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HPEAUCJIOBHUE

HucimnumHa — «MHOCTpaHHBIM  SI3bIK»  OTHOCUTCA K JAMCLMIUIMHAM
oOsi3arenbHOM yactu 6ioka b 1 OIl. JlanHas AUCHHUIIIMHA KOHILIETITYaJbHO CBsI3aHa
C TakUMM JUCUMIUIMHAMHU JPYruX ULUKIOB Kak «OOmas 5sHepreTukay,
«DNIEKTPOIHEPTETUUECKUE CUCTEMBI U CETU», « DIIEKTPOCHAOKEHUE» U IPYTUMMU.

Hucuunnuna «IIpodeccroHanbHbIi WHOCTPAHHBIA SI3BIK» OTHOCHTCA K
JUCHMIUIMHAM BapHaTUBHOM 4acTH 00pa30BaTeIbHOM MporpamMmsl. JucIuIimnHa, ¢
OIHOW  CTOpPOHBI, MPEANOJAaracT  yCHEIIHOE  OBJAJACHHUE  JUCLUIIMHON
«HOCTpaHHBIN SA3BIK», & C APYrOM — CBA3aHA CO CIEAYIOIIMMHU JUCUUTLUIMHAMHU
npodeccuoHanpHOro nukia: «OOmast sHepreTuka», «INEKTPOIHEPreTUUECKUE
CUCTEMBI U CETN», «be30nmacHOCTb KU3HEACATEIbHOCTIY.

HucuunnuHa «WHOCTpaHHBIM S3bIK» TpeanonarailoT (GOpPMUPOBAHUE U
pa3BUTHE Yy CTYACHTOB YyHHBepcanbHOM KommereHuun YK-4 «CrnocoOHOCTb
OCYULIECTBJISATh JI€IOBYI0O KOMMYHHMKAIIMIO B YCTHOM M NMUCBMEHHOM (opmax Ha
rocy1apCTBEHHOM si3bike Pocculickoit @enepanui 1 ”HOCTPaHHOM(BIX) sI3bIKE(axX)».
NHaukatopoM JaHHOW KOMIIETEHIMH SIBISIETCS YMEHHE BBITYCKHUKA BECTH OOMEH
JienoBoi nH(opMaluel B yCTHONW U MUChbMEHHOM (hopMax HE MEHEEe YeM Ha OJTHOM
WHOCTPAaHHOM SI3bIKE.

B mpomnecce ocBoenus aucuuiuinHbl «lIpodeccrnonanbHblii HHOCTpaHHBIN
A3BIK» CTYIEHT (OPMUPYET U JEMOHCTPHUPYET CIEAyIoUIe OOIIEKYJIbTypHBIC
komriereHnu (OK) u mpodeccuonanbubie komnerenuuu (11K):

- CHOCOOHOCTh K KOMMYHHUKAIIMM B YCTHOM M NUCBMEHHON (opmax Ha
PYCCKOM M HMHOCTPAHHOM S3bIKax [UIsl PEIIECHHs 3a7ad MEXKJIMYHOCTHOIO U
MEXKKYJIbTypHOTO B3aumoericteus (OK-3).

- CIIOCOOHOCTH AKKYMYJIMPOBAaThb HAYYHO-TEXHHYECKYIO0 HH(POpPMAIHIO,
OTEUYECTBEHHBIN U 3apyO0eKHBIN OMBIT B 00J1aCTH aBTOMATH3AIIMH TEXHOJIOTMUECKUX
MPOLIECCOB W TPOMU3BOJICTB, ABTOMATU3UPOBAHHOTO YIPABICHUS >KU3HEHHBIM

IIUKJIOM MPOYKIIMH, KOMITBIOTEPHBIX CHCTEM yrpaBiieHus ee kauectBom (ITK-18).



Llenpto HacTOSIMIETO Yy4E€OHOTO TMOCOOMS SIBISETCS B3aUMOCBS3aHHOE
pa3BUTHE y CTYIACHTOB KOMMYHUKATHBHON KOMIIETCHIIMM, JOCTAaTOYHOM s
OCYIIECTBJICHUSI OOILIEHUST B COOTBETCTBUU C MPOTrpaMMOil OOydeHHs, a TaKxKe
oOecrieueHre pa3BUTUS YMEHHUHA M HABBIKOB 3(PQPEKTUBHON pabOThl C TEKCTaMU
npodecCUOHaNbHON HANPABICHHOCTH HA aHTJIMHCKOM SI3BIKE.

[Ipu pa3paboTke cHUCTEMbI 3aJaHUM TOJIOKEH MPUHIUI UHTETPATUBHOCTH
00y4eHUsI UHOCTPAHHOMY SI3BIKY, TIPEIMOJIAraloINi KOMIUIEKCHYIO TEMaTHYECKYIO
OpraHu3alyio Y4eOHOro MaTepuana sk B3aUMOCBSI3aHHOTO 00y4YeHHSI BCEM BHUIaM
pEUYEBOU AEATEIBHOCTH.

B yueOHOM mocoOum ynensercs BHUMaHHE pabdOTe 10 YCBOEHUIO
JEKCUYECKUX EAMHMIL 001Iel 1, 0COOEHHO, TPO(ECCHOHATLHOW HAIIPABIEHHOCTH.
BrimonHenne psga yrnpakHEHUN MpeoiaraeT pa3BUTHE HABBIKOB TOBOPEHHUS Ha
npo(ecCUOHANIBHBIE TEMBI, UTO, 0€3yCIOBHO, TIOMOXKET INPOBOAUTH OOOCHOBAaHUE
TE€X WJIA WHBIX MPEUIaraéMbIX MPOEKTHBIX PEHICHUH B OOJACTH PHEPreTHUKU U
AIIEKTPOTEXHUKHU Ha aHTJIIMICKOM SI3BIKE.

B kadectBe wMmarepuana s JAHHBIX METOJAMYECKUX YyKa3aHUW ObUIH
WCIIOJIB30BaHbl CTaThU ¢ OPUIIMATIbHBIX CAaTOB CBOOOHOrO jnoctyna Renewable-
Energy-Technology Net, Engineering News, Energy Policy, International Journal of

Electrical Power & Energy Systems, IEEE Transactions on Power Systems.



CTPYKTYPA YYEBHOI'O TIOCOBUA

VYyebHoe nmocodbue cocTouT U3 AByX yactel. [lepBas yacTh BKIIOYaeT B ceOs
6 TEeMaTUYECKHUX PA3ACIIOB: « DJIEKTPUUCCTBO», « DIEKTpPUIECKas 1enby», «barapen
u gapyrue uctouHuku DJC», «DneKkTpuyeckue T'eHEepaTopbl U paclpesesieHue
ANEKTPOIHEPTUn», « TpanchopmaTopsd, « INEKTPOIBUTATETI.

Btopass dyacte mnocoOusi Bkirouaer B ce0s 11 Tem, NOCBAIICHHBIX
sHepreTuyeckuMm  pecypcam  Poccum:  «@akThl O  THUIPOIHEPTETUKE,
«l'eoTepmanbHass  SHEpTUs», «OHEPTUS TNPUINBOB», «DHEPTUS  BETPAY,
«HMckomaemoe TONIMBO», «ATOMHAs JHEPrus», «JHEPrUs COJHLAY, «IHEPrus
BOJIH», «BHOTOIITNBOY, « JHEPTHUsi OMOMACCHI».

Kaxnaplii U3 TeMaTHYECKUX pa3JeioB O0eUX 4YacTedl MocoOus COAEPKUT
HEOOXONUMBIA JIEKCMYECKHMH MUHHUMYM [0 TeMaM, ayTeHTHYHbIE TEKCThI
podecCHOHANIbHOM HAINPaBIEHHOCTH, YIPAXKHEHHUS, YaCTh KOTOPBIX BBIMOIHSACTCS
BO BpPEMS UTEHHS, a YaCTh — Ha TIOCIETEKCTOBOM 3Tare. BeIOOp TeM KOMMYHHKAITAN
00yCJIaBIMBAETCSI BOBMOXXHOCTHIO (DOPMUPOBAHMS HABBIKOB U YMEHH, JICXKAIIUX B
OCHOBE Pa3BUTHS HABBIKOB MPOPECCHOHAIBHO-OPUCHTHPOBAHHOTO WHOS3BIYHOTO
OOIICHHUS.

B Tekcrax  paccmarpuBaercs — CHEKTp  T€M,  COOTBETCTBYIOIIUX
npodecCHOHALHBEIM HHTEpecaM CTYACHTOB HampaBieHui moarotoBku 13.03.02
«DNMEeKTpOdHEpPreTuKa U dJeKTpoTexHuka», 15.03.04  «ABTomaru3zamus
TEXHOJIOTHYECKHX MPOIIECCOB U TMTPOU3BOCTBY.

[TocneTekcToBbIC YIPaKHEHHsI TMPEACTABICHBI YIPAKHCHUSIMH HA ITOUCK
skBuBajieHToB (English Equivalents), Ha cnoBooOpazoBanue (Word Building), na
omnpenenenue ciHOHMMOB (Rephrase) u 3anonnenue nponyckos (Fill in the Gaps),
cocraBienue auanoros (Dramatize the Dialogues). [letaapHOoe MOHUMaHHE TEKCTA
poBepsieTcsl ¢ MoMoIIblo BompocoB (Questions) W BEpHBIX / HEBEPHBIX

yrBepxkaenuit (True or False).



[TocoOue TaKkxke COAECPKUT TIPAMMATHUYECKHMI CIPABOYHUK M  CIIMCOK
COKpallleHWH, YacTO BCTPEYAIOIIMXCS B HAYYHO-TEXHUYECKOW JMUTEpAType

Benukoopuranuu u CILIA (Appendix).



PART I

INTRODUCTION

The industrial progress of mankind is based on power. Industrial plants,
machines, heating and lighting systems, communications need power. In fact, power
is required in all the spheres of life.

At present most of the power is obtained mainly from two sources. One is
from the burning of coal, gas and oil. The second one is by means of generators that
get their power from steam or water turbines. Electricity so produced is then run
through transmission lines to houses, plants, etc.

It should be noted, however, that the generation of electricity by these
conventional processes is highly uneconomic. Actually, only about 40 per cent of
heat in the fuel is converted into electricity.

Modern technologies are aimed at the creation and usage of the alternative

energy sources. Such directions become economically sound and perspective.

Vocabulary:
coal — yros;
communication — cBs3b;
conventional — TpaaMIIMOHHBIH;
to convert — npeoOGpa3oBbIBATH;
fuel — Tomuso;
heat — teruo;
to heat — orarumBars,;
to light — ocBemats;
to note — 3ameuars;
to obtain — monyuars,;
to require — TpeboBarth;
power — sHeprus,

tO run — HanpaBJIATE,



SOUrcé — HICTOYHUK.

Electric Power

Electric power is generated by converting heat, light, chemical energy, or
mechanical energy to electrical energy. Most electrical energy is produced in large
power stations by the conversion of mechanical energy or heat. The mechanical
energy of falling water is used to drive turbine generators in hydroelectric stations,
and the heat derived by burning coal, oil, or other fossil fuels is used to operate steam
turbines or internal-combustion engines that drive electric generators. Also, the heat
from the fissioning of uranium or plutonium is used to generate steam for the turbine
generator in a nuclear power plant.

Electricity generated by the conversion of light or chemical energy is used
mainly for portable power sources. For example, a photoelectric cell converts the
energy from light to electrical energy for operating the exposure meter in a camera,
and a lead — acid battery converts chemical energy to electrical energy for starting
an automobile engine.

Electric power produced in large power stations generally is transmitted by
using an alternating current that reverses direction 25, 50, or 60 times per second.
The basic unit for measuring electric power is the watt — the rate at which work is
being done in an electric circuit in which the current is one ampere and the
electromotive force is one volt.

Rating for power plants is expressed in kilowatts (1,000 watts) or megawatts
(1 million watts). Electric energy consumption normally is given in kilowatts—hours
— that is, the number of kilowatts used times the number of hours of use. Electricity
Is a clean, inexpensive and easily transmitted over long distances. Since the 1880s
electricity has had an ever-increasing role in improving the standard of living. It now
used to operate lights, pumps, elevators, power tools, furnaces, refrigerators, air-
conditioners, TV sets, and many other kinds of equipment. It has been counted that
in developed countries about 45 % of the electric power is generally used for

industrial purposes, 32 % in homes, and more than 20 % in commercial enterprises.



Vocabulary:
conversion — peoOpa3oBaHue, IPEBPAIICHUE;
to derive — u3BJICKaTh, MTOJIYYATh;
internal-combustion engine — gBuraTens BHyTPEHHETO CrOPAHUS;
fission — nenenue, paciericHue, hparMeHTaIHS;
portable — mopraTuBHEI, IEPEHOCHOM, TPaHCTIOPTAOCITLHBIN;
alternating current — mepeMeHHbIH TOK;
Inexpensive — HeTOPOTOH;

furnace — neus.

I. Answer the following questions:
1. Where is electric power used?
2. What is the basic unit for measuring electric power?
3. How is electric power produced in large power stations transmitted?
4. Why is electric power considered to be the most widespread?

5. Why it has improved the standard of living?

Power Engineering

Power engineering is the subfield of electrical engineering that deals with
power systems, specifically electric power transmission and distribution, power
conversion, and electromechanical devices. Out of necessity, power engineers also
rely heavily on the theory of control systems. A power engineer supervises, operates,
and maintains machinery and boilers that provide heat, power, refrigeration, and
other utility services to heavy industry and large building complexes.

Power engineering was one of the earliest fields to be exploited in electrical
engineering. Early problems solved by engineers include efficient and safe

distribution of electric power. Nikola Tesla was a notable pioneer in this field.
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Power Engineering deals with the generation, transmission and distribution of
electricity as well as the design of a range of related devices. These include
transformers, electric generators, electric motors and power electronics.

In many regions of the world, governments maintain an electrical network that
connects a variety of electric generators together with users of their power. This
network is called a power grid. Users purchase electricity from the grid avoiding the
costly exercise of having to generate their own. Power engineers may work on the
design and maintenance of the power grid as well as the power systems that connect
to it. Such systems are called on-grid power systems and may supply the grid with
additional power, draw power from the grid or do both.

Power engineers may also work on systems that do not connect to the grid.
These systems are called off-grid power systems and may be used in preference to
on-grid systems for a variety of reasons. For example, in remote locations it may be
cheaper for a mine to generate its own power rather than pay for connection to the
grid and in most mobile applications connection to the grid is simply not practical.

Today, most grids adopt three-phase electric power with an alternating
current. This choice can be partly attributed to the ease with which this type of power
can be generated, transformed and used. Often (especially in the USA), the power is
split before it reaches residential customers whose low-power appliances rely upon
single-phase electric power. However, many larger industries and organizations still
prefer to receive the three-phase power directly because it can be used to drive highly

efficient electric motors such as three-phase induction motors.

Vocabulary:
subfield — pa3nen, gacTs,
transmission — nepeaava;
distribution — pacnpenenenue;
to supervise — HaOIIOAaTh, 3aBEIOBATH,
utility services — KOMMyHaJIbHbIE CITYKOBI;

to exploit — skcruryaTnpoBaTth, HCIOJIB30BATh;
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range — auHusd, psna,

to purchase — mokymars;

maintenance — o0CTy)KMBaHHE;

remote locations — otnaieHHbIE paliOHBI;

to split — pasnensTs.
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UNIT 1

ELECTRICITY

Electricity is considered to be the basis of our civilization. Electric energy is
widely used in industry to power a great variety of mechanisms and directly in
production processes, for transportation and residential purposes. Such modern
means of communication as telegraph, telephone, radio, television depend for their
operation on electric power.

The greater part of electricity goes to industrial usage. However, there has
been a marked increase in residential and commercial usage of energy. In agriculture
electric energy finds a great variety of applications, especially in electrification of
mobile agricultural equipment, primarily tractors. Besides, electric energy is
employed in agricultural processes, using high-frequency current, ultra-violet and
infra-red rays, ultra-sound, etc.

Commercial and residential usage of electric energy is growing at an ever
increasing rate. In the past electricity was mainly used for lighting. The progress in
electrical engineering has led to the development of such sophisticated and
convenient household appliances as refrigerators, TV-sets, washing machines, etc.
The wider use of these appliances has resulted in a growing consumption of electric
energy.

It is essential not only to increase the amount of consumed electric power but
also to improve the efficiency of its usage.

The amount of electricity going to industrial and residential usage from the
power system varies both during a day and during a year. In the morning, when work
begins at enterprises, the light is turned on in apartments and public transport starts
running, energy consumption considerably increases, which is referred to as the
morning peak demand. During the day, the demand on the power system decreases.
In the evening, the demand on the system is, as a rule, at maximum because this is
the time when the electric vehicles of public transport run at the shortest interval,

street and apartment lights are turned on as there are numerous electric appliances,
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such as TV and radio sets, heaters, etc. During the same hours some enterprises go
on working. In the night-time most electric power users do not operate and the power
demand «drops» low.

The change of seasons is another factor affecting the consumption of electric
energy. For instance, in winter a larger amount of energy is used for lighting and
heating. Energy usage is also dependent on weather conditions. A snowfall increases
the amount of power used for transportation.

An unforeseeable change in energy consumption may occur in industrial
enterprises where the number of units of electrical equipment operating at the
moment and their power may vary due, for instance, to the re-orientation of a
production process or the introduction of design modification in the articles being
manufactured, etc.

It is impossible to predict exactly the countless number of factors affecting
energy consumption in the power system, since for objective reason these factors are
random in nature. Yet the time-variation of energy usage is very desirable

information if the performance of an electric power system is to be controlled.

Vocabulary:
residential — sxusoli (MOTpeOUTENBCKHIA);
ultra-violet — ynerpaduoneToBbIi;
infra-red rays — undpaxpacHsie J1y4u;
ultra-sound — ynbeTpa3BykoBasi TEXHHKA;
to increase — yBeIu4nBaTh, BO3PAcTaTh;
sophisticated — coxHBIiA;
appliance — anmapat, npudop, yCTpoMCTBO;
consumption — motpebIieHue;
t0 IMprove — coBepIICHCTBOBATb, YIy4IIIaTh;
unforeseeable — nenpeaBuICHHBII;
vary — MeHSITb, H3MEHSTh;

countless — MHOTOYMCIICHHBII.
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I. Answer the following questions:

1. In what spheres of life is electricity widely used?

2. In what way is electric energy used in industry?

3. Is there the problem of electric power consumption?

4. How does the amount of electricity we use vary during a day and during a
year?

5. Do the change of seasons and weather conditions affect the consumption of
electric energy?

6. Why is it important to predict the number of factors affecting energy
consumption in the power system?

7. Why is the information about time-variation of energy usage important?

8. What electric devices do you use at home (at work)?

9. What do the students of Electricity Supply specialty study?

10. What modern computer technology is used to design electricity supply

systems?

I1. Translate the following word combinations into Russian:
— residential usage;
— a great variety;
— modern means of communication;
— high-frequency current;
— an increasing rate;
— sophisticated;
— convenient household appliances;
— the consumption of electric energy;
— an unforeseeable change;
— the countless number of factors;

—to improve the efficiency.
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1.1. Principles of electricity

VOLTAGE AND CURRENT

Voltage is the electrical equivalent of mechanical potential. If a person drops
a rock from the first storey of a building, the velocity that the rock attains on reaching
the ground is fairly small. However, if the rock is taken to the twentieth floor of the
building, it has a much greater potential energy and, when it is dropped it reaches a
much higher velocity on reaching the ground. The potential energy of an electrical
supply is given by its voltage and the greater the voltage of the supply source, the
greater its potential to produce electrical current in any given circuit connected to its
terminals (this is analogous to the velocity of the rock in the mechanical case). Thus
the potential of a 240-volt supply to produce current is twenty times that of a 12-volt
supply.

The electrical potential between two points in a circuit is known as the
potential difference or p. d. between the points. A battery or electrical generator has
the ability to produce current flow in a circuit, the voltage which produces the current
being known as the electromotive force (e. m. f.). The term electromotive force
strictly applies to the source of electrical energy, but is sometimes (incorrectly)
confused with potential difference. Potential difference and e. m.f. are both
measured in volts, symbol V.

The current in a circuit is due to the movement of charge carriers through the
circuit. The charge carriers may be either electrons (negative charge carriers) or
holes (positive charge carriers), or both. Unless stated to the contrary, we will
assume conventional current flow in electrical circuit that is we assume that current
is due to the movement of positive charge carriers (holes) which leave the positive
terminal of the supply source and return to the negative terminal. The current in an
electrical circuit is measured in amperes, symbol A, and is sometimes (incorrectly)
referred to as “amps”.

A simple electrical circuit comprises a battery of e.m.f. 10 V which is

connected to a heater of fixed resistance; let us suppose that the current drawn by

15



the heater is 1 A. If two 10-V batteries are connected in series with one another, the
e. m. f. in the circuit is doubled at 20 V; the net result is that the current in the circuit
is also doubled. If the e. m. f. is increased to 30 V, the current is increased to 3 A,
and so on.

A graph showing the relationship between the e. m. f. in the circuit and the
current is a straight line passing through the origin; that is, the current is zero when

the supply voltage is zero. This relationship is summed up by Ohm’s law.

Vocabulary:
conductor — mpoBOHUK;
semiconductor — moynpoBOIHHK;
insulator — u30ATOP, TUINEKTPHK;
circuit — uensp, cxema;
current — Tok;
alternating current — mepeMeHHBIN TOK;
direct current — HOCTOSAHHBIN TOK;
SOUrCe — UCTOYHUK,
to supply — cHaGxaTh;
property — CBOMCTBO;
velocity — ckopocTs;
potential difference — pa3sHOCTh MOTEHIHAIIOB;
electromotive force — anexTpoaABHXKYIIAs CHIIA;
t0 measure — u3mepsTh;
charge — 3apsiz;
parallel connection — mapanenbHOE COSTUHEHHE;

IN Series — mocJen0BaTEIbHOE COECIMHEHHE.
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I. Recognize the following international words:
electrical, material, resistor, orbit, electron, atom, electronics, diode,
transistor, laser, equivalent, potential, energy, voltage, analogous, battery, generator,

ampere.

I1. Decode the following acronyms:
e.m.f;d.c;ac,;p.d;V,;A.

I11. Read and translate the following words and word combinations:
excellent, conductor, current flow, good insulator, semiconductor materials,
electrical supply, potential difference, supply source, a measured electromotive

force, charge carrier, electrical circuit, series connection, much higher velocity.

IV. Use the words and the word combinations from the exercises Il and IV in the
following sentences:
1... include silicon, germanium and cadmium sulphide.
. Battery is the simplest ...
. Electrons are negative ...

.Metal is a ...

2

3

4

5. Electrical generator produces ...

6. The electrical potential between two points in a circuit is known as the ...
7. Two types of connections are known in electrical circuit: ... and ...

8

. The voltage which produces the current is known as ...

V. Find the sentences in the text about:
a) potential difference;
b) charge carriers;
c) measurements of potential difference and electromotive force;
d) electrical equivalent of mechanical potential;

e) conventional current flow;
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f) electromotive force;

g) series connection.

VI. Answer the questions to the text using the following introductory phrases: as
far as | know; I think quite so; it is really; as far as | remember.

1. What is voltage?

2. By what is potential energy of an electric supply given?

3. The electrical potential between two points in a circuit is known as the
potential difference, isn’t it?

4. What device has the ability to produce current flow in a circuit?

5. In what terms is e. m. f. measured?

6. Why does the current occur in the circuit?

7. May holes be charge carriers?

8. In what terms are current measured?

9. In what law is the relationship between e. m. f. and the current summed up?

VII. Express the main idea of each paragraph of the text “Voltage and Current”

in writing.

VIII. Retell the text using the sentences, expressing the main idea of its

paragraphs as a plan, and introductory phrases of exercise VII.

1.2. Conductors, semiconductors and insulators
A conductor is an electrical material (usually a metal) which offers very little
resistance to electrical current. The reason that certain materials are good conductors
is that the outer orbits (the valence shells) in adjacent atoms overlap one another,
allowing electrons to move freely between the atoms.
An insulator (such as glass or plastic) offers a very high resistance to current

flow. The reason that some materials are good insulators is that the outer orbits of
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the atoms do not overlap one another, making it very difficult for electrons to move
through the material.

A semiconductor is a material whose resistance is midway between that of a
good conductor and that of a good insulator. Commonly used semiconductor
materials include silicon and germanium (in diodes, transistors and integrated
circuits), cadmium sulphide (in photoconductive cells), gallium arsenide (in lasers,
and light-emitting diodes), etc. Silicon is the most widely used material, and it is

found in many rocks and stones (sand is silicon dioxide).

I. Agree or disagree with the following statements using introductory phrases: You
are quite right; It is really so, I quite agree with you; That’s wrong; On the contrary;
I'm afraid you are wrong.

1. A conductor offers very little resistance.

2. Commonly used semiconductor materials are different metals.

3. Conductor materials are usually metals.

4. An insulator offers very little resistance.

5. Semiconductor materials such as silicon and germanium are used in diodes,
transistors, integrated circuits.

6. It is very difficult for electrons to move through the material in insulators.

7. A semiconductor resistance is midway between that of a good conductor
and that of a good insulator.

8. Electrons move freely between the atoms in semiconductors.

9. Insulator materials are glass and plastic.
I1. Imagine that one of the students is a teacher of electric engineering. The group
consults the teacher before the exam. Ask as many questions as you can on both of

the texts.

I11. Dramatize the dialogues.
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— 1 3Ha10, YTO THI YYUIIILCS HA dSHEpPTreTHUecKoM (akyibTeTe. OOBSICHU MHE,
MOXKAIYHCTA, UTO TAKOE MPOBOJIHUKU U JUBJIEKTPUKHU.

— Koneuno. IIpoBogHUMK — 3TO Marepuall, KOTOpPBIA OKa3bIBAE€T OYEHb
MaJICHbKOE COIPOTUBICHUE HJIEKTPUUECKOMY TOKY, TO €CTh MPOBOAUT TOK. A
JUAJIEKTPUK — 3TO MaTepHall, KOTOPbIH OKa3bIBAET OYEHB OOJIBIIIOE COMTPOTUBIICHUE
ANEKTPUYECKOMY TOKY. [IpakTH4YeCKH OH TOK HE MPOBOJINT.

— Kak s noHsi1, noJrynmpoBOIHUK — 3TO YTO-TO CPEHEE MEXKY ITPOBOJIHUKOM
u audnekTpukoM. Kakoil marepuan MoxeT OBITh XOPOUIUM MPOBOIHUKOM,
JURJIEKTPUKOM U TIOJIyITPOBOAHUKOM?

— Meramibsl — XOpomMe MNPOBOJAHUKHU. XOPOUIME IUAIEKTPUKUA CTEKIIO U
miactTMacchl. OOBIYHO HKCIIONB3YyEMbIE TOJYIIPOBOHUKOBBIE MaTEpPHAIBl — 3TO
KpEMHE3eM, TepMaHui, Cyabpua KaaMusl.

2.

— MHTEpecHO, YeEM 3TO Thl 3aHUMACIIBCS?

— I'oTOBIIIOCH K 3a4€Ty MO ANEKTPOTEXHUKE. HAaCKOIBKO S MOMHIO, ThI YK€
cnai ero. [IpoBeps MeHs, MOXkKaTyHCTA.

— Xopomo. Kak 3aBUCHT 3JEKTPUUECKUI TOK OT HAIIPSKEHUS ?

— Hy, aT0 npocto. UeMm Godbliie HAMPSHKEHUE UCTOYHHMKA, TEM OOJIBIINN OH
MMeEET MOTEHIMAM IJI MPOU3BOACTBA TOKA B IIEIH.

— [IpaBunbHO. A 4TO Takoe pa3HuUIlAa NOTEHIHATIOB?

— DNEKTPUYECKUN MOTEHIHAII MEKIY IBYMsI TOUKaMHU B LEMU U3BECTEH Kak
pa3HuIla TOTEHUHAJIOB. A  HampshKEHUE, KOTOpO€ TMPOU3BOJUT TOK, —
AIEKTPOABUKYILAS CUJIA.

— A TOK — 3TO JKMJIKOCTh, KOTOpasi TSYET BHYTPHU IPOBOJIOB, HE TAK JIU?

— Hy, yx HeT, Tbl MeHs He coObEmb. TOK B 1lenu mosiBisieTcss Onmarogaps
JBH>KCHUIO TOJIOKUTEIBHO 3aPSKEHHBIX YaCTHUIl K OTPULIATENIBHO 3apSKEHHOMY
IIOJIIOCY .

— Otnuuno! MHTEpECHO, MOYEMY KE ThI HE CIAJ ATOT 3a4ET € MEPBOrO pasa.
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UNIT 2

ELECTRIC CURRENT

Ever since Volta first produced a source of steady continuous current, men of
science have been forming theories on this subject. For some time they could see no
real difference between the newly-discovered phenomenon and the former
understanding of static charges. Then the famous French scientist Ampere (after
whom the unit of current was named) determined the difference between the current
and the static charges. In addition to it, Ampere gave the current direction: he
supposed it to flow from the positive pole of the source round the circuit and back
again to the negative pole.

We consider Ampere to be right in his first statement but he was certainly
wrong in the second, as to the direction of the current. The student is certain to
remember that the flow of current is in a direction opposite to what he thought.

Let us turn our attention now to the electric current itself. The current which
flows along wires consists of moving electrons. What can we say about the electron?
We know the electron to be a minute particle having an electric charge. We also
know that that charge is negative. As these minute charges travel along a wire, that
wire is said to carry an electric current.

In addition to traveling through solids, however, the electric current can flow
through liquids as well and even through gases. In both cases it produces some most
important effects to meetlndustrial requirements.

Some liquids, such as melted metals for example, conduct current without any
change to themselves. Others, called electrolytes, are found to change greatly when
the current passes through them.

When the electrons flow in one direction only, the current is known to be d.c.,
that is, direct current. The simplest source of power for the direct current is a battery,
for a battery pushes the electrons in the same direction all the time (i.e., from the

negatively charged terminal to the positively charged terminal).
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The letters a.c. stand for alternating current. The current under consideration
flows first in one direction and then in the opposite one. The a.c. used for power and
lighting purposes is assumed to go through 50 cycles in one second.

One of the great advantages of a.c. is the ease with which power at low voltage
can be changed into an almost similar amount of power at high voltage and vice
versa. Hence, on the one hand alternating voltage is increased when it is necessary
for long-distance transmission and, on the other hand, one can decrease it to meet
industrial requirements as well as to operate various devices at home.

Although there are numerous cases when d.c. is required, at least 90 per cent
of electrical energy to be generated at present is a.c. A.c. finds wide application for
lighting, heating, industrial, and some other purposes.

One cannot help mentioning here that Yablochkov, Russian scientist and

inventor, was the first to apply a.c. in practice.

Vocabulary:
to be certain — GBITH YBEPCHHBIM;
as well — taxxe, Toxe;
to consider — paccmaTpuBarh;
to decrease — yMeHbIIIATS;
to determine direct current — u3mMepsATh MOCTOSHHBIN TOK;
direction — HampaseHue;
to increase — yBenm4nBaTh,
to appear — nosBAATHCS;
to meet requirements — y10BJI€TBOPSATH TPEOOBAHUSIM;
particle — gactua,;
to require statement — Tpe60OBaTh KOHCTATALINH,
subject — mpeamer;
terminal — xiiemma;
to pass through — npoxoauts uepes;

Wire — mpoBojI, MPOBOJIOKA;
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solid — TBep10€ BemecTBO;

both — 06a, 0be; u TOT U APYTOW.

I. Ask the questions.

1. if electricity is a form of energy.

2. if there are two types of electricity.

3. if alternating voltage can be increased and decreased.

4. if Franklin made an important contribution to the science of electricity.

5. if Ampere determined the difference between the current and the static
charges.

6. if the electric current can flow through liquids and through gases.

7. if the electrolytes change greatly when the current passes through them.

8. if a negatively charged electron will move to the positive end of the wire.

I1. Explain why.

1. static electricity cannot be used to light lamps, to boil water, to run electric
trains and so on.

2. voltage is increased and decreased.

3. the unit of electric pressure is called the volt.

4. students must learn English.

5. Ampere was wrong as to the current direction.

6. the current is said to flow from the positive end of the wire to its negative

end.

I11. The following statements are not true to the fact. Correct them,

1. Electrons flow from the positively charged terminal of the battery to the

negatively charged terminal.

2. Ampere supposed the current to flow from the negative pole to the positive.
3. Static electricity is used for practical purposes.

4. Static electricity is not very high in voltage and it is easy to control it.
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5. To show that the charges are unlike and opposite Franklin decided to call
the charge on the rubber positive and that on the glass negative.

6. Galvani thought that electricity was generated because of the contact of the
two dissimilar metals used.

7. Volta took great interest in atmospheric electricity and began to carryon
experiments.

8. The direct current is known to flow first in one direction and then in the
opposite one.

9. The direct current used for power and lighting purposes is assumed to go

through 50 cycles a second.

IV. Give a heading to each paragraph of the text. Explain why you have given

such a heading.

V. Give a short summary of the text.

VI. Form six sentences combining suitable parts of the sentence given in the
columns.

1. The electric current is the energy of position.

o o

2. Kinetic energy is electricity at rest.

3. Static electricity is the flow of moving electrons.

o o

4. Potential energy is the energy of motion.

5. The direct current is

@

a discharge of electricity.

6. Lightning is f. the flow of electrons in one direction.
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2.1. Types of electric current

An electric current may be produced in a variety of ways, and from a number
of different types of apparatus, e.g. an accumulator, a d. c. or an a. c. generator, or a
thermionic valve. Whatever the source of origin, the electric current is
fundamentally the same in all cases, but the manner in which it varies with time may
be very different. This is shown by the graph of the current plotted against time as a
base, and a number of examples are illustrated in Fig. 1.

(a) represents a steady direct current (D.C.) of unvarying magnitude, such as
IS obtained from an accumulator.

(b) represents a D.C. obtained from a d. c. generator, and consists of a steady
D.C. superimposed on which is a uniform ripple of relatively high frequency, due to
the commutator of the d. c. generator. As the armature rotates the commutator
segments come under the brush in rapid succession and produce a ripple in the
voltage which is reproduced in the current.

(c) represents a pulsating current varying periodically between maximum and
minimum limits. It may be produced by adding a D.C. to an A.C. or vice versa. The
d. c. component must be the larger if the current is to remain unidirectional. All the
first three types, of current are unidirectional, i.e. they flow in one direction only.

(d) represents a pure alternating current (A.C.). The current flows first in one
direction and then in the other in a periodic manner, the time of each alternation
being constant. In the ideal case the current varies with time according to a sine law,
when it is said to be sinusoidal. Considering the time of a complete cycle of current
(a positive half-wave plus a negative half-wave) as equal to 360°, the instantaneous
values of the current are proportional to the sine of the angle measured from the zero
point where the current is about to rise in the positive direction*.

(e) represents a type of A.C. with a different wave form. Such an A.C. is said
to have a peaked wave form, the term being self explanatory.

(f) represents an A.C. with yet another different wave form. Such an A.C. is

said to have a flat-topped wave form, the term again being self-explanatory. Both
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this and the previous example represent cases of A.C. having non-sinusoidal wave
forms.

(g) represents an example of an oscillating current, and is similar in shape to
(d) except that it has a much higher frequency. An oscillating current is usually
regarded as one having a frequency determined by the constants of the circuit,
whereas an alternating current has a frequency determined by the apparatus
supplying the circuit.

(h) represents another type of oscillating current which is known as damped.
The current again has a constant frequency, but its amplitude is damped, i.e. it dies
down, after which it is brought back to its original value.

(i) represents yet another type of oscillating current, this time known as a
modulated current. The amplitude varies rhythmically between maximum and
minimum values. It may even die down to zero.

(j) The next three examples represent various types of transient currents.
These transient currents usually die away extremely rapidly, and times** are
generally measured in microseconds. The first example shows a current dying away
to zero, and is an example of a unidirectional transient. Theoretically it takes an
infinite time to reach absolute zero.

(k) represents a simple a. c. transient. The current gradually dies down to zero
as in the previous case, but this time it is an A.C. that is dying away.

() represents a peculiar, but not uncommon, type of a. c. transient. The current
is initially unidirectional, but it gradually becomes an ordinary A.C. The positive
half waves die away much more rapidly than the negative half-waves grow, so that
the final amplitude is very much reduced.

The above examples do not represent all the types of current encountered, but
they serve as illustrations of what may be expected. It will be observed that in all the
above cases the current consists of either or both unidirectional and alternating
components***. In modern electrical engineering alternating currents play a

predominant part, so that knowledge of the a. c. circuit is of basic importance.
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Fig. 1. Types of Electric Current.

* where the current is about to rise in the positive direction rae Tox momken
HayaTh BO3pacTaTh B MOJIOKUTEIIBHOM HampaBjieHuH; (to) be about to cobuparhcs
(menatp 4. 1.)

** times 311. nepuoovl 3amyxanusi

*** in all the above cases the current consists of either or both unidirectional
and alternating components Bo Bcex BbINIEyKa3aHHBIX CIYYasiX TOK COCTOUT WJIH U3
TOKa OJHOI'O HAIIPaBJICHHA, WKW M3 3HAKOB IICPCMCHHOI'O TOKaA, WJIHM M3 TOI'O0 H
npyroro Bmecte. Above B yHKIIMHU ONpeeIeH s IEPEBOUTCS «BBILLIECYKa3aHHBIMH,
BBIIIIEYTOMSIHYThIIY». MecTtoumenue either 37eck uMeeT 3HaYCHUE 110001, 0OUH U3

08yx, HO HE 00a

2.2. Difference between a. c. and d. c.

A direct current (D.C.) flows continuously through a conducting circuit in one
direction only, although it may not be steady so far as magnitude is concerned. It is
unidirectional in character. An alternating current (A.C.), on the other hand,
continually reverses in direction, as its name implies. Starting from zero, it grows in

one direction, reaches a maximum, dies down to zero again, after which it rises in
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the opposite direction, reaches a maximum, again dying down to zero. It is thus
continually changing in magnitude as well as direction, and this continual change
causes certain effects of far-reaching importance.

It can be shown that high voltages are desirable for the economic transmission
of a given amount of electric power. Take, for example, the transmission of 1000
KW. If the transmission voltage is 100 volts the current must be 10,000 amperes, but
if the transmission voltage is 10,000 volts the current is only 100 amperes. The
crosssection of the cables transmitting the power is determined by the current to be
carried, and so in the former case the cables would need to be very much larger than
in the latter case. It is true that the high-voltage cable would need to have more
insulation, but even so, it would be very much cheaper than the larger low-voltage
cable. A high voltage is therefore essential for the economic transmission of electric
power. Again, a. c. generators can be designed and built for much higher voltages
than can d. c. generators, the voltage of the latter being limited by the problem of
sparking at the commutator, a component which is absent in the a. c. generator. Then
there is the most important factor that it is easy to transform a. c. power from one
voltage to another by means of the transformer, an operation that is denied to the
d. c. system.

The transformer also enables the voltage to be stepped down at the receiving
end of the transmission line to values which can readily be used by the various
consumers. If necessary, it can be converted to the d. c. form for actual use, although
this is not often necessary. There are certain processes for which D.C. is either
essential or at any rate desirable but the utilization of electric power in the a. c. form
is growing steadily. At the present day, by far the greater part* of the generation,

transmission, and utilization of electric power is carried out by means of A.C.

* by far the greater part 3HauuTenpHO OOJBINIAS YACTh; by far ynmorpeosercs

nepen CpaBHHTCHBHOﬁ CTCIICHBIO IIPpUJIAraTCJIbHOIO J1JIA YCHIICHUS €TI0 3HAUCHUSA
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UNIT 3

BATTERIES AND OTHER SOURCES OF E.M.F.

A cell contains two plates immersed in an electrolyte, the resulting chemical
action in the cell producing an e. m. f. between the plates. Cells can be grouped into
two categories. A primary cell cannot be recharged and, after the cell is “spent” it
must be discarded (this is because the chemical action inside the cell cannot be
“reversed”). A secondary cell or storage cell can be recharged because the chemical
action inside it is reversed when a “charging” current is passed through it.

Cells are also subdivided into “dry” cells and “wet” cells. A dry cell is one
which has a moist electrolyte, allowing it to be used in any physical position (an
electric torch cell is an example). A wet cell is one which has a liquid electrolyte
which will spill if the cell is turned upside down (a cell in a conventional lead-acid
auto battery is an example). There is, of course, a range of sealed rechargeable cells
which are capable of being discharged or charged in any position; the electrolyte in
these cells cannot be replaced.

A battery is an interconnected group of cells (usually connected in series) to
provide either a higher voltage and/or a higher current than can be obtained from

one cell.

STORAGE BATTERIES
Rechargeable cells are often connected in series to form a storage battery, a
car battery being an example; a storage battery is frequently called an accumulator.
The cells of the battery have a reversible chemical action and, when current is passed
through them in the “reverse” direction (when compared with the discharging state);
the original material of the electrodes is re-formed. This allows the battery to be

repeatedly discharged and charged.
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RESISTOR TYPES
A resistor is an element whose primary function is to limit the flow of
electrical current in a circuit. A resistor is manufactured either in the form of a fixed
resistor or a variable resistor, the resistance of the latter being alterable either
manually or electrically. Many methods are employed for the construction of both

fixed and variable resistors.

Vocabulary:
to electroplate — HaHOCUTH MOKPBITHE TATLBAHUICCKUM CIIOCOOOM;
cell (storage) — aieMeHT (aKKyMYJIATOPHBIH);
plate — mnacTuna, aHO;
to immerse — norpyxars;
reverse — nepekIroYeHre, U3MEHEHHUE MOJIIPHOCTH;
resistor — conpoTHBIICHHE, PEOCTAT;
magnitude — BenmuuHa;
thermocouple — Tepmomniapa, TepMO3JIEMEHT;
to pilot — menTpoBars;
bearing — moaIIMITHKK, OIIOpa;
taut — ynpyrui;
air-vane — damping maeBMaTH4eCKOE 3aTyXaHue,
armature — cepA€YHUK, IKOPb;
fuse ruraBkmii peOXpaHUTEIIb;
trip — MexaHu3M I aBTO BBIKITIOUCHHS,
slug — cepneunuk;
to deflect — orknoHsTE;
t0 ensure — rapaHTUpPOBATh;
to wound — HaMaTBIBAaTh, BUTOK;
eddy current — BuXpeBoi TOK;
dashpot — macnsubIi Oydep;

drag — 371ech CONPOTHBIICHHE.
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I. Recognize the following international words:
chemical, effect, electric, industry, electrode, anode, cathode, electrolyte,
material, battery, category, accumulator, limit, resistor, function, employ,

construction, instrument, electrostatic, voltmeter, wattmeter.

Il. Read and translate the following word combinations:

electroplating industry; electrochemical effect; primary cell; secondary or
storage cell; moist electrolyte; reversible chemical action; fixed resistor; variable
resistor; analogue instruments; digital instruments; thermocouple instruments; a
deflecting force; a controlling force; a damping force; permanent magnet; taut metal

band; small section wire; iron armature; magnetic pull.

I11. Use the word combinations given above in the following sentences.
1. All the ... depend on the electrolyte.
2. ... can be recharged.
3. Adrycellhasa ...
4. Rechargeable cells are often connected in series to form a ...
5. When current is passed through cells of the battery in the reverse direction
they have a ...
6. There are two types of resistors: ..., ... and ...
7. Instruments are classified as ... and ...
8. The effect of heat produced by a current in a conductor is used in ...
9. The moving coil is situated in the magnetic field produced by a ...

10. The “voltage” coil has many turns of ...

IV. Answer the following questions using the introductory phrases:
I should say; to my mind; as far as I know (remember); certainly; if I’'m not
mistaken.

1. What does each cell contain?
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2. What two categories of cells are there?

3. Can a primary cell be recharged?

4. Why must it be discarded?

5. Why can a secondary cell be recharged?

6. What is the difference between a dry cell and a wet cell?

7. What device do we call a battery?

8. What device do rechargeable cells form when they are connected in series?
How does it work?

9. What is the function of a resistor?

V. Using the above introductory phrases speak about:
a) primary and secondary cells;
b) dry and wet cells;
C) batteries and storage batteries;

d) resistors.

3.1. Electrochemical effect

The chemical effect of an electric current is the basis of the electroplating
industry; the flow of electric current between two electrodes (one being known as
the anode and the other as the cathode) in a liquid (the electrolyte) causes material
to be lost from one of the electrodes and deposited on the other.

The converse is true, that is, chemical action can produce an e. m. f. (for
example, in an electric battery).

All these electrochemical effects depend on the electrolyte. The majority of
pure liquids are good insulators (for example, pure water is a good insulator), but
liquids containing salts will conduct electricity. You should also note that some
liquids such as mercury (which is a liquid metal) are good conductors.
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L. Find in the text “Electrochemical effect” sentences about:
a) the flow of electric current between two electrodes;
b) liquids which are good conductors;
¢) liquids which are good insulators;
d) electroplating industry;
e) products of chemical action;

) dependence of electrochemical effects on the electrolytes.

I1. Explain electrochemical effect to your partner using the following key words:
chemical effect; electroplating industry; the anode; the cathode; liquid; cause;

to be lost from; to be deposited.

3.2. Types of instruments

Instruments are classified as either analogue instruments or digital
instruments. An analogue instrument is the one in which the magnitude of the
measured electrical quantity is indicated by the movement of a pointer across the
face of a scale. The indication on a digital instrument is in the form of a series of
numbers displayed on a screen; the smallest change in the indicated quantity
corresponding to a change of "1 digit in the least significant digit (1. s. d.) of the
number. That is, if the meter indicates 10.23 V, then the actual voltage lies in the
range from 10.22 V to 10.24 V. Both types of instrument have their advantages and
disadvantages, and the choice of the best instrument depends on the application you
have in mind for it. As a rough guide to the features of the instruments, the following
points are useful:

a) an analogue instrument does not (usually) need a battery or power supply;

b) a digital instrument needs a power supply (which may be a battery);

¢) a digital instrument is generally more accurate than an analogue instrument
(this can be a disadvantage in some cases because the displayed value continuously
changes as the measured value changes by a very small amount);

d) both types are portable and can be carried round the home or factory.

33



3.3. A galvanometer or moving-coil instrument

A galvanometer or moving-coil instrument depends for its operation on the
fact that a current-carrying conductor experiences a force when it is in a magnetic
field. The “moving” part of the meter is a coil wound on an aluminium former or
frame which is free to rotate around a cylindrical soft-iron core. The moving coil is
situated in the magnetic field produced by a permanent magnet; the function of the
soft-iron core is to ensure that the magnetic field is uniformly distributed. The soft-
iron core is securely fixed between the poles of the permanent magnet by means of
a bar of non-magnetic material.

The moving coil can be supported either on a spindle which is pivoted in
bearings (often jewel bearings) or on a taut metal band (this is the so-called pivot
less suspension). The current enters the “moving” coil from the terminal either via a
spiral hairspring or via the taut band mentioned above. It is this hairspring (or taut
band) which provides the controlling force of the instrument. The current leaves the
moving coil either by another hairspring or by the taut band at the opposite end of
the instrument.

When current flows in the coil, the reaction between each current-carrying
conductor and the magnetic field produces a mechanical force on the conductor; this
is the deflecting force of the meter.

This force causes the pointer to be deflected, and as it does so the movement
IS opposed by the hairspring which is used to carry current into the meter. The more
the pointer deflects, the greater the controlling force produced by the hairspring.

Unless the moving system is damped, the pointer will overshoot the correct
position; after this it swings back towards the correct position. Without damping, the
oscillations about the correct position continue for some time. However, if the
movement is correctly damped, the pointer has an initial overshoot of a few per cent
and then very quickly settles to its correct indication. It is the aim of instrument

designers to achieve this response.

34



Damping is obtained by extracting energy from the moving system as follows.
In the moving-coil meter, the coil is wound on an aluminium former, and when the
former moves in the magnetic field of the permanent magnet, a current (known as
an eddy current) is induced in the aluminium former. This current causes power to
be consumed in the resistance of the coil former, and the energy associated with this

damps the movement of the meter.

3.4. Requirements of analogue instruments

Any instrument which depends on the movement of a pointer needs three
forces to provide proper operation. These are:

a) a deflecting force;

b) a controlling force;

c) adamping force.

The deflecting force is the force which results in the movement or deflection
of the pointer of the instrument. This could be, for example, the force acting on a
current-carrying conductor which is situated in a magnetic field.

The controlling force opposes the deflecting force and ensures that the pointer
gives the correct indication on the scale of the instrument. This could be, for
example, a hairspring. The damping force ensures that the movement of the pointer
Is damped: that is, the damping force causes the pointer to settle down, that is, be

“damped”, to its final value without oscillation.

EFFECTS UTILISED IN ANALOGUE INSTRUMENTS
An analogue instrument utilizes one of the following effects:
a) electromagnetic effect;
b) heating effect;
c) electrostatic effect;
d) electromagnetic induction effect;

e) chemical effect.
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The majority of analogue instruments including moving-coil, moving-iron
and electrodynamic (dynamometer) instruments utilize the magnetic effect. The
effect of the heat produced by a current in a conductor is used in thermocouple
instruments. Electrostatic effects are used in electrostatic voltmeters. The
electromagnetic induction effect is used, for example, in domestic energy meters.

Chemical effects can be used in certain types of ampere-hour meters.

3.5. Wattmeters

As the name of this instrument implies, its primary function is to measure the
power consumed in an electrical circuit. The wattmeter described here is called an
electrodynamic wattmeter or a dynamometer wattmeter. It has a pair of coils which
are fixed to the frame of the meter (the fixed coils) which carry the main current in
the circuit (and are referred to as the current coils), and a moving coil which is
pivoted so that it can rotate within the fixed coils. The moving coil generally has a
high resistance to which the supply voltage is connected and is called the voltage
coil or potential coil. The pointer is secured to the spindle of the moving coil.

Dynamometer wattmeters can measure the power consumed in either a d.c. or
an a.c. circuit.

Hairsprings are used to provide the controlling force in these meters, and air-
vane damping is used to damp the movement.

The power consumed by a three-phase circuit is given by the sum of the
reading of two wattmeters using what is known as the two wattmeter method of

measuring power.

3.6. The energy meter or kilowatt-hour meter
The basic construction of an electrical energy meter is known as an induction
meter. This type of meter is used to measure the energy consumed in houses, schools,
factories, etc.
The magnetic field in this instrument is produced by two separate coils. The

“current” coil has a few turns of large section wire and carries the main current in
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the circuit. The “voltage” coil has many turns of small section wire, and has the
supply voltage connected to it. The “deflection” system is simply an aluminium disc
which is free to rotate continuously (as you will see it do if you watch your domestic
energy meter), the disc rotating faster when more electrical energy is consumed.

The effect of the magnetic field produced by the coils is to produce a torque
on the aluminium disc, causing it to rotate. The more current the electrical circuit
carries, the greater the magnetic flux produced by the “current” coil and the greater
the speed of the disc; the disc stops rotating when the current drawn by the circuit is
Zero.

The disc spindle is connected through a set of gears to a “mileometer”-type
display in the case of a digital read-out meter, or to a set of pointers in some older
meters. The display shows the total energy consumed by the circuit.

The rotation of the disc is damped by means of a permanent magnet as follows.
When the disc rotates between the poles of the permanent magnet, a current is
induced in the rotating disc to produce a “drag” on the disc which damps out rapid
variations in disc speed when the load current suddenly changes.

These meters are known as integrating meters since they ‘“add up” or

“integrate” the energy consumed on a continual basis.

I. Present your abstract of the information from the texts given above.
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UNIT 4

ELECTRICAL GENERATORS AND POWER DISTRIBUTION
ALTERNATORS OR A.C. GENERATORS

The national electricity supply system of every country is an alternating
current supply; in the United Kingdom and in Europe the polarity of the supply
changes every V50 s or every 20 ms, and every 1/60s or 16.67 ms in the United States
of America.

The basis of a simple alternator is the following one. It comprises a rotating
permanent magnet (which is the rotating part or rotor) and a single-loop coil which
is on the fixed part or the stator of the machine. You will see that at this instant of
time, current flows into terminal A and out of terminal B (that is, terminal B is
positive with respect to A so far as the external circuit is concerned).

When the magnet has rotated through 180A, the S-pole of the magnet passes
across conductor A and the N-pole passes across conductor B. The net result at this
time is that the induced current in the conductors is reversed when compared with
the previous case. That is, terminal B is negative with respect to A.

In this way, alternating current is induced in each turn of wire on the stator of
the alternator. In practice a single turn of wire can neither have enough voltage
induced in it nor carry enough current to supply even one electric light bulb with
electricity.

A practical alternator has a stator winding with many turns of wire on it,
allowing it to deal with high voltage and current. The winding in such a machine is
usually distributed around the stator in many slots in the iron circuit. The designer
arranges the coil design so that the alternator generates a voltage which follows a

sinewave, that is, the voltage waveform is sinusoidal.
Vocabulary:

alternator — renepaTop nmepeMEeHHOTO TOKa;

loop — KoHTYp, BUTOK;
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winding — oOMoTKa,

Instant — MomeHT;

bulb — nammouxa;

to distribute — pacnipenensiTs;

slot — mpope3s, 11eib, KaHABKa,

Iron circuit — MarHuTHas LEMNb B KEJIE3E,
sinewave — BoJiHa CHHYCA;

waveform — popma BOJIHBI;

to excite — Bo3Oy»xath,

commutator — KoJIIIEKTOP, IEPEKIIF0YATEb,
to rectify — BeIIPSAMIIATH;

shaft — Bau,

slip ring — KOHTaKTHOE KOJIBIIO;

brush — mérka;

grid — sHepreTUYeCKasi CUCTEMA.
I. Recognize the following international words:
national, electricity, system, generator, magnet, rotor, fix, stator, machine,

positive, voltage, phase, turbine, transformer.

I1. Find Russian equivalents of the word combinations given in the left column.

1. rotating magnet a) BUTOK ITPOBOIA

2. cable capacitance b) karyiika ¢ OJJHUM BUTKOM
3. single loop caoil C) MarHUTHas LEMb

4. stator winding d) émkocTs Kabemns

5. turn of wire €) KOHTAKTHOE KOJIBI[O

6. iron circuit f) Bpamarommiicss MarauT

7. armature conductor g) najeHue HanpsHKeHUs

8. slip ring h) moteps sHepruu

9. voltage drop 1) IPOBOJTHHK CEeplICYHHKA
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10.power loss J) obMoTKa cTaTopa

I11. Compose your own sentences using the above word combinations.

IV. Write out the key words which you think will help you to describe the basis of

a simple alternator.

V. Describe the basis of a simple alternator, using the key words.

4.1. Direct current generators

A direct current (d. c.) power supply can be obtained by means of a generator
which is generally similar to the alternator, the difference between the a. c. and d. c.
generators being the way in which the current is collected from the rotating
conductors.

Basically, a d. c. generator consists of a set of conductors on the rotating part
or armature of the d. c. machine, which rotate in the magnetic-field system which is
on the fixed part or frame of the machine.

Each armature conductor alternately passes an N-pole then an S-pole, so that
each conductor has an alternating voltage induced in it.

However, the current is collected from the conductors by means of a
commutator consisting of a cylinder which is divided axially to give two segments
which enable the alternating current in the conductors to be commutated or rectified
into direct current in the external circuit. The way the commutator works is described
below.

For example, the conductor WX is connected to the lower segment of the
commutator, and the conductor YZ is connected to the up-per segment. At the instant
of time shown, the e. m. f. in the armature causes current to flow from W to X and
from Y to Z; that is, current flows out of the upper commutator segment and into the

lower commutator segment.
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I. Formulate the main idea of each passage.

I1. Using your notes as a plan describe the structure and operating principles of a

d. . generator.

I11. Using the key words and your plan make up a dialogue with your partner

about structure and operating principles of a .c. and d. c. generators.

4.2. Electricity generating station

The basis of an electrical generating plant is the following one. The power
station is supplied with vital items such as water and fuel (coal, oil, nuclear) to
produce the steam which drives the turbine round (you should note that other types
of turbine such as water power and gas are also used). In turn, the turbine drives the
rotor of the alternator round. The rotor of the alternator carries the field windings
which are excited from a d. c. generator (which is mechanically on the same shaft as
the alternator) via a set of slip rings and brushes.

The stator of the alternator has a three-phase winding on it, and provides
power to the transmission system. The voltage generated by the alternator can,
typically, be 6600 V, or 11000 V, or 33000 V.

I. Ask your partner questions on the basis of an electrical generating plant.

1. Answer your partner’s questions on the basis of electrical generating plant.

4.3. The a. c. electrical power distribution system
One advantage of an a. c. supply when compared with a d. c. supply is the
ease with which the voltage level at any point in the system can be “transformed” to
another voltage level.
In its simple terms, electrical power is the product of voltage and current and,

if the power can be transmitted at a high voltage, the current is correspondingly
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small. For example, if, in system A, power is transmitted at 11 kV and, in system B,
it is transmitted at 33 kV then, for the same amount of power transmitted, the current
in system A is three times greater than that in system B. However, the story does not
finish there because:

a) the voltage drop in the transmission lines is proportional to the current in
the lines;

b) the power loss in the resistance of the transmission lines is proportional to
(current)? [remember, power loss = 12 R].

Since the current in system A is three times greater than the current in system
B, the voltage drop in the transmission lines in system A is three times greater than
that in system B, and the power loss is nine times greater!

This example illustrates the need to transmit electrical power at the highest
voltage possible. Also, since alternating voltages can easily be transformed from one
level to another, the reason for using an a.c. power system for both national and local

power distribution is self-evident.

4.4. D. c. power distribution

For certain limited applications, power can be transmitted using direct current.
The advantages and disadvantages of this when compared with a. c. transmission are
listed below.

Advantages:

1. A given thickness of insulation on cables can withstand a higher direct
voltage than it can withstand alternating voltage, giving a smaller overall cable size
for d. c. transmission.

2. A transmission line has a given cable capacitance and, in the case of an a. c.
transmission system this is charged continuously. In the case of d. c. transmission
system, the charging current only flows when the line is first energized.

3. The self-inductance of the transmission line causes a voltage drop when
a. C. is transmitted; this does not occur when d. c. is transmitted.

Disadvantages:

42



1. Special equipment is needed to change the d. c. voltage from one level to
another, and the equipment is very expensive.

2. D. c. transmission lends itself more readily to “point-to-point” transmission,
and problems arise if d. c. transmission is used on a system which is “tapped” at
many points (as are both the national grid system and the local power distribution
system).

Clearly, d. c. transmission is financially viable on fairly long “point-to-point”
transmission systems which have no “tapping” points.

Practical examples of this kind of transmission system includel the cross-
channel link between the UK grid system and the French grid system via a d. c.
undersea cable link. A number of islands throughout the world are linked either to
the mainland or to a larger island via a d. c. undersea cable link. In any event, power
is both generated and consumed as alternating current, the d. c. link being used
merely as a convenient intermediate stage between the generating station and the

consumer.
I. Prepare reports about:

a) the a. c. power distribution system;

b) the d. c. power distribution system.
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UNIT 5

TRANSFORMERS

Transformers play an important role in power transmission because they allow
power to be converted to and from higher voltages. This is important because higher
voltages suffer less power loss during transmission. This is because higher voltages
allow for lower current to deliver the same amount of power as power is the product
of the two. Thus, as the voltage steps up, the current steps down. It is the current
flowing through the components that result in both the losses and the subsequent
heating. These losses, appearing in the form of heat, are equal to the current squared
times the electrical resistance through which the current flows.

For these reasons, electrical substations exist throughout power grids to
convert power to higher voltages before transmission and to lower voltages suitable
for appliances after transmission.

Components: Power engineering is usually broken into three parts:

— Generation

Generation is converting other forms of power into electrical power. The
sources of power include fossil fuels such as coal and natural gas, hydropower,
nuclear power, solar power, wind power and other forms.

— Transmission

Transmission includes moving power over somewhat long distances, from a
power station to near where it is used. Transmission involves high voltages, almost
always higher than voltage at which the power is either generated or used.
Transmission also includes connecting together power systems owned by various
companies and perhaps in different states or countries. Transmission includes long
medium and short lines.

— Distribution

Distribution involves taking power from the transmission system to end users,

converting it to voltages at which it is ultimately required.
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Electricity distribution is the penultimate stage in the delivery (before retail)
of electricity to end users. It is generally considered to include medium-voltage (less
than 50 kV) power lines, electrical substations and pole-mounted transformers, low-
voltage (less than 1000 V) distribution wiring and sometimes electricity meters.

In the early days of electricity generation to about 1900, direct current DC
generators were connected to loads at the same voltage. The generation, transmission
and loads had to be of the same voltage because there was no way of changing DC
voltage levels, other than inefficient motor-generator sets. Low DC voltages were
used (on the order of 100 volts) since that was a practical voltage for incandescent
lamps, which were then the primary electrical load. The low voltage also required
less insulation to be safely distributed within buildings.

The losses in a cable are proportional to the square of the current, the length
of the cable, and the resistance of the material, and are inversely proportional to
cross-sectional area. Early transmission networks were already using copper, which
is one of the best economically feasible conductors for this application. To reduce
the current and copper required for a given quantity of power transmitted would
require a higher transmission voltage, but no convenient efficient method existed to
change the voltage level of DC power circuits. To keep losses to an economically
practical level the Edison DC system needed thick cables and local generators. Early
DC generating plants needed to be within about 1.5 miles of the farthest customer to

avoid the need for excessively large and expensive conductors.
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Electricity generation is the first process in the delivery of electricity to
consumers. The other processes are electric power transmission and electricity
distribution.

The importance of dependable electricity generation, transmission and
distribution was revealed when it became apparent that electricity was useful for
providing heat, light and power for human needs. Centralized power generation
became possible when it was recognized that alternating current electric power lines
can transport electricity at low costs across great distances by taking advantage of
the ability to transform the voltage using power transformers.

Electricity has been generated for the purpose of powering human
technologies for at least 120 years from various sources of energy. The first power
plants were run on wood, while today we rely mainly on petroleum, natural gas, coal,
hydroelectric and nuclear power and a small amount from hydrogen, solar energy,
tidal harnesses, wind generators, and geothermal sources.

— Electricity demand

The demand for electricity can be met in two different ways. The primary
method thus far has been for public or private utilities to construct large scale
centralized projects to generate and transmit the electricity required to fuel
economies. Many of these projects have caused unpleasant environmental effects
such as air or radiation pollution and the flooding of large areas of land.

Distributed generation creates power on a smaller scale at locations
throughout the electricity network. Often these sites generate electricity as a by-
product of other industrial processes such as using gas from landfills to drive
turbines.

Electric power transmission is one process in the transmitting of electricity to
consumers. The term refers to the bulk transfer of electrical power from place to
place. Typically, power transmission is between the power plant and a substation
near a populated area. This is distinct from electricity distribution, which is
concerned with the delivery from the substation to the consumers. Due to the large

amount of power involved, transmission normally takes place at high voltage (110
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kV or above). Electricity is usually transmitted over long distance through overhead
power transmission lines. Underground power transmission is used only in densely
populated areas (such as large cities) because of the high cost of installation and
maintenance and because the power losses increase dramatically compared with
overhead transmission unless superconductors and cryogenic technology are used.

A power transmission system is sometimes referred to colloquially as a
«grid»; however, for reasons of economy, the network is rarely a true grid.
Redundant paths and lines are provided so that power can be routed from any power
plant to any load centre, through a variety of routes, based on the economics of the
transmission path and the cost of power. Much analysis is done by transmission
companies to determine the maximum reliable capacity of each line, which, due to
system stability considerations, may be less than the physical or thermal limit of the
line. Deregulation of electricity companies in many countries has led to renewed
interest in reliable economic design of transmission networks.

Engineers design transmission networks to transport the energy as efficiently
as feasible, while at the same time taking into account economic factors, network
safety and redundancy. These networks use components such as power lines, cables,
circuit breakers, switches and transformers.

Efficiency is improved by increasing the transmission voltage using a step-up
transformer, which has the effect of reducing the current in the conductors, whilst
keeping the power transmitted nearly equal to the power input. The reduced current
flowing through the conductor reduces the losses in the conductor and since,
according to Ohms Law, the losses are proportional to the square of the current,
halving the current results in a four-fold decrease in transmission losses.

A transmission grid is a network of power stations, transmission circuits, and
substations. Energy is usually transmitted within the grid with three-phase AC. DC
systems suffer from the fact that voltage conversion is expensive (and so are only
used for special high voltage links) while single phase AC links suffer from
oscillations in the power transmitted (very bad for the smoothness of motors and

generators) and the inability to directly generate a rotating magnetic field. Other
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phase orders of polyphase systems are possible but two phases (90 degree
separation) still needs either 3 wires with unequal currents or 4 wires and higher
phase order systems need more than 3 wires for marginal benefits.

The capital cost of electric power stations is so high, and electric demand is
so variable, that it is often cheaper to import some portion of the variable load than
to generate it locally. Because nearby loads are often correlated, imported electricity
must often come from far away. Because of the economics of load balancing,
transmission grids now span across countries and even large portions of continents.
The web of interconnections between power producers and consumers ensures that

power can flow even if one link is disabled.

Vocabulary:
power 10SS — moTepu 3ICKTPOIHEPTHUH;
fossil fuels — mone3npie HckomaeMebIe;
penultimate — mpeamocieHwiA;
pole-mounted station — (paauo)cranius, ycTaHOBICHHAs HA MauTe;
incandescent lamp — namma HakaIMBaHUS,
insulation — nzomnsanus;
inversely proportional — oOpaTHO MPOMOPIIMOHATBHBIIH;
step-up — MoBbIIICHKE, YBEIIUUCHHUE TOKA (HATIPSIKEHUS);
excessively — upe3mepHo;
dependable — HagexHbI;
by-product — mo6ouHBI TPOAYKT;
distinct from — oTauyHBIH OT (OTIMYUTETBHBIH);
landfill — 3akaneiBaHuEe Mycopa U OTXOIOB;
overhead power transmission lines — Bo3ayiiHbIe JIMHUH MTEPEIay;
superconductor — cBepXIpOBOIHUK;
reliable — vapexHusIii;
deregulation — nmpekpaiiieHre peryaupoOBaHuUs;

feasible — peanpHO OCyIIECTBUMBIIA;
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circuit breaker — aBToMaTu4ecKuii BBIKIIIOYATEIh, TPEPHIBATEb;

marginal benefit — npenenpHas BeIroAa;

variable — n3MeHuYUBBINi, HEITOCTOSAHHBIH;

capital cost — kamuranpHBIE pacxonbl (3aTpaThl Ha MPHOOpETEHUE,
BO3BEJICHUE, MOJICPHU3AIMI0 M PEKOHCTPYKIMIO OOBEKTOB OCHOBHBIX
CPE/CTB);

correlated — B3auMOCBA3aHHBII

interconnection — B3auMOCBS3b, COEIMHEHNUE;

load balancing — BeIpaBHHBaHHME Harpy3ku (pacrpelneicHHe Iporecca
BBITIOJTHEHUS );

to ensure — rapaHTUPOBATh;

disabled — nenpuroHbIA, (BpeMEHHO) MTOBPEIKICHHBIH.

I. Answer the following questions:
1. What are the main parts of power engineering?
2. Explain the processes of generation, distribution and transmission.
3. How can one achieve efficiency?

4. What is the main negative impact on the environment?

I1. Complete the sentences according to the text:
1. Transformers play an important role in power transmission because ...
. Electricity generation is the first process in...
. Electricity has been generated for the purpose of...
. The first power plants were run on...

. Electric power transmission is one process in ...
. Electricity is usually transmitted over long distance ...

. Engineers design transmission networks to ...

2
3
4
5
6. Centralized power generation became possible when ...
7
8
9. The capital cost of electric power stations is ...

1

0. Efficiency is improved by ...
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I11. Say whether the following statements are true or false according to the text:

1. As the voltage steps up, the current steps up too.

2. Power engineering is usually broken into three parts: generation,
distribution, transmission.

3. The losses in a cable are proportional to the square of the current, the length
of the cable, and the resistance of the material, and are inversely proportional to
cross-sectional area.

4. Early transmission networks were already using copper, which is one of the
worst economically feasible conductors for this application.

5. Transmission includes moving power over somewhat long distances, from
a power station to near where it is used.

6. Electricity is usually transmitted over long distance through underground
power transmission lines.

7. Overhead power transmission is used only in densely populated areas (such
as large cities).

8. Transmission networks use components such as power lines, cables, circuit
breakers, switches and transformers.

9. Electricity generation is the first process in the delivery of electricity to
consumers.

10. The electric power transmission and electricity distribution are not
important.

11. Typically, power transmission is between the power plant and a substation
near a populated area.

12. A transmission grid is a network of power stations, transmission circuits,

and substations.
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IV. Speak on the interesting facts about distribution, generation and transmission
of electricity. Express your point of view, using the following phrases and word
combinations:

— In my opinion...

— To my mind...

— The fact is...

— To start with...

— I think/believe...

— The thing is that...

— As far as [ know...

5.1. Principles of transformers

The transformer is a device for changing the electric current from one voltage
to another. As a matter of fact, it is used for increasing or decreasing voltage. A
simple transformer is a kind of induction coil. It is well known that in its usual form
it has no moving parts. On the whole, it requires very little maintenance provided it
IS not misused and is not damaged by lightning.

We may say that the principal parts of a transformer are: two windings, that
is coils, and an iron core. They call the coil which is supplied with current the
"primary winding", or just "primary", for short. The winding from which they take
the current is referred to as the "secondary winding" or "secondary", for short. It is
not new to you that the former is connected to the source of supply, the latter being
connected to the load.

When the number of, turns of wire on the secondary is the same as the number
on the primary, the secondary voltage is the same as the primary, and we get what is
called a "one-to-one" transformer. In case, however, the number of turns on the
secondary winding is greater than those on the primary, the output voltage is larger
than the input voltage and the transformer is called a step-up transformer. On the
other hand, the secondary turns being fewer in number than the primary, the

transformer is known as a step-down transformer.
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The transformer operates equally well to increase the voltage and to reduce it.
By the way, the above process needs a negligible quantity of power. It is important
to point out that the device under consideration will not work on d.c. but it is rather
often employed in direct-current circuits.

Figure 2 shows how transformers are used in stepping up the voltages for
distribution or transmission over long distances and then in stepping these voltages
down. In this figure, one may see three large step-up transformers which are used to
increase the potential to 275,000 volts for transmission over long-distance
transmission lines. At the consumer's end of the line, in some distant locality, three
step-down transformers are made use of to reduce that value (i.e., 275,000 volts) to
2,300 volts. Local transformers, in their turn, are expected to decrease the 2,300 volts
to lower voltages, suitable for use with small motors and lamps. One could have
some other transformers in the system that reduce the voltage even further. All radio

sets and all television sets are known to use two or more kinds of transformers.

Transmission system

Jistributlon
5y5rem

Generatlng

stetion station

Fig. 2. The use of transformers for many different purposes in transmission and distribution

systems.
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These are familiar examples showing that electronic equipment cannot do
without transformers. The facts you have been given above illustrate the wide use of
transformers and their great importance.

Another alternating-current system of transmission and distribution is shown
in Fig. 3. You are asked to follow the whole process, that is, to describe it from

beginning to end.

J-Phase turbo-alternator

P |
> TP 5

Step down : L ;
tmnsfarmfrsLj l ! 2300volt distributing system

275000 volts L9

to 2300 volts >-

J single-phase transtormers
Stepping generator voltage
up to 275000 volts

PP

ltcgnting cercuet

84
A Single pnase
Nn5v motor

. 230-volt 2300 volt
Lnauction moror motor

2300 to 230- volt
avstrebvtion
tronsrormers

Fig.3. Transmission and distribution system.

I. Translate the active words and expressions given below; make up sentences with
them.

to damage

induction coil

input

local

maintenance

negligible

output

to point out
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primary
process
secondary
to step down
to step up
whole

winding

I1. Translate the following sentences:

(@) 1. The students were asked to carry on the experiment. 2. You will be given
two new magazines. 3. | was told to translate the instructions. 4. The questions were
answered at once.

(b) 1. The new discovery was much spoken about. 2. This house is lived in. 3.
This apparatus is often made use of. 4. The lecture will be followed by a film.

(c) 1. This substance was supposed to have some important properties. 2. This
device is assumed to be the best for converting heat into work. 3. The new power
plant is known to have been put into operation. 4. This invention was considered to
be of great practical importance. 5. A magnetic flux is assumed to consist of

magnetic lines of force taken as a whole.

I11. Translate the following sentences:
1. I'oBOPAT, 4TO 3TOT MPUOOP OMUCAH B MPEABIAYLIEH CTaTheE.
2. CyuTtasd, 4YTO TOK TEYET OT IMOJIOKUTENBHOIO MOTEHOHANa K
OTPULIATEIILHOMY.
3. T'oBOpAT, 4TO MOM APYT XOPOIIUI MaTeMaTHK.
4. N3BecTHO, uTO JIOoMOHOCOB OCHOBaT MOCKOBCKMI YHUBEPCHTET.
5.Kaxercs, 4To 3TO BEIIECTBO UMEET HEKOTOPHIE APYTHUE CBOMCTBA.

6. I3BecTHO, YTO MEPEMEHHBIN TOK MEHSIET CBOE HAMPABJICHUE.
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IV. Answer the following questions:
1. What is a transformer?
. What is a transformer used for?
. Are there any moving parts in a transformer?
. Can a transformer be damaged by lightning?
. What are the principal parts of a transformer?
. How many windings are there in a transformer?
. What winding is connected to a load?

. What is the purpose of a step-up transformer?
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. What is known as a step-down transformer?

10. Does a transformer work on d. c.?

11. In what circuits is the transformer used?

12. For what purpose are step-down transformers used?
13. Is your radio set equipped with a transformer?

14. Can we do, without transformers?

15. Are transformers used both in industry and in our homes?

V. Form as many words as possible using suffixes and prefixes. Define what parts
of speech the new words are and translate them:
engine, apply, differ, electrify, value, opposite, transformer, magnet,

conductance.

V1. Form nouns from the following words using suitable suffixes:
construct, develop, consider, distribute, deflect, equip, connect, require,

produce, state.

VII. Translate the following word combinations:
Ha ochHoBe (4ero-mu0o), mo 3Toil mpuyuHe, camMo coOoM pasymeercs,
NOBBIIIATh ~ HANpPSOKEHHE, YBEJIMYUTh TOK, T[OHWXKAThb TOK, OKa3bIBaTh

COIIPOTHUBJICHUEC, DJICKTPOTECXHHKA, B ICJIOM, B PE3YyJILTATC, HA CaMOM JICJIC.
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VI1I1. Arrange the following words and expressions in pairs of synonyms:

1. amount a. investigation
2. big b. now

3. matter C. pipe

4. application d. quantity

5. at present e. substance
6. tube f. to lower

7. research g. use

8. to step down h. large

IX. Arrange the following words and expressions in pairs of antonyms:

1. left a. end

2. increase b. low

3. beginning c. long

4. d.c. d. step-down
5. above e. in motion
6. step-up f. less

7. atrest g. decrease
8. high h. below

9. short I. right
10.more J. a.c

X. Translate the following sentences and define the functions of the word but:

1. The Fahrenheit scale is mainly used in English-speaking countries but it is
not used in Russia.

2. His scientific activity lasted but twenty years but in these twenty years he
did very much.

3. Motors are widely employed not only in industry but also in everyday life.

4. There is but one measuring scale in the instrument.

5. Everyone failed examination in physics but Novikov.
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6. A simple transformer is but a kind of induction coil.

XI. Compare:
1. A solenoid and an electromagnet.
2. A direct current and an alternating current.
3. A step-up transformer and a step-down transformer.
4. A stator and a rotor.

5. A primary winding and a secondary winding.

XI11. Translate the following text:

The primary alternating current produces an alternating magnetic flux in the
iron core, and this alternating magnetic flux passes through the turns of the
secondary winding. According to well-known electro-magnetic laws, this flux
produces an alternating e. m. f., or voltage, in the secondary winding. In spite of the
fact that there is no electric connection between the two circuits-the primary and the
secondary-the application of a voltage to one is known to produce a voltage at the
terminal of the other.

Inefficiency in a transformer is caused mainly by heat losses due not only to
current flowing in the coils but also to unwanted current induced in the core of the
transformer. Currents induced in the core are generally called "eddy currents”. The
flow of eddy currents is stopped in its progress and the efficiency of the transformer

Is increased by constructing the transformer core of flat sheets of soft iron.

XI111. Retell the text.
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UNIT 6

ELECTRIC MOTORS

We know the generator to produce electrical energy. To use this generated
energy we need another machine to convert electrical energy into mechanical one.
The electric motor is a machine which produces the rotary motion which turns our
machinery and various appliances.

The motor consists of an armature with two windings, a commutator and
brushes. A very strong magnetic field is necessary to provide a powerful starting
torque. It is achieved by adding a series winding to the magnetic field. The series
winding is connected in series with the armature. The heavy starting torque passing
through the armature winding now passes through the series field coil. This starting
torque provides a strong field necessary for starting. The shunt field winding
provides the running conditions.

There is a wide variety of d. c. and a. c. motors. Direct-current motors are of
three principal kinds and are named according to the manner in which their coils are
connected to the armature. They are named series, shunt and compound motors.

Alternating current motors may be single-phase or polyphase ones. They may
be divided into two kinds: synchronous and induction motors.

Numerous electric motors are used in industry, transport, mines, farms and
even houses. They are the moving elements in various household appliances, such
as vacuum cleaners, washing machines, refrigerators and the like. Motors are readily
switched on, at will, and they continue running until we switch them off again.
Generally speaking, the motor revolutionized industry by making use of energy that

can be transmitted from great distances.

Vocabulary:
rotary motion — BparmarenbHOe JBHKCHHE;
an appliance — nmpubop, mpucnocodeHue;

The motor produces the rotary motion which turns our machinery and various
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appliances.

commutator — KoJIIIEKTOp, HEPEKIII0YaTEb,

a brush — mérka;

The motor consists of an armature with windings, a commutator and brushes.

starting torque — mycKoBO# MOMECHT;

A very strong magnetic field is needed to provide a powerful starting torque.

a field coil — xaTymka 0OMOTKH BO30OYKICHHUS;

A series field coil is used for providing a strong field necessary for starting.

a shunt field winding — mrynTOBast 0OMOTKa BO30OYKIACHUS;

A shunt field winding provides the running conditions.

Small electric motors are used in household appliances.

I. Give the English equivalents of the following words and word combinations:

IMPOU3BOAUTD, IIPCBpAlllaTh, BPAIIATCIbHOC ABHUKCHHC, AKOPb, KOJUICKTOD,

00OMOTKa, 1METKA, MArHUTHOE T0JIe, TyCKOBOM MOMEHT, M0CJIe/IoBaTelIbHAasi OOMOTKA

B036Y)KI[CHI/I}I, OBITOBEIC HpH60pBI, IIBIJICCOC, CTHUpPAJIbHAA MalllKMHA.

I1. Answer the questions to the text using the following introductory phrases: as

far as I know; I think quite so; it is really; as far as | remember.

1.

. What parts does the motor consist of?
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What is the motor used for?

. What is necessary to provide a powerful starting torque?
. How is the series winding connected to the armature?

. What winding provides the running conditions?

. What kinds of d. c. motors are there?

. What kinds of a. c. motors are there?

. Where are numerous electric motors used?

. What device revolutionized industry?

59



II1. Agree or disagree using That’s not right, That’s not true.
Mooenw: The transformer is used to produce the electrical energy.
That's not right. The generator is used to produce the electrical energy.
1. The generator is used to convert the electrical energy into mechanical one.
2. The motor produces the elliptical motion.
3. The motor consists of an armature with a pair of electromagnets.
4. A very weak magnetic field is needed to provide a powerful starting torque.
5. The series winding is connected in parallel with the armature.

6. Motors are used only in industry.

1V. Agree with the following statements using As far as I know («Hackonvko mhe
uzeecmno...») u According to the text («Cocnacno mexkcmy...»)

Model: - The generator is used for producing electrical energy.

- That's right. As far as | know the generator is used for producing electrical

energy.

1. The motor is used for converting electrical energy into mechanical one.

2. The motor produces the rotary motion which turns our machinery.

3. A strong magnetic field is provided by adding a series winding to the
magnetic coil.

4. The series winding is connected in series with the armature.

5. The shunt field winding provides the running conditions.

6. There are three kinds of d. c. motors: series, shunt and compound ones.

7. Alternating current motors may be single-phase or polyphase ones.

8. There are two kinds of a. ¢. motors: synchronous and induction ones.

9. Electric motors are used in industry, transport, farms and even houses.

V. Translate the sentences.
1. Dnektpuuecknid  ABUTATENb  HCMIOJB3YETCS ISl INPEBPALICHUS
AIEKTPUYECKON IHEPTUU B MEXAHUUECKYIO DHEPIHIO.

2. JIsuratenb COCTOUT U3 SIKOPS C ABYMsI OOMOTKaMHU, KOJUIEKTOpa U MIETOK.
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3. MouHblii MyCKOBOM MOMEHT OOECHeuMBaeT CHIIBHOE BO30YXKIEHUE,
HE0OX0MMOe TS ITyCKa.

4. CymecTtByer OonblIoe pa3HOOOpazue JBUTATENIEd IOCTOSHHOTO U
NEPEMEHHOTrO TOKA.

5. DnexTpuueckue JBUTATENIM UCHOJB3YIOTCSA B OBITOBBIX NMPUOOPAX, TAKUX
KaK IBUIECOCHI, CTHPAJbHBIE MAIIUHbI, XOJOJWIBHUKH, MArHUTOQOHbI U TOMY

oI00HOE.

VI. In the right column find the Russian equivalents of the word combinations.

1. current-carrying conductor a) IBUTATEIb C IMOCIICTYFOIINM
BO30YXKJIEHUEM

2. single-loop d. c. motor b) MarHUTHBIN TOTOK

3. magnetic field system C) TOK BO30OYXICHUS
(HaMarHu4YMBaHUE)

4. excitation current d) nBurarens ¢ mapauIeIbHBIM
BO30YXKJIEHUEM

5. armature current €) ABUTaTeIb MOCTOSIHHOTO TOKA C

OJIHUM KOHTYPOM

6. mechanical output current f) oOpaTHas 3JeKTPOABMXKYIIAs CHTa

7. external circuit g) IpPOBOJHUK, HECYIIUN TOK

8. back e.m.f. h) MexaHndeckast BBIXOIHAS MOIIHOCTh
9. shunt wound motor 1) TOK sIKOpsI

10. series wound motor J) TMHEHHBIN IBUTATEIH

11. compound wound motor K) penykiionHast (3aMesronias)

KOpoOKa repenay

12. magnetic flux |) cicTema MarHMUTHOTO TOJISt

13. speed-reduction gearbox M) IBHraTeNb MOCTOSHHOTO TOKA CO
CMEIIaHHBIM BO30YKIEHHEM

14. linear motor N) BHELIHHUIA KOHTYD (11eT1b)
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6.1. Motor effect
The motor effect can be regarded as the opposite of the generator effect. In a
generator, when a conductor is moved through a magnetic field, a current is induced
in the conductor (more correctly, an e. m. f. is induced in the conductor, but the
outcome is usually a current in the conductor). In a motor, a current-carrying
conductor which is situated in a magnetic field experiences a force which results in
the conductor moving (strictly speaking, the force is on the current and not on the

conductor, but the current and the conductor are inseparable).

I. Work in pairs. Agree or disagree with the following statements.

1. The motor effect can be regarded as the same as the generator effect.

2. In a generator, when a conductor is moved through a magnetic field, an
e. m. f. is induced in the conductor.

3. The motor effect can be regarded as the opposite of the generator effect.

4. In a motor a current-carrying conductor experiences a force which makes
the conductor move.

5. A current-carrying conductor is situated in a magnetic field.

6. The current and the conductor are separable.

6.2. The d. c. motor principle

In the simple single-loop d. c. motor the magnetic field system is fixed to the
frame of the motor, and the rotating part or armature supports the current-carrying
conductors. The current in the field coils is known as the excitation current or field
current, and the flux which the field system produces reacts with the armature current
to produce the useful mechanical output power from the motor armature via carbon
brushes and the commutator. It is worthwhile at this point to remind ourselves of the
functions of the commutator. First, it provides an electrical connection between the
armature winding and the external circuit and, second, it permits reversal of the
armature current whilst allowing the armature to continue to produce a torque in one

direction.
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When the armature winding reaches the horizontal position, the gap in the
commutator segments passes under the brushes so that the current in the armature
begins to reverse. When the armature has rotated a little further, conductor WX
passes under the S-pole and YZ passes under the N-pole. However, the current in
these conductors has reversed. In this way it is possible to maintain continuous
rotation.

Summary of important facts:

Motor action is caused by the force acting on a current-carrying conductor in
a magnetic field. The direction of the force can be predicted by Fleming’s left-hand
rule.

A d. c. motor consists of a rotating part (the armature) and a fixed part (the
frame). Electrical connection to the armature is made via carbon brushes and the
commutator. The torque produced by the armature is proportional to the product of
the field flux and the armature current. When the armature rotates, a back e. m. f. is
induced in the armature conductors (this is by generator action) which oppose the
applied voltage.

The four main types of d. c. motor are the separately excited, the shunt wound,
the series wound and compound wound machines.

A d. c. machines experience commutation problems; that is, sparking occurs
between the brushes and the commutator. These problems can be overcome, in the
main, by using brushes which have a finite resistance and which span several
commutator segments (wide carbon brushes) together with the use of interpoles or
compoles.

D.C. motors larger than about 100 W rating need a starter in order to limit the

current drawn by the motor under starting conditions to a safe value.

6.3. Principle of the a. c. motor
Imagine that you are looking at the end of the conductor when the S-pole of a
permanent magnet is suddenly moved from left to right across the conductor. By

applying Fleming’s right-hand rule, you can determine the direction of the induced
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e.m.f. and current in the conductor. You need to be careful when applying
Fleming’s rule in this case, because the rule assumes that the conductor moves
relatively to the magnetic flux (in this case it is the flux that moves relatively to the
conductor, so the direction of the induced e. m. f. is determined by saying that the
flux is stationary and that the conductor effectively moves to the right). You will
find that the induced current flows away from you.

You now have a current-carrying conductor situated in a magnetic field. There
Is therefore force acting on the conductor, and you can determine the direction of the
force by applying Fleming’s left hand rule. Application of this rule shows that there
is force acting on the conductor in the direction of movement of the magnetic field.

That is, the conductor is accelerated in the direction of the moving magnetic
field.

This is the basic principle of the a. c. motor. An a. c. motor therefore provides
a means for producing a “moving” or ‘“rotating” magnetic field which cuts
conductors on the rotor or rotating part of the motor. The rotor conductors have a
current induced in them by the rotating field, and are subjected to a force which

causes the rotor to rotate in the direction of movement of the magnetic field.

I. Using your key words describe the basis of a d. ¢. motor.

1. Work in pairs.
Ask each other questions on the text “Principles of the A.C. motor”.
Answering the questions, use introductory phrases: certainly; to my mind; if | am

not mistaken; as far as | know.

6.4. Rotating and “linear” a. c. motors
Most electrical motors have a cylindrical rotor, that is, the rotor rotates around
the axis of the motor shaft. This type of motor generally runs at high speed and drives

its load through a speed-reduction gearbox. Applications of this type of motor
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include electric clocks, machines in factories, electric traction drives, steel rolling
mills, etc.

Another type of motor known as a linear motor produces motion in a straight
line (known as rectilinear motion); in this case the mechanical output from the motor
Is a linear movement rather than a rotary movement. An application of this type of
motor is found in railway trains. If you imagine the train to be “sitting” above a
single metal track (which is equivalent to the ‘“conductor”) and the “moving
magnetic field” is produced by an electromagnetic system in the train then, when the
“magnet” is made to “move” by electrical means, it causes the system to produce a
mechanical force between the electromagnet and the track. Since the track is fixed

to the ground, the train is “pulled” along the conductor.
I. Make up dialogues on the following situations:

a) types of motors and their application;

b) advantages and disadvantages of a. c. and d. c. motors.
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PART II

UNIT 1

RUSSIA ENERGY RESOURCES

Russia has enormous energy resources and deposits of many different
minerals. Most, if not all, of the raw materials required by modern industry are found
within the country. Fuel and power Russia has by far the largest coal reserves among
the former Soviet republics. The biggest fields lie in the remote Tunguska and Lena
basins of East Siberia and the Far East, but these are largely untapped, and the bulk
of output comes from more southerly fields along the Trans-Siberian Railroad.
About three-fourths of Russia's coal is produced in Siberia — some two-fifths from
the Kuznetsk Basin alone and the remainder from the Kansk-Achinsk,
Cheremkhovo, and South Yakut basins and numerous smaller sources. The
production of hard coal in the European section is mainly in the eastern Donets Basin
and, in the Arctic, in the Pechora Basin around Vorkuta; the large Moscow Basin
(entirely) and the small Urals fields (mainly) are sources of lignite.

The Russian Federation is one of the world's leading producers of oil and
natural gas. The great bulk of the supply comes from the huge fields that underlie
the northern part of the West Siberia region. Another significant source is from the
Volga-Ural zone, and the remainder is derived mainly from the Komi-Ukhta field
(North region); the North Caucasus region, once the U.S.S.R.'s leading producer, is
now of little importance. Extensive pipeline systems link the producing districts to
all regions of the federation, the neighbouring former Soviet republics, and, across
the western frontier, numerous European countries. Much of the fuel produced in
Russia is converted to electricity, about three-fourths of which is generated in
thermal stations; some two-thirds of thermal generation is from oil and gas. The
remaining power output is produced by hydroelectric and nuclear plants. Most of the
hydroelectricity comes from huge stations on the Volga, Kama, Ob, Yenisey,

Angara, and Zeya rivers. Nuclear power production expanded rapidly before
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development was checked by the Chernobyl accident. Much of Siberia's electricity

output is transmitted to the European region along high-voltage lines.

I. Answer the following questions:
1) Which is the richest region of raw materials in Russia?
2) What can you say about energy resources?
3) What is Siberia full of?
4) Where is the main production of hard coal?
5) What are the main deposits of natural gas?

6) Where does the most of the electricity come from?

I1. Say whether the following statements are true or false according to the text:

1. Russia has limited energy resources and deposits of many different
minerals.

2. Fuel and power Russia has by far the largest coal reserves among the former
Soviet republics.

3. About three-fourths of Russia's coal is produced in Siberia.

4. Our country is one of the world's leading producers of oil and natural gas.

5. The great bulk of the supply comes from the huge fields that underlie the
south part of the East Siberia region.

6. Much of the fuel produced in Russia is converted to electricity.

7. The remaining power output is produced by hydroelectric and nuclear

plants.

1.1. The Role of Electricity and its Future Applications in Our Society
At a time when communication technologies are becoming ever more
essential for uniting knowledge and making fast decisions, one third of the earth’s
inhabitants —nearly 2 billion people — still have no access to a modern energy source!
The implications of energy over the coming twenty years are wide and varied and

will include issues as crucial as economic development and political stability in
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numerous countries, safeguarding our local and global environment, controlling
global warming, social equity, achieving a balance between rural and urban
development policies and so on. Briefly, sustainable human development!

Whether we are in charge of policy or the economy, it is our joint
responsibility to place the issue of access to clean and cost-effective electricity for
all at the centre of the much-needed debate to determine nor only what type of
progress, democracy and humanism, but also what type of development, our
generation will bequeath to the generations yet to come. We should consider the
conditions for access to electricity, not in terms of sustainable economic, social and
political development for all the inhabitants of this planet.

Wide disparities in access to affordable commercial energy threat to social
stability and counter to the concept of human development. Air pollution and
emissions of gases threaten our health, degrade our environment and alter the global
climate system. The current consumption of primary energy increases at a rate of 2
% every year, but this growth is very unequal around the world:

— Europe 0,2 % year,

— USA — Canada 1,4 % year,

— Developing countries 4,5 % year.

If the global growth rate continues, it will mean a doubling of energy
consumption by 2035 relative to 1998, and a tripling by 2055. Energy consumption
IS bound to increase.

Physical resources and technical opportunities are available to meet the
challenge of sustainable development, but it requires policy changes, such as:

— more effective use of energy (buildings, electric appliances, vehicles,
production processes);

— increased reliance on renewable energy sources;

— accelerate development and deployment of new energy technologies;

—as well as taking into account the costs of the various solutions.
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Vocabulary:
to make fast decisions — npuHUMATH OBICTPBIC PEIICHHUS;
access — JI0CTYII;
essential — ocHOBHO¥, Ba)KHBIH, CyIIIeCTBEHHBIH;
to unite knowledge — o6beqUHATE 3HAHUS,
implication — BoBjicueHE, BKIIOYCHHE;
varied — pa3Ho0Opa3HbIN;
safeguard — rapaHTHpOBATH;
to treat — yrpoxars;
environment — okpy»aroras cpeja;
Issue — mpobJiiema;
social equity — corr. paBeHCTBO;
sustainable — ycToWuuBbIif;
to be in charge of — ObITh Ha MoNCUEHNUHY;
to determine — onpeeINUTh, PEIINTD;
responsibility — orBeTcTBEHHOCTB;
to bequeath — 3aBemars;
renewable — BoccTaHOBUMBI, BO3OOHOBIISEMBII;
to take into account — mpuHUMAaTh BO BHUMaHUE,

to meet the challenge — npuHATH BBI30B;

I. Answer the following questions:
1. What issues will the implications of energy include?
2. What is our joint responsibility?
3. What can alter the global climate system?

4. What policy changes are required?
I1. Say whether you agree or not with the following statements. Support your idea.

a) The implications of energy over the coming twenty years are wide and

varied.
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b) We should consider the conditions for access to electricity in terms of
economic, social and political development.

¢) Energy consumption is bound to increase.
I11. Speak on the future applications of electricity in modern society. Express your
point of view, using the following phrases and word combinations:

— In my opinion...

— To my mind...

— The fact is...

— To start with...

— I think/believe...

— The thing is that...

— As far as [ know...

1.2. International cooperation

Since the oil crises of the 1970’s international cooperation has become an
increasingly important factor in energy policy for most countries of the industrial
world. It arose from the need to cope effectively with the disruptive impact of oil-
price increases on the economy.

International cooperation has contributed substantially to the formulation and
application of concerted actions to reduce dependency on oil and respond
collectively to emergency situations.

Despite progress, it was soon realized however that energy issues couldn’t be
solved by industrial countries alone, working in isolation. Nor was it a matter of
redistributing energy resources and proceeds from oil-trade between oil producing
and consuming countries. Energy policy can no longer be applied without due
attention to the realities of an increasingly interdependent world economy, in which
long-term issues, like the environment, population growth and the advancement of
less developed countries raise serious concerns.

Consequently, international energy cooperation has been included as an

integral part of the energy policy of the European Union. The need to strengthen
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cooperation is further underlined by recent events and developments taking place
within as well as outside the Union. In the first place, policy objectives and priorities
have concentrated on the establishment of a Single Market to include the energy
sector, as a means towards increasing availability and reducing the cost of energy
supplies throughout the Union. Given the energy situation prevailing in most of the
Member States, attaining this objective depends heavily on the extent to which
energy relations with other countries can be promoted and secured. The specific
European Union Programme concentrates on the transfer of energy policy know-
how and strategies to Third Countries with the following approach:

— The global objective of securing energy supplies at reasonable prices;

— Facilitating collaboration between European companies and major energy
producing and consuming industries in third countries;

— Protection of the environment from industrial pollution.

Despite recent economic setbacks, many of the newly emerging world
economies are being fuelled by massive increases in energy use and this will have
significant repercussions on the environment.

The energy/environment interrelation is subsequently very important and has
been reflected in many cooperation activities, particularly in the area of clean coal
technologies or renewable energy sources such as wind, small hydro, solar,
photovoltaic, solar thermal and biogas.

Energy cooperation should function in close collaboration with both national
administrations and regional organisations. Such cooperation not only contributes to

economic development but also to peace and stability for the countries.

Vocabulary:
to cope with — cipaBsiThes ¢ yeM-11100;
disruptive impact — pa3pymuTensHOe BIAUSHHUE,
to reduce dependency — cokpaTuTh 3aBUCHMOCTD;
interdependent — B3anMO3aBUCUMBIN;

reasonable prices — pa3ymubIe 11eHBI,
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to facilitate collaboration — cnocoG¢cTBOBaTH COTPYIHUYECTBY;

industrial pollution — mpomeIIeHHOE 3arpsi3HEHUE;

economic setback — sxoHoMuYeckuii cram;

t0 emerge — nmosiBiATHCS;

interrelation — B3aMMOOTHOIIIEHNE, B3AUMOCBS3b;

to contribute to economic development — nenath BKJIag B SKOHOMHYECKOE
pa3BUTHE,;

to have repercussions On — UMeTh BIUSHUE Ha;

a matter of — neo.

I. Answer the following questions:

1. Why has the international cooperation become an increasingly important
factor in energy policy for most countries of the industrial world?

2. What is the need to strengthen cooperation further underlined by?

3. Why couldn’t energy issues be solved by industrial countries alone?

4. What does the specific EU Programme concentrate on?

5. What’s the core problem?

Il. Find in the text the English phrases corresponding to their Russian
equivalents:
a) 9 peKTUBHO CIIPaBIATHCS C
b) necTpykTHBHOE BIMSHUE HA
C) YMEHBINATh 3aBUCUMOCTH OT
d) pearnpoBath Ha SKCTPEHHBIC CUTYaIHN
€) obecrieyeHne YHeprocHa0KeHus
f) BBI3BIBATH Cephe3HYI0 00E€CITOKOCHHOCTh
g) 1Mo pa3yMHBIM LIEHaM
h) TecHO coTpyaHUYATH C
1) 1enaTh BKJIaJ B SKOHOMHUYECKOE Pa3BUTHE

J) opraHu3aIus 3alUThl SHEPrOPECYPCOB
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I11. Say whether the following statements are true or false according to the text:

a) It was soon realized however that energy issues couldn’t be solved by
industrial countries alone.

b) Energy policy can be applied without due attention to the realities of an
increasingly interdependent world economy.

c) International energy cooperation has been included as an integral part of
the energy policy of the United Nations.

d) The specific EU Programme concentrates on the transfer of energy policy

know-how and strategies to Third Countries.

1.3. Union’s European Programme

EUP supports the progression of improved non-nuclear energy technologies
through demonstration and market penetration. The focus of the Programme
component is on the demonstration and promotion of clean and efficient energy
technologies in three board areas:

— renewable energy sources;

— rational use of energy in buildings, industry and transport;

— cleaner and more efficient use of fossil fuels and more effective exploration,
distribution and transportation of hydrocarbons.

At the core of the aims of the European Union as a whole, are three central
objectives. First, to help promote economic growth and create employment. Second,
to improve the competitiveness of our industries. Third, to protect our environment
and contribute towards sustainable development. New energy technologies can
make an important contribution towards achievement of these objectives. A more
efficient use of resources, such as fuels and electricity, helps to improve the relative
cost-effectiveness of our industries and hence the goods and services they make and
sell. As the recent economic crises in the Far East has shown, the world is truly a
global village. Likewise, our industries across the EU are intrinsically connected to

the ebbs and flows of international markets. The technologies supported under

73



programme like THERMIE have contributed to a more efficient use of resources,
thus reducing costs and making the companies more competitive. The indicator
commonly used to measure the efficiency of energy use in the industrial sector is
that of energy consumption per unit of output, known as energy intensity.

Investment in new technologies can also have an impact in another area,
namely that of employment creation. Many of the technologies supported by
initiatives such as THERMIE are more labour intensive than their conventional
competitors, either in manufacturing and installation, or in operation and
maintenance. Thus, investing in these applications, and the firms that produce them,
allows for a contribution towards employment creation. Moreover, many of the jobs
created are highly skilled or are located in priority areas.

Investing in technology to stimulate economic growth is not sufficient, in
itself, to meet our objectives. We must also work towards promoting sustainable
development and protection of our environments. The emphasis on clean and
efficient technologies can make a substantial contribution towards achievement of
these aims. All of the technologies and applications supported under THERMIE
offer access to zero or low emissions of gases such as CO,, the main greenhouse gas.

In the Solid Fuel sector, for example, the advanced coal technologies
supported within THERMIE offer access to substantial reductions in emissions of
greenhouse gases and those responsible for acid deposition. A recent analysis by the
European Commission sought to quantify these savings.

As a consequence of the investments made in new technologies, and changing
patterns of energy supply, the Member States of EU, and the EU itself, are
contributing to lowering the emissions of greenhouse gases. The investments made
from EU funds can help a project partner in many different ways. Firstly, the
mechanism allows for the creation of a vehicle to support the exchange of
information and experience between companies and organizations across the EU and
beyond. Second, the impact of the European funding is to stimulate projects, which

wouldn’t otherwise have gone ahead, or to the same extent.
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Technical performance is another key area where the Programme’s initiatives
have been focused. In this case, the impact of THERMIE has been improved the
reliability and efficiency of the technologies and applications, so as to encourage

their market deployment.

Vocabulary:
to support — mognepxuBare;
penetration — IpOHUKHOBCHHE;
at the core — B enTpe;
objective — nens;
employment — 3ansitocTs, pab. MecTa;
ebbs and flows — npunuBel 1 OTIHBHI,
creation — co3nanue;
substantial — BayxHbIi, 3HAUUTEIIBHBIN
to promote — crmocoOCcTBOBAThH, COJICHICTBOBATD;
deployment — pa3BepTbiBaHue;
Impact — BiusiHuE;
exchange — oOmeH;
to sight — yBumers, paccMoTpeTh;
vehicle — cpenctBo;
experience — omebIT;
cost-effectiveness — peHTa0beIbHOCTS (FKOHOMUYECKHHN TIOKA3aTelb)
renewable — BoccTaHOBHMBIH, BO3OOHOBIIIEMBIH ( O TPUPOIHBIX PeCypcax)
aCCess — oCTyI1l,

intrinsically — mo cyTu, B CyIHOCTH; B JICHCTBUTEIILHOCTH.

I. Answer the following questions:
1. What is the focus of the programme?
2. What are three central objectives at the core of the aims of the European

Union as a whole?
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3. What impact can investment in new technologies also have?
4. What can the emphasis on clean and efficient technologies make?

5. How can the investments made from EU funds help a project partner?

I1. Translate the following word combinations:
— improved non-nuclear energy technologies;
— clean and efficient energy technologies;
— renewable energy sources;
— energy intensity;
— employment creation;
— acid deposition;

— market deployment.

I11. Say whether the following statements are true or false according to the
information from the text:

a) EUP supports the progression of improved nuclear energy technologies
through demonstration and market penetration.

b) As the recent economic crises in the Middle East have shown, the world is
truly a global village.

c) Likewise, our industries across the EU are intrinsically connected to the
ebbs and flows of international markets.

d) Investment in new technologies can also have an impact in another area,
namely that of employment creation.

e) Research and development is another key area where the Programme’s

initiatives have been focused.
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UNIT 2

FACTS ABOUT HYDROPOWER

Worldwide, about 20 % of all electricity is generated by hydropower.
Hydroelectric power plants convert the kinetic energy contained in falling water into
electricity. The energy in flowing water is ultimately derived from the sun, and
therefore constantly being renewed. Energy contained in sunlight evaporates water
from the oceans and deposits it on land in the form of rain. Differences in land
elevation result in runoff, and allow some of the original solar energy to be captured
as hydroelectric power.

Hydropower is currently the world’s largest renewable source of electricity,
accounting for 6 % of world’s electricity. In Canada, hydroelectric power is
abundant and supplies 60 % of our electrical needs. The USA is the second largest
producer of hydropower in the world. Canada is number one. Norway produces more
than 99 % of its electricity with hydropower.

New Zealand uses hydropower for 75 % of its electricity.
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Vocabulary:

hydropower — ruiposHepreTrKa;
to evaporate — ucriapsTsb;

runoff — oowem;
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to deposit — ocaxxaaThCs;

to derive from — nmony4arh, U3BJICKATH;

to account for — HacUMTHIBATE,

residential customer — 6bITOBO# TOTPEOUTEITE;
abundant — umeromnuiicss B N300UIINY;

a great deal of — GosbII0€ KOTHYECTBO.

I. Answer the following questions:
1. How much electricity is produced by hydropower?
2. Why is the energy in flowing water being constantly renewed?
3. What can you say about hydropower in Canada?
4. What country produces more than 99 % of its electricity with hydropower?

5. What is the second largest producer of hydropower in the world?

I1. Match the English phrases corresponding to their Russian equivalents:

1. falling water a. OOJIBIIIOE KOJIMYECTBO

2. ultimately b. moTpeGHOCTH B
QJICKTPOOHCPIUHU

3. differences C. Majarolas Boja

4. land elevation d. o0Bem ocaakoB

5. rainfall runoff €. TOJIHOCTBIO

6. energy supply f. umeromuiics B 300U

7. abundant g. paznuuus

8. electrical needs h. momHsaTHE 3eMiTn

9. a great deal of I. BHEpropecypchl

10. consumers J. motpebuTeaH

I11. Express your own opinion about hydropower using the following phrases:
— In my opinion...

— To my mind...
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— The fact is...

— To start with...

— I think/believe...
— The thing is that...

— As far as [ know...

2.1. Environment

Hydropower is clean. It prevents the burning of 22 billion gallons of oil or 120
million tons of coal each year. Hydropower doesn’t produce greenhouse gases or
other air pollution. Hydropower leaves behind no waste. Reservoirs formed by
hydropower projects have expanded water-based recreation resources, and they
support diverse, healthy, and productive fisheries. In fact, catch rates are
substantially higher on hydropower reservoirs than natural lakes.

Hydropower is the most efficient way to generate electricity. Modern
hydroturbines can convert as much as 90 % of the available energy into electricity.
The best fossil fuel plants are only about 50 % efficient.

Hydropower is the leading source of renewable energy. It provides more than
97 % of all electricity generated by renewable sources. Other sources including solar,
geothermal, wind and biomass account for less than 3 % of renewable electricity
production.

Reservoirs formed by hydroelectric dams provide many water-based
recreational opportunities including fishing, water sports, boating, and water fowl
hunting. Hydro-operators own a significant amount of land around many reservoirs
that is open to the public for uses including hiking, hunting, snowmobiling, and
skiing. Hydro-operators provide many recreation facilities at their hydropower
projects including boat landings, swimming beaches, restrooms, picnic and fishing
areas, nature trails and parking facilities.

Hydroelectric power has always been an important part of the world’s
electricity supply, providing reliable, cost-effective electricity, and will continue to

do so in the future. Hydropower has environmental impacts which are very different
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from those fossil fuel power plants. The actual effects of dams and reservoirs on
various ecosystems are only now becoming understood. The future of hydroelectric
power will depend on future demand for electricity, as well as how societies value
the environmental impacts of hydroelectric power compared to the impacts of other

sources of electricity.

Vocabulary:
environmental impacts — Bo3elicTBre Ha OKPY’KaOIIYIO CPEY;
to weigh — B3BemmBaTh,
pollutant — 3arpsi3HstonUii areHT,
to submerge — noarpyxarp o1 BoLy, 3aTOILISTH;
to decay — paspymaThcs, pa3iaratbes;
flooding — 3aromenue;
hazard — ormacHoCTB;
to threaten — yrposxats;
{0 assess — o1leHUBATBh,
to result in — mpUBOIUTH K
to refurbish — moxgHOBIATE, OCBEXATH;

hydroplant — I'DC, paboratoriasi B €CTECTBEHHOM PEKUME PEKH.

I. Give the Russian equivalents to the following English word combinations from
the text:

— hydroelectric power plants;

— standard atmospheric pollutants;

— fossil fuel fired power plants;

— greenhouse gases;

— hydroelectric facilities;

— high water periods;

— health hazard,;

— hydroelectric power construction;
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— low head turbines.

I1. Say whether the following statements are true or false according to the text:

a) Until recently there was an almost universal belief that hydropower was a
clean and environmentally safe method of producing electricity.

b) Hydroelectric power plants emit the standard atmospheric pollutants such
as carbon dioxide or sulfur dioxide.

¢) Hydroelectric power plants result in the risks of radioactive contamination.

d) The most obvious impact of hydroelectric dams is the flooding of vast areas
of land, much of it previously forested or used for agriculture.

e) The actual amount of electricity which will ever be generated by

hydropower will be much more than the theoretical potential.

I11. Express your own opinion about environment using the following phrases:
— In my opinion...
— To my mind...
— The fact is...
— To start with...
— I think/believe...
— The thing is that...
— As far as [ know...

2.2. Hydroelectricity

Hydraulic turbine and electrical generator.

Hydroelectric power now supplies about 19 % of world electricity. Large
dams are still being designed. Apart from a few countries with an abundance of
hydro power, this energy source is normally applied to peak load demand, because
it is readily stopped and started. It also provides a high-capacity, low-cost means of

energy storage, known as «pumped storage».
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Hydropower produces essentially no carbon dioxide or other harmful
emissions, in contrast to burning fossil fuels, and is not a significant contributor to
global warming through CO..

Hydroelectric power can be far less expensive than electricity generated from
fossil fuels or nuclear energy. Areas with abundant hydroelectric power attract
industry.

The chief advantage of hydroelectric dams is their ability to handle seasonal
(as well as daily) high peak loads. When the electricity demands drop, the dam
simply stores more water (which provides more flow when it releases). Some
electricity generators use water dams to store excess energy (often during the night),
by using the electricity to pump water up into a basin. Electricity can be generated
when demand increases. In practice the utilization of stored water in river dams is
sometimes complicated by demands for irrigation which may occur out of phase
with peak electrical demands.

Not all hydroelectric power requires a dam; a run-of-river project only uses
part of the stream flow and is a characteristic of small hydropower projects.

There are some considerations in a micro-hydro system installation. The
amount of water flow available on a consistent basis, since lack of rain can affect
plant operation. The more head, the more power that can be generated. There can be
legal and regulatory issues, since most countries, cities, and states have regulations
about water rights and easements.

Over the last few years, the U.S. Government has increased support for
alternative power generation. Many resources such as grants, loans, and tax benefits
are available for small scale hydro systems.

In poor areas, many remote communities have no electricity. Micro hydro
power, with a capacity of 100 kW or less, allows communities to generate electricity.
This form of power is supported by various organizations such as the UK's Practical
Action.

Micro-hydro power can be used directly as «shaft power» for many industrial

applications. Alternatively, the preferred option for domestic energy supply is to
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generate electricity with a generator or a reversed electric motor which, while less

efficient, is likely to be available locally and cheaply.
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I. Translate the following sentences with the Gerund (pay attention to the different

translation of the Gerund depending on its different functions:
1. Hydropower was a clean and environmentally safe method of producing

electricity.
2. In this respect, hydropower is better than burning coal, oil or natural gas.

3. Decaying vegetation, submerged by flooding, may give off quantities of
greenhouse gases equivalent to those from other sources of electricity.

4. Reservoirs can be used for ensuring adequate water supplies, providing

irrigation and recreation.
5. Damming a river can alter the amount and quality of water in the river

downstream of the dam, as well as preventing fish from migrating upstream to

spawn.
6. These impacts can be reduced by requiring minimum flows downstream of

a dam, and by creating fish ladders.
7. Harnessing this resource would require billions of dollars.
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I1. Say whether the following statements are true or false according to the text:

1. Hydropower provides a high-capacity, low-cost means of energy storage,
known as «pumped storage».

2. Hydropower produces essentially carbon dioxide or other harmful
emissions.

3. All hydroelectric power requires a dam.

4. There are some considerations in a micro-hydro system installation.

5. Governments of different countries have increased support for alternative
power generation.

6. Micro-hydro power can be used for many industrial applications.

7. Hydroelectric power can be far more expensive than electricity generated
from fossil fuels.

8. The chief advantage of hydroelectric dams is their ability to handle seasonal

high peak loads.

I11. Complete the following statements using the information from the text:

1. Run of the river hydroplants without dams and reservoirs would not be a
source of these (standard atmospheric pollutants; greenhouse gases).

2. Opposition to hydropower from environmentalists and native people, as
well as new environmental assessments at the World Bank will restrict the amount
of money spent on hydroelectric power construction (in the developed/developing
countries in the world).

3. Hydropower has environmental impacts which are very different from those
of (nuclear power plants; fossil fuel power plants).

4. As electricity demand extended in the middle years of 20" century and the
efficiency of coal and oil fueled power plants increased, small hydroplants fell out
of favour. Most new hydroelectric development was focused on (huge mega-

projects/mini-stations).
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UNIT 3

GEOTHERMAL ENERGY

One is tempted to talk of the seven ages of geothermal development. From
prehistory, natural hot springs have been used by man for bathing and cooking, and
there is some evidence of piped systems as early as the 14" century, but the second
age — the managed exploitation of heat from the Earth — really began about one
hundred years ago with the first piped heating systems in Europe and USA. These
were followed closely by the first steps in commercial power generation. The third
age (1950 — 70) was a period of slow consolidation, with systems developing slow
but — above all — with far greater detailed knowledge of the underground and its
exploration emerging, primarily through the oil industry. The fourth age (1973 — 80)
was the golden age of geothermal energy. Spurred by the first oil shock and with a
solid foundation of geological knowledge, geothermal power stations began to
appear in more than 30 countries. During this period, the growth rate of worldwide
installed capacity touched 14 % per year, and averaged 8.5 %. Similar though less
spectacular development occurred also in direct geothermal heating applications.

Part of the reason for this enthusiastic development was the reliability of
geothermal resources. Unlike the other sustainable energy sources such as wind or
solar, geothermal resources provide firm power 24 hours per day, 365 days per year.
It is not unusual to find geothermal plant with annual availability factors in excess
of 98 %, so load factors can be high, the energy supplied by geothermal is some 3.5
times greater than for wind plant. This firmness in itself can be a considerable asset
to the utilities.

There is evidence that the situation is now changing, and that we may be
entering into the sixth age of geothermal development — one in which the
environmental and other advantages of geothermal development (by comparison
with other energy sources, be they fossil or renewable) begin to be recognized by a
wide public. If this is true, we can expect this sixth age to merge imperceptibly into

a seventh age when new technologies — for which the research started in the 1970’s
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— will extend the opportunities for geothermal usage to geographically and
technically wider areas.

Not only are the better geothermal zones increasingly well understood, but
techniques of exploration and interpretation are becoming increasingly sophisticated
— thanks, again, to the hydrocarbons industry which relies on essentially the same
range of technologies. Geothermal’s really strong point, however, is its potential to
be environmentally friendly.

By operating geothermal systems as a closed loop, and reinjecting the
contaminants along with the cooled water, the environmental impact can be reduced

almost to zero.

Vocabulary:
evidence — 04eBUIHOCTD,
t0 emerge — nosiBiATHCS;
to Spur — moaroHsITH, MOOYXKIATh;
to appear — nosABIATHCS;
t0 OCcCur — mpoMCXOIUTh;
advantage — npeuMyIecTBo;
to recognize — npu3HaBaTh;
asset — eHHbIN BKIAI;
to inject — BBOIUTH;
sophisticated — crmoxHBII;
to reduce — cokpainarb, yMEHbIIIATh;

a closed loop — 3aMKHYTBII KOHTYP;

I. Find the Russian equivalents to the following English words and word
combinations:
1. geothermal development a. YCTOWYHMBBIC UCTOYHUKH

SHEPrumn
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2. natural hot springs

3. commercial power generation
4. the growth rate

5. worldwide installed capacity

6. sustainable energy sources

7. annual availability factors

8. load factors

9. fossil fuel supplies
10.high initial capital investment

11.high interest rates

12.the environmental impact

development
generation
power

plant

impact
environmental
wind

hot

power

10. firm
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I11. Express your own opinion about geothermal energy using the following
phrases:

— In my opinion...

— To my mind...

— The fact is...

— To start with...

— I think/believe...

— The thing is that...

— As far as I know...

3.1. Geothermal energy methods

Geothermal resources range from shallow ground to hot water and rock
several miles below the Earth's surface, and even further down to the extremely hot
molten rock called magma. Wells over a mile deep can be drilled into underground
reservoirs to tap steam and very hot water that can be brought to the surface for use
in a variety of applications.

Geothermal technologies include:

Conventional Geothermal

Binary cycle power plants, which pass moderately hot geothermal water by a
secondary fluid with a much lower boiling point than water. This causes the
secondary fluid to flash to vapor, which then drives the turbines.

Hot dry rock geothermal energy: Using deep wells into hot rock, a fluid is
heated and used to generate power. Also known as EGS or Enhanced Geothermal
Systems.

Dry steam plants, which directly use geothermal steam to turn turbines; flash
steam plants, which pull deep, high-pressure hot water into lower-pressure tanks and
use the resulting flashed steam to drive turbines; and geothermal heat pump: Almost
everywhere, the upper 10 feet of Earth's surface maintains a nearly constant
temperature between 10 and 16 °C. A geothermal heat pump system consists of pipes

buried in the shallow ground near a building, a heat exchanger, and ductwork into
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the building. In winter, heat from the relatively warmer ground goes through the heat
exchanger into the house. In summer, hot air from the house is pulled through the
heat exchanger into the relatively cooler ground. Heat removed during the summer
can be used as no-cost energy to heat water.

Direct exchange geothermal heat pump: A heat pump without a heat
exchanger, which circulates the working fluid through pipes in the ground.

Direct Heat: Hot water near Earth's surface can be piped directly into facilities
and used to heat buildings, grow plants in greenhouses, dehydrate onions and garlic,
heat water for fish farming, and pasteurize milk. Some cities pipe the hot water under
roads and pavements to melt snow. District heating applications use networks of
piped hot water to heat buildings in whole communities.

Advantages:

Geothermal power requires no fuel, and is therefore virtually emissions free
and insusceptible to fluctuations in fuel cost. And because a geothermal power
station doesn't rely on transient sources of energy, unlike, for example, wind turbines
or solar panels, its capacity factor can be quite large; up to 90 % in practice.

It is considered to be sustainable because the heat extraction is small compared
to the size of the heat reservoir. While individual wells may need to recover,
geothermal heat is inexhaustible and is replenished from greater depths.

Geothermal has minimal land use requirements; existing geothermal plants
use 1-8 acres per megawatt (MW) versus 5-10 acres per MW for nuclear operations
and 19 acres per MW for coal power plants. It also offers a degree of scalability: a
large geothermal plant can power entire cities while smaller power plants can supply
more remote sites such as rural villages.

Disadvantages:

From an engineering perspective, the geothermal fluid is corrosive and, worse,
is at a low temperature compared to steam from boilers. By the laws of
thermodynamics this low temperature limits the efficiency of heat engines in
extracting useful energy during the generation of electricity. Much of the heat energy

is lost, unless there is also a local use for low-temperature heat such as greenhouses,

89



timber mills, and district heating. However, since this energy is almost free once the
plant is established, the efficiency of the system is not as significant as for a coal or
other powered plant.

There are several environmental concerns behind geothermal energy.
Construction of the power plants can adversely affect land stability in the
surrounding region. This is mainly a concern with Enhanced Geothermal Systems,
where water is injected into hot dry rock where no water was before. Dry steam and
flash steam power plants also emit low levels of carbon dioxide, nitric oxide, and
sulphur, although at roughly 5 % of the levels emitted by fossil fuel power plants.
However, geothermal plants can be built with emissions-controlling systems that can
inject these substances back into the earth, thereby reducing carbon emissions to less
than 0.1 % of those from fossil fuel power plants. Hot water from geothermal sources
will contain trace amounts of dangerous elements such as mercury, arsenic, and

antimony which, if disposed of into rivers, can render their water unsafe to drink.

I. Answer the following questions:

1. What geothermal resources do you know?

2. What geothermal technologies are mentioned in the text?

3. What technology is considered to be the most effective and explicit costs?

4. Why doesn’t a geothermal power station rely on transient sources of
energy?

5. Name the main disadvantages of this kind of energy.

6. What are the environmental concerns behind geothermal energy?

7. What are the positive sides of geothermal energy?

Il. Translate the following word combinations and make the sentences using
them:

environmental concerns, shallow ground, hot molten rock, can be drilled into,
flash steam plants, to be injected into, dangerous elements, high-pressure hot water,

the surrounding region, timber mills, the laws of thermodynamics, transient sources
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of energy, carbon dioxide, a degree of scalability, to dehydrate, unsafe to drink, a

constant temperature, coal power plants.
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UNIT 4

TIDAL ENERGY

Over the past three decades the feasibility of using ocean tides to generate
electric power has been investigated at many sites. Results suggest that the potential
for economic development is small. Of the approximately 22,000 TWh per year
dissipated by the tides, 200 TWh is now considered economically recoverable and
less than 0.6 TWh is produced by existing plants.

Six areas account for well over half of the potentially developable energy:

The headwaters of the Bay of Fundy (Canada);

The Severn estuary (UK);

The Gulf of St. Malo (France);

The south-east coast of China;

Russian coasts bordering the White Sea and Sea of Okhotsk.

Other potentially feasible sites include the Irish Sea and Bristol Channel (UK),
The Gulf of Kachch (India), the west coast of Korea, the north-west coast of
Australia and others.

Most designs, existing or proposed, have opted for a single tidal basin to create
hydraulic heads and propeller turbines to extract energy therefrom. Linked and
paired basins have also been considered. Innovative approaches have included
extraction of energy directly from tide races using a variety of prime movers. The
main obstacle to development is economic. Capital costs are high in relation to
output: a consequence of the low and variable heads available at even the best sites.
Heads available at the turbine vary throughout each tidal cycle, averaging less than
70 % of the maximum. As a result, installed capacity is underutilized, typical
capacity factors tending to fall. Low heads imply that civil as well as mechanical
engineering components must be large in comparison to output. For such reasons,
tidal plants are likely to be practicable only where energy is concentrated by large

tides and where physical features permit construction of tidal basins at low cost.
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Significant capital-cost reductions through improved design and construction
techniques have been achieved over the past three decades. In China a different
approach has been taken: tidal plants have been built as part of broader schemes of
resource utilization — typically land reclamation or aquaculture.

In a world increasingly sensitive to environmental factors, tidal plants must
avoid unacceptable impacts. Tidal power is non-polluting and in this respect superior
to thermal generation. Beyond that, it is difficult to generalize. In recent years,
commercial acceptance of combined-cycle generation based on combustion turbines
has reduced the potential economic and environmental costs of meeting future
capacity and energy demands through thermal plants wherever natural gas is
available at competitive prices. This has tended to increase the economic bias against
tidal power.

Another development with adverse implications for tidal power is the trend in
many countries to adopt market pricing of electric energy and dispense with
regulatory pricing. This is almost every case entails competition in the generation
function. Under such conditions, competitors will be under strong compulsion to
choose plant types having the shortest construction times and the lowest unit capital
costs.

Such factors render construction of new tidal generation capacity unlikely
during the near future, unless strong incentives such as emission caps or carbon taxes

are imposed.

Vocabulary:
feasibility — ocyiiecTBUMOCTb, BBIMOJIHUMOCTS;
to investigate — ricciie10BaTh;
estuary — neinbTa, yCThe PEKHU;
to exceed — mpeBbIIIATS;
therefrom — orryna;
to extract — uzBnekarb

innovative approach — HoBaropckuii oX01;
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obstacle — mpensTcTBHE;

to imply — moapaszymeBars;

to predict — mpeacka3bIBaTh,

to perturb — Hapymars;

head — namop;

bias — HaKJIOH, YKIIOH;

to dispense — pacripenensrs;

to entail — BEI3BIBATH, BiIEYD 32 COOOM;

to render — U3BMEHNUTH COCTOSTHHE Yero-I100;
capital-cost — kanuTabHBIC 3aTPATHL;
combustion — cxxuranue;

combined cycle — koMOMHHPOBAHHBIN UK,

reclamation — ocBoeHwe, TOBTOPHOE UCIIOIb30BaHUE.

I. Give the Russian equivalents to the following English word combinations from
the text:

the largest tidal plant, ocean tides, annual output, a single tidal basin,
innovative approaches, tide races, tidal basins, design and construction techniques,
energy demands, new tidal generation capacity, environmental factors, the main
obstacle, mechanical engineering components, combined-cycle generation

combustion turbines.

Il. Find in the text the English equivalents to the following Russian word
combinations:

— DKOHOMMYECKH BO3MECTUMBIN

— [NOTCHUUAJIbHO BO3MOXHBIC ITJIOIIIA KU CTaHHI/Iﬁ

- 6BICTpOC MIPUINBO-OTIIMBHOC TCYUCHUC

— MJIBIA U IEPEMEHHBIE HAIOPbI

— KaIIUTAJIbHBIC 3aTPaThIl

— YCOBCPIICHCTBOBAHHBIC MCTOABI ITPOCKTHUPOBAHUSA U CTPOUTCIILCTBA
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— BpIpabOTKa ¢ KOMOMHUPOBAHHBIM IIUKJIOM

I11. Read the text and say whether the statements are true or false according to the

text:
a) Results suggest that the potential for economic development is large.
b) Five areas account for well over half of the potentially developable energy.
¢) Linked and paired basins have not been considered.
d) The main obstacle to development is economic.
e) Tidal power is polluting and in this respect not superior to thermal
generation.

IV. Find the passages in the text where the following ideas are expressed.
Translate the passages into Russian:

1. The feasibility of using ocean tides to generate electric power has been
investigated at many sites.

2. Innovative approaches have included extraction of energy directly from tide
races using a variety of prime movers.

3. Commercial acceptance of combined-cycle generation based on

combustion turbines has reduced the potential economic and environmental costs.

V. Express your own opinion about tidal energy using the following phrases:
— In my opinion...
— To my mind...
— The fact is...
— To start with...
— I think/believe...
— The thing is that...

— As far as [ know...
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4.1. Tide and Tidal acceleration

Tidal power is the only form of energy which derives directly from the relative
motions of the Earth — Moon system, and to a lesser extent from the Earth — Sun
system. The tidal forces produced by the Moon and Sun, in combination with Earth's
rotation, are responsible for the generation of the tides. Other sources of energy
originate directly or indirectly from the Sun, including fossil fuels, conventional
hydroelectric, wind, biofuels, wave power and solar. Nuclear is derived using
radioactive material from the Earth, geothermal power uses the heat of magma below
the Earth's crust, which comes from radioactive decay.

Variation of tides over a day

Tidal energy is generated by the relative motion of the Earth, Sun and the
Moon, which interact via gravitational forces. Periodic changes of water levels, and
associated tidal currents, are due to the gravitational attraction by the Sun and Moon.
The magnitude of the tide at a location is the result of the changing positions of the
Moon and Sun relative to the Earth, the effects of Earth rotation, and the local shape
of the sea floor and coastlines.

Because the Earth's tides are caused by the tidal forces due to gravitational
interaction with the Moon and Sun, and the Earth's rotation, tidal power is practically
inexhaustible and classified as a renewable energy source.

A tidal energy generator uses this phenomenon to generate energy. The
stronger the tide, either in water level height or tidal current velocities, the greater

the potential for tidal energy generation.

4.2. Tidal Classification

Tidal power can be classified into two main types:
Tidal stream systems make use of the kinetic energy of moving water to power
turbines, in a similar way to windmills that use moving air. This method is gaining
in popularity because of the lower cost and lower ecological impact compared to

barrages.
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Barrages make use of the potential energy in the difference in height (or head)
between high and low tides. Barrages are essentially dams across the full width of a
tidal estuary, and suffer from very high civil infrastructure costs, a worldwide
shortage of viable sites, and environmental issues.

Tidal lagoons, are similar to barrages, but can be constructed as self-contained
structures, not fully across an estuary, and are claimed to incur much lower cost and
impact overall. Furthermore they can be configured to generate continuously which
IS not the case with barrages.

Modern advances in turbine technology may eventually see large amounts of
power generated from the ocean, especially tidal currents using the tidal stream
designs but also from the major thermal current systems such as the Gulf Stream,
which is covered by the more general term marine current power. Tidal stream
turbines may be arrayed in high-velocity areas where natural tidal current flows are
concentrated such as the west and east coasts of Canada, the Strait of Gibraltar, the
Bosporus, and numerous sites in South East Asia and Australia. Such flows occur
almost anywhere where there are entrances to bays and rivers, or between land

masses where water currents are concentrated.

4.3. Environmental impact

The placement of a barrage into an estuary has a considerable effect on the
water inside the basin and on the ecosystem. Many governments have been reluctant
in recent times to grant approval for tidal barrages. Environmental impacts of tidal
plants in the United States are difficult to measure because there are currently no US
tidal plants. However, through research conducted on tidal plants in other parts of
the world, it has been found that tidal barrages constructed at the mouths of estuaries
pose similar environmental threats as large dams. The construction of large tidal
plants alters the flow of saltwater in and out of estuaries, which changes the
hydrology and salinity and possibly negatively affects the marine mammals that use
the estuaries as their habitat. The La Rance plant, off the Brittany coast of northern

France, was the first and largest tidal barrage plant in the world. It is also the only
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site where a full-scale evaluation of the ecological impact of a tidal power system,
operating for 20 years, has been made.

French researchers found that the isolation of the estuary during the
construction phases of the tidal barrage was detrimental to flora and fauna, however;
after ten years, there has been a «variable degree of biological adjustment to the new
environmental conditionsy.

Some species lost their habitat due to La Rance’s construction, but other
species colonized the abandoned space, which caused a shift in diversity. Also as a
result of the construction, sandbanks disappeared, the beach of St. Servan was badly
damaged and high-speed currents have developed near sluices, which are water

channels controlled by gates.

I. Answer the following questions:
1. What is the main negative effect on the water?
2. How does the government try to solve ecological problems?
3. What consequences may be on flora and fauna?
4. Explain why the water is one of the most important elements in chemical

and physical processes on the surface of the earth.

I1. Give the Russian equivalents to the following English word combinations from
the text:

. fresh water consumption;

. world water balance;

. Earth’s entrails;

. annual fresh water discharge;

. renewable fresh water resources;

. tight water balance;

. unlike other natural resources;

coO N o o1 A W DN B

. in daily industrial life;
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a) B IOBCEIHEBHOW NMPOMBILIJIEHHON KU3HH;

b) Henpa 3emum;

C) B OTVIMYME OT JPYTUX MIPUPOHBIX PECYPCOB;
d) morpebeHue YNCTOM BOIBI;

€) eKEroIHbIN CTOK YNCTON BOJIBI;

f) MupoBOE paBHOBeCHE BOJIBI;;

g) OOHOBJIsIEMbI€ 3aMachl YUCTOM BOJIbI

h) sxecTkuii BOAHBIN OajaHC.

I11. Express your own opinion about ecological impact using the following
phrases:

— In my opinion...

— To my mind...

— The fact is...

— To start with...

— I think/believe...

— The thing is that...

— As far as [ know...
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UNIT 5

WIND ENERGY

Estimates of the electricity that could potentially be generated by wind power
and of the land area available for wind energy have been calculated for the United
States. The potential electric power from wind energy is surprisingly large. Good
wind areas, which cover 6 % of the U.S. land area, have the potential to supply more
than one and a half times the current electricity consumption of the U.S. technology
under development today will be capable of producing electricity economically from
wind sites in many regions of the country.

The price of the electricity produced from wind by these advanced turbines is
estimated to be competitive with conventional sources of power, including fossil
fuels. Because of the increasing competitiveness of wind energy, wind resource
assessment will become essential in incorporating wind energy into the nation’s
energy mix.

Wind turbines are now a relatively common sight across Europe, with
countries such as Denmark, the Netherlands, Germany, UK, Spain and latterly
France, all investing in wind farms. Offshore wind development, although far less
advanced, is the greatest prize in this field. However, relative costs of offshore
compared to onshore are higher.

This project is aimed to demonstrate the economic as well as technical
viability of offshore wind energy. The former was achieved through the innovative
use of a floating jack-up barge which reduced the time and costs of installation. The
latter was achieved mainly through the incorporation of new electronic control
systems which improved the compatibility with grid network, and reduced the need
for expensive grid strengthening measures.

Five turbines were installed, about 4 km off the coast of Gotland. Each turbine
is rated at 500 kw. The average annual output is some 8 GWh/y, from mean wind
speeds of 8 m/s. rock-socketed steel monopole foundations, to water depths of 5 to

6,5 m were used to secure the turbines. Total construction time was only 35 days.
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Monitoring of impacts on local flora and fauna, such as the seal population, is also

being carried out.

Vocabulary:
onshore — GeperoBoi;
a floating jack-up — camoonpokuabIBatOIUICS;
compatibility — coBMecTHMOCTB;
Gotland — o-B I'oTiang (bantuiickoe mope; LlBerws);
estimates — KaJIbKyJISAIHsI, CMETHBIC TIPEIIOI0KECHUS;
to range — kiaccupuUMpPOBATH;
range — o0nacTh, cdepa;

competitiveness — KOHKypeHITHsI.

I. Answer the questions using the information from the text:
1. Why is wind energy available in the USA?
2. In what countries are wind turbines a relatively common sight?
3. What is the aim of the project?
4. How many turbines were installed?

5. What was total construction time?

Il. Find the Russian equivalents to the following English words and word
combinations:
1. wind power;
. current electricity consumption;
. wind energy applications;
. mean wind power density;
. advanced wind turbine technology;
. wind power classification;
. turbine hub height;

. wind resource assessment;

coO N o O A W DN
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a) MPUMEHECHHE SHEPTUU BETPA,;

b) cerousmHee MOTpEOICHUE IIEKTPHUYECTBA;
C) SHEpTus BETPa;

d) omeHka pecypcoB SHEPruu BETPa;

€) BbICOTa KOpIyca TYpOUHBI;

f) cpenHss IIIOTHOCTL SHEPTUU BETPa,

g) mepeoBasi TEXHOJIOTHS pa3pabOTKH BETPSAKOB;

h) npuMeHeHe SHEPrun BETpa.

I11. Read the text and say whether the statements are true or false according to the
text:

1. The potential electric power from wind energy is surprisingly small.

2. Technology under development today will be capable of producing
electricity economically from good wind sites in few regions of the country.

3. Estimates of wind turbine efficiency and power losses are based on data
from existing turbines.

4. The increasing cost of wind power and the growing interest renewable
energy sources should ensure that wind power will become a viable energy source
in the USA and worldwide.

V. Express your own opinion about wind energy using the following phrases:
— In my opinion...
— To my mind...
— The fact is...
— To start with...
— I think/believe...
— The thing is that...

— As far as [ know...
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5.1. Water-pumping windmill

Humans have been using wind power for at least 5,500 years to propel
sailboats and sailing ships, and architects have used wind-driven natural ventilation
in buildings since similarly ancient times. The use of wind to provide mechanical
power came somewhat later in antiquity.

In the United States, the development of the «water-pumping windmill» was
the major factor in allowing the farming and ranching of vast areas of North
America, which were otherwise devoid of readily accessible water. They contributed
to the expansion of rail transport systems throughout the world, by pumping water
from wells to supply the needs of the steam locomotives of those early times. The
multi-bladed wind turbine atop a lattice tower made of wood or steel was, for many

years, a fixture of the landscape throughout rural America.

5.2. Energy of wind
The Earth is unevenly heated by the sun resulting in the poles receiving less
energy from the sun than the equator does. Also, the dry land heats up (and cools
down) more quickly than the seas do. The differential heating drives a global
atmospheric convection system reaching from the Earth's surface to the stratosphere
which acts as a virtual ceiling. Most of the energy stored in these wind movements
can be found at high altitudes where continuous wind speeds of over 160 km/h (100
mph) occur. Eventually, the wind energy is converted through friction into diffuse

heat throughout the Earth's surface and the atmosphere.
The total amount of economically extractable power available from the wind

is considerably more than present human power use from all sources.

5.3. Distribution of wind speed
The strength of wind varies, and an average value for a given location does
not alone indicate the amount of energy a wind turbine could produce there. To

assess the frequency of wind speeds at a particular location, a probability distribution
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function is often fit to the observed data. Different locations will have different wind
speed distributions.

Because so much power is generated by higher wind speed, much of the
energy comes in short bursts. The consequence is that wind energy from a particular
turbine or wind farm does not have as consistent an output as fuel-fired power plants;
utilities that use wind power provide power from starting existing generation for
times when the wind is weak thus wind power is primarily a fuel saver rather than a
capacity saver. Making wind power more consistent requires that various existing
technologies and methods be extended in particular the use of stronger inter regional
transmission to link widely distributed wind farms since the average variability is

much less; the use of hydro storage and demand-side energy management.

5.4. Electricity Generation
A. Grid management system

Electricity generated by a wind farm is normally fed into the national electric
power transmission network. Individual turbines are interconnected with a medium
voltage (usually 34.5 kV) power collection system and communications network. At
a substation, this medium-voltage electrical current is increased in voltage with a
transformer for connection to the high voltage transmission system. The surplus
power produced by domestic microgenerators can, in some jurisdictions, be fed back
into the network and sold back to the utility company, producing a retail credit for
the consumer to offset their energy costs.

Induction generators, often used for wind power projects, require reactive
power for excitation so substations used in wind-power collection systems include
substantial capacitor banks for power factor correction. Different types of wind
turbine generators behave differently during transmission grid disturbances, so
extensive modeling of the dynamic electromechanical characteristics of a new wind
farm is required by transmission system operators to ensure predictable stable
behaviour during system faults. In particular, induction generators cannot support

the system voltage during faults, unlike steam or hydro turbine-driven synchronous
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generators (however properly matched power factor correction capacitors along with
electronic control of resonance can support induction generation without grid).
Doubly-fed machines, or wind turbines with solid-state converters between the
turbine generator and the collector system, have generally more desirable properties
for grid interconnection. Transmission systems operators will supply a wind farm
developer with a grid code to specify the requirements for interconnection to the
transmission grid. This will include power factor, constancy of frequency and
dynamic behaviour of the wind farm turbines during a system fault.
B. Capacity

Electricity generated from wind power can be highly variable at several
different timescales: from hour to hour, daily, and seasonally. Annual variation also
exists, but is not as significant. Because instantaneous electrical generation and
consumption must remain in balance to maintain grid stability, this variability can
present substantial challenges to incorporating large amounts of wind power into a
grid system. Intermittency and the non-dispatchable nature of wind energy
production can raise costs for regulation, incremental operating reserve, and (at high
penetration levels) could require an increase in the already existing energy demand
management, load shedding, or storage solutions or system interconnection with
HVDC (high-voltage direct current — line) cables. At low levels of wind penetration,
fluctuations in load and allowance for failure of large generating units requires
reserve capacity that can also regulate for variability of wind generation.

In particular geographic regions, peak wind speeds may not coincide with
peak demand for electrical power. In California and Texas, for example, hot days in
summer may have low wind speed and high electrical demand due to air
conditioning. Some utilities subsidize the purchase of geothermal heat pumps by
their customers, to reduce electricity demand during the summer months by making
air conditioning up to 70 % more efficient; widespread adoption of this technology
would better match electricity demand to wind availability in areas with hot summers

and low summer winds. Geothermal heat pumps also allow renewable electricity
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from wind to displace natural gas and heating oil for central heating during winter,

when winds tend to be stronger in many areas.

I. Answer the following questions:

1. In what countries are wind turbines a relatively common sight?

2. What generators are often used for wind power projects? What do they
require?

3. What is grid management system?

4. What are the essential timescales?

5. What points and aspects should be taken into consideration before
installation of the project?

6. What ecological impact is noticeable?

Il1. Give the Russian equivalents to the following English words and word
combinations:

—wind areas;

— current electricity consumption;

— wind energy recourses;

—wind energy applications;

— mean wind power density;

— advanced wind turbine technology;

— future generation technology;

— wind energy development;

— wind electric potential;

— turbine hug height;

— energy losses;

— wind resource assessment.
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UNIT 6

FOSSIL FUELS
1. Solid Fuels

In this field, technical improvements in terms of thermal efficiency play a vital
role in fostering market penetration of new systems. In the solid fuel sector much
attention has been paid to the so-called «clean coal technologies». This is due to
recognition of the continuing importance of this fuel, especially in developing
countries, but coupled with the need to improve the environmental and thermal
performance of the combustion process.

Most large scale conventional power plants have net thermal efficiencies in
the order of 38 % for hard coal and 35 % for brown coal. New systems are being
developed which are aimed at increasing this, over the medium-term, to at least 50
%. This will result in a reduction of 0.21 kg of CO, per kWh generated per hard coal,
and 0.34 kg/kWh generated for brown coal. In the EU countries, this equates to a
CO; reduction of 180 million per year; in line with targets set in the context of the
climate change debate. This increased efficiency leads to lower fuel costs per unit of
output, thought to equate to a reduction of 2.5 EU/MWh in generating costs.

2. Oil and Gas

The key priorities in this sector are to improve the efficiency of exploration
and production of hydrocarbons and to reduce the environmental impact of the same.
Some of the most important new technologies that have contributed to the objectives
are related to: new drilling and completion techniques, new seismic methods such
as multi-component and multi-dimension seismic, offshore production structures
and facilities. New technologies for deep water storage; and new technologies for
natural gas exploration and production. Demonstration and market deployment of
such technologies will allow not only a better exploitation of European indigenous
resources but also an increased competitiveness of European service and supply
companies.

GATE 2020 — Gas Advanced Technology for Europe
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This project will assess existing and emerging technologies for the supply and
utilization of natural gas in Europe. A research and development strategy will be
identified which, if implemented, could accelerate the trend of increasing use of
natural gas. Increased use of natural gas would result in reductions in emissions of
CO.. this project will assess the possible benefits of such a scenario to the economy,
the environment and industry. The technology areas that will be studied include: gas
production and processing, gas transportation, liquefied natural gas, vehicles
powered by natural gas, gas liquids and underground storage. Dissemination of the
results of the research will encourage cooperation among European companies and
organizations to develop natural gas technologies and take part in industrial

initiatives.

Vocabulary:
vital role — »xu3HeHHAs pOJIb;
to foster — moompsATH, 0IOOPSTH;
to aim — HanpaBJIATh, HAICINBATH,
to equate — ypaBHuBaTh;
exploration — uiccinenoBaHue;
deployment — pa3BepTriBaHue;
to implement — BBIOJTHATE, OCYIIECTBIISTH;
dissemination — pacpoctpaHeHnue;
liguefy — mpeBparmiate B )KUAKOE COCTOSIHUE;

multi-dimension — MHOTOMEpHBIIA.

I. Answer the following questions:

1. Why has much attention been paid to the so-called ‘clean coal
technologies’?

2. What thermal efficiencies do most large scale conventional power plants
have?

3. What does increased efficiency lead to?
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4. What are the most important new technologies in oil and gas sector?
5. What will the project GATE 2020 assess existing and emerging

technologies for?

Il. Find the Russian equivalents to the following English words and word

combinations:

1. technical improvements a. TpU3HAHHE

2. thermal efficiency b. mporecc cropanus

3. avital role in C. TEIUIONPOU3BOAUTEIHLHOCTD

4. recognition d. BaxkHas poJIb

5. continuing importance . TIOOMIPATH

6. thermal performance f. pacrymas BaxxHOCTB

7. combustion process g. noOwrua u mepepadoTKa raza

8. conventional power plants h. mpusener k

9. net efficiency I. mpaxtmyeckuit KIT/1

10.lower fuel costs J. TIPUPOJHBIC PECYPCHI

11.are related to K. Gomee HU3KHUE IICHBI HA TOILUIMBO

12.indigenous resources |. crparerns  ucciemoBaHUS WU
pa3paboTKu

13.research and development M. 3JEKTPOCTAHITUS Ha

strategy TpaaULMOHHBIX MCTOYHHUKAX

DHEPTUU

14.would result in N. CBS3aHBI C

15.gas production and processing 0. OYEHb BaXKHO
16.to encourage p. TEXHUYECKHUE

YCOBCPIICHCTBOBAHUA
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I11. Give the Russian equivalents to the following English word combinations
from the text:

market penetration, solid fuel sector, environmental and thermal performance,
large scale conventional power plants, net thermal efficiencies, climate change
debate, theoretical annual cost cutting potential, offshore production structures, deep

water storage, natural gas exploration, natural gas technologies.

IV. Express your own opinion about fossil fuels using the following phrases:
— In my opinion...
— To my mind...
— The fact is...
— To start with...
— | think / believe...
— The thing is that...
— As far as [ know...
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UNIT 7

NUCLEAR POWER

The EU is producing not only more electricity than ever, but also more
favorable consideration as a viable part of the nation’s energy mix. Consider that,
for the first time, political leaders are proposing nuclear power as an important, long-
term energy solution. Even the mainstream media — known for its harsh treatment of
the industry — has begun talking in terms of a nuclear industry «renaissance.

The near-term impetus for this turn-around stems from recent events —
regional power shortages, increased natural gas costs, and premium market prices
for electricity. However, the fact that nuclear power is in the position to be favorable
considered is a result of the substantial performance improvements achieved at US
plants during the past decade.

Most important, these performance gains came with equally impressive
improvements in safety indicators. The challenge for individual nuclear stations is
to continue this idea by solidifying competitive gains already achieved and
squeezing further improvements from each unit.

US nuclear plants have done an excellent job of maintaining and improving
plant design margins and operating reliability. Extensive monitoring and
surveillance testing of plant systems, structures and components such as containment
building, reactor vessel, reactor cooling system pressure boundary, steam generators,
pressurizer, piping, pump casings and valve bodies are performed yearly to verify
the plant is maintained in excellent condition. Few if any nuclear plant components
will require replacement specifically to achieve extended operations for an
additional 20 years.

Vocabulary:
favorable consideration — GiaronpusiTHOe MHEHHE;
in the wake of — mox BiussHMEM Yero-auoo;

harsh treatment — xecTkoe OTHOIIEHUE;
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renaissance — BO3poXJICHHUE;

Impetus — ToT9OK, CTUMYT;

performance improvements — yiyuiieHue pado4nux XapaKTePUCTHUK;
unusual events — upe3BbIYaliHbIC COOBITHS,

reactor vessel — 6ak siepHOrO peakropa;

reactor cooling system pressure boundary;

steam generator — naporeneparop;

pressurizer — kKoMIIeHCAaTOp JaBJICHUS;

piping — TpyOoIpoBOI;

pump casing — KopImyc Hacoca,;

valve bodies — kopryc BeHTHIS;

containment building — 3amuTHas 000109Ka SACPHOTO PEaKTOPA;

energy mix — cTpyKTypa SHEpreTHKH.

I. Answer the following questions:

1. How is nuclear power considered in the US in last decade?

2. What does the near-term impetus for this turn-around stem from?

3. What are extensive monitoring and surveillance testing of plant systems
performed for?

4. Will nuclear power prosper in our country?

5. What can you say about an accident in Chernobyl?

Il. Find the Russian equivalents to the following English words and word

combinations:

1. energy mix; a) omnoKa,

2. long-term; b) ycrynats;

3. to cancel; C) ocHoBHbIe cpeactea CMU;
4. mainstream media; d) cTpykTypa 3HEpreTHKH;

5. to stem from; €) IPOUCXOIUTh OT;

6. premium; f) manats;
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7. gains; d) B OTJIMYHOM COCTOSTHUU;

8. safety indicators; h) ormMeHsTH,

9. to drop; 1) Oosiee BBICOKAS IICHA;

10. to solidify; J) TBEepAETH;

11. to squeeze; K) BBIHYK1aTh;

12. design margins; |) npenenbHOE 3HAUCHUE;

13. in excellent condition:; M) mokasaTesi 0€30IacCHOCTH,
14. to rank second; N) IpUOBLIH.

7.1. Pro and Against

Nuclear power is a very clean source of energy and none of our other energy
sources are at present time as clean and efficient. But there is always the risk of
leaks, explosions and so forth.

It seems that the horror story of Chernobyl still haunts our minds whenever
this topic is brought up. And it was a terribly tragic accident that destroyed the life
of not only the people near it but the lives of the whole world’s population
generations ahead. This must not happen again. But if we take precautions, build the
power plants in a place without risk of earthquakes and most importantly make sure
it is properly funded we can narrow the risk down to almost nothing.

No source of energy is without problems and we have to ask ourselves — do
we want to choose nuclear power or do we want oil and coal, that isn’t instantly as

harmful as nuclear power, but which can’t be solved at all.

Express your own opinion about fossil fuels using the following phrases:
— In my opinion...
— To my mind...
— The fact is...
— To start with...
— | think / believe...
— The thing is that...
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UNIT 8

SOLAR POWER

The sun is our most important source of energy. It warms the earth’s
atmosphere, vaporizes water from the oceans, drives the resulting clouds by means
of winds to the continents, where they cause rains and rivers. These drench the thirst
of people, animals and of plants, which draw their energy directly from the sun and
pass it on to us when we eat them. That has been going on since prehistoric times.
Now it can do a little more. It could provide all the energy needed by a modern
industrial society worldwide for the indefinite future; which no «conventional»
energy source could do. It could do easily, without the population and hazards
associated with those exhaustible sources. Most people still would like that,
especially if they knew that it can be done profitably.

They are not supposed to be aware of that, and a major effort is expended to
make them believe that it would require economic sacrifices rather than benefits.

In the 1970s, there was widespread enthusiasm, and a genuine grassroots
movement emerged in the USA, in anticipation of an imminent transition to an
economy based on the solar sources of energy that came in the wake of the first «oil
shock» (1973). There are some, who fear a transition to solar power, and they are
very powerful and determined.

Instead of being confined to a few small «niche markets», new solar
technologies could easily have supplied a double-digit percentage of energy used by
now. All that we maintained at the time was that it could be very substantial starting
profitably almost immediately. It is the prime example of confluence, rather than
conflict, of environmental and economic wellness. It is essential for sustainable
development worldwide, i.e. also in industrial countries. The main key to serious
direct solar energy is that the sunlight first be focused, concentrated. Inexpensive,
high-grade focusing devices could have been available by easy mass-production in
the 70s.
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There have been problems associated with solar progress. Of those generally
cited, some are real, some phony. The former can induce easy rejection or a search
for solutions or ways to bypass the problems. An example for direct solar energy
(SE) is that the sun doesn’t always shine even in California. There are various ways
to tackle that problem. A claim made that solar energy is more dangerous than the
nuclear fission power, because installers fall off ladders, is a good example of the
phony kind. That is not to say that working for solar energy can’t be dangerous.

Some aspects of SE constitute a problem for some but a boon to others.
Probably the main example cited as problem is its «diffuse» nature. To the extent
that means the sun shines on every field and roof, rather than concentrating its
blessings onto where only giant regional utilities and polluting energy companies
tied to them have access to it, it can be an advantage for many more people than
associated with those companies.

Without first concentrating the sunlight, however, it would really be too
diffuse for important uses such as solar (absorption) cooling, thermal electricity
generation or substantial cost-effective photovoltaic power. That explains the special
hostility to availability of inexpensive concentrators by those in control. It could

have led to major solar proliferation long ago.

Vocabulary:
deliberate — HamepeHHBI#, XOPOIIIO 00 TyMaHHBIH;
obstruction — momexa, MPENATCTBHE;
to drench — opomate, mpomMaunBaTh;
pollution — 3arps3HeHue;
profitably — ¢ BeIrooit, mpuObLIBIO;
sacrifice — xxepTBa;
genuine — NCTUHHBIH;
anticipation — oxxunanue, mpea4yBCTBUE;
imminent — Hen30€KHBII;

grassroots — 6a3a, HauaJo;
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to confine — orpann4mBaTh;

niche markets — peiHOYHBIC HUIIIN;

phony — dabIINBbIii;

boon — Gxaro;

diffuse — paccesHHBII.

I. Answer the following questions related to the text:

1. What is the sun for our life?

2. What could the sun provide for the mankind nowadays?

3. When and why was a widespread enthusiasm concerning solar energy?

4. What is the main key to serious direct solar energy?

5. What are the problems associated with solar progress?

Il. Find the Russian equivalents to the following English words and word

combinat
1.

© 00 N oo O A W DN

T R e o
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ions:

powerful obstruction;

. to drive;

. the thirst;

. prehistoric times;
. associated with;

. especially;

. to be aware of;

. widespread;

. to fear;

. immediately;
. confluence;

. worldwide;

. inexpensive;
. to induce;

. to bypass the problems;
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BO BCEM MUPE;
OTJaBaTh ceOC OTYCT;
UMETh JIOCTYII K;
CWJIBHOE TIPEMSTCTBUE;
oco0ast Bpak1eOHOCTb;
noOyX1aTh;

HaJTNYHC;

Kaxa,

MPUBOJIUTH B IBIDKCHHE;
00sAThCS;

00X0IUTH MPOOITIEMBI;

COCTaBJIISITh MPOOIIEMY;

. OCOOEHHO;

JOUCTOPHUCCKHEC BPCMCHA,

OITACHBIM;



16. dangerous; P. CBS3aHHBIN C;

17. to constitute a problem; J. HEIOPOTOW;

18. to have access to it; I. mepeceuyeHre MHCHHUIA,

19. special hostility; S. MIMPOKO PacHpOCTPAHCHHBIN;
20. availability; t. HeMmeIUIeHHO.

I11. Read the text and say whether the statements are true or false according to the
text:

1. The sun is our most important source of energy.

2. It could provide all the energy needed by a modern industrial society
worldwide for the indefinite future; which no ‘conventional’ energy source could
do.

3. In the 1970s, there was widespread enthusiasm, and a genuine grassroots
movement emerged in the USA, in anticipation of an imminent transition to an
economy based on the nuclear energy.

4. New solar technologies could easily have supplied a double-digit
percentage of energy used by now.

5. It is the prime example of confluence, rather than conflict, of environmental
and economic wellness.

6. Expensive, high-grade focusing devices could have been available by easy
mass-production in the 70s.

7. That is not to say that working for SE can be dangerous.

IV. Express your own opinion about fossil fuels using the following phrases:
— To my mind...
— The fact is...
— To start with...
— | think / believe...
— The thing is that...

— As far as [ know...

117



8.1. Insolation and Solar radiation

Solar energy is the light and radiant heat from the Sun that influences Earth's
climate and weather and sustains life. Solar power is sometimes used as a synonym
for solar energy or more specifically to refer to electricity generated from solar
radiation. Since ancient times solar energy has been harnessed by humans using a
range of technologies. Solar radiation along with secondary solar resources such as
wind and wave power, hydroelectricity and biomass account for most of the
available renewable energy on Earth.

Solar energy technologies can provide electrical generation by heat engine or
photovoltaic means; space heating and cooling in active and passive solar buildings;
potable water via distillation and disinfection, day lighting, hot water, thermal

energy for cooking, and high temperature process heat for industrial purposes.

8.2. Applications of solar technology

Solar energy refers primarily to the use of solar radiation for practical ends.
All other renewable energies other than geothermal derive their energy from the sun.

Solar technologies are broadly characterized as either passive or active
depending on the way they capture, convert and distribute sunlight. Active solar
techniques use photovoltaic panels, pumps, and fans to convert sunlight into useful
outputs. Passive solar techniques include selecting materials with favorable thermal
properties, designing spaces that naturally circulate air, and referencing the position
of a building to the Sun. Active solar technologies increase the supply of energy and
are considered supply side technologies, while passive solar technologies reduce the

need for alternate resources and are generally considered demand side technologies.
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8.3. Solar vehicles

Australia hosts the World Solar Challenge where solar cars like the Nuna3
race through a 3,021 km course from Darwin to Adelaide.

Development of a solar powered car has been an engineering goal since the
1980s. The World Solar Challenge is a biannual solar-powered car race, where teams
from universities and enterprises compete over 3,021 kilometers across central
Australia from Darwin to Adelaide. In 1987, when it was founded, the winner's
average speed was 67 kilometers per hour (42 mph) and by 2007 the winner's
average speed had improved to 90.87 kilometers per hour. The North American
Solar Challenge and the planned South African Solar Challenge are comparable
competitions that reflect an international interest in the engineering and development
of solar powered vehicles.

Some vehicles use solar panels for auxiliary power, such as for air
conditioning, to keep the interior cool, thus reducing fuel consumption.

There is a new concept that may be developed by General Motors, Ford and
Chrysler in a Manhattan Project approach in return for their Bail Out Money. In this
approach Overhead Solar Panels and wires are installed above Diamond Lanes on
the nation's freeways. Concurrently, new electric cars are produced that do not
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require batteries, but are recharged as they run down the Electrified Freeway. This
system could also control the navigation of all electric vehicles allowing the driver
and passengers to be connected to the Internet getting work done or being
entertained.

In 1975, the first practical solar boat was constructed in England. By 1995,
passenger boats incorporating PV (pressure-velocity) panels began appearing and
are now used extensively. In 1996, Kenichi Horie made the first solar powered
crossing of the Pacific Ocean, and the sun 21 catamaran made the first solar powered
crossing of the Atlantic Ocean in the winter of 2006-2007. There are plans to

circumnavigate the globe in 2010.

8.4. Energy storage methods

Solar Two's thermal storage system generated electricity during cloudy
weather and at night.

Storage is an important issue in the development of solar energy because
modern energy systems usually assume continuous availability of energy. Solar
energy is not available at night, and the performance of solar power systems is
affected by unpredictable weather patterns; therefore, storage media or back-up
power systems must be used.

Thermal mass systems can store solar energy in the form of heat at
domestically useful temperatures for daily or seasonal durations. Thermal storage
systems generally use readily available materials with high specific heat capacities
such as water, earth and stone. Well-designed systems can lower peak demand, shift
time-of-use to off-peak hours and reduce overall heating and cooling requirements.

Phase change materials such as paraffin wax and Glauber's salt are another
thermal storage media. These materials are inexpensive, readily available, and can
deliver domestically useful temperatures (approximately 64 °C). The «Dover
House» (in Dover, Massachusetts) was the first to use a Glauber's salt heating

system, in 1948.
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Solar energy can be stored at high temperatures using molten salts. Salts are
an effective storage medium because they are low-cost, have a high specific heat
capacity and can deliver heat at temperatures compatible with conventional power

systems.

Vocabulary:
solar energy — coiHedHast SHEPTHS,
to vaporize — ucnapsTbcs;
exhaustible sources — ucaepnaempie UCTOYHUKHY;
solar technology — reanorexuonorus;
to focus — cobupath, HoKycHpOBaTH;
focusing device — pokycupyroree ycTpoHCTBO;
solar cooling — conHewyHOE OXJIAXKICHHE;
photovoltaic power — poToanekTprueckas sHeprus;
concentrator — KOHLIEHTPATOP;
module unit — MoxyJIbHOE YCTPOHCTBO;
to reflect — mpenomtsITh JTy4n;
grid-connected PV system — ¢otoanekTprudeckast CTaHIUS, COSAUHEHHAS C

AIIEKTPOCETHIO.
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UNIT 9

WAVE ENERGY

Wave energy can be considered as a concentrated form of solar energy. Winds
are generated by the different heating of the earth and as they pass over open bodies
of water, they transfer some of their energy to form of waves. Energy is stored in
waves as both potential energy (in the mass of water displaced from the mean sea
level) and kinetic energy (in the motion of the water particles). The amount of energy
transferred and hence the size of the resulting waves, depends on the wind speed,
the length of time for which the wind blows and the distance over which it blows.
Power is concentrated at each stage in the transformation process, so that the original
solar power levels of typically — 100 W/m2 can be transformed into waves with
power levels of over 1000 kW per meter of wave crest length.

Wave energy converters extract energy from the sea and convert it to a more
useful form, usually as fluid pressure or mechanical motion. This requires an
interface where the force (or pressure) of a wave causes relative motion between an
absorber and a reaction point.

There are over 1000 patents for very varied designs of wave energy
converters. However, several comprehensive reviews of wave energy show that
wave energy is mainly at the R & D stage, with only a small range of devices having
been tested or deployed in the oceans. Of these, the main types are:

Tapered Channel — this is a tapering collector which funnels incoming waves
into a shoreline reservoir, which is set at a small height above mean sea level. The
shape of the collector is such that, as it narrows, the wave traveling down it increases
in height until it overtops the channel and flows into the reservoir. The water trapped
in the reservoir flows back to the sea through a conventional low-head hydroelectric
generator. The largest plant of this size was 350 kWe but there are currently plans
fora 1.1 MWe scheme in Java.

Oscillating Water Column (OWC) — it comprises a partially submerged

structure forming an air chamber, with an underwater aperture. This encloses a
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volume of air, which is compressed as the incident wave makes the free surface of
the water rise inside the chamber. The compressed air can escape through an aperture
above the water column which leads to a turbine and as the water inside falls, the air
pressure is reduced and air is drawn back through the turbine. Both conventional and
self-rectifying air turbines have been proposed. The axial-flow Wells turbine is the
best known turbine for this kind of application and has the advantage of not requiring

rectifying air valves.

Air is forced back &
forth through turbine

Incoming waves
S

lUrpine &

generator

-

WAlcrl T115€ C

all in chambe

Vocabulary:
mean — cpeaHul;
hence — ciieoBaTebHO;
transformation process — nmporiecc nmpeoOpa3oBaHus;
to require — TpeGoBarth;
to cause — BBI3BIBATh, 3aCTABJISATH;
relative motion — oTHOCHUTENBLHOE IBUKEHHUE;
varied — pa3jIMuHbIi, Pa3HOOOPA3HBIA;
comprehensive review — BCeCTOpOHHUH, MOJIHBIH 0030D;
to deploy — pa3merars;
shoreline — GeperoBas nuHus;
in height — o BeICOTE;

t0 COMprise — BKJIFOYHTB;
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to submerge — morpyxarb (1o BOaY);
incident wave — majaromnias BoJiHa,

to draw — Tamurs;

application — npumeHeHwue;

to hinge — npuKperIsATh;

to envisage — paccMaTpuBarh;

to complement — gOMOIHSATS,

potable water — muTheBas Boaa;

t0 SWing — kauaThCsl, paCKauYnuBaThCS;
tapered channel — cy>xuBarormiicst KaHai;
to funnel — mpoBoIUTH Uepe3 y3KUit MPOXO/T;
to overtop — npeBhILIATh;

to trap — ynepxuBarts,

low head — manbiit Hamop;

aperture — orsepcrue;

pivoting — Bpalnaronuiics;

flap — 3acimonxa.

I. Answer the following questions:

1. What is the process of wave forming?

2. What does the size of the resulting waves depend on?

3. What is the role of energy converters?

4. How many patents are there for very varied designs of wave energy
converter?

5. What stage is wave energy mainly at?

6. What can you say about tapered channel?

7. What is the different between OWC and pivoting flap devices?

8. When will wave energy start to play an increasingly important role

complementing other renewable and conventional energy technologies?
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I1. Give the Russian equivalents to the following word combinations from the text:

— wave energy;
— wind speed;

— original solar power levels;
— Wwave energy converters;

— mean sea level;

— conventional low-head hydroelectric generator;

— self-rectifying air turbine;
— axial-flow turbine;
— steel pendulum flap;

— wave power generation.

I11. Find in the text the synonyms to the following words:

a) to transmit
b) quantity

c) space of time
d) decrease

e) detailed

f) include

g) use

h) anticipate

IV. Find in the Russian equivalents to the English words and word combinations:

1. water particles; a.
2. wind speed; b
3. the length of time; C.
4. transformation process; d
5. crest length; e.
6. to extract; f.
7. fluid pressure; g.
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. TIOBEPXHOCTB;
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8. interface;

9. absorber;

10.
11.
12.
13.
14.
15.

16.
17.

small height;
submerged structure;
air chamber;
axial-flow turbine;
rectifying air valves;

rectangular concrete box;

device;

In comparison with;

L T ©

. TIPSAMOYTOJIbHBIN OETOHHBII

SIIK;
U3BJICKATh;
YCTPOMCTBO;
IPOMEKYTOK BPEMEHU;

BO3AYyIIHAsA KaMepa,

. TIpotiecc mpeoOpa3oBaHus;

TIOTJIONIAIONIAS CTPYKTYPA;
JUTHHA 110 TPEeOHIO BOJIHBI,
oceBasi THAPOTYpOMHA;
peKTU(UKALIMOHHBIE BO3/1yILIHbIE

KJIaIIaHBI.

V. Read the text and say whether the statements are true or false according to the

text:

1. Wave energy can be considered as a concentrated form of lunar energy.

2. Energy is stored in waves as both potential energy and kinetic energy.

3. Power is concentrated at each stage in the transformation process.

4. Wave energy converters extract energy from the Earth and convert it to a

more useful form, usually as fluid pressure or mechanical motion.

5. There are over 1000 patents for very varied designs of wave energy

converters.

6. Wave energy is mainly at the construction stage.

7. The water trapped in the reservoir flows back to the sea through a

conventional collector.

8. Many energy and engineering companies are starting to show a growing

interest in these technologies.
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VI. Discuss the future of nuclear power plants in our society. Use the following
phrases and word combinations:

— In my opinion...

— To my mind...

— The fact is...

— To start with...

— I think/believe...

— The thing is that...

— As far as I know...
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UNIT 10

BIOFUELS

Biofuel is defined as solid, liquid or gaseous fuel derived from relatively
recently dead biological material and is distinguished from fossil fuels, which are
derived from long dead biological material. Theoretically, biofuels can be produced
from any (biological) carbon source; although, the most common sources are
photosynthetic plants. Various plants and plant-derived materials are used for
biofuel manufacturing. Globally, biofuels are most commonly used to power
vehicles, heating homes, and cooking stoves. Biofuel industries are expanding in
Europe, Asia and the Americas. Recent technology even allows for the conversion
of pollution into renewable bio fuel. Agrofuels are biofuels which are produced from
specific crops, rather than from waste processes such as landfill off-gassing or
recycled vegetable oil.

There are two common strategies of producing agrofuels. One is to grow crops
high in sugar (sugar cane, sugar beet, and sweet sorghum) or starch (corn/maize),
and then use yeast fermentation to produce ethyl alcohol (ethanol). The second is to
grow plants that contain high amounts of vegetable oil, such as oil palm, soybean,
and algae. When these oils are heated, their viscosity is reduced, and they can be
burned directly in a diesel engine, or they can be chemically processed to produce
fuels such as biodiesel. Wood and its byproducts can also be converted into biofuels
such as wood gas, methanol or ethanol fuel. It is also possible to make cellulose
ethanol from non-edible plant parts, but this can be difficult to accomplish
economically.

Biofuels are discussed as having significant roles in a variety of international
issues, including: mitigation of carbon emissions levels and oil prices, the «food vs
fuel» debate, deforestation and soil erosion, impact on water resources, and energy
balance and efficiency. The use of biofuels reduces dependence on petroleum and
enhances energy security. Also, unlike fossil fuels, which return carbon that was

stored beneath the surface for millions of years into the atmosphere, biofuels can
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produce energy without causing a net increase of atmospheric carbon. This is
because as new plants are grown to produce fuel, they remove the same amount of

CO2 from the atmosphere as they will release as fuel.
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UNIT 11

BIOMASS

Sugar cane can be used as a biofuel or food.

Biomass is material derived from recently living organisms. This includes
plants, animals and their by-products. For example, manure, garden waste and crop
residues are all sources of biomass. It is a renewable energy source based on the
carbon cycle, unlike other natural resources such as petroleum, coal, and nuclear
fuels.

Animal waste is a persistent and unavoidable pollutant produced primarily by
the animals housed in industrial sized farms. Researchers from Washington
University have figured out a way to turn manure into biomass. In April 2008 with
the help of imaging technology they noticed that vigorous mixing helps
microorganisms turn farm waste into alternative energy, providing farmers with a
simple way to treat their waste and convert it into energy.

There are also agricultural products specifically grown for biofuel production
including corn, switch grass, and soybeans, primarily in the United States; rapeseed,
wheat and sugar beet primarily in Europe; sugar cane in Brazil; palm oil in South-
East Asia; sorghum and cassava in China.. Hemp has also been proven to work as a
biofuel. Biodegradable outputs from industry, agriculture, forestry and households
can be used for biofuel production, either using anaerobic digestion to produce
biogas, or using second generation biofuels; examples include straw, timber,
manure, rice husks, sewage, and food waste. Biomass can come from waste plant
material. The use of biomass fuels can therefore contribute to waste management as
well as fuel security and help to prevent global warming, though alone they are not

a comprehensive solution to these problems.
11.1. Energy from bio waste

Filtered waste vegetable oil. Using waste biomass to produce energy can

reduce the use of fossil fuels, reduce greenhouse gas emissions and reduce pollution
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and waste management problems. A recent publication by the European Union
highlighted the potential for waste-derived bioenergy to contribute to the reduction
of global warming. The report concluded that 19 million tons of oil equivalent is
available from biomass by 2020, 46 % from bio-wastes: municipal solid waste
(MSW), agricultural residues, farm waste and other biodegradable waste streams.

Landfill sites generate gases as the waste buried in them undergoes anaerobic
digestion. These gases are known collectively as landfill gas (LFG). This is
considered a source of renewable energy, even though landfill disposal is often non-
sustainable. Landfill gas can be burned either directly for heat or to generate
electricity for public consumption. Landfill gas contains approximately 50 %
methane, the gas found in natural gas.

If landfill gas is not harvested, it escapes into the atmosphere: this is
undesirable because methane is a greenhouse gas with much more global warming
potential than carbon dioxide.

It was recently discovered that living plants also produce methane.

Anaerobic digestion can be used as a waste management strategy to reduce
the amount of waste sent to landfill and generate methane, or biogas. Any form of
biomass can be used in anaerobic digestion and will break down to produce methane,
which can be harvested and burned to generate heat, power or to power certain
automotive vehicles.

A current project for a 1.6 MW landfill power plant is projected to provide
power for 880 homes (the USA). It is estimated that this will eliminate 3,187 tons of
methane and directly eliminate 8.756 tons of carbon dioxide release per year. This
is the same as removing 12,576 cars from the road, or planting 15,606 trees, or not

using 359 rail cars of coal per year.

11.2. Liquid fuels for transportation
In some countries biodiesel is less expensive than conventional diesel.
Most transportation fuels are liquids, because vehicles usually require high

energy density, as occurs in liquids and solids. Vehicles usually need high power

131



density as can be provided most inexpensively by an internal combustion engine.
These engines require clean burning fuels, in order to keep the engine clean and
minimize air pollution.

The fuels that are easier to burn cleanly are typically liquids and gases. Thus
liquids (and gases that can be stored in liquid form) meet the requirements of being
both portable and clean burning. Also, liquids and gases can be pumped, which
means handling is easily mechanized, and thus less laborious.

First generation biofuels

«First-generation biofuels» are biofuels made from sugar, starch, vegetable
oil, or animal fats using conventional technology. The basic feedstocks for the
production of first generation biofuels are often seeds or grains such as wheat, which
yields starch that is fermented into bioethanol, or sunflower seeds, which are pressed
to yield vegetable oil that can be used in biodiesel. These feedstocks could instead
enter the animal or human food chain, and as the global population has risen their
use in producing biofuels has been criticized for diverting food away from the human
food chain, leading to food shortages and price rises.

The most common first generation biofuels are listed below.

Vegetable oil used as fuel

Edible vegetable oil is generally not used as fuel, but lower quality oil can be
used for this purpose. Used vegetable oil is increasingly being processed into
biodiesel, or (more rarely) cleaned of water and particulates and used as a fuel. To
ensure that the fuel injectors atomize the fuel in the correct pattern for efficient
combustion, vegetable oil fuel must be heated to reduce its viscosity to that of diesel,
either by electric coils or heat exchangers. This is easier in warm or temperate
climates. Some companies offer engines that are compatible with straight vegetable
oil, without the need for after-market modifications. Vegetable oil can also be used
in many older diesel engines that do not use common rail or unit injection electronic
diesel injection systems. Due to the design of the combustion chambers in indirect
injection engines, these are the best engines for use with vegetable oil. This system

allows the relatively larger oil molecules more time to burn.
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Biodiesel and Biodiesel around the world

Biodiesel is the most common biofuel in Europe. It is produced from oils or
fats using trans esterification and is a liquid similar in composition to fossil/mineral
diesel. Its chemical name is fatty acid methyl (or ethyl) ester (FAME). Oils are mixed
with sodium hydroxide and methanol (or ethanol) and the chemical reaction
produces biodiesel (FAME) and glycerol. One part glycerol is produced for every
10 parts biodiesel. Feedstocks for biodiesel include animal fats, vegetable oils, soy,
rapeseed, mustard, flax, sunflower, palm oil, hemp, field pennycress, and algae. Pure
biodiesel (B100) is by far the lowest emission diesel fuel. Although liquefied
petroleum gas and hydrogen have cleaner combustion, they are used to fuel much
less efficient petrol engines and are not as widely available.

Biodiesel can be used in any diesel engine when mixed with mineral diesel.
The majority of vehicle manufacturers limit their recommendations to 15% biodiesel
blended with mineral diesel. In some countries manufacturers cover their diesel
engines under warranty for B100 use, although Volkswagen of Germany, for
example, asks drivers to check by telephone with the VW environmental services
department before switching to B100. B100 may become more viscous at lower
temperatures, depending on the feedstock used, requiring vehicles to have fuel line
heaters. In most cases, biodiesel is compatible with diesel engines from 1994
onwards, which use «Viton» (by DuPont) synthetic rubber in their mechanical
injection systems. Many current generation diesel engines are made so that they can
run on B100 without altering the engine itself, although this depends on the fuel rail
design.

Since biodiesel is an effective solvent and cleans residues deposited by
mineral diesel, engine filters may need to be replaced more often, as the biofuel
dissolves old deposits in the fuel tank and pipes. It also effectively cleans the engine
combustion chamber of carbon deposits, helping to maintain efficiency. In many
European countries, a 5 % biodiesel blend is widely used and is available at
thousands of gas stations. Biodiesel is also an oxygenated fuel, meaning that it

contains a reduced amount of carbon and higher hydrogen and oxygen content than
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fossil diesel. This improves the combustion of fossil diesel and reduces the
particulate emissions from un-burnt carbon.

In the USA, more than 80 % of commercial trucks and city buses run on diesel.
The emerging US biodiesel market is estimated to have grown 200 % from 2004 to
2005.

Alcohol fuel

Biologically produced alcohols, most commonly ethanol, and less commonly
propanol and butanol, are produced by the action of microorganisms and enzymes
through the fermentation of sugars or starches (easiest), or cellulose (which is more
difficult). Biobutanol (also called biogasoline) is often claimed to provide a direct
replacement for gasoline, because it can be used directly in a gasoline engine (in a
similar way to biodiesel in diesel engines).

Butanol is formed by ABE fermentation (acetone, butanol, ethanol) and
experimental modifications of the process show potentially high net energy gains
with butanol as the only liquid product. Butanol will produce more energy and
allegedly can be burned «straight» in existing gasoline engines (without
modification to the engine or car), and is less corrosive and less water soluble than
ethanol, and could be distributed via existing infrastructures. DuPont and BP are
working together to help develop Butanol

Ethanol fuel is the most common biofuel worldwide, particularly in Brazil.
Alcohol fuels are produced by fermentation of sugars derived from wheat, corn,
sugar beets, sugar cane, molasses and any sugar or starch that alcoholic beverages
can be made from (like potato and fruit waste, etc.). The ethanol production methods
used are enzyme digestion (to release sugars from stored starches, fermentation of
the sugars, distillation and drying. The distillation process requires significant
energy input for heat (often unsustainable natural gas fossil fuel, but cellulosic
biomass such as bagasse, the waste left after sugar cane is pressed to extract its juice,
can also be used more sustainably).

Ethanol can be used in petrol engines as a replacement for gasoline; it can be

mixed with gasoline to any percentage. Most existing automobile petrol engines can
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run on blends of up to 15 % bioethanol with petroleum/gasoline. Gasoline with
ethanol added has higher octane, which means that your engine can typically burn
hotter and more efficiently. In high altitude (thin air) locations, some states mandate
a mix of gasoline and ethanol as a winter oxidizer to reduce atmospheric pollution
emissions.

In the current alcohol-from-corn production model in the United States,
considering the total energy consumed by farm equipment, cultivation, planting,
fertilizers, pesticides, herbicides, and fungicides made from petroleum, irrigation
systems, harvesting, transport of feedstock to processing plants, fermentation,
distillation, drying, transport to fuel terminals and retail pumps, and lower ethanol
fuel energy content, the net energy content value added and delivered to consumers
is very small. And, the net benefit (all things considered) does little to reduce un-
sustainable imported oil and fossil fuels required to produce the ethanol.

Many car manufacturers are now producing flexible-fuel vehicles (FFV's),
which can safely run on any combination of bioethanol and petrol, up to 100 %
bioethanol. They dynamically sense exhaust oxygen content, and adjust the engine's
computer systems, spark, and fuel injection accordingly. This adds initial cost and
ongoing increased vehicle maintenance. Efficiency falls and pollution emissions
increase when FFV system maintenance is needed (regardless of the fuel mix being
used), but not performed (as with all vehicles). FFV internal combustion engines are
becoming increasingly complex, as are multiple-propulsion-system FFV hybrid
vehicles, which impacts cost, maintenance, reliability, and useful lifetime longevity.

Methanol is currently produced from natural gas, a non-renewable fossil fuel.
It can also be produced from biomass as biomethanol. The methanol economy is an
interesting alternative to the hydrogen economy, compared to today's hydrogen
produced from natural gas, but not hydrogen production directly from water and
state-of-the-art clean solar thermal energy processes.
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GRAMMAR REFERENCE

The Participle

The form

Active

Passive

Simple Participle

reading

being read (3dopma)

Perfect Participle

having read (3 ¢.)

having been read (3 ¢.)

Simultaneous actions

P | Simple Active

Making a tour of England we were

struck by its “park like” appearance.

P | Simple Passive

The monument being erected now on

this square will be soon unveiled.

Prior Actions
P | Perfect Active

Having decided to get a general idea of

the country we began to study the map.

P | Perfect Passive

Having been presented with five gold

coins, Judy went shopping.

Participle I
Function Form Examples Notes
1. An Pl The roaring (6yprsuyas) | 1. llpuuactue | B kauecTBe
Attribute Simple water of the river made a | onpezeneHust MOXET CTOSTh
Active & deep impression on him. | kak nepej, Tak U MOCIe OI-
Passive (mepen ompenensieMbIM | peACIIIEMOTo CIIOBA.

CJIOBA)

cimoBom) Great Britain is
situated on the British
Isles lying to the west.

(mocne  ompeaenseMoro

2. KTo-10, caenmaBmmii 4to-
to — Ilpuyactue He wuc-
IIOJIB3YETCA, a TOJBKO IpHU-
JNATOYHOE MPEIII0KEHUE.
The boy who had visited the
USA, told a lot about it.
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The country  being
shown on the map now is

Great Britain.

2. A Pl The answer of the |to be astonishing (u3ymien-
Predicative | Simple student is disappointing | Hbrif)
Active (pazouaposwvisarowuir) | to be disappointing
to be exciting
to be humiliating
to be inviting
to be tempting
to be terrifying
3.AParen- |PI Judging by his words he | generally speaking
thesis Simple has visited Great Britain. | judging by appearance
(BBOHOE Active Generally speaking the | (words)
peJIoxKe- best way to get a general | mildly speaking (saying)
HHE) idea of a country is to | speaking frankly

study the map.

strictly speaking
saying nothing of
roughly speaking
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4, An
Adverbial
modifier of

time when?

All forms

While getting breakfast
ready, the girls began to
light the camp fire.
Being thanked for his
help, he left.

1. JleiicTBue, BBIpA)KEHHOE
npudactTueM B (PyHKIUH
00CTOSITEIBCTBA, BCET1a
OTHOCHUTCS K MOJIJICKAIEMY
BCETO MPEJIOKEHHUS.

2. Coro3sl When u while
yacTo ynotpeomsitores ¢ P |
Simple Active nns BwIpa-
YKEHHUSI IEVCTBUS, MPOUCXO-
JSIIET0 OJHOBPEMEHHO C
JNEWCTBUEM, BBIPAKAEMbIM
[J1arojIoM-CKa3yeMbIM.
While making a tour of
England, we were im-
pressed by its beauty.

3. P I Simple rarona to be
HE HCIIOJIB3YETCS B
(GyHKUIHUUA 00CTOSATENHCTBA.
[Ipuparounsie TpeIIOKE-
HUS TUIA K020a OH Obll 8
Mocxese

IepeBoauM  —

when in Moscow.

5. An Adver-
bial modifier
of cause

(reason)

All forms

Not knowing the topic
well, he got confused.

Having been left alone,
the child felt miserable

and lonely.

why?
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An Adver- | P 1 Simple |He was standing on the | in what manner?
bial modifier | Active top of the mountain | how?
of attendant admiring the beautiful | (coro3 «u»)
circum- view.
stances  (of | spent the morning on
manner) the cliff reading.
An Adver- P11 Simple |He was silent for a|asif
bial modifier | Active while, as  though | as though
of pausing for a reply.
comparison She shivered with fright
as if realizing the
danger.
Participle Il the 3d form of the verb (driven, done, looked)
Function | Form Examples Notes
1. An P Il | People treated in polyclinics | 1. P Il mepexomHbix riaro-
Attribute are called out-patients. (mocie | 10B MMeEeT 3HAaYE€HHE Iac-

OIPEICIIAEMOrO CIIOBA)

After giving the boy the pre-
scribed medicine | went out.
(mepen ompenensieMbIM  CJIO-

BOM).

| took the boy for a walk up the

path covered with faded

leaves.

CHUBHOTO 3aJji0ra.

a broken toy

a locked door

2. P Il menepexonHbIx ria-
rojIoB 0003HAYaeT Mepexo/y
B IPYrO€ COCTOSTHHUE:

fades leaves

withered flowers

vanished jewels

fallen trees

retired captain
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2. A Predi-| P Il | Heseemed delighted to see me | CoctaBHoe uMeHHOE CKa-
cative again. 3yeMO€ COCTOHUT U3 IJIaroJia-
(part of a ces3ku: be, look, get, grow,
compound She looked worried. seem, turn, remain... +
nominal cKazyemoe (KOTOpOe MOXKET
predicate) | confessed | was bewildered. | ObrTh Beipaskero P 11).

3. An Adverbial | When told the fare, he realized

Modifier of time he couldn’t afford the tour.

(when?)

4. An Adverbial | If sent immediately, the tele- | B ¢pynkunu o0crositenscTpa
Modifier of condition | gram will be delivered intime. | P |l umeer T0 xe noanexa-
(if) IIee, 9YTO U CKa3yeMoe BCETo
5. An Adverbial | He looked bewildered as if | npennoxenus.

Modifier of compari-

son (as if, as though)

told something unbelievable.

6. An Adverbial
Modifier of conces-

sion

Though frightened, he didn’t

show it.

Participial Constructions

The Absolute Participial Construction

I. The Absolute Participle Construction with P I (non-prepositional)

AOcomoTHBIN puyacTHbId 000poT ¢ [Ipuuactuem | 6e3 npeasiora

E.g.: He having left the room, she sat down at the table.

Kocoa on NOKUHYJ1 KOMHAamy, OHA céjlad 3a CmoJl.

Pl

The Absolute Participle Construction with P | (non-prepositional) =

= CYIIECTBUTEIBHOE WM MECTOMMEHUE B UMEHUTEILHOM Majiexe + nrodas popma
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Jlanublii 000pOT B HPEIJIOKEHUH BBINOJHACT (DYHKIHIO OOCTOSATENHCTBA
oOpasa IeicTBUs, IPUYUHBI, BPEMEHHU.

He looked through the window, his glance traveling around.

They didn’t play in the morning, it being Sunday.

The work being finished, they went into the shop.

I[aHHBIﬁ O60pOT MNEPCBOAUTCA C ITIOMOIIBIO ITPUAATOYHOTO IIPCAJIOKCHUA.

I1. The Prepositional Absolute Participle Construction with P |
AOGcooTHBIN npuvacTHbIN 0060poT ¢ [Ipudactuem | ¢ npeasiorom
E.g.: He went into the house, with his heart beating fast.

OH 6outen 8 0oM, u e2o cepoye beueHo KOIOMuUIOCh.

The Prepositional Absolute Participle Construction with P | =

= npeaior with + CyYCCTBUTCILbHOC B MMCHHUTCIIBHOM ITaACKC NI MCCTOMMCHHUC

B 00bekTHOM manexe (him, me...) + P I.

AOcomoTHBIN TipuYacTHBI 000potr ¢ Ilpuyactmem | ¢ mnpemiorom B
MPEIOKEHUH BBIMOJIHSIET QYHKIIMIO 00CTOSATENbCTBA 00pasa AeCTBHUS.
He sat with his hands lying on the table.

I won’t speak with him steering at me.

I11. The Absolute Participle Construction with P Il (non-prepositional)
AGconmoTHBIN TpudacTHBI 000poT ¢ [Ipudactuem |1 6e3 mpensora
E.g.: The preparation completed, we started off.

Kocoa npucomoejleHuA OvLau 3AKOHY€EHbl, Mbl OMNPABUTIUCH 6 N)YNlb.

The Absolute Participle Construction with P 1l (non-prepositional) =

= cyliecTBUTeNIbHOE Wik MmecToumenue + P 1.
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Jlanabiii 000pOT B NPEIJIOKEHUH BBIMOJHACT (DYHKIHIO OOCTOSATEIHCTBA
oOpaza JecTBUsI, MPUUYUHBI, BPEMEHH, YCIIOBHUS.

He sat on the sofa, his legs crossed.

This said, he turned his back.

My attention distracted, I didn’t notice her.

This once done, he will repeat.

IV. The Prepositional Absolute Participle Construction with P |1
AGconmoTHbIN puyacTHbIA 000poT ¢ [Tpudactuem |l ¢ npenmorom
E.g.: She went on reading with her eyes fixed on the pages.

Ona HPO()O]Z.?de]ZCl yumamo, U ee 2iuasa ObLIU NPpUKOBAaHvbl K cmparuyam.

The Prepositional Absolute Participle Construction with P 11

= npeutor With + cyimecTBuTeIbHOE B UMCHHTEILHOM Tazexe + P 1.

JlauHbI 000POT B MPEIJIOKEHWU BBIMOMHIET (DYHKIIMIO OOCTOSITENIbCTBA

oOpasza aeucTBus.

It’s unhealthy to sleep with the windows shut.
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Self-Training Exercises

I. Translate the sentences into Russian and explain the difference between P | and
P 11. Define the functions:

1) That man reading a book is the most capable specialist in our laboratory.
The book read by the teacher was about the heroes of our country.

2) The man showing the diagrams is our teacher. The diagram shown above is
very interesting.

3) Translating the text we learn a lot of new words. The text translated by the
student contained many words.

4) | studied the book on physics written by our teacher. Writing the exercise |

understood how to use the Participle.

I1. Translate into English using the P I1I:
1) ITonyuennsie (to obtain) results had great importance.
2) INpoitnennsie (to pass) kilometers were very difficult.
3) UzeectHbrii (to know) address helped us greatly.
4) Ycneimannas (to hear) melody made me recall my youth.
5) OcraBnennas (to leave) clothes were in bad condition.

6) BeimbiTas (to wash) plate has broken to pieces.

I11. Define the Participial Construction with P I after the determinate word. Note
that Participles should be translated in the tense in which the predicate of the main
clause is used:

1) They were looking at the children playing in the garden.

2) The substance affecting a magnetic field was metallic.

3) The scientists following this technique investigated some phenomena of
radioactivity.

4) The metals being electrical conductors will make very suitable electrodes.

5) The acceleration of a body is proportional to the force causing it.
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6) The relative density of a gas is equal to the molecular weight of the other gas
(usually hydrogen) being used as the standard.

7) The volumes of gases entering into or resulting from a chemical reaction may
be represented by a simple ratio of small numbers.

8) The remaining light, coming as it does from the edge of the sun, is much
altered in quality, so that both sky and landscape take on a strange colour.

9) Under these conditions we may treat the corpuscle as consisting a group of

waves having nearly identical frequencies.

IV. Define the Participial Constructions with P |, translate the sentences:

1) Counting the net charges on each atom of the two compounds, reckoning an
electron which is shared between the atoms as contributing half of its charge to each,
the following scheme is obtained.

2) Several rays of light are shown passing from medium 2 to medium 1 in which
their velocity is greater.

3) Rising from a substance illuminated by certain rays these particles can be
observed.

4) To the writer’s knowledge similar rocks have not been reported as existing
elsewhere.

5) While isolating and separating radium, Mme Curie found other radioactive
elements.

6) It is a matter of common observation that light is refracted when passing
from one medium into another.

7) Solonchak soils as morphological units are rare, occurring, when they do, in

step positions.
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V. Translate the sentences. Define the Participial Constructions with Perfect
Participle:

1) Having become familiar with the main laws of static, we can study the laws
of dynamics.

2) Having accepted this set of laws, we can predict many things about the
union of chemical substances.

3) Having obtained the necessary compound, we could finish our experiment.

4) Having mixed these two substances, we put the mixture into a clean test-
tube (mpobwupka).

5) Mendeleyev should be regarded as having discovered the law of periodicity
of the chemical elements.

6) Having described in a general way what is meant by an electric current, the

next step is to introduce quantitative measures for such currents and their effects.
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The Gerund

Iepynauii  mpencraBisger co0OMl  HENMMYHYIO — TJarojibHyr  Gopmy,
BBIDAKAIONIYIO Ha3BaHWE JCUCTBUS M  OOJNANAKOIIyl0 KAk  CBOMCTBaMU
CYLIECTBUTENILHOTO, TaK M CBOWCTBaMHM [yaroia. B  pycckoMm  s3bike

COOTBETCTBYIOMIAsA (pOpMa OTCYTCTBYET.

['epynauit umeeT GopMbI BpeMEHH U 3aj10ra:

The form Active Passive
Simple Gerund reading being read (3 ¢.)
Perfect Gerund having read (3 ¢.) having been read (3 ¢.)
Simultaneous action Prior action
Simple Gerund Active Perfect Gerund Active
Simple Gerund Passive Perfect Gerund Passive

E.g.: 1 am surprised at hearing this. — 5l yausien cibimaTh 3TO.
| don’t remember having seen him before. — 5 He momHt0, 4TOOBI 5 €roO

paHbIIC BUACII.

IIpu3Haku repyHaus
[epen repyruem (B OTIAMYUE OT MPUYACTHS) MOTYT CTOSITh:
1. TIpennor (by, in, of, without, on, instead of, in addition to, for, after, before
u nip.): Excuse me for being so late. — M3BunuTE, 4TO 51 Tak OMO3 a1
2. llputsxarenpHoe Mectoumenue (my, your, her, his, its, our, their): I don’t
mind your going there. — 51 He mpoTHUB TOTO, YTOOBI THI TY/Ia MOIIIE.
3. CymecTBUTEIbHOE B MIpUTsDKaTeIbHOM Tajexe: | don’t mind Peter’s going

there. — S e mpoTuB TOro, 4YT0OHI [leTp Tyma mores.
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IlepeBoxa repyHausi Ha pyCCKUH SI3bIK

I'epyHnii mepeBOAUTCS HA PYCCKUM SI3bIK CIETYIOIMMH CIIOCOOaMM:

1. Umenem cymectButenbubiM: Reading English books every day will

improve your knowledge of the language. — ExxenHeBHOE YTeHHe aHTITMICKUX KHUAT

YJIYUIOUT Ball€ 3HAHUC A3bIKA.

2. UndunutuBoMm (HeompeaeneHHoi ¢opmoii rimarosa). She is afraid of

bathing there. — Ona Goutcst KynaTbes Tam.

3. leenmpuuactuem: He went away without leaving his address. — On yexai, ne

O0CTaBHB CBOCT'O aJpeca.

4. I'marosioM B au4HOM ¢dopme. B 3ToM ciyuae repyHAuN MepeBOIUTCS Ha

pyCCKI/Iﬁ A3BIK IMIPUAATOYHBIM IIPCAJIOKCHHUCM. Takue IMPpUAATOYHBIC IIPCAJIOKCHUA

yacmo HAYMHAKTCA CJIOBAMU MmO, 4mo (llm06bl). VkazaTelIbHOe MECTOMMEHHE MO0

MOJKET CTOSITh B pa3IMYHbIX najaexax: She reproached herself for having said it. —

Omna ynpekaia ce0s 3a T0, UTO cKa3aJja 3To.

The Gerund can be used:

Function Form Examples Notes
1. Subject All Flying is a thrilling thing. | l'epynauii, BBIIOIHSFOIINI
forms It’s no use discussing this | ¢pyHkmut0 TIOJJTeXKAIIIETO,
problem now. MOJKET CTOSATh ocJie
Ones he starts making | ckazyemoro. B stom ciyuae
jokes there is no stopping | mepex  CKa3yeMbIM  CTOUT
him. MECTOUMCHHE It, BhIpaskeHHUE
it’s worth umm obopor there
IS no.
2. Predicative | Simple | What he loves best in the | eraeon cesaska to be + Gerund
Gerund |world is going to the
A. & P. | theatre.
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3. Partof a

Compound

Verbal

Predicate:

a) part of a Simple |1 can’t help telling you | I'epynauii  oOpazyer 4YacTh

compound Gerund | about it. — I He MoOry He | COCTaBHOTO IJ1aroJbHOTO

verbal modal | A. & P. | cka3zatb Bam 00 3TOM. MOJIQATBHOTO ~ CKa3yeMOro ¢

predicate BeIpakeHreM can’t help — ue
MOTY HE.

b) part of a Simple | The audience burst out | HauGonee ymorpeOuteibHbIe

compound Gerund | applauding IJarojbl, B COYETAaHHH C

verbal aspect | Active KOTOPBIMH repyHani

predicate oOpasyer COCTaBHOE
TJ1aroJIbHOEC ACIICKTHOC
CKa3zycMoc:
to keep on, to go on, to give
up, to leave off, to burst out,
to finish, to stop, to cease, to
begin, to start, to continue
(0OBIYHO BBIpAXKAIOT HAYAJIO,
IIPOJOJDKCHUC n KOHCI
JICHCTBHUS).

4. A Direct All I remember having seen | [Tocie rmaromos: to mention

Object forms | him before. — 5 momHro, | — ynmomuHats, to remember —

(mpsimoe YTO BUECI €r0 PaHbIIIe. nomMHuTh, t0 mind —

JIOTIOJTHEHHUE) BO3paXKaTh
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5. A Pre- | All When do you think of | I[Tocne IJ1arojioB,
positional | forms | going there? — Kornma BbI | mpuiaraTeibHbIX,
Object JymMaeTe rmoexathb Tyaa? MPUYACTHUH, TPEOYIOITUX
(mpemito- OIPENEIICHHBIX IIPEIIOTOB:
’KHOE J10- to depend on (upon) -
TOJIHE- 3aBUCETH, tO result in, to insist
HUE) on — HacTauBaTh Ha, t0 object
to — Bo3pakath, to succeed in
— uMeTh yemex B, to think of,
to hear of, to be fond of, to be
proud of, to be interested in.
6. An All There are different ways of | O0b1uHO ociie
Attribute | forms | solving this problem. —|ompenensemoro cmoBa ¢
(ompenere- Nwmerores pasnuunble | mpeaiorom of wim for.
HUE) CTIIOCOOBI pasperieHus
3TOM TPOOJIEMBL.
7. Simple | Before crossing the road, | When?
Adverbial | Gerund | stop and look both ways. | in (on, upon), before, after, at
Modifier: | A. &P.
a) of time
S.Ger. | She spent the whole | How? In what manner?
b) of | A. & P. | evening in packing. by, in
manner
S.Ger. |He put the letter away | without, besides, instead of
c) of atte- | A. & P. | without reading it.
ndant circ-
umctances
S.Ger. |This hall is used for|For what? For what
d) of A. & P. | dancing. purpose?
purpose for
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e) of

condition

f) of

reason

g) of
concession

(ycrynku)

S. Ger.
A. &P.

All

forms

S. Ger.
A &

Perf. G.
(A)

You will never speak good
English without learning

English.

He was in hospital for

having been run by a car.

In spite of being tired, he

continued working.

On what condition?

without, in case of

For what reason? Why?
for — uz-3a, for rear of — us
4qToO,

CTpaxa, owing to -

onmaromapss, through — mo
npuuune, because of — us3-3a
In spite of what? —
HECMOTPSA HA 4YTO?

In spite of

Exercises

I. Complete the following sentences using the Gerund

Model: She cannot read English without...

She cannot read English without consulting a dictionary.

1. My friend went home instead of...

2. The students went on...

3. When the teacher entered the classroom the students stopped...

4. Have you finished...

5. I went to bed after...
6. The friends spoke of...
7. You must turn the light off before...

I1. Translate the following sentences using the Gerund.
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1. Ilpexxae yem nenaTh OMbIThI, HEOOXOIUMO MPOBOAUTH HAOIOICHNS.

2. MHOro neT Hazaj JIIOAW HAy4YUJIUCh 3allUIIaTh CBOM JOMa OT YIapoB
MOJIHUHU.

3. Cy1iecTBYIOT pa3InyHbIe COCOOBI MOTYYEHHS SIEKTPHUUECKOTO TOKA.

4. YyeHble poJ0KAIM U3ydaTh HOBOE SIBJIICHHE.

5. [lupomeTp ucnonb3yeTcs Uisl U3MEPEHUS TEMIIEPATYPhI TOPSTUUX METAIIOB.

6. @pankiIuH U300pes TPOMOOTBOI JJIS 3aIUTHI 3[aHUH OT yIapOB MOJIHUU.

7. XoAUTh MEIIKOM OYEHb MOJIE3HO.

8. ATOMHBIN PEAKTOP UCIIOIB3YETCs I MOJMyYeHUsI AaTOMHOW SHEPIUH.

I11. Find the Gerund in the text, define its function:

IV. a) Fill in the blanks with suitable verbs, wherever necessary.

b) Answer the following questions:

[E—

. What ... the earliest manifestation of electricity?

. What ... electricity?

. What ... the early Scandinavians think about thunderstorms?
. Who ... burning millions of tons of coal?

. What property ... Thor’s hammer?

Who ... invented the lightning conductor?

. What experiments ... Lomonosov and Rihman make?

. What device ... constructed by Rihman?

N R R I . R VS I

. Who ... constructed the first measuring device?
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V. What questions are answered by the words in bold type in the following

sentences?

1.

. Nobody understood that phenomenon.

© 0O N OO O B~ W DN

Benjamin Franklin made his kite experiment.

. The story of his kite is known all over the world.

. On a stormy day Franklin and his son went into the country.

. The key was connected to the lower end of the string.

. Soon the kite was flying high among the clouds.

. The electric sparks proved that lightning is a discharge of electricity.
. The wet string conducted the electricity.

. Franklin invented the lightning conductor.

V1. Translate the following sentences paying attention to both, both...and:

1.
2.
3.
4.

The students made two experiments: they were both interesting and useful.
Both scientists studied atmospheric electricity.
Both of us will work in the Institute laboratory tomorrow.

Both Lomonosov and Rihman were great scientists; both of them worked at

atmospheric electricity.

5.
6.
7.
8.

Both these devices were constructed in Moscow.
Electricity is used both in industry and in everyday life.
Both nuclear power and solar energy will be widely used in the future.

Lightning and atmospheric electricity are one and the same thing: both of

them are used in literature.

9.

Many scientists and inventors; both Russian and foreign, have greatly

contributed to the development and practical application of the electric current.

10. Both chemical energy and mechanical energy can be changed into

electricity.
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VII. Fill in the blanks with prepositions:

1. It is dangerous to go ... a stormy day.

2. Lightning is a very great flash ... light resulting ... a discharge ...
atmospheric electricity.

3. Protecting building ... lightning was the first discovery ... the field ...
electricity used ... the good ... mankind.

4. ... thousands ... years people knew nothing ... thunderstorms.

5. Lightning flashes are followed ... thunder which can be heard ... kilometers
around.

6. There 1s always some danger ... a thunderstorm ... a very high building or a
man standing ... the open field.

7. 1t 1s difficult to see a single drop ... water ... the sea.

8. Some scientists ... the past melted metals ... the help ... solar furnaces.

9. Modern civilization cannot do ... electrical appliances.

10. The electric current is necessary ... the operation ... trolleybuses, buses and

modern trains.

VIII. Form five sentences combining suitable parts of the sentence given in
columns I and I1I:
I ]
1. Generator a) measures the temperature of hot melted
2. Lightning conductor metals.

b) lifts objects weighing thousands of tons.

3. Battery c) turns electrical energy into mechanical
energy.

4. Electric crane d) protects buildings from lightning strokes.

5. Pyrometer e) turns mechanical energy into electrical
energy.
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IX. Translate into Russian:
(a) the only son; the only example known; the only method of solving the

problem; only you can do it for me; coal is not only a source of heat, but also a source
of valuable chemical substances; the letter was sent only yesterday;
(b) many students were present; at the present time; the present article; he is in

Moscow at present; that is all for the present; good-bye for the present.
X. Describe Franklin’s kite experiment.

XI. Give a short summary of the text.
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INFINITIVE
Nudunutup (HeompeaeneHHas ¢dopma riaroja) — 3TO HeldudHas Qopma
rJIarojia, KOTopas BbIpaXkaeT JIeHCTBUE 0€30THOCUTEIBHO K JIUILY U YUCIY.

dopmainbHbIHi pu3HaK HHOUHUTHBA — YacTHiia «to» (to ask, to write).

®opMbI HHPHUHUTHBA

Bobipazkaior Active Passive

nercreme Indefinite to write to be written

O/THOBPEMEHHO Continuous to be writting —
¢ AelCcTBUEM,
BBIPA’KCHHbIM
rjaaroJioM-

cKa3yeMbIM

Boipaxkaior Perfect to have written to have been

aeiicTBHe, written

NpeAnIecTBOBaBIIIEe Perfect to have been —
el CcTBUIO, Continuous writing
BbIpa:KeHHOMY
rjaaroJom-

CKa3yeMbIM
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DOyHKIMU MHPUHUTUBA B NIPEIJI0KEHUH

Function Examples Translation Notes
) a) IepPeBOAUTCS
To acquire
_ ] [TpuoOperats 3HAHUS — | THPUHUTHBOM;
1. Subject knowledge is
JIOJIT KaXA0TO0. 0) mepeBOAUTCSA
everybody’s duty.
CYIIECTBUTEIBLHBIM.
] OHn 06Ut (4T0?)
He likes to spend a) HHQUHUTHBOM;
_ o IIPOBOIUTH KAHUKYJIBI
is holiday in the
Ha Iore.
] South.
2. Object

He forced her to

go with him.

OH 3acTaBuI, YTOOBI

OHa Imo1ujia ¢ HUM.

0)pUIaTOYHBIM

MMPpCaAJIOKCHUCM.

3. Part of the
compound
nominal

predicate

The problem is to
do every thing
without delay.

The arm of our
research is to find
the necessary
data.

[Ipo6nema — cnenathb

Bce 0e3 MpOME IJICHHS.

Llenp Hamen
HCCJIEIOBATEIbCKON
paboTHI 3aKIIFOYACTCS B
TOM, YTOOBI HANTH

HEOOXOIUMBIE TaHHBIE.

['marox to be
IEPEBOTIUTCS
«3AKNI0YACMCS 8
mom, umoouly WIN
COBCEM

HC IICPCBOJIUTCA.
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4. Attribute

Substractures to
resist the flow of
current are called

insulators.

He was the first to

come.

The problem to
be solved is of
great

Importance.

Bemectsa, koTopbie
OKa3bIBAIOT
CONIPOTHUBJIEHUE TOKY,
HAa3bIBAIOTCS

U30JIITOPAMH.

On Bomen IICPBBIM.

3agaua, KOTOpas
J0JKHA OBITH (OyeT)
pelieHa uMeeT

OO0JIBIIIOE 3HAYECHHUE.

[TIepeBoautcs
rJ1arojom-
CKa3yeMbIM
OTIPEICITUTEIIBHOTO
IPHUIATOYHOTO
TIPEIIOKCHHS.
OObBI4HO TIOCTIC
cioB «the first, the
second, ..., the
last» nepeBoauTCes
JUYHOU (hopmoi
riaroiia to be, B
TOM BPEMCHH, B
KOTOPOM OBLIT
riarou to be, cam
ritaron to be ne
TICPEBOTUTCS.
[TepeBoauTcs
OTIPEICTUTEIIBHBIM
TIPHUIATOYHBIM
IIPEIIOKCHHUEM,
IIPUYEM €T0
CKa3yeMoe MMeeT
MOJaIbHOE
3HAUYEHUE
JIOJKEHCTBOBAHMS
U OTHOCHUTCS K
Oynymemy

BPEMEHH.
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5. Adverbial

modifier

To work | must
have all the
necessary

equipment.

Some molecules
are large enough
to be seen in the
election

microscope.

YtoObI1 paboTath, s
JTOJDKEH UMETh BCE
HEO00XO0IUMOE

o0opyIoBaHUE.

HexoTopbie MosIeKyIIbI
JIOCTATOYHO OOJIBIIIHE,
YTOOBI NX MOKHO OBIJIO
YBUJIETH B
AJIEKTPOHHBIN

MHUKPOCKOTI.

NudunutrBom ¢

COIO30M Ymoowl.

Cy1iecTBUTEIBLHBIM

C MPEIIOTOM.

Ecnau maccuBHbBIN
WHQUHUTHB B
byHKIIUU
00CTOSITEIBCTBA
CTOMT ITIOCJIE
MMEHHU
IpUjaraTebHOTO,
OH MMEET
MOJAJILHBIN
OTTEHOK 1
NIEPEBOIUTCS HA
PYCCKU SI3BIK C
JI00aBJICHUEM

rjarojia «mou4sy.

Exercises

The Subjective Infinitive Construction

1. He is supposed to work at this plant.
2. She seems to know English well.

The Objective Infinitive Construction

1. We suppose him to work at this plant.

2. | saw the water boil.
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I. Translate the following sentences and define the Infinitive constructions:

1. Lightning was proved to be a discharge of electricity.

2. The reader is certain to know that alternating voltage can be increase and
decreased.

3. Heat is known to be a form of energy.

4. We know the electrons to flow from the negative terminal of the battery to
the positive one.

5. This scientist is said to have been working on the problem of splitting atoms.

6. | heard this instrument meet the industrial requirements.

7. The students saw the thermometer mercury fall to the fixed point.

8. Coal is considered to be a valuable fuel.

9. We know many articles to have already been written on that subject.

I1. According to the models given below form sentences combining suitable parts

of the sentence given in columns 1, 2, 3, 4.

Model A: The current is known to consist of moving electrons.

1 2 3 4
Professor Rihman | -was observed -to have started | -by man of 25
centuries ago, or so

Amber -is known -to have been -for Moscow on foot
observed

Lomonosov -is said -to have been -minute, light objects
killed after rubbing

Electrical effects | -is known -to attract and to | -in English-speaking
hold countries

The Fahrenheit -are known -to be used -by a stroke of

scale lightning
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Model B: We know lightning to be a discharge of electricity.

1 2 3 4
We know | -Galileo -to be -positive and negative
-the charges -to have invented | -important effects
-the electric current | -to flow -an air thermometer
-alternating current | -to produce -first in one direction and

then in another

-the Russian | -to have been -to the science of electricity

scientists -the only electrical

-static electricity -to have greatly | phenomenon observed by
contributed man

I11. Translate the following sentences using the Infinitive:

1. YToObI OBITH XOPOIIUM UHKEHEPOM, HEOOXOIMMO MHOTO YUTATh U YUUTHCSI.

2. [IupoMeTp UCTIOIB3YETCS ISl U3BMEPEHUS TEMIIEPATYPhI TOPSTYMX METAILIOB.

3. UenoBek HAy4UJIICS PACHICIUISATH ATOMBI JUIsl TOTO, YTOOBI MMOJTYYUTh O0JIBIIIOE
KOJINYECTBO SHEPIUMU.

4. Y4eHble MBITAIOTCS PEIIUTh MPOOJIEMY, CBA3aHHYIO C HOBBIMH SIBIICHUSIMU
AIEKTPUYECTBA.

5. I'poMOOTBOI — 3TO METALTMYECKOE MPUCTIOCOOIECHUE ISl 3allUThI 3AaHUN
OT MOJIHUH.

6. [IpoBOIUTH OMBITHI C AaTMOC(PEPHBIM IIIEKTPUUECTBOM OBIJIO OUEHBb OMACHO B
TO BpeMs.

7. HamaruuTuTh npcaMET — 9TO 3HAYUT IIOMCCTUTD €I'0 B I10JIC MAaIrHUTA.
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APPENDIX
CIIMCOK COKPAIIIEHWH, YACTO BCTPEYAIOIIUXCHA

B HAYYHO-TEXHUYECKOM JINTEPATYPE
BEJIMKOBPUTAHMHU N CILIA

Coxpamenue | [lomHoe o603HaUeHUE ITepeBon
abr. abridgment KpPaTKOE M3JI0KCHHE
a. h. ampere-hour amIep-dac
a..m. ante meridiem (zam) 710 TIOJTYTHSI
amp ampere amriep
at. wt. atomic weight aTOMHBII BeC
b.p. boiling point TOYKA KUTICHHS
Br. P. British Patent bpuTanckuii mateHT
o 1. 06e cTopoHBI, TBYCTOPOHHUN;
s 2. cMOTpU Ha 000poTE
bu bushel Oymrens = 36,4 1
_ CTOTpayCHas TeMIIepaTypHast

C centigrade

mikana (Lenbcus)
C. cent LIEHT
cal. calorie KaJIopusi

] 1. eMKOCTB; 2. eMKOCTHOE

cap. capacitance

COIIPOTHBIICHUE
c. C. cubic centimetre KyOMUYECKHI CAHTUMETP
C.C. W. counterclockwise NIPOTHB YaCOBOM CTPEIIKH
cf. confer CpaBHH
c. f. . cubic feet per minute KyOU4eCcKHX ()yTOB B MUHYTY
c.g. center of gravity IEHTP TSHKECTH
Ch. chapter riaBa
Cp candle power CHJIa CBETa B KaHeax
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cathode-ray oscillo-

AIIEKTPOHHO-TY4YEeBOM

CR.O.
scope OCIHJUTOCKOTT
cu. cubic KyOHUYeCKH
Cw clockwise 10 YaCOBOM CTpEJIKE
d. density IJIOTHOCTh
db decibel neuuoern
d.c direct current MIOCTOSIHHBIN TOK
deg. degree 1. ctenenn; 2. rpaayc
doz. dozen TIOKUHA
e.g. exempli gratia (zam.) HaTnpuMep
E. M. F;
- electromotive force AJIEKTPOIBIDKYIIAS CHJIa
etc. et cetera (sar.) U TakK Janee
F Fahrenheit TeMIeparypHas mkaina dapenreiita
f. foot; feet GyT; GyTHI
fig- figure PHUCYHOK, YepPTEK
FM frequency modulation JacTOTHAsI MOYJISITUS
f. p. m. feet per minute ¢GyTOB B MUHYTY
Greenwich apparent UCTUHHOE BPEMSI 110
G.AT. _
time ['pUHBHUCKOMY MEpHUIHAHY
ar. gramme rpamMmm
hf. h. half-hard CpenHell TBepA0CTH
Hi-Fi, hi-fi | high-fidelity BBICOKAsI TOYHOCTH
hp horse power JOoIIaInHAs CUTa
I.e. id est (y1aT.) TO €CTh
kg. kilogram KHAJIOTPaMM
km. Kilometre KHJIOMET]
) _ (CTOJIBKO-TO) PEAKTUBHBIX
kva. kilovolt-ampere (kilovar)

KHWJIOBOJIbT-aMIICP
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kw. Kilowatt KHAJIOBATT

kwh;  kw-
Kilowatt-hour KHAJIOBATT-4ac

hr

l. litre JUTP

Ib. libra (;at.) = pound ¢byHT (453,6 1)

LH left-hand JIEBOCTOPOHHHUI, C JIEBBIM XOJ0M

m. metre METP

mi. mile MUJIS

mm. millimetre MUJUTAMETP

mol. wt. molecular weight MOJICKYJISIPHBIA BEC

m. p. h. miles per hour (CTOIBKO-TO) MUJIb B Yac

N normal HOPMAJTbHBIH; YHCIIO, HOMEP
National Bureau of

NBC HanunonansHoe bropo Crangaptos
Standards

No number HOMED

0z. ounce yHIus (28,35 2)

P. power MOII[HOCTb

p. page CTpaHHULA

p. m. post meridiem (zam.) (BO CTOJILKO-TO) YaCOB MOIOJIYIHH

p. S. per second B CEKyH]TY

psi. pounds per square inch (YHTOB Ha KBaJPaTHBIA TIOWM

R.F. radio frequency paauodacroTa

r.p.m revolutions per minute 000pOTOB B MUHYTY

S. shilling IIAJITHHT

sec. second CeKyHJIa

s/n signal to noise OTHOIICHUE «CUTHAI-IITYM)

sp. gr. specific gravity yIIeIbHBINA BEC

Sq. square KBAJIPATHBIN

sq. ft. square foot KBaJpaTHBIN QyT
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Tee T-type T-o0pa3Hsiii

tn ton TOHHA

TV television TEJIEBUICHUE

Viz videlicet (zam.) TO €CTh, @ UMEHHO

vol volume TOM

VS. Versus (ram.) MIPOTHUB; B CPABHEHUH C
yd. yard spa (91,44 cm)
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CmupnoBa Oubra I'enHagbeBHA

IIpouykosu4 Ejiena AsiekcanapoBHa

ENGLISH FOR ENERGY INDUSTRY
VY4eOHoe nmocoOue no aHTTUHCKOMY S3bIKY AJIS CTYJI€HTOB

OHCPIreTUYCCKUX CHGHH&HBHOCTeﬁ
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