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IMPEAUCJIOBHUE

Jlannwiti npakmuxkym npeoHasHayer 0l UCNOTIb30BAHUS 8
yuebHom  npoyecce cmyoeumamu I u Il xkypcos
paouomexnuyeckux cneyuanbHocmeu. Llenv npakmukyma -
paseumue HABbIKO8 YMmeHusi U nepesooa CHeyuaibHoU
aumepamypsl, YCMHOU peyu U NpPAGUIbHO20 BOCNPUSIMUSL
uHgopmayuu 6 npoyecce 0108020 0OUEHUSL.

Ilpakmukym exnwouaem 17 pasdenos, cocmoswux u3
OCHOBHO20 U OONOJHUMENILHO20 MEKCMAa, 2PaAMMamMu4ecKux u
JIeKCUYECKUX YNPANCHEHUU.

Ochnognoti  mexcm A npeonasnaven 015 U3YUeHUs
8b10ENIEHH020 JeKCUKo-epammamuiecko2o mamepuana. llocne
Kaxco0020  OCHOBHO20  MEKCma  Npu8ooumcsi  JeKCUuKa,
nOONeHCauasi AaKMUEHOMY YCEOEHUIO.

Llononnumenvuvie mexkcmvl B memamuuecku cesA3aHul C
mexcmom A U Hayenewbl HA NOHUMAHUE OCHOBHO2O
COO0EPHCAHUAL.

Texcmul 01 CaMOCMOAMENbHO20 YMEHUS OMpPaAddCarom

S3bIKOBOU mamepuanl u memamuKy OCHOBHbLX YPOKOE.



UNIT I. THE TRIODE VALVE
Revision of the Passive Voice
Text 1 A. The Triode Valve
In this text a three-electrode valve, or triode (fig.1), will be considered.
This vacuum tube consists of three electrodes known as the cathode, the
anode and the grid. This third electrode is a mesh of fine wire inserted

e between cathode and anode in such a way that before they

T12AXT
[(124T)

can get to the anode all the electrons emitted from the
cathode have to pass through this extra electrode. The
grid controls the flow of electrons going through it from
the filament (cathode) to the plate (anode). This control is
accomplished by changing the potential of the grid. It is
h T _? evident that if the grid is made positive it will assist the
--—.- .= anode to neutralize the space charge, so increasing the

l , F l anode current. If, on the other hand, it is made negative it

fig. 1 will assist the space charge in repelling electrons back towards

the cathode. Consequently, when the grid is made alternately positive and
negative by joining the input terminals to a source of alternating potential,
the electron flow from the cathode to the anode is increased or decreased
accordingly thereby varying the direct current in the plate circuit. It should

be mentioned that when the grid was inserted between the filament and the



plate, the electron tube became more versatile. The insertion of the grid
gave the tube the property of amplifying and oscillating.

Notes:

1. on the other hand - ¢ Opy2oll CMOpPOHbI

2. alternately - nonepemeHHo

Active Vocabulary

1. toaccomplish - BBINOJIHATH, 3aBEPIIATh

2. to assist - IOMOrath

3. consequently - CJIeIoBaTeNIbHO

4. to emit - H3JIy4aThb, MCIIyCKaTb, BBIACIIATH

5. extra - JIONOJIHUTEJILHBIN

6. filament - HWTb HaKaja; KaToj NpsIMOro Hakasa
7. fine wire - TOHKas MPOBOJIOKA

8. grid - ceTka (JIEKTPOHHOM JIaMIIbI)

9. toinsert - BCTaBJIITH

10. insertion - BCTaBKa

11. to neutralize - HEUTpaau30BaTh

12. space charge - 00beMHBIN (IPOCTPAHCTBEHHBIN) 3apsi/]
13. terminal - 3aKHM; KJIEMMAa; BBIBOJI

14. tube - (dNeKTpoHHAas) JaMIia; TpyOka

15. valve - (9NeKTpOHHAs) JJaMIIa; JIEKTPOHHBIN TTPUOOP
16. versatile - MHOTOCTOPOHHU; YHUBEPCATbHBIM

Ynpasicnenue 1. Omeemvme na ciedyroujue 60npochl:

1. What elements does a triode consist of?

2. What is a grid?

3. Between what elements is the grid placed?

4. What does the grid control?



5. In what way is this control accomplished?
6. What are triodes used for?

Ynpasicnuenue 2. Cepynnupyitme nonapHo cjio6a ¢ npOmMuEoOn0a0HCHbIMU

3HAUeHuAMU.
positive, after, to attract, before, input, to receive, negative, to repel, output,
to increase, conductor, to transmit, insulator, to decrease.

Ynpasxcnenue 3. 3anonnume nponyckKu cjiioeamu, OAHHBIMU HUJICE.

1. A .... contains three electrodes.
2. The insertion of the third electrode between the filament and the plate
made the electron tube more ...
3. When the grid is ... charged, it attracts electrons and increases their flow
from the filament to the plate.
4. The third electrode of a triode is a mesh of ... wire inserted between
cathode and anode.

5. If the grid is made positive it will assist the anode to ... the space charge.
6. When the ... 1s negatively charged, it repels the electrons and they cannot
go to the plate.
7. A diode is a tube which has two electrodes, known as the ... and the
plate.

8. A vacuum diode has three ... for external connections.

a) terminals, b) positively, c) triode, d) versatile, e) grid, f) filament, g)

neutralize,  h) fine.

Ynpasxicnenue 4. Haitoume pycckue 3xeusanenmot 014 GH2IUICKUX C108.

1. evident a) COBEpILIATh, BBIIOJIHSTh

2. to result in 0) cieaoBaTebHO



3. electromotive force B) OUYEBU/IHBIN, SBHBII

4. phenomenon r) 100aBOYHBIN, IOTTOJTHUTEILHBIN
5. to accomplish 1) TIOCTIEA0BATENHHOCTD

6. consequently €) BbI3bIBATh

7. extra ) TIOCPEICTBOM

8. to give rise to 3) SIBJICHUE

9. succession 1) IPUBOJIUTH K

10. by means of K) DJ1C

Ynpasicnenue 5. Onpeoenume npeonosxcenusn, 6 komopwix popma c "ed"

ynompeoaaemcsa 011 00pazoeanus cmpaoameibHo20 3a102d.
1. Triodes are used for amplification.
2. They produced many new devices at our plant.
3. Many new devices were produced at our plant.
4. Most tubes are indirectly heated.
5. He heated this metal to a high temperature.
6. Great research work is carried out by the engineers of our laboratory.
7. He carried out his first experiment in our laboratory.

8. The grid was inserted between the cathode and the plate.

Ynpasicnenue 6. Omkpoiitme ckodku u ynompeoume 27142071 6

cmpaoamenvnom 3anoze. Ilepeeedume npeodnoincenus.

1. At present semiconductors widely (to use) in radio-receiving and radio-
transmitting devices. 2. A third element inserted between cathode and
anode (to call) a grid. 3. The first experiments in television transmission (to

carry out) in our country in 1924. 4. A lot of research and technical



problems (to solve) by Russian scientists next year. 5. When a third
electrode called the grid (to place) between the cathode and the plate, the
tube 1s known as a triode. 6. This machine (to test) by them tomorrow. 7.
When a tube is used as an amplifier, a negative DC voltage usually (to

apply) to the grid. 8. This research institute (to build) two years ago.

Text1B
3adanue 1. Ilpouumaiime cnedyrwuue ciosa. Obpamume eHuManue Ha
uUxX 3HAUeHUusA. 3HAHUe IMUX C/106 nomoxcem Bam nonamsp coodepocanue
mekcma. incandescent lamp - 1amMna HakaJIMBaHus, patent - maTeHT, carbon
rod - yroJIbHBIM CTEp)KEeHb, to fix - ykpemsath, life - cpok ciry»x0sb1, holder -
nepxkarenb, spiral - crnupans, melting point -touka miaBneHus, to fill -

3amoJIHATh, to avoid - n3berars, pocket torch - kapMaHHBIN OHAPHK.

3adanue 2. Ilpouumaiime meKkcm, cmapascy NOHAMb OCHOGHOE
cooepiicanue.
The Incandescent Lamp

The first incandescent lamp for practical use was made by Russian
inventor Alexander Lodygin in 1872. Later he received a patent for his
lamp. Lodygin's lamp was a glass envelope with a small carbon rod of
about 2 mm in diameter. The carbon rod was fixed between two copper
conductors. The lamp's air envelope was evacuated. But vacuum at that
time was not perfect and Lodygin's lamps had no long life. Their life was

measured in hours. In 1890 Lodygin made his first lamps with a metal



filament using for the purpose metals with high melting point such as
tungsten, molybdenum. A few years later Thomas Edison, an American
inventor, improved lamps with a metal filament. He invented the lamp
holder, the switch and other elements of the lighting network.

Today the filament of the incandescent lamp is a tungsten spiral. The
melting point of tungsten is 3300° C. It can be heated to 3000°. At the
temperature higher than 3000° C tungsten begins to evaporate. To avoid
rapid evaporation of tungsten lamps today are filled with chemically inert
gas, 1.e. argon or krypton.

Industry manufactures incandescent lamps for 220 and 127 V (for
lighting networks), 50 V (for railway wagons), 12 and 6 V (for motor-cars)
and 3.5 and 2.5 V (for pocket torches).

3adanue 3. Omeemovme HA 60NPOCHL K MEKCHLY:

1. When was the first incandescent lamp made for practical use?

2. What was Lodygin lamp like?

3. Why did Lodygin's lamps have a short life?

4. What metals were used to produce filaments?

5. What inventors improved Lodygin's lamps?

6. Who invented the lamp holder, the switch and other elements of the
lighting network?

7. What happens to the filament at the temperature higher than 3000°C?

8. What is the purpose of filling lamps with chemically inert gases?

9. What kind of lamps does our industry manufacture?



3aoanue 4. Ilepeoaiime cooepiricanue mekcma, UCnOb3YA Clledyroujue
C/108a U ZPYNNbL C1086:

the first incandescent lamp, to be made for practical use, to evacuate the
lamp's envelope, to be not perfect, to have a short life, a metal filament,
high melting point to improve lamps, to avoid rapid evaporation, to

manufacture.

UNIT II. SEMICONDUCTORS
Participle 1

Ynpasicnenue 1. Ilepesedume cneoywoujue npeonoscenus, oopawias 6Hu-

manue na npuuacmue 1.

1. A diode is a two-element electron tube that consists of a cathode and an
anode or plate acting as an electron collector. 2. The experiment being
conducted in our laboratory is of great importance. 3. Finishing his project
he thought of his future machine. 4. Being well insulated the wire may be
used as a conductor. 5. The simplest combination of elements constituting
an electron tube 1s the diode. 6. The vacuum diode consists of an evacuated
glass envelope containing an emitter and an anode or plate. 7. Being asked
he answered that he had inserted the additional electron device. 8. A
semiconductor is a solid material containing fewer mobile electrons than a

metal but more than an insulator.

Ynpasxicnenue 2. Oopazyiume npuuacmue I Active u Passive om

CeOYyIOUUX 271a207108.
Model: to make - making - being made
To build, to produce, to bring, to give, to write, to send, to show, to

discover.
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Text 2 A. Semiconductors

What is a semiconductor? It is a solid material containing fewer mobile
electrons than a metal but more than an insulator. We consider
semiconductors to occupy an intermediate place between metals and
insulators. Among the semiconductors the most important at present are
silicon and germanium. Pure semiconductors are usually of interest only
from a theoretical point of view. In research much interest centres about the
effects produced by the addition of impurities. For example, the electrical
properties of silicon and other semiconductors can be affected by the
addition of foreign atoms (impurities).

Introducing the impurity material into the growing crystal you can
obtain two types of semiconductors: n-type material and p-type material. In
n-type electrons predominate, the impurity atoms being referred to as
donors.

In p-type material holes are in the majority, the impurity atom being
referred to as an acceptor.

Solid-state devices are usually manufactured from semiconducting
materials, doped with donor or acceptor impurities. Typical donor
impurities for silicon are arsenic, phosphorus, antimony and typical
acceptor impurities are gallium, indium, boron and aluminium. The boun-
dary layer between two semiconductor materials with different types of
conduction 1s termed as p-n junction. A p-n junction is formed when p- and
n-type materials are brought together in the same-crystal. This p-n junction
constitutes a semiconductor diode.

Active Vocabulary
acceptor impurity - akienTopHasl MpUMeCh

to add - OpuOaBIATh, IPUCOCTUHSITH

11



addition - J100aBieHUE; TPUCOEIUHEHHE

to affect - BO3JEHCTBOBATH, BIHATH
boundary layer - (mmo)rpaHUYHBIN CIION

to constitute - COCTaBIIsIThb; 0OpPa30BHIBATH
to dope - JIeTUpOBaThH

hole - ZIBIpKa

to introduce - BBOJUTH

junction - Hepexon

mobile - IOJBWIKHBIM, MOOMJIHbHBIN
to obtain - ToJIy4yaThb

point of view - TOYKa 3pEHUs

to predominate - mpeoOnajaTh

pure semiconductor

COOCTBEHHBIN MOTYTPOBOTHUK

same - TOT )€ CaMbIi
silicon - KpeMHHI
solid - TBEpAbIH

solid-state device TBEPAOTEILHBIA TPUOOD

to term - Ha3bIBATh

Ynpasicnenue 3. Omeemvme na ciedyrouiue 60npocwl:

1. What is a semiconductor?

2. What are the most frequently used semiconductors?

3. What happens to the electrical properties of pure semiconductors when
you introduce the impurity material into the growing crystal?

4. What can you say about n-type material (p-type material)?

5. What is termed as p-n junction?

6. When can you say that a p-n junction 1s formed?

12



Ynpasicnenue 4. Ilepeseoume cnedyrowue npuinazameivHuvle, 00pauian

6HUMaHue Ha cyhpuxcol u npepuxcor:
measurable, variable, movable, comparable, producible, reducible,
motionless, endless, useless, wireless, moveless, powerful, useful, helpful,

invariable, indefinite, immovable, irregular, unusual.

Ynpasicnenue 5. 3anonnume nponycku é npeosiorceHusnx, eblopas 00HO

U3 mpex cno6, nooxooauwux no cmoiciay. Ilepeseoume npeonosrcenus.
1. ... are substances whose electrical conductivity lies between that of
conductors and that of insulators.
a) metals;  b) semiconductors; c) dielectrics.
2. A semiconductor in which n-type impurities ... is called n-type.
a) radiate; b) predominate; c) separate.
3. A semiconductor without ... is termed a pure semicondoctor.
a) impurities;  b) envelope; c) insulators.
4. Modern solid-state devices are ... with the use of such materials as ger-
manium, silicon, selenium and others.
a) eliminated;  b) evacuated; ¢) manufactured.
5. A ... Ge or Si crystal conducts only small amounts of current.
a) doped, b) divided; ¢) decreased.
6. The main part of any semiconductor device is ...
a) p-type material;,  b) n-type material; ¢) p-n junction.
7. Some new results were ... by a group of engineers.

a) obtained;  b) weakened; c) attenuated.

13



Ynpasicnenue 6. Onpeodenume ynkuyuu npuuacmuit I u nepeeeoume

nPeOI0HCEHUS.

1. The simplest electric circuit consists of a source of energy, receiver of
energy or load and two conductors connecting the receiver and power-
source terminals. 2. The plant producing semiconductor devices was built 2

years ago. 3. The device being manufactured can be used in your

experiment. 4. Being obtained in the laboratory the new substance had

some valuable properties. 5. Being heated to high temperatures the metal

changed its colour. 6. When working with these substances one must be
very attentive. 7. Introducing the impurity material into the growing crystal
you can obtain two types of semiconductors. 8. A pure semiconductor,
having neither donors nor acceptors, is called intrinsic.
Text2 B

3adanue 1. Ilpoumume caedyrouwue cnosa. Qopamume eHumanue Ha ux
3HaAueHuA. 3HaHue IMux cioé nomodxcem Bam nonamv codeporcanue
mexcma. solid-state physics - ¢usuka TBepaoro tena, solid - TBep.bIH,
TBEpJI0€ TeJo, prominent - BeIatoNMicA, as well as - a Takxke, to recognize

- IpU3HaBaTh, planar - IIaHApHBIN, attractive - TPUBJIEKATEIbHBIN.

3aoanue 2. Ilpouumaiime meKkcm, cmapasce HNOHAMb OCHOGHOE

cooepicanue
Semiconductors
The functions of solid-state physics and semiconductor theory were
laid between 1925 and 1933 mainly in Europe where physicists used the
new quantum mechanics to develop an understanding of electrical

conduction 1n solids.

14



Up to the end of the first half of last century our electrical engineering
and radio engineering used mainly metals and dielectrics. A great
contribution to the study of semiconductor physics has been made by the
prominent Russian scientist academician A.F. _

Yoffe. In 1930 A.F. Yoffe and his group of §

scientists started a systematic research of |
semiconductor  physics. They noticed that
semiconductors could be wused for the direct
conversion of heat and light into electric power.
Semiconductor thermoelectric systems as well as
photocells with a high efficiency were developed by
a group of researchers headed by A.F. Yoffe (fig.2). fig. 2

In recent years semiconductor electronics played a leading role in our
national economy. The Russian academicians N. Basov and A. Prokhorov
carried out the work in the field of solid-state physics and their discovery of
semiconductor laser was internationally recognized by the Nobel Prize
award in 1964. New technological principles are very important for the
modern electronics development. The new planar technology is of great
importance for the future semiconduction electronics. About 90 per cent of
the world output of semiconductor devices will be planar in the near future.
What is a semiconductor? A semiconductor is often defined as an electrical
conductor that has a conductivity intermediate between that of an insulator
and that of a metal. The two semiconductor materials used in the
manufacture of semiconductor devices are germanium and silicon. Some
characteristics which make the semiconductors attractive members of the

electronics family are as follows:

15



1. Semiconductors require little power and radiate less heat than tubes.
2. Semiconductors are small and light in weight.
3. They allow microminiaturization of electronic devices.
Semiconductors have a great variety of technical applications. They are
used in measuring technique, computers, rocketry, aircraft, space

engineering, television, medicine, radio and TV sets, etc.

3adanue 3. 3aKoHuume NpeodloHCeHUs, 8blOpas u3z nNpeodioHceHHbIX 6a-
PUAHMOE 00UH, COOMBENCMBYIOUUIL COOEPHCAHUIO MEKCmA.
1. European physicists in the thirties worked at the problem of conduction
n ...
a) gases; b) solids.
2. Up to the end of the first half of our century our electrical engineering
and radioengineering used mainly ...
a) metals and dielectrics, b) semiconductors.
3. Semiconductors are ...
a) large in size; b) small in size.
4. Semiconductors require ...
a) little power; b) much power.
5. Semiconductors find wide application ...
a) only in radioengineering; b) in many spheres of industry and engineering.
6. Silicon and germanium are materials having ...

a) similar characteristics, b) different characteristics.

16



3adanue 4. Omeemome Ha ciedyrouiue 60NPOCHL:

1. When were the foundations of solid-state physics laid in Europe?

2. What basic materials were used in our electrical engineering up to the
end of the first half of our century?

3. What prominent scientist made a great contribution to the study of
semiconductor physics?

4. What great discovery in solid-state physics was made by two Russian
scientists N. Basov and A. Prokhorov?

5. How was that discovery recognized in the world science?

6. What technology is of great importance for the development of
semiconductor electronics in the near future?

7. What is a semiconductor?

8. What are the important characteristics of germanium and silicon?

9. What fields do semiconductor devices find wide application in?

UNIT III. SEMICONDUCTOR DIODES

Continuous Tenses in the Active Voice

Ynpasxicnenue 1. Ilepesedoume cnedywoujue npeonoxicenus, 00vacHume

ynompeonenue popm Continuous.

1. For years to come engineers will be conducting a wide programme of
scientific research. 2. It is known that an electric current heats the body through
which it is flowing. 3. If we can measure the current that is passing through a
resistance and the e.m.f., we can get the resistance by dividing the e.m.f. by the
current. 4. He was making an experiment when one of the resistors got open. 5.
At this time yesterday they were testing a new machine. 6. The scientist was
demonstrating a new device when we visited his laboratory last week. 7. The
technical equipment of our industry is improving from year to year. 8. I shall be

conducting this experiment from 9 till 12 tomorrow.

17



Text 3 A. Semiconductor Diodes
Let us consider the simplest semiconductor device the diode,

represented by the diagram in fig. 3.

@_Q_®|-@ - @~

-%-%|le-ez| ©

@ ® - @-9 -0 -
fig. 3

The diode consists of a sandwich of n- and p-type material. Where the
two types of material touch, we have a junction which is responsible for
providing both transistor and diode action. The holes carriers predominate
in the p-type material. The electron carriers predominate in the n-type
material.

With no voltage applied to the diode, no voltage difference exists
between the two types of material and the current carriers stay put.

Now, connect a battery across the diode as shown in fig. 4 and observe

what happens.
- @ | - ©,
@ _

- @®|—- _ @
- el - ®

+| |

|1

fig. 4

The positive pole of the battery repels the holes and attracts the
electrons in the p-material. Likewise, the negative pole of the battery repels
the electrons and attracts the holes. The repelled charges move toward the
junction where some of the holes and electrons combine and become
neutral Ge atoms.

18



For every atom thus "neutralized" an atom in the p-type material loses
an electron to the positive pole of the battery and begins a migration
towards the junction. With the battery connected to the diode as shown, the
semiconductor is forward biased.

In this condition the continuous hole replacement and drift toward the
junction process makes up the current flow. This process will continue until
the battery is disconnected. Let us reverse the polarity of the battery to

obtain the set up shown in fig. 5.

® - | ® —
— ®
® _ | ® —
® -1®® -
|||‘|‘
A
fig. 5

Here, the holes attracted by the negative pole of the battery move away
from the junction in the p-type material, and the electrons attracted by the
positive pole of the battery move away from the junction in the n-type
material. No current flows and the semiconductor is back, or reverse,
biased allowing a minute amount of current to flow in the reverse direction.
If an alternating voltage were applied to the junction instead of DC, the
current would flow each time the junction is forward biased and cease
when the junction is reverse biased. This quality in a diode is used to

convert, or rectify, alternating current to direct current.
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Diodes are only one of the family of semiconductors, many other
applications are becoming increasingly popular. It goes without saying that

scientists are looking and will be looking for other applications of

semiconductors.

Notes:

1. sandwich - cioucmas cmpykmypa

2. to stay put - 0CcmMasamuv s HeNOOBUNCHBIM
3. forward biased - NPAMO CMEeUjeHHbLLL

4. back, or reverse, biased - 06pamHo cmeujeHHblil

5. it goes without saying - camo cobotl pazymeemcsi

Active Vocabulary

1. amount - KOJIMYECTBO; CyMMa

2. bias - CMEIICHHE

3. carrier - HocuTenb (3apsaa)

4. to cease - MpeKpalaThcs, nepecTaBaTh
5. to disconnect - pa3beIUHSTH; BBHIKIIOUATh
6. drift - napeid

7. to happen - CIIy4aTbCsl, IPOUCXOAUTD
8. instead (of) - BMECTO, B3aMeH

9. likewise - TaKXe, TAKUM K€ 00pa3om
10. to look for - HUCKaTh

11. to lose (lost, lost) - TepsTh

12. to make up - COCTaBJIATH

13. minute - HE3HAYUTEIbHBIN

14. to observe - HaOmo4aTh, 3aMeYaTh

20



15. to rectify - BBIIPAMIIATH

16. to replace - 3aMEHSTb, 3aMeIIaTh
17. replacement - 3aMeHa, 3aMelICHUE
18. responsible - OTBETCTBEHHBIU

19. setup - YCTpPOMCTBO, yCTAHOBKA

Ynpasicnenue 2. Omeemvme na ciedyrouiue 60npochl:

l.

® =N o W

What does a semiconductor diode consist of?

. What is a junction responsible for?

2
3.
4

Under what condition will the current carriers stay put?

. What happens to the holes and electrons if a battery is connected across

the diode as shown in fig. 47

Is the semiconductor forward or reverse biased under this condition?
What makes up the current flow in a forward-biased diode?

What happens when the polarity of the battery is reversed?

What quality of a diode is used for rectifying alternating current to direct

current?

Ynpasicnenue 3. Haitoume pycckue yxeusanenmot 011 GH2IUICKUX C108.

1. responsible; 2. likewise; 3. minute current; 4. current carrier; 5. reverse-

biased; 6. junction; 7. rectify; 8. it goes without saying; 9. replace.

a) HOCUTENb TOKa, 0) 3aMEHATh, 3aMellaTh, B) BBIIPSIMIISTH, ') OTBETCT-

BEHHBIM, 1) camMo cO00O¥ pazymeeTcs, €) HEOOJBIION TOK, X) OOpaTHO

CMEIIEHHBIN, 3) TIePeX0/I, U) TaKXke, TOJOOHBIM 00pa3oM.
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Ynpayyicnenue 4. Cepynnupyiime nonapHo ¢108a cO0 CXOOHbIMU

3HAUeHUAMU.
A. 1. amount; 2. to employ; 3. to stop; 4. to call; 5. valve; 6. grid; 7. at
present; 8. substance: 9. to vary; 10. instrument.

B. 1. to change; 2. material; 3. to use; 4. tube; 5. device; 6. mesh;

7. quantity; 8. now; 9. to name; 10. to cease.

Ynpasicnenue 5. 3anonnume nponycku é npeosioyceHusnx, eblopas 00HO

U3 mpex cjo6, no0xXooauwux no cmoiciy. Illepeseoume npeonosrcenus.
1. Semiconductor devices often ... electron valves.
a) produce; b)replace; c) develop.
2. Free electrons are ... for the energy transfer in electron tubes.
a) responsible;  b) steady,  c) negligible.
3. The battery connection that allows current to flow across the p-n junction
1s known as ...
a) back bias;,  b) reverse bias;  c) forward bias.
4. In the region of the p-n junction electrons and holes meet and combine
and therefore they ... to exist as mobile charge carriers.
a) cease;  b) pass; c) vary.
5. Diodes are used to ..., or rectify alternating current to direct current.
a) connect; b) convert;  c) consider.
6. Let us consider now what happens when p-type silicon is joined to n-
type silicon and a voltage is applied across the ...
a) junction;,  b) property;  c)pole.
7. The current conducting characteristics of the silicon crystal change if a
small ... of impurity is introduced into it.

a) ability;  b) amount; c) achievement.
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8. Semiconductor devices are often employed ... electron valves.

a) due to; b) owing to, c) instead of-

Ynpasicnenue 6. Ynompeoume 2nazonwt, 0annvie 8 CKOOKax, 6 00HOU U3

¢dopm Continuous unu Indefinite.

1. They usually (to demonstrate) their experiments in the laboratory.

2. The head of the research laboratory (to discuss) some important
problems with a group of engineers at that time yesterday.

3. Last year they (to obtain) two new substances in their laboratory.

4. Current (to pass) through insulators with great difficulty.

5. Tomorrow at 5 o'clock they (to test) the device.

6. Our research institute (to work) on this problem now.

7. When we entered the laboratory, they (to demonstrate) their experiment.

8. They (to use) a low-pass filter in their experiment tomorrow.

Text3 B
3adanue I. Ilpoumume cnedywuwiue cnoga. Odbpamume 6HuUManue Ha uUx
3HaueHuA. 3HaHue IMUX c106 nomoxcem Bam nomamsv codeprcanue
mexcma
extension - MPOJOJDKEHUE, pa3BUTHE, junction transistor - IMIOCKOCTHOM
TPaH3UCTOP, junction - mepexoj, respectively - COOTBETCTBEHHO, gain -
ko3 dunmeHT ycunenus, to inject - mogaBath, to be caught by the collector

- momajaTh B MOJE KOJUIeKTopa, to yield - naBath, co3naBatsh.
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3aoanue 2. Ilpoumume mekcm, cmapasce HNOHAMb OCHOGHOE

cooepiicanue.
Junction Transistors

Transistors are an extension of a semiconductor diode. The junction
triode transistor is a sandwich which is made up of two p-m junctions.
These junctions may be p-n-p form or n-p-n form. The central region is
called the base and the two outer layers are called the emitter and collector
respectively. The emitter junction of a transistor is always biased in the
forward direction. The collector junction is biased in reverse direction.

Current conduction in a p-n-p transistor takes place by hole conduction
from emitter to collector. Current conduction in a n-p-n transistor is carried
out by electrons as majority charge carriers. The ratio of collector to emitter
current is known as current gain and is always more than 1.

Transistors may be connected into one of three basic circuits. There are
1) common-base, 2) common-emitter. 3) common-collector circuits. The
common-base connection provides a very low input resistance, a high
output resistance and a current gain of less than 1. The common-emitter
connection is the most efficient of the three basic connections. It provides
the highest voltage and power gain. The common-collector connection
provides a high input resistance, low output resistance, and a voltage gain
of less than 1.

The transistor of greatest importance at present is the junction triode.

The structure and basic circuit for the junction transistor is shown in fig.6.

24



Collector junction
Al ,pl/( N I
— % | D——

—
Emitter junction ~—Base . °
(p-type fused
contact) Output
l I Load
: resistor
Signal A
— | |+ — +
—)—[iF=—=1])|
Emitter Collector
bias voltage supply
fig. 6

The device shown in fig. 6 is a power amplifier. The emitter acts as an
injecting contact and injects electrons into the base region under the
influence of a very small emitter signal. There they diffuse until they are
caught by the collector field. The collector circuit has a much higher
impedance and voltage level than those of the emitter circuit. The transfer
of charge from the low impedance emitter to the high-impedance collector

circuit yields power amplification.

3adanue 3. 3aKonuume npeodloHCeHUs, 8blOPaA8 U3 NPeodl0HCEHHBIX 6a-
PUAHMOE 00UH, COOMBENCIBYIOUUIL COOEPHCAHUIO MEKCmA.
1. Transistors are ...
a) the beginning of a vacuum tube;  b) an extension of a semiconductor
diode
2. The central region in a junction transistor is called the ...

a) emitter; b)base
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3. The emitter junction is always biased in the ...

a) reverse direction,  b) forward direction
4. The ratio of collector to emitter current is known as current gain and is
always ...

a) more than 1; b) less than 1
5. The most efficient of the three basis connections is the ...
a) common-base connection;  b)common-emitter connection
6. The emitter acts as an injecting contact and injects electrons into the ...
a) base region;,  b) emitter region

7. The electron circuit of the junction triode has ...

a) a low impedance;  b) a high impedance
3adanue 4. Omeemvme Ha 60NPOCHL NO MEKCHLY.
1. What is a junction triode transistor? 2. What are the layers in the junction
transistor called? 3. How are the emitter junction and the collector junction
biased? 4. What is the current gain in a junction transistor? 5. What are the
three basic circuits of connecting transistors? 6. What connection is the
most efficient of the three basic connections? 7. What transistor is of great
importance at present? 8. Has the collector circuit a much lower impedance

and voltage level than those of the emitter circuit?

UNIT 1IV. TRANSISTORS
Continuous Tenses in the Passive Voice

Ynpasxicnenue 1. Ilepeeeoume cnedywoujue npeonoxcenusn, oopawia

énumanue na 2nazonvt ¢ Continuous Passive.
1. Much is being done to improve conditions for research work. 2. New

devices which will find application in researches and industry are being
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constructed. 3. When he entered the pavilion of the exhibition, a new model
of portable radio-receiver was being looked at by everybody. 4. Much
attention is being given at present to the development of international
scientific contacts. 5. This experiment was being made for 3 hours.
6. Russian solid-state devices are being exported to many foreign countries.

7. Colour television is being continuously developed.

Text 4 A. Transistors

A transistor is the most versatile component of the semiconductor
family. Its most important characteristics is current and/or voltage
amplification.

It should be mentioned that before transistors, vacuum tubes were
being used in radio engineering for many years. In contrast to electron
tubes, which utilize the flow of free electrons through a vacuum or gas, the
transistor relies for its operation on the movement of charge carriers,
through a solid substance, a semiconductor.

Two materials are widely used, germanium and silicon. A Ge or Si
crystal may be grown with two n regions separated by a very thin p region,
or with fused regions on a very thin n section, thus forming n-p-n or p-n-p
transistors. The p-n-p transistor consists of a piece of semiconducting
material which has been doped to produce three distinct regions as shown

in fig. 7.
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Between each pair of these regions a p-n junction exists. To each of
the three regions, a contact is soldered, as shown in fig.7. Let us call the
contact on the left the emitter, the one attached to the n-region the base and
the one on the right the collector. The n-p-n transistor consists of an n-type

emitter, a p-type base and an n-type collector.

Transistor Requirements
There are four principal requirements for efficient transistor operation:
1) the collector must be biased in the reverse direction, 2) the emitter must
be biased in the forward direction, 3) impurity concentration in the emitter
must be greater than the base impurity concentration, 4) the base layer

must be thin.

Advantages of Transistors over Vacuum Tubes
Transistors can be made very small, of the order of one-thousandth of the
volume of a vacuum tube. They are very light, with less than one-hundredth
of the weight of the vacuum tube. Unlike tubes, the transistor requires no
filament supply.

The simple arrangement and small size make transistors more rugged
than tubes. Finally, the life of a transistor can be many times that of a
vacuum tube.

Transistors are only one of the family of semiconductors, many other
semiconductor applications are becoming increasingly popular and new
ones are constantly being discovered.

Active Vocabulary
l.advantage - MPEUMYIIECTBO

2.arrangement - pa3MenIeHHE; YCTPOUCTBO
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3.to attach - TIPUKPEIIATH, HPUCOCTUHATD

4.efficient - 3] (eKTUBHBII; TPOTYKTUBHBIMI
5.filament supply - HWCTOYHMK HANPSHKEHUs HaKalia
6.to fuse - CIUIABIISATH, BIUIABIIATH
7.region - o0macTh, 30Ha
8.to rely on - ToJlaraTbCs Ha
9.to require -  TpeboBaTh; HYKJIAThCS
10.requirement - TpeboBaHHUE; HEOOXOANMOE YCIOBUE
11.rugged - CTOMKHUH, YCTOMYMBBIN
12.to solder - MasiTh
13.to utilize - HUCIOJIb30BaTh
14.volume - 00BeM
15.weight - BecC

Ynpasicnenue 2. Omeemvme na ciedyroujue 60npochL:

1. What is the most important characteristic of a transistor?

2. What semiconductor materials do you know and which of them are
widely used for making transistors?

What transistors do you know?

What is the n-p-n transistor composed of?

How is the emitter junction biased?

How is the collector biased?

What advantages have transistors over vacuum tubes?

® N kW

Ynpascnuenue 3. Ilepesedoume npednosrcenus Ha pyccKuil A3vlK.

1. A semiconductor triode (transistor) has two p-m junctions. 2. The

sections with n- and p-type conductivity may be arranged in different ways
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that is why there may be two different types of transistors: p-n-p transistors
and n-p-n transistors. 3. The junction with a reverse bias in a transistor is
called a collector junction. 4. The junction that is forward biased in a
transistor is called an emitter junction. 5. Although the collector junction is
reverse biased the collector voltage is much higher than that of the emitter.
6. A transistor can function as an amplifier. 7. The transistor relies for its
operation on the movement of charge carriers. 8. Transistors have some
advantages over vacuum tubes. 9. Transistors are small and use little

electric power.

Text4 B
3adanue 1. Ilpoumume caedyrwujue cnosa. Obopamume HUMaAHUE HA UX
3HaAueHuA. 3HaHue IMux ci06 nomodxcem Bam nonamv codepocanue
mekcma. forerunner - mpeaBECTHHK, tO conceive -MpecTaBiiATh cede, to
immerse - 3aHMMaTb MBICIH, MOCTUraTh, to trap - yJaBiIWBaTh, anti-
submarine warfare - npotuBonogouHoe opyxue, field-effect transistor -
MOJICBOM TPaH3UCTOD, razor blade - 1e3Bue OpUTBHI.

3adanue 2. Hpoumume mexkcm, cmapaicb HNOHAMb OCHOBHOE

cooepiicanue.

Inventors of the Transistor
The forerunner of today's silicon chip was the point-contact transistor
made by John Bardeen and Walter Brattain at Bell Laboratories in America
in December 1947. It was followed by the junction transistor conceived
about a month later by William Shockley also at Bell Labs and first made
in 1950.
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The transistor has been the most important invention of the 20th
century. Fifty years ago electronics engineers would have included the
triode in a list of the most important inventions. It is difficult to imagine
now how we could manage without the transistor in its many forms.

The importance of the transistor was officially recognized when the
three: John Bardeen, Walter Brattain and William Shockley were awarded
the Nobel Prize for Physics in 1956. One of the three
inventors, the oldest and the first to join Bell Labs

was Walter Houser Brattain.

At that time in the United States some leading
. physicists were immersed in solid-state physics and
quantum mechanics. The second of the trio to join
| Bell Labs was William Shockley (fig.8).
' In 1939 he together with Brattain tried to
fig. 8 make a semiconductor triode. The war took Shockley and
Brattain away from Bell to work separately on anti-submarine warfare.
After the war Shockley headed the semiconductor subgroup which now
included Walter Brattain, John Bardeen who joined Bell Labs in 1945.
Shockley was thinking of ways to make a solid-state amplifier. His
main idea was for a field-effect device made from a thin layer of
semiconductor and a sheet of metal arranged together as a parallel plate
capacitor (fig. 9).
A voltage applied to one plate, the metal, would induce charge on the
other plate, the semiconductor, and so control the conductance of the
semiconductor. A signal applied to the metal should modulate a current

flowing through the semiconductor and so provide an amplifier. The theory
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fig. 9
was fine and is the basis of today's MOS field-effect transistors, but for

Shockley in 1945 the device did not work. The induced charge in the
semiconductor plate was not there. It was trapped by the surface states and
was unable to do the job.

This concept of surface states became the central part of their research.
They managed to overcome the blocking effect of the surface states by
immersing the semiconductor and the metal plate. Soon they worked out
that two point contacts placed about 0.05 mm apart should succeed. How to
do that was a problem but it was solved by evaporating gold on to a
polystyrene wedge and separating the gold at the point of the wedge by
cutting with a razor blade. The point-contact transistor was born and later

the bipolar transistor had been found.

3adanue 3. 3aKoHuume NpPeOIOMHCEHUA, 6blOPA8 U3 NPEONOHCEHHBIX

6APUAHM 06 00UH, COOMBEMCIBEYIOWUIL COOEPHCAHUIO MEeKCmA.
1. The forerunner of today's silicon chip was ... .

a) a vacuum triode; b) a point contact transistor.
2. The point-contact transistor was followed by... .

a) the junction transistor;  b) a low-pass filter.
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3. In 1939 William Shockley and Walter Brattain tried to make ... .
a) a vacuum diode;  b) a semiconductor triode.
4. After the war Shockley headed a newly formed solid-state group and
thought of ways... .
a) to make a solid-state amplifier;,  b) to make an electromagnet.
5. The induced charge was trapped ... .

a) by the surface states, b) by the inner states.

3adanue 4. Omeemvme Ha 60nPOCHL K MEKCHLY.

1. What device was the forerunner of today's silicon chip?

2. What three scientists worked on the transistor?

3. When was the first point-contact transistor made at Bell Laboratories in
America?

4. Is it difficult to imagine our life today without the transistor in its many
forms?

5. How was the importance of the transistor recognised?

6. What field were the leading scientists immersed in the thirties of the last
century in?

7. Who headed a newly formed solid-state subgroup at Bell Labs after the
war?

8. Why was Shockley's device immobile and unable to do the work in

19457
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UNIT V. MICROCIRCUITS

Perfect Tenses in the Active Voice

Ynpasicnenue I. Ilepeseoume cnedyrouwgue npeonorxceHus u 00viacCHuUme

ynompeonenue popm Perfect Active.

1. Semiconductor devices have replaced electron tubes in many types of
radio equipment. 2. He has already seen this new device in our laboratory.
3. They have made many discoveries which are of great importance for our
research. 4. Thanks to the radio it has become possible to communicate
with all parts of the world. 5. He had collected some information about
modern discoveries in the field of electronics by the end of the year. 6. The
engineers could obtain these data after they had made numerous
experiments. 7. They will have tested this device by the end of next week.

8. By the time he returns we shall have made the experiment.

Ynpasicnenue 2. Ilepeseoume cnedyrwuiue cioea, odpauias 6HUManue Ha

npeghukcol.
To discharge, to disconnect, to misunderstand, immeasurable, impossible,

indirectly, invaluable, irresponsible, uncommon, unsatisfactory.

Text 5 A. Microcircuits
We have already discussed semiconductor diodes and transistors.
Transistors have revolutionized electronics. But the transistor was only a
prelude to a much greater revolution - the monolithic integrated circuit.
An integrated circuit is a special kind of microelectronics. In this text
we'll consider 2 approaches to microelectronics - monolithic integrated

circuits and film circuits.



In monolithic integrated circuits, all circuit elements, active and
passive, are formed in a single small wafer of silicon. Transistors and
diodes are active elements of the integrated circuit. The passive elements in
IC are resistors and capacitors.

Film circuitry has two main technologies: thin film and thick film. In
thin-film circuits the passive components and interconnection wiring are
formed on glass or ceramic substrates, using evaporation techniques. The
active components are fabricated as separate semiconductor devices.

Thick-film circuits are prepared in a similar manner except that the
passive components and wiring pattern are formed by silk screen
techniques on ceramic substrates.

There can be many instances where the microelectronics circuit may
combine more than one of these approaches in a single structure, using a
combination of techniques.

In multichip circuits the electron components are formed in two or
more silicon wafers (chips). The chips are mounted side by side on a
common header. Some interconnections are included on each chip, and the
circuit is completed by wiring the chips together with a small diameter gold
wire.

There had been tremendous growth in semiconductor integrated circuit
technology before engineers and researchers understood that integrated
circuits would not be universally acceptable for all circuit problems. IC's
are most economical when they can be standardized and made in large
quantities. For these and other reasons, hybrid microcircuits have become

extremely popular.
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Hybrid IC’s are combinations of monolithic and film techniques.

Active components are formed in a wafer of silicon using the planar

process, and the passive components and interconnection wiring pattern are

formed on the surface of silicon oxide which covers the wafer, using

evaporation techniques.

Notes:
1. monolithic integrated circuit

2. hybrid microcircuit

Active Vocabulary

l.

©® N ok WD

10.
11.
12.

13.
14.
15.

acceptable

approach

evaporation
extremely

to fabricate

film integrated circuit
growth

header

interconnection wiring
manner
to mount

multichip

to prepare
researcher

silk screen technique

- MOHOJIUMHKHAA UHMeSPAIbHAA CXemda

- 2UOPUOHASL MUKDOCXEMA

MIPUEMIIEMBIN

OAXO0/

HaMbUICHUE

Ype3BbIYANHO; OYEHD
W3TOTOBJISATH; POU3BOJIUTH
menoyHas MC

pPOCT, pa3BUTHUE

OCHOBAHMCE, ITOJJIOXKKA,; KPUCTAJIIOACP-
KaTeCJlb
pa3BOaAKa, MCKCOCIUHCHHC

croco0

YCTaHABJINBATh, MOHTUPOBATH
MHOTOKpHUCTaNIbHAsE HHTETpajIbHas
cxema

TOTOBUTH(CA), MOJATOTABINBATH
UCCIIEA0BaTENb

METO/ IIeTKOrpapuu
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16. substrate - TOJUIOXKKA

17. tremendous - OTPOMHBIH

18. wafer - INUTACTHHA; MOJI0KKA

19. wiring pattern - PHUCYHOK COCIMHCHHI; PHCYHOK
Pa3BOJIKH

Ynpasicnenue 3. Omeemovme na ciedyroujue 60npocol:

1. What i1s an integrated circuit? 2. What electronic elements are active
components of the integrated circuit? 3. What electronic elements are called
passive components of the intergrated circuit? 4. What types of film circuits
do you know? 5. How are thin-film circuits (thick-film circuits) prepared?

6. Why are hybrid microcircuits very popular now? 7. What is a hybrid IC?

Ynpasicnenue 4. Haitoume pycckue KkeueaieHmul 0,14 AHZAUUCKUX C106

U C/1060COYEeMAaAHUIL:

1) hybrid microcircuit; 2) film evaporation; 3) vacuum evaporation; 4) thin-
film technique; 5) insulating substrate; 6) interconnection technique;
7) tremendous; 8) growth.

a) M3OJAIMOHHAsA TOJJIOKKa, ©0) pocT, B) THOpUIHAS MHUKpPOCXEMa,
I) TOHKOIUICHOYHAs TEXHOJIOTHS, J) TEXHOJOTHUS  HM3TOTOBJICHUS
COCIMHCHHM, €) HamblIeHHe TIUICHOK, ) BaKyyMHOE HAaIlbUICHHE,

3) OTPOMHBIA.

Ynpasxcnenue 5. 3anonnume nponyckKu cjiioeamu, OAHHBIMU HUJICE.

1. The achievements of our scientists and engineers in the field of
electronics are ... 2. ... in IC are transistors and diodes. 3. Capacitors and

resistors are ... of integrated circuits. 4. All microelectronic units are ...
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small. 5. Microelectronic ... are made by thin-film or semiconductor
technique. 6. Ceramic ... are employed in the fabrication of film integrated
circuits. 7. ... are combinations of monolithic and film techniques. 8. ... are
used in the fabrication of thin-film circuits. 9. ... are used in the fabrication

of thick-film circuits.

a) Hybrid ICs, b) tremendous, c) units, d) substrates, e) active elements,
f) passive elements, g) evaporation techniques, h) silk-screen techniques,

i) extremely.

Ynpasicnenue 6. Ilepesedume cnedyrowue cnosa:

product, production, productivity; to invent, inventor, invention, to
attenuate, attenuation; to reduce, reduction; to research, researcher; to

eliminate, elimination; to fabricate, fabrication.

Ynpasicnenue 7. /laiime kpamkue omeemut no 0o0pasuy.

Model I: Have you used evaporation techniques in the fabrication of thin-
film circuits? - Yes, I have. No, I haven't.
Model I1: Has this scientist worked in the field of electronics?
- Yes, he has. No, he hasn't.
1. Have you employed hybrid microcircuits in this electronic device?
2. Has this student taken part in this research? 3. Have transistors replaced
vacuum tubes in all radio-receiving and radio-transmitting devices? 4. Have
integrated circuits become the basic component of electronic equipment?
5. Have you formed the passive components and wiring pattern of thick-
film circuits by silk-screen techniques? 6. Have integrated circuits become

universally acceptable for all circuit problems?
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Ynpasicnenue 8. Ynompeoume znazonwl, oamnwvie 6 ckookax, e Past

Indefinite unu Present Perfect Active.

1. The student (to work) very well this week. 2. Thomson (to discover) the
electron in 1897. 3. Last week the students of our group (to translate) some
articles from an English newspaper. 4. In 1956 there (to be) only 1.3
million television receivers; today the number of TV sets greatly (to
increase). 5. Flemming (to invent) a two-element tube in 1904. 6. He (to
turn on) the light. It is light in the room. 7. We (not to see) him since he
graduated from the Institute. 8. He just (to finish) the experiment. The
results of his experiment will help us in our research.

Ynpasicnenue 9. Ynompeoume znazonwt, 0annvie 6 cKoOKax, 6 00HOU U3

¢dopm Perfect Active.
1. He already (to make) many discoveries in this field. 2. When he came
into the laboratory, they already (to finish) their experiment. 3. By 2 o'clock
tomorrow he (to finish) this work. 4. Integrated circuits (to become) the
basic component of electronic equipment. 5. We (to develop) this device by
next year. 6. After scientists (to introduce) a new technology in the
fabrication of IC devices, the productivity of the plant went up. 7. By last
Saturday they (to obtain) all the necessary data. 8. They never (to be) to
that laboratory.

TextS B
3adanue I. Ilpoumume cnedywuue cnoga. Odbpamume 6HuManue Ha uUx
3HaAueHuA. 3HaAHUE IMUX 108 nomoxcem Bam nouams ocnosnoe
cooepircanue.
efforts - ycunust; conventional - 00bIuHBIN; 1n comparison with - o cpas-
HeHuto c; search - mowuck; reliability - HanexHocth; packaging density -

IINIOTHOCTBh MOHTAaXKaA.
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3aoanue 2. Ilpoumume mekcm, cmapasce HNOHAMb OCHOGHOE

cooepiicanue.
Basic Trends in Miniaturization and Microminiaturization

Today electronics has advanced to a point where it can solve a great
variety of complex problems in the fields of radio, computers and
communication. The growth in complexity has led to miniaturization and
microminiaturization in electronics.

The early efforts in the field of miniaturization reduced the size of
conventional circuit components and developed miniaturized vacuum
tubes, semiconductor devices, resistors, capacitors, inductors and switches.
These efforts resulted in modules and micromodules. The systems using
these components reduced in weight and size in comparison to those using
discrete components.

Microelectronics has passed some stages from the reduction in the size
and weight of components to the search of new materials, technologies,
improvement in reliability, simplification in manufacture. A substantial
increase in reliability of electronic equipment with a decrease in its mass,
size can be achieved by the use of integrated circuits.

Three main classes of integrated circuits are in wide use today: the film
integrated circuits, the hybrid integrated circuits and semiconductor (or
solid state) integrated circuits. According to their packaging density they
are classed into small-size or simply integrated circuits, medium-integrated
circuits (MSI) and large-scale integrated circuits (LSI). The term
"Integrated circuit" - IC - 1s used to describe a group of electronic elements

connected together to perform a given electronic function.
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3adanue 3. Omeemovme HaA 60NPOCHL K MEKCHLY.

I. Can electronics solve complex problems in the field of radio
communication and computers today? 2. What were the results of the early
efforts in the field of miniaturization? 3. What stages of development has
microelectronics passed? 4. What are the advantages of using integrated
circuits? 5. What classes of integrated circuits are in wide use today?
6. How are the integrated circuits classified according to their packaging

density? 7. What does the term "integrated circuit" mean?

3adanue 4. 3akonuume  npeooHceHUsA 8 COOMBEMCHEUU C

cooepiricanuem mekcma.

1. Modern electronics can solve complex problems in the field of... 2. The
growth in complexity has led to ... in electronics. 3. The systems using
miniaturized components ...in comparison to those systems using discrete
components. 4. Three main classes of integrated circuits are in wide use
today ... 5. According to their ... the integrated circuits are classed into
small-size, medium-scale integrated circuits and large-scale integrated
circuits. 6. The term "integrated circuit" is used to describe a group of

electronic elements ...
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UNIT VI. FILM CIRCUIT PROCESS TECHNOLOGIES

Perfect Tenses in the Passive Voice

Ynpasxcuenue 1. Ilepesedume ciedyrwuiue npeonoxceHus u 00vacHume

ynompeonenue popm Perfect Passive.

1. Many different kinds of tubes have been invented since the introduction
of the two-electrode tube. 2. The properties of this semiconducting material
had been improved by that time. 3. The results of the experiment will have
been discussed by the time he comes. 4. The equipment had been examined
by the engineers before the director came. 5. A new device will have been
developed by next year. 6. The operation of this system has been studied by
the engineers. 7. Good results have been achieved by Russian engineers in
the field of semiconductor devices. 8. After the passive components and
interconnection wiring had been formed on the substrate, the active

components were attached onto it.

Text 6 A. Film Circuit Process Technologies

In thick film technology, the materials for conductors, resistors and
dielectrics are specially prepared pastes (inks). Thick film technology
centers around the application of pastes onto ceramic substrates by printing
through a screen or an etched metal mask. After the pattern has been
screened onto a ceramic substrate and dried, it is fired in a furnace at
temperature from 500° C to 1200° C. The screening and firing equipment
are quite simple.

Printing (screening) machines contain five basic functional systems of
interest: a system to move the substrate into position; a system to hold the
substrate rigidly during the printing cycle, usually by applying vacuum to
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its underside; a screen mounting; an alignment system for adjusting the
screen relative to the substrate; and finally a system for supplying ink and
moving a squeegee across the substrate. Printing machines are classified as
manual, semiautomatic or automatic.

The vacuum equipment primarily used for thin-film deposition is much
more complicated and expensive than the equipment utilized in the
fabrication of thick films. In the early days of film circuit technology two
methods were available for thin-film deposition: evaporation of the source
material in high vacuum and cathode sputtering. Evaporation through
masks has been largely abandoned - at least for intricate patterns.
Numerous new sputtering methods have been developed.

Active Vocabulary

1.alignment
2.available
3.complicated
4.to dry
5.etch
6.film deposition
7.to fire
8.furnace
9.intricate
10.manual
11.paste
12.to print
13.rigidly
14.screen

15.squeegee

COBMEIIICHUE; BEIPABHUBAHUE
MMEIOIIANCA; JOCTYITHBIN

CJIOKHBIN

CyHIUTh(Cs1)

TpaBJICHUE; TPABUTH

OCaXKJICHUE TICHOK; TJICHOYHOE MOKPBITHE
00 KHUTaTh

neyb (TeXHU4YecKas)

3aITyTAHHBIN; CJIIOKHBIN

py4yHOU

rnacra

reyarTarh; Je1aTh OTTUCK

HECIIOABHKHO, KECCTKO

TpadapeT; TpOU3BOAUTH TpaPapeTHYIO NedaTh

pakeib
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Ynpasicnenue 2. Omeemovme na cieoyrouiue 60npocel:

1. What materials are used for conductors, resistors and dielectrics in thick
film technology? 2. How are pastes applied onto ceramic substrates in thick
film technology? 3. At what temperature are thick films fired in a furnace?
4. What five basic functional systems do printing machines contain? 5. Is
the vacuum equipment simple or complicated? 6. What two methods were

available for thin-film deposition?

Ynpasicnenue 3. Ilepeseoume cnedyroujue napeuus:

accordingly, consequently, constantly, extremely, increasingly, indirectly,

interchangeably, manually, readily, rigidly, semiautomatically, widely.

Ynpasicnenue 4. 3anonnume nponycku @ npeosioyceHusnx, eblopas 00HO

U3 mpex cnos, nooxooauux no cmuiciay. Ilepeseoume npeonosrcenus.
1. In the screening or printing process a ... forces conductive, resistive or
dielectric paste through a screen.

a) substrate;  b) section;  c) squeegee
2. Test systems are ... to measure many electrical parameters manually,
semiautomatically, or with full automation, depending on production
requirements.

a) available, b) active; c) great

3. Thick film pastes are printed onto a substrate using either a screen or an

a) integrated circuit; b)etched metal mask; c) silicon wafer



4. Substrates are fired in a ...

a) fabrication;  b) filter; c) furnace
5. The film technique ... material on a common substrate to form passive
and active components.

a) deposits;  b) dries;  c) decreases
6. Before the substrate passes into a firing furnace, it may be ... by a series
of infrared lamps.

a) divided;  b) dried; ¢) doped
7. An... system which is employed for adjusting the screen relative to the
substrate is very important.
a) alignment; b) achievement; c)accomplishment

8. This test deals with five ... functional systems of a printing machine.

a) broadcasting;,  b) boundary; ¢) basic

Ynpasicnenue 5. Ilepesedoume npeonosicenusn, odpauias eHuManue Ha

noduepxnym ble 2/1a2oJibl-CKazyemaole.

1. Dielectrics are deposited to provide insulation between two layers of

thick film conductors. 2. The main component of the printing equipment is

the screen itself. 3. The materials used in thick film have been developed,

and are being developed very quickly. 4. Conductor resistivity also must be

considered when discussing conductor pastes. 5. Conventional screens will
deposit conductor lines 4 mils in width. (1mil=0,0254mm). 6. Parallel
conductors are usually separated by 8 to 10 mils. 7. 600 substrate printing

operations per hour can be accomplished by using semiautomatic machines.

8. The engineers improved the operation of that system after some tubes

had been replaced. 9. New methods have been used in testing the

equipment. 10. The engineers will have been given the design of a new

transformer by that time tomorrow.

45



Text 6 B.
3adanue 1. Ilpoumume caedyrwuiue cnosa. Odopamume esHuUMaHue Ha ux
3HaueHus. 3HaHue IMux cioé nomodxcem Bam nonamse cooepicanue
mekcma.
to deposit - ocaxxiath; in an appropriate sequence - B COOTBETCTBYIOIIEH
nocieaoBaTenbHOCTH; to a large degree- B Oosbiieit crenenu; to satisfy -
YAOBJIETBOPSATH; at elevated temperature - mpu NOBBINIEHHON TeMIIEpaTypE;

outlays - pacxossl, 3aTpaThl.

3adanue 2. Ilpoumume mexcm, cmapasacy HOHAMb OCHOGHOE

cooepicanue.
Film Integrated Circuits

A film integrated circuit defines an arrangement of various films on a
common base (substrate). A typical film integrated circuit will have film
resistors, film capacitors and film conductors. All these elements are
deposited in an appropriate sequence on the substrate by evaporation of
current-conducting, magnetic and other materials.

Film components offer a number of advantages over discrete parts. For
example, film resistors have low noise level and high resistivity; film
capacitors show good stability and a good temperature coefficient of
capacitance.

The properties of films depend to a large degree on materials used for
substrates. The materials employed for substrates include various grades of
glass, ceramic materials, and others. The requirements that a good substrate
should satisfy are a good thermal conductivity, mechanical strength
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coupled with small thickness, high resistivity, ability to withstand physical
and chemical factors at elevated temperature. The substrate may be square
or rectangular in shape made in standard sizes. The thickness is usually 0.6,
1, or 1.6 mm depending on the size.

Film integrated circuits are subdivided into thin-film ICs and thick film
ICs. The thickness of the film in thin film ICs is units of micrometers and
in thick film circuits the thickness of the film is a few tens of micrometers.
A major advantage of thick film technology is simplicity as it does not
require any expensive equipment.

Thin film technology is capable of making precision passive elements
with better parameters than thick film technology. However it requires

large capital outlays as it uses expensive equipment.

3adanue 3. 3aKkoHuume RNpeOIOHCEHUA, 6blOPA8 U3 NPEOI0HCEHHBIX

8APUAHM OB 00UH, COOMEEMCMBYIOUUIL COOEPIHCAHUIO MeKCmd.
1. Film components offer a number of ...
a) disadvantages over discrete parts;, b) advantages over discrete parts
2. Film resistors have ...
a) high noise level; b) low noise level
3. Film resistors have ...
a) low resistivity; b) high resistivity
4. The substrates are usually made in ...
a) non-standard sizes; b) standard sizes
5. A major advantage of thick film technology is ...
a) simplicity, b) complexity
6. Thick film technology ...

a) requires large capital outlays, b) does not require large capital layouts
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3adanue 4. Omeemovme Ha 60NPOCHL K MEKCHLY.

1. What is a film integrated circuit? 2. What elements has a typical film
integrated circuit? 3. What are the advantages of film components over
discrete components? 4. What do the properties of films depend upon?
5. What materials are employed for substrates? 6. What requirements
should a good substrate satisfy? 7. What is the usual thickness and shape of
the substrate? 8. How are film integrated circuits classified? 9. What 1s a

major advantage of thick film technology?

UNIT VII. RECTIFIERS
The Infinitive

Ynpasicnenue 1. Ilepeeeoume cnedywoujue npeonoxcenusn, oopawia

6HUMAHUe Ha popmbl u PynKkuuu uHunumuea.

1. The station to be used for this purpose performs various functions.
2. These are the basic principles of radio to be applied in practice. 3. A
rheostat is used to change the resistance of circuits and in this way to vary
the value of current. 4. To determine the magnetic field of the current was
the task of our laboratory work. 5. To carry out this complicated work we
are to have special knowledge in this field of science. 6. The aim of our
work is to determine the resistance of the circuit. 7. This machine was the
first to have performed many operations in a very short period of time.
8. We began to test a new device last week. 9. We constructed a computer
to use it in our research. 10. We were happy to have been helped with this

work.

48



Text 7 A. Rectifiers

Electronic equipment is usually powered by batteries or rectifiers
which in turn draw their power from a supply line. Rectifiers draw their
power from a supply line. The basic function of rectifiers is to convert
alternating voltage to direct voltage. There are various rectifier circuits.
They differ from one another in circuit design, power output, rectified vol-
tage and current. Whatever its circuit or design 1s a typical rectifier will
contain a transformer to step down or step up the supply-line voltage, a
rectifying element (a vacuum tube or gas-filled rectifier diode, a crystal
diode, etc), which converts alternating to direct voltage, a smoothing filter
to reduce the ripple in the rectified voltage.

A rectifying element i1s an electron device having unilateral
conduction. It presents a very high resistance to the flow of current in one
direction and almost zero resistance in the other. At present, the most
commonly used types of rectifying elements are semiconductor (solid-state)
diodes. Owing to advances in semiconductor technology semiconductor (or
crystal) diodes are widely used because they have small size, high
reliability and long service life.

A rectifier power supply is a basic part of any electronic equipment
and 1s usually mounted on the same chassis with the rest of the circuits. In
special cases power supply may be built into a separate case.

One way to classify rectifiers is to divide them into single-phase and
polyphase (a rectifier may have two, three or six phases). A single-phase
(half-wave) rectifier usually feeds a capacitive load, for example, the anode
circuits of the cathode-ray tubes used in TV receivers and oscilloscopes,

which require a high rectified voltage at a low load current.
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The most commonly used polyphase rectifier circuit is the two-phase
(full-wave) bridge circuit. Three and six-phase rectifiers are as a rule used
to energize high-power radio transmitters, radars and similar systems
requiring a rectified power of 1 to 50 kW at 5 to 7 kV.

Where the primary source of power is an a.c. supply line removal of
the ripple from the rectified voltage poses a special problem. Failure to
filter the rectified current properly leads to the appearance of hum in the
signal. The ripple is usually removed by filters. In some cases the ripple can
be reduced by additional RC-networks and the rectified voltage is usually

maintained at a constant value by voltage stabilizers.

Active Vocabulary
1. additional - 100aBOYHBIH, IOMOJTHUTEIIHLHBII
2. to maintain - TOAJEPKUBATh, COXPAHSIThH
3. owing to - Onaropnapsi, BCIEACTBUE, IO MPUUNHE
4. rectifier - BBIIPSIMUTEINb
5. single-phase rectifier - 0lHO(a3HbBINA BHIIPSIMUTEIb
6. polyphase rectifier - MHOTO(]a3HBIN BHITPSIMUTEI
7. to remove - yOuparh, CHUMATh; yAJIATh
8. removal - yIaJeHue; yCTpaHCHHE
9. ripple - TyJIbCalluu, KoJicOaHMs
10. to present - TIOKa3bIBaTh; MPEJCTABIATH
11. smoothing filter - CTJIQKUBAIOIMIUN GUITBTP
12. unilateral conduction - OJHOCTOPOHHSS yJIeJIbHAs

IIPpOBOAUMOCTD
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Ynpasicnenue 2. Omeemovme na cieoyoujue 60npochl.

1. How 1s usually electronic equipment powered? 2. What is the basic
function of a rectifier? 3. What do various rectifier circuits differ from one
another in? 4. What components does a typical rectifier contain? 5. What
function has a smoothing filter? 6. What is a rectifying element? 7. What
are the most commonly used types of rectifying elements? 8. How are
rectifiers usually classified? 9. Where are half-wave rectifiers usually used?
10. What is the most commonly used rectifier circuit? 11. How is the

rectified voltage maintained at a constant value?

Ynpasxcnuenue 3. Oobpasyiime cywjecmeumenvHovle oOm CcaAe0yIOUUx

2/1420108:
to connect, to direct, to apply, to rectify, to pulsate, to require, to transmit,

to produce, to regulate.

Ynpasxcnenue 4. 3anonnume nponyckKu cjiioeamu u cjiosocouemaHuiamu,

OAQHHBIMU HUJICE.

1. All ... must provide a one way path for electrical current. 2. A ... rectifies
both halves of the AC input cycle. 3. ... are eliminated by means of a filter.
4. Alternating current is rectified into ... by means of a rectifier. 5. The
basic principle of the rectifier is that it ... current to flow in only one
direction. 6. The rectifier is called a ... when only half of the wave is
rectified. 7. A ... is an electron device having unilateral conduction. 8. One

way to classify rectifiers is ... them into single-phase and polyphase ones.

a) direct current; b) half-wave rectifier; c) ripples; d) to divide,

e) rectifiers, f) permits, g) rectifying element, h) full-wave rectifier.
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Ynpaxycuenue 5. Ilepeseoume npeonosrcenusn, oopawas eHumanue Ha

noduepxnymbte cjoea u cjioesocouemanuA.

1. A number of parameters of the transistor can be obtained from these

characteristics. 2. In a step-up transformer the number of turns in the

secondary is greater than the number of turns in the primary. 3. The
principal advantage of the diode tube is that it permits the flow of current in
one direction only, that is from the cathode to the anode. 4. Plate current

flows in a diode when the plate is made positive with respect to the

cathode. 5. A pure germanium crystal is practically a nonconductor of
electricity. 6. When the grid is made alternately positive and negative by
joining the input terminals to a source of alternating potential, the electron
flow from cathode to plate is increased and decreased accordingly, thereby
varying the direct current in the plate circuit. 7. We know the range of
working temperature for germanium devices to be from 40°C below zero to
70° C above zero. 8. One-half of the electrical energy contained in the radio
wave exists in the form of electrostatic energy, the remaining half being in

the form of magnetic energy. 9. Some radio tubes contain two filaments

and two plates, others containing as many as three or four separate grids.
10. Since a diode will permit current to flow only during the positive half-
cycle of the applied AC voltage, a single diode i1s known as a half-wave
rectifier.
Text 7 B

3aoanue I. Ilpoumume cnedyrwowue ciosa. Qopamume 6HUMAHUE HA UX
3HaAueHuA. 3HAHUE IMUX 108 nomoycem Bam nouams ocnosnoe
cooepiicanue.

Excluse of — uckimrouast, He cunTas, 3a uckiarouenrneM; CW transmitter —
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HEeNpephIBHBINA nepeaaTunk; wall outlet - mynbcanus; raucous — pe3kui,

IIPOH3UTEIbHBIN.

3adanue 2. Ilpoumume mekcm, cmapasacy NOHAMb OCHOBHOE

cooepiicanue.
Silicon Diodes as Power-supply Rectifiers
We mentioned earlier that diodes can change ac to dc. Nearly every
power supply (exclusive of those that use batteries) contains diodes that
serve as rectifiers for changing ac to dc. Let's look at fig. 10 (a,b) to see

how the diodes might be connected in a circuit to serve our need.

RECTIFIER
O
o T4 e RECTIFIER DC
AC _ﬂﬂﬂ/;
NPT [ O+ e
2 _ OUTPUT
[
o T
RECTIFIER
fig. 10, a
- SMOOTHED
= I / VOLTAGE
INPUT ‘ ‘ - o+
Cf |+ fﬂ H
DUTF‘UT
o ™ /’ -
[ 470 uF
5
fig. 10, b

Let's suppose we wanted to develop +12 V for powering a small CW
transmitter. We would have to step down the wall-outlet voltage from 117-

to 12V ac. T1 of fig. 10,a would accomplish that. But we still need to
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change the ac to dc. If we did not rectify the ac voltage, our transmitter
signal would have a bad hum on it, caused by the 60-Hz ac wave from the
wall outlet or transformer secondary winding. Similarly, we would hear a
raucous hum in the speaker if we used an ac voltage to power our receiver.

So, to obtain dc output from our power supply, we will add D1 and D2
of fig. 9A. The rectifying action of the diodes will change the ac to
pulsating dc, and will double the power-line frequency to 120 Hz.
Remember, it is 60 Hz to start with. The pulsating dc will still cause hum
on our transmitter signal, so we have to take another step in our design. Fig.
9 B shows the same circuit, but we have added two filter capacitors (C1 and
C2) and a filter choke (L1). These components will smooth the pulses that
otherwise could cause hum.

Notice that the dc output now has but a slight ripple. This would be so
small that we might not hear it on our transmitter signal or in the speaker of
a receiver. We could see the ripple if we connected a sensitive instrument
(such as an oscilloscope) to the output dc line. An ideal power supply
would have no ripple, and only a straight line would appear on the face of a
scope. These illustrations represent the basis of all power supplies, but
some use four diodes. It is called a full-wave bridge circuit. Even a single

diode can be used alone to form a half-wave rectifier.

3aoanue 3. Omeemvme Ha 60NPOCHL K MEKCHLY.

1. What is the main function of the silicon diodes? 2. What would happen if
we did not rectify the ac voltage? 3. Would we hear a raucous hum in the
speaker if we used an ac voltage to power the receiver? 4. How can we
obtain dc output from our power supply? 5. What components will smooth

the pulses? 6. What instrument can we use to see the ripple?
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UNIT VIII. AMPLIFIERS

Infinitive and its Constructions

Ynpaxcnuenue I. Ilepeseoume cnedyrwuiue cioeocouemanus, oopauwiasn

BHUMAHUE HA UHPUHUMUB:

the first to invent; the last to come; the device to be developed: the problem
to be considered; the facts to be mentioned; the losses to be minimized; the
parts to be connected; the parameters to be improved; the tests to be carried

out.

Ynpasicnenue 2. Ilpoumume u nepeeedume npeonoxcenusn, oopauwias

6HUMAHUe Ha YyHKYyuu ununumuasa.

1. The problems to be discussed at the conference are connected with the
application of a new computer. 2. Emitters to be made of this material will
be used in a large transmitting tube. 3. This characteristic is of great
importance to obtain direct currents and voltage from AC source. 4. To
operate tubes at high power certain limitations should be taken into
account. 5. To reduce these oscillations is the main task of the experiment.
6. To compare these data we must take into account these parameters of the

tubes.

Ynpasicnenue 3. Ilpoumume u nepeeedume npeonoxcenus, oopauwias

GHUMAHUE HA 00bEKMHBLI UHPUHUMUBHDBLIL 000pOM.

1. They reported the conference to have been a great success. 2. We want
you to take into consideration that voltage, resistance and capacity are the
three important properties to influence the flow of current in an electric
circuit. 3. We know an alternating current to be continually changing by

rising, falling and changing direction. 4. We know copper to be distin-
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guished from all other metals by its red colour. 5. We should like them to
test these new devices. 6. They expect the group of young specialists to

solve this problem successfully.

Ynpaxcuenue 4. Ilpoumume u nepeseedume npeonodcenusn, oopawian

6HUMAHUE HA CYObEKMHbLI UHGUHUMUBHBLIL 000POM.
1. A circuit 1s said to possess an inductance of 1 henry if 1 volt 1s induced
when the current changes at the rate of 1 ampere per second. 2. May 7 is
considered to be the date of the invention of radio. 3. Semiconductor
devices are known to have replaced vacuum tubes in many applications.
4. Superconductivity is considered to be one of the most important
properties of matter. 5. Tungsten appeared to have the highest melting
point. 6. This problem is sure to be solved in the near future. 7. These tests
do not seem to have been so complicated. 8. Photoelectric cells are known
to be used as ordinary switches. 9. These two phenomena are supposed to
be of common origin. 10. This material is expected to be used more widely
in the future.
Text 8 A. Amplifiers

The term "amplifier" describes a device which steps up an electric
signal in voltage, current or power without changing its waveform. The
transistor amplifiers are known to be the most important devices in
electrical engineering and radio engineering. They have made possible
modern radio, television, long distance telephone, radar etc.

The principal application of transistors is known to be based on their
ability to amplify electric signals. We know amplifiers to be devices
designed to take a small electric signal from some source and produce a

much larger output signal. Several successive amplifier stages are known to
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be employed to increase the signal level until it attains the required level for
the output. An ideal amplifier would give an output exactly duplicating the
input in every respect except magnitude. A ratio of the output voltage to the
input voltage is known to be called the amplification or gain of the
amplifier.

In amplifiers it is possible to transfer a portion of the energy from the
output back to its input. When this is done, the amplifier is said to have
feedback. There are two basic types of feedback: positive feedback and
negative feedback. When the feedback energy is in phase with the applied
signal, positive feedback takes place. Negative feedback is the term used
when the feedback signal is out of phase with the applied signal.

Positive feedback increases the gain of the amplifier. In contrast,
negative feedback decreases the gain. But the loss in gain can always be
compensated for by increasing the amplitude of the input signal, the net
effect of negative feedback is a reduction in distortion and noise. And for
this reason, we are primarily interested in negative feedback.

Negative feedback was invented by Harold S. Black of Bell
Laboratories. Because Black’s technique seemed to contradict many of the
accepted technical concepts of the day, it took almost 10 years for a patent
to be granted for his work. Black’s theory attracted the attention of the
electronics community so that hundreds of articles were published in
popular and professional journals on feedback technology. Even today’s
sophisticated devices owe much to Black’s invention of feedback control

circuitry.
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Active Vocabulary

to attain JNOCTUTHYTh

contradict MIPOTUBOPEUYUTH

to design IPOEKTUPOBATH; KOHCTPYHPOBATH
distortion UCKQKECHUE

feedback oOpaTHasi CBSI3b

gain KO3 PUIMEHT YCUIICHHUS; yCUIICHHE
loss noTepsi, yrpara

magnitude BEJIMYMHA

net KOHEUYHBIN; CyMMapHbIN

ratio OTHOILIEHHE

stage KackaJ

to step up YBEINYUBATH

term TEPMUH

Ynpasicnenue 5. Omeemvme na caedyrouiue 60npocwl:

1. What does the term "amplifier" describe? 2. Where are amplifiers used?
3. What are the amplifiers designed for? 4. What is known as amplification
or gain of the amplifier? 5. When is the amplifier said to have feedback? 6.
What two basic types of feedback do you know? 7. Under what condition
does positive feedback (negative feedback) take place? 8. Why are we
primarily interested in negative feedback? 9. Who invented negative

feedback? 10. Why is his invention very important?

Ynpasxcnenue 6. 3anonnume nponyckKu cjiioeamu u cjiosocovemanuimnu,

NpUBEOCHHBIMU HUDICE.
1. The ratio of the output voltage to the input voltage is called ... of the

amplifier. 2. Several successive ... are employed to increase the signal level.
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3. An ideal amplifier would give an output exactly duplicating the input in
every respect except .... 4. The principal application of transistors is based
on their ability to ... electric signals. 5. If the voltage is fed back in phase
with the grid signal we refer to ... 6. The ... of gain that is caused by
negative feedback is not a problem because it can be compensated for by
increasing the amplitude of the input signal. 7. The results of the
experiment seemed to ... many of the accepted technical concepts of the
day. 8. Frequency ... may take place when some frequency components are

amplified more that others.

a) loss, b) gain, c) amplifier stages, d) contradict, e) magnitude, f) positive
feedback, g) amplify, h) distortion.

Ynpasxcnenue 7. Hpoumume napsl AaHMOHUMOB U 3ANOMHUmME UX:

to step up - to step down; output - input; open - closed; with -without; to

increase - to decrease; negative — positive.

Ynpasicnenue 8. Ilepesedume cneoywouwiue npeonoxceHus, noab3yach

maonuyeit, npueedeHHOIl HUice.

1. V3BecCTHO, YTO YCUJIIUTENM BaXKHBIE YCTPONCTBA B JJIEKTPOTEXHUKE U
paguoTexHuKe. 2. ['OBOpAT, 4TO 3TOT YCUIIUTEINb HAIIEN IMIMPOKOE MpUMeE-
HeHue. 3. CYMTAIOT, YTO YCHJIMTENM 3TOT0 THUIA SIBISIOTCS JOBOJBHO
MEPCIEKTUBHBIMU. 4. DTH MPUOOPHI, BEPOSITHO, OYAYT MIUPOKO HCIOIB30-
BaThCSl B pauoTeXHUKE. 5. CTYJIEHTBI, KAXETCs, YK€ U3YUMIIA 3TOT pa3ei
AIIEKTPOTEXHUKH. 6. MI3BECTHO, YTO UCHBITAHMS ITOTO KJACCa YCUIIUTENEH

3dKOHYATCA 4CPEC3 HCACIIIO.
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The amplifiers are known to be over in a week

The amplifiers seem to have found wide
application of this type

The students 1s said to be rather perspective

The tests of this class | are known to have studied this section of

amplifiers electrical engineering

These devices are considered | to be important devices in
electrical and radio
engineering

This amplifier are likely to be widely used in radio
engineering

Text 8 B.

3adanue I. Ilpoumume cnedywujue cnoga. Obpamume eHuManue Ha uUx
3HaAueHusA. 3Hanue IMux cioe nomodxcem Bam nonamwv coodeporcanue
mexcma.

distortion - MckaxeHue, to occur - MPOMCXOJUTH, CIydaTbes, coupling
capacitor - paslenuTeNbHBIM KoHjaeHcaTop, distributed capacity -
pacnpenenurenbHas EMKOCTh, phase shift - pa3oBblii ciBur.

3adanue 2. Ilpoumume mexcm, cmapasacy HOHAMb OCHOGHOE

cooepircanue
Distortion in Amplifiers
There are three main types of distortion that may occur in amplifiers:
frequency distortion, phase distortion and amplitude distortion.
Frequency distortion is known to occur when some frequency components
of a signal are amplified more than others. We know frequency distortion to

occur at low frequencies if coupling capacitors between stages are too small
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or it may occur at high frequencies as a result of the shunting effects of the
distributed capacities in the circuit.

In fig. 11 an input signal consisting of a fundamental and a third
harmonic is passed through a two stage amplifier. Although the amplitudes
of both components are known to be amplified by identical ratios, the
output waveshape is considerably different from the input signal because
the phase of the third-harmonic signal has been shifted with respect to the
fundamental signal. This phase shift is known as phase distortion and is
caused principally by the coupling circuits between the stages of the
amplifier. Most coupling circuits shift the phase of a sine wave, but this has
no effect on the shape of the output wave. However, when a complex wave
1s passed through the same coupling circuit each component frequency of
the wave shape may be shifted in phase by a different amount so that the

output wave is not a faithful reproduction of the input wave shape.

st /—\/‘\
el ?\\\\_,/'H\_ﬂz///ﬁ
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If a signal is passed through a transistor that is operating on any

nonlinear part of its characteristic amplitude distortion will occur. In such a
region a change in base voltage does not result in a change in collector
current which is directly proportional to the change in base voltage. For

example if an amplifier is excited with a signal that overdrives the
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nal

transistors the resultant signal is distorted in amplitude since the transistors

are then operating over a nonlinear portion of their characteristic.

3adanue 3. Omeemvbme Ha 60NPOCHL K MEKCMY:

1. What three main types of distortion may occur in amplifiers? 2. When
may frequency distortion occur in amplifiers? 3. What does fig. 10
illustrate? 4. What is known as phase distortion? 5 When does amplitude

distortion occur?

3adanue 4. 3akonuume OaHHble NPEOOHCEHUA 8 COOMBEMCMEUN C CO-

Oepofcauuem meKkcma.

. There are three main types of distortion in amplifiers ...

Frequency distortion may occur when ...

The phase shift is caused ...

If an amplifier is excited with a signal that overdrives the tubes the
resultant signal ...

When a complex wave is passed through the coupling circuit each

component frequency of the wave shape ...

UNIT IX. RADIO TRANSMITTERS AND RECEIVERS
The Gerund

Constructions with the Gerund

Ynpaxcuenue I. Ilpoumume u nepeseoume cneoyrouiue npeodiorHceHus,

oopawas 6HUMaHue Ha 2epyHouil.
1. The main function of a transformer is changing voltage in the circuit.

2. Various systems of units have been established for measuring magnetic
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flux. 3. Connecting condensers in series decreases the capacity of the
circuit. 4. In building atomic power stations we have to solve many
different problems. 5. There are many ways of applying high voltages.
6. Measuring resistance is necessary in many cases. 7. The principal
applications of transistors are based on their ability of amplifying electric
signals. 8. Different ways of sending messages over long distances have

been known for thousands of years.

Ynpasicnenue 2. Illpoumume u nepesedoume ciedyrouiue npeodioiHceHus,

oopawas 6HUMaHue Ha GyHKYUU U Gopmol 2epyHOuUsL.

1. We speak about conductors being connected in series if the end of
one is connected to the beginning of the next. 2. We know of silver
and copper being very good conductors. 3. A radio transmitter is a
device for producing radio frequency power for transmission in the
form of a carrier wave. 4. On receiving good results he carried out
some experiments of this kind. 5. Rectifiers are devices for convert-
ing alternating current into direct current. 6. Using Ohm's law is of
great importance because of its being generally applied to many
electrical phenomena. 7. We were informed of the new device having
been successfully tested. 8. There were some difficulties in designing

a new model of the receiver.

Text 9 A. Radio Transmitters and Receivers

The two principal parts of a radio system are the transmitter and the
receiver. A radio transmitter is a device for producing radio frequency
power for transmission in the form of a carrier wave. It also contains means

of modulating or varying the carrier wave in correspondence with the
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information it is desired to transmit. Fig. 12 shows a block diagram of a

typical transmitter employing amplitude modulation.

to antenna
A

crystal modulator linear I
oscillator amplifier amplifier :

amplifier _>|

chain ,
modulation| feedback| | rectifier
amplifier

modulating__y} ampiifier f— o~ ———————— -
signal

fig. 12

In an amplitude modulated transmitter the desired frequency is
generated at a low power level by a stable oscillator normally employing a
crystal. It is theoretically possible to design crystal controlled oscillators
which would produce several hundred watts of output power. It is better
practice to use a crystal oscillator with only a few watts of output followed
by a chain of high gain amplifiers simultaneously increasing the power
level and separating the oscillator from the modulator. When the frequency
is higher than can be obtained directly from a crystal oscillator harmonic
generators are included in the amplifier chain. In some cases the modulated
amplifier is followed by one or more linear amplifiers. The distortion,
noise, frequency characteristics of an amplitude modulated transmitter may
be considerably improved by the application of negative feedback. The use
of negative feedback permits high efficiency linear amplifiers to be used in
services such as broadcasting where low distortion and low noise level are

essential.



Amplitude modulated transmitters are rarely used at frequencies above
40 MHz. Frequency modulated transmitters find extensive use at
frequencies above 40 MHz for such purposes as FM broadcasting,
television systems etc.

The main advantage of frequency modulation is that transmissions are
not affected by usual forms of interference. Unlike AM transmitters
practice FM transmitter practice is to modulate at low power levels
multiplying the frequency and the power many times. The advantage of
negative feedback can be achieved also in frequency modulated
transmitters. In this case the negative feedback is obtained by applying the
transmitter output to an FM detector. The benefits obtained are the same
as those from the feedback in an AM system: reduction of distortion,
noise, etc.

A receiver is a device which accepts and demodulates radio frequency
signals to obtain the intelligence contained in the signal. The waves
radiated from transmitting antennas set up voltages in a receiving antenna
so that the first function of a receiving set is to select the signal desired.
The other principal functions of a radio receiver are to amplify the radio-
frequency signal selected, to detect the signal thereby producing an audio-
frequency signal, to amplify this signal and to reproduce it audibly by
means of a loudspeaker. All radio receivers, except a few designed to meet
specialized needs, are of the superheterodyne type. Such receivers can be

represented schematically as shown in fig. 13.
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from RF IF

antenna amplifier mixer amplifier |—|:i]

local detector AF
oscillator demodulator amplifier

fig. 13

In this type of a receiver a mixer is used to combine the incoming
signal wave with the output of a local oscillator. This variable combination
of the two waves produce a frequency of fixed value called the intermediate
frequency Selection of the station to be received is accomplished by
adjusting the local oscillator frequency so that the difference between it and
the carrier frequency of the desired station is equal to the intermediate fre-
quency. This frequency is then amplified by means of one or more stages.
Intermediate frequency amplification is more efficient than radio frequency
amplification. Since the intermediate frequency is of fixed value the
amplifiers can be pre-tuned thus greatly simplifying the alignment and the
operation of the receiver. After amplification the detector converts the
modulated intermediate frequency signal into an audio frequency signal
which is fed into a loudspeaker. The receiver output may be adjusted to suit

the listener by means of a volume control.

Active Vocabulary

affect - BO3JEHCTBOBATH, BIUATH

alignment - HACTpPOMKA: CHHXPOHU3AIUs
amplitude modulation - aMIUTATYJHAs MOYJISIIMS

benefit - BBIF0JIA, MOJIb3a; IPUHOCUTH MTOJIB3Y
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carrier wave

crystal controlled oscillator
to desire

interference

in correspondence with
mixer

to modulate

to meet needs

rarely

volume control

HECYyIasi BOJIHA
KBapIIEBBIN I'€HEPATOP

JKeJIaTh, XOTETh

nomMexa, moMexu; HHTephepeHIus

B COOTBETCTBUH C

CMECHUTEIh, TPeoOpa3oBaTeb YaCTOThI
MOy IUPOBATH

OTBEYaTh TPEOOBAHUAM, COOTBETCTBOBATH
penKo

pEryJIupoBKa T'POMKOCTH;  PETYJISTOP

TPOMKOCTH

Ynpasicnenue 3. Omeemvme na ciedyrouiue 60npocwl:

1. What two devices are the main parts of any radio system? 2. What is the

function of a radio transmitter? 3. What type of transmitter is shown in

Figure 12?7 4. How is the desired frequency generated in an amplitude

modulated transmitter? 5. How i1s it possible to improve the characteristics

of an amplitude modulated transmitter? 6. Where do frequency modulated

transmitters find extensive use? 7. What is the main advantage of frequency

modulation? 8. What are the functions of a receiver? 9. What does Figure

12 represent? 10. How 1is the selection of the desired station usually

accomplished?

Ynpaxcuenue 4. Cepynnupyiime cnoea ¢ 00UHAKOBLIM KOpHEM U

nepeeeoume ux.

Transmitter, producer, oscillate, generator, transmission, produce,

modulator, rectification,

transmit, oscillation, transmitting, rectifier,
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amplification, oscillator, production, modulate, generate, rectify,

generation, amplifier, modulation.

Ynpasicnenue 5. Hazoeume 2nazoivt, om Komopuvlx o0pazoeansl cieoyio-

e cyuiecmeumenvhble, U nepeseoume Ux.
Transmitter, carrier, information, oscillator, generator, amplifier,

broadcasting, interference, receiver, combination.

Ynpasicnenue 6. Ilepesedoume cnedyrowiue ciosocouemanus, oopawia

6HUMAHUE HA 3HAYEHUE NPUCMABOK: Ve-, pre-, UN-, NON-~.
a) to rearrange the components, to recharge the battery, to reassemble the
device, to retest certain tubes, to reorganize the plant,

b) pre-war design, pre-production model, pre-tuned model.

c) unpleasant vibration, uncontrollable operation, uneconomic production,
unstable oscillator, undesirable distortion;

d) non-metallic parts, non-corrosive material, non-conducting material,

non-used method.

Ynpasicnenue 7. 3anonnume nponyckKu cioeamu uau

C1060COYEMAHUAMU, NPUBCCOCHHBIMU HUJICE.

1. A radio transmitter is a ... for producing radio frequency power for
transmission in the form of a carrier wave. 2. The distortion, noise and
frequency characteristics of an amplitude modulated transmitter may be
improved by the application of ... 3. A chain of high gain amplifiers may be
used ... the power output of a crystal oscillators 4. The receiver output may
be adjusted to suit the listener by means of ... 5. The two principal parts of a
... are the transmitter and the receiver. 6. Frequency modulated transmitters

find extensive use at ... above 40 MHz.
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volume control, device, negative feedback, to increase, radio system,

frequencies.

Ynpasycnenue 8. Bblpa3ume ceoe cosdiacue utu Hecosliacue co CJzeOylo-

wumu ymeepicoenuamu, ynompeonan ¢pazor: "That's right”;, "That's
wrong"

1. A radio transmitter contains means of modulating the carrier wave
according to the information being transmitted. 2. In an AM transmitter the
desired frequency is generated at a high power level by a stable oscillator
normally of a crystal type. 3. The first function of a carrier is to amplify the
voltages in the receiving antenna. 4. In superheterodyne receivers the major
part of the amplification is at the audio frequency stage. 5. A chain of high
gain amplifiers may be used to increase the power output of a crystal
oscillator. 6. Harmonic generators are included in the amplifier chain when
the frequency is lower than can be obtained from a crystal oscillator. 7. In a
superheterodyne receiver a mixer is used to separate the incoming signal

wave from the output of a local oscillator.

Ynpasxcnenue 9. Ilpoumume u nepesedoume npeonoxcenus, oopauwiasn

6HUMAHUE HA Popmbl U GYHKYUU 2epyHOUL.

1. The usual method of changing the frequency is to include in the
oscillator circuit a variable condenser. 2. At present radio can be used in
orientating the aircraft and in fixing the aircraft's position. 3. There are
different methods of generating high-frequency current for heating. 4. His

having made this discovery interested everyone. 5. Their having obtained
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the new equipment will help them greatly. 6. We know of their having
obtained some interesting results. 7. Making use of these properties will

help us greatly.

Text 9 B.

3aodanue 1. Ilpoumume caedyrwuiue cnosa. Oopamume esHuUMaHue Ha ux
3HauenuA. 3HaHue IMUX cji106 nomoxcem Bam nomamwv codeprcanue
mexcma.

waveband - Juana3oH YacTOT, BBIAENEHHBIM JUIsI  ONpeeiIeHHOM
panuocayx0bl, provided - npu ycimoBum eciu, to match - cormacoBats,
giant hops - rurantckue ckauku, dense - rycToi, in terms of - B enuHUIAX,
to discriminate - paznuuath, pacno3HaBaTh, fidelity - TOYHOCTH, BEPHOCTH

3BYKOBOCITPOHM3BEICHUSI.

3adanue 2. Ilpoumume mexcm, cmapasacy HOHAMb OCHOGHOE

cooepiicanue.
Choosing the Right Waveband

All long distance medium and short wave reception depends on the
ionosphere, electrified layers of gas extending several hundreds of
kilometres above the earth. Provided the engineers choose a suitable band
to match the state of the ionosphere, the radio waves are reflected by the
ionosphere and by the surface of the earth and travel from transmitting
aerial to receiving aerial by a series of giant hops, each perhaps as much as
four thousand kilometres long.

The 1onosphere is produced by radiation from the sun and it is much
denser during daylight than during darkness. Consequently it is able to
reflect during daylight the signals in the upper bands such as 21 and 17
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MHz. Although during darkness these frequencies can often pass straight
through it and be lost in space. On the other hand throughout the hours of
daylight the lower layers of the ionosphere are so dense that medium wave
signals and signals in the lower frequency bands are heavily attenuated as
they pass through them. The daylight range of these transmissions is
therefore very limited.

During daylight reception is best at higher frequencies. During
darkness reception is likely to be better at lower frequencies and at medium
waves if there is a medium wave transmitter in the area. If the signal has to
travel through a mixed path of daylight and darkness on its way from the
transmitter to receiver the middle bands will be best.

Characteristics of Broadcast Receivers

The most important characteristics of a receiver for radio-telephone
signals are the sensitivity, the selectivity and the fidelity. The sensitivity
represents the ability of a receiver to respond to small radio-signal voltages.
The sensitivity is measured in terms of the voltage induced in the antenna
by the radio signal to develop a standard output from the power amplifier.
The selectivity is the property that enables a radio receiver to discriminate
between radio signals of different carrier frequencies. Fidelity represents
the extent to which the receiver reproduces the different modulation
frequencies without frequency distortion. The fidelity of a radio receiver is
expressed in curves which give the variation in audio-frequency output
voltage as the modulation frequency of the signal is varied.
3adanue 3. Omeemovme HaA 60NPOCHL K MEKCHLY.

1. What factors does long distance medium and short wave reception
depend upon? 2. Is the ionosphere denser during daylight or darkness?

3. What signals are reflected by the ionosphere during daylight? 4. Why is
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the daylight range of the transmissions limited? 5. What are the most
important characteristics of a receiver? 6. What ability of a receiver does
the sensitivity represent? What property of a receiver does the selectivity

represent? How is the fidelity of a receiver expressed?

3adanue 4. 3akonuume npeod1ozceHus, 6blOPA8 U3 NPEOOHCEHHBIX 6a-
PUAHMOB 00UH, COOMEEMCIEYIOUIUIL COOEPHCAHUIO MEKCMA.
1. The ionosphere is much denser ...
a) during daylight; b) during darkness
2. The ionosphere is able to reflect during daylight the signals...
a) in the middle bands; b) in the upper bands
3. The daylight range of the transmission is...
a) very limited; b) unlimited

4. During daylight reception is best ...

a) at lower frequencies, b) at higher frequencies
5. The sensitivity represents the ability of a receiver to respond to...

a) high radio signal voltages; b) small radio signal voltages

6. Fidelity represents the extent to which the receiver reproduces the
different modulation frequencies...

a) without frequency distortion, b) with high frequency distortion

UNIT X. ANTENNAS
Participle Constructions; Absolute Participle Construction

Ynpasicnenue 1. Illpoumume u nepesedoume ciedyroujue npeodioiHceHus,

obpawas enumanue na hopmul u ynKyuu npuuacmuil.

1. Increasing the voltage across a resistor we increase the current flowing
through the resistor. 2. The heat produced per second depends both upon
resistance of the conductor and upon the amount of current flowing through
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it. 3. Using a transformer you can increase or decrease the voltage of the
alternating current. 4. The radio waves produced by an alternating current
will vary in intensity with the frequency of the current. 5. Having
determined the number of amperes and the number of volts we can find the
resistance of the coil by using Ohm's law. 6. Having been carefully tested
the device was put into operation. 7. The results achieved depended upon
the methods used. 8. This simple and inexpensive device gives good results
if properly used. 9. When reconstructed the plant increased the output of
recetvers. 10. When heated most bodies increase in length and expand in all

directions.

Ynpayycnenue 2. Ilpoumume u nepegedume Ha pyccKuil A3blK

ciledyrouue cj1060CoOUemManus, 00pawas 6HUMAaHue Ha npuyacmue.

a) the device operating at an average speed, the mechanism transmitting
the power, the device converting mechanical energy into electricity,
the tasks facing the radio industry, the plant producing tape-recorders;

b) the experiment being made in the laboratory, the plant being built in
this town, the problem being discussed at the meeting, the device being
tested here;

c) making the experiment, using the new equipment, comparing these two
methods, moving at high speed, increasing the output power, providing
the necessary conditions;

d) having measured the distance, having tested the device, having
replaced the worn components, having reduced the resistance, having
finished tests, having achieved good results, having amplified the input

signal, having obtained these data.
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Ynpasicnenue 3. Ilpoumume u nepeeedume npeonoxcenus, oopawias

BHUMAHUE HA HE3ABUCUMbLIL RPUYACMHBLIL 000pOm.

1. The device working well, we can use it in our work. 2. The new equip-
ment having been installed at the plant, the labour productivity increased
considerably. 3. The voltage being increased, the field becomes stronger
enough to cause the electrons to produce additional ions. 4. The question
being too difficult, no one could answer it. 5. Transistors being very
sensitive to light, engineers use this property. 6. The grid being positively
charged, it attracts electrons and increases their flow from the filament to
the plate. 7. There are many types of antennas in use today, the most
popular being the vertical antenna. 8. An antenna being used for wave ra-
diation, energy i1s fed into it by a transmission line connected to a
transmitter. 9. The principle of operation being extremely simple, the

device was widely used for various purposes.

Text 10 A. Antennas

Antennas are used to radiate or receive radio waves. When an antenna
is used for wave radiation energy is fed into it by a transmitter. When used
as a receiver the antenna is placed so as to intercept a portion of energy
radiated by the transmitting antenna. This energy then is fed into a
transmission line leading to a receiver.

An antenna has identical transmitting and receiving properties and in
most cases may be used for transmitting and receiving simultaneously.

To be an efficient radiator an antenna must have physical dimensions
comparable with the signal wavelength. Thus stations with lower
frequencies and therefore longer wavelengths require longer antennas than

short wave stations.
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So very many types of antennas are in use. The most popular type,
however, is the wvertical radiator (fig.14). It
consists of a single steel tower whose height is
from one half to one full wavelength.

For low frequencies inverted L or T antennas
may be used. The inverted L antenna consists of

an elevated horizontal conductor connected at one

end to the transmitter or receiver. Another much used fi. 14
antenna 1s the dipole, the most usual form of which is a conductor whose
length is approximately equal to a half wavelength of the signal being sent
or received. This length is usually divided at its electrical centre by a short
gap. The transmitter or receiver is connected across this air gap. This type
of an antenna both radiates to and receives signals from all directions.
Transistor portable receivers designed for short wave reception usually
have a rod aerial and to get the maximum benefit from this it is necessary to
vary its length and position until the best reception is obtained. Listeners
should remember that on most occasions their transistor set together with
its rod aerial will be used indoors and reception will be worse than that
achieved with an outside aerial; some improvement can usually be achieved
by placing the set and its rod aerial near a window, particularly if you live
in a modern block of flats. Short-wave transistor portable receivers are
sometimes equipped with an external aerial as well and in this case a short

outdoor aerial will usually produce good results.

Active Vocabulary
aerial - aHTEHHa

dipole - JIUTIOJIb; CHMMETPUYHBIN BUOPATOP
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external - BHEIIHUH

to intercept - TMEepEeXBaTbIBATH
identical - TOT )K€ CaMbIii; OUHAKOBBIN, UICHTUIHBIN
gap - 3a30p; MUHUMYM JuarpamMMbl

HaIIPpaBJICHHOCTHU aHTCHHBI

to radiate - U3Iy4athb
rod - CTEpXEHb
simultaneously - OJTHOBPEMEHHO

Ynpasicnenue 4. Omeemvme na ciedyrouijue 60npocwl:

1. What purposes are antennas used for? 2. May antennas be used only for
transmitting signals? 3. What type of the antenna is the most popular?
4. What antennas are used for low frequencies? 5. What does the inverted L
antenna consist of? 6. What aerials do transistor portable receivers usually

have?

Ynpasicnenue 5. 3axonuume npednorcenus, 6vlopas u3 nPeod1oHceHHbIX

6APUAHMOE 00UH, ROOX00AWUI no cmoicay. Ilepeeedume npeodnoricenus.
1. An antenna may be used in most cases for transmitting and receiving. ..
a) quickly;, b) seldom; c) simultaneously

2. The inverted L antenna may be used for...

a) high frequencies; b) low frequencies, c) intermediate frequencies
3. The most popular type of the antenna is ...

a) an inverted V antenna;, b) a dipole; c) a vertical radiator

4. Transistor portable receivers designed for short-wave reception usually
have...

a) a rhombic aerial;  b) a vertical radiator;  c) a telescopic rod aerial
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5. The reception will be better if to place the set and its rod aerial...
a) near the window,  b) far from the window
6. The stations with lower frequencies and longer wave lengths require...

a) larger antennas, b) smaller antennas

Ynpasicnenue 6. ﬂaﬁme 603MOJICHBIE couemanus cvzedytomux

npuiazamesibHslX U CyuwiecmeumelbHblX.

llpunacamenvuole: exact, perfect, common, effective, certain, careful.

Cvuecmeumenvhsie: alignment, device, function, operation, displacement,

stability, methods.

Ynpaxycuenue 7. Ilpoumume u nepesedume caeoyrwouwjue cno60-

couemanus:
transmitting antenna, receiving antenna, wave radiation, wave type, wave
length, frequency range, transmission line, low frequencies, high
frequencies, intermediate frequencies, to receive signals, short-wave
reception, usual form, usual dimensions, carrier wave, portable receiver,

sensitive receiver, indoor aerial, external aerial, local transmission.

Ynpascnenue 8. Bblpa3ume ceoe coslitacue utu Hecosliacue co cnedyto-

wumu ymeepiycoenuamu, ynompeonan ¢pazvi: "That's right”; "That's
wrong".

1. An antenna has identical transmitting and receiving properties. 2. A
dipole antenna acquires considerable directional properties when one or
more reflectors of appropriate size and position are included. 3. A dipole
antenna only radiates signals in all directions. 4. Stations with lower
frequencies and longer wave lengths require smaller antennas than short-
wave stations. 5. Very few types of antennas are in use today. 6. The most

popular type of an antenna is the inverted V antenna.
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Ynpasicnenue 9. Ilepeseoume cnoea, oanmvie 6 CKOOKax, ynompeonas

npuuacmue I.
1. Electronic devices (ucnonb3yromue) transistors instead of valves can be
made smaller in size. 2. A magnetometer is an instrument (U3MePSIOITUIA)
magnetic forces or fields. 3. A current (mpoxomsimuii) through a tube may
be changed in various ways by the action of the tube. 4. A tube
(ycunuBaromiasi) weak signals i1s called an amplifier. 5. Quite a different
sort of electronic device is the cathode ray tube (mpousBopsias) a strong
narrow beam of cathode rays. 6. (3nas) the velocity of the radio waves and
the exact time for the echo to come back the distance to the object can be
calculated. 7. (Onpenenus) the current in the circuit we can measure the
resistance using Ohm's law.

Text 10 B
3adanue 1. Ilpoumume caedyrouwue cnosa. Qopamume eHumanue Ha ux
3HaAueHuA. 3HAHUE IMUX 108 nomoyxcem Bam noname ocnosnoe
cooepricanue,
to expose - pa3MemiaTh; a fraction - yactuma, goss; medium - cpena; to
traverse - mpoxoauTh dYepe3; distinct - ompenereHHBIN, OTACNbHBIN; to
restrict - orpaHnYmMBaTh; an outdoor aerial - BHEIIHAS aHTeHHA; a complex
affair - cioxxHoe J1e10; marconic antenna - HeHalpaBJIeHHas! BEPTUKaJIbHAs

IIPOBOJIOYHAA HECUMMCTPHUYHAA aHTCHHA.

3adanue 2. Ilpoumume mexcm, cmapasacy HOHAMb OCHOGHOE

cooepiicanue.
Aerial Construction and Application
The transmission and reception of electromagnetic waves for radio

communication are accomplished by radiators and collectors exposed in
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space and known as antennas. An antenna is a device composed of a system
of one or more linear conductors, usually of large electrical dimensions,
from a fraction to several wavelengths. Between the transmitting and the
receiving antennas there is a combination of earth, water, air which
constitute the mediums in which electromagnetic waves are propagated.
The action of the waves in traversing these mediums is very complex and
depends upon many factors. Among prominent factors are the transmitting
frequency, the radiation characteristics of the transmitting antenna, the time
of the day and the conditions of daylight and darkness along path, the
season of the year, the distance between the transmitter and receiver, the
characteristics of the receiving antenna.

It must be emphasized that antenna applications are dependent upon
the nature of wave propagation for any frequency and transmission circuit
and for that reason the antenna engineer must also be an expert in
propagation physics. Practical antennas fall into one of two district classes:
(1) elevated or Hertz antennas which operate some distance above the
ground in either a horizontal or vertical position and (2) vertical grounded
or Marconi antennas which operate with one end grounded in a vertical
position. Elevated or Hertz antennas are used at frequencies higher than 2
megacycles, while vertical grounded antennas are restricted to use at
frequencies below 2 megacycles. The most elementary form of the Hertz

antenna is the half-wave dipole.

Simple Aerials for Short or Medium Wave Reception
For the best reception a good aerial is a necessity. No matter how
sensitive the receiver, unless the aerial supplies sufficient signal the

receiver is working at a disadvantage. To ensure that the signals reaching
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the aerial are not affected by absorption in the walls of the building an
outdoor aerial is always best and this should be mounted as high as possible
and as far away from any sources of interference as is practicable. An aerial
need not be a complex affair; a simple outdoor horizontal or sloping wire

will usually effect a tremendous improvement over an indoor aerial.

3adanue 3. Omeemovme HaA 60NPOCHL K MEKCHLY.

1. What device is called an antenna? 2. In which mediums are elec-
tromagnetic waves propagated? 3. What factors does the action of the
waves depend upon? 4. What two distinct classes do practical antennas fall
into? 5. What frequencies are Hertz antennas used at? 6. What are the
requirements for mounting an outdoor aerial? 7. What device is it necessary
to use for the best short or medium wave reception? 8. Why is an outdoor

antenna rather better than an indoor aerial?

3adanue 4. H3 oOannvlx ymeepocoeHuil 6vloepume me, Komopwvle

COOMBEMCMEYION COOEPHCAHUIO MeKCmA, U NPOYMUMeE UX.

1. The transmission and reception of electromagnetic waves for radio
communication are accomplished by amplifiers. 2. The antenna application
depends upon the nature of wave propagation for any frequency and
transmission circuit. 3. Elevated or Hertz antennas are used at frequencies
lower than 2 megacycles. 4. For the best short or medium reception a good
antenna is not a necessity. 5. A simple outdoor horizontal or sloping wire
will effect a great improvement over an indoor aerial. 6. Between the
transmitting and the receiving antennas there are mediums in which
electromagnetic waves are propagated. 7. Practically there is only one class

of antennas.
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3adanue 5. 3akonuume npeoorzceHus, 6vlOPas u3 NPeooHCeHHbIX 6a-
PUAHMOE 00UH, COOMBEMCMBYIOWUIL COOEPIHCAHUIO MEKCMA.
1. The transmission and reception of electromagnetic waves for radio
communication are accomplished. ..
a) by antennas; b) by oscillators
2. The antenna engineer must be an export in: ...
a) nuclear physics, b) propagation physics
3. An antenna is a device composed of one or more linear conductors of...
a) small electrical dimensions;,  b) large electrical dimensions
4. The action of the electromagnetic waves in traversing the mediums is...
a) very complex;,  b) very simple

5. Elevated or Hertz antennas are used at frequencies...
a) lower than 2 megacycles; b) higher than 2 megacycles
6. For the best reception a good antenna is...

a) quite necessary,  b) not necessary
7. An outdoor aerial should be mounted...
a) near the sources of interference; b) far away from any sources of interference
8. An aerial need not be...

a) a simple affair, b) a complex affair
9. An outdoor antenna should be mounted...

a) as high as possible; b) as low as possible.
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UNIT XI. THE INVENTION OF RADIO

Ynpaxcuenue I. Ilpoumume u 3anomuume ciueoyrwouiue cioea u cpynnol

cnoe. Onu nomozym Bam noname codep:)fcanue meKkcma.

wireless -OecnpoBosounblii; to conduct research - MpoBOAWTH, BECTH
UCCIIeIOBaHMS; generation - MOKOJIEHUE; to investigate - McCCle0BaTh;
investigation - uccnenoBanue; to lay foundation - 3akiagsiBaTh OCHOBBI,
ocHOBaTh; to establish - ycranaBnuBath; to elaborate - pa3pabaTbiBaTh;
sensitive -  YyBCTBUTCJIbHBIM,  BOCHPUUMYHMBEH;  sensitivity -
YyBCTBUTEIBHOCTh; arrangement -ycTpoilctBo; to belong to -
npuHaJjIekaTh; as well as - Takke, Tak ke Kak; to install - ycranaBnuBars,
to equip - oOopynoBarh; equipment - oOopynoBanue; to design -
IPOEKTUPOBaTh, KOHCTPYHPOBATH; on a large scale - B 60ap110M MaciiTade;

means - CpeJICTBO, CIIOCO0.

Ynpasxcnenue 2. Hpoumume meKkecm, nocmapaﬁmec:; NOHAMb OCHOBHblIE

NO0MHCEHUSA U 3ANOMHUMb YMOYHAIOWUE 0emall.
The Invention of Radio
May 7 is the date of the invention of radio. A.S.Popov (fig. 15) - the
great Russian scientist is the inventor of wireless
telegraphy. His discovery was the result of extensive
research. Popov conducted that research over a period of
some years studying electric waves and oscillations.

Popov's scientific discovery was the culmination of the

efforts of some generations of scientists. Their work

fio. 15

made up the early history of radio which began with the

investigations of Faraday.
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Faraday's discovery of electromagnetic induction laid the foundation of
present-day electrical engineering. His natural-scientific ideas brought a
revolution in the understanding of electrical phenomena. Faraday's theory
of magnetic and electric lines of force was very important too. Maxwell
developed Faraday's scientific idea. He worked in many fields of physics,
mechanics. But his chief works were investigations in electromagnetism
and 1in the kinetic theory of gases. His electromagnetic theory of light is one
of the greatest achievements of science of the 19th century. Of great value
to radio was Maxwell's idea of free electromagnetic waves. Heinrich Hertz
proved the real existence of electromagnetic or radio waves by the
experimental investigations. He established the fact that free
electromagnetic waves had the same laws as light waves. By measuring the
length of the electric waves and calculating the frequency of his oscillator
Hertz was able to calculate the velocity of transmission of the waves
through air. With his simple equipment, for which he measured the
wavelength at about 66 cm (455 MHz), Heinrich Hertz conducted
experiments which led to a revolution in physics and a revolution in
electrical communications. His experiments were the basis of wireless
telegraphy.

Popov was one of the first who began to elaborate this important
scientific advancement. He pointed out that their new achievement of
science is not only of theoretical value but it may find a practical
application. Many scientists in different countries worked in the field of
electromagnetic waves. We must speak about the works of two of them, E.
Branly (1846-1940) and O. Lodge (1851-1940). The French scientist

Edward Branly noticed the influence of an oscillating discharge on the
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resistance of metals. Branly's device was a tube. There were two electrodes
in it with a small space between them. That space was filled with metallic
powder. When an electromagnetic wave passed through this device, the
powder instantly became a good conductor.

The British scientist Oliver Lodge made the next step. He worked on
the problems that followed from Faraday-Maxwell theory. Lodge
developed a better device and succeeded in transmitting waves a certain
distance beyond his laboratory. Lodge was the closest of anyone to the
invention of wireless telegraphy.

A.S. Popov worked on problems of electric waves and oscillations. He
wanted to find a practical application of these waves in the transmission of
signals over considerable distances.

In 1894 Popov had already a reliably operating generator of
electromagnetic oscillations. But the receiving part did not satisfy him. He
decided to improve the device, to make it more sensitive and automatic in
operation. During the experiments Popov noticed that the arrangement
reacted to storm discharges and registered discharges at considerable
distances. This was the birth of the first radio-receiving station in the world.

On May 7, 1895 Alexander Popov demonstrated his device at the
Russian Physico-chemical Society. A.S.Popov reported "On the Re-
lationship of Metal Powders to Electric Oscillations". He demonstrated an
instrument designed to indicate rapid oscillations of atmospheric electricity.

That Instrument consisted of a glass tube which was filled with metal
powder and was connected in the circuit of a sensitive relay. A.S. Popov
demonstrated that device and also the main experiments in the variation of

the resistance of powders caused by electric oscillations. The sensitivity of
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that arrangement was good but the system was unstable. His further
investigations A.S. Popov described in an article "An Instrument for
Detecting and Registering Electric Oscillations". The date of the article was
December 1895. Popov's discovery became known to the broadest
scientific circles. Popov least of all thought how to obtain a patent for his
invention. When the instrument was ready Popov did not take it to the
"Department of Trade and Industry" that handled patents in Russia. The
great Russian scientist did not make any secret of his discovery. He
described it in the press and made reports about it at the meetings of
scientific societies. He expressed the hope to use electromagnetic waves in
the Naval Department in future.

But it happened so that in 1897 the whole world read in the papers
about the new invention of the Italian Marconi (Fig. 16)
in the field of wireless telegraphy. The name of the young
inventor immediately became known in the whole world.
The Russian newspapers published the articles of the real

facts that showed who the actual inventor of wireless

telegraphy was. "The idea of telegraphy over great fig. 16
distances without wire belongs to our compatriot, a well-
known scientist, A.S.Popov, who discovered the new method of telegraphy
as long as two years ago and who did not want to publish the results of his
work because of the natural desire to bring to perfection his telegraph
instrument".

On September 15, 1895 the Fourth Congress of Railway and other
Electricians was held in Odessa. A.S. Popov was invited to the congress to

speak on the new type of communication. His report and the demonstration
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of experiments lasted several hours. He was listened to with great interest.
A.S. Popov demonstrated the experiments in the transmission of signals. A
transmitter was placed in the library of the Society. In the main hall, behind
a thick stone wall was a receiver which was invented by the speaker as
early as 1895. When sparks appeared in the receiver, the telegraph
apparatus produced signals. The same action was produced if the
transmitter was at a distance of two or more versts.

Popov was the first radio specialist to construct radio instruments as
well as radio stations in Russia. He was invited to deliver some public
lectures and to demonstrate his experiments in wireless telegraphy.

The year of 1897 was the year of great victory for the inventor of
radio. A.S. Popov began to experiment on a large scale. The experiments
began in the spring of 1897 in Kronstadt with instruments built for this
purpose. The instruments were installed on the ships "Rossiya" and
"Afrika". Signals were transmitted up to 700 metres and more.

However, the successful experiments at sea did not solve the problem
to equip the Navy with radio. Trained radiomen and mass-produced radio
equipment were needed before wireless telegraphy could be used in the
Navy. A.S. Popov was a pioneer. He himself trained the first radio
telegraph-men who were instructors in the training of new specialists. The
production of radio equipment began according to ideas and instructions of
A.S. Popov.

During experiments in wireless telegraphy the Russian scientists
noticed that it was possible to receive signals by ear. A.S. Popov worked
out an arrangement of an ear-phone receiver. Later Popov received a patent

for it not only la Russia but also in Britain and France.
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Saving fishermen from death through the use of wireless telegraphy
spread throughout Russia. This showed good qualities of the new means of
communication. Beginning with 1897 the name of Popov was in the
headlines not only in scientific and technical journals but also in
newspapers. Since 1900 wireless telegraphy and radio stations began to be
used outside the Navy.

A.S.Popov is the pioneer in the construction of civil radio stations.
Popov's name is also connected with the building of a wireless telegraph
designed for international communications. He was asked to establish
wireless communication between Russia and Bulgaria. In order to transmit
signals over great distances it was necessary to increase the power of the
electromagnetic waves source and to use a complex network of antennas.
And Popov headed the construction work.

Everybody understood the importance of wireless telegraphy in naval
affairs. But in reality the Navy in Russia remained without radio
equipment. The heads of the Russian Army did not take practical steps to
supply the army units and warships with radio equipment, Russia, the
homeland of a number of scientific discoveries and inventions was rarely
the first to apply them practically and on a large scale.

The inventor of radio A.S.Popov taught his whole life since the
graduation from the St. Petersburg University until his death at the age of
46. Popov's love for work was one of his most typical features. He found
rest in his favourite work. Day or night, holiday or workday made no
difference to him. Popov was one of those scientists with "golden hands".

In this respect he reminds us of Faraday.
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Teaching was his main work and it lasted all his life. Delivering the
lectures on electricity and wireless telegraphy Popov spoke as a pioneer in
electrotechnical and later radiotechnical training in Russia. The radio
course delivered by Popov was an entirely new field which had not existed
before. The radio course was called "Lectures in Wireless Telegraphy". The
success of his lectures was due to the carefully prepared and skillfully made
experiments. The centre of his teaching was an experiment. A.S.Popov
devoted much of his time to practical work with the students. He talked
with the students not only on topics connected with the lecture or labora-
tory work. He always listened attentively to his pupils. In 1905 he was
elected the director of the electrotechnical Institute. For nearly a quarter of
a century Popov, who opened up a new page not only in the history of
science and engineering, but also in human culture was working in the field
of training radio specialists.

A.S.Popov died when he was only 46 years old but his name and work
are known all over the world. He was a great scientist and a great patriot,
"Future generations", he wrote, "will understand how great was my
devotion to my country and how happy 1 am that it was in Russia and not

abroad that a new means of communication was discovered".

Ynpasicnenue 3. Omeemvme na cnedyromue 60NRpPOCHL 6 coomeemcmeuu

¢ codepiricanuem nPoOUUmManHo2o.

1. What is the date of the invention of radio? 2. Who invented radio in
Russia? 3. Who began the history of radio? 4. Whose discovery laid the
foundation of electrical engineering? 5. Whose theory was very important

for Maxwell? 6. In what fields of science did Maxwell work? 7. What
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discovery was one of the greatest achievements of the 19" century? 8. What
scientists worked in the field of electromagnetic waves? 9. What good
results did Oliver Lodge achieve in the experiments? 10. Did Popov make
any secret of his great discovery? 11. Was Marconi a real inventor of
wireless telegraphy? 12. Did Popov publish the results of his work in 18957
13. When did Popov begin to experiment on a large scale? 14. Who trained
the first radiotelegraph-men in Russia? 15. What practical application of
wireless telegraphy brought good results? 16. Was Russia the first country
to apply all Popov's discoveries and inventions? 17. Was teaching the main
work for Popov? 18. How long did Popov work in the field of training radio
specialists? 19. Was an experiment the centre of Popov's teaching?

Ynpasicnenue 4. Haiioume 6 mekcme npeoioiceHus, AGIANUUECA

Omeemom Ha ciedyrouiue 60npochl.

1. What discovery laid the foundation of present day electrical engineering?
2 What did Hertz prove by his experimental investigations? 3. Where did
Alexander Popov demonstrate his device on May 7, 1895? 4. Between what
two countries did Alexander Popov establish wireless communication?
5. Why were Popov's lectures successful? 6. What did Alexander Popov say
himself about his invention?

Ynpascnenue 5. Onpoeepecnume ciedyrwuiue ymeepicoeHus, UcCnoab3ys

NPOYUMAHHDLIL MEKCH.

1. The Italian Marconi was the first real inventor of wireless telegraphy.
2. The scientists in other countries did not work in the field of
electromagnetic waves. 3. Popov's generator of electromagnetic oscillations
in 1894 was a very reliable generator and fully satisfied him. 4. Popov took

his device to the "Department of Trade and Industry" as soon as the
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instrument was ready. 5. Russia was the first country to apply inventions

practically on a large scale.

Ynpascnenue 6. 3axkonuume cieoywouwgue npeoodHceHus max, 4moowl
OHU 6EPHO OMPAICATIU COOEPIHCAHUE meKCma.

1. Alexander Popov wanted to find a practical application of these
waves... 2. During the experiments Popov noticed that his generator of
electromagnetic oscillations ... 3. The Russian newspapers published the
articles in 1897 ... 4. In order to transmit signals over great distances it was
necessary ... 5. The success of Popov's lectures was due to ... 6. For nearly a
quarter of a century Popov ... 7. The idea of telegraphy without wires over

great distances ...

Ynpasxcnenue 7. U3 oannvix omeemoes na eonpoc 3b16epume mom, Komo-

Dbl COOMEEMCMEYen CO0ePHCAHUIO meKCcmd.
1. What was important to the invention of radio?

a. Of great value to radio was Maxwell's idea of free electromagnetic
waves.

b. Yoffe's research in semiconductors was important to the invention of
radio.

c. The works of academician Vvedenssky were important to the
invention of radio.

2. Where did Popov want to find a practical application of electric waves
and oscillations?

a. Popov wanted to find a practical application of electric waves and
oscillations in the production of transistors.

b. Popov wanted to find a practical application of electric waves and
oscillations in the transmission of signals over considerable distances.

c. Popov wanted to find a practical application of electric waves and

oscillations in chemistry.
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3. What was necessary in order to transmit signals over great distances?

a. It was necessary to increase the power of the electromagnetic waves
source to transmit signals over great distances.

b. It was necessary to have sparks in the receiver to transmit signals
over great distances.

c. It was necessary to install a receiver to transmit signals over great
distances

Ynpascnenue 8. Haiioume 6 mexcme npeoioxiceHus, a61aouuecs IKeu-

8aJIeHMAMU PYCCKUX NPEOI0NHCEHUIL.

I. TlonoB mpoBOAMII 3TO MCCIENOBAaHUE B TEUYEHUE pPAda JIET, HU3yvas
JIEKTPUYECKUE BOJIHBI U KoJieOaHust. 2. OTKPBITHE AIEKTPOMArHUTHOW WH-
nykuun @DapageeM 3aI0KUAII0 OCHOBBI COBPEMEHHOW BJIEKTPOTEXHUKHU.
3. MHoOro y4eHbIXx B pa3jIUYHBIX CTpaHax paboTtanru B o0JacTu
ANeKTpoMarHuTHBIX BOJH. 4. B 1894 rony IlonmoB pacrnonaran HagexHO
paboTalolUM TEHEPATOPOM BJIEKTPOMATHUTHBIX KoJyieOanuit. 5. Jlokian
[TormoBa ¥ MoOKa3 OMBITOB MPOJOJDKAIUCH HECKOIBKO 4acoB. 6. OH pemuin
YCOBEPIIIEHCTBOBATh CBOM MpPHUOOp, cenaTh ero 00jee YyBCTBUTEIbHBIM U
aBTOMaTH4YeckuM B pabore. 7 mas 1895 roma Anekcanap Ilomos
MPOJIEMOHCTPUPOBAT CBOM MpuUOOp Ha 3aceaHUM PYCCKOro (PU3HNKO-
XUMHUYECKOro obmectBa. 7. YyBCTBUTENBHOCTH €ro mnpubopa Obuia

XOpOIIEH, HO CUCTEMA HEYCTONYNBOM.

UNIT XII. FUNDAMENTALS

Ynpasycnenue 1. Ilpoumume u 3anomuume ciaeoyowue cinosa. Ouu

nomozym Bam nouames cooepoicanue mexkcma:
nucleus (nuclei) - sapo (sapa); in terms of — ucxons usz; to abbreviate -
COKpaliaTh, e€ase - JIeTKOCTh, IIpocTOoTa; available -umerommiics B

pacrnopspKeHUH, JOCTYIHBIN; dangerous - OmacHbIM; severe -TsbKelbli; bare

91



wires - OrojiIeHHble NMpoBojia; wet - cbipoit; to pull - TamuTh; to save -
criacarh, to wear — HOCUTh, U3HAIIITMBATHCH.

Ynpasxicnenue 2. Ilpoumume mekcm, nocmapaiimeco NOHAMb OCHOBHbLE

NOI0MHCEHUSA U 3ANOMHUMb YMOYHAIOWUE 0emall.
Fundamentals

All substances are electrical in nature. The atom consists of two parts:
a nucleus which contains neutrons and protons and a number of electrons
which revolve around the nucleus.

The protons are positively charged and the electrons are negatively
charged. The neutrons have no electrical charge. In the discussion of radio
circuits electrons are of great interest.

Electrons are very small negatively charged particles. They travel in
orbits around the nucleus in a manner similar to the way the earth travels
around the sun.

Electrical Current and Units of Current Flow

Since current flow is the movement of electrons it is expressed in terms
of the number of electrons which flow past a given point. Because electrons
are small units the coulomb has been adopted as a unit of quantity of
electricity. A coulomb is equal to approximately 620 million electrons. In
practice we are usually interested in the rate of current flow or the number
of coulombs which flow past a point each second. But to simplify matters
the term "ampere" has been adopted. An ampere is equal to one coulomb
per second.

Although the ampere is commonly used in electrical work, it is seldom
used in radio engineenring. The more commonly used unit is the

milliampere or one-thousandth of an ampere, usually abbreviated ma.
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For example, a current flow of 0,250 amperes can be expressed as 250
milliamperes. Another unit of current flow used in radio circuits is the
microampere, micro means millionth. Thus, a measurement of current flow
may be given in three units; amperes, milliamperes or microamperes. An
example: 0.00054 amperes = 0.54 milliamperes = 540 microamperes.

The amount of current that will flow through a conductor depends
upon two factors. One of these is the voltage or pressure, the other is the
resistance of the conductor. The opposition to a steady electron flow is
called the resistance (R) of the material, and it is one of its physical
properties.

The greater the resistance the lower will be the current flow for a given
voltage and the lower the resistance the greater will be the current flow.
The unit of measurement of resistance is the "ohm". The resistance of most
conductors is very small, so that high resistance materials are used to make
the known value resistors which are used throughout radio circuits.

Conductance is a measure of the ease with which a conductor will pass
current. The term "mho" has been applied to the unit of measurement of
conductance. But the "mho" is a very large unit and is seldom used.
Conductance is usually expressed in micromhos. For example: Resistance =
1000 ohms, conductance = 1/1000=0.001 mhos == 1000 micromhos.

Electrical Circuits

Electrons will flow from a point of negative potential to a positive
point if a path is provided between two points. This path which includes the
source of voltage is known as a circuit. If the path is broken there can be no
current flow. There are series and parallel circuits. The circuit of figure 16

A 1s an example of a series circuit.
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fig. 17,a
It is called a series circuit because all of the elements, the voltage

source, switch and the lamps are connected so that there is only one path
for the electron flow. Important facts to remember about series circuits are
the same amount of current will flow through every part of the circuit; the
sum of the voltage drops across each element in the circuit will equal the

supply voltage. Figure 16 B illustrates a parallel circuit.

LAMPS
+o v
VOLTAGE
SOURCE SWITCH
_ X

—O0

fig. 17, b
A parallel circuit has the main line and parallel branches. One side of

each lamp is connected to the positive side of the voltage source and the
other sides of the lamps to the negative terminal of the source. When the
switch is closed electrons flow from the negative side of the source to the
point "X". At this point two paths are available through which the electrons
may flow so the total electron flow divides and a portion flows through
each path lighting the lamps. At point "Y" only one path is available back
to the positive side of the source so the currents through the branches
combine and complete their paths to the positive side of the source. Each
lamp is connected across the voltage source; therefore the same voltage is

applied across each branch of the parallel circuits. The amount of current
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flowing in each branch may not be the same since the current is also
dependent upon the amount of resistance in the branch.
Inductors and Inductance

Inductors are circuit elements. An inductor i1s mainly a coil of wire
wound around a core of air, a magnetic metal or a non-magnetic metal
(figl18). Inductors are used in circuits of receivers and transmitters, radio
frequency and audio-frequency filters.

Inductance 1s not a material thing but is a property of a circuit. It does
not exist until current is passed through
the circuit. The unit of measurement of
inductance is the henry. A circuit has an
inductance of one henry when a current

change of one ampere per second will

cause an induced e.m.f. of one volt.

fio 18

When a change of one ampere per
second in one circuit induces one volt in another circuit the two circuits
have a mutual inductance of one Henry. Inductance always opposes a
change in current. The greater the rate of current changes the greater the
opposition and the greater the induced voltage.

Many people have severe shocks from electric wires in a house. The
wires seldom carry current at a higher voltage than 230 and a person who
touches a bare wire or terminal may suffer no harm if his heart is strong and
his skin is dry. But if the hand is wet he may be killed. Water is a good
conductor of electricity and provides an easy path for the current from the
wire to the body. One of the main wires carrying the current is connected to

earth and 1f a person touches the other with a wet hand a heavy current will
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flow through his body to earth and so to the other wire. The body forms
part of an electric circuit. The current contracts the muscles and if the hand
is holding the wire it may be impossible to open it so as to pull away from
the wire and break the circuit.

The best thing you can do for a person is first to switch off the current
at once if possible and then to pull him away from the wires quickly. Do it
in dry gloves. Then give him artificial respiration at once. If this is done
quickly his life may be saved.

When we are dealing with wires carrying electric current it is best to
wear rubber gloves. Rubber is a good insulator and will not let the current
pass to the skin. Never touch a bare wire with the hand and never touch a
water pipe and an electric wire at the same time.

We all use electricity in our homes every day but sometimes forget that
this is a form of power and may be dangerous. At the other end of the silent
wires are great generators driven by turbines turning at high speeds. They
generate enormous power. It can burn and kill; but it will serve us well if
we use it properly.

Ynpasxcnenue 3. Omeemovme na cnedyromue 60npocoul 6 coomeemcmeuu

¢ cooepiricanuem nPoUUmManHozo.

1. What does the atom consist of? 2. What is the charge of protons? 3. How
are electrons charged? 4. What are electrons? 5. What is the most common
unit of current used in radio? 6. What two types of electric circuits do you
know? 7. What are the circuit elements? 8. What is the function of a
resistor in a circuit? 9. Is inductance a material thing? 10. What is it

necessary to do for a person if he has an electric shock?
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Ynpasicnenue 4. Haiioume 6 mexcme npeonoxyceHus, Komopule

AGNAIOMCA OMBEMAMU HA CT1E0YIOUiUE BONDPOCDL.
1. How do electrons travel? 2. What is conductance? 3. What does a
parallel circuit consist of? 4. What happens at the point "X" or a parallel

circuit? 5. What happens to a person if he touches a bare wire?

Ynpasicnenue 5. 3axonuume cnedyrowue npeonosrcenus max, 4moowl

OHU 8EPHO OMPANHCATIU COOEPIHCAHUE MEKCA.

1. A circuit has an inductance of one henry when ... 2. The opposition to a
steady electron flow is ... 3. The amount of current flowing in each branch
may not be the same ... 4. Inductance is not a material thing but ... 5. The
best thing you can do for a person who has a shock from electric wires ...

6. At the other end of the silent wires are ...

Ynpasicnenue 6. Haiioume 6 mekcme npeoioiceHus, AGIANUUECA

IK6UBATICHMAMU PYCCKUX NPEONOIHCEHUN.

1. TIpoTOHBI 3apsKEHBI MOJIOKUTENBHO, a JJIEKTPOHBI 3apsHKEHBI
OTpULIATENBHO. 2. Yem BBIlIE CONPOTUBIECHHUE, TEM MEHBIIE TOK MPH
3alaHHOM HanpspkeHud. 3. EnuHnna w3mepeHus: conpoTuBiieHus - Owm.
4. ComnpoTuBiiecHUE OOJIBIIMHCTBA MPOBOJHUKOB OYEHH MAJICHBKOE.
5. CymecTByIOT MapajuielibHbIE W TMOcieAoBarelbHble nenu. 6. Katymku
WHIYKTUBHOCTA MCIIOJB3YIOTCA B ILEMSAX NMPUEMHUKOB W IEPEIATUYMKOB,

buIpTpax BHICOKOW U HU3KOM 4acTOT.

UNIT XIII. VALVES. HISTORICAL DEVELOPMENT

Ynpasxicnenue 1. Illpoumume u 3anomuume ciedyowue cioea u Zpynnl

c106. Onu nomozym Bam noname cooepocanue mekcma:
to occur - MPOUCXOAUTh, CAYyYaThCs; luminous - CBETAITUNCS, CBETIbIN; tO

probe - 30HAMPOBATH; Via - yepes; to file - mpeacraBIaTh, MogaBaTh KaKou-
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160 1okyMeHT; meanwhile - Tem BpeMeHewM; to eliminate the inconstancy -
YCTpaHATh HEMOCTOSHCTBO; to wear out - W3HammMBaThbcs; amplification
factor - koadduUeHT ycuiieHus; except -3a HCKIIOYCHHEM, HCKIIIOYas;

mutual conductance — KpyTu3Ha XapaKTEPUCTUKU (FIEKTPOHHOU JIAMIIBI).

Ynpasxicnenue 2. Ilpoumume mekcm, nocmapaiimeco NOHAMb OCHOBHbLE

NOL0MHCEHUSA U 3ANOMHUMb YMOYHAIOUWUE 0emall.
Valves. Historical Development

The radio valve is one of the great achievements which has played and
1s playing an important part in modern life. It is important to see firstly the
historical development through the main phases from the discovery of ionic
conduction of electricity through gases to the definite establishment of
purely electronic current conduction and the invention of various kinds of
thermionic and other electronic devices. It is interesting to note that some
of the early outstanding experiments that led to the emitting cathodes used
today occurred as early as 1877. In that year Crookes first observed
currents in a glass tube which had two electrodes connected to a high
potential. He was able to control the direction of the current and to deflect
the luminous beam by static as well as magnetic means.

In 1883 the great American inventor Thomas Edison probed inside the
incandescent light bulb first with a wire and then with a metal plate. He
found that if this electrode was connected to the positive end of the filament
via a galvanometer then a current was detected. If it was connected to the
negative end no current flowed.

This "Edison effect" was studied by many people over following 20
years, particularly to examine thermionic emission. Fleming studied it

carefully in 1883 and again in 1896. Certainly, for 20 years it was a well-
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known phenomenon before anyone thought of an important application for
it. Fleming was the first to use an electron device for radio reception. This
was in 1903. He constructed a two-electrode vacuum valve in which one
electrode was a hot filament. This served as a rectifier of radio frequency
currents when received by an aerial.

The introduction of a control grid between the emissive filament and
the anode is due to Lee de Forest who used this device in 1906 for detection
but he did not realize that he had produced the means for amplification.

The triode or audion as Lee de Forest called it was invented in 1907.
For years the triode was simply another radio detector.

What transformed the triode into the basis of electronics were the
improvements made by industrial laboratories following the discovery how
to use it to amplify and oscillate. These circuit inventions were made
independently by several people in 1912 ace 1913.

Captain Round produced a soft valve for Marconi in 1913. Meanwhile
Langmuir and Arnold in America were working on the production of a
really hard valve. In 1913 Langmuir used tungsten filamentary cathodes but
in 1914 Arnold made a hard valve with an oxide-coated cathode. Arnold's
triode was probably the first mass production valve.

Then came the first World far and much progress was made in
tungsten-filament type triodes is Prance, Germany and Britain. The period
immediately after the First World War was notable for a general advance in
the technique of valve design and manufacture and the perfection of the
thoriated tungsten filament.

The real introduction of the indirectly-heated cathode occurred in

many firms simultaneously. The screen-grid valve was introduced in 1927.
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Many fine papers were published about this time. During the 1939-1945
War a need arose for valves to operate at very high frequencies. Special
valves, the klystron and the magnetron, were developed for the purpose.
Quite recently valves of very small physical size have been developed.

From the above summary it can be seen that the modern valve is not
the work of any one man but is the result of many years efforts by a great
number of talented scientists in many countries.

Some Properties of Electron Valves

The properties of electron valves differ from those of other types of
devices. We shall consider some of these properties.

Electron tubes are controlled by means of an electric field. The power
required for the control is very low, their sensitivity is very high. In many
devices used in automation the voltage required to control an electronic
circuit has a value of the order of a few microvolts (millionth parts of
volts).

High Amplification

By using several electronic amplifier stages it is possible to highly
increase current, voltage or power. Amplification of power by a milliard
times occurs in standard electronic devices used in automation.

Characteristics of electron valves are not constant and change during
service life by 10 per cent or more. However special methods have been
developed in electronics which eliminate the inconstancy of electron valve
characteristics. In mechanical devices moving parts wear out and this
shortens their service life. In electronic devices electrically charged
particles - electrons and ions - are also in mechanical motion. But such

particles do not wear out when they are moving. The service life of some
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electronic devices depends upon the number of electrically charged
particles in a certain volume.

Electronic devices operate noiselessly and have small overall
dimensions and weight. Thus the space occupied by an electron valve is
only a few cubic centimetres and its weight is some grams. The cost of such
devices is also relatively low.

Tube Parameters

These are the amplification factor, the mutual conductance and the
internal plate resistance. They are also called tube characteristics. The
amplification factor symbolized by the Greek letter u (pronounced "mu") is
defined as the tube ratio of plate-voltage change to grid-voltage change
when plate current is maintained constant. It i1s a measure of relative
effectiveness of the grid. In triodes p ranges in value from 2 to 1000, with
most tubes it is from 10 to 40. The amplification factor is almost constant
for all operating conditions except at very low plate currents.

Mutual conductance (Gm) is stated in microohms and for most of the
tubes it 1s a value of a few thousand. It is nearly as constant as the
amplification factor. Its value depends mainly on the amount of plate
current.

Internal plate resistance (Rp) is the third tube parameter. It is the ratio
of plate-voltage change to plate-current change but the grid voltage is
constant. It is measured in ohms. For triodes the value of internal plate
resistance is between 2,000 to 100,000 ohms. The following relationship
exists between these three parameters:

u= Rp - -Gm.
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Ynpasicnenue 3. Omeemvme na cnedyromue 60RpOCHL 6 coomeemcmeuu

¢ cooepiricanuem nPoUUmanHo2o.

1. When does the history of ionic conductance of electricity begin? 2. Who
was the first to observe the current flowing in a glass tube? 3. How could
Crookes control the direction of the current in a glass tube? 4. What
scientist was the first to use an electron device for radio reception? 5. What
was Fleming's tube like? 6. Who introduced a control grid between the
emissive filament and the anode? 7. Whose triode was the first mass
production valve? 8. When did the need arise for valves to operate at very
high frequencies? 9. What properties of electron tubes are discussed in the

text? 10. What are the three tube parameters discussed in the text?

Ynpaxycuenue 4. Haiioume 6 mekcme npeonoxcenus, A6aa6uiuecs

0meemom Ha ciedyroujue 60npocel.

1. What is the purpose of the grid in a triode? 2. When was the triode
invented? 3. What transformed the triode into the basis of electronics? 4.
What was the period immediately after the First World War notable for? 5.

What relationship exists between the three tube parameters?

Ynpasicnenue 5. Onpoeepznume cinedyroujue ymeeprcoeHus, UCno1b3y

NPeOI0NHCeHUA U3 MeKCd.

1. The early tube produced by Lee de Forest was a tube with 4 electrodes.
2. The modern valve is the work of one scientist only. 3. The "Edison
effect" was studied only by Fleming. 4. The real introduction of the
indirectly heated cathode occurred in Marconi firm only. 5. Characteristics

of electron devices are constant and do not change during service life.

102



Ynpasicnenue 6. Bcmasebme émecmo nponyckoe cio6o uiu Zpynny cjoe,

8b10pas U3 NPeOIOHCEHHBIX 6APUAHMOE O0O0UH, COOMEEMCHEYIOUUIL
CO0ePIHCAHUI0 NPOYUMAHHOZO.
1. Fleming constructed a two-electrode vacuum valve in which one
electrode was ...

1) a rectifier; 2) a hot filament; 3) an amplifier.
2. The early triode produced by Lee de Forest was a ... valve.

1) hard; 2) soft; 3) hot.
3. A cathode is constructed of a good electron emitting material such as ...
1) rubber; 2) paper, 3) thoriated tungsten.
4. The amplification factor is almost ... for all operating conditions except
at very low plate currents.
1) high; 2) low; 3) constant.
5. The power required to control the electron tubes is ...
1) very low, 2) constant; 3) rather high.

Ynpaxycuenue 7. Hailoume 6 mekcme npeonoxiceHus, AGAANWULUECA

IKBUGATIEHMAMU PYCCKUX NPEOSIOHCEHUIL.

1. ®nemMuHT OBUT MEPBBIM, KTO UCIOJIB30BAT SJIEKTPOHHOE YCTPOUCTBO JIS
pamuonpuemMa. 2. JIByXdJIEKTpOJHAas BaKyyMHas JiaMIla CIIy>KWJIa
BBITIPSIMUTEIEM BBICOKOYACTOTHBIX TOKOB. 3. DIIEKTPUUYECKHU 3apsKEHHBIE
YACTUIIbI - AJIEKTPOHBI U MOHBI - B AJIEKTPOHHBIX YCTPOMCTBAX HAXOMSTCS B
MEXaHMYECKOM JBWKEHUHU. 4. BennunHa KpyTH3HBI XapaKTEPUCTUKHU
JaMIbl 3aBUCAT B OCHOBHOM OT BEJIWYMHBI AHOJHOTO TOKa. 3.
KoaddumueHnt ycuiaeHuss naMibl MOYTH MOCTOSHHBIA MpU BceX paboumx
ycloBHsX. 6. DIEKTpOHHBIE YCTpoOWCTBa paboTaroT OecIIyMHO, U OHH
UMEIOT Majible TrabapuTHble pasmepbl U Bec. 7. CTOMMOCTh TaKux

YCTPOMCTB OTHOCHUTEIHLHO HU3KAas.
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UNIT XIV. RETURN OF THE VACUUM VALVE

Ynpasicnenue 1. Ilpoumume u 3anomuume cinedyrwoujue cio6a u 2pynnl

c106. Onu nomozym Bam nonamos coodepircanue mekcma:
to survive - MpOAOJKATh CYIIECTBOBATh, BBIJAEPKATh; environment - OK-
pyaromasi cpefa; to expose - mojaBeprarh JAelcTBUO (ydeit); failure -
NOBPEXJICHHE; Immune- YCTOWYUBBIN; surface - MOBEpXHOCTh; t0 surmount
- mpeonoiieTh; triangular - TpeyronbHbIM; to enhance - yBelIW4YMBaTSH,
yCWIHMBaTh; to take advantage of smth.- Bocronbs3oBathes 4eM-1b0; power
consumption - moTpedseHue dHEpPruM; gate - 3aTBop; depletion region -
oOenHeHHas 00yacTh; to incorporate- momemarh; sharp tipped structure -
CTPYKTypa C OCTPOKOHEYHOW BEPIIMHOMW; proximity - OIu30CTh; electron
beam — 31EKTPOHHBIN JTyY.
Return of the Vacuum Valve

Until the 1950s, all active electronic functions were performed by the
vacuum valve. They were made up of metal electrodes arranged in a
vacuum glass envelope. Their sizes varied, but even one of the latest valves
had a volume of more than one cubic centimetre. When solid state devices
were invented, one of their main attractions was their small size. As the
technology developed, individual elements became smaller and smaller,
until complete circuits could be designed on a single piece of silicon. This
development resulted in the replacement of vacuum valves by transistors in
receivers and low-power electronic systems. In high power transmitters
vacuum valves continue to survive; and thermionic emitters are still used
where a free source of electrons is required as in cathode-ray tubes. But
semiconductor devices proved to be poorly equipped to survive certain

environments.
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For example, when semiconductor devices are exposed to ionizing
radiation in space and defence systems, they are bombarded by both neutral
and charged particles, which cause fluctuations in current leading to failure
of the device. Vacuum tubes are far more immune to such environments.
Vacuum tubes work at much higher voltages than semiconductors and they
have the potential to provide high frequency operation. Therefore some
research centres have developed research programmes for producing
micron-sized vacuum electronic devices. It is the semiconductor fabrication
technology which now offers the opportunity of producing vacuum tubes as
small as transistors.

The operation of any vacuum valve depends on obtaining electrons
from the cathode surface and attracting them to a positively biased
electrode known as the anode. The old type of valve operated with a
thermionic cathode which was heated to give the electrons sufficient energy
to surmount the surface barrier, escape into the vacuum and be attracted to
the anode by a positive potential. An alternative means of obtaining an
electron discharge in vacuum is with field emission. This relies on a very
high electric field being applied to a cold cathode. At high electric fields
the surface barrier is distorted to a triangular shape. This allows electrons to
tunnel through the barrier and be attracted by the anode. Electric fields of
the order of 10° V/m are necessary before an observable current may be
obtained; this is equivalent to 1000V across 1 p (1x10°m). Since most solid
dielectrics can withstand little more than 10°V/m, some lithographic
techniques are used to construct devices which enhance the electric field

around the emitting area only.
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There are many potential applications of vacuum microelectronics, but
they all centre on the properties of field emitting devices. For many years a
great deal of effort has been directed towards finding a cold electron source
to replace the thermionic cathode in such devices as cathode ray tubes,
travelling were tubes and microwave power amplifiers. Most research
programmes have concentrated on cold cathodes to take advantage of the
small device size, low power consumption and high current densities which
in turn will lead to high operating frequencies and fast switching.

Until 1988, however, there was a research programme at Los Alamos
which produced miniature thermionic electronic components. This
technique used thin-film deposition and photolithographic techniques to
produce integrated structures consisting of a grid and an oxide-coated
cathode on one substrate, with an anode on a separate substrate directly
opposite.

A different approach has been reported by the Philips Research Centre
in Eindhoven which has exploited the strong internal electric field in a
semiconductor with a reverse-biased p-n junction. When a p-n junction is
reverse-biased a very strong field is created in the depletion region.
Electrons coming from a highly doped p-region are therefore accelerated
and have sufficient energy to surmount the potential barrier at the surface
and escape into the vacuum. The complete structure consists of the p-n
junction with the gate above it separated by silicon dioxide. Such structures
have already been incorporated into small cathode ray tubes to give clear
and bright black and white and colour pictures.

The major area of interest in other groups is in sharp-tipped structures,

which are incorporated into a diode configuration, and make use of a grid
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about 1 um away to create a very high field around the tip which will then
emit electrons. A typical field-emitting device 1s shown in Fig. 19, and is
made up of small cathodes 1-2 pm in height, with sub-micron (~50 nm)
emitting tips. These are separated from a metal grid 0,5 um thick by a layer

of silicon dioxide.

Metal gatefilm\ \ i / \ i / Metal Si tips
+100 volts ‘ ‘

/(i\ﬁf%wﬁ ~ VNQ 1 micron

A typical field-emitting device consists of a metal or silicon substrate,
with a number of small sharp tipped structures about 1-2 um high and 10
um apart. These have tip radii of about 50 cm and are separated from an
integral grid by 1-2 um of silicon dioxide. The structure is operated by
applying a positive voltage of 100-200V to the metal grid, which creates a
high electric field around each of the emitting tips from which electrons are
emitted. These can be collected either on the grid itself or by an external
anode held in close proximity to the tips. Such structures have given
currents of 100pA/tip leading to current densities of 100A/cm” and
lifetimes of over 60 000 hours.

A number of techniques may be used to produce such structures and
these include the anisotropic etching of silicon, the use of deposition
techniques, electron beam lithography, etc. At present much interest centres
about vacuum microelectronics because there is a need for devices which
can work at high temperatures, withstand high voltage pulses and have the

potential to provide high frequency operations. Vacuum microelectronics
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can offer such properties. The First International Conference on Vacuum
Microelectronics was held in Williamsburg in 1988, with 200 attending
from Prance, Holland, Japan, Russia, USA and UK. This Conference attrac-
ted much interest from both academic and industrial organizations

worldwide.

Ynpasrxcnenue 3. Omeemovme na cnedyromue 60npocoul 6 coomeemcmeuu

¢ cooepiricanuem nPoUUmManHozo.

1. How long were vacuum valves widely used in radio and electronic sys-
tems? 2. What elements was the old type of valve made up of? 3. What does
the operation of any vacuum valve depend on? 4. What cathode was used in
the old type of valve? 5. When did solid state devices begin to replace
vacuum valves in radio and electronic systems? 6. What was one of the main
attractions of solid state devices? 7. What advantage have vacuum valves
over solid state devices when they operate in hostile environments? 8. Why
have most research programmes concentrated on cold cathodes as the source
of electrons? 9. What techniques were used for the production of electronic
components according to a research programme at Los Alamos? 10. What
structure has been developed by the Philips Research Centre?  11. What
does a typical field-emitting device consist of? 12. How does it operate? 13.
What techniques may be used to produce sharp tipped structures? 14. When

was the First International Conference on Vacuum Microelectronics held?

Ynpasicnenue 4. Onposepecnume cneoyrouiue ymeeprHcoeHus, UCnONb3ys

RPOYUMAHHBLI MEKCM.
1. The old type of valve operated with a cold cathode. 2. Vacuum tubes

were small in size they had a volume of less than one cubic centimetre.
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3. Semiconductor devices work at much higher voltages than vacuum
tubes. 4. Deposition techniques and electron beam lithography were used in
the production of the old type of valves. 5. Semiconductor devices are far
more immune to hostile environments than vacuum tubes. 6. Sharp tipped

structures were used in the production of early cathode ray tubes.

Ynpaxcnenue 5. 3anonnume nponycku cjiioeamu uiu Cjiloeoco-

yemanuAsamu, npueedennbmu Huce.

1. Until the 1950s, all active electronic functions were performed by ...
2. Vacuum valves operated by electrons passing from cathode to anode
within a ... 3. A thermionic cathode is heated to give the electrons sufficient
energy to ... the surface barrier and escape into the vacuum. 4. Vacuum
tubes can ... high voltage pulses and ionizing radiation. 5. One of the main
attractions of solid state devices was their small ... 6. Field emitting devices
are expected to be reliable in hostile ... 7. A typical field emitting device
consists of a metal or silicon substrate with a number of small ... 8. Micron-
sized cathodes have been ... into a triode configuration. 3. ... is one of a
number of techniques which may be used to produce sharp tipped
structures. 10. Ionizing radiation causes fluctuations in current in
semiconductor devices and leads to... of the device.

a) withstand, b) electron beam lithography, c) vacuum valves, d) failure,
e) vacuum, f) size, g) incorporated, h) sharp tipped structures, i) surmount,

J) environments.

UNIT XV. TRANSISTORS

Ynpaycuenue I. Ilpoumume u 3anomuume caeoyroujue cioea u cpynnl

cn06. Onu nomozym Bam nonams codepiwcanue mexcma.
improvement - ycoBeplueHcTBoBaHue; reliable - HagexHblil; to resemble -

UMETh CXOJICTBO; Unique - yHHUKaJbHbIN, ocobeHHsblid; SCR-silicon cont-
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rolled rectifier - omHOOMEparMOHHBIN TpUOAHBIM TUpUCTOP; breakdown
voltage - mpoOMBHOE HaMpsLKEHUE, HANIPsKeHUE Tpo0ost; power dissipation
- MOIIIHOCTh paccesiHus, paccemBaeMasi MOIITHOCTh; junction capacitance -
emkocTh mnepexona; LSI - large scale integration - BbICOKas cCTeneHb
unterpanun,bBUC; silicon wafer - kpemHHeBas TmacTUHKA; stringent -
ctporuit, Tounwli; VHSIC - very high speed integrated circuit-
CBEpXCKOpocTHass  uHTerpanbHas  cxema, CCHC; refinement -

yCOBepIIIEHCTBOBaHKE; to make contribution - BHOCHUTH BKJIA/I.

Ynpasxcnenue 2. Hpoumume meKkcm, nocmapaﬁmec:; NOHAMb OCHOBHblIE

ROJI0CEHUA U 3ANOMHUMb YMOYHAIOWUE 0emaill.
Transistors

The transistor was discovered by a team of Bell laboratories scientists -
Shockley, Bardeen and Brattain. In 1947 on December 23 they reported
about the invention of a three-electrode device. They called this solid-state
device the transistor. Less than a year after the transistor was invented a
few types of transistors appeared, but they were short-lived, noisy. Their
characteristics varied with time. The frequency range was limited. But
improvements came fast.

The junction transistor was more reliable than the point-contact type.
The junction transistor was considered as an improvement of the point-
contact transistor, but it also had some disadvantages. The frequency range
was limited, control of impurities was not exact. Methods were found to
overcome these disadvantages and new types of transistors appeared such
as alloy transistors, planar transistors, bipolar and field-effect transistors,

unijunction transistors, MOSFETs etc.
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Let us consider some of these types of transistors. The first field-effect
transistors (FET) were junction types, the earliest were invented in France.

It was a cylindrical Fig.18 device

'_‘ O of n-type semiconductor, which

il
o _—_a
=
R B
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Fig. 20

resembled a resistor.

The modern metal-oxide
semiconductor field-effect transis-
tors (MOSFETs) are of great

importance in integrated circuits.
The modern MOSFET consists of
channels of either n or p material with a control element placed above the
channels. This control element is insulated from the channels. This type of
transistors has a high input impedance like a vacuum tube. This leads to its
use in radio frequency amplifiers at high frequencies.

The unijunction transistor (UJT) is a unique semiconductor with
properties unlike conventional transistors. It contains only one junction
between n and p-type silicon while conventional transistors have two
junctions. Though the junction transistors were developed in 1954 the
electronics industry only begins to use this semiconductor device. It finds
application in many different fields: multivibrators, pulse generators, SCR
circuits, time-delay circuits, etc. They have low price, excellent linearity
and stability. Besides they require very simple circuits which are stable
over a wide range of temperature variations.

Up to about 1960 germanium transistors dominated despite the fact
that there are many materials which can be classed as semiconductors. A

silicon transistor was announced in the late 50s. Its gain was low and it was
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expensive to manufacture but it had a breakdown voltage of 300, much
higher that that of germanium devices. Within the next six years silicon
transistors became more important than germanium ones. And today silicon
1s dominant in most of the new designs because of its processing flexibility
and high temperature capability. Silicon transistors with an upper frequency
limit of over 4 gigahertz at low power levels and a power dissipation of
more than 300 watts are in common use. Development of new germanium
devices continues to be important especially in microwave field. In
selecting a transistor for a given application the important criteria are
performance, reliability and cost.
Multi-purpose Semiconductors

A transistor functioning as a switch differs from other transistors. As a
switch the transistor has two stable states; it is either "on"(conducting) or
"off"(non-conducting). One of the most important semiconductor devices is
the silicon controlled rectifier or SCR. It has many important properties.
Basically it acts as a unidirectional semiconductor switch which is normally
off but which can be turned on with a suitable trigger signal. The silicon
controlled rectifier is like a normal rectifier but has an additional terminal
known as a gate. Normally with no signal applied to the gate SCR is off
and acts like an open circuit switch. When a positive pulse is fed to the gate
the SCR turns on and acts like a normal silicon rectifier: it conducts in the
forward direction but blocks in the reverse direction. Silicon controlled
rectifier can be used in both ac and dc circuits.

The history of the semiconductor diode began in the early days of radio
when "crystals" were used as signal detectors. But they were not used as

active devices until the development of modern transistor physics. Diodes
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whose junction capacitance is variable with voltage are known as
parametric diodes or varactors. As a variable capacitor the varactor is
rugged and small and is not affected by dust or moisture. The most
significant parameter of a variable-capacitance diode is the capacitance
ratio, "Q". The capacitance ratio is the amount of capacitance variation over
the bias voltage range. It is normally expressed as the ratio of the low-
voltage capacitance divided by the high-voltage capacitance. The
capacitance ratio of varactors varies according to the construction. They
may have ratios of 20:1 and higher.

Immediately after the introduction of a variable-capacitance diode
another semiconductor diode known as the tunnel diode was developed. It
was developed in 1958. The tunnel diode was a new semiconductor device
at that time. It is like a varactor a two-terminal active element which can be
used for a wide variety of functions such as amplifying, switching,
frequency conversion, etc. It has good frequency response and low noise
characteristics. The advantages of the tunnel diode are its very small size,
extreme speed and stability under varying temperature conditions. The tun-
nel diodes may function as switches, amplifiers and capacitors.

Large scale integration (LSI) of devices has put great demands on
crystal materials. The semiconductor industry now requires high purity and
minimum point-defects concentration in silicon in order to improve the
component yield per silicon wafer. These requirements have become
increasingly stringent as the technology changes from large-scale
integration (LSI) to very large-scale integration (VLSI) and very high speed
integrated circuits (VHSIC).
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The circuit performance of a device and the intrinsic and extrinsic
materials properties of silicon are interdependent. The silicon wafer
substrate must be practically defect-free when the active device density
may be as high as 10°to 10° per chip.

To increase further the speed of semiconductor devices requires not
only refinements in present designs and fabrication techniques but also new
materials that are superior to materials presently being used like germanium
and silicon. New material under consideration is gallium arsenide.

Gallium arsenide has a much higher electron mobility than germanium
and silicon. It is chemically and mechanically stable, it permits operation at
higher temperatures.

The new gallium arsenide hetero-junction diode has a potential for
much faster switching than conventional junction diodes. Its calculated
switching time is on the order of a few piroseconds (trillions of a second).
However, the difficulty of producing gallium arsenide of sufficient purity
has limited its application.

Yet, gallium arsenide 1s far from the end of the story. Any searching
for an answer makes contributions. This is the way of developing better

materials and devices.

Ynpasxcnenue 3. Omeemovme Ha ciedyouiue 60RPOChL 8 COOMEEMCMEUU
¢ cooepiricanuem nPoUUmanHo2o.

1. What great discovery was made by a team of Bell Laboratories scientists
in 19477 2. What characteristics had the first types of transistors? 3. What
disadvantages had the earliest junction transistor? 4. What does the modern
MOSFET consist of? 5. Have the unijunction transistors one or two

junctions? 6. What are the fields of application for the unijunction
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transistors? 7. What semiconductor material was used for the production of
transistors up to about 1960? 8. Why is silicon dominant in most of the
semiconductor devices? 9. What criteria are the most important in selecting
a transistor for a given application? 10. What are two stable states of the
silicon controlled rectifier? 11. What additional terminal has the silicon
controlled rectifier? 12. How does the silicon controlled rectifier operate?
13. What advantages has the varactor over conventional diodes? 14. What
is the capacitance ratio? 15. What functions can the tunnel-diode perform?
16. What new semiconductor material gained favour over germanium and
silicon? 17. What characteristics has gallium arsenide?

Ynpasicnenue 4. Onposepznume cinedyroujue ymeeprHcoeHus, UCnoab3ys

NPOYUMAHHBLI MeKCm,

1. The first point-contact transistor was more reliable than the junction
transistor. 2. When the junction transistor was invented its frequency range
was unlimited and control of impurities was exact. 3. The properties of
unijunction transistors are like those of conventional transistors. 4. Silicon
transistors came into being before germanium transistors. 5. There is no
difference between SCRs and normal rectifiers. 6. We must be very careful
while working with the varactor because it is affected by dust and moisture.
7. At present silicon begins to replace gallium arsenide in the fabrication of
semiconductor devices.

Ynpasicnenue 5. 3anonnume nponyckKu cioeamu uau

C1060COYEMAHUAMU, NPUBCECOCHHBIMU HUJICE.

1. Planar transistors and field-effect transistors have some ... over point-
contact transistors. 2. The junction transistor was more ... than the point-
contact transistor. 3. Some methods were found ... the disadvantages of

junction transistors. 4. The unijunction transistors are ... semiconductors
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with properties unlike conventional transistors. 5. When a ... is fed to the
gate the SCR turns on and acts like a normal silicon rectifier. 6. The most
important parameter of a variable-capacitance diode is the ... 7. The tunnel
diode has good ... 8. Gallium arsenide has a much higher ... than

germanium and silicon. 9. Gallium arsenide is chemically and mechanically

a) frequency response, b) advantages, c) reliable, d) to overcome,

e) positive pulse, f) electron mobility, g) unique, j) capacitance ratio,

k) stable.

UNIT XVI. AMATEUR RADIO

Ynpasicnenue 1. Ilpoumume u 3anomnume cieoyroujue cio6a u 2pynnl

coe. Onu nomozym Bam noname codepofcanue meKkcma.

to scatter - pasOpaceiBaTh, pa3MmeliaTh, an exciting technique -
3axBaThIBaIONIAsA, YyBieKarelbHass TexHuka; thrill - roybokoe BomHeHwue;
self-expression - camoBbIpaxkeHue; keen interest - >xuBoM uHTEpEC; to fire
imagination -pa3»KUratb BOOOpaKEHUE; SCArce - HeJIOCTAaTOYHBIN, CKY/IHBIH;
a proving ground - UCTIBITATEIBHBINA MMOJUTOH; €mergency -4pe3BbIYaiiHbIC
oOcrosiTenbcTBa; personal sacrifice - TMUHOE camomnoxepTBOBaHuUE; to track
- cieauTh, mpociexuBarh; allocation - pasmemnienue; to allocate -
Ha3HayaTh, 3aKPEIUIATh; congestion - mepeHaceIeHHOCTh, CKOoTuIeHue; lack -

oTCyTCTBUE; profit — mpuObLIb, TOXO/I.

Ynpasicnenue 2. Hpoumume meKkcm, nocmapaﬁmec:; NOHAMb OCHOBHblIE

HOJ102CEHUs U 3AaNOMHUMb YMOYHAIOWUE 0CMAITU.
Amateur Radio
To the half million radio amateurs scattered around the globe radio is

an exciting technique. This technique is used to communicate with one's
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fellow man, to overcome the barrier of distance and boundary and to
achieve lasting friendship with other enthusiasts around the world. Perhaps
only these who had the experience can truly understand the thrill of
assembling a small radio station and then use that equipment to talk with
another radio amateur who may be in the next town or the next continent. It
is a form of self-expression and world friendship. The better way to learn
about radio communication is by participating in it. Many of the young
radio amateurs of today are certain to be the professional engineers and
scientists of tomorrow.

How did amateur radio begin? In the latter years of the 19™ century
there already existed a keen interest in a new marvel - electricity. Amateur
experimenters mainly in Europe and North America were making small
electromagnets, motors, dry cells and static machines and building other
experimental electrical devices.

It was not until the very end of 1901, however, that an event took place
that fired the imagination of these experimenters still further - wireless
communication appeared. It was on everyone's tongue. Large numbers of
amateur electrical experimenters turned away from their electromagnets,
motors and dry cells and began to explore radio communication. Amateur
radio was born! During the first decade of 20™ century amateur
experimentation with radio was a difficult task since technical and
constructional materials were scarce. A typical amateur station of those
years consisted of an induction coil, a capacitor and a spark gap for
transmitting and a simple coherer-decoherer and a single head telephone for
receiving. It was not unusual for early radio amateurs to communicate with

each other using such equipment over distances of 80 to 160 km.
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International regulations did not exist at that time since there was no
radio law. Everyone had an equal right to the air.

Radio Amateurs have been Pioneers

From the very beginning the radio amateur has been a pioneer. He
experimented, he tried this and that, always with the purpose of extending
the range of communication or with the purpose of increasing operator
efficiency.

Radio amateurs were, however, the first to demonstrate the enormous
usefulness of short waves and they also pioneered the use of the vhf and
uhf regions of the radio spectrum. They were among the first to devise
practical transmitting and receiving equipment using vacuum tubes and
they contributed much to radio propagation research. Amateurs led the field
of devising techniques to reduce interference so that greater use can be
made of radio spectrum. The use of parametric amplifiers was pioneered in
the amateur bands. Since its birth amateur radio has been a proving ground
for almost every major technical and operational development in the field
of radio communication.

From the early days amateur radio has earned an outstanding
reputation for providing communication during emergencies when other
means of communication fail or are overloaded. And in case of natural
catastrophes, epidemics, etc. radio amateurs with skill and devotion and
frequently at personal sacrifice had served their communities and brought
speedy relief to victims of suffering and need. Many thousands of lives,
millions of dollars in property have been saved by their efforts; radio
amateurs consider such assistance not a duty but an opportunity to serve

humanity.
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The Exploration of Space

Space exploration opened a new era for amateur radio as it did for all
communication services. Radio amateurs entered the space age with the
successful launching of the Oskar I satellite. Built entirely by radio
amateurs and containing a beacon transmitter operating in the amateur 144
MHz band the satellite was tracked by observers in 30 countries. Then there
have been a number of other successful amateur satellites which provide
reliable intercontinental communications for hundreds of amateurs using
frequencies in the amateur allocations at 28 and 144 MHz.

It is interesting to note that in many countries the first two-way space
communication was made by amateur satellite rather than via those
satellites that have been established commercially - sometimes several
years before the commercial satellites were available.

A recent study of the growth of the amateur service throughout the
world indicates that the present population of amateurs had grown to about
two million by the year 2000. Amateur radio has outgrown much of the hf
spectrum.

Radio Amateurs have been Progressive

How have radio amateurs been able to survive? Only by the pro-
gressive adoption of the most modern technical and operating advances.
Spark was the earliest form of radio transmission, but when continuous
wave radio-telegraphy was developed radio amateurs seized upon it
immediately as a way not only of obtaining greater distances but also of
reducing interference.

In an attempt to maximize the use of the amateur allocations receivers
were radically improved by means of quarts and mechanical filters which

reduced the bandwidth, improved the signal-to-noise ratios and thus made
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more effective use of the amateur frequency bands by reducing
interference. It is interesting to note that the first so-called "single-signal"
receiver was developed by a radio amateur and was immediately accepted
as the standard in the field of communication.

Improved reception and more efficient transmission are frequently
attained by the use of highly-directive aerials at one or both ends of the
circuit eliminating interference and enabling more reliable communication.
Since amateurs work with the bands of frequencies allocated by
international treaty the use of stable but variable frequency oscillators
permitted the users of a given amateur band to adjust their transmitting
frequencies in order to avoid interference being caused by another amateur
station.

Nevertheless, the amateur population is growing, the allocated
spectrum space has remained substantially unchanged since 1927. Under
these conditions the amateur service faces ever-increasing limitations
resulting from three principal problems:

a) increasing congestion due to the growing amateur population;

b) impractical sharing arrangements with other services in some
of the bands;

c) the lack of suitable orders of frequency bands to support com-
munication over the most heavily used paths during the normal

daily and yearly variations in ionospheric propagation.

Ynpasxcnenue 3. Omeemovme na cneoytomue 60Nnpocoul 6 coomeemcmeuu

¢ cooeprrcanuem npoYumaHHo2o.
1. What electrical devices were amateur experimenters making at the end of

the 19" century? 2. What did a typical amateur station of the first decade of
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the 19™ century consist of? 3. Were radio amateurs the first to demonstrate
the usefulness of short waves? 4. When was the first amateur satellite
launched? 5. What is the importance of launching Oskar amateur satellite
into space? 6. How large had the number of amateurs grown by the year
2000? 7. How were the receivers improved to maximize the use of amateur

allocations? 8. What problems do radio amateurs face?

UNIT XVII. THE TV SET

Ynpasicnenue 1. Hpoumume u 3anomHume cxzedyromue cjiosa u 2pynnbsi

coe. Onu nomozym Bam noname codepofcanue mekKkcma.

VCR = video cassette recorder-kacceTHbI BUACOMArHUTO(OH; COne-KOHYC
oamnmona (DJIT); the electron gun-snextponnas mymika; deflection coil-
oTkJoHsomass  kartymka, shadow mask-treneBas wacka; phosphor-
moMuHO(BOp; to converge-cBOAUTh, CXOAUThCA; brightness-sapkocTs; pixel-
JIEMEHT H300pakeHust; interlacing-uepeccTpouyHas pa3BepTKa;CKauKoBas
pa3BepTka; raster-pactp; to glow-cBetuthcs; to blend-cmemniuBars,
ciuBaThes;, bandwidth-mupuna monockr; compatible-coBmectumblii; hue-
IIBETOBOM TOH, Saturation-HacCBIIIEHHOCTh I[BETA, HACHIIIEHUE, Cross color-
NepeKpecTHas [IBETOBAs TOMEXa.

Ynpascnenue 2. Hpoumume meKkcm, nocmapaﬁmecr; NOHAMb OCHOBHblIE

NOM0JCEHUA U 3ANOMHUMb YIMOUHAIOWUE 0emAalu.
THE TV SET

Introduction. The TV set is the central element of any audio/visual setup. It
allows us to watch programs received by antenna, cable or satellite, and
movies via our VCR. We can also use the TV as a monitor to play games
on game computers and CD-1 players.

The Picture Tube. The central component of a TV set is the cathode ray
tube (CRT). The components of a cathode ray tube are: the cone, the

screen, the electron gun, the deflection coil and the shadow mask.
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The cone and the screen are welded together to form a glass envelope into
which the shadow mask and the electron gun are positioned. The deflection
coil 1s placed around the outside of the neck of the cone.

The inside of the screen is coated with light sensitive red, green and blue
crystals called phosphors. These phosphors are arranged in groups of three
(or triads) of one blue, one red and one green. Three electron beams are
generated by the electron gun, one for each color, which directed by the
deflection coil scans the screen moving left to right and up and down. The
phosphors light up in the relevant color when they are illuminated by the
beams.

In order to produce a correctly colored image, each electron beam must hit
only the appropriate colored phosphor. To ensure such accuracy, a shadow
mask is used as a filter. The shadow mask is a metal plate which is the
same shape as the screen and has the same number of holes as the number
of triads on the screen. Each hole has a corresponding triad of phosphors
which prevents adjacent triads from being influenced.

The beams of the electron gun must converge exactly at the holes of the
shadow mask, so there must be an alignment of the beams onto the mask.
This is performed by an electromagnet within the gun.

The electromagnetic deflection coil surrounds the neck of the picture tube,
ensuring accurate deflection of the beam. Electrical signals transmitted
through the deflection coil generate precisely focused magnetic fields.
These magnetic fields control the position of the electron beam vertically
and horizontally.

Beam movement. The electron beam moves in lines, from left to right and
from top to bottom. In most European countries the screen is made up of
625 (horizontal) lines. The number of lines on the screen determines the
picture detail.

When the beam reaches the end of a line, it returns at greater speed to its
original starting point. When it goes back, brightness is suppressed for a

split second. Then it moves down two lines and the process repeats itself
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(see 'Interlacing' for further explanation). When the beam has reached the
end of the bottom line, it restarts (with a split second interruption in
brightness) at the top line.

Precision in Line. In a color TV, there are three cathodes, each generating
an electron beam for one of the primary colors. In the early color TVs the
three electron beams were placed in a triangular orientation. This was
called the delta setup. As the pixels are round, this setup caused much of
the light to disappear between the dots. Nowadays, the in-line system is
applied (called Precision in Line), in which the electron guns are placed in
a horizontal line.

Interlacing. The picture is created by firstly all the odd lines (1, 3, 5, 7, 9
etc...625) being scanned from left to right and from top to bottom and
followed by a scan of all the even lines (2, 4, 6, 8,10 etc...624). The result is
that a single scan creates only half an image. In a 50 Hz TV, one scan takes
1/50 second, so to make two half images it takes 1/25 second. In other
words, every second 25 complete images are formed. As the process of
scanning two half images takes place in only 1/25 second, to the human eye
the two halves appear to be one. This process is called interlacing. Fifty
half images are formed per second, making up 25 whole images. This
interlacing technique means the picture will show less flicker than if the
beam were to scan all lines at once. The frequency of scans is called the
raster frequency which is 50 Hz (50 scans per second), whereas the line
frequency is 25 x 625 = 15,625 Hz.

Line and Image Synchronization. The image and the reproduction must be
synchronized perfectly. This will ensure that each picture element picked
up from the camera target is reproduced in the right place on the display.
There are two kinds of synchronization (sync) pulses: line and image. The
line sync pulse ensures that a line is reproduced correctly (i.e., what is at
the beginning of a line, 1s reproduced at the beginning), and the image sync
pulse is to ensure the whole image is reproduced correctly (i.e., the

transmitted top line will be the reproduced top line). These sync pulses are
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transmitted with the picture signal. They do not control the electron beam
of the tube in your TV set, because this could seriously damage or affect
the image. The actual scanning movement of the electron beam in the TV
set 1s directed by two deflection generators. These are continuously
synchronized by the synchronization pulses generated by the camera. Even
if there is no incoming signal, the electron beam in the TV set is
continuously moving.

Color. In a black-and-white TV set, only one pixel type covers the entire
screen. A black-and-white tube therefore only needs a single cathode gun.
Variation in the brightness of the beam
determines how much a pixel will light up,
resulting in shades of black/white.

| a. S A color tube has three beams: one for the red,
rc_‘\".& | H kv one for the blue, and one for the green pixels
P (phosphors). The three electron beams scan the

screen as if they were one. The screen is

4

covered with three types of phosphor dots and
Fig. 21 each type lights up in one of the primary colors
of red, green or blue when it is struck by an electron beam. (The primary
colors of red, green and blue [RGB] form the basis of all other colors.) A
complete picture on a 28" TV contains approximately 450,000 pixels.
The ratio of the illuminated phosphors determines the total color. If, for
instance, the beam that strikes the blue phosphor is suppressed, allowing
only the red and green phosphors to glow, to the human eye the red and
green will blend together to form bright yellow. By varying the brightness
of one or more electron beams, the color pattern changes accordingly,
which means that every possible color in varying brightness can be
generated. When the camera scans a bright image, the transmitted signal
has a higher voltage than when scanning a dark image. The electron beam
in the tube immediately responds and the same relative brightness also

appears on the screen, pixel by pixel.
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Luminance and Chrominance Signals. When color transmission became a
reality, it was decided to make the color TV transmissions compatible with
the existing black-and-white TV. The black-and-white sets should then be
able to receive the color TV transmissions and display them as normal
high-quality black-and-white signals. In order to achieve this, the color
images are split up in brightness (luminance) and color (chrominance)
signals before they leave the transmitter.

The brightness or luminance signal. The brightness or luminance signal
(Y) 1s transmitted via normal, full bandwidth, enabling a black-and-white
TV to show a normal black-and-white picture. The white light needed for
the luminance signal is made up out of 30% red, 59% green and 11% blue.
The color or chrominance signal. Apart from luminance, two other
characteristics make up a total color. First, there is the hue, which is the
actual color (blue for example). Second, there is the saturation of the color,
which is the depth of color, that makes the blue a light or a deep blue. The
hue can vary from deep to pale, and the amount of color is its saturation.
On a TV, a less saturated image has more white.

The chrominance signal (C), which contains the hue and saturation, is
modulated to a special color-difference signal. Since the luminance
information is already being transmitted, the color signal doesn’t need its
brightness information anymore. The three color-difference signals are
therefore: red minus the luminance signal (R-Y), green minus the
luminance signal (G-Y) and blue minus the luminance signal (B-Y).

There is no need to transmit all three color-difference signals because when
two ratios of the total chrominance signal are known, the third one can be
calculated. For example, when there is 50% blue and 40% red in a specific
color, the green must be 10% (50% + 40% + x = 100%; x = 10%). The two
color-difference signals chosen for transmission are the R-Y and B-Y. The
G-Y 1s omitted for signal-quality reasons. Since the Y-signal is made up out
of 59% green, G-Y must have the smallest difference signal. The relatively

small G-Y signal would be more vulnerable to noise in the transmission
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system than the larger R-Y and B-Y signals. Only using two of the three
color-difference signals leads to a decrease in the amount of information to
be transmitted.

Cross Color and Cross Luminance. Sometimes the luminance and
chrominance signals are mistaken for what they are in the TV set. It can
happen that Y signals are seen as C signals and the other way around. Cross
color occurs when a luminance signal is mistaken for a chrominance signal.
This becomes visible in picture patterns with regular structures of lines
close together, such as checkerboard patterns.

When a chrominance signal is mistaken for a luminance signal, it is called
cross luminance. It appears as a colorless "string of pearls" at edges of
colored areas. Filters which improve separation of these signals are called
comb filters and may be analog or digital filters. The digital comb filter is
an improvement on the analog filter as it is better able to separate the Y and
C signals.

Color Transmission Systems. After the color-difference signals R-Y and
B-Y are modulated, the two are mixed to one signal in the transmitter.
Demodulating the same signal in the receiver is a rather complex process,
which has been solved in different ways in different countries. This has
resulted in three major non-compatible systems worldwide, which are
NTSC, PAL and SECAM.

NTSC. Around 1950, the NTSC system was developed as the first color TV
standard. This basic color system works well, and after 40 years is still in
use in North America and Japan. NTSC stands for: National Television
System Committee, which was the organization that defined this color TV
standard. NTSC is based on 525 picture lines and 60 Hz (60 scans across
the screen in one second). The major problem with NTSC is that hue errors
might occur. In order to correct this, all NTSC receivers are equipped with
a special hue control.

PAL.PAL stands for: Phase Alternating Line and was introduced 15 years
after NTSC. The system is based on 625 lines and 50 Hz. It has more
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picture detail than NTSC, because it uses 100 more lines and is able to
write colors with greater accuracy. If there is a color distortion on one line,
it will correct this on the next line by reversing the error. If, for instance,
the intended green shifts to a yellow, on the next line it will correct this
with a reverse error. The result is that the next line will be cyan (blue-
green), which results in an optical green; the yellow and cyan will blend to
green.

The major disadvantage of the PAL system compared with NTSC, is that it
makes use of 50 scans per second rather than 60. This results in flicker and
a more unstable picture. However, the problem of flicker is solved when
the raster frequency is adjusted to 100 Hz (100 scans per second). PAL is
the most common system in most of Europe and Asia.

SECAM.SECAM or Sequence Couleur a Memoire, (which translates as
color sequence in memory) was developed around the same time as PAL.
Whereas with both NTSC and PAL color errors still occur, with SECAM
there are no color errors. SECAM is used in France, Eastern Europe, Russia
and Africa.

The systems are not compatible because of the difference in the number of
lines and the raster frequency, and the way they handle color reproduction.
For those who want to watch movies recorded in a different standard, TVs
and VCRs have been developed which are able to handle two or three
systems. Conversion of TV, satellite or cassette programs to other systems
results in lower quality.

Ynpasxcnenue 3. Omeemovme na cnedyromue 60Nnpocoul 6 coomeemcmeuu

C codepafcanuem npoYuUmMmanHHnO20.

1. What is the central element of any audio/visual setup? 2. What is the
central component of a TV set? 3. What basic components does a cathode
ray tube consist of? 4. Where are the essential parts of the cathode ray tube
positioned? 5. What is the inside of the screen coated with? 6. What does
the electron gun produce? 7. What does the shadow mask look like?

8. What is the function of the deflection coil? 9. How does the electron
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beam move? 10. How is the picture created? 11. What two kinds of
synchronization do you know? 12. What is the difference between a black-
and-white tube and a color tube? 13. What makes up a total color?

14. When does cross color occur? 15. What three color transmission

systems do you know?
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