from connec-
tions between the elements. 

6. Each lamp is connected in parallel across a 240 V supply in par-
allel connection. 

 
Ex. 4. Read and translate the text using the words: 
 

circuit  [»s´:kIt]  цепь 
series   [»sI´rI:z]  последовательный 
reading     показание, значение 
to refer  [rI»f´:]  относить, ссылаться на что-либо 
value   [»vQlju]  значение, значить 
separate  [»seprIt]  отдельный 
to separate  [»sep´reIt]  отделять (-ся) 
similar  [»sImIl´]  подобный, сходный 
frequent  [»frI:kw´nt]  частый 
total   [toutl]  полный, общий 
supply  [s´»plAI]  питание 
to glow  [glou]  светить 
dim      тусклый 
to remove  [rI»mu:v]  удалить 
fault   [fç:lt]   повреждение 
to remain     оставаться 
to affect  [´»fect]  влиять 
installation  [Inst´»leIS´n] установка, устройство 

   
 Fig. 7 shows three resistors R1, R2 and R3 connected end to end, 

i.e., in series, with a battery source of V volts. Since the circuit is 
closed a current I will flow and the p.d. across each resistor may be 
determined from the voltmeter readings V1, V2 and V3. 
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Fig. 7 

 

   In a series circuit: the current I is the same in all parts of the cir-
cuit and hence the same reading is found on each of the two amme-
ters shown, and the sum of the voltages V1, V2 and V3 is equal to the 
total applied voltage, V, i.e. 
     321 VVVV ++= . 
 From Ohm’s law: V1=IR1, V2=IR2, V3=IR3   and V=IR, where R is 
the total circuit resistance.  Since V = V1 + V2 + V3 then IR = IR1 + IR2 + 
+ IR3. 
Dividing throughout by I gives R= R1 + R2 + R3. 

For a series circuit, the total resistance is obtained by adding 
together the values of the separate resistances. The voltage distribu-
tion for the circuit is shown in fig. 8a.   

The circuit shown in fig. 8b is often referred to as a potential di-
vider circuit. Such a circuit can consist of a number of similar ele-
ments in series connected across a voltage source, voltages being 
taken from connections between the elements. Frequently the di-
vider consists of two resistors as shown in fig. 8b. 

  
                                      a                                            b 

Fig. 8 
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Fig. 9 

Fig. 9 shows three resistors, R1, R2 and 
R3 connected across each other, i.e., in 
parallel, across a battery source of V 
volts. In a parallel circuit the sum of the 
currents I1, I2 and I3 is equal to the total 
circuit current, I, and the source p.d., V 
volts, is the same across each of the   
resistors. 

 
 
 

Fig. 10 shows three lamps in series 
connection, each rated at 240 V, is 
connected in series across a 240 V 
supply. 

– Each lamp has only 240/3 V, i.e., 
80 V across it and thus each lamp glows dimly. 

– If another lamp of similar rating is added in series with the other 
three lamps then each lamp now has   240/4 V, i.e., 60 V across it and 
each now glows even more dimly.       

– If a lamp is removed from the circuit or if a lamp develops a 
fault (i.e. an open circuit) or if the switch is opened then the circuit is 
broken, no current flows, and the remaining lamps will not light up.  

– Less cable is required for a series 
connection than for a parallel one. The se-
ries connection of lamps is usually lim-
ited to decorative lighting such as for 
Christmas tree lights.  Fig. 11 shows three 
similar lamps, in parallel connection, each 
lamp rated at 240 V, is connected in paral-
lel across a 240 V supply.– Each lamp has 
240 V across it and thus each will glow 
brilliantly at their rated voltage. 

– If any lamp is removed from the cir-
cuit or develops a fault (open circuit) or a 
switch is opened, the remaining lamps are unaffected. 

Fig. 10. 

 
Fig. 11 
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– The addition of further similar lamps in parallel does not affect 
the brightness of the other lamps.  

– More cable is required for parallel connection than for a series 
one.    
The parallel connection of lamps is the most widely used in electri-
cal installations. 
 

Ex. 5. Find out the synonyms among the following words: 
 

divide, frequently, obtain, remain, light, remove, fault, thin, extract,    
illuminate, separate, often, get, stay, damage, narrow. 
 
Ex. 6. Suggest the Russian equivalents for: 
 

the same current, the same reading, applied voltage, the total circuit 
resistance, for a series circuit, the values of separate resistances, the 
number of similar elements in series, the fault develops, to be lim-
ited to, to affect brightness, to be widely used, electrical installation, 
in  series parallel, rated voltage. 
 

Электрическая установка, найти широкое применение, оказы-
вать влияние на яркость, ограничиваться до, повреждение про-
исходит, (последовательно) параллельно; ряд подобных элемен-
тов, значения отдельных сопротивлений, относительно после-
довательной цепи, общее сопротивление цепи, приложенное 
напряжение, тот же ток, те же показания, номинальное напря-
жение. 
 
Ex. 7. Agree or disagree with the following statements. 
 
1. Each lamp in series connection glows dimly because of its low 

voltage (80 V across each one). 
2. Adding other lamps in series makes each of them glow much 

brighter. 
3. More cable is required for a series connection than for a parallel 

one. 
4. The application of series connection of lamps is not limited. 
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5. As for the parallel connection of lamps it is also used for light-
ing all spaces on a ship. 

6. Less cable is required for a parallel connection than for a series 
one. 

7. To obtain the total resistance we must add together the values 
of separate resistances for a parallel circuit. 

8. In series circuit the voltages are usually taken from the connec-
tions between the elements. 

 
Ex. 8. Match the following words with their definitions. 
 
circuit this word matches the current or voltage which is 

not above maximum 

readings buildings for technical operation 

similar not very bright or clear 

frequent we use this word when we want to say that the light 
of a lamp is bright 

to remove it is to stay in the same room or condition 

to remain it means to take off or away from an occupied place 

parallel connection in one line 

series a place where something starts or comes from 

source having two separate lines with the same distance 
between each other 

to affect when something occurs very often 

installation an electrical line including various consumers 

 

rated they can be expressed in various units (watts, volts, 
ohms and etc.) 

brilliant very alike but not quite the same 

dim to touch (in mind), to influence 

 



 51

Ex. 9. Translate into English. 
 
1. В последовательной цепи сумма падений напряжения на      
нагрузках равна напряжению источника питания. 

2. Сила тока, протекающего через все нагрузки, является оди-
наковой. 

3. Если перегорит хотя бы одна лампа в последовательной це-
пи, то не будут гореть все остальные. 

4. В параллельной цепи на все нагрузки подается одинаковое 
напряжение, равное источнику питания. 

5. Через каждую нагрузку параллельной цепи протекает свой 
собственный ток, сила которого зависит от сопротивления 
этой нагрузки. 

6. В параллельной цепи, если сопротивления нагрузок равны 
между собой, то общий ток равен току каждой линии. 

7. Если одна из ламп перегорит в параллельной цепи, то все     
остальные будут гореть. 

8. Для параллельной цепи требуется больше кабеля, чем для    
последовательной. 

 
Ex. 10. Ask your friend if he remembers: 
 
1) what a series circuit is; 
2) why the same reading can be found on each of the two amme-

ters; 
3) how the total resistance is obtained in series circuit; 
4) what a potential divider circuit consists of; 
5) what the difference between parallel and series circuits is; 
6) why the lamps connected in series give dim light; 
7) what happens to the brightness of three lamps in series if we 

add the fourth one; 
8) why the lamp will glow brilliantly in parallel connection; 
9) which connection series or parallel requires more cable; 

10) where electrical installations are the most widely used. 
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Text 8 
 

Electrostatic field 
 
Ex. 1. Give the initial form of the following words: 
 
represent, towards, electrostatic, direction, acting, indication,             
continuous, uncharged, properties, imagination, attraction, repul-
sion, therefore, proportional. 
 
Ex. 2. Give all possible derivatives of these words: 
 
oppose, conduct, act, direct, imagine, charge, close, type, calculate, 
perform, involve, strength, indicate, identify. 
 
Ex. 3. Put the verbs from the brackets in their correct forms. 
 
1. This picture … (to represent) two parallel lines A and B … (to 

charge) to different potentials. 
2. Any region between the plates … (to experience) a force … (to 

call) an electrostatic field. 
3. The lines of electric force … (to draw) between the charged         

surfaces. 
4. An electric field always … (to exist) if a p.d. … (to establish)         

between two points. 
5. Field lines or lines of force … (to use) to illustrate the properties 

of an electric field. 
6. This law … (to know) as Coulomb’s law. 
7. Two parallel conducting plates … (to separate) from each other. 
8. The two plates … (to connect) to opposite terminals of a battery 

of voltage. 
 
Ex. 4. Read and translate the text using the following words: 
 
to represent [«reprI»zent] представлять 
to act      действовать 
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to tend     вести (к чему-либо) 
to push away [puS]   отталкивать 
towards  [t´»wç:dz]  к, по направлению к 
region  [»rI:dZ´n]  край, область, сфера 
to experience [Iks»pI´rI´ns] испытывать 
field      поле, область 
to define  [dI»fAIn]  определять 
direction  [dI»rekS´n]  направление, инструкция 
surface  [»s´:fIs]  поверхность 
indication  [IndI»keIS´n] указание 
to establish  [Is»tQblIS]  устанавливать 
pattern  [»pQt´n]  пример, образец 
adjacent  [´»dZeIs´nt] смежный, соседний 
sign   [sain]  знак 
to terminate [»t´:mIneIt]  ставить предел 
imagination [I«mQdZI»neIS´n] воображение 
fringe  [frIndZ]  край, окаймлять 
negligible  [»neglIdZ´bl] незначительный 
to emanate  [»em´neIt]  истекать, происходить, излучать 
 

Fig. 12 represents two parallel metal plates, A and B, charged to 
different potentials. If an electron that has a negative charge is 
placed between the plates, a force will act on the electron tending to 
push it away from the negative plate B towards the positive plate, A. 
Similarly, a positive charge would be acted on by a force tending to 
move it toward the negative plate. Any region such as that shown 
between the plates in fig. 12, in which an electric charge experiences 
a force, is called an electrostatic field. The direction of the field is de-
fined as that of the force acting on a positive charge placed in the 
field. In fig. 12, the direction of the force is from the positive plate to 
the negative plate. 
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Fig. 12 

 
Such a field may be represented in magnitude and direction by 

lines of electric force drawn between the charged surfaces. The 
closeness of the lines is an indication of the field strength. Whenever 
a p.d. is established between two points, an electric field will always 
exist. Fig. 13 shows a typical field pattern for an isolated point 
charge, and fig. 14 shows the field pattern for adjacent charges of 
opposite polarity. Electric lines of force (often called electric flux 
lines) are continuous and start and finish on point charges. Also, the 
lines cannot cross each other. When a charged body is placed close 
to an uncharged body, an induced charge of opposite sign appears 
on the surface of the uncharged body. This is because lines of force 
from the charged body terminate on its surface. 

 
                         Fig. 13                                  Fig. 14 

 

The concept of field lines or lines of force is used to illustrate the 
properties of an electric field. However, it should be remembered 
that they are only aids to the imagination. The force of attraction or 
repulsion between two electrically charged bodies is proportional to 
the magnitude of their charges and inversely proportional to the 
square of the distance separating them, i.e. force 
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This is known as Coulomb’s law. Hence the force between two 
charged spheres in air with their centres 16 mm apart and each car-
rying a charge of +1.6 µ C is given by: 
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Electric field strength is shown in fig. 15 where two parallel con-
ducting plates are separated from each other by air. They are con-
nected to opposite terminals of a battery of voltage V volts. 

 
Fig. 15 

 

      There is therefore an electric field in the space between the 
plates. If the plates are close together, the electric lines of force will 
be straight and parallel and equally spaced, except near the edge 
where fringing will occur (see fig. 12). Over the area in which there 
is negligible        fringing. 
 
Ex. 5. Find out the synonyms among the following words: 
 

force, act, region, establish, represent, define, towards, fringe, there-
fore, so, edge, to, determine, introduce, set, area, work, strength. 
 
Ex. 6. Suggest the Russian equivalents for: 
 

figure 1 represents, a charge experiences force, placed in the field, 
drawn between the charged surfaces, closeness of the lines, charges 
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of opposite polarity, the properties of an electric field, however, 
whenever, typical field pattern, proportional to the magnitude of a 
charge, inversely proportional, the force of attraction or repulsion, 
aids to the imagination. 
 

На рисунке 1 показано, плод воображения, сила притяжения 
или отталкивания, обратно пропорциональный, электрический 
заряд подвергается воздействию силы, пропорциональный ве-
личине заряда, типичный образец поля, всякий раз когда, одна-
ко, свойства электрического поля, заряды противоположной 
полярности, тесное расположение линий, проистекающими 
между заряженными поверхностями, размещенные в поле. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. Electrostatic field is a region in which an electric charge experi-
ences a force. 

2. The direction of the force is always from the positive plate to the 
negative plate. 

3. The lines of electric force can cross each other. 
4. The force of attraction or repulsion between two electrically 

charged bodies is inversely proportional to the magnitude of 
their charges. 

5. The force of attraction or repulsion between two electrically 
charged bodies is inversely proportional to the square of the 
distance separating them. 

6. The insulating medium separating charged surface is called a       
dielectric. 

7. Unit flux is defined as emanating from a positive charge of              
5 coulombs. 

8. Dielectric materials have very high resistivities. 
 
Ex. 8. Match the following words with their definitions: 
 

to emanate to come to an end, to limit 

to experience to be directed in some way 
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attraction it is an area where an electric charge can experience 
a force 

repulsion an excellent example for illustrating a process or 
smth. else 

opposite lying near 

adjacent facing front to front or back to back with each other 

properties to originate or to issue from a source, person etc. 

fringe action of a magnet in drawing iron 

to terminate to meet with smth., to learn how it acts 

field it can be quality common to the whole class e.g. 
quality of insulators or conductors 

pattern tendency of bodies to increase their mutual distance 

to tend border of lines as an example 
 

Ex. 9. Translate into English. 
 

1. Если поместить отрицательно заряженный электрон между 
положительной и отрицательной пластинами, то сила бу-
дет толкать этот заряд к положительной пластине. 

2. На положительный заряд действует сила, толкающая его к 
отрицательной пластине. 

3. Электростатическое поле – это пространство, в котором 
электрические заряды испытывают силу. 

4. Сила притяжения или отталкивания между двумя электри-
чески заряженными телами пропорциональна величине 
этих зарядов. 

5. Однако сила притяжения или отталкивания обратно про-
порциональна квадрату расстояния, разделяющего заря-
женные тела. 

6. Силовые линии электростатического поля располагаются 
параллельно, прямо и равномерно. 

7. На краях пластин силовые линии изгибаются. 
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8. Между двумя точечными зарядами силовые линии изгиба-
ются веерообразно (звездообразно) по направлению друг к   
другу. 

9. У положительного точечного заряда силовые линии на-
правлены из него во все стороны. 

10. У отрицательного заряда силовые линии направлены в него. 
 

Ex. 10. Ask your friend if he remembers: 
 

1) what charge an electron has; 
2) that two parallel metal plates must have different potentials to 

show the action of the force between them on negative and 
positive charges; 

3) what happens to the negative, then to the positive charge placed 
into electrostatic field; 

4) what the strength of the field indicates; 
5) what your friend must do to get an electric field; 
6) where the lines of force start and then finish; 
7) how electric lines are often called; 
8) that the lines of the electric force cross or not; 
9) why an induced charge of opposite sign appears on the surface 

of the uncharged body; 
10) what the lines of force illustrate; 
11) what two parallel conducting plates are separated by from each 

other; 
12) what conditions exist to provide straight, parallel and equally 

spaced electric lines of force. 
 
 

Text 9 
 

Capacitance 
 
Ex. 1. Give the initial form of the following words: 
 

input, output, characteristics, configuration, independent, transistor, 
suitable, unusual, capacitance, situation, undesirable, electricity. 
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Ex. 2. Give all possible derivatives of these words: 
 

state, proper, condense, desire, situate, transmit, flow, dense, pro-
ceed, configure, correspond, adjust. 
 
Ex. 3. Supply prepositions from the list: in, to, for, from, on, between, 
by, with, at, of, through. 
 

1. This formular is similar … that used … resistors. 
2. The equivalent capacitance … a group … parallel-connected         

capacitors is the sum … the capacitances … the individual            
capacitors. 

3. Capacitors can be connected … parallel and … series. 
4. Figure 1 shows the total charge divided … the three capacitors. 
5. Three capacitors are connected … parallel … a supply voltage. 
6. A capacitor consists … two plates separated … an insulating 

material which is called a dielectric. 
7. There is always the presence … equal positive and negative       

electric charges … two plates. 
8. Electric flux density is the amount … flux passing … a defined      

area perpendicular … the direction … the flux. 
9. Dielectric materials are used to separate conductors … different 

potentials. 
10. Unit flux is defined as emanating … a positive charge … 1          

coulomb. 
 
Ex. 4. Read and translate the text using the following words: 
 

to arise     происходить, образоваться 
pair   [pE´]   пара 
undesirable [«√ndI»zaI´r´bl] нежелательный, неподходящий 
overhead  [»ouv´hed]  верхний, воздушный 
to accept  [´k»sept]  принимать, допускать 
to store  [stç:]   накапливать 
variable  [»vE´rI´bl]  изменчивый, переменный 
diagram  [»daI´grQm] схема 
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to correspond (to) [«korIs»pçnd] соответствовать 
density  [»densItI]  плотность 
respectively [rIs»pektIvlI] соответственно, относительно 
 

Static electric fields arise from electric charges, electric field lines 
beginning and ending on electric charges. Thus the presence of the 
field indicates the presence of equal positive and negative electric 
charges on the two plates of fig. 15. Let the charge be +Q coulombs 
on one plate and ¯Q coulombs on the other. The property of this pair 
of plates which determines how much charge corresponds to a 
given p.d. between the plates is called their capacitance: capacitance 
C = Q/V 

The unit of capacitance is the farad F (or more usually µ F = 10-6 F 
or pF D 10-12 F), which is defined as the capacitance when a p.d. of 
one volt appears across the plates when charged with one coulomb. 

Every system of electrical conductors possesses capacitance. For     
example, there is capacitance between the conductors of overhead 
transmission lines and also between the wires of a telephone cable. 
In these examples the capacitance is undesirable but has to be ac-
cepted, minimized or compensated for. There are other situations 
where capacitance is a desirable property. Devices specially con-
structed to possess capacitance are called capacitors (or condensers, 
as they used to be called). In its simplest form a capacitor consists of 
two plates which are separated by an insulating material known as a 
dielectric. A capacitor has the ability to store a quantity of static elec-
tricity. The symbols for a fixed capacitor and a variable capacitor 
used in electrical circuit diagrams are shown in fig. 16. 

   
 

Fig. 16 
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The charge Q stored in a capacitor is given by: Q = I × t coulombs, 
where I is the current in amperes and t the time in seconds. 

At any point in an electric field, the electric field strength E main-
tains the electric flux and produces a particular value of electric flux 
density D at that point. For a field established in vacuum (or for 
practical purposes in air), the ratio D/E is a constant. 

The insulating medium separating charged surfaces is called a        
dielectric. Compared with conductors, dielectric materials have very 
high resistivities. They are therefore used to separate conductors at     
different potentials, such as capacitor plates or electric power lines. 

 
Fig. 17 

For a parallel-plate capacitor, as shown in fig. 17, experiments 
show that capacitance C is proportional to the area A of a plate, in-
versely proportional to the plate spacing d (i.e., the dielectric thick-
ness) and depends on the na-
ture of the dielectric. 

Another method used to 
increase the capacitance is to 
interleave several plates as 
shown in fig.17. 

 Fig. 18 shows three ca-
pacitors, C1, C2 and C3, con-
nected in parallel with a supply 
voltage V applied across the ar-
rangement. 
 

 
Fig. 18 
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When the charging current I reaches point A it divides, some 
flowing into C1, some flowing into C2 and some into C3. Hence the 
total charge is divided between the three capacitors. The capacitors 
each store a charge and these are shown as Q1, Q2 and Q3 respec-
tively. 

Fig. 19 shows three capacitors, C1, C2 and C3, connected in se-
ries across a supply voltage V. Let the p.d. across the individual ca-
pacitors be V1, V2 and V3 respectively as shown. Let the charge on 
plate ‘a’ of capacitor C1 be +Q coulombs. This induces an equal but 
opposite charge of -Q coulombs on plate ‘b’. The conductor between 
plates ‘b’ and ‘c’ is electrically isolated from the rest of the circuit so 
that an equal but opposite charge of +Q coulombs must appear on 
plate ‘c’, which, in turn, induces an equal and opposite charge of -Q 
coulombs on plate ‘d’, and so on. 

 

 
 

Fig. 19 
 
Ex. 5. Find out the opposites among the following words: 
 

desirable, thin, proper, join, proceed, straight, to store, absence, 
equal, constant, variable, different, separate, to spend, thick, 
crooked,            unnecessary, stop, wrong, presence. 
 
Ex. 6. Suggest the English equivalents for: 
 

образовать электрическое поле, таким образом, указывать на       
наличие электрических зарядов, свойство пары пластин, на-
сколько соответствует разнице потенциалов, в качестве емкости, 
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необходимое свойство, в своей наипростейшей форме, пред-
ставлять собой, способность накапливать, отношение плотности 
к силе, изолирующая среда, по сравнению с проводниками, по-
этому, зависеть от природы, следовательно; напряжение, при-
ложенное к устройству. 
 

to arise an electric field, hence, voltage applied across the arrange-
ment, to depend on the nature, therefore, compared with a conduc-
tor, the     insulating medium, the ratio D/E (density per strength), 
the ability to store, to consist of, in its simplest form, a desirable 
property, as the     capacitance, how much to correspond to p.d. (po-
tential difference), the property of the pair of plates, to indicate the 
presence of electric charges, thus. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. Every system of electrical conductors possesses capacitance. 
2. There is no capacitance between the wires of a telephone cable. 
3. In very many electrical situations capacitance is desirable. 
4. A capacitor has the ability to store a quantity of static electricity. 
5. The electric flux is measured in ohms. 
6. Electric flux density is coulomb per metre. 
7. The insulating medium separating charged surfaces is called 

conductors. 
8. Capacitance depends on the nature of the dielectric. 

 
Ex. 8. Match the following words with their definitions: 
 

desirable A location at right angles to the straight line of hori-
zon 

capacitance sufficient power or capacity to do something;  
cleverness 

capacitor It means to insert some extra plates, leaves, words 
between others to get expected results. 

to induce as an electrical word it means to produce current by 
induction 
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density smooth piece of metal, glass, etc., coated with some 
materials or not and used for various purposes. 

plate a device for storing electrical charges 

to interleave a degree of consistence measured by ratio of mass to 
volume 

ability ratio of the change in an electric charge to the corre-
sponding change in potential. 

perpendicular worth wishing for 

 
Ex. 9. Translate into English. 
 
1. Статическое электрическое поле образуют электрические 
заряды. 

2. Единица емкости – фарад. 
3. Любая система электрических проводников обладает емко-
стью. 

4. Простой конденсатор состоит из двух пластин и изоляци-
онного материала, разделяющего эти пластины. 

5. Диэлектрик является изоляционным материалом. 
6. Конденсатор имеет способность накапливать статическое 
электричество. 

7. Для увеличения емкости существуют несколько методов. 
8. Заряд Q, накопленный в конденсаторе, можно рассчитать 
по формуле  Q = I × t. 

9. Электрическую плотность потока зарядов называют плот-
ностью самого заряда. 

10. В конденсаторе с параллельно соединенными пластинами 
емкость пропорциональна площади пластин. 

 
Ex. 10. Ask your friend if he knows: 
 
1) that static electric fields arise from electric charges; 
2) what indicates the presence of equal positive and negative elec-

tric charges; 
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3) where equal positive and negative electric charges are present; 
4) what unit of capacitance is; 
5) that every system of electrical conductors possesses capacitance; 
6) how devices possessing capacitance are called; 
7) what dielectric is; 
8) what pictures 18 and 19 show; 
9) that the dielectric thickness depends on the nature of the dielec-

tric itself. 
 
 

Text 10 
 

Practical types of capacitor 
 

Ex. 1. Give the initial form of the following words: 
 

typical, construction, older, easily, insulator, moisture, likely,              
permittivity, reliability, usefulness, resistor, generally. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

to move, to construct, to use, to connect, to vary, to contain, to oper-
ate, to separate, volt, direct. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. Usually the whole capacitor is impregnated with wax. 
2. A modified form of mica capacitor is the silvered mica type. 
3. The maximum value of such capacitors is between 500 pF and 

1000 pF. 
4. The mica is coated on both sides with a thin layer of silver 

which forms the plates. 
5. Some plastic material such as polystyrene and Teflon can be 

used as dielectrics. 
6. Titanium oxide capacitors have a very high capacitance with a 

small physical size when used at a low temperature. 
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               Fig. 20                                             Fig. 21 
 

 
Ex. 4. Read and translate the text using the following words: 
 

accuracy              [»Qkjur´sI]            точность 
mica                     [»mAik´]                слюда 
spindle  [»spIndl]  ось, вал, шпиндель 
meshing  [meSiN]  зацепление 
wax   [wQks]  воск, парафин 
to impregnate [»Impregneit] пропитывать 
bakelite  [»beIk´lAit]  бакелит 
usefulness  [»ju:sfulnes] польза, выгода 
precise                  [pre»sAiz]             точный 
 

Practical types of capacitor are characterized by the material used 
for their dielectric. The main types include: variable air, mica, paper, 
ceramic, plastic, titanium oxide and electrolytic. 

Variable air capacitors usually consist of two sets of metal plates 
(such as aluminium) one fixed, the other variable. The set of moving 
plates rotate on a spindle. 

As the moving plates are rotated through half a revolution, the 
meshing, and therefore the capacitance, varies from a minimum to a 
maximum value. Variable air capacitors are used in radio and elec-
tronic  circuits where very low losses are required, or where a vari-
able capacitance is needed. The maximum value of such capacitors 
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is between 500 pF and 1000 pF. Mica capacitor is a typical older type 
construction which is shown in fig. 21. Usually the whole capacitor 
is impregnated with wax and placed in a bakelite case. Mica is easily   
obtained in thin sheets and is a good insulator. However, mica is  

expensive and is not used in capacitors above about 0.2 pF. A modi-
fied form of mica capacitor is the silvered mica type. The mica is 
coated on both sides with a thin layer of silver which forms the 
plates. Capacitance is stable and less likely to change with age. Such 
capacitors have a constant capacitance with change of temperature, 
a high working voltage rating and a long service life and are used in 
high frequency circuits with fixed values of capacitance up to about 
1000 pF.  
 

A typical paper capacitor is shown in fig. 22 where the length of 
the roll corresponds to the capacitance required. The whole is usu-
ally impregnated with oil or wax to exclude moisture, and then 
placed in a plastic or aluminium container for protection. Paper ca-
pacitors are made in various working voltages up to about 150 kV 
and are used where loss is not very important. The maximum value 
of this type of capacitor is between 500 pF and 10 pF. Disadvantages 
of paper capacitors include variation in capacitance with tempera-
ture change and a shorter service life than most other types of ca-
pacitor. 

Ceramic capacitors are made in various forms, each type of con-
struction depending on the value of capacitance required. For high 

      
 
                  Fig. 22                                              Fig. 23a 
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values, a tube of ceramic material is used as shown in the cross sec-
tion of fig. 23a. 

For smaller values the cup construction is used as shown in fig. 
23b, and for still smaller values the disc construction shown in fig. 
23c is used. 

Certain ceramic materials have a very high permittivity and this    
enables capacitors of high capacitance to be made which are of small 
physical size with a high working voltage. Ceramic capacitors are 
available in the range 1 pF to 0.1 ∝F and may be used in high fre-
quency electronic circuits subject to a wide range of temperatures.  

 

     
   Fig. 23b     Fig. 23c 
 

Some plastic materials such as polystyrene and Teflon can be 
used as dielectrics. Construction is similar to the paper capacitor but 
using a plastic film instead of paper. Plastic capacitors operate well 
under      conditions of high temperature, provide a precise value of 
capacitance, a very long service life and high reliability. 

Titanium oxide capacitors have a very high capacitance with a 
small physical size when used at a low temperature. 

Construction of electrolytic capacitors is similar to the paper ca-
pacitor with aluminium foil used for the plates and with a thick ab-
sorbent material, such as paper, impregnated with an electrolyte 
(ammonium borate), separating the plates. The finished capacitor is 
usually  assembled in an aluminium container and hermetically 
sealed. Its  operation depends on the formation of a thin aluminium 
oxide layer on the positive plate by electrolytic action when a suit-
able direct potential is maintained between the plates. This oxide 
layer is very thin and forms the dielectric. (The absorbent paper be-
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tween the plates is a  conductor and does not act as a dielectric.) 
Such capacitors must always be used on dc and must be connected 
with the correct polarity; if this is not done the capacitor will be de-
stroyed since the oxide layer will be destroyed. Electrolytic capaci-
tors are manufactured with working voltage from 6 V to 600 V, al-
though accuracy is generally not very high. These capacitors possess 
a much larger capacitance than other types of capacitors of similar 
dimensions due to the oxide film being only a few microns thick. 
The fact that they can be used only on dc supplies limit their useful-
ness. 

When discharging capacitor has been disconnected from the sup-
ply it may still be charged and it may retain this charge for some             
considerable time. Thus precautions must be taken to ensure that 
the capacitor is automatically discharged after the supply is 
switched off. This is done by connecting a high value resistor across 
the capacitor terminals. 
 
Ex. 5. Find out the synonyms among the following words:  
 

possess, use, require, type, ensure, apply, moisture, demand, permit, 
kind, allow, similar, like, have, provide, dampness, accurate, precise. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

оборот, влага, защита, зависеть от, давать возможность, высокая 
надежность, алюминиевая фольга, собирать, укрывать, сохра-
нять, уничтожать, обладать, рассоединять, на значительное вре-
мя, предостережение, разделять. 
 
Ex. 7. Agree or disagree with following statements. 
 

1. Air capacitors usually consist of three sets of metal plates. 
2. Mica is easily obtained in thick steels and is a bad insulator. 
3. Paper capacitors are made in various working voltages up to 

about 150 kV. 
4. Titanium oxide capacitors have a very low capacitance with a 

small physical size when used at a low temperature. 
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5. When a capacitor has been disconnected from the supply it may 
still be charged.  

6. Disadvantages of paper capacitors include variation in capaci-
tance with temperature change and a shorter service life than 
most other types of capacitors. 

 
Ex. 8. Translate the following sentences from Russian into English. 
 

1. Разнообразные воздушные конденсаторы используются в 
радио и электронных цепях, где необходима различная ем-
кость. 

2. Слюда легко изготавливается в тонких пластинах и является 
хорошим изолятором. 

3. Емкость является стабильной и менее вероятно изменяется 
со временем. 

4. Недостатками бумажных конденсаторов являются измене-
ние емкости с изменением температуры и более короткий 
срок годности, чем большинства других типов конденсато-
ров. 

5. Керамические конденсаторы изготавливаются различных 
форм, каждый тип конструкции зависит от значения тре-
буемой емкости. 

6. Законченный конденсатор обычно собран в алюминиевый 
контейнер и герметично укрыт. 

7. Должны быть приняты меры предосторожности, чтобы га-
рантировать автоматическую разрядку конденсатора после 
выключения источника питания. 

 
Ex. 9. Answer the following questions: 
 

1. What are practical types of capacitor characterized by? 
2. What do the main types include? 
3. What do variable air capacitors usually consist of? 
4. What are the characteristics of mica? 
5. What is the working voltage of paper capacitors? 
6. What are the disadvantages of paper capacitors? 
7. How do plastic capacitor operate? 
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8. What is the construction of electrolytic capacitors? 
9. What is the capacitance of electrolytic capacitors? 

 
 

Text 11 
 

Magnetic fields 
 
Ex. 1. Give the initial forms of the following words: 
 

attracting, freely, investigation, distribution, gently, dimension,              
noting, direction, repulsion, strongest, unlike. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

to attract, free, to detect, to present, to distribute, to point, to define, 
dense. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1. A permanent magnet will position itself in a north and south di-
rection when freely suspended. 

2. A magnetic field cannot be seen, felt, smelt or heard. 
3. Michael Faraday suggested that the magnetic field could be rep-

resented pictorially. 
4. A bar magnet is placed on a flat surface covered by, say, card-

board, upon which is sprinkled some iron filing. 
5. Such lines of flux always form complete closed loops or paths. 
6. It should be realized, that the magnetic field is three dimen-

sional in its effect. 
 

Ex. 4. Read and translate the text using the following words: 
 

to tap                    [tQp]                    стучать 
filing                                                  опилки 
to assume            [´»sju:m]               допускать, принимать на себя 
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pictorially  [pik»tç:ri´lI] изобразительно 
to sprinkle  [»sprINkl]  брызгать, распылять 
to exert  [Ig»z´:t]  вызывать напряжение 
to repel  [ri»pel]  отталкивать(ся) 
repulsion  [ri»p√lS´n]  отталкивание 
to emerge  [I»m´:dZ]  возникать, появляться 

 

A permanent magnet is a piece of ferromagnetic material (such as 
iron, nickel or cobalt) which has properties of attracting other pieces 
of these materials. A permanent magnet will position itself in a 
north and south direction when freely suspended. The north-
seeking end of the magnet is called the north pole, N, and the south-
seeking end the south pole, S. The area around a magnet is called 
the magnetic field and it is in this area that the effects of the mag-
netic force produced by the magnet can be detected. A magnetic 
field cannot be seen, felt, smelt or heard and therefore is difficult to 
represent. Michael Faraday suggested that the magnetic field could 
be represented pictorially, by imagining the field to consist of lines 
of magnetic flux, which enables investigation of the distribution and 
density of the field to be carried out. The distribution of a magnetic 
field can be investigated by using some iron filings. A bar magnet is 
placed on a flat surface covered by, say, cardboard, upon which is 
sprinkled some iron filings. If the cardboard is gently tapped the fil-
ings will assume a pattern similar to that shown in fig. 24a. If a 
number of magnets of different strength are used, it is found that the 
stronger the field the closer are the lines of magnetic flux and vice 
versa. Thus a magnetic field has the property of exerting a force, 
demonstrated in this case by causing the iron filings to move into 
the pattern shown. The strength of the magnetic field decreases as 
we move away from the magnet. It should be realized, of course, 
that the magnetic field is three dimensional in its effect, and not act-
ing in one plane as appears to be the case in this experiment. If a 
compass is placed in the magnetic field in various positions, the di-
rection of the lines of flux may be determined by noting the direc-
tion of the compass pointer. The direction of a magnetic field at any 
point is taken as that in which the north-seeking pole of a compass 
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needle points when suspended in the field. The direction of a line of 
flux is from the north pole to the south pole on the outside of the 
magnet and is then assumed to continue through the magnet back to 
the point at which it emerged at the north pole. Thus such lines of 
flux always form complete closed loops or paths, they never inter-
sect and always have a definite direction. The laws of magnetic at-
traction and repulsion can be demonstrated by using two bar mag-
nets. In fig. 24b, with unlike poles adjacent, attraction takes place. 
Lines of flux are imagined to contract and the magnets try to pull 
together. The magnetic field is strongest in between the two mag-
nets, shown by the lines of flux being close together. In fig. 24c, with 
similar poles adjacent (i.e. two north poles),    repulsion occurs, i.e. 
the two north poles try to push each other apart, since magnetic flux 
lines running side by side in the same direction repel. 

 

 
 

Fig. 24 
 

Ex. 5. Suggest English equivalents to the following words and word           
combinations: 
постоянный магнит, полюс, притягивать, плотность поля, на-
оборот, стрелка компаса, появляться, отталкивать, определен-
ное направление, в трех измерениях, пересекаться, помещать. 
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Ex. 6. Find out the synonyms among the following words:  
 

to bind, permanent, properties, to detect, to suggest, apart, charac-
teristic, constant, to propose, to decrease, separately, to pull, to 
lower, to demonstrate, to draw, to show, to emerge, to appear, to 
fasten, to determine. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. A magnetic field is rather easy to represent. 
2. The area around a magnet is called a magnetic field. 
3. The strength of the magnetic field increases as we move away 

from the magnet. 
4. The distribution of the magnetic field can be investigated by us-

ing some iron filing. 
5. The magnetic field is two dimensional in its effect. 
6. The magnetic field is the strongest in between the two magnets, 

shown by the lines of flux being close together. 
 

Ex. 8. Match the following words and word combinations with their defini-
tions: 

 

1. A permanent magnet 
2. The north pole 
3. The south pole 
4. A magnetic field 
 
 
5. To emerge 

1. The area around a magnet. 
2. The south-seeking end of the magnet. 
3. The north-seeking end of the magnet. 
4. A piece of ferromagnetic material 

which has properties of attracting other 
pieces of these materials. 

5. To come out from inside smth. 

 
Ex. 9. Translate the following sentences from Russian into English. 
 

1. Зона вокруг магнита называется магнитным полем. 
2. Магнитное поле нельзя увидеть, почувствовать, определить 
по запаху или услышать и поэтому его сложно представить. 

3. Мощность магнитного поля уменьшается по мере того как 
мы удаляемся от него. 
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4. Магнитное поле имеет свойство прилагаемой силы. 
5. Направление линии потока проходит от северного полюса 
к южному вне магнита. 

6. Самое сильное магнитное поле находится между двумя маг-
нитами при которых линии потока близко друг от друга. 

 
Ex. 10. Answer the following questions. 
 

1. What is a permanent magnet? 
2. What is called the north pole? 
3. What is a magnetic field? 
4. What did Michael Faraday suggest? 
5. How can the distribution of a magnetic field be investigated? 
6. What is the direction of a line of flux? 
7. How can the laws of magnetic attraction and repulsion be dem-

onstrated? 
8. What property has a magnetic field? 
9. When does the attraction take place? 

10. When does the repulsion occur? 
 
 
 

Text 12 
 

Magnetic field due to an electric current 
 
Ex. 1. Give the initial forms of the following words: 
 

magnetic, density, direction, horizontal, disappear, pointing,             
concentric, similarly, gently, flowing, vertically. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

horizon, to appear, similar, magnet, to point, to rotate, to conduct,       
to define, place. 
 



 76 

Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 

 

1. Magnetic fields can be set up not only by permanent magnets, 
but also by electric current. 

2. The magnetic flux produced has the same properties as the flux 
produced by a permanent magnet. 

3. The direction of the magnetic field inside the solenoid is from 
south to north. 

4. The direction of the magnetic line is best remembered by the 
screw rule. 

5. The direction of the magnetic field produced by the current I in 
the solenoid may be found by either of two methods, i.e. the 
screw rule or the grip rule. 

6. The direction of the magnetic field is clockwise. 
 
Ex. 4. Read and translate the text using the following words: 
 

flux   [fl√ks]  поток 
grip   [grip]            зажимать 
to outstretch [Aut»stretS]  растягивать, вытягивать 
reverse  [ri»v´˘s]  переключение, обратный 
thread                   [P»r´d]                виток 
 

Magnetic flux is the amount of magnetic field (or the number of 
lines of force) produced by a magnetic source. The symbol for mag-
netic flux is 8 (Greek letter ‘phi’). The unit of magnetic flux is the       
weber, Wb Magnetic flux density is the amount of flux passing 
through a defined area that is perpendicular to the direction of the 
flux. 
Magnetic fields can be set up not only by permanent magnets, but 
also by electric currents. Let a piece of wire be arranged to pass ver-
tically through a horizontal sheet of cardboard, on which is placed 
some iron filings, as shown in fig. 25a. If a current is now passed 
through the wire, then the iron filings will form a definite circular 
field pattern with the wire at the centre, when the cardboard is gen-
tly tapped. By placing a compass in different positions the lines of 
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flux are seen to have a    definite direction as shown in fig. 25b. If the 
current direction is reversed, the direction of the lines of flux is also 
reversed. The effect on both the iron filings and the compass needle 
disappears when the current is switched off. The magnetic field is 
thus produced by the electric current. The magnetic flux produced 
has the same properties as the flux produced by a permanent mag-
net. If the current is increased the strength of the field increases and, 
as for the permanent magnet, the field strength decreases as we 
move away from the current carrying conductor. In fig. 26a, the ef-
fect of only a small part of the magnetic field is shown. If the whole 
length of the conductor is similarly investigated it is found that the 
magnetic field around a straight conductor is in the form of concen-
tric cylinders as shown in fig. 26b, the field direction depending on 
the direction of the current flow.  

   
 Fig. 25       Fig. 26 

The direction of the magnetic lines of flux is best remembered by 
the screw rule. This states that: ‘If a normal right-hand thread screw is 
screwed along the conductor in the direction of the current, the direction of     

a 

b 

 

a

b 
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rotation of the screw is in the direction of the magnetic field.’ For exam-
ple, with current flowing away from the viewer a right-hand thread 
screw driven into the paper has to be rotated clockwise. Hence the 
direction of the magnetic field is clockwise. A magnetic field is set 
up by a long coil, or solenoid and is similar to that of a bar magnet. 
If the solenoid is wound on an iron bar an even stronger magnetic 
field is produced, the iron becoming magnetized and behaving like 
a permanent magnet. 

The direction of the magnetic field produced by the current I in 
the solenoid may be found by either of two methods, i.e. the screw 
rule or the grip rule. 
(a) The screw rule states that if a normal right-hand thread screw is 
placed along the axis of the solenoid and is screwed in the direction 
of the current it moves in the direction of the magnetic field inside 
the solenoid. The direction of the magnetic field inside the solenoid 
is from south to north.  
(b) The grip rule states that if the coil is gripped with the right hand, 
with the fingers pointing in the direction of the current, then the 
thumb, outstretched parallel to the axis of the solenoid, points in the 
direction of the magnetic field inside the solenoid. 
 
Ex. 5. Find the synonyms among the following words:  
 

source, definite, switch off, power, origin, quantity, area, particular, 
turn off, strength, amount, zone. 
 
Ex. 6. Suggest English equivalents of the following Russian ones: 
 

устанавливать, стрелка компаса, свойства, по часовой стрелке, 
удаляться, определенное направление, проходить через провод, 
уменьшаться, ось, наматывать, единицы (измерения). 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. The unit of magnetic flux is the weber. 
2. Magnetic flux density is the amount of flux passing through a 

defined area that is parallel to the direction of the flux. 
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3. A magnetic field is set up by a long coil, or solenoid and is simi-
lar to that of a bar magnet. 

4. The direction of the magnetic field inside the solenoid is from 
north to south. 

5. The magnetic field is produced by the electric current. 
6. If the current direction is reversed, the direction of the lines of 

flux is also reversed. 
 
Ex. 8. Translate the following sentences from Russian into English. 
 

1. Магнитное поле может быть создано не только постоянны-
ми магнитами, но также и электрическим током. 

2. Созданный электрическим током магнитный поток имеет 
те же свойства, что и поток, созданный постоянным магни-
том. 

3. Если ток увеличивается, сила поля возрастает. 
4. Помещая компас в различные положения, можно видеть, 
что линии потока имеют определенное направление. 

5. Магнитный поток – это количество магнитного поля (или 
количество линий силы), созданного магнитным источни-
ком. 

6. Плотность магнитного потока – это количество потока, 
проходящего через определенную область, перпендику-
лярную направлению потока. 

 
Ex. 9. Answer the following questions. 
 
1. What is magnetic flux? 
2. What is the unit of the magnetic flux? 
3. How can magnetic field be set up? 
4. By means of what is the magnetic field produced? 
5. How is the direction of the magnetic lines of flux best remem-

bered? 
6. What does the screw rule state? 
7. What is the direction of the magnetic field? 
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8. How may the direction of the magnetic field produced by the 
current in the solenoid be found? 

9. What does the grip rule state? 
 

 
 

Text 13 
 

Electromagnets 
 
Ex. 1. Give the initial forms of the following words: 
 
basis, trembler, continuously, striker, demagnetized, original,              
incorporating, elevation, corresponding, transmitted, attractive. 
 
Ex. 2. Give all possible derivatives of the following words: 
 
form, part, to continue, to elevate, to protect, to vary, to vibrate, to 
transmit, to receive, to strike. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. An electromagnet, based on the solenoid, provides the basis of 
many items of electrical equipment. 

2. When the push button is operated a current passes through 
the coil. 

3. The load, which must be of magnetic material is lifted when 
the coils are energized. 

4. A telephone receiver converts the electrical wave back into 
sound waves. 

5. The vibration produces sound variations corresponding to 
those transmitted. 

6. Since the iron-cored coil is energized the soft iron armature is 
attracted to the electromagnet. 
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Ex. 4. Read and translate the text using following words: 
 
versatile    [»v´˘s´tAil]            разносторонний 
as much [Qs m√tS]  поскольку, настолько 
buzzer [»b√z´]  электромагнитный прерыватель 
striker [»strAik´]  механизм переключения; боек 
hinged [hindZd]  откидной, шарнирный 
casting [»kA:stiN]  литье 
armature    [»A:m´tju´]           якорь, броня 
 

The solenoid is very important in electromagnetic theory since 
the magnetic field inside the solenoid is practically uniform for a 
particular current, and is also versatile, in as much that a variation 
of the current can alter the strength of the magnetic field. An elec-
tromagnet, based on the solenoid, provides the basis of many items 
of electrical equipment, examples of which include electric bells, re-
lays, lifting magnets and telephone receivers.  
 There are various types of electric bell, including the single-
stroke bell, the trembler bell, the buzzer and a continuously ringing 
bell, but all depend on the attraction exerted by an electromagnet on 
a soft iron armature. A typical single stroke bell circuit is shown in       
fig. 27a.  
 When the push button is operated a current passes through 
the coil. Since the iron-cored coil is energized the soft iron armature 
is  attracted to the electromagnet. The armature also carries a striker 
which hits the gong. 
 When the circuit is broken the coil becomes demagnetized and 
the spring steel strip pulls the armature back to its original position. 
The striker will only operate when the push is operated.  
 A relay is similar to an electric bell except that contacts are 
opened or closed by operation instead of a gong being struck. A typi-
cal simple relay consists of a coil wound on a soft iron core. When the 
coil is energized the hinged soft iron armature is attracted to the elec-
tromagnet and pushes against two fixed contacts so that they are con-
nected together, thus closing some other electrical circuit. 
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  a        b 

    
c 

      Fig. 27 
 
 Lifting magnets, incorporating large electromagnets, are used 
in iron and steel works for lifting scrap metal. A typical robust lift-
ing magnet, capable of exerting large attractive forces, is shown in 
the elevation and plan view of fig. 27 where a coil, C, is wound 
round a central core, P, of the iron casting. Over the face of the elec-
tromagnet is placed a protective nonmagnetic sheet of material, R. 
The load, Q, which must be of magnetic material is lifted when the 
coils are energized, the magnetic flux paths, M, being shown by the 
broken lines. 

Whereas a transmitter or microphone changes sound waves 
into Corresponding electrical signals, a telephone receiver converts 
the Electrical waves back into sound waves. A typical telephone re-
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ceiver is shown in fig. 28 and consists of a permanent magnet with 
coils wound on its poles. A thin, flexible diaphragm of magnetic ma-
terial is held in position near to the magnetic poles but not touching 
them. Variation in current from the transmitter varies the magnetic 
field and the diaphragm consequently vibrates. The vibration pro-
duces sound variations corresponding to those transmitted. 
 

  
 

    Fig. 28  
 

 

Ex. 5. Find out the synonyms among the following words:  
 

uniform, alter, elevation, to convert, permanent, lift, to hold, change, 
to transform, to keep. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

единообразный, якорь, катушка, первоначальное положение, 
способный, защитный, соответствующий, постоянный, гибкий, 
изменение, следовательно, ударять. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. The solenoid is not very important in electromagnetic theory. 
2. There are various types of electric bell but all depend on the           

attraction exerted by an electromagnet on a soft iron armature. 
3. When the circuit is broken the coil becomes magnetized. 
4. The striker will only operate when the push is operated. 
5. A relay is similar to an electric bell except that contacts are 

opened or closed by operation instead of a gong being struck. 
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6. The vibration produces sound variations corresponding to those 
received. 

 
Ex. 8. Translate the following sentences from Russian into English. 
 

1. Соленоид является очень важным элементом в электромаг-
нитной теории, т. к. магнитное поле внутри соленоида 
практически постоянно для определенного тока. 

2. Электромагнит, основанный на соленоиде, обеспечивает ос-
нову многих частей электрооборудования. 

3. Когда кнопка управления нажата, ток проходит через ка-
тушку. 

4. Когда цепь прерывается, катушка становится размагничен-
ной. 

5. Типичное простое реле состоит из обмотки катушки на сер-
дечнике из магнитного железа. 

6. Микрофон преобразует звуковые волны в соответствующие 
электрические сигналы. Передатчик наоборот. 

7. Телефонный наушник (громкоговоритель) преобразует 
электрические волны в звуковые. 

8. Изменение тока в передатчике изменяет магнитное поле, 
вследствие чего диафрагма вибрирует. 

 
Ex. 9. Answer the following questions. 
 

1. What does an electromagnet, based on the solenoid, provide? 
2. What are the types of electric bell? 
3. What happens when the push button is operated? 
4. When will the striker operate? 
5. What is a relay similar to? 
6. What does a typical simple relay consist of? 
7. Where are lifting magnets, incorporating large electromagnets, 

used in? 
8. What does a transmitter or microphone change sound waves into? 
9. What does a typical telephone receiver consist of? 

10. What does the vibration produce? 
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Text 14 
 

Force on a current-carrying conductor 
 

Ex. 1. Give the initial forms of the following words: 
 

density, mutually, application, comprising, strengthened, predeter-
mined, reinforce, opposition, weaken. 
 

Ex. 2. Give all possible derivatives of the following words: 
 

to act, to apply, weak, to oppose, to accord, mutual, to carry. 
 

Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1. A moving coil, called the voice or speech coil, is suspended 
from the end of a paper or plastic cone so that it lies in the gap. 

2. The cone acts as a piston, transferring this force to the air, and 
producing the required sound waves. 

3. The direction of the force exerted on a conductor can be prede-
termined by using Fleming’s left-hand rule. 

4. If the current flows downwards, the direction of its magnetic 
field due to the current alone will be clockwise when viewed 
from above. 

5. This direction may also have been deduced using Fleming’s left-
hand rule. 

6. When an electric current flows through the coil it produces a 
force which tends to move the cone backwards and forwards 
according to the direction of the current. 

 

Ex. 4. Read and translate the text using following words: 
 

air gap [»E´ gQp]  воздушный зазор 
cone  [k´un]  конус 
piston [»pist´n]  поршень 
to deduce [di»dju:s]   выводить (заключение) 
 

If a current-carrying conductor is placed in a magnetic field pro-
duced by permanent magnets, then the fields due to the current-
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carrying conductor and the permanent magnets interact and cause a 
force to be exerted on the conductor. The force on the current-
carrying conductor in a magnetic field depends upon: 
(a) the flux density of the field, B teslas, 
(b) the strength of the current, I amperes, 
(c) the length of the conductor perpendicular to the magnetic field, 
1 metre, and (d) the directions of the field and the current. When the 
magnetic field, the current and the conductor are mutually at right     
angles then: Force F = BIl newtons. When the conductor and the 
field are at an angle _° to each other then: Force F = BIl sinθ  new-
tons. Since when the magnetic field, current and conductor are mu-
tually at right angles, F = BIl, the magnetic flux density B may be de-
fined by B= F/Il, i.e. the flux density is 1 T if the force exerted on 1 m 
of a conductor when the conductor carries a current of 1 A is 1 N. 
 A simple application of the above force is the moving coil 
loudspeaker. The loudspeaker is used to convert electrical signals 
into sound waves. Fig. 29 shows a typical loudspeaker having a 
magnetic circuit comprising a permanent magnet and soft iron pole 
pieces so that a strong magnetic field is available in the short cylin-
drical air gap. A moving coil, called the voice or speech coil, is sus-
pended from the end of a paper or plastic cone so that it lies in the 
gap. When an electric current flows through the coil it produces a 
force which tends to move the cone backwards and forwards ac-
cording to the direction of the current. The cone acts as a piston, 
transferring this force to the air, and producing the required sound 
waves. 
 

     
     Fig. 29 
 

Soft iron pole 

Permanent  
magnet 

Cone 
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 If the current-carrying conductor is placed in the magnetic 
field shown in fig. 30a, then the two fields interact and cause a force 
to be exerted on the conductor as shown in fig. 30b. The field is           
strengthened above the conductor and weakened below, thus tend-
ing to move the conductor downwards. This is the basic principle of 
operation of the electric motor and the moving coil instrument. The 
direction of the force exerted on a conductor can be predetermined 
by using Fleming’s left-hand rule (often called the motor rule) which 
states: 
 Let the thumb, first finger and second finger of the left hand be ex-
tended such that they are all at right-angles to each other, (as shown in fig. 
31). If the first finger points in the direction of the magnetic field, the sec-
ond finger points in the direction of the current, then the thumb will point 
in the direction of the motion of the conductor. 
Summarizing: 
First finger - Field 
SeCond finger - Current 
ThuMb – Motion 

 

If the current flows downwards, the direction of its magnetic 
field due to the current alone will be clockwise when viewed from 
above. The lines of flux will reinforce (i.e. strengthen) the main mag-
netic field at the back of the conductor and will be in opposition in 
the front (i.e. weaken the field). Hence the force on the conductor 

                                 
                          a                                                  b                                   
                     Fig. 30                                        Fig. 31           
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will be from back to front (i.e. toward the viewer). This direction 
may also have been deduced using Fleming’s left-hand rule. 
 
Ex. 5. Find out the antonyms among the following words:  
 

conductor, back, soft, right, simple, front, left, complex, insulator, 
hard, interact, weaken, strengthen, counteract. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

взаимодействовать, плотность, зазор, усиливать, направление 
тока, по часовой стрелке, правило левой руки, конус, поршень, 
принцип действия, иметь тенденцию. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. The force on the current-carrying conductor in a magnetic field 
does not depend upon the flux density of the field. 

2. The loudspeaker is used to convert electrical signals into sound 
waves. 

3. The cone acts as a piston, transferring this force to the air, and 
producing the required sound waves. 

4. The field is strengthened below the conductor and weakened 
above. 

5. The direction of the force exerted on a conductor can be prede-
termined by using Fleming’s left-hand rule. 

6. If the current flows upstairs, the direction of its magnetic field 
due to the current alone will be clockwise when viewed from 
above. 

 
Ex. 8. Translate the following sentences from Russian into English. 
 

1. Громкоговоритель используется для преобразования элек-
трических сигналов в звуковые волны. 

2. Когда электрический ток проходит через катушку, он про-
изводит силу, которая имеет тенденцию двигать конус назад 
и вперед в соответствии с направлением тока. 
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3. Конус действует как клапан, передающий эту силу воздуху 
и производящий требуемые звуковые волны. 

4. Поле усиливается над проводником и ослабевает под ним. 
5. Направление силы, прилагаемой к проводнику, может быть 
предопределено использованием правила левой руки Фле-
минга. 

6. Линии потока будут усиливать основное магнитное поле с 
задней части проводника и противодействовать с передней, 
т. е. ослаблять поле. 

 
Ex. 9. Answer the following questions. 
 

1. What happens if a current-carrying conductor is placed in a 
magnetic field produced by permanent magnets? 

2. What does the force on the current-carrying conductor in a 
magnetic field depend upon? 

3. What is a simple application of the above force? 
4. What is the loudspeaker used for? 
5. What does an electric current flowing through the coil produce? 
6. How does the cone act? 
7. What is the basic principle of operation of the electric motor and 

moving-coil instrument? 
8. How can the direction of the force exerted on a conductor be 

predetermined? 
9. What happens if the current flows downwards? 

10. What does Fleming’s left-hand rule state? 
 
 

Text 15 
 

Principle of operation of a moving coil instrument 
 
Ex. 1.  Give the initial forms of the following words: 
 

insulation, movement, sensitive, deflection, stationary, greater, in-
duction, proportional, alternative, relative, linking, whenever, in-
side,    bearing. 
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Ex. 2. Give all possible derivatives of the following words: 
 
side, line, proportion, automatic, form, sense, to induce, meter, to 
associate, to measure. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. A direct current is fed into the coil via carbon brushes bearing 
on a commutator. 

2. It is the relative movement of the magnetic flux and the coil 
that causes an e.m.f. and thus current, to be induced in the 
coil. 

3. The magnitude of the induced e.m.f. in any circuit is propor-
tional to the rate of change of the magnetic flux linking the cir-
cuit. 

4. The direction of an induced e.m.f. is always such that it tends 
to set up a current opposing the motion. 

5. In a generator, conductors forming an electric circuit are made 
to move through a magnetic field. 

 
 

Ex. 4. Read and translate the text using the following words: 
 
deflection [di»flekS´n]  отклонение 
to split [split]  расщеплять 
torque [tç:k]            скручивающее усилие,                         
                                                   вращающий момент 
pivot          [piv´t]                   стержень 
jewel          [dZu˘´l]                 драгоценный камень 
swing        [swiN]                    колебаться 
reluctance [re»l√kt´ns]          магнитное сопротивление 
spiral         [»spair´l]               спираль 
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A rectangular coil which is free to rotate about a fixed axis is 
shown placed inside a magnetic field produced by permanent mag-
nets in fig. 32. A direct current is fed into the coil via carbon brushes 
bearing on a commutator, which consists of a metal ring split into 
two halves separated by insulation. 
 
 
 
 
 
 
 
 
 

Fig. 32 
 

When current flows in the coil a magnetic field is set up 
around the coil which interacts with the magnetic field produced by 
the magnets. This causes a force F to be exerted on the current-
carrying conductor which, by Fleming’s left-hand rule, is down-
wards between points A and B and upward between C and D for 
the current direction shown. This causes a torque and the coil ro-
tates anticlockwise. When the coil has turned through 90° from the 
position shown in fig. 32 the brushes connected to the positive and 
negative terminals of the supply make contact with different halves 
of the commutator ring, thus reversing the direction of the current 
flow in the conductor. If the current is not reversed and the coil ro-
tates past this position the forces acting on it change direction and it 
rotates in the opposite direction thus never making more than half a 
revolution. The current direction is reversed every time the coil 
swings through the vertical position and thus the coil rotates anti-
clockwise for as long as the current flows. This is the principle of 
operation of a d.c. motor which is thus a device that takes in electri-
cal energy and converts it into mechanical energy. 

A moving-coil instrument operates on the motor principle. 
When a conductor carrying current is placed in a magnetic field, a 
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force F is exerted on the conductor, given by F = BIl. If the flux den-
sity B is made constant (by using permanent magnets) and the con-
ductor is a fixed length (say, a coil) then the force will depend only 
on the current flowing in the conductor. In a moving-coil instrument 
a coil is placed centrally in the gap between shaped pole pieces as 
shown by the front elevation in fig. 33a. The air gap is kept as small 
as possible, although for clarity it is shown exaggerated in fig. 33a,b. 
The coil is supported by steel pivots, resting in jewel bearings, on a 
cylindrical iron core. Current is led into and out of the coil by two 
phosphor bronze spiral hairsprings which are wound in opposite 
directions to minimize the effect of temperature change and to limit 
the coil swing (i.e. to control the movement) and return the move-
ment to zero position when no current flows. Current flowing in the 
coil produces forces as shown in fig. 33b, the directions being ob-
tained by Fleming’s left-hand rule. The two forces, FA and FB, pro-
duce a torque which will move the coil in a clockwise direction, i.e. 
move the pointer from left to right. Since force is proportional to 
current the scale is linear. 

 

Fig. 33 
 

When the aluminium frame, on which the coil is wound, is ro-
tated between the poles of the magnet, small currents (called eddy 
currents) are induced into the frame, and this provides automati-
cally the necessary damping of the system due to the reluctance of 
the former to move within the magnetic field. The moving-coil in-

a b
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strument will measure only direct current or voltage and the termi-
nals are marked positive and negative to ensure that the current 
passes through the coil in the correct direction to deflect the pointer 
‘up the scale’. The range of this sensitive instrument is extended by 
using shunts and multipliers. 

When a conductor is moved across a magnetic field so as to 
cut through the lines of force (or flux), an electromotive force (e.m.f.) 
is produced in the conductor. If the conductor forms part of a closed 
circuit then the e.m.f. produced causes an electric current to flow 
round the circuit. Hence an e.m.f. (and thus current) is ‘induced’ in 
the conductor as a result of its movement across the magnetic field. 
This effect is known as ‘electromagnetic induction’. Fig. 34a shows 
a coil of wire connected to a centre-zero galvanometer, which is 
a sensitive ammeter with the zero-current position in the centre of 
the scale.  
(a) When the magnet is moved at constant speed towards the coil 
(fig. 34a), a deflection is noted on the galvanometer showing that 
a current has been produced in the coil. 
(b) When the magnet is moved at the same speed as in (a) but away 
from the coil the same deflection is noted but is in the opposite di-
rection (see fig. 34b) 
(c) When the magnet is held stationary, even within the coil, no de-
flection is recorded. 
(d) When the coil is moved at the same speed as in (a) and the mag-
net held stationary the same galvanometer deflection is noted.  
(e) When the relative speed is, say, doubled, the galvanometer de-
flection is doubled. 
(f) When a stronger magnet is used, a greater galvanometer deflec-
tion is noted. 
(g) When the number of turns of wire of the coil is increased, 
a greater galvanometer deflection is noted. 
          Fig. 34c shows the magnetic field associated with the magnet. 
As the magnet is moved towards the coil, the magnetic flux of the 
magnet moves across, or cuts, the coil. It is the relative movement of 
the magnetic flux and the coil that causes an e.m.f. and thus current, 
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to be induced in the coil. This effect is known as electromagnetic in-
duction.  

Fig. 34 
 

Laws of electromagnetic induction Faraday’s laws of electromag-
netic induction state: 
(i) ‘An induced e.m.f. is set up whenever the magnetic field linking that cir-
cuit changes.’ 
(ii) ‘The magnitude of the induced e.m.f. in any circuit is proportional to 
the rate of change of the magnetic flux linking the circuit.’ 
Lenz’s law states: 
‘The direction of an induced e.m.f. is always such that it tends to set up 
a current opposing the motion or the change of flux responsible for induc-
ing that e.m.f.’. 
An alternative method to Lenz’s law of determining relative direc-
tions is given by Fleming’s Right-hand rule (often called the geneRa-
tor rule) which states: 
Let the thumb, first finger and second finger of the right hand be extended 
such that they are all at right angles to each other (as shown in fig. 35). If 
the first finger points in the direction of the magnetic field, the thumb 
points in the direction of motion of the conductor relative to the magnetic 
field, then the second finger will point in the direction of the induced e.m.f. 
 
 
 
 
 
 
 
  a     b 

Fig. 35 

a b c 
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In a generator, conductors forming an electric circuit are made to 
move through a magnetic field. By Faraday’s law an e.m.f. is in-
duced in the conductors and thus a source of e.m.f. is created. 
A generator converts mechanical energy into electrical energy. The 
induced e.m.f. E set up between the ends of the conductor shown in 
fig. 36 is given by:  
E = Blv volts, where B, the flux density, is measured in teslas, l, the 
length of conductor in the magnetic field, is measured in metres, 
and v, the conductor velocity, is measured in metres per second. 
where B, the flux density, is measured in teslas, l, the length of con-
ductor in the magnetic field, is measured in meters, and v, the con-
ductor velocity, is measured in meters per second. 

 
Fig. 36 

 
If the conductor moves at an angle _° to the magnetic field (instead 
of at 90° as assumed above) then 
E = Blv sinθ  volts 

 

Ex. 5. Find out the synonyms among the following words: 
 

fixed, to place, via, half, same, motion, speed, through, stationary, 
part, to link, to house, similarly, to connect, movement, velocity. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

вращаться вокруг оси, против часовой стрелки, чувствительный 
амперметр, с постоянной скоростью, в противоположном на-
правлении, удваивать, под прямым углом, измерять. 
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Ex. 7. Agree or disagree with the following statements. 
 

1. When current flows in a coil a magnetic field is set up around 
the coil which interacts with the magnetic field produced by the     
magnets. 

2. When a weaker magnet is used, a greater galvanometer deflec-
tion is noted. 

3. An induced e.m.f. is set up whenever the magnetic field linking 
that circuit does not change. 

4. By Faraday’s law an e.m.f. is induced in the insulators. 
5. A generator converts electrical energy into mechanical energy. 
6. The conductor velocity is measured in metres per second. 

 

Ex. 8. Translate the following sentences from Russian into English. 
 

1. Когда ток течет в катушке, вокруг катушки устанавливается 
магнитное поле, которое взаимодействует с магнитным по-
лем, созданным магнитами. 

2. Когда алюминиевая рамка, на которую намотана катушка, 
вращается между полюсами магнита, маленькие токи ин-
дуцируются в рамку. 

3. Когда проводник движется через магнитное поле так, чтобы 
проходить через линии сил, электродвижущая сила возни-
кает в проводнике. 

4. Если проводник создает замкнутую цепь, то произведенная 
электродвижущая сила заставляет электрический ток про-
текать вокруг цепи. 

5. Когда магнит перемещается к катушке с постоянной скоро-
стью, на гальванометре отмечается отклонение, показы-
вающее, что ток был произведен в катушке. 

6. Когда магнит неподвижен, даже внутри катушки никакого 
отклонения не записывается. 

7. Именно относительное движение магнитного потока и ка-
тушки заставляет ЭДС и ток быть индуцированными в ка-
тушке. 

8. Согласно закону Фарадея ЭДС индуцируется в проводни-
ках, и таким образом создается источник ЭДС. 
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Ex. 9. Answer the following questions. 
 

1. What does a commutator consist of? 
2. What causes a torque? 
3. What happens when the magnet is moved at constant speed         

towards the coil? 
4. When is no deflection recorded? 
5. When is the galvanometer deflection doubled? 
6. What causes an e.m.f. to be induced in the coil? 
7. What is electromagnetic induction? 
8. What does Lenz's law state? 
9. What is an alternative method to Lenz's law of determining        

relative direction given by? 
10. What does Fleming’s Right-hand rule state? 
 
 

Text 16 
 

Inductors 
 
Ex. 1. Give the initial forms of the following words: 
 

inductance, undesirable, neutralized, limiting, magnetic, sectional, 
higher. 
 
Ex. 2. Choose the proper prepositions among the following ones: in, to, by, 

of, without, around. 
 

1. A component called an inductor is used when the property …       
inductance is required … a circuit. 

2. To reduce inductance … a minimum the wire may be bent back 
on itself. 

3. The magnetizing effect … one conductor is neutralized … that 
… the adjacent conductor. 

4. The wire may be coiled … an insulator… increasing the induc-
tance. 
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5. Standard resistors may be non-inductively wound … this man-
ner. 

 
Ex. 3. Suggest Russian equivalents to the following English ones: 
 

property of inductance, coil of wire, cross-sectional area, to set up, 
standard electrical circuit, limiting the current, in this manner, adja-
cent conductor. 
 
Ex. 4. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. A short thick coil of wire has a higher inductance than a long 
thin one. 

2. An iron-cored inductor is often called a choke. 
3. Inductance is often undesirable in a circuit. 
4. The wire may be coiled around an insulator. 
5. A component called an inductor is used when the property of 

inductance is required in a circuit. 
6. When the coil is wound on an iron core the same current sets up 

a more concentrated magnetic field. 
 
Ex. 5. Read and translate the text. 
 

A component called an inductor is used when the property of 
inductance is required in a circuit. The basic form of an inductor is 
simply a coil of wire. Factors which affect the inductance of an in-
ductor include: 
– the number of turns of wire – the more turns the higher the induc-
tance 
– the cross-sectional area of the coil of wire – the greater the cross-
sectional area the higher the inductance 
– the presence of a magnetic core – when the coil is wound on an 
iron core the same current sets up a more concentrated magnetic 
field and the inductance is increased 
– the way the turns are arranged – a short thick coil of wire has 
a higher inductance than a long thin one. 
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The standard electrical circuit diagram symbols for air-cored 
and iron-cored inductors are shown in fig. 37. An iron-cored induc-
tor is   often called a choke since, when used in a.c. circuits, it has a 
choking effect, limiting the current flowing through it. Inductance is 
often undesirable in a circuit. To reduce inductance to a minimum 
the wire may be bent back on itself, as shown in fig. 38, so that the 
magnetizing effect of one conductor is neutralized by that of the ad-
jacent conductor. The wire may be coiled around an insulator, as 
shown, without increasing the inductance. Standard resistors may 
be non-inductively wound in this manner. 

 

                                                   
 

                                       Fig. 37                                  Fig. 38 
 

Ex. 6. Translate the following sentences from Russian into English. 
 

1. Компонент, называемый индуктором, используется, когда в 
цепи требуется свойство индуктивности. 

2. Основная форма индуктора – это просто катушка провода. 
3. Индуктивность часто нежелаема в цепи. 
4. Провод может быть намотан вокруг изолятора без увеличе-
ния индуктивности. 

5. Намагничивающее влияние одного проводника нейтрали-
зуется влиянием соседнего. 

 
Ex. 7. Agree or disagree with the following statements. 
 

1. The basic form of an inductor is simply a coil of wire. 
2. When the number of turns of wire is more, the lower the               

inductance. 
3. When the cross-sectional area is greater, the higher the induc-

tance. 
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4. The wire may be coiled around an insulator with increasing the 
inductance. 

5. Four main factors affect the inductance of an inductor. 
6. An iron-cored inductor is often called a choke since, when used 

in a.c. circuits, it has a choking effect, limiting the current flow-
ing through it. 

 
Ex. 8. Answer the following questions. 
 

1. When is an inductor used? 
2. What is the basic form of an inductor? 
3. What are the factors which affect the inductance of an inductor? 
4. How is an iron-cored inductor is often called? 
5. What may be done to reduce inductance to a minimum? 
6. What kind of winding does not increase the inductance? 

 
 

Text 17 
 

Electrical measuring instruments and measurements 
 
Ex. 1. Give the initial forms of the following words: 
 

equipment, evaluating, resistance, indication, pointer, deflecting, 
produced, without, basically, oscillation, undue, linear, division, 
cramped, graduation. 
 
Ex. 2. Give all possible derivatives of these words: 
 

measure, damp, even, volt, move, diagram, direct, side, repel, at-
tract, rectify, alter, manufacture, sense, add. 
 
Ex. 3. Make these sentences Passive. Use the Model. 
 

Model 1: – A mechanical force is produced by the current or voltage.      
                – The current or voltage produces a mechanical force. 
Model 2: – The moving-iron instrument can be used on d.c. or a.c. 
                – We can use a.c. or d.c. in the moving-iron instrument. 
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1. Three essential devices are required as an analogue electrical 
indicating instrument. 

2. A non-linear scale is cramped at the beginning. 
3. A moving-iron instrument is shown diagrammatically in figure 

1. 
4. The moving-iron instrument can be used on d.c. or a.c. 
5. It is assumed by the manufacturer that the a.c. is sinusoidal. 
6. An ammeter must be connected in series with the circuit. 
7. A voltmeter is connected in parallel with the part of the circuit 

where p.d. is required. 
8. The milliammeter is converted into a voltmeter by connecting a 

high value resistance in series. 
 
Ex. 4. Read and translate the text using the following words: 
 

fluid   [»flu:Id]  жидкий 
to evaluate  [I»vQljueIt]  оценивать, выражать в числах 
to maintain [men»teIn]  обслуживать, сохранять 
to service  [»s´:vIs]  обслуживать 
to oscillate  [»çsIleIt]  вибрировать, колебаться 
to cramp  [krQmp]  сжимать 
gravity  [»grQvItI]  сила тяжести 
undue  [»√n»dju:]  чрезмерный 
to attach  [´»tQtS]  прикреплять 
spindle     ось 
conjunction [k´n»dZ√NkS´n] соединение, связь, (in) ~ вместе 
to divert  [daI»v´:t]  отводить 
to damp     подавлять колебания, тормо-
зить 
eddy                                                    вихревое движение 
 

Tests and measurements are important in designing, evaluat-
ing, maintaining and servicing electrical circuits and equipment. In 
order to detect electrical quantities such as current, voltage, resis-
tance or power, it is necessary to transform an electrical quantity or 
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condition into a visible indication. This is done with the aid of in-
struments (or meters) that indicate the magnitude of quantities ei-
ther by the position of a pointer moving over a graduated scale 
(called an analogue  instrument) or in the form of a decimal number 
(called a digital   instrument). 
 All analogue electrical indicating instruments require three  
essential devices: 
(a) A deflecting or operating device. A mechanical force is produced 
by the current or voltage which causes the pointer to deflect from its 
zero position. 
(b) A controlling device. The controlling force acts in opposition to 
the deflecting force and ensures that the deflection shown on the 
meter is always the same for a given measured quantity. It also pre-
vents the pointer always going to the maximum deflection. There 
are two main types of controlling device – spring control and grav-
ity control. 
The damping force ensures that the pointer comes to rest in its final 
position quickly and without undue oscillation. 
 There are three main types of damping used – eddy-current 
damping, air-friction damping and fluid-friction damping. There are 
basically two types of scale – linear and non-linear. A linear scale 
has where the divisions or graduations evenly spaced. The voltme-
ter has a range 0–100 V, i.e. a full-scale deflection (f.s.d.) of 100 V. A 
non-linear scale is cramped at the beginning and the graduations are 
uneven throughout the range. The ammeter has a f.s.d. of 10 A.  
(a) An attraction type of moving-iron instrument is shown dia-
grammatically in fig. 39a. When current flows in the solenoid, a piv-
oted soft-iron disc is attracted towards the solenoid and the move-
ment causes a pointer to move across a scale. 
(b) In the repulsion type moving-iron instrument shown diagram-
matically in fig. 39b, two pieces of iron are placed inside the sole-
noid, one being fixed, and the other attached to the spindle carrying 
the pointer. When current passes through the solenoid, the two 
pieces of iron are magnetized in the same direction and therefore 
repel each other. The pointer thus moves across the scale. The force 
moving the pointer is, in each type, proportional to I2. 
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 Because of this the direction of current does not matter and the 
moving-iron instrument can be used on d.c. or a.c. The scale, how-
ever, is nonlinear. A moving-coil instrument, which measures only 
d.c., may be used in conjunction with a bridge rectifier circuit to 
provide an indication of alternating currents and voltages. The av-
erage value of the full wave rectified current is 0.637 Im. Rectifier in-
struments have scales calibrated in r.m.s. quantities and it is as-
sumed by the manufacturer that the a.c. is sinusoidal. 
 

  
  a      b 
      

Fig. 39 
  

An ammeter, which measures current, has a low resistance (ideally 
zero) and must be connected in series with the circuit. 
A voltmeter, which measures p.d., has a high resistance and must be 
connected in parallel with the part of the circuit whose p.d. is re-
quired. There is no difference between the basic instrument used to 
measure current and voltage since both use a milliammeter as their 
basic part. This is a sensitive instrument which gives f.s.d. for cur-
rents of only a few milliamperes. When an ammeter is required to 
measure currents of larger magnitude, a proportion of the current is 
diverted through a low-value resistance connected in parallel with 
the meter. Such a        diverting resistor is called a shunt. 
 
Ex. 5. Find out the synonyms among the following words: 
 

even, spindle, attach, attract, pointer, axis draw, repel, instrument, 
in conjunction, apparatus, fasten, together, flat, push away, indica-
tor, manufacturer, main, maker, essential. 
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Ex. 6. Suggest the English equivalents for: 
 

для того чтобы, с помощью приборов, на калиброванной шкале, 
в форме десятичной дроби, механическая сила, отклоняться от 
отметки "0", действовать в противоположном направлении, си-
ла торможения, вихревые токи, воздушное трение, вращаю-
щийся диск, не имеет никакого значения, в связи с, цепь выпря-
мительного моста, среднее значение, чувствительный прибор, 
иметь последовательное соединение. 
 

to be connected in series, a pivoted disc, to prevent something, in 
order to, the damping force, eddy currents, in conjunction with, a 
sensitive instrument, bridge rectifier circuit, air friction, to deflect 
from its zero position, does not matter, the average value, to act in 
opposition, a mechanical force, in the form of a decimal number, 
over a graduated scale, with the aid of instruments. 
 
Ex. 7. Agree or disagree with the following statements: 
 

1. All analogue electrical indicating instruments require only one     
device. 

2. There are basically two types of scale – linear and non-linear. 
3. A linear scale has even division. 
4. Only d.c. is used in the moving-iron instrument. 
5. An ammeter is connected in parallel with the circuit. 
6. A voltmeter is connected in parallel with the circuit. 

 
Ex. 8. Match the following words with their definitions: 
 

to detect to fasten one thing to another 

to attach to discover existence or presence of current in a cir-
cuit 

meter to change something  

to transform it can be one part in names of measuring instruments 
(e.g. voltmeter, gasometer etc.) 

to divert size or largeness 
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magnitude  to turn aside 

wave a short shaft or pin on which something turns or 
oscillates 

pivot corresponding distance between points in the same 
phase in sound or electromagnetic radiation 

friction quite contrary position to another one 

opposition resistance body meets with in moving over another 

advantage to bend aside and something down 

to deflect better position or to be beneficial 

 
Ex. 9. Translate into English. 
 

1. Амперметр имеет низкое внутреннее сопротивление. 
2. Вольтметр обладает высоким внутренним сопротивлением; 
при помощи вольтметра измеряют разность потенциалов 
(p.d.). 

3. В электротехнике тесты и измерения очень необходимы. 
4. Для количественного выражения тока, напряжения, сопро-
тивления, мощности необходимо проводить их замеры. 

5. Измерения основных электрических параметров (тока, на-
пряжения, мощности, сопротивления и т. д.) производятся 
при помощи соответствующих приборов. 

6. Электрические измерительные приборы делятся на анало-
говые и цифровые. 

7. Для аналоговых измерительных приборов требуется три 
основных устройства: оперирующее, контролирующее и 
подавляющее колебания. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) what this text informs us on; 
2) why tests of electrical equipment are so important; 
3) what necessary is in order to detect electrical quantities of all 

kinds; 
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4) what difference is between analogue and digital instruments; 
5) what meters can be used for measuring current, voltage, power; 
6) how else a diverting resistor can be called; 
7) how a voltmeter and ammeter are connected to the circuit.  

 
 

Text 18 
 

Analogue and digital systems 
 

Ex.1. Give the initial forms of the following words: 
  

variation, transducer, intensity, enlarge, powerful, amplification, ac-
celeration, sufficiently, unlike.  

 
Ex.2. Give all possible derivatives of these words: 
 

extreme, vary, detect, avoid, advantage, convert, produce, differ, 
like.  

 
Ex.3. Put the verbs in their correct forms. 
 

1. The subject of electronics… (to be) difficult… (to define). 
2. Electronics… (to deal) with communication of information 

and / or data handling. 
3. The input information … (to convert) into the electrical signal. 
4. The analogue system generally… (to take) the input signal 

and … (to enlarge) it. 
5. Typical transducers … (to include) a microphone, pressure 

transducers,  tachometers and light detectors. 
 
Ex. 4. Read and translate the text using the following words: 
 

   to refer 
 

   to unify 
to deal with 

[ rI »@f´: ] 
 

   [»êêju :nIfAI ] 
         [dI: l] 

     посылать, иметь отношение 
               (относиться) 

объединять 
               иметь дело 
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infinity 
binary 

   preferable 
 

      [ In êfInItI ] 
[ ê baIn´rI ] 
[ êpref´r´bl ]

 

      множество, бесконечность 
               двойной 
      предпочтительный 

 

Electronic systems fall into two broad categories: (a) analogue, 
and (b) digital.  

In analogue systems, the information or data is given as an 
electrical signal that varies in direct proportion to the information or 
data. It follows that the variation must be continuous and, between 
the  limits of operation of the system the variation can have one of 
an infinite number of values. Such variation is associated with. for 
example, the production of sound, in radio receivers, and vision, in 
television sets.  

An analogue system in its most basic form has an input elec-
trical signal which is either a voltage or a current varying directly in 
proportion to the input information. The input information is con-
verted into the electrical signal by a transducer. Typical transducers 
include a  microphone (converting sound to electrical e.m.f.), pres-
sure  transducers (converting pressure, say air or water pressure, to 
electrical signals), tachometers (converting speed to an e.m.f. using 
the principle e = Blv) and light detectors (converting intensity of  
light to e.m.f.).  

The analogue system generally takes the input signal and   
enlarges it. In practice, this is achieved by a variety of means but all 
have the common feature that the input signal is used to control the 
flow of energy from a more powerful source. Such a process is 
called amplification. It can be likened to pressing the accelerator or a 
car in order to make it go faster. The driver is controlling the release 
of  energy, which comes from the engine and not from the driver.  

Once the signal has been increased sufficiently, it can then be 
converted to another useful form, e.g. a radio converts its electrical 
signal into sound to which we can listen. This is achieved by the 
loudspeaker transducing the electrical signal into sound.  

Unlike analogue systems, digital systems can have signals that 
have one of a limited number of discrete values. The most common 
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digital systems are binary systems in which the signals can have 
only one of two values. These values are referred to as 0 and 1, being 
the absence and presence of the supply current or voltage.  

Digital systems are most commonly associated with data han-
dling devices such as calculators, computers, watches and micro-
processors. However, digital systems are also increasingly used in con-
junction with analogue systems. This development arises from the dif-
ficulty of producing analogue amplifiers which amplify equally over 
the full range of operation. This problem can be avoided by digital sys-
tems. Hence it is often advantageous to introduce analogue-to digital 
converters and, following the digital system, digital-to- analogue 
converters to reproduce the analogue signal. 

At this introductory stage it is preferable to consider analogue 
systems separately from digital systems due to the difference in the 
fundamental modes of operation.  

 
Ex . 5. Find out the antonyms among the following words: 
 

extreme, to enlarge, to receive, absence, to avoid, to meet, pres-
ence, to give, to decrease, moderate. 

 
Ex. 6. Suggest the English equivalents for the Russian ones. 
 

Так как, множество значений, радиоприемник, входной элек-
трический сигнал, или напряжение или ток, усиливать, можно 
сравнить, в отличие от, в сочетании. 

 

an infinite number of values, either voltage or current, since, in 
conjunction with, unlike, a radio receiver, an input electrical signal, 
it can be linked to, to enlarge. 

 
Ex. 7. Agree or disagree with the following statements. 
 

1. An analogue system is mostly binary system, its signals be-
ing able to have only one of two values. 

2. The input information is converted into pressure. 
3. The analogue system takes the input signal and enlarges it. 
4. The energy comes from the driver. 
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5. Digital systems are in line with microprocessors, calculators 
and alike. 

6. Analogue systems can not be used in conjunction with digi-
tal systems. 

 
Ex. 8.  Match the following words with their definitions: 
 

to enlarge  belonging to everyone 
a transducer to join 
however in spite of this 
a driver which helps 
common  to set bounds to (to restrict to) 
to link  one who drives 
useful a machine which converts 
to limit to make bigger 
 

Ex. 9. Translate the following sentences from Russian into English. 
 

1. Иногда трудно бывает различить два понятия – электри-
чество и электроника. 

2. Электроника без электричества не может существовать. 
3. Одно несомненно: электроника имеет дело с сообщением 

информации и обработкой данных. 
4. Электроника включает в себя 2 категории: аналоговую и 

цифровую. 
5. Аналоговая система принимает входной сигнал и усили-

вает его.  
6. Цифровые системы являются двойными, в которых сигна-

лы имеют одно или  два значения, обозначающих присут-
ствие или отсутствие питания током или напряжением. 

7. Однако цифровые системы используются  совместно с 
аналоговыми. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) that the subject of electronics is difficult to define. 
2) what two electronic categories electronic systems fall into. 
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3) what system is associated with the production of sound in ra-
dio receivers, and in TV - sets. 

4) what device converts the input information into the electrical 
signal. 

5) how the electrical signal is transduced into sound. 
6) what systems only one or two values are referred to as 0 and 1. 
7) why it is preferable to consider analogue systems separately 

from digital systems at the introductory stage. 
 
 
 

Text 19 
 

Electronic Instruments 
 
Ex. 1. Give the initial forms of the following words: 
 

additional, observational, sinusoidal, alternating, waveform,                  
indication, rectifier, sometimes, electronic, eliminated. 
 
Ex. 2. Give all possible derivatives of these words: 
 

apply, resist, put, large, insulate, ohm, continue, test, type, separate, 
connect, induce, capacity, limit, adjust. 
 
Ex. 3. Translate the sentences paying attention to the Infinitive denoting     

purpose. 
 

1. Instruments for measurements are calibrated so to indicate 
root-mean square (r.m.s.) values.  

2. Instruments are manufactured to provide a range of readings. 
3. The number of prime-movers is selected to operate under all 

power conditions. 
4. Various methods are used to detect over currents in a circuit. 
5. Naturally all lamps are designed to produce their rated voltage. 
6. A commercial or universal bridge is used to measure resistance. 
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Ex. 4. Read and translate the text using the words: 
 

advantage  [´d»vA:ntidZ] преимущество 
circuitry  [»s´:kItrI]  электрическая схема 
apply  [´»plAI]  применять 
parallax  [»pQr´l´ks]  параллакс 
accuracy  [»Qkjur´sI]  точность 
digital  [»dIdZIt´l]  цифровой 
inductance  [In»d√kt´ns] индуктивность 
capacitance             емкость, емкостное сопротив-
ление 
beam   [bI:m]  (электронный) луч 
sensitive  [»sensItiv]  чувствительный  
compare  [k´m»pE´]  сравнивать 
possess  [p´»zes]  обладать 
resolution  [«rez´»lu:S´n] разрешающая способность, 
      четкость 
 

Electronic measuring instruments have advantages over in-
struments such as the moving-iron or moving-coil meters, in that 
they have a much higher input resistance (some as high as 1000 M_) 
and can handle a much wider range of frequency (from d.c. up to 
MHz). The digital voltmeter (DVM) is one which provides a digital 
display of the voltage being measured. Advantages of a DVM over 
analogue instruments include higher accuracy and resolution, no 
observational or parallax errors and a very high input resistance, 
constant on all ranges. A digital multimeter is a DVM with addi-
tional circuitry which makes it capable of measuring a.c. voltage, 
d.c. and a.c. current and resistance. Instruments for a.c. measure-
ments are generally calibrated with a sinusoidal alternating wave-
form to indicate r.m.s. values when a sinusoidal signal is applied to 
the instrument. Some instruments, such as the moving-iron and 
electro-dynamic instruments, give a true r.m.s. indication. With 
other instruments the indication is either scaled up from the mean 
value (such as with the rectifier moving-coil instrument) or scaled 
down from the peak value. Sometimes quantities to be measured 
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have complex waveforms, and whenever a quantity is non-
sinusoidal, errors in instrument readings can occur if the instrument 
has been calibrated for sine waves only. Such waveform errors can 
be largely eliminated by using electronic instruments. 

An ohmmeter is an instrument for measuring electrical resis-
tance. Unlike the ammeter or voltmeter, the ohmmeter circuit does 
not receive the energy necessary for its operation from the circuit 
under test. In the ohmmeter this energy is supplied by a self-
contained source of voltage, such as a battery. The milliammeter can 
be calibrated directly in ohms. A cramped (non-linear) scale results 
and is ‘back to front. When calibrated, an unknown resistance is 
placed between terminals XX and its value determined from the po-
sition of the pointer on the scale. An ohmmeter designed for meas-
uring low values of resistance is called a continuity tester. An ohm-
meter designed for measuring high values of resistance (i.e. me-
gohms) is called an  insulation resistance tester (e.g. ‘Megger’). 

 

           
Fig. 40 

 
Multimeters are manufactured that combine a moving-coil 

meter with a number of shunts and series multipliers, to provide a 
range of readings on a single scale graduated to read current and 
voltage. If a battery is incorporated then resistance can also be 
measured. Such      instruments are called multimeters or universal 
instruments or multirange instruments. An ‘Avometer’ is a typical 
example. A particular range may be selected either by the use of 
separate terminals or by a selector switch. Only one measurement 
can be performed at a time.     Often such instruments can be used in 
a.c. as well as d.c. circuits when a rectifier is incorporated in the in-
strument. 
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A wattmeter is an instrument for measuring electrical power 
in a circuit. Fig. 41 shows typical connections of a wattmeter used 
for measuring power supplied to a load. The instrument has two 
coils:  
– a current coil, which is connected in series with the load, like an      
ammeter, and 
– a voltage coil, which is connected in parallel with the load, like a 
voltmeter. 

  
Fig. 41 

 

Some measuring instruments depend on their operation on     
power taken from the circuit in which measurements are being 
made. Depending on the ‘loading’ effect of the instrument (i.e. the 
current taken to enable it to operate), the prevailing circuit condi-
tions may change. The resistance of voltmeters may be calculated 
since each have a stated sensitivity, often stated in ‘k_ per volt’ of 
f.s.d. A voltmeter should have as high a resistance as possible. In a.c. 
circuits the impedance of the instrument varies with frequency and 
thus the loading effect of the instrument can change. 
 
Ex. 5. Find out synonyms among the following words: 
 

to apply, magnitude, to indicate, meter, adjustment, accuracy, digit, 
sensitive, capacity, benefit, capacitance, sensible, figure, exactness,      
control, instrument, to show, value, to use, advantage. 
 
Ex. 6. Suggest the English equivalents for: 
 

электрические измерительные приборы, иметь преимущества 
над, измерительный прибор с подвижной катушкой, синусои-
дальная кривая, устранять ошибки (погрешности) в показаниях 
приборов, за один период, а также, обычные соединения, двух-
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лучевой осциллограф, предназначенный для измерения, самый 
распространенный на практике измерительный мост (универ-
сальный мост), собственный источник энергии. 
 

electrical measuring instruments, at a time, as well as, double beam     

oscilloscopes, designed for measuring; a commercial or universal 
bridge, a moving iron meter, sine wave, typical connections, an in-
sulation resistance tester, self-contained source, to eliminate errors 
in instrument readings, to have advantages over. 
 
Ex. 7. Agree or disagree with the following statements: 
 

1. An ohmmeter is an instrument for measuring electrical resis-
tance. 

2. In the ohmmeter the energy is not supplied by a self-contained 
source. 

3. Electronic instruments have many disadvantages over moving-
iron meters. 

4. An "Avometer" is a typical example of multimeters. 
5. A wattmeter is an instrument for measuring current. 
6. The greatest advantage of a double beam oscilloscope is in ob-

serving the shape of a waveform. 
7. A diverting resister is called multiplier. 
8. Waveform errors can be mostly eliminated by using electronic 

instruments. 
 
Ex. 8. Match the following words with their definitions. 
 

digit to have a quality of something 

to eliminate a sensitive milliammeter or microammeter with 
center zero position setting. 

simultaneous this word may be changed into a mistake 

sensitive  occurring at the same time 

error analysis 

resolution able to feel sharply 
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ohmmeter an instrument for measuring power 

multimeter an instrument for measuring electrical resis-
tance 

wattmeter an instrument providing a range of reading on 
a single scale 

to possess to get rid of, to remove 

galvanometer any numeral from 0 to 9 

 
Ex. 9. Translate into English. 
 

1. Электронные цифровые приборы имеют преимущества над 
измерительными приборами с подвижной катушкой. 

2. С помощью цифрового вольтметра измеряют напряжение. 
3. Преимущество цифрового вольтметра над аналоговыми 
приборами – это точность и разрешающая способность. 

4. Ваттметр – это прибор для измерения электрической мощ-
ности в цепи. 

5. Омметр предназначен для измерения электрического со-
противления. 

6. Омметр, предназначенный для измерения низкого сопро-
тивления, называется тестером электропроводности цепи, и 
для измерений высоких значений называется мегомметром, 
или тестером для измерения сопротивления изоляции. 

7. Гальванометром называют чувствительный миллиампер-
метр или микроамперметр с расположением нуля в центре 
шкалы. 

8. Использование выпрямителя в цепи дает возможность при-
менить измерительные приборы ex. multimeters, avometers 
or other как при постоянном токе, так и при переменном. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) what advantages all electronic instruments have 
2) what digital voltmeter is and what its advantages over analogue 

instruments are 
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3) that ohmmeter has the same characteristics as the ammeter or 
voltmeter 

4) which instruments are applied for measuring high and low re-
sistances 

5) how many measurements can be performed by an avometre at a 
time 

6) what values are measured by a wattmeter 
7) when a double beam oscilloscopes can be useful 
8) where zero position is placed in a sensitive milliammeter 
9) how a sensitive milliammeter with central zero is called 

10) what d.c. potentiometer is and what it determines. 
 
 

Text 20 
 

The cathode ray oscilloscope 
 
Ex. 1. Give the initial form of the following words: 
 

periodic, horizontally, sawtooth, timebase, amplification, normally,    
sinewave, adjustment, fundamental, harmonics, initially, displace-
ment. 
 
Ex. 2. Give all possible derivatives of these words: 
 

reason, place, similar, transmit, direct, operate, volt, equal, know, 
differ, percent, occur. 
 
Ex. 3. Use the correct form of the verbs when opening the brackets. 
 

1. Some measuring instruments … (to depend on) power taken 
from the circuit. 

2. Let a sinusoidal waveform … (to display) on a c.r.o. screen. 
3. The c.r.o. … (to demand) reasonable skill in adjustment and use. 
4. If further odd harmonic waveforms of the appropriate ampli-

tudes … (to add), a good approximation to a square wave re-
sults. 
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5. The fundamental harmonic … (to be) sinusoidal and … (to 
have) the supply frequency. 

6. A null method of measurement … (to depend) on an instrument 
reading being adjusted … (to read) zero current only. 

7. It … (to be) easy for an operator … (to misread) an instrument. 
8. Meters … (to require) some power … (to operate). 

 
Ex. 4. Read and translate the text using the following words: 
 

sweep     колебание 
null   [n√l]   нуль, нулевой 
appropriate [´»prouprIIt] подходящий, соответствующий 
approximation [´«prçksI»meIS´n] приближенное значение 
odd   [çd]   нечетный 
reasonable  [»rI:zn´bl]  благоразумный, приемлемый 
sawtooth  [»sç:tuT]  пилообразный 
transparent  [trQn»spQrnt] прозрачный, трафаретный 
grid      сетка 
graticule  [»grQtikju˘l] сетка (нитей) 
amplifier     усилитель 
adjustment  [´»dZ√stm´nt] регулировка 
simultaneous [«sIm´l»teInj´s] одновременный 
 

The cathode ray oscilloscope (c.r.o.) may be used in the obser-
vation of waveforms and for the measurement of voltage, current,         
frequency, phase and periodic time. For examining periodic wave-
forms the electron beam is deflected horizontally (i.e. in the X              
direction) by a sawtooth generator acting as a timebase. The signal 
to be examined is applied to the vertical deflection system (Y direc-
tion) usually after amplification. Oscilloscopes normally have a 
transparent grid of 10 mm by 10 mm squares in front of the screen, 
called a graticule. Among the timebase controls is a ‘variable’ switch 
which gives the sweep speed as time per centimetre. This may be in 
s/cm, ms/cm or μs/cm, a large number of switch positions being 
available. Also on the front panel of a c.r.o. is a Y amplifier switch 
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marked in volts per centimetre, with a large number of available 
switch positions. 

Double beam oscilloscopes are useful whenever two signals 
are to be compared simultaneously. The c.r.o. demands reasonable 
skill in adjustment and use. However its greatest advantage is in ob-
serving the shape of a waveform – a feature not possessed by other 
measuringinstruments. 

A sensitive milliammeter or microammeter with centre zero 
position setting is called a galvanometer. Examples where the 
method is used are in the Wheatstone bridge in the d.c. potentiome-
ter and with a.c. bridges.    

Fig. 42 shows a Wheatstone bridge circuit which compares an 
unknown resistance Rx with others of known values, i.e. R1 and R2, 
which have fixed values, and R3, which is variable. R3 is varied until    
zero deflection is obtained on the galvanometer G. No current then 
flows through the meter, VA = VB, and the bridge is said to be ‘bal-
anced’. At balance, R1 Rx = R2R3, i.e. Rx = (R2R3/R1) ohms. 
 

  
 

Fig. 42 
 
The d.c. potentiometer is a null-balance instrument used for deter-
mining values of e.m.f.’s and p.d.s. by comparison with a known 
e.m.f. or p.d. In fig. 43, using a standard cell of known e.m.f. E1, the 
slider S is moved along the slide wire until balance is obtained. A 
potentiometer may be arranged as a resistive two-element potential 
divider in which the division ratio is adjustable to give a simple 
variable d.c. supply. Such devices may be constructed in the form of 
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a resistive element carrying a sliding contact which is adjusted by a 
rotary or linear movement of the control knob. 

A Wheatstone bridge type circuit, shown in fig. 44, may be used 
in a.c. circuits to determine unknown values of inductance and ca-
pacitance, as well as resistance. When the potential differences 
across Z3 and Zx (or across Z1 and Z2) are equal in magnitude and 
phase, then  the current flowing through the galvanometer, G, is 
zero. At balance, Z1Zx = Z2Z3, from which Zx =(Z2Z3) / Z1 Om.  

 
                         a                                                   b 

   
 

 
Fig. 43 

 

                                            
 

Fig. 44 
 

There are many forms of a.c. bridge, and these include: the  
Maxwell, Hay, Owen and Heaviside bridges for measuring induc-
tance, and the De Sauty, Schering and Wien bridges for measuring 
capacitance. A commercial or universal bridge is one which can be 
used to measure resistance, inductance or capacitance. A.c. bridges 
require a knowledge of complex numbers. 
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Ex. 5. Find out opposites among the following words: 
 
amplify, initial, centre, position down, various, direct, simultane-
ously, divide, at different time, alternating, similar, position up, 
side, weaken, final, connect. 
 
Ex. 6. Suggest the English equivalents for: 
 

− период времени  
− генератор пилообразного напряжения 
− катодный осциллограф 
− переменное переключение 
− в положении ноль (0) 
− центральная установка нулевого значения 
− в вольтах на см 
− говорят, мост сбалансирован 
− двухэлементный потенциальный делитель 
− по сравнению  
− время на см 
− cathode ray oscilloscope 
− variable switch 
− time per centimeter 
− in volts per centimeter 
− sawtooth generator 
− a null condition 
− center zero position setting 
− the bridge is said "balanced" 
− by comparison with 
− two elements potential divider 
− periodic time 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. The cathode ray oscilloscope may be used to measure power. 
2. A sawtooth generator acts as a timebase. 
3. A "variable" switch gives high speed as the time per meter. 
4. A Y amplifier is marked in watts per centimeter. 
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5. If you need to compare two signals at a time double beam             
oscilloscope will be helpful. 

6. The main advantage of a double beam oscilloscope is to observe 
signals. 

7. There is only one form of a.c. bridge. It's Wheatstone bridge. 
8. A potentiometer is two element potential divider. 

 
Ex. 8. Match the following words with their definitions. 
 

to oscillate an appliance increasing loudness of sounds, 
strength of wireless signals 

oscilloscope consisting of two members, things, layers forming a 
pair 

amplifier transmitting rays of light without diffusion so that 
bodies behind can be distinctly seen 

transparent an instrument for not only observation of wave-
forms but for the measurements of voltage, current, 
frequency, phase and periodic time 

double to move to and from between two points 

adjustment in electrical field it's an instrument for measuring 
inductance, capacitance as well as resistance 

bridge to take place 

to occur adaptation to standard or purpose 

direct (current) dynamo giving an alternating current reversing its 
direction at regular intervals 

alternator current flowing always in the same direction 

 
Ex. 9. Translate into English. 
 

1. Двухлучевые осциллографы применяются в случаях, когда     
необходимо сравнить два сигнала. 

2. Ветстоунский мост может быть использован в цепях пере-
менного тока для определения индуктивности и емкости. 
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3. Потенциометр постоянного тока с нулевым балансом явля-
ется прибором для определения значений электродвижу-
щей силы. 

4. При помощи катодного осциллографа можно измерять 
ток, напряжение, частоту, фазу и периодичность. 

5. Переключатель усилителя Y маркируется в вольтах на сан-
тиметр. 

6. По сравнению с другими приборами осциллографы ис-
пользуют для визуального наблюдения за формой сигнала. 

7. В таких приборах постоянного тока, как потенциометр, 
предусмотрен в конструкции элемент, несущий скользя-
щий контакт. 

8. Ток, протекающий через гальванометр, равен нулю, если 
разные потенциалы равны по величине и фазе. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) what the cathode ray oscilloscopes are used for; 
2) how the electron beam is deflected when examining periodic 

waveform; 
3) what function a "variable" switch performs; 
4) that a Y amplifier has any switches or available switch posi-

tions; 
5) what values Wheatstone bridge measures; 
6) what type of instruments the d.c. belongs to; 
7) when the bridge is said to be balanced; 
8) where a Wheatstone bridge type circuit may be used and what for. 

 
 

Text 21 
 

Types of materials 
 

Ex. 1. Give the initial form of the following words: 
 

resistivity, variation, resulting, majority, acceptor, impurity, rigidly, 
appearance, minority, generation, excitation. 
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Ex. 2. Give all possible derivatives of the following words: 
 

to resist, to vary, electron, effect, pure, to differ, to accept, to com-
bine, to excite. 
 
Ex. 3. Suggest English equivalents to the following Russian ones: 
 

сопротивление материала, приблизительно постоянный, в из-
бытке, примеси, свободные электроны, нехватка, допускать, 
распылять, по отношению к, внешнее напряжение, соединение. 
 
Ex. 4. Read and translate the text using following words: 
 

deficiency    [dI»fIS´nsI] недостаток, нехватка 
to diffuse    [dI»fju:s]  распылять, рассеивать 
lattice    [»lQtIs]  решетка 
to depict    [dI»pIkt]  изображать 
to retain    [rI»teIn]  сохранять 
excess    [Ik»ses]  избыток 
valency    [»veIl´nsI] валентность 
to bias           [»bai´s]               смещаться 
 

 Materials may be classified as conductors, semiconductors or      
insulators.  
 The classification depends on the value of resistivity of the        
material. Good conductors are usually metals and have resistivities 
in the order of 10-7 to 10-8 Om, semiconductors have resistivities in 
the order of 10-3 to 3 x 103 Om and the resistivities of insulators are 
in the order of 104 to 1014 Om.  
 In general, over a limited range of temperatures, the resistance 
of a conductor increases with temperature increase, the resistance of       
insulators remains approximately constant with variation of tem-
perature and the resistance of semiconductor materials decreases as 
the temperature increases. For a specimen of each of these materials,      
having the same resistance (and thus completely different dimen-
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sions), at say, 15 °C, the variation for a small increase in temperature 
to t °C is as shown in fig. 45. 
 

 
Fig. 45 

 
 The most important semiconductors used in the electronics        
industry are silicon and germanium. As the temperature of these      
materials is raised above room temperature, the resistivity is re-
duced and ultimately a point is reached where they effectively be-
come conductors. For this reason, silicon should not operate at a 
working temperature in excess of 150 °C to 200 °C, depending on its 
purity, and germanium should not operate at a working tempera-
ture in excess of 75 °C to 90 °C, depending on its purity. As the tem-
perature of a semiconductor is reduced below normal room tem-
perature, the resistivity increases until, at very low temperatures the 
semiconductor becomes an insulator. 
 Adding extremely small amounts of impurities to pure semi-
conductors in a controlled manner is called doping. Antimony, ar-
senic and phosphorus are called n-type impurities and form  
an n-type material when any of these impurities are added to silicon 
or germanium. The amount of impurity added usually varies from 1 
part impurity in 105 parts semiconductor material to 1 part impurity 
to 108 parts semiconductor material, depending on the resistivity 
required. Indium, aluminium and boron are called p-type impurities 
and form a p-type material when any of these impurities are added 
to a  semiconductor. In semiconductor materials, there are very few 
charge carriers per unit volume free to conduct. This is because the 
‘four electron structure’ in the outer shell of the atoms (called 
valency electrons), form strong covalent bonds with neighbouring 
atoms, resulting in a tetrahedral structure with the electrons held 
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fairly rigidly in place. A two-dimensional diagram depicting this is 
shown for germanium in fig. 46a. 

Arsenic, antimony and phosphorus have five valency electrons 
and when a semiconductor is doped with one of these substances, 
some impurity atoms are incorporated in the tetrahedral structure. 
The ‘fifth’ valency electron is not rigidly bonded and is free to con-
duct, the impurity atom donating a charge carrier. A two-
dimensional diagram depicting  this is shown  in  fig. 46b,  in  which 
a phosphorus atom has replaced one of the germanium atoms. 

        
    a    b 

  
c 

Fig. 46 
 

The resulting material is called n-type material, and contains free 
electrons. A two-dimensional diagram depicting this is shown in fig. 
46b, in which a phosphorus atom has    replaced one of the germa-
nium atoms. The resulting material is called n-type material, and 
contains free electrons. Indium, aluminium and boron have three 
valency electrons and when a semiconductor is doped with one of 
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these substances, some of the semiconductor atoms are replaced by 
impurity atoms. One of the four bonds associated with the semicon-
ductor material is deficient by one electron and this deficiency is 
called a hole. Holes give rise to conduction when fig. 46c a potential 
difference exists across the semiconductor material due to move-
ment of electrons from one hole to another, as shown in fig. 46c. In 
this figure, an electron moves from A to B, giving the appearance 
that the hole moves from B to A. Then electron C moves to A, giving 
the appearance that the hole moves to C, and so on. The resulting      
material is p-type material containing holes. 
 
 
 

 
a 

                                      
 

b                                                        c  
Fig. 47 

 
A p-n junction is piece of semiconductor material in which 

part of the material is p-type and part is n-type. In order to examine 
the charge situation, assume that separate blocks of p-type and n-
type materials are pushed together. Also assume that a hole is a 



 127

positive charge carrier and that an electron is a negative charge car-
rier. At the junction, the donated electrons in the n-type material, 
called majority carriers, diffuse into the p-type material (diffusion is 
from an area of high  density to an area of lower density) and the ac-
ceptor holes in the p-type material diffuse into the n-type material as 
shown by the arrows in fig. 47a. Because the n-type material has lost 
electrons, it acquires a positive potential with respect to the p-type 
material and thus tends to prevent further movement of electrons. 
The p-type material has gained electrons and becomes negatively 
charged with respect to the n-type material and hence tends to re-
tain holes. Thus after a short while, the movement of electrons and 
holes stops due to the potential difference across the junction, called 
the contact potential. The area in the region of the junction becomes 
depleted of holes and electrons due to electron-hole recombinations, 
and is called a depletion layer, as shown in fig. 47b. 

When an external voltage is applied to a p-n junction making 
the p-type material positive with respect to the n-type material, as 
shown in fig. 47c, the p-n junction is forward biased. The applied 
voltage  opposes the contact potential, and, in effect, closes the de-
pletion layer. Holes and electrons can now cross the junction and a 
current flows.  

An increase in the applied voltage above that required to nar-
row the depletion layer (about 0.2 V for germanium and 0.6 V for 
silicon), results in a rapid rise in the current flow. Graphs depicting 
the current-voltage relationship for forward biased p-n junctions, for 
both germanium and silicon, called the forward characteristics, are 
shown in fig. 48a. When an external voltage is applied to a p-n junc-
tion making the p-type material negative with respect to the n-type 
material the p-n junction is reverse biased. The applied voltage is 
now in the same sense as the contact potential and opposes the 
movement of holes and electrons due to opening up the depletion 
layer. Thus, in theory, no current flows. However at normal room 
temperature certain electrons in the covalent bond lattice acquire 
sufficient energy from the heat available to leave the lattice, generat-
ing mobile electrons and holes. This process is called electron-hole 
generation by thermal excitation. The electrons in the p-type mate-
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rial and holes in the n-type material caused by thermal excitation, 
are called minority carriers and these will be attracted by the ap-
plied voltage. Thus, in practice, a small current of a few microam-
peres for germanium and less than one microampere for silicon, at 
normal room temperature, flows under reverse bias conditions.  

Typical reverse characteristics are shown in fig. 48b for both 
germanium and silicon. 
 
 
Ex. 5. Find out the synonyms among the following words: 
 
junction, external, reduce, amount, outer, due to connection, owing 
to, decrease, quantity, depict, stay, raise, remain, increase, describe. 
 
 
Ex. 6. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. The most important semiconductors used in the electronics           
industry are silicon and germanium. 

2. One of the four bonds associated with the semiconductor mate-
rial is deficient by one electron, and this deficiency is called a 
hole. 

3. Silicon should not operate at a working temperature in excess of 
150 °C to 200 °C, depending on its purity. 

4. The electrons in the p-type material and holes in the n-type          
material caused by thermal excitation are called minority carri-
ers and these will be attracted by the applied voltage. 

5. An increase in the applied voltage above that required to nar-
row the depletion layer, results in a rapid rise in the current 
flow. 

6. As the temperature of a semiconductor is reduced below nor-
mal room temperature, the resistivity increases until, at very 
low temperatures the semiconductor becomes an insulator. 
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Ex. 7. Agree or disagree with the following statements. 
 

1. As the temperature of semiconductors is reduced below room 
temperature, the resistivity is reduced. 

2. As the temperature of a semiconductor is reduced below nor-
mal room temperature, the resistivity increases until, at very 
low temperatures the semiconductor becomes an insulator. 

3. The p-type material has gained electrons and becomes nega-
tively charged with respect to the n-type material. 

4. The area outside the region of the junction becomes depleted of 
holes and electrons due to electron-hole recombinations. 

5. An increase in the applied voltage above that required to nar-
row the depletion layer, results in a slow rise in the current 
flow. 

6. A small current of a few microamperes for germanium and less 
than one microampere for silicon, at normal room temperature, 
flows under reverse bias conditions. 

 
Ex. 8. Match the following words with the definitions. 
 

doping The donated electrons in the n-type material. 

hole The potential difference across the junction. 

majority carriers The deficiency by one electron of one of the 
four bonds associated with the semiconductor 
material. 

contact potential It is the area in the region of the junction 
which becomes depleted of holes and electrons 
due to electron-hole recombinations. 

depletion layer The electrons in the p-type material and holes 
in the n-type material caused by the thermal 
excitation. 

minority carriers Adding extremely small amounts of impurities 
to pure semiconductors in a controlled manner. 
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Ex. 9. Translate the following sentences from Russian into English. 
 

1. Материалы могут быть классифицированы как проводники, 
полупроводники и изоляторы. 

2. Классификация зависит от величины сопротивления мате-
риала. 

3. Самые важные полупроводники, используемые в электрон-
ной промышленности, – это кремний и германий. 

4. По мере того как температура полупроводника опускается 
ниже комнатной температуры, сопротивляемость увеличи-
вается, до тех пор пока при очень низких температурах по-
лупроводник не становится изолятором. 

5. В общем, сопротивление проводника увеличивается с уве-
личением температуры; сопротивление изоляторов остает-
ся приблизительно постоянным с изменением температу-
ры, и сопротивление полупроводниковых материалов 
уменьшается при уменьшении температуры. 

 
Ex. 10. Answer the following questions. 
 

1. What are the most important semiconductors used in electron-
ics industry? 

2. At what temperature shouldn't silicon and germanium operate? 
3. What is doping?  
4. What are n-type impurities? What do they form? 
5. What are p-type impurities? What do they form? 
6. What is called a hole? 
7. What does hole give? 
8. What is a p-n junction? 
9. What is called a depletion layer? 

10. When is the p-n junction forward biased? 
11. When is the p-n junction reverse biased? 
12. What are minority carriers? 
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Text 22 
 

Semiconductor diodes 
 
Ex. 1. Give the initial form of the following words: 
 

suitable, encircled, additional, apparently, freely, polarity, station-
ary, similarly, thickness, surmount, suddenly, collision, stabiliza-
tion. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

circle, minor, major, to direct, to alter, to rectify, to refer, to collide, 
therm. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1. Electrons generated thermally create a gap in the crystal struc-
ture called a hole. 

2. The additional holes are introduced by doping with trivalent        
atoms. 

3. An n-type material can be considered to be a stationary crystal      
matrix of fixed positive charges with a number of mobile nega-
tive charge carriers. 

4. The total number of positive and negative charges are equal. 
5. When the materials are brought together, some of the mobile 

electrons in the n-type material diffuse into the p-type material. 
6. The thermally excited minority carriers, however, can cross the 

junction since it is, in effect, forward biased for these carriers. 
 

Ex. 4. Read and translate the text using following words: 
 

to encircle  [In»s´:kl]  окружать 
intrinsic  [In»trInsIk]  внутренний 
on average  [»Qv´rIdZ]  в среднем 
to surmount [s´:»mAunt]  преодолевать 
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barrier  [»bQrI´]  заграждение; препятствие 
bond                                                   связь 
wander                 [»wçnd´]               блуждать 
pentavalent          [pen»tQv´lent]     пятивалентный 
 

A semiconductor diode is a device having a p-n junction      
mounted in a container, suitable for conducting and dissipating the 
heat generated in operation, and having connecting leads. Its operat-
ing characteristics are as shown in fig. 48a and 48b. Two circuit dia-
gram symbols for semiconductor diodes are in common use and are 
as shown in fig. 48c. Sometimes the symbols are encircled. 

                   
                      a                                              b    

 
c 
 

Fig. 48 
 

 (a) Silicon or germanium with no doping atoms added are called       
intrinsic semiconductors. At room temperature, some of the elec-
trons acquire sufficient energy for them to break the covalent bond 
between atoms and become free mobile electrons. This is called 
thermal generation of electron-hole pairs. Electrons generated ther-
mally create a gap in the crystal structure called a hole, the atom as-
sociated with the hole being positively charged, since it has lost an 
electron. This positive charge may attract another electron released 
from another atom, creating a hole elsewhere. When a potential is 
applied across the semiconductor material, holes drift towards the 
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negative terminal (unlike charges attract), and electrons towards the 
positive terminal, and hence a small current flows. 
 (b) When additional mobile electrons are introduced by doping a    
semiconductor material with pentavalent atoms (atoms having five 
valency electrons), these mobile electrons are called majority carri-
ers. The relatively few holes in the n-type material produced by in-
trinsic action are called minority carriers. For p-type materials, the 
additional holes are introduced by doping with trivalent atoms (at-
oms having three valency electrons). The holes are apparently posi-
tive mobile charges and are majority carriers in the p-type material. 
The relatively few mobile electrons in the p-type material produced 
by intrinsic   action are called minority carriers.  
 (c) Mobile holes and electrons wander freely within the crystal lat-
tice of a semiconductor material. There are more free electrons in n-
type material than holes and more holes in p-type material than 
electrons. Thus, in their random wanderings, on average, holes pass 
into the   n-type material and electrons into the p-type material. This 
process is called diffusion. Intrinsic semiconductors have resistive 
properties, in that when an applied voltage across the material is re-
versed in  polarity, a current of the same magnitude flows in the op-
posite direction. When a p-n junction is formed, the resistive prop-
erty is replaced by a rectifying property, that is, current passes more 
easily in one  direction than the other. An n-type material can be 
considered to be a stationary crystal matrix of fixed positive charges 
together with a number of mobile negative charge carriers (elec-
trons). The total  number of positive and negative charges are equal. 
A p-type material can be considered to be a number of stationary 
negative charges together with mobile positive charge carriers 
(holes). Again, the total number of positive and negative charges are 
equal and the material is neither positively nor negatively charged. 
When the materials are brought together, some of the mobile elec-
trons in the n-type material diffuse into the p-type material. Also, 
some of the mobile holes in the p-type material diffuse into the n-
type material. Many of the majority carriers in the region of the junc-
tion combine with the opposite carriers to complete covalent bonds 
and create a region on either side of the junction with very few car-
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riers. This region, called the depletion layer, acts as an insulator and 
is in the order of 0.5 µ m thick. Since the n-type material has lost 
electrons, it becomes positively charged. Also, the p-type material 
has lost holes and becomes negatively charged, creating a potential 
across the junction, called the barrier or contact potential. A typical 
characteristic for a silicon p-n junction having a forward bias is 
shown in fig. 48a and having a reverse bias in fig. 48b. When the 
positive terminal of the battery is connected to the p-type material 
and the negative terminal to the n-type material, the diode is for-
ward biased. Due to like charges repelling, the holes in the p-type 
material drift  towards the junction. Similarly the electrons in the n-
type material are repelled by the negative bias voltage and also drift 
towards the junction. The width of the depletion layer and size of 
the contact potential are reduced. For applied voltages from 0 to 
about 0.6 V, very little current flows. At about 0.6 V, majority carri-
ers begin to cross the junction in large numbers and current starts to 
flow. As the applied voltage is raised above 0.6 V, the current in-
creases exponentially (see fig. 48a). When the negative terminal of 
the battery is connected to the p-type material and the positive ter-
minal to the n-type material the diode is reverse biased. The holes in 
the p-type material are attracted towards the negative terminal and 
the electrons in the n-type material are attracted towards the posi-
tive terminal (unlike charges attract). This drift increases the magni-
tude of both the contact potential and the thickness of the depletion 
layer, so that only very few majority carriers have sufficient energy 
to surmount the junction. The thermally excited minority carriers, 
however, can cross the junction since it is, in effect, forward biased 
for these carriers. The movement of minority carriers results in a 
small constant current flowing. As the magnitude of the reverse 
voltage is increased a point will be reached where a large current 
suddenly starts to flow. The voltage at which this occurs is called the 
breakdown voltage. This current is due to two effects: 
(i) the zener effect, resulting from the applied voltage being suffi-
cient to break some of the covalent bonds, and 
(ii) the avalanche effect, resulting from the charge carriers moving 
at sufficient speed to break covalent bonds by collision. A zener di-
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ode is used for voltage reference purposes or for voltage stabilisa-
tion.  
The process of obtaining unidirectional currents and voltages from 
alternating currents and voltages is called rectification. Automatic 
switching in circuits is carried out by diodes. 
  
Ex. 5. Find out synonyms among the following words: 
 

random, equal, connect, sufficient, speed, same, purpose, common, 
link, rate, aim, enough, general, occasional. 
 
Ex. 6. Choose English equivalents to the following Russian ones from the text: 
 
общее количество, создавать зазор, притягивать, очевидно, 
блуждать, диффузия, свойства, в противоположном направле-
нии, соединение, слой, препятствие, отталкивать, преодолевать, 
стабилизация. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. Silicon or germanium with doping atoms added are called in-
trinsic semiconductors. 

2. At room temperature, some of the electrons acquire sufficient 
energy for them to break the covalent bond between atoms and 
become free mobile electrons. 

3. When a potential is applied across the semiconductor material, 
holes drift towards the negative terminal and electrons from the 
positive terminal. 

4. Mobile holes and electrons wander freely within the crystal lat-
tice of a semiconductor material. 

5. When a p-n junction is formed the rectifying property is re-
placed by the resistive property. 

6. When the positive terminal of the battery is connected to the         
p-type material and the negative terminal to the n-type mate-
rial, the diode is forward biased. 
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Ex. 8. Match the following words and words combinations with the definitions. 
 

to excite To make something very emotional. 
intrinsic semi-
conductor 

Silicon or germanium with no doping atoms 
added. 

diffusion Effect resulting from the charge carriers moving 
at sufficient speed to break covalent bonds by  
collision. 

zener effect In their random wanderings holes pass into the   
n-type material and electrons into the p-type  ma-
terial. 

avalanche  effect A gap created in the crystal structure by the elec-
trons generated thermally. 

 
Ex. 9. Translate the following sentences from Russian into English. 
 

1. Положительный заряд может притягивать другой элек-
трон, высвобожденный из другого атома, создавая дыру где-
нибудь в другом месте. 

2. В материале n-типа больше свободных электронов, чем ды-
рок. 

3. Когда сформировано p-n соединение, свойство сопротивле-
ния замещается свойством выпрямления, т. е. ток более лег-
ко проходит в одном направлении, чем в другом. 

4. Общее количество положительных и отрицательных заря-
дов равно, и материал заряжен ни положительно, ни отри-
цательно. 

5. С того момента, как материал p-типа потерял электроны, 
он становится положительно заряженным. 

6. Процесс получения однонаправленных токов и постоянных 
напряжений из переменных токов и напряжений называет-
ся выпрямлением. 

 
Ex. 10. Answer the following questions. 
 

1. What is a semiconductor diode? 
2. What is called thermal generation of electron-hole pairs? 
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3. What happens when a potential is applied across the semicon-
ductor material? 

4. When are the mobile electrons called majority carriers? 
5. What are called minority carriers? 
6. What process is called diffusion? 
7. What is the total number of positive and negative charges? 
8. What is the depletion layer? 
9. When is the diode forward biased? 

10. What is the breakdown voltage? 
11. What is a zener diode used for? 

 
 

Text 23 
 
Transistors 

 
Ex. 1. Give the initial form of the following words: 
 

layer, arrangement, emitter, collection, appropriately, configuration. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

to arrange, to emit, similar, to connect, to depict, to achieve. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. Both of the types of transistor consist of two p-n junctions 
placed very close to one another in a back-to-back arrangement 
on a single piece of semiconductor material. 

2. This type of operation is achieved by appropriately biasing the 
two internal p-n junctions. 

3. When batteries and resistors are connected to a p-n-p transistor, 
the base-emitter junction is forward biased and the base-
collector junction is reverse biased. 
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4. Transistors have three connecting leads and in operation an 
electrical input to one pair of connections can control the output 
from another pair. 

5. For a silicon p-n-p transistor, if the base-emitter junction is         
considered on its own, it is forward biased and a current flows. 

6. Most of the 3.8 mA of current flowing in the emitter, which pre-
viously flowed from the base connection, now flows out 
through the collector connection due to transistor action. 

 
Ex. 4. Read and translate the text. 
 

emitter                  [i»mi˘t´]                электрод, излучатель 
to arrange                                          устраивать, устанавливать 
layer                      [lei´]                    слой 
appropriate          [´»proupriit]        соответствующий 
to depict               [di»pikt]                изображать, описывать 
configuration      [k´n ̀figju»reiS´n]  очертание, форма  
own                      [oun]                      свой, собственный 
previously           [»pr˘Vj´sli]            заранее, предварительно 
 

The bipolar junction transistor consists of three regions of 
semiconductor material. One type is called a p-n-p transistor, in 
which two regions of p-type material sandwich a very thin layer of 
n-type material. A second type is called an n-p-n transistor, in which 
two regions of n-type material sandwich a very thin layer of p-type 
material. Both of these types of transistors consist of two p-n junc-
tions placed very close to one another in a back-to-back arrangement 
on a single piece of semiconductor material. Diagrams depicting 
these two types of transistors are shown in fig. 49.  

The two p-type material regions of the p-n-p transistor are 
called the emitter and collector and the n-type material is called the 
base. Similarly, the two n-type material regions of the n-p-n transis-
tor are called the emitter and collector and the p-type material re-
gion is called the base. 
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Transistors have three connecting leads and in operation an 

electrical input to one pair of connections, say the emitter and base 
connections can control the output from another pair, say the collec-
tor and emitter connections. This type of operation is achieved by  
appropriately biasing the two internal p-n junctions. When batteries 
and resistors are connected to a p-n-p transistor, as shown in fig. 
50a, the base-emitter junction is forward biased and the base-
collector junction is reverse biased. Similarly, an n-p-n transistor has 
its base-emitter junction forward biased and its base-collector junc-
tion reverse biased when the batteries are connected as shown in 
fig. 50b. 

 

 
         a                                    b 

 
Fig. 50 

Fig. 49
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For a silicon p-n-p transistor, biased as shown in fig. 50a, if the 

base-emitter junction is considered on its own, it is forward biased 
and a current flows.  

When the base-collector junction is considered on its own, as 
shown in fig. 49b, it is reverse biased and the collector current is 
something less than 1µ A. However, when both external circuits are 
connected to the transistor, most of the 3.8 mA of current flowing in 
the emitter, which previously flowed from the base connection, now 
flows out through the collector connection due to transistor action. 

 
 

 
                                          a                                        b 

Fig. 51 
 
Ex. 5. Find out synonyms among the following words: 
 

to consist, to collect, to contain, close, similarly, to gather, region,        
action, like, area, near, operation. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

тонкий слой, помещенные очень близко, эмиттер, база, вход,        
выход, достигать, внешние цепи, предварительно, протекать че-
рез, действие транзистора. 
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Ex. 7. Agree or disagree with the following statements. 
 

1. The bipolar junction transistor consists of two regions of semi-
conductor material. 

2. One type is called a p-n-p transistor, in which two regions of         
p-type material sandwich a very thin layer of n-type material. 

3. A second type is called an n-p-n transistor, in which two re-
gions of n-type material sandwich a very thin layer of p-type 
material. 

4. Both of these types of transistors consist of two p-n junctions 
placed rather far from one another. 

5. When batteries and resistors are connected to a p-n-p transistor, 
the base-emitter junction is reverse biased and the base-collector 
junction is forward biased. 

6. When the base-collector junction is considered on its own, it is     
reverse biased and the collector current is something less than 
1µ A. 

 

Ex. 8. Answer the following questions. 
 

1. What does the bipolar junction transistor consists of? 
2. What is the first type of a transistor? 
3. What is the second type of a transistor? 
4. What do both of these types consist of? 
5. What are called the emitter and the collector? 
6. What is called the base? 
7. How many connecting lead have the transistors? 
8. What happens when the base-collector junction is considered on 

its own? 
9. What happens when both external circuits are connected to the 

transistor? 
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Text 24 
 

Transistor action 
 
Ex. 1. Give the initial form of the following words: 
 

lightly, proportion, recombination, conventional, leakage, heavily,       
acceptor, independent, bipolar. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

light, to combine, to leak, portion, heavy, sufficient, to depend,            
to govern. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1. The base region is very thin and is only slightly doped with      
electrons. 

2. A large proportion of the holes in the base region cross the base-
collector junction into the collector region. 

3. Conventional current flow is taken to be in the direction of hole 
flow, that is, in the opposite direction to electron flow. 

4. A small leakage current, ICBO flows from the base to the collec-
tor due to thermally generated minority carriers, being present. 

5. The base region is relatively lightly doped with donor atoms         
(electrons). 

6. The control of current from emitter to collector is largely                 
independent of the collector-base voltage and almost wholly        
governed by the emitter-base voltage. 

 
Ex. 4. Read and translate the text. 
 

hence                    [hens]                   следовательно 
leakage                 [»li˘kidZ]               утечка 
essence                 [»es´ns]                 сущность 
to govern             [»g√V´n]                управлять, регулировать 
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to direct                                              управлять 
carrier                  [»kQri´]                 носитель 
create                   [kri˘»eit]                 творить, создавать 
bipolar                [bai»poul´]             двухполярный 
 

In a p-n-p transistor action is accounted for as follows: 
(a) The majority carriers in the emitter p-type material are holes 
(b) The base-emitter junction is forward biased to the majority carri-
ers and the holes cross the junction and appear in the base region 
(c) The base region is very thin and is only lightly doped with elec-
trons so although some electron-hole pairs are formed, many holes 
are left in the base region 
(d) The base-collector junction is reverse biased to electrons in the 
base region and holes in the collector region, but forward biased to 
holes in the base region; these holes are attracted by the negative po-
tential at the collector terminal 
(e) A large proportion of the holes in the base region cross the base 
collector junction into the collector region, creating a collector cur-
rent; conventional current flow is in the direction of hole movement. 

The transistor action is shown diagrammatically in fig. 52a. 
For transistors having very thin base regions, up to 99.5 % of the 
holes leaving the emitter cross the base collector junction. In an  
n-p-n transistor, connected as shown in fig. 52b, transistor action is  
accounted for as follows: 
(a) The majority carriers in the n-type emitter material are electrons 
(b) The base-emitter junction is forward biased to these majority  
carriers and electrons cross the junction and appear in the base re-
gion 
(c) The base region is very thin and only lightly doped with holes, so 
some recombination with holes occurs but many electrons are left in 
the base region 
(d) The base-collector junction is reverse biased to holes in the base 
region and electrons in the collector region, but is forward biased to 
electrons in the base region; these electrons are attracted by the posi-
tive potential at the collector terminal 
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(e) A large proportion of the electrons in the base region cross the 
base collector junction into the collector region, creating a collector 
current. 
Conventional current flow is taken to be in the direction of hole 
flow, that is, in the opposite direction to electron flow, hence the di-
rections of the conventional current flow are as shown in fig. 52b. 
For a p-n-p transistor, the base-collector junction is reverse biased 
for majority carriers. However, a small leakage current, ICBO flows 
from the base to the collector due to thermally generated minority 
carriers (electrons in the collector and holes in the base), being pre-
sent.  

The base-collector junction is forward biased to these minority 
carriers. If a proportion, α , (having a value of up to 0.995 in modern 
transistors), of the holes passing into the base from the emitter, pass 
through the base-collector junction, then the various currents flow in 
a p-n-p transistor. 

 

           
 

Fig. 52b 
 

Similarly, for an n-p-n transistor, the base-collector junction is 
reversed biased for majority carriers, but a small leakage current, 
ICBO flows from the collector to the base due to thermally gener-
ated minority carriers (holes in the collector and electrons in the 
base), being present. The base-collector junction is forward biased to 
these minority carriers. If a proportion, α , of the electrons passing 
through the base-emitter junction also pass through the base-
collector junction then we have the currents flowing in an n-p-n 
transistor.  



 145

For the transistor as depicted in fig. 52a, the emitter is rela-
tively heavily doped with acceptor atoms (holes). When the emitter 
terminal is made sufficiently positive with respect to the base, the 
base-emitter junction is forward biased to the majority carriers. The 
majority carriers are holes in the emitter and these drift from the 
emitter to the base. The base region is relatively lightly doped with 
donor atoms (electrons) and although some electron-hole recombi-
nations take place, perhaps 0.5 %, most of the holes entering the 
base, do not combine with electrons. The base-collector junction is 
reverse biased to electrons in the base region, but forward biased to 
holes in the base region. Since the base is very thin and now is 
packed with holes, these holes pass the base-emitter junction to-
wards the negative potential of the collector terminal. The control of 
current from emitter to collector is largely  independent of the col-
lector-base voltage and almost wholly governed by the emitter-base 
voltage. The essence of transistor action is this  current control by 
means of the base-emitter voltage. In a p-n-p transistor, holes in the 
emitter and collector regions are majority carriers, but are minority 
carriers when in the base region. Also thermally  generated electrons 
in the emitter and collector regions are minority carriers as are holes 
the base region. However, both majority and  minority carriers con-
tribute towards the total current flow. It is  because a transistor 
makes use of both types of charge carriers (holes and electrons) that 
they are called bipolar. The transistor also comprises two p-n junc-
tions and for this reason it is a junction transistor. Hence the name – 
bipolar junction transistor. 
 
Ex. 5. Find out the synonyms among the following words: 
 

to attract, various, modern, to occur, essence, to draw, up-to-date, 
with respect to, nature, different, in relation to, to take place. 
 
Ex. 6. Suggest English equivalents to the following Russian ones: 
 

отрицательный потенциал, пересекать соединение, создавать в 
направлении, появляться, оставлять, утечка, значение, незави-
симый, управлять, сущность, общий поток тока. 
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Ex. 7. Agree or disagree with the following statements. 
 

1. The minority carriers in the emitter p-type material are holes. 
2. A large proportion of the holes in the base region cross the base-

collector junction into the collector region, creating a collector 
current. 

3. The base region is very thick and heavily doped with holes. 
4. For a p-n-p transistor, the base-collector junction is reverse bi-

ased for majority carriers. 
5. A small proportion of the electrons in the base region cross the 

base collector junction into the collector region, creating a col-
lector current. 

6. The majority carriers don’t drift from the emitter to the base. 
 
Ex. 8. Translate the following sentences from Russian into English. 
 

1. Большинство носителей в эмиттере p-типа – это дырки. 
2. Большинство носителей в эмиттере n-типа – это электроны. 
3. Дырки притягиваются отрицательным потенциалом, при-
ложенным к коллектору. 

4. Большая часть дырок в районе базы пересекает соединение 
"база – коллектор", в результате чего создается ток коллек-
тора. 

5. Управление током "эмиттер – коллектор" почти не зависит 
от напряжения "коллектор – база" и почти полностью 
управляется напряжением "эмиттер – база". 

6. Сущность действия транзистора заключается в управлении 
током напряжением "база – эмиттер". 

 
Ex. 9. Answer the following questions. 
 

1. How is transistor action in a p-n-p transistor is accounted for? 
2. In what direction is the conventional current taken? 
3. How does a small leakage current flow? 
4. What happens when the transmitter is made sufficiently posi-

tive with respect to the base? 
5. How do holes in the emitter drift? 
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6. How is the base-collector junction biased? 
7. In what direction do holes pass? 
8. What is the essence of transistor action? 
9. Why are both types of charge carriers called bipolar? 

 
 
Text 25 
 

Transistor symbols and connections 
 
Ex. 1. Give the initial form of the following words: 
 
classify, configuration, interchange, arrowhead, equally, density,       
production, effectiveness, breakdown, override, usually, normally. 
 
Ex. 2. Give all possible derivatives of the following words: 
 
slight, dense, low, to accept, normal, to change, effect, heavy. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 
1. The basic construction of an n-p-n transistor makes it appear 

that the emitter and collector can be interchanged. 
2. The conventional emitter current largely flows from the collec-

tor through the base to the emitter. 
3. To achieve a high breakdown voltage, the collector region is       

relatively lightly doped. 
4. A bipolar junction transistor will work equally well with either 

the emitter collector acting as the emitter. 
5. When this is done, the doping density in the base region is not      

uniform but decreases from emitter to collector. 
6. In most transistors, the method of production is to diffuse ac-

ceptor and donor atoms onto the n-type semiconductor mate-
rial. 
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Ex. 4. Read and translate the text using the following words: 
 

to override  [´uv´»rAid]  отвергать, заменять 
nonuniform [nçn»ju:nIform] неравномерный, неизменный 
conventional       [k´n»venS´nl]       обычный 
amplifier              [»Qmplifai´]         усилитель 
to interchange     [»int´»tSeindZ]       чередовать, переключать 
to diffuse             [»difju˘s]                рассеивать 
 

There are symbols used to represent p-n-p and n-p-n transis-
tors in circuit diagrams. The arrowhead drawn on the emitter of the 
symbol is in the direction of conventional emitter current (hole 
flow). The      potentials marked at the collector, base and emitter are 
typical values for a silicon transistor having a potential difference of 
6 V between its collector and its emitter. The voltage of 0.6 V across 
the base and emitter is that required to reduce the potential barrier 
and if it is raised slightly to, say, 0.62 V, it is likely that the collector 
current will double to about 2 mA. Thus a small change of voltage 
between the emitter and the base can give a relatively large change 
of current in the emitter     circuit; because of this, transistors can be 
used as amplifiers. 
 

            
 

Fig. 52 
 
There are three ways of connecting a transistor, depending on 

the use to which it is being put. The ways are classified by the elec-
trode that is common to both the input and the output. They are 
called: 
(a) common-base configuration, shown in fig. 53a 
(b) common-emitter configuration, shown in fig. 53b 
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(c) common-collector configuration, shown in fig. 53c 
These configurations are for an n-p-n transistor. The current 

flows shown are all reversed for a p-n-p transistor. 
 

      

 
Fig. 53 

 

In principle, a bipolar junction transistor will work equally 
well with either the emitter or collector acting as the emitter. How-
ever, the conventional emitter current largely flows from the collec-
tor through the base to the emitter, hence the emitter region is far 
more heavily doped with donor atoms (electrons) than the base is 
with acceptor atoms (holes). Also, the base-collector junction is 
normally reverse biased and in general, doping density increases the 
electric field in the junction and so lowers the breakdown voltage. 
Thus, to achieve a high breakdown voltage, the collector region is 
relatively lightly doped. In addition, in most transistors, the method 
of production is to diffuse acceptor and donor atoms onto the n-type 
semiconductor material, one after the other, so that one overrides 
the other. When this is done, the doping density in the base region is 
not uniform but decreases from emitter to collector. This results in 
increasing the effectiveness of the transistor. Thus, because of the 
doping densities in the three regions and the nonuniform density in 
the base, the collector and emitter terminals of a transistor should 
not be interchanged when making transistor connections. 

 
Ex. 5. Find out the synonyms among the following words: 
 
uniform, require, achieve, use, unchanging, in general, demand, 
deny, reach, in common, utilize, override. 
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Ex. 6. Suggest English equivalents to the following Russian ones: 
 

представлять, кремний, слегка, удваивать, усилитель, в зависи-
мости от использования, протекать через базу, достигать высо-
кого напряжения, плотность, эффективность, делать соедине-
ния,        поломка, чередовать, обычный. 
 

Ex. 7. Agree or disagree with the following statements. 
 

1. There are four ways of connecting a transistor. 
2. The ways are classified by the electrode that is common to both 

the input and the output. 
3. The basic construction of an n-p-n transistor makes it appear 

that the emitter and collector can not be interchanged. 
4. To achieve a high breakdown voltage, the collector region is 

rather heavily doped. 
5. The doping density in the base region is not uniform and in-

creases from emitter to collector. 
6. The collector and emitter terminals of a transistor should not be 

interchanged when making transistor connections. 
 

Ex. 8. Translate the following sentences from Russian into English. 
 

1. Существует три способа подсоединения транзистора в зави-
симости от его использования. 

2. Маленькое изменение напряжения между эмиттером и ба-
зой может дать относительно большое изменение тока в 
цепи эмиттера. 

3. Эмиттер и коллектор могут взаимозаменяться. 
4. Обычно ток эмиттера в большинстве случаев протекает из 
коллектора через базу в эмиттер. 

5. В результате этого происходит увеличение эффективности 
транзистора. 

6. Клеммы коллектора и эмиттера транзистора не должны ка-
саться, когда делаются транзисторные соединения. 

 

Ex. 9. Answer the following questions. 
 

1. How many ways of connecting a transistor exist? 
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2. How are the ways of connection classified? 
3. What does the basic construction of an n-p-n transistor make it 

appear? 
4. What is done to achieve a high breakdown voltage? 
5. What is the method of production in most transistors? 
6. Why shouldn't the collector and emitter terminals of a transistor 

be interchanged? 
 
 

Text 26 
 

Transistor characteristics 
 
Ex. 1. Give the initial form of the following words: 
 

graphically, altering, rapidly, reference, whichever, various, slightly, 
variation, associated, characteristic. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

to vary, to associate, graph, figure, to refer, to differ, essential, rapid. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and trans-

late them into Russian. 
 

1. The effect of changing one or more of the various voltages and 
currents associated with a transistor circuit can be shown 
graphically. 

2. The variation of the collector-base voltage VCB has little effect 
on the characteristic. 

3. The value of the collector current IC is very largely determined 
by the emitter current. 

4. A family of curves for various values of IE are possible. 
5. In a common-emitter configuration, the base current is now the 

input current. 
6. If VCB is made slightly negative, the collector no longer attracts 

the majority carriers leaving the emitter. 
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Ex. 4. Read and translate the text. 

 

compare                            сравнивать 
slope                     [sloup]       наклон 
suitable                        подходящий 
rapid                    [»rQpid]           быстрый 
adjust                   [´»dZ√st]                регулировать 
 

The effect of changing one or more of the various voltages and 
currents associated with a transistor circuit can be shown graphi-
cally and these graphs are called the characteristics of the transistor. 
As there are five variables (collector, base and emitter currents and        
voltages across the collector and base and emitter and base) and also 
three configurations, many characteristics are possible. Some of the 
possible characteristics are given below. 
(i) With reference to fig. 54a, the input to a common-base transistor 
is the emitter current, IE, and can be varied by altering the base 
emitter voltage VEB. The base-emitter junction is essentially a for-
ward biased junction diode, so as VEB is varied, the current flowing 
is similar to that for a junction diode, as shown in fig. 54a for a sili-
con transistor. Fig. 54a is called the input characteristic for an n-p-n 
transistor having common-base configuration. The variation of the 
collector-base voltage VCB has little effect on the characteristic. A 
similar characteristic can be obtained for a p-n-p transistor, these 
having reversed polarities. 

 

 
                                         a                                            b 

Fig. 54 
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 (ii). The value of the collector current IC is very largely determined 
by the emitter current, IE. For a given value of IE the collector-base  
voltage, VCB, can be varied and has little effect on the value of IC. If 
VCB is made slightly negative, the collector no longer attracts the 
majority carriers leaving the emitter and IC falls rapidly to zero. 
A family of curves for various values of IE are possible and some of 
these are shown in fig. 54b. Fig. 54b is called the output characteris-
tics for an n-p-n transistor having common-base configuration. Simi-
lar characteristics can be obtained for a p-n-p transistor, these hav-
ing  reversed  polarities. 
 Input characteristic. In a common-emitter the base current is 
now the input current. As VEB is varied, the characteristic obtained 
is similar in shape to the input characteristic for a common-base con-
figuration shown in fig. 54a, but the values of current are far less. 
With reference to fig. 55c, as long as the junctions are biased as de-
scribed, the three currents IE, IC and IB keep the ratio 1:α :(1–α ), 
whichever configuration is adopted. Thus the base current changes 
are much smaller than the corresponding emitter current changes 
and the input characteristic for an n-p-n transistor is as shown in fig. 
55a. A similar characteristic can be obtained for a p-n-p transistor, 
these having reversed  polarities.  
 Output characteristics. A family of curves can be obtained,        
depending on the value of base current IB and some of these for an      
n-p-n transistor are shown in fig. 55b. A similar set of characteristics 
can be obtained for a p-n-p transistor, these having reversed polari-
ties. These characteristics differ from the common base output char-
acteristics in two ways: the collector current reduces to zero without 
having to reverse the collector voltage, and the characteristics slope 
upwards indicating a lower output resistance (usually kilohms for a 
common-emitter configuration compared with megohms for a 
common-base configuration). 
 A circuit diagram for obtaining the input and output charac-
teristics for an n-p-n transistor connected in common-base configu-
ration is shown in fig. 55c. The input characteristic can be obtained 
by varying R1, which varies VEB, and noting the corresponding val-
ues of IE. This is repeated for various values of VCB. It will be found 
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that the input characteristic is almost independent of VCB and it is 
usual to give only one characteristic, as shown in fig. 55a. To obtain 
the output characteristics, as shown in fig. 55b, IE is set to a suitable 
value by adjusting R1. For various values of VCB, set by adjusting R2, 
IC is noted. This procedure is repeated for various values of IE. To 
obtain the full characteristics, the polarity of battery V2 has to be re-
versed to reduce IC to zero. This must be done very carefully or else 
values of IC will rapidly increase in the reverse direction and burn 
out the transistor. 
 

 

   
 

  a    b    c 
Fig. 55  

 
Ex. 5. Find out the synonyms among the following words: 
 

to obtain, to alter, swiftly, shape, to get, rapidly, to change, form. 
 
Ex. 6. Give English equivalents to the following Russian ones: 
 

чтобы получить выходные характеристики, графически, изме-
нять, схожий, иметь влияние, получать, определять значение, 
быстро падает до нуля, по форме, набор характеристик, отли-
чаться от. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. The base-emitter junction is essentially a forward biased junc-
tion diode. 
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2. The variation of the collector-base voltage VCB has little effect on 
the characteristic. 

3. The value of the collector current IC is very largely determined 
by the emitter current. 

4. If VCB is made slightly negative, the collector no longer attracts 
the majority carriers leaving the emitter and IC falls rapidly to 
zero. 

5. As VЕB is varied, the characteristic obtained is similar in shape to 
the input characteristic for a common-base configuration. 

6. The base current changes are much smaller than the corre-
sponding emitter current changes. 

 
Ex. 8. Answer the following questions. 
 

1. What are the characteristics of the transistor? 
2. How many variables are there? What are they? 
3. How many configurations are there? 
4. What is the emitter current? 
5. How can the emitter current be varied? 
6. By what is the value of the collector current determined? 

 
 

Text 27 
 

The transistor as an amplifier 
 
Ex. 1. Give the initial form of the following words: 
 

overheating, dissipation, undesirable, runaway, original, divider,        
regardless, reduction, conducting, convection, radiation, substan-
tially. 
 
Ex. 2. Give all possible derivatives of the following words: 
 

neglect, origin, to heat, to dissipate, to pass, mere, to desire, to            
pertuate, heat, common. 
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Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1. If the current then flows through a load resistance, a voltage is      
developed. 

2. This voltage can be many times greater than the input voltage 
which caused the original current flow. 

3. The increase in the temperature of a transistor will give rise to 
the production of hole electron pairs. 

4. The collector current, collector voltage and base current are 
changed. 

5. If the transistor is clipped or bolted to a large conducting area of 
aluminium or copper plate, cooling is achieved by convection 
and radiation. 

6. Heat sinks are usually blackened to assist radiation. 
 

Ex. 4. Read and translate the text using the following words: 
 
clip                        [klip]                    прижимать 
to waste                                             терять 
fin                                                       охлаждающее ребро 
to perpetuate      [p´»petjueit]         производить, сохранять 
merely   [mI´lI]  просто 
destruction  [dIs»tr√kS´n] разрушение 
negligible  [»neglIdZ´bl] незначительный 
 

The amplifying properties of a transistor depend upon the fact 
that current flowing in a low-resistance circuit is transferred to a 
high-resistance circuit with negligible change in magnitude. If the 
current then flows through a load resistance, a voltage is developed. 
This voltage can be many times greater than the input voltage which 
caused the original current flow.  

When a transistor is used as an amplifier it is necessary to en-
sure that it does not overheat. Overheating can arise from causes 
outside of the transistor itself, such as the proximity of radiators or 
hot resistors, or within the transistor as the result of dissipation by 
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the passage of current through it. Power dissipated within the tran-
sistor, which is given approximately by the product ICVCE, is 
wasted power; it  contributes nothing to the signal output power 
and merely raises the temperature of the transistor. Such overheat-
ing can lead to very  undesirable results. The increase in the tem-
perature of a transistor will give rise to the production of hole elec-
tron pairs, hence an increase in  leakage current represented by the 
additional minority carriers. In turn, this leakage current leads to an 
increase in collector current and this increases the product ICVCE. 
The whole effect thus becomes self-perpetuating and results in 
thermal runaway. This rapidly leads to the destruction of the tran-
sistor. Two basic methods are available and either or both may be 
used in a particular application. 
 Method 1 is in the circuit design itself. The use of a single bias-
ing resistor RB is not particularly good practice. If the temperature of 
the transistor increases, the leakage current also increases. The col-
lector current, collector voltage and base current are thereby 
changed, the base current decreasing as IC increases. An alternative 
is shown in fig. 56a. Here the resistor RB is returned, not to the VCB 
line, but to the collector itself. If the collector current increases for 
any reason, the      collector voltage VCE will fall. Therefore, the d.c. 
base current IB will fall, since IB = VCE/RB. Hence the collector current 
IC = Eα /IB will also fall and compensate for the original increase. A 
commonly used bias arrangement is shown in fig. 56b. If the total 
resistance value of resistors R1 and R2 is such that the current flow-
ing through the divider is large compared with the d.c. bias current 
IB, then the base voltage VBE will remain substantially constant re-
gardless of variations in collector current. The emitter resistor RE in 
turn determines the value of emitter current which flows for a given 
base voltage at the junction of R1 and R2. Any increase in IC produces 
an increase in IE and a corresponding increase in the voltage drop 
across RE. This reduces the forward bias voltage VBE and leads to a 
compensating reduction in IC. 
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   a      b 

 

 
c              
      

Fig. 56 
  

 Method 2 concerns some means of keeping the transistor tem-
perature down by external cooling. For this purpose, a heat sink is 
employed, as shown in fig. 56c. If the transistor is clipped or bolted 
to a large conducting area of aluminium or copper plate (which may 
have cooling fins), cooling is achieved by convection and radiation. 
Heat sinks are usually blackened to assist radiation and are nor-
mally used where large power dissipation’s are involved. With 
small transistors, heat sinks are unnecessary. Silicon transistors par-
ticularly have such small leakage currents that thermal problems 
rarely arise. 
 
Ex. 5. Find out the synonyms among the following words: 
 

negligible, to ensure, to arise, damage, slight, merely, unwanted, to 
provide, to drop, to appear, simply, undesirable, to help, destruc-
tion, to fall, to assist. 
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Ex. 6. Give English equivalents to the following Russian ones: 
 

усиливающие свойства, изменения в магнитуде, сопротивление 
нагрузки, перегреваться, прохождение тока, приблизительно, 
повышать температуру, применение, оставаться постоянным, 
изменения в токе коллектора, падение напряжения, сток тепла. 
 
Ex. 7. Translate the following sentences from Russian into English. 
 

1. Усиливающие свойства транзистора зависят от того факта, 
что ток, протекающий в цепи с низким сопротивлением, 
перемещается в цепь с высоким сопротивлением с незначи-
тельным изменением в магнитуде. 

2. Если ток протекает через нагрузочное сопротивление, вы-
рабатывается тепло. 

3. Когда транзистор используется как усилитель, необходимо 
обеспечить, чтобы он не перегревался. 

4. Перегрев может возникнуть из-за причин вне самого тран-
зистора, таких как близость радиаторов и т. д. 

5. Такой перегрев может привести к очень нежелательным ре-
зультатам. 

6. Нагрев транзистора приводит к росту появления электрон-
но-дырочной пары. 

7. Теплоотводы обычно затемняются, чтобы помочь излуче-
нию, и используются там, где необходимо большое рассеи-
вание мощности. 

8. Маленьким транзисторам теплоотводы (радиаторы) не нуж-
ны. 

 
Ex. 8. Agree or disagree with the following statements. 
 

1. When a transistor is used as an amplifier it is essential whether 
it overheats or not. 

2. The increase in the temperature of a transistor will give rise to 
the production of hole electron pairs. 

3. Thermal runaway rapidly leads to the destruction of the transis-
tor. 
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4. If the temperature of the transistor increases, the leakage cur-
rent decreases. 

5. With large transistors, heat sinks are unnecessary. 
6. Silicon transistors particularly have such small leakage currents 

that thermal problems rarely arise. 
 

Ex. 9. Answer the following questions. 
 

1. What do the amplifying properties of a transistor depend upon? 
2. When is the voltage developed? 
3. What is it necessary when a transistor is used as an amplifier? 
4. What are the causes of overheating? 
5. What is wasted power? 
6. What will the increase in the temperature of a transistor give 

rise to? 
7. What does the leakage current lead to? 
8. What does thermal runaway lead to? 
9. What happens if the temperature of the transistor increases? 

10. When will the collector voltage VCE/RB fall? 
11. For what purpose is a heat sink employed? 
12. How is cooling achieved? 
13. When are heat sinks unnecessary? 

 
 

Text 28  
 

Amplifier constant voltage and current equivalent networks 
 

Ex. 1. Give the initial form of the following words: 
 

replace, represent, network, remembering, ability, however, rela-
tively, desirable, ensure.  
 
Ex. 2. Give all possible derivatives of the following words: 
 

supply, restrict, calculate, sure, line, act, use, proper, able, relate,       
produce. 
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Ex. 3. Choose the sentences with the Passive construction. Translate them 
into Russian. 
 

1. a) The network is shown in fig. 57. 
     b) Fig.57 shows the use of the network as an equivalent for an 
amplifier. 
2. a) To produce gain the amplifier requires the source of con-

trolled energy. 
b) The use of some amplifiers is restricted. 

3.  a)  It is desirable that  the loss of power is reduced. 
     b) The amplifier produces no waveform distortion. 
 

Ex. 4. Read and translate the text using the following words: 
 

Part 1 
 

to replace    [rI êplPIs ] заменить 
actual    [ ê QktSu´l ] действительный 
network [»nPtw´ :k] сеть радиотрансляционных ус-

тановок 
to cause [kç :z] быть причиной, заставлять 
relatively [»rPl´tIvlI] относительно  
to ensure [In»Su´] обеспечить 
moreover [»mç:r«çuv´] кроме того 
distortion   [dIs»tç:S´n]  искажение 
to restrict   [rIs»trIkt] ограничивать 

 
An equivalent network is one that can replace the actual net-

work for the purpose of analysis. The network shown in fig. 57 can 
be used as an equivalent network for an amplifier. Remembering 
that the input signal only controls the flow of energy from a sepa-
rate source, the network has a circuit consisting of the input resis-
tance of the amplifier Ri and this represents the property whereby 
the input circuit of the amplifier loads the source of the input signal. 
It follows that 
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Fig. 57 

 
The ability of the amplifier to produce gain requires a source 

of controlled energy and this is represented by the voltage genera-
tor. The generator amplifies the input voltage V1 by a gain of Gvo so 
that the voltage induced by the generator is Gvo V1* Gvo is the voltage 
gain that would be obtained if the output terminals of the amplifier 
were open-circuited.  

However any practical voltage generator has internal resis-
tance, a principle already considered when we were introduced to 
Thévenin’s Theorem. The internal output resistance of the amplifier 
is R0. The effect of R0 causes the voltage gain Gvo, obtained when the 
amplifier is loaded, which is less than the open-circuit voltage gain 
Gvo due to the voltage drop across R0. 

In most equivalent networks, it is found that the input resis-
tance Ri has a relatively high value while the output resistance R0 
has a relatively low value. Ideally, Ri would be infinitely large thus 
reducing the input current and hence the input power to zero. In 
practice, amplifier designs generally try to ensure that the input 
power is as small as possible, usually because the input signal has 
little power available to it. The output resistance R0 gives rise to n 
loss of the power produced by the equivalent generator and hence it 
is desirable that the loss is reduced as far as possible, which effec-
tively requires that R0 be as small as possible.  

The use of such equivalent networks is restricted to the signal 
quantities only. They should not be used in calculations concerned 
with the direct quantities associated with the amplifier. Moreover, 
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their use assumes an exact linear relationship between input and 
output signals. i.e. the amplifier produces no waveform distortion.  

Fig. 58 shows an amplifier, represented by its equivalent cir-
cuit, being supplied by a source of signal Es volts and source resis-
tance Rs, and feeding a load resistance Rl. Expressions for the im-
portant parameter can be derived. 

 

                   
Fig. 58 
 

Part 2 
 

to lend to  сводиться к… 
primarily      [»praim´rili] первоначально 
solution      [ s´»luS(´)n] решение 
complete      [k´m»pli:t] полный  
to remain      [ri»mein] оставаться 
terminal    [»t´:min´l] клемма 
since    [sins] так как 
 
The constant-voltage equivalent network lends itself to the 

analysis of amplifiers in which the signals are primarily considered 
in terms or voltage. However, some amplifiers, especially those us-
ing epitaxial or junction transistors, are better considered in terms of 
current. In order to do this, it is first of all necessary to introduce the 
constant-current generator. It is known that a source of electrical en-
ergy could be represented by a source or e.m.f. in series with a resis-
tance. This is not, however, the only form or representation. Con-
sider such a source feeding a load resistor RL as shown in fig. 59. 
From this circuit:  
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Fig. 59 
 

,       

where Is= E/Rs = the current which would flow in a short circuit 
across the output terminals of the source.  

When comparing relation it can be seen that. When viewed 
from the load. the source appears as a source of current (Is) which is 
dividing between the internal resistance (Rs) and the load resistor 
(RL) connected in parallel. For the solution of problems either form 
or representation can be used. In many practical cases an easier solu-
tion is obtained using the current form. Fig. 60 illustrates the equiva-
lence of the two forms. The internal resistance of the constant-
current generator must be taken as infinite. since the resistance of 
the complete source must be Rs as is obtained with the constant-
voltage form. The ideal constant-voltage generator would be one 
with zero internal resistance so that it would supply the same volt-
age to all loads. Conversely, the deal constant-current generator 
would be one with infinite internal resistance so that it supplied the 
same current to all loads. These ideal conditions can he approached 
quite closely in practice.  

By using the constant-current generator principle, we can cre-
ate the alternative form of amplifier equivalent network which is 
shown in fig. 61. Here the input circuit remains as before but the 
output network consists of a current generator producing a current 
GisI1 where Gis is the current gain that would be obtained with the 
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output terminals short-circuited. Since the voltage and current 
equivalent network are also to be equivalent to each other. 

 

Fig. 60 

 

Fig. 61 
 
 
Ex. 5. Find out antonyms among the following words: 
 
actual, cause, to complete, remain, the only, many, to go, result, un-
real, to begin. 
 
Ex. 6. Suggest the English equivalents for the Russian ones: 
 
можно достичь, настолько мала, относительно напряжения, же-
лательно,  сводиться только к величине сигнала, единственная 
форма представления, для того чтобы; имеет  прямое соотно-
шение 
 

the only form of representation, associated with voltage, can be          
approached, it is desirable, as small as possible, to be  restricted to 
the signal quantities only, in order to, assumes exact relationship. 
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Ex. 7.  Agree or disagree with the following statements: 
  

1. An equivalent network can not replace the actual network. 
2. Any practical voltage generation has external resistance. 
3. The input resistance is of high value in most equivalent net-

works. 
4. Amplifiers using junction transistors are usually considered in 

terms of current. 
     5. The ideal generator is one with zero internal resistance to sup-

ply various voltages to loads. 
     6. The use of d.c. generator may create the alternative form of 

amplifier equivalent network. 
 
Ex. 8. Match the following words with their definitions: 
 

distortion  which  a lot of people want 
to supply  full/whole 
desirable act of calculating  
available  to provide smth which is needed 
complete  
terminal  

ready to be used 
one of the connecting points in an electric circuit  

 
Ex. 9. Translate into English. 
 

1. Эквивалентной сетью можно заменить существующую с 
определенной целью. 

2. Без источника регулируемой энергии (генератора напря-
жения) усилитель не сможет дать усиления. 

3. Любой используемый на практике генератор напряжения 
имеет внутреннее сопротивление. 

4. В большинстве эквивалентных сетях внутреннее сопротив-
ление имеет относительно высокое значение, в то время 
как выходное – низкое. 

5. Известно, что источник электрической энергии можно 
представить как источник ЭДС в последовательном соеди-
нении с сопротивлением. 
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6. Идеальный генератор постоянного напряжения имеет ну-
левое значение внутреннего,  что обеспечивает одинаковое 
напряжение ко всем нагрузкам. 

7. Чтобы обеспечить одинаковый  ток ко всем нагрузкам, не-
обходимо постоянное внутреннее сопротивление. 

 

Ex. 10. Answer the following questions. 
 

1. What does the constant–voltage equivalent network lend itself to? 
2. What is it necessary to do to consider amplifiers in terms of 

current? 
3. Why must the internal resistance of d.c. generation be taken as 

infinite? 
4. What is the internal resistance value to supply the same volt-

age to all loads in fig. 60? 
5. How can we create the alternative form of amplifier equivalent 

network? 
6. Do you think that the voltage and current equivalent networks 

are also to be equivalent to each other? 

 
Text 29 

Frequency response 

Ex. 1. Give the initial form of the following words: 
 

capacitance, simultaneously, otherwise, therefore, considerably, 
passbands, approximately, midband, however. 
 
Ex . 2. Give all possible derivatives of these words: 
 

associate, response, act, differ, circuit, note, determine, correspond,     
assume. 
 
Ex. 3. Put the verbs from the brackets in their correct forms. 
 

1. The voltage gain… (to decrease) because of the decrease in load     
impedance. 
2. The effective load on the amplifier…( to tend) to zero. 
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3. One of the types of amplifiers…(to be known) as narrow band       
amplifiers. 
4. The passband…(to be bound) by f1 and f2. 
5. Amplifier gain…(to decrease) at high frequencies and in some 
cases at low frequencies also. 
 
Ex. 4. Read and translate the text using the following words: 

Part 1 

 

to contain   [k´n»tein] содержать (в себе) 
pure      [pju´] чистый 
to modify   [»mçdifai] видоизменять 
cause      [kç:z] причина 
due to      [dju:] из-за 
stray      [strei] паразитная (емкость) 

inherent [in»hi´r´nt] присущий 

Part 2 

certain     [s´:tn] определенный 
appreciable [´»pri:S´bl] заметный, ощутимый 

respectively [ris»pekti:vli] относительно 
to crush [kr√S] (раз)давить 
shunt   [S√nt] шунт 
simultaneously [sim´l»teinj´s] одновременно 
passband [pa:sbQnd] полоса пропускания 

otherwise [√D´»waiz] иначе 
 

Part 1 
 

It has already been stated that amplifier gain decreases at high 
frequencies and in some cases at low frequencies also. The equiva-
lent circuits, as have been used so far, gives no indication of this 
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since they contain pure resistance only. They have therefore to be 
modified for the frequency ranges in which the gain decreases.  

One cause of loss of gain at high frequencies is the presence of 
shunt capacitance across the load. This can be due to stray capaci-
tance in the external circuit and, what is usually more important, 
capacitance within the amplifier itself. The effective load on the am-
plifier tends to zero as the frequency tends to infinity. Thus the volt-
age gain decreases because of the decrease in load impedance, and 
the current gain decreases because the shunt capacitance path drains 
current away from the load. Another cause of loss of gain at high 
frequencies is the inherent decrease of available gain in the ampli-
fier, i.e. Gvo decreases with frequency. The manner in which the gain 
decreases due to this effect is similar to that produced by shunt ca-
pacitance and both effects can be represented on the equivalent cir-
cuit by the connection of capacitance across the output terminals as-
suming that. at the frequency being considered. only one of the ef-
fects is appreciable. In practice this is often a reasonable assumption 
over a considerable frequency range. Fig.62 shows the output sec-
tion of the equivalent circuit modified for high-frequency operation. 
Associated with the loss of gain will be a shift of phase between in-
put and output signals from the nominal value. A more complex cir-
cuit would be required if both the effects considered above had to be 
taken into account simultaneously. 

 
 

Fig. 62 
 

Part 2 
Loss of gain at low frequencies is due to the use of certain ca-

pacitors in the circuit. Their values are chosen such that the reac-
tances are very small at the frequencies being used, so that little or 



 170 

the signal voltage is developed across them. At low frequencies, 
however, appreciable signal is developed across them, resulting in a 
loss or signal at the load. As with the high frequency response there 
is a corresponding shift or phase between input and output signals.  

The bandwidth of an amplifier is defined as the difference in 
frequency between the lower and upper frequencies, f1 and f2 re-
spectively, at which the gain is 3.0 dB down on its maximum value.  

It follows that since the input voltage is assumed constant then 
tie voltage gain must also have fallen to 0.71 of the mid- band gain. 
The frequency response bandwidth can therefore also be deter-
mined by the points at which the voltage gain has fallen to 0.71G. 
Although this has been argued for voltage gain, it would equally 
have held for current gain.  

For a direct-coupled amplifier the bandwidth will be simply f2 
since the gain extends down to zero frequency. The passband or 
working frequency range is that bounded by f1 and f2. If this lies 
within the range of frequencies normally audible to the ear as sound 
waves, e.g. 30 Hz to 15 kHz, the amplifies is referred to as an audio 
amplifier. Such amplifiers are used in sound reproduction systems. 
The signals applied to the cathode-ray tube in television receivers 
require greater passbands extending from 0 to several megahertz 
and are known as video amplifiers. In both audio and video amplifiers 
approximately constant gain over a fairly wide range of frequencies 
is required and they are collectively known as broad-hand amplifiers, 
Other types known as narrow-band amp1fiers are used where the 
bandwidth is considerably less than the centre frequency. This type 
of amplifier provides selectivity between signals of different fre-
quency.  

Voltage be V1, 
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Fig. 63 
 
 

Ex. 5. Find out the synonyms among the following words: 
 

shift, to expand, scale, to argue, to extend, proportion, move, 
enlarge, to lengthen, to debate. 
 
 Ex. 6. Suggest the English equivalents for the Russian ones: 
 

как в аудио, так и в видео; в последнем вышеупомянутом случае, 
должны видоизменяться, при используемых частотах, на про-
тяжении всего диапазона,  в пределах, в связи с потерей усиле-
ния, частотное реагирование, заметьте 
have to be modified, for the frequency range, within, at the frequen-
cies being used, associated with the loss of gain, frequency response, 
note, in the latter case, in both audio and video. 
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Ex. 7. Agree or disagree with the following statements. 
 

1. Amplifier gain increases at high frequencies, but not at low 
frequencies. 

2. The equivalent circuits contain pure resistance only. 
3. With decrease in load impedance the voltage gain does not 

decrease. 
4. There is a shift of phase between input and output signals 

from the nominal value. 
5. The gain may be shown only in logarithmic form. 

 
Ex. 8. Match the following words definitions: 
 

stray                                to make longer 
shift                                 to become larger 
to argue                          to discuss without agreeing 
to extend                        change of place 
to expand                       natural/ in born 
inherent                          to suppose 
to assume                       wandering off course 
 
Ex. 9. Translate into English. 
 

1. Существуют две основные причины потери усиления при 
высоких частотах. 

2. Одной из них является присутствие шунтированной емко-
сти сквозь нагрузку. 

3. Другая причина – это естественное уменьшение усиления 
усилителя. 

4. Уменьшение усиления можно представить на эквивалент-
ной цепи путем соединения емкости через выходные кон-
цы. 

5. В связи с потерей усиления возникает колебание фазы 
между входным и выходным сигналами от номинальной 
величины. 

6. Потеря усиления при низких частотах происходит из-за 
использования конденсаторов в цепи. 
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7. Частотное реагирование, которое происходит в усилителе со 
встроенными конденсаторами иллюстрирует рисунок 63. 

8. Усиление можно представить в форме логарифма или 
цифры. 

 
Ex. 10. Ask your friend if he knows: 
 

1) that narrow band amplifiers are used where the bandwidth is 
considerably less than the centre frequency. 

2) which amplifiers are known as broad–band amplifiers. 
3) what systems audio amplifier is used. 
4) how the signals applied to the cathode–ray tube in TV receiv-

ers are called. 
5) why the frequency response is determined by the points at      

which the voltage gain has fallen to 0,71G. 
6) what forms the gain may be shown in. 
7) what the use of logarithmic scale is necessary for. 

 
 

Text 30 
Feedback 

 
Ex. 1 Give the initial form of the following words: 
 

amplifier, respectively, directly, proportional, representative,    di-
vider, resistors, application. 
 
Ex. 2. Give all possible derivatives of these words: 
 

to provide, direct, similar, develop, connect, to depend, to amplify, 
to signify, to select. 
 
Ex. 3. Choose the sentences with the Passive construction. Translate them 
into Russian. 

1. a) The amplifier can be used to provide characteristics which 
differ from those of the basic amplifier. 
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b) The feedback signal can be directly proportional to the out-
put signal voltage or current. 

2. a) The feedback voltage is the signal developed across one of 
the resistors. 
b) Series-voltage feedback will be considered here as a repre-
sentative type. 

3. a) The desired voltage gain can be obtained with a high degree 
of stability by selection of the component values in the feed-
back network. 
b) The voltage gain will be dependent on the load. 

 
Ex. 4. Read and translate the text using the following words and word 

combinations: 
 

Feedback [»fi:dbQk] обратная связь (обратное 
питание) 

shunt [S√nt] параллельное включение 
negligible                              [»neglidZ´bl] незначительный  
phase-inverting amplifier   фазоинвертор 

voltage-gain   коэффициент усиления по 
напряжению 

divider [di»vaid´] делитель 
to mask      отмечать 
although    
to accomplish 

 
[´»kçmpliS]   

хотя 
завершать 

 
Feedback is the process whereby a signal derived in the output 

section of the amplifier is fed back into the input section. In this way 
the amplifier can be used to provide characteristics which differ 
from those of the basic amplifier. The signal fed back can be either a 
voltage or a current, being applied in series or shunt respectively 
with the input signal. Moreover, the feedback signal, whether volt-
age or current, can be directly proportional to the output signal 
voltage or current. This gives rise to four basic types or feedback, i.e. 
series-voltage, series-current, shunt-voltage and shunt-current. The 
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characteristics produced by these four types of feedback are similar 
in some respects and differ in others. Series-voltage feedback will be 
considered here as a representative type and fig. 64 shows such a 
feedback amplifier.   

The block marked B is that part of the network which provides 
the feedback voltage Vf = BV2. In one of its simplest forms it could 
consist of two resistors connected across the output to form a volt-
age divider, the feedback voltage being the signal developed across 
one of the resistors. The voltage gain Gv = A will be dependent on 
the load which the B network presents to the amplifier, although in 
many practical applications the values of the components used in 
the network are such as to present negligible loading.  

If the magnitude is greater than unity then the magnitude of 
Gvf is less than that of A and the feedback is said to be negative or 
degenerative. The simplest means of accomplishing this is to pro-
vide a phase-inverting amplifier, in which case A is negative and for 
B to be a positive fraction, as would be obtained with a simple resis-
tive voltage divider.  

 

 
 

Fig.64 
The voltage gain with negative feedback is relatively inde-

pendent of the voltage gain of the basic amplifier, provided that the 
product B|A| remains large compared to unity. This is one of the 
most important characteristics of negative series-voltage feedback 
amplifiers. Thus tie desired voltage gain can be obtained with a high 
degree of stability by selection of the component values in the feed-
back network.  

To explain further the significance of such stability, we need to 
be aware that A can vary, either due to ageing of the components or 
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due to the supply voltage not remaining constant. With the feedback 
gain being largely dependent on B, such changes in A become insig-
nificant. 

 
Ex. 5. Find out the antonyms among the following words: 
 

significant, output, simple, dependent, different, to connect, input, 
independent, insignificant, complex, similar, disconnect.  
 
Ex. 6. Suggest the English equivalents for: 
 

усилитель, входной сигнал, в некотором отношении, практиче-
ское применение, при условии, относительно,  не зависит, сеть, 
выбор, оставаться постоянным, высокая степень стабильности. 
 
Ex. 7. Agree or disagree with the following statements. 
 

1. Feedback is the process whereby a signal derived in the in-
put section of the amplifier is fed back into the output. 

2. In this way the amplifier can be used to provide characteris-
tics which differ from those of the  basic amplifier. 

3. The signal fed back can be either a voltage or a current. 
4. The feedback signal can be inversely proportional to the 

output signal voltage or current. 
5. Series-voltage feedback will be considered here as a repre-

sentative type.  
6. The desired voltage gain can be obtained with a high de-

gree of stability by selection of the component values in the 
feedback network. 

 

Ex. 8. Match the following words with their definitions: 
 

feedback to make / to manufacture 
to produce a group of frequencies in radio transmission 
in some respect to make a signal of something  
negligible return of a signal in an electronic circuit causing a 

high-pitched noise 
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band  in some way 
to mark not very important / significant   
application  action of putting something on something  
 

Ex. 9. Translate into English. 
 

1. В случае обратной связи усилитель можно использовать 
для обеспечения тех характеристик, которые отличают-
ся от основных. 

2. Ток или напряжение могут быть сигналом, направлен-
ным назад. 

3. Сигнал обратной связи может быть прямо пропорцио-
нальным выходному сигналу. 

4. Существует четыре типа обратной связи. 
5. Коэффициент усиления можно получить с высокой  
степенью точности. 

 

Ex. 10. Ask your friend if he remembers: 
 

1) that the voltage gain is relatively independent of the voltage 
gain of the basic amplifier. 

2) what gives rise to 4 basic types of feedback. 
3) which picture shows a representative type of a feedback am-

plifier. 
4) what the voltage gain depends on. 
5) how we can obtain the desired voltage. 

 
 

Text 31 
 

Operational amplifiers 
 
Ex. 1. Give the initial form of the following words: 
 

kiloohm, operation, usually, differential, basically, typical, input, 
output, lineally, distortion, saturation, limitation. 
 



 178 

Ex. 2. Give all possible derivatives of these words: 
 

invert, accompany, oppose, transit, effect, reject, suppress, express,    
follow, base, term, exist, integrate, situate. 
 
Ex. 3. Put the questions to the italicized words. Use question words given 

in brackets. 
 

1. Operational amplifiers are designed to solve mathematical      
equations. (What … for) 

2. The circuit diagram symbol has one output and two inputs. 
(How many) 

3. An op. amp. amplifies the difference between two input volt-
ages. (What difference) 

4. Operational amplifiers very often use negative feedback. 
(What) 

5. A range of voltages can be applied to the input for amplifica-
tion. (What … to) 

6. Operational amplifies were originally made from discrete         
components. (What) 

 
Ex. 4. Read and translate the texts using the following words: 
 

to distort                                  искажать 
discrete       [dIs»krI:t]       состоящий из разрозненных частей; 

 раздельный 
to perform       [p´»fç:m]        совершать 
gain     усиление 
differential    дифференцирующий 
to multiply       [»m√ltIplAI]    умножить, увеличивать 
to outweigh     [Aut»weI] быть тяжелее, превосходить в весе 
bandwidth    ширина полосы частот 
to integrate       [»IntIgreIt]       интегрировать, удлинять импульсы 
dual        [»dju:´l]  двойной, сдвоенный 
behavior       [bI»heIvI´] поведение 
stage     ступень, стадия, фаза 
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Operational Amplifiers (usually called "op amps") were originally 
made from discrete components, being designed to solve mathe-
matical equations electronically, by performing operations such as 
addition and division in analogue computers. Now produced in in-
tegrated  circuit (IC) form, op amps have many uses, with one of the 
most important being as a high gain d.c. and a.c. voltage amplifier. 
The main properties of an op amp include: 
– a very high open-loop voltage gain A0 of around 105 for d.c. and 
low frequency a.c., which decreases with frequency increase, 
– a very high input impedance, typically 106 Z to 1012 Z, such that     
current drawn from the device, or the circuit supplying it, is very 
small and the input voltage is passed on to the op amp with little 
loss, 
– a very low output impedance, around 100 Z, such that its output 
voltage is transferred efficiently to any load greater than a few 
kilohms. 
 The circuit diagram symbol for an op amp is shown in fig. 65. 
It has one output, V0, and two inputs; the inverting input, V1, is 
marked, and the non-inverting input, V2, is marked C. 
 The operation of an op amp is most convenient from a dual 
balanced d.c. power supply ±  VS the centre point of the supply,  
i.e. 0 V, is common to the input and output circuits and is taken as 
their voltage reference level. The power supply connections are not 
usually shown in a circuit diagram. An op amp is basically a differ-
ential voltage amplifier, i.e. it amplifies the difference between input 
voltages V1 and V2. 
 

 
 

Fig. 65 
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A typical voltage characteristic showing how the output V0 

varies with the input (V2 – V1) is shown in fig. 66. It is seen from fig. 
66 that only within the very small input range P0Q is the output di-
rectly proportional to the input; it is in this range that the op amp 
behaves linearly and there is minimum distortion of the amplifier 
output. Inputs outside the linear range cause saturation and the 
output is then close to the maximum value, i.e. +VS or –VS. The lim-
ited linear behaviour is due to the very high open-loop gain A0, and 
the higher it is the greater is the limitation. 

 

 
Fig. 66 

 

Operational amplifiers nearly always use negative feedback,      
obtained by feeding back some, or all, of the output to the inverting 
(_) input. The feedback produces an output voltage that opposes the 
one from which it is taken. This reduces the new output of the am-
plifier and the resulting closed-loop gain A is then less than the 
open-loop gain A0. However, as a result, a wider range of voltages 
can be applied to the input for amplification.  

The advantages of using negative feedback outweigh the ac-
companying loss of gain which is easily increased by using two or 
more op amp stages. The open-loop voltage gain of an op amp is not 
constant at all frequencies; because of capacitive effects it falls at 
high frequencies. The gain-bandwidth product for any amplifier is 
the linear voltage gain multiplied by the bandwidth at that gain. The 
value of frequency at which the open-loop gain has fallen to unity is 
called the transition frequency. 
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Ex. 5. Find out the opposites among the following words: 
 
discrete, to perform, gain, amplifier, to multiply, to outweigh, out-
put, maximum, to be lighter, minimum, input, to divide, silencer, 
reduction, to idle, integral, distortion, saturation. 
 
 

Ex. 6. Suggest the English equivalents for: 
 
главные характеристики, выполнять математические вычисле-
ния, высокий коэффициент усиления по току, усилитель на-
пряжения переменного тока, низкий уровень выходного полно-
го сопротивления, преобразовывать (постоянный ток в пере-
менный), двойное сбалансированное питание, согласно высоко-
му коэффициенту усиления; чем выше, тем больше; в результа-
те, на всех частотах, продукт коэффициента усиления – ширины 
полосы пропускания 
 

gain-bandwidth product, at all frequencies, as a result, the higher 
the greater, due to the very high gain, a dual balanced supply, in-
vert, low output impedance, a.c. voltage amplifier, a high gain cur-
rent, to solve mathematical equations, main properties. 
 
Ex. 7. Agree or disagree with the following statements. 
 
1. The circuit diagram symbol shown in fig. 65 has one output and 

two inputs. 
2. Operational amplifiers originally performed not only two op-

erations (adding and division) but many others. 
3. An operational amplifier amplifies the difference between out-

put voltages and currents. 
4. Inputs outside cause distortion of the amplifier output then the 

output is close to the minimum value. 
5. Operational amplifiers use negative feedback. 
6. The feedback produces an input voltage without any opposi-

tion. 
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Ex. 8. Match the following words with their definitions. 
 
to discrete to go with or to coexist with 

to gain involving measurement in one dimension only 

an amplifier appliance increasing loudness of sounds 

to integrate suitable, not troublesome 

dual the greatest amount possible (of another substance) 

to perform lack of clearness and correctness in sounds transmit-
ted by wireless or telephone 

output to carry into effect (operation, task etc.) 

distortion of two / double 

saturation of two 

convenient to combine parts into a whole 

linear to amplify a sound 

to accompany separate / not connected 

 
Ex. 9. Translate into English. 
 

1. Операционные усилители производят такие действия, как 
сложение и деление в аналоговых компьютерах. 

2. Современные операционные усилители многофункцио-
нальны. 

3. Самой важной характеристикой усилителя напряжения как 
при постоянном токе, так и при переменном является вы-
сокий коэффициент усиления. 

4. Передача выходного напряжения от усилителя до любой 
нагрузки составляет несколько килoом. 

5. К положительным свойствам усилителя относится его низ-
кое выходное сопротивление, но высокое входное. 

6. Входной ток смещения операционного усилителя есть раз-
ница между двумя входными токами при нулевой отметке 
выходного напряжения. 
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7. Коэффициент усиления напряжения при разомкнутой це-
пи обратной связи операционного усилителя меняется при 
разных частотах. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) what main properties operational amplifiers include; 
2) that output impedance is low or high; 
3) that input impedance is high or low; 
4) what components original operational amplifiers can be made 

of; 
5) what the most important application operational amplifiers 

have; 
6) how many inputs in figure 65 for an op. amp. there are; 
7) why the operation of an op amp. is thought to be the most           

convenient; 
8) what the feedback produces; 
9) that the open-loop voltage gain of an op amp is constant at all      

frequencies; 
10) what the transient frequency is called. 
 

 
Text 32 

 

Part 1 
 

Some op amp parameters 
 
Ex. 1. Give the initial form of the following words: 
 

typically, ideally, offset, unwanted, rejection, waveform, feedback,    
microphone, characteristics, unaffected, follower, integrator, graphi-
cal, electronic, differential. 
 
Ex. 2. Give all possible derivatives of these words: 
 

value, divide, amplify, disturb, relate, perform, add, resist, refer,       
control, volt, obtain, calculate, determine, sum, compute, far, apply. 
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Ex. 3. Insert the prepositions, where necessary (to, in, on, of, from, by, 
with … to, across). 
 

1. Negative feedback is provided … its resistor. 
2. The input bias current causes a voltage drop … the equivalent 

source impedance. 
3. … reference … this Figure and … the equation it’s possible to     

calculate frequency. 
4. The gain … the amplifier depends … the two resistors. 
5. The output voltage is measured … a relatively low impedance 

moving coil meter. 
6. The circuit of an op amp differential amplifier is shown …         

Figure 1. 
7. The voltages are applied … terminals 1 and 2. 

 
Ex. 4. Read and translate the text using the following words: 
 

Part 1 
 

offset     смещенный, устойчивое отклонение 
bias     [baI´s]  уклон, смещение 
within    в пределах 
to nullify    [»n√lIfaI]  аннулировать, сводить к нулю 
to suppress   подавлять, глушить 
mode     вид колебания, тип волны 
rejection   [rI»dZekS´n] отказ, отклонение 
to slew   [slu:]  затормаживаться, замедляться,  

вращаться 
 

Part 2 
 

fraction    часть, дробь, разрыв 
precise   [prI»saIs]  точный, прецизионный 
sample   [»sA:mpl]  образец, проба 
follower    следящее (копирующее) устройство 
feedback    обратная связь 
to disturb   [dIs»t´:b]  нарушить режим 
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to assume   [´»sju:m]  принимать (на себя), предполагать 
binary   [»baIn´ry]  двоичный 
 

 The input bias current is the average of the currents into the 
two input terminals with the output at zero volts, which is typically 
around 80 nA (i.e. 80 × 10-9 A) for a 741 op. amp. The input bias cur-
rent causes a volt drop across the equivalent source impedance seen 
by the op. amp. input. 
 The input offset current of an op. amp. is the difference be-
tween the two input currents with the output at zero volts in a 741 
op. amp. is typically 20 nA. 
           In the ideal op. amp. with both inputs at zero there should be 
zero output. Due to imbalances within the amplifier this is not al-
ways the case and a small output voltage results. The effect can be 
nullified by applying a small offset voltage. 
           The output voltage of an op amp is proportional to the differ-
ence between the voltages applied to its two input terminals. Ide-
ally, when the two voltages are equal, the output voltages should be 
zero. A       signal applied to both input terminals is called a com-
mon-mode signal and it is usually an unwanted noise voltage. The 
ability of an op amp to suppress common-mode signals is expressed 
in terms of its          common-mode rejection ratio. 

Fig. 67 
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 The output voltage of an op amp is proportional to the differ-
ence between the voltages applied to its two input terminals. Ide-
ally, when the two voltages are equal, the output voltages should be 
zero. A signal applied to both input terminals is called a common-
mode signal and it is usually an unwanted noise voltage. The ability 
of an op amp to suppress common-mode signals is expressed in 
terms of its  common-mode rejection ratio. 
 The slew rate of an op. amp. is the maximum rate of change of 
output voltage following a step input voltage. Fig. 67 shows the ef-
fects of slewing; it causes the output voltage to change at a slower 
rate that the input, such that the output waveform is a distortion of 
the input waveform. 0.5 V/ µ s is a typical value for the slew rate. The 
basic  circuit for an inverting amplifier is shown in fig. 68 where the 
input voltage Vi (a.c. or d.c.) to be amplified is applied via resistor Ri 
to the inverting (–) terminal; the output voltage V0 is therefore in 
anti-phase with the input. The non-inverting (+) terminal is held at 0 
V. Negative feedback is provided by the feedback resistor, feeding 
back a certain fraction of the output voltage to the inverting termi-
nal. 

 
Fig. 68 

 

 The gain of the amplifier depends only on the two resistors, 
which can be made with precise values, and not on the characteris-
tics of the op amp, which may vary from sample to sample. An in-
put of 100 mV will cause an output change of 1 V. 
 The basic circuit for a non-inverting amplifier is shown in fig. 
69 where the input voltage Vi (a.c. or d.c.) is applied to the non-
inverting (+) terminal of the op amp. This produces an output V0 
that is in phase with the input. Negative feedback is obtained by 
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feeding back to the inverting (–) terminal, the fraction of V0 devel-
oped across Ri in the voltage divider formed by Rf and Ri across V0. 

 
  
 

          Since there is no virtual earth at the non-inverting (+) terminal, 
the input impedance is much higher (typically 50 MΩ ) than that of 
the inverting amplifier. Also, it is unaffected if the gain is altered by 
changing Rf and/or Ri. This non-inverting amplifier circuit gives 
good matching when the input is supplied by a high impedance 
source.  
  

Part 2 
 

The voltage-follower 
 

The voltage-follower is a special case of the non-inverting am-
plifier in which 100 % negative feedback is obtained by connecting 
the output directly to the inverting (–) terminal, as shown in fig. 70. 
The circuit of fig. 70 is called a voltage-follower since, as with its 
transistor emitter-follower equivalent, V0 follows Vi. It has an ex-
tremely high input impedance and a low output impedance. Its 
main use is as a buffer amplifier, giving current amplification, to 
match a high impedance source to a low impedance load. 

 

 
Fig. 70 

Fig. 69 
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 For example, it is used as the input stage of an analogue volt-
meter where the highest possible input impedance is required so as 
not to disturb the circuit under test; the output voltage is measured 
by a relatively low impedance moving-coil meter. Because of the ex-
istence of the virtual earth point, an op amp can be used to add a 
number of voltages (d.c. or a.c.) when connected as a multi-input 
inverting amplifier. This, in turn, is a consequence of the high value 
of the open-loop voltage gain A0. Such circuits may be used as ‘mix-
ers’ in audio systems to combine the outputs of microphones, elec-
tric guitars, pick-ups, etc. They are also used to perform the mathe-
matical process of addition in analogue computing. The circuit of an 
op amp summing amplifier having three input voltages V1, V2 and 
V3 applied via input resistors R1, R2 and R3 is shown in fig. 71. If it is 
assumed that the   inverting (–) terminal of the op. amp. draws no 
input current, all of it passing through Rf. The circuit for the op. 
amp. integrator is the same as for the op. amp. inverting amplifier 
shown in Fig70, but feedback     occurs via a capacitor C, rather than 
via a resistor.  

There are a number of situations when digital signals have to 
be converted to analogue ones. For example, a digital computer of-
ten needs to produce a graphical display on the screen; this involves 
using a D/A converter to change the two-level digital output voltage 
from the computer, into a continuously varying analogue voltage 
for the input to the cathode ray tube, so that it can deflect the elec-
tron beam to produce screen graphics. A binary weighted resistor 
D/A converter is shown in fig. 72 for a four-bit input. 

There are a number of situations when digital signals have to 
be converted to analogue ones. For example, a digital computer of-
ten needs to produce a graphical display on the screen; this involves 
using a D/A converter to change the two-level digital output voltage 
from the computer, into a continuously varying analogue voltage 
for the input to the cathode ray tube, so that it can deflect the elec-
tron beam to produce screen graphics. A binary weighted resistor 
D/A converter is shown in fig. 72 for a four-bit input. 
 



 189

 
Fig. 71 

 

  The values of the resistors, R, 2R, 4R, 8R increase according to 
the binary scale-hence the name of the converter. The circuit uses an 
op amp as a summing amplifier with a feedback resistor Rf. Digitally 
controlled electronic switches are shown as S1 to S4. Each switch 
connects the resistor in series with it to a fixed reference voltage Vref 

when the input bit controlling it is a 1 and to ground (0 V) when it is 
a 0. The input voltages V1 to V4 applied to the op amp by the four-bit  
input via the resistors therefore have one of two values, i.e. either 
Vref  or 0 V. 

                                                                                                                               
Fig. 72 

 
Ex. 5. Find out synonyms among the following words: 
 

distort, rejection, disturb, precise, slew, suppose, accurate, bow,          
refusal, bend, assume, slow down, binary, annul, meter, double,       
nullify, instrument. 
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Ex. 6. Suggest the English equivalents for: 
 

суммирующий усилитель, буферный усилитель, эмиттерный     
повторитель, повторитель напряжения, неинвертируемый уси-
литель, форма сигнала входного напряжения, коэффициент 
режекции, синфазный сигнал, входной ток смещения, коэффи-
циент усиления напряжения разомкнутой цепи обратной свя-
зи, резистор цепи смещения 
 

open-loop voltage gain, offset current, common-mode signal, rejec-
tion ratio, input waveform, non-inverting amplifier, the voltage-
follower, emitter-follower, buffer-amplifier, summing amplifier, bias 
resistor. 
 
Ex. 7. Agree or disagree with the following statements: 
 

1. The input bias current is not typical. 
2. The input offset current is the difference between the two input 

currents with the output at 10 volts. 
3. The output voltage of an op amp is proportional to the differ-

ence between the voltages applied to its two input terminals. 
4. The slew rate of an op amp is the maximum rate of change of 

output voltage. 
5. The non-inverting amplifier gives bad matching when supply-

ing the input by a high impedance source. 
6. A voltage follower has an extremely high input and output 

when with a transistor emitter-follower equivalent impedance. 
 

Ex. 8. Match the following words with their definitions: 
 

impedance electronic calculating machine 

to nullify accurately expressed, scrupulous in observance of 
rules 

to suppress to trouble 

to reject to put an end to activity or existence 

to slew to put aside as not to be accepted 
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to assume to turn with effort out ordinary position 

feedback consisting of two elements (two together) 

to disturb to take upon oneself 

binary small amount or piece 

fraction the return of a fraction of the output signal from the 
stage of a current 

computer to neutralize  

precise total virtual resistance of electric current to alternat-
ing current arising from the resistance and resistance 
of the current 

 
Ex. 9. Translate into English. 
 

1. Усилитель – это устройство, предназначенное для увеличе-
ния громкости звучания. 

2. Входной ток смещения усилителя – это разница между 
двумя входными токами при нулевом значении выходного 
напряжения. 

3. Некоторый дисбаланс внутри усилителя может привести к 
маленькому выходному напряжению. 

4. Выходное напряжение усилителя пропорционально разни-
це напряжений на входящих концах. 

5. Синфазный сигнал является нежелательным шумовым           
напряжением. 

 
Ex. 10. Ask your friend if he remembers: 
 

1) what the function of an op amplifier is 
2) where the input bias current can be found 
3) what the input bias current causes 
4) what the difference of bias and offset currents is 
5) that the output voltage of an op amp is proportional to the           

difference between the voltages applied to its two input termi-
nals 
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6) what the ability of an op amp to suppress common mode sig-
nals is expressed in 

7) what the slew rate of an op amp is 
8) what the gain of the amplifier depends on 
9) what the voltage-follower is 

10) what buffer amplifier gives. 
 

Text 33  

Transformers 

Ex. 1. Give the initial form of the following words: 
 

transmission, distribution, transformer, suitable, arrangement, mix-
ture, magnetic, secondary, comparison. 

 
Ex. 2. Give all possible derivatives of these words: 

 

after, connect, relate, oppose, vary, there, act, require. 
 
Ex. 3. Choose the sentences with the Passive Voice construction and 

translate them into Russian. 
 

1) The amount of supervision required is practically negligible. 
2) The vertical portions of the core are referred to as the limbs. 
3) The purpose of laminating the core is to reduce the loss due to 

eddy   currents. 
4) Coil disconnected to the supply and is therefore termed the pri-

mary. 
5) The magnetizing current is usually about 3-5 per cent of the 

full-load primary current.  
6) It will be seen that the magnetic flux forms the connecting line 

between the primary and the secondary circuits.  
 
 Ex. 4. Read and translate the text using the following words: 
  

distribution   распределение 
 suitable ['sju:t´bl  ]    подходящий 
negligible ['neglidZ´bl ] незначительный 
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 core  сердечник 
 varnish   лак 
 adhere  [Qd'hi´]  прилипать, приклеиваться 

 yoke  [jouk]   скоба, зажим 

 eddy currents   вихревые токи 
 consequently   [»konsikw´ntli] поэтому, следовательно 

 relationship   связь, отношение 
 
Fig. 73 shows the general arrangement or a transformer. A 

steel core C consists of laminated sheets, about 0.35 mm thick, insu-
lated from one another by thin layers of paper or varnish or by 
spraying the laminations with a mixture of flour, chalk and water 
which, when dried, adheres to the metal. The purpose of laminating 
the core is to reduce the loss due to eddy currents induced by the al-
ternating magnetic flux. The vertical portions of the core are referred 
to as the limbs and the top and bottom portions are the yokes. Coils P 
and S are wound on the limbs. Coil P is connected to the supply and 
is therefore termed the primary; coil S is connected to the load and is 
termed the secondary.  

 

Fig. 73 
 

An alternating voltage applied to P circulates an alternating 
current through P and this Current produces an alternating flux in 
the steel core, the mean path of this flux being represented by the 
dotted line D. If the whole of the flux produced by P passes through 
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S, the e.m.f. induced in each turn is the same for P and S. Hence, if 
N1 and N2 be the number of turns on P and S respectively,  

 

One of the methods deriving the relationship between the 
primary and secondary currents is based upon a comparison of the 
primary and secondary ampere-turns. When the secondary is on 
open circuit, the primary current is such that the primary ampere-
turns are just sufficient to produce the flux necessary to induce an 
e.m.f. that is practically equal and opposite to the applied voltage. 
This magnetizing current is usually about 3-5 per cent of the full-
load primary current.  

When a load is connected across the secondary terminals. the 
Secondary current - by Lenz’s Law — produces a demagnetizing ef-
fect. Consequently the flux and the e.m.f., induced in the primary 
are reduced slightly. But this small change can increase the differ-
ence between the applied voltage and the e.m.f. induced in the pri-
mary from, say, 0.05 per cent to, say, 1 per cent, in which case the 
new primary current would be 20 times the no-load current. The 
demagnetizing ampere-turns of the secondary are thus nearly neu-
tralized by the increase in the Primary ampere-turns; and Since the 
primary ampere-turns on no load are very small compared with the 
full-load ampere-turns, 

 
it will be seen that the magnetic flux forms the connecting link be-
tween the primary and secondary circuits and that any variation of 
the secondary current is accompanied by a small variation of the 
flux and therefore of the e.m.f. induced in the primary, thereby ena-
bling the primary current to vary approximately proportionally to 
the secondary current.  
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This balance of primary and secondary ampere-turns is an im-
portant relationship wherever transformer action occurs. 

 
Ex. 5. Find out  antonyms among the following words: 
 

primary, full–load, advantage, increase, install, thin, top, disadvan-
tage, dismantle, bottom, reduce,  thick, secondary, no-load. 

 
Ex. 6. Suggest English equivalents to the following Russian ones. 
 

линии передачи, нагреватель, сердечник, высушивать, вихревые 
токи, поток, первичный, вторичный, достаточный, различие, 
приблизительно, пластинчатый, смесь, устанавливать, назначе-
ние, эффективность. 

 
Ex. 7. Agree or disagree with the following statements. 
 

1. A medium – size transformer has a full – load efficiency of 
about 97-98 per cent. 

2. Since there are many moving parts, the amount of supervi-
sions   required is practically negligible. 

3. The horizontal portions of the core are referred to as the limbs. 
4. When a load is connected across the secondary terminal, the       

secondary current produces magnetizing effect. 
5. The magnetic flux forms the connecting link between the pri-

mary and secondary circuits.  
6. Any variation of the secondary current is accompanied by a 

large variation of the flux. 
 
 Ex. 8. Translate the following sentences from Russia into English. 
 

1. Одним из главных преимуществ передачи и распределе-
ния переменного тока является та легкость, с которой пе-
ременный ток может быть увеличен или уменьшен. 

2. Трансформатор среднего размера имеет эффективность 
при полной нагрузке приблизительно 97-98%. 
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3. Стальной сердечник состоит из пластинчатых листов, изо-
лированных один от другого тонкими слоями бумаги или 
лака. 

4. Вихревые токи индуцируются магнитным  потоком пере-
менного тока. 

5. Магнитный поток образовывает соединение между пер-
вичной и вторичной цепями. 

6. Любое изменение вторичного тока сопровождается не-
большим изменением тока. 

7. Когда нагрузка подсоединена  к вторичным клеммам, вто-
ричный ток производит эффект размагничивания. 

 
 Ex. 9. Ask your friend if he knows:  

 

1) what one of the main advantages of a.c. transmission and dis-
tribution is 

2) what a full – load efficiency of a medium–size transformer is 
3) why the amount of supervision required practically negligible is 

        4) what a steel core consists of 
5) what the purpose of laminating the core is 
6) how the vertical portion of the core referred as 
7)  what the yokes are 
8) what produces a demagnetizing effect 
9) what the magnetic flux forms 
10) what an important relationship is wherever transformer ac-

tion  occurs. 
  
 

Text 34 

Phasor diagram for a transformer on no load.  

 

Ex. 1. Give the initial form of the following words: 
 

reference, appearance, proportional, difference, namely, relative,       
secondary, usually. 
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Ex. 2. Give all possible derivatives of these words: 
 

depend, construct, react, present, effect, produce, induce, important. 
              
Ex. 3. Choose the sentences with the Passive Voice construction and trans-
late them into Russian. 
 

1.This phasor can be made any convenient length. 
2.The induced e.m.f. is only about 0.05 per cent when the trans-
former is on no load. 
3. The no-load current taken by the primary consists of two 
components: reactive and active ones. 
4. It should be remembered that the manner of drawing is for 
convenience only and that the voltages are in fact in phase. 
5. Component is in phase with the applied voltage. 
6. This component is usually very small compared with I, so that 
the no-load factor is very law. 
 
Ex. 4. Read and translate the text using the following words: 

          
to commence начинать 
winding обмотка 

lag отставание, запаздывание 

depart from отклоняться, отступать 

to clutter затруднять, мешать 

to assume допускать 

convenience удобства, комфорт 

actual действительный  
hysteresis запаздывание, отставание фаз 

Part 1 

It is most convenient to commence the phasor diagram with 
the phasor representing the quantity that is common to the two 
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windings, namely the flux ф. This phasor can be made any conven-
ient length and may be regarded merely as a reference phasor, rela-
tive to which other phasors have to be drawn. It is known that the 
e.m.f. induced by a sinusoidal flux lags the flux by a quarter of a cy-
cle. Consequently the e.m.f. E1 induced in the primary winding is 
represented by a phasor drawn 90° behind ф, as in fig. 74. The e.m.f. 
E2 also lags the flux by 90°, but the effect which this produces at the 
terminals of the transformer depends on the manner in which the sec-
ondary winding is constructed and, more importantly, the manner in 
which the ends of the winding are connected to the transformer termi-
nals. In practice, the normal procedure ensures that V2 is in phase 
with V1 and only a very few transformers depart from this arrange-
ment. However, if V2 and V1 were drawn in phase with one another 
in fig. 74 the diagram would become cluttered and therefore, for 
convenience it is usual to show E1 and E2 in phase with one an-
other, thus ensuring that V2 appears in the opposite quadrant of the 
phasor diagram from V1. This gives the appearance that the volt-
ages are in antiphase and it should be remembered that the manner 
of drawing is for convenience only and that the       voltages are in 
fact in phase.  

The values of E2 and E1 are proportional to the number of 
turns on the secondary and primary windings, since practically the 
whole of the flux set up by the primary winding is linked with the 
secondary winding when the latter is on open circuit. Another mat-
ter of convenience in drawing the transformer phasor diagrams in 
this chapter is that it has been assumed that N2 and N1 are equal so 
that E2 = E1, as shown in fig. 74. Since the difference between the 
value of the applied voltage V1 and that of the induced e.m.f. E1 is 
only about 0.05 per cent when the transformer is on no load, the 
phasor representing V1 can be drawn equal and opposite to that rep-
resenting E1.  
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Fig. 74 

 

The no-load current, Io, taken by the primary consists of two 
components: (a) a reactive or magnetizing component, IOm, produc-
ing the flux and therefore in phase with the latter, and (b) an active 
or power component, Ioi, supplying the hysteresis and eddy-current 
losses in the core and the negligible I^2*R loss in the primary wind-
ing. Component I0i is in phase with the applied voltage: i.e. Ioi V = 
core loss. This component is usually very small compared with Iom, 
so that the no-load power factor is very low.  

With this assumption, it follows that the secondary terminal 
voltage V2 is the same as the e.m.f. E2 induced in the secondary, and 
the primary applied voltage V1 is equal and opposite in phase to the 
e.m.f. E1 induced in the primary winding. Also, if we again assume 
equal number of turns on the primary and secondary windings, 
then E1 = E2.  
 

Part 2 
 
Let us consider the general case of a load having a lagging 

power factor cos ф2; hence the phasor representing the secondary cur-
rent I2 lags V2 by an angle ф2, as shown in fig. 75. Phasor I2 represents 
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the component of the primary current to neutralize the demagnetizing    
effect of the secondary current and is drawn equal and opposite to I2. 
I2' is described as ‘I2 referred’. Io is the no-load current of the trans-
former. The phasor sum of I2’ and Io gives the total current I1 taken 
from the supply, and the power factor on the primary side is cosф1 
where ф1 is the phase difference between V1 and I1. 

In fig. 75 the phasor representing Io has, for clearness, been 
shown far larger relative to the other current phasors than it is in an     
actual transformer.  

 

 
Fig.75 
 

Ex. 5. Find out synonyms among the following words: 
 

convenient, common, flux, connect, ensure, comfortable, link, 
manner, general, flow, provide, way. 
 

Ex. 6. Suggest English equivalents to the following Russian ones: 
 

обмотка, а именно, на практике, равный, противополож-
ный, сердечник, для ясности, зависить от, активный ком-
понент, удобная длина, запаздывание. 

 
Ex. 7. Agree or disagree with the following statements. 
 

1. The phases must be made uniform length. 
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2. It is most convenient to commence the phasor diagram with 
the phasor representing the quality that is common to the 
two      windings. 

3. The voltages are in fact in antiphase. 
4. The no-load current, taken by the primary consists of one 

component  a reactive or magnetizing one. 
5. The secondary terminal voltage is the same as the e.m.f. is    

induced in the secondary winding. 
6. The phasor may be regarded merely as a reference phasor, 

relative to which other phasors have to be drawn. 
 
Ex.8. Answer the questions. 
 

1. How is it most convenient to commence the phasor dia-
gram? 

2. What length can this phasor be made? 
3. What is represented by a phasor drawn 90˚? 
4. What does the normal procedure ensure?  
5. What are the values of E1 and E2 proportional to? 
6. What does the no-load current, taken be the primary consist 

of? 
7. What supplies the hysteresis and eddy current losses in the 

core? 
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СПИСОК СОКРАЩЕНИЙ 
 

A 
a, acceleration ускорение 
A, ampere ампер 
a, area площадь 
a. c. alternating (alternative) cur-

rent 
переменный ток 

A0, temperature coefficient of re-
sistance at °C 

коэффициент сопротивления 
при температуре 

AWG American wire Gauge американский стандарт прово-
локи 

 
B 

B, обозначение магнитной 
индукции 

b., battery батарея 
b. e. m. f. back electromotive 
force 

противоэлектродвижущая     
сила 

 
C 

c. r. o., cathode-ray oscilloscope катодный осциллограф 
c, cent; meter сантиметр 
cps, cycles per second циклов в секунду 
C, coulomb кулон 
Cu+++, Copper ion ион меди 
C, capacitor конденсатор 
cd, candela кандела 
cd, conductance проводимость 
cd, cord единица объема = 3,624 м³ 
C, Celcius or centigrade шкала термометра по Цель-

сию 
 
D 

D, density плотность 
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d. c., direct current постоянный ток 
DVM, digital voltmetre цифровой вольтметр 
d. p., 1. double-pole 
 2. diameter pitch 
 3. difference of potentials 

двухполюсной 
диаметральный шаг 
разность потенциалов 

deg., degree градус 
deg. cent., degrees centigrade градусы стоградусной шкалы 

 
E 

I, electric current электрический ток 
E, (e. m. f.),  electromotive force электродвижущая сила 
E (or W) energy энергия 

ε, electric strength field электрическое силовое поле 
eq., equation уравнение 
esu, electro static unit электростатическая единица 
etc. et cetera лат. so on и т. д. 

 
F 

F., force сила 
Fig., fig., figure рисунок 
ft., foot фут (= 30,48 см) 
fld., field поле, возбуждение 

 
G 

G, conductance проводимость 
g. r. w., graphic recording              
              wattmeter 

самозаписывающий ваттметр 

g. a., graphic recording ammeter самозаписывающий ампер-
метр 

 
H 

HC, hydrogen ion ион водорода 
H. P., horse power лошадиная сила 
hr, hour час 
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I 
I, current ток 
IC, integrated circuit интегрирующая цепь (схема); 

цепь удлинения импульсов, 
интеграция на уровне схем 

i. e., id est лат. that is то есть 
in., inch дюйм (= 25,4 мм) 

 
J 

J, joule джоуль 
 
K 

kg, kilogram килограмм 
K, Kelvin Кельвин 
K, kilo кило 
kA, kiloampere килоампер 
kV, kilovolt киловольт 
kVa, kilovolt-ampere киловольт-ампер 
kW, kilowatt киловатт 
kWh, kilowatt-hour киловатт-час 

 
L 

L, length длина 
L. v., low voltage низкое напряжение 

 
M 

m, mass масса 
m, metre метр 
m/s, metres per second метров в секунду 
m/s², metres per second squared квадратных метров в секунду 
MΩ, megoohm мегаом 
mol, mole моль 
M, mega мега 
m, milli милли 
m, micro микро 
mH, microhenry микрогенри 



 205

mF, microfarad микрофарада 
mA, microampere микроампер 
mA, milliampere миллиампер 
mV, millivolt милливольт 
mV, microvolt микровольт 
mmf, magnetomotive force магнитодвижущая сила 

 
N 

N, Newton Ньютон 
n, nano нано 

 
O 

Ω, ohm ом 
OH, hydroxyl ion ион гидроокиси 
o, degree градус 
op amp, operational amplifiers операционные выпрямители 

 
P 

P, power мощность 
p. d., potential difference разность потенциалов 
p, pico пико 
PF, power factor коэффициент мощности 

 
Q 

Q, electrical charge or quantity электрический заряд или ко-
личество 

 
R 

R, resistance сопротивление 
Ro, resistance at °C сопротивление при темпера-

туре °C 
RQ, resistance at temperature 0 
°C 

сопротивление при темпера-
туре 0 °C 

r.m.s., root-mean-square среднее квадратичное 
RL, load resistor нагрузка сопротивления 
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S 
s, second секунда 
S, siemens сименс 
SI (units), International System 

of units 
международная система еди-
ниц 

 
T 

t, time время 
t, temperature температура 
T, tesla тесла 

 
V 

v, velocity скорость 
V, potential difference разница потенциалов 
v, volt вольт 
v, voltage напряжение 
vA, volt-ampere вольт-ампер 
VCB, collector base voltage напряжение коллектора 
VEB, base emitter voltage напряжение база-эмиттер 

 
W 

W, Work работа 
W, watt ватт 
Wb, Weber вебер 



 207

ТАБЛИЦА ПРЕФИКСОВ ДЛЯ ОБРАЗОВАНИЯ  
ДОЛЬНЫХ И КРАТНЫХ ЕДИНИЦ 

 
Английский язык  Русский язык  

Factor Prefix Symbol Множитель Префикс Обозначение 

1012 tera T 1012 тера Т 

109 giga G 109 гига Г 

106 mega M 106 мега М 

103 kilo k 103 кило к 

102 hecto h 102 гекто г 

101 deca da 101 дека да 

10-1 deci d 10-1 деци д 

10-2 centi с 10-2 санти с 

10-3 milli m 10-3 милли м 

10-6 micro µ 10-6 микро мк 

10-9 nano n 10-9 нано н 

10-12 pico p 10-12 пико п 

10-15 femto f 10-15 фемто ф 

10-18 atto a 10-18 атто а 
 
Примечание: Префикс – это часть слова, стоящая перед 

корнем и служащая для образования нового слова. Приведен-
ные в данной таблице префиксы имеют иноязычное происхо-
ждение (так, tera, giga, mega, kilo, hecto, deca, micro – греческое, deci, 
centi, milli, nano – латинское, pico – испанское, femto – датское) и 
не связаны с числительными английского языка. 

 
 



 208 

ENGLISH TRANSLITERATION OF THE RUSSIAN ALPHABET 
 
A – a И – i Р – г Ш – sh 
Б – b Й – i С – s Щ – shch 
B – v К – к Т – t Ъ – " 
Г – g Л – 1 У – u Ы – у 
Д – d M – m Ф – f Ь – ' 
E – e H– n X – kh Э – е 
Ж – zh О – о Ц – ts Ю – уu 
3 – z П – р Ч – ch Я – уа 
 
 
 

List of Prepositions and Conjunctions 
 

according to   согласно 
as a result   в результате этого 
as far as    до 
as to (as for)   что касается 
because of   из-за, вследствие 
by means of   посредством, при помощи 
by virtue of   в силу 
due to    благодаря, в силу, из-за 
for the sake of   ради 
in accordance with  в соответствии с, согласно 
in addition to   в дополнение к, кроме 
in case of    в случае 
in connection   в связи с 
in consequence of  вследствие, в результате 
in front of   перед, напротив 
in the course of   в течение 
in spite of    несмотря на 



 209

instead of    вместо 
in the event of   в случае (если) 
in the view of   ввиду 
on account of   по причине, из-за 
out of    из, изнутри, снаружи, за пределами 
owing to    из-за, благодаря 
prior to    до 
providing, provided  при условии, если 
rather than   скорее, больше, правильней, а не 
thanks to    благодаря, из-за 
with respect to   в отношении, относительно, по отноше-
нию к 

with regard to   в отношении, относительно, по отноше-
нию к 
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IRREGULAR VERBS 
 

Infinitive Past Indefinite 
Tense 

Past Participle Translation 

arise arose arisen подняться, возникнуть 

be was, were been быть, находиться, 
происходить 

bear bore born нести 

beat beat beat бить 

become became become становиться 

befall befell befallen случиться 

begin began begun начинаться 

bend bent bent согнуть(ся) 

bind bound bound связать, зажимать, 
задерживать 

blow blew blown дуть 

break broke broken ломать 

bring brought brought принести 

build built built строить 

burn burnt burnt гореть 

burst burst burst взрываться 

buy bought bought покупать 

cast cast cast бросать, лить (металл) 

catch caught caught ловить 

choose chose chosen выбирать 

come came come приходить, происходить 

cut cut cut резать, рубить 

deal dealt dealt иметь дело 

dig dug dug копать 
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Infinitive Past Indefinite 
Tense 

Past Participle Translation 

do did done делать, выполнять 

draw drew drawn тащить, рисовать 

drive 
 

drove 
 

driven 
 

управлять, приводить в 
движение, вращать 

fall fell fallen падать 

feed 
 

fed 
 

fed 
 

подавать, питать, снабжать, 
обеспечивать 

fight fought fought управлять, маневрировать 

find found found находить 

forbid forbade forbidden запрещать 

forget forgot forgotten забывать 

freeze froze frozen замерзать 

get 
 

got 
 

got 
 

добираться, доставать, 
получать 

give gave given давать, производить 

go 
 

went 
 

gone 
 

идти, приводиться в  
движение 

grow grew grown расти, становиться 

hang 
 

hung 
hanged 

hung 
hanged 

висеть; повесить 
 

have 
 

had 
 

had 
 

иметь, содержать, 
иметь в составе 

hear heard heard слышать 

hew 
 

hewed 
 

hewed 
hewn 

рубить, тесать 

hide 
 

hid 
 

hidden 
 

прятать, закрывать, 
загораживать 

hit hit hit ударить, ударяться, 
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Infinitive Past Indefinite 
Tense 

Past Participle Translation 

   попасть 

hold held held держать 

hurt hurt hurt причинять боль 

keep kept kept держать, хранить 

know knew known знать, уметь делать, 
узнавать 

lay laid laid класть, положить 

lead led led вести, руководить 

leave left left оставлять, покидать, 
уходить 

lend lent lent давать на время, 
предоставлять (помощь) 

let let let позволять, пускать 

lie lay lain лежать, покоиться 

light lit lit (or 
lighted) 

зажигать, включать свет, 
светить 

lose lost lost терять, упустить, терпеть 
убыток 

make made made делать, производить, 
готовить 

mean meant meant иметь в виду, 
предназначаться 

meet  met  met  встречать(ся), сходиться, 
подвергнуться 

pay paid paid платить, вознаграждать 

preset preset preset заранее устанавливать 

put put put класть, помещать, излагать
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Infinitive Past Indefinite 
Tense 

Past Participle Translation 

read read read читать, делать отсчет, 
отсчитывать (по шкале), 
снимать показания        
(прибора), показывать        
(о приборе) 

reset reset reset возвращать в исходное 
положение, устанавливать 
на нуль, повторно включать

rise rose risen подниматься; возрастать 

run ran run бежать, пробегать, 
проходить, протекать, 
работать (о машине) 

say said said говорить, сказать 

see saw seen видеть 

send sent sent посылать 

set 
 

set 
 

set 
 

крепить, закреплять, 
устанавливать, располагать, 
класть, пригонять, 
помещать 

show showed shown показывать 

sit sat sat сидеть 

slide slid slid скользить 

speak spoke spoken говорить 

spend spent spent проводить (время), тратить

stand stood stood стоять 

strike struck struck ударять, бить 

strive strove striven стремиться 

take took taken брать 
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Infinitive Past Indefinite 
Tense 

Past Participle Translation 

teach taught taught обучать 

tell told told рассказывать 

think thought thought думать 

undergo underwent undergone подвергать, испытывать, 
переносить 

understand understood understood понимать 

wind 
 

wound 
 

wound 
 

наматывать, обматывать, 
мотать, наматываться 

write wrote written писать 
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