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DneKmpomexHuxa O0IHCHA ObIMb CAMOCMOAMENLHOU HAYKO,
00veouHsIWell 8CO NPAKMUK) (COOCMBEHHO 2JIeKMPOMEXHUKY)
U Meopuio INeKmpudecmseda — NeKmpuKy. INeKmpomexHuKa,
XOms U Kpo8HOe OUmsi (pusuKuU, O0IHCHA OMOPBAMbCSL

om ceoell Mmamepu U JHcums 0MOeNbHO, CAMOCMOSIMENLHO.
Anopeti IIJIATOHOB.

I[NPEJNCIIOBUE

MeTtonuueckre yKa3aHUsl COCTaBJIEHbl B COOTBETCTBUH C TPEOOBAHHUSIMHU
JNEUCTBYIOIIEH MPOrpaMMbl IO  AHMJIMMCKOMY  SI3bIKY IS TE€XHUYECKHX
CHEIHATbHOCTEH B BBICIIUX yUEOHBIX 3aBEACHUSX M MpeIHA3HAYCHBI JJI CTYJCHTOB
I-1l xypcoB nHeBHO# (popmbl 0OyueHHUs: MO HampaBieHHI0 MOAroToBku 6.050701 —
«ONEKTPOTEXHUKA U DJIEKTPOTEXHOJOTUW», KOTOPBIE MPOJOJDKAT H3yYECHHE
AHTJINKCKOTO SI3bIKa HA OCHOBE 3HAHUH, MIOJyYEHHBIX B CPEHEN IIKOJIE.

VYKkazaHuss NpeAcTaBisAOT CcOOOM  KOMIUIEKC  Y4YeOHBIX  MaTepHalioB,
OpraHU30BAaHHBI B COOTBETCTBUM C KOHKPETHBIMH 3aJaHMSIMU M YCJIOBHUSAMU
oOyueHus, UMEIOIIMMH LIENbI0 (OPMHUpPOBAHHE HABBIKOB U YMEHMM y yYalllUXCsl B
pa3IMuYHBIX BHUJAX PEUYEBOM JEATENBHOCTH. YKa3aHHUs CIOCOOCTBYIOT OOYUYEHHIO
YTEHUIO U IIOHMMAHHIO CIELUAIbHOIO HEAJAANTUPOBAHHOIO TEKCTA Ha aHIIMKACKOM
Aa3pIke Oe3 ciioBaps (WM C OIPAaHUYEHHBIM €r0 HCIOJIb30BAHUEM) JJIsl TOJYyYEHHUS
HEe00X0AMMOW HH(OPMALIUU U BEEHUS CBA3aHHOM Oece/bl 0 CIEeNUaIbHOCTH.

TexkcToBbIi Marepuan MW CHUCTeMa pa3pabOTaHHBIX K HEMY 3aJaHui
pacIoyoKeHa IO CTEIEHW HapacTaHUs SA3BIKOBOM CIIOKHOCTH M COJEpXkKar
HayaJbHbIE CBEICHHMS IO DJIEKTPOAWHAMHMKE W  TEOPETUYECKHMM  OCHOBAM
ANEKTPOTEXHUKH B IOPSIIKE ECTECTBEHHOIO U3YUYEHUS TEM B XOJE 3TUX KypCOB.



AHrIilicbKa MOBA B €JIEKTPOTEXHIl Ta eJIeKTPpOMeXaHili

PREFACE. ELECTRICAL ENGINEERING
I. Read the text to yourself and grasp the main idea of it

Electrical engineering is the science dealing with the techniques of utilizing
electrical and magnetic phenomena for practical purposes. One of the main branches
of electrical engineering is electrical power engineering concerned with the
production of electrical energy from other forms of energy, power transmission over
long distances, distribution among consumers, and reconversion of power for
ultimate utilization into mechanical, thermal, chemical, and other forms of energy.

Electrical engineering has made the noteworthy contribution® to the
technological advances in many professional branches. It enables engineering to
promote the integrated mechanization and automation of production processes, put
into operation more and more automatic transfer lines, shops and plants. Electrical
engineering forms the basis for electrothermic and electrolytic methods of metal
production and treatment. Electrical energy is easily convertible and therefore finds
wide use? in electric welding, high-frequency steel hardening, and in many other
applications. Mechanical, chemical, civil, and structural engineers use the products of
electrical engineering for remote metering, process control, heating, refrigeration,
power distribution within buildings, etc.

Modern electronics offers the possibility® of fabrication of miniature devices
for computers and various automatic apparatus designed for control over production
processes.

Automation of production processes relies on* a wide range of vacuum, gas-
filled, and semiconductor devices. Rapid development in computer engineering
makes it possible to elaborate automatic control systems and to solve important
economic problems. Electrical devices intended to collect, process, transmit, and
display information are the vital means of automated control systems.

Wide introduction and application of electrical and electron devices call for
well-trained workers, who must be familiar with basic laws of electrical engineering
and know the principle of operation of DC and AC machines, transformers, meters,
and also vacuum and semiconductor devices.

Notes:

1)  has made the noteworthy contribution — caenasn(a) 3HauMTEIBHBIN BKIIA;
2)  finds wide use — HaxOUT MIMPOKOE MPUMECHEHHE;

3)  offers the possibility — npenocrasisier BO3MOXHOCTB;

4)  relies on — onuparkcs Ha.

I1. Answer the following questions:

1)  What does the electrical engineering deal with ?

2)  What is electrical power engineering concerned with ?
3)  Where does electrical engineering find its use ?

4)  What kind of possibility does modern electronics offer ?
5)  What must well-trained workers be familiar with ?
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1 BASIC CONCEPTS OF ELECTRICITY AND MAGNETISM

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings

Ma'terial; phe’nomenon [f], (pl) phenomena; manife'station [/n];
‘magnetism [#]; in'duction [a]; practical [#]; period ['pieried]; telegraph [f];
telephone [f]; Coulomb ['ku:lom]; ma’chine [i:]; as’sociate [J]; chemical [k];
‘concentrate [s]; oxide [‘oksaid]; sulphate [salfeit]; pro’portion; arc [a:k];
‘energy [&], nature [tfo], transport [«].

I1. Memorize the following words and word-combinations. b) Check if you
know their meanings

1. certain [so:tn] — onpedenennvui; amber [&] aumapyw; glass [a:] — crekno;
fur — mex; capacity [®] — cmocobrocTs; cork — mpo6ka; ability — cnocoGHOCTS;
lodestone — marauTHBIN xkenesnsk; etC. [it setra] — m Tak manee; quantitative laws
[0] [0:] — xonuuecTBenHble 3akoHbl;, induction — MHIYKIMS; prior to [ ‘prais] —
no; increase [s] v. — yeemuumsare; current revolution — coBpemennas peBoONuS;
notably [noutebli] — ocobenno; rub v. — Tepers; silk — menk;

2. acquire [o’kwaie] — mpuoGperarn; a bit of paper — Kycouek Oymarw;
similarly mogo6ubIM 06pasom; iron ores [0:z] — xenesnas pyna; ancient times [Jf]
— npesHUe BpemeHa; get weaker [i:] — cmabers; investigate V. — uccienosars; the

only — equHCcTBeHHBIH; the lightning rod — MomaMeoTBO; expend V. — yBeIHMYMBATHCS
(B 00BbeMe); ever-increasing control — Bce Bo3pacTaroliee yrnpanjicHuUe.

I11. Give English equivalents to the Russian words and word-combinations
in brackets and translate the sentences into Russian

1. When we rub (ompenencHnsie) substances, notably (sataps) and (cTekso)
with (menk) or (Mex), they (mpuoGperats) the (cmocoOHOCTB) to attract small
(xycouku Oymarm) and (mpo0Oka). 2. This (sBnenue) is the manifestation of electricity.
3. (ITomoOHBIM 00pa3zom), the ability of certain (>xene3nas pyaa) such as (MarHUTHBIN
KeJne3HsaK) to attract small bits of iron is a manifestation of magnetism. 4. All these
things were known from (npeBHue Bpemena). 5. Most of the basic (komuyecTBeHHBIC
3akoHbl) of electricity and magnetism were discovered between 1784 and 1831. 6.
Michael Faraday discovered magnetic (uanykuwmsi). 7. (Jlo aTtoro) the only practical
electrical (n3o0petenune) was the (momnmeorBoxa). 8. The practical utilization of
electricity (yBenuuuBatb) rapidly with the development of the telegraph, the tele-
phone, incandescent lighting and electric motors. 9. Uses of electricity (pacmupsTs)
to this day with the (coBpemennas peBomtonusi) in microelectronics. 10.
Microelectronics gives us (Bce 06oJiee Bo3pacTaroliee yrnpanieHue) over the machines.
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TEXT A. CHARGING A BODY
I. Read the text to yourself and grasp the main idea of it

The only way to charge a body negatively is to add electrons to it, and the only
way to charge it positively is to take electrons away from it, leaving an excess of
positive electricity.

When the rubber rod was charged negatively by rubbing with cat’s fur, some
electrons passed from the cat's fur to the rubber rod, leaving the cat’s fur charged
positively and the rubber charged negatively. On the other hand, when the glass rod
was charged positively by rubbing with silk, some electrons passed from the glass to
the silk, leaving the glass rod charged positively and the silk charged negatively.

TEXT B. ELECTRICITY AND MAGNETISM

I. a) Read the text. b) Find the part of it dealing with the descriptions
of the electricity and magnetism

When certain substances, notably amber and glass are rubbed with a material
such as silk or fur they acquire the capacity to attract small bits of paper and cork.
This phenomenon is a manifestation of electricity, one of the fundamental forces of
nature. Similarly, the ability of certain iron ore, such as lodestone, to attract small bits
of iron is a manifestation of magnetism, another fundamental force.

Although these simple electric and magnetic phenomena have been known
since ancient times, most of the basic quantitative laws of electricity and magnetism
were discovered between 1784, when Charles Coulomb investigated the forces
between charged objects and 1831, when Michael Faraday discovered magnetic
induction.

Prior to this 50 year period of discovery, the only practical electric invention
was the lightning rod of Benjamin Franklin (1752). After this period, the practical
utilization of electricity increased rapidly with the development of the telegraph
(1844), the telephone (1877), incandescent lighting (1880) and electric motors
(1887). Uses of electricity have continued to expand to this day, with the current
revolution in microelectronics giving us ever increasing control over the machines.

ASSIGNMENTS

I. @) Find out the key sentences in the Text A. b) Say what physical
phenomenon the text is concerned with

Il. a) Skim through the Text B and find the part of it dealing with the
fundamental forces of nature. b) Discuss formation with your fellow-students

I11. @) Find the paragraph in the Text B containing information about the
discovering of the basic quantitative laws of electricity and magnetism.
b) Discuss it

IV. Answer the following questions embracing the contents of the
Text A and the Text B
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1. What is the way to charge a body negatively or positively ? 2. What capacity
did amber and glass acquire when rubbed with silk or fur ? 3. What is magnetism? 4.
When were the basic quantitative laws of electricity and magnetism discovered? 5.
When did C. Coulomb investigate the forces between charged objects? 6. When did
M. Faraday discover magnetic induction? 7. What was invented by B. Franklin?

V. Be ready to discuss the information obtained from the Text B
V1. Make a short summary of the Text B
VII. Speak on the Text A and the Text B according to the following plan:

1) The manifestation of electricity;
2) The most important development in electricity.

TEXT C. BASIC ELECTRIC CONCEPTS
I. Be sure that you know these words

associate v. — cBs3pIBaTh, mention — yHOMHHaTh, application — mpuco
cobOyieHne, TpuUMEHeHHue; act along — JeWcTBOBAaTh CaMOCTOSITEIBLHO; OWN —
coocTBeHHbIN; thin — ToHKkMiA; solid — TBepiwIii; event — cOOBITHE; numerous —
MHOTOYMCIICHHBIN; however — oJIHaKo; presence — MPUCYTCTBUE; yet — BCe XKe, CIIIe;
retain v. — yaepKuMBaTh, COXpaHATh;, permanent — IOCTOSHHBIHN, liberate v. —
ocBOOOXKIaTh; €.g. (for example) — Hampumep; obvious — OYEBHJIHBIN, exert V. —
OKa3bIBaTh JieHicTBHUE; heat V. — HarpeBaTh; surface — MOBEPXHOCTb.

I1. Memorize these words and word-combinations used in their specialized
meanings

device — mpubop; sound — 3Byk; loud speaker — rpoMkoroBopurens; lead —
ceuHerr; purify V. — ounrarse,; resistive — pe3MCTUBHBIN, HMEIOIINN COIPOTHBIICHHE,
deposit — ocaxnate; silver — cepeOpo; electric fire — amekTpudeckas neub; electric
current — 3JeKTpUYECKHI TOK; COpper — MeIb; Wire — MpoBoI; plate V. — MOKpPHIBATH;
solution — pactBop, pericHue.

I11. Find these word-combinations and terms in the Text C and translate
the sentences containing them

lead-acid battery — xucnotHo-cBuHIIOBast Oatapesi; fork lightning — paspsin
mosauw; sufficient to melt — nocrarouno, 4To0ObI pacruiaBuTh; arc welding — myrosast
cBapka; to glow red hot — packanuBath qokpacHa; candlestick — moacBeunuk; gimlet
— OypaBUUK.

IV. Give English equivalents to the Russian words in brackets. Translate
these sentences

1. An electric (meun) is the most (oueBuaubIin) example of the heating effect of
a current. 2. This wire (packanén nokpacha) as the current passes through it. 3. If the
wire is very (ToHkwuii) it is heated (moOena). 4. A great proportion of light to heat is
released as in the tungsten (Bosb(pamoBas ammna Hakanuanus). 5. Electrolysis is
used (oummate) metals such as (menp). 6. The element of the fire is just highly
(pe3uctuBHbIi) wire. 7. During (myroBas cBapka) and (MonHus) large (KOJTUYECTBO)

8
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of electrical energy are concentrated and give temperature (IOCTaTOYHO, YTOOBI
pacriaBuTh) metals.

I. a) Read the text. b) Find the part of it describing three basic effects of an
electric current and examples of electromagnetism and chemical
effect of current

We associate all kinds of events and devices with electric current: electric light,
electric transport, electric sound, etc. They are too numerous to mention. However,
there are only three basic effects of an electric current and all the other applications
follow from them: (a) magnetic effect, (b) chemical effect, (c) heating effect.

The magnetic effect of current is the basis for most electromechanical devices.
Near a current there is a magnetic field and this exerts a force on other currents or
magnetic materials.

The presence of magnetic materials such as iron, can make the forces
thousands of times greater than the currents acting alone, and yet it is the current
which control the magnet.

Loudspeakers and electric motors are other applications of electromagnetism.

The materials themselves may retain the magnetism and become permanent
magnets which exerts their own influence. Permanent magnets are the basis for some
of the simpler devices. The compass needle responds to the magnetic field of the
Earth which is itself a permanent magnet.

When a lead acid battery is charged the acid becomes more concentrated and
hydrogen and oxygen are liberated. As the battery discharges the acid gets weaker
and lead oxide on the positive plate is charged to lead sulphate. These processes are
examples of the chemical effect of a current, i.e. electrolysis. Electrolysis is used to
purify metals such as copper and aluminum and to deposit metals onto surface, e.g.,
silver plating.

An electric fire is the most obvious example of the heating effect of a current.
The element of the fire is just highly resistive wire which glows red hot as the current
passes through it.

If the wire is very thin it is heated white hot and a greater pro portion of light to
heat is released as in the tungsten filament lamp. Hotter still and more dramatic are
the effects of arc welding and fork lightning when large amounts of electrical energy
are concentrated to give temperature sufficient to melt metals.

ASSIGNMENTS

I. Read the Text C attentively and answer the following questions.

1. What do we associate electric current with ? 2. How many effects of an
electric current are there ? 3. What is the magnetic effect of current ? 4. What can
make the forces thousands of times greater than the currents acting along ? 5. What
applications of electromagnetism do you know ? 6. What may become permanent
magnets? 7. When does the acid become more concentrated ? 8. What is the result of
the battery discharge? 9. What is electrolysis ? 10. What is the most obvious result of
the heating effect of a current ?
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Il. Read the text and find the part of it describing three basic effects of
electric current and examples of electromagnetism and chemical effect of

current

I11. Pick out and translate the sentences with the Infinitive and Gerund

TEXT D. MAGNETISM
I. Match the following English words and word-combinations

with the Russian ones

to be familiar with
temporary magnet
permanent magnet
observe

Thumb

forefinger

right hand
Reverse

Gimlet

Middle finger
right angle

IIPSAMOM yTOJI
bypaBunk

CpPEIHUN majer
mpaBasi pyka

MEHSATHh HaIpaBJICHUE
yYKa3aTeJIbHbIN MaJIell
Hab6mronath

OOJIBIIION IaJIell

OBITh 3HAKOMBIM C
MOCTOSIHHBIA MarHuT
MarHuT C BPEMEHHBIM MarHeTU3MOM
(97IEKTPOMArHHUT)

I1. a) Read the Text D and say what it is about. b) Review the text

Anyone working in the field of electricity must be familiar with the principles
of magnetism because generators, transformers and motor depend on magnets and

magnetism for their operation.

Wire

[N

Magnetic field  Current
ad

direction

<

./

S

D

Figure 1.1 — The relation between electricity and magnetism.

A magnet is either permanent or temporary. If a piece of iron or steel is
magnetized and retains its magnetism, it is a permanent magnet. A com pass is one
form of permanent magnet. Others with which you are probably familiar are horse-
shoe-shaped magnets and bar magnets. Each one of these magnets has a north
magnetic pole and south magnetic pole; in fact, all magnets have a north and south

poles.

When current flows through a coil, a magnetic field with a north and a south
pole is set up just like that of a permanent magnet. However, when the current stops,
the magnetic field also disappears. This type of temporary magnetism is called
electromagnetism. Permanent magnets are used for the magnetic field necessary in
the operation of small, inexpensive electrical motors.

10
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When electricity flows through a wire or conductor, magnetic lines of force
(magnetic flux) are created around that wire (Figure 1.1). When a piece of wire is
passed through a magnetic field (magnetic lines of force), electricity is created in that
wire. We then can readily see the relation between electricity and magnetism. In fact,
the very existence of the electrical industry is dependent upon magnetism and
magnetic circuits.

TEXT E. RULES FOR DIRECTION OF CURRENT AND MOTION

I. Read the text and find the part of it describing the methods of
determining direction of the lines of force

To determine the polarity of an electromagnetic solenoid: In looking at the end
of a solenoid, if an electric current flows in it clockwise, the end to the observer is a
south pole and the other end is a north pole; if the current flows counter-clockwise,
the position of the pole is reversed.

To determine the direction of the lines of force set up around a conductor: If
the current in a conductor is flowing away from the observer, then the direction of the
lines of force will be clockwise around the conductor (the rule of gimlet).

To determine the direction of an induced current in a conductor that is moving
in a magnetic field: Place thumb, forefinger, and middle finger of the right hand each
at right angles to the other two; if the fore finger shows the direction of the lines of
force and the thumb shows the direction of the motion of the conductor, then the
middle finger will show the direction of the induced current.

ASSIGNMENTS
I. Answer the following questions embracing the contents of the Text D

1. Why must anyone working in the field of electricity be familiar with the
principles of magnetism ? 2. What kind of magnets do you know ? 3. What do all
magnets have ? 4. What is set up in a coil when current flows through it ? 5. Where
are permanent magnets used ? 6. Where is electromagnetism used ? 7. How can we
determine the polarity of an electromagnetic solenoid ? 8. How can we determine the
direction of the lines of force set up around a conductor ? 9. How can we determine
the direction of an induced current in a conductor that is moving in a magnetic field ?

I1. a) Examine Fig. 1.1 and describe it. b) Answer the questions
1. What does Figure 1.1 show ? 2. What does electricity flow through ? 3.
When are magnetic lines of force created around the wire ? 4. When is electricity
created in the wire ?
EXERCISES
I. Analyze the structure of the following words and give their initial forms

Magnetic, magnetism, to magnetize; movement, movable, remove; direction,
directional, director.

11



Kadenpa inozemaux moB HHTY

I1. Give the degrees of comparison of the following words

High, large, long, wide, big, little, good, small, great, many, much, few, well,
bad, far, easy, difficult, different.

I11. Change the sentences adding some words and using comparative and
superlative degrees of adjectives and adverbs

Model. This is an interesting book. This book is more interesting than that
one. ( This is the most interesting book | have ever read. ) I like to swim much. He
likes to swim more than I. (He likes to swim most of all).

1. The Kiev Metro is beautiful. 2. I like to read much. 3. He knows English
badly. 4. Professor explains the material well. 5. The students were answering loudly.
6. A big house was erected nearby. 7. This problem is simple.

IV. a) Translate the following sentences. b) Pay attention to the words and
word-combinations in bold type

1. The education system in France rather differs from that in USA. 2. The
aeronautics is one of the many branches of mechanical engineering, the one that is
the most interesting to me. 3. The more | read about this event the less | understand
it. 4. This problem is not so difficult as the one that we solved last time. 5. He
studied this subject as much as possible.

V. Find Infinitives and Gerunds in the following sentences. State their
functions and translate them into Russian

a) 1. To develop a new device we had to study structures of many other similar
devices. 2. To obtain the desired properties of the device the scientist had to continue
this experiment. 3. To determine the direction of the lines of force set up around a
conductor we must know the rule of gimlet. 4. The above mentioned method is used
to determine the polarity of an electromagnetic solenoid. 5. To make an electric
current flow continuously along a wire, a continuous supply of electrons must be
available at one end and a continuous supply of positive charges at the other. 6. To
avoid possible breakdown of the insulation, the practice is to put extra insulation on
the end turns.

b) 1. Before switching on current for a test the circuit should be thoroughly
checked. 2. On joining the upper ends of the metals with a metal wire we caused the
current to flow through the wire. 3. In this case the reading will fall slowly after
reaching full load. 4. In making permanent steel magnets we must prepare steel of
high quality.

2 ELECTRON THEORY AND CURRENT

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings

Me’chanics, me’chanical [k]; ’stationary, con’dition, re’action, “attraction,
mi‘gration [fn]; e’lectron, ‘orbit; ‘planet; ‘miniature [tjo]; dy’namics [ail;
"substance, con’ductor [a].

12
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I1. Memorize the following words and word-combinations

to be divided — nmenuthes; in a stationary condition — B HEHOJABHYKHOM
coctosinuu; the subject of considerable study — npeameT BHUMATEIHLHOTO W3yUYCHHS,
evidence — mnoxarBepxkieHue; to take part — mpuHMMaTh ydactue; core [o:] —
cepauesuna; nucleus ['nju:lkies] — aapo, uentp; tiny bodies [ai] — xpomeunsie
tena; confined to orbit — mpuBsi3aHHBI K opOuTe; under certain circumstances — nmpu
OIPEICIICHHBIX 00CTOSATEIHCTBAX.

I11. Give English equivalent to the Russian words and word-combinations
in brackets and translate the sentences into Russian

1. Electricity like mechanics may (pa3nenuts) into two main branches, namely
static electricity and current (dynamic) electricity. 2. Static electricity the electricity
at rest or (B HemmoaBrkHOM coctostHun), While current electricity treats electricity in
motion. 3. Nothing was really known about the nature of electricity, although its
effects had been (mpexmeTom BHMMaTenbHOTO M3yudeHus). 4. It was accepted that the
electricity was some kind of fluid, but there was no experimental (moarBepxeHus)
to support the theory. 5. Atom was defined as the smallest part of a chemical element
that can (mpuauMats yuactue) in a chemical reaction without transformation of itself
structure. 6. It was shown that the atom, far from being solid, is more like a miniature
solar system, with small bodies rotating around a central (cepanesuna) or (sapa).
7. These (kpomreunsie Tena) behave much as planets in the solar system. 8. Some
substances contain not only planetary electrons, i.e. electrons which are (mpuBsi3ansl
k opoute) of an atom, but also free electrons. 9. In such substances (mpwu
OIpeIeNICHHBIX 00CTOSATEIbCTBAX, yciaoBHsax) We can get a flow or migration of
electrons through the substance, and we then speak of an electronic current.

IV. Read the Text A and find the part of it describing the
behavior of electrons

TEXT A. ELECTRIC CURRENTS

Electricity, like mechanics, may be divided into two main branches, namely,
static electricity and current electricity, corresponding to the mechanical ideas of
statics and dynamics, respectively. Static electricity is the electricity at rest, or in a
stationary condition, while current electricity treats electricity in motion.

Until recently?, nothing was really known about the nature of electricity,
although its effects had been the subject of considerable study. It was accepted that
electricity was some kind of fluid, but there was no experimental evidence to support
the theory. In fact?, it was known that matter was built up from atoms, and an atom
was defined as the smallest part of a chemical element that can take part in a
chemical reaction. Originally, it was believed that the atom was a tiny but solid mass,
but, some years ago, it was shown that the atom, far from being solid3, is more like a
miniature solar system, with small bodies rotating around a central core or nucleus.
These tiny bodies behave much as the planets in the solar system, for they travel in
definite orbits, and the whole system is held together* by forces of attraction to the
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central nucleus. It was also found that these miniature planets are extremely small
charges of negative electricity, and they were therefore named electrons.

Some substances contain not only planetary electrons, i.e. electrons which are
confined to the orbit of an atom, but also free electrons. These electrons can move
freely between the atoms or from atom to atom. Such substances are called electric
conductors. In such substances under certain circumstances we can get a flow or
migration of electrons through the substance, and we then speak of an electric
current,

Notes:

1)  until recently — coBcem erie HeAaBHO, 10 HETABHETO BPEMEHH,
2) infact — Ha camom nerne;

3)  far from being solid — Oyay4u manexo He CIUIONTHOW MACCOM;
4) is held together — yaepxuBaThcs (0K0JIO sApa).

TEXT B. ELECTRIC FIELDS AND ELECTRONS
I. Memorize the following words and word-combinations

Field — mose; to conduct electricity — npoBoauTh 3JEKTPUUECTBO; €Scape —
OCBOOOIUTKCS, BBIpBAThHCS; {0 Cause t0 MOVe — 3acTaBUTh JBUTATHCS, IEPEMEIIATHCS,
to cease — mpekpamathcs, MnepectaBaTh;, t0 connect the positive terminal —
MOJICOCAMHATLCA K KIIEMME CO 3HakoM Iojitoc; to exert a force on — oka3biBaTh
BIIMSIHUE HA ..., IPUMEHATHh CUIY K...; a fundamental law — ocHoBomomnararomiuii
3akoH; near the surface — y mosepxuoctu; to leave an excess — octaBisiTh H30BITOK; tO
rearrange — mepecTpanBaTbCs, U3MEHATH OPSAIOK CIICAOBAHUS.

I1. Translate the text into Russian paying attention to the laws concerning
electric fields

The electronic engineer produces the electric fields which he desires by
applying a voltage! between electrodes, that is, pieces of metal which conduct
electricity. A conductor is full of electrons? which are free to move within the
conductor®, but cannot escape through its surface. It also contains fixed positive
charges* equal in total charge® to the charge of the free electrons.

Suppose we tried to produce an electric field in a conductor. If we succeeded in
producing such a field, the field would cause the electrons in the conductor to move.
They would move into such a pattern as to reduce the electric field. They would
move into some regions, causing an excess of electrons and a negative charge in
those regions, and they would move away from other regions, leaving a positive
charge in those regions. These charges would tend to reduce the field, and when the
field finally became zero, the electrons would cease to move. Hence, there is never
any electrical field inside a conductor.

If we connect one electrode to the positive terminal of a battery and another
electrode to the negative terminal of a battery, there will be an electric field between
the two electrodes, and this field will exert a force on any electron in it. The general
direction of the force will be away from the negative electrode and toward the
positive electrode. The field extends right up to the surface® of the electrodes. A

14
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fundamental law of the electric fields is that very near the surface of an electrode —
that is, a conductor, any piece of metal — the direction of the electric field must be
normal to the surface of the conductor.

The electric field exerts a force on the electrons near the surface of the
conductor. If the electric field is normal to the surface, this force is straight inward or
outward. An outward force” draws an excess of electrons to the surface. An inward
force® pushes the electrons in from the surface and leaves an excess of positive
charges. If, however, there were a component of the electric field parallel to the
surface, it would cause the electrons to slide along parallel to the surface just inside
the conductor, and this would so rearrange the electrons as to change the electric field
so as to make it normal to the conductor at all points.

Thus, we have two important laws concerning electric fields: (1) there is no
electric field within a conductor; (2) the electric field just outside of a conductor is
always normal to the surface of the conductor.

Notes:

1) by applying a voltage — monaBasi HampsbKeHHE;

2) a conductor is full of electrons — B mpoBoaHHMKE HMeeTCs OOJIBIIOE
KOJIMYECTBO 3JICKTPOHOB,;

3)  within the conductor — BHyTpH TPOBOIHUKA,;

4)  fixed positive charges — mocTosHHBIC MTOJIOKUTEIBLHBIC 3aPSI/IbL;

5) total charge — cymmapHbIif 3apsiy (0OIIee Yncio 3apsaaoB);

6) rightupto ... — OpsIMO K ..., BIUIOTb JIO ...;
7) outward force — cwima, HampaBlIeHHas K TIOBEPXHOCTH IPOBOJIHUKA
U3HYTPH;

8) inward force — cuna, HampaBJIeHHAs BHYTPb IPOBOIHHKA.

ASSIGNMENTS

I.  Answer the following questions embracing the contents of the
text Aand B

1. What is the electricity divided into? 2. What is the difference between static
electricity and current or dynamic one ? 3. How was electricity considered until
recently ? 4. What does an atom look like ? 5. What substances are called electric
conductors ? 6. What does the electric engineer apply to obtain the electric fields ? 7.
What will the field produced cause ? 8. When there is never any electrical field inside
a conductor ? 9. What is to be done to produce the electric field ?

1. Put the verbs in brackets in the Passive Voice. Translate the sentences
into Russian

1. Electricity, like mechanics, may (to divide) into two main branches. 2. Until
recently, nothing (to know) really about the nature of electricity. 3. It (to accept) that
electricity was some kind of fluid. 4. The atom (to define) as the smallest part of a
chemical element. 5. Originally, it (to believe) that the atom was a tiny but solid
mass. 6. It (to show) that the atom is like a miniature solar system. 7. Such substances
(to call) electric conductors.
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I11. Pick out the key sentences from the Text A and B. Translate the
sentences. 1V. Make a short summary of the Text A and B

3 ELECTRICAL UNITS AND CIRCUITS

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings. b) Repeat these words after the speaker

Ampere [‘@mpeo], ammeter [‘amito], battery [e], potential [J],
experimental [eks periment], maximum [ maeksimem], volt [voult], voltmeter
['volt mi:te], voltage ["'voultidgz], gene’rator [dz], pro’portional, graph [graf],
re’sult [a], con'ductor [a], value ['velju:], re’sistor [z], watt [wot], effect
["ifekt].

I1. @) Memorize the following words and word-combinations. b) Check it
you know their meanings

|. Stream — motok; particle — yactuia; arrangement — 30. coeuHeHue; burn
(burnt) v. — ropets; calculate v. — paccuutsiBaTh; circuit — 1memnb; conductor —
MPOBOAHUK; connection — coeauHeHue; current — Tok; deduce v. — ycTraHaBIMBaTh;
determine v. — onpenenare; define v. — onpeaenaTh; mains — 3JEKTpUYECKAs CETh;
measure V. — u3MepsATh, Match V. — comocrTaBisTh, COrJacoBbIBaTh, Obey v. —
MOIUYMHATHCS (BBIMOJIHATRCS); particular — oraenbHbIi; produce V. — IpoU3BOIUTE;
quantity — koiu4ecTBO, BeIW4HMHA, rati0 — oOTHOLIEHHWE, raiSe V. — IOAHMMATS;
rearrange — H3MEHSTH B3aMMHOE pa3MCIIECHUE npeobpazosvieamn; resistance —
COIpOTHRIICHHUE; equation — ypaBHenue; experimental — onwitabIi; flow (flew, flown)
V. — teub; law — 3akon; low value — manas Benmuuuna; to go dim (bright) — 3aryxaTh
(pasropatbest); just below — wugyre wnwmwke; electromotive force (e.m.f.) —
anekrpoaprwkymas cuia (DJ1C); light bulb — snexktponamma; stream n. — MmoToK;
suggest v. — mpemnarartb; verification — mposepka; potential difference (p.d.) —
Pa3HOCTh MOTSHIIMAIOB; IN Series — (coemuHsATh) mocaenoBaTenbHo; to be true — ObITh
neicTBuTeapHbIM; become significant — craHOBUTBCS 3HAYHUTEILHBIM.

Il. set up v. — ycranaBimuBath; drop V. — majaarte; just as — Taxxe, Kak; pressure
— namienue; mean (meant) v. — 3Haumth; really — nerictBurensHo; force v. —
3aCTaBJIATh; €nergy per unit charge — sHeprus Ha exuHUIy 3apsga; Supply —
cHabxatb; liquid — sxuakocTs; pipe — TpyOa; the same thing — To ke camoe; available
— B Hajuuuu, from one point to another — ot ogHOW TOuYKM K Apyroif; source —
HMCTOYHUK; connect in line — coennHATE TOCIIE10BATENBHO.

I11. Give English equivalents to the Russian words and word-combinations
in brackets and translate the sentences into Russian

1. An electric (tok) is a (morok) of charged particles, which flow in
(mpoBonuuk). 2. We have just (ompemenuts) the unit of current. 3. A voltage
(mpunoxenHoe) to a conductor in a circuit (co3gaBarts) a current. 4. The (oTHoIIeHUE)
of U to I for a (otaenbHbIi) conductor is called the (conpotunenue) of the conductor
R. 5. Ohm's (3akoHn) can be (Beipaxen) in the experimental results. 6. In the graph we
have seen the (mpoBepka) of Ohm's law. 7. (IlpeoOpa3ys ypaBuenue) we have U=IR.
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8. A high resistance (orpannuuBate) the current to a (Manas BenuunHa). 9. Values of
current (u3mepsatbes). 10. A resistor carries a current of 0.2A when a (pa3Huia
notenianoB) of 4.0 V is applied across it. 11. Electrons move under the influence of
(anextpoaBmxymas cwia — 3/ C). 12. This equation (cnpasemnuBo) for resistors
(BxiroueHHBIE TocaenoBaTeabHo). 13. These (BeaumuuHbl) are (comocTaBisATh) with
the current units. 14. In a parallel (ycrpoiictBo) of resistors the following equation is
true.

TEXT A. CURRENT AND RESISTANCE
I. Read the text to yourself and grasp the main idea of it

An electric current (I) is a stream of charged particles. In a conductor the
particles that move are electrons which are so small that they can flow past the atoms
without resistance, Current | is measured in terms of the quantity of charge Q flowing
per unit tune — 1=Q/t.

The charge on a single electron is very small as a unit of charge. Quantity of
charge is measured in coulombs (symbol — C) where 1 coulomb = 6,24-108 electron
charges. We can determine the unit of current the ampere (symbol A).

A voltage applied to a conductor in a circuit produces a current. One have
found that for some conductors the current | directly proportional to the voltage U,

i.e. I ~ U. This is Ohm's law and it can be expressed in the experimental results
shown in the graph of Figure 3.1, a.
vV { av
5 / —
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Figure 3.1 — Volt-ampere characteristics (a) for high-resistance;
(b) low-resistance; (c) using the voltmeter to measure p.d.
across the contacts of a lamp.

The ratio of U to I for a particular conductor is called the resistance of the
conductor R:  R=U/I. The unit of the resistance is the ohm, symbol Q. The resistance
determines how much current flows for a given voltage. Rearranging the equation we
must have U=IR or I=U/R.

A high resistance restricts the current to a low value When the resistance is
small the current is large (Figure 3.1, b).
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TEXT B. VOLTAGE
I. Read the text and find the part of it dealing with the source of energy

The voltage is the force that drives the current around the circuit The source of
energy, e.g., a battery exerts the force of the charge by setting up a positive or high
potential at one contact, and a negative or low potential, at the other. The current
flows from the positive to the negative contact or expressed another way, from higher
to lower potential.

The potential drops around the circuit from positive to negative just as the
liquid pressure drops around the pipes from the higher pressure.

The difference in potential between two points is measured in volts. In fact we
use the term "voltage™ or "voltage drop™ or "potential difference” (p.d.) to mean the
same thing.

Voltage is really a measure of how much energy is available to force each
coulomb of charge move from one point to another. VVoltage = energy per unit charge,
I.e. volts=joules/coulombs.

When we are considering the maximum energy per coulomb that a force of
voltage can supply, we refer to it as the electromotive force or e.m.f. for short. The
e.m.f. of a source is measured in volts. E. m. f. is only used to describe a source
potential such as a battery or generator whereas the terms voltage or potential
difference (p.d.) may refer to any part of a circuit.

Voltmeters are used to measure potential differences. They are not connected
in line with the circuit but parallel to it between the points that are being considered
(Figure 3.1, c).

ASSIGNMENTS

I. @) Skim through the Text A and find the part of it dealing with the
measuring of current and the resistance of the conductor R. b) Discuss the
information with your fellow-student

II. a) Find the part of the Text B containing information about the
potential drop. b) Discuss it

I11. Answer the following questions embracing the contents of the
Text A and Text B

1. What is an electric current ? 2. What is the size of particles in a conductor ?
3. In what terms is current measured ? 4. What produces current in a circuit? 5. What
Is the relation between current and voltage ? 6. What is resistance ? 7. What la the
unit of the resistance ? 8. What is voltage? 9. What does the battery exert ? 10. How
does the current flow ? 11. How does the potential drop around the circuit ? 12. What
units is p.d. between two points measured in ? 13. What other terms can we use
instead of voltage? 14. What is e.m.f. ? 15. What is used to measure the p.d. ?

IV. Pick out the key sentences from the Text B. Translate the sentences
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TEXT C. MORE DETAILS ON RESISTANCE AND OHM’ LAW
|. Read the text paying attention to the main Ohm’s discovery

Georg Ohm, a German physicist, was the first to notice that, when using a cell
with a constant voltage, the amount of current would change when different loads
were connected across it.

For instance, Ohm noticed that more current would flow through a copper wire
than would flow through an iron wire of the same size and that more current would
flow through a thick wire than through a thin wire of the same material. Georg Ohm
concluded that some types of materials tend to resist the flow of current more than
others. Iron has greater resistance than copper.

A thin wire has greater resistance than a thick wire. To resist means to hold
back. Resistance tends to reduce the amount of current that is flowing through a
circuit.

If Ohm used a larger cell but kept the voltage and the resistance in the load the
same, would more current flow? No. The size of the cell does not affect the amount
of current delivered. Only voltage and resistance control this.

Ohm then connected a cell with a higher e.m.f.! (voltage) to the same load, and
he discovered that more current flowed into the circuit. The unit used to measure
resistance was later named after its discoverer. The basic unit of resistance is the
ohm. An ohm is defined as the amount of resistance that will allow 1 ampere of
current to flow at an electromotive force of 1 volt.

Georg Ohm discovered that different types, shapes, and quantities of materials
subject to the same e.m.f.2 tend to resist the flow of current to varying degrees.
Assuming that voltage is constant, if the current in a circuit increases, it is because
the resistance in the circuit decreases.

A good way to see the type of relation that exists between current, voltage and
resistance is in division:

(nume_rator) B 5(quotient).
(denominator) 3

As we increase the numerator, the quotient will become larger. As we increase
the denominator, the quotient (current) will become smaller. Georg Ohm saw this
same relationship between arithmetic and electricity and stated it in a law (now called
Ohm's law). Since current increases as voltage increases and decreases as voltage
decreases, current equals voltage divided by resistance.

"I" is the letter symbol for current, "E" is the letter symbol for electromotive
force, and "R" stands for external resistance, "r" is the internal resistance of e.m.f.
source. Ohm's law is expressed by equation:

| = E
R+r

In many practical applications another form of Ohm's law called «Differential

form of Ohm's law» also uses. It is expressed by equation:

| =neVs,
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where "n" is the charge density (number of electrons carriers per unit volume in

conductor); “"e" is the charge of a single electron (ex1,6022:10°C); "V " is the
average drift velocity of electrons through the conductor, "S" is the cross-sectional

area of the conductor. Product of neV called current density, —J. Hence current |
Is the flux of the current density J through the surface S.
Notes:
1) e.m.f. = electromotive force — snexTpoaBrxkymias cuia (3.14.C.);
2)  subject to the same e.m.f. — 30. mox neficTBUEM OJHOW U TOM K€ 3. JI. C.

TEXT D. FUNDAMENTAL ELECTRICAL UNITS
I. Read the text and make your correct choice

The three basic electrical units in any electrical circuit are the ampere, ohm,
and volt. The ampere is an electrical unit to measure the flow of currents a circuit; the
resistance, or opposition to the flow of current is measured in ohms; while the
external force applied to a circuit to overcome the opposition to the flow of current is
measured in volts.

The ampere: The rate at which electricity flows through a conductor is
represented by the unit called the ampere and may be compare to the rate of flow of
water through a pipe in gallons per second. The unit strength of an ampere is
represented when an electrical current passing through a specified solution of nitrate
of silver in water deposits silver at the rate of .001118 gram per second.

The ohm: All substances offer resistance to the flow of electricity through
them. This opposition or resistance is measured with a unit called the ohm. The
resistance of all metals increases with the increase in temperature while the resistance
of carbon, insulating materials, and electrolytic solution decrease with an increase in
their temperatures.

The volt: In order to overcome the resistance of conductors and cause current
to flow, an external force is necessary. This force is commonly called voltage since
the unit of measurement is volt. This force is also referred to as electromotive force
or electric pressure. The electromotive force that will cause a current of 1 ampere to
flow through a resistance of 1 ohm equals 1 volt. A kilovolt (kV) = 1,000 volt; a
millivolt (mV) = .001 volt; and a microvolt (uwV) =.000001 volt.

Another important unit of electrical measurement is the watt — the unit of
power. Power is defined as the rate at which work is done or the rate at which energy
Is expanded.

I1. Multiple Choice

1. The coulomb is a unit of what quantity?
(@) acurrent, (b) charge, (c) resistance, (d) voltage.
2. Which of the following equations does not correctly describe Ohm's law ?

() U=1-R, (b |=%, (©) R=UI, (d)R:L%.

3. Which of the following quantities does an ammeter measure directly ?
(a) voltage, (b) current, (c) resistance, (d) charge.
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4. Which of the following quantities are measured in volts?
(a) voltage, (b) p.d., (c)energy, (d)e.m.f.
5. Which of the following quantities is true for resistors in series?

(@)U =U,+U,, (0 I=1,+1,, (¢) R=R+R,, (d) R:% +%.

6. Which of the following quantities are matched with the correct units ?
(a) voltage: joule, (b) current: ampere, (c) resistance: ohm, (d) power: watt.
7. In a parallel arrangement of resistors R, and R,, which of the following

IS true ?
(a) R:% +%{ C () I=1,+1,, (c)U=U,+U,, (d R=R +R,.

8. Which of the following are units of electrical energy ?

(@) watt, (b) kilowatt*hour, (c) joule, (d) ampere.

9. In a parallel connection of light bulbs to the mains when one bulb burns out,
what is the effect on the other bulbs ?

(a) other bulbs go out, (b) little or no effect,

(c) other bulbs go dim, (d) other bulbs go bright.

10. If in question 9 the lamps were in series: what would the effect be ?

Multiple choice answer:
1(b), 2(c), 4(abd), 5(ac), 6 (acd), 7 (ab), 8 (bc), 9 (b), 106 (a).

ASSIGNMENTS

I. Match the following English words and word-combinations with the
Russian ones

electric pressure PE3UCTHBHAS 1ICTIH

the unit strength of an ampere DJIEKTPUUECKUE YCTPOMCTBA
electromotive force (e.m.f.) AIEKTPUICCKOE HATIPSDKCHUE
power factor AJICKTPOIBIDKYIIAS CHJIa

resistive circuit KO3 (DHUIIMEHT MOITHOCTH
electrical construction works SIMHUIIA CUJTBI TOKA B OJIMH aMIiep

I1. Form nouns using the following suffixes.

-ence: to depend, to exist, to differ; -ance: to resist; -ment: to develop, to
move, to measure; -(t)ion: to calculate, to oppose, to conduct.

I11. Find nouns with suffixes -ence, -ance, -ing, -ment, -tion in the Text D

IV. Put questions to the words and word-combinations in bold type.
Translate the sentences

1 The external force applied to a circuit to overcome the opposition to the flow
of current is measured in volts. 2. The voltage is equal to the current multiplied by the
resistance. 3. The electrical current passing through a specified solution of nitrate of
silver in water deposits silver. 4. This formula is read as the voltage squared divided
by the resistance. 5. The current equals voltage divided by the resistance. 6. Having
measured voltage and resistance we can find the value of me current. 7. Being
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learned Ohm's Law gives the possibility to measure the current in a circuit. 8. Having
been set down the equation can be used for defining missing quantity. 9. When
studied well the problem can be solved successfully. 10. While making experiments
the scientist discovered the law of measuring three basic electrical units.

V. read the text closely and pick out the key sentences. Translate the
sentences

VI. Look through the text and find the part of it dealing with the
electromotive force

VII. Read the text and pick out all technical terms. Translate them
VIII. Translate the text to be sure you understand it well

4 BATTERIES FOR ELECTRONICS

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings

group [gru:p], battery ['betori], series [sieri:s], parallel ['parolsl],
specific [spo’sifik], voltage [‘veulteds], rating [‘reitipl, carbon-zinc
[’ka:ban zipk], material [mo’tioariol], limit, reduce [ri’dju:s].

1. Memorize the following words and word-combinations. Check if you
know their meanings

connected together — coeaunennsie (BMecte), to consist of ... — cocTosITh U3
..., named after ... — masBaunssli 1o ..., the amount of current — cmia Toka, a
resistance of the circuit — comporuBiaenne B 1enu, to be damaged — ObvITh
MOBPEXKICHHBIM, BBINTH U3 CTpOs, in order to ... — I TOTO, YTOOHI ...

I11. Read the text and answer the following questions

1. What is called a battery ? 2. What does a battery consist of ? 3. What are
cells often named after ? 4. When will a cell be damaged ? 5. What do you do to
increase the voltage of a battery ? 6. How can you reduce the amount of current ?

TEXT A. BATTERIES

A group of cells connected together is called a battery. A battery consists of
two or more cells connected together, in either series or parallel®. It is also possible to
have a battery that consists of some cells in series along with others connected in
parallel. Each cell has a specific voltage rating?. A carbon-zinc cell (cells are often
named after the material out of which they are made) has a voltage rating of 1.5v.
The amount of current that a cell delivers is determined by a resistance in the circuit.
But if too much current is drawn from the cell too quickly, the cell will be damaged.
Thus, we frequently want to limit the amount of current drawn from the cell. In order
to reduce the amount of current drawn from each cell, we can connect cells in
parallel. In order to increase the voltage of a battery, you would connect its cells in
series.
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Notes:

1) ineither series or parallel — mociemoBaTenbHO MK TapaLIECIbHO;
2) voltage rating — HoMHHaJIBHOE 3HAYCHUE HATIPSHKCHUS.

I. Memorize the following words and word-combinations

Sources of electricity — ucrounuku saekrpuuectsa; to be familiar with ... —
ObITh 3HAYUMBIM ¢ ...; practical applications — mnpakTuyeckue MITPUMEHEHHUS
(mpukianueie 3amaun); fundamentals — ocHoBsl; device — mpubop, ycTpoicTBO; 10O
furnish energy — mocraBmare auepruro; interchangeably — ogun BMecto apyroro,
omHo 3ameHsst npyrum; Strictly speaking — crtporo romops; unavailable — He
umeronuiics B Hanwuuy; light — 31, jerkwmii; to be considered — yunteiBathes; dilute
[dai’lju:t] — pasBenénnsii, pasbaBneHubi; t0 exist — cymecrsosars; to be unlike

— OBITH HEMOX0KUM, pa3HbIM; depend upon ... [o’pon] — 3aBucers oT ...

I1. Give English equivalents to the Russian words and word-combinations
in brackets and translate the sentences into Russian

1. So far we have been using cell and batteries as (ucrounuku sueprun). 2. The
electronic technician should 6siTs (3HaKOM ¢) SOme factors concerning their theory of
operation and their (mpaktuueckoro npumenenus). 3. This section will help you learn
some of the (ocHoBHbIX cBeneHnwmid, 3Hanuii) Of cells and batteries. 4. The battery
(moctaBisier) electrical energy to the circuit. 5. The word "battery"” and “cell" are
often used (omHo BMecto npyroro). 6. (Ctporo rosops), they are not the same. 7.
They are used as (ucrounuku) of power for portable equipment or where power lines
(ne umerorcs B Hanuuuu). 8. Some batteries must be made very small and (nérkumn).
9. He placed a strip of zinc and strip of copper in a jar containing (pa3BeneHHYO)
acetic acid (vinegar). 10. He then founded that a difference in electrical pressure
(cymectBoBana) between the zinc and the copper. 11. The two electrodes had to be
(pa3ubiMu) substances for a voltage to exist. 12. The voltage between electrodes
(3aBucut ot) the type of substances used for the electrons.

TEXT B. CELLS AND BATTERIES
I. Read the text to yourself and grasp the main idea of it

So far! we have been using cells or batteries as sources of electricity. Although
cells and batteries are a subject for the chemical engineer, the electronic technician
should be familiar with some of the facts concerning their theory of operation and
their practical applications. This section will help you learn some of the fundamentals
of cells and batteries.

A battery is a device that contains energy stored in a chemical form. When an
external circuit is hooked up to a battery?, the battery furnishes electrical energy to
the circuit. The battery was the first source of electrical energy developed by man,
and it is still widely used. The words "battery" and "cell" are often used
interchangeably, but strictly speaking they are not the same. A battery is a
combination of cells.
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Batteries have many applications in electronics. They are used as sources of
power for portable equipment or where power lines are unavailable. You will find
them in miniaturized apparatus such as hearing aids®, and in missiles, in satellites,
and many types of equipment used in modern space electronics. Batteries must be
selected with current rating in mind*. If you select a battery two factors must be
considered: current rating and voltage output®. Batteries come in a great many types®,
depending upon the voltages they are required to furnish and the current drain’ they
must withstand. Another factor is the physical construction of the battery; some must
be made very small and light — for example, those used in hearing aids. Still another
factor is the service life® of the battery, how long it will be required to be useful. And
the cost of the battery must also be considered.

The battery got its start® from an experiment performed by Volta, an Italian
scientist, in 1798. He placed a strip of zinc and a strip of copper in a jar containing
dilute acetic acid (vinegar). He then found that a difference in electrical pressure
existed between the zinc and the copper. You know that a difference in electrical
pressure is more commonly known as voltage. When Volta measured the voltage, he
found it was about 1.1 volts, with the copper positive and the zinc negative. So the
copper was called the positive electrode and the zinc the negative electrode. The acid
is known as the electrolyte.

One very important fact discovered by Volta was that the two electrodes had to
be unlike substances for a voltage to exist!®. Another important fact later discovered
Is that the voltage between the electrodes depends only upon the type of substances
used for the electrons. This means that if we increase the size of the electrodes, the
voltage will stay the same.

Notes:

1) so far — mo cux mop;

2) is hooked up to a battery — npucoenuten k 6arapee;

3) hearing aids — ciyxoBoii anmapar;

4) in mind — ¢ y4erowm;

5) current rating and voltage output — HOMHMHaNIBHOE 3HAYEHUE TOKA H
BBIXOJHOC Har{meeHHe;

6) batteries come in a great many types — ucnosb3yeTcst 60JIbIIOe KOJTHUECTBO
OaTapeit pa3HOro THIIA,

7) current drain — yreuka ToKa,

8) service life — cpok ciyxObr;

9) qgot its start — B3su1a cBOE HAYaIIO;

10) for a voltage to exist — mjst TOro, 4TOOBI BO3HUKJIO HAIPSKEHHUE.

TEXT C. PRIMARY AND SECONDARY CELLS
Il. Read the text, find the part of which dealing with the description of
reusable cells

All cells may be classified into two main types: primary and secondary. A
primary cell is a cell that keeps "wearing out"! when it is being used; after a certain
time, the chemicals in it become "used up"? and it must be discarded®. The common
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flashlight cell is an example of a primary cell; after prolonged use it goes "dead" and
must be replaced with a new one. We say that the chemical action in a primary cell is
not reversible; this means that eventually the primary cell becomes "used up".

The other type of cell isreuseable* and is called the secondary cell. In
secondary cells, the chemical action is reversible. This means that whatever happened
to make the cell wear out can be reversed to "rejuvenate” the cell. This cannot be
done in a primary cell. When a cell is being used, that is, when it is supplying current
to a load, we say it is discharging. The cell that is being used to light an electric lamp
is discharging. On the other hand®, when the chemical action is made to reverse in a
secondary cell by sending current through it in the opposite direction, we say the cell
Is recharging. All cells can be discharged, but only secondary cells can be recharged.
A battery made up of secondary cells is sometimes called a storage battery.

Notes:

1)  keeps "wearing out" — H3HAIIIMBACTCS;

2)  become "used up" — pacxomyroTcs;

3)  must be discarded — nomkHa OBITH CITMCaHa 32 HEHAJOOHOCTBIO;
4)  isreusable — cmocobeH kK BOCCTaHOBJICHHIO;

5)  onthe other hand — ¢ apyroii cTOPOHBI.

ASSIGNMENT

I. Skim through the Text A and divide it into logical parts. Choose the key
sentences and translate them

I1. Find the part of the Text A describing applications of batteries
I11. Ask your friend about the history of a battery
IV. Translate the Text B to be sure you understand it well

EXERCISES

I. Find the words in the Text A and the text B with the suffixes -tion, -al, -
able, -ic, -ing, -ing, -ment, -ance(-ence); define their initial forms and the
translate them into Russian

I1. Give the main forms of these verbs
Know, speak, get, find, use, become, charge, prolong, consider, depend.

I11. Find the following words and word-combinations in the Texts and
translate the sentences with them

The electronic technician, and external circuit, to be widely used, portable
equipment, miniaturized apparatus, to require, electrical pressure, flashlight, to wear
out, to supply current to a load, made up of.

IV. In the following sentences find the Infinitive, Gerund, Participle II,
state their functions and translate the sentences
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1. A battery is a device that contains energy stored in a chemical form. 2.
Lighting layout for building construction should be designed to provide the highest
visual comfort and performance that is consistent with type of area to be lighted and
the budget provided. 3. When the chemical action is made to reverse in a secondary
cell by sending current through it in the opposite direction , we say the cell is
recharging.

V. Translate the sentences wusing the Gerund formed with
verbs in brackets

1. VYuéneni mnpomomkan pabory (WOrk) ©Hang wucciegoBaHUSMH. 2.
JlemoHcTpanus (demonstrate) ero onbsITOB OKazajach HE TaKOW Y)Ke JICTKOH 3a/1aducii.
3. INoBTopsis (repeat) sKCrEepHMEHTHI, IMMOJIydaeM OoJjiee JTOCTOBEpHBIC JaHHBIC. 4.
Bynyuun BeiBeieHHBIM (SEt) Ha HY)KHYIO OpOUTY, CITyTHUK 3€MJIH MOKET MPOAOKATh
IBWOKCHHE (MOVve).

5 ELECTROMOTIVE FORCE AND ELECTRIC RESISTANCE

I. Practice the pronunciation of the following words. Memorize their
Russian equivalents

Conductor [ken’dakte] — mpoBommmk; amount [o'maunt] — Benwumna,
KOJIM4ecTBO; resistance [ri’'zistens] — comporusnenue; affect [o fekt]— BamaTs,
3aTpaynBaTh, OKa3bIBaTh BO3jeicTBHE, Cause [ 'ko:z] — cTaTh NpUYMHOM, BBI3BIBATE,
noBJeub 3a codoi; drop ['droup] — mamenue, cnax; draw ['dro: ] — momywars us ...,
u3BIeKaTh, Circuit ['se:kit] — mems, xoHTYp, cxema, measure ['mezs] — mepa,
n3MepsaTh; interrupt [ inte’rapt] — mpepmiBate; deflection [/n]— orknmonenwe;
potential [pe'tenfol] — moTennman, Hanps>KEHUE OTHOCUTENLHO HYJIA.

I1. Read the text to yourself and find the part of it dealing with: a) internal
resistance to the flow of current; b) total resistance in the circuit; c) voltage
drop; d) terminal voltage; e) electromotive force

TEXT A. TERMINAL VOLTAGE AND ELECTROMOTIVE FORCE

The materials that make up a cell! are not perfect conductors. This means the
cell has a certain amount of internal resistance to the flow of current. When a cell is
shown schematically, its internal resistance is represented as a resistance in series
with the cell. Let us see how the internal resistance affects the operation of the cell.
Suppose the cell is a 2-volt cell, and the load resistance is 4 ohms. According to
Ohm's law, a potential of 2 volts across 4 ohms should cause a current flow of 3.5
amperes. However, the total resistance in the circuit is the load resistance (4 Ohms)
plus the internal resistance (I ohm) of the cell. So the total resistance is 5 ohms.
Calculate the total current, using the total voltage and the total resistance. Total
current = 5 amperes. Now, using the formula E=IR, compute the voltage across the
load resistor. The voltage across the load resistor is 1.6 volts. Here is something to
think about!?> The voltage of the cell was 2 volts, yet when the load resistor is
connected to the cell, there is only 1.6 volts across the load resistor. Somewhere we
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lost 0.4 volts! Across which resistance does this 0.4 volts appear? Internal resistance
of cell.

You know when current is drawn from the cell, there is a voltage drop across
the internal resistance of the cell. The voltage drop across the internal resistance of
the cell must be subtracted from the voltage of the cell in order to determine the
voltage across the load.

The voltage of the cell when no current is being drawn is called the open-
circuit e.m.f. of the cell. The open-circuit e.m.f. of a cell is also referred to as® the no-
load voltage. The voltage between the terminals of a cell when it is connected across
a load is called the terminal voltage. In order to find the terminal voltage, subtract the
voltage drop across the internal resistance of the cell from the open-circuit e.m.f. So,
the terminal voltage is always less than the open-circuit e.m.f.

Electromotive force (e.m.f.) of a source is the force that tends to cause free
electrons to move in a closed external circuit. The e.m.f. appears in a source of
energy even of no current flows through the external circuit, i.e. when circuit is open,
in which case the e.m.f. is equal to the potential difference across the terminals of the
source if we disregard the IR drop in the source itself. The practical unit is volt (V).

The e.m.f. continuously maintains the potential difference across the terminals
of the source, regardless of whether the external circuit is closed or not. For the
current to flow uninterruptedly through a closed circuit, electric charges should move
within the source of energy in the direction opposite to that of the action of electric
field forces. Such a motion of charges is due to the action of forces applied from the
outside.

A much-used cell can have a full-rated e.m.f. but a higher-than-normal internal
resistance*. Measuring the e.m.f. of such a cell would not give a true indication of its
merit, because when current is drawn from such a cell the terminal voltage would be
very low because of the internal resistance. Therefore, a practical, dependable way of
checking the quality of a cell is to connect a load resistor in series with it and then
measure the terminal voltage. This is usually done by using a load resistor that draws
one-half the maximum current capacity of the cell. The internal resistance can then be
determined by measuring the terminal voltage. You already know that continued use
of a cell makes its internal resistance increase. This is due to the partial polarization.

Sometimes, if the cell is given a resting period® the depolarizer gets a chance to
work, and the cell may "snap back" for a while®. Another thing that increases the
internal resistance of a cell is a decrease in temperature. This means if the
temperature goes down, the internal resistance increases.

To make sure whether the e.m.f. is present in the source of energy, we can
connect a voltmeter with the source terminals to take the reading. If the e.m.f. is
present, the needle of the meter will move across the scale through a certain angle;
the higher the e.m.f., the greater the deflection of the needle’. But, as will be shown
later in the text, the meter will read not the e.m.f., but the potential difference across
the source terminals, i.e. the voltage between the two points. Voltages above 1000
are usually expressed in kilovolts (kV). Very small potential differences are
expressed in millivolts (mV) or microvolts (uV or uV). The symbols commonly used
to designate e.m.f., potential difference, and voltage are E, e, V, and v.
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Notes:

1) The materials that make up a cell — wMarepuanbpl, H3 KOTOPBIX
M3rOTABJIMBACTCS DJICMEHT;

2) Here is something to think about ! — 3xech ecth Hax yem 3agymaThes!;

3) is also referred to as — Ha3bIBaCTCS TaKKeE;

4) higher-than-normal resistance — comporuBieHue Oosbllee, UYeM
BHYTPECHHEE, HOPMAJIbHOE;

5) is given a resting period — BpeMeHHO He UCIOIb3yETCS;

6) "snap back™ for awhile — HemMHOrO «OTIOXHYTEHY;

7) deflection of the needle — oTknonenue crpenku mpudopa.

ASIGNMENTS

I. a) Choose the key sentences from the Text A and compare them with the
title of the text. b) Say what the text is about

I1. Answer the following questions embracing the content of the text

1. How does the internal resistance affect the operation of the cell ? 2. What
does the total resistance in the circuit represent ? 3. How do you calculate the voltage
across the load ? 4. What is the no-load voltage ? 5. What do we call the open-circuit
e.m.f. of the cell ? 6. What kind of force causes free electrons to move ? 7. What does
the e.m.f. continuously maintain ? 8. How do you proceed to check the quality of a
cell ? 9. What can increase the internal resistance of a cell ? 10. What causes the
needle of the meter to deflect ?

I11. Make up a plan of the text
IV. Retell the text according to your plan
V. Speak on: 1. The voltage of a cell. 2. The electromotive force

TEXT B. RESISTANCE
I. Read the following words and memorize the Russian equivalents

Impede [in'pi:d] — wMemars, npensarcTBoBaTh, dENOtE — O0CO3HABATE;
overcome — mpeogonesars, Value ['vaelju:] — Benmumna, 3Hauenme, Mmaintain
[men’tein] — mommep:kuBaTh, Cross-section — momepednoe cedeHHe, MONEPEYHBINA
paspes; area ['sorial — mmomans, mpoctpancTso; equal — ogunakosslii; inversely —
oOpartHo; resistivity specific resistance — ynenbHOE CONPOTHBIICHUE, EXPress —
BBIpaXKaTh; SQuare — kBajapaTHbIi; relation — ypaBaenue; equation — ¢gopmyia; to hold
for — 30. coorBercTBOBaTh; adjust — peryaupoBaTh, HACTpaWBaTh, YCTAHABIUBATH,
lever ['li:ve] — pbl9akoK, pykosTKa, StEPWISE — IIOCTENEHHO, pPHIBKAMH,
conductance — 3eKTpOIpOBOAMMOCTS; reciprocal — paBHBIH, COOTBETCTBEHHBI.

I1. Memorize the following terms

The directed movement of charges — nampapienHo# aBuxeHue 3apsaos; the
flow of current —31. nBKeHue yekTpuueckoro Toka; a closed circuit — 3amkHyTas
nenb; the cross-sectional area of conductors — miomane MONEPEYHOTO CEUCHUS
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npoBonHUKOB; Inversely proportional — obpatHo mpomopimoHanbHEIA; expressed in
many terms — BbIpakeHHBIM B pa3HbIX BenuuuHax; the property of a material to
conduct electric current — cnocoOHOCTH MaTepHajia MPOBOJAUTH ICKTPUICCKHIA TOK;

I1l. a) Read the text. b) Find the parts of it dealing with typical
characteristics of resistance

Whatever the conductor, its molecules and atoms resist the directed movement of

charges through it. In other words, both an external circuit and a source of energy

oppose the flow of current. The property of a substance or a circuit element, or a

device that impedes the current is called the electric resistance or resistance, for
short, denoted by R as shown in

Figure 5.1.

A source of energy connected to
a closed circuit expends a part of its R
energy on overcoming the opposition o T o
of the internal and the external circuit. (a)

The unit of electric resistance is

the ohm (Q). One ohm is the value of R
resistance of a line conductor through

which a constant potential difference of

one volt will maintain a current of one R
i _1V/ . submultiples o ©
ampere, l.e. 1Q= /1A ubmultip

and multiples of the ohm are used to b

measure very small and very large

resistances. The microhm (u€) is one- Figure 5.1 — Symbols of a resistor (a)
millionth of the ohm, the kilohm (kQ, and variable resistor (b).

or k) is a thousand ohms, and the
megohm (MQ) is a million ohms.

The resistance of conductors to electric current depends on conductor
materials, the length and cross-sectional area of conductors. If we compare two
conductors from the same material, the longer conductor will offer a higher resistance
than the shorter one equal in cross section; if they are equal in length but differ in
cross section, the conductor of a larger cross-sectional area will have a lower
resistance.

Thus, the resistance of a conductor is proportional to its length and inversely
proportional to its cross-sectional area. The constant of proportionality relating the
length | and cross-sectional area A of a conductor to its resistance R is called the

resistivity, or specific resistance, p = R%. If we express R in ohms, A in mm?, and

| in m, the unit of resistivity is then © mm?/m. The resistivity can be expressed in

many terms, for example, in ohms times square centimeters per centimeter (£ cm),
or in ohms times square meters per meter (2 m).
The resistance of a conductor of resistivity p, length |, and area A, is:
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R=p- %A\

The resistance of conductors depends on temperature. For pure metals, it
commonly varies directly with temperature. Each metal is defined by its temperature
coefficient of resistance — «, which relates the change of resistance to the original
value of 1 ohm for a change of temperature by 1°C.

Thus, if the value of o corresponds to T, for which the resistance R, is
known, the resistance R, of the conductor at any temperature T, is given by:

R,=R -[1+a(T,-T,)].

It should be kept in mind that the above relation holds for the temperature
range below 100°C.

A variable resistor used to limit, control, or adjust the amount of current in a
circuit is called a rheostat or simply a resistor. Rheostats are made from wire of high
resistivity, for example, from nickel chromium (nichrome), and provided with levers
or knobs to vary the resistance in the circuit uniformly or stepwise.

The property of a material to conduct electric current is called the conductance
(g or G). Resistance and conductance are reciprocal terms. The unit of g in the

older system is the reciprocal ohm or mho (Q™). In the newer Sl system of units, g
is in Siemens (S). Thus, the relation between resistance and conductance is

g:}/R:%I:y% or R:%.

The quantity y in the above relation is conductivity which is the reciprocal of
resistivity, so the relation between y and p is y = },/0 or p= % :

ASSIGNMENTS

I. a) Choose the key sentences from the Text A and compare them with the
title of the text; b) Say what the text is about

I1. Skim through the Text B and find the part of it dealing with the electric
resistance

I1l. Find the part in the Text B containing information about the
resistance of conductors

IV. Answer the following questions embracing the contents of the Text A
and Text B

1. What does the e.m.f. continuously maintain ? 2. In what direction should
electric charges move for the current to flow uninterruptedly through a closed circuit
? 3. What are small potential differences expressed in ? 4. What resist the directed
movement of charges through the conductor ? 5. What happens to a source of energy
when it is connected to a closed circuit ? 6. What does the resistance of conductors
depend on ? 7. What kind of device is called a rheostat ?

V. Make up the plan of the text
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V1. Retell the text according to your plan

EXERCISES

I. a) Find in the Text A and Text B the sentences, containing the following
verbs; b) Define their tense-forms and translate the sentences into Russian

To appear, to close, to show, to impede, to offer, to depend, to vary.
I1. Give three forms of the following verbs:

To draw, to show, to use, to concentrate, to conduct, to represent, to flow, to
use, to know, to think, to understand.

I11. a) Define the forms of the following Participles; b) State the verbs they
are formed of; ¢) Translate them

Writing; sitting; reading; having read; written; having written; having been
written; having asked; having been asked; being asked; asking; taking; having been
taken; taken; being taken; given; giving; having been given; having given; done;
used; doing; lying; tying; referring; connecting; connected; preferred; worked.

IV. a) State the Infinitives of the following Participles Il of irregular verbs;
b) Translate them

Overcome, found, taken, written, done, read, spoken, known, said, been, given,
set out, brought, arisen.

V. Transform the following sentences into the Past and Future

1. We can solve this problem with the help of Ohm's law. 2. You must
calculate these data. 3. May | measure this quantity in volts? 4. They cannot describe
Ohm's law correctly.

VI. a) Translate the following sentences; b) Pay attention to the
subordinate clauses beginning with *whether' and *"if*"

1. We do not know whether they have asked this question correctly. 2. They
ask if we could describe Ohm's law. 3. He does not know whether electromotive
force is measured in volts or in some other units. 4. Professor asked if the resistors
were connected in series. 5. My friend asks if 1 am able to make a parallel
arrangement of resistors.

VII. Substitute the subordinate clauses for Participial Constructions

1. The external force which is applied to a circuit to overcome the opposition to
the flow of current is measured in volts. 2. The voltage is equal to the current which
is multiplied by the resistance. 3. The electrical current that is passing through a
specified solution of nitrate or silver in water deposits silver. 4. The resistance is
equal to the wattage that is divided by the current squared. 5. The current that is
Posing through the conductor equals 2 amperes.

VI11. Change Continuous Tenses into Perfect Tenses
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1. I am switching on the radio. 2. Torn is showing all figures to us. 3. The
student is writing down a new rule. 4. We are considering the voltage as an energy
per unit charge. 5. They are determining the resistance.

IX. a) Translate the following sentences; b) Pay attention to the words and
word-combinations in bold type

1. In order to define the power in watts we must know Ohm's law, that is the
watt is the voltage times the current. 2. The solution of the formula is: the watt is
equal to the current squared times the resistance. 3. For defining the power in watts
according to the formula the voltage squared must be divided by the resistance. 4. In
order to overcome the resistance of conductors and cause current to flow, an
external force is necessary. This force is also referred to as electric pressure. 5.
This unit strength of an ampere is represented when an electrical current passing
through a special solution of nitrate of silver in water deposits silver at the rate
0f.001118 gram per second.

X. Translate the sentences and explain the use of Perfect Tenses

1. We have calculated the resistance in each case. 2. Yesterday we had
calculated the resistance in each case before we began solving the problem. 3. We
shall have calculated the resistance in each case before we begin to solve the
problem.

XI1. Memorize the reading of the following mathematical actions

= Is equal to PaBHO
(equals, is makes)
+ plus [Troc
- minus Munyc
X multiplied by, ... times YMHOXEHHOE Ha
+ divided by (into) JCIIEHHOE Ha
22 two squared, two to the JiBa B KBajpare,
second power JIBa BO BTOPOH CTENICHH
23 two to the third power ZBa B Ky0e,
1IB,a B TPEThEN CTEHU
1077 ten to the minus JECSTh B MHHYC CEJIbMOW CTETIeHN
seventh power
0.3 ou point three, zero TPH JIECATBHIX,
point three, point three HOJIb LIEJIBIX U TPH JICCATHIX
0.0004 ou point three ouz four, YETBIPE JCCATUTHICTIHBIX
point three ouz four
34.321 thirty four point three Tpuanate yeTbIpe LENIBIX U

two one

TpUCTA ABALATH OJHA THICAYHAS
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Examples:

2 + 3 =5 (Two plus three is equal to five.) is (equals);
3+ 6 =9 (Three plus six is (equals) nine);

3 x 3 =9 (Three multiplied by 3 equals nine);

10 + 2 =5 (Ten divided by two equals five).

6 DIRECT CURRENT (DC) AND DC CIRCUITS

I. Make sure that you know these words. Say that Russians words help you
to guess their meanings

Source [so:s], short, e’lectrical, zero [ziersaul, pro’portional, ef fects,
re’sulting, line [lain], ’positive, 'negative, ‘energy, ‘generator, lamps, motors,
con’vention, section, action, e’quivalent.

I1. Memorize the following words and word-combinations

In addition to — B gomonHenuwe K ...; load — Harpyska, MOTpeOHTEINb
AJIEKTpUYECKO sHepruu; to convert into — mpeBpamaTh, MPeoOPa3OBLIBATE B ...; aN
arrangement — pacmosioXeHHe, €XCesS Ccurrent — mpeBBIIICHHE CHIBI TOKa
(u30BITOYHBIN TOK); @ constant motion of charges — mocTosiHHOE ABM)KEHHE 3apsiIOB;
a steady flow of electrons — nocrosiHubIN MO(TOK) 371€KTPOHOB; t0 cause a mechanical
force — BBI3BIBATH MEXAHUYECKYIO CHIY (CHIYy MEXaHHYECKOW MpUpozbl); tO Cross
section of a conductor — nonepeyHoe ceueHne MPOBOTHHUKA.

I11. Give English equivalents to the Russian words and word-combinations
in brackets and translate the sentences into Russian

1. (B monoaHenue k) a source and a switch, a simple circuit usually includes a
load. 2. (ITorpedutens mpeodpasyer) electricc energy (8) nonelectric forms of energy.
3. The source is damaged by (u30ObrTounsim TOKOM) that is drawn from it, and
connecting wires may overheat and cause damage of fire. 4. A source of energy
connected to a load through line conductors sustains (mocrosiHHOE ABHIKEHHE
3apsIzioB).

5. The current flowing in two conductors spaced a certain distance apart
(BBI3BIBaET MeXaHHMUECKyH cmiay) acting on the conductors. 6. Electric current
determines the quality of electricity — Q, passing through the (momepeunoe ceueHwue
MIPOBOTHUKA).

IV. Read the Text A and find the parts of it describing: a) a simple circuit;
b) conversion of energy; c) particularities of the direct current; d) and external
circuit

TEXT A. DC CIRCUITS AND SOURCES OF ENERGY

A simple circuit consists of a source, switch, and load. A short circuit is a no-
load path, that is, an electrical path with virtually no resistance. In addition to a
source and a switch, a simple circuit usually includes a load. When a short circuit
occurs, no electricity flows through the load. Because the resistance in the short
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circuit is nearly zero, the current that flows through the short circuit will be very
large; current is inversely proportional to resistance. There are many undesirable
effects resulting from a short circuit. There is no current where you want it. The
source is damaged by the excess current that is drawn from it, and connecting wires
may overheat and cause damage of fire.

The simplest DC circuit, as shown in Figure 6.1, consists of a source of electric
energy E, an electric load L, and a pair of line wires or conductors W; and W,
connected to the positive (plus) and the negative (minus) terminal of the source to
supply the load.

The source of electric energy, or of electromotive force (e.m.f.), converts the
mechanical, chemical, thermal, and other forms of energy into electric energy. The
load converts electric energy to nonelectric forms of energy. Electric energy sources
are electric generators, primary (galvanic) cells, and secondary (storage) cells. The
symbols of generators and primary and secondary cells appear in Figure 6.2. Electric
loads are lighting lamps, electric motors, electric heaters, and other types of using
equipment.

= ~(O— =~ i~
? () {) fc)
Figure 6.1 — Simplest electric circuit. Figure 6.2 — Symbols of a DC geneator
(a); primary or secondary cell (b), and
primary or secondary battery (c).

An arrangement of primary cell or secondary cell interconnected in a proper
way forms a primary-cell battery or a secondary-cell battery, respectively. A source
of energy connected to a load through line conductors sustains a constant motion of
charges, called electric current, in a closed circuit.

Direct current is necessarily unidirectional, but may be either steady or varying
in magnitude. Direct current in metal conductors is a steady directed flow of free
electrons in a closed circuit. By convention the direct current is assumed to flow in
the direction of motion of positive charges, opposite to the actual flow of electrons.
But this conventional positive direction of current or voltage, as designated by arrows
in Figure 6.1, causes little inconvenience.

The current flowing in two conductors spaced a certain distance apart causes a
mechanical force acting on the conductors. The practical unit is the ampere (A). In
the International System of Units, abbreviated S, the ampere is an electric current of
such magnitude that when maintained in two straight parallel conductors of infinite
length and negligible cross section, at a distance of one meter from each other in
vacuum, would produce between the conductors a force of 2x107 Newton (N) per
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meter of length. The Newton is the Sl unit of force that will give a mass of 1 kilogram
an acceleration of one meter per second per second.

Electric current determines the quantity of electricity, Q, passing through the
cross section of a conductor in a unit time. The practical unit is the coulomb (C),
which is the amount of electricity passed through the conductor by an electric current
of one ampere in one second.

Line wires together with a load form an external circuit where an electric
current arises by the action of a potential difference that exists between the terminals
of a source. The current flows in the direction from the point of higher potential
(positive terminal) toward the point of lower potential (negative terminal). The unit of
electric potential, or the difference of potential between the two points, is the volt
(V), which is equivalent to the force required to produce a current of one ampere
through a resistance of one ohm.

TEXT B. SERIES AND PARALLEL CIRCUITS
I. Memorize the following words and word-combinations

To be connected end to end — ObITh COETUHEHHBIM TOCIIEAOBATEILHO APYT K
apyry; to apply a voltage — npunoxxuts Hanpsbkenue; divided equally — pa3nenéunbrit
pasHomepno; filament circuit — mens HakanmuBanus; to exceed — npeBsiiiarh; Voltage
drop — magenue Hanpsokenus; to determine — onpenesaTh.

Il. Translate the text into Russian paying attention ti the difference
between series and parallel circuits

A circuit in which all components are connected end to end is called a series
circuit. The current flowing through each resistance in a series circuit is the same. In
a series circuit, the sum of the voltage drops is always equal to the applied voltage.
To find the total resistance of a series circuit you add the resistance of each part of the
circuit. If a voltage is applied to a series circuit with several equal resistances, the
applied voltage will be divided equally among the resistances.

One of the most frequent uses of a series circuit is the series filament circuit in
electronic equipment. The purpose of the filament is to heat the cathode so that the
cathode will give off electrons. A tube manual® will give you the rated filament
voltage? of a tube. Generally, this voltage should not be exceeded. In order not to
exceed the rated voltages in series filament circuits, the filaments of the electron
tubes are selected so that the sum of the voltage drops across each filament will equal
the voltage applied. When this sum does not equal the applied voltage, a line
resistance is connected in series with the filaments.

In radios and television receivers that have series filament circuits, 110V is
generally used as the source voltage.

To draw a line®, we could say that: 1) the current through any one resistor in a
series circuit is the same as the current through any other resistor and this is the same
as the total current; 2) in a series circuit the applied voltage is equal to the sum of the
voltage dropped across each individual resistor; 3) the total resistance is the sum of
the individual resistors in a series circuit.
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In a parallel circuit total current is the sum of the currents in each branch of the
circuit. Each branch in a parallel circuit adds its current to the currents of the other
branches. The voltage drop across each resistor of a parallel circuit is the same. The
total resistances in parallel are less than anyone resistor. To determine the total
resistance of a parallel circuit we use the following basic formula:

R=1—1 1 1)
Rl R2 R3

(1) R sub t equals dash, one divided by the ratio of one divided by R sub one,
plus one divided by R sub two, plus one divided by R sub three.

Notes:

1)  atube manual — cipaBoYHMK 1O AIEKTPOHHBIM JIAMIIaM;
2) the rated filament voltage — HoOMuHaNBbHOE 3HAYEHHE HANPSKCHHS Ha
KaToJIe;
3) todraw a line — moaBOISA UTOTH.
ASSIGNMENTS

I. Answer the following questions embracing the contents of the
texts A and B

1. What is the necessary for an electrical circuit to be completed ? 2. When is
the current flowing through the circuit is very large ? 3. What is the short circuit ? 4.
What does Figure 6.1 show ? 5. What is the Newton ? 6. What do we call a series
circuit ?

I1. Discuss the problems of a simple circuit
I11. Make up a plan of the text B
IV. Retell the text according to your plan

EXERCISES

I. Find in the texts the derivates of the following words. Translate them as
their primary forms

Load, desirable, heat, duct, ply, range, direct, convenience, nation, breviate,
valency, pose, vision.

Il. a) Find in the Text A and the Text B the sentences containing the
following verbs. b) Define their tense-forms and translate the sentences into
Russian

To occur, to result, to damage, to draw, to appear, to sustain, to assume, to
apply, to exceed.

I11. Give three forms of the following verbs
Include, flow, designate, give, arise, add, equal, have, use, be.
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IV. a) Define the tense-forms of the verb in the following sentences.
b) Translate these sentences into Russian

1. Because the resistance in the short circuit is nearly zero, the current that
flows through the short circuit will be very large. 2. If a voltage is applied to a series
circuit with several equal resistances the applied voltage will be divided equally
among the resistances. 3. Generally, this voltage should not be exceeded.

V. a) Define the forms and functions of the Participles. b) State the verbs
they are formed of. c) Translate them into Russian

1. resulting, damaged, shown, connected, called, assumed, designated, passing,
used, dropped;

2. undesirable effects resulting from a short circuit; damaged by the excess
current; as shown in Figure 6.1; a source of energy connected to a load; called
electric current; the direct current is assumed to flow; as designated by arrows; the
quality of electricity passing through to cross section; in radios 110V is generally
used; the sum of the voltage dropped.

7 KIRCHHHOFF’S LAWS

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings

Relation, practice, direction, series, respectively, negative, sum, principle,
conservation, mass.

1. Memorize the following words and word combinations. Check if you
know their meanings

Connected in series — coeounénmnvie nocredosamenvro; any part of the circuit —
moboil yuacmox yenu; a COMMON point — odmas Touka; junction points — mouxu
coedunenus; N0des — yznosvle mouku; closed circuit — samxnymas yens; as depicted
In ... — kak uzobpasiceno na ..., the left side — zesass cmopona; the principle of the
conservation of mass — npunyun coxpamenus maccer;, in other words — opyeumu
crnosamu; gain — eviuepoiut; 10SS — nomepisi.

I11. Read and translate the text paying attention to the circuit having a few
points called nodes or junctions

TEXT A. KIRCHHOFF’S FIRST LAW

For a circuit consisting of a source of energy and a load connected in series, the
relation between the current, e.m.f., and the resistance of the entire circuit or between
the current, voltage, and resistance of any part of the circuit obeys Ohm's law.

In practice, however, use is mostly made of the circuits in which the currents
flow to or from a common point in several directions through the connections made
to this point. A circuit may have a few such points called nodes, nodal points,
junctions, or junction points. The connection made between the two neigh boring
nodes is known as the branch of the circuit. In a closed circuit electric charges cannot
store at any nodal point, for, otherwise, this would cause a change in the potentials at
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the points of the circuit. So, the amount of electricity flowing into any point must
flow away from it again. In other words, the charges arriving at any point are equal to
the charges leaving this point, per unit time.

Assume that in the circuit, as depicted in Figure 7.1, the currents flow from a
nodal point a through four branches which converge at a point b. Denote the current

— /, in the series part of the circuit by | and the currents

in the branches by I, I,, I, and |, respectively.
The relation between the currents in such a circuit is
as follows:
;T =1+, +1,+1,.
T 24 If in a few connections made to a nodal point
Iy the directions of currents are different, the currents
T T 1+—¢ directed toward the point are considered positive and
Ay those directed away from it negative. The left side of
. the equality above represents the sum of currents
— /s flowing into the point and the right side of the
‘—R:J equality represents the sum or currents flowing out

of the point. This statement is Kirchhoff s first law,

Figure 7.1- Resistors in or the current law, which defines the principle of

parallel. conservation of mass, for it states that the sum of all

the currents flowing to any point in a circuit is equal

to the sum of the currents flowing from this point, or the algebraic to of all the

currents directed toward any point in the circuit is zero. In other words, there is no
gain or loss of current anywhere in the circuit.

I. Make sure that you know these words. Say what Russian words help you
to guess their meanings

Algebraic, oppose, effect, zero, traverse, tracing, illustrated, complex, external,
identical.

1. Memorize the following words and word combinations. Check if you
know their meanings

The principle of conservation of energy — mpuHIMD (3aKOH) COXpaHEHUS
sHepruu; the algebraic sum — anreOpandeckas cymma; the potential drops — nagenue
HanpspkeHus (CHMKCHHME TOTeHIMaia); to traverse the circuit — MPOXOIUTH IO
KoHTYpY (1temnn); coincide in direction — coBmaaaTth 1o HampaicHHIO; t0 Oppose each
other — MPOTUBOMOCTABIATL APYr APYTY, OTIHYATHCS APYr OT Apyra; to differ in
direction — He coBmajaTh MO HampasjeHHUIO; to trace around — odepTuUTh; POSitive
(negative) sign — 3HaK «mIoc» («MUHYC»); equality — paBeHCTBO; expression —
BBIpAKCHHE.
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TEXT B. KIRCHHOFF’S SECOND LAW

Kirchhojf s second law is a statement of the principle of conservation of
energy. This is the voltage law which states that in any closed circuit the algebraic
sum of all the e.m.f.s is equal to the algebraic sum of the potential drops in the
resistances connected in series:

n k
E+E,+E+...+E =l R+ LR, + ;R +...+ LR, YE=>IR,. (1)
i=1 j=1
Kirchhoff s voltage law states in effect
£ E that the algebraic sum of all the e.m.f.s and
’ 2 potential differences in any closed circuit is

zero, ZE =0. In writing the above equations,

one may traverse the circuit in either direction

and arbitrarily specify the signs of current

£, E, directions. If a circuit consists of two sources

of energy connected in series, as in Figure 7.2

o— <«— (a), and the two e.m.f.s coincide in direction,

the total e.m.f. is equal to the sum of these two

(b) e.m.f.s, E=E;+E,. If the two e.m.f.s oppose

each other, as in Figure 7.2 (b), the total emf is

Figure 7.2 — Connection of the  equal to the difference between the two e.m.f.s,

sources of e.m.fin series aiding (a) E=F;-E,.

and in series op position (b). In a circuit having a few sources in

series, the e.m.f.s of which differ in direction,

the total e.m.f. is the algebraic sum of the e.m.f.s of all the sources. In tracing around

the closed loop to sum up the e.m.f.s, the e.m.f.s of one direction are written with a
positive sign and those of the opposite direction with a negative sign.

The closed loop designated by points a, b, c, d, as illustrated in Figure 7.3, is
commonly a part of the complex network. Since the branches are connected to the
points a, b, ¢, and d, the currents Iy, I, I3 and 14 that differ in magnitude flow in
different directions.

—
’1T /2?
£, 52
e
Rl RZ
Y
I3 E3
Figure 7.3 — Closed loop. Figure 7.4— Parallel connection of the

sources of e.m.f.
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Applying Kirchhoff s second law, we can write for such a loop:

E1_E2 _Es = |1(R01+R1)+ Iz(Roz +R2)+ Is(R03+R3)+ |4R4’ (2)
where R, Ry, and Ry are internal resistances of the sources of e.m.f., and R, R,,

R, and R, are load resistances.

For a particular case where branches are absent and the loop has all the paths
connected in series, the total resistance is the sum of all the resistances. If the external
circuit of a source of e.m.f. with an internal resistance R, comprises a series group of

resistances R,, R,, and R,, by Kirchhoff s voltage law we can write the following
equality: E=1-(R,+R,+R,+R;). K the loop had several sources of e.m.f., the left

side of this equality would represent the algebraic sum of all the e.m.f.s.

With two or more sources of e.m.f. connected in parallel, the currents through
the sources are generally not identical.

Referring to Figure 7.4, where two parallel-connected sources of e.m.f.s E; and

E, with internal resistances R, and R, operate into a load of external resistance R,
we can define the current | in the external circuit and the currents I, and 1, in the
sources by the following expressions: 1=1,+l,0r 1=U/R; I,=(E -U)/R or
l,=(E,-IR)/R;; 1,=(E,-U)/R,or I,=(E, - IR)/R,. Hence, the external current
is:

— ElRZ + E2R1
RR, +RR, +RR,

3)

ASSIGNMENTS

I. Answer the following questions embracing the contents of the Text A
and Text B

1. Whom law does the relation between the current, e.m.f. and the resistance of
the entire circuit obey to ? 2. What kind of points may each circuit have ? 3. How do
we name the connection made between the two neighbouring nodes ? 4. What are the
charges arriving at any point equal to ? 5. What currents do you consider positive or
negative ? 6. What does the current law define ? 7. Do you have some loss of current
anywhere in the circuit ? 8. What does Kirchhoff’s second law state ? 9. When is the
total e.m.f. the algebraic sum of the e.m.f.s of all the sources ? 10. When do the
currents flow in different directions ? 11. In what case the total resistance is the sum
of all the resistances ? 12. When are the currents through the sources not identical ?
13. What can we define when two parallel-connected sources operate into a load of
external resistance ?

Il. Read and translate the Text B paying attention to the behaviour of
currents in the closed loop and when the sources are parallel-connected ?
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8 VOLTAGE DIVIDERS AND POTENTIOMETERS
I. Give the initial forms of the following words. Translate them

Division, resistor, successive, across, proportional, potentiometer, amplifier,
television, discharge, improve, output.

1. Match the following English words and word-combinations with the
Russian ones

require COJICPIKATh

power supply peoOpa3oBaTh TOK

series KOHJICHCATOPHI

voltage drop BOJIETMET

variable resistor IIPOUTPHIBATEITb

device for measuring voltages yIy4IIaTh YCTOWYUBOCTh

record player peocTaT

improve stability UCTOYHUK YHEPTUH

convert the current BBIXOJIHOE HAMPSIKEHUE, (BBIXOJ 1O

HanmeeHmo), BBIXOJ CO
CTa6I/IJ'II/IBI/IpyeMI)IM HAIIPSKCHUCM

voltage output [MaJIeHNuE HaPsHKECHUS
Contain TpeOOBaTh
Capacitors IIOCJIEAOBATEIBHOE COEIUHEHUE

TEXT A. VOLTAGE DIVIDERS

I. @) Read the Text A. b) Comment on the difference of voltage and
necessity of its dividing

Many electronic devices often require different voltages at various parts of the
circuit. These different voltages can be obtained by having a different battery for each
necessary voltage, or a separate power supply for each voltage required. Generally,
however, it is more economical to have one power supply and use series resistors to
divide the source voltage into the quantities desired. A set of series resistors used to
divide voltages is called a voltage divider.

Voltage division results from successive voltage drops across series
resistances. The largest amount of voltage is dropped over the smallest resistor. When
each resistor in a voltage divider has the same resistance, equal voltages are dropped
across each one. The voltage drops in a series circuit are proportional to resistance.
Since, in a voltage divider, the voltage dropped by a resistance is proportional to the
resistance; if the resistance is increased, the voltage dropped across the resistor will
increase.

TEXT B. PRACTICAL VOLTAGE DIVIDERS

I. a) Read the Text B. b) Find the part of it dealing with the characteristic
of a potentiometer and the notion a bleeder resistor. c) Translate the Text into
Russian
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A potentiometer consists basically of a variable resistor!. The resistor may be
either wirewound or carbon. The potentiometer received this name because it was
originally the principal element in an early device for measuring voltages. The
variable resistance is connected to vary the amount of voltage supplied to a load.
Practically all volume controls on radios, record players, amplifiers, and television
sets are potentiometers.

The resistor in a loaded voltage divider through which the least amount of
current flows is called the bleeder resistor?. Bleeder current is the current that passes
through the bleeder resistor.

Many factors determine the proper amount of bleeder current. Generally,
voltage dividers are used with power amplifiers that convert AC (alternating current)
to DC (direct current). These power supplies contain capacitors. Large capacitors
should have a path to discharge through?, and this is provided by the bleeder resistor.
High bleeder current also improves the stability of the power supply. Generally,
bleeder resistors in a power supply draw about 10 per cent of the total current, but
there are many exceptions to this rule.

Quite frequently, voltage dividers are designed with relatively low resistance,
permitting high current to flow. This is done so that changing loads have a minimum
effect on the voltage output. Low-resistance voltage dividers are used so variations in
loads will have a minimum effect on the voltage output.

Notes:

1)  variable resistor — peryaupyemoe conpoTHBIICHHE, pEOCTAT;
2)  bleeder resistor — nemuTens HanpsHKEHUS;
3) apath to discharge through — Bo3M0XHOCTH pa3psaKy.

TEXT C. VOLTAGE AND POWER AMPLIFIERS

I. Practice the pronunciation of the following many-syllable words.
b) Make sure that you know these words

1. amplify, approximate, indicate, operate, memorize, microphone,
capacitance, maximum, remedy, decibel, magnitude, possible, absolute, parallel,
acoustical, principal;

2. medium, subsequent, period, material, genius, radio, miscellaneous,
previous, appreciable; variety, society;

3. deliver, determine, develop, continue, exhibit, consider.

Il. a) Memorize the following keyword-combinations to the text.
b) Check if you know their meanings

Principal classes, voltage amplifier, minute currents, appreciable power, total
amplification, early stages, feedback circuits, two classes of amplification, minute
currents from microphones, a large part of the output, some of the remedies
employed, the bias of the first stage, an absolute unit of power level, several stages of
amplification, which occur in the first stage.
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I11. Memorize the following words of the same stem

To amplify, amplifier, amplification; to pick up, pickup; to suit, suitable; to
drive, drive, driver; special, specially, especially; to design, design, designer;
possibility, possible, impossible; to load, load; to determine, determination; to
consider, consideration, considerable; to care, care, careful, careless, carefully; to
choose, choice; to express, expression; to lose, loss; frequency, frequent, frequently;
to measure, measure, measurement; to accept, acceptable; to distort, distortion; to
couple, coupling.

IV. Read the text to yourself, grasp the main idea of it paying attention to
the notes

There are two principal classes of amplification used in audio. The first is the
voltage amplifier, which builds up minute currents from microphones, low-level
pickups, etc., and increases the minute output voltages of these devices to a value
suitable for driving following vacuum tubes.

The power amplifier is designed to deliver appreciable audio power to
loudspeakers, recording cutters, etc.

Multi-stage amplifiers generally consist of several stages of voltage
amplification followed by one or more stages of power amplification, the voltage
from the previous stage output being applied to the grid of the next stage. The total
amplification is limited by miscellaneous noises produced as a result of thermal
agitation and shot effect which occur in the first stage and are amplified along with
the signal. When the amplification becomes so great that these noises become a large
part of the output, the amplifier becomes useless. Therefore, it is necessary to keep
the noise down, especially in the first stage. Operating the units at lower voltages and
using special tubes and feedback circuits are some of the remedies employed.

In multistage design it is important to proportion the stages so that none of the
early stages can become overloaded before maximum output is obtained in later
stages. Such a condition may occur if the volume control is placed in the second stage
and the input device delivers more voltage than the bias of the first stage. Placing the
volume control in a later stage will make the condition even worse unless the
amplifier is to be used for only one input device having a very low output. In general,
it is best to put the volume control in the earliest possible stage and to place the tubes
having low bias and high gain early in the circuit.

A tube used as a voltage amplifier delivers maximum amplification (equal to
mu) if the load is infinite and the actual plate voltage remains at the rated value. The
gain drops with the plate load and with the plate voltage, so that the best compromise
of plate load and plate voltage must be determined. Other problems such as parallel
capacitance must be taken into consideration as well as careful choice of tubes as
recommended in the tube handbooks.

Maximum undistorted power output is obtained from triodes when the load
equals 2R, and for pentodes when the load is approximately one-fifth R,.

In addition, note that the power amplifier operates under conditions of plate
current cut-off, with the stage efficiency depending on the cut-off angle.
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The gain of amplifiers is often given in decibels. The decibel is a logarithmic
unit, expressing the ratio between two magnitudes of power. Mathematically: db
equals 10 log(Pi/P;), where Pi and P, are the output and input power (in watts)
respectively of the amplifier. When the impedance at input and output are equal, the
decibel may also be expressed in terms of voltage or currents: db equals 20 log (I1/12).

The decibel is used, in addition, as a unit of loss and gain in networks.
Although the decibel is not an absolute unit of power level, it can be used to indicate
the power level in decibels above or below an arbitrary "Zero Level". One of the most
frequently employed zero levels is 6 milliwatts. In acoustical measurements a zero
level of 10 to the 16th watts per square cm. has been accepted.

Audio-Frequency (as), as well as Radio-Frequency (rf), amplifiers may be
further divided according to their type of coupling into resistance-coupled,
transformer-coupled, impedance-coupled, and direct-coupled amplifiers.

Notes:

1) inaudio — B HU3KOYACTOTHOM (3BYKOBO#1) TEXHHUKE;
2) builds up — ycunuBaer;
3) to deliver power — HOABOAMTH MOIIHOCTb;
4) along with the signal — BmecTe ¢ curnanom;
5) to keep the noise down — cHHUXATh IITYMBI;
6) ingeneral — BooOre;
7) are some of the remedies employed — npeacTaBisoT cOO0H HEKOTOPHIC W3
HCIIOJIb3yEMBIX CITIOCOOOB
8) to proportion — mogo0paTk, pacCUUTATS;
9) early stages — mpeapLIyIIHE KaCKa/Ibl;
10) Ilater stages — mocieayIONIUe KaCKaIbl;
11) remains at the rated value — ocraeTcss HOMUHAILHOM;
12) must be taken into consideration — Hy»kKHO MPUHKUMATh BO BHUMaHHUE,
13) as well as — a Takxe;
14) in addition to — kpome;
15) expressed in terms to voltage — BbIpa)keHO uepe3 HaNpPsHKEHHE.

ASSIGNMENTS

I. Choose the key sentences from the text and compare them with its title.
b) Say what the text is about

Il. Find the part in the in the text containing information about the main
feature of multi-stage amplifiers

I11. Answer the following questions embracing the content of the text

1. How many principal classes of amplification are there ? 2. What is the
purpose of voltage (power) amplifier ? 3. What do multi-stage amplifiers generally
consist of ? 4. When does the amplifier become useless ? 5. Why is it necessary to
keep the noise down ? 6. Why is it best to put the volume control in the earliest
possible stage ? 7. What problems must be taken into consideration when using
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amplifiers ? 8. Under what conditions is maximum undistorted power obtained ? 9. In
what units is the gain of amplifiers often given ? 10 What is a decibel ?

EXERCISES
I. Arrange the following words in pairs of synonyms:

use, minute, etc., generally, keep, obtain, instrument, tiny, usually, magnitude,
device, maintain, get, take into consideration, in addition, and so on, employ, take
Into account, besides, indicate, frequently, show, value, often, principal, main.

I1. Arrange the following in pairs of antonyms:

above, early, low, useless, important, suitable, high, below, unimportant,
useful, distorted, late, careful, often, unsuitable, seldom, careless, undistorted.

I11. What is the English for:

a) YCHUIUTEIb MOIIHOCTH, YCWIHMTENb HANpSKEHUs, SJEKTPOHHAs JamIa,
MHOT'OKAaCKaJHbI, PEryJsaTop TPOMKOCTH, LENb OOpaTHOW CBs3H, KOA(Q(UIMEHT
YCWICHHsI, HOMUHAJIbHAsl BEJIMYMHA, HEUCKAKECHHBIN, aHO/IHAs HArpy3Ka, YCUIIMTEIb
3BYKOBOM 4aCTOThI, YCUJIIUTENb BBICOKOM YaCTOTHI, YCUIUTENb C HEMOCPEICTBEHHOM
CBS3bIO;

0) u T. A., B pe3yJbpTaTe, 0COOEHHO, BOOOIIE, CIPAaBOYHUK, IIOTEPs], a TAKKE,
COOTBETCTBEHHO, IIOCPEICTBOM, KPOME TOTO, COIIACHO.

IV. Translate into English using the words of the text:

CymecTByeT JBa BHJA YCHUJIUTENCH: YCUIUTENN HANPSHKEHUS U YCUIUTENH
MotHOCTH. [lepBbpie ycHIMBAIOT OYEHb Majbleé TOKH OT MHKPO(OHOB, TATYHUKOB,
HU3KOW YyBCTBUTEIBHOCTH M T. /., U YBEJIMYMBAIOT BBIXOJHOE HANPSKEHUE ITHX
YCTPOMCTB O HEOOXOJUMOTO YpPOBHS. YCHJIMTENN MOIIHOCTH MPEIHAa3HAUYEHBI IS
YBEJIMYEHUS 3BYKOBOM YaCTOTHI B TPOMKOTOBOPHUTENSX, PEKOPAEpax H T. 1.

MHorokackagHble YCHUIUTENH OOBIYHO COCTOST W3 HECKOJBKUX KacKaJoB
YCWJICHHS HaIIPSKEHUSI U OJTHOTO WM OoJiee KackaJoB ycuiieHHusa MolnHocTu. O6miee
yCUJIeHHue orpaHuuyuBaeTrcs Iymamu. HeoOxonwmo, mo3ToMy, CHUXaThb YPOBEHb
IIyMa, OCOOEHHO B IIEPBOM KacKa/e.

VYcunenue yacTto BeIpaxkaeTcs B nenudenax. [enuben — aTo norapudmudeckas
€IMHHULIA, KOTOPasl BbIPa)KaeTCsl OTHOIIEHUEM MEX]y IBYMS BEJIMUMHAMHU MOLIHOCTH.

V. Render the following in Russian paying attention to the meaning-of the
words in bold type:

1. Consider one conducting circuit which forms part of a more complicated
network. 2. Metals are generally considered as ohmic conductors. 3. Several
approaches to solving this problem are under consideration. 4. Another problem
under consideration is the development of new materials which will withstand the
battery environment. 5. All other factors remaining the same, the operating time can
be considerably reduced. 6. This combination is considered to produce a power
supply with a high current capacity. 7. When designing amplifiers miscellaneous
noises should be taken into consideration. 8. All things considered, we decided on the
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transistorized power supply. 9. The elimination of noise is an important consideration
in amplifier operation. 10. A considerable voltage drop is observed in the system. 11.
In considering any insulating material for use in an electronic device there are several
points which should be taken into consideration. 12. By using special tubes it is
possible to obtain considerably higher pressures.

V1. Complete the following sentences:

1. The voltage amplifier builds up minute currents ... 2. The power amplifier
delivers ... 3. Multi-stage amplifiers consist of ... 4. The total amplification is limited
by ... 5. Volume control should be placed ... 6. The gain drops with ... 7. 1 fie gain of
amplifiers is often given in ... 8. A decibel ...

VIIl. Put questions to which the words in bold-type in the following
sentences are answers:

1. Maximum undistorted power output is obtained from triodes when the load
equals 2R,. 2. Multi-stage amplifiers generally consist of several stages of voltage
amplification. 3. It is best to put the volume control in the earliest possible stage.

VIII. State the forms of the verbals and translate the following sentences
into Russian:

1. The device is likely to produce trouble. 2. Installing the system requires
some care. 3. When installing the power supply unit, choose a cool location. 4. No
coupling capacitor is needed if the crystal is connected with the polarity shown. 5. By
keeping the heaters of the tubes half-hot all the time, you can cut warm up to a
second or less and extend the life of lubes. 6. Integrated stereo receivers,
preamplifiers, and power amplifiers on a single chassis, have proved to be one of the
most popular components in the high-fidelity field. 7. In selecting the proper diode,
the first item to be considered is the application. 8. The spacing between the
electrodes in the tube under consideration is not even, the middle one being closer to
the cathode. 9. Arcing lowers the tube resistance and allows very high current to
flow-in the desired direction. 10. Testing a conventional semiconductor diode with an
ommeter to determine its forward and reverse resistance ratio is simple and useful.
11. All other factors remaining the same, the operating time of the device can be
reduced. 12. We have found some stages of the amplifier to be overloaded.

IX. State the form of the predicate and translate the following sentences
into Russian:

1. A circuit using collector-voltage gain control is shown. 2. When specifying a
particular device, current rating curves should be examined. 3. When selecting the
device, its properties were considered. 4. To keep the noise down, several methods
have been used. 5. In designing the device, different problems will be taken into
consideration.

X. Translate the following sentences into Russian, paying attention to the
translation of Past Participles:
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1. The phenomenon referred to makes the amplifier useless. 2. Several
laboratory tests followed by field tests proved the device to be very efficient. 3. The
experiment showed that only the materials acted upon by light emitted radiations. 4.
The application of lasers has opened out possibilities hardly dreamed of quite
recently.

XI. Read the following numerals:

1/5, 3/5, 1/3, 2/3, 3/4, 5/8, 3/8, Y4, ‘b, 5/7;
0.15, 0.024, 2.375, 236.01, 38.946.

XII. Read without using the dictionary and retell:

TEXT D. CLASSIFICATION OF AMPLIFIERS

There are four distinct classes of amplifier service. These classes are, Class A,
Class AB, Class B, and Class C.

Class A Amplifier: The Class A amplifier is an amplifier in which the grid bias
and alternating grid voltages are such that plate current in a specific tube flows at all
times.

Class AB Amplifier: The Class AB Amplifier is one in which the grid bias and
alternating voltages are such that plate current in a specific tube flows appreciably
more than half, but less than the entire electrical cycle.

Class B Amplifier: A Class B Amplifier is an amplifier in which the grid bias
is approximately equal to the cut-off value so that the plate current is approximately
zero, when no driving grid voltage is applied. Plate current in a specific tube flows
for approximately half of each cycle when an alternating grid voltage is applied.

Class C Amplifier: A Class C Amplifier is an amplifier in which the grid bias
Is appreciably greater than cut-off value, so that the plate current in each tube is zero
when no alternating grid voltage is applied, and so that plate current flows in a
specific tube for appreciably less than one-half of each cycle when an alternating grid
voltage is applied.

XV. Translate into Russian using a dictionary:

TEXT E. COUPLING METHODS

Let us review briefly the various types of coupling presenting their advantages
and disadvantages.

Resistance-coupled amplifiers have the advantage of economy and the
frequency response can be made nearly flat. The phase distortion is less than that of
other types of coupling except direct coupling. Disadvantages include lower gain than
impedance or transformer-coupling with the same tubes and power supply, and the
tendency to "motorboating."

Impedance-coupled amplifiers have a lower voltage drop across the load, thus
making the plate voltage higher. The frequency response falls off at the low end as
well as at the very high frequencies, above the point where parallel resonance occurs.
The drop at the low end can be minimized by placing a resistor across the plate
choke. If the value of the resistance is 1/3 of the choke reactance at the lowest
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frequency, or less, the impedance of the combination will not vary more than a few
percent over the audio range.

At present, transformer-coupled triode amplifiers can be designed to have a
frequency characteristic as good as that of resistance-coupled amplifier. The gain of
such amplifiers is not as high as that of the resistance-coupled amplifiers using
pentode tubes, and the cost of transformers is higher. When sensitive amplifiers are
used and a transformer is used at the input, the hum problem is much greater than
with RC amplifiers. Well-shielded transformers are required, and even the critical
orienting is necessary.

Direct-coupling is a special modification of resistance coupling. In such
circuits the plate of the first stage is connected directly to the grid of the next, a
condition which requires some manipulating with power supplies. Since the load
between stages is a resistance and the coupling elements per stage are reduced this
type of amplifier can be made to have excellent response. Frequency response at low
frequencies is better and delayed distortion is less. The main difficulties are the
tendency to drift due to temperature changes and the difficulty in designing
amplifiers of many stages. It is possible however, to make an amplifier employing a
drift corrector which makes the system practical for amplification of ae signals but
not for de.

Notes:

1)  motorboating — momexu, aHAJIOTMYHBIC IITYMY PaOOTAIOIETO MOTOPa
2)  across the load — Ha Harpyske;

3) atthe low end — Ha HHU3KHX YaCTOTaX;

4)  across the plate choke — mapamieapHO aHOTHOMY JPOCCEITIO;

5)  over the audio range — Bo BceM 3ByKOBOM JHara30He;

6)  at present — B HacTosIIEE BpEMS;

7)  practical — npuemeMsiii.

9 MAGNETISM AND ELECTROMAGNETISM

I. @) Memorize the following words and word-combinations. b) Check if
you know their meanings

property — csoiictBo; allow — mo3BossTe; bits of iron — skene3npie yacTUYKY;
ferrous — comepskamuii (IByXBaJeHTHOE) Kenne30; exert — mpossisaTh; magnetic field
— MarauTHOE mojie; lodestone or magnetite — MarHUTHBIN JKEIE3HSIK MM MArHETHUT,
suspend — moxBemmBaTh (34. ¢ IENBIO cBOOOgHOrO Bparienus); artificial —
UCKYCCTBCHHBIN; magnetic force — wmarHuTHas cuia; repel each other -
OTTAJIKUBAThCA ApYyr oT apyra; unlike poles — nporuBononoxubie momoca; attract
each other — mpursaruBarecs npyr k npyry; iron filings — merammuyeckue OnmwiIKw;
stretch or tighten — pactsaruBaThcs WM CKUMaThCS; PEr square inch — Ha KBaapaTHBII
nroiim; reluctance — wmarnutHoe comportuBieHue; permeability — wMarauTHas
POHUIIAEMOCTb.
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TEXT A. MAGNETS AND MAGNETISM
I. Read the text to yourself and grasp the main idea of it

Magnetism is a property of certain substances that allow them to attract bits of
iron and other ferrous materials. The action of a magnet is exerted throughout the
space surrounding it. This space around a magnet is called a magnetic field.

Hundreds of years ago, man discovered a natural substance called lodestone or
magnetite, which could attract other pieces of the same substance and pieces of iron.
If a bit of it was suspended to turn freely, it would always come to rest with one end
pointing north. This natural substance came to be used as a direction finder®. The
lodestone was a natural magnet. Man also learned how to make magnets himself.
These are called artificial magnets. Artificial magnets are subdivided into temporary
and permanent magnets.

When a lodestone, or artificial magnet, is suspended so that it can turn freely,
one end always comes to rest? pointing north. This end is called the north-seeking
pole, or simply, the north pole. The other end is called the south pole.

There is a law of magnetic forces that is very much like® the law of electrical
charges. The law of magnetic forces states that like magnet poles will repel each
other and unlike poles attract each other.

When a sheet of paper is placed over a magnet and iron filings are dropped on
it, they will arrange themselves in a pattern. This shows that magnetic force acts in a
definite direction at every point around a magnet. This direction might be shown
symbolically by the lines of force or flux lines. The three characteristics of flux lines
(lines of force) are: (a) they never cross each other; (b) they pass through almost any
material; (c) they are elastic and stretch or tighten like rubber bands.

Flux density* is greatest at the poles of a magnet. This simply means that there
are more lines of force per square inch at the ends of poles. The force with which
poles repel or attract each other depends not only on the strength of the poles, but on
the distance between them.

The opposition that a material offers to magnetization is called reluctance.
Permeability is the relative ease® with which flux lines can be established in a
substance. Air has the permeability of 1. Magnetic substances have a permeability
thousands of times greater than air. The greater the permeability, the greater is the
magnetic flux density.

Notes:

1) came to be used as a direction finder — Ha4anu KUCIIOIB30BATH B KAYECTBE
yKa3aTeJisl HalpaBJICHHS,

2) comes to rest— ycraHaBIMBaeTCs;

3) is very much like — oueHb MOXO0X Ha;

4)  Flux density — IIIOTHOCTb TIOTOKA,

5) relative ease — OTHOCHTEIbHAS JIETKOCTb.
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TEXT B. ELECTRICITY AND MAGNETISM

I. a) Read the text. b) Find the part of it dealing with the behaviour of the
magnetic field surrounding the wire. Translate it

Electricity and magnetism are very closely interrelated. Both have many
similar features. In this section we will discuss some of the ways in which magnetism
Is related to electricity.

When an electric current flows through a wire, a magnetic field surrounds the
wire. The lines of force which surround a current-carrying wire have direction, just as
in a bar magnet. The direction of the lines of force is dependent on the direction of
current flow. The direction in which current flows is called current polarity. The
direction of the lines of force can be related to the direction of current flow i by the
left-hand rule.2 The left-hand rule states that if you grasp the current-carrying wire in
your left hand with your thumb pointing in the direction of electron-current flow,
your fingers will point in the direction of the flux lines. As you know, a current going
through a wire creates a magnetic field and, therefore, flux lines. The number of flux
lines around the wire and the distance from the wire at which their magnetic
influence is felt is directly proportional to the amount of current flowing. The number
of flux lines increases as current increases.

A loop of wire as well as a straight piece of wire can carry a current, but the
magnetic field around a loop is strengthened. The lines of force in a loop tend to
combine and strengthen the field. When current is carried in a loop of wire, the
magnetic field is stronger and the loop is considered to have n-s poles.

Notes:

1)  The direction of the lines of force can be related to the direction of current
flow — CooTHomieHne MeEXIy HaNpaBlICHUEM CHJIOBBIX JIMHHHA U
HalpaBJICHUCM JIBHIKCHHA TOKA MOKET OBITH nonyquo;

2) left-hand rule — nmpaBwuiio jeBo# pyku (MarH).

TEXT C. ELECTROMAGNETS

I. a) Read the text. b) Find the part of it describing the essential part of an
electromagnet. Translate it

A loop of wire which is carrying a current concentrates the magnetic lines of
force that surround a wire and has polarity just like a regular magnet. A magnet that
consists of a loop of wire, or a series of loops (coils), is called an electromagnet.
Unlike a permanent magnet, an electromagnet has the unique feature of being turned
on and off1 by controlling the current that passes through it. The coil which is a series
of wire loops represents a simple electromagnet.

Electromagnets are used as relays, solenoids, motors, and other devices. In
making such magnets, the proper field strength should be maintained. The field
strength of an electromagnet depends upon some factors. There are three factors that
determine the field strength of an electromagnet: 1) the field strength of
electromagnet is directly proportional to the permeability of the core; 2) the field
strength of a coil is also proportional to current; 3) the field strength of a coil is
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proportional to the number of turns of the coil. The field strength of electromagnet is
equal to the product of current multiplied by the number of turns and expressed as
ampere-turns.

The magnetic polarity of a coil can be found by the left-hand coil rule. The coil
Is grasped with the left hand with the fingers pointing in the direction of current flow.
Your thumbnail then will point in the direction of the coil's north pole. One of the
most widely used application of electromagnets is the relay. Another widely used
application of electro-magnetism is the solenoid. Solenoid is an open coil of wire, its
length is great compared with its diameter. The magnetic field intensity at the centre
of the solenoid might be given by a specific formula.

Note:

1)  the unique feature of being turned on and off — xapakTepHOE CBOWCTBO
BKJIFOUATHCS ¥ BBIKJTIOUATHCS.

ASSIGNMENTS

I. a) Choose the key sentences from the Text A and compare them with the
title of the text. b) Say what the text is about

I1. Skim through the Text C and describe the factors determining the field
strength of an electromagnet

I11. Answer the following questions embracing the contents of the Text A,
Text B and text C:

1. What is the magnetism ? 2. What do we call a magnetic field ? 3. What are
artificial magnets subdivided into ? 4. What characteristics of flux lines do you know
? 5. What does the force with which poles repel or attract each other depends on ? 6.
Why are electricity and magnetism closely interrelated ? 7. What does the left-hand
rule state for ? 8. When will each magnet experience a force of attraction ? 9. Where
are the magnetic lines concentrated ? 10. Where electromagnets are used ?

V. Discuss the information obtained from the Text B

10 ELECRICAL ENERGY AND POWER

I. @) Practice the pronunciation of the following words. b) Make sure that
you know these words

1. lift, process, overcome, vanish, convert, transfer, expend, deliver, lose,
express, specify, concern, measure, increase, decrease, supply, heat.

2. high, mechanical, thermal, chemical, certain, equal, useful, above, one-
thousandth, internal, external, inefficient, energy-converting.

3. height, motion, quantity, amount, fraction, wire, terminal, equation,
expression, ability, joule, performance, outside, input, output, eddy.

4. regardless, commonly, consequently, according to, inevitably.

I1. a) Memorize the following keyword-combinations to the text. b) Check
if you know their meanings
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Forms of energy, a closed circuit, certain amount of energy, a piece of
equipment, the load terminals, the product of the current and time, none of the above
equations, per unit time, over different periods of time, to supply (to consume)
electric energy, to transfer the power, to overcome, the internal resistance, from the
outside, the energy-converting device, he law of the conservation of energy, the
energy losses eddy currents, the efficiency of an energy converter, with respect to, the
ratio of the useful output to the input.

I11. Read the text to yourself, grasp the main idea of it

Energy is capacity for doing work. For example, a body lifted to a certain
height possesses energy since it can do work in moving down. The higher the energy
of a body, the more amount of work the body can do in overcoming the resistance to
its motion. Energy does not vanish but is converted from one form of energy to
another. Thus, electric energy can be transformed into mechanical, thermal, chemical,
and other forms of energy. Mechanical energy can be transformed into electric
energy, thermal energy, etc.

For charges to be transferred in a closed circuit, the source of e.m.f. expends a
certain amount of energy which is equal to the product of the e.m.f. and the quantity
of electricity transferred from one point of the circuit to another, EQ.

But not all the energy delivered by the source of e.m.f. to a piece of equipment
does useful work since a fraction of this energy is lost in overcoming the internal
resistance of the source and the resistance of wires. Thus, the source does the useful
electrical work equal to W =U -Q where U is the voltage between the load

terminals.
Since the quantity of electricity is equal to the product of the current and the
time it takes the current to pass through the circuit, Q =1 -t, the equation for work,

or energy, can be written in the form:

W=U-I-t. 1)

So, electric energy, or work, is the product of the voltage, the current, and the
time it takes the current to flow through the circuit.

If we express the voltage across the terminals of a circuit part as the product of
the current and the resistance of this part, U =1 - R, the expression for energy can be

givenas W = I °Rt.

But none of the above equations defines the capacity of an electric generator in
delivering the work per unit time because both a small and a large generator can do
the same amount of work over different periods of time. It is the power that specifies
the ability of a piece of equipment to convert a certain amount of energy per unit
time, i.e. its time rate in doing work. This concerns any piece of equipment and
machine, regardless of whether it supplies or consumes electric energy.

So, power is the time rate of energy transformation, for example, the work done
per second. The expression for power is:

p=W/ U U~ iR @
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If in the expressions for energy and power the voltage is in volts, the current is
In amperes, the resistance is in ohms, and the time is in seconds, then the energy is in
newton-meters (N-m) or watt-seconds (W-s), or joules (J), and the power is in watts
(W) or joules per second (J/s). So, the watt is the power developed when work is
done at the rate of one joule per second. The unit of power that is one-thousandth of
a watt is a milliwatt (mW) and the unit that is equal to a thousand watts and used to
measure large amounts of power is a kilowatt (kW).

Since the joule is a small unit, electric energy is commonly expressed in larger
units, watt-hours (W-h) and kilowatt hours. The relations between these units are the
following:

1W-h=3600J and 1kW-h=1000W:-h.

If the external resistance R is very small, the current in the circuit is large and
the voltage U across the generator terminals is low. When R is equal to zero, the
voltage U is also equal to zero. Consequently, the power P delivered to the external
circuit is zero.

At a very large value of external resistance (when the external circuit is open, R
goes to infinity), the current in the circuit is zero and the power transferred to the
external circuit is also zero.

So, as the external resistance increases, the power first grows from zero to a
certain maximum value and then goes to zero.

To transfer a maximum of power to an external circuit, the external resistance
must be equal to the internal resistance of the generator. But one should remember
that in this case the useful effect of the generator is low and its performance is
inefficient because half of the power developed by the generator is used up to
overcome its internal resistance.

The power supplied by a source of energy to the external circuit is the useful
output power P,, and the power received by this source from the outside, for
example, from a source of mechanical energy is the input power Py, or the total
power put into the energy-converting device in question. A load consuming electric
energy from the supply line converts this energy into the energy of another form, for
example, into mechanical energy.

According to the law of conservation of energy, the output power of a source
of e.m.f. or of an electric load is lower than the input power since in the course of
operation of any energy-converting device, a fraction of the energy transformed is
inevitably lost. The energy losses in energy converters arise from the heating of
winding conductors when current flows through them, reversal of steel magnetiza-
tion, eddy currents, and a number of other factors.

The efficiency of an energy converter with respect to power is the ratio of the
useful output P, to the input P;:

— PZ _ P2
7R T (R +AP)’ ®)
where AP is the power loss in the energy converter. The above expression shows that
the efficiency of an energy converter grows with a decrease in the power loss.
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ASSIGNMENTS

I. @) Choose the key sentences from the text and compare them with its
title. b) Say what the text is about ?

Il. Find the parts in the text containing information about: losses of
energy, the capacity of an electric generator in delivering the work, the notion of
a watt

I11. Answer the following questions embracing the content of the text

1. What is energy ? 2. What is the main principle of energy ? 3. What can
mechanical energy be transformed into ? 4. What is the certain amount of energy
equal to ? 5. When is a fraction of energy lost ? 6. What is the product of work
consist of ? 7. What specifies the conversion of energy ? 8. Can you give the
definition of a watt ? 9. Under what circumstances is the current in the circuit large ?
10. Under what circumstances is the voltage law ? 11. What do we do to transfer a
maximum of power to an external circuit ? 12. How do you characterize the
efficiency of an energy converter ?

V. Speak on one of the following topics:

1) The capacity of energy.

2) The source expending energy.

3) The electric generator delivering the work.
4) The external resistance.

5) The law of conversion of energy.

V. Translate the text to be sure you understand it well
V1. Make up a plan of the text

VI1I. Retell the text according to your plan

VI1II. Review the text in written form
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