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MPEAWCJIOBUE

YuefHUK aHIVIMHCKOTO $13bIKa A TEXHHYECKHX BY30B COCTaBJEH
B COOTBETCTBHH C TpeGOBaHUAMHU AeHCTBYIOmEH NporpaMmsl 1o aHIJHH-
CKOMY fI3BIKY JJs1 HEes3bIKOBBIX CHellHaJbHOCTEH BRICHIMX Yy4YeOHBIX
3aBefleHu#l U MpejHa3Hauer /s BTOPOro 3Tana o0y4yeHHs CTYAEHTOB, Clle-
IIMaH3UPYIONIHXCS B 00JACTH 3/ME€KTPOHHOM TeXHHMKH, 3JeKTpolpuGopo-
CTpPOEHHS, aBTOMATHKH, BBIUNCIUTEILHON H H3MEPHTENbHOH TeXHHKH, Te-
JIeMeXaHHKH, 3JIeKTPOTEXHHKH,CHCTEM yIIpaBJIeHHsl X IPOrPaMMHPOBaHHUS,

YueGHuK npeacTaBiasieT cofOH KOMMJeKC Y4eOHBIX MaTepHaJoB,
OpPTraHH30BAHHBIA B COOTBETCTBMH C KOHKDETHBIMH 3aflayaMH H YCJIO-
BHSMH o0yueHHs, UMelomull cBoell Lenblo GopMHpOBAaHHE y YHalIUXCSA
HABHIKOB U yMEHHH B Da3/MYHBIX BHAAX peueBoH AeSTEJbHOCTH.

OcHoBHOH Le/bl0 yueOHHKA fBAseTcA ofyueHHe YTeHHI0O U MOHHMA-
HHIO CMEHaTbHOIO HeajallTHPOBAHHOIO TEKCTAa HA aHTJHACKOM s3hIKe
6e3 ciosaps (WAIH C OTPAHMYEHHBIM €r0 HCNOJb30BAHHEM) JJS NONyUe-
HHUA HeoGxonnMOH HHGOPMANUH U BelleHHI0 Oecefibl MO CHeNHaILHOCTH,

Tekcrhl yue6HUKA B3SIThI U3 COBpeMeHHOH TeXHHYECKOH OpHIH-
HaJbHOH JIHTEpaTypH Ha AHIVIMHCKOM $i3blKe N0 OCHOBHHIM NPOGMJIH-
PYIOIIMM J[HCUHIIMHAM TEXHHYECKOTO By3a.

YueGHHK COCTOHT U3 BBelleHHS, OCHOBHOTO Kypca H KpPaTKOro rpam-
MATHUECKOI'0 CHPABOYHMKA. ’ '

OCHOBHOH KypC COCTOHMT M3 miecTd rJas: I'naBa I — DmexkTpuuecTso
n marnerusM; [yaBa Il — DnekTponnble npuOOpbl H 3JEKTPOHHAS
texuuka; [maBa 111 — BeluncanrennHas rtexuuka, Isasa IV — Pa-
IWOTEXHUYEeCKHe LleMH H H3MepHTeslbHasd TexHHKa; [maBa V — Dnek-
TPoaBTOMAaTHKa H TeleMeXxaHuKa; [vasa VI — Cucrembl ynpasieHus
H [OporpaMMupoBaHHe.

Kaxkneift ypok conepxur yueOHBI MaTepHal I/ CAMOCTOSITENbHOH
paboTel, A1A KJAacCHOH paGOThl TIOA PYKOBOACTBOM TpemnofaBaTess,
rpaMMaTHyecKue yHpaKHEHHs.

TexcThl ypoKa TeMaTHUeCKH B3aHMOCBSi3aHbi, YTO HO3BOJMSET H3Y-
yuth A0 30 HOBHIX JIEKCHUECKHX eNHHHIl Mo Kaxkaok Teme. Bosaniuoe
BHUMaHHe B yueOHHKe ylensercs BBIpaGOTKe HABLIKOB H yMeHHH B pas-
JIMUHBIX BHAAX YTEHHS, KoTOpas obecneyusaeTca paspaboTaHHOH cHcTe-
MOH MeTOJHYeCKUX NPHeMOB, peajH3yeMbiX B yIpaKHEeHHsX. 1o clo-
co6cTByeT pasBHTHIO Yy ydalluXcsl yMeHHMH OBICTPO OpPHEHTHPOBATHCA
B TEKCTOBOM MaTepHaJjie H H3BJeKaTh OCHOBHYIO HH(OpMALHIO TOo cre- -
nuagbHocTH. TeKcThl, NpefHa3HauyeHHble. AJIsi OOyYeHHs] UTeHHIO, HC-
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NOMb3YIOTCA TAKXKe H KaK OCHOBA JAA OGyueHHs YCTHOH peun 1pm
ofCyKIeHHH, HHTEpPNpeTaluy colepKaileHcss B TeKcre HHpOpMalHMy,
CXeM, MpHMeHAf JeHOTaTHBle IVaHbl BBICKa3blBAHUA U CO3JlaHHEe
Kadenpoli AuadHIBEMEL.

Paspen Independent Work Bkitouaer mnpenTeKCTOBHE yhpaxKHe-
HHS, TEKCTH AJS NPOCMOTPOBOTO H O3HAKOMHTENbHOTO UTEHHS, 3afa-
uus. Ilpu npocMorpoBoM urennu (Skimming Reading) paercs ycraHoB-
Ka Ha NOHMMaHHe IVIaBHOH HAEH TeKCTa, HAa CONOCTABJEHHE OTIeJbHBIX
3/1eMEHTOB TEeKCTa C IEJbI0 HAYYUTH CTYAEHTOB ONpefiesiTh OCHOBHYIO
HH(bOPMALLHIO M KpaTKO H3aarath ee. O3HakoMuTeNbHOE YTeHne (Average
Reading) mnpennonaraer BbisiB/eHWe 3/€MEHTOB TEKCT4, HECYIIUX
TJIABHYIO H JONOJHHTCAbHYIO HHpopmauumio. st obobmeHns uHOop-
MatlHH H Iepejaud OCHOBHOTO CONEDP:KAHUWA TeKCTa BHITOJNHSAIOTCS COOT
BETCTBY!OLIHE 3afaHusl.

Crynentam pexkomenjyercs IMPOBOJAMTE CAMOCTOSITENbHYIO —paGoTy
B JHHradoHHOM KaCuHeTe: NPOCJyLIMBAHHE MAarHHTOGMOHHBIX 3alHCeH
IpeTEKCTOBLIX YHPa)KHEHUH M TEKCTOB JJs1 IPOCMOTPOBOTO W O3Ha-
KOMHTeJBHOTO YTEHHA ¢ [OCJEeAYIOUNM YTeHHeM HX M BBIIOJHEHHEM
NOCJIeTEKCIOBBIX 3afiaBuf.

Pasgen Classwork ‘cocrout u3 ﬂpeIlTeKCTOBbIX ynpaxKHeHHi, Tek-
CTOB 1JIf H3YHalOIIero M NOUCKOBOTO uYTeHHs, 3ajaHuii. Mayuaromee
yreHHe (Close Reading) tpeGyer oT cryieHTta TInaTenbHOro aHajin3sa
CTPYKTYDHBIX H CeMAaHTHUYeCKHX CBsi3ell B KaKJAOM OPENJIOKEHHH, BbI-
SIBJIEHUA OTHOHIEHHS aBTOpa K H3/0XKEeHHOMY MaTrepHaly H onpejesne-
HHSl CBOErO OTHOUIEHHS K HeMy. Pe3yjbTaTtoM Takoro BHIa UTeHHUS

~[OJLKHO GBIThb MaKCUMaJbHO TOUHOE NOHUMaHME cojepikalleficss B TeK-
cre HH(OpManuH, cocTaBleHHe pedepata H aHHOTAUMH TeKcra. 3aja-
HUS K TEKCTy HOCAT TBOPUECKHH XapakTep.

[lIonckoBoe urenme (Searching Reading) mnpeanonaraer nouck
HYKHOH HH(OpManuH: N0 TeMe B TeKCTe H JONOJHHTeNbHOH HH(OpMauuu
B XKyPHANax [0 CNELHANBHOCTH. TEKCTHI JJIs HOMCKOBOTO UTEHHS PEKO-
MEHAYeTCH HCNOJb30BaTh JJIS BHEAYAHTOPHOIO YTeHHs.

Texcrel yue6HHKa cofepKaT HHGOPMAIUIO, B KOTOPOH OCBEIIAIOTCSA
COBpPeMeHHbIe JOCTIKEHHUA B OOJACTH HAYKH H TeXHHKH, 4YTO BO3OYX-
JlaeT y CTYJEeHTOB NpodecCHOHAbHEIH HHTEpec K H3YYeHHIO TeKCTOBOTO
MaTepuasa. '

Taxum o6pa3oM No TeMe ypoKa BBOAATCHA TEKCTH A1 PA3HOrO BHAA
uTeHNUs, HauuHaa c GoJjiee JIETKHX LIS CAMOCTOATeNbHOH paboThl CTy-
IEeHTOB K OoJiee CTOXKHBIM Ji15t HX JeTalbHOTO aHajusa. Takas roce-
JIOBATEJILHOCTh BBOJAA YueGHBIX TEKCTOB PEKOMEHAYeTC COBPEMEHHOMH
METOJLMKOH 00yUeHHA MHOCTpaHHbIM sizblKaM (cM. pabote C. K. ®osom-
kuHOl, M. B. Jlaxosuuxoro, M. A. 3umnuell) 1 npakTHKON oOydYeHHH
HHOCTPAHHOMY fA3BIKY B TEXHHYECKOM By3e. YueOGHHIH MaTepHa] Kak
IUI CAMOCTOSATENbHOR, TaK M JJa KJaccHOH paboThl peKoMeHZyeTcs
NpOBEPATL NpeNnofaBaTe/io BO BPeMs 3aHSATHH.

Becb Meropnueckufi anmapar yueOHUKAa (NpENTEKCTOBble yIpax-
HeHHs, 33/aHHs NOCJe TEKCTOB) CTaBHT CBOEH 1Llesbio ofyueHHe YTeHH!IO,
rOBOPEHHIO, ayJUPOBaHHIO, NHUCbMY. 3aflaHus aKTHBH3UDYIOT yueb-
HYIO JIesiTeJIbHOCTh CTYAEHTOB, pasBHBAOT yMeHHe (pOPMHPOBaTh YCJIOB-
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1IO-HEMOATOTOB/JEHHblE BBICKAa3bIBAHHS Ha AHIVIMACKOM fI3BIKE, CO-
371a10T NPEAMETHOCTb PEueBOro BLICKA3bIBAHMS, CIIOCOGCTBYIOT MpouUeccy
ofleHHsl MeXIy CTY[AeHTaMH, MAaKCHMaJbHO NpPHOJMIKAs €ro K peue-
BoMy oOOLIeHHIO. 3ajaHHs Ha peanusaiyio NpoGJeMHBIX CHTyaIui,
onucaHue cxem H Oecelb! pPasBHBAIOT MBICAMTENBHYIO  JESATEJLHOCTD
CTY/IEHTOB, CO3Jal0T HAAEKHYIO OCHOBY VIl BeleHHsl IUCKYCCHH MO
cnenyajbrocTd. IlpuoOpereHHble YMEHHSI ¥ HaBBIKH NPENoiaBaTeNb
MOXET HCIOJb30BaTh BO BpeMs y4YeGHOH HIPHI 10 CIEIHAaJhHOCTH.

19 XOHTpO/IA IOHUMAHHUA TeKCTa MOXKHO HCNO/b30BATh JCHOTATHbIE
n/7aHel (CXeMbl) TEKCTOB, B KOTOPHIX B JIOUMUECKOH [OC/IENOBATENbHO-
CTH pa3sBepThlBaeTcsl cofepkaHHe Tekcra. OHM HOMOTAIOT CTYAEHTaM
B ONpeJeNeHHH CONepPKaHWS TeKcTa, B (OPMHPOBAHUH CTPYKTYpPHI
MOHOJIOTHUECKOTO H JAHAJOTHUECKOrO BLICKA3BIBAHMSI NIO TeMe TeKCTd.
[IpenosaBaresn KadeAp HHOCTPAHHBIX f3LIKOB TEXHHUECKHX BY30B
MOTYT COCTABHTH JAEHOTATHBIE IJIAHBI K KAXKJAOMY TEKCTY, BHIIEJAS He-
o0xofuMble CI0BA M CJOBOCOUETAHHS HO IUIAHY BHICKA3BIBAHHSA.

I'pammaTHUecKHe yUpaKHeHUs] [peAHa3HayeHbl JJIs  BRIPAGOTKH
HaBbIKa PaClO3HABaHMsl M IepeBofa TpaMMaTHYeCKHX SIBIEHHH, BcTpe-
Y2IOIMXCS B TeKCTaX yueOHMKa. OHM MOTYT ObITb BBIIOJHEHH CTY/EH-
TaMH CAMOCTOSITEIbHO M TOJ KOHTpoJieM TipenopaBarensti. Jasi  Kou-
CyJbTAllMH NPH BLINOJIHEHWH 3THX VIPAXKHEHHH MOXKHO HCIOJL30BATh
KpaTKUH rpaMMAaTHYeCKHH CNIPDAaBOUHMK B KOHIE yueOHHKA Win Ji06oi
yuebHHK 110 IpaMMaTHKe aHTJVIHHCKOrO s3bIKA.

Bce TeKCTHl YDOKOB M YIpaXKHEHHMS, IpelHa3HaueHHble Aasd o6y-
YeHHsl YCTHOH peud, DEKOMEeHJAyeTcsl HAuMTaTh Ha MarHUTO(OHHYIO
JIEHTY KBaJu(HUHPOBAHHBEIM JUKTOPOM.



INTRODUCTION

ENGINEERING RISES TO A NEW STAGE

The 27th Congress of the CPSU points out that acceleration in
the growth rate of Soviet engineering is the main direction in the
long term development and that it serves as a backbone for progress
in science and technology in all branches of the national economy.

Everyone knows about the contribution which Soviet scientists
have made to mathematics, mechanical engineering, physics, chemist-
ry, and the theory of automatic control — areas of knowledge which
will make up the engineering of the future. This country has made
undoubted progress in the peaceful exploration of space and in the
branches of engineering producing machines for power engineering,
metallurgy, transport, and other industries. Over the past few years
new technologies and equipment have been des1gned for most bran-
ches of engineering.

Nevertheless we interid to make further sharp increase in the
rate of progress in science and technology, to deepen fundamental
research and to speed up the introduction of scientific development
in engineering practice. ’

There are many lines along which the scientific and technological
progress will continue in engineering. They all can be grouped to-
gether into two main headlines. Firstly, it is automation, including
“the creation of ‘‘unmanned’ industries. Secondly, it is raising of the
reliability and extending the service life of machines.

In the near future the traditional equipment is to go through
substantial changes. It should be modified so that it could oper-
ate in tandem with automatic systems and industrial robots. Control-
led machines based on microprocessors and microcomputers should
be introduced on a large scale. Machines are being designed so as
to take into account the changing operating conditions.

The main task now is to ‘‘teach’ machines to operate without
man’s presence. They should be able to position the workpieces whose
types and sizes can change from hour to hour. They should also be
able to select the mode of machining and themselves to control the
quality of their own operations.

Intense work is being carried out on new robots. What we need
is not merely manipulators which can take up a workpiece and pass
it on, but robots which can identify objects, their position in space,
etc. We also need machines that would trace the entire process of
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production. Some of them have been designed and manufactured.
They can automate the process of positioning of the workpiece in
the machine, give commands at various stages of production and
check the precision of manufacture.

The use of a computer is known to provide a vast opportunity
for finding answers to many of most complex social problems as
well. During the next 20 years computers are expected to make an
explosion in the social sciences comparable to that which we saw
in the past half of the 20th century in the physical sciences.

To understand these possibilities of the future, we should first
consider the tendency of today’s computer technology and the nature
of the system to be used. These systems will be considerably smaller
then today’s and they will perform far more complex functions.
Their operating speeds will be measured in nanoseconds. A nanose-
cond is to a second as a second — to 30 years. These computers of
tomorrow will respond to handwriting, to images, and to spoken
commands. They will communicate with one another over any dist-
ance. They will recognize a voice, a face or a symbol among tens of
thousands.

A link-up of computers will be accomplished through communica-
tion satellites; high-capacity transistorized cables, microwave insu-
lated tubes, as well as standard telephone and telegraph links. In
these systems data will move thousands of times-faster than in today’s.
In the future, laser beams will be used to transmit vast quantities
of information in the form of light through special cables.

At present scientists are working upon another very interesting
problem connected with electronic computers —a chemical memory
system which would be better than the electronic memory system.
The chemical system will make it possible to store a million bits
of information (such as codes, symbols, and formulas) on three square
centimetres of paper.

Soviet society is to reach new heights on the basis of accelerating
its social and economic development. This means: raising the na-
tional economy to a basically new scientific-technological and organi-
sational-economic level, gearing it towards intensive development;
achieving the world’s highest level in productivity of social labour,
quality of output, and efficiency of production; ensuring an optimum
structure and balance for the integral national ecomomic complex
of the country.



Chapter 1. ELECTRICITY AND MAGNETISM

Lesson 1. BASIC CONCEPTS OF ELECTRICITY AND MAGNET IS\

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises,
Text A. Charging a Body.
2. Average Reading.
Text B. Electricity and Magnetism.
Assignments.
11. Classwork.
3 Close Reading.
Pre-text Exercises.
Text C. Basic Electric Concepts.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. 1. Magnetism. 2. Rules for
Direction of Current and Motion,
Assignments.
II1. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

L. a) Listen and repeat after the speaker. b) Practise the pronuncia-
tion of the following.

fo:] law, draw; [ju:] new, few; [au] down, town; {ou] snhow,
show; {o] was, want; [0:] war, warn; [:] work, word.

What, wash, low, drew, drawn, grew, grow, grown, world, ward,
blew, window, brown, blow, glow.

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the
speaker.

Ma’terial; phe’nomenon [f], (p/) phenomena; manife'station [({n];

‘magnetism [&]; in'duction [A]; practical [@]; period [plarlad],
telegraph [f]; telephone [f]; Coulomb ['ku:lom]; ma’chine [i:]; as’so-
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ciate [f]; chemical [k]; ’concentrate [s]; oxide [oksaid]; sulphate
['salfeit]; pro‘portion; arc [a:k]; ‘energy [d3], nature [tfs], ‘tran-
sport [e].

111. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

I. Certain [so:tn] onpemenenuwifi; amber [a] sHTapp; glass [a:]
crexao; fur Mex; capacity [#] cnoco6HocTh; cork npo6ka; ability
cnocobHocTh; lodestone MarmuTHBI kenesHak; etc, [it ‘setrs] u 1. A.;
quantitative laws [0] [5:] KonmuecTBeHHble 3akoHbl; induction uHayK-
nug; prior to [‘praid] xo; increase [s] v. yBeamyHBaTh; current revo-
lution coepemennas peso.iouns; notably ['noutebli] ocobenno; rub v.
Tepeth; silk mesnx;

II. Acquire [¢"kwais] npuoGperath; a bit of paper Kycouek Gymaru
similarly mogoGubiM ofpasoM; iron ores [d:z] xenesHass pyja; ancient
[§] times npeuue BpemeHa; get weaker [i:] cnaGertn; investigate v.
nceaenopath; the only enuncrsennbif; the lightning rod monnueorsoa;
expend v. ysennuuBaThesl (B ofbeMe); ever-increasing control sce Bos-
pacTaroliee yrpasJieHHe.

IV. a) Give English equivalents to the Russian words and word-com-
binations in brackets and translate the sentences into Russian. b) Check
yourself listening to the complete sentences after the speaker.

1. When we rub (onpenenennnbie) substances, notably (sHTapn)
and (ctexkno) with (wenk) or (mex), they (upmo6peratn) the (cnoco6-
HocTb) to attract small (kycouku 6ymaru) and (npo6ka). 2. This (sBye-
nue) is the manifestation of electricity. 3. (ITono6ueiM obpasom), the
ability of certain (xkenesHas pyna) such as (MarHuMTHBIA Kese3HSK)
to attract small bits of iron is a manifestation of magnetism. 4. All
these things were known from (apeBHue Bpemena). 5. Most of the basic
(kouuecTenHble 2akonwl) of electricity and magnetism were discove-
red between 1784 and 1831. 6. Michael Faraday discovered magnetic"
(unayxnus). 7. (Jo sroro) the only practical electrical (usobperenue)
was the (monnueorson). 8. The practical utilization of electricity (yse-
smuuBaTe) rapidly with the development of the telegraph, the tele-
phone, incandescent lighting and electric motors. 9. Uses of electricity
(pacupaTe) to this day with the (coBpemennasi pesoonus) in
microelectronics. 10. Microelectronics gives us (Bce Bospacraroliee
ynpaesenue) over the machines.

Text A
CHARGING A BODY

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

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

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

2. Average Reading
Text B
ELECTRICITY AND MAGNETISM

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find
the part of it dealing with the descriptions of electricity and magnetism.

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

Although these simple electric and magnetic phenomena have
been known since ancient times, most of the basic quantitative laws
of electricity and magnetism were discovered between 1784, when
Charles Coulomb investigated the forces between charged objects,
and 1831, when Michael Faraday discovered magnetic induction.
Prior to this 50 year period of discovery, the only practical electric
invention was the lightning rod of Benjamin Franklin (1752). After
this period, the practical utilization of electricity increased rapidly
with the development of the telegraph (1844), the telephone (1877),
incandescent lighting (1880) and electric motors (1887). Uses of ele-
“ctricity have continued to expand to this day, with the current revo-
lution in microelectronics giving us ever increasing control over the
machines.

ASSIGNMENTS

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

I1. a) Skim through the Text B and find the part of it dealing with
the fundamental forces of nature. b) Discuss the information with your
fellow-students.

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

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

1. What is the way to charge a body negatively or positively?
2. What capacity did amber and glass aquire when rubbed with silk
or fur? 3. What is magnetism? 4. When were the basic quantitative
laws of electricity and magnetism discovered? 5. When did C. Coulomb
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investigate the forces between charged objects? 6. When did M. Fara-
day discover magneticinduction? 7. What was invented by B. Franklin?

V. Be ready to discuss the information obtained from the Text B.

VI. Make a short summary of the Text B.

VII. Speak on the Text A and the Text B according to the following
plan:

1. The manifestation of electricity.

2. The most important development in electricity.

VII1. Make up a short dialogue on the following situations:

1. A few students make an experiment with different materials
to receive electricity.

2. Professor asks the students about history of electricity and
- magnetism.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

1. Be sure that you know these words.

Associate v. cBsisbiBaTh; mention ynomuHath; application npucno-
cobaenue, npumenenue; act along aeHCTBOBATL CaMOCTOSTE/BHO; OWN
coberBennblit; thin Torkuf; solid Teepawif; event coOwiThe; numerous
MHOTOUHCJIeHHBI, however olHaKo, presence mpHcyTcTBUE; yet Bce xe,
eme; retain v. ylepuBaTh, coxXpassiTb; permanent noctosuubid; libe-
rate v. ocBoboxkzath; e. g. (for example) Hampumep; obvious ouesua-
el exert v. okasmBaTh jefictsue; heat v. Harpesats; surface ro-
BEpPXHOCTb.

I1. Memorize these words and word-combinations used in their speci-
alized meanings. :

Device npu6op; sound 3Byk; loud speaker rpomkoroeoputess; lead
cBMHel; purity v. ouniats, resistive pesucTuBHBI, HMeOLKA conpo-
tusnenue; deposit ocaxparte; silver cepe6po; electric fire anekTpuue-
ckas neub; electric current snexkTpuueckufl TOK; copper Melb; wire
nposon; plate v. noxpeiath; solution pacteop.

111. Find these word-combinations and terms in the TextC and trans-
late the sentences containing them.

Lead-acid battery KucsoTHo-cBuHLOBas Gartapes; fork lightning
moanus; sufficient to melt gocratouno, uto6el pacniaBuTh; arc welding
ayrosasi cBapka; to glow red hot packanmueaThb nokpacma; candlestick
nojceeunrK; gimlet GypaBunk.

IV. Give English equivalents to the Russian words inbrackets. Trans-
late these sentences.

1. An electric (neus) is the most (oueswnubii) example of the heat-
ing effect of a current. 2. This wire (packanen fjokpacua) as the current
passes through it. 3. If the wire is very (toukufi) it is heated (noGesa).
4. A great proportion of light to heat is released as in the tungsten
(BosbpamoBasi Jamna Hakanusanus). 5. Electrolysis is used (ounmars)
metals such as (venn). 6. The element of the fire is just highly (pe-
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3HCTHBHBIN) wire. 7. During (myroeas ceapka) and (vouamus) large
(komnuecteo) of electrical energy are concentrated and give tempera-
ture (mocratouHo, uToGH pacmiaBuMTb) metals.

Text C
BASIC ELECTRIC CONCEPTS

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

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

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

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

Loudspeakers and electric motors are other applications of elec-
tromagnetism.

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

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

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

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

ASSIGNMENTS

L. Read the Text C attentively and answer the following questions.
1. What do we associate electric current with? 2. How many effects
of an electric current are there? 3. What is the magnetic effect of cur-
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rent? 4. What can make the forces thousands of times greater then the
currents acting along? 5. What applications of electromagnetism do
you know? 6. What may become permanent magnets? 7. When does
the acid become more concentrated? 8. What is the result of the battery
discharge? 9. What is electrolysis? 10. What is the most obvious re-
sult of the heating effect of a current? o

II. Read the text again and ask additional questions embracing
its contents.

I11. Analyse the sentences containing the main idea of the text.

IV. Comment on the author’s attitude to basic electric concepts.

V. Read the text and find the part of it describing three basic effects
of electric current and examples of electromagnetism™ and chemical effect
of current.

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

VII. Make up a plan of the text using the active vocabulary of
the lesson.

VII1I. Retell the text according to your plan.

IX. Express your opinion of the text from the point of your
knowledge of this topic.

X. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

I. Match the following English words and word-combinations
with the Russian ones.
to be familiar with npsmo#t yroa

femporary magnet O6ypaB4HK .
permanent magnet CpeiHHH naJer
observe npasasi pykKa-
thumb MeHSIThb  HANpaBJIeHHe
forefinger yKasaTeJbHBIH  MaJjell
right hand HabJTofaTeNb
reverse Gosbmolt  masery
gimlet ObITh 3HAKOMBIM C
middle finger [OCTOSIHHBIA MAarHuT
right angle MATHHT C BPEMEHHBIM
. MarserusmoMm (3JeK-
TPOMATHHT)
Text D

t. MAGNETISM

1. a) Read the Text D and say what it is about. b) Review the text.
Anyone working in the field of electricity must be familiar with
the principles of magnetism because generators, transformers and .
motor depend on magnets and magnetism for their operation.
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; Magnetic field  Current A magnet is either . perma-
WI/"{ et N\ _direction nent or temporary. If a piece

‘_0 ) }J"\_ of iron or steel is magnetized

and retains its magnetism, it

i 'U is a permanefnt magfnet. A com-

: ; ctrici pass is one form of permanent

Fig. 1.1, Thea;edlz;;;ogzetg;z?en electricity magnet. Others with which you

, are probably familiar are horse-

shoe-shaped magnets and bar magnets. Each one of these magnets

has a north magnetic pole and south magnetic pole; in fact, all magnets
have a north and a south poles.

When current flows through a coil, a magnetic field with a north
and a south pole is set up justlike that of a permanent magnet. How-
ever, when the current stops, the magnetic field also disappears.
This type of temporary magnetism is called electromagnetism. Perma-
nent magnets are used for the magnetic field necessary in the opera-
tion of small, inexpensive electrical motors.

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

2. RULES FOR DIRECTION OF CURRENT AND MOTION

I1. Read the text and find the part of it describing the methods of
determining direction of the lines of force.

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

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

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

ASSIGNMENTS

I. Answer the following questions embracing the contents of the Text D.
1. Why must anyone working in the field of electricity be familiar
with the principles of magnetism? 2. What kind of magnets do you
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Kknow? 3. What do all magnets have? 4. What is set up in a coil when
current flows through it? 5. Whereare permanent magnetsused? 6. Where
is electromagnetism used? 7. How can we determine the polarity
of an electromagnetic solenoid? 8. How can we determine the direction
of the lines of force set up around a conductor? 9. How can we deter-
mine the direction of an induced current in a conductor that is moving
in a magnetic field?

I1. a) Examine Fig. 1.1 and describe it. b) Answer the questions.

1. What does Fig. 1.1 show? 2. What does electricity flow through?
3. When are magnetic lines of force created around the wire? 4. When
is electricity created in the wire?

I11. Speak on:

1. The Principles of Magnetism;

2. Rules for Direction of Current and Motion.

IV. Ask some questions on the text.

V. Prepare a dialogue on your own situation.

V1. Express your opinionof the text. Does the text prove that genera-
tors, transformers and motors depend on magnets and magnetism for
their operation?

VIL Look through the latest magazines and find information on
basic electric concepts describing all kinds of devices with electric
current.

111. GRAMMAR EXERCISES

I. Analyse the structure of the following words and give their
initial forms.

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

I1. Give the degrees of comparison of the following words.

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

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

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

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

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

1. The education system in the USSR differs greatly from that
in capitalist countries. 2. The aeronautics is one of the many branches
of mechanical engineering, the one that is the most interesting to me.
3. The more I read about this event the less I understand it. 4 This
problem is not so difficult as the one that we solved last time. 5. He
studied this subject as much as possible. ‘
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V. Find Infinitives and Gerunds in the following sentences. State
their functions and translate them into Russian. _

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

b) 1. Before switching on current for a test the circuit should
be thouroughly checked. 2. On joining the upper ends of the metals
with a metal wire we caused the current to flow through the wire.
3. In this case the reading will fall slowly after reaching full load.

4. In making permanent steel magnets we must prepare steel of high
quality.

Lesson 2. ELECTRICAL UNITS AND CIRCUITS

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Current and Resistance.
2. Average Reading.
Text B. Voltage.
Assignments.
I1. Classwork.
3. Close Reading,
Pre-text Exercises.
Text C, Fundamental Electrical
Units.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Ohm’s Law and Electrical
Circuits.
Assignments.
ITl. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

, I. a) Listen and repeat after the speaker. b) Practise the pronunciation
of the following.

[e1] main, way; [ed] chair, hair; [5:] cause, saw, law; [i:] mean,
treat; [e] head, read; [13] hear, ear; [:] heard, early,
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Exception: [A] aunt; [e] pleasure, treasure, measure, plea-
sant, but: [i:] to please; fe] threat, dealt, meant, wealth, health,
heaven, heavy, weapon; [e1] great, break; [ie1] create; [i:] to read,
to lead, leader; [19] real.

I1. a) Repeat after the speaker. b) Find words in the Text A with
similar pronunciation. ,

air, pair, fair, because, automation, applaud, applause, to read,
read, to hear, heard, to lead, ready, fo mean, meant, to
deal, dealt, lead, fear, clear, tear, earn, earth, heart, day, pain,
pay, laid, sea, stream, to measure, law, saw.

IT11. a) Make sure that you know these words. Say what Russian
words help you to guess their meanings. b) Repeat these words after the
speaker.

Ampere [‘2mped], ammeter [‘@mita], battery [e@], potential [(],
experimental |eks, peri'mentl], maximum [‘meeksimam], volt [voull],
voltmeter ['volt mi:tae], voltage ['voultidz], gene'rator [d7], pro’por-
tional, graph [gref], re'sult [a], con'ductor [a], value ['valju:]-
re'sistor {z], watt [wot)], effect [1'fekt].

IV. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

1. Stream nortok; particle yactuua; arrangement s0. coenunenue;
burn (burnt) v. ropets; calculate v. paccuuteiBath; circuit uens; con-
ductor npoeosHuk; connection coenunenue; current tox; deduce v. yc-
TaHaBIuBaTh; determine v. onpenensits; define v. ompenenaTs; mains
37eKTPHYECKasl ceTb, mmeasure V. uaMepsATh; match v. cONOCTaBAATD,
COIVIACOBbIBATH, ObEYy V. NOAUHHATBbCS (BHINONHATBCS); particular or-
IenbHbi; produce v. npoussouTh; quantity kosuuecTBo, BeNTHYMHA;
ratio oTHOWeHHe; raise v. NOZHUMATBL, rearrange mnpeoGpa3oBLIBATh;
resistance conpotusienue; equation ypaBnenue; experimental onmIT-
uuifl; flow (flew, flown) v. Teun; law saxon; low value wmasasn Benvunna;
to go dim (bright) saryxaTe (pasroparbcs); just below uytb Hmke;
electromotive force (e. m. f.) anexTpoasmkymas cuna; light bulb anek-
Tposamna; stream n. norok; suggest v. npeanarare; verification mnpo-
Bepka; potential difference (p. d.) pasnocts noTenmuanos; in series
(coennHsTh) mocsenoBaTesibHO; to be true GbiTh JelCTBHTENBLHBIM; be-
come significant craHoBHTHCH SHAUMTENBLHBIM.

II. set up v. ycranasnuate; drop v. majarb; just as Takke, Kak;
pressure JlasneHue; mean (meant) v. sHauuts; really jaeficTBUTENLHO;
force v. 3actaBasTh; energy per unit charge smeprus Ha eluHMUY 3apsi-
na; supply craOxath; liquid xugkocts; pipe Tpy6a; the same thing
TO Ke caMmoe; available B mamuuny; from one point to another ot opuoit
TOUKY K APYro#; source HcTouHmK; connect in line coenuusts nocaeno-
BaTe/BLHO.

V. a) Give English equivalents to the Russian words and word-combi-
nations in brackets and translate the sentences into Russian. b) Check
yourself listening to the complete sentences after the speaker.

1. An electric (ToK) is a (notok) of charged particles, which flow
in (npoponnuk). 2. We have just (ompenesuts) the unit of current.
3. A voltage (mpuaoxenroe) to a conductor in a circuit (cosnapats)
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a current. 4. The (otHomenue) of U to I for a (ornennHsi) conductor
is called the (comporusnenue) of the conductor R. 5. Ohm's (3axoH)
can be (spipaxken) in the experimental results. 6. In the graph we have
seen the (mpoeepka) of Ohm’s law. 7. (TIpeoGpasys ypaBHeHHe) we
have U = IR. 8. A high resistance (orpanuuusate) the current to a
(vanas BenuumHa). 9. Values of current (usmepsatbes). 10. A resistor
carries a current of 0.2 A when a (pasunua norenupanos) of 4.0 V
is applied across it. 11. Electrons move under the influence of (au1ex-
rponsuxkymas cuta — JC). 12. This equation (cnpaBensuBo)  for
resistors (BK/IOUeHHBE TNoc/enoBatelsho). 13. These (penuuuubl) are
(conocraBasts) with the current units. 14. In a parallel (ycrpoiicteo)
of resistors the following equation is true.

Text A
CURRENT AND RESISTANCE

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it. .

An electric current (/) is a stream of charged particles. In a con-
ductor the particles that move are electrons which are so small that
they can flow past the atoms without resistance. Current I is measured

in terms of the quantity of charge Q flowing per unit time —/ = %

The charge on a single electron is very small as a unit of charge.
Quantity of cherge is measured in coulombs (symbol — C) where
1 coulomb = 6.24 X 10® electron charges. We can now determine
the unit of current the ampere (symbol A).

A voltage applied to a conductor in a circuit produces a current.
One have found that for some conductors the current I directly pro-
portional to the voltage U, i. e., [ oo U.

This is Ohm’s law and it can be expressed in the experimental
results shown in the graph of Fig. 1.2a.

0 r 2 3 4 5 ILmA

3 b
|, Battery
2 ¢ I
1} = Lamg
| e
f 2 LmA \%
a e L

Fig. 1.2. Volt-ampere characteristics @ for high-resistance;

b low-resistance; ¢ using the voltmeter to measure p. d. across the con-
tacts of a lamp.
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The ratio of U to / for a partlcular conductor is called the
resistance of the conductor R: R_—— The unit of the resistance

is the ohm, symbol Q. The re31stance determines how much current
flows for a given voltage. Rearranging the equation we must have

U=IR or | =+

A high resistance restricts the current to a low value. When
the resistance is small the current is large (Fig. 1.20).

2. Average Reading
Text B
VOLTAGE

1. a) Listen to the text. b) Read it (time limit is 3 min.) ¢) Find the
part of it dealing with the source of energy.

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

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

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

Voltage is really a measure of how much energy is available to
force each coulomb of charge move from one point to another. Vol-

_ ) . __ joules
tage = energy per unit charge, i. e. volts = coulombs’

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

Voltmeters are used to measure potential differences. They are
not connected in line with the circuit but parallel to it between the
points that are being considefed (Fig. 1.2¢).

ASSIGNMENTS

L. a) Skim through the Text A and find the part of it dealing with
the measuring of current and the resistance of the conductor R. b) Discuss
the information with your fellow-student.
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I1. a) Find the part of the Text B confaining information ahout the
potential drop. b) Discuss it.

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

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

IV. Pick out the key sentences from the Text B. Translate the sen-
tences.

V. Entitle each of the paragraphs of the Text B using the key sen-
tences.

VI. Be ready to discuss the information obtained from the Text B.

VII. Make a short summary of the Text B.

VIII. Speak on the Text A and the Text B according to the following
plan:

1. Current and the quantity of charge.

2. Resistance. The unit of resistance.

3. The relation between resistance and current.

IX. Prepare a short dialogue on the following situations:

1. One of the students is Professor who gives to the other students
some problems to solve on the blackboard. Professor asks whether
their solutions are right or wrong.

2. Professor gives the assignments for multiple choice. (The assign-
ments are given below.).

Problems

1. During 8 seconds 36 coulombs of charge pass a point in a cir-

cuit. Calculate the current. (Solution: /= % =4,5 A. The current

flowing is 4,5 amperes,
2. A potential of 6V is applied to a resistor of 2,5Q. Calculate

the current. (Solutionz I=—Z— = 2.4A. Current in the resistor is

2.4 amperes.)

3. What voltage applied to a resistance of 40Q will produce
2.8A? (112V).

4. A resistor carries a current of 0.2 A when a potential diife-
rence of 4.0V is applied across it. What p. d. will produce 0.5A
if Ohm's law is obeyed? (10V).

Multiple Choice

1. The coulomb is a unit of what quantity?

(a) a current, (b) charge, (c) resistance, (d) voltage.
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2. Which of the following equations does not correctly describe
Ohm’s law?

() U=IR, () I=%, (R=UI(d) R=Y.

3. Which of the following quantities does an ammeter measure
directly?
(@) voltage, (b) current, (c) resistance, (d) charge.

4. Which of the following quantities are measured in volts?
(@) voltage, (b) p. d., (c) energy, (d) e. m. f.

5. Which of the following quantities is true for resistors in se-
ries?

1

(@) U=U,+U, b)I=1+1, (0 R=R1+R2’ (d) R=R—l+§2-

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

@) =7+ 0 [ =L+ 1y ©U=U+Uy () R=R,+ Ry

8. Which of the following are units of electrical energy?
(a) watt, (b) kilowatt hour, (c) joule, (d) ampere.

9. In a parallel connection of light bulbs to the mains when one
bulb burns out, what is the effect on the other bulbs?
(a) other bulbs go out, (b) little or no effect, (c) other bulbs go dim,
(d) other bulbs go bright.

10. If in question 9 the lamps were in series: what would the effect be?
Multlple Choice Answers: 1 (b), 2 (c), 4 (abd), 5 (ac), (acd), 7 (ab),

8 (be), 9 (b), 106 (a).

IT. CLASSWORK
3. Close Reading

PRE-TEXT EXERCISES

I. Be sure that you know these words:

Overcome v. npeofionieTh; cause V. 3actaBasith; external BHeurnui;
flow n. notok; apply npumensts; represent npeicrasnsite; reffer otno-
cuThCA; compare cpaBHMBATh; offer mpejarate; decrease yMeHblmath;
increase yBesnuuBath; in order to s Toro, uToGhl; cause BHI3HIBATH;
define onpenensite; encounter Berpevath(cs).

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

Pressure jfapneHHe, HanpspkeHue; measure mepa, usmepsty; direct
current nocrostHebIf TOK; alternating current nepemenmnbli Tok; circuit
uenb; resistarnice conpoturienue; external force BmemHss cuaa.

III. Find these word-combinations and terms in the Text C and
franslate the sentences containing them.
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Electric pressure anekrpuueckoe nanpspkenue; the unit strength of
an ampere eiMHHIA CHJbl TOKAa B oaun amnep; electromotive force
3JIEKTPORBIKYIIAS cula; power factor koadduuuent mouiHocTH; re-
sistive circuit pesuctuBnaa nems; electrical construction works smex-
TPHUECKHe yCTpofcTBa.

IV. Form nouns using the following suffixes.

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

" V. Find nouns with suffixes -ence, -ance, -ing, -ment, -tion in tke
Text C.

V1. Put questions to the words and word-combinations in bold type.
Translate the sentences.

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

Text C
FUNDAMENTAL ELECTRICAL UNITS

I. a) Read the Text C. b) Comment on the three basic electrical
units.

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

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

The ohm: All substances offer resistance to the flow of electricity
through them. This opposition, or resistance, is measured with aunit
called the ohm. The resistance of all metals increaseswith the increase
in temperature while the resistance of carbon, insulating materials,
and electrolytic solution decreases with an increase in their tempe-
ratures.
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The volt: In order to overcome the resistance of conductorsand
cause current to flow, an external force is necessary. This force
is commonly called voltage since the unit of measurement is volt. This
force is also reffered to as electromotive force or electric pressure. The
electromotive force that will cause a current of 1 ampere to flow
through a resistance of 1 ohm equals 1 volt. A kilovolt = 1,000 volt;
a millivolt = .001 volt; and a microvolt = .000001 volt.

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

ASSIGNMENTS

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

1. What are the three basic electrical units? 2. What is measured
in amperes? 3. What is measured in ohms? 4.What -is measured in
volts? 5. What is represented by the unit called the ampere? :

I1. a) Read the Text C again and ask additional questions embracing
its contents. b) Combine your answers into a short summary of the fext.

111. a) Find the part of the text containing information about
the ampere. b) Discuss it.

IV. Read the text closely and pick out the key sentences.Translate
the sentences.

V. Look through the text and find the part of it dealing with the

electromotive force.

V1. Read the text and pick out all fechnical terms. Translate them.

VII Comment on the author’s attitude to fundamentalelectrical
units.

VII1. Make up a plan of the text using the active vocabulary.

IX. Review the text in written form. '

X. Express your attitude to the fundamental electrical units.

XI. Translate the text to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

series circuit
parallel circuit

be connected in tan-

dem

(with the lines)

be connected across
the lines

control circuit

LEeNb YIpaBlIeH#s
pesyJbTHpYyIOLIEE CO-
IIPOTHBJIEHHE
oOLlUHBIe MarHHTHBIE
ycTpoHcTBa  yupaese-
HUSI  KOHTAKTaMH
Heu3BecTHAs BeaWYU-
Ha
oTJe/bHoe
JIeHHe

COTIPOTHUB-



conventional magne-  BemuuMHa  CONpOTHBJE-

tic contactor con- HHUSA

trols

static controls CTaTHYECKUE  yIpaBJs-
IOlMe yCTPOHCTBA

total resistance PeILUTL ypaBHEHUE

individual resistance  pemmTs sagauy

solve a problem noc/efoBaTebHas
enb

set down the equation coepunens uapan-
JIEJIBHO

missing quantity napanjiesbHas Helb

resistance value Ipyr 3a Jpyrom (mo-
C/1IeloBaTe b HO)

I1. Give the initial forms of the following words. Translate them.

Physicist, electrical, conductor, resistance, equation, directly,
resistive, alternate, alternating, stating, calculation, voltage, combi-
nation.

TextD
OHM’S LAW AND ELECTRICAL CIRCUIT

I. Read the Text D and tell about the basic ways of stating Ohm’s
law. Review the text.

Georg S. Ohm, a German physicist, discovered that the current
through an electrical conductor depends upon the amount of pressure
(volts) and resistance of the circuit components. These laws or equa-
tions are summarized in Fig. 1.3. They are directly applicable to any
resistive circuit, any resistive portion of a circuit, any d. c. (direct
current) circuit, and any a. c. (alternating current) circuit or portion
of an a. c¢. circuit with a
power factor of 100 %.

The basic ways of sta-
ting Ohm’s Law when [ =
= amperes, R = resistance
in ohm, and E = volts are:

1. E = IR or the voltage
is equal to the current mul-
tiplied by the resistance.

E? E
W R E IxR 2. I'= % or the current
E equals the voltage divided
I WxR by the resistance.
—VILZ -‘;—/ 3. R=—f— or the resis-
tance equals the voltage di-
Fig. 1.3, The summary of Ohm's Law. vided by the current.
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Fig. 1.4. The connections of electrical lamps:
a in series; b in parallel.

The electrical unit for power — the watt — may also be incorpora-
ted into Ohm's Law for further calculaticns. When W = watts, cur-
rent may be found by the following equations:

1. I = —‘Z— or the wattage divided by the voltage.

2. 1= i/—lg— or the square root of the wattage divided by the

resistance.
Voltage may be found by using the following equations:

1. E =-‘Z or the wattage divided by the current.

2. E = VW/ X R or the square root of the wattage times the
resistance.

Resutance; may be fecund by the following equations:
. R= EW or the voltage squared divided by the wattage.

2. R= 7 or the wattage divided by the current squared.

The pcvwr in watts, of a circuii may be found by the equations:

1. W_— That is, the voltage squared divided by the resis-
tance,

2. W = I? x R = the current squared times the resistance.

3. W = E x I = the voltage times the current.

In order for an electric circuit to be complete, it must provide
a path for the electric current. All electrical circuits consist of two
distinct types of circuits or a combination of these two circuits, that
is, the series circuit and the parallel circuit.

The series circuit Fig. 1.4a) is one in which all components are
connected in tandem and is used very often in control circuits — for
conventional magnetic conductor controls, static control, and elec-
tric controls. The following four rules state the conditions which
exist in a series circuit:

1. The current is the same in all parts of series circuit.

2. The total resistance in series circuit is egual to the sum of the
individual resistances.

3. The total voltage applied to a series circuit divides between
the resistors in direct proportion to their resistance.

4. The sum of the voltage drops across all resistors in a series
resistive circuit is equal to the applied (source) voltage.
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Fig. 1.5. The connections ot resistors:

a in series parallel circuit; b in series parallel circuit after resistors
" Ry, and R,y in a have been totalled.

A simple parallel circuit is shown in Fig. 1.4b. Here the electrical
components are connected across the lines rather than in tandem with
the lines. Most of the circuits encountered on electrical construction
work will consist of paralle]l circuits or a combination of series and
parallel circuits.

There are several ways to calculate the total resistance of a parallel
circuit, but remember that the total resistarce of a parallel circuit
is always smaller than the smallest resistor. The three most commnonly

used equations for resistors in parallel are: R, 2%; R, = z‘j_gz;
1 2

1 1 1 1 1
RR=R TR TR TR,

In dealing with the current, voltage, and resistance in a parallel
circuit, there are a few simple rules which must be learned.

I. The voltage is the same in all parts of a parallel circuit.

2. The total current in a parallel circuit is the sum of the currents
through the separate parts.

To solve the problem for parallel circuits, first draw a circuit
diagram of the problem, set down the equation to be used, fill in the
equation with the given quantities, then solve for the missing quantity.

The circuit in Fig. 1.5a shows the resistors R, and R, connected
in parallel, but resistor R, is the series with both the battery and
the parallel combination of R, and R,. That in the current flow (indicated
by the arrows) leaves the positive terminal of the battery and travels
through resistor R, and then divides at point 4 into /, and /,.

The total resistance of this circuit is the sum of R, and the
resistance of R, and R, in parallel. Therefore, to find R, we first
need to find the resistance R, and R, in parallel. Because these two
resistors have identical values, we have a resultant parallel resis-

R 20 ohms
tance R, of R, = = = Sresis- = 10 ohms.

The circuit now looks like Fig. 1.5b, in which R, and R, have
been replaced with R,. We now have a simple series circuit in
‘which the total circuit resistance R, is R + R, =5 + 10 = 15 ohms.
The total circuit current [, supplied by the battery is then I, =

E 30 volts
= o = —————— = 2 amperes.

Because R, is in series with the battery, we know that the current
through R, must be 2 amperes. Since R, is equal to R,, equal currents
of 1 ampere must flow through each of these two resistances.
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ASSIGNMENTS

I. Answer the following questions embracing the contents of the
text D.

1. What is necessary for an electrical circuit to be complete?
2. What does Fig. 1.4a show? 3. What does Fig. 1.4b show? 4. What
does Fig. 1.5a show? 5. What does Fig. 1.5 show?

I1. Examine Figs. 1.3, 1.4, 1.5 and describe them.

I11. Discuss the problems of Ohm’s law,

IV. Retell the Text D according to your own plan.

V. Express your opinion of the text. Does the text prove that Ohm
discovered the dependence of the current on the amount of pressure and
resistance of the circuit components.

VI. Pick out the most interesting problems for yeur discussion in the
group. _

VII. Look through the latest magazines, find some articles dealing
with Ohm’s law and make a summary of the topic.

III. GRAMMAR EXERCISES

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

To measure, to call, to determine, to apply, to iind, to express,
to restrict.

11. Give three forms of the following verbs: :

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

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

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

IV. a) State the Infinitives of the following Participles I1 of irregular
verbs. b) Translate them. o

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

V. Transform the following sentences into the Past and Future.

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

Vi. a) Translate the following sentences. b) Pay attention to the su-
bordinate clauses beginning with “whether” and “if",

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

VIL. Substitute the subordinate clauses for Partici pial Constructions.

I The external torce which is applied to a circuit to overcorne, the
opposition to the flow of current is measured in volts. 2. The voltage
is equal to the current which is miltiplied by the resistance. 3. The
electrical current that is passing through a specified solution of nitra-
te of silver in water deposits silver. 4. The resistance is equal to the
wattage that is divided by the current squared. 5. The current that is
passing through the conductor equals 2 amperes.

VII1. Change Continuous Tenses into Perfect Tenses.

1. T am switching on the radio. 2. Tom is showing all figures to
us. 3. The student is writing down a new rule. 4. We are considering
the voltage as an energy per unit charge. 5. They are determining
the resistance.

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

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

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

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

X1. Memorize the reading of the following mathematical actions.
= is equal to; 2 4- 3 = 5 (Two plus three is equal to five.)
is (equals); 3 4-6 =9 (Three plus six is (equals) nine.)

-+ plus mmoc

— minus MuHyC

X multiplied by ywmmuoxkennoe ma .
: divided by (into) mesennoe na

X times / multiplied by 3 x 3 = 9. (Three multiplied by 3 equals
nine.)

tdivided by 10: 2 = 5. (Ten divided by two equals five.)
== equals (is equal to) is/makes

2® two squared / two to the second power

2% two to the third power

107 ten to the minus seventh power

0.3 ou point three (zero point three) point three
0.0004 — ou point three ouz four / point three ouz four
34.321 thirty four point three two one
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a half (one second) a second

two fourth

ESECINIES

Lesson 3. MAGNETISM

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Magnets.
2. Average Reading.
Text B. Magnetic Field and Current,
Assignments.
1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Transformers.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Transformer Connections.
Assignments.
[11. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

1. a) Listen and repeat after the speaker. b) Practise the pronunci-
ation of the following.

[s] so, sits; [z] rose, these; [ks] box, fox; lgzl example, examine.

same, takes, course, us, thus, bus, plus; poison, tables, tiines,
rings, shells, house, washes; exercise, explain, excess, except, excep-
tion, experience; exaggerate, exact exhibit.’ :

[1. a) Make sure that youknow these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

compass |'kampas], pole [ou], horisontal [‘hori‘zontl], horizon
[ho'raizn], funda’mental [}, 'vertical [5:], component [kem'pounant],
region ['ri:dzen], react [ri:’akt], cylinder ['silinds], ‘permanent [3:],
magnet [@], hysterisis [hi'sterisis], instrument, mass [e], perpendi-
cular [,pe:pan’dikjuls], ‘distance [i].

111. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

no matter HeBaxHO; exact TouHbIH, TouHO; approximately npubmau-
suTe/bHO; compass needle crpenka xomnaca; fine thread Tonkas HUT;
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similar nono6umit; similarity nomo6ue; experience HCTILITEIBATE; Tre-
pulsion orrankuBaume; surround v. OKpyXaTb; give rise BHI3LIBaTh,
NOPOXKJaTh; irom xKejleso; exert v. cosfaBare; carrying Hecymuit; move v.
apuratbcst; velocity ckopocrts; motion gpmxenue; explain v. ofmsc-
HAATb; base on v. ocHoBBIBaThCs Ha; left-hand rule npasuso Jesoi PyKH;
south end ioxusifi korew; location pacnonmoxenue; locate v. pacnoJsia-
rate; point toward v. ykaseiBats Ha; force of attraction cuna npursike-
Hust; modify v. usmensTs; strength cuna, npounocts; circular KPYTJIbIi;
close 3amMkHyTHIf; conservation of energy principle npunnun coxpane-
HUSI SHEPTHH. . .

IV. a) Give English equivalents to the Russian words and word-
combinations in brackets and translate the sentences into Russian.
b) Check yourself listening to the complete sentences after the speaker.

1. A compass (ctpeska) suspended horizontally by (tokas HHTB)
will (pearupopats) and (ykaswiBaTh) toward the north. 2. A current in
a circular loop of the wire (nopoxnats) to a magnetic (ceBepHbIit MO~
Jioc) on one side of the loop and a south pole on the other side. 3. I
shall (noxasatb) my viewpoint. 4. A magnet modifies the magnetic
characteristics of the space (oxpyxarts) it. 5. All magnets, (neBaxHo)
how small, exhibit polarity. 6. The (rounoe pacnosioxkenue) of the
two poles of a given magnet cannot be determined. 7. Each pole
is located (mpuGnusuresnnHo) near each end of the magnet.

Text A
MAGNETS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

All magnets, no matter how small, exhibit a north and south
end.

The exact location of the two poles of a given magnet cannot be
determined. Each pole is located approximately near each end of the
magnet.

One end of a compass needle will point toward the north when
the needle is suspended horizontally by a fine thread. That end of the
compass is called its north pole. -

When the north pole of one magnet is pfaced near the south pole
of another magnet, each magnet will experience a force of attraction;
when two similar poles are placed near each other, each magnet will
experience a force of repulsion. ’ '

A magnet modifies the magnetic characteristies of the space sur-
rounding it.

Charges in motion (electric current) give rise to a magnetic field.

A current in a circular loop of wire gives rise to a magnetic north
pole on one side of the lcop and a south pole on the other side.
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2. Average Reading
Text B
MAGNETIC FIELD AND CURRENT

1. a) Listen to the text. b) Read it (time limit is 2min.). ¢) Find
the part of it dealing with the description of charged particles. Trans-
late it.

A magnetic field exerts a force on a current carrying wire. The left-
hand rule is used to determine the direction of the force. A magnetic
field exerts a force on a moving charge. Charged particles move in
circular orbits when the velocity of the particle is perpendicular to
the magnetic induction B.

Relative motion between a magnet and a wire causes an induced
e. m. f. in the wire. If the wire is a closed loop, the induced e. m. f.
causes an induced current.

Lenz’s law explains the conservation of energy principle when
applied to induced voltages and currents.

The operation of a voltmeter, ammeter, and motor is based on
forces produced by a current in a wire that is located between the
poles of a magnet. These forces produce torques.

ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with
the relative motion between a magnet and a wire. b) Discuss the informa-
tion with your fellow-students.

I111. Find the part in the Text B containing information about the
Lenz’s law. Discuss it using your knowledge of the topic.

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

1. What do all magnets exhibit? 2. Where is each pole located?
3. Where does one end of a compass needle poifit to? 4. When will
each magnet experience a force of attraction? 5. When will each
magnet experience a force of repulsion? 6.What gives rise to a magne-
tic field? 7. What does a magnetic field exert? 8. What is used to
determine the direction of the force? 9. Does a magnetic field exert
a force on a moving charge? 10. When do charged particles move in
circular orbits? 11. What causes relative motion between a magnet
and a wire? 12. What does Lenz’s law explain?

V. Discuss the information obtained from the Text A and the Text B.

VI. Be ready to discuss the information on the topic obtained at
your lectures on speciality.
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IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Essential cymecrsennsifi; neutralize [njutra’laiz] v. nefirpannso-
Bartb; corres’pond V. cOOTBETCTBOBaATh; in most cases B OOJBIIMHCTBE
C/IyyaeB.

I1. Memorize the words and word-combinations used in their speciali-
zed meanings.

Delta [delto]” nenpta; winding ['waindin] o6morka; primary coil
['praimoari] nepsuuHast o6MoTKa; secondary coil BropHunas o6MOTKa;
leakage ['li:kedz] yreuka ; autotransformer ['o:totrens’forms] asro-
tpancgopmatop; current flux jgansbii (Tekymuil) NOTOK.

111, Find these word-combinations and terms in the Text C and tran-
slate the sentences containing them. _

Laminated iron core miacTHHYATHIH Xesie3HBIH cepleunuk; insulat-
ed coil usonuposanHas Karymka; magnetizing current nHamarnuuuBa-
omui Tox; counter-voltage mpotusod/IC; closed magnetic circuit
3aMKHyTasi MarHdatHas uenb; full-load current Tox npu mosanolt na-
rpyske; magnetic leakage marunraas yreuka; eddy-current losses mo-
TEpH OT BUXPeBhIX TOKOB (PyKo); well-designed xopowmo cKoHCTpyupo-
Bauueli; current effective in setting up Ttok, ycrananausaoniui;
the service is out of order paGora (ycrpoiicTsa) HapymuIach.

Text C
TRANSFORMER

I. a) Read the text. b) Find the part of it describing the essential
parts of a transformer. Translate it.

The transformer is a device that step- up. and step-down alterna-
ting currents and voltages.

The essential parts of a transformer are shown in Fig. 1.6a and
consist of a laminated iron core upon which are wound two separate
insulated coils — the primary and the secondary. In most cases,
the primary coil is connected to the supply or main side of the line
where the alternating current sets up an alternating magnetic flux.
This not only sets up a counter voltage equal and opposite in the pri-
mary coil, but also sets up a voltage in the secondary coil. The ratio
of the voltage in the secondary coil as compared to that in the primary
coil depends upon the amount of magnetic flux, the frequency of the
alternating current, and mainly the numter of turns in the coils.

The only current that flows in the primary coil or windings is the
magnetizing current to set up the flux in a closed magnetic circuit
and is usually a very small percentage of full load primary current
of the transformer.
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Fig. 1.6. The essential parts of:

a a transformer; b an autotransformer.

In a well-designed transformer, there is very little magnetic leak-

“age. The effect of the leakage is to cause a decrease of secondary voltage

when the transformer is loaded. When a currest flows through the
secondary in phase with the secondary voltage, a corresponding current-
flows through the primary in addition to the magnetizing current
previously mentioned. The magnetizing effects of the two currents
are equal and opposite.

In a perfect transformer — one having no eddy-current losses,
no resistance in its winding, and no magnetic leakage — the magneti-
zing effects of the primary load current and the secondary neutralize
each other, leaving only the constant primary magnetizing current
effective in setting up the current flux. Such a fransformer, if supplied
with a constant primary pressure, would maintain constant secondary
pressure at all loads. '

In an autotransformer (Fig. 1.6b), there is only one coil, any por-
tion of which may be used as primary and any portion as secondary.
The ratio of transformation depends on the portions used; if the whole
winding is used as primary and one-third of it a secondary, and the
losses, which are small, are neglected, voltage of the primary equals
3 times the voltage of the secondary and the current of the secondary

‘equals 3 times the current of the primary.

ASSIGNMENTS

I. Read the Text C attentively and answer the following questions
embracing its contents.

1. What are the essential parts of a transformer? 2. What is the
only current that flows in the primary coil or windings? 3. What is
the effect of the leakage in a transformer? 4. When does the correspon-
ding current flow through the primary in addition to the magnetizing
current? 5. What are the characteristics of a | erfect transformer?

I1. Divide the Text C into logical parts. Choose the key sentences and
translate them.

I 1. Read tte text again and find the part of it describing the effect
of the leakage.

2 7.5 . ‘*i 33
e



1V. Read the final paragraph of the text and speak about the auto-

transformer.

V. Entitle each of the paragraphs of the text using the key sentences.
V1. Comment on the author’s attitude to transformers.

VII. Make up a plan of the text using disjunctive questions.
VIII. Combine your answers into a short surnmary of the text.

I1X. Speak on:

1. The essential parts of a transformer.

2. The characteristics of different kinds of transformers.

X. Prepare a dialogue on your own situation.

X1. Work in pairs. One student reads the Russian sentences for the
other student to translate them and checks his translation with- the key.

Sentences for translation

1. OcHoBHble yacTa Tpanchop-
Matopa mokasaHel Ha puc. 1.6a.

2. TpancgopMaTop COCTOUT H3
IVIACTHHYATOr0 KeJIe3HOTO  cep-
JleUHHKa, HA KOTODHIl HAaMOTAHE
IBE OTAEJbHblE H30JHPOBAHHEIE
OOMOTKH — [lepBHYHasl M BTOpHY-
Hasl.

3. Ilepnunas o6MOTKa Coenu-
HEHa C NMHTA0IeHd HWIK OCHOBHOH
CTOPOHOH JINHWH, TIe NepeMeHHbIH
TOK CO3JlaeT NepeMeHHBIH MarHuT-
HBIH HOTOK.

Key
The essential parts of the
transformer  are shown in
Fig. 1.6a.

The transformer consists of
a laminated iron core upon which
are wound two separate insulated
coils — the primary and the se-
condary .

The primary coil is connected
to the supply or main side of the
line, where the alternating cur-
rent sets up an alternating mag-
netic flux.

Now the first student will translate the sentences.

4. ExuHcTBeHHLIH TOK, NpOTe-
Kaloiui 1no nepBHUHOH 0OMOT-
Ke — 3TO HaMarHHYMBalOUIHG
TOK. )

5. B xopouio cnpoekTHpOBaH-
HOM TpaHchopMaTope MarHuTHAf
yTeUKa He3HAuHTe/bHA.

6. Hamaruuuusaiolue s¢pdex-
TBl JIBYX TOKOB PaBHbl H MPOTHBO-
[OJIOXKHBEI .

The only current that flows
in the primary coil is the magne-
tizing current.

In a well-designed transfor-
mer, there is a very little magne-
tic leakage.

The magnetizing effects of
the two currents are equal and
opposite.

4, Searching Reading

PRE-TEXT EXERCISES

I. Match the fellowing English words and word-combinations with

the Russian ones.
primary leads

394

BHEIIHHE 3aXUMbl (Bbl-
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primary main wire OCHOBHOH (1epBHUHbIA

TIPOBO/L

be out of order B Kamabli MOMEHT

outside terminals BHIHTH U3 cTposl, ObLITh
He B IOpsiKe

at every instant BHIBOJbl NEPBUYHOH
06MOTKH

11. a) Give initial forms of the following words and check if you know
the function of their suffixes. b) Translate these words into Russian.

Connecting, corresponding, voltage, secondary, transformer, ge-
nerated, winding.

Text D
TRANSFORMER CONNECTIONS

I. a) Read the following text and say what it is about. b) Review the
text.

When connecting two or more single-phase transformer in parallel,
corresponding primary leads of each transformer must be connected
to the same primary main wire, and the secondary leads must be so
connected that the secondary voltage of the transformers shall at
every instant oppose each other. If this is done, no current can flow
through the secondary coils or windings until the secondary load is
applied — even if the secondary coils are connected in series. On the
other hand, if the leads are improperly connected, the secondaries
will be short-circuited on each other.

When three single-phase transformers are connected to a three-
phase Y system, two coils are in series across each phase, and the
voltage on each coil is the voltage per phase divided by 1.73. When
the primaries are connecled in either Y or delta,the secondaries are
usually connected in the same way. : -

It is possible to use only two single-phase transformers on a Y or
delta three phase system, but ifone of the transformers fails, the ser-
vice is out of order.

Single phase primary systems may be transformed fo three-phase
by either the open delta or Scott .
systems. The Scott system uses LP”““"’ Phase 2

two special transformers, as shown MM}_j T—\,\,uu—j

in Fig. 1.7, which have primaries 4 8

connected to the single-phase cir-
cuit.The secondary of the trans- 5— 5 J ],

former «A» contains sufficient G 0,87€
turns in its windings to give,

between itsoutside terminals, the 3 - £
voltage desired between lineson LY

the three-phase circuit. The secon-

da_ry of the transformer «B» con-  pi, 17, The Scott or T-connected
tains sufficient turns to give.87 N transformer.
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times the voltage; one end feeds directly into one cide of the three-
phase circuit, and the other to the middle point of the secondary
transformer «As. One of the three phases. then, has the vollage gene-
rated by the secondary of transformer ,A*, and each of the other
two has a voltage equal to the square root of (.5E)2+ (.87E)2.

ASSIGNMENTS

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

1. When connecting two or more single-phase transformers in
parallel what must corresponding primary leads of each transformer
be connected to? 2. How must the secondary leads be connected?
3. When will the secondaries be short-circuited on each other? 4. How
are two coils connected when three single-phase transformers are
connected to a three-phase Y system?

I1. a) Look at Fig. 1.7. and describe it. b) Discuss it with your fellow-
student.

I11. Speak on: .

1. Connecting two or more single-phase transformers.

2. The Scott system of transformers.

1V. Make up a plan of the text.

V. Prepare a dialogue on your own situation.

V1. Give some additional informations about transformers.

VII. Discuss the problem of fabrication and utilization of transfor-
mers nowadays.

VIII. Look through the latest magazines, find some articles on trans-
ormers and discuss the topic with your fellow-students.

I11. GRAMMAR EXERCISES

I. a) Pay attention to the following prefixes and their meanings.
b) Check if you know them well.

mis- (something wrong): mislead BBomuts B 3a6ayxnenue; ili-
(something wrong or bad): ill-use nioxo o6pamartscs; post- (after):
post-war nocneBoeHHbIH; pre- (before): pre-war jgoBoenuuili; out-
(mepe-, npe-): outgo npeBocxonuts; over- (nmepe-, npe-): overcome mnpe-
OJl0JIETh.

Il. a) Analyse the following sentences. b) Find the verbs in the Sub-
junctive Mood. c¢) Translate the sentences.

1. It is important that they should achieve satisfactory results.
2. We insist that the results of these researches be published. 3. You
must write this rule lest you should forget it. 4. I wish you would
be more attentive. 5. I wish I had been present at that discussion
yesterday. 6. She spoke as if she were an expert in this field of produc-
tion. 7. Even though it were raining I should come to see you.

ITL. Change the following sentences according to the model adding
the phrases ‘* Iwish” with Past Indelinite (Mne 6w xotenocn), ““I wish”
with Past Periect (xaxk xann, uto He):
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Model. 1 was present at the meeting.
I wish I were present at the meeting.
Mue Obl XoTeJloch IPHCYTCTBOBATH Ha coGpamHu,
I wish T had been present at the meeting,
Kak xanb, 4TO f He NPHCYTCTBOBaJ Ha COGpAHHH.

1. He received good results during his experiments. 2. The report
is successful. 3. They were present at the discussion. 4. You helped
me in my research work. 5. You understand me better.

1V. Change the following sentences using the phrase “should + S -+
-+ V. Translate them.

‘Model. 1f 1 got permission to work in this laboratory we should begin at once.

Should we get permission to work in this laboratory we should begin
at once.

1. If we came, they would tell him about this accident. 2.1f comrade
Ivanov returned from his mission, we should repeat our experiment.
3. If they read this book, they would know much about South Africa.
4. 1f she calculated these data correctly, she would solve these pro-
blems. 5. If it were possible, we should begin our work immediate-
ly.

V. Translate the following sentences into Russian paying attention
to the function of the Infinitive in the sentence.

Model I. The student to be sent abroad is very capable.
Crynenr, komopoeo omnpasam 3a 2pasuyy, oueHb CIOCOGHHI.

1. The work to be done is very useful. 2. The example to be given
must illustrate the rule. 3. The research to be carried on is very impor-
tant for our industry.

Model 2. 1 know him to be a good student.
S 3naio, wmo on xopowuid cmydenm. .

1. We know him to carry out research in cybernetics. 2. I suppose
his article to be published. 3. They considered him to be a very expe-
rienced researcher. 4. I heard him speak at the meeting. 5. We often
see him talk with the students.

VI. a) Define the tense-forms of the verb in the following sentences.
b) Translate these sentences into Russian.

1. The primary coil is connected to the supply or main side of
the line. 2. A corresponding current flows through the primary in
addition to the magnetizing current previously mentioned. 3. If such
a transformer were supplied with a constant primary pressure, it
would maintain constant secondary pressure at all loads.

VII. Give three forms of the following verbs:

Exert, use, move, be, cause, explain, apply, produce, exhibit,
locate, point, call, experience, place, give, show, wind, connect,
flow, load, mention.

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

I. Given, deterrnined, located, suspended, called, placed, surround-
ing, used, moving, charged, induced, applied, based, shown, wound,
insulated, connected, alternating, compared, magnetizing.

37



I1. Given magnet; magnet cannot be determined; each pole is lo-
cated near each end; the needle is suspended; one end of the compass
is called the north pole; one magnet is placed near the south pole;
a magnet modifies the magnetic characteristics of the space surroun-
ding it; it is used to determine; a force on a moving charge; charged
particles move in circular orbit; the induced e. m. f. causes an induced
current; Lenz's law explains the conservation of energy principle
when applied to induced voltages and currents; motor is based on
forces; a transformer is shown in Fig. 1.6a;.it consists of an iron core
upon which are wound two insulated coils; the primary coil is connec-
ted to the supply or main side of the line.

Lesson 4. ELECTRIC LIGHTING

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Electric Lamps.
2. Average Reading.
Text B. Fluorescent Lighting.
Assignments.
11. Classwork,
3. Close Readmg
Pre-text Exercises.
Text C. High Intensity Discharge
Lamps.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Mercury Lamps.
Assignments.
ITI. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory

1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronunciation
of the following.

Con'ceivable [i:] BoswoxHbifi; envelope Koaba; quartz-iodine
["kwoits’aredi:n] noamcrTo-kBapuerwifi; luminance ['lju:minans] ocse-
menue; interference [,inte’fisrons] nomexa; vapor ['veips] mnap; mer-
chandise ['ma:tfendaiz] 7ToBapw; seal [si:l] naste; delux [di'lju:ks)
aHeBHOH cBer; ambient [‘ambiont] oxpyxaiomu#; ultra-violet
["altra’vaialit] yabprpadmoneroswii; diameter [dai’eemite] auamerp.

38



I1. a) Listen and repeat after the speaker. b) Notice the word-building
elements and define the function of the suffix -ing.

to light ocpewmaTtsb lighting ocpemenue

fo design npoeKTHpPOBATDH designing mnpoekTHpoBaHUE
to interfere metaTs interfering momexu

to cool oxaaxknath cooling oxnaxuenue

I11. a) Listen,repeat and memorize the following word-combinations
and terms from the text. b) Check if you know their meanings.

Lighting layout nsan (mpoexT) ocseienus:; highest visual comfort
and performance HamayumMH BH3yanbHBIE KOMAQOPT M KauecTBO; COM-
ceivable lighting application Bo3MOXHOe mpUMEHEHME OCBEIIEHHUS,;
incandescent filament lamp samna nakanuBanus; basic incandescent
lamp TunoBas Jamna BaxkaiuBamus; white light (incandescence) Ge-
Ablfi cBer (HakanuBamue); quartz-iodine tungsten-filament lamp
HonncToKBapUeBasi Jamna ¢ BosabGpaMOBOH HUTBIO Hakanla; surface
luminance noBepxHocTHOe ocBeinenue; critical light control peryan-
poBKa KPUTHUECKOro cBera; jodine vapor Homucthie napel; cool white
lamp xosopHas namna aHeBHoro cBeta; delux warm white lamp Temmas
namna aHeBHoro cBeta; flattering colour mpusiTHBIE cBerT.

Text A
ELECTRIC LAMPS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

Electric lamps are made in thousands of different types and col-
ours, from a fraction of a watt to over 10 kW each, and for practically
any cornceivable lighting application. '

Incandescent filament lamps, for example, consist of a sealed
glass envelope containing a filament that produces light when heated
to incandescence (white light) by its resistance to a flow of electric
current. This type of light source is relatively inexpensive to install,
is not greatly effected by ambient temperatures, is easily controlled
as to direction and brightness, and gives a high colour quality.

The quartz-iodine tungsten-filament lamp is similar to the basic
incandescent lamp except that the glass envelope contains an iodine
vapor, which prevents the evaporation of the tungsten filament. This
increases the normal life to about twice that of a normal incandes-
cent lamp.

2. Average Reading
Text B
FLUORESCENT LIGHTING

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find
the part of it dealing with the types of lamps.
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Fluorescent lighting has a high efficiency as compared to incandes-
cent lighting. Fluorescent lighting further provides a linear source
of light, long lamp life, and a means of relatively low surface lumin-
ance. However, the initial installation cost is normally higher due to
the required auxiliary equipment (balast, etc.). Also, fluorescent
lighting is temperature and humidity sensitive, producesradio inter-
ference, and does not lend itself to critical light control.

The most popular types are cool white and delux warm white.
The cool-white lamp is often selected for offices, factories, and commer-
cial areas where a psychologically cool working atmosphere is desi-
rable. It is also one of the most efficient fluorescent lamps manufactu-
red to-day.

Deluxe warm-white lamps produce a more flattering colour to
the complexion; the colour is very close to incandescent in that they
impart a ruddy or tanned due to the skin. They are generally recom-
mended for applications in homes and for commercial use where flat-
tering effects.on people and merchandise are considered important.

‘ASSIGNMENTS

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

I1. a) Skim through the Text B. b) Discuss the main idea of it.

IIl. Find in the Text A and the Text B the English equivalents of
the following word-combinations. Translate the sentences with them.

JlamMna naxaiuBaHus; TelJlasl JaMna JHEBHOTO CBETa; pPEryJHPOBKa
KPUTHYECKOTO CBeTa; HONMCTble TNApH;, XOMOAHAS Jamna JHEBHOIO
CBeTa; IVIAH OCBEIEHHS; NpHMEHEHUEe OCBELICHHMS.

IV. Skim through the Text B and choose the key sentences. Translate
them.

V. Answer the following questions ambracing the contents of the Text
A and the Text B.

1. What does the incandescent lamp consist of? 2. What does
the filament produce? 3. What is the difference between the filament
lamp and the quartz-iodine tungsten-filament lamp?

V1. Read the text and answer the questions.

Fig. 1.8 shows the general contour of high intensity discharge
lamps with a verbal description of the code used for the shapes.

We can see here different shapes of the bulbs.The complete descrip-
tion of a bulb also includes a number that represents the maximum
diameter of the bulb in eighths of an inch. The E-37 bulb, therefore,
is elliptical in shape and 37/8 inches at its widest point; the R-80 is
a reflector bulb with 10-inch maximum diameter.

1. What does Fig. 1.8 show? 2. What code is used for the shapes
in Fig. 1.8? 3. What is the E-37 bulb in shape? 4. What is its diame-
ter at its widest point? 5. What is the maximum diameter of the
R-80?

VII. Speak on:

1. Fluorescent Iighting .
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Artu trary Tubular Elliptica

shape shape al umzmzed I'L’fl ector

Bulged

Reflector
tubular

Fig. 1.8. The general contour of hign intensity‘discharge lamps.

2. Deluxe warm-white lamps. :
VII11. Prepare a dialogue on your own situation.

I1. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Describe onuceiBaTth; variety pasHooGpasue; common ofmuii; con-
sist (of) cocrosth (u3); operate paGorath; density mioTHOCTB; provide
obecneunpath; include skmouatk; distribution pacnpenenenue; achieve
nocrurate; description ommcanue.

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

Tube namna, lighting ceer, pressure jabjenne, current Tok, radiate
Ha3/MyyaTh, absorb norJiolath, intensity uHTéHcHBHOCTD, life cpok cayx-
Obl, maintenance sKcmiyaTtanus, couepxanue, label v. o6GosHauaTb.

II1. Find these word-combinations and terms in the Text C and
translate the sentences containing them.

High intensity discharge lamp BricOKOHHTEeHCHBHAsI TrasopaspsjiHas
Jamna; gaseous discharge arc tube nyroBas rasopaspsinas TpyGkKa
(xonBa); fused quartz nuaBnenwlll xBapu; heat resisting remnoycroiuu-
BHI; arc-tube performance napamerpst xyroBoil Jamnel, rounded shape
sakpyrienusle gopmsl; bulb walls CTeHKM Kosfbl; phosphor coatings
dochopHoe NOKpHITHE.

Text C
HIGH INTENSITY DISCHARGE LAMPS

I. a) Read the Text C.b) Describe common characteristics of wide
variety of lighting sources.

The term ‘‘high intensity discharge lamps” describes a wide va-
riety of lighting sources. Their common characteristics is that they
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consist of gaseous discharge arc tubes which, in the versions designed
for lighting, operate at pressures and current densities sufficient to
generate desired quantities of radiation within their arcs alone.

Mercury vapor lamps contain arc tubes which are formed of fused
quartz. This has resulted in great improvements inlamp life and main-
tenance of output through life. These arcs radiate ultraviolet energy
as well as light, but the glass used in outer bulbs is generally of a heat-
resisting type that absorbs most of the ultraviolet.

The outer bulbs of high intensity discharge lamps are designed
to provide, as nearly as possible, optimum internal environments
for arc-tube performance. For example, the rounded shapes labelled
E and BT in the sketches in Fig. 1.8 were designed to maintain uniform
temperatures of the bulb walls for better performance of phosphor
coatings.

In some cases, special consideration dictates the bulb shape.
The R and PAR contours have been selected to achieve desired direc-
tional distribution of light, .

Most of the general contours of high intensity discharge lamps
are shown in Fig.1.8 with verbal descriptions of the code used for
the shapes. The complete description of abulb also includes a number
that represents the maximum diameter of the bulb in eighths of an
inch. The E-37 bulb, therefore, is elliptical in shape and 37/8 inches
in diameter at its widest point; the R-80 is a reflector bulb with
10-inch maximum diameter.

ASSIGNMENTS

- L. a) Divide the Text C into logical parts. b) Choose the key sentences
and ftranslate them. i
Il Look through the Text C and find the part of it dealing with the
outer bulbs of high intensity discharge lamps.
I11. Read the Text C attentively and answer the following questions.
1. What does the term «high intensity discharge lamps» describe?
2. What is their common characteristic? 3.What do mercury vapor
lamps contain? 4. What absorbs most of the ultraviolet?
IV. Make up a plan of the text.
V. Retell the text according to your own plan.
VI. Speak on:
1. Measuring vapor lamps.
2. The bulb shapes of an electric lamps.
VII. Prepare a dialogue on your own situation.
VIII. Review the text in written form. ,
IX. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

42



mercury

Kanad J0XIsA

thermal shock OKHCJIeHUE

borosilicate glass 60po-KpeMHHeBoe
CTEKJIO

raindrops PTYTHHIA

strike YCKOBOH ra3

nitrogen Banacr (6ydep) Aist ue-
NH [epeMEeHHOIo TOKa

oxidation yzap

starting gas TENJIOBOR  ynap

a. c¢. circoit asoT

ballast

I11. Give initial forms of the following words and translate them.

Resistant, striking, outer, electrical, insulation, oxidation, distri-
bution, inductive, capacitive, burning, traitenance, operation, pepu-
larity, lighting.

TextD
MERCURY LAMPS

i. a) Read the following text and say what it is about. b) Review
the text.

A typical mercury lamp consists of the several parts enclcsed
in an outer bulb made of borosilicate glass, which can withstand high
temperatures, and which is resistant to thermal shocks such as those
imposed by cold raindrops striking a hot bulb. The outer bulb contains
a small quantity of nitrogen, an inert gas; this atmosphere maintains
internal electrical stability, provides thermal insulation for the arc
tube, and protects the metal parts from oxidation. The quartz arc
tube contains a small quantity of high-purity mercury, and a starting
gas, argon. . :

Most mercury lamps operate on a. c. circuit ballast usually con-
sists of a transformer to convert the distribution voltage for the lamp,
and inductive or capacitive reactance components to control lamp
current and — in some ballasts — to improve power factor.

Most mercury lamps start and operate equal well in any burning
position. However light output and maintenance of output through
life are generally slightly higher with vertical than with horisontal
operation.

The operating life of mercury lamps is very long, which accounts
for much of their popularity in recent years. Most general lighting
lamps of 100 to 1,000 watts have rated lives in excess of 24,000 hours,
while the 50-, 75-, and 100-watt lamps with medium screw bases are
rated at 10,000 hours.

ASSIGNMENTS

I. Skim through the Text C and divide it into logical parts. Choose
the key sentences and translate them.
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| IL. Find the part of the text describing the operating life of mercury
amps. :

IT1. Ask your friend about mercury lamps.

IV. Make up a plan of the text.

V. Discuss the problem of mercury lamps.

V1. Make a short summary of the fext.

VII. Look through the latest magazines and find additional informa-
tion about mercury lamps.

IIT. GRAMMAR EXERCISES

I. Find the words in the Text C with suffixes -ment, -ing, -ic, -ate,
-ance, -tion, -al, define their initial forms and translate them into Rus-
sian. :

I1. Give the main forms of these verbs.

Consist, enclose, impose, contain, maintain, operate, account.

I1L. Find the following words and word-combinations in the Text
D and translate the sentences with them.

Withstand high temperature; resistant to thermal shocks; a small
quantity of nitrogen; internal electrical stability; thermal insulation;
a. c. circuit ballast; in-any burning position.

IV. Translate the following sentences using the models.

Model 1. 3anaua, rkomopyto nyxno pewume, npocra,
The problem to be solved is simple.

Model 2. Henoavsosannas dopmyna ussectna.
The formula used is well known.

Model 3. Kozda Mena cnpocusu, s ne MOT OTBETHTb.
When asked [ could not answer.

1. TekcT, KOTODHIM HYKHO H3YUHTh, [OCBSIIEH 3JIEKTPHUCCKOMY
OCBellleHHI0. 2. PHCYHOK, KOTOPHIH HYXKHO HOKAa3aTh, JEMOHCTpHpPYyeT
pasiuiHble BUIbL JaMil. 3. TIpofiiennbiil ypox Gbl1 NOCBSIIEH SJeKTpUue-
CKOMY OCBEIIeHHIO. 4. JIaMnbl, npencraBleHHble HA PHCYHKE, SIBJISIOTCA
¢moopecuentHbiMu amnamu. 5. Korza Jamna Bkmouera, ona sIpKo ¢Be-
THT. 6. Ecm fan prcyHOK, TeKcT Jierko samoMuuTh. 7. HuTh Harada
CBETHTCA, €C/IM OHA Harpera Jo Hakana. 8. Eciu dumoopecunpyiouuii
MaTepual aKTHBH3YUDOBAH, OH H3/IyyaeT BHIMMYIO SHEPTHIO.

V. Translate the sentences using the models. Pay attention to the forms
and functions of Gerund. ‘

Modz! 1. Lighting the streets is very important. (A subject)
Ocseujerye yaND, oOdeHb BAXKHO.
Model 2. Deciding is ‘acting. (A part of the predicate)
Pewute 3Hauur Odeticmeosams.
Model 3. 1 like reading. (Am object)
g mobmo aumams.
Model 4. The problem for solving is difficult one. (An atiribute)
‘Bajaua 0an peutenus OueHb TpPYIHASA.
In reading the text we paid attention to the description of different
types of motors.
Yumas mexcm, mpl o6pamiand BHUMAHHE 1A ONMHCAHHE Pa3IHYHBIX BUJOB
mortopos. (Adverbial Modifier)
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1. The scientist went on working at his reseach. 2. Demonstrating
his experinients was not an easy task. 3. They knew of his having spent
much time investigating this phenomenon. 4. The motion of a body
is changed as a result of its being acted upon by a force. 5. We know
of his having been provided with new equipment. 6. By repeating
experiments one gets more data. 7. On being set on a proper orbit the
Earth’s sputnik keeps on moving.

V1. In the following sentences find the Infinitive, Gerund and Parti-
ciple 11, state their functions and translate the sentences.

1. Lighting layout for building construction should be designed
to provide the highest visual comfort and performance that is consis-
tent with the type of area to be lighted and the budget provided.
2. The lamp to be selected for office, factories and commercial areas
is the cool white lamp. 3. Fluorescent material when activated by the
ultraviolet rays emits visible energy.

VII. Ask questions about the word-combinations in bold type.

1. Electric lamps are made in thousands of different types and
colour. 2. Fluorescent lighting has a high efficiency as compared to
incandescent lighting. 3. The cool white lamps is often selected for
offices, factories, and commercial areas. 4. The term «high intensity
discharge larrips» describes a wide variety of lighting sources. 5. Mercury
vapor lamps contain arc tubes which are formed of fused quartz.

Lesson 5. POWER SOURCES

1. Independent Work.

In the Laboratory:

1. Skimming Reading.
Pre-text Exercises.
Text A. Batteries.

2. Average Reading. B
Text B. Rectification of a. c.
Assignments.

II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Voltage Stabilizers.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Improved Stabilization.
Assignments.
I11. Grammar Exercises.

1. INDEPENDENT WORK
Laboratory Work
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker.b) Practise the pronunci-
ation of the following words. Memorize their Russian equivalents.
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Rectification ['rekiifiker {n] Bempamaenne; advantage [sd’va:ntids]
npenmymiectso;  porta’bility noprarmsrocTh; ‘absence orcyTcrsme;
exhaust [1g'za:st] v. ucromats; acci’dentally cayuaiino; avoid [o'void]
usberatp; replacement [ri'pleismant] samena, samemenue; hermetically
repmernyecky; facility BosmoxHocTh; nickel-cadmium cell nuxens-
KaamueBblil sneMeHT; quote [kvout] v. umruposats; capacity emkocTs;
MOILHOCTD; NPOH3BOAMTENbHOCTh; pound ¢yuT; worth [we:0] crosmui;
reduce [r1’djuw:s] v. cokpamars, incorporate coeHHsITb, OGBLERHHATD.

I1. a) Listen and repeat after the speaker. b) Notice the word-building
elements and define their functions.

electron anexTpon — electronic anekTpoHHHIH
rectify Bmmpamists  — rectification sempsimenne
replace 3aMeHSITh — replacement sameinenue
probable BepoaTtHbE — — probability BepoaThoCTB
portable nopraTuBHBIi — portability nopratiBHOCTH
capable crocoGutii — capability cnoco6rocts
accidental cayuaiineii — accidentally cayuaitso
hermetic repmeruunsiit — hermetically repmeruueckn
usual oGbIuHbII — usually o6siuno

complete nosnbi ~ — completely nosHoctbio

occasional  cayuaitueii — occasionally CJIyYyaHHO

IIL. Read abbriviations and memorize them.

d. c. —direct current nocrosiuuBf TOK

a. c.— alternating NnepeMeHHbIH TOK
current

e. m. [.— electromo- 3JIEKTPOABUKYILAS  CH-
tive force Ja (31C)

V — volt BOJIBT

A — ampere ammnep

r. m. s.— root-mean- CpelHeKBaApaTHYHBIH
square

AH — ampere-hour amiep-uac

mA — milliampere MHITAAMIED

IV. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Draw v. noayuath, TRyTb, pucoBath; a. c. mains HanpsiKeHue
OCHOBHOH LIellH [IEDEMEHHOTO TOKa; endanger mMoJBEpraTh OMACHOCTH
rechargeable nepesapsukaemsiit; tiny «buttons cells KPOLIEUHBIE «KHO-
nounbie» snementhl; electric traction roposckoii 3JIEKTPOTPAHCIIOPT;
seal repMeTH3HPOBATHL, 3aKPHIBATH: topping up Harpomoxknenue; low
(high) load current wuuskuit (sBIcoxmil) ToOK Harpysky; quote along
with naswauats B saBucumoctH or; step down CTYMEHYaTo (AMCKPETHO)
noHuwxkare; half-wave rectifier circuit cxema OJIHONION YIEPHOIHOTO  Bhi-
npamurens; half-wave (HW) oanononynepronssit; ~ full-wave (FW)
Asyxnonynepnoanblit; - diamond-shaped diode configuration pomGosuz-
Has QuoiHas kondurypauus, bridge rectifier mocTuxkopw BEIpsME-
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tenp, centre tap cpenuuit BbIBOZL; conveniently ymo6uo; bi-phase
nByxdasHel; cheaply AerieBo.

V. Translate the question-answer units into English. Work in pairs.

{. Kakue npenvymectsa umetor 6atapen? (Batapen MMEIOT NpEUMy-
mecTBa B NMOPTATHBHOCTH M [OJIHOM OTCYTCTBHH NepeMeHHOH  cOCTaB-
Asoieli Ha Bhixone.) 2. Korja nosiBisieTcs onacHOCTH yreukn? (Omnac-
HOCTb yTeUKH MOSIBISETCA B TOM C/yyae, €C/AH HCTOIICHHLIE Gatapeu
cayyaiiHo OGYAYT OCTaBaTbCS CJMUIKOM JOJro B annapatype.) 3. Ha-
ckonbko nagaer SJIC HuKenb-KajaMuepoii Gartapen? (BIC HuKeIb-
KaamueBoil Gatapen magaer oT 1,3 B mo 1,1 B 3a BpemMs MNOJIE3HOTO
paspsiza.) 4. B uem BbIpaxaercs €MKOCTb Gatapeu? (Emxoctb
faTapeH OOBIYHO BBIDAKAETCS B ammep-uacax.)

Text A
BATTERIES

1. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The necessary d. c. supplies for electromic circuits may be drawn
from batteries or obtained by rectification of the a. ¢. mains. Batteries
composed from separate cells have the advantage of portability and
complete absence of a. c. components in their output. There is, how-
ever, a danger of leakage if exhausted patteries are accidentally allo-
wed to stay too long in equipment; this may endanger many hundreds
of pounds worth of circuitry through corrosion damage.

Rechargeable nickel-cadmium cells are available in an enormous
variety of sizes, ranging from tiny «button» cells to the large batteries
used for electric traction. The smaller sizes are usually hermetically
sealed so that there is no risk of leakage and no need for topping up.
They make an ideal power sources for portable electronics, since the
need for battery replacement is avoided.

The e. m. f. of a nickel-cadmium cell falls from 1.3 to 1.1 V over
the useful discharge range.

The capacity of a battery is usually expressed in ampere-hours
(AH), which is the product of the discharge current and the time for
which the battery will give that current. Because the capacity of
most batteries is greater at low load currents than high load currents,
the normal rate of discharge is usually quoted along with the capacity.
The discharge rate isoftenstated in terms of time required to discharge
the battery completely.

The capacity of the sort of dry cells used to power small electronic
circuits is often in the region of 3 AH at the 100-hour rate, indicating
that a current of 30 mA is available for 100 hours.
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Fig. 1.9. The rectifier circuits:
a a simple half-wave (HW) rectifier circuit; b a {ull-wave (FW) rectifier circuit,

2. Average Reading
TextB
RECTIFICATION OF A. C.

I. a) Listen to the text. b) Read it (time limit is 3 min.). Find the
part of it dealing-with the resultant waveform. Translate it.

In the majority of power supply units, a transformer is used to
step down the a. c¢.-mains to the required voltage. A simple half-
wave rectifier circuit is shown in Fig. 1.9a.

The diode only allows current to flow when terminal A is posi-
tive, cutting off when A is negative. The waveform of the resulting
d. c. voltage across the load is shown in Fig. 1.10b where it may be
compared with the original sinusoidal a. ¢. waveform in Fig. 1.10a.
Since only the positive half-cycles are available, the d. c. consists of
a series of indirectional pulses. This is known as half-wave (HW)
rectification.

Fig. 1.96 shows an improved rectifier circuit which makes use
of the whole a. c¢. waveform and is therefore known as a full-wave
(FW) rectifier. Because of the similarity of the diamond-shaped diode
configuration to the Wheatstone bridge, this particular circuit is

called a bridge rectifier. We can ea-

v sily sort out its operation by consi-
dering what happens on successive

0 half-cycles of the transformer output.
t When A is positive, D, conducts to

a make the top end of theload positive,

at the same time B is negative and

0 /\ /\ /\ [\ [ D, conducts to the bottom end of the
b - £ load. On the next hali-cycle, A is

negative and B is positive so that D,
0 ; conducts from B to the top end of
¢ the load and D, conducts from A4 to

Fig. 1.10. The waveforms in recti. the bottom end of the load. The
fier circuits: resultant waveform is shown in

a the original sinusoidal a. c. waveform; Fig. 1.10c where it is clear that the

b the waveform of the resulting d. c. .
voltage across the Joad in HW rec%ifiers. FW d. c. waveform is of a more con-
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tinuous nature than in the HW case. Notice that the frequency of the
FW rectified waveform is double thatof the original a. c., the negative
half-cycle inverted and located between adjacent positive half-cycles.

ASSIGNMENTS

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

Il. Skim through the Text B and find the part of it dealing with
half-wave rectification.

I11. Find the part in the Text B containing information about an
improved rectifier circuit which makes use of the whole a. c. waveforn:.

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

1. What advantages have batteries? 2. When is there a danger
of leakage? 3. How does the e. m. f. of a nickel-cadmium cell fall?
4. How is the capacity of a battery expressed? 5. What is shown in
Fig. 1.94? 6. When does the diode allow current to flow? 7. What is
shown in Fig. 1.96?

V. Make up a plan of the text.

VI. Retell the text according to your plan.

VI1. Speak on:

1. Waveforms in HW rectifier circuit.

2. FW bridge rectifier.

VIII. Prepare a dialogue on your own situation.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES ‘

L. Read the following words and memorize their ‘Russian equivalents.

Fluctuation xone6amwe; faithful Bepuwiil, Toummii; overcome mnpe-
onosieBaty; regulation peryampoBanue; compare cpaBHHBaTh; to take
into account npuHuMMaTb Bo BHHManme; breakdown nosomka, npobu-
BaHue, npoGoi; sophisticated cnoxwublii, sanyranubifi; Zener [zi:na)
diode auon 3enepa. :

I'l. Memorize the following terms.

Mains input voltage BxoaHoe HanpspkeHHe OCHOBHOR LM nepeMeH-
Horo Toka; step-down transformer mnoHmxaowuil TpanchopmaTop;
p. d. (potential difference) pasnocts norenumanos; IC circuit regula-
tors pery/sTopsl (cTaGHIH3aTODHI) HAa HHTErPATbHBIX cXeMax, line regula-
tion nuReiiHoe perysupoeaine.

Text C
VOLTAGE STABILIZERS

1. a) Read the text. b) Find the part of it dealing with typical chara-
cteristics of a Zener diode.
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I,mA The variable voltage circuits have one

30§ disadvantage in common. Any fluctuation

0l in mains input voltage will be faithfully

transmitted to the output so that, even

0 L if the load is constant, there will be vari-

UV -4 -2 ations in input voltage. These limitations

— Ty ere overcome it that classof circuits known
£ as voltage stabilizers.

10 ¢ Zener or avalanche diodes make use of

Breakdo_wzrb high doping levels to obtain artificially

I low reverse breakdown voltages. Typical

-Tg,mA | characteristics of a Zener diode are shown

in Fig. 1.11 where a 5 V breakdown is

Fig. 1.11. Typical Zener diode  jllustrated.
characteristics. The p. d. across the diode in the break-
down condition is almost constant over
a wide range of currents; this property is exploited in the simple
voltage stabilizer circuit of Fig. 1.12a. Here the output voltage is
equal to the diode p. d. and is therefore constant over a wide range of

input voltages.

The degree of stabilization produced by a particular circuit can
be specified as its stabilization ratio, which is obtained by mea-
suring the percentage change in output voltage produced by a given

percentage change‘ in input voltage. Then stabilization ratio =
h in input t . . i1 R .

=c;;1ng%ei;no?& tt V(\)rdftgaege' A basic Zener diode stabilizer like Fig.

1.12a usually gives stabilization ratios between 5 and 20, whilst some

of the more sophisticated IC regulators give values over 1000.

ASSIGNMENTS

I. a) Divide the Text C into logical parts. b) Choose the key sentences
and translate them.

I1. Find the part in the Text C describing the degree of stabilization
produced by a particular circuit.

I11. Read the Text C attentively and answer the questions.

1. What is known as voltage stabilizers? 2. What is the output
voltage in Fig. 1.12a? 3. How can the degree of stabilization produced

R 1k =i Rik 1,

R
. Nt

§&E‘ p 3|8 YL

RS N 53 § IND
§ S8 S5
>§ S

O~
a b ¢

Fig. 1.12. Voltage stabilizer circuits:

a basic Zenes dlode; b Zener stabilizer with load; ¢ Zener stabillzer
: with emitter follower,
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by a particular circuit be specified? 4. How is the stabilization ratio
obtained?

IV. Speak on:

1. Voltage stabilizers.

2. Stabilization ratio.

V. Prepare a dialogue on your own situation.

V1. Translate the Text C to be sure you understand it well.

VII. Translate the question-answer units into English. Werk in
pairs.

1. Uto coboii mpexctaBisior crabuiusatopsl Hanpsuxenusi? (Cra-
GUIN3ATOpHl HANPSKEHHS — 3TO TAKHE CXEMbl, KOTOPHIE O0eCMeunBalor
MOYTH NOCTOSTHHOE BLIXOAHOE HANpsKEHHe B INHPOKOM  JHallasoHe
H3MeHeHul BXoQHOro Hanpsikenus.) 2. Kakoe BhHIXOAHOe HanpsKeHHe
Ha puc. 1.120? (Buixognoe manpsikeHne Ha puc. 1.12a paBHO pasHOCTH
NOTEHUMAJIOB HA AHOAE M MOSTOMY NOCTOAHHO B IUMPOKOM JIHANAsOHE
u3MeHeHHil BXOAHBIX Hanpsukenuii.) 3. Kak moxer OblTb Ha3BaHa CTe-
NeHs cTaGWiMsalui, coslaBaeMas KOHKpeTHOH cxemoii? (Oma MoXer
6bITe HasBama ee KodbduuuenToMm crabuiusanuu.) 4. Kak nomydaior
Koapuuent crabumusaunn? (Kosdduuuent cTabuIH3allH T[ONYYaloT
nyTeM H3MEepEeHHsi NPOLEHTHOIO KM3MEHEHHS BBIXOJHOTO HampsiKeHus,
BO3HMKAIOIEIrO NpH 3aJaHHOM [POLEHTHOM W3MEHEHHH BXOAHOIO HA-
NpsKEeHus.)

VIII. Make up a plan of the text.

1X. Retell the text according to your plan.

X. Review the text in written form.

4, Searching Reading

PRE-TEXT EXERCISES

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

permissible load current SMHTTEPHBII TOBTOPHUTEND
load robbing the diode current 136exKaTh H3JIHIIHETO PacceHBaHHA
care must be taken NUTATh, MOAABATH

involve considerable waste of po- jomycTHMBEI TOK Harpysku
wer

avoid excess dissipation neobxofuMo OOpaTHTb BHUMAHHe

feed HATPY3KA CHIDKaeT AMOAHBIA TOK

emitter follower BKJIIOYATb 3HAYHTE/BHBIH PacXon
MOIIIHOCTH

11. a) Give the initial forms of the following words. b) Find the sen-
tences in the Text D with them and translate them.

Stabilizer, robbing, achieving, considerable, expensive, fortunately,
dissipation, regulation, incorporating, adjusting, provision, reference,
improvement, temperature, feeding. ’
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Text D

IMPROVED STABILIZATION

L. Read the following text and say what
it is about.

The maximum permissible load current

: for the Zener stabilizer of Fig. 1.12b was

) ‘3’3/‘{ about 8 mA, any greater load robbing the

1= diode of current so that it could not give

Fig. 1.13. The voltage stabi- its normal Zener voltage. In most cases,

lizer incorporating an error load current is much greater than this must

amplifier. be supplied. One way of achieving this is

simply to reduce the value of the series re-

sistor R so that a greater current / flows to the diode and load; care

must be taken, though, that the maximum rated power of the diode is

not exceeded. This line of action can involve considerable waste of power

and require an expensive high-power Zener diode. Fortunately, there
is a more elegant solution to the problem of high current supplies.

If an emitter follower is added to the simple Zener stabilizer,
the available output current is increased by the current gain of the
transistor. In Fig. 1.12¢ such a circuit is shown. The maximum avai-
lable output current is chiefly limited by the power dissipation of
the transistor 7’ for a voltage ‘drop of approximately 10 V, the output
current should be limited to 80 mA to avoid excess dissipation. Lower
voltage drops will allow greater currents'to be drawn.

Regulation can be improved further by incorporating an amplifier
in the circuit to compare the reference voltage from the Zener diode
with a given fraction of the output voltage. Such a circuit, which also
has provision for adjusting the output voltage, is shown in Fig. 1.13.
Here, the voltage amplifier T, has R, as its collector load and feeds
emitter follower T,. The emitter T, is held at a constant voltage by
Zener diode D. Potentiometer R, and resistor R, feed a given fraction
of the output voltage to the base of transistor T,. Since the emitter
of T, is held at the Zener voltage, the circuit output voltage adjusts
itself until the base of T, is 0.6 V (base-emitter drop) above the Zener
voltage. By adjusting potentiometer R, and thus feeding back a dif-
ferent fraction, the output voltage may be varied.

Further improvement can be made by replacing T, with a differ-
ential amplifier (e. g. a 741 integrated circuit) and using a Darlington
pair in the emitter follower instead of single transistor 7. The diffe-
rential amplifier virtually eliminates voltage drift with temperature,
whilst the Darlington pair further lower the output impedance.

Uin 15-20V

ASSIGNMENTS

I. Give the main idea of the Text D.
II. Answer the following questions embracing the contents of the
text.
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I. What was the maximum permissible load current for the Zener
stabilizer of Fig. 1.126? 2. When is the available output current
increased? 3. What is the maximum permissible load current for
the Zener stabilizer? 4. What is shown 'in Fig. 1.13? 5. At what voltage
is the emitter T, held?

I11. Make up the plan of the text.

IV. Reteli the text according to your plan.

V. Speak on:

1. Stabilizer circuit used in the calculation.

2. Stabilizer incorporating an error amplifier.

VI. Prepare a dialogue on your own situation.

VIL Look through the latest magazines and find additional material
ahout imorovel stabilisation. Discuss it.

ITI. GRAMMAR EXERCISES

I. Find Subjunctive Mood in the following sentences and translate
them. .

1. Although the same battery in the principle might be expected
to give 40 A for 1 hour, in practice its capability would be very much
reduced at this I-hour rate. 2. The necessary d. c. supplies for electro-
nic circuit might be drawn from batteries.

I1. State the forms and functions of the Participles and translate the
sentences with them. ‘

-1. Electrons, passing through the wire, create the current flow.
2. The discharge rate is often stated in terms of time, required to
discharge the battery completely. 3. Experiments, being conducted
in the field of electricity are based on Ohm’s Law. 4. Studing the capa-
city of a battery we learned that it is expressed in ampere-hour (AH).
5. Having defined that a car battery may have a capacity of 40 AH
at the 10 hour rate, we state that it can be deliver a current of 4 A for
10 hours. 6. If emitted by a strong source of light the rays will cast
bright light. 7. I saw my neighbour examining his car. 8. I saw the
car being examined by my neighbour. 9. Having been calculated the
data is used in the experiment.

ITl. Pay attention to the Participial Absolute Construction in the
following sentences and translate them.

1. Electrical energy being released, a force called electromotive
force is developed. 2. An e. m. f. is present, whenever free electrons
are moved from atoms, any of the above-named methods being used
to produce such electron motion. 3. This charge being always negative,
the e. m. f. is indirectional. 4. This field can be detected by the elec-
troscope, the strength being measured by an electrometer. 5. If this
is not provided for, electrons will accumulate at the end of the wire,
their repulsion back along the wire stopping the current flow. 6. There
two general methods by which a continuous supply of electrical charge
is obtained; one being by means of a battery, and the other being by
means of an electric generator.



Chapter 1I. ELECTRONIC DEVICES AND ELECTRONIC
TECHNIQUE \

Lesson 1. THERMIONIC VALVES

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. The Two-electrode Valve.
2. Average Reading.
Text B. The Thermionic Diode.
Assignments.
I1. Classwork.
3. Llose Reading.
Pre-text Exercises.
Text C. The Triode.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. The Triode Characteristics.
Assignments.
I11. Grammar Exercises.

-

I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading

PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronunciation
of the following.

[i:] reach, field, meaning, increase, decrease, receive, heat, lea-
der, lead, screen; [ai] might, sign, high, slightly; [2:] bought,
daughter; [s:] term, third, circuit, certain, first.

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Diode, electrode, cylindrical, positive, cathode, negative, elec-
tron, emission, voltage, thermionic, active, element, electronics,
signal, diagram, symbol, proportion, anode, volt.

ITL. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.
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Thermionic diode Bakyymubtii guox; thermionic valve szexTpon-
nas samna; handle v, ynpaeasite; definite onpenenenunli; incandescent
filament packanennasi HuTh Hakaja (xaron); velocity ckopocts; assis-
ting field yckopsiomee mose; negative space charge orpuuate/bHEIH
npocTpaHcTBeHHbl 3apsax; repellent effect orrankuBaiomuit  sdbexT;
inhibiting effect cnepxuparomuii, TopMossamumit 3ddekT (BAHsHHE);
for most small-scale amplification mpu ycmienun camoro Majoro CH-
ruana; high-power high-frequency signals MollHble CHIHAJBL BEICOKOM
yactoTey it is usually held positive oH OGBHIYHO MNOANEPKUBAETCS MOJIO-
sxuteanHeM; with respect to the filament no orTnowenwio K HUTH HaKana
(katony); a small forward current flows nporekaer neGosbIOH NPSIMOH
TOK.

IV. Analyse the constituents the following words consist of.

Cylindrical, emission, thermionic, electronics, amplifications,
similarly, assisting.

Text A
THE TWO-ELECTRODE VALVE

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The thermionic diode is a two-electrode valve. It consists of a plate
and filament. The filament is surrounded by a cylindrical plate,
normally termed the anode. It is usually held positive with respect
to the filament (cathode). If the anode is negative with respect to the
cathode no current flows. As the anode is made positive, the current
increases. The increase of the current stops when the full electron
emission of the cathode is reached. When there is zero voltage at the
anode a small forward current flows. '

2. Average Reading
Text B
THE THERMIONIC DIODE

I. a) Listen to the text. b) Read it (time limit is 3 min.). c) Find
the part of it dealing with the current-voltage characteristic of a thermio-
nic diode.

The thermionic valve was the first active element in electronics.
Although obsolete for most small-scale amplification, the valve still
finds a place where high voltages must be handled or high-power
high-frequency signals are involved (e. g. in radio transmitters).
Fig. 2.1a shows a diagram of the diode (two-électrode valve). The
incandescent filament is surrounded by a cylindrical plate, normally
termed the anode because it is usually held positive with respect to
the filament. Similarly, the filament is usually called the cathode.
The circuit symbol for the diode is shown in Fig. 2.1b.
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Fig. 2.1. The thermionic diode:

a the diagram; b the circuit symbol; ¢ the typical current-
voltage characteristic.

The current-voltage characteristic of a thermionic diode is shown
in Fig. 2.1c. In the thermionic diode a small forward current flows
when there is zero voltage across the device. This is because the elec.
trons are emitted from the filament with a definite velocity. A small
proportion of these electrons reaches the anode even when there is no
assisting field.

As the anode is made slightly positive, more electrons are drawn
towards it. If the anode is made negative with respect to the filament,
the emitted electrons are repelled back to the cathode, and no current
flows at all when the anode is several volt negative.

ASSIGNMENTS

I. a) Skim through the Text A and find the part of it dealing with
‘he stop of the increasing of the current. b) Be ready to discuss the inform a-
tion about it.

1. Discuss the information about the two-electrode valve.

I11. a) Find the part in the Text B centaining information about the
incandescent filament. b) Discuss it.

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

1. What is the simplest thermionic valve? 2. What is a diode?
3. Why are electrons drawn toward anode? 4. What does the thermionic
diode consist of? 5. What is the filament surrounded by? 6. How is it
usually held with respect to the filament (cathode)? 7. When doesn’t
any current flow at all? 8. When does the current increase? 9. When
does the increase of the current stop? 10. When does a small forward
current flow? 11. Was the thermionic valve the first active element in
electronics? 12. Why are the emitted electrons repelled back to the
cathode?
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V. a) Examine Figs. 2.1 @, b, ¢ and describe them. b) Answer the
questions.

1. What does Fig. 2.1a show? 2. What is the incandescent filament
surrounded by? 3. Why is a cylindrical plate termed the anode?
4. How is the filament usually called? 5. What is shown in Fig. 2.15?
6. Are the filament and plate clearly represented in Fig. 2.16? 7. What
is shown in Fig. 2.1¢? 8. What current flows in the thermionic diode
when there is zero voltage across the device? 9. Why does it happen?

V1. Make up a dialogue on one of the following situations.

1. A student wants to know about extensive usage of thermionic
valves. A qualified specialist answers his questions on the topic.

2. Two students discuss the figures showing the diode.

VII. Speak on:

1. The usage of thermionic valves in electronic equ1pment

2. The structure of the thermionic diode.

VIII Translate the question-answer units into English. Work in
pairs.

1. Uto npepcrasisier coboit anon? (Imox — 310 OTKauaHHAsA CTEK-
JAsiHHasi Konba ¢ ABYMS 3JEKTPOJaMH: KaTodOM H aHOJIOM.)

2. Kakas snekTponnasd Jjamna camasi npocras? (Camas mnpoctas
3JIEKTPOHHAS JaMIla — 3TO JHOA.)

3. Kora 3/1eKTPOHEl YCTPEMJISIOTCA K aHOAY? (DJIEKTPOHBl YCTpeM-
JSIOTCS1 K aHOAY. TOTMA, KOTAA aHOA TNOJOMXKHTENBHBIN.)

4. Korga 3MHTTHPOBAHHBIE 3JIEKTPOHBI OTTAJKHBAIOTCA  OOpaTHO
K Karony? (Ecid aHop OTpHUATENbHBIA MO OTHOILEHHIO K Kartolly, TO
SMHTTHPOBAHHBIE 3JIEKTPOHBl OTTAJKHBAIOTCA OOpaTHO K KaTony.)

5. Korma Tok coBceM ne npoxonut? (ToK coBceM He MPOXOZHT B TOM
cllyuae, €cIM aHOZ HMEeT OTDHUATENbHOE HANpSDKEHHE B HeCKOJbKO
BOJIBT.)

X. Make a short summary of the Text B.

1I. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Add noGapasith; piece Kycouek; ratio ormowenue; contain v. co-
nepxatb; look like Gbite moxoxum; permit v. paspewars; allow v.
no3eodsith; thus Takum o6pasom; window screen OKOHHasi CeTKa.

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

Control ynpaeaste; amplifier ycunurenn; ratio ornomenne; radio-
receiver pajnuonpueMHUK; {requency wuacrora;, capacity eMmKocTb;
attract npursarusare; rectifier Bumpsimurtens; grid cetka.

III. Find these word-combinations and terms in the Text C and
translate the sentences containing them.
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Fig. 2.2. The {riode valve:

a a dlagram; b the circuit symbiolt:‘c the typical transfer characte-
ristics.

Amplification ratio kosdcunuent ycunenns; hi-fi [haifai] (high
fidelity) Bbicoxass TouHocTh BocnpousBenenus; triode valve TproRmast
a/eKTpoHHas Jamna; audio frequency sBykoBasi uacrora.

IV. a) Form new words with the following suffixes and define their
functions. b) Translate them into Russian.

-al: addition, electric, magnetic; -ly: negative, positive, resistive;
-er: rectify, amplify, receive; -ing: permit, act, allow; -tion: direct,
add, amplify, rectify.

V. a) Puf questions to the words and word-combinations in bold type.
b) Translate the sentences.

1. A triode has three parts. 2. The additional part is called a grid.
3. The grid is used to control the electron flow from cathede to plate.
4. The current through the plate is a function of the grid voltage. 5. In
radioreceiver, the signal that reaches the grid from an antenna is high

frequency a. c.
VI. a) Find the verbs in the Passive Voice in the Text C.b) Translate

sentences with them.

TextC
THE TRIODE

I. a) Read the text. b) Speak on the structure and function of a triode:

In 1907 a young American engineer, Lee De Forest, added a third
part to the diode. Because it now has three parts, it is called a triode.
This three-electrode device, or triode is shown in Fig.2.2a and its
circuit symbol in Fig. 2.2b.

The additional part is called a grid, since it looks like a piece of
window screen. The grid isused to control the electron flow from cathode
to plate. A negatively charged grid will repel some or all of the
electrons emitted from the cathode. A positively charged grid will
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attract more electrons from the cathode. The current through the plate
is a function of the grid voltage. Not only does the grid play the role
of a rectifier by permitting current flow only in one direction, but it
also acts as an amplifier, allowing large currents to flow when the
grid is positive and smaller currents when the grid is negative.

The amplification ratio for a triode tube is the ratio of the
change in plate voltage per unit change in grid voltage. Thus ampli-
fication — change in plate voltage — yl

T~ “change in grid voltage U,

In the amplifier of a hi-fi, radio, or TV, the amplification is provi-
ded by a triode. In a radioreceiver, the signal that reaches the grid
from an antenna is high frequency (radio frequency) a. c. The rectifi-
cation or detection of the radio signal is accomplished by means of
a triode. The triode changes high frequency a. c. to radiofrequency
if the grid circuit contains the correct capacitance and resistance.

ASSIGNMENTS

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

1. Who added a third part to the diode? 2. How many parts are
there in a triode? 3. How is the additional part called? 4. What is the
grid used to? 5. What attracts more electrons from the cathode?
6. What is the function of the grid voltage? 7. What is the amplifica-
tion ratio for a triode?

1. a) Read the text again and ask additional questions embracing
its contents. b) Combine your answers into a short summary of the text.

[11. a) Find the part in the Text C containing information about grid.
b) Discuss it.

N 1V. a) Read the text closely and pick out the key sentences. b) Thanslate
them.

V. Pick out all technical terms from the Text C and translate them.

V1. Speak on the triode according to the denotative plan:

1. Invention: 1907; young American engineer Lee De Forest;
add, third part to the triode; because; call; triode.

2. Structure: additional part; grid; look like; piece; window
screen. ,

3. Function: control; the electron flow; cathode; plate; a negative-
ly charged grid; repel; emit; positively charged grid; attract; cur-
rent; through the plate; grid voltage; play the role; a rectifier; by
permitting current flow; one direction; act; as an rectifier; allowing;
smaller current, grid.

4. The amplification ratio: a triode tube, change, plate voltage,
per unit charge, grid voltage.

5. The provision of the amplification: hi-fi; radio; TV; radioreceiver;
signal; achieve; antenna; high frequency a. c.; audio frequency;
contain; correct capacitance and resistance.

VII. Review the text in written form.

VIIIL. Translate the text to be sure you understand it well.
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4. Searching Reading

PRE-TEXT EXERCISES

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

wire mesh OTHOCHTEJBHO

cut-off point , KpyTH3Ha

transconductance NPOBOJIOYHAS] CETKa

low tension TNOSABAATHCS

relative to nepejaua

appear NOJICKa3bIBaTh

“‘hum ” component BBeJeHHUE

eventually B KOHEUHOM CueTe

transfer KoJ1e6aThCs

fluctuate TOYKA OTCEUKH

suggest HH3KOe  HalpsKeHHe

injection : (hoHOBas cocTaBaA-
IoHasn

IL. Pick out all technical terms from the Text D and translate the
sentences with them.

I11. Translate the following word-combinations from the Text D.

Held negative; with respect to; under which conditions; the emitted
electrons; a certain fraction; through the space; the more negative
..., the more powerful ...; none of the emitted electrons; valve transfer
characteristics; fluctuation in electrone current; relative to.

TextD
THE TRIODE CHARACTERISTICS

I. Read the text and say what it is about.

The grid in a triode normally held negative with respect to the
filament, under which condition it repels some of the emitted elec-
trons back to the filament, allowing only a certain fraction to reach
the anode through the space in the wire mesh. The more negative the
grid is made, the more powerful its repellent field becomes and the
lower the anode current falls. Eventually, the cut-off point is reached
when none of the emitted electrons reaches the anode and the current
falls to zero. A typical triode valve transfer characteristics isshown

in Fig. 2.2c. The transfer property of a valve is specified by its trans-

conductance where __change in anode current _ Al,
» ms g’”_change in grid voltage =~ AVg

mA/V).

Early valve equipment used d. c., both for the high tension HT
(anode supply) and for the filament supply (low tension or LT). It is
very convenient, however, if the cathode can be heated by a. c. since
this is readily available directly from a mains transformer. There are
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two problems associated with a. c. heated filaments. Firstly, the
temperature of the filament may fluctuate in sympathy with the a. c.
frequency, giving rise to a 100 Hz fluctuation in electron current with
50 Hz a. c. Secondly, because the input grid voltage is applied relative
to the cathode, a proportion of the a. c. filament voltage will appear
in the input signal, producing a 50 Hz ‘‘hum” component.

These two problems are overcome in the indirectly heated cathode
which is used in almost all small valves. As the name suggests, the
cathode is electrically insulated from the heating filament, avoiding
- the direct injection of a. c. into the input circuit.

ASSIGNMENTS

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

1. How can a thermionic amplifying device be produced? 2. Who
added the third part to the triode? 3. How is a three-electrode device
called? 4. What is the potential of the grid®? 5. How is the transfer
property of a triode valve specified? 6.By what can the cathode be
heated? 7. What problems are associated with a. c. heated filaments?

I1. Examine Fig. 2.1, 2.2 and describe them.

111. Discuss the problems of a triode.

IV. Prepare a dialogue on one of the following situations: ]

1. The lecturer in electronics is asking his students about the
simplest amplifying devices.

2. Two specialists in electronics are discussing the problem of
using d. c. and a. c. in valve equipment.

V. Speak on:

1. The structure of a triode.

2. Valve equipment using d. ¢. and a. c.

V1. Look through the latest magazines, find information on a ftriode
and annotate it. ) o

ITI. GRAMMAR EXERCISES

1. a) Give the main forms of the verbs from the Text C and the Text D.
b) Translate the sentences with them.

Add, have, call, show, use, flow, emit, attract, play, act, be,
provide, accomplish, reach, change, repel, can, heat, may, apply,
appear, overcome.

I1. Transform the sentences according to the model.

Model. The first grid is called a control grid.
IlepBas ceTka Hasweaemcs ynpabJsiolell CeTKoM.
The first grid was called a control grid.
[MepBasi ceTka Ha3weaaaCt YUpaBIdIoOUledl ceTKOM.
The first grid will be called a control grid.
[Teppas cerka Gydem Ha3biaMbCs YNPABASIOUEN CETKOH.

1. The filament is surrounded by a cylindrical plate. 2. As the
anode is made positive, the current increases. 3. A valve with a grid
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between the filament and anode is called a triode. 4. The second grid
is termed a screen grid. 5. The screen grid is placed between the
anode and control grid. 6. The tetrode is used for amplification at
low frequences.

I11. Determine the function of Participle 11 in the following senten-
ces and f{ranslate them. .

1. The filament is surrounded by a cylindrical plate, normally
termed the anode. 2. The third grid is introduced between the anode
and the screen grid. 3. The pentode is widely used for amplification
at high and low frequencies. 4. The grid placed between the anode
and control grid is called the screen grid.

IV. Put questions to the words in bold type.

1. The thermionic diode is a two-electrode valve. 2. It consists
of a plate and filament. 3. The tetrode consists of the anode, cathode and
two grids. 4. The pentode comprises the anode, cathode and three grids.
5. The pentode is widely used for amplification at high and low fre-
quencies.

V. Translate the following sentences and pay attention to the word-
combinations in bold type.

1. The filament is usually held positive with respect to the fila-
ment. 2. As the anode ismade positive, the current increases. 3. Although
obsolete for most small-scale amplification, the valve still finds a place
where high voltages must be handled. 4. Similarly, the filament is
usually called the cathode. 5. The additional part is called a grid,
since it looks like a piece of window screen. 6. The rectifica-
tion or detection of the radio signal is accomplished by means of
a triode.

VI. a) Find all verbs in the Text D and define their tense-forms.
b) Translate the sentences into Russian.

Lesson 2. THE TETRODE AND PENTODE

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. The Tetrode Valve.
2. Average Reading.
Text B. The Secondary Emission.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. The Pentode Valve.
Assignments.
4. Searching Reading,
Pre-text Exercises.
Text D. The Voltage Amplifier.
Assignments.
ITI. Grammar Exercises.
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I. INDEPENDENT WORK
In the Laboratory

1. Skimming Reading

PRE-TEXT EXERCISES

1. a) Listen and repeat after the speaker. b) Practise the pronuncia-
tion of the following.

1. [w] soon, good; [a1] desired, amplifier, iriode, strike; [i:] deal;
screen, beam, need, been, mean, peak; [0:] nor, normally; [au] allow,
out, output.

1. Spurious [’spjusrias], yet [jel], through [Oru:], bias ['baias],
automatic [ o:to'meetik], inherently [in’hisr(e)ntl1], piezoelectric
[pa1,izo(u)1’lektrik]. :

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

Tetrode, triode, radio, kiloherz, signal, problem, electrostatic
potential, anode, symbol, characteristic, emission, positive, electron,
form, concentrated, pentode, alternative, piezoelectric.

I11. Check if you know the meaning of these words and word-combina-
tions.

Introduce pBoauTh; similar to mojo6ro wemy-u1.; to maintain moa-
nepxuBath; tend crpemMHTbCH; cause BhI3HIBATH, OBITE IPHYMHON,
extensively wmupoko; performance xapakTepHCTHKa; capacitance em-
KocTb; screen grid skpanupymwomasi cetka; undesirable «kink» Hexeda-
TeMbHBIH «13THO» (M3/0M); snag npensitcTBHe; leave a good deal to be
desired ocraBasier ®kesath ayuitero; the gain fell rapidly kosddunuent
yCWIeHHs Pe3Ko yMeHbinascs; generating spurious signal themselves
aBTOMAaTHUECKH 06pasysi JOXKHble curuanel, the main cause of the high-
frequency shortcomings ocHoBHas NpHYHMHA HENOCTATKOB Ha BHICOKHX
yacroTtax; be connected to earth via a capacitor GbITh CBSI3aHHEIM C 3eM-
Jel uepes KonueHcarop; as far as the a. c. signal is concerned uro xa-
caerca curuana nepemeHuoro toka; tend to dislodge crpemuthCs BHI-
6uth; thus robbing Takum obpasoM Jauas. '

IV. Convert the statements into questions according to the model.

Model. The screen grid is introduced to serve as an electrostatic screen between
anode and grid.
What grid is introduced to serve as an electrostatic screen between
anode and grid?
Is the screen grid introduced to serve as an electrostatic screen between
anode and grid?
Why is the screen grid introduced?

1. The main cause of the high-frequency shortcomings of the triode
is the capacitance between anode and grid. 2. A second grid or screen
grid serves as an electrostatic potential. 3. Fig.2.3 a shows the tetrode
valve. 4. This is the four electrode valve. 5. An alternative solu-
tion to secondary emission is the introduction of a suppressor grid
between screen grid and anode.
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V. Give English equiva-
lents to the following.

IIlupoko  HCMOJIb30BaTH;
XKe1aTb MHOrO JyHllero; s
TOro, YTOOBl MOAJAEPKHBATH;
4YTO KACAeTCsl CHTHaja mepe-

Suppressor
5 Ao

Screen
H

&mnnugl

grid h

a MEHHOTO TOKa; TaKUM ofpa-
Fig. 2.3. Multigrid valves: 30M; COeNMHATb QOBIYHO; 32
a tetrode; b pentode. HCKJ/IIOUEHUEM; TMepBOHaYa/Ib-

HO.

V1. Give initial forms of the following words.

Extensively, amplification, performance, rapidly, generating,
electrostatic, robbing, overcoming, travelling, alternative.

Text A
THE TETRODE VALVE

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

When the triode became extensively used for amplification in
radio work in the 1920s, it was soon realized that its performance at
high frequencies, above a few tens kilohertz, left a good deal to be de-
sired. At these frequencies the gain fell rapidly and some amplifiers
would oscillate, generating spurious signals themselves. The main
cause of the high-frequency shortcomings of the triode is the capaci-
tance between anode and grid. To overcome this problem, a second
grid or screen grid serves as an electrostatic potential similar to that
of the anode in order to maintain the electron flow, but is connected
to earth via a capacitor so that, as far as the a.c. signal is concerned,
it is an earthed screen. Thus we have the tetrode valve, its circuit
symbol being shown in Fig. 2.3a.

2. Average Reading
Text B
THE SECONDARY EMISSION

1. a) Listen to the text. b) Read it (time limit is 2 min.). ¢) Find
the part of it dealing with the function of the tetrode.

Fig. 2.3a shows the tetrode valve. This is the four electrode valve.
The second grid or screen grid is introduced to serve as an electrostatic
screen between anode and grid. It is held at a positive d.c. potential
similar to that of the anode in order to maintain the electron flow.
When electrons strike a valve anode, they tend to dislodge other elec-
trons and cause what is known as secondary emission.

One disadvantage of the tetrode is that these electrons can be drawn
to the screen grid,thus robbing the anode of current and giving rise
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to an undesirable ““‘kink’’ in the anode characteristic. One way of over-
coming this snag is to form the electrons travelling towards the anode
into a concentrated beam, using special beam-forming plates.

ASSIGNMENTS

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

IL. a) Skim through the Text B and find the part of it dealing with
the disadvantage of the tetrode. b) Discuss the information with your
fellow-students.

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

1. When did the triode become extensively used for amp11f1cat1or1
in radio work? 2. Does the gain fell rapidly at the frequency above a
few tens kilohertz? 3. What is the main cause of the high-irequency
shortcomings of the triode? 4. What is introduced in the triode to
overcome the main cause of the high-frequency shortcomings of the

-triode? 5. What is the function of the second or screen grid? 6. What

advantages and disadvantages of the tetrode do you know? 7. What
does Fig.2.3a show? 8. What is the tetrode? 9.Why is the second grid
or screen grid introduced? 10. What potential is it held at? 11.What
is known as secondary emission?

IV. Discuss the information obtained from the Text A and the Text B.

V.Be ready to discuss the information on the topic received at your
lectures on speciality.

V1. Prepare a dialogue on one of the following situations:

1. Two specialists in electronics have a talk about the history
of the development of thermionic valves.

2. The students are discussing the advantages and shortcomings
of the tetrode and the pentode.

" VI Speak on: ' '

1. How to overcome the main cause of the high-frequency short-
comings of the triode.

2. The structure and function of the tetrode and pentode.

VIII1. Translate the question-answer units into English.Work in
pairs.

1. B uem ocHOBHAsi TIPHUMHA HECOBEPIIEHCTBA TPHOAA HA BLICOKMX
yacrotax? (OCHOBHOH NPHUHHON HECOBEPUIEHCTBA TPHOJA HA BHICOKHX
Y4CTOTAX fBJSETCA €MKOCTh MEXKIy aHOIOM H CeTKOH.)

2. Yro BBOAMTCA B TPHOJ A5 TOrO, 4TO0bl YCTPaHUTH caaGoe MecTo
TPHOAA@ Ha BBICOKHX uacTtorax? ([ns mpeonosenust 3T0ro HeJOCTATKA
MEXIy ynpas/siouieli ceTKOH U aHONOM BBOIMTCS BTOpasi CeTKa.)

3. KakoBa ¢yHknusa BTOopofi wanm skpauupyiouieir cerku? (Bropas
WIH SKPAHHPYIOWAA CeTKa CIYMHT SJIEKTPHUECKUM SKPAHOM MeXIy
aHOJOM H CETKOH.)

4. B uem caGoe Mecto tetpopa? (OpHuM 13 caGBIX MecT TeTpoaa siB-
JSeTCs TO OOCTOATENBCTBO, YTO BTOPHUHEIE 3JEKTPOHBI MOTYT NPOXO-
IUTb K 3KpaHUpyIoulel ceTke, TakKMM 00pasoM YyMeHLIas NOCTYIJIEHHE
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Ha aHOJ TOKa M NMPHUBOLA K HeXeJaTeJbHOMY M3JIOMy B aHOLHOH Xapak-
TEpPUCTHKE.)

5. Uro nasbiBaercs neHtonoM? (IleHton — 310 nATHAIEKTPOAHAR
3/IEKTPOHHASA JaMia.)

6. Kak HasbiBaercsl JONOJHHTeNbHass ceTka B neHrtoae? (Oxa Hashl-
BaeTcs 3allUTHOH CETKOMH.) .

7. K ueMy npHcoenvHsaeTcs 3amuTHas cetka? (3alluTHas ceTka oObiu-
HO MPHCOENHHSETCA WIH K KaTOAy, WIH K «3eMJe».)

IT. CLASSWORK

.3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Introduction sBemenne; connect v. coenwnsith; normally oGbuHO;
earth semns; repel v. orrankusatb; allow no3BoATh, paspellath,
pass mpoxomuTh;  initially nepeonauambro; fulfill BemonHATH; need
nyxna; exception uckmouenue; slightly cierka; extensively mmpoxo.

I1. Memorize the words and word-combinations used in their speciali-
zed meanings.

Solution pactBop; suppressor grid samuTHas ceTka; screen grid
sKpaHupylomasi cetka; stream n: nortox; amplification ycunenme;
noise wym; low frequency Huskas uacrota.

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

Whilst allowing the more energetic electron stream to pass Tem
caMbIM 7iaBas BO3MOXKHOCTb [OTOKY 3JIEKTPOHOB ¢ GosblueH 3Hepruei
npoxofuth; with the exception of a slightly higher noise level sa uc-
KJIOUEeHHeM HeMHOro GoJsiee BblCOKOro ypoBHsi wyma; the pentode has
. therefore been extensively used for neHton, cJjeloBaTeIbLHO, INHPOKO
HCHOJb3YyeTCA JJId.,

TextC
THE PENTODE VALVE

I. a) Read the text. b) Find the part of it describing the suppressor
grid. Translate it.

An alternative solution to secondary emission is the introduction
of yet another grid — a suppressor grid between screen grid and anode.
The supressor grid is normally connected either to the cathode or to
earth so that it repels secondary electrons whilst allowing the more
energetic electron stream to pass through from screen grid to anode.
This five-eléctrode valve is the pentode; its circuit symbol is shown
in Fig. 2.3b. Although the pentode was initially developed to fulfill
the needs of high-frequency amplification, it turns out to have general-
ly more useful characteristics than the triode, with the exception of
a slightly higher noise level. The pentode has therefore been extensi-
vely used for amplification at high and low frequencies.
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ASSIGNMENTS

I. Read the Text C attentively and answer the following questions
embracing its contents.

1. What is an alternative solution to secondary emission? 2. What
is the suppressor grid connected to? 3. What is a five-electrode valve
called? 4. Where is the circuit symbol of a pentode shown? 5. Does
the pentode have generally more useful characteristics than the triode?
6. Where has the pentode been extensively used? 7. At what frequency
is the pentode extensively used?

I1. a) Divide the Text C into logical parts. b) Choose the key sentences

and translate them.

I11. Comment on the author’s attitude to the pentode valve.

1V. Combine your answers info a short summary of the text.

V. Comment on the description of Fig. 2.3b.

V1. Compare standard symbols for tetrode and pentode, used in the
USSR with those used in the USA.

VII. Speak on the text according to the denotative plan:

1. The place of a suppressor grid in a valve: an alternative solution;
secondary emission; introduction; yet; another grid; suppressor grid;

screen grid; anode; normally; connect;

either ... or; cathode; earth;

repel; secondary electron; allow; stream; pass through.

2. Pentode, its function:

initially; develop; fulfill;

need; high-

frequency amplification; turn out; useful characteristics; with the
exception of; slightly higher noise level.
3. The usage of pentode: extensively; use; amplification; high; low;

frequency.

4. Searching Reading
"~ PRE-TEXT EXERCISES
1. Match the following English words and word combmatlons with

the Russian ones.

voltage amplifier circuit
output voltage signal

load resistor

biasing

circuit feature

suitable

negligible

before serious distortion occurs
approximately
short- c1rcu1t1ng a.
earth

inherently high input impedance

feedback
of the order of
bypass capacitor

c. signals to

3*

COOTBETCTBYIOLIUA

CMellleHHe

pPe3UCTOp HArpy3KH
obparHas CBsi3b
0cOoBEHHOCTD uenu

NOpsALKa

IIYHTHPYIOWUH KOHAEHCATOP
He3HAYNTeJbHBIH
NpU6/IN3UTENBHO

JO TOro, Kak Hpou3oiaer
3aMeTHOe HCKaXKeHNe
3aKopaunBaHHe MNepeMeHHBIX
CHTHA/IOB Ha «3eMJIIO»
CHTHAN HalpsKeHHA

Lenb YCUICHHS HampshKeHus
IpUCYIlee BHICOKOE BXONHOE
HOJIHOE CONPOTUBJIEHHE
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Fig. 2.4, The trfipde voltage ampli-  Fig. 2.5. The pentode voltage amplifier,
ier.

IL. Give the main forms of the following verbs and translate them.

Show, give, find, use, develop, serve, know, prevent, appear,
reduce, draw, have, supply, mean, handle, occur, can, produce.

I11. a) Give initial forms of the following words and translate them.
b) State the function of suffixes.

Amplifier, voltage, resistor, biasing, automatic, appear, opposing,
independance, amplifying, bottoming, distortion, representative, equip-
ment, connection, circuiting.

TextD
VOLTAGE AMPLIFIER

I. a) Read the text and say what it is about. b) Review the text.

The triode may be used in a voltage amplifier circuit. Fig. 24
shows such a circuit. The output voltage signal is developed across
a load resistor R.. The cathode resistor, Ry, serves a function for
biasing. This circuit feature is known as automatic cathode bias.
The 100 pF bypass capacitor prevents a. c. signals appearing across
the cathode resistor; these would reduce gain by opposing the input
signal (negative feedback).

The valve is a voltage-operated device which draws negligible
input current. It therefore has an inherently high input impedance
and is suitable for amplifying the output of piezoelectric and capa-
citor microphone. The need for a 200 V HT supply is a disad-
vantage, but it does mean that large amplitude signals can be handled
before cut-off or bottoming occurs. A circuit such as Fig. 2.4 can
produce output signals of the order of 100 V peak-to-peak before serious
distortion occurs. A typical value for the voltage gain is 30.

' A pentode voltage amplifier circuit is shown in Fig. 2.5. This cir-
cuit gives a voltage gain of approximately 300 and is representative
of many circuits that are still to be found in valve equipment. Notice
the connection between suppressor grid (g,) and cathode, the screen
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- grid (g,) and HT supply via a 1 M resistor, and the 100 nF screen
grid bypass (decoupling) capacitor short c1rcu1tmg a. ¢. signals to
earth.

ASSIGNMENTS

I. Answer the following questions embracing the contents of the
Text C.

1. Where may the triode be used? 2. How is the output voltage
signal developed? 3. What function does the cathode resistor, R,, ser-
ve? 4. Is this circuit feature known as automatic cathode bias? 5. What
draws negligible input current? 6. What input impedance has a vol-
tage-operated device? 7. What can a circuit such as Fig. 2.4 produce?
8. What is a typlcal value for the voltage gain in tricde amplifier?
9. What is shown in Fig. 2.5?

I1. Prepare a dialogue on one of the following situations:

1. One of the engineers is explaining to the students the 01rcu1t
feature known as automatic cathode bias.

2. Two students put questions to each other, using Fig. 2.4 and
Fig. 2.5.

I11. Speak on:

1. A voltage amplifier circuit.

2. The cathode resistor R, as a function for biasing.

3. A voltage operating device.

IV. a) Examine Figs. 2.4, 2.5 and describe them. b) Discuss them
with your fellow-students.

V. Make up a plan of the text.

VI. Give some additional informations about voltage amplifier.

VI Look through the latest magazines and find additional informa-
tion on the topic of the lesson. Discuss it.

ITII. GRAMMAR EXERCISES

I. a) Check if you know the function of the following suffixes and pre-
fixes. b) Translate the words into Russian.
-tion: solution, introduction, amplification, exception, function,
distortion, connection; -ive: alternative, representative; -or, -er: supp-
ressor, amplifier, resistor, capacitor; -ly: normally, initially, general-
ly, slightly, expressively; -ing; allowing, biasing, appearing, opposing,
amplifying, using; -ic: energetic, characteristic, automatic, piezo-
electric; dis-: disadvantage, disagreement, disappear, discharge;
un- unknown, undesirable, unfortunately, unless.

I1. a) Change the following sentences according to the model. Define
the tense-forms of the verbs. b) Translate these sentences. ‘

Model. The triode is used in a voltage amplifier circuit.
The triode may be used in a voltage amplifier circuit.

1. The output voltage signal is developed across a load resist-
or R;. 2. This circuit feature is known as automatic cathode bias.
3. A large amplitude signals were handled before cut-off or bottoming
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occurs. 4. A pentode voltage amplifier circuit is shown in Fig. 2.5.
5. Many circuits will be found in valve equipment. 6. The suppressor
grid is normally connected either to the cathode or to earth. 7. The
pentode was initially developed to fulfill the needs of high-frequency
amplification.

I11. a) Find Participle II in the Text C and in the Text D and state
its function. b) Translate the sentences into Russian.

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

1. A suppressor grid is introduced between screen grid and anode.
2. The suppressor grid is normally connected either to the cathode or
to earth. 3. The suppressor grid repels secondary electrons.4. The supp-
ressor grid allows the more energetic electron stream to pass through
from screen grid to anode. 5. The pentode turns out to have generally
more useful characteristics than the triode.

V. a) Translate the following sentences. b) Pay attention to the words
and grammar-forms in bold fype. Explain them.

1. Thus we have the tetrode valve, its circuit symbol being shown
in Fig. 2.3a. 2. To overcome this problem, a second grid is introduced
between the control grid and anode. 3. The second (screen) grid is
held at a positive d. c. potential similar to that of the anode in order
to maintain the electron flow, but is connected to earth via a capacitor
so that, as far as the a. c. signal is concerned, it is an earthed screen.

VI. a) Find the sentences in the Text C and in the Text D containing
the following verbs. Define their tense-forms. b) Translate the sentences
into Russian.

Introduce, connect, repel, show, develop, turn out, use, serve,
know, prevent, reduce, draw, handle, produce.

VIIL. a) Find attributes in the following word-combinations. Say
by what parts of speech they are expressed. b) Translate them into Rus-
sian.

High frequency; a few tens kilohertz; generating spurious signals;
the main cause; the high-frequency shortcomings of the triode; an
electrostatic potential; an earthed screen; the tetrode valve; the cir-
cuit symbol; the four electrode valve; a positive d. c. potential; a con-
centrated beam; special beam-forming plate.

VIII. a) Write out all the verb-forms in the Passive Voice from
the Text B and the Text C. b) Translate them.

IX. Complete the sentences and identify the verb-forms.

1. Fig. 2.3a shows ... 2. The second grid is, introduced ...
3. When electrons strike a valve anode, they ... 4. One disadvantage
of the tetrode is that these electrons can be drawn... 5. One way of
overcoming this snag is to perform ...
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, Lesson 3. THE P-N JUNCTION

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. The p-n Junction Diode.
2. Average Reading.
Text B. The Operation of a Junction.
Assignments.
11. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Energetic Bands in Solids.
Assighments.
4, Searching Reading.
Pre-text Exercises.
Text D, Volt-ampere Characteristics
of a Diode.
Assignments.
IT1. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory

1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the prenun-
ciation of the following. - :

L. [{n] Operation, depletion, migration, junction; [o:] occuring,
external, reverse; [A] junction, understand, result, underneath; [19]
near, clear.

II. Classify [fa1], valence ['veilons), transistor [ trensists], col’-
lector, com’pact, “semicon’ductor, minimum ['mintmum], distribution
['distribjufn], classical [].

IL a) Listen and repeat after the speaker. b) State the function of
the suifixes in the following words and translate them.

Operation, semiconductor, transistor, occurring, junction, placing,
positive, negative, migration, relatively, typically, depletion, exter-
nal, condition, breaking, temperature.

I11. a) Listen, repeat and memorize the following word-combina-
tions. b) Check if you know their meanings. '
: P-n junction p-n nepexox; semiconductor device nonynporoanuKO-
BBl mpubop; depletion layer obennénuniéi ciolt; external d. c. supply
BHEIUHHA MCTOYHMK MNHTAaHUS IOCTOSHHOrO TOKa; minority carriers
HEOCHOBHbIE HOCHTeNM; appropriate polarity coorsercrsylomas noasp-
HocTb; the same continuous crystal lattice takas ke criommnas Kpu-
crajutnyeckas pemerka; to fill some holes sanonuuTh HeKOTOpEBIE ABIPKH;
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Fig. 2.6. The p-n junction with metallic CBA3€H KaK B p-, TaK # B N-
contacts, its circuit symbol and variation THOax wMarepuaja MNOJTYNPOBOX-
of potential. HHKa.
, IV. a) Find the verbs in the
Text A and B and define their tense-forms. b) Translate the sentences
with these verbs.

Text A
THE P-N JUNCTION DIODE

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The operation of a semiconductor device such as the transistor
depends on the effect occuring at the junction between p- and n-type-
materials. It is essential at this stage to understand that a semicon-
ductor junction is a change from p- to n-type material within the same
continuous crystal lattice. Simply placing a piece of p-type material
© in contact with a piece of n- type material will not normally result
in a p-n junction.

Fig. 2.6 shows a p-n junction diode with a metallic contact on
each side. Underneath the junction diagram is a simple graph showing
how the potential varies through the junction.

2. Average Reading
Text B
THE OPERATION OF A JUNCTION

I. a) Listen to the text. b) Find the part of it dealing with the increa-
sing and decreasing of the potential barrier at the depletion layer. Dis-
cuss it.

As soon as the junction is formed, some of the free electrons near
the junction in the n-type material cross over to fill some holes in
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Fig. 2.7. The effect of the depletion layer of the p-n junction:

a reverse bias; b forward bias.

the p-type; in doing so, they leave behind a net positive charge,
whilst at the same time giving the p-type material a negative charge.
These charges form a potential barrier which opposes further migra-
tion of electrons across the junction so that a state of equilibrium is
reached. In this state the region near the junction is relatively clear
of holes and free electrons as a result of the initial migration. Thisis
called a depletion layer and is typically less than one micron wide.

If an external d. c. supply is connected to a p-n junction, the po-
tential barrier at the depletion layer is either increased or decreased
depending on the polarity of the external supply or bias. Fig. 2.7
shows the two conditions of (a) reverse bias, where the potential barrier
is reinforced and the depletion layer widened, and (b) forward bias,
where the effect of the barrier is decreased and the depletion layer
narrowed. Under reversed biased conditions the only current flowing
across the junction is the tiny one due to thermal breaking of bonds
in both p- and n-type materials. The minocrity carriers are of the appro-
priate polarity to be drawn across the junction. At room temperature
. this reverse current is, however, so small in a silicon junction (typi-
cally 1 nA) as to be negligible for most practical purposes. When the
junction is forward-biased, however, the potential barrier is decreased
in height, equilibrium is upset and some electrons in the n-region and
holes in the p-region are able fo cross the junction. -The greater the
forward-bias voltage, the lower the potential barrier becomes and the
more electrons and holes cross the depletion layer. Hence a net current
flow is established across the junction.

ASSIGNMENTS

I. a) Choose the key sentences from the Text A and compare them
with the title of the text. b) Say what the text is about.
I1. a) Skim through the Text B and find the part of it dealing with
ahe tminority carriers. b) Discuss the information with your fellow-stu-
ents.



II. Find the part in the Text B containing information about the
free electrons near the junction in the n-type material. b) Discuss itusing
the additional information from magazines and books on speciality.

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

1. What charges form a potential barrier which opposes further
migration of electrons across the junction? 2. Is the region near the
junction in this state relatively clear of holes and free electrons as
a result of the initial migration? 3. What does the operation of a semi-
- conductor device such as the transistor depend on? 4. What is a semi-
conductor junction? 5. What is called a depletion layer? 6. What is
the current flowing across the junction under reversed-biased condi-
tion? 7. What is the magnitude of this reverse current at room tem-
perature? .

V. a) Examine Figs. 2.6 and 2.7. b) Answer the following questions.

1. What does Fig. 2.6 show? 2. What graph is underneath the jun-
ction diagram? 3. What does Fig. 2.7 show? 4. What is forward bias?

V1. Prepare a dialogue on one of the following situations:

1. A worker who worked with vacuum tubes inelectronics wants
to know about the function of a transistor. A specialist inthe field
is explaining to him the effect occurring at the junction ‘between
p- and n-type material.

2. Two students discuss what is shown in Fig. 2.6 and Fig. 2.7.

VIL Speak on: ‘

1. The operation of a transistor;

2. Biased p-n junction.

VI1I. Express your opinion of operation of a junction.

IX. Analyse the structure of the following word-combinations and
memorize them.

A potential barrier notennuansueli Gapsep; a state of equilibrium
cocrosinie pasHosecus; holes and free electrons aeipru u coGongnble
aeKTponbl; a depletion layer obemnéunmiit ciof; the polarity of the
external supply or bias mosnsipHocTs BHeWIHEro HCTOYHMKA WJIH CMelle-
Hug; reverse bias oGpaTHoe cMemenue; due to thermal breaking of bonds
00yC/IOB/IEHHbIH TENVIOBBHIM HapyLIeHHeM CBsidell; appropriate polarity
COOTBETCTBYIOIAsl MOJISIPHOCTD.

X. Translate the question-answer units into English.

1. Or uero sapucut pabora Tparsucropa? (PaGora TpaHsucropa 3a-
BHCHT OT sIBJICHUH, MPOHCXOAAIIMX B Nepexoje Mexay p- H N-THIAMH
MaTepuaJa.)

2. Yro npexcrasaser cobofi noamynpoBoAHHKoBEL nepexox? ([Toaympo-
BOJHHUKOBBIA I1€pPeXoll IpeiCTaBaseT cofoH H3MeHEHHE OT p- A0 N-THIa
MaTeprasna B OJHOH M TOH e CILIOIIHOH KPHCTANIHYECKOH pelleTKe.)

3. Uro uasbiBaercst o6ennéHHBIM coeM? (Ciofl, B KOTOpoM 061acTh
OKOJIO [1ePeXO/@ OTHOCHTEJLHO CBOGOIHA OT ABIPOK M CBOGOLHLIX 3JeK-
TPOHOB B pe3yJbTaTe NepBOHAuYANbHOA MHIpalHH, HasbiBaeTcs ofes-
HEHHBIM CJIOEM.) .

4. YUto npezncrasnser coGofl TOK, NPOXOAALIME Uepes Nepexof NpH
ycloBun ero obpartHoro cmelleHns? (B ciyuae obpaTHOro cmelmieHus
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eMMHCTBEHHLIM TOKOM, NPOXONSIINM uepes Iepexof, sBAseTcs He3Ha-
YHTeNbHEI TOK, OOYCJOBJEHHEI TEIVIOBHIM HApyIIeHHeM CBs3eHd Kak
B p-, TaK ¥ B II-THIIaX MaTtepuaja NOJNYNPOBOAHHUKA.) ’

5. KaxoBa BesiMyKHa 3TOr0 06paTHOrO TOKAa IPH KOMHATHOM TeMnepa-
rype? ([Ipn KOMHATHOH TemIepaType oOpaTHBIH TOK TaK Majl B KPEMHH-
€BOM IIepexojie, UTO HM MOXKHO NpeHeOpeusb ANsl MHOTHX TNPaKTHYECKHX
ueJeit.)

II. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.

Explanation o6bsicuenne; depend on (upon) 3aBHCeTb OT Hero-i.;
distribution pacnpenenenue; comprise BKJIOYaTh, cojlepxars; immedi-
ately memenvienHo; size pasmep; nearby Gauanexaiui; separation ot-
peqeHue, pasienenue; bottom amo; Hus; top Bepmmna, Bepx; overlap
MepeKphBaTh; SeNse CMBICT; refer otHocuthcsi; behind sa, mosany;
both ... and u ... 4.

1I. Memorize these words and word-combinations used in their
specialized meanings.

Band somna, nosoca; property cBoiicteo; solid TBepmoe Teso; jump
nepexoiuTs; hole npipka; carrier HocuTess; insulator usomsitop; empty
position cBoGojHOE pacrooXkeHue.

I11. Find these terms in the Text C and franslate the sentences
containing them.

Conduction band soma nposopuMoctH; valence band panenTHas
30Ha; energy gap sHepreTHuecKas Liefb; energy level smepreruueckuit
yposenn; band gap samperienHas 30Ha.

IV. a) State the function of the suffixes in the following words.
b) Translate them. ‘ o

Explanation, distribution, highest, conduction,- immediately,
separation, insulator, reaching, classical, position, leaving.

TextC
ENERGETIC BANDS IN SOILlDS

I. a) Read the text. b) Find the part of it describing band’s forms,
insulators, semiconductors and holes.

The modern explanation of the different electrical properties
of solids depends upon the distribution of the electrons in a solid
into energy levels, called bands. The highest energy levels in a solid
comprise the conduction band. The energy levels immediately below
this band comprise the valence band. The properties of a material
depend on the size of the energy separation between the bottom of the
conduction band and the top of the valence band, called the band or
eriergy gap. Materials that have large band gaps are insulators. If
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the two bands overlap, there is no band gap and the material is a con-
ductor. When the band gap is small, the material is classified as
a semiconductor. _

Because the band gap in semiconductors is small, it is possible
for a small quantity of energy, supplied by light, heat or a low voltage,
to cause electrons to jump from the valence band to the conduction
band. Electrons reaching the conduction band become free electrons,
in a classical sense of the phrase. The empty position left behind by
the electron in the valence band is called a hole. A nearby valence
electron can jump into this hole, leaving behind an other hole. Thus
a series of holes flow toward the negative terminal while electrons
flow in the opposite direction. The holes are referred to as positive
charge carriers. Semiconductors, therefore, have both negative and
positive charge carriers.

ASSIGNMENTS

I. Divide the text into logical parts. Choose the key sentences and
translate them. _ ;

Il. Look through the text and find the part of it dealing with the
electrons reaching the conduction band,

II1. Read the Text C attentively and answer the following ques-
tions.

1. What does the modern explanation of the different electrical
properties of solids depend upon? 2. What are called bands? 3. What
do the valence bands comprise? 4. What do the properties of a material
depend on? 5. What materials are called insulators? 6. What is a con-
ductor? 7. What is classified as a semiconductor? 8. Why is the flow
of holes equivalent to a positive current opposite to the electron flow?
9. Why is it possible to cause electrons to jump from the valence band
to the conduction band? 10. When do elecfrons become free electrons?
11. What is called a hole? 12. Where do a series of holes flow? 13. Are
the holes referred to as positive charge carriers? 14. What carriers
do semiconductors have?

1V. Find in the Text C English equivalents for the following Russian
words and word-combinations.

BoamoxHo 1151 HeGOMBILOTO KOMMYECTBA 3HEPTHH; NOGYIUTH SMekK-
TPOHEI NI€PEXOAHTh; JEKTPOHHI, JOCTUTAsi 30HBI IPOBOAMMOCTH; Giuaie-
Kalllie BaJICEHTHBIE SJI€KTPOHBI; Cephsi ABIPOK; OTHOCHTLCS K MHOJOMKH-
TeJbHBIM 3apsfiaM; KaK OTPHHATeNbHBlE, TAK U MOJNOXKHUTEJNbHBIE HOCH-
TeJH 3apsioB.

V. Speak on the following problems:

I. Distinguish between conductors and insulators in terms of
their conduction and valence bands.

2. Explain the difference between holes and electrons in a semi-
conductor.

VI. Make a short written summary of the Text C.

VI1I. Find the verbs in the Text C and state their tense-forms.

VIII. Translate the Text C to be sure you understand it well.
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4, Searching Reading

PRE-TEXT EXERCISES

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

the Russian ones.

apply v. 6aaronaps

increase v. I POH3BOANTE

reduction NposiB/AATE, IpEACTaB-
JSATh

owing to NpUMeHATH

produce npsAMoe HanpsiKeHHe

forward voltage YBEJIHUHBATD

exhibit v. 3HAUHTEJIBHO

nearly BKpariie

significantly yMeHbILIeHHe

in brief NOYTH

conversion- TOYKa

point npeBpallieHue, nepe-
X011

IL. Find the following word-combinations in the Text D and translate
the sentences containing them. :

The forward e. m. {.; the effective resistance; owing to the reduc-
tion; the potential barrier; applied voltage; forward direction; for-
ward voltage; the forward and reverse characteristics; a silicon junc-
tion; germanium junction; a potential drop; infinite resistance.

I11. a) Give the initial forms of the following words from the Text D
and translate them. b) State the function of suffixes.

Junction, effective, resistance, reduction, -potential, direction,
typically, freely, rectification, conversion.

‘ IV. Find the following verbs in the Text D and state their tense-
orms,

Increase, decrease, result, produce, show, begin, exhibit, allow,
present, point. .

TextD
VOLT-AMPERE CHARACTERISTICS OF A DIODE

I. Read the text and say what it is about.

It is important to note that, as the forward e. m. f. applied across
the junction is increased, so the effective resistance at the junction is
decreased owing to the reduction of the potential barrier. The result
is that a very small increase in applied voltage in the forward direction
results in a large increase in current. Typically, in a small silicon
diode, a forward voltage of 0.6 V produces a current of 1 mA, and a
forward voltage of 0.8 V produces a current of 100 mA. The forward
and reverse characteristics of a typical small silicon diode are shown
on a graph of current against applied e. m. f. in Fig. 2.8. It is clear
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Iy, mA from the graph that a silicon junction does
not begin to conduct significantly until
8 r a forward e. m. f. in the region of 0.5V
6L is present. Germanium junctions exhibit
a smaller potential drop, in the region of
4+ 0.2 V.
1 In brief, a diode allows current to flow
2 p freely in one direction but presents a ne-
arly infinite resistance the other way.

This oneway characteristic points to an
important use of diodes: rectification,
the conversion of a. c. to d. c.

o . ke Lo 1
04 -02 0 02 04 UV

Fig. 2.8. Volt-ampere charac-
teristics of a diode.

ASSIGNMENTS

I. Answer the following questions embracing the contenis of the
Text D.

I. What happers as the forward e. m. f. applied across the junction
is increased? 2. What does a very small increase in applied voltage
in the forward direction result in? 3. What is shown in Fig. 2.8?
4. What does germanium junction exhibit in the forward direction?
5. What does this one-way characteristic point?

I1. Prepare a dialogue on your own situation.

II1. Make up the plan of the Text D.

IV. Retell the text according to your plan.

V. a) Read the Text D closely. b) Discuss information about volt-
amperes characteristics of a diode.

VI. Look through the latest magazines on the topic of the lesson and
discuss it with your fellow-students.

VIL. Make a short written summary of the topic.

ITI. GRAMMAR EXERCISES

I. Give the main forms of the following verbs and translate them.

Depend, comprise, become, leave, call, flow, refer, have, increase,
decrease, result, produce, begin, exhibit, allow, present, point.

I1. Compare the pairs of sentences, explain the use of tenses and
translate them into Russian.

Continuous Tenses
1. They are building a new tele-

Indefinite Tenses
1. We build new radio station

every year.
2. That year the Moscow workers
built a new TV tower,

3. Next year they will build one
more section of the TV studio.
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centre in our town.

2. They were still building the
TV tower when you came to live
in Moscow.

3. What section of the studio
will they be building next month?



Perfect Tenses

1. The TV tower has recently
begun to function.

9. The Moscow TV studio had
produced a great number of colour
TV films by 1970, when the Os-
tankino tower was built.

3. The new TV studio in our
town will have transmitted its
first program by the end of

Perfect Continuous Tenses

1. Colour felevision in our co-
untry has been functioning since
1967.

2. The Moscow TV studio had
been producing colour TV films
for three years before the Ostan-
kino tower was built.

3. By 1977 our telecentre will
have been transmitting programs
for six . years.

this year.

111. Pay attention to the compound pronouns in the following sen-
tences and translate the sentences into Russian.

1. Whenever energy in any form is released, a force is developed.
9. Whenever an e. m. i. is developed, there is also a field of energy
called an electrostatic field. 3. Anyone working in the field of electri-
city must be familiar with the principles of magnetism. 4. Everybody
knows that the achievements of Soviet mathematics and physics have
had a great effect upon the acceleration of scientific and engineering
development. 5. Whenever an e. m. f. is present, free electrons are
moved from atoms. 6. Whenever the two conducting bodies are separa-
ted by a dielectric they possess capacity and a combination is called
a condenser. 7. Whenever an electric charge is at rest, it is spoken
of as static electricity. 8. Whenever a current is induced, its
magnetic field opposes the change of flux.

TV. Translate the following sentences paying attention to the gram-
mar forms in bold types.
i 1. As soon as the junction is formed some of the free electrons near
the junction in the n-type material cross over to fill some holes in the
p-type; in doing so, they leave behind a net positive charge, whilst at
the same time giving the p-type material a negative charge. 2. Under
reverse-biased conditions, the only current flowing across the junction
is the tiny one due to thermal breaking of bonds in both p-n-type ma-
terial. 3. At “*room temperature this reverse current is, however, so
small in a silicon junction as to be negligible for most practical pur-
poses. :
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Lesson 4. THE BIPOLAR TRANSISTOR

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. N-p-n and p-n-p Devices.
2. Average Reading.
Text B. The Transistor Action.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. The Current Gain.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Second-order Effect.
Assignments.
II1. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronunci-
ation of the following.

(1] in, since, consist, is, thin, which, trip; [ou] hole, most,
whole, dope, no, close; [o] also, -offer, opposite, consist, cross, not;
[a1] device, time, five, divide.

reverse [r1'vas], barrier [’baeria], roughly ['rafli], typical [ tipikal],
junction ['dzankfn], biasing ['baresim], compensate, recombination.

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Bipolar [bai’pouls], micron [‘maikran], ‘concentrate [s], minority
[mat'norit1], combine |kem’bain], base [beiz], battery [‘beetor1}, com-
pensate [kompan’seit], recombination ['rikembi’neifn).

H1. a) Listen, repeat and memorize the following words and word-
combinations from the Text A and the Text B. b) Check if you know their
meanings.

Sandwich of doped semiconductor material cioucrasn CTPYKTYpa
JIETHPOBAHHOTO MOJIYNIPOBOAHUKOBOIO Martepuana (C NpUMecsiMM); com-
mon arrangement Tunopoe yctpoficTBo (csoeB); common-emitter circuit
cXema (BKJIOYEHHS TpaH3HcTOpa) ¢ OOLUM 3MHTTepoM; reverse-biased
obpaTHo cmeinenHnbli; forward biased npsMo cMeleHHBIH; cross nepece-
Katb; «downhill run» «cxareiBaue ¢ ropsi BHH3»; be rapidly swept
OBICTPO BTATUBaTLCA, YCTPeMIsSThCs; gate BOpOTa, BEHTHJb, 3aTBOp;
readily available wnpoko wucnosb3oBaTHCS.
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Fig. 2.9. The bipolar n-p-n transistor:

a the structure and its circuit symbol; b the simple common-emitter circuit with no
base current; ¢ the common-emitter circuit with base current.[flowing; d the collector-
base current characteristic.

Text A
’NfP-N AND P-N-P DEVICES

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The bipolar junction transistor consists of two p-n junctions formed
by a sandwich of doped semiconductor material. Fig. 2.9 shows the
most common arrangements, the n-p-n transistor. A thin layer of
slightly doped p-type material (the base) is sandwiched between two
thicker layers of n-type material (emitter and collector); the p-type
base layer may be as thin as one micron.

N-p-n devices are the most common. P-n-p devices are also readily
available and are very useful in a whole range of complementary
circuits since they offer characteristics identical to n-p-n transistors
but with the opposite polarity of supply voltage. Whereas in the n-p-n
transistor current consists of electrons, in p-n-p transistor it consists
“of holes. Likewise, the base current is an electron-flow instead of
a hole-flow.

2. Average Reading
Text B
THE TRANSISTOR ACTION ,
I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find .

the part of the text dealing with electrons which reach the depletion layer.
Translate it.
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Fig. 2.9 and Fig. 2.9¢ show a n-p-n transistor connected into
a simple common-emitter circuit. In Fig. 2.9b no base current is
flowing whilst in Fig. 2.9¢ the switch S is closed, allowing a current
to flow from battery B; into the base of the transistor. Consider
Fig. 2.9b first of all. The important point to note is that the collector-
base junction is reverse-biased with the resulting potential barrier
preventing any flow of majority carriers. Thus, neglecting leakage,
the current in the collector circuit is effectively zero with switch S
open. Now consider what happens when S is closed (Fig. 2.9¢). The
base emitter junction becomes forward-biased whilst the collector-
base junction remains reverse-biased. Owing to the forward bias on
the base-emitter junction, electrons from the n-type emitter cross into
the p-type base, where they diffuse across towards the depletion layer
at the base-collector junction. Once the electrons reach the depletion
layer being minority carriers in the base region, they have a «downhill
run» through the potential barrier and are rapidly swept into the col-
lector, thus establishing a collector current in the transistor. The action
of forward-biasing the base-emitter junction is like opening a gate
and allowing a current to flow in the collector-emitter circuit. This
is transistor action.

ASSIGNMENTS

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

I1. a) Skim through the Text B. b) Discuss the main idea of it.

II11. Skim through the Text B, choose the key sentences and tran-
slate them.

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

1. What does the bipolar transistor consist of? 2. When is the cur-
rent in the collector circuit in Fig.2.96 effectively zero? 3. What hap-
pens when S is closed? 4. What is the action of forward-biasing the
base-emitter junction like? 5. Is the n-p-n transistor the most common
arrangement? 6. What does Fig. 2.9 a show? 7. What is sandwiched
between two thicker layers of n-type material (emitter and collector).
8. What size may the p-type base layer be? 9. What characteristics
identical to n-p-n transistors do p-n-p devices offer? 10. What does
p-n-p transistor consist of? 11. What is the base current?

V. Prepare a dialogue on one of the following situations:

1. Two students compare the function of thermionic valves and
that of transistors in electronics.

2. A teacher in electronics is explaining to the students the transis-
tor action and answer their questions.

V1. Prepare a dialogue on your own situation.

VII. Prepare dialogues using the figures of the Text A and the
Text B.

VIII. Speak on:

1. The bipolar junction transistor.

2. Transistor action.
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IX. Translate the question-answer units into English. Work in pairs.

1. M3 4ero cocTouT GHNOAPHBIA MIOCKOCTHOH TpansucTop? (Bumno-
JIAPHBIA MJIOCKOCTHON TPAH3UCTOP COCTOMT H3 TPEX JIETHPOBAHHEBIX CJIOEB
TOJIyTIPOBOJHMKOBOIO MaTepHaja p-1-p THIIOB.)

2. Korzia TOK B KOJIEKTOPHO! 1leNH Ha puc. 2. 90 NpakKTHIECKH paBeH
nymo? (ToK B KOJJIEKTODHOH Ueny MPaKTHYECKH DPaBeH HYJIO TOTAd,
Korja Kmod S pasoMKHYT.) ‘

3. Yto npoucxomut, Korfa kmou S saMknyT? ([lepexon 6asa-sMuTTep
CTAHOBHTCS NPAMO CMELIEHHEIM, B TO BPeMA KaK KOJJIEKTOPHO-0A30BbIA
nepexoj, 0cTaeTcsi 06paTHO CMEIEHHbIM.)

4. Uto HamoMuHaeT fefictBHe (6a30-3MUTTEPHOrO Mepexofia HPH Mpsi-
MoM cmeiennu? ([lefictBre 6a30-9MUTTEPHONO NIEPEXOJA IPH €70 NP AMOM
CMEIeHUHN HANOMMHAET OTKpHIBAHME BOPOT H TMO3BOJSET TOKY IMpPOXO-
IUTh B KOJLIEKTOPHO-3MUTTEPHYIO Lienb. B 3TOM sakioyaercs CYLIHOCTb
pa6oTl TpPaH3KCTOpA.)

{I. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Upset cmemats, Hapywarth; capture saxpaThiBaTh; lightly —crerka;
at the same time B To e camoe BpeMst; waylaid 61okupoBarh, mnperpa-
IMTH 0yTh; supply obecneunsats; constitute cocrapnate; equal pasubl;
the number of pan; successful trip ycnemnsii nepexon; region o6racts;
of the order of mopsnka.

11. Memorize these words and word-combinations used in their specia-
lized meanings. '

Be waylaid 6biTh GiroKupoBaHHBEIM; holes apipky; low concentration
of holes HM3Kas KoHIeHTpanus Abpok; doped serupoBaHHBIH; ratio or-
HOLLIEHHeE,

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

current gain xosdbduipenT ycuieHns mo Toky; base current 6asosbtii
Tok; current-controlled device ynpasisiemoe TOKOM YycTpoiCTBO; col-
lector current xonnekTopHBi TOK; silicon transistor KpemHHeBEIA
TPaH3UCTOP.

TextC
THE CURRENT GAIN

I. a) Read the Text C. b) Describe recombination of electrons in the
base region.

Why do the electrons not recombine with holes in the p-type base
region as they diffuse to the collector? The answer is that, by making
the base of very lightly doped p-type material, that is with a low con-
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centration of holes, and at the same time using a very thin base, there
is only a small chance of an electron being waylaid by a hole and recom-
bining. When an electron does recombine in the base region, it upsets
for a moment the equilibrium, because the base has captured a negative
charge. This is corrected by a hole supplied by base battery B;. It is
supply of holes to compensate for recombination in the base which
constitutes the base current of the transistor. Thus the transistor is
a current-controlled device. The current gain (hgz) is the ratio of
collector current to base current.This must be equal to the number
of electrons per second making a successful trip from emitter to col-
lector, dividing by the number which recombine. In a typical small
silicon transistor, an electron in the base region has roughly a 1 in
l(f)O chance of recombining, so that the current gain is of the order
of 100.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Choose the key sentences
and translate them.

[1. Look through the Text C and find the part of it dealing with the
transistor as a current-controlled device. Translate it.

I11. Read the text attentively and answer the following questions.

1. Why has the base captured a negative charge? 2. What is correc-
ted by the hole supplied by base battery B,? 3. What is the transistor?
4. What does the base current of the transistor constitute? 5. What is
the current gain (hrpg)? 6. What must the current gain be equal to?
7. What chance of recombining has an electron in the base region?

IV. Prepare a dialogue on one of the following situations:

One of the students looking at Fig. 2.9 asks questions, the other
answers them.

V. Make up a plan of the text.

VI. Retell the text according to your plan.

VII. Review the_text in written form.

VIIIL. Translate the Text C to be sure you understand it well.

4, Searching Reading
PRE-TEXT EXERCISES

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

plot ’ CHIbHAA NOALEpKKa
plot against HCKaKeHHe
relationship HAHOCHTh (HA uYepTeik)
strong encouragement WHXeKTHpPOBAHHELIE
injected 1306paxKeHHbIH

(B ¢ynkuumn) ot
distortion B3aHMOOTHOLIEHHE

sweep up by the field cayuaiinbiM o6pasom
the hole population IBIPOYHAsl  TONYJSIHA
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significant fraction
in random fashion

prey to recombination
complementary circuit
be healthier

obsieruaThCs

30. moka He peKoMOu-
HHPYIOT

3aXBaTHIBATh I10JIEM
CYLIIECTBEHHAR YacCTb
BTATUBATD

build up TPaTUTh BNYCTYIO, 3ps
pacxonoBaTh

«waste» JONOJIHUTENbHAS  CXema

draw €03[aBaTh

1L Give initial forms of the following words and translate them.

clearly, relationship, considering, encouragement, depletion, layer,
diffusing, recombination, healthier, electric, population, heavily,
fraction. :

I11. Give the main forms of the verbs from the Text D.

Plot, reduce, explain, cross, reach, sweep, diffuse, prey, encounter,
inject, help, exhibit, begin, behave, dope, consist, go, lead.

TextD
SECOND-ORDER EFFECT

I. Read the following text and say what it is about. Review the text.

Fig. 2.94 shows a graph of collector current plotted against base
current for a small silicon transistor; there is clearly a linear relation-
ship between /¢ and /s over most of the collector current range. At
low values of base current, however, the current gain is somewhat
reduced. This is explained by considering the behaviour of electrons
in the base: at very low base currents the electrons which cross from
the emitter to the base region do not have any strong encouragement
to reach the collector. It is only when they reach the collector-base
depletion layer that they are swept up by the field; before this they
are simply diffusing across the base in random fashion, prey to recom-
bination with any hole they may encounter of the way. At higher
values of base current, conditions are healthier for the electrons.
The holes injected by the base current built up a slight electric field in
the base which helps to draw the electrons into the depletion layer.
Thus, at moderate collector currents of about 10 mA, a fransistor
will exhibit higher current gain than at low collector currents around
1.0 mA.

At very high collector current, when the hole population in the
base is very high, gain begins to fall. The base behaves as if it were
more heavily doped than it realy is, so that a significant fraction of
the current across the base-emitter junction consists of holes going
from base to emitter as well as the useful electrons going the other way
towards the collector. Thus, more and more of the base current is
«wasted» and the current gain falls. The effect of importance in power
amplifier, where it can lead to waveform distortion at high collector
currents.
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ASSIGNMENTS

I. a) Skim through the text and divide it into logical parts. b) Choose
the key sentences and translate them.

II. Find the part of the text describing the reduction of the current
gain.

IT1. Read the text attentively and answer the following questions.

1. What does Fig. 2.9d show? 2. When is the current gain reduced?
3. When are conditions healthier for the electrons? 4. When does gain
- begin to fall? 5. What electrons do not have any strong encouragement
to reach the collector? 6. When do electrons reach the collector-base
depletion layer? 7. What holes built up a slight electric field in the
base? 8. What base helps to draw the electrons into the depletion
layer? 9. Will a transistor exhibit higher current gain?

1V. Make up a plan of the text.

V. Discuss the problem of second-order effect.

V1. Make a short written summary of the text,

VIL Look through the latest magazines and find additional informa-
tion about second-order effect.

VII1. Compare standard symbols used in the USSR for bipolar tran-
sistors with those used in the USA.

I1T. GRAMMAR EXERCISES

I.Translate the following words paying attention to the meanings of
prefixes.

Bidirectional, biphase, biphone, bistable, bivalent; reconstruct,
recombine, rewrite, recycle.

I1. Translate the following sentences into Russian paying attention
to «once».

1. Once the switch S is open no base current is flowing. Once the
electrons reach the depletion layer, they have a “downhill run” through
the potential barrier and are rapidly swept into the collector, thus
establishing a collector current in the transistor.

ITI. Translate the following sentences into Russian paying attention
to the functions of Participle I and Participle II.

1. The bipolar junction transistor consists of two p-n junctions
formed by a sandwich of doped semiconductor material. 2. Fig. 2.95
shows a transistor connected into a simple common-emitter circuit.
3. No base current is flowing whilst the switch is closed, allowing the
current to flow from battery into the base of the transistor. 4. The im-
portant point to note is that the collector-base junction is reverse-
biased with the resulting potential barrier preventing any flow of ma-
jority carriers. 5. Neglecting leakage, the current in the collector
circuit is effectively zero with switch S open.

IV. Translate the following sentences into Russian paying attentior
fo Imperative Mood.

1. Consider Fig. 2.9. 22 Note the following phenomonon. 3. Avoid
making mistakes. 4. Draw the graph and see the directionol elections.
5. Examine the graph and erplain it.
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Lesson 5. THE FIELD-EFFECT TRANSISTOR

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises. )
Text A. The N- and p-channel in
the Junction Field-effect Transistor
(JFET).
2. Average Reading.
Text B. The Junction Field-effect
Transistor Action.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. The MOSFET.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Use of MOSFET.
Assignments.
II1. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading .
PRE-TEXT EXERCISES

1. a) Listen and repeat after the speaker. b) Practise the pronuncia-
tion of the following. . -

Previously, emphasized, negligible, advantage, piezoelectric,
variation, particular, unipolar, susceptible, nuclear, microphone,
insulator, diagrammatic, ohmic, alternative.

I1. a) Make sure thatyou know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Ohmic, contact, normal, alternative, construction, type, negative,
positive, unipolar, microphone, region.

I11. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Gate satsop; outline KouTyp, ouepranue; current-controlled ampli-
fying device ycuturenbubiit npubop, ynpasisiemsii tokom; field-effect
transistor (FET) nosepo#t Tpansucrop; drawn by 80. nocTynaroLui B;
transducer npeo6pasopatesib; unable to supply He B COCTOSIHHUH CO3J1aTh;
significant current smauutenbumiit ToK; junction field-effect transistor
(JFET) mnonesoit Tpawsuctop ¢ p-n satsopoM; insulated gate field-
effect transistor (IGFET) noseBofi Tpans@cTOp C H30JMPOEaHHBIM 3a-
tBopoM; metal-oxide semiconductor field-effect transistor (MOSFET)
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Fig. 2.10. The n-channel junction field-effect transistor (JFET):

a the structure; & its circuit symbols; ¢ the circuit symbols for p-channel JFET;
’ d a test circuit.

[O/eBOM TPAH3UCTOD THNA METa/lI-OKMCeN-Noaynposopuuk (MOIT Ttpas-
3HCTOP); source HCTOK; drain cTok; as thesenames suggest Kak caenyer

M3 3THX HasBaHuH; variations in the size Bapuamthl pasmepa; fest

circuit nenbitatenbHas nens, cxema; heavily doped cuibHo Jernposas-
HblH; exist entirely in the bar cymecrsyer nouTu no Bcemy Kpuctamny.
. IV. Pay attention to the meaning of the prefix uni- and translate
the following words into Russian.

Unipolar, unilateral, uniphase, uniselector, uniform.

V. a) Listen tfo the following parts of sentences. b) Find sentences with
them in the Text A and the Text B and translate into Russian.

1. The p-type gate is much more heavily doped than the n-type
bar; 2. The wider the depletion layer, the narrow the channel; 3. The
lower contact on the bar is called the source and the upper contact the
drain; 4. The p-type gate is much more heavily doped than the n-type
bar; 5. This is wider at the top than the bottom.

Text A

THE N- AND P-CHANNEL IN JFET

I. Listen to the text, mind the English intonation. b) Read the text
to yourself and grasp the main idea of it.

The n-channel junction field-effect transistor (JFET) is shown
in Fig. 2.10a together with its circuit symbol in Fig. 2.106.

An alternative type of construction is the p-channel device where
the gate is made of n-type material. Fig. 2.10c shows the circuit sym-
. bol for a p-channel JFET. .

Fig 2.10d shows as n-channel FET in a test circuit and includes an
outline of the depletion layer. The p-type gate is much more heavily
doped than -the n-type bar, so that the depletion region exists almost
entirely in the bar. The wider the depletion layer, the narrower the
channel there is available for the flow of elecfrons from source to
drain, since the depletion region itself behaves like an insulator.
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2. Average Reading

Text B
THE JUNCTION FIELD-EFFECT TRANSISTOR ACTION

1. a) Listen to the text. b) Read it (time limit is 5 min.). ¢) Find the
- part of it dealing with the types of the field-effect transistors. Trans-
late it.

It was previously emphasized that one of the main properties
of the bipolar transistor is that it is a current-controlled amplifying
device; the output current is controlled by a small input current. In
the case of the field-effect transistor (FET) it is the input voltage
which controls the output current. The current drawn by the input is
usually negligible (it can be less than 1 pA). This is a great advantage
where the signal comes from a device such as capacitor microphone
or piezoelectric transducer, which is unable to supply a significant
current.

FETs are basically of two types: the junction field-effect transistor
or JFET and the insulated gate field-effect transistor or IGFET. The
latter is more commonly known by a name metal-oxide semiconductor
field-effect transistor (MOSFET) or MOS fransistor.

The n-channel JFET is shown in diagrammatic form in Fig. 2.10a
together with its circuit symbol in Fig. 2.10b. A bar of n-type silicon
has an ohmic (non-rectifying) contact on each end. At a point along
the bar a region of p-type silicon forms a p-n junction. In normal
operation, the junction is reverse-biased. The lower contact on the
bar is called the source and the upper contact the drain. As these
names suggest, the electron current flows from source to drain and is
controlled by the voltage applied to the p-region, called the gate.

An alternative type of construction is the p-channel device where
the gate is made of n-type material. Fig. 2.10c shows the circuit symibol
for a p-channel JFET.

The operation of the JFET depends upon variations in the size
of the depletion layer at the reverse-biased gate junction. Fig. 2.10d
shows an n-channel FET in a test circuit and includes an outline of
the depletion layer. The p-type gate is much more heavily doped than
the n-type bar, so that the depletion region exists almost entirely in
the bar. The gate carries a negative bias voltage (Vgs) relative to the
source which gives rise to the particular shape of the depletion region
shown: this is wider at the top than the bottom, because the drain is
held more positive than the source. The wider the depletion layer,
the narrower the channel there is available for the flow of electrons
from source to drain, since the depletion region itself being devoid
of current carriers, behaves like an insulator. Hence, for a given drain- -
source voltage,the drain current is dependent upon the input vol-
tage Vgs.

Unlike the bipolar transistor, the FET employs only majority car-
riers for its operation. It is therefore sometimes called the unipolar
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transistor and is less susceptible than the bipolar type to temperature
changes and nuclear radiation, since these chiefly effect minority
carriers.

ASSIGNMENTS

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

I. Skim through the Text B and find the part of it dealing with
the p-channel device.

IT1. Find the part of the Text B containing information about two
types of FET. Discuss it.

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

1. What type of material is the gate made? 2. Is the p-type gate
much more heavily doped than the n-type bar? 3. Where does the deple-
tion region exist? 4. How does the depletion region behave? 5. What
is the main property of the bipolar transistor? 6. What are the types
of FETs? 7. What is the other name of IGFET? 8.What does the ope-
ration of the JFET depend upon? 9. What is the difference between
bipolar and unipolar transistors?

V. Describe Fig. 2.10 and discuss it with your fellow-students.

VL Prepare a dialogue on one of the following situations:

1. Two specialists in radioelectronics have a talk on the main
types of FET.

2. The teacher is asking the student about the n-channel JFET
in a test circuit. ’

VIL Prepare a dialogue on your own situation.

VIII. Speak on:

1. The main types of FET.

2. Construction and operation of FET.

IX. Make up a plan of the Text B.

X. Retell the text according to your plan.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Make sure that you know these words.

Layer cyoif; with respect to no ornowenuio k; flow v. nporekats;
distinguish ormmuats; consider paccmatpuBaTh; repel OTTaNTKHBATEH;
behind sa (mpeaenamu); narrow yskuii; provide obecneuupath; path
myTh;, arrow crpenka; internally BuyTpenme; indicate nokasbiBaTh;
respectively cootBercTBenHo; unfortunately x coxanensio.

I1. Find the following word-combinations and terms in the Text C
and ftranslate the sentences containing them.

Substrate=substratum HmxHHH c/0fi, OocHOBA, NONTONKKA; reverse-
biased ofpaTHo cmeuieHHBIH; source junction nmepexon ucrtoxa; insula-
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Fig. 2.11. The base structure of n-channel metall-oxide semiconductor field-
effect transistor (MOSFET):

a with zero gate bias; b with positive bias.

ting layer usonsuiuorHbIH ciol; back-to-back BeTpeuno BK/IHOUEHHEBIN;
depletion type n-channel n-kanan c obexnennem; enhancement-mode
n-channel n-kanwan c oGoramenuem; break 30. pasphis.

I11. a) Find thefollowing verbs in the text and define their tense-
forms. b) Translate the sentences with them.

Show, form, draw, flow, reverse, reverse-biased, make, provide,
connect.

TextC
THE MOSFET

1. a) Read the text. b)Find the part of it dealing with the conditions
when no supply current flows.

Fig. 2.11a shows the basic construction of an n-channel MOSFET.
The drain and source are the n-type region formed in the p-type
silicon bar, which is known as the substrate. The gate is a metal
electrode insulated from the silicon bar by a layer of silicon oxide.

The MOSFET is drawn connected in a simple circuit with the drain
positive with respect to the source. Under these conditions, no supply
currents flow, because the drain-substrate p-n junction is reverse-
biased. Even if the supply polarity were reversed, there would still
be nodcurrent flowing, since the source junction would then bereverse-
biased. :

Now consider Fig. 2.11» where the gate has been made positive
with respect to the source. The field of the positive gate repels holes
in the p-type substrate away from the insulating layer, leaving behind
a narrow channel of n-type silicon. This narrow channel provides
a conducting path from source to drain.

In this way, given a certain positive voltage on the gate to make
the device conduct, the drain current is under the control of the gate
voltage.

Circuit symbols for MOSFETs ‘shown in Fig. 2.12a
is a depletion-type n-channel device.The substrate connection (often
marked «bs for «bulks) carries an arrow showing channel polarity. The
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Substrate

Fig. 2.12. MOSFET circuit symbols and its use:

a the n-channel depletion type; b the n-channe] enhancement type; ¢ the p-channe]
depletion type; d the p-channel enhancement type; ¢ a simple FET voltage amplifier.

substrate is normally connected to the source, a connection sometimes
made internally. Fig. 2.12b shows an enhancement-mode n-channel
MOSFET and differs from Fig.2.12a by showing breaks in the channel,
indicating that there is normally no conducting path between source
and drain, Fig.2.12c -and Fig. 2.12d show depletion- and enhance-
ment-type p-channel MOSFETs respectively; notice the reversal of
the substrate arrow to distinguish them from the n-channel device.
In all the MOSFET symbols, the gate is clearly shown insulated from
the channel.

ASSIGNMENTS

I. Divide the text into logical parts. Choose the key sentences and
translate them. -

II. Find the part of the text describing conditions under which no
supply currents flow. Translate it.

I11. Read the Text C attentively and answer the following questions.

1. What does Fig. 2.11a show? 2. What is known as the substrate?
3. Is the gate a metal electrode insulated from the silicon bar by a
layer of silicon oxide? 4. How is the MOSFET drawn? 5. Does supply
current flow under these conditions? 6. What does the narrow channel
in Fig. 2.116 provide? 7. Where are circuit symbols for MOSFETs
-shown? 8. What does the substrate connection carry?9. What is sub-
strate normally connected to? 10. What does Fig. 2.12b show? 11. Is
there conducting path between source and drain? 12. Where are the
depletion- and enhancement-type p-channel MOSFETs respectively
shown?

1V. a) Describe Fig. 2.12. b) Discuss it with your fellow-students.

V. Prepare a dialogue on your own situations.

VI Make up a plan of the text.

VII. Retell the text according to your plan.

VIIL Review the text in written form.

IX. Translate the Text C to be sure you understand it well.
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4, Searching Reading
PRE-TEXT EXERCISES

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

ability oboraiesue

enhancement HeHHbIH TMacTuK (me-
HOILJIACT)

low-leakage gate 32)KUM, (pHKCcaTop

vulnerable . yA3BHUMHI#

clip CrnocoGHOCTh

foam plastic 3aTBOP C MalbIM TOKOM
yTEUKH

safely soldered GesonacHo BrasHHLIA

break-down paspbiB

I1. Give the initial forms of the following words from the text and
translate them.

Electrometer, furthermore, low-leakage, break-down.

I11. Give the main forms of the following verbs and translate them.

Make, work, show, connect, mean, remove, arise, incorporate,
degrade.

TextD
USE OF MOSFETs

I. Read the following text and say what it is about.

A MOSFET will make an even better electrometer than a JFET.
Furthermore, because of its ability to operate-in an enhancement
as well as the depletion mode, an n-channel MOSFET will work well
in amplifier circuits of the simple type shown in Fig. 2.12¢, but without
the bias battery, Rs being connected directly to earth.

The low-leakage gate insulation means that MOSFETs are very
vulnerable to static charges, which can build up high gate voltages
and break-down the insulation. For this reason, MOSFETs are supplied
with the leads short-circuited by a metal clip or piece of conducting
foam plastic.This short circuit should not beremoved until the device is
safely soldered into circuits.If there is a risk of excessive gate voltages
arising in the circuit then a protection network (e. g. ‘‘back-to-back’ Ze-
ner diodes) should be incorporated between gate and earth. This tech-
nique does unfortunately degrade the very high input resistanceof the
MOSFET. Some MOSFETs actually incorporate protection diodes
a(1ind are not therefore as susceptible to break-down as the unprotected

evices.

ASSIGNMENTS

I. Give the main idea of the Text D.

11. Skim through the text and find the part of it dealing with the
low-leakage gate insulation. '
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I11. Read the text attentively and answer the questions.

1. Does a MOSFET make a better electrometer than a JFET?
2. Where will an n-channel MOSFET work well? 3. What does Fig. 2.12¢
show? 4. What does the low-leakage gate insulation mean? 5. With
what are MOSFETs supplied? 6. Should the short circuit be removed
until the device is safely soldered into circuits? 7. When should a pro-
tection network be incorporated between gate and earth? 8. What
does this technique degrade? 9. What do any MOSFETs actually
incorporate?

1V. Prepare a dialogue on your own situation.

V. Make up a plan of the text.

VI. Speak on the text according to your own plan.

VIIL. Look through the latest magazines and find additional material
about using of MOSFETs in the foreign and Soviet techniques. Discuss
it with your fellow-students.

. III. GRAMMAR EXERCISES

I. Define the tense-forms of the verbs and translate them.

1. The wider the depletion layer, the narrow the channel there is
available for the flow of electrons from source to drain. 2. Even if
the supply polarity were reversed, there would still be no current
flowing, since the source junction would then be reverse-biased.
3."An n-channel MOSFET will work well in amplifier circuits of the
simple type shown in Fig. 2.12¢, but without the bias battery, Rg
being connected directly to earth. 4. This short circuit should not be
removed until the device is safely soldered into circuits. 5. Some
MOSFETs actually incorporate protection diodes and are not there-
fore as susceptible to break-down as the unprotected device.

IL. Give the initial forms of the verb from Participle 1I and translate
them.

Shown, made, showed, doped, controlled, drawn, insulated, biased,
called, applied, formed, known.

I11. a) Pick out from the Text D and the Text C sentences with Infi-
nitives and Participles. b) Define their functions and translate the sen-
tences.

IV. Define the attributes in the following word-combinations, translate
them into Russian.

Circuit symbol; alternative type of construction; depletion region;
main property; bipolar transistor; a current-controlled amplifying
device; output current; input current; field-effect current; capacitor
microphone; significant current; junction field-effect transistor; me-
tal-oxide semiconductor field-effect transistor.

V. Analyse the constituents the following words consists of.

Output, diagrammatic, outline, heavily, entirely, narrower,
previously, significant, arising, voltage, resistance.

VI. Write out from the Text C and the Text D all the verb-forms in
the Passive Voice and translate them.
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Lesson 6. AMPLIFICATION AND THE TRANSISTOR

1. Independent Work.
In the laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Active Devices in Electro-
nics. :
9. Average Reading.
Text B. Amplification in Transistor
Stages.
Assignments
I1. Classwork.
3. Close Reading.
Pre-fext Exercises.
Text C. High Frequencies and the
Bipolar Transistor.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Tunnel Diode.
Assignments.
III. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory

1. Skimming Reading .
PRE-TEXT EXERCISES

I. a) Listen and repeat after thespeaker. b) Practise the pronunciation
of the following. . -

[fn] function, amplification, application, junction; fa1] device,
tiny, derive, diode; [1] single, resistor, which, input, signal, simply,
switch; [A] function, such, under, junction, current, but, interrupt,
bulb, much; [e1] base, make, operate; [&] as, thanks.

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

Electronics, active, component, resistor, transistor, passive,
signal, elements, battery, bipolar, base, voltage, product, symbol;
but: control ynpaeasars.

I11. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Whereby nocpenctsom uero; tiny input signal ouenn csaGwlit BXOA-
Hoil curmaj, aerial anrtensa; power involved BBeleHHass MOLIHOCTE;
draw from 89. noiyuaTh oT; extinguish v. noramarte; give rise to no-
BBILIATL YTO-1., @. C. IMAains OCHOBHOH HCTOYHHK [EPEMEHHOIO TOKA;
simple light-operated switch npocroii, paGortalomu#i or cera nepe-
kmouatesp, cadmium-sulphate photocell dorosnement Ha cepHHCTOM
kanmuy; coil of a relay obmoTka pere.
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IV. a) Find the following word-combinations in the Text A and
the Text B. b) Translate the sentences with them.

Under the heading of passive components nox HaspanmeM maccus-
Hble KOMIOHeHTHI; in reasonably bright light npu mocratouno spkom
csere; turning the cell to face the bulb nopopauuBanue siementa
«IMIOM» K Jamne; remain lit ocTanaTe 3awkeHHbIM, ropsmum; inter-
rupt the light path npepeats nyts cBera; clip off voltage surge orpa-
HHYHTh OOpaTHBIA BHIOPOC HANPSKEHHSA.

V. a) Define the part of speech of each word. b) Underline the suffixes
and translate the words.

Amplification, electronic, generally, active, amplifying, resist-
ance, turning, voltage, connections.

V1. Analyse the following words from the viewpoint of their structure
and translate them.

Everyday, loudspeaker, bipolar, current-controlled, light-operated,
photocell, base-emitter, collector-emitter, anything.

VII. Give English equivalents to the Russian words and word-combina-
tions in brackets and translate the sentences into Russian.

1. The bipolar junction transistor is (nauGosee akTHBHO HCHOMB-
syemetit npubop) in electronics. 2. If a small current (npoxoxurs)
between the base and emitter, it (nosbuuats) to a much larger current
between collector and emitter. 3. To extinguish the «candles, it is
only necessary (mpepsats) the light path between bulb and photocell.
4. The diode (coemmmenHmiil) across' the relay coil serves to clip off
voltage surge in the coil inductance when the current (BBIKNIOUATD).

Text A
ACTIVE DEVICES IN ELECTRONICS

L. Listen to the text, mind the English intonation. b) Read the text
to yourself and grasp the main idea of it.

The single most important function in electronics can be expressed
in one word: amplification. This is the process whereby the power
of a signal is increased in magnitude.

Electronic amplification. devices are known generally as active
components to distinguish them from non-amplifying circuit elements
such as resistors, capacitors and inductors, which are grouped under
the heading of passive components.

The most everyday application of electronic amplification is
the ordinary radio, which receives a tiny input signal at its aerial
(typically less than one microwatt) and yet can turn out a power ' of
several watts to the loudspeaker. The extra power involved is drawn
from a battery or the a. c. mains.

- The bipolar junction transistor, better known simply as the tran-
sistor, is the most common active device in electronics. The transistor
is a current-controlled amplifying device: if a small current flows
between the base and emitter, it gives rise to a much larger current
between collector and emitter. The name transistor is in fact derived
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Input .
connections
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T Phototran-
sistor

¢ ] | d
Fig. 2.13. The use of light-operated devices:

a a light-operated switch; b a light-operated relay coil; ¢ a light-
operated relay coil"with Darlington pair of transistors; d the connec-
tion of phototransistor to Darlington pair.

{rom the two words transfer-resistor; a small base current is transferred
to the high resistance collector circuit in greatly magnified form.

2. Average Reading
TextB

AMPLIFICATION IN TRANSISTOR STAGES

I. a) Listen to the text. b) Read it (time limit is 5 min.). ¢) Find the
part of it dealing with the usage of the collector current.

The circuit of Fig. 2.13a shows the amplification stage with using
the transistor to make a simple light-operated switch. The transistor
base circuit is completed here by the cadmium-sulphate photocell
which behave as a light-dependent resistor. When the cell is in the
-dark, its resistance is several megohms accordingly negligible-base
current flows in the transistor. In reasonably bright light, the cell
resistance falls to a few kilohms and the base current of about a milli-
ampere lights the lamp, thanks to the amplification of the transistor.

Turning the cell to face the bulb makes an “electric candle”: in
the dark, the bulb is out, but if light momentarily falls on the cell,
the bulv lights and remains lit, the photocell current being sustained
by its light. To extinguish the ‘‘candle”, it is only necessary to inter-
rupt the light path between bulb and photocell. :

In Fig. 2.13b the collector current is used to operate the coil o
a relay, the relay contacts can then be used to switch on or off any
required device, such as a motor to open a garage dcor when the car
headlamps illuminate the cell. The diode connected across the relay
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coil serves to clip off voltage surge in the coil inductance when the
current is switched off. A diode should always be connected across
a solenoid which is transistor-controlled; the voltage surge can other-
wise cause breakdown in the transistor.

Fig. 2.13¢ shows a way of further increasing the current gain of
a circuit. Known as a Darlington pair, the two transistors give a cur-
rent gain equal to the products of their individual current gains.
This is because the base-emitter current of T, is equal to the collector-
emitter current of T,. If the connections 1 and 2 are held, one in each
hand, the bulb will light brightly; the circuit is much more sensitive
than that of Fig. 2.13a. The extra current gain means that a photo-
transistor can be used as a light sensor if connected as shown in
Fig. 2.134.

The current gain of a transistor is normally given the symbol
fire, and its value may be anything from 10 to 1000 depending on
the type of transistor. The current gain of the transistor usually lies
in the range 100 to 400; current gain is not a closely controlled para-
meter. In the Darlington pair, Arg totat = Ak, * HFE,.

ASSIGNMENTS

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

I1. a) Skim through the text B and find the part of it dealing with
an «electronic candle» . b) Discuss the information with your fellow-
students.

I11. a) Find the part of the Text B containing information about
the collector current. b) Discuss it. [ -

1V. Answer the following questlons embracmg the contents of the
Text A and the Text B.

1. What is amplification? 2. What is the most everyday applica-
tion of electronic amplification? 3. What is the most common active
device in electronics? 4. From what is the name transistor derived?
5. What does the diode connected across the relay coil serve?

V. Convert the statements into questions according to the model.
Model, Figt. 2.13 ¢ shows a way for further increasing of the current gain of a cir-

cut
What does Fig. 2.13 ¢ show?

Does Fig. 2.13 ¢show a way for further increasing of the current gain of
a circuit?

1. The single most important function in electronics can be expres-
sed in amplification. 2. The most everyday application of electronic
amplification is the ordinary radio. 3. The bipolar junction transistor
is the most active device in electronics. 4. The transistor is a current-
controlled amplifying device. 5, The circuit of Fig. 2.13a shows the
amplification stage with using the transistor to make a simple light
operated switch.

VI. Prepare a dialogue on your own situation.

VIL Describe Fig. 2.13 and discuss it.
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VIHII. Speak on:

1. Amplification.

2. The transistor as an amplifying device.
3. Amplification in transistor stages.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you knew these words.

Behave v. Bectu cebs; like nopmo6Ho, moxoxe; possess Biazets,
o0/1anath; appear nosiBAATLCS; temporarily Bpemenno; store makamiu-
BaTb; change v. uamensTth, perform swmonusTe; double VABaHBATh;
roughly rpy6o; by half Hanonosnuy.

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

A reverse-biased p-n junction oGpatHo cmewennbiE p-n mepexos;
a collector-base junction kosekTopHO-GasoBrii mnepexon; depletion
layer ofennennsii ciofi; forward-biased p-n junction npsmo cmerenublii
nepexoj; capacitance emxocTth; carrier Hocurtedp; signal frequency
YacToTa CUrHaja.

IT1. Find these word-combinations and terms in the Text C and tran-
slate the sentences containing them.

Finite speed of the minority carriers koneunas ckopoctb HeocHoB-
HbIX HocHuTesedt; temporarily stored Bpemenno sanommnaembie (coxpa-
Hsomyecs; akin 6smskuil, moxoxui; reactance of the base emitter
capacitance peakTMBHOE CONPOTHBJIEHHE €MKOCTH 3SMHTTEPHOrO mepe-
xona; ‘‘cut off ” frequency wacrora cpesa (mpefesbHasi yacTOTa TpaH-
sucropa); transition frequency rpannunas uacrora; logarithmic scale
Jorapupmuyeckuit  macmrad; gain-band-width-product uponssenenne
KO3(pUIHeHTa yCHJIEHHS] HA IOJOCY NpPONYCKAHHS.

IV. Pay attention to the meaning of the prefix semi- ““mony - and
translate the following words.

Semiconductor, semioscillation, semiprotected, semiconductive,
semicolonial. :

V. Find in the Text C English equivalents to the following Russian
word-combinations. Translate the sentences with them.

EMKocTb 3aBHCHT OT; CKOpoCTh GoOJBIUMHCTBA HOCHTeJeHl; BHelIHe
NPUJIOKEHHBIA CHIHAl H3MeHAeTCss OBICTPO; UTO KacaeTcss BHEHIHEro
CHTHAJIa; 110 Mepe TOTO, KaK YacTOTd CHT'HA/NA YBeJIHYMBAETCS, 3ajaua
YTIpaBJieHHsl; YMEHBIUNTD YACTOTY, IPH KOTOPO# App NajiaeT A0 eNMHHIIbI.

Text C
HIGH FREQUENCAIES AND THE BIPOLAR TRANSISTOR

I. a) Read the text. b) Find the part of it describing the effective
capacitance of a forward-biased p-n junction. Translate it.
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A reverse biased p-n junction, such
hyeo as a collector-base junction, behaves
like a capacitor, where the capacitance
is dependent on the junction area and
the width of the depletion layer. A for-
ward-biased p-njunction such as a base-
|- emitter junction also possesses capacitan-
L e N\ ce, Cpe, which appears in parallel with
0 10 10 10° f0° its normal forward resistance. The ef-
Frequency, Hz(logseale)  fq tive capacitance of a forward-biased
Fig. 2.14. The frequency charac- P11 junction arises from two basic cases.
teristics of small signal current The first is simply the capacitance of
gain. the depletion layer. The second compo-
nents of capacitance arises from the
finite speed of the minority carriers as they diffuse across the junction.
These carriers, because the diffusion is relatively slow, appear to be
temporarily stored in the semiconductor material when the external
applied signal changes quickly; the effect as far as the external signal
is concerned is akin to the storage of change by a conventional capaci-
tor. The effective capacitance of the base-emitter junction of a small
silicon transistor is typically of the order of 100 pF to 1000 pF.

As signal frequency is increased, there comes a point where the
reactance of the base-emitter capacitance is comparable with the base-
emitter resistance hggp, and much of the base current which should be
performing the normal task of controlling the collector current is
instead flowing in the base-emitter capacitance Cp. The result is
a fall in current gain (Fig. 2.14). The “cut-off” frequency, fupg, is
reached when the reactance of Cp is equal to the input resistance,

hie, and the current gain thus falls by the factor V2 (3dB). Abo-
ve fnzp most of the “‘base” current is actually flowing in Cye and
every time the frequency is doubled the current gain falls by half.
Expressed on a logarithmic scale, &g falls by 6 dB for each octave
(doubling) of frequency. If the graph is extrapolated, we can deduce
the frequency at which hpg falls to unity; this is termed the transi-
tion frequency, fr, above which the transistor is of little use as an
amplifier. Transition frequency fr is also called the gain-band-width
product, since, in the region between fa.; and fr, the product of cur-

rent gain and signal frequency is roughly constant and equal to fr,
i. e. :

—
o
w
T

—
(=]
~

i
2

-
5]

bge (log scale)

fr = hrg * frpp.
ASSIGNMENTS

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

1. How does a reverse-biased p-n junction, such as a collector-
base junction, behave? 2. From what basic causes does the effective
capacitance of a forward-biased p-n junction arise? 3. What is the
effective capacitance of the base-emitter junction of a small silicont
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transistor? 4. When is the “cut-off ” frequency, frrg, reached? 5. What
is termed the transition frequency?

I1. Describe Fig. 2.14 and discuss it.

I11. Translate the following Russian questions and answers into English.
Work in pairs. .

1. Yro noxasano na puc. 2.14? (Ha puc. 2.14 nokasan rpaduk sa-
BHCHMOCTH KO3(bduirenTa nepefiayu Toka Arg OT YACTOTHI.)

2. Kakoil maciutab ucnosmb3oBan 3feck 1o ofeum ocam? ([To oenm
OCsIM 3JleChb MCNOMb30BaH JorapudMuyeckuii macuirab.)

3. Kakue yactorel ormeueHel Ha puc. 2.14? (Ha puc. 2.14 orme-
4eHbl TpeAeJIbHAs YaCTOTA TPAHSHCTOPA frpp M TPAHHYHAS YACTOTA
TpaHsucTopa fr).

4. Yo Takoe yacrora fr? (TIpu vacrore fr, HasbiBaemodi  rpaH HuHO#
YacTOTOH YCWIEeHHsl TPaH3HCTOpa, KOI(DHIHEHT Nepelaun TOKa paseH 1.)

IV. Speak on:

1. Base emitter capacitance.

2. Transition frequency.

V. Prepare a dialogue on your own situation.

V1. Translate the question-answer units into English. Work in pairs.

1. Kak emer ce6s oOpaTHO CMEINEHHBI p-n mepexol, NONOGHbI
nepexofty KoJsekTop-6asa? (O6paTHO CMeIIEHHBI p-n nepexofl, moj06-
HBIfl Iepexofy Ko/liekTop-6asa, BeeT celsl KAK KOHIEHCATOp, €MKOCTb
KOTOPOTO 3aBHCHT OT IUIOLIAAM TNepexofa M WIHPHHBI OGEIHEHHOTO Cosl.)

2. Kaxkas ocHOBHas NpHYMHA TNOSIBNEHUS! 3(PPEKTUBHOH EeMKOCTH
IpAMO CMEWIEHHOro p-n nepexofa (DdbdeKTHBHAA eMKOCTb MPSIMO CMe-
LIIEHHOTO Mepexoja BOSHHKAeT Mo ABYM OCHOBHHIM TNpHuuHaM. [lepBas —
3TO NPOCTO €MKOCTh 06€IHEHHOTO CJIOSI, BTOpas TNOSBJSIETCS BCNEACTBHE
KOHEUHOH CKODOCTH [BHXXEHHfl HEOCHOBHBIX HOCHTeNell, KOria OHH
AuOYHIHPYIOT Yepe3 Mepexof.)

3. Kakas sdxpekTHBHAsE €MKOCTb 6a30-3MUTTEPHOTO NIepexofa MaJoro
KpeMHHeBOro TpaHsucropa? (SddeKTHBHAs €MKOCTb 6a30-3MHTTEPHOrO
nepexosa MaJoro KPeMHHEBOro TPAH3HCTOPA B THIHUHOM CJyuae MOpsia-
ka 100—1000 pF).

4. Korza pocruraercs mnpele/bHas HAacTOTa TPAHBHCTOPA [y 5P
Ilpenenbnas 4acrora TpaHSHCTOPA [r,, AOCTHraeTcs TOTAA, KOTJA Xy
PEAKTHBHOE CONPOTHBJIEHHE CTaHOBUTCS PABHEIM BXOJHOMY CONPOTHB-
JeHHIO hy1a, 1 KosduuneHT nepesaus Toka nanaer B J 2 pas(ua 3 dB.)

5. Kax onpepensiercss rpaHuyHas 4acToTa YCHJIEHHS TPAaH3HCTOpaP
(Ecu rpadux skcTpanmoHpoBaTh, Mbl CMOKEM HOJIYYHTH 4yacTOTy, NpH
KOTOPO#i /y15 YMEHBIIAETCA O €[MHHMLEI — OHA H HashbiBaeTC IPaHHY-
HOH 4acTOTOH YCHJIEHHS TPAH3HUCTOPA, BHIIE KOTOPO TPaH3HCTOP KakK
YCHJIITE/Ib HCNONMb3YeTCs] PENKO.)

VIL Analyse the sentences giving the main idea of the text.

VIH. Comment on the author’s attitude to high-frequencies and the
bipolar transistor.

IX. Express your own opinion of high-frequencies and the bipolar
transistors.

X. Translate the Text C to be sure you understand it well.
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4. Searchintg Reading

PRE-TEXT EXERCISES

I. Match the following English word-combinatiens with the Russian

ones.

high conductivity semiconductor
material

enough energy to pass the poten-
tial barrier

a pick value
acceptor and donor impurities
mounting

linear low-noise amplifier

JOCTATOYHOE KOJHYECTBO 3HEPLHH
151 IPEOIONIEHAS] NOTEHIHAIBHOTO
Gapbepa

HOJTYIPOBOJAHMKOBBIl ~ MaTepHal ¢
BBICOKOH NPOBOLHUMOCTBIO

3ajleJxa Kopmyca

JIUHENHBIA MaJIOIIyMSAMUE yeunu-
TeJb '
aKUENTOPHLIE H IOHOPHBIE NPHMECH
HauBoJ/IBIIAS BeJIHYMHA

11. Find the following werd-combinations in the Text D and translate
the sentences with them.

Mechanical tunnelling phenomenon a high concentration of accep-
tor; as the current through the diode increases; it assumes a negative
resistance characteristics; the diodes are available with peak valley
current raties from 2—-15 the frequency limitations of the tunnel
diode are due to parasmc capacitance and inductance.

TextD
TUNNEL DIODE

I. Read the following text and say what it is about. Review the text.

The tunnel diode is a semiconductor device that depends for its
operation on a quantum mechanical tunnelling phenomenon and
provides a set of electrical characteristics that are unique. It is a two
terminal single p-n junction that is fabricated with very high conduc-
tivity semiconductor material having a high concentration of acceptor
and donor impurities. The width of the depletion layer is so small
(of the order of 10~® inch) that is posssible for electronics to “tunnel ”
threugh the junction even though they don’t have enough energy to
pass the potential barrier across it. The electrical characteristic of
a typical 1 mA germanium tunnel diode is shown in Fig. 2.15. As the
current through the diode increases, it reaches a pick value called the
“pick current’ at a voltage called the “peak voltage”, after which it
assumes a negative resistance characteristic until it draws a current
called the ‘“valley curfent” at a voltage called the ‘‘valley voltage”..
From the point the characteristic is that of a normal forward biased
diode. In germanium, the peak and valley points occur at 50 mV and
350 mV respectively, the diodes are available with peak valley current
ratios from 2—15. The actual peak current depends on the junction
area, and diodes are available with peak currents of anything between
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10 mA to 10A. Silicon and gallium |
arsenide tunnel diode are also avai-
lable with peak and valley voltages
that are slightly higher.

Quantum mechanical tunnelling
has theoretical frequency limit of
10? Mc/s and is inherently higher fre- . L . .
quency mechdnism than the diffu- 0 100 200/ 300 400 u,mv
sion mechanism in conventional tran- Vatley voltage
sistor and diode operation. In prac- Fig. 2.15. The volt-ampere charac-
tice, the frequency Ilimitations of teristics of a typical germanium
the tunnel diode are due to parasitic tunnel diode.
capacitance and inductance. The
peak point is theoretically very stable, though practical measurements
on commercially available diodes seem to indicate a considerable vari-
ation of peak currents with temperature. This is presumably due to
the limitations in the methods of manufacture and mounting.

The two major applications of the tunnel diode are in switching
and logical circuits, where device is switched from the peak to the
valley point by an input current, and in linear low-noise amplifier
and oscillators for extremely high frequency, where the tunnel diode
is biased in its negative resistance region.

Peak current

ASSIGNMENTS

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

1. What is the tunnel diode? 2. What is the tunnel diode fabricated
with? 3. What does the tunnel diode depend on? 4. Does the tunnel
diode provide a set of electrical characteristics that are unique?
5. What is the width of the depletion layer? 6. What is shown in
Fig. 2.15? 7. What does the actual peak current depend? 8. What are
the frequency limitations of the tunnel diode due to? 9. What are the
two major applications of the tunnel diode?

I11. Describe Fig. 2.15 and discuss it.

I1I. Speak om: ,

1. The tunnel diode as a semiconductor device.

2. Quantum mechanical tunnelling.

3. The application of the tunnel diode.

1V. Prepare a dialogue on your own situation.

V. Look through the latest magazines and find additional information
on tunnel diode. Discuss it.

ITI. GRAMMAR EXERCISES

i. a) Analyse the structure of the following words and give their
initial forms. b) Translate them.

Operation, conductivity. concentration, resistance, voltage, dif-
fusion, theoretically, measurement, limitation, application.
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IL. a) Find in the Text C and in the Text D the sentences containing
the following verbs. b) Define their tense-forms and translate them into
Russian.

Behave, possess, appear,-arise, change, concern, increase, flow,
reach, fall, explorate, call, depend, shoWw, assume, occur, switch,
bias.

I11. Translate the following sentences paying attention to the struc-
ture of the terms in bold type and their meanings.

1. The tunnel diode is a two terminal single p-n junction that is
fabricated with very high conductivity semiconductor material having
a high concentration of acceptor arid dofior impurities. 2. In germanium
the peak and valley points occur at 50 mV and 350mV respectively.
3. In practice, the frequency limitations of the tunnel diode are due to
parasitic capacitance and inductance.

1V. a) Analyse the functions of ing-forms and the Infinitive.
b) Translate the sentences into Russian.

1. Electronic amplifying devices are known generally as active
components to distinguish them from non-amplifying circuit elements
such as resistors, capacitors and inductors which are grouped under
the heading of passive components. 2. To extinguish the “candle”,
it is only necessary to interrupt the light path between bulb and pho-
tocell. 3. In Fig.2.13b, the collector current is used to operate the coil
of a relay. 4. The circuit of Fig. 2.13a shows the amplification stage
with using the transistor to make a simple light-operated switch.
5. Fig. 2.13c shows a way of further increasing the current gain of
a circuit.

V. a) Analyse the following sentences. b? Translate them.

1. These carriers appear to be temporarily stored in the semiconduc-
tor material. 2. Mu¢H of the base current which should be performing
the normal task of controlling the collector current is flowing inthe
base emitter capacitatice Cpe. 3. As signal frequency is increased,
there comes a point where tire reactanceof the base-emitter capacitan-
ce is comparable with the base-emitter resistance hi. 4. Expressed
on a logarithmic scale, hgg falls by 6 dB for each octave (doubling)
of frequency.



Chapter 1. COMPUTER TECHNOLOGY

Lesson 1. THE TRANSISTOR AS A SWITCH

I. Independent Work.

In the Laboratory:

1. Skimming Reading.
Pre-text Exercises.
Text A.Forms of Digital Integration
Circuits.

2, Average Reading.
Text B. Transistor Circuit Confi-
guration.
Assignments.

I1. Classwork.

3. Close Reading.
Pre-text Exercises.
Text C. Common-emitter Switch.
Assignments. .

4. Searching Reading.
Pre-text Exercises.
Text D. Diode Gates.
Assignments.

IT1. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

1. a) Listen and repeat after the speaker. b) Practise the pronun-
ciation of the following. '

[o:] start, part, car, far; [a:] inverter, referred, terminal, third,
circuit, turn, curve; {0:] short, perform, form, for, nor; €3] compare,
declare, fare, care; [a1] high, (Fesign, sign, ajuire; [au] out, output,
ground, found. '

I1. a) Make sure that you know these words. b) Say what Russian
words help you to guess their meanings.

Basic, element, system, logic, voltage, general, bipolar, transis-
tor, resistor, inverter, fabrication, emitter, electrical, diode,
schemetic, configuration, potential, collector, relay, impedance.
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I1l. a) Listen, repeat and memorize the following words and
word-combinations. b) Check if you know their meanings.

Logic inverter soruuecku#i upeoGpasoBaTesp; require TpeGoBath;
input Bxox; output BeIxox; vice versa HaofopoT; receive mOJydYaTh;
usage ucrnonb3osanue; to receive general usage nosnyuuth obee mnpu-
menenue; to yield a NOR gate ofpasosars anement MJIM-HE; with
as many as eight ¢ makcumymom no BocbMu; relay pene; impedance |
uMmnesanc, conporusienue; turn on (off) BraOUMTE  (BBIKJIOYHTH)
lack wemocratok; various pasmuunbii; output current BEIXOZHOH TOK;
emitter lead amuTTepHBIi BhIBOX (mpoBOn); conventional current oGbiy-
HBI TOK; saturation wuaceimenue; terminal saxwum, BuiBog; forward
voltage drop mpsiMoe mazenme Hampsikenust; common-emitter circuit
cxema c ofuiuM aMuTTepoM; basic circuit configuration kordurypauus
GasoBofi cxembl; common-collector circuit cxema ¢ ofuEM KosieKTopoM;
to operate out of saturation pa6orats 6e3 wachimenusi; manual switches
pyuHble KmouH, nepekmouarend; speed of operation ckopocts paboTsy;
cutoff orceuxa; diode AND function ¢pynkmus M Ha nnonax; grounded-
emitter circuit cxema ¢ 3a3emseHHBIM (OOIIHM) SMHTTEPOM.

IV. a) Analyse the constituents the following words consist of. b)Tran-
slate these words into” Russian.

Connection, usage, development, bipolar, fabrication, multi-emit-
ter, operation, input, output, electrical, electronics, arrowhead, di-
rection, designer, respectively, appearing, switching, saturation,
representation, monolithic, schemetic.

V. a) Repeat the following word-combinations after the speaker.
b) Memorize these abbreviations.

IC integrated circuit;

RTL resistor-transistor logic;

DTL diode-transistor logic;

TTL transistor-transistor logic.

V1. Make up sentences using the Englishequivalentsof thefollowing
word-combinations.

1o 03HauaeT; HaoGOPOT; C TeX MOP KakK; TaK ... H; COYCTA HEKOTOpoe
BpeM#; MIHPOKO HCIO/b3yeMble; COOTBETCTBEHHO; KaK I0Ka3aHO; 0GBIYHO.

Text A
FFORMS OF DIGITAL INTEGRATION CIRCUITS

1. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

A basic element of most digital systems we start with-is aswitch
so called the logic inverter.

The logic inverter requires that with the input in one logic state,
the output is in the opposite state. That is, with a logic 0 at the input,
the output is a logic 1, or vice versa. Using voltage levels and positive
logic that means that with a low voltage at the input, the output is at
a high voltage level, or vice versa.
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The first form of digital Integrated eircults (digital ICs) to receive
general usage when they were introduiced in 1962 was a simple connection
of bipolar transistor inverter circuit to yield a NOR gate. Since the
circuit consisted of only resistors and transistors, i1t was named resis-
tor-transistor logic (RTL). An IC development a short time later
consisted of a diode AND circuit followed by a bipolar transister
inverter. This was called diode-transistor logic (DTL). Both RTL
and DTL were IC versions of logic circuits made with discrete diodes,
transistors, and resistors that had long been popular with digital
circuit designers.

The first “new ” digital design made possible by the IC fabrication
process was transistor-transistor logic (TTL). In these circuits the
diode AND function of DTL was performed by a multi-emitter tran-
sistor, a bipolar transistor with as many as eight emitters. The output
of TTL circuit was from a transistor inverter.

2. Average Reading
Text B
TRANSISTOR CIRCUIT CONFIGURATIONS

I. a) Listen to the text. b) Read it (time limit is 3min.). ¢) Find
the part of it dealing with the switches in electrical circuits.

Various types of computer and control gperations can be performed
with switches which have two distinct levels of output current or
voltage. In electrical circuits, these switches may be relays, manual
switches, or electronic switches. The electronic switches are the tran-
sistor and the diode. These two devices, compared to the relay and
manual switch offer less impedance to the flow of current when turned
off and havea larger forward voltage drop when turned on. Two advan-
tages of these electronic switches are their speed of operation and their
lack of moving parts. Widely used schemetic representations for the
n-p-n and p-n-p transistors are shown in Fig. 3.1a. The emitter lead
of each transistor type is seen to have an arrowhead which points
in the direction of conventional current flow in the emitter lead.

Transistors have three terminals and may be connected into a cir-
cuit in one of several diiferent configurations. Input connections
may be made to any two terminals, with the output appearing across
the third terminal and one of the input terminals. Fig. 3.1 shows
three basic circuit configurations. Circuits shown in Fig.3.1 b tod
are designated common-emitter, common-base, and common-collector
(or emitter-follower) circuits, respectively. When the common input-
output terminal is connected to ground potential, as shown in the fi-
gure, the three circuit configurations are often referred to as grounded-
emitter, grounded-base, and grounded collector circuits, respectively.

The switching circuits are of the type in which the transistor
is in saturation when ON and at, or close to, collector-current cutoff
when OFF.
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n-p-n

p-n _
Input Output Input Output Input 5 Output
6 ¢ d

Fig. 3.1. Transistor éymbols and basic circuit configurations:

a n-p-n and p-f-p; b a common emitter; ¢ a common base; d a common
collector.

The grounded-emitter and grounded-base switching circuits can
be made to operate from saturation to cutoff.

The grounded-collector switch is usually designed to operate out
of saturation. :

ASSIGNMENTS

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

I. Skim through the Text B and find the part of it dealing with the
terminals of transistors. Discuss it.

IIL. Find the part of the Text B containing information about the
switching circuifs. Translate it.

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

1. What does the logic inverter require? 2. What is the output
with the logic 0 at the input? 3. What is the first form of digital ICs
to receive general usage? 4. Why was the circuit named RTL? 5. What
was called DTL? 6. What was both RTL DTL? 7. Whatwas the diode
AND function of DTL in TTL circuits performed by? 8. What levels
have switches? 9. What type may these switches be in electrical cir-
cuits? 10. What are the electronic switches? 11. What are the advanta-
ges of these electronic switches? 12. What is it necessary in order to
provide the two distinct signal levels? 13. What are shown in Figs. 3.1a
and 3.1 b. 14. How many terminals have transistors? 15. In what
way may input connections be made to any two terminals? 16. How
is the grounded-collector switch usually designed?

V. Examine Fig. 3.1 and comment on:

1. N-p-n and p-n-p.

2. A common emitter.

3. A common base.

4. A common collector.

VI. Make up a dialogue on your own situation using Fig. 3.1.

VII. Speak on:

1. The transistor as a switch.

2. Basic circuit configurations.
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VIIL Retell the text according to your own plan.
IX. Make a short written summary of the Text B.

II. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.

Conversely obparto, HaoGopot; plot uanocuts (Ha cxemy); invert
MHBEPTHPOBAaTh, NPeolpasoBhIBaTh; voltage drop majenyue HampsKeHHS,
aid nomomp; relationship saBucuMocTh; vary OTMIHYaTbhCH; comiprise
BKJIIouaTh; magnitude Bennuuna.

I1. Memorize these words and word-combinations pertaining to swit-
ches.

Collector current xomnegropueli TOK; base-current 06a30BBIH TOK;
collector-emitter voltage nanpsikenue Kossektop-smutrTep; . input
voltage manpsukenne Ha Bxolle; base terminal of the transistor Gasosuiit
BBIBOX TpaH3ucTopa; transistor collector characteristics kommekTopHble
XapakTepHCTHKH TpaHaucropa; ground potential mnoremnuan sasemie-
nus; collector leakage current kosekTopHelf TOK yTeukH; base-input
signal Ga3oBEI BXOMHOH cHIHAJ.

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

"Loop equation ypasBuenne Kourypa; collector supply voltage na-
npsuKeHHe KoJuleKTopHoro nutanus; load resistor comporupienne Ha-
rpyske; infinite impedance OeckoHeyHo GoJblloe —CONPOTHB/IEHHE;
quiescent operating point of the circuit craTnueckas paGoyass TOUKa
CXEMBI.

Text C
COMMON-EMITTER SWITCH

I. a) Read the text. b) Speak on common-emitter switch.

A simple transistor switching circuit is shown in Fig. 3.2a. The
input signal varies between ground potential and U, as shown. A loop
equation can be written that portion of the circuit comprising the
collector supply voltage, load resistor and transistor to give

Uecc—1Ic RL—Ucg =0 3.1
This equation schows that if there were no voltage drop across the tran-
. U
sistor, the collector current would become /¢, = 'RE . anversely,

if collector current were equal to zero, there would be no voltage
drop across Ry and, from Eq. (3.1) Ucg,,, = Ucc, when the transi-
stor is at cutoff.
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Fig. 3.2. The common emitter switch:
a a simple switching circuit; b operating curves of switch,

Operation of the circuit of Fig. 3.2a is explained with the aid of the
transistor collector characteristics curves given in Fig. 3.2b. These
curves show the relationship between base-current, collector-current,
and collector-emitter voltage.

The magnitude of collector-current /¢ _and the collector-emitter
voltage Uc,_ .. are plotted in Fig. 3.2 b as points A and B, respectively.

When the input voltage of Fig. 3.2a rises to U,, current flows
into the base terminal of the transistor, and the device is turned on.
In order for the transistor to be in saturation when in the ON state,
an adequate magnitude of base current must be supplied to cause the
circuit to operate at point C.

When the input voltage in Fig. 3.2a falls to ground potential,
the transistor base is connected to ground through a resistor: the tran-
sistor is at cutoff, collector leakage current is equal to /cgo, and the
quiescent operating point of the circuit is at point D of Fig. 3.2b. The
collector characteristic curves show that although the transistor is
off, it does not present an infinite impedance to current flow in the
circuit. The magnitude of collector leakage current is dependent upon
operating temperature of the transistor and the value of series resistan-
ce in the base circuit.

For the base-input signal at ground potential, only a small collec-
tor leakage current flows, and the collector voltage is close to the Ucc
potential. The maximum positive level of base-input signal causes
the collector-emitter voltage to be at its minimum value. Thus, the
transistor switch of Fig. 3.2a inverts an input signal and is properly
referred to as an «inverter». Inversion is always obtained when the
transistor operates as a grounded-emitter switch.

ASSIGNMENTS

I. Answer thefollowing questions embracing the contents of the TextC.
1. What is shown in Fig. 3.2a? 2. How is operation of the circuit
in Fig. 3.2a explained? 3. What do the curves in Fig. 3.2 show?
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4. When does current flow into the base terminal of the transistor?
5. When is the transistor base connected to ground through a resistor?
6. What do the collector characteristic curves show? 7. What is the
magnitude of collector leakage current dependent upon? 8. What causes
the collector-emitter voltage to be at its minimum value? 9. When is
inversion obtained?

11. Read the Text C again and ask additional questions.

I11. Combine your answers into a short summary of the text.

IV. Find the part of the text containing information about the tran-
sistor base connected to ground through a resistor. Translate it.

V. Examine Fig. 3.2 and comment on:

1. A simple switching circuit.

2. Operating curves of switch.

V1. Pick out the key sentences from the Text C and translate them.

V1I. Speak on operating curves of switches and discuss it.

VIII. Review the text in written form.

IX. Translate the Text C to be sure you understand it well.

X. Compare standard symbols for common-emitter switch used in the
USA with those used in the USSR.

4, Searching Reading
PRE-TEXT EXERCISES

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

assure YMECTHBIH, MOAXONs-
JiIRg)%

suitable OKO HUaTe/NbHBIH BHIGOD

final choice B MEHbIIEH -CTeNeH:

pertinent YXYAaTh, NOPTHUTHCH

performance napasuTHas eMKOCTh

cxeMbl M TPOBOJOB
circuit wiring capaci- NpeANONOKHUTENBHO

tance

negative-going edge nepepacnpefiesieHne

positive-going edge yTBep:KAATh

conceivably «pacKauka»  HampsKe-
Hus (M3MEHeHWe Ha-
TP SIKeHs)

to a lesser extent TPUTOAHBIH

redistribution XapaKTepPUCTHKa

deteriorate v. craf,

voltage swing HapacTaHue

I11. Pick out all technical terms from the Text D and translate
sentences with them.

111. Translate the following words and word-combinations from the
Text D. ’
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Fig. 3.3. The diode AND/OR gate:

a voltage distribution when alt input signals are positive; b when one input signal of
ground potential; ¢ equivalent circuit for one varied input,

Both d. c. and a. c. considerations; most suited for a. c. operation;

so that; together with; slightly larger; instantaneously increased;
hence. :

TextD
DIODE GATES

I. Read the text and give short information about voltage destribu-
tion in diode gates.

Design of a logical circuit involves both d. c. and a. c. considera-
tions. The final choice of circuit parameters is often a compromise
between values most suited for a. c. operation and different values
which give optimum d.c. performance. Pertinent d. c. and a. c¢. de-
 sign considerations are presented below for the AND diode circuit.

Output voltage of the above AND gate is clamped to one diode
drop above the lowest input signal level. If an external-load current
flows from the output terminal of the gate, the current causes a vol-
tage drop across R. The circuit parameters are selected so that output
voltage remains at the clamped level. -

Capacitive effects limit operating speed of a diode gate. Fig. 3.3a
shows the diode gate together with diode capacitance Cp and circuit
wiring capacitance Cs. For all input terminals are 4-U, volts, output
voltage of the circuit is at (U, + Ur) = U? volts, and each diode ca-
pacitance is charged to Ur volts; this voltage is determined by the
diode type, i. e., silicon or germanium, and, toa lesser extent, by the
magnitude of current flowing through the diode. Consider that input
voltage at terminal A decreases from +U, to U®= 0 volts. Fig. 3.36
shows the steady-state circuit conditions which are established some
time after terminal A4 is connected to ground potential. The grounded
cathode of diode D, causes increased forward current flow in this di-
ode, and voltage drop Uy is slightly larger than Ur. Output voltage of
the circuit has decreased to the Uj = [0 level, and voltage drops
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across diodes D, and D, have reversed polarity. However, as D, presents
a relatively low impedance path to ground when terminal A is groun-
ded, the negative-going edge of the output voltage waveform is gene-
rally deteriorated only slightly by capacitive effects.

Capacitance of the above circuit has a pronounced effect upon the
positive-going edge of the output-voltage waveform. If voltage at
input terminal A is instantaneously increased from ground potential
to 4U, volts, the various capacitance must charge to the polarities
~and levels shown in Fig. 3.3a. Hence, the capacitance are in parallel
with each other and can be represented by a single equivalent capaci-
tance C, from node X to ground. Output voltage of the gate rises
to the steady-state level at a rate determined by +U, R and C,.

Fig. 3.3¢c shows an equivalent circuit of the above diode gate;
this circuit is useful for both a d.c.and an a. c. analysis. The one
diode shown has an input-voltage level which varies from 0 to +U,
volts. Total circuit capacitance is represented by capacitance C,.
Diode leakage currents are neglected, as they are not significant in
the present discussion.

ASSIGNMENTS

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

1. What considerations does design of a logic circuit involve?
2. What is the final choice of circuit parameters? 3.Where are perti-
nent d. c. and a. c. design considerations presented? 4. What is clam-
ped to one diode drop above the lowest input signal level? 5. What
does the current cause if an external-load current flows from the output
terminals of the gate? 6. How are the circuit parameters selected?
7. Do capacitive effects limit operating speed of a diode gate? 8. What
does Fig. 3.3a show? 9. What does the grounded cathode of diode D,
cause? 10. When does D, present a relatively low -impedance path to
ground? 11. What can the capacitance in parallel with each other be
represented by? 12. At what level does the output voltage of the gate
rise?

I1. Examine Fig. 3.3 and comment on:

1. Voltage distribution when all input signals are positive.

2. When one input signal of ground potential.

3. Equivalent circuit for one varied input.

I11. Discuss the problem of diode gates.

1V. Prepare a dialogue on your own s1tuatlon

V. Speak on:

1. Design of a logical circuit.

2. Capacitance effects limit operating speed of a diode gate.

3. Capacitance of the circuit.

4. An equivalent circuit of the diode gate.

VI. Look through the latest magazmes, find some articles on a diode
gate and make a summary of it.
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III. GRAMMAR E XERCISES

I. a) Analyse the following sentences and define the functions of the
Infinitive and the Participle. b) Translate these sentences.

1. Using voltage levels and positive logic this means that with
a low voltage at the input, the output is at a high voltage level, or
vice versa. 2. The first form of digital ICs to receive general usage was
a simple connection of bipolar transistor inverted circuits to yield
a NOR gate. 3. Since the circuit consisted of only resistors and tran-
sistors, it was named RTL. 4. An IC development consisted of a diode
AND circuit followed by a bipolar transistor inverter. 5. The first
“new ” digital design made possible by the IC fabrication process was
TTL. 6. Widely used schemetic representation for the n-p-n and p-n-p
transistors are shown in Fig. 3.1a. 7. The emitter lead of each transistor
type is seen to have an arrowhead which points in the direction of
conventional current flow in the emitter lead. 8. Input connections
may be made to any two terminals, with the output appearing across
the third terminal and one of the input terminals. 9. The grounded-
emitter and grounded-base switching circuits can be made to operate
from saturation to cutoff.

I1. Define the tense-forms of the verbs in the following sentences and
translate them.

1. This was called DTL. 2. The first form of digital ICs was intro-
duced in 1962. 3. The circuit with only resistors and transistors was
named RTL. 4. Both RTL and DTL had long been popular with digi-
tal circuit designers. 5.1In this circuit the diode AND function of
DTL was performed by a multi-emitier transistor, a bipolar transistor
with as many as eight emitters. 6. Various types of computers and
control operations can be performed with switches which have two
distinct levels of output current or voltage. 7. Transistors have three
terminals and may be connected into a circuit in one of several diffe-
rent configurations. 8. Input connections may be made to any two
terminals. 9. The grounded-collector switch is usually designed to
operate out of saturation.

I11. a) Analyse the structure of the following sentences. b) Translate
these sentences.

1. When the input voltage in Fig. 3.2a falls to ground potential,
the transistor base is connected to ground through a resistor: the
transistor is at cutoff, collector leakage current is equal to Icgo, and
the quiescent operating point of the circuit is at point D of Fig.3.2b.
2. This equation shows that if there were no voltage drop across the
transistor, the collector current would become /¢ = 7??1,2 3. Conver-
sely if collector current were equal to zero, there would be no vol-
tage drop across Ry, and, from Eq. (3.1) Ucg = Ucc, when the tran-
sistor is at cutoff.
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Lesson 2. BINARY NUMBER SYSTEM AND BOOLEAN ALGEBRA

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Concepts about Number
Systems.
2. Average Reading.
Text B. Binary Number System.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Boolean Algebra and Swit-
ching Circuits.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Boolean Algebra.
Assignments.
I11. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading

PRE-TEXT EXERCISES

I. a) Listen and repeat after thespeaker. b) Practise the pronunciation
of the following.

I. [a] multiplied, number, product, hundred, discussion; [ju] nu-
meral, constitute, utilize, tube, cube; [1] system, analogy, binary,
this, is, in, bit, him; [i:] each, read, field, yield.

Il. Various ['vesrias], sequence ['si:kwans], yield [ji:ld], immedia-
tely [i'mi:djotli], interpret [in’to:prit], extreme [iks’tri:m].

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words.after the speaker.

Symbolic, logic, analogy, arabic, summed, positive, binary, sy-
stem, decimal, analysis, position, bit, relay, elements, - contact,
algebra, analyze, synthesize.

IT1. Check if you know the meaning of these words and word-combina-
tions.

Numbering system cucrema cuucienus; binary (decimal) number
system nBonyHas (mecATHuHas) cHcTeMma cuuMcaeHnus; constitute v. co-
crapnaTh; utilize v. ucnosmbsosats; digit (necsatuunas) uudpa, paspsn
(necaTuyHOrO uUMC/IA); sequence noc/eA0BaTeNbHOCT, familiar 3nako-
Melii; integer uesnii; shorthand notation cokpamennas sammces; in
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proper manner Jo/KHbIM o6pasom; extreme left (right) kpafinufl neswiit
(npaBeiit); by a power of 10 Ha crenenb necatu; the various products
are then summed together 3atem pasnnunbie npousBeneHHsi CKJaJbIBa-
torcst; multiply v. ymuoxarts; numeral mudpa; yield v. npoussoauts,
cospaBath omit v. omyckartb; extreme kpakuufl; convention 30. yc-
JIOBHE.

1V. a) Give initial forms of the following words and define the function
of suffixes. b) Translate these words. .-

Notation, symbolic, numbering, actually, summation, generally,
combining, eonvention,. additional, summarising.

V. Make up sentences using the following word-combinations and
translate them.

The binary number system; utilize the arabic numerals; be summed
together; a given sequence of numerals; the only digit used; in the
proper manner; in order to represent a decimal number; each addition
position; from left to right.

V1. Listen and repeat after the speaker the following numbers and
arithmetic steps with them.
10® ten in the third power;
10t ten in the first -power;

10 ten in the second power (ten squared);

1 X 103+ 3 X 102+ 5 X 10+ 2 X 10° — 4. One multiplied by ten in
the third power plus three multiplied by ten squared plus five
multiplied by 10 in the first power plus two multiplied by ten in
zero power minus four.

Text A
CONCEPTION ABOUT NUMBER SYSTEM

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

Symbolic logic uses only the numerals 0 and 1. These two digits
constitute a numbering system known as the ¢‘binary number system’’.

The binary number system can best be described by analogy to
the decimal number system. The decimal number system utilizes
the arabic numerals 0 to 9 in a shorthand notation for certain arithme-
tic operations. Each digit in a decimal number is actually multiplied
by a power of 10; the various products are.then summed together to
yield the decimal quantity. The power of 10 by which a digit is mul-
tiplied is determined by the position of the digit within a given se-
quence. For instance, the sequence of numerals 1,352 is interpreted
as | X 10343 X 10>+ 5 x 10t 42 x 10°% the various products
can be formed to yield 1,000 - 300 + 50 4+ 2. Summation of the
last group of digit yields the quantity one thousand three hundred
fifty-two. Because the decimal number system is so familiar, the
above arithmetic steps are generally omitted and a given sequence of
numerals is immediately interpreted as a particular quantity.
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2, Average Reading

Text B
BINARY NUMBER SYSTEM

I. a) Listen to the text.b) Readit (time limit is 3 min.). ¢) Find
the part of it dealing with the various bits in a binary sequence.
Speak on them.

In the binary number system, the arabic numerals 0 and 1 are
the only digits used. By combining these binary digits, or bits, in
the proper manner, decimal numbers can be represented. For the pre-
sent analysis, only integer decimal values will be considered. In order
to represent a decimal number, the bits 0 and 1 are written in a se-
quence. The various bits in a binary sequence are multiplied by power
of 2, and the positionof a bit determines the power of 2 by which
the bit is to be multiplied.The sequence is often written from right
to left, with the most significant bit to the extreme left. This conven-
tion will be followed in the present discussion. Let the bit position at
the extreme right in the sequence represent 2°= 1; then the second
bit position from therightrepresents 2! = 2. Each additional position
to the left represents an additional power of 2. The binary number
1011 is interpreted, from left to right, as 1 X 2540 X 2241 X 2! +
+1 X 2°, which is equal to the decimal number 11.

ASSIGNMENTS

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

1. a) Skim through the Text B and explain how decimal numbers
can be represented by binary digits. ‘ _

I11. Answer the following questions embracing the contents o
the texts. : ’

1. What numerals does symbolic logic use? 2. What do these two
digits constitute? 3. How can the binary number system best be des-
cribed? 4. What numerals does the decimal number system utilize?
5. By what is each digit in decimal number multiplied? 6. Are the
various products then summed together to yield the decimal quantity?
7. By what is the power of 10 by which a digit is multiplied determi-
ned? 8. What are the only digits used in the binary number system?
9. How can decimal numbers be represented? 10. How are the bits
0 and 1 written in order to represent a decimal number? 11. By what
are the various bits in a binary sequence multiplied? 12. What does
the position of a bit determined?

IV. Prepare a dialogue using information of the Text A and
Text B.

V. Speak on:

1. Symbolic logic.

2. Binary number system.
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I1. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Application npumenenue; design mpoekT, KoHcTpykuus; describe
omuckiBaTh; respectively coorercTBenHo; provide ofecmeunBath; net-
work cetb; stable craGunbneiit, yeroiiunsbli; profound ray6okuil, cup-
HBIA; expression Bhpaxkenue; subject v. nomseprate, nomuuMHSTHCS;
assign onpenenaTh, extensively mmupoxo; refer v. oTHocuTbeS.

Il. Memorize these terms.

Relay switching network pesefinas nepexmovarcmas uens; net-
work design mocrpoennme menu (cxembl); circuit arrangement cxemuas
koH@urypauus; straight forward method npocroit u oueBuanmi Metox;
switching elements nepexmouaiomue siementsi; refer to as“logic
circuits” OTHOCHTBCSI K «JIOTHYECKHM LETISIMY.

INl. Find these word-combinations in the Text C and tramslate
sentences containing them. ’

Relay contacts penefinsie konrakter; to provide a straightforward
method cGecneuuts mnpoctolt meTon; a mathematical expression to
describe matemaTnueckue BhIpaKeHHs Aas onucaHus; a profound
effect cuabHBIE 3pdekT.

IV. Analyse the structure of the following words and give their initial
forms.

Application, switching, network, straightforward, writing, expres-
sion, arrangement, simplification, extensively, bistable, magnetic,
operatiomn.

V. Find in the Text C the English equivalents of the following Rus
sian word-combinations.

Hanucatb craTblo 0 NnpuMeHeHHH: OTKPHITOE U 3aKPHITOE TOJOKEHHE;
ONHMCaHB! B BHIPAXKEHHSX; 1Ba YCTOHUMBBIX IOJIOXKEHUS; TNOABEPraThCs
ONpeJleJIeHHBIM NIPaBW/IaM YIIPOIIEHHUS; A1 TOrO, YTOOE YMEHBIIHTE.

Text C
BOOLEAN ALGEBRA AND SWITCHING CIRCUITS

I. a) Read the text. b) Find the part of it describing a simply stated
network design. Translate it.

In 1938, Shannon wrote a paper on the application of Boolean
algebra to the design of relay switching networks. Open and closed
states of relay contacts were described in terms of 1 and 0, respectively.
The mathematics of logic was shown to provide a straitforward method
of designing networks composed of switching elements having iwo
stable states. Simply stated network design consisted of writing a ma-
thematical expression to describe a circuit arrangement of relay con-
tacts; the expression could then be subjected to certain rules of sim-
plification in order to reduce the total number of relay contacts.
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The above application of Boolean algebra had a profound effect
upon future designs of switching networks. This algebra has since
been used extensively to analyze and synthesize circuits which contain
elements having two stable states; these elements may be relays,
vacuum tubes, transistors, bistable magnetic devices, or other bistab-
le electrical devices. The above circuits perform operations which are
described by the algebra of logic and are often referred to as “logic
circuits”.

ASSIGNMENTS

I. Answer the following questions embracing the contents of the
Text C.

1. When was a paper on the application of Boolean algebra to the
design of relay switching networks written? 2. Had the application
of Boolean algebra a profound effect upon future designs of switching
networks? 3. How has this algebra been used? 4. What elements have
two stable states? 5. What are referred to as “logic circuits ”?

11. Combine your answers into a short summary of the text.

I11. a) Divide the text info logical parts. b) Choose the key sentences
and translate them.

IV. Comment on the author’s attitude to Boolean algebra and
switching circuits.

V. Speak on Boolean algebra applied to switching circuits.

V1. Translate the Text C to be sure you understand it well.

4, Searching Reading
PRE-TEXT EXERCISES

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

associative, commuta- c ueproukoll #am Gyk-
tive and distributive Bo#

laws npsiMolt, TNPOCTOH
evaluate v. cocelHul

proposition 3HaK

straightforward . KpyTJible CKOOKH

in honour He A ‘
parentheses pl. Tabanua HMCTUHHOCTH
truth table TIPUMEHSATH
substitute v. OLIEHUTH

employ V. BBICKA3BIBAHIIE
likewise B yecTb

with the bar over the

letter TeM He MeHee, TMOJOOHO
sign IO OTHOIIEHHIO K
adjacent no Kpaiineit wmepe
with respect to Touka (Hap ueM-J1u60)
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at least . 3aMeHATHh

dot aCCOUMATHBHBIN,  KOM-

A (not A) MyHHKATHBHBII 1 pac-
Npele/UTEbHEIN 33~
KOHB

Il. Make sure that you know these word-combinations.

In order to evaluate a1s Toro wro6k onennth; generally known
obuensBecTHo; in general BooGuie; an expression such as Bhpaxenue,
Takoe Kak; with respect to mo ornomennio x; it is seen Bummo; both
terms o6a_rtepma, oGe Besuuunsl; a listing of various values niepeyeHn
pasHpIX BesHuuH; in accordance with B coorsercrBuu c; for instance
nanpumep; although a further simplification xots pameHeimee ynpo-
LeHHe.

IT]. Give the main forms of the following verbs and translate them.

Develop, denote, know, write, employ, read, give, use, include,
see, yield, take, determine, combine, obfain, apply, exist, have, re-
present, evaluate,- show, obtain, reduce, allow.

IV. a) Give the initial forms of the following words and translate
them. b) State the function of suffixes. '

Generally, description, logical, notation, expression, operation,
equation, variable, resulting, listing, distributive, associative, commu-
tative, multiplication, containing, interpretation, relationship.

TextD
BOOLEAN ALGEBRA

-

I. Read the text and state briefly Boolean algebra.

In order to evaluate logical propositions in a straightforward man-
ner a mathematics of logic was developed. This mathematics is general-
ly known_as ‘‘Boolean algebra”, in honour of George Boole, who in
1854 wrote a description of this logical language.

Two mathematical operations OR and AND are employed in Boo-
lean expressions. In general, the OR function is denoted by + and the
AND function is denoted by X, a dot, parentheses, or simply no
notation between two adjacent symbols. The expression A + B is
read «<A or B» and the expression AB is read «A and B». An expres-
sion such as (A + B) - (C + D) is read «4 or B and C or D».

Six postulates, or rules, of Boolean algebra are given below.
These postulates can be used to evaluate various logical expressions.

0-+0=0 (1) C0X0=0 (4
0+1=1(@) 0x1=0 (5
1+1=1(3) 1x1=1 (6

With respect to postulates that include the OR operation, it
is seen that the result is I if at least one of the termson the left side
of the expression is 1. The AND operation yields 1 only when both
terms on the left are 1.
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Letters are often used in the equations of Boolean algebra to re-
present variable quantities. Each of these letters may take on a value
of 1 or of 0. The expression A 4 B =C (7) indicates that the value
of C is determined by an OR operation upon values of A and B.
A listing of various values of A and B, together with each resulting
value of C, is referred to as a «truth table».

Truth Table for Truth Table for

A+B=C AB=C

A B C AA B C
o | oo o | oo
1 0 | 1 1 o | o
0 1|1 0 1 | o
1 1|1 1 1|1

If there letters A and B are combined in the AND function, the
expression is written AB =C. (8)

As in ordinary algebra, equivalent expression may be obtained
by factoring, combining or expanding terms. The associative, commu-
tative, and distributive laws of ordinary algebra apply to the OR and
AND operations. From the associative laws for addition and multipli-
cation:

A+(B+C)=(@A +B)+C (9)

A(BC)=(AB)C (10)
The commutative laws for addition and multiplication give
A+B=B+A, (11)
AB == BA. . (12)
The distributive law yields ’ »
A(B+4C)= AB + AC. (13)

Several differences exist between ordinary algebra and Boolean
algebra. A Boolean expression containing a variable and the number
1 or O represents a logical operation and must be evaluated in accor-
dance with postulates (1) to (6). For instance, postulates (2) and (3)

show that A +1=1 (14)
and postulates (5) and (6) show that

Ax1=A. (15)
The six postulates can also be used to obtain

A+A=A4A (16)
and Ax A=A (17)

In ordinary algebra, the expression AB + B can be reduced to B (A4
4 1). The above reduction is also valid in Boolean algebra, although
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a further simplification can be made. Equation (14) shows A -1 is
equal to 1; this reduces the expression to B X 1 which from Eq. (15),
yields B alone. The above steps give the Boolean identity AB+ B =
= B. (18)
Since a binary number must be either 0 or 1, the two numbers
are said to be complements of each other. A letter used to represent
a binary number has a complement. If the letter represents 1, the
complement to this letter is 0. Likewise, the complement of the letter
takes on the value 1 when the letter itself represents 0. The comple-
ment of a letter is the “inverse” of the letter and is usually denoted by
the same letter primed or with a bar over the letter; the bar notation
will be used throughout the book. The letter A has as its complement
the letter A; this letter symbol is read “not A”. One interpretation of
the symbol A and A is that the former represents the true state of the

variable and the latter represents the false, or complementary, state
of the variable.

Two useful relationships between the true and complementary states
of a variable are given below:

A+A=1, (19)
Ax A=0. (20)

Postulates (2) and (3) can be used to varify Egs. (19) and (20), respecti-
vely. An OR function can be written in the form of an AND function
by use of complements. Likewise, complementary notation allows an
AND function to be modified to the form of an OR function. The
identities can be varified by use of truth tables:

ABC...=A+B+C..., (21
A+B+C...=ABC.... (22)
ASSIGNMENTS

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

1. Upon what is Boolean algebra based? 2. What operations are
employed in Boolean expressions? 3. How are OR and AND functions
denoted? 4. Are letters used in the equations of Boolean algebra?
5. What value may each of the letters take? 6.What does the expression
A + B = C indicate? 7. What is referred to as a “truth table*? 8. To
what do the associative, commutative, and distributive lawsof ordinary
algebra apply? 9. What represents a logical operation? 10. How must
a Boolean expression be evaluated? 11. What is one interpretation of
the symbol A and A?

I1. Prepare a dialogue on the topic.

I11. Make up a plan of the Text D.

IV. Speak on the text according to your plan.

V. Look through the latest magazines and find additional information
on Boolean algebra. Discuss it.

122



I11. GRAMMAR EXERCISES

I. a) Analyse the following sentences, find out the subject and the
predicate. b) Translate the sentences.

1. For the present analysis, only integer decimal values will be
considered. 2. Since a binary number must be either 0 or 1, the two
numbers are said to be complements of each other. 3. The various
bits in a binary sequence are multiplied by power of 2, and the posi-
tion of a bit determines the power of 2 by which the bit is to be mul-
tiplied. 4. Let the bit position at the extreme right in the sequence
represent 2°= 1.5. The power of 10 by which digit is multiplied is
determined by the position of the digit within a given sequence.
6. It is necessary that there be a detectable difference in voltage or
current levels befween the two stable states of a transistor switch in
order for the correct binary interpretation to be made.

II. a) Define the function of the Participle. b) Translate the sen-
tences.

1. A given sequence of materials is immediately interpreted as
a particular quantity. 2. In the binary number system, the arabic
numerals 0 and 1 are the only digits used. 3. A Boolean expression
containing a variable and the number 1 or O represents a logical ope-
ration.

I11. Pick out all sentences in the Text D containing modal verbs
with the Passive Infinitive and translate them.

IV. Change the following sentences according to the model and trans-
late them. ’

Model. The expression was subjected to certain rules of simplification.
The expression could be subjected-to certain rules of simplification.

1. This algebra was used extensively to analyze and synthesized
circuits. 2. A mathematics of logic was developed. 3. Two mathemati-
cal operations OR and AND are employed in Boolean expressions. 4. The
OR function is denoted by + and the AND function is denote by x.

V. Define the function of the Gerund and translate sentences.

1. By combining these binary digits, or bits, in the proper manner,
decimal numbers can be represented. 2. The mathematics of logic was
shown to provide a straightforward method of designing networks of
switching elements having two stable states. 3. Simply stated network
design consisted of writing a mathematical expression to describe
a circuit arrangement of relay contacts; the expression could then be
subjected to certain rules of simplification in order to reduce the total
number of relay contacts. 4. As in ordinary algebra, equivalent
expressions may be obtained by factoring, combining or expanding
terms.

VI. Define the tense-forms of the verb in these sentences and trans-
late them.

1. Various products are then summed together to yield the decimal
quantity. 2. Only integer decimals will be considered. 3. The bits
0 and 1 were written in sequence.4. The sequence is often written from
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right to left. 5. This convention will be followed in present discussion.

6. Each digit in a decimal number is actually multiplied by a power
of 10. ‘

Lesson 3. LOGIC CIRCUITS

I. Independent Work.
In the Laboratory: -
1. Skimming Reading.
Pre-text Exercises. )
Text A. Types of Logic Circuits.
2. Average Reading.
Text B. Logic Circuits for Slow
Operation. °
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Diode Logic and the Pro-
grammable Logic Array.
Assignments.
4. Searching Reading.
~ Pre-text Exercises.
Text D. Transistor-resistor Logic
and Others,
-~ Assignments.
HI. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory.
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronunci-
ation of the following.

lei] name, make, operation, gate, range; [e] as, fact, that, and,
can, maximum; [ai] describe, type, whilst, diode, wide, primarily,
spike; [i] initial, is, different, give, still, system, which, input, single,
chip; [i:] be, field, descrete, speed, achieve, increase; [our whole, so
low, most, approach, slow; [d] logic, only, on, cost, popular, all, not;
[ju:] use, calculate, popular; [A] supplement, multiple, function, such,
consumption, currently; [oi] noise, avoid.

supplement ['saploment], availability [o,veilo’bilit1], deliberately

[di’Itbaritli], environment [in’vaieranmant], precaution [pri'ka:fen],

immunity [i’mju:niti], elaborate [1’leborit], virtue ['vartju:].
I1. Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.
Logic, descrete, resistor, transistor, diode, popular, computer,

maximum, equivalent, propagation, serious, compact, calculator,
base, function, voltage, perform.
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111. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know the meaning of these words.

Abbreviation cokpauienue; describe onuceBate; supplement noGas-
AsTh, NONOMHATH, availability (mpu)rogmocts, Hanuuue; low cost
HM3Kas CTOMMoCTh; capability cmoco6Hoctw; deliberately o6aymanno;
precaution npefocTepexeHHe, IPElOCTOPOXHOCTh; in noise immunity
[IOMEXOYCTOHUMBOCTD; incorporate mnomemars, BKJIcuaTh; permissible
NONYCTHMbIH; margin rpaib, npefes, rpaHuua mnons; elaborate Tuza-
TeJbHO = paspaGOTaHHBIN, BbIpaGoTaHHBI; complementary nonosHu-
TeJbHbIH, NoGapounbli; chief virtue riaBHoe nOCTOMHCTBO (CBOMACTEBO);
extremely upessbvaiiHo; consumption norpe6Gienne; gate input Bxon
sjeMeHTa (BenTmasi); fast noise spikes OpicTphle MIyMOBBIE BCIJIECKH;
pocket calculator chips xkpucramibl ansi KapMaHHBIX Ka/bKYJISITOPOB,
IC computer DBM Ha unTerpambHbix cxemax; CMOS system cucrema
-noruxu Ha ocxoBe K-MJIIT tpanaucTopos. -

' IV. a) Listen and repeat after the speaker the following terms.
b) Memorize them and their abbreviations. :

multiple-emitter transistor (MET) MHorosmurrepHEIi Tpansucrop (MIT);
emitter-coupled logic (ECL) Jsoruka c smurtepHoii cBsisbiv (CJ/I)high-
level logic (HLL) BeicoKOypoBHeBasi Joruka; high-noise immunity logic
HNIL) Bricokonoporosasi JIOTHKa, He BOCIPHHMYHBAs K BHICOKHM ITyMam
aoruka (HBILLJL); resistor-transistor logic (RTL) pesucropHo-TpaHsuc-
topuasi ioruka (PTJI);diode-transistor logic (DTL) xuonto-TpansncropHasn
noruka (A TJI); transistor-transistorlogic (TTL) Tpan3sucropHO-TpaH3H-
cropuasi joruka (TTJI); IC computer BM Ha unTerpaibHbIX cxeMmax;
random-access memories (RAMs) 3Y co cayuaiinoit BriGopkoit (O3Y);
CMOS system cucrema noruku Ha ocHoBe K-MJII] tpansucropos.

V. Make up sentences using the following word-combinations from the
Text A and the Text B and translate them.

Extensive use wwupokoe npumenenne; whilst it uses B 1o epems,
Kak OH HMcronb3yer; makes it popular nenaer ero usBecTHmM; the
fact remairs, however, that ogmako cymHOCTE 3akK/lodaercd B TOM,
yro; such as Takue, Kak; it also makes possible sTo Takke nenaer
BosmoxHubIM: in addiiion B pomosHenwe; however ojsKao.

V1 a) Give initial forms of the following words. b) Translate them.

Abbreviations, supplement, giving, availability, counting, ope-
rating, operation, achieving, achievement, typically, saturation,
approaching, capability, deliberately, particularly, permissible.

Text A

TYPES OF LOGIC CIRCUITS

’

I. a) Listen to the text, mind the English intonation. b} Read the
text to yourself and grasp the main idea of it.

Extensive use is inade of abtreviations in the logi~ field. A whole
series of initials is used to descrite different types of logic circuits.
If the discrete circuits vse only resistors and a transistor, so they are
described as resistor-transistor logic (RTL) whilst it uses diodes on the
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input to supplement the transistor and are termed diode transisior
logic (DTL). The diode at the input may be fabricated in the form
of a special multiple-emitter transistor, giving the circuit its name of
transistor-transistor logic (TTL). The wide availability and low cost
of TTL makes it popular for all logic and counting function. The fa ot
remains, however, that it is primarily designed for fast operating in
large computer. Still faster types of logic, such as Schottky TTL and
emitter-coupled logic (ECL) are currently used, these achieving extra
speed (typically 2ns delay per gate) by avoiding transistor saturation.
Most logical control and counting operations do not require operating
speeds even approaching the capability of TTL.

2. Average Reading
Text B
LOGIC CIRCUITS FOR SLOW OPERATION

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find
the part of it dealing with the using of MOS logic. Translate it.

Several logic systems are available which are deliberately designed
for slow operation, making them particularly useful in noisy environ-
ments without special precautions. High-level logic (HLL) and high-
noise immunity logic (HNIL) both use a modified form of diode-
transistor logic (DTL). A Zener diode is incorporated in the gate input
to raise the maximum permissible logic 0 input level to 5 V, giving
increased margin over the equivalent 0.8 V range of TTL. A higher
supply voltage of 12 V to 15 V gives increased margin of 4 V to 7 V at
the logic I threshold. Gate propagation times are some 20 times grea-
ter than with TTL, so that fast noise spikes are no longer a serious
problem.

Elaborate logic functions can be fabricated on a single chip using
MOSFET transistor, which are very compact, some 5000 devices
being possible on a chip 4 mm square.

MOS logic is used for pocket calculator chips; it also makes possible
the IC computer or micro-processor and random-access memories
(RAMs). This very popular range of IC logic uses complementary
MOSFET transistors. The chief virtue of the CMOS system is its extre-
mely low power consumption (typically 10 nW per gate). In dddition
it offers very good noise immunity. However MOS logic has low
speed of operation.

ASSIGNMENTS

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

IL. Skim through the Text B and find the part of it dealing with
HLL and HNIL. b) Discuss information about several logic systems
with your fellow-students.
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I11. a) Find the part of the text containing information about gate -
propagation times. b) Discuss it using your knowledge on the topic.

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

1. What is used to describe different types of logic circuits?
9. What is described as resistor-transistor logic? 3. In what form may
the diodes at the input be fabricated? 4. What makes TTL popular
for all logic and counting functions? 5. For what is TTL primarily
designed? 6. What computers are currently used? 7. What operations
do not require operating speed? 8. What logic systems are designed
for slow operation? 9. What form of diode transistor logic do both
high-level logic and high-noise immunity logic use? 10. What can
elaborate logic functions be fabricated on? 11. For what is MOS logic
used? 12. What is the chief virtue of the CMOS system?

V. Prepare a dialogue on the topic.

V1. Speak on:

1. TTL integrated circuit logic.

2. High-level logic.

VIIL. Express your opinion of logic circuits and their using for
different types of operations.

I1. CLASSWORK
"~ 3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.

Advent npuxox; relatively ornocutesbHo; approximately npuGiu-
suresnho;, recently menapmo; brief kpartkuil; alter v. usmensts(cs),
nepeie/blBaTh; CONVEy V. NepeaBaTh, BhIpakaTh; especially ocobenHo; -
realize ocymectsastb; application npuvenenue; verify v. noatBep-
K1aTb, MPOBEPATH.

11. Memorize the following abbreviations.

SSI small-scale integration MaJbli  YPOBEHb HHTETPalluy;

LSI large-scale integration Gonbiioft ypoBEHb HHTETPAllUH;

PLA programmable logic array  mporpammupyemas JOrudeckas
MaTpHLA. .

I111. Find these word-combinations in the Text C and translate;
sentences containing them.

Multiple sums of products MHOroKpaTHHIE CyMMBbl [POHM3BEAEHHI;
by making or ommiting ycranapnusas unm nponyckas; at intersection
point B Toukax mepeceuenns; not convey the same meaning He HMeTb
Toro e 3HaueHus; digital controller wugpopoii xontposep; product
terms wiens B Buie nponssenenuii (8 GyJesol anre6pe); random logic
IPON3BOJIbHBIE JIOTHYECKHE CXEMBI.

IV. a) State the function of each suffix in the following words.
b) Translate these words.
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Transistorized, relatively, desirable, cheaper, programmable,
combinational, especially, ‘implementation, realization, usually,
application, realizing, regularity, equivalent.

Text C
DIODE LOGIC AND THE PROGRAMMABLE LOGIC ARRAYS (PLA)

I. a) Read the text. b) Find the part of it describing the forms of
SSI logic. Translate it.

The first transistorized digital circuits used individually packaged
(“discrete) diodes and transistors in a circuit form known as diode
logic. Diode logic uses relatively few transistors and many more diodes,
a desirable situation in those days when diodes were ‘much cheaper
than transistors. With the advent of small-scale integrated (SSI)
digital circuits, the cost of diodes and transistors were approximately
equalised, so circuit forms using more transistors were economical.
The forms of SSI-logic in wide use today are transistor-transistor logic
(TTL), emitter-coupled logic (ECL), and complementary metal-oxide
semiconductor (CMOS) logic. ",

Recently,. an evolutionary form of diode logic has come into use
in large-scale integrated (LSI) microprocessors and other circuits.
It is known by a new name, programmable logic array (PLA).

The programmable logic array (PLA) is a combinational circuit

for finding multiple sums of products. The word programmable in
the name refers to the fact that the logic function is altered by making
or omitting logic connections at intersection points within a rectangu-
lar array of orthogonal conductors. In this context, the word program-
mable does not convey the same meaning as it does when referring to
a programmable computer.
() PLAs are widely used today, both as individual LSI circuits and
as subcircuits within LSI microprocessors and digital controllers.
They are especially efficient for realizing control logic functicns.
Usually in control applications, less than all the possible product
terms are needed. PLAs are less efficient for realization of arithmetic
logic, in which all product terms are likely to be used. Efficiency
here is defined as the silicon chip area of a PLA as compared to gate
logic for realization of a specific logic function. The regularity of the
PLA as contrasted with the irregular ‘‘random logic” nature of gate
logic implementations always makes it easier to design and verify
than the equivalent function designed with gates.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Choose the key sentences
and ftranslate them.

IL. Look through the Text C and find the part of it dealing with
programmable logic array (PLA). Comment on the point.
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II1L. Answer the questions embracing the contents of the Text C.

1. What are transistorized digital circuits? 2. What does diode
logic use? 3. What is the cost of diodes and transistors? 4. What are
the forms of SSJ logic in wide use today? 5. What is known as a pro-
grammable logic array (PLA)? 6. What does the word programmable
in the name refer to? 7. Are PLAs widely used today? 8. What are
PLAs especially efficient for? 9. Where are PLAs less efficient? 10. How
is efficiency of PLA defined here? 11. What makes PLA easier to de-
sign and verify than the equivalent function designed with gates?

IV. Summarize your answers into a short summary of the text.

V. Make up a plan of the Text C and speak on the topicaccording
to your own plan.

‘ VI. Find the verbs in all sentences in the TextC and state their tense-
orms.

VII. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

a sink ynpaBJsiTh, HANpaB-
JISITh

shift v. 13-3a

distribution JOCTATOYHO

because of HACHIATb, MPONHTHI-
, BaTh

sufficiently pacrpeneseHue

saturate CABUraTh

current-hogging effect CTOK, MOIJIOTHTE/b

steer v. 3(pheKT HepaBHOMED-

HOCTH TOKOB («HMCKpHB-
JIEHHSI» TOKOB)

IL. Give the. initial forms of the following words from the Text D
and translate them.

Relatively, independent, principally, leakage, generally, driving,
succeeding, cutoff, development, coupling, conrection, increasingly,
identical.

IT1. State the tense-forms of the following verbs from the Text D.

Insert, serve, determine, add, refer, combine, apply, amplify,
transiorm, connect, show, utilize, make, flow, become, rise, steer,
perform.

TextD
TRANSISTOR-RESISTOR LOGIC AND OTHERS

I. Read the text and give short information about transistbr-resis-
tor logic.
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Fig. 3.4. Logic circuits of RTL-type:

a a circuit without base bias; b a circuit with base bias.

Resistors can be inserted between the collector of a transistor and
the bases of fan-out transistor, as shown in Fig. 3.4a. These resistors
serve to make base current to a transistor relatively independent of
the base-emitter diode characteristic of the device. Hence, base cur-
rents to T, and T, in the above figure are determined principally by
the magnitude of Rp and Ry;. In order to reverse bias T, T, Ty in the
OFF state and also to provide a sink for collector-base leakage current
of these devices, resistor R and supply voltage — Ugp can be added to
the inputs, as shown in Fig. 3.4b. This latter circuit is generally re-
ferred to as either a “transistor-resistor logic (TRL)"’ or as a ‘‘resistor-
transistor logic (RTL)" stage.

The diode logic circuits can be combined with transistors to form
“diode-transistor logic (DTL)” circuits. In effect, the output of diode
gate is applied to the base of a grounded-emitter transistor; the tran-
sistor amplifies the signal and shifts it to the proper voltage level
for driving a succeeding stage.

Both the OR/AND and AND/OR diode gates can be combined with
the transistor; the base-input-voltage level to the transistor is inver-
ted, and the complete circuit function is the inverse of that for the
diode gate alone. Hence, the OR/AND gate is transformed to a NOR/
NAND circuit, and the AND/OR gate becomes a NAND/NOR gate.

Fig. 3.5a shows a NOR/NAND DTL stage. A diode OR/AND gate
is connected to the input of a single-transistor inverter. When the
transistor is at cutoff, resistance R;, and supply voltage Ucc serve
as a current source to N, fan-out transistors. Resistor Ry isconnected in
series with the transistor base to give an equal distribution of forward
c?fnnected to a single inverter; this prevents the current-hogging
effect.

One of the more recent developments in transistor logic circuits
is shown in Fig. 3.5b. This logic circuit, which utilizes a multiple-
emitter transistor as the coupling element between stages, is variously
referred to as a “transistor-coupled logic (TCL) circuit ”», a “transistor-
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Fig. 3.5. Logic circuits of DTL- and TTL-types:
a the DTL circuit with simple inverter; & the TTL circuit identical to a.

transistor-logic (TTL) circuit”, or “a transistor-squared logic (72L) cir-
cuit”. Because of the requirement for a multiple-emitter transistor,
this form of logic circuit is generally available only in integrated form.

Consider, for a moment, that an input signal is applied only to
emitter A in the circuitof Fig. 3.56, no connections are made to emitter
B and C. When the input signal is at ground potential, current from
the Ucc supply flows through R, into the base terminal of T, and
out of emitter A. There is no forward base current to transistor T,
as the voltage level at point P is not sufficiently positive to forward-
bia§r both the base-collector diode of T, and the base-emitter diode
of 7,.

Let the input signal level at emitter A now become increasingly
positive. The voltage level at point P eventually becomes sufficiently
positive for a portion of the base-input current of T, to flow through
the base-collector junction of T, and into the base of T,. When the
voltage level at terminal A rises above the two diode drops seen to
the right of point P, the entire current through Rp is steered through
the collector of 7', and into the base of T,; forward base current te
T, is now sufficiently large to saturate this device. The multiple-
emitter transistor performs a logic function which is identical to
that of the diode AND gate.

ASSIGNMENTS

L. Answer the following questions embracing the contents of the
Text D.

1. What do the resistors shown in Fig. 3.4a serve? 2. How are base
currents to 7, and T, in the above figure determined? 3.- What does
a base speed up capacitor improve? 4. What can be combined with
transistors to form “diode-transistor logic” (DTL) circuits? 5. What
gates can be combined with the transistor? 6. What does Fig. 3.5a
show? 7. When does resistance R, and supply voltage Ucc serve as
a current source to N, fan-out transistors? 8. How is resistor Rg connec-
ted with the transistor base to give an equal distribution of forward
connected to a single inverter? 9. Does it prevent the current-hogging
effect? 10. Where does current from the Ucc supply flow when the
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input signal is at ground potential? 11. What is a diode OR gate con-
nected to? ) g

1. Prepare a dialogue on your own situation, describing the popu.
larity of TTL and showing how to avoid transistor saturation. ‘

I1. Make up a plan of the Text C and retell the text according to
your plan.

1V. Examine Figs. 3.4 and 3.5. Comment on:

1. A circuit without base bias.

2. A circuit with base bias.

3. The DTL circuit with simple inverter.

4. The TTL circuit identical to a.

V. Speak on:

1. TRL stages.

2. Diode transistor logic.

VL. Make a short written summary of the Text D.

VIL Look through the latest magazines en the topic of thislesscnand
discuss an additional material with your fellow-student as a prcblem
of nowadays. ' ‘

III. GRAMMAR EXERCISES

I. a) Find the following word-combinations in the Text D and trans-
late them. b) State the attributes in all of them. ,

Base-emitter diode, reverse-bias, OFF state, collector-base leakage
currents, transistor-resistor logic, resistor-transistor logic, diode-
logic circuits, grounded-emitter transistor, OR/AND and AND/OR
diode gates, base-input-voltage level, NOR/NAND circuit, AND/OR
gate, NAND/NOR gate, NOR/NAND DTL stage, single-transistor
inverter, fan-out transistor, transistor-coupled logic circuits, multiple-
emitter transistor, base-input current.

I1. Translate these sentences with the verbs in the Passive Voice.

1. Extensive use is made of abbreviation in the logic field. 2. The
discrete circuits are described as resistor-transistor logic (RTL) when
they use only resistors and transistors. 3. TTL is primarily designed
for fast operating in large computer. 4. Schottky TTL and ECL are
currently used. 5. Several logic systems are designed for slow operation.
6. MOS logic is used for pocket calculator chips.

IT1. Pay attention to modal verbs with the Passive Infinitive while
translating these sentences.

1. The diode at the input may be fabricated in the form of a special
multiple-emitter transistor. 2. Elaborate logic functions can be
fabricated on a single chip using MOSFET transistor.

IV. a) Find the Participle and the Gerund in these sentences.
b) Define their functions and translate them.

1. The wide availability and low cost of TTL makes it popular
for all logic and counting functions. 2. Still faster types of logic, such’
as Schottky TTL and emitter-coupled logic (ECL) are currently used,
these achieving extra speed by avoiding transistor saturation. 3. Most
logical control and counting operations do not require operating speeds
even approaching the capability of TTL. 4. A Zener diode is incorpora-
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ted in the gate input to raise the maximum permissible logic O input
level to 5 V, giving increased margin over the equivalent 0.8 V range
of TTL. 5. Elaborate logic functions can be fabricated on a single
chip using MOSFET transistor, which are very compact, some
5000 devices being possible on a chip 4 mm square.

V. a) Analyse the following sentences. b) Find subjects and pre-
dicates in the principle and subordinate clauses. ¢) Translate these sen-
tences.,

1. Diode logic uses relatively few transistors and many more
diodes, a desirable situation in those days when diodes were much
cheaper than transistors. 2. In order to reverse bias T, T,, Ty in the
OFF state and also to provide a sink for collector-base leakage currents
of these devices, resistor R and supply voltage - Ugp can be added to
the inputs, as shown in Fig. 3.4b. 3. When the input signal A in
Fig. 3.5b is at ground potential, current from the Ucc supply flows
through Rg, into the base terminal of 7y and out of emitter A.

Lesson 4. FLIP-FLOP CIRCUITS

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises. .
Text A. Combinational and Sequen-
tial Logic Circuits.
2. Average Reading.
Text B. Flip-flop Operation.
Assignments.
IT. Classwork,
3. Close Reading.
Pre-text Exercises,
Text C. SR Flip-flop.
Assignments.
4. Searching Reading.
Pre-text Exercises. : -
Text D. Clocked SR Flip-flop and
Other Types.
Assignments. '
IT1. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory

1. Skimming Reading
PRE-TEXT EXERCISES

1. a) Listen and repeat after the speaker. b) Practise the pronunciation
of the following.

[s] piece, except, place; [k] capacity, circuit, describe, directly,
combination, class, common; [d3] voltage, logic, register, stage; [g]
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grid, propagation, negative, going, signal, regulate; [tf] such, which,
each, change, achieve; [k] characteristic, orchestra; {{] show, short,
should, shall; [8] there, another, that, then, than; [6] theory, theme,
three.

Simultaneous [simpal’teinjes]; indeterminate [,ind1’te:minit].

I1. a) Make sure that you know these words. Saywhat Russianwords
help you to guess their meanings. b) Repeat these words after the speaker.

Combinational, class, nonregenerative, analyse, transistor, positive,
negative, voltage, practical, method, signal, symbol, construct,
configuration, terminal, energize, line, diagram, identical, normally,
music, adapt, basic, pulse, data.

I11. a) Listen, repeat and memorize the following words and word-
conbinations frem the Text A and the Text B. b) Check if you know
their meanings.

Combinational xomGuHaunoHHBI; sequential noc/enoBaTebHbIH;
commnon example o6bUHbIA (IpPOCTOH) HpUMEP; previous NpeauecTsy-
omuit; immediately previous input data wemocpencrsenHo npefecrsy-
olHe BXOfHbIe JauHbe; as well as Takxke, kak; intentionally uamepen-
Ho, yMbinuienHo; sufficiently positive to saturate transistor 7', mocra-
TOYHO MOJIOKUTEILHOE I HachlleHus: Tpanaucropa T,; logic-circuit
representation of this flip-flop npeacraBienne storo Ttpurrepa kak
noruueckoit cxemsl; sufficiently mocrarouno; considerably snauuressHo.

IV. Memorize these terms and their Russian equivalents.

Delay sanepxka; lack v. ucmbIThiBaTh HemoctaToK; clock counter
CYETUHK C Mapa/Lie/IbHRIM NEPEHOCOM (CHHXPOHHHIH cueTumkK); data re-
gister uupposoét perucrp; clock oscillator TakroBbit reneparop; time
delay circuit cxema BpemeHHOH 3ajepxkkH; characteristic of sequential
circuits xapaxrephoe CBOMCTBO MoC/efOBaTeNIbHBIX cxeM; output node
BBIXONHOH y3en; inverter stage musepropublfi Kackap; bistable circuit
cxeMma ¢ AByms ycroftuuBbiMu cocrosinusamy; flip-flop circuits Tpurrep-
HBle cxeMmbl; cross-coupled mepekpecTHocBsi3auHblf; transient response
nepexonuasi GpyHkuus; speedup capacitor yckopsomui KoHAeHCaTOp.

V. Pay attention to the translation of the terms.

NOR stage (NOR = NO: OR) kackax WJIW/HE; cross-coupled
single-input NOR stage onunoBxonosrie Kackansl MJJA/HE ¢ nepekpecr-
Ho#t cms3blo; OR-gate input Bxox amementra MJIM; NOR-type flip-
flop Tpurrep ua siemenrax MJIW/HE; AND-NOT logic sioruka HM-HE;
NAND-type flip-flop tpurrep Ha snemenrax U-HE; DTL NAND gates
OTJ/T snemenrst W/HE.

VI a) Find attributes in these word-combinations and say by what

parts of spzech they are expressed. b) Translate them.
. Combinational logic circuits; internal connections; clock counter;
positive feedback; inverter stage; bistable circuit; each stage; above
operating conditions; circuit application; techniques described; small
capacitors; positive or negative-going signal; the above spéedup capa-
citors; cross-coupled single-input NOR stages; the output terminal
of this circuit.

VI Translate the following pairs of words paying attention to the
meanings of prefixes.
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Fig. 3.6. Flip-flop:

a a basic circuit; b the basic circuit redrawing as two RTL stages.

Draw — redraw; drawing — redrawing; connect — reconnect; con-
nect — disconnect; increase — decrease.

Text A
COMBINATIONAL AND SEQUENTIAL LOGIC CIRCUITS

I. a) Listen to the text, mind the English intonation. b) Read
the text to yourself and grasp the main idea of it.

In all the logic circuits that have so far been described, at any
point in time the output has been directly related to the input by some
logic combination, except for some short propagation delay. Hence,
as a class these circuits are known as combinational logic circuits.
Common examples of this type of circuit are the simple digital gates
NOR, NAND, etc. Combinational circuits, which lack intentional
connections between output and inputs, are also known as non-regene-
rative circuits.

There is another class of circuits, known as sequentlal logic circuits,
in which not only immediately previous input data affect the outputs.
Outputs also are dependent on preceding values of input data. These
circuits also find ready application in digital systems. Examples are
clock counters and data register as well as clock oscillators and time
delay circuits. A characteristic of sequential circuits is that one or
more output nodes are intentionally connected back to inputs to give
positive feedback, or regeneration.

Basic to sequent1a1 circuits is the bistable circuit. Two inverter
stages, cross-coupled as shown in Fig. 3.6a, provide a basic form of
bistable circuit, or “flip-flop’’ circuit. The above circuit may be analy-
zed by redrawing it as in Fig. 3.6, which shows that the flip-flop is
simply a connection of two TRL NOR stages, with the output of
each stage serving as the input to the other stage. When transistor
T, is cut off, voltage at point A is sufficiently positive to saturate
transistor 7,. Voltage at point B is now slightly negative, and T,
is reverse-biased to cutoff. The above operating conditions for T,
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NOT

AND

Fig. 3.7. A logic-circuit diagram:

a for NOR-type flip-flop; b for NAND-type flip-flop; ¢ ~flip-flop as in
-Fig. 3.6 a, but with two input signal lines.

and T, represent one stable state of the flip-flop. A second state exists
when T, is in saturation and T, is at cutoff.

2. Average Reading
Text B
FHIP-FLOP OPERATION

I. a) Listen to the text. b) Read it (time limit is 5 min.). c) Find
the part of it dealing with cross-coupled single-input NOR stages used
in the flip-flop circuits. Translate it.

Consider, for instance, that the flip-flop circuit of Fig. 3.6a is at
the stable state where T, is onand T, is off. The circuit will change
to the other stable state (T';off and T', on) for any one of the following:

1. Disconnect T', from the circuit and then reconnect it (this cau-
ses T, to turnon. When T, isagain connected the Ucgsat) collector
voltage of T, prevents T, from turning on).

2. Apply a positive-voltage level to the base of Q, (Q, turns on,
and Q, turns off.)

3. Apply a negative-voltage level to the base of T, (T, turns off
and T, turns on).

4. Temporarily ground the collector of T, (This removes the base
drive to T,, and the base of 7', becomes forward-biased).

5. Connect a low resistance from the collector of T'; to the+4 Ucc
supply. (The increase in collector current forces T, out of saturation).

Methods 1 and 5 are not practical for most circuit applications
of the flip-flop. The techniques described in 2 to 4 are widely used

. to change the operating of a flip-flop.
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Small capacitors are often connected across the R, resistors in
Fig. 3.6a and 3.6b. These capacitors serve to couple a positive- or
negative-going signal from the collector of one transistor to the base
of the other transistor. Transient response of the circuit is improved
considerably by use of the above speedup capacitors.

Cross-coupled single-input NOR stages are used in the above
flip-flop circuit. A logic circuit representation of this flip-flop connec-
tion is shown in Fig. 3.7a; symbols for the OR and NOT (invert) ope-
rations are indicated in the figure. This form of basic flip-flop is
referred to here as a NOR-type flip-flop.

Flip-flop stages can also be constructed with AND-NOT logic as
shown in the diagram of Fig. 3.7b; the stage is considered to be a
NAND-type flip-flop. This circuit configuration can be implemented
by cross-coupling single-input DTL NAND gates.

ASSIGNMENTS

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

[1. a) Skim through the Text B and choose the key sentences.
b) Translate the sentences.

I11. a) Divide the Text B into logical parts. b) Give the main
idea of each part.

IV. Answer the questions embracing the content of the Text A
and the Text B.

1. What has the output been directly related in all the logic cir-
cuits to? 2. What circuits are known as combinational logic circuits?
3. What are common examples of combinational logic circuits? 4. Why
combinational circuits are known as non-regenerative circuits?5. Is
there another class of circuits, known as sequential logic circuits?
6. Are outputs dependent on preceding values of input data? 7. Where
do these circuits find ready application? 8. What are examples of se-
quential logic circuits? 9. What is a characteristic of sequential cir-
cuits? 10. What is the bistable circuit? 11. What do the inverter stages,
cross-coupled as shown in Fig. 3.6a, provide? 12. What does Fig. 3.6
show? 13. What do the above operating conditions for 7, and T,
represent? 14. Are method 1 and 5 practical for most circuit applica-
tions of the flip-flop? 15. Where are cross-coupled single-input NOR
stages used?

V. Examine Fig. 3.7 and comment on a logic-circuit diagram:

1. For NOR-type flip-ilop.

2. For NAND-type flip-flop.

3. Flip-flop as in Fig. 3.6a, but with two input signal lines.

V1. Prepare a dialogue on your own situation.

VIL Speak on: oo

1. Combinational and sequential logic circuits.

2. Two inverter stages, cross-coupled as shown in Fig. 3.6a.

3. Flip-flop operation.

137



II. CLASSWORK
3. Close Reading '
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Flip-flop tpurrep; binary storage nsonunas namate; true HCTHHHBI,
Hacrosuui; complement pononxenne; at a time B JaHHOe Bpems; -
represent npejcrasasiTh; consider paccmatpuBaTth; store  HaKamJIHBaTh,
saturation Haceluienue; reduce ymesbwarb, continue NPOAO/KATE;
change usmenats (ca); maintain noxnepxusare; simultaneously onmo-
BpemenHo; refer ornocutees; ‘‘latch” circuit ‘“‘dukcatopnas” cxewma,
cxema-saileska; set-reset (SR) flip-flop RS-tpurrep (¢ pasnenbbiMu
Bxoiamu R u S); clocked RS flip-flop cuuxpounbiit RS-tpurrep; depend
upon 3aBuceTb oT; allow paspemats; associate cBasmBath; value Be-
TAYUHA.

1L Find the following word-combinations in the Text Cand tfranslate
them with the sentences they ace involved.

Input signal lines; output terminals; ground potential; set line;
forward-biased; input signal; reset line; last stable states; SR stage;
logic circuit diagram; logic configuration; external signal; NOR-type
SR flip-flop; input binary level; NAND-type SR flip-flop.

L. Give the main forms of the verbs from the Text C and translate
them.

Show, be, represent, consider, store, held, provide, reduce,
energize, remain, clear, maintain, ground, indetermine, refer, depend,
allow, describe, reverse, reset.

Text C
SR FLIP-FLOP

I. a) Read the text. b) Describe a logic-circuit diagram of the SR
flip-tlop.

Fig. 3.7c shows a flip-flop having two input-signal lines. The
output terminals of this circuit are shown as P (true) and P (com-
plement). When T, is off, voltage at P is positive and represents abina-
ry 1; the circuit is now considered to be storing a 1. For T, turned on,
voltage at P is close to ground potential, and the circuit stores a 0.
Consider that the set line is at the 4 U level and that the reset line
is held at ground potential. Diode D, is forward-biased and provides
base current to T,; this transistor is in saturation while 7', is cutoff,
and P is at a positive voltage level. The circuit is presently set to
I state. If the input signal on the set line is reduced to ground poten-
tial, the flip-flop continues to store a 1. If the reset line is then energi-
zed with the -+ U level and the set line remains at ground potential,
diode D, provides forward base current to Q,; this transistor turns on,
and the flip-flop changes states. The flip-flop is now reset, or cleared,
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Fig. 3.8. Logic-circuit diagrams and their symbols:

a a diagram for SR flip-flop NOR-type; b the symbol for SR flip-flop NOR-type; ¢ the
symbol for SR {lip-flop NAND-type.

to the O state. This last state is maintained when the reset line is
rounded. If both the set and reset lines are simultaneously at the
+ U level, the final state of the flip-flop indetermined. Hence, only
one input signal at a time can be positive. Because the present flip-
flop configuration can be set to 1 and reset to 0, the circuit is generally
referred to as a“‘set-reset” (SR) flip-flop. The SR stage is sometimes
referred to asa ‘‘latch” circuit. This name results from the circuit’s
ability to latch in one state or the other depending upon which of two
input lines is energized.

A logic-circuit diagram of the above SR flip-flop is shown in Fig. 3.8a.
The logic configuration is identical to that of Fig. 3.7a, except that
each OR gate now has two input terminals. The added input terminal
at each gate allows external signals to change the state of the circuit.

Fig. 3.80 shows a symbol for the NOR-type SR “flip-flop described
above. The output lines are shown to have the binary values associated
with the storage of a 1. These output binary levels are reversed when
a 0 is stored in the flip-flop. Symbol for the NAND-type SR flip-
flop is shown in Fig. 3.8c.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Choose the key senten-
ces and translate them.

I1. Look through the text and find the part of it dealing with
diode D, which is forward-biased and provides base current {o Q.

11I. Answer the following questions embracing the contents of the
Text C.

1. What does Fig. 3.7¢ show? 2. How are the output terminals of
this circuit show? 3. When is the circuit considered to be storing a 1?
4. For what is voltage at Pclose to ground potential?5. When is the

139



transistor T, in saturation? 6. When does the flip-flop continue to
store a 1? 7. When does diode D, provide forward base current to T,?
8. What is the final state of the flip-flop if both the set and reset lines
are simultaneously at the +-U level? 9. Why is the SR stage sometimes
referred to as “‘latch” circuit?
IV. Put questions to the words in bold type.

1. Consider that the set line is at the +- U level and that the reset
line is held at ground potential. 2. Hence, only one input signal at
a time can be positive. 3. A logic-circuit diagram of the above SR

flip-flop is shown in Fig. 3.8a.

V. Examine Fig. 3.8 and comment on:

1. A diagram for SR flip-flop NOR-type.

2. The symbol for SR flip-flop NOR-type.

3. The symbol for SR flip-flop NAND-type.

VI. Make up a plan of the Text C and retell the text according

to your plan.

VII. Review the text in written form.
VIII. Translate the Text C to be sure you understand it well.

" 4. Searching Reading

PRE-TEXT EXERCISES

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

the Russian ones.

clocked RS flip-flop

regular train of clock pulses
orchestra conductor maintains the
best with his baton ensuring that
all the players keep in time with
the music ‘

logic 1 pulse

clock pulse input (CP)
indetermined output

respond to

digital read-out

it is wired

counter

shift register

this is accomplished via an in-
verter

vice versa

by convention labbeled
master-slave arrangement
simultaneously

set-reset (SR) flip-flop
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NOpPsAAOK CBOeH nasoukod, nobu-
‘Basich, YTOGRI BCe MY3BLIKAHTH WI-
panu clakKeHHO

I1. Give initial forms of the following words and translate them.

Digital, usually, exactly, operation, normally, ensuring, basic,
according, simultaneously, undeterminate, useful, application, coun-
ter, register, arrangement, convention, directly, inverter, storing.

I11. Translate the following word-combinations from the Text D.

Orchestra conductor; set-reset flip-flop; clock pulse input; basic
flip-flop; a clocked SR flip-flop; an indeterminate output; clock input;
this useful little memory; digital read-out; many flip-flop applica-
tions; a master-slave arrangement; the master flip-flop.

TextD

CLOCKED SR FLIP-FLOP AND OTHER TYPES

I. Read the following text and say about different types of flip-flop.

In digital systems, we usually require to determine exactly when
an operation is to take place. For instance, if data is to be stored in
a flip-flop, it is often essential that the time when the datawas entered
should be known. This is normally achieved in a computer by a regu-
lar train of clock pulses, which control the sequence of events rather
as an orchestra conductor maintains the best with his baton, ensuring
that all the players keep in time with the music.

The circuit of Fig. 3.9a is a set-reset flip-flop adapted so that it
can change state only when the clock pulse input(CP) receives a logic
1 pulse. Whilst the CP input is at 0, the NOT gate ensures that each
OR gate has an input at I; both S and R on the basic flip-flop are held

at 1 and the Q and Q outputs cannot change. As soon as CP goes to 1,
however, the OR gates each have an input at zero, so that S and R on
the flip-flop depend only on the logic levels at the -external S and R
inputs; the flip-flop will therefore set its state according to the truth
table. In this way the clocked SR flip-flop can only respond to the
R and S inputs during a logic 1 clock pulse.

The D, or data, flip-flop is a clocked RS flip-flop operated from
just one input. This has the advantage that S and R cannot simulta-
neously be set to 0 and give an undeterminate output. It is wired as
in Fig. 3.9b, where the rectangular represents a clocked RS flip-flop.
The output is held until the clock input goes from 0 to 1, when what-
ever logic level is on the D input is transferred to the Qoutput, which
stores the logic level present when the clock returnsto zero. This
useful little memory finds particular application in instruments with
a digital read-out, where the output must be held steady long enough
to be read.

For many flip-flop applications, such as counters and shift re-
gisters, it is essential that there can be no change in the output whilst
the clock pulse is high, no matter what happens to the data inputs
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Fig. 8.9. Logic-circuit diagrams and s ymbols:

a for a clocked SR f{lip-flop: & for D-type flip-flop: ¢ for clocked JK flip-flop master-
slave type.

during that period. This is accomplished by using two flip-flops to-
gether in a master-slave arrangement. The master flip-flop responds
to data from the input whilst the clock is high, but this is only passed
on to the slave (output) flip-flop as the clock goes back to zero. One
such arrangement is shown in Fig. 3.9c.

The two inputs are by convention labelled J and K. A clocked SR
flip-flop on the left acts as the master, whilst the D flip-flop on the
right acts as the slave. Note the clock input goes directly to the master
flip-flop but via an inverter to the slave. This means that whilst the
clock input is low, the slave is receiving a logic 1 at its CP input and
the Q output is ready to respond to any change in the D input. There
cannot, however, be any change here whilst the clock is low, because

the master flip flop is locked, storing whatever input it had when the
clock was last high. ‘
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ASSIGNMENTS

1. a) Skim through the Text D and divide it into logical parts. b) Choo-
se the key sentences and translate them.

I1. Find the part of the text describing application of flip-flop.

I11. Answer the following questions embracing the contents of the
Text D.

1. What is essential if data is to be stored in a flip-flop? 2. How is
this normally achieved? 3. What does Fig. 3.9c show? 4. When can
SR flip-flop change state? 5. What does the NOT gate ensure whilst
the CP input is at 0? 6. What is the D, or data, flip-flop? 7. What
application does the useful little memory of flip-flop find? 8. What
does the master flip-flop respond to?

1V. Ask additional questions on the Text D.

V. Discuss the problem of different types of flip-flops.

V1. Examine Fig. 3.9 and comment on:

1. For a clocked SR flip-flop.

2. For D-type flip-flop.

3. For clocked JK flip-flop master-slave type. '

VII. Make up a plan of the Text D and give a shortsummary
of it.

VIl Look through the latest magazines and find additional infor-
mation on flip-flops. Discuss it.

I11. GRAMMAR EXERCISES

I. Pay attention to the Perfect Passive forms while translating these
sentences.

1. In all the logic circuits that have so far been described, at any
point in time the output has been directly related to the input by some
logic combination, except for some short propagation delay. 2. Simple
digital gates NOR, NAND, etc. have been described in the previous
lesscns.

I1. Put questions to the words in bold type.

1. In digital system, we usually require to determine exactly when
an operation is to take place. 2. The clocked SR flip-flop can only res-
pond to the R and S inputs during a logic 1 clock pulse. 3. The cutput
is held until the clock input goes from 0 to 1. 4. This is accomplished
using two flip-flops together in a master-slave arrangements. 5. The
two inputs are by convention labelled J and K.

I11. Dafine the tense-forms in the Passive Voice and translate the
sentences with them.

1. Combinational circuits are also known as non-regenerative circu-
its. 2. Q, is reverse-biased to cutoff. 3. The techniques described in
2 to 4 are widely used to change the operating of a flip-flop. 4. Small
capacitors are often connected across the R resistors in Fig. 3.6aand
3.6b. 5. Transient response of the circuit is improved considerably by
use of the above speedup capacitors. 6. Cross-coupled single-input
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NOR stages are used in the above flip-flop circuit. 7. Symbols for the
OR and NOT (invert) operations are indicated in the figure. 8. If the
input signal on the set line is reduced to ground potential, the flip-
flop continue to store a 1. 9. This last state is maintained when the
reset line is grounded.

IV. Pay attention to modal verbs with the Passive Infinitive
while translating these sentences.

1. The above circuit may be analysed by redrawing it as in Fig.3.6b.
2. Flip-flop stages can also be constructed with AND-NOT logic as
shown in the diagram of Fig. 3.76. 3. This circuit configuration can be
implemented by cross-coupling single-input L/TL NAND gates.
4. Because the present flip-flop configuration can be set to 1 and reset
to 0, the circuit is generally referred fo as a ““set-reset * (SR) flip-flop.

V. Define the forms and functions of the Infinitive in the following
sentences and translate them.

1. The stage is considered to be a NAND-type flip-flop.2. The
circuit is now considered to be storing a 1. 3. The output lines are
shown to have the binary values associated with the storage of al.4. If
data is to be stored in a flip-flop, it is often essential that the time
when the data was entered should be known. 5. The output must be
held steady long enough to be read.

V1. Define the forms and functions of the Participle in these sentences
and ftranslate them.

1. Fig. 3.7¢ shows a flip-flop having two input-signal lines. 2. The
D, or data, flip-flop is a clocked RS flip-flop operated from just one
input. 3. This is normally achieved in a computer by a regular train
of clock pulses, which control the sequence of events rather as an
orchestra conductor maintains the best with his baton ensuring that
all the players keep in time with the music.

Lesson 5. CONTROL IN A COMPUTER

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. A Control Section in a
Computer.
2. Average Reading.
Text B. Control Signals.
Assignments.
IT. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Core Memory Cycle.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Direct-coupled Transistor
Logic.
Assignments.
I1I. Grammar Exercises.
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1. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading.
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronuncia-
tion of the following.

L. [ou] road, load, foam; [o1] oil, point, alloy; fu] book, look,
took, through; [u:] tool, food, root; [o:] door, floor, thought, coarse,
source, store, perform; [au] out, output, outgrowth, allow, however:
[a:] heart, hard, class; [e1] main, obtain.

II. Approximately [o'proksimithi], subsequent [’sabsikwent], se-
quential  [si’kwenfsl], consecutive [kon’sekjut1v], synchronize
['sipkranaiz].

I1. a) Make sure thatyou know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Functional, machine, minimize, generated, structure, equivalent,
categories, function, identify, unique, instruction, decode, data,
signal, activity, elementary, action, typically.

ITI. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know the meaning of these words.

Hardware annaparypa, ammapathoe ofecneuenue; in  hardware
CXeMHO (c moMoIplo cxeM, ammapaTypsl); outgrowth npoxykT; the heart
of the system ocHoBa, ocxoBHOH y3ea cucremsr; implementation ocy-
LiecTBieHHe, BuINONIHEHUe; execute BeimonHATh, interprete mepeBoaHTS.

IV. a) Find and learn the following terms from the Text A and the
Text B. b) Translate the sentences with them.

A general purpose CPU yHHBepca/lbHbIl LEHTPaJbHbI MPOLECCOP;
memory facility ycrpoficteo mamsaru; 1/0 section yerpolictBo BBOAa /
BhIBOJa, main memory OcHOBHag maMsiTe; conventional or random
logic ofblyHas wau ciyuafinas Joruka; programmable logic array
nporpammupyemast (mepectpauBaeMasi) JOTHUecKasi MaTpHia; - micro-
program control MuKponporpammHoe ynpasienue; instruction decode
paciundpoBka KoMaHIpl; operand fetch BriGopka onepanna; logic gates
Joryueckue BeHTHH; instruction execute BoimonHeHHe Komauzsl;
instruction fetch BbiGopka komamael (u3 3Y); inctruction set naGop
xomaHj; data fetch BmiGopka manubix; address modification logic sorn-
4ecKHe cxeMbl Moaupukanuu anpeca; stored instruction xpanumas
(B namaru) xomanna; the descrete component era spa AuCKpeTHBIX KoM-
nonenTos; the LSI (large scale integration) approach to random logic
NOAXOA K MOCTPOEHHMIO MPOHM3BONbLHOH JIOTMKH Ha GOJbIIMX MHKpoOcXe-
Max; common control sequence ofinasi ynpaBasiiomias MOC/eI0BaTE b=
HocTb; to share the same hardware ncnosn3oBath TO e 060pyLOBaHHE;
flow of instructions notok komanmx.

V. Analyse the following words from the viewpoint of their structure.

Microprogram, outgrowth, irregular, hardware, throughout, well-
organized, relationship.
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VI. Give English equivalents to the Russian words in brackets and
{ranslate the sentences into Russian.

1. (Ilpumenenue) of the instruction set, which is unique to each
design, (onpenensats) the control section of the machine. 2. (Konu-
yectBo) operand fetches (saBucers) on the instruction set. 3. Since
each (komanma) performs a unique function, the control sequence
(oruuatees) from instruction to instruction. 4. Fig. 3.10a (nokasw-
Batb) the relationship of basic control (byukuum). 5. The address
modification (npumensarbcs) to both operand and instruction fetches.
6. Fig. 3.10b illustrates (notox mannmix) of instruction from the main
(namaTs). 7. The address modification logic for program (win nanuee)
normally (pasnemsite) the ALU hardware.

Text A
A CONTROL SECTION IN THE COMPUTER

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

A general purpose CPU may be considered as being divided into
four function units: a control section, a memory facility, an arithmetic
logic unit (ALU), and I/0 section. The control section is the heart
of the system; it interprets and executed stored instructions from main
memory. The implementation of the instruction set, which is unique
to each design, defines the control section of the machine.

Three techniques are used to implement the control section in
hardware: conventional or random logic, programmable logic array
(PLA), and microprogram control. Random logic is an outgrowth of
the descrete component era; logic gates are minimized toreduce the
hardware cost. This gave rise to an irregular structure; control signals
are scattered throughout the entire machine in an apparently random
manner. An LSI approach to random logic is the PLA. The logic
structures generated by random logic and the PLA’s are equivalent.

Control operations may be classified into four basic categories:
instruction fetch, instruction decode, operand fetch, and instruction
execute. These operations dictate the necessary control signals required
to implement the control functions defined by the instruction set of
a computing machine.

The instruction fetch operation, which provide the contro! linkage
from instruction to instruction, allows a continuous flow of instruc-
tions to be executed. The decode function identifies the various
classes of instructions that have common control sequence. This
permits different instructions with identical operations to share
the same hardware. A data fetch (commonly referred to as an operand
fetch) is required to obtain the prescribed data from memory. The
number of operand fetches depends on the instruction set.
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2. Average Reading
Text B
CONTROL SIGNALS

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find
the part of the text dealing with the relationship of basic control functions.
Translate it. ‘

To implement an instruction, various control signals are required
to coordinate the activities occurring at different times. Each action
is an elementary operation and, by itself, may not accomplish the
desired result. However, the ‘‘orchestration " of the various actions into
a well-organized sequence results in the operation specified by the
instruction. The number of control signals for a® given instruction
depends on its complexity and the internal structure of the machine.
Since each instruction performs a unique function, the control sequen-
ces differ from instruction to instruction.

Fig. 3.10a shows the relationship of basic control functions. They
implement not only the execution of instructions but also perform the
addressing of sequencing from instruction to instruction to form
a program sequence. The address modification applies to both operand
and instruction fetches. Many ways of altering an instruction sequence
or performing a data fetch illustrate the strength and flexibility pro-
vided by a stored program. Fig. 3.10b illustrates the flow of data of
instruction from the main memory. The address modification logic
for program or data normally shares the ALU hardware indexing
?perations are to be performed under the control of the execution
ogic.

ASSIGNMENTS

I. Choose the key sentenses from the text A and compare them
with the titie of the text. b) Say what the text is about.

I1. a) Skim through the Text B and find the part of it dealing with
the number of control signals for a given instruction. b) Discuss it with
your fellow-sfudent.

I11. a) Find the part of the Text B containing information about
ways of altering an instruction sequence. b) Make a shori written
summary about it.

IV. Answer the following questions embracing the contents of the texts.

1. How may a general purpose computer be considered? 2. What
function units has a general purpose CPU? 3. What is the function
of the control section? 4. What does the implementation of the instruc-
tion set define? 5. What techniques are used to implement the control
section in hardware? 6. What four basic categories may control opera-
tion be classified into? 7. What does the instruction fetch operation
allow? 8. What is required to obtain the prescribed data from memory?
9. What does the number of operand fetches depend on? 10. What
are required to coordinate the activities occurring at different times?
11. What does the number of control signals for a given instruction
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depend on? 12. What does Fig. 3.10a show? 13. What do the basic
control functions implement? 14. To what does the address modifica-
tion apply? 15. What figure illustrates the flow of data of instruction
from the main memory?

V. Examine Fig. 3.10 and comment on:

1. Basic control functions.

2. The instruction and data flow.

VI. Speak on:

1. Control operations.

2. Functional units of a general purpose CPU.

VII. Make a short written summary of the Text B.
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11. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words. _
Approximately npu6insurensHo; destroy paspywars; restore Bcc-
cTaHaBauBaTh, nearly npuOiusuTeNbHO, imply 3HauMTh,  MOApasyme-
Bath, coincide coBmajate; realize ocymectsasithesi; correspond  coot-
BeTCTBOBATh; sequential nocaenoBaTe/bHbIH, ABAIOMMACA NPOXOIKEHHEM;

consecutive mocsienoBaTesIbHbI.

I1. Find these word-combinations and terms in the Text C and translate
senfences with them.

Execution circuitry ucnonuutenpubie cxemb:; the memory cycle
nuka (pabotbl) namaTH; machine cycle time anurenbHOCTH MalIMHHOTO
uukaa; the access time Bpems o6pamenus; core memory system cucre-
Ma naMatd (3Y) Ha MarHUTHBIX CEpIEUHHKAX; Sense V. CYHTHIBAThb;
in the range B nuanasone; either destroyed or cleared /6o paspymaer-
cs, 6o crupaercsi; subsequent read interval mocsepyromui HHTEpBas
cunthiBanug; instruction-execution rate ckopoctb BHINOJMHEHHST KOMaH-
ael; maximum data transfer rate makcumanbHast cKoOpocTb Nepefauy
naHubIX; the overlap operation nepekpbiBaroummecs onepauuy;  clock
pulses TakToBble HMIY./bCH; semiconductor memory mosynpoBOAHHKO-
Basi namsath; nondestructive operation onepanus Ge3 paspywenusi HH-
¢opmauu; in consecutive order B mocsenoaTesbHOM MOpsiiKe; —incre-
mented by one count ¢ npupamenneM Ha exuHuLy; each time kaxnabli
pas; program counter (PC) cuetunk Komanz, the entry point Touka
B30Ja, "BXOfHAaA TOUKa.

Text C
CORE MEMORY CYCLE

L. a) Read the Text. b) Find the part of it describing a timing sequence
of simple instructions.

Typically, a core memory cycle is divided into two approximately
equal intervals: a read operation and a write operation (see Fig. 3.11a).
The read interval represents the operation time required by the memory
to decode the address, switch the cores, and sense the outputs before
the data are presented to the CPU. This interval is defined as the
access time. As the information stored in memory at that address is
read from the cores, it is either destroyed or cleared. To restore the da-
ta, the information must then be written back into the cores imme-
diately following the read interval. With a cycle time in the range of
1 to several microseconds, nearly all control operations required by the
instruction can be completed during the write interval and subse-
quent read interval. This implies that the memory access rather
than the control operations is the limiting factor in the instruction
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Fig. 3.11. The memory fetch operation:

a memory cycle; b instruction cycle; ¢ instruction cycle with operand fetch.

execution rate of a processor. However, this is not true for more
complicated instruction, such as multiplication or division. These
instructions require many cycles of repeated operations without any
memory access.

By organizing the basic cycle to coincide with the memory cycle,
the maximum data transfer rate between main storage and the "proces-
sor may be realized. Fig. 3.116 shows a timing sequence of simple
instructions that can be fully implemented during the write and read
intervals. The overlap operations of instruction fetch and execution
keep the memory access.rate at the 100 per cent level. Fig. 3.11¢ shows
an instruction requiring an operand fetch. In both cases, the memory
access and the instruction execution are completely synchronized to
use the memory at its fastest possible rate.

A program sequence is normally executed in consecutive order
with the program address incremented by one count each time an
instruction is fetched from memory, At times, it is necessary to branch
from the regular program sequence and jump to a new one. The address
of the next instruction found in the program counter (PC) will be
changed to correspond to the entry point of the new program sequence.
Fig. 3.12a and 3.12b, respectively, show the hardware and the timing
chart of a sequential instruction fetch. The PC is automatically incre-
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a functional diagram: b timing sequence of simple sequential addressing. _

mented by one count after its content is transferred to the memory
address register (MAR). A serial counter rather than a high speed pa-
rallel binary counter can be used in the implementation of the PC,

since the count does not have to be settled until the next PC-to MAR
transfer. i :

ASSIGNMENTS

1. a) Skim through the Text C and divide it into logical parts. b) Choose
the key sentences from the text and translate them.

II. Find the part of the Text C containing information about the
maximum data transfer rate between main storage and the processor.
Discuss it.

1. Answer the following questions embracing the contents of the
Text C.

1. What does instruction sequencing provide? 2. How many inter-
vals is a core memory cycle divided into? 3. What does the read inter-
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val represent? 4. How is this interval defined? 5. What happens to the
information stored in the memory when it is read? 6. What is necessary
to restore the data? 7. What is the limiting factor in the instruction
executive rate of a processor? 8. How may the maximum data transfer
rate between main storage and the processor be realized? 9. What does
Fig. 3.12b show? 10. What figure shows an instruction requiring an
operand fetch?

IV. Ask additional questions on the contents of the Text. C.

V. Discuss the problem of core memory cycle.

V1. Examine Fig. 3.12 and comment on:

1. Functional diagram.

2. Timing sequence of simple sequential addressing.

VII. Prepare a dialogue on your own situation.

VIIIL. Speak on the text according to your own plan.

lIX. Express your opinion of the text from the viewpoint of your spe-
ciality.

X. Make a short summary of the text.

X1. Translate the Text C to be sure you understand it well.

4. Searching Reading

PRE-TEXT EXERCISES

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

saturate OTHOCHTBCH

subsequent TpeCoBaTh

refer ofuag TouKa

certain features HACHIIATh

require NOBHIILIATH(CST)

rise ~ O6BIYHO

common point CONPOTHBJEHHE  Ha-
TPY3KH

typically HOCJIe YO KA

load resistor olnpefieleHHble UepThl

1. Find the following word-combinations in the Text D and translate
the sentences with them.

Subsequent forms of logic circuits; forward base current; direct-
coupled transistor logic; transistor logic circuit; a succeeding stage;
DCTL configuration; latter transistor; collector-current cutoff; fan-
out transistor; supply voltage; base-input resistor.

Text D
DIRECT-COUPLED TRANSISTOR LOGIC

I. a) Read the following text and say about transistor logic. b) Review
the text.

In one of the early forms of transistor logic circuit, the collector
of an inverter transistor was connected directly to the base of a succe-
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Fig. 3.13. Logic circuits of DCTL-type:

a a simple two-transistor circuit with one input; b fan-out
joading of a DCTL inverter,

eding s*age. This form of transistor logic is referred to as *‘direct-coup-
led transistor logic” (DCTL). Although the DCTL configuration is
not widely used today, it is discussed here in order to illustrate certain
features of subsequent forms of logic circuits.

Fig. 3.13 shows a DCTL circuit. Consider, for the moment, that
the base of transistor T', is not connected to the collector of transistor
T, and also that this latter transistor is at collector-current cutoff;
collector voltage of T, is close to the Ucc level. If the base of T,
is now connected to the collector of T, current will flow through
Ry into the base of T, and the voltage at point A will fall to
the Upgon) level of T,. Forward base current to T, saturates this
device, and the voltage at point B is close to ground potential.
When T, is driven to saturation, the voltage at ~point A becomes
equal to the Ucggaty level of 7,. If this voltage is less than that
required to turn on T,, the voltage at point B will rise to nearly
the level of Ucc.

The bases of two or more transistors can be driven from a common
point, as shown in Fig. 3.13. Each of these fan-out transistors can be
connected, at their collectors, to bases of other transistors.

Only one supply voltage is normally used for DCTL circuitry. This
voltage is typically 1.5 to 5 volts. In the circuit of Fig. 3.13 Ry, serves
;:s a load resistor for T, and is also the base-input resistor to T',, Tyand

.
ASSIGNMENTS
L. Answer the following questions embracing the contents of the text.
1. Where was the collector of an inverter transistor connecied

directly to the base of a succeeding stage? 2. What is referred to as
*‘direct-coupled transistor logic”? 3. Is the DCTL configuration widely
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used today? 4. What does Fig. 3.13 show? 5. When will current flow
through Ry, into the base of T',? 6. When does the voltage at point
A become equal to the Ucgat) level of T,? 7. Where can the bases
of two or more transistors be driven from? 8. What can each of these
fan-out transistors be connected to? 9. What voltage is normally used
for DCTL circuitry?

Il. Express your opinion of DCTL.

II1. Discuss the problem of transistor logic.

IV. Examine Fig. 3.13 and comment on:

1. A simple two-transistor circuit with one input.

2. Fan-out loading of a DCTL inverter.

V. Make a short summary of the Text D.

VL Translate the following sentences into English without using
the dictionary.

1. YnuBepcanbHbI LeHTpaMbHBIA MpoLeccop AemuTcs Ha 4 (yHK-
LHOHAIbHLIX 6JI0Ka. 2. Y CTPOHCTBO yHpaBJEHHS SIBJSeTCH OCHOBOH CH-
CTeMbl JUIi WMHTEPIPETHPOBAHHA M BbLIIONHEHHsS XDAHUMBIX KOMaH,
BbIOPAHHBIX H3 OCHOBHO NMamsiTé. 3. PaoTa c BHIGOPKOH KOMaHJ Jesaer
BO3MOXHBIM BBINOJNHATE KOMaHIBl HENMPEPHIBHEIM NOTOKOM. 4. Komanmnl
AOJIXKHBI BBHITO/HSTBLCS HeNpephIBHEIM NOTOKOM. 5. KomuyectBo BHIGOpOB
OnepaHjoB 3aBUCHT OT ceMelicTBa (HaGopa) Komaun. 6. TpeGyiotcs pas-
JIMYHbIE CHT'HAJIBL yNpaBJieHHs, 4ToObl CKOOPAMHHPOBATh paGoTy B pas-
JIUYHBlE MOMEHTHI BpDEMEHH.

VIL Look through the latest magazines and find additional material
on transistor logic for summary and discussion.

ITII. GRAMMAR EXERCISES

I. Translate these sentences. Pay attention to the modal verbs with
the Passive Infinitive.

1. A general purpose CPU may be considered as being devided
into four functional units. 2. Control operations may be classified
into four basic categories. 3. To restore the data, the information must
then be written back into the cores immediately following the read
interval. 4. With a cycle time in the range of 1 to several microseconds,
nearly all control operations required by the instruction can be comple-
ted during the write interval and subsequent read interval. 5. Fig.3.115
shows a timing sequence of simple instructions that can be fully imple-
mented during the write and read intervals.

II. Find the Infinitives in the following sentences. Define their
functions and translate the sentences.

1. Three techniques are used to implement the control section
in hardware. 2. Logic gates are minimized to reduce the hardware
cost. 3. The instruction fetch operation allows a continuous flow of
instructions to be executed. 4. A data fetch is required to obtain the
prescribed data from memory. 5. To implement an instruction various
control signals are required to coordinate the activities occurring at
different times. 6. A serial counter rather than a high speed parallel
binary counter can be used in the implementation of the PC, since
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the count does not have to be settled until the next PC-to MAR
transfer.

[11. Define the function of the Participles in the following sen-
tenses and translate them.

1. The logic structures generated by random logic and the PLA’s
are equivalent. 2. These operations dictate the necessary control signals
required to implement the control functions defined by the instruction
set of a computing machine. 3. As the information stored in memory
at that address is read from the cores, it is either destroyed, or cleared.
4. Fig. 3.11c shows an instruction requiring an operand fetch. 5. Inone
of the early forms of transistor logic circuit, the collector of aninverter
transistor was connected directly to the base of a succeeding stage.

IV. Translate the following sentences paying attention to the verbs
in the Passive Voice.

1. Control signals are scattered throughout the entire machine in
an apparently random manner. 2. A core memory cycle isdivided into
two approximately equal intervals. 3. The memory access and the
instruction execution are completely synchronized to use the memory
at its fastest possible rate. 4. The address of the new instruction found
in the program counter (PC) will be changed to correspond to the entry
point of the new program sequence. 5. The PC is automatically incre-
mented by one counter after its content is transferred to the memory
address register (MAR).

V. Put questions to the words in bold type.

1. This permits different instructions with identical operations
to share the same hardware. 2. The number of operand fetches depends
on the instruction set. 3. The read interval is defined astheaccess time.
4. These instructions require many cycle of repeated operations without
any memory access. 5. It is necessary to branch from the regular
program sequence and jump to a new one.



Chapter IV. RADIO ELECTRIC CIRCUITS
AND MEASURING TECHNIQUE

Lesson 1. NEGATIVE FEEDBACK

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Frequency Response.
2. Average Reading.
Text B. Equation for an Amplifier
with Feedback.
*  Assignments.
II. Classwork.
3. Close Reading.
‘Pre-text Exercises.
Text C. Non-linear Distortion.
Assignments.
4, Searching Reading.
Pre-text Exercises.
Text D. Input and Output Impe-
dance.
Assignments.
I11. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Signal, negative, correct, graph, figure, original, fundamental,
experiment, mechanical, engineering, examination, polarity, specify,
effective, voltage, basic, denominator, stable, component, electronics,
resistor, sine, form, amplitude.

Il. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings."

negative feedback orpunaressHas obparnasi cpasw; index finger
yKasaTe/bHBIA nasel; open-loop gain Ko3bQHUHEHT yCHIEHHR NpPH
pa3oMKHyTOM KOHType obpatHo# cBssH; A closed-loop gain kosdpduuneHT
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yCHJCHHs NPH 3aMKHYTOM KOHType oGpaTHOW cBA3H; f feedback
fraction koadumuent (mepefaun uenu) obpatHolt ceasy; internal stray
capacitance BHYTpeHHSs NapasuTHas eMKOCTb, excessive variation
y3/MIIHee M3MeHeHHe; frequency response YacTOTHas XapaKTEpHCTHKa,
deficiency mezocratok; frequency distortion uacroTHoe HCKaxeHHe;
plot v. u306paxaTh, HaHOCHTb JaHHble Ha rpaduk; flatten v. craaxu-
path; ruler up nommxenue; overall loss obmas noreps; touch at the
tips KacaTbcsi KoHumKamu; to control the speed of rotating machinery
yNpaB/sTh CKOPOCTbIO BPALIEHHS MAaLIMHBL be accurately predictable
6LTH TOUHO mpeackasyembiM; make clear the effect BbisicuuTh BIHAHNE;
feedback loop incorporating an attenuator which feeds a fixed fraction
ilenb (metif) oOGpaTHOH CBfA3W, CONEPIKAIIAs ATTEHIOAaTOP, KOTOPbIA
nepefiaeT onpefieieHHyIo YacTh; enormous fall in gain at high frequen-
cies 6oJibloe MafeHne KoahdUIHeHTa YCHICHHS HAa BBICOKHX YacCTOTaXx.

I11. a) Analyse the constituents the following words consist of.
b) Translate these words into Russian.

Amplifier, largely, capacitance, excessive, variation, distortion,
feedback, greater, equation, independent, capacitor, probably, go-
vernor, rotating, calculation, simply, input, output, rearranging,
equation, closed-loop, immediately, situation, exactly, subtracting,
adding, independent, precisely.

IV. Repeat these formulas after the speaker and learn their reading.

A= %"” A is equal to U sub out divided by U sub in.
mn
e = Uiy + PUout € is equal to U sub in plus p multiplied by
U sub out. ’
Uout = A, (Uin + BUout) U sub out is equal to A sub O round bra-
cket open U sub in plus § multiplied by U
sub out round bracket closed.

pA,> 1 p multiplied by A, larger than one.
A ”EAZO‘ A approximately equal to A sub 0 divided
0

by f multiplied by A sub-0.

Text A

FREQUENCY RESPONSE

I. a) Listen to the text, mind the English intonation. b) Read the text
to yourself and grasp the main idea of it.

No amplifier gives the same gain at all frequencies. The gain
of any amplifier begins to fall at high frequencies largely as a result
of its internal stray capacitance. When an amplifier exhibits excessive
variation of gain with signal frequency, it is said to have a poor fre-
quency response. This deficiency is sometimes referred to as frequency
distortion, but must not be confused with non-linear distortion. Ne-
gative feedback can correct a poor frequency response as long asthe
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Fig. 4.1. An amplifier with feedback:

a functional diagram; & frequency response with different feedback factors.

open-loop gain remains greater than the closed-loop gain. Fig. 4.1b
shows the graphs of the gain of an amplifier plotted against frequency.
The top line shows the open-loop gain: the enormous fall in gain at
high frequencies is in fact deliberately introduces by an internal capa-
cifor for stability reasons. The lower curve illustrate the way that ne-
gative feedback flattens the frequency response but at the expense
of gain; frequency responses are plotted for closed-loop gains of 1000,
100 and 10 and are so level that they can be drawn with a ruler up to
the region where the closed-loop gain approaches the open-loop figure.

Although the overall loss of gain with negative feedback may
- appear serious, it is in fact easy to connect two negative feed-back
amplifier in cascade (i. e. one after the other) and thus return to a gain
figure similar to the original open-loop gain but with a much improved
frequency response.

2. Average Reading
Text B

EQUATION FOR AN AMPLIFIER WITH FEEDBACK

L. a) Listen to the text. b) Read it (time limit is 5 min.). ¢)Find
the part of it dealing with a block diagram of an amplifier of voltage
gain A, with a feedback loop. Translate it.

The concept of negative feedback is fundamental to life. A simple
experiment will illustrate this point: close your eyes and then bring
your index fingers together so that they touch at the tips. You will
probably miss.

Examples of negative feedback can also be found in the field
of mechanical engineering. One of the clearest examples is the gover-
nor which is used to control the speed of rotating machinery. ,

An examination of a basic feedback circuit together with one
or two simple calculations will make clear the effect of negative feed-
back. Fig. 4.1a is a block diagram of an amplifier of voltage gain
A, with a feedback loop incorporating an attenuator which feeds a fi-
xed fraction, B, of the output back to the input. In this case, we shall
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keep the polarity of amplifier gain and feedback positive, the feedback
signal added to the input signal.

In Fig. 4.1a we can specify the effective voltage gain, A4, of the
amplifier with feedback. This is given simply by the ratio of the output

out

U
voltage to input voltage, A= 7— - Now we shall consider the sig-

in
nal e at the input of the basic amplifier of gain Ay e =U;, +
+ BUgut, also, we know Usyt = A e, therefore Usyt = Ay (Uin + PUout)-
Rearranging, Uout (1 — BA,) = A,Uin, hence

Uout A
A= G5 =t 4.1)

in

Equation (4.1) is the general equation for an amplifier with feedback.
The basic gain, A,, is often referred to as the open-loop gain and the
gain with feedback, A, as the closed-loop gain. The feedback is posi-
tive and it may be seen immediately that whenf A,= 1, an interesting
situation develops in that A becomes infinite. Infinite gain implies
that the amplifier will give an output signal with no input, and this
is exactly what happens. Positive feedback is the bases of oscillators
(signal generators).

For negative feedback, we can make P negative by subtracting
the feedback from the input instead of adding.

Then A=_to (4.9)

Now if, as is usually the case, p4,>>1 then we can neglect the 1
in the denominator and

. 1
~ i.e. A= g (4.3)
This is the most significant equation because, for the first time, we
have ‘‘designed” an amplifier with a precisely determined voltage
gain. As long as the open-loop gain is much larger than the closed-loop
gain (e.g. a hundred times greater) then the closed-loop gain is indepen-
dent of the amplifier characteristics and dependent onlyon B. This
feedback fraction, B, usually depends upon just two resistors in a po-
tential divider. Resistors are the most stable components in electro-
nics; their value can be precisely specified to any desired accuracy
and is unlikely to change with time. Negative feedback extends these
attributes of accuracy and stability to the gain of the entire amplifier.

ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with
the general equation for an amplifier with feedback.

I11. Find the part in the Text B containing information about resis-
tors as the most stable components in electronics. Translate it.
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IV. Answer the following questions embracing the contents of the
Text A and the Text B.

1. What is the concept of negative feedback? 2. What experiment
may illustrate the concept of negative feedback? 3. Where can exam-
ples of negative feedback be found? 4. Where can examples of closed-
loop gain be found? 5. What makes clear the effect of negative feed-
back? 6. What is shown in Fig. 4.1a? 7. What feedback is the basis of
. oscillators?

V. Translate the following word-combinations into English and
memorize their English equivalents.

DaKTHYECKH; JIETKO COENHHHTD, OAHHM H3 SIPKHX NPHMEPOB; B O6ILEM
ci1yyae; oObIYHO 3aBHCHT OT; 3TO PaCIUHPSIET MOHATHE.

VI. Prepare a dialogueon an amplifier with the feedback (Fig. 4.10)

VII. Examine Fig. 4.1 and comment on frequence response with
different feedback factors.

VIII. Speak on negative feedback of an amplifier.

IX. Retell the Text B according to your own plan.

X. Make a short written summary of the Text A and the Text B.

IT. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.

Occur Betpevatsest; virtually ¢akrnueckn, B cymHocty;  well
worth trading moxHo sergo efmensts; version BapuanT; drop mnapnarte;
excursion OTK/IOHeHme, yxox; unwanted addition HexXeJaTesqbHoe JI0-
nojHeHHe; in order to maintain aas Toro, uToGHI nojjepxath; boost v.
NOBRILIATE; in return B cBowo ouepenb.

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

Perfect magnified replica coBepmennas (uneanbHast) ycunenuas
Korusi; clipping distortion nckaxenue 3a cuer orpanuuenusi; poiniless
exercise GeccMBIC/IEHHOE ympakHeHue; boost v. YCHJIHMBATD.

Text C

NON-LINEAR DISTORTION

I. a) Read the text. b) Speak on the variaties of distortion.

Distortion occurs when an amplifier does not present a perfect
magnified replica of the input wave form but changes its shape in some
way because of a non-linear transfer characteristic. Fig. 4.2 shows
a pure sine wave together with two versions of the same waveform after
it has been subjected to different forms of non-linear distortion. These .
varieties of distortion arise because the gain of the amplifier is in some
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way dependent upon the instantane-
ous signal amplitude. In Fig. 4.2b
the amplifier gain is dropping at
large positive or negative signal
excursion (‘“‘clipping distortion”),
whilst in Fig. 4.2¢ it is when the
signal is very low in amplitude, near
the zero crossing, that the gain falls.
Non-linear distortion can be seen /\ :
as an unwanted additlion by the am-
plifier to the original signal. When t
negative feedback is applied to an - \/6‘ \/
amplifier, distortion is reduced by

N

/\_ rime
2\
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NS o NS
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Fig. 4.2. The waveforms in ampli-

the factor (1 + A,) but, in return, fier circuits:
the mput 51gr1al must l?e increased a pure sine wave; b clipping distortion:
by the factor (1 4 A,) in order to ¢ crossover distortion.

maintain the output signal.

The use of a second amplifier to boost the input by the factor
(1 + A,) need not significantly contribute to the total distortion
since only small signals are being handled at that stage of the proces-
sing. Voltage gain is cheap and well worth trading for low distortion.
It is difficult to design a power amplifier with less than 1 % total har-
monic distortion under open-loop conditions, but with negative feed-
back figures lower than 0.1 % are common in high-quality audio am-
plifiers.

ASSIGNMENTS

I. Divide the text into logical parts. Entitle each part.

I11. Find the part in the text containing information about non-linear
distortion. Translate it. ,

I11. Answer the following questions embracing the contents of the
Text C.

1. When does distortion occur? 2. What does -Fig. 4.2 show?
3. Why do these varieties of distortion arise? 4. Is the amplifier gain
in Fig. 4.2b dropping at large positive or negative signal excursion?
5. How can non-linear distortion be seen? 6. Is it difficult to design -
a power amplifier with less than 1 % total harmonic distortion?

IV. Ask additional questions on the Text C.

V. Combine your answers into a short summary of the text.

V1. Speak on:

1. Non-linear distortion.

2. Voltage gain.

VII. Examine Fig. 4.2 and comment on:

‘1, Pure sine wave.

2. Clipping distortion.

3. Crossover distortion.

VIIIL. Find the sentenices in the Text C with the verbs in the Conti-
nuous and Perfect Tense. Translate them.

IX. Translate the Text C to be sure you understand it well.
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4. Searching Reading

PRE-TEXT EXERCISES

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

impedance yAOOHBIH MEeTOxR

impedance matching HEH30eKHO

at first sight CBOZUTCS _

assess V. NOJIHOE  CONPOTHBJIEHHE, UMIEAAHGC
resolve v. Ha 3TOM STane

convenient method YMECTHO OTMETHThH

in the way B NOCJIE I0BATE/IbHOH LeIH (110 Ty TH)
invariably yIoOHoe npejcTaBaeHHe

it is relevant to point out TIOATBEPIKAATh

confirm COTIJIaCOBaHHE CONPOTHBJICHHH

at this stage Ha TepBHE B3IVIs[

convenient representation [peACTaBHTb B BHAE

I1. Pick out all- technical terms from the Text D and translate
sentences with them.

ITL. Translate the following word-combinations from the text.

Any electrical device; just like any other impedance; at first sight;
however complicated; in the majority of circuits; in such cases; it is
important to note.

Text D

INPUT AND OUTPUT IMPEDANCES

1

I. Read the text and say about the input impedance of a circuit such
as a bipolar transistor amplifier.

Any electrical device which requires a signal for its operation has
an input impedance. Just like any other impedance (or resistance in
d. c. circuit), the input impedance of a device is a measure of the cur-
rent drawn by the input with a certain voltage across it.

The input impedance of a circuit such as a bipolar transistor
amplifier might seem to be more complicated. At first sight, the presence
of capacitors, resistors and semiconductor junction in a circuit makes
the input impedance difficult to asséss. However, any input circuit,
however complicated, may be resolved into the simple impedance
shown in Fig. 4.3a. If U;, is the a. c. input signal voltage and 1;, the
a. ¢. current drawn by the input, then input impedance

- Zip =10, (4.4)

In the majority of circuits, the input impedance is resistive over
most of the frequencyrange, there being negligible phase difference
between input voltage and input current. In such cases, the input appears
as the circuit of Fig. 4.3b and Ohm’s law applies, the complex algebra
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Fig. 4.3, Input and output impedances: ‘
a a pair of input terminals with input impedances Z;j,; b a device with a resistive input

impedance; ¢ a circuit for input impedance measurement; d Thevenin’s equivalent circuit,
applicable to any pair of output terminals; e an equivalent circuit applicable to devices _
with resistive output impedance.’

and vector diagrams of reactive circuits being unnecessary. It is impor-
tant to note, however, that a resistive input impedance does not ne-
cessarily mean that a d. c. signal can be used to measure the input
resistance; there may be reactive components in the way (e. g. a coup-
ling capacitor) which, whilst insignificant at moderate a. c. frequen-
cies will prevent d. c. measurement from being made on the input.
The most convenient method for input impedance measurement is
shown in the circuit of Fig. 4.3¢. ’

All output circuits, both a. c. and d. c. invariably have a certain
output impedance associated with a voltage generator. That this sim-
ple description applies to even the most complicated circuits is con-
firmed by Thevenin’s theorem, which states: any network of impedance
and.generators having two output terminals may be replaced by the
series combinations of one impedance and one generator. Here, a “‘ge-
nerator » is assumed to be an ideal voltage-producing device which
continue to produce a constant voltage even when current is drawn
from it. Thevenin's description of an output circuit is shown in
Fig. 4.3d, Z,. being the output impedance and U the open-circuit
output voltage.

: ASSIGNMENTS

T tl DAnswer the following questions embracing the contents of the
ext D.

1. What device has an input impedance? 2. What is shown in
Fig. 4.3a? 3. What is the input impedance in the majority of circuits?
4. What makes the input impedance difficult to assess? 5. What is the
input impedance? 6. What means a resistive input impedance? 7. What
is the output impedance? 8. What does Thevenin’s theorem state?

6* 163



9. Where is Thevenin’s description of an output circuit shown?
10. What does the equivalent circuit represent in Fig. 4.3e?

I1. Discuss the problem of input and output impedances.

I11. Prepare a dialogue on:

1. A device with a resistive input impedance.

2. An equivalent circuit applicable to most devices: resistive output
impedance.

IV. Examine Fig. 4.3 and comment on:

1. A pair of input terminals with input impedances Zj,.

2. A device with a resistive input impedance.

3. A circuit for input impedance measurement.

V. Speak on:

1. Input impedance.

2. Thevenin’s equivalent circuit, applicable to any pair of output
terminals.
VL Express your opinion of negative feedback.
"" VII. Look through the latest magazines, find additional material on .
he topic and discuss it with your fellow-students.

111. GRAMMAR EXERCISES

I. Analyse the structure of the following sentences. Translate. them.

1. Negative feedback can correct a poor frequency as long as the
open-loop gain remains greater than the closed-loop gain. 2. The lower
curves illustrate the way that negative feedback flattens the frequency
response but at the expense of gain; frequency responses are plotted
for closed loop gainsof 1000, 100 and 10 and are so leveled that they can
be drawn with a ruler up to the region where the closed-loop gain
approaches the open-loop figure. 3. Infinite gain implies that the am-
plifier will give an output signal with no input, and this is exactly
what happens. 4. Distortion occurs when an amplifier does not present
a perfect magnified replica of the input wave form but changes its
shape in some way because of a non-linear transfer characteristics.

I11. Define the function of the Infinitive in these sentences and frans-
late them.

1. The input impedance of a circuit such asa bipolar transistor
amplifier might seem to be more complicated. 2. When an amplifier
exhibits excessive variation of gain with signal frequency, it is said
to have a poor frequency response. 3. One of the clearest example is
the governor which is used to control the speed of rotating machinery.
4. Here, a ‘“‘generator ” is assumed to be an ideal voltage-producing
device which continue to produce a constant voltage even when current
is drawn from it.

I11. Check if you know the Participle Complexes and translate the
sentences with them.

1. In the majority of circuits, the input impedance is resistive
over most of the frequency range, there being negligible phase diffe-
rence between input voltage and the input current. 2. In such cases,
the input appears as the circuit of Fig. 4.3 and Ohm’s law applies, the
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complex algebra and vector diagrams of reactive circuits being unneces-
sary. 3. In this case we shall keep the polarity of amplifier gain and
feedback positive, the feedback signal being added to the input signal.

Lesson 2, THE EMITTER FOLLOWER AND THE DIRECT-
' COUPLED AMPLIFIER

1. Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A. Output Impedance and
Emitter Follower.
2. Average Reading.
Text B. The Emitter Follower
Circuit.
Assignments.
11. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Direct-coupled Amplifier.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Voltage Gain in the D. C.
Amplifier.
Assignments.
I, Grammar Exercises.

I. INDEPENDENT WORK

In the Labo‘ratory
1. Skimming Reading
PRE-TEXT EXERCISES"

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

Transform, problem, emitter, signal, maximum; voltage, base,
normally, potential, balanced, collector, paradox, identical, differen-
tial, voltmeter.

I'l. Check if you know the meanings of these words and word-combina-
tions.

Emitter follower smuttepHbifi noBropurens; straight npsmo, Hemo-
cpeacteerHo; feed v. nurtatsh(cst); to be fed BBOmUTBCHA, mNOmABaTHCH;
supply rail mnuna nutanus; preferred value mpemnouruTenpHasi BeJHYH-
Ha; step down the voltage nonmxats Hanpsixkenue; as far as the signals
are concerned No OTHOLIEHHIO K pacCMaTpHBaeMBIM CHTHajlaMm; output
signal swing capability cnocoGHOCTb BHIXOAHOTO CHIHAJa H3MEHSITHCS;
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a. c. view of circuit Tunm cxems! 118 nepemenHoro Toka; in dotted form 3
nysakrupoM; as distinct from B oTnuune or. ;
I11. a) Give initial forms of the following words and define the fun-
ction of suffixes. b) Translate these words. E
Impedance, transformer, reducing, solution, condition, capability,
assuming, reasonably, showing, slightly.

Text A
OUTPUT IMPEDANCE AND EMITTER FOLLOWER

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it. .

If an output impedance is to be reduced for the purpose of optimum
voltage transfer to the next circuit, then a transformer will be of little
advantage, for, in reducing the output impedance, it will also step
down the voltage. A much more satisfactory solution to the problem
is the use of a transistor in the emitter follower (common collector)
circuit. In this circuit the voltage gain is just alittle less thanunity.
However, because the transistor gives a current gain, the emitter
follower lowers the output impedance of any signal source connected
to the input.

2. Average Reading
TextB
THE EMITTER FOLLOWER CIRCUIT

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find the
part of it dealing with the base bias resistor.

The emitter follower circuit is shown in Fig. 4.4a. The emitter
follower circuit is also named ‘‘common-collector ”. As the name *‘com-
mon-collector ” suggests, the transistor collector is connected straight
to the supply line which, as far as the signals are concerned, is the
same thing as the earth (common) rail, because power supply outputs
are always designed to present a very low impedance to signals. The
output load resistor, Ry is in the emitter circuit, whilst the input
signal is fed in between base and earth in the usual way.

Before we consider the behaviour of a. c¢. signals in the emitter
follower, it is appropriate to consider d. c. quiescent (no signal) con-
ditions. We must ensure that output signal is able to swing both
positively (towards supply rail) or negatively (towards earth). For
maximum output swing capability the quiescent emitter voltage
should be midway between earth and supply, i. e. at about 4.5V in
this example.

The base bias resistor, Rg, feeds sufficient base current into the
base-emitter junction to maintain the required emitter current. In
this example, we have assumed a value of 200 for the d. c¢. current
gain hrg. Thus, a | mA emitter current requires 1/200 mA base current
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Fig. 4.4. The emitter follower:

a a simple circuit with typical parameters; & the circuit for a. c. signals,

(6 p A) to maintain it. This current is provided by Ry whose value
is calculated from Ohm’s law, assuming the base voltage to be
similar to- the emitter voltage (4.5V). Voltage Rp=(9—4,5)V;
current in Rg="5-10"% A then, ,
9—45
Rg = 55 2 Re = 900kQ.

A value of 1 mQ is selected as a preferred value reasonably near to the
calculated value.

To look at the behaviour of the a. c. signals, we shall redraw the
circuit showing only these elements which are significant as far as
the a. c. signals are concerned. This a. c¢. view of the circuit is in
Fig. 4.4 b. Bias resistor Rp is shown in dotted form because we
shall consider its effect only after we have followed the signal thro-
ugh the transistor. The connection between Ucc and earth indicates
that, as far as the a. c, signal is concerned, the supply appears as
a short circuit. Across the load, Ry is developéd the output voltage
signal Uout. These a. c. signal voltages and currents, are normally
denoted by the lower case u and i as distinct from the upper case
U and I which refer to d. c. voltage and current. We can see in
Fig. 4.4b that r. and R. constitute a potential divider for the
signals, so that voltage gain Ay always turn out slightly less than
unity:

U——-RL‘l"re.

A

In this example, R =< 5kQ and r.=25Q, then

5000
AU = m = 0995.
With the voltage gain so close to unity, the emitter voltage follows
the base voltage very closely indéed, this action giving its name to the
circuit. :
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ASSIGNMENTS

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

I1. a) Skim through.the Text B and explain how the base bias resistor,
Rg, fesds sufficient base current into the base-emitter junction.

IT1. Answer the following questions embracing the contents of the

- Text A and the Text B.

1. What is the voltage gain in the circuit shown in Fig. 4.4a?
2. Why does the emitter follower lower the output impedance of any
signal source connected to the input? 3. Where is the output load resis-
tor R.? 4. What is the function of the base bias resistor? 5. What base
current does a 1| mA emitter current require to maintain it? 6. How is
the bias resistor chosen in Fig. 4.4a? 7. What does the connection bet-
ween Ucc and earth indicate?

1V. Discuss the information obtained from the Text A and the
Text B.

V. Be ready to discuss the information received at your lectureson
speciality.

V1. Prepare a dialogue on a. c. signals in the emitter follower.

VII. Speak on the emitter follower as seen by a. c. signal.

VIII. Make short summaries of the Text A and the Text B.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Shift v. casurats, cmemarts; midway Ha noanmyTH, NOCEpeNUHE;
interpose v. BCTaBIATb, BXOAUTH MEXIY 4eM-1.; restrict orpanuunsats;
earth semns; quiescent Haxozsuiics B OKOe, HENOJBWKHBI; by means
of mocpencteom; with respect to no orrommenno x; further nanbredmui;
exhibit v. npexacraBasiTh.

I1. Find the following word-combinations in the Text C and translate
the sentences with them.

Coupling capacitor xongeHcatop ces3u; supply rail muna nuranus;
permissible circuit voltage BosmoxHoe (nomyckaemoe) B nenu (cxeme)
Hanpsokenue; balanced power supply GajaHCHBIE HCTOYHHK NUTAaHHUS,
offset null control ynpaBnenue nymem cpsura; level-shifting arrange-
ment ycrpoficTBo cpBHra ypoBHS.

I 1. Analyse the structure of these words and translate them.

Coupling, permissible, midway, two-transistor, complementary,
consisting, slightly, divider, variable, zero-set, voltmeter, pointer.

IV. Find the English equivalents of the following word-combinations
in the Text C.

B ocob6eHHOCTH; 3TO, KOHEUHO, O3HAYAET, YTO; B CJAydae uero-i.,
MoCPeACTBOM (C NOMOINBIO); TAKHM 06pas3oM; ¢ BHEWIHEH CTOPOHBI;
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MBl 3H4eM, UYTO; STOT napagokc 1 T

pasperaercs; onTHMaJbHOE pa- =2 [e4 RE *91/};:
Gouee yc/IoBHE NIOMYUAETCSl, KOT= gk LTk 1k
Aa; Gojiee ueM. 2

Tf
TextC RS
: R1 00 \01fseti R7
DIRECT-COUPLED AMPLIFIER I{”’ 10k o nall | 4k [;"”f
—
-
I. a) Read the text. b) Find MR3 lee
the part of it describing the op- 1k v

timum working condition obtain-
ed when T, quiescent collector Fig 4.5. A simple d. c. amplifier.
potential is at earth (0V).

The design of an amplifier without coupling capacitors restricts
the range of permissible circuit voltages. In particular, it is very de-
sirable that, when there is no signal, both the input and the output
should be at earth potential. This, of cause, means that the quiescent
d. c. output voltage can no longer be set midway between earth ov)
and supply rail (Ucc). The solution in the case of the d. c. amplifier
is to use two balanced power supplies, one positive and one negative.

A simple two-transistor d. c. amplifier is shown in Fig. 4.5. It uses
balaniced power supplies and complementary (n-p-n and p-n-p)
transistors. By means of the potential divider, consisting of R, and R,
with R,, the emitter of T is held at a potential just a slightly negative
of earth (—0,6 V). Thus T, is correctly biased if its base is tied to
earth via the input resistor R,.

On the output side, we know that the collector of an n-p-n tran-

sistor must be positive with respect to the base and yet in this d. c.
amplifier, we require the collector to be at earth potential if zero
-input is to give zero output. This paradox is resolved by T,, a p-n-p
transistor, which is interposed to shift the quiescent oufput voltage
back to zero and at the same time to perform further amplification.
T, is simply a fully-stabilized amplifier stage working between sup-
plies of +9 V and —9 V, with its base potential held, not bya potential
divider, but by T collector. The optimum working condition is obtain-
ed when T, quiescent collector potential is at earth (OV), giving zero
output voltage for zero input to T';. If zero does not resuit in zero d. c.
output, the amplifier is said to exhibit an offset voltage; the purpose
of variable resistor R;, ‘‘the offset null control’’ is to adjust for zero
output with zero input, rather asa voltmeter zero-set screw is adjusted
to bring the pointer to scale zero with no applied signal.

ASSIGNMENTS

L. Skim through the Text C and give the main idea of it.

I1. a) Divide the text into logical parts. b) Choose the key sentences,
analyse and translate them.

I1. Comment on the author’s attitude to direct-coupled amplifier.
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IV. Answer the following questions embracing the contents of the
Text C.

1. What does the design of an amplifier thhout couplmg capacitors
restrict? 2. What is the solution of a problem in the caseof d.c. ampli-
fier? 3. What is shown in Fig. 4.5? 4. What does it use? 5. What is T',?

V. Ask additional questions on the Text C.

V1. Combine your answers intoa short summary of the text.

VII. Prepare a dialogue on a simple two-transistor amplifier.

VIII1. Speak on d. c. amplifier.

IX. Translate the Text C to be sure you understand it well.

4, Searching Reading

PRE-TEXT EXERCISES

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

in assessing . rapaHTHpOBATD, obecneuyy-
BaTb

split v. . cuHOpa3Hb Bxoj (BXoA 06-
Iero CHrHaJa)

common-mode TOYHAs] KOMHsA

input '

common-mode paszensTsb

gain

ensure V. OlIEHHBas, MpPHU OlEHKe

exact replica ycuaeHue (koapdurieHT
ycunenus) cuHdasHoH  co-
CTaBJsIoL el

I1. Use the following word-combinations when reading the Text D.

Now we shall consider cefiuac Ml paccMoTpuM; here we can no
longer assume 3mech Mbl He MoxeM GoJsblue JonycTHTh, as we did in
Fig. 4.6 kak MBI jomyckamu, paccmatpuBast puc. 4.6; as this would
imply that kax 3to mogpasymepamoch Obl (3Haumso Gbl), urto; for the
purpose of calculating ¢ nessto pacuera; it is reasonable to assume that
nejiecoo0pasHo MpeAnoNoKuTh, uto; thus we see that Takum obpasom,
Mbl BHLHM, uTO; note that samernTe, uto; hence ciegoBatensHO; we have
seen that mut yBuaenu, uro.

IIL. a) Give the initial forms of the following words and translate
them. b) State the function of suffixes.

Assessing, differential, assuming, corresponding, negligible, cal-
culating, comparison.

Text D
VOLTAGE GAIN IN.THE D. C. AMPLIFIER

I. Read the text and speak on voltage gain.
In assessing the voltage gain of the diiferential amplifier we shall
consider two mput conditions. First of all, in Fig. 4.6, input (1) and
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Fig. 4.6. The differential amplifier ~Fig. 4.7. The basic differential amplifier.
with common meode inputs. A

input (2) are both connected to the same signal U;,. Emitter follower
action will ensure that an exact replica of the input signal appears
across the tail resistor R;. The total signal current in R, (i,) will be
given by

Again, assuming the transistors to be identical, this current will
be split equally between both devices so that signal collector current of
T, =signal collector current of T,, i. e i;=ic + i (assuming
ic==i.) and since o

. .. . . U R
fea = ico, by = 2ic). Now, Ugyt = —i Ry =< — i;Ra > therefore voltage
. Uot.lt R1
AN = —— = — .
g Uiﬂ ' 2R3 Ll

In the case of Fig. 4.6 R,= R, and, when both inputs are driven
together with the same signal, the overall voltage-gain is one hali.
This type of input is called a common-mode input and the correspon-
ding gain the common-mode gain. The higher the value of the tail re-
sistor R, compared with the collector load R;, the lower the common-
mode gain.

Now we shall consider the amplifier with a differential input,
i. e. with a different signal on input (1) from that on input (2) Fig.4.7.
Here we can no longer assumme that the emitters are connected together
with negligible resistanceas we did in Fig. 4.6, as this would imply
that the output could not be different. For the purpose of calculating
the differential voltage gain we shall consider the signal current
flowing in r, for each transistor. It is reasonable to assume that R,
is much larger in value than re so that any common mode signal
current ({,) flowing in R, can be neglected in comparison with i
and ie. Then,

—€mR1 Uiny—Vin()

Uout = 9
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Thus we see that the differential amplifier responds to the dif-
ference in potential between its input. Note that if Ui,y is more
positive than Uine the output is negative and if Ujn) is more po-
sitive than Uinq) the output is positive. Hence, input (1) is called
the inverting input and input (2) the non-inverting input. The dif-
ferential voltage gain Ayp is given by

Uout EmR1

Ayp = 77— = — ——, in mA/V, R, in kQ.
Vb Uin(l) - Uin(?) 2 gm / !

We have seen that the differential amplifier exhibits a very low
gain when both inputs carry the same signal (common-mode) but res-
ponds with a high gain to a potential difference between input (diffe-
rential mode).

ASSIGNMENTS

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

1. Where are .input (1) and input (2) connected to in Fig. 4.6?
2. What will emitter follower action ensure? 3. What will the current
be, assuming the transistors to be identical? 4. When is the overall
voltage gain one half?

I1. Prepare a dialogue on the topic of the lesson.

II11. Make up a plan of the Text D and speak on the text according
to your plan.

IV. Examine Figs. 4.6, 4.7 and comment on:

1. The differential amplifier with common mode inputs.

2. The basic differential amplifier.

V. Look through the latest magazines and find additional material
on the topic. Discuss it with your fellow-students.

ITI. GRAMMAR EXERCISES

I. Define the function of the Infinitive in the following sentences
and franslate them.

1. This limitation may seem to present a problem: we have so
far assumed that the output signal should sit at Ucc/2 in order to
allow both positive and negative swings in the signal. 2. If zero input
does not result in zero d. c. output, the amplifier is said to exhibit
an offset voltage; the purpose of variable resistor R;, the “‘offset null
control ” is to adjust to zero output with zero input, rather as a voltme-
ter zero-set screw is adjusted to bring the pointer to scale zero with
no applied signal.

I1. Pay attention to the verbs in Subjunctive Mood while translating
the sentences.

1. It is very desirable that, when there is no signal, both the input
and the output should be at earth potential. 2. Here we can no longer
assume that the emitters are connected together with negligible resis-
tance as we did in Fig. 4.6, as this would imply that the input could
not be different.
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I11. Define the function of -ing-forms in the following senfences and
translate them.

1. The design of an amplifier without coupling capacitors restricts
the range of permissible circuit voltages. 2. By means of potential
divider, consisting of R, and Ry with R,, the emitter of T, is held at
a potential just a slightly negative of earth. 3. T, is simply a fully-
stabilized amplifier stage working between supplies at 49 V and
-9 V.

Lesson 3. THE OPERATIONAL AMPLIFIER

I. Independent Work.
In the laboratory.
1. Skimming Reading.
Pre-text Exercises
Text A. Building Bricks in Elect-
ronic Systems.
2. Average Reading.
Text B. Simplifying Assumptions,
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. The Non-inverting Amplifier.
Assignments.
4, Searching Reading,
Pre-text Exercises.
Text D. The Inverting Amplifier.
Assignments.
[T, Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronuncia-
tion of the following.

[s], facts, gets, inclusive, famous, numerous, continuous; [3] di-
vision, provision, corrosion; measure, explosure, enclosure; but:
expension, extension, pressure [{]; [at] design, resign, sign; [i:]
field, piece, yield; [ju:} few, dew, new; [u:] grew, screw, blew.

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Construction, electronic system, integrated, revolution, silicon,
proportion, construct, analogue, impedance, typically, bipolar, .iso-
lated, fact, megohm, configuration, parallel.
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Fig. 4.8, Operational amplifier applicatiohs:

a the non-inverting amplifier; & the voltage follower; ¢ the inverting
amplifier; d the adder; e an integrator; f a differentiator.

I11. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know the meaning of these words.

Operational amplifier onepanronnblii ycunuresns; elaborate Tina-
TeIbHO paspabotanubii; offset voltage mampsixenwe cmpura; inherent
CBOICTBEeHHBIH, NpHCyLui; appropriate interconnection cootBeTcTBY-
olllee B3auMocoennenue; ‘‘building bricks” «cTpouTtensHble KHpNUYH»,
OCHOBHBIE aseMeHTHl, simplifying assumptions ynpomaiomue npeanoso-
xKenusl; high-gain voltage amplifier ycuiautess nanpsukenus ¢ GoJb-
mum ycunenuey; infinite open-loop voltage gain, Ayo1 Koaddunuent
YCUJIEHHA TI0 HANPSIKEHUIO NMpU pa3oMKHYyTOH neryie Ayo1, design consi-
deration KOHCTpYKTHBHOE cooOpa’keHHE.

-1V. a) Make up sentences using the following word-combinations
from the Text A and the Text B. b) Learn them.

A considerable proportion of present-day circuit design snauntens-
Hast 4acTh KOHCTPYKUME coBpemenHbix cxeM; the latter may be seen as
nocse[Hie MOXKHO paccMaTpuBaTh Kak; which can easily be used koro-
pble MOXKHO JIerKO MCnosib3oBath Ads; all the circuits of Fig. 4.8 make
use of Bce cxembl puc. 4.8 ucnosnsyior; the term “operational” is
generally used nowadays to describe TepMuH «oneparnuonHbli» BoOOLIE
UCHob3yercss ceroins Aast onucanust; the name is derived from the
use of such amplifiers HasBaHHe MPOHCXOAUT OT HMCNOJB30OBAHHSI TAKHX
yeunurenelt; typically 39. obbiuno; the first design consideration there-
fore is that nepBoe koHCTpyKTHBHOe cooGparkeHHe, CJIELOBATENBHO,
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3aKmouyaerca B ToM, utolwl; the difference between the two input bias
currents is known as pasHuna Mexx1y ABYMSl TOKaMH CMELIEHHSI HA BXOJE
u3BecTHa Kak; yet another factor to be considered is that, irrespective
of eme oaHUM (HaKTOPOM, KOTOPHIH paccMaTpHBAeTcs, SIBJSETCS TO, YTO
HeCMOTpS Ha ..

Text A
BUILDING BRICKS IN ELECTRONIC SYSTEMS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

In the design and construction of complicated electronic system,
integrated circuits (IC) have cause a major revolution. The chip of
silicon in an IC is typically only 3 mm square, but -twenty transistors,
eleven resistors and a capacitor are included in that area.

A considerable proportion of present-day circuit design is achieved
by the appropriate interconnection of ICs. The latter may be seen as
“building bricks” which can easily be used to construct elaborate
electronic system. Fig. 4.8 includes many circuitsof this basicbuilding
bricks.

2. Average Reading
Text B

SIMPLIFYING ASSUMPTIONS

L. a) Listen to the text. b) Read it (time limitis 3min.). c) Find the
part of it dealing with the characteristics of an op amp. Translate it.

All the circuits of Fig. 4.8 make use of an-operational amplifier
(op amp.). The term ‘‘operational ” is generally used nowadays to des-
cribe a high-gain voltage amplifier, particularly one in an IC or modu-
lar form. The name is derived from the use of such amplifiers in
analogue computing operations. The characteristics of an op amp are
such that the following simplifying assumptions can be made in most
practical circuits: infinite open-loop voltage gain, Avei (typically
2.10°%); infinite input impedance (typically 2 MQ); zero output impe-
dance (typically 756Q). Most IC amplifiers  use bipolar transistors.
The input terminals in fact connect to transistor bases which must be
able to draw a small bias current if the amplifier-is to function (d.c.
coupling prevents the input terminals from being isolated with coupl-
ing capacitors). Input bias current typically is about 100 pA. The
first design consideration therefore is that each input of any IC ampli-
fier must have some sort of d. c. parth to earth.

The internal circuitry may be slightly unbalanced so that the two
bias current are not equal (Fig. 4.9a).

The difference between the two input bias current is known as
the input offset current and typically amounts to 20 pA.
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Yet another factor to be considered is that,irrespective of external
voltage at the input, the IC itself has a small inherent input offset
voltage, about 1 mV.

ASSIGNMENTS

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

IL. a) Skim through the Text B and find the part of it dealing with
the most IC amplifiers using bipolar transistors. b) Discuss the informa-
tion.

IT1. Find the part of the text containing information about input
bias current. b) Express your opinion of it.

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

1. Have integrated circuit caused a major revolution in the design
and construction of complicated electronic system? 2. What is the chip
of silicon in an IC? 3. What is a considerable proportion of present-
day circuit design achieved by? 4. What figure includes many circuits
of the basic building” bricks?

V. Ask additional questions on both texts

VI. Summarize your answers info a sh a summary of these texts.

VI1I. Prepare a dialogue on simplifying ssumption.

VIII. Speak on the operational amplifier.

IX. Examine Fig. 4.8 and comment on:

1. The non-inverting and inverting amplifiers.

2. The voltage follower and the adder.

3. An integrator and a differentiator.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these word-combinations.

Significant attenuation shaumrennnHoe ochabaenue; thanks to
6aarozaps; unit-gain non-inverting amplifier neunBepTHpyrOIIUI
YCHJIHTENb C eIMHWYHBIM YCHJIEHHEM.

I1. Find these word-combinations in the Text C and translate the sen-
tences containing them.

This latter requirement arises from the fact that sto nocneznnee pe-
GoBaHHe BO3HHUKAaeT BCJIEACTBHE TOTO, yTO; if the signal source cutput
resistance is comparable with R,, ecin BbIXOJHOE CONPOTHBIEHHE
HCTOYHHKA CHTHa/Ma CpaBHHMO ¢ R,; it may be thought at first that
BHayale MOXKHO NoayMaTb, uto; it will be noted 6yzer ormeueno; the
answer is that orBer sak/ouyaercsi B ToM, 4TO.

I11. a) State the function of each suifix in the following words.
b) Translate these words.
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Fig. 4.9. Operational amplifier circuits:

a for estimation of the effect of input bias

currents; b for operation of the mnon-inver-

ting amplifier down to zero frequency (d.c.);

¢ for calculation of voltage gain in the
inverting amplifier.

If Rt
I R 2
R 6
Rin =Ry 3
U"”‘ ) R2 U“” ’
U, t
N S A
b == c L+

Feeding, inverting, operation, connection, resistance, requirement,
comparable, significant, fortunately.

Text C
THE NON-INVERTING AMPLIFIER

‘1. a) Read the text. b) Find the part of it describing the value of
signal source output resistance, comparable with R,. Translate it.

The feedback signal is affectively subtracted from the input signal
by feeding the latter into the non-inverting input of the op amp and
the feedback into the inverting input. Fig.4.96 shows a non-inverting
amplifier designed for operation down to zero frequency (d. c.) and
with the input arranged for connection to a signal source of low output
resistance. This latter requirement arises from the fact the amplifier
must draw its input bias current. from the signal source and must
therefore see a d. c. path to earth. Resistor R, is in circuit simply to
ensure that both inputs see the same resistance to earth. If the signal
source output resistance is comparable with Ry, its value should be
subtracted from R,. It may be thought at first that R,, being in
series with the signal, will cause significant attenuation; fortunately
this is not the case because the amplifier itself thanks to the negative
feedback, has an input impedance of at least 50 M €. There will thus
be a negligible signal loss across the 10 £ Q or so of R;.

It will be noted in Fig.4.96 that circuit may be used to give unity
vcltage gain though the practical use of this may be questioned.
The answer is that the unity-gain non-inverting amplifier is used to
provide an impedance match like the emitter follower. The input
impedance may be many hundreds of megohms at low frequencies
and the output impedance less than 1 Q.
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ASSIGNMENTS

I. a) Divide the text info logical parts. b) Entitle each part.

IL. Look through the Text C and find the part of it dealing with the
amplifier having a voltage gain approaching infinity.

I11. Examine Fig. 4.9 and comment on:

tl Op. am. circuit for estimation of the effect of input bias cur-
rents. !

2. Op. am. circuit for operation of the non-inverting amplifier
down to zero frequency (d. c.).

IV. Answer the questions embracing the contents of the Text C.

1. What is called a virtual earth in Fig. 4.9c? 2. What makes the
inverting amplifier very flexible in use? 3. What is the difference
between the inverting amplifier and non-inverting one? 4. What does
Fig. 4.9 show? 5. What does the latter requirement arise from?
- 6. What is resistor R, in circuit simply to ensure? 7. What will R,
cause?

V. Ask additional questicns on the Text C.

VI. Summarize your answers into a short summary of the fext.

VII. Make up a plan of the Text C and speak on the topic.

VIII. State the tense-forms of the verbs in the Text C and translate
them.

Subtract, show, arise, draw, see, think, cause, note, use.

IX. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

op amp = operational ¢akTHyecku, B cym-

amplifier HOCTH

instead of THORHI

approaching infinity  onmepauwonuwmllt  ycu-
JILTE/b

negligible npubnmxkasach K  Oec-
KOHEYHOCTH

virtually BMECTO

flexible He3HAYMTeNbHBIH

I1. Give the initial forms of the following words from the Text D and
- translate them.

Perfectly, inverting, configuration, simplifying, approaching,
virtually, accepting, immediately, considering.
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TextD
THE INVERTING AMPLIFIER

I. Read the text and speak on inverting amphfler

It is perfectly feasible to feed the input signal into the inverting
input of an op amp along with the negative feedback. This, as might
be expected, produces an inverting amplifier, the output signal being
180° out of phase with the input. The circuit configuration, which is
shown in Fig. 4.9¢ is known as shunt feedback because the negative
feedback, instead of being in series with the input signal,is in parallel
with it and feeds into the same input. To calculate the effect of shunt
feedback, we use the three simplifying assumption about an op amp:
open- 1oop gain Avol = oo, input impedance Zj, = oo, output im-
pedance Zoy =0.

In Fig. 4.9¢ the point E, where R; and R, join the mvertmg input,
is called a virtual earth. This is so because, if the amplifier has a vol-
tage gain approaching infinity, there must be a negligible potential
difference between the two inputs. Thus, as far as the signal is con-
cerned, the inverting input looks virtually the same as the non-invert-
ing input, which is earthed.

Accepting that point £ is a virtual earth means that the full input
voltage Ui, appears across input resistor R;. Thus we see immediate-
ly why the input resistance Ri, is quoted in Fig. 4.9 ¢ as being
equal to R;:R, is the only resistance which stands between the input
terminal and the virtual earth. Signal current in R, is therefore

Uin
given by i, = k—-— Now, considering feedback R;, which is connec-

ted between the virtual earth and Uout, and taking signal current
i; in the direction shown:
"'Uout

Iy = R,

If the op amp input impedance is infinite, no signal current is
drawn by the inverting input, so it follows that i;=1i,, i. e.
“Uout _ Uin Uout i

-l therefore Ayoy=—— = — =" .

f 1 i
_ The way that the gain is dependent upon the simple ratio of two
resistors makes the inverting amplifier very flexible in use.

ASSIGNMENTS

I. Answer the following questions embracing the contents of the
Text D.
1. What is known as shunt feedback? 2. What do we use to calcu-
" late the effect of shunt feedback? 3. What is called a virtual earth?
4. When can be a negligible potential difference between the two
inputs? 5. What formula is given for signal current in R,?
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I1. Prepare a dialogue on your own situation describing a virtual
earth.

IT1. Make up a plan of the Text D and retell it according to your
plan.

IV. Make a short written summary of the Text D.

V. a) Look through the latest magazines and find additional informa-
tion on the topic of the lesson. b) Discuss the problem of amplifier with
your fellow-students.

ITI. GRAMMAR EXERCISES

I. Define the form and function of the verbs in the Passive Voice and
translate the sentences with them.

1. The latter may be seen as ‘‘building bricks” which can be used
to construct elaborate electronic system. 2. The term ‘‘operational ”
is generally used nowadays to describe a high-gain voltage amplifier.
3. It may be thought at first that R, being in serieswith the signal,
will cause significant attenuation. 4. It will be noted in Fig. 4.9b
that circuit may be used to give unity voltage gain though the practi-
cal use of this may be questioned.

II. Define the function of ing-form in these sentences and translate
them.

1. D. c. coupling prevents the input terminals from being isolated
with coupling capacitors. 2. It may be thoughtat first that R,, being
in series with the signal, will cause significant attenuation. 3. In
Fig. 4.9¢c the point E, where R; and R, join the inverting input, is
called a virtual earth. 4. The inverting input looks virtually the same
as the non-inverting input, which is earthed.

I11. Translate the following sentences paying attention to the Infi-
nitive.

1. Yet another factor to be considered is that, irrespective of exter-
nal voltage at the inputs, the IC itself has a small inherent input
offset voltage. 2. Resistor R, is in circuit simply to ensure that both
inputs see the same resistance to earth.

IV. a) Analyse the following sentences paying attention to the tense
of the verbs. b) Translate them. o

1. This, as might be expected, produces an inverting amplifier,
the output signal being 180° out of phase with the input. 2. The circuit
configuration, which is shown in Fig. 4.9¢ is known as shunt feedback
because the negative feedback, instead of being in series with the
input signal, is in parallel with it and feeds into the same input.
3. If the signal source output resistance is comparable with R,, its
value should be subtracted from R,.
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Lesson 4. LOGARITHMIC AMPLIFIER AND OSCILLATOR

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Logarithmic Amplifier.
2. Average Reading.
Text B. The Basic Circuit.
Assignments.
1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Positive Feedback.
Assignments.
4. Searching Reading.
Pre-text Exercises. .
Text D. The Phase-shift Sinusoidal
Oscillator.
Assignments.
[11. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Logarithmic, instrumentation, meter, decade, parameter, accusti-
cal, decibel, phenomenon, physics, result, characteristic, basic, nor-
mal, temperature, limitation, potentiometer, factor.

II. a) Listen, repeat and memorize the following words and word-
combinations from the Text A and the Text B. b) Check if you know their
meanings.

Display v. oto6paxarts; roughly [rafli] rpy6o; prior to zo; conve-
niently yno6uo; decay pasnoxenwue, cnajl, MoHIKeHHe; reverse leakage
current o6paTHbI TOK yTeuky; swing packauka (MakCHMaJbHOE OTKJO-
nenue); fine control R, pesucrop R, Ana TouHo# mofcTpoiiky; offset
potentiometer norenuuomerp caBura; snag npensitctBue; logging
transistor peructpupyromuil Tpansucrop; base-emitter p. d. (potential
difference) pasHocth noTeHnHanoB Mexay Gasofi M sMuTTEpOM; single
meter scale ogHa u3MepurenbHas 1wKana; sound pressure levels ypoBHu
3BykoBoro jasienus; threshold of hearing mopor ciblmuMocty; basic
feature ocHoBHas ocobeHHOCTb.

I11. Find attributes in these word-combinations and say what parts
of speech they are expressed by. b) Translate them.

Logarithmic amplifiers; each major scale division; one decade
of the parameter measured; in accustical measurement work; sound
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pressure level;, some sound level meters; a single linear scale; input-
output characteristic; low input voltage; the basic log amplifier cir-
cuit; the main logging transistor.

Text A
LOGARITHMIC AMPLIFIER

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

Logarithmic amplifier have applications in instrumentation where
a wide range of signal amplitude must be displayed on a single meter
scale; each major scale division can then represent one decade of the
parameter measured.

In accustical measurement work, sound pressure levels are usually
expressed in decibels relative to a reference level of 2. 107 N/m?,
which corresponds roughly with the threshold of hearing. A logarith-
mic amplifier connected prior to the read-out device cangive readings
directly in decibels. Some sound level meters cover the range 70 dB
to 120 dB on a single linear scale. There are many such phenomena in
physics which have an exponential decay with time. Such results can
conveniently be displayed as a straight line decay via a logarithmic
amplifier.

2. Average Reading
Text B
THE BASIC CIRCUIT

I. a) Listen to the text. b) Read it (time limit is 3 min.). c) Find the
part of it dealing with an input-output characteristics for a basic log
amplifier. Translate it.

l]aat
0.6

05
04

0,2 ! ! 1 ] 1 i
' 1079 103 107 07 110G,V

b

Fig 4.10. Logarithmic amplifier:

a the basic circuit; b a typical input-output characteristics.
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Fig. 4.11. The temperature-compensated logarithmic amplifier circuit.

The basic circuit of a logarithmic amplifier is given in Fig. 4.10a.
Fig. 4.10b shows an input-output characteristic for a basic log ampli-
fier, and it is clear that the output voltage swing is relatively small,
changing by only about 0.3 V for four decades of input signal range.
At low input voltages, the setting of the offset control R; become cri-
tical. To assist adjustment, the fine control R, is connected in series
with the normal 10 k Q ofiset potentiometer. The offset control are
adjusted for zero amplifier output with the input shorted to earth.

In addition to the limited output voltage range, there is another
snag -associated with the basic log amplifier circuit of Fig.4.10: it is
temperature sensitive because of the kT/e factor in the transistor
equation. Those two limitations may be overcome by using the more
advanced circuit of Fig. 4.11. Here a second stage is added, both to
increase gain and to provide temperature compensation. The latter
feature is achieved by the inclusion of a second base-emitter junction
T, in opposition to the main logging transistor T,; T, experiences
a negligible change in operating current over the full operating range
so that it does not tend to counteract the logging of T',. It does however
encounter the same temperature changes as T, so that the resultant
chan]ges in its base-emitter p. d. compensate for the variations
in

Potentlometer R, determines the scale factor (gain) and can be
readily ad]usted SO that a 10 dB change in input gives a convenient 1V
change in output.

The remaining three preset potentiometers are offset controls.

ASSIGNMENTS

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

IL. a) Skim through the Text B and choose the key sentences. b) Trans-
late the sentences.
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I11. Discuss the main idea of the Text A and the Text B.

IV. Answer the following questions on the Text A and the Text B.

1. What is given in Fig. 4.10a? 2. Why is a logarithmic amplifier
used in instrumentation? 3. How are sound pressure levels expressed
in accustical measurement work? 4. When can a logarithmic amplifier
give readings in decibel directly? 5. What does Fig. 4.106 show?
6. When does the setting of the offset control R, become critical?
7. What are the offset controls adjusted for? 8. What does potentiome-
ter Ry determine? 8. What are the remaining three preset potentiome-
ters?

V. Examine Figs. 4.10, 4.11 and comment on:

1. The basic circuit.

2. A typical input-output characteristics.

3. The temperature-compensated logarithmic amplifier circuit.

VL. Prepare a dialogue on typical input-output characteristics of
simple logarithmic amplifier.

VII. Speak on:

1. Logarithmic- amplifier.

2. The basic circuit.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

1. Find the following word-combinations in the Text C and translate
them with the sentences they are involved in,

One of the most useful test instruments; it is appropriate, therefore;
in the case of; it is possible to arrive; this implies that; a sine-wave
generator is designed so that.

Text C
POSITIVE FEEDBACK

I. a) Read the text. b) Describe the basic factor common to signal
generator, i. e. positive feedback.

One of the most useful test instruments in experimental electronics
is the signal generator. It is appropriate, therefore, that we should
consider the methods used for signal generations.

Positive feedback is the basic factor common to signal generatcrs.
We found in the discussions of negative feedback that the gain of any
amplifier with feedback is given by

A= Ao (4.5)
0
where A, is the gain without feedback and B is the fraction of the out-
put fed back to the input. Now, with negative feedback, either B or
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A, is negative, so that the denominator is always greater than one.
In the case of positive feedback, however, it is possible to arrive at
the condition 1 —f A, =0 (4.6) which gives an infinite value for
A =A,/(1 —PA,). This implies that the amplifier produces an output
signal with no input, which is the condition for oscillation. An
oscillator forms the heart of every signal generator. A sine-wave
generator is designed so that the condition of (4.6) often called the
Barkhausen criterion, is satisfied at only one frequency.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Choose the key sentences,
analyse and translate them.

[1. Entitle each of the paragraphs of the text using the key sentences.

[T1. Look through the text and find the part of it dealing with the
case of positive feedback.

IV. Answer the following questions embracing the contents of the
text.

1. What is one of the most useful test instruments in experimental
electronics? 2. What is positive feedback? 3. When is the denominator
greater than one? 4. What is the heart of every signal generator?
5. How is a sine-wave generator designed? ,

V. Ask additional questions and discuss the problem of feedback.

V1. Skim through the text and find the sentences containing the Par-
ticiple. Translate them.

VII. Review the text in written form.

VIII. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

neglect racaAluil pe3ucrop

giving near infinite attenuation nexenartensubl

unwanted reHepatop ¢ . (A30BBIM  CHBHIOM
(RC-reneparop)

phase-shift oscillator noramaTh, NOJABJATh

‘‘stopper ” resistor npeHe6peraThb

damp out cosliaBasi MOYTH OeCKOHEeUHoe oc-
JaabieHue

I1. Translate the following word-combinations from the Text D.
A useful starting point; practical oscillator circuits; the phase-
shift circuit; the voltage amplifier; a passive network; significant”
output; the capacitor reactance.
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TextD
THE PHASE-SHIFT SINUSOIDAL OSCILLATOR

| B Readl the text and speak on the application of positive feedback
to a single-stage voltage amplifier.

A useful starting point in the study of practical oscillator circuits
is to apply positive feedback to a single-stage voltage amplifier.
This is accomplish in the phase-shift oscillator of Fig. 4.12a.

The phase-shift circuit is necessary in oscillation to be achieved,
the amplifier output is 180° out of phase with its input. Hence, for
positive feedback, the external circuit (R,, Cy, R,, C,, R, C,) must
shift the phase through a further 180°.

The voltage amplifier uses a Darlington pair, so that we can neglect
the transistor input impedance, which is very high. It is interesting
to notice that, when 180° phase-shift is required, a passive network
requires three RC stages if significant output is to be available. One
RC stage will just manage a 90° phase-shift, but the capacitor reactance
must be very high compared with the resistor, giving near infinite
atterfuation. - :

The 100 Q resistor Ry in Fig. 4.12a, is a “stopper ” resistor to damp
out unwanted high-frequency oscillation.

O
R4 f]kﬁ +Uee
' il
cf 02 (3 1
RS
|f3"‘”‘ oomk 0,01 K2 !
~J
Q
R MR2 M R3
10k | |10k
A

I
0k +H2V

Pl
A
v

Fig. 4.12. Signal generator circuits:

a the phase-shift generator for sine-wave output; b simple LC generator,
using FET; ¢ the crystal-controlled rectangular wave output.
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ASSIGNMENTS

I. Skim through the Text D and find the part of it dealing with the
phase-shift circuit.

I1. Answer the following questions embracing the contents of the
Text D.

1. What is a useful starting point in the study of practical oscilla-
tor circuits? 2. Does' the voltage amplifier use a Darlington pair?
3. When can we neglect the transistor input impedance? 4. When does
a passive network require three RC stages? 5. What shift will one RC
stage just manage?

I11. Discuss the problem of oscillators.

IV. Examine Fig. 4.12 and comment on:

1. The phase-shift generator for sine-wave output.

2. Simple LC generator, using FET.

3. The crystal-controlled rectangular wave output.

V. Make up a plan of the Text D and speak on the topicaccording
to your plan.

VI. Look through the latest magazines and find the material on
the topic.

VII. Prepare a short information on the topic and discuss it with
your fellow-students.

ITI. GRAMMAR EXERCISES

I. a) Analyse the following sentences and translate them. b)Pay
attention to the words in bold type and define their forms.

1. It is clear that the output voltage swing is relatively small,
changing by only about 0.3 V for four decades of input signal range.
2. To assist adjustment, the fine contrel R, is connected in series with
the normal 10 kQ offset potentiometer. 3. In addition to the limited
output voltage range, there is another snag associated with the basic
log amplifier circuit. 4. Here a second stage is added, both to increase
gain and to provide temperature compensation.

I1. Translate these sentences and pay attention fo the modal verbs
with the Passive Infinitive.

1. A wide range of signal amplitude must be displayed on a single
meter scale. 2. The results can conveniently be displayed as a straight
line decay via a logarithmic amplifier. 3. Those two limitations may
be overcome by using the more advanced circuit of Fig. 4.11. 4. Poten-
tiometer Ry can be readily adjusted so that a 10 dB change in input
gives a convenient 1V change in output. :

IT1. Change the tense-forms of the verbs in these sentences into the
Past and the Future.

1. The fine control R, is connected in series with the normal 10 kQ
offset potentiometer. 2. The offset controls are adjusted for zero ampli-
fier output with the input shorted to earth. 3. The latter feature is
achieved by the inclusion of a second base-emitter junction T,.
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Lesson 5. INTEGRATED CIRCUITS

I, Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Miniaturization in Elec-
tronic Equipment.
2. Average Reading.
Text B. Reliability of Integrated
Circuits.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text-C. Classification of Integrated
Circuits.
Assignments.
. 4. Searching Reading.
Pre-text Exercises.
Text D. Transistors for Integrated
Circuits.
- Assignments.
II1. Grammar Exercises.

I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Listen and repeat after the speaker. b) Practise the pronunciation
of the following.

Miniaturize [,minjot{o’raiz], advantage [od'va:ntidz), reliability
[r1,laia’biliti], microminiaturization [’matkro,minjotfori'zeif(o)n],
particular [pa’tikjula], evaporation [1"vapa’re1 {(9)n] ceramic [st'reemik],
photolithographic [,fouto(u),118a’graefic], essential [1’senf(a)l].

I1. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.

Electronics, industry, engineers, components, miniaturize, passive,
elements, physical, material, technology, monolithic, integrated,
process, individual, typical, naturally, factor, apparatus, temperature,
basic, form, ceramic, active, combination, metallized, base, discrete,
collector, emitter, start.

I11. a) Listen, repeat and memorize the following words and word-
combinations from the Text A and the Text B. b) Check if you know
their meanings.

Integrated circuits unTerpanbuble cxemrl, Mukpocxembl; continued
effort HempepniBHas nousiTka, mpojo/mKaiomeecs ycuame; miniaturize
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fenaTh MUHUaTiOpHbIM; reliable nHagexxnwifi; trend nampaBneHue, TeH-
neunus; build into Bcrpausath, BMOHTHPOBaTh; eventually B urore,
B KoHile KoHuOB;, “face of stone” moepxnocTh kKamHsi; simultaneous
fabrication oaHoBpemeHnHoe u3rotoBseHHe; merely TONBKO, NpPOCTO;
chip uun (kpucmasr neboavuiozo pasmepa); on account of 3a cuer ue-
ro-i1.; impact Biusinue, BospefictBue; confine- orpanuumBath; offer
npeaJiarath, KaBaTh; failure orkas, c6o#i B paGore, nmpoBai; space probe
KocMuueckuit 30HA; soldered connections maliku, nasiHHBIE COeAMHEHHS,
actual overall cost daxTuyeckas nosHasi CTOMMOCTb; consumer HoOTpe-
6utenn; design cost croumocts paspaGorky; literally GykBanbho; break-
down aBapusi, HeHCHpaBHOCTb; emphasis ocofoe 3HaueHue, yAapeHHe;
operating temperature paGouas temmeparypa; intimate construction
30. G6nuskoe pasMemenue; total demand obmas norpe6GHocTh; require
less power to operate TpeGoBaTb MeHblle MOMIHOCTH AJR paGoThl; in
order to take full advantage nnsa toro, yToGel NONYYHTH BCe mpeHMyILe-
cTBa; saving in space 3KOHOMHS TNpOCTpaHCTBa (0GbeMa).

IV. Find in  the Text A and in the Text B Englishequivalents
of the following word-combinations and translate the sentences with them.

C caMoro Hauaja; MHHHATIOPH3ALHS 3JEKTPOHHOTC 0OGOpYIOBAaHHS;
3HAUHTEJNbHO MEHBLIE; /ISl TOTO, YTOOBl MOJNYUHTH TOTHOE IpeHuMylne-
CTBO; Clie/IaTh BO3MOXKHBIM C MOMOIIBID TOTO K€ Ipollecca, KOTOPHIH HC-
NoJIb3YeTCsl; TaK, YToObl pa3pelliuTh; E€KTPOHHAS MNPOMBILJIEHHOCT;
*KU3HEHHO BaXKHbIE [IPEHMYIIECTBA; HAEKHOCTb IEKTPOHHOTO 000pPYI0-
BaHHf; BCE BO3PACTAIONIAst CJOKHOCTb, MOMET NPHBECTH K MOJIHOA
HEHCNPABHOCTH CHUCTEMBI; 32 CYET TPEX OCHOBHBHIX (DaKTOPOB; IO Mepe TO-
ro, Kak paboyas TeMneparypa YBeJIHUYHBAETCSl; 3aBHCHT OT ofliero Tpe-
6oBaHHSA; AJS ONpeleseHHOH LenH.

V. Analyse the following words from the viewpoint of their struec-
ture. Learn them.

Development, microminiaturization, monolithic, measuring, in-
terconnection, vitally, reliability, breakdown, furthermore, construc-
tion, manufacturing, ultimately.

Text A
MINIATURIZATION IN ELECTRONIC EQUIPMENT

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it. i

Almost since the beginning of the electronics industry, scientists
and engineers have concerned themselveswith producing smaller com-
ponents in a continued effort o miniaturize electronic equipment. In
1948, a major step forward was achieved by the invention of the tran-
sistor. Not only is the transistor considerably smaller than the ther-
mionic valve it replaced, but also more reliable, cheaper and requires
less power to operate. In order to take full advantage of the tramsistor,
passive elements such as resistors, capacitors and inductors were great-
ly reduced in physical size by using new materials and improved
technology.
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The transistor was only a stage in the development of true micro- 3
miniaturization which was made possible by the development of the 1
monolithic integrated circuit. This is a complete circuit whichis i
built into a single “face of stone”, i. e. silicon.

The silicon monolithic integrated circuit is produced by the same |
processes used to fabricate individual transistors and diodes. The tech-
nology is merely extended so as to permit a complete circuit to be made
within a single silicon chip, e. g. a typical integrated chip, measuring °
only 1.25 mm square by 0.25 mm thick, may contain up to fifty electro- -
nic components (transistors, diodes, resistors, capacitors) plus their
interconnections.

" 2. Average Reading
. Text B

RELIABILITY OF INTEGRATED CIRCUITS

L. a) Listen to the text.b) Read it (timelimit is 3min.). ¢) Find the
part of it dealing with the three main factors of high reliability of inte-
grated circuits. Translate it.

The impact the integrated circuit has had on the electronics indu-
stry is not confined to miniaturization. It offers two other vitally
important advantages over the older discrete components circuif,
these are: a) greater reliability; b) production of large number of cir-
cuits at low cost.

Naturally, reliability of electronic equipment has always been
important. However, the ever increasing complexity of present day
electrical equipment (in space probes, computers, etc.) where literally
hundreds of thousands of circuit elements are utilized and where failure
of any may cause complete breakdown of the system, means that grea-
ter emphasis is placed on reliability. Integrated circuits offer high re-
liability on account of three main factors:

a) absence of soldered connections between circuit components;

b) simultaneous fabrication of whole circuits by carefully control-
led processes;

c) low power operation. In general, reliability of electronic appa-
ratus decreases as the operating temperature increases. Thus, since
integrated circuits are low power operated, the resulting temperature
rise is small, giving high reliability. Furthermore, due to itsintimate
construction the effects of temperature variation are more uniform
than in discrete assemblies and this contributes to greater reliabi-
lity. .
The reduction in manufacturing cost is achieved because many
similar circuits may be fabricated simultaneously. The actual overall
cost per circuit to the consumer, i. e. design cost plus manufacturing
cost, does ultimately depend on the total demand for that partieular
circuit.
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ASSIGNMENTS

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

IL. Skim through the Text B and find the part of it dealing with -
the reliability of electronic equipment. Translate it.

I11. Find the part of the text containing information about the effects
of temperature variation. Discuss it.

IV. Answer the following questions.

1. When did scientists invent the transistor? 2. What was the
transistor invented for? 3. What are the advantages of the transistor
as compared with the thermionic valve? 4. By what means were passive
elements reduced in physical size? 5. How is the silicon integrated
circuit produced? 6. What advantages does the integrated circuit
offer over the older discrete component circuit? 7. Is the silicon mono-
lithic integrated circuit produced by the same processes used to fabri~
cate individual transistors and diodes? 8. Has reliability of electronic
equipment always been important? 9. On account of what factors do
integrated circuits offer high reliability? 10. When are the effects of
temperature variation more uniform? 11. Does it contribute to greater
reliability?

V. Prepare a dialogue on the main factors of high reliabilityof inte-
grated circuits.

V1. Speak on the advantages of transistors and integrated circuits.

VII. Make up a plan of the Text B.

VIIIL. Retell the text according to your plan.

IX. Translate the question-answer units into English. Work in
pairs. .
1. Korna 6uin usoGperen tpansucrop? (Tpansmcrop 6bi1 n3oGpeTen
B 1948 r)).

2. KaxoBH npeuMyinecTsa TPaH3HCTOPA [0 CPABHEHHIO C SJEKTPO-
BaKyyMHOH Jamno#? (TpansucTop 3HauHTENbHO MEHbLIE, YeM 3WIEKTPO-
BaKyyMHasi Jamna, GoJiee ‘HalJeXeH, JelleBle ¥ TpeGyeT MeHblle MOII-
HOCTH AJis1 paGoTHL.)

3. Hamuoro /in yMeHblleHBl (U3HUECKHE pasMephl NACCHBHHIX 3Je-
mentoB? ([a. [laccuBHble 3/MeMeHTH, TaKue KAK Pe3UCTOPbI, KOHIEHCA-
TOPbl M KATYIIKH HHAYKTHBHOCTH, 3HAUHTEJHHO YMEHBLLIEHH B pasMepe
nyTeM HCNOJB30BAHHST HOBHIX MaTePHAJOB U YJIYUIIEHHOH TEXHOJOTHH).

4. Kak u3roraBnuBaercss KpeMHHeBasi HHTerpanbHas cxema? (Kpem-
HUEBAsl MHTErpa/jbHAas CXeMa H3TOTaB/IHBAETCH MOCPEACTBOM TeX XKe
TIPOLECCOB, KOTOPHIE MPUMEHSIOTCA NPH H3TOTOBJNEHHH OTAEJbHLIX TPaH-
3UCTOPOB M [IHOJOB.)

5. Kakumu npemMymiectBaMu o67anaeT HETErpaJbHas cXema MO
CPaBHEHHIO CO CXEMOH M3 CTaphlX AHCKpeTHHIX Aertasteii? (Ona obecrme-
YuBaeT GOJIBIIYIO HAJEXKHOCTb M H3TOTOBJEHHE GOJBLIIOrO KOJHYECTBA
CXeM MeHblUIeH CTOMMOCTH.)
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IT. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Approach noxxon; true uctunubld; both ... and kak ..., Tak; simul-
taneously onmnoBpemenno; fabricate wusroraBnuBate; directly mero-
CPEACTBEHHO; separate oraenbublil; somewhat similar koe B ueM nonoGua
interconnected BzauMocBsi3aHHHIH,

I1. Memorize these words and word-combinations used in their spe-
cialized meaning. '

Mount ycrasaBnuBath; bonding cBfisp, coeiuHeHue, CBapHBaHUE;
common base ofimasi ocHoBa, moinoxka; deposite ocaxknatp; diffuse
planar technique auddysuonHas n/aHApHAs TEXHOIOTHS.

IIl. Find the following word-combinations and terms in the Text C
and translate the sentences containing them.

A small single wafer HeGosbluasi oTReNbHA «BadisA», IVIACTHHKE,
film circuit nienounan cxema; insulation substrate wusomupyrowas
ocHOBa, noayioxka; thin-film circuits Touko-naenoynsle cxemnr; thick-film
circuits Tosmcro-niienounele cxembl; interconnection wiring pattern
y30p, PHCYHOK M3 COeJMHMTeNbHBIX NPOBOJHMKOB; evaporation tech-
nique TexHHKa HamblIeHHs (C NOMOIIBIO HCMapeHust); separate semicon-
ductor wafer oraenbHasi NOMYNPOBOAHUKOBAS IVIACTHHKAE  (KPUCTa/ll);
silk-screen technique texumuka menrorpaduu; multiple-chip circuit
MHOTOKpHCTa/IbHasi cxeMa; oxidized surface okcuaupoBanHasi —moBepx-
HoCTh; wiring patterns npoBosiouHBIl Yy30p.

1V. a) Arrange the following words of the same root according to
the model. b) Do the same with other words from the Text C.

Model. metal — metallize — metallization — metallic

interconnect, deposite, evaporate, combine, approach, use, add.

Text C
CLASSIFICATION OFE INTEGRATED CIRCUITS

I. a) Read the text.b) Find the part of it dealing with the thick-film
methods. Translate it.

There are two basic approaches to microelectronics.

1. Monolithic Integrated Circuits. This is the true integrated circuit,
in which all components both active and passive are formed simulta-
neously in a small single wafer of silicon by the diffused planar tech-
nique.

2. Film Circuits. Film circuits are microminiature electronic cir-
cuits fabricated by forming passive electronic components directly
on the surface of an insulation substrate. There are two types: thin-
film circuits and thick-film circuits.
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In the thin-film technique, passive components — resistors and
capacitors, and the interconnection wiring pattern — are formed,
using evaporation technique, onto glass or ceramic substrates.
The active components — transistors and diodes —are fabricated
as separate semiconductor wafers and these wafers are then mounted
directly onto prepared locations on the pattern and connected into
the circuit. ’

The thick-film method is somewhat similar to the thin-film appro-
ach. The passive components and wiring pattern are formed using
silkscreen technique on ceramic substrates. The active semiconductor
devices are again added as discrete wafers.

In addition to the two basic approaches to microelectronics,
there are two other methods using a combination of techniques.

1. Multiple-chip Circuits. Here, the passive and active components
are formed in separate wafers or “chips” of semiconductor material
and these are then mounted onto a common base and interconnected
with very small diameter gold wire using thermocompression bon-
ding.

2, Hybrid Integrated Circuits. This is a combination of monolithic
-and film technique, in which the active components are first formed
in a single wafer of silicon with an oxidized surface, and the passive
components and metallized interconnection pattern are deposited
onto the silicon-oxide surface by evaporation technique.

ASSIGNMENTS

I. Divide the text into logical parts. Choose the key sentences and
translate them.

1. Find the part of the text describing the two basic approaches
to microelectronics. Discuss it.

I11. Read the Text C attentively and answer- the questions.

I. How many approaches are there to microelectronics? 2. What
are they? 3. What are film circuits? 4. How are they fabricated?
5. How many types of film circuits are there?6. What are these types
of film-circuits? 7. How are passive elements formed? 8. How are the
active components fabricated? 9. Is the thick-film method similar
to the thin-film approach? 10. How are the passive components and wi-
ring pattern formed? 11. What are additional basic approaches to
microelectronics? 12. What are the passive components and metallized
interconnection pattern deposited onto?

1V. Prepare a dialogue on your own situation.

V. Analyse the structure of the following sentences and translate
them into Russian.

1. Using the standard photolithographic technique previously
described, silicon oxide is removed so that theonly oxide film remain-
ing is that over the region where the transistor is tobe formed. 2. Com-
pare the structure of the transistor just considered with the structure
of a discrete planar transistor shown in Fig. 4.13a. 3. The important
steps involved in the manufacture of one widely used type of integrated

7 7628 193



circuit transistor are the following. 4. Starting with a suitable prepa-
red silicon wafer, a thin film of silicon oxide is thermally deposited
on the working surface.

V1. Speak on:

1. Multiple-chip Circuit.

2. Hybrid Integrated Circuit.

V1L Translate the Text C to be sure you understand it well.

VIII. Make up a plan of the text. .

IX. Retell the text according to your plan.

X. Review the text in written form.

4. Searching Reading
PRE-TEXT EXERCISES

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

through one common workmg Kak CBepXy, TaK H CHH3y

surface .

starting with paHee ONUCAHHBIA

suitably prepared - - NepBOHaYabHO paspaGoTaHHast

previously described enle OfHA IVIEHKa

heavy p-type impurity diffusion uepes oxny oburyio paGouyio no-
BEPXHOCTb

both the top and bottom HauMHas ¢

further film CWIBHO JIeTHpPOBaHHas o06JacTh
AMUTTEPA

heavily doped emitter region mnoAroTOBJEHHBI! COOTBETCTBYIOWUM
o6pasom

originally developed cuIbHast [y 3us IpUMECH p-THNA

except for 33 HCKJIOYEHHEM

II. Be sure that you know these words.

Etch v. BuiTpaBnusath; subsequently Brocrepctsum; final film
3aBepuiaiolias mjenxa; laterally ropusontambho; sandwich v. mpocisa-
uaTh; essential cymecrBenunil; solution pewenue; n* buried layer
CKpHITHIH n* cjofi; prefer v. mpeanounTtatsh, eventually B koneunom
cuere.

1. Give the initial forms of the following words and translate
them.

Originally, working, widely, using, remaining, diffusion, imme-
diately, thickness, approximately, readiness, resistivity.

TextD
TRANSISTORS FOR INTEGRATED CIRCUITS

1. Read the following text and tell about the important steps involved
in the manufacture of one widely used type of integrated circuit tran-
sistor, -
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Although there are several different ways in which transistors
for integrated circuits can be fabricated, they are all based on the
planar process originally developed for discrete transistors. The name
planar is used because the collector, base and emitter region are all
formed through one common working surface of the wafer and the
external connections all come to the same surface (planar means
single surface). The planar process utilizes the various processes.

The important steps involved in the manufacture of the widely
used type of integrated circuit transistor are:

Step 1: Starting with a suitably prepared silicon wafer, a thin
film of silicon oxide is thermally deposited on the working surface
(top face).

Step 2: Using the standard photolithographic technique silicon
oxide is removed so that the only oxide film remaining is that over
the region, where the transistor is to be formed.

Step 3: The wafer is subjected to heavy p-type impurity diffusion
from both the top and bottom. The original n-type material is con-
verted to p-type except for the region immediately below the silicon
oxide mask. The thickness of this isolated n-type region which will
eventually contain the collector, base and emitter region is approxi-
mately half the wafer thickness. A new film of silicon oxide is deposi-
ted over the entire working surface of the wafer.

Step 4: A window in the silicon oxide is created in readiness for a
second diffusion process.

Step 5: P-type impurities are diffused through the windows in
the oxide until the n-type silicon immediately below the window
is converted to p-type of the correct resistivity to form the base of
the transistor. A further film of silicon oxide is then deposited on the
working surface of the wafer.

Step 6: Further windows are etched in the silicon oxide in readiness
for a third diffusion process. ’

Step 7: N-type impurities are diffused through the windows to
form the heavily doped emitter region (n*), plus a heavily doped
(n*) region within the collector so as to provide a good contacts.
A final film of silicon oxide is laid on the working surface.

Step 8: Contact holes are etched in the oxide film and aluminium
is then deposited on the wafer. This aluminium film is subsequently
etched to form the separate collector, base and emitter terminals.

Compare the structure of the transistor just considered with the
structure of a discrete planar transistor shown in Fig. 4.13a. It will
be seen that the essential difference is that with the discrete transistor
the collector contact is made at the bottom of the structure, whereas
it is at the top for the integrated circuit transistor. Because of the
necessity for this top connection, the collector current must flow la-
terally along a narrow n-type region of relatively high resistivity.
The result is a higher Ucgsat). .

Two methods are used to overcome this high collector resistance.
One approach is to use two collector contacts as suggested. Although
the resistance may be reduced from say 30Q to 20Q and Ucgay
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Fig. 4.13. The comparison- of the structure of a discrete and integrated
transistors:

a a discrete transistor; b an integrated transistor, utilizing buries nt-layer.

from 0.32 V to 0.20 V by using this method, the improvement is
obtained at the expense of increased transistor area. A preferred so-
lution is to diffuse a heavily doped (low resistivity) n-type silicon
layer sandwitched between the p-type substrate and the n-type col-
lector. The resulting structure is shown in Fig. 4.13b, from which it
may be seen that the collector current can now flow lateral]y through
a low resistance region, resulting in considerable decrease in the col-
lector resistance and Ucg(sat)-

ASSIGNMENTS

1. Give the main idea of the Text D.

Il. Answer the following questions embracing the contents of the
Text D.

1. What are different ways for transistor fabrication based on?
2. How many important steps are there in the manufacture of integra-
ted circuit transistor? 3. What is shown in Fig. 4.13a? 4. What essen-
tial difference is in the structure of the discrete transistor, on the one
hand, and the integrated circuit transistor, on the other? 5. What
methods are used to overcome the high collector resistance? 6. What
is the first approach to this problem? 7. What is the second approach
to the same problem? 8. What does Fig. 4.13b show? 9. Why is the
name planar used? 10. Does the planar processutilize the various pro-
cesses? 11. What are the important steps involved in the manufacture
of one widely used type of integrated circuit transistor? 12. Where
is the comparison of the structure of a discrete and integrated tran-
sistors shown?

111. Prepare a dialogue on your own situation.

1V. Speak on:

1. The planar processes originally developed for discrete transistors.

2. The important steps involved in the manufacture of integrated
circuits.

3. Compare the structure of the transistor just considered with
the structure of a discrete planar transistor.
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V. Make up a plan of the text.

VI Retell the text according to your plan.

VII. Look through the latest magazines and find additional material -
about integrated circuits. Discuss it with your fellow-students.

III. GRAMMAR EXERCISES

I. Find the verbs in Perfect Tenses in the following sentences and
translate them.

1. Scientists and engineers have concerned themselves with produ-
cing smaller components. 2. The impact the integrated circuit has
had on the electronics industry is not confined to miniaturization.
3. Reliability of electronic equipment has always been important.
4. Many new devices have been invented by the scientists.

I1. State the tense-forms of the verbs in the Passive Voice in the

following sentences. Translate the sentences.
. 1. Passive elements were greatly reduced in physical size. 2. The
development of true microminiaturization was made possible by the
development of the monolithic integrated circuit. 3. This circuit is
built into a single “face of stone”, i. e. silicon. 4. Many thousands of
circuit elements are utilized. 5. The reduction of manufacturing cost
is achieved because many similar circuits may be fabricated simul-
taneously. 6. The active components — transistors and diodes— are
fabricated as separate semiconductor wafers and these wafers are then
mounted directly onto prepared locations on the pattern and connec-
ted into the circuit. 7. The active semiconductor devices are again
added as discrete wafer.

I11. Find the sentences with the verbs in the Passive Voice in the
Text D.

IV. a) State the forms and functions of the- Infinitive and-ing-
forms. b) Translate the sentences.

1.Almost since the beginningof the electronics industry,scientists and
engineers have concerned themselves with producing smaller and smal-
ler components in a continued effort to miniaturize electronic equip-
ment. 2. In order to take full advantage of the transistor, passive
elements such as resistors, capacitors and inductors were greatly
reduced in physical size by using new materials and improved techno-
logy. 3. The technology is merely extended so as to permit a complete
circuit to be made within a single silicon chip. 4. However, the ever
increasing complexity of present day electrical equipment means
that greater emphasis is placed on reliability.
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Lesson 6. MOS TECHNOLOGY

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Scale of Integration.
2. Average Reading.
Text B. Metal-oxide-semiconductor
(MOS) Transistor.
Assignments.
I1. Classwork.
3. Clos2 Reading.
Pre-text Exercises.
Text C. Alternative MOS Processes.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Capacitors for Integrated”
Circuits.
- Assignments.
IT1I. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading

I. a) Listen and repeat after the speaker. b) Memorize the following

abbreviations.

MOS — metal-oxide-semiconductor transistor;

SSI — small-scale integration;

MSI — medium-scale integration;

LSI — large-scale integration;

ULSI — ultra large-scale integration;

MOSLSI — large-scale integration of metal-oxide-semiconductor
transistor;

NMOS — n-channel metal-oxide-semiconductor transistor;

CMOS — complementary metal-oxide-semiconductor transistor.

1. a) Listen, repeat and memorize the following words and word
combinations. b) Check if you know their meanings.

Threefold Tpoiinof; feasible BO3MOXKHEIN, CYIIeCTBEHHBIH; some-
what Hecrosibko; dynamic circuit techniques meToad nocrpoenus nu-
Hamuueckux cxeM; a steadily increasing fraction nocrosinno pacryiias
nons (Yactb).

I11. a) Listen and repeat after the speaker. b) Analyse the structvre
of the following terms. Translate them.

A single integrated circuit chip; small-scale integration; large-scale
integration; equivalent gates; first commercial digital circuits; a new
identifier; ultra large scale integration; two distinct classifications;
standard parts; many system manufacturers; custom circuits; suitable

198



standard parts; a specific application; small-scale digital integrated
circuits; large-scale integrated digital memory and microprocessor
circuits; the most important advantage; bipolar circuits; fabricated
process; fewer critical defects; bipolar circuit fabrication; dynamic
circuit technique; a given circuit function; internal dimensions;
a great many variations of MOS technology; zero power consumption;
a reverse-biased p-n junction; a typical integrated-circuit p-n junc-
tion capacitor.
Text A

SCALE OF INTEGRATION

- L. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

In practice, many simple digital schemes or gates are manufactur-
ed on a single integrated circuit chip. Although there are no univer-
sally accepted definitions for levels of complexity, when between
. and 10 gates are included on a chip, the usual term referring to this
level of complexity is small-scale integration (SSI).

Medium-scale integrated circuits (MSI) are generally considered
to include 10 to 100 gates on a chip, while large-scale integration
(LSI) refers to complexities in the range of 100 to approximately
10,000 gates or bits of memory per chip. The term very large scale
integration (VLSI) is commonly used for integrated circuit chips
containing more than 10,000 equivalent gates; the first commercial
digital circuits at this level of complexity became available about
1980. Ultimately it may be possible to incorporate a million or more
gates on a chip; a new identifier such as ultra large scale integration
(ULSI) may come into common usage. ,

Two distinct classifications for integrated circuits are as standard
parts (components used by many system manufacturers) or custom
circuits (components designed and manufactured for one customer).
Custom circuits are used when suitable standard parts are not avail-
able, or to reduce costs by providing exactly the function needed for
a specific application. -

2. Average Reading
TextB »
METAL-OXIDE-SEMICONDUCTOR (MOS) TRANSISTOR

I. a) Listen to the text. b) Read it (time limit is 3 min.). c) Find the
part of it dealing with the most important advantage of MOS circuits
over bipolar circuits for LSI. Translate it.

Small-scale digital integrated circuits based on complementary
MOS technology have been in use for many years. MOS technology
is the basis for most of the large-scale integrated (LSI) digital memory
and microprocessor circuits. The most important advantage of MOS
circuit over bipolar circuits for LSI is that more transistors and more
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Circuit functions may be successfully fabricated on a single chip with
MOS technology. The reason for this are threefold. First, an indivi-
dual MOS transistor occupies less chip area. Second, the MOS fabrica-
tion process involves fewer steps and as a result achieves fewer critical
defects per unit chip area than in bipolar circuit fabrication. This
makes feasible somewhat larger chips in MOS technology. Third,
dynamic circuit techniques that require fewer transistors to realize
a given circuit function are practical in MOS technology but not in
bipolar technology. The result of these differences is that MOSLSI
circuits are significantly cheaper to manufacture than bipolar cir-
cuits of equivalent function. Consequently, MOSLSI circuits are
m:ilking up a steadily increasing fraction of the total market for.digi-
tal LSI. ‘

ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with
the most important. results of using MOS technology.

I11. Find the part of the Text B containing information about diffe-
rences in MOSLSI circuits and bipolar circuits. Discuss it.

IV. Answer the following questions.

1. What are manufactured on a single integrated circuit chip?
2. Are there any universally accepted definitions for levels of comple-
xity? 3. What are MSI generally considered? 4. What term is common-
ly used for integrated circuit chips containing more than 10,000 equiva-
lent gates? 5. When did the first commercial digital circuits at this
level of complexity become available? 6. What are two distinct classi-
fications for integrated circuits? 7. When are custom circuits used?

V. Prepare a dialogue on your own situation.

VI. Make up a plan of the Text B.

VII. Retell the text according to your plan.

II. CLASSWORK
PRE-TEXT EXERCISES

1. Be sure that you know these words.

Significant feature oTnuuTenbHasi ocoGeHHOCTH; very sharp sd.
oueHb cepbesHmwlil; in contrast B npoTuBonosoxHocTs; steady ycToduun-
Bhiii; capability cmocoGHocts; shrink coxpamars; furthermore Gosee
TOTO; €Oin H3MBILLIATb, CO37laBaTh (HOBEIE cJsioBa); prevalent wmpoko
pacnipocTpaHeHHHIH; wristwatch wachi-Gpacner.

I1. Find the following word-combinations in the Text C and translate
the sentences containing them. '

Pattern definition capability BosmoxkHOCTL yeTKoro Bocmpouseene-
nus cTpykTyphl; self-aligned silicon gate NMOS kpemuuestie npuGopet
n-MOI] ¢ camocoBMenienHbM 3ateopod; complementary MOS (CMOS)
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technology texsosorus K-MOII; zero power consumption HyJeBas
notpebasieMan MomHocTh; for both logic states pns oboux noruueckux
COCTOSIHHH . ,

I11. a) Find attributes in the following word-combinations and de-
fine the parts of speech they are expressed by. b). Translate them into Rus-
sian.

The internal dimensions of individual devices; sharp improve-
ments; circuit speed; the most prevalent version of MOS technology;
the great advantage of CMOS digital circuits; essentially zero power
consumption; a typical integrated-circuit p-n junction capacitor.

Text C
ALTERNATIVE MOS PROCESSES

1. a) Read the text. b) Speak {on a great many variations of MOS
technology.

A significant feature of MOS circuits is that reductions in the inter-
nal dimensions of individual devices result in very sharp improve-
ments in circuit speed. In contrast, bipolar circuit speed improves
only gradually as internal dimensions are similarly reduced. With
the steady improvements in pattern definition capability, the diffe-
rence in performance between bipolar and MOS circuits has steadily
become smaller. For LSI circuits, the speed difference has shrunk
from a factor of 10 or more in 1970 to a factor of 2 or less in 1980.

A great many variations of MOS technology have been and conti-
nue to be used. Furthermore, the commercial reasons, manufacturers
of components often coin their own name or acronym for what may
be a process technology used by others under a different name.

The most prevalent versionsof MOS technology today is self-aligned
silicon-gate NMOS. Modern versicns of this process employ a technique
known as local oxidation to increase circuit density-and performance.

Complementary MOS (CMOS) technologies provide both n-channel
and p-channel devices in one chip, at the expense of some increase
in fabrication complexity and chip area compared to basic NMOS.
The great advantage of CMOS digital circuits is that they may be de-
signed for essentially zero power consumption in steady-state condi-
tion for both logic states. Power is consumed only when circuits
switch between logic states; average power consumption is usually
much smaller than for NMOS circuits. CMOS is widely used for digital
wristwatches and other battery-powered equipment, and it is coming
into wider use in computers and communication equipment.

ASSIGNMENTS

I. Answer the following questions embracing the contents of the Text C.
1. What is a significant feature of MOS circuits? 2. How does
bipolar circuit speed improve as internal dimensions are similar

201



reduced? 3. When has the difference in performance between bipolar
and MOS circuits become steadily smaller? 4. From what factors
has the speed difference shrunk in 1970 and 19807 5. What is the
most prevalent version of MOS technology? 6. What technique do
modern versions of this process employ? 7. What does complementary
MOS (CMOS) technologies provide?

I1. a) Read the text again and ask additional questions embracing
its contents. b) Combine your answers into a short summary of the text.

IT1. Find the part of the text containing information about the great
advantage of CMOS digital circuits. Translate it.

IV. Pick out all technical terms from the Text C and translate them.

V. Make up a plan of the text.

VI. Speak on the topic according to your plan.

VIL. Review the text in written form.

VIIL Translate the text to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

island noAGop

inevitable TOYHO

further defects [pOCTOTa  H3TOTOBJIE-
HUSA

relative permittivity  noeepxmoctible B3a-
HMOCO€/IHHEHUSA

it may be regarded panee paccMoTpennsiil

precisely BBIXOJA TORHBIX  CXeM

simplicity of fabrica-
tion

KOHJIEHCATOp ¢ napaJ-
JIEJIbHBIMH . IVIACTHHAMH

adjustment Hen 30K HEIH

circuit yield CulbHO  AudpyHAUpO-
POBAHHBI#

previously considered ocrposok

heavily diffused

parallel-plate
tor

surface interconnec-
tion

offset

capaci-

adversely

sentences with them.
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HepocrTart-
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CBECTH Ha HeT

npo-

IL. Pick out all technical terms from the Text D and translate the
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Fig. 4.14. Junction capacitors for integrated circuits:

a a typical junction capacitor; b a junction capacitor with increased
capacitance.

IT11. Memorize the reading of the following formulas.
ceg - A _
LC=2 ZO farads — C is equal to & sub r multiplied by e
sub 0 multiplied by A divided by d farads.
2. pF/mm?— p multiplied by F divided (per) mm squared.

TextD
CAPACITOR FOR INTEGRATED CIRCUITS

I. Read the text and say what it is about.

Capacitor for integrated circuits fall into two categories: a) The
p-n junction type. b) The thin film or MOS type.

A p-n junction capacitor uses the capacitance of a reverse-biased
p-n junction. A typical integrated-circuit p-n junction capacitor is
shown in Fig. 4.14a. It is formed in the silicon chip simultaneously
with transistor fabrication. Thus the emitter base junction or the col-
lector-base junction can be utilized, e. g. for a collector-base p-n capa-
citor, the p-type region may be diffused into the isolation n-type island
at the same time as transistor base formation. The n*-type contact
region is formed into the island simultaneously with diffusion for
transistor emitter regions. .

The resulting capacitance associated with the p-n junction de-
pends upon: a) The junction area. b) The resistivity of the two region
utilized. ¢) The magnitude of the reverse-biased voltage. A higher
value type of junction capacitor is shown in Fig. 4.14b. Two n-type
region n, and n,, sandwich a p-type region, resulting in an increase
in junction area.

From Fig. 4.14 it may be noted that an unwanted capacitor is
formed by the reverse-biased n-type isolation island and the p-type
substrate. Further defects of junction capacitors are their voltage
dependence and the inevitable leakage current associated with reverse
biased p-n junctions.

The principle of the thin-film integrated circuit capacitor is that
of the parallel-plate capacitor, i. e: a capacitor is formed when two
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Fig. 4.15. Thin-film capacitors for integrated circuits:
a metal oxide capacitor; & thin-film capacitor.

conducting plates are separated by a dielectric material. The total
capacitance produced, providing the area of the plates is large in re-
ation to the distance between them, is given by

g -g-A

C=-"

farads,

where e, is the relative permittivity of dielectric,
&, is the permittivity of free space (8.85 x 102 farads/ metres),
A is the area of plates in square metres,
d is the distance between plates in metres.

There are many different forms of thin film capacitors. Fig. 4.15
shows one type.which is very widely used — it is referred to as metal
oxide silicon capacitor or MOS capacitor.

Plate B consists of a heavily diffused n* region that is diffused
into the isolation island at the same time as transistor-emitter difiu-
sion. The resistivity of this region is so low that it may be regarded
as a conducting plate.

The dielectric layer is usually a film of silicon oxide of precisely
controlled thickness. The high dielectric strength of silicon oxide
makes it possible to have a very thin film, in the order of 0.05 ym
which gives a capacitance of 600 pF/mm? with a safe breakdown vol-
tage. -

Plate A consists of a thin layer of aluminium that is deposited
at the same time as metallization of the surface interconnections.

The advantages of this construction are its non-polarization and
its simplicity of fabrication. The only additional processing step is
adjustment of the thickness of the dielectric layer. Fig.4.15b shows
a second type of thin-film capacitor that is fabricated entirely on
top of the chip. It has an advantage over the previously considered
thin-film capacitor in that it may form over previously diffused ele-

ments. Further advantages are that a wider choice of dielectric mate- .

rials may be used and adjustment of the final capacitance may be
obtained by abrasion of the top plate. These advantages are somewhat
offset since the construction requires additional processing steps
which adversely affect the cost and circuit yields.
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ASSIGNMENTS

I. Answer the following questions embracing the contents of the
Text C.

1. What are the categories of capacitors for integrated circuits?
2. What capacitance does a p-n junction capacitor use? 3. Where is a ty-
pical integrated circuit p-n junction capacitor shown? 4. Is it formed
in the silicon chip simultaneously with transistor fabrication? 5. What
does the resulting capacitance associated with the p-n junction depend
on? 6. How is an unwanted capacitor formed? 7. What are further
defects of junction capacitors? 8. What is the principle of the thin-
film integrated circuit capacitor? 9. By what formula is the total
capacitance produced? 10. Are there many different forms of thin
film capacitors? 11. What is shown in Fig. 4.15a? 12. What does
plate B consist of? 13. What is the dielectric layer? 14. What does
plate A consist of? 15. What are the advantages of this construction?

I1. Examinz Figs. 4.14 and 4.15. Describe them.

I11. Discuss the problem of capacitors for integrated circuits using
illustrations.

IV. Speak on:

1. Discrete transistor.

2. Integrated circuit transistor using buried n* layer.

V. Prepare a dialogue on the important steps involved in the manu-
facture of one widely used type of integrated circuit transistor.

V1. Look through the latest magazines and find additional informa-
tion on the topic of the lesson. Discuss it with your fellow-students.

II1. GRAMMAR EXERCISES

I. Find the verbs in Perfect Tenses in the following sentencesand
translate them. .

1. Small-scale digital integrated circuits based on complemen-
tary MOS technology have been in use for many years. 2. With the
steady improvements in pattern definition capability, the difference
in performance between bipolar and MOS circuits has steadily become
smaller. 3. For LSI circuits, the speed difference has shrunk from
a factor of 10 or more in 1970 to a factor of 2 or less in 1980. 4. A great
many variations of MOS technology have been and continue to be used.

[1. Put as many questions as you can to different parts of the following .
sentences. - '

1. MOS technology is the basis for most of the large-scale integra-
ted (LSI) digital memory and microprocessor circuits. 2. The indivi-
dual MOS transistor occupies less chip area. 3. The MOS fabrication
process involves fewer steps. 4. MOSLSI circuits are significantly
cheaper to manufacture than bipolar ¢ircuits of equivalent function.
5. MOSLSI circuits are making up a steadily increasing fraction of
the total market for digital LSI. 6. Reductions in the internal dimen-
sions of individual devices result in very sharp improvements in cir-
cuit speed.
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I11. a) State the forms and the functionsof the Participlesin the
following word-combinations. b) Translate them into Russian.

Integrated circuit chip; the term reifering to this level; integrated
circuit chip containing more than 10 000 equivalent gates; components
used by many system manufacturers; components designed and manu-
factured for one customer; the functxon needed for a specific applica-
tion; small-scale d1g1ta1 integrated circuits based on complementary
MOS technology; a given circuit function; a steadily increasing frac-
tion; a technique known as local oxidation.

IV. Find modal verbs with the Passive Infinitive in the Text Dand
translate the sentences with them.



Chapter V. ELECTROAUTOMATION
AND TELEMECHANICS

Lesson 1. THE LAPLACE TRANSFORM

I. Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A. The Aim of the Transfor-
mation.
2. Average Reading.
Text B. The Single-sided Laplace
Transform.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Transfer Functions.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Pole-zero Plots.
Assignments. -
I11. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Theory, analyse, synthesize, engineering, system, electrical, ge-
neral, characteristic, function, complex, integral, transformation,
* limit, theorem, sinusoid, component, characterize, pole, signal,
diagram, form.

I1. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Transient nepexonnmii, HeycraHoBuBHIMHCS; die downv.saryxatb,
3aMHpaTtb; domain obnacts; obey v. noguuHAThbest; list cnmcok; height
[ai]l BrIcOTa; solution pemenne; critical value KpuTHueckoe 3Hauenue;
reference table cnpaBounas taGmuua; steady-state condition ycrawno-
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BHBUIeeCs (CTauMoHapHoe) coctosinue; complex variable kKommaekcuas
nepemenHas; steady-state solution ycranoBuBiweecs (cTauuonapHoe)
pewenue; integral converge cxoaumocts nuTerpana; single-sided oawo-
croponnuil; that is the case Tak GbiBaer B cayuae, Korpa; for the unit
step change nn1s usMeHenus B Buie eAHHUUHOTO cKaukKa; linear integral
transform Jsinrefinoe uuTerpanbhoe npec6pasopanne; the order of dif-
ficulty nopspok Tpynsocts; evaluation of the integral onenka wumre-
rpana; transform pairs nape npecGpasoBanmii (BsammocGpaTHEle — Dpe-
oGpasosannsi); conventional calculus o6uiunbli pacuer; single-valued oaso-
3naunbiit; first-order time derivative nepsas npoussossas Bo BpeMeHn.
I1. Memorize the reading of symbols and formulas. Repeat them
after the speaker. :
f(¢)—a function of [ti:]; # < 0— [ti:] less than zero; ¢> 0— [ti:]
greater than zero;

L[f Ol=F(s) = S e—st. f(t)dt;Capital [el], square bracket opened

0—-
function [ef] of [ti:] square bracket closed, equals capital [ef] of [es]
equals the integral from [ou] minus to the infinity of [i:] to the
minus [es ti:] power multiplied by function of [ti: di: tiz).
_ 1V. a) Translate the following word-combinations. b) Define the
attributes and say what part of speech they are expressed Ly.

The Laplace transform theory; engineering system; particular
electrical network; mcre understanding; introduction of any wave-
shape; frequency dependent functions of a complex variable; single-
sided Laplace transform; a linear integral transform; ordinary diffe-
rential equation. '

TextA v
THE AIM OF THE TRANSFORMATION

L. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The Laplace transform theory allows one to analyse and synthe-
sise engineering systems and in particular electrical networks with
less effort, greater accuracy and more understanding than engineers
can usually develop using conventional calculus.

The Laplace transform is a general method that permits the intro-
duction of any waveshape into a circuit and deals with transient as
well as steady-state. solution. The aim of the transformation is to
allow one to think of the characteristics of systems and networks in
the s-domain.

" 2. Average Reading
Text B
THE SINGLE-SIDED LAPLACE TRANSFORM

1. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find the
part of it dealing with the Laplace transform. Translate it. ‘
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The Laplace transform converts a func- 1)

tion in the time domain [ (f), defines for |
t >0, toa function in the s-domain, and is {
defined as 0‘__L
o0 | -
LM =F@ = estf@a, ¢1 7 - + ot

0= Fig. 5.1. A waveiorm for

where s= 0 + jo is the Laplace complex unit step change.
variable. Normally o is positive and suffici-

ently large to make the integral converge. Thus, this transformation
relates time function to frequency dependent functions of a complex
variable. Equation (5.1) is called the single-sided Laplace transform
because the lower limit of the integral is defined as zero, in this
case approached from the ¢ < 0 side. This latter point is useful when
dealing with functions that are discontinuous at ¢t = 0. For example,
for the unit step change shown in Fig. 5.1 the limit 0~ is zero, being
the value of f(f) at { =0 approached from 0-. To transform a time
function f (f) from the time domain to the s-domain using the Laplace
transform, f (f) must be zero ¢ < 0 and single valued and defined
for t > 0; it may or may not be defined at ¢ = 0.

It is evident from Eq. (5.1) that the Laplace transform is a linear
integral transform obeying the superposition theorem. The theorem can
be stated as follows: if a time function f,(/) gives a Laplace transform
F,(s) and a time function f,({) gives a Laplace transform F,(s), then a
time function f,(f) 4 f,(?) gives F,(s) + F,s). The useof this transform
reduces the order of difficulty of a problem because discontinuous in
time, for example as shown in Fig. 5.1, are replaced by continuous
function in s, while ordinary differential equations are replaced by
algebraic equations. Thus having transformed the problem in the
s-domain it is usually easy to write down the Laplace transform of
the solution.

ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with the
use of the Laplace transform. Translate it. '

[11. Find the part of the Text B containing information about an
example for unit step change. ‘

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

1. What does the Laplace transform theory allow? 2. What method
is the Laplace transform? 3. What solutions does the Laplace transform
deal with? 4. What is the aim of the transformation? 5. What function
does the Laplace transform convert?

V. Ask additional questions on the Text A and the Text B.

VI. Make a short summary of the Text B.
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VII. Prepare a dialogue on the theorem which a linear integral
transform obeys. :

VIII1. Speak on the Laplace transform theory.

IX. Examine Fig. 5.1 and comment on a waveform for unit step
change.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

1. Be sure that you know these words and word-combinations.

Step changes ctynenuaTsle usmenenus; linear second-order system
JUHeliHast cucTema Broporo rnopsiika; linear differential equation su-
Hellnoe audoepeHunanbHoe ypaBHeHue; transient term uien, cBsasaH-
HbI C mepexofHBIM mpoueccoM; system transfer function mepepartounas
byHkuus cucremsl;. characteristic equation xapakrepucruueckoe ypas-
HEHHUe.

I1. a) Pay attention to the attributes in these word-combinations and
define the parts of speech they are expressed by. b) Translate them.

The output response of a network; a linear second-order system;
a linear differential equation; knowledge of the general form of the
response; the ratio of a network output; the individual transfer fun-
ction.

I11. Give the initial forms of the following words and translate them.

Transducer, amplifier, various, normally, equation, differential,
exactly, transforming, expression, individual. .

Text C
TRANSFER FUNCTION

I. a) Read the text. b) Speak on the networks connected in series.

It is often necessary to find the output response of a network or
system, for example a transducer and amplifier, for various types of
input, for example sinusoids or step changes. Normally theoutput
c(f) and input r(f) of a linear second-order system are related by
a linear differential equation of the form

Uun+vﬁ$-+wgqmu=4a (.9

and the output ¢ (f) contains two components, a transient termand
a steady-state term. It is sometimes necessary to know the output
‘exactly, although often knowledge of the general form of the response
is sufficient.

Transforming Eq. (5.2) from the time domain to the s-domain
gives the expression

C(s) =G (s) R(s), @3
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It will be seen from Eq. (5.3) that the ratio of a network out-
put C(s) to its input R(s) is the transfer function G(s), if all ini-
tial conditions are zero.

If two or more networks are connected in series, provided the pro-
cess of connection does not affect the networks, the overall transfer
function is the product of the individual transfer functions.

ASSIGNMENTS

1. a) Divide the text into logical parts. b) Find the key sentences
and translate them.

I1. Find the part of the text containing a linear differentialequa-
tion.

III. Answer the following questions on the Text C.

1. What is necessary to find the output response of a network
for? 2. What are the output ¢ (f) and input r (f) of a linear second-
order system normally related by? 3. What components does the output
¢ ({) contain? 4. What is sometimes necessary to know and what is
sufficient to know? 5. What will be seen from Eq. (5.3)? 6. What is
the overall transfer function if two or more networks are connected in
series?

IV. Prepare a dialogue on your own situation.

V. Speak on equations necessary to find the output response of a net-
work or system.

V1. Translate the Text C to be sure you understand it well.

4, Searching Reading

PRE-TEXT EXERCISES

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

A pole -zero diagram JuarpaMma HyJel-noJaocoB
superimpose (on Fig.) yxoasuii B GeCKOHEUHOCTh
transient response to be determin- Hectabunbmas crcrema

ed

the following points regarding the skcnoHeHnHabHO 3aTyXalOMKE CH-

poles of the transfer function HyCOHJa/bHbie KoaebaHus
unstable system HAHECTH, HAJOKHUTL (Ha pHC.)
going away to infinity He 3aTyxalollHe KoJjebaHus
complex conjugates SKCIOHEHIMAJIBHBIA chaj
exponential decay KOMIIJIEKCHO-CONPSIKEHHBIE
exponentially decaying sine waves onpegesnsieMast nepexopnasi xapak-
. TepHCTHKA '
continuous oscillation crefytolue coobpaxeHus, Kacato-

Liyecs MoJocoB pyHKUHMH nepesayn

I1. Pick out all formulas from the Text D and write them with help
of words.
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I11. a) Translate the following word-combinations from the Text D.
b) Use them while retelling the text.

We have seen that it is fairly easy to describe; we shall now consi-
der; the position of the poles is far more important; in this respect
poles with positive real parts denote; complex poles always occur in
pairs; a pole s = —o (0> 0) means that. :

- TextD
POLE-ZERO PLOTS

I. Read the text and say about pole-zero plots.

We have seen that it is fairly easy to describe a system in the
s-domain by its transfer function and to write down the characteristic
equation of the system. It seems reasonable that one should be able
to characterize a system in the s-plane.

We shall now consider the definitions of poles and zeros. Values
of s which make a system output C (s) infinite are called poles of
C (s). These poles are found by solution of the equations

1 I
=0, (5.4): =0, (5.5)

The position of the poles obtained from Eq. (5.4) on the complex -
s-plane gives information regarding the transient response of the
system. The poles obtained from Eq. (5.5) are determined by the input
signal and the initial conditions. .

Values of s which makes C (s) zero are called zeros of C (s) and it is
clear that they are obtained from the equations

G(s) = 0; (5.6); R(s) =0. (5.7)

A pole-zero diagram of a system transfer function obtained from
Egs. (5.4) and (5.6), allows the form of the transient response tobe
determined. The position of the poles is far more important in this
respect than that of the zeros. Onto this diagram can be superimposed
the pole-zero diagram of a particular input, allowing the form of the
output response to be determined.

The following points regarding the poles of the transfer function
obtained from the characteristic equation are important:

1. Poles with positive real part denote an unstable system, that is
a transient response going away to infinity.

2. Complex poles always occur in pairs, called complex conjugates,
and the presence of poles s = — ¢ = jo (o > 0) denotes the présence
of exponentially decaying sine waves in the transient response.

3. A pole s= —oc (0 > 0) means that the transient response con-
tains an exponential decay. :

4. Poles s= = jo denote continuous oscillation.
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ASSIGNMENTS

L. Answer the following questions embracing the contents of the
. Text D.

1. Is it very easy to describe a system in the s-domain by its trans-
fer function? 2. What are called poles of C (s)? 3. What gives informa-
tion regarding the transient response of the system? 4. By whatare
the poles obtained from Eq. (5.5) determined? 5. What points regar-
ding the poles of the transfer function obtained from the characteristi-
equation are important?

I1. Ask additional questions on -the Text D.

ITI. Combine your answers into a short summary of the text.

IV. Discuss the problem of pole-zero plots.

V. Express your opinion of the topic.

VI. a) Look through the latest magazines and find additional mate-
rial on the topic. b) Use it for short information and discussion.

I1I. GRAMMAR EXERCISES

I. Find the Infinitive in the following sentences and translate them.

1. The single-sided Laplace transform allows initial conditions
to be introduced into the analysis in a simple direct manner. 2. Nor-
mally o is positive and sufficiently large to make the integral conver-
ge. 3. It is easy to write down the characteristic equation of the system.
4. Onto this diagram can be superimposed the pole-zero diagram of
a particular input, allowing the form of the output response to be
determined. :

Il. Define the form and function of the Participles in these sentences
and translate them.

1. Thus having transformed the problem to the s-domain it is
usually easy to write down the Laplace transform of the solution.
2. Greater accuracy and more understanding than engineers canusu-
ally develop using conventional calculus. 3. This latter point is
useful when dealing with functions that are discontinuous at t = 0.
4. For example, for the unit step change shown in Fig. 5.1 the limit
0~ is zero, being the value of f (f) at ¢ = 0 approached from 0-. 5. The
position of the poles obtained from Eq. (5.4) on the complex s-plane
gives information regarding the transient response of the system.

I11. Define the tense-forms of the verbs in the following sentences
and tfranslate them.

1. The sinusoidal waveforms are being considered. 2. Equation
(6.1) is called the single-sided Laplace transform because the lower
limit of the integral is defined as zero. 3. It will be seen from Egq.
(5.3) that the ratio of a network output C (s) to its input R (s) is the
transfer function G (s), if all initial conditions are zero. 4. We have
seen that it is easy to desribe a system in the s-domain by its transfer
function. 5. It seems reasonable that one should be able to characterize
a system in the s-plane.
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Lesson 2. GENERAL PROPERTIES OF FEEDBACK SYSTEMS

1. Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A. The Block-diagrams.
2. Average Reading.
Text B. The Close-loop Gain.
Assignments.
L. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Assessment of Stability.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Feedback for Control and
Measurement.
Assignments.
ITI. Grammar Exercises.

I.-INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Physical, system, component, element, block, analyse, generalize,
diagram, summing, produce, situation, general, summarize, informa-
tion, illustrate, horisontal, stable, original, equilibrium, position,
resulting, pole.

1. Check if you know the meaning of these words and word-combina-
tions.

Close-loop gain KoaGh®HUHEHT yCHIEHHS NpH S3aMKHYTOH uenw;
wide (narrow) bandwidth mmpokaa (yskas) mojoca npomyckaHusi;
low output impedance nuskuii BeiXOAHOW wmMIenanc, noise effects
mymoBble 3dekTl; extraneous disturbances nocroponHue nomexu;
property of inversion cBofictBo uHBepTHpoBaHusi; generalized block
diagram ofo6wennas cTpyktypnast cxema (6rok-cxema); the gain
round the loop ycunenwe Bo Bcefi nenu; a simple feedback system
npoctast cucrteMa ¢ obpaTHOH CBA3plo; summing point cymmupyromas
TOYKa; noise source ucrounuk wmwymoB; well-defined gain werko cnpe-
JeasieMbll  KO3(hhHIUMEHT yCHJeHHs; giving accuracy safiaHHas Tou-
HocTh; fast response GwicTpoe pearnpoeanue (peakuus); remains fairly
constant ocraeTcs NoYTH NOCTOSIHHOM. N

I 1. Listen to the reading of formulas from the Text B and write
them with help of words.
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Fig. 5.2. Generalized block diagrams of simple feedback systems:
a input and output in phase; b input and output in anti-phase.

Text A
THE BLOCK-DIAGRAMS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

A physical system may have many components or elements and
it is convenient to consider each such element as a block with itsown
input-output relationship, that is its own transfer function. The
blocks representing the various elements of a system are connected
to use their functional relationship within the system, thus producing
a block diagram for the system. This may well be helpful in analyzing
a measuring system, and of course considering each element as a block
helps in design of new systems.

2. Average Reading
TextB
CLOSE-LOOP GAIN

I. a) Listen to the text. b) Read it (time limit is 3min.). ¢)Find the
part of it dealing with the two forms of generalized block diagram of
a simple feedback system. Translate it. ’

The two forms of generalized block diagram of a simple feedback
system are shown in_Fig. 5.2. Both diagrams illustrate negative feed-
back, in that the gain round the loop has negative polarity. In Fig.5.2q,
¢ and r are in phase, while in Fig. 5.2b they are in anti-phase. A frac-
tion o of the quantity to be measured (r) is fed in, and a fraction
P of the output quantity (c) is fed back to a summing point which
takes the difference and amplifies it by gain A4 to probuce the
output quantity; «, p, and A are transfer functions while ny, n, are
noise sources at the input and output of the amplifier respectively.
Assuming n, = n, = 0, the following equation expresses the situation
of Fig. 5.2 a:

_ e, AR
ar —fc=c/A or F =8 TR (5.8)

The expression for Fig. 5.2b is similar but with a negative sign in
front of it. The ratio ¢/r is called the closed-loop gain, while AP is
the open-loop gain and both are transfer functions. Provided Ap>1,
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¢ /r=a/p, and c¢/r is largely independent of A and simply deter-
mined by transfer functions @ and p. We shall see that main pro-
perties of this general system can be summarized as well-defined
gain (giving accuracy), wide bandwidth (giving fast response), Jow
output impedance, reduction in noise effects and extraneous distur-
- bances, and the property of inversion. Feedback can be employed to
produce high input impedance.

ASSIGNMENTS

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

Il. a) Skim through the Text B and explain the close-loop gain.

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

1., What are the blocks representing the various elements of a sy-
stem connected for? 2. Where may this block diagram be helpful?
3. How is the ratio ¢/r called and what is 4 in Eq. (5.8)? 4. What do
we see in Fig. 5.2.and in Eq. (5.8)?

IV. Ask additional questions on the Text A and the Text B.

V. Combine your answers into a short summary of the fexts.

_ VL. Speak on the two forms of generalized block diagram of a simple
feedback system.

I1. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you krow these words.

Assessment of stability omemka ycroftumBoctn; consiant peak-
to-peak amplitude nocrosinnas ammanryaa; slightly tipped cnerxa
OTKJOHEeHHEI; resulting transient response pesyabTupyiomas nepe-
XoAHas xapakrepuctuka; left (right) hand portion sesas (npasas)
nososrHa; negative real part orpunartessnas peanbras uactb; the
Nyquist criterion Kputepuii Haiikeucra; root-locus method wmeron
reometpHyeckoro mecta xopue#t; the Bode criterion kpurtepuit Bone.

I1. a) Analyse the structure of the following words. b) Translate them.

Particularly, feedback, measuring, rapidly, stability, peak-to-
peak, consideration, slightly, location, s-plane, resulting, decreasing,
disturbance, right-hand portion, requirement, assessing, root-locus
method.

I11. Listen to the reading of formula of Eq.(5.9) and write it with
help of words.

Text C
ASSESSMENT OF STABILITY

I. a) Read the text. b) Find the part of it describing the concept
of stability.
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It is important to investigate
the output response of a system
particularly feed-back measuring

system, when the input changes

rapidly. This transient response Stable Neutral Unstable
characterizes the stability of the ;. r3 A i the stability of
system. A system is defined as & > O VB O STV O

stable if its impulse response ap-

proaches zero as time approaches infinity. A system is defined as being
unstable if with zero input, the output increases indefinitely. If the
output of a system has continuous oscillation of constant peak-to-peak
amplitude, the system is considered tobe neutrally stable. Considera-
tion of the degree of stability of a system often provides valuable

- information about its behaviour.

The concept of stability can be illustrated by considering a cone
placed on a horizontal (Fig. 5.3) surface. When the cone is resting on
its base it is said to be stable, because if it is slightly tipped it returns
to its original equilibrium position.

On the other hand, if the cone is placed on its tip and released,
it falls onto its side, and so this position is said to be unstable.
It was shown that the location in the s-plane of the poles of a system
indicate the resulting transient response. Poles in the left-hand por-
tion of the s-plane result in a decreasing response for disturbance
inputs, while poles in the right-hand portion result in an increasing
response. Poles on the j-axis result in a neutral response to a distur-
bance input. Clearly it is desirable that feedback-measuring system
are stable and respond satisfactorily to rapid changes in the quantity
to be measured.

. A necessary and sufficient condition that a system be stable is
that all the poles of the system transfer function have negative real
parts. Thus if a system has a transfer function

C() _ bw"+ by S™ T e by

G(s) = R(S) - ansn_l_an—-lsn*—l + e +ao

, (5.9)

the requirement for stability is that all roots of the denominator must
have negative real parts. Four basic methods of assessing stability are
the Hurwitz-Routh criterion, root-locus method, the Nyquist criterion
and the Bode criterion. '

ASSIGNMENTS

1. Skim through the Text C and speak on the main idea of it.

I11. a) Divide the text into logical parts. b) Choose the key sentences
and translate them.

I11. Comment on the author’s attitude to assessment of stability.

IV. Examine Fig. 5.3 and comment on stability of a cone.

V. Answer the following questions embracing the contents of the
Text C. '
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1. What is necessary to investigate when the input changes ra-
pidly? 2. What does this transient response characterize? 3. How
is a system defined if its impulse response approaches zero as time
approaches infinity? 4. How is the system defined if, with zero input
the output increases indefinitely? 5. When is the system considered
to be neutrally stable? 6. What provides valuable information about
behaviour of a system? 7. What are four basic methods of assessing
stabilit y?

VL Prepare a dialogue on a necessary and sufficient condition
for the system to be stable.

VIL Translate the Text C to be sure you understand it well.

4. Searching Reading

PRE-TEXT EXERCISES

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

the rest of the system Tounwii wucnonuu-
TeJbHBI MeXaHu3M

strain gauge VHBEPCHLIA  npeo6pa -
30BaTeNb

low power TEH30MeTp, TeH301aT-
UHK

inverse transducer OCTaJbHasg vYacTb CH-
CTEMBI

precision . actuator MaJ/IOMOLLHBI

I1. Find the following word-combinations in the Text D and translate
them. )

A block diagram of a simple control system is shown in Fig.; shaft
position is measured and compared with; the general functional di-
agram of a measuring system includes; a most useful application of
inverse transducers is.

Text D
FEEDBACK FOR CONTROL AND MEASUREMENT

I. Read the text and say about feedback for control and measure-
ment.

A block diagram of a simple control system is shown in Fig. 5.4a
Here the actual quantity to be controlled (usually a non-electrical
quantity), for example shaft position, is measured and compared with
a demanded quantity (usually these quantities are electrical) to pro-
duce an error which is amplified to drive an actuator, for ‘example
an electric motor, producing power to drive the controlled quantity.

The general functional diagram of a measuring system includes
an inverse transducer as an output device. Normally a transducer
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Fig. 5.4. The comparison of two systems:
a the simple control system; b the simple feedback measuring system.

and associated circuit has non-electrical input and an electrical output,
for example a thermistor, strain gauge, and photodiode, whereas a so
called ““inverse transducer” has an electrical input and low-power
non-electrical output.

A most useful application of inverse transducer is in feedback mea-
suring system. A block diagram of such a system is shown in Fig. 5.4b
for comparison with the simple control system of Fig. 5.4a. In the
measuring system the output signal (usually electrical) is converted
to a form (usually non-electrical, for example force) suitable for com-
parison with the quantity to be measured (for example force) . The
resultant error is usually transduced into electrical form and ampli-
fied to give the output indication. :

ASSIGNMENTS

1. Answer the following questions embracing the contents of the Text D.

1. What quantities are measured and compared in a simple control
system? 2. What does a measuring system include? 3.What is the dif-
ference between a transducer and inverse transducer? 4. What is a most
useful application of inverse transducer? :

I1. Ask additional questions on the Text D.

111. Combine your answers into a short summary of the text.

IV. Speak on a simple control system.

V. Prepare a dialogue on a simple feedback-measuring system.

V1. Examine Fig. 5.4 and comment on:

1. The simple control system.

2. The simple feedback measuring system.

VII. Examine Fig. 5.5 and characterize common filters.

VIIL Look through the latest magazines, find additional information
and use it while discussing the topic.
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Fig. 5.5. The characteristics of common filters,

ITI. GRAMMAR EXERCISES

L. a) Analyse the following sentences paying attention to the Gerund
and its function in the sentence. b) Translate the sentences.

1. The effect of loading at the output of the feedback system can
be best understood by considering the amplifier to be a voltage ampli-
fier with an output impedance Z. 2. This may well be helpful in analy-
sing a measuring system. 3. The concept of stability can be illustrated
by considering a cone placed on a horisontal surface.

I1. Define the functions of the Infinitive in these sentences and
translate them.

1. A fraction « of the quantity to be measured (r) is fed in, and
a fraction B of the output quantity (c) is fed back to produce the out-
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put quantity. 2. Feedback can be employed to produce high input
impedance. 3. When the cone is resting on its base it is said to be
stable. 4. If the output of a system has continuous oscillation of
-constant peak-to-peak amplitude, the system is considered to be neut-
rally stable.

I11. Find Participle 1 in these sentences. Define its function. Trans-
late the sentences.

1. The blocks representing the various elements of a system are
connected to use their functional relationship within the system, thus
producing a block diagram for the system. 2. Assuming n,= n,= 0,
the following equation expresses the situation of Fig. 5.2a. 3. Poles
- in the left-hand portion of the s-plane result in a ‘decreasing response
for disturbance inputs, while poles in the right-hand portion result
in an increasing response.

Lesson 3. MODULATION AND ENCODING METHODS

I. Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A. Modulation in Telemetry.
2. Average Reading. _
Text B. Amplitude Modulation.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
~ Text- C. Pulse Modulation System.
Assignments.,
4. Searching Reading.
Pre-text Exercises.
Text D. Signal Modulation.
Assignments. ' -
I11. Grammar Fxercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Process, (de)modulation, transmission, telemetry, impulse, infor-
mation, radio, pulse, code, modification, original, sinusoidal, ampli-
tude, parameter, component, proportional, resulting, interval, practi-
cal, signal.
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I1. Listen, repeat and memorize the following words and word-combi-
nations. b) Check if you know the meaning of these words.

Sideband Goxosas nomoca; transmission medium nepenarwomas cpe-
Aa (cpexa nepepaun); direct transmission npsmas nepemaua; land-line
telemetry nasemnas Tenemerpus; radio frequency (r. f.) panouacrora;
wire transmission nepenasa no npoBogam; original signal nepsona-
yaibHbIH cHrhai; modulated signal moxynnpoBanubi curman, ampli-
tude modulation (AM) ammaurynuas wmopyasuums; relative phase
OTHOcHTe/bHAst (hasa; message signal uHGOPMAUMOHHLIA CHIHAT,
degree of modulation cremenr Mmopyisuuu (uaexkc Moayasmun); to
some extent 1o Hekotopofl crenmeny; in response to B oteeT Ha; the side
sinusoids GoxoBele cuHycomapl; is just twice the bandwidth of the
message signal itself poBHo B 1Ba pasa Gouiblue [WHPHMHBL MOAOCH CAMOTO
CHTHaJIa; convey coollaTh, IepenaBaTh. :

II1. Listen to the reading of formulas from the Text B and write
them with help of words.

] Text A
MODULATION IN TELEMETRY

I. a) Listen to the text, mind the English intonation. b) Read
the text to yourself and grasp the main idea of it.

The process of signal modulation employed depends to some extent
on the transmission media to be used. Direct transmission via cable,
called land-line telemetry, generally employs either current, voltage,
frequency, position or impulses to convey the information. Radio
frequency (r. f) telemetry employs either amplitude, frequency, or
phase modulation. Such modulation may be used directly as a means
of conveying information, or the modulation may be used to convey
pulses, sometimes in a coded form.

2. Average Reading
TextB
AMPLITUDE MODULATION

I. a) Listen to the text. b) Read it (time limit is 3 min.). c) Find
the part of it dealing with modulation and demodulation.

Modulation is the modification of a carrier waveform, which is
usually sinusoidal, in response to the information to be carried. The
process of recovering the original signal from the modulated signal is
called demodulation. A sinusoidal carrier can be described by the
equation: U = Ksin(2nf.t + 6), (5.10)
where K is the amplitude, f, the frequency and © the relative phase
of the carrier. In amplitude modulation (AM) K varies, in frequ-
ency modulation (FM) f,. varies, and in each case the varying para-
meter responds to the measurand.
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Fig. 5.6. Wavelorms and spectral components for different modulation
methods.

For AM, the carrier amplitude level swings about its unmodu:
lated value, and for a sinusoidal message signal the expression for K
is K= K, (1 + mcos2af,t), (5.113
where K, is the amplitude of the carrier at frequency /. when the
amplitude of the message signal or modulation at frequency f,, is
zero (Fig. 5.6). The actual amplitude of the modulation is K,m and
m indicated the degree of modulation, for .example m =1 means
100 per cent modulation. If Egs. (5.10) and (5.11) are combined,
we obtain assuming 6 = O:

U=K, [sin Ofd + L msin 2 (f, + f,)t + o msin 2(,—F.) t] .
Thus the waveform has three frequency components, one at f, one
at (f,+/,) and one at (f,—f,), and overall bandwidth of frequ-
encies is (f, + [,)) — (fo— ) = 2f,,. This modulation process has
produced new «side» frequency components on each side of the car-
rier and transformed the frequency of the message from f,, to around
f, (Fig. 5.6). The «side» sinusoids have an amplitude proportional
to that of the message signal (K,m). Any message signal ecan be
represented as a sum of sinusoids modulates the carrier resulting
in sidebands about f. The bandwidth of an AM signal is just twice
the bandwidth of the message signal itself.

ASSIGNMENTS

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

I1. a) Skim through the Text B and find the part of it dealing with
tl;)e ?ctual amplitude of the modulation. b) Discuss the information
about it.
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IIL. a) Find the part of the Text B containing information about
message signal represented as a sum of sinusoids. b) Express your
opinion of it. .

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

1. What does the process of signal modulation employed depend
on? 2. What does radio frequency (r. f.) telemetry imploy? 3. What
is modulation? 4. What is called demodulation? 5. Does the carrier
amplitude level swing about its unmodulated value? 6. What is the
actual amplitude of the modulation? 7. What modulation process has
produced new “side ” frequency components on each side of the carrier?

V. Prepare a dialogue on the modulation methods applicable to land-
line transmission. . .

V1. Examine Fig. 5.6 and comment on waveforms and spectral com-
ponents for different modulation methods.

VII. Speak on the process of signal modulation.

VIII. Translate the following sentences into English.

1. Tlponecc Moayasiumm cHureaza 3aBUCHT 10 HEKOTOpO# cTeneHu
OT MCNONMb3yeMOH cpeabl nepefaud. 2. MoAyMsuHs — 3TO H3MEHeHHe
Hecymie#, OOLIMHO CHHYCOMAANBHON, B COOTBETCTBHH C nepeiaBaeMol
uncopmanneit. 3. Tlponecc BoCCTAHOBIGHHS NEPBOHAYAILHOTO CHMHANA
3 MOJLy/JUPOBAHHOTO CHIHAA HAasbiBaeTCs AeMOAyJsuueit. 4, CuHyco-
HlanbHas Hecylas MoXeT ObITb ONHcaHa ypaBHeHHeM U = K sin
(27 fot 4 6). 5. BokoBble CHHYCOMAB HMeIOT aMIVIMTYAy, NPONOpUH-
OHA/ILHYIO aMIVINTYAC HH(OPMANMOHHOTO curHania. 6. Illupuna nosock
AM curnana poBro B 2 pasa Goubiue WIHPHHBI [OJIOCHl CaMOTo HHop-
MalllOHHOTO CHrHaJa.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these word-combinations.

A pulse-amplitude modulation system (PAM) cucrema amnautynuo-
umnyibcHoit Mopynsumn (AUM); pulse-duration modulation system
(PDM) cucrema WHPOTHO-UMNYIbCHOH  Moayasmuu (IIIUM);  pulse-
width modulation (PWM) WHPOTHO-UMIyJIbCHAst MoAyJsiuus (LIUM);
pulse-position modulation (PPM) (paso-uMny/bCHAs  MOAYJiALMS
(PHM); with the exception 3a nckmouenuem: variable pulse width
A3MeHsAeMas IHTENbHOCTL (IIHPHHA) uMnyabea; practical pulse-coding
system npakTuueckas cucTemMa KoaHpoBAaHHS UMNYJbCOB; pulse-code
modulation (PCM) umnyabcro-kogoBas monyasinust (MKM); a series of
binary digits nocsienoBatesbHOCTS ABOMMHBIX undp; to be sampled
NPOH3BONHTL BHIGOPKY, CTpOGHpoBath; each sample value peanunna
Kax<zioft BBIGopky; the sampling theorem TEOpeMa O HHMCKPETHOM Mpef-
craprenny; 7-digit code cemupaspsiammiit kox; quantum level YpOBEHb
kBanToBaHus, the quantizing noise mym kBantoBanus.
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Fig. 5.7. Pulse coding methods and corresponding waveiorms.

Il. State the function of suffixes in these words and translate
thei. )

Information, modulation, duration, proportion, differentiating,
rectifying, transmitter, practical, coding, sending, transmission.

Text C
PULSE MODULATION SYSTEM

I. a) Read the text. b) Find the part of it describing the pulse-dura-
tion and pulse-position modulations. Translate it.

The information to be conveyed may be converted to a pulse form
for land-line or r. {. telemetry. In pulse-amplitude modulation system
(PAM) the carrier is modulated with pulses whose hights carry the
information. In pulse-duration modulation (PDM) system, the ampli-
tude of all pulses is constant, but the duration of the pulses varies.
In PDM one edge of the pulse is fixed in time sequence and the other
edge varies in proportion to the value of the information. This type of
coding is also referred to as pulse-width modulation (PWM). Pulse-
position modulation (PPM) is similar to PDM with the exception
that a short pulse is used in place of the variable pulse width.This
can be accomplished by differentiating and rectifying a PDM wave-
form.The same information can be sent by PPM with much less
average power than PDM, since the transmitter is on a much shorter
time. The narrow pulse require wider bandwidth for transmission,
however. ' :

The most efficient of the practical pulse coding system is that cal-
led pulse-code modulation (PCM). It consists of sending analogue
information by transforming it into a series of binary digits, as shown
in Fig. 5.7. The analogue signal is sampled at regular intervals and
then each sample value is converted into a coded form, a process
which introduces an error.

The PCM system often employs a 7-digit code, giving 128 quantum
levels, and the signal is transmitted using FM, the least significant
digit being sent first. Apart from the quantizing noise, no noise is
introduced during transmissiomn.
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ASSIGNMENTS

I. a) Divide the text into logical parts. b) Choose the key sen-
tences, analyse and translate them.

Il. Look through the Text C and find the part of it dealing with
the pulse-code modulation.

II1. Examine Fig. 5.7 and comment on pulse coding methods and
corresponding waveforms. ,

IV. Answer the questions on the Text C.

1. What form may the information be converted to? 2. How is the
carrier modulated in a pulse-amplitude modulation system? 3. What
is constant and what varies in PDM systems? 4. How is the type of
coding also referred to? 5. What modulation is similar to PDM?
6. What practical pulse coding system is more efficient? 7. What
does this system consist of?

V. Prepare a dialogue on pulse-duration modulation system.

V1. Speak on pulse-amplitude modulation system.

VII. Make up a plan of the Text C and retell it.

VIII. State the tense-forms of the verbs in the Text C.

IX. Translate the Text C to be sure you understand it well.

4. Searching Reading

PRE-TEXT EXERCISES

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

channel bandwidth HH(QOPMANUOHHBIA CHT-
Has

carrier waveform CYLIECTBEHHO MCKAa3HUTh

signal timing 3aXBaueHHBIE KaHAJIOM

the message signal CHHXPOHM3AIUA CHUTHAJA

relative amplitude KosebaHusl Hecymel ua-
CTOTHI

the amount of noise wu3Menenus, usMenss

seriously  degrade HIHpHHA NOJIOCHl KaHa/la

suitable OTHOCHUTEJIbHASE  aM-
IMTY A

pick up by the channel wunTeHcHBHOCTS InyMa

altering TOAXOA SN U

I1. Translate these word-combinations and use them while reading
the Text C.

Noise may be introduced; the amount of noise may be sufficient
to; there are many ways of altering a signal; it appears as shown
in Fig.; the amplitude depends upon.
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Fig. 5.8. An AM signal and noise:

a an AM signal corrupted by noise; b the resulting demodulated
signalj.

TextD
SIGNAL MODULATION

I. Read the text and say whether there are ways of altering a signal
to make it suitable for transmission over a noise channel.

Noise may be unavoidable introduced on a transmission channel,
whether the channel is an electrical cable, a radio frequency, optical
or ultrasonic link, or by magnetic induction. The amount of noise
picked up the channel may be sufficient to seriously degrade the signal
being transmitted. There are many ways of altering a signal to make
it suitable for transmission over a noise channel. The simplest way
is to increase power of the signal at the source, but there is always
a limit to the power available fo do this. To transmit by radio waves
it is necessary to modulate the signal.

The modulation method appropriate to a particular instrumen-
tation system depends upon a number of things: accuracy, reliability,
the channel bandwidth available, convenience, cheapness and so on.
Each system will have its own problem and requirements, so it is not
possible to say which is the “‘best’ modulation method.

Modulation of the carrier waveform in response to a measurand
usually involves amplitude modulation (AM) or frequency modulation
(FM), and that pulse-modulation methods, in particular ~pulse-code
modulation (PCM), are sometimes employed.

These different types of modulated signal have different proper-
ties in relation to channel noise. AM produces frequency components
on each side of the carrier frequency called sidebands, such that the band-
width of an amplitude-modulated signal is twice the bandwidth
of the message signal itself. If such a modulated signal passes threugh
a noisy channel it reaches the receiver in the form shown in Fig:5.8q.
After rectification and low-pass filtering, the process of demodulation,
it appears as shown in Fig. 5.8b; the amplitude of the message signal
and the degree of interference depends solely upon the relative ampli-
tude of the two signals.
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ASSIGNMENTS

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

1. Where may noise be unavoidable introduced? 2. What is the
simplest way of altering a signal to make it suitable for transmission
of a noisy channel? 3. What does the modulation method appropriate
to a particular instrumentation system depend on?

II. Prepare a dialogue on your own situation.

111. Make up a plan ef the Text D and retell the text according to
your own plan.

IV. Examine Fig. 5.8 and comment on:

1. An AM signal corrupted by noise.

2. The resulting demodulated signal.

V. a) Look through the latest magazines and. find additional infor-
mation on the topic. b) Discuss the problem of signal modulation.

II1. GRAMMAR EXERCISES

1. Define the function of the Infinitive in these sentences and trans-
late them. ’

1. Modulation is the modification of a carrier waveform, which
is usually sinusoidal, in response to the information to be carried.
2. It is only essential for thereceiver to be able to distinguish between
a 1 and a 0. 3. Here the actual quantity to be controlled is measured.
4. The information to be conveyed may be converted to a pulse form
for land-line or r. f. telemetry.

11. a) Pay attention to the ing-forms and define their functions.
b) Translate sentences into Russian.

1. The transmitter is connected in series with its power supply
and recorders / indicators, these devices beingsituated at the receiving
end. 2. This can be accomplished by differentiating and rectifying
a PDM waveform. 3. Some of the factors must be considered when
choosing method to be used over a noisy channel of an instrumentation
system. 4. A prerequisite of being able to control variables such as
velocity, temperature and humidity. 5. In practice devices have to
respond to time-varying quantities. 6. It consists of sending analogue
information by transforming it into a series of binary digits.
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Lesson 4. STATISTICAL MEASUREMENTS

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Parameters of Random
Signals.
2. Average Reading.
Text B. Description of Random
Signals.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text.Exercises.
Text C.. Mean, Mean-square and
Probability Function.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Cross-correlation.
Assignments.
II1. Grammar Exercises.

-

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
"PRE-TEXT EXERCISES

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

Statistical, amplitude, component, parameter, -periodic, phenome-
non, spectrum, constant, symbol, period, proportion, practical, tota-
lizing, selection, sum, characteristic, correlation, situation.

I1. a) Listen and repeat after the speaker, memorize the following
words and word-combinations from the Text A and the Text B.
b) Check if you know their meanings.

Frequency band mosmoca uactoT; sinewave CHHYCOMJAHBIH CHIHAJ;
mean value cpelnee 3HaueHue, root-mean-square value cpelHeKBajpa-
TUUHOE 3HaueHue; probability-density function (p.d.f.) dynknua
IJIOTHOCTH BeposiTHOCTH; power-density spectrum cmekTp mJIOTHOCTH
momHocTH (curHana); autocorrelation function asTokOppensuuoHHas
¢dynkuus; stationary random signal cranuoHapHBIA cayuyadiHBIH CHTHAT;
almost without exception noutu Ge3 uckuwouenus; man-made mHckyc-
ctBeHHblf; phenomenon (pl. phenomena) siienue; random behaviour
cayuaiiHoe moBenenue; examples ranged from npuMeps OXEBaTHIBAIOT;
aircraft noise mym camoseta; in a medium limits B rpansuuax cpesss;
the whole frequency spectrum Bech YacTOTHHIl CIEKTp.
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Text A
PARAMETERS OF RANDOM SIGNALS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

Statistical measurements are used to describe the amplitude,
frequency and time behaviour of random signals. The amplitude be-
haviour of a random signal can be described by the mean value of the
signal, the root-mean-square value of the signal or the probability-
density function of the signal. Frequency behaviour, which is indepen-
dent of amplitude, can be described by the power density spectrum
of -the signal. Time behaviour is described by the autocorrelation
function of the signal, and indicates the same frequency components,
but in terms of period rather than frequency. These parameters can
be obtained for periodic waveforms as well as for random ones. They
are different kind of averages and if these statistical properties of
a random signal remain constant with time, it is called a stationary
random signal.

2. Average Reading
Text B
DESCRIPTION OF RANDOM SIGNALS

I. a) Listen to the text. b) Read it (time limit is 3 min.). ¢) Find
the part of it dealing with a random signal.

Almost without exception, all natural and man-made phenomena
exhibit random behaviour to some extent. Examples range from wind
motion and aircraft noise to thermal and semiconductor noise in
electrical circuits. Measurements made on random signals are called
statistical measurements, and their application covers the whole
frequency spectrum.

A random signal cannot be described precisely in terms of voltage
and frequency in the same way as a simple sinewave. Because it
varies in a random manner, this requires observation of the signal’s
behaviour over a period of time. It is important to note that all statis-
tical measurements are average measurements, and the longer the
averaging time, the more accurate is the measurement.

ASSIGNMENTS

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

I1. Skim through the Text B and say what measurements are called
statistical measurements. :

I11. Discuss the main idea of the Text A and the Text B.

V. Answer the following questions.

1. What do all natural and man-made phenomena exhibit to some
extent? 2. What are the examples of those phenomena? 3. How can
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a random signal be described? 4. When are statistical measurements
more accurate? 5. What is called a stationary random signal?

V. Ask additional questlons and prepare a dialogue for discussion
on the topic.

VI. Speak on:

1. Parameters of random signals.

2. Description of random signals.

VII. Choose the compound words from the Text A and the Text B.
Analyse and translate them.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Probability function dyuruua sepostoctu; total signal Becw
curnan; fluctuating dumoxryupyromuii; standard deviation craugapr-
Hoe oTKJoHeHMe; load resistor marpysounnifi pesucrop; averaging time
Bpemst ycpeiHeHus; at all possible amplitudes nmpu Bcex BO3MOMKHBIX
avmiutyaax; the curve obtained by plotting kpusas, nonyuennas
npu moctpoeHnu rpaduka; the bell-shaped curve kosokosooGpasnas
KpuBas; random disturbance ciyuaiinoe BosGyxknaenue; the horisontal
amplitude scale mMacuitab Mo ropUsOHTaNbLHOR OCH AMIVIHTYA.

I1. Define the tense-forms of these verbs in the Text C.

Give, call, contain, refer, assume, mean, divide, obtain, add,
spend, calibrate, exceed, specify.

ITL. Analyse these words from the viewpoint of their structure and
translate  them.

Mean-square, waveshape, plotting-density, bell-shaped, Gaussian-

type, echo~rar1gmg, cross-correlate, autocorrelatlon cross-correlation,
signal-to-noise. :

Text C
MEAN, MEAN-SQUARE AND PROBABILITY FUNCTION

I. a) Read the text. b) Describe the mean-square voltage for fluc-
tuating electrical signals.

The mean (x) and mean-square (X2 Values of a waveform are
time averages. x? is the mean-square value of the total signal (d. c.
plus a. c.), while the mean-square value of the fluctuating compo-
nent alone is given by the symbol ¢?, that is ¥ = (%)% + o?, where
% is the d. c. component or mean value. Value o is called the stan-
dard deviation.

The a. c. power contained in a signal is proportional to o2. In
practice for fluctuating electrical signals the mean-square voltage
is often referred to as the power of the signal, and this assumes a 1Q
load resistor.
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Fig. 5.9. The probability-density function of a noise-signal.

Neither the mean value nor mean-square value on its own gives
any indication of waveshape. To do this, it is necessary to determine
the proportion of time spent by the signal at all possible amplitudes
during a finite period of time. In practical terms, this means totalizing
the time spent by the signal in a selection of narrow amplitude win-
dows, and then dividing the total [or each window by the measure-
ment or averaging time T, as shown in Fig. 5.9. The curve is obtain-
ed by plotting probability density function (p.d.f.) of the signal
p(x). Thus p(x) 6x is the probability that x(f) lies between x and
x - 0x, and is easy to measure, being the proportion of time spent
by x(f) between x and x - 8x. The total area under ap.d.f. is always
unity, as the sum of all possible probabilities must add up to cer-
tainty. The most familiar p.d.f. is the bell-shaped Gaussian or Nor-

mal curve, shown in Fig. 5.10a, which

P(x) is characteristic of many naturally cccuring
0.399 random disturbances. The horizontal am-

\ plitude scale of the p.d.f. is calibrated in
~-4+-30.24 terms of o and a Gaussian-type noise sig-

nal spends most (68 per cent) of the time
between =0, and hardly ever exceeds
=30, in fact it exceeds this value less

Ze , than 1 per cent of the time. The Gaussian
3628 i'&glf;%é 26 Jex p.d.f. can be fully specified by two para-
R a meters: the mean and the standard devi-
| T a9 7% ation.
' | Plx) Plocy=1 . ASSIGNMENTS
i
8 15‘., : 1. a) Divide the text inte logical parts.
=8 | b) Choose the key sentences, analyse and
S5 translate them.
Ses j I1. Look through the text and find the
L parf of it dealing with a. c. power con-
Pl-e<)<0t 0 6 *  tained in a signal. Translate it.
II1. Answer the questions.
Fig. 5.10. Gaussian type noise 1. What are the mean and the mean-
signal: square values of a waveform? 2. What is

the probability-density ti- . o qs .
ons b the distribution funetion, Necessary to determine any indication of
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waveshape? 3. What does this mean in practical terms? 4. What is the
most familiar p. d. f.?

1V. Ask additional questions and discuss the problem of mean, mean
square and probability function.

V. Combine your answers into a short summary of the text.

V1. Examine Figs. 5.9, 5.10 and comment on:

1. The probability-density function of a noise-signal.

2. The probability-density function.

3. The distribution function.

VII. Prepare a dialogue using Figs. 5.9 and 5.10.

VI1II. Review the Text C in written form.

IX. Translate the Text C to be sure you understand it well.

4, Searching Reading
PRE-TEXT EXERCISES

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

burried in noise HeH3MeHsIleMBblll
echo-ranging system  oTeepratb,  IOZaBJATD
unchanged CYIIeCTBEHHO
unwanted noise NOKPHIT ILyMaMH
tend v. HexeJaTeNbHbIH [IyM
reject CTPEMHTHLCA
substantially cUCTEMA H3MepeHHus
C TOMOUIBIO 3XO0JIOKa-
U

1. Translate the following word-combinations and use them when
reading the text.

If a signal of known waveform is transmltted this situation re-
presents; the receiver output consists of; there is no-correlation; cross- .
correlation has thus rejected.

TextD
CROSS-CORRELATION

I. Read the text and say about cross-correlation used to detect the
signal.

If a signal of known waveform is transmitted into a medium and
is received again unchanged in form but buried in noise, cross-corre-
lation can be used to detect the signal. This situation represents the
basic problem of all communications and echo-ranging system. The
receiver output consists of two parts: the desired signal, and unwan-
ted noise. If we cross-correlate the transmitted signal with the re-
ceiver output, then the result also has two components; one part is
the autocorrelation function of the desired signal which is common
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to both of the waveforms being correlated, and the other part results
from the cross-correlation of the desired signal with unwanted noise,
Now, in general, there is no correlation between signal and noise,
so the second part tends to zero, leaving only the signal in the form
of its autocorrelation function. Cross-correlation has thus rejected
the noise in the received signal, with the result that the signal-to-
noise ratio is substantially increased.

ASSIGNMENTS

I. Answer the following questions.

1. When can cross-correlation be used to detect the signal? 2. What
does this situation represent? 3. What does the receiver output con-
sist of? 4. What form is the signal when the second part tends to
zero? 5. What has rejected the noise? 6. What is the result of it?

I1. Discuss the problem of cross-correlation.

I11. Make up a plan of the Text D and speak on your plan.

V. Speak on probability of distribution.

V. a) Look through the latest magazines and find new material on
the topic. b) Use it when discussing the topic.

ITI. GRAMMAR EXERCISES

1. Analyse the following sentences, define the tense-forms of the verbs
and translate them.

1. The longer the averaging time the more accurate is the measure-
ment. 2. Amplitude statistical characteristics have already been
discussed when considering measurement errors. 3. These parameters
(and several others) can be obtained for periodic waveforms as well
as for random ones. 4. To do this, it is necessary to determine the
proportion of time spent by the signal at all possible amplitudes du-
ring a finite period of time.

I1. Define the function of -irg-forms in these sentences and trans-
late them.

1. In practice for fluctuating electrical signals the mean-square
voltage is often reffered to as the power of the signal. 2. In practical
terms, this means totalizing the time spent by the signal in a selection
of narrow amplitude windows, and then dividing the total for each
window by the measurement or averaging time T.

I1. Put questions to the words in bold type.

1. The a. c. power contained in a signal is proportional to o2.
2. The curve is obtained by plotting probability density function of the
signal p (x). 3. The most familiar p. d. f. is the bell-shaped Gaussian
or Normal curve, which is characteristic of many naturally occuring
random disturbances. 4. There is no correlation between signal and
noise. 5. Cross-correlation has thus rejected the noise in the received
‘signal.
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Lesson 5. MULTIPLEXING

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Improvement of Signal-to-
noise Ratio.
2. Average Reading.
Text B. TDM- and FDM- Multip-
lexing.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Signal Filtering.
Assignments.
4. Searching Reqding.
Pre-text Exercises.
Text D. System Linearity and Di-
stortion.
Assignments.
ITI. Grammar Exercises.

INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Method, filtering, information, spectrum, minimize, system,
multiplexing, transmission, type, analogue, synchronizing, schemetic
diagram, passive, active, interest, proportional, amplitude.

I1. Listen, repeat and memorize the following words and word-
combinations from the Text A and the Text B. b) Check if you know
their meanings.

Time-division multiplex (TDM) mysbTHIIEKCHas Mepefaua ¢ Bpe-
MEHHBIM pasie/leHHeM Kanalos; frequency-division multiplex (FDM)
MyJbTHIVIEKCHAs Tepefauya ¢ YaCTOTHBIM pasfeleHHeM KaHaJoB, ti-
ming CcoracoBaHue BO BPeMEHH, CHHXDOHH3aUHUs, XPOHHPOBAHHE;
TAKTHPOBAHHE; ring counter circuit Konbuesas cueTHas cxema; assigned
subcarrier onpenenennas noaHecymas (sactora); simultaneously og-
HoBpeMenHo; dynamic strain jgunamuueckasi jgedopmauus; sample
hold circuit cxema xBanToanus M samomuuanusi; multiplex MysbTH-
IIIeKCHasi (MHOrOKaHanbHaf) nepefada; multiplexer MyJabTHIIEKCOp
(yempoticmeo cmeluueanus CUSHAA08 OM PABHbLYX UCIOYHUKOB 8 00UH
kanaa); analogue TDM system amasorosast cucrema BPK (BpemeHHoe
pasjenenne kanasios); the process of sharing mpomecc paspenenus;
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to be connected in turn coeaunenn nocsaeoBaTeNbHO, APYT “a APYroM;
other associated equipment apyroe, cBsisaHHOe ¢ 3THM 0GOpyHOBaHME;
in sequential order B nocnenoBaresnbHoM nopsiake; under the control
non ynpasnenueM; a similar set momobumiii HaGop; transmitted data
nepelaBaeMble JaHHBlE,

Text A
IMPROVEMENT OF SIGNAL-TO-NOISE RATIO

L. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of if.

Of all the methods available for separating signals from noise
the most widely used is that involving filtering. If the information
signal had a different spectrum from the noise, it is always possible
to design a filter which attenuates the noise more than it attenuates
the signal. In other words, filtering canbemade to improve the signal-
to-noise ratio. To minimize the eifect of noise interfering with a signal,
the bandwidth of the measuring system must be exactly the same as
the bandwidth of the signal.

2. Average Reading

Text B
TDM- AND FDM- MULTIPLEXING

I Listen to the text. b) Read it (time limit is 3 min.). ¢) Find the
part of it dealing with multiplexing. Translate it.

Multiplexing is the process of sharing a single transmission channel
with more than one input. There are two main types of multiplexing
systems: time-division multiplex (TDM) and frequency-division mul-
tiplex (FDM).

A schemetic diagram of an analogue TDM system is given in
Fig. 5.11a. The multiplexer of a number of switches in the transmitter
such that each analogue input (U,, U,, ..., U,) is connected to the
transmission channel in turn. The switches are controlled by a control
unit whose function is to provide the signals which select the various
switches in the multiplexer and other associated equipment. Often
the switches are selected in sequential order under the ccntrol of
a ring counter in the control unit. A similar set of multiplexer swit-
ches is required at the receiver, and the synchronizing signal in the
transmitted data is used to synchronize the receiver and transmitter
switches so that data channels are isolated.

A schemetic diagram of an AM frequency division multiplex
system is given in Fig.5.116. Each input modulates an assigned sub-
carrier at comparatively low frequencies (5—40 kHz). These subcar-
rier frequencies are combined in a mixer circuit, and this combination
modulates a main high-frequency carrier signal. This modulated high-
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Fig. 5.11. Multiplexing:

a an analogue time-division type; b an AM frequency-division type.

frequency signal is transmitted to a receiver where the main high
frequency signal is modulated. This reproduces the combination of
subcarrier frequencies.Each of the subcarrier frequencies is separated
from the other subcarrier frequencies with band-pass filters. These
subcarrier frequencies are demodulated to reproduce the individual
output signals. The AM-FDM system permits a number of data signals
to be simultaneously sent over a common transmission channel.

ASSIGNMENTS

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

11. a) Skim through the Text B and choose the key sentences.
b) Translate the sentences.

[11. Discuss the main idea of the Text A and the Text B.
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IV. Answer the following questions.

1. What is multiplexing? 2. How many types of multiplex system
do you know? 3. What is the synchronizing signal in the transmitted
data used for? 4. What an AM-FDM can be used for?

V. Examine Fig. 5.11 and comment on: :

1. An analogue time-division type.

2. An AM frequency-division type.

VL. Answer the following questions using Fig. 5.11. Work in pairs.

(@) 1. What does Fig. 5.11a show? 2. What does the multiplexer
consist of? 3. What are the switches controlled by?

(b) 1. What does Fig. 5.11b show? 2. What does each input modu-
late? 3. What are these subcarrier frequencies combined in? 4.What
does this combination modulate? 5. Where is the modulated high-
frequency signal transmitted to? 6. What does this reproduce? 7. What
is each of the subcarrier frequencies separated from theothers with?
8. Why are these subcarrier frequencies demodulated? 9. What does
the AM-FDM system permit?

VIL. Prepare a dialogue on frequency division multiplexing system.

VIIL Speak -on time-division multiplex system.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words.

Attenuate v. saryxats, ocnabasts; obscured 3aTeMHEHHDIH; repeti-
tive symmetrical waveform nepuognueckuii CUMMETPUUHBIH CHIHAT;
two-position switch ayxnosunmounbi nepexmouartens; lock-in amp-
lifier cuuxponsnent ycusurenn, gate cTpoO, BHIGOPKA; BEHTH/b, 3J€-
MeHT (noruyeckuit); inverted o6paruo npeoOPasoBaHHEIN, HHBEPTHPO-
BaHHBI; averaging circuit ycpenusiotas cxema; gated signal crpo6u-
pylolmuil curnan; coherent KorepewTHBIN (corsacoBauubli); in-phase
B dase, cuHbasHbIi.

I. Find the following word-combinations in the Text C and translate
them. Use them while retelling the text.

It may still prove possible to improve; as shown in Fig.; two im-
portant features are readily seen; a phase difference affects the cutput
value. :

ITL. Define the grammar-forms of the verbs in the Text C.

Occupy, prove, measure, use, represent, show, take.

Text C
SIGNAL FILTERING

I. a) Read the text. b) Describe the passive, active and digital filter
units.

If the noise interference occupies some or all of the frequency
spectrum of the signal it may still prove possible to improve the
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Fig. 5.12. The operation of a clock-in amplifier:

a the basic scheme; b the typical waveforms.

signal-to-noise ratio, if the shape of the frequency spectrum of th2
noise is different from that of the signal. Filter units may be passive,
active or digital.

If a waveform to be measured, but obscured by high levels of
noise, is a sinewave, square wave or other repetitive symmetrical
waveform, then a lock-in-amplifier employing a phase-sensitive de-
tector (p.s.d.) is used to measure the signal of interest. As shown in
Fig. 5.12a, a p.s.d. can be simply represented by a two-position switch
which alternately selects or ‘‘gates” either the'signal or the inverted
(opposite polarity) signal into a low-pass filter (an averaging circuit).
The effect of such a p.s.d. on both synchromous and asynchronous
(noise) input signals is shown in Fig. 5.12b. Two important features
are readily seen. (1) When the a. c. signal and reference input have
the same frequency and are in-phase, the lock-in output gives the ave-
rage amplitude of the signal. A phase difference between signal and
reference affects the output value. (2) When the signal and reference
inputs are not at the same frequency, then the average value of the
switch output is zero, provided a sufficiently long time is taken
to establish the average.

ASSIGNMENTS

1. a) Divide the text into logical parts. b) Choose the key sentences;
analyse and ftranslate them.
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I1. Entitle each of the paragraphs of the text using the key sen-

tences.

ITI. Look through the text and find the part of it dealing with
theeffect of a p.s.d. on both synchronous and asynchronous (noise) input

signals.

IV. Answer the following questions embracing the contents of

the Text C.

1. What can be made to improve the signal-to-noise ratio? 2. What
is necessary to minimize the effect of noise interfering with a signal?
3. What kind of filter units do you know? -

V. Ask additional questions on the Text C.

VI. Prepare the dialogue on the conditions under which filters can

be employed.

VII. Speak on the function of the filters.
VIIL Translate the Text C to be sure you understand it well.

4, Searching Reéding

PRE-TEXT EXERCISES

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

the Russian ones.
no longer

without regard to
superposition
approximate square
wave

rapid

performance
establish
previous
consider
represent

CUNTaTh,
BaTh
OpeAmecTBYOI Uit
NPeACTaBASITh
OBICTpBIA
GoJblle He
Cyneprosuuus,
XKeHne
HEe3aBHCHMO OT
XapaKTepHCTHKA
yCTaHaBJHRATH
KOJIe6aHUS NPHMEPHO
IpAMOYToabHOR  hop-
MEL

paccmatpu-

HaJIo-

I'l. Translate the following word-combinations and use them when

reading the text.

It is evident, that; it is necessary to characterize; such effects
are known as; a system comprises; one can define system linearity
without regard to; the system may contain; a device can be repre-

sented by.

TextD
SYSTEM LINEARITY AND DISTORTION

I. Read the text and say about the amplitude of the output signal
of a device having some nonlinearity.
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Fig. 5.13. Distortion effect:

p single-valued non-linearity; b doubled-valued non-linearity; ¢ frequency (linear) distor-
tion; d non-distortionless system.

Normally a measurand varies with time and such variation may
be slow (for example temperature) or rapid (for example mechanical
vibration displacement), repetitive (for example sinusoidal), non-
repetitive (for example an impulse or step change) or completely ran-
dom. It is evident that if the performance of a linear device or com-
plete system to any time-varying input is to be established it is
necessary to characterize the device or system.

The amplitude of the output signal of a device having some non-
linearity is no longer simply proportional to the input signal ampli-
{ude (see Fig. 5.13a) and might be dependent on previous amplitudes
(see Fig. 5.13b). Such effects are known as nonlinear distortion.
A system comprises many devices, but one can define system linearity
without regard to internal details. The system may contain nonlinear
device such as A/D and D/A converters, pulse modulators, and still
be considered linear, provided the overall response over the desired
amplitude range obeys the principle of superposition, and that the
steady-state response to a sinewave is a sinusoid which has the same
frequency as the input. A device or system obeying these provisions
can be represented by a linear differential equation.

A system is called distortionlessif at itsoutput and without change
of shape it correctly reproduces any input waveforms. A distortion-
less system is one which is linear and whose frequency gain is constant
and phase shift increases linearly with frequency, over the frequency
range of interest (see Fig. 5.13d).
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ASSIGNMENTS

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

1. How does a measurand normally vary? 2. What is the amplitude
of the output signal of a device having some nonlinearity depend on?
3. When may the system be considered linear? 4. What system is
called distortionless?

11. Ask additional questions on the Text D and prepare a dia-
logue on the topic.

I11. Speak on the amplitude of the output signal of a device

1V. Examine Fig. 5.13 and comment on: .

1. Single-valued non-linearity. 3. Frequency (linear) distortion.

2. Doubled-valued non-linearity. 4. Non-distortionless system.

V. Translate the following sentences into English.

1. JIns oOHapyxeHHs] CHTHa/la MOXKeT OHITh MCNOJNb30BAHA B3aHMO-
KOppeasilHs. 2. DTOT METOJ MOXKET NPUMEHAThCS, €C/IH B ONPEACNEHHYIO
cpelly nepefaercsl CHTHaJ M3BeCTHOH GopMbl M NPUHMMAETCsl CHOBA He-
H3MEeHHbIM Mo (GopMe, HO CKDPHITHIM B liyMe. 3. BrIxofHO¥ CHrHAN IpH-
eMHHKa COCTOHT M3 JBYX yacTeil: NoJe3HbIH (3KesaeMblH) CUTHAI ¥ HeXe-
naTenbHble nomexu. 4. Bsanmokoppensiuns nonapisieT MoMeXH B NpH-
HATOM CHT'HajJe, B pe3y/bTaTe YEro OTHOILEHHWE CHTHAJI-IoMeXa 3HayH-
TeJBbHO YBeJHYHBAeTCA. 5. DTO NPOHCXOAHT TAKHM 00pasoM: ecaM Mbl
NpoBefeM B3aHMHYIO KOPPEISLHIO NepejaHHOTO CHTHa/Ma C BBIXOJOM
NpHeMHHKa, TO B pe3ysbTaTe NONYYHM JIB€ COCTABJISIIOINX: aBTOKOPpE-
JAUHOHHAA (GYHKIUA MOJNE3HOTO CHFHala H B3aHMOKOPPESIHOHHAS
(YHKIMS TOJIE3HOTO CUTHAMA C HexeNaTebHBIMH nomexamu. 6. Bro-
pasi COCTaBJAIOIIAs CTPEMHTCS K HYJIO, OCTAaeTCA TOJBKO CHIHA® —.
B BHJE €ro aBTOKOPDENSUUOHHOH (DYHKIHH.

ITI. GRAMMAR EXERCISES

I. a) Analyse the following sentences and define the function of the
Infinitive. b) Translate them.

1. If a waveform {o be measured is a sinewave a lock-in amplifier
is used to measure the signal of interest. 2. To counteract any such
phase shift caused in an experiment, a phase-shift facility is usually
included in a lock-in system.

I1. a) Translate these sentences with the verbs in the Passive Voice.
b) Define the tense-forms of the verbs.

1. Two important features are readily seen. 2. A schematic diagram
of an analogue TDM system is given in Fig. 5.11a. 3. The switches
are selected in sequential order under the control of a ring counter
in the control unit. .

I11. a) Define the functions of the words with the -ing-forms.
b) Translate the sentences.

1. Of all the methods available for separating signals from noise
the most widely used is that involving filtering. 2. In other words
f11ter1ng can be made to improve the signal-to-noise ratio. 3. Multiplex-
ing is the process of sharing a single transmlssmn channel with more’
than one input.
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Chapter VI. CONTROL SYSTEMS AND PROGRAMMING .

Lesson 1. COMPUTERS IN COMMAND AND CONTROL SYSTEMS

I, Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A, Computers and Data Trans-
mission,
2. Average Reading.
Text B. Terminals.
Assignments.
II. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Microcomputer Systems.
Assignments.
4. Searching Reading.

4 Pre-text Exercises.
Text D. Programming Microproces-
SOrs.

Assignments.
ITI. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Command, data, computer, collect, collection, centre, process,
result, organization, effective, transmission, information, exploit.
basic, oriented, machine, telecommunication, concentrator, distant.
automatically, communicate, analyse, copy, terminal, program, decod-
ing, specific, synchronization, instruction, general, class, manipula-
tion, status, structure, absolute.

I1. a) Listen, repeat and memorize these words and word-combina-
_ tions. b) Check if you know their meanings.

Computers in Command and Control Systems 9BM B aBtomaTu3u-
poBaHHBIX cHcTemax yrpasieHus; closed loop 3amkHyTas nerns;
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simultaneously oxnoBpemenuo; data collection centres uenTps c6opa
faHHBIX; input inquiries Bxoauble sampochl; expeditiously yckopenso,
HemeanenHo; data continuously flow up and down the line nanubie
HeNpephIBHO IePEMELAIOTCS BBEPX N BHU3 (HAa BEpXHHE H Ha HIKHHE
3BeHbs1 ynpasienus); can be finely defined moryT 66T B KOHIIE KOHIIOB
onpenenenbl; take into account yuuTeBaTh, IpHUHHUMATh BO BHHMAHHE;
remote equivalent of the computer-room input-output devices yaa-
JIEHHBI/ 5KBUBA/JEHT YCTPOHCTB BBOJA 1 BLHIBOAA, KOTOpHIE pa3MemanTcs
BMecte ¢ OBM (B onHo#t komuare); paper-tape readers ycrpofictBo s
cuMThIBaHUA C nepdodsentsl; punch-card readers yctpoicTBo s CuH-
ThHiBaHMA ¢ nepdoKapTel; non-real-time terminals TepMuHaJBl, He cro-
co6HEle paboTaTh B peajJbHOM BpeMeHHM; key-board naHenn c KjiaBuary-
poli; screen display ycrpoficTBo oToGpaKeHHs Ha 3KpaHe; COMversa-
tional terminals «pasroBapuBaiomue» TepMHHAAB (TEPMUHAJNBI C BO3-
MOXKHOCTBIO oOMeHa HH(popmanueli ¢ DBM); on-line or off-line neno-
cpenctBeHHO (6e3 3alep:KKH BO BpeMeHH) WiH B OyddepHoM pexume
(c 3anepxKKOH BO BpeMmeHH); punch v. nepdopHupoBaTh.

IT1. Analyse the structure of the following compound words and
translate them. »

Real-time, ever-growing, computer-room, paper-type, punched-
card, typewriter, key-board, on-line, off-line, closed-loop.

Text A
COMPUTERS AND DATA TRANSMISSION

I. a) Listen to the text, mind the English intonation. b)Read the
text to yourself and grasp the main idea of it.

The Command and Control System is organized in a closed-loop
where data continuously flow up and down the line. Computers are
employed both in the command and in the data collection centres. De-
cisions for execution are sent forward and the results are continuously
fed back, all processes operating in real-time. The best control of
the organization resources can be effective only if the transmission
of the information in both directions is fully exploited.

It is a basic requirement of a Command and Control System that
the computers involved are communication orientated and can be
operated on-line in a real-time environment. The adopted computers
must possess the following qualifications: _

(@) They should be capable of handling masses of data swiftly
and efficiently and store large quantities of information.

(b) They must be able to operate a large number of input inquiries
simultaneously and respond to them expeditiously.

A vast ever-growing array of machines can be attached to telecom-
munication lines for transmifting and receiving data.

Data transmission can be: 1. Between computer and computer.
2. Between terminal and computer. 3. Between terminal and ter-
minal.

In any of these links there can be intermediary network devices
such as concentrators and switches.
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2. Average Reading

TextB
TERMINALS

I. Listen to the text. b) Read it (time limit is 3 min.).c) Find the
part of it dealing with the terminals designed for human use.

A device for feeding data to or receiving data from a distant com-
puter is called a terminal (perhaps an unfortunate choice of a word be-
cause line termination equipment in general has been called a termi-
nal: ““microwave terminal?, for example, refers to the electronic equip-
ment at the end of a microwave link). ’

Terminals can be devices into which data are entered by human
operators or devices that collect data automatically from instruments.
Terminals designed for human use may permit a fast two-way ‘‘con-
versation” with the computer or may be a remote equivalent of the
computer-room input/output devices. The people use terminals to
communicate with a computer. Paper-type readers and punched-
card readers may provide input over communication lines. Printers
may provide the output.

Most computers peripherals can be taken out of the computer
room and attached to a communication line. They can have a type-
writer added or a key-board or screen display, and then they are called
conversational terminals.

The information, whether from automatic devices or from manually
operated key-boards, may be transmitted immediately to the compu*
ter or may be stored in some medium for transmission at a later mo-
ment. In other words the entry of data may be on-line or off-line.
Reading of instruments, for example, may be punched into paper tape,
which is later transmitted to the computer.

The output may also make use of aninterim medium, such as
paper tape or punched card, or it may directly control the environ-
ment in question.Very often it is necessary to make a printed copy
of the computer output for later analysis. In this case, part of the
terminal equipment may be a typewriter or printer.

ASSIGNMENTS

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

1. Skim through the Text B and say how the Comand and Control
System is organized.

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

1. Where are computers employed? 2. When can the best control
of the organization resources be effective? 3. What is the basic re-
quirement of a Command and Control System? 4. What can be attached
to telecommunication lines for transmitting and receiving data?
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5. What devices are terminals? 6. What may terminals designed for
human use permit? 7. Why do people use terminals? 8. What may pa--
per-tape readers and punched-card readers provide? 9. What may prin-
ters provide? 10. May the information be transmitted immediately
to the computer? ,

IV. Prepare a dialogue on requirements of a Command and Control
System. -

V. Speak on common types of terminal devices.

VI. Examine Fig. 6.1 and speak on different states of various phy-
sical devices. ' '

VII. Make a short written summary of the Text B.

IT. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Memorize the following abbreviations from the Text C.
MPU — microprocessor unit MHKponpouneccopHsiii 6JI0K, MHKpPOIpO- -
neccop (MIT);
RAM — random-access memory 3V co ciyuaiineiM focrynom (O3Y);
ROM — read-only memory 3Y TO/BKO €O CUHTHIBAHHEM, OCTOSHHOE
3y (I13Y);
- 1/0 — input-output unit ycrpofictBo BBosa-BhiBoma (YBB).
IL Translate the following compound words and learn them.
Microprocessor; microcomputer; read/write; random-access memory;
read-only memory; time-multiplexed; second- and third generation;
eight- and 16-bit bidirectional lines.

Text C
MICROCOMPUTER SYSTEMS

I. a) Read the text. b) Speak on the early microprocessor devices.
The microprocessor unit (MPU) is the basic processing unit of
the microcomputer system. By itself, not much is possible.So the
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MPU is connected to memory and input/output. The memory unit
may consist of several devices, called read/write or random-access
memory (RAM) and read-only memory (ROM). Memories store necessa-
ry programs for the particular application of the microprocessor.
The primary connection to external devices such as keypads, teletypes,
or CRTs is accomplished through the input/output (I/O) unit. This
basic interfacing unit of the microcomputer system is implemented
with one or more special chips provided by the microprocessor manu-
facturers. The microcomputer system moves necessary information
through three buses: the address bus, data bus, and control bus.

In early microprocessor device, these buses were sometimes shared
in time (time-multiplexed). In all second- and third-generation micro-
- processors these buses are available independently. The address bus
commonly is 16 bits wide. In microcomputer systems this same add-
ress bus serves to select devicesby decoding particular address values
for specific devices called device select addresses.The data busis the
main highway for information transfer to and from the MPU. Eight-
and 16-bit bidirectional lines are now common.The control bus of
a microcomputer system generates the timing, synchronization, iso-
lation, and direction of data transfer for the memory and 1/0 devices.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Find the keysentences,
analyse and translate them.

I1. Skim through the text and find the part of it dealing with the
microprocessor devices. Translate it.

I11. Compare microprocessors of different generations.

IV. Answer the following questions embracing the contents of the
Text C.

1. What is the microprocessor unit? 2. To what is MPU connected?
3. What may the memory unit consist of? 4. What do memories store?
5. What buses does the microcomputer system move necessary infor-
mation through? 6. What is the address bus? 7. What does the address
bus serve? 8. Is the data bus the main highway for information transfer
to and from MPU? 9. What does the control bus generate?

V. Describe all types of computers and their basic processing units
available at your institute. :

VI. Check if you know the following word-combinations. Use them
when retelling the Text C.

Memory unit 610k namsitu, namsite; read/write memory sanoMuHa-
romee yerpoiictBo (3Y) co cunthiBaHMeM M 3anmuchio; keypad Knomou-
Held nepekmiouatesib; CRT (cathode-ray tube) asnektponno-nmyueBas
tpy6ka (DJIT); address bus anpecHas mnHa; data bus mwyHa AaHHBIX;
control bus wmHHA yOpaB/eHHS. '

VII. Pick out all verbs from the Text C and define their tense-forms.

VIII. Translate the Text C to be sure you understand it well.
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4. Searching Reading
PRE-TEXT EXERCISES

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

personality (of a microprocessor) cnoco6 anpecauuu

entounter : JBHXKeHHe MaHHBIX

instruction set KOJ Onepainun

data manipulation 0CoBeHHOCTH (MHKpOIpoLeccopa)

data movement cucreMa (ceMmeifcTBO) KoMaHJ

program status - manipulation MAaHMIIyJIHPOBAHHE  COCTOSIHHEM
IIPOrpamMmbl

addressing mode Komanga «CJIO)KHUTb»

ADD instruction CTaJKHBAThCH C

operation code MaHHIyJHpOBaHHe  (ympaB/ieHue)
JAHHBIMH

mnemonic o - CYMMA (pesyanaT CHIOXKEHH 1)

operand MHEMOHHYECKHH KOX -

SUM : omepaHj (YHCJO, CJIOBO, yuacTBy-

Iolee B Olepanuu)

II. Memorize the fellowing abbreviatiens.
OPCOBE — operatith c8dé;
ADD operation — additional operatiem
MPU — microprocessor unit;
PC — program counter;
BRA — branch;
JMP — jump.

TextD
PROGRAMMING MICROPROCESSORS

I. Read the text and say about programming.

Pregramming is your first step towards learning the personality
of micfoprocessor. For it is here you encounter the true character
of yeur rhachine, the instruction set. If we analyse instruction set,
we can find four general classes in each set. These are data manipula-
tien, data movement, program manipulation, and program status
manipulation.

Bata Manipulation. All instruction have a specific format that
helps us to describe its structure and addressing mode. For example,
the format of an ADD instruction consists of the operation code
(OPCODE) and its 6perand R, and R ,. This symbolic notation of the
ADD operation is a mnemonic which tells us that the two operands
R, and R, are added together, placing the SUM in R,. Other instruc-

tion formats are similarly structured.
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Data Movement. It is important to understand how instructions
manipulate the contents of the MPU registers, memory, and devices.
In load and store instructions, data are typically transferred between
the accumulator registers external to the MPU. With the transfer
instruction, data between general-purpose registers internal to the
MPU are being exchanged.

Program manipulation. Program manipulation instructions operate
on microprocessor resources. Here we have two instructions cause
a program to move to another location in memory relative to the cur-
rent contents of the program counter (PC). Jump instructions cause
a program to move to any location (not necessarily a location relati-
vely addressed from the current PC). Branch instructions cause “‘rela-
tive” movement, whereas jump instructions cause “absolute” move-
ment.

Program Status Manipulation. The program status manipulation
instructions test and/or change conditions in the microprocessor
to alter the instruction sequence. Thisinstruction sets the interrupt
(I) mask in the condition code register of the MPU. The condition
code register contains the current status of the microprocessor
during program execution.

ASSIGNMENTS

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

1. Is programming your first step toward learning the personality
of a microprocessor? 2. When do you encounter the true character of
the instruction set? 3. What general classes are there in each instruc-
tion set? 4. What does the format of an ADD instruction consist of?
5. How are data typically transferred? 6. How do program manipula-
tion instruction operate? 7. What do the program status manipulation
test? ‘ o

I1. Ask additional questions on the topic of the lesson.

II11. Speak on:

1. Data manipulation.

2. Data movement.

3. Program manipulation.

4. Program status manipulation. :

IV. Discuss the problem of programming microprocessors.

V. Express your opinion of the topic. ,

VI. a) Look through the latest magazines and find additional in-
formation on the topic. b) Discuss it with your fellow-students.

I11. GRAMMAR EXERCISES

I. a) Define the tense-forms of the verbs in the following sen-
tences. b) Translate them. :
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1. The MPU is connected to memory and input/output. 2. The
microcomputer system moves necessary informations through three
buses. 3. These buses were sometimes shared in time. 4. If we analyse
instruction sets, we can find four general classes in each set. 5. With
the transfer instruction, data between general-purpose registers inter-
nal to the MPU are being exchanged. 6. Line termination equipment
has been called a terminal.

I1. Translate the sentences, pay attention to the modal verbs with
the Active and Passive Infinitive. v

1. The computer can be operated on-line in a real-time environ-
ment. 2. The adopted computers should be capable of handling masses
of data swiftly and efficiently. 3. They must also be able to operate
a large number of input inquiries simultaneously. 4. Many machines
can be attached to telecommunication lines for transmitting and re-
ceiving data. 5. Terminals may permit a fast two-way *“conversation’
with the computer or may be a remote equivalent of the computer-
room input/output devices. 6. The information may be transmitted
immediately to the computer or may be stored in some medium for
transmission at a later moment. 7. Part of the terminal equipment may
be a typewriter or printer. -

ITl. Define the function of the Participle in these sentences and
translate them. ’

1. Decisions for execution are sent forward and the results are
continuously fed back, all processes operating in real-time. 2. It is
a basic requirement of a Comand and Controle System that the com-
puters involved are communication oriented and can be operated
on-line in a real-time envirenment.

Lesson 2. TERMINALS

I. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. The Interaction of Human
and Machine.
2. Average Reading.
Text B. Types of Terminals.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. Remote Terminals.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Basic Input/Output.
Assignments.
I1I. Grammar Exercises.
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I. INDEPENDENT WORK
In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

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

Focal, system, assist, basic, agent, command, terminal, data,
transmission, computerize, combination, post, process, technical,
engineering, problem, technique, functional, information, detail,
. reaction, operator, station, manipulate, geographical, categories, sensor
type, automatically, graphical, sophisticated, special, interpretation.

I1. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know the meaning of these words.

Terminals and displays okoHeunble ¥ oTOOpakaioll¥e YCTPOHCTBa;
reader cunThBalomee ycrpoficteo; focal points doxychbie Toukn; Com-
mand and Control System aBromaTH3HpoBaHHasi CHCTEMa YNpPaBJIEHHUS;
command post nyukT ympasienus; remote terminals ynasnenHsle oKo-
HeyHble ycTpoiicTBa; raw form celpoit Buj, HeoGpaGoraHHas dopMa;
computerized system mammuHas cucreMa; the processed data is fed
back o6paGotaHHble ZaHHble BblZaioTcsl; management decision ynpas
JsiOlIee pelleHye, pewenne no ynpasnenmo; take into consideration
NpUHHMATh BO BHHMAHHE.

[I1. a) Translate the.following word-combinations. b) Define the
attributes and say by what part of speech they are expressed.

Focal points of the Command and Control System; better control
of the organization resources; interaction of human agents; a well-
designed terminal; management decision; command post; processed
data; output device; unskilled operator. .

Text A )
THE INTERACTION OF HUMAN AND MACHINE

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourseli and grasp the main idea of it.

Terminals and displays are the focal points of the Command and
Control System and are provided to assist in better control of the orga-
nization resources. ' :

In Comand and Control Systems there are two basic areas where
the interaction of human agent and machine takes place: (a) remote
terminals; (b) the command post. Remote terminals are the points
where the data is prepared in raw form for transmission to the compute-
rized system and where the processed data is fed out. The remote ter-
minals may thus be either input or output devices, or a combination
of both. The command post is the point where all the processed data
required for management decision is displayed, and accordingly it is
basically an output device.
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2. Average Reading
Text B

TYPES OF TERMINALS

I. a) Listen to the text. b) Read it (time limit is 2 min.). c) Find
the part of it dealing with the devices which come under the title of
terminals. Translate it.

There are many devices which come under the title of terminals.

They comprise those where input devices are: (a) key-boards; (b) rea-
ders; (c) switches; (d) function knobs; (e) light pens, and where the
0111tput devices are: (a) typewriters; (b) printers; (c) punches; (d) dis-
plays. .
The design of the terminal is not only a technical but essentially
a human engineering problem. A well-designed terminal, using ail
the latest techniques, answering to all the functional requirements
and displaying the full information details required, may prove to be
useless if the human reaction of the operator has not been taken into
consideration to the fullest extent.

The terminals,” whether situated at the remote stations or at the
command post, must be simple and easy to manipulate. There should
be no need for lengthy courses to learn how to operate these terminals;
indeed, the design should be aimed at the unskilled operator.

ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with the
design of the terminal. Translate it.

I11. Answer the following questions. o

1. What are terminals and displays? 2. What are they provided
for? 3. Where are the terminals used? 4. What two basic areas are
there in Command and Control Systems? 5. What are remote termi-
nals?

IV. Ask additional questions on the Text A and the Text B.

V. Prepare a dialogue on terminals and displays.

V1. Make a short summary of the Text B.

VII. Speak on the design of terminals.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.
Scatter v. pasbpackiBath; CRT's (cathode-ray tubes) amexrponto-
ny4essle TpyOku; data-acquisition terminals oxomeumsie ycrtpoficrsa
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aBTOMaTHueckoro cfopa AaHHbX; data-transaction terminals okomeu-
HEle yCTpoficTBA PYUHOTO BBOJA JA@HHLIX; inquiry terminals okoHeyHble
yerpoiictea s 3ampocos; display terminals oxoHeuHBle YCTPOHCTBa
15 otoGpaxennus (unpopmaiuu); on-line real-time information ge-
NOCpE/ICTBEHHAsl, B DPeAbHOM BPEMEeHH WHQOpMauus; measurement
interface equipment H3mepurenbHas annapatypa CONpAKCHHS, A/D
(analog-digital) converter anasioro-ungposoil npeobpasopatenns (ALIT);
storage buffers GydepHble sanOMUHAIONIHE YCTPOHCTBA; reference
clocks omopHble TAaKTOBbI€ MeHepaTOPBL; badge readers ycTpoHcTBa CuH-
rhiBaHUs cHMBoJioB, remote telemetry sensors yjaneHHbIE TeJIEMETPH-
yeckue aaTuuky; time-sharing system cucreMa C pacnpefeeHHEM
BpEMEHH.

IL Translate the following word-combinations from the Text C and
use them when retelling the text.

Remote terminal connect the system users; the terminals may
be divided into; these terminals generally obtain; the data is collected
and inserted; as with the other terminals, that is; data inquiry termi-
nals are the most widely used; in contrast to the previous type; these
terminals need not be custom.

I11. Analyse the structure of these compound words and translate
them.

Data-acquisition; data-transaction; on-line; real-time; A/D con-
verter; multiplexor; demultiplexor; feedback; data-transaction; time-
sharing.

Text C
 REMOTE TERMINALS

I. a) Read the text. b) Speak on the centralized system by means
of communication channels.

Remote terminals connect the system users scattered over a wide
geographical area with the centralized system by means of communi-
cation channels. For Command and Control applications, the termi-
nals may be divided into five major categories according to their
field of application:

(a) Data-acquisition terminals. (b) Control terminals. (c) Data-
transaction terminals. (d) Enquiry terminals. (e) Display terminals.

In the class of data acquisition terminals are the sensor type
terminals which are *‘hard wired” into the process so as to collect
on-line real-time information. These terminals generally obtain
measurement interface equipment, A/D converters, storage buffers,
reference clocks, communication multiplexors and modems.

The control terminals are complementary to the data acquisition
terminals, since they are intended to automatically implement the
system decisions. These terminals contain instrument interface equip-
ment, D/A converters, storage buffers, communication demultiplexors
and modems. They are used in the feedback process of the system
where the operation must change its control path in real time.
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In data-transaction terminals, the data is collected and inserted
by human operation instead of by automatic instruments. As with
the other terminals, the data-transaction terminals connected on-line
to the system, that is, the data which is inserted by the human agent
is transfered directly to its destination, receiving instantaneous reacti-
on and providing the operator with a reply in “real-time”.

Data inquiry terminals are the most widely used terminals parti-
cularly the time-sharing systems. In contrast to the previous type
terminal discussed, these terminals need not be custom designed for
a specific application but may be mass produced to cover a wide range
of applications. With these inquiry terminals, the operator can insert
specific request and receive the computer’s reply on the same ter-
minal.

Display terminals are primary output devices where the data is
displayed for decision making in the command post. They may be di-
vided into two main groups: personal displays and large screen dis-
plays. Personal displays are of the type of CRT key-board displays.
Among them one must also include the graphic displays which are
used for computer-aided designs, which allow on-line graphical con-
versation for sophisticated analysis of problems.

ASSIGNMENTS

I. a) Divide the text into logical parts. b)Find the key sentences,
analyse and translate them.

I1. Find the part of the text containing information about data in-
quiry terminals. Translate it.

II1. Answer the following questions.

1. How do remote terminals connect the system users scattered
over a wide geographical area? 2. What does the term ‘‘terminal”
include? 3. What devices are display terminals? 4. What groups
may displayed terminals be divided info?

IV. Prepare a dialogue on reriiote terminals.

V. Speak on display terminals.

, V1. Make up a plan of the Text C and retell it according to your
plan.

VIIL. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

. . ~ o
basic input/output CIOXKHBIH, 3aMBICJO-
BaTbIf
interface MOATBEPAKACHHE NpH-

ema (coobujenus),
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migrate KBHTHpOBaHue (c006-

wenust)
acknowledgement OCHOBBI BBOJIa/BbIBOJA
(handshaking) conpsirath, yCTPOH-
protocol _ CTBO cONpsDKeHHs (HH-
_ Tepdeiic)
elaborate nepeMelaThes
specify IpocTofl, OXHAAHUE

npotokosn  (mpasuia
obMeHa JaHHbLIMH)

mark 30. npoba, mponmyck
idle 30. TOUHO ONpeAe/sAThb
space MeTKa, Mapkep, OT-
MeTKa; TOKoBas IO~
CHITKA
TextD

BASIC INPUT/OUTPUT

I. Read the text and say about basic input/output.
In most third-generation microprocessors, microprocessors are
interfaced to peripheral devices directly from the data bus of the
MPU chip or through special devices or chips designed for that purpo-
se. In future microprocessors, peripheral device functions will migrate
into the microprocessor chip. In either case, this interface constitutes
the input/output structure of a microprocessor. Microprocessor input/

output may be single-line, multiline, parallel, or serial.

Many peripheral devices require some sort of acknowledgement or
handshaking between the device and the microprocessor. This coupling
phenomenon tells the microprocessor that the device either has data
ready for the microprocessor.or, vice versa, the-microprocessor has
data ready for the device. Handshake occurs when the “other ” unit
responds with an acknowledging signal. The specific interpretation
of the control signal is called the protocol. An orderly exchange is
desired. Protocols can become elaborate when the byte and message
formats as well as the message sequence are to be specified. For more
sophisticated interfaces, microprocessors use interface circuits. Hand-
shaking is, then, easily handled by resources in the peripheral devices.

Many serial interfaces for a microprocessor have a typical data
format. This character format requires a start bit followed by 8 infor-
mation bits, and 1 or 2 step bits which follow the 8 information bits.
A “mark” or a constant binary value of lindicates to the device and
to the MPU that the transmission is in the idle mode (no characters
transmitted). Notice that the ‘‘start” bit is always a “‘space” or a 0.
Eleven bits are required in order to transmit every character in this
format. There are other versions of serial data formats, although this
is very comimor.
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ASSIGNMENTS

L. Answer the following questions.

1. To what device are microprocessors interfaced? 2. Where will
peripheral device migrate? 3. What does interface constitute? 4. When
does handshake occur? 5. What is called the protocol? 6. When can
protocols become elaborate?

I1. Discuss the problem of basic input/output.

IIL. Express your opinion of the topic of the lesson.

IV. Look through the latest magazines and find additional informa-
tion on the topic. Discuss it.

- II1. GRAMMAR EXERCISES

I. Define the form and function of the Participles in these sen-
tences and translate them.

1. A well-designed terminals using all the latest techniques,
answering to all the functional requirements and displaying the full
information details required, may prove to be useless if the human
reaction of the operator has not been taken into consideration to the
fullest extent. 2. The command post is the point where all the proces-
sed data required for management decision is displayed, and accor-
dingly it is basically an output device. 3. Remote terminals connect
the system users scattered over a wide geographical area with the
centralized system by means of communication channels.

I1. Find the Infinitive in these sentences, state its function and

translate.
. 1. The terminals, whether situated at the remote stations or at
the command post, must be simple and easy to manipulate. 2. In
the class of data acquisition terminals are the sensor type terminals
which are ‘‘hard wired ” into the process so as to collect on-line real-
time information. 3. Eleven bits are required in order to transmit
every character in this format.

I11. Translate the following sentences paying attention to modal
verbs and their equivalents.

1. Microprocessor input/output may be single-line, multiline,
parallel, or serial. 2. Protocols can become elaborate when the byte
and message formats as well as the message sequence are to be spe-
cified.
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Lesson 3. DATA TRANSMISSION

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Significance of Data Trans-
mission.
2. Average Reading.
Text B. Types of Transmission.
Assignments. .
[1. Classwork.
' 3. Close Reading.
Pre-text Exercises.
Text C. Pulse Code Formats.
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Bits, Bytes, and Words.
Assignments.
I11. Grammar Exercises.

‘ I. INDEPENDENT WORK

In the Laborator;}
1. Skimming Readihg
PRE-TEXT EXERCISES

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

Telephone, limit, analogue, illustrate, basic elements, form, spe-
cific, communication, phase, binary, (de)modulation, popular, con-
figuration, pulse, criterion, bit, information, voltage, individual,
process, instruction, construct, extravagant, address, organization,
alphabetic, Arabic.

I1. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Data transmission nepenaua nanusix; voice traffic peuesas Harpys-
Ka; analogue-type signals curnaner ananoroporo tuna; data transmit-
ter receiver mpueMo-mepesaTu¥k AaHHbX; remote geographical loca-
tions oTnaneHHBle reorpaguueckHe TOUKH; encode 3aKOAHPOBaTh; Spe-
cific transmission handling oco6asi o6paGotka npu nepenaue; raw form
HeoOpaboTanHasi, chipasi (opma; modem MogeM (MOAYJ/STOP-LEMOAYJSA-
top); translation Ttpancasiuus, npeoGpasopanue; voice frequency wa-
veform koneGanue 3ByKoBOH uactoThl; binary data pulses msonumnbie
HMIYJIbCh; simplex cummiekcHblil (ofHocTopoHHu#); half-duplex momy-
AynieKcHBIR (pescum, nepedaua); insert 30. pasmematscs; path tpakm;
public telephone network Ttenebonnasi ceTb ofuiero noMb30BaHHS;
carry data nectu, nepeiasaTbh AaHHble; 4-wire line circuit ueTsipexmnpo-
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BOJHAs JHHeHHas nenb; while conversely torga kax obpaTHo; request
sanpoc; communication procedures an answer-back mpouenypsi (Me-
TONBI) CBASH C MOATBEPXKJCHHEM MpHeMa (C KBHTHDOBaHHEM).

Text A
SIGNIFICANCE OF DATA TRANSMISSION

I. a) Listen to the text, mind the English intonation. b)Read the
text to yourself and grasp the main idea of it.

The successful operation of a Command and Control System de-
pends essentially on its ability to transfer data between remote
geographical locations speedily and correctly.

Most of the data transmission is conducted over the traditional
telephone lines, apart from a few specially designed lines with wider
bandwidth. The standard telephone lines are limited by their upper
frequency, since they were designed to carry only voice traffic, that
is only analogue type signals. In order to-transmit digital data over
these lines, the data generated by the computer or by the terminals
must be converted into analogue signal so that they can be transmitted
in their encoded form over the ordinary telephone lines.

2. Average Reading
TextB
TYPES OF TRANSMISSION

L a) Listen to the text. b) Read it (time limit is 4 min.). ¢) Find
the part of it dealing with the three types of transmissions.

Fig. 6.2 a illustrates the basic elements required for digital data
transmission. The data to be transmitted must first be encoded into
a form suitable for specific transmission handling, as the transmission
over a communication line produces attenuation and phase delay;
it is impractical to transmit the digital pulses in their raw form over
telephone lines. It is necessary to modulate the data to be transmitted
over analogue telephone lines and to demodulate the signal at the

Transmission
i, L] encoder || Trans: 12 ot Recetver o Tecoder Ly 22
Jupr AAYA UL
a .
Ji,%ta —> Modulator (| Modulator g;’f"
g{f @ < Demodulator e Ui Demodulator gfn{a
Modem b Modem

Fig. 6.2. The structure of a digital data communication system:
a basic elements: b a modern system configuration.
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Transmission

Data |}
terminal || Modem Jla_, Modem ieprqr;?n«l
7  Transmission -
ata —>
terminal [ Modem Path Modem tg*%?nal
—

b
High- speed data transger

Modem { Transmission path Modem

//t'yb-spesed answer back
High-speed datq transfer
Modem | Trapsmission path Modem

Low- speei .%perrlsory conlrol

Fig, 6.3. Types of transmission:

a point-to-point half-duplex; b point-to-point duplex; ¢ duplex transmission, opera-
ting in hal{-duplex mode with high-speed inswer-back: d with low-speed supervisory
control.

receiver end. Similarly as to the speech, data transmission is generally
possible to both directions, although not simultaneously. The data
transmitter receiver which perform the dual process of modulation
and demodulation is consequently referred to by the abbreviated form
of modem (see Fig. 6.2 b). The modem performs the operation of trans-
lation between the binary data pulses and the voice frequency wave-
form; hence it could also be regarded as analogue to digital and digi-
tal to analogue converters. ,

Without regard to the communication media, there are three types
of transmission. (a) Simplex transmission, where aline carries data
in one direction only, as shown in Fig. 6.3a. (b) Hali-duplex transmis-
sion, where a line can carry data in either direction but only in one
direction at a time, as shown in Fig. 6.3b. Here identical modems are
inserted at both end of the transmission path. This is a most popular
data transmission configuration, as it can be used in any public tele-
phone network. (c) Duplex (or full duplex) transmission, where a line
can carry data in both directions simultaneously, as shown in Fig. 6.3c.
This double direction can be achieved by either transmission over two
‘different frequency bandwidths or by a 4-wire line circuit.

Although data can flow in both directions simultaneously in a dup-
lex configuration, it is common practice to operate it in a half-duplex
mode. In these applications the digital information flows in one direc-
tion while conversely the control data flows in the other direction to
indicate either an acknowledgement or a request for retransmission
of the message. This mode of operation (shdwn in Fig. 6.3d) saves
time when two terminals or two computers communicate. It must be
gpprecia'[tgdl that for most communication procedures an answer-back
is essential.
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ASSIGNMENTS

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

I1. Skim through the Text B and find the part of it dealing with data
transmission receiver. Translate it.

IT1. Find the part in the Text B containing information about the
mode of operation shown in Fig. 6.3a.

IV. Answer the following questions.

I. What does the successful operation of a Command and Control
System depend on? 2. Over what lines is most of the data transmission
conducted? 3. What must be done in order to transmit digital data
over these lines? 4. What is necessary to do with the data to be trans-
mitted over analogue telephone lines? 5. What is the abbreviation
for the dual process of modulation and demodulation? 6. What types
of transmission do you know?

V. Prepare a dialogue on data transmission.

VI. Speak on the modem system configuration.

VII. Examine Figs. 6.2, 6.3 and comment on:

1. Basic elements of a digital data communication system.

2. Point-to-point half-duplex; point-to-point duplex.

3. Duplex transmission, operating in half-duplex mode with high-
speed answer-back.

VIII. Make a short written summary of the Text B.

II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you knaw these words and word-combinations.

Pulse waveform code formats ¢opmaTel HMIy/bCHO-KOANPOBAHHBIX
curHanos; return-to-zero method samuch Mmerofiom Bo3Bpata K HYJIO;
penaltry wrpad, RomosHHTeNbHAs IuiaTa; ternary TpouuHbll; quadric
‘yeTBEpUUHBIH; consequitive bits nocsenoBaTesnpHEle GHTHL.

11. a) Define the attributes in these word-combinations. Say what
part of speech they are expressed by. b) Translate them.

Binary data transmission; the first criterion of division; half
binary transmission; second criterion of division; the transmission
of each bit of information; a third accepted criterion of division;
respective pulse formats; the same binary information; the unit of
signalling speed; the actual number of binary digit.

II1. Translate the followmg word-combinations and use them retel-
ling the Text C.

There are many different types of; the various coding patterns
are illustrated in Fig.; the unit of s1gndllmg speed should be measured
by the number of; the term bits/s refers to.
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Fig. 6.4. Pulse code formats in data transmission.

IV. Pay attention to the translation of «thatof» which is used
instead of the noun mentioned.

1. A second criterion of division is that of relation to the zero
level. 2. A third accepted criterion of division is that of direction.

TextC
PULSE CODE FORMAT

I. a) Read the text. b) Speak on different types of pulse waveform
code format.

There are many different types of pulse waveform code formats
which may be used in binary data transmission. All the code for-
mats could be divided into three classes. The first criterion of division
is the form of information transmission, viz. (a) Full binary trans-
mission, where both the ‘0"’ and“1”bits are part of the formats.
(b) Half binary transmission, where only the“1”’sare transmitted, ha-
ving the “0”’s recognized by the absence of a pulse at the time of
clock. (c) Multiple binary transmission, where ternary and quadric
codes are used for each transmitted pulse. A second criterion of divi-
sion is that of relation to the zero level, viz. (a) Return-to zero (RZ),
where there is a return to the zero level after the transmission of each
bit of information. (b) Non-return-zero (NRZ), where there is no
voltage level change if consecutive bits are transmitted, although

261



there is a level change when there is an information variation from
Otolorl toO.

A third accepted criterion of division is that of direction, viz. (a)
Unipolar, where the pulses are in the single direction. (b) Bipolar,
where the pulses are in both directions.

The various coding patterns for the respective pulse formats are
illustrated in Fig. 6.4a—i where each pattern represents the same
‘binary information of 1011010010.

For data transmission, the unit of signalling speed should be
measured by the number of bits transmitted per second.The term
“bit per second” (bits/s) refers to the actual number of binary digits
that are. transmitted per second.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Find the key sentences,
analyse and franslate them.

I1. Find the part of the text containing information about the various
coding patterns for the respective pulse formats illustrated in Fig.6.4.
Translate it. -

II1. Answer the following questions embracing the contents of the
Text C.

1. How many classes could all the code formats be divided? 2. What
are these classes? 3. What is the first criterion of division? 4. What
is the second criterion of division? 5. What is the third criterion of
division? . :

IV. Ask additional question on the Text C and answer them. Work
in pairs.

V. Prepare a dialogue on pulse code formats.

VI. Retell the Text C according to your plan.

VIL Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

extravagant CBA3AaTL- ApYT C APYroM TakK, Y4To
alphanumeric JBOMYHBEIH KOJ 3HakKa (CHMBOJA)
instruction half word JBOUYHBIE paspsn

variable length field HOJTY CJIOBO

zone part of two ... 30HHas 4YacTh W3 JBYX ...
numeric part of four ... 6yKBeHHO-1H(PPOBOH '

binary digit KOMaHJHO€ [0J/1yCJIOBO

treat COXPAHHTb, CHKOHOMHUThH

binary character- code YHCJIOBAasi YacThb W3 YETHIPEX ...
link in each a way that GaiiThl, K KOTOpHIM ofpalieHHe

HIEeT 10 OfHOMY ajpecy
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converse obpamarthbes

conserve 30. npeoOpasoBLIBATD

half word 3arJiaBHble OYKBBI

bytes referenced by a single ad- BocbMHpaspsiiHBIA KOJ 3HaKa
dress

upper case letters 3HAaK OYHKTYyaluH
punctuation mark PaCTOYHTE/bHBII
eight character code " noJie [epeMeHHOR JJTHHBI

I1. Translate the following word-combinations from the Text D and
memorize them.

The individual storage cell provides; this basic unit is usually
referred to as; computers are normally built with; although it would-
be possible to construct; the fundamental group of bits is called;
the size of a byte is chosen so that; the individual bits of a byte are
linked; alphabetic symbols are represented.

TextD
BITS, BYTES, AND WORDS

I. Read the text and say about the smallest unit of digital informa-
tion.

The individual storage cell provides the smallest unit of digital
information which can be stored within a computer. This basic unit
is usually referred to as a binary digit or bit. Computers are normally
built with a large number of bit storage cells to that programs invol-
ving extensive instruction sets and data can be stored and processed
internally. .

Although it would be possible to construct computer circuits
to give individual addresses to each binary digit stored in the compu-
ter memory, such an arrangement would be very extravagant. For
purposes such as alphanumeric data, groups of bits are normally
stored together under one common address and treated by the compu-
ter as a unit of information. In some recent computers the fundamental
group of bits is called a byte. The size of a byte, usually six or eight
bits, is chosen so that the byte can store one alphanumeric character
using the binary character code adopted for the computer. The indivi-
dual bits of a byte are electrically linked in each a way that a single
memory address applies to the entire byte. For such machines the byte
is the basic units of addressable information.

While bytes are well adapted for character representation and
storage, larger organizations of bits must be provided for storage of
instructions and numbers. Such a large unit is formed by linking bytes
together to form a word. The IBM 360 computer system, for example,
uses four eight-bit bytes to form a word. The information stored in
advéford of this type can be directly referenced through the use of one
address. '

The various addressable groupings of information units are not
restricted to bytes and words. It is found, for example, that instruc-
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tions do not require as many bits as are needed for number represen-
tation. Hence, to conserve computer memory space instruction half
words are often used. Likewise, although numbers are normally repre-
sented in words, for more accurate arithmetic it is possible to link
two words together to form an addressable double word. The ultimate
flexibility now available in large computer system uses variable length
fields composed of suitably linked bytes referenced by a single address.

Alphabetic symbols and special characters are represented in
computers through codes on sequences of binary digits. Normally
at least six bits (2% = 64 separate patterns) are required to establish
a unique code set for the 26 upper case letters, the 10 Arabic numerals,
various arithmetic operators, and punctuation marks. Most large
computers having a byte structure use eight character codes (28=
= 256 separate patterns) to take advantage of the larger available
character set.

Both the six and eight bit character representations are subdivided
; %nto tgvo parts: a zone part of two or four bits and a numeric part of
our bits.

ASSIGNMENTS

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

1. What does the individual storage cell provide? 2. How is
this basic unit usually referred to? 3. What are computers normally
built with?

I1. Ask additional questions on the Text D and answer them. Work
in pairs.

I11. Prepare a dialogue on the representation of logical data.

IV. Make up a plan on the Text D and retell the text according to
your plan.

V. Speak on typical organization within a computer using six or
eight-bit bytes.

VL Discuss the problem eof bit information.

VIL. Express your opinion of the topic of the lesson.

VIII Look through the latest magazines and find additional infor-
mation on the topic of the lesson. Discuss it.

ITI. GRAMMAR EXERCISES

I. a) Analyse the following sentences. Define subjects and predicates
in the principle and in suberdinate clauses. b) Translate these sentences.

1. The standard telephone lines are limited by their upper frequen-
cy since they were designed to carry only voice traffic that is only
analogue type signals. 2. This is a most popular data transmission
configuration, as it can be used in any public telephone network.
3. There are many different typesof pulse waveform code formats
which may be used in binary data transmission.

I1. Define the form and function of the Infinitive in these sentences
and translate them,
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1. In order to transmit digital data over these lines the data gene-
rated by the computer or by the terminals must be converted into
analogue signals so that they can be transmitted in their encoded
form over the ordinary telephone lines. 2. The data to be transmitted
must first be encoded into a form suitable for specific transmission
handling, as the transmission over a communication line produces
attenuation and phase delay; it is impractical to transmit the digital
pulses in their raw form over telephone lines. 3. It is necessary to mo-
dulate the data to be transmitted over analogue telephone lines and
to demodulate the signal at the receiver end.

I11. Find the Participles in these sentences, state their forms and func-
tion and translate sentences with them. '

1. Fig. 6.2a illustrates the basic elements required for digital
data transmission. 2. Half binary transmission, where only the “1”’s
are transmitted, having the “0”’s recognized by the absence of a pulse
at the time of clock. 3. The information stored in a word of this type
can be directly referenced through the use of one address.

Lesson 4. MULTIPLEXORS AND CONCENTRATORS

1. Independent Work.
In the Laboratory.
1. Skimming Reading.
Pre-text Exercises.
Text A. Sharing the Line Resources.
2. Average Reading.
Text B. Frequency-division Multi-
plexor.
Assignments.
11, Classwork.
3. Close Reading.
Pre-text Exercises. .
Text C. Switching Centres.
Assignments.
4. Searching Reading. -
Pre-text Exercises.
Text D. Micféprocessors.
Assignments.
111. Grammar Exercises.

I. INDEPENDENT WORK

In the Laboratory
1. Skimming Reading
PRE-TEXT EXERCISES

I. a) Make sure that you know these words. Say what Russian words
help you to guess their meanings. b) Repeat these words after the speaker.
Multiplexor, concentrator, transmission, reconstruction, alterna-
tive, principle, provision, centre, location, computer, configurate,
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Fig. 6.5. The principle of sharing the line between a number of terminals.

microprocessor, plan, arithmetic, telephone, program, electronically,
detail, musical.

IL. Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Multiplexor ycrpoiticto mudposoro rpynnooGpasoBanus, yILIOT-
HeHHs; My/bTHIIEKCop; fixed predetermined method mocrosHHLIE 3a-
paHee saJaHHbIH MeTOL; overlapping mepekpbithe; encroaching BTOp-
’KeHHe, NpOHHKHOBeHHe; carrier trunk system marumcrpanbuas Bhicoko-
4acToTHas cucrema; frequency-division multiplexor MyJIbTHILIEKCOP
C YACTOTHBIM paslieieHHeM; resource pecype (4unuu c613u, MauuHel
W T. 1.); share pasgeasts, pacnpenensits; allocation pacnpejenenye,
pasiesenue, npukpemienue; to smooth criawmeate; frequency slot
yacToTHbIA cerMenT; guard band samurtaas noJioca; voice grade line
BbICOKOKAYeCTBEHHAs Teseonnast Junus; wide-band cable rwmpoxo-
TNIOJIOCHBIR  KabeJib.

IT1. Give the initial-forms of the following words and translate them.

Operating, sending, transmission, reconstructing, receiving, uti-
lization, sharing, dynamically, randomly, arrangement.

Text A
SHARING THE LINE RESOURCES

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

The principle of sharing the same line ‘between a number of ter-
minals is shown in Fig. 6.5. The multiplexor or the concentrator com-
bines several different signals operating at low speed, sending them
simultaneously over the same transmission path and then reconstruc- °
ting them again at the receiving end.

Communication multiplexors generally refer to the direct utiliza-
tion of the transmission path by the sharing of the resources of time
or frequency. In other words, the sharing is based on the static alloca-
tion of the resources by means of a fixed predertermined method. The
concentrators also share the resources, but in contrast to multiple-
xors, they utilize the line dynamically. In this case, the line resources
are shared randomly and not according to a fixed arrangement. With
the concentrators better efficiency can be obtained. The function of
the concentrator is to smooth the data flow in the transmission path.,
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2. Average Reading
TextB
FREQUENCY-DIVISION MULTIPLEXOR

I. a) Listen fo the text. b) Read it (time limit is 2 min.). c) Explain
the function of frequency-division multiplexor. :

Frequency-division multiplexors share the frequency spectrum
of the transmission path among a number of data channels. Each
data channel receives a unique frequency band which is permanently
allocated to the channel. If the full bandwidth F is divided into R
channels, then each channel has the frequency bandwidth of F/N.
However, each channel can transmit at speeds far less than the fre-
quency slot of F/N available to it. The limitation is due to the need
of guard band between adjacent channels. The guard frequency bands
prevent any sideband signals from overlapping and encroaching on the
adjacent channels. .

The frequency-division multiplexing the transmission of the data
in all the channels is in parallel form. Alternatively, each channel
can transmit a bit belonging to the same character, thus transmitting
the character in parallel. Frequency-division multiplexors may be
used to share a one voice grade line among a number of slow-speed ter-
minals, or alternatively may be used to share a wide-band cable
among a number of voice channels.

ASSIGNMENTS

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

I1. Skim through the text B and find the part of it dealingwith the
data channels. . -

I11. Find the part of the Text B containing information about the
limitation of channels.

IV. Answer the following questions. \

1. What signals does the multiplexor or concentrator combine?
2. What do communication multiplexors generally refer to? 3. What
do frequency-division multiplexor share? 4. What does each data
channel receive? 5. What frequency bandwidth has each channel
if the full bandwidth F is divided into R channels? 6. At what speed
can each channel transmit? 7. What is the limitation due to? 8. What
do the guard frequency bands prevent? 9. What is the form of the trans-
mission of the data in all the channels in frequency-division multi-
plexing? .

V. Prepare a dialogue on frequency-division multiplexors.

VI. Speak on multiplexors and concentrators.

VII. Examine Fig. 6.5 and comment on the principle of sharing
the line between a number of terminals.

VIII. Make a short summary of the Text B.
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II. CLASSWORK
3. Close Reading
PRE-TEXT EXERCISES

I. Be sure that you know these words and word-combinations.

Switching centres xomMyranuonubie uentps;; on the principle of
point to point na ocroBe mpsiMo#l cBA3M (KAXKABIA C KaMAbIM); NO pro-
vision for alternative routines Ges obecneuenus ambTepHATHBHBLIX
mapiipyTos; data flow notok nanmbix; fair-sized traffic wuspsinmas ua-
rpyska; comprehensive terminal-to-terminal communication o6munp-
Hasl CBSi3b MEXIYy OKOHeuHBIMH ycTpoHictBamu; hub uewntp; star net-
work sBesnmas cerb; “torn tape” switching centre koMmyTamuoHHbI
ueHTp ¢ obpuiBoM JieHTh; one of the links is down ogua us JuHHA BHIXO-
AuT U3 cTpos; non-switched HekoMmyTHpyembid; to bring s0. BhBecTH;
to effect 30. npusoants K; spread pacnpocrpanenue; rout mapmpyTH3H-
poBaTh, HaNpaB/ATh. : -

I1. a) Pay attention to the attributes in these word-combinations and
define the part of speech they are expressed by. b) Translate them.

The simplest communication network; sophisticated communica-
tion network; a comprehensive terminal-to-terminal communication;
large communication installation; many switching centres; local
switching centres; each centre functions; other associated terminals.

Text C
SWITCHING CENTRES

I. a) Read the text. b) Speak on the switching centres.

All the simplest communication networks are operated on the
principle of point to point with no provision for alternative routines.
As the network grows, the efficiency is correspondingly reduced.

In sophisticated communication networks, the data flow is not
only from the terminals to a centre; there is also considerable traffic

VAV N —
a7

a
Fig. 6.6. The types of switched networks:

a the non-switched network; & the central switched network.
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computer
a b

Fig. 6.7. The structure of large communication networks:
2 with one switching centre; b with many switching centres.

between terminal and terminal. In large network there could: be a mul-
tiplicity of computers distributed over wide geographical locations,
where there is a fair-sized traffic between the computers. This type
of communication network configuration is common in Command and
Control Systems.

To achieve a comprehensive terminal-to-terminal communication
in a simple network, each terminal must be connected directly to
all the others. That is, all the terminals have point-to-point lines
between them, as shown in Fig. 6.6a, which illustrates the ability
of all the terminals to communicate at the same time. This network
(which is known as non-switched) is obviously impractical for large
networks. Therefore, the only possible course is to bring all the termi-
nal lines to a central location, as shown in Fig. 6.6b. The introduction
of the centre switching which exploits the whole network (and not
just a single transmission path) and effects a saving in communication
lines. The centre station is located at the hub of the communication
network, linking all the remote stations in a configuration known as
a star network (Fig. 6.7a).

In large communication installation, such as Command and Control
Systems, there could be many switching centres in the network (as
shown in Fig. 6.7b). The spread of computer resources over wide
geographical locations requires local switching centres that can commu-
nicate with other remote centres. Each centre functions as a unique
unit whose purpose is to switch and route message from any of the
terminals associated with it to any other associated terminal or centre
in the network.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Find the key sentences,
analyse and translate them.

IL. Find the part of the text containing information about terminal-
to-terminal communication. Translate it.
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HI. Skim through the text and find the part of it dealing with the
introduction of the centre switching which exploits the . whole network.

IV. Answer the following questions.

1. On what principle are all the simplest communication networks
operated? 2. What must be done to achieve a comprehensive terminal-
to-terminal communication in a simple network? 3. What does the
spread of computer resources over wide geographical locations require?
4. What is the purpose of each centre functioning as a unique unit?

V. Prepare a dialogue on your own situation.

V1. Speak on switching centres according to your own plan.

VII. Translate the Text C to be sure you understand it well.

4. Searching Reading
PRE-TEXT EXERCISES

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

follow NPUHUHI YNPABAEHHS C MOMOLIbIO
. «XpaHMMOH IpOrpaMMbl»

pocket calculator 30. pyYKa YIpaBJeHHS

plenty BA3A/bHbIE HIJIBE

to trigger an alarm 30. UPHAEPKHBATLCH, CJ€HOBATh

grading potatoes NOAHUMATL TPEBOTY

knitting 30. MHOMXECTBO

timing heart-beats TMOJCYET KOJIHYECTBA YAAPOB Cepua

the principle of “stored program copTupoBka KapTodess
contro] »

kitchen Bsi3aHue

knob KapMaHHbIH KaJbKYJISTOD
clockwise O 4acoBOH CTpesKe
knitting needles KYXHsl

I1. Translate the following word-combinations from the Text D.
Use them retelling the text.

The plan can be anything you like; people often think of; so they
can, of course; since arithmetic operations can be represented as;
but there are plenty of other kinds of; that can be expressed, precisely,
as, it is a truly general-purpose information-processing device; in
other words, control its operation; taking the form of the program of
instructions to be executed; it is no good saying; the program must
be expressed in; this is why it can’t recognize; to take action on the
outside world; a connection must be provided between; we will have
more to say about interface later.
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TextD
MICROPROCESSOR

1. Read the text and say about microprecessors.

A microprocessor is a device that follows a plan. The plan can be
anything you like, provided it can be specified exactly as a sequence
of steps. People often think of microprocessors as performing arithme-
tic, like a pocket calculator. So they can, of course, since arithmetic
operations can be represented as plans — think of the procedure for
addition, or long division. But there are plenty of other kinds of plan.
Simply counting events can be expressed as a plan. Or triggering an
alarm when certain conditions are met (the conditions must be stated
precisely, like “temperature greater than 80°C, rather than “dangerous-
ly hot »). Or dialling telephone digits. Or associating a list of telephone
numbers with names. Or grading potatoes, knitting, timing heart-
beats. )

A microprocessor can do any information-processing task that
can be expressed, precisely, as a plan. It is truly general-purpose
information-processing device. The plan which it is to execute —
which will, in other words, control its operation — is stored electro-
nically. This is the principle of “stored program control”. Without
a program the microprocessor can do anything. With one, it can do
anything. '

The way you have to formulate a plan for a microprocessor is
quite different from how you would do it for a person. A micropro-
cessor’s plan must be procedure-directed; taking the form of a program
of instructions to be executed to accomplish the result. It is no good
saying “go into the kitchen and turn the knob on the wall 3 degree
clockwise ” — which route should be taken?— what if the door is
closed? — which wall? — where on the wall? The program must be
expressed in miniscule steps of detail. To get a microprocessor to do
something, we must ourselves know how to do it, in detail. This is
why it can’t recognize faces — although we can, we don’t know how.

Furthermore microprocessors can only perform information-
processing tasks. To take action on the outside world, or to receive
signals from it, a connection must be provided between the micropro-
cessor’s representation of information (as digital electronic signals)
and the real-world representation — like dots of light on a display
screen, or a musical note, or a motion of knitting needles. Such a con-
nection between information representations is called an “interface”.

ASSIGNMENTS

I. Answer the following questions.

1. What device is a microprocessor? 2. What is a microprocessor
like? 3. Can counting events be expressed as a plan? 4. What is the
way to formulate a plan for a microprocessor? 5. Can we get a micro-
processor to do anything? 6. What can microprocessor perform?
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I1. Ask additional questions on the Text D and answer them. Work
in pairs.

II1. Discuss the problem of microprocessors.

IV. Express your opinion of the problem.

V. a) Look through the latest magazines and find the information
on the topic. b) Prepare a short report using the information.

IIT. GRAMMAR EXERCISES

L. Define the function of the in g-forms in these sentences and translate
them.

1. The multiplexor or the concentrator combines several different
signals operating at low speed sending them simultaneously over the
same transmission path and then reconstructing them again at the
receiving end. 2. Communication multiplexors generally refer to the
direct utilization of the transmission path by the sharing of the resour-
ces of time or frequency. 3. When voice grade lines are used with
frequency division multiplexors, only a total maximum speed of
‘about 2000 bits/s can be reached. 4. The principle of sharing the same
line between a number of terminals is shown in Fig. 6.5. 5. There
could be many switching centres in the network.

I1. State the function of the Participle in these sentences and trans-
late them.

1. The sharing is based on the static allocation of the resources
by means of a fixed predetermined method. 2. There could be a mul-
tiplicity of computers distributed over wide geographical locations.
3. The centre station is located at the hub of the communication net-
work linking all the remote stations in a configuration known as a star

network.
Lesson 5. PROGRAMMING

1. Independent Work.
In the Laboratory:
1. Skimming Reading.
Pre-text Exercises.
Text A. Algorithm, Flowcharts and
Computers.
2. Average Reading.
Text B. Variables.
Assignments.
I1. Classwork.
3. Close Reading.
Pre-text Exercises.
Text C. High-quality Program
Assignments.
4. Searching Reading.
Pre-text Exercises.
Text D. Replacement of Values,
Assignments.
[1I. Grammar Exercises,
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I. INDEPENDENT WORK
In the Laboratory

1. Skimming Reading
PRE-TEXT EXERCISES

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

Algorithm, instruction, class, problem, complex, geometric,
adequate, basic, element, practical, formal, programmer, information,
fundamental, mathematical, nature, telephone, automated, minimum,
documentation, program, standard, structure.

I1. a) Listen, repeat and memorize the following words and word-
combinations. b) Check if you know their meanings.

Flowchart 6sok-cxema (8 npoepammax); unambiguous TouHBIH,
HelBycMblc/eHHbIH; ordered set of instructions ynopsimouennbiit Habop
komauz; lead to mpusomute K; problem samaua; abbreviated cokpamen-
Hbli; not an adequately precise means He afeKBaTHO TOUHOE CPEACTBO;
in terms of geometric shapes B Tepmunax reomerpuueckux dopm; intro-
duce logical ordering through spatial location and flowlines BBOmMTS
JIOTHYECKOe YNOpsifoueHHe ¢ MOMOWBI0 NPOCTPAHCTBEHHOrO pasMelle-
HUsl M JMHUE cBsisu (8 O.a0K-cxemax); in the shape rectangular or rombic
boxes B (hopme NpAMOYTONbHBIX MK POMOHUECKHX — UETHIPEXYTOMbHHKOB
(8 Gaox-cxemax); will be acceptable instruction sets for computer
Oynyr npuemaeMbiMu HaGopamu KoMauna Ags OBM; formal statements
of computer languages ¢opmaibHble TpeAnHcaHus  (BHICKASHIBAHHS,
OnepaTopsl) MaMHHLIX A3bIKOB; flowchart language ssbik 6J0K-cxewm;
flowchart actions (in the process and decision boxes) nefictere mo
6/10K-cxeme (B UeTHIPEXYTONBHHUKAX MPOLECCoB U peutenni); fundamen-
tal similarity dynnavenranproe nono6ue; conversion of the algorithm
to an operating computer program npeoGpasoBanue aaroputma B paGo-
Uylo MaWHHHYIO nporpammy; variables mepemennbie; in obtaining va-
lues for different quantities B nosyuennu (uncoBbIX) 3Hauenuii passmy-
ubix Besmumn; finding the best routine for a cross-country telephone
call oTbiCKaHHe HaWyuUIero MapiIpyTa [UIsi TeJeOHHOTO BHI30BA uepes
Bcio crpany; take different values mpurumMats pasmiunsie smavenus; sepa-
rate memory storage location oraenbnas sueiika 3Y; lean (on) ocko-
BRIBATbCS (HA), HCXOMWTb (u3), invent BEIAyMBbIBATB, H306pETATH
HEIGHT ssicota; NUMBER uncio; to specify operation on and bet-
ween 3aath onepanyy Hal 1 Mexny; the storage location we call X sueii-
Ka MaMATH, KOTOpYyIo MBI HasBaiu X; a string of digits (Os or 1s) nocie-
RoBaTesbHOCTh wupp (nyned win enunnu); identifier unenrucduxarop;
repeatedly noBropHO, HeoamoKpaTHO; numerical YwcJIOBOM.

I11. Translate these word-combinations and use them reading the
Text A and the Text B.

For simple task; algorithm may be; to overcome this difficulty
flowcharts provide; most flowcharfs are developed; it is probable
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that some day; the value of flowcharts in preparing computer pro-
grams can be' considered; in a computer, values of variables are con-
tained in; to identify these storage location so that; by doing this we
are able to; thus, we use; the content of a storage location may be
interpreted as; as might be expected; finally, certain operations of
mathematical logic require the use of.

Text A
ALGORITHM, FLOWCHARTS AND COMPUTERS

I. a) Listen to the text, mind the English intonation. b) Read the
text to yourself and grasp the main idea of it.

An algorithm must provide an unambiguous, ordered set of instructions
which lead to a solution for a certain class of problems. For simple
tasks, algorithms can frequently be written in an abbreviated form
of a natural language such as English. However that natural language
is not an adequately precise means of algorithmic expression. To over-
come this difficulty, flowcharts provide us with an algorithm lan-
guage through which we canexpress various operations in terms of geo-
metric shapes and introduce logical ordering through spatial location
and flowlines. Before introducing new elements, however, more
needs to be said about the practical uses of flowcharts.

Most flowcharts are developed as an intermediate step in preparing
problems for computer solution. It is probable that some day algo-
rithms written in a simplified form of natural language will be accep-
table instruction sets for computers. Until then, however, the conver-
sion of algorithms to the formal statements of computer languages
must be made by programmers and the best language for the expres-
sion of algorithms will remain the flowchart.

The value of flowcharts in preparing computer programs can be
considerably increased by designing the flowchart language to treat
information flow and flowchart actions (in the process and decision
boxes) in a way similar to the actual operations that occur in a com-
puter. This fundamental similarity of operation does not limit the
flowchart to a particular computer language, but ensures a minimum
amount of difficulty in the final conversion of the algorithm to an
operating computer program.

2. Average Reading
TextB
VARIABLES

L. a) Listen to the text. b) Read it (time limit is 3 min.). c) Find
the part of it dealing with values of variables.

When we use a computer we are interested in obtaining values
for different quantities. These quantities are not always mathematical
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in nature and may involve such varied tasks as comparison of data,
finding the best routine for a cross-country telephone call, or choosing
the electrical voltages needed for the operation of equipment in an
automated factory.

Quantities which can take different values in the course of compu-
tations are called variables. In a computer, values of variables are
contained in separate memory storage locations in the computer memo-
ry. To identify these storage locations so that the data stored in them
can be used in computations and other operations, we normally lean
on mathematical tradition and invent variable names such as X, Y,
HEIGHT, NUMBER, and so forth. By doing this we are able to speci-
fy operations on and between the different variables irrespective of
the values actually stored in the memory storage locations. Operations
like “Is X the same as Y?” or “Divide HEIGHT by WIDTH * express
general relationships independent of the value of the quantities them-
selves.

When a variable is named, a link is established between the va-
riable name and one particular storage location in the computer me-
mory. That we use of a variable’s name in a computer program is
actually a reference to the contents of the associated storage location
where the value of the variable is stored. A question such as“Is X great-
er than zero?” is equivalent to asking “Is the content of the storage
location we call X greater than the value zero?”

The content of a storage location may be interpreted as a num-
ber, as alphabetic characters, or simply as a string of digits (Os or
Is), depending upon the use for which the variable is intended. Re-
member, the variable name is only an identifier for a particular me-
mory storage location and that we may repeatedly change the value
of variables by changing the contents of their storage locations.

There are three main classes of variables used in computers:

1. numeral variables;

2. alphanumeric variables;

3. logical variables.

As might be expected, numerical variables have their value re-
presented by numbers. Alphanumeric variables, in contrast, have
values composed of string of alphabetic characters, numerals or other
symbols. Logical variables are restricted to just two values TRUE
or FALSE or sometimes as YES or NO. ’

ASSIGNMENTS

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

VL. Skim through the Text B and find the part of it dealing with
the use of variable’s name. Translate it.

I11. Answer the following questions. _

1. How can algorithms be written in an abbreviated form? 2. What
do flowcharts provide us with? 3. What improvements can be made
for better expression of algorithm? 4. What are called variables?

275



5. What are values of variables contained? 6. What is the use of a va-
riable’s name in a computer program? )

IV. Prepare a dialogue on your own situation.

V. Speak on the Text B according to your plan.

VI. Make a short summary of the Text B.

II. CLASSWORK

3. Close Reading
PRE-TEXT EXERCISES

1. Be sure that you know these words and word-combinations.

High-quality BblcokokauecTBennnif; lists of qualities cnucox
(nepevenb) kauects; minimum speed and execution MHHHMalbHBIE
CKOPOCTh CO3JAHHMSI M BpeMs BHIUIONHeHHS (npoepammer); efficient use
of memory and features sbdexkTuBHOE HCNOJB30BaHHE NAMATH M ee
ocoGenHocreil; good documentation and debugging capability xopo-
uias JOKYMeHTauust (Ha npoepammy) ¥ Xopomas CIOCOCGHOCTb K OT-
nanke (npoepammer); modular MonysbHOCTh; maintainability yroGerso
skcnayatauuy; adaptable azantupyemocts, npHCHocoGasieMOCTh; Mman-
datory o6ssarensHsl; boundary rpanuna, orpannuenue; branch instruc-
tion komanma (pas)setBienusi, mepexoxa; clarification mnposicHenue,
scHocTh; will last long after you are gone Gyzer goAro cayXuTh M[ocje
TOrO, Kak Bul yiinere; designer paspaGoTumk (npozpammor); a careful
yet important collection Tmatesnsnas u Bce ke BaxHas M0ACOPKa;
subroutine moanporpamma; header block 3arosioBounblf G/OK, 3aroJo-
pok; full specification nonsoe omucanue; associated data structure
CTPYKTypa COOTBETCTBYIOW(MX JAaHHbIX; from this description alone
replacement code can be generated u3 s10r0 OnMHCaHUSI MOXKET CBITH
co3naH ToabKo Kof 3amemenus; sufficient associated line comments
JOCTAaTOUHble COOTBETCTBYIONIME CTPOYHBIE KoMMeHTapuy; non-self-
modifying mecamomonuduuupyomuitcs; position-independent nosn-
LHOHHO He3aBucuMbIit; by a flowchart ¢ momompio GroK-cxembr; main
program raBHasi mporpamma; should be executable starting at the
first location ’kenareqbHO HAUMHATH BBEIIOJHEHHE C TMeEPBOH  AUEHKH;
/0 jump table Ta6muma BXoAHBIX /BBIXOZHBIX mNepexofos; partition
pasfesisiTh, pacwieHaTh; common sense should prevail sapaBbit cMBIC]
no/DKeH npeobianath; to call fewer than five times BeIwIBaTH (B IVIaB-
HYIO POrpaMMy) MeHee nATH pas; it may be wiser pauuonaibHee (pa-
symuee) Oyznet; instead of JSR/RTS (jump to subroutine/return from
subroutine) BMecTo omepaTopo «nepexoi K MOANporpammey / «BbIXOX
H3 [OATPOrPaMMBL».

Text C
HIGH-QUALITY PROGRAM

I. a) Read the text. b) Speak on the qualities of a good program.
Many lists of qualities of a good program exist. Ours include:
1. Correctness. 2. Minimum cost. 2. Minimum speed and execution.
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4. Efficient use of memory and features. 5. Good documentation and
debugging capability. 6. Modular. 7. Maintainable. 8. Adaptable.

Correctness. Almost everyone will agree that correctness is the
most important quality in a program. No one would care much about
how short or how fast your program is if it does not work.

Cost versus Speed. Many factors need to be considered when mini-
mizing cost. Execution speed may not be important. But if use of the
machine is in constant demand, a fast program is more desirable. |

Documentation. A well-documented program is mandatory. Pro-
gram boundaries and branch instructions need full clarification. Re-
member that your program will last long after you are gore.

The following documentation standards have been proposed by
the designers. They represent a careful yet important collection of
rules.

1. Each subroutine should have an associated header block con-
taining at least the following elements:

a. A full specification for this subroutine — including associated
data structures — such that from this description alone replacement
code can be generated.

b. All usage of memory resources must be defined.

2. Code internal to each subroutine should have sufficient associ-
ated line comments to help in understanding the code.

3. All code must be non-self-modifying and position-indepen-
dent.

4. Each subroutine that includes a loop must be separately docu-
mented by a flow chart.

5. The main program should be executable starting at the first
location and should include an 1/0 jump table immediately there-
after.

Modularity and Maintenance. If a program were modular, main-
taining and adapting it would be easier than it were not. Modular
programming partitions the program into pieces to write an indepen-
dent module for each. As for the size of each module, common sense
should prevail. For instance, suppose that a module consists of only
two instructions and is called fewer than five times. It may be wiser
to insert the two instructions directly into code instead of using
JSR/RTS. It will not save space, but if will save execution time.

ASSIGNMENTS

I. a) Divide the text into logical parts. b) Find the key sentences,
analyse and translate them.

I1. Find the part of the text containing information about modular
programming. Translate it. ‘

IT1. Answer the following questions.

1. What is the most important quality in a program? 2. What do-
cumentation standards have been proposed by the designers?® 3. Does
modular programming partition the program?

IV. Ask additional questions and answer them. Work in pairs.
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V. Prepare a dialogue on your own situation.
VI. Speak on high-quality program according to your plan.
VII. Translate the Text C to be sure you understand it well.

4. Searching Reading

PRE-TEXT EXERCISES

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

replacement of values nox Metkod B

replacement of the existing value samena suauenuit

destructive operation 3aMeHa CYLIECTBYIOIIErO 3HaUeHHs

under the label B T0CJIe BHITOJIHEHUSA ONEPalHH 3ame-
. HBI

following the replacement ope- HecTpykTHBHAs onepauus — onepa-

ration - UHs C HapyiueHHeM HH(poOpMauux

TextD

- REPLACEMENT OF VALUES

I. Read the text and say about replacement of values.

The most basic operation in a computer involves changing the
value of a variable. This is accomplished through replacement of
the existing value stored in a computer memory by another value.
When the existing value is replaced by a new value, the old value
is lost forever. Replacement, which is the same as the substitution
of a new value, is a distructive operation.

A convenient operation symbol for replacement is <. If we use
this symbol between two variables

A<« B

we interpret this as meaning “Replace the current contents of the sto-
rage location corresponding to A by the current content of B». The
previous value of A is lost, while the value stored under the label of B
remains unchanged. Following the replacement operation, the value
of A will be the same as the value of B.

A more general form for the replacement operation can be written
as:

variable < expression

The expression on the right hand side of the arrow may be a con-
stant or a single variable such as:

A<3.14 HEIGHT < 10

C<«B D « FISH
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The term expression is actually more general than simple cons-
tants or single variables. The term expression means any series of
data operations among constants and variables that leads to a single
value which can be stored in the location identified in the replacement
statement. :

When a replacement operation is executed by a computer, the
following steps are involved, '

a. Copies of current values of variables used in expression must be
fetched from their locations in the computer memory.

b. Expression must be evaluated, using the rules associated with
the operation symbols appear in expression, and reduced to a single
value. .

c. The value which results from the evaluation of expression must
be transierred to the storage location assigned to variable.

ASSIGNMENTS

I. Answer the following questions. -

1. What is the most basic operation in a computer? 2. What is
replacement? 3. What is a convenient operation symbol for replace-
ment? 4. How can a more general form for the replacement operation
be written? 5. What does the term expression mean?

Il. Discuss the problem of programming.

ITI. Express your opinion of the topic of the lesson.

IV. Look through the latest magazines and find additional informa-
tion on the topic to discuss at the lesson.

ITI. GRAMMAR EXERCISES .

I. Define the tense-forms of the verbs in these sentences and translate
them.

1. Algorithm can frequently be written in an abbreviated form
of a natural language such as English. 2. The conversion of algorithms
to the formal statements of computer languages must be made by
programmers. 3. Quantities which can take different values in the
course of computations are called variables. '

Il. Translate these sentences and define theform and function of the
Infinitive, Participle or Gerund. - i

1. Before introducing these new elements more needs to be said
about the practical uses of flowcharts. 2. The value of flowcharts
in preparing computer programs can be considerably increased by
designing the flowchart language to treat information flow. 3. Many
factors need to be considered when minimizing cost.



KPATKHﬂ FPAMMATHYECKWHA CNIPABOYHHK

THE PARTS OF SPEECH
(4ACTH PEYH)

BykBeHHO®
YacTs peun ofo3naucHye QyHRIUA B NPEAJIOKEHUH

A Noun N Tlopnexainee, ONOJHEHHE, HMEHHAS 4aCTh
(CyiiecTBHTE/IBHOE) CKa3yemoro, 06CTOATENLCTBO, ONpefieieH e
A Verb \' TaronpHoe cKasyemoe
(Tnaroa)
An Adjective A OnpefieienHe, HMeHHasl 4aCTb CKa3yeMOro
([TpuaararebHOE)
A Pronoun Pr [Mojnexaiee, XOMONHEHHE, ONpeje/IeH e,
(Mecrouvenne) HMeHHast 4acTb CKasyemoro
An Adverb Adv O6CTOATENLCTBO
(Hapeune)
A Numeral Num Onpegenenne
(UncanrenabHoe)
A Preposition Prp Yupasnsier najexoM CyIECTBHTENbHOFO
(ITpeasor) ¥ MecTOMMEHHs
A Conjunction Conj BBOAUT NpUAATOMHOE TNPEAJIOXKEHHE HJIA
(Coto3) YACTb CJIO’KHOCOUMHEHHOTO IPe/IOKEHHst
An Article Art Onpejenurens CyUIECTRHTENbHOTO
(AprTugae) .

THE VERB

(TJIATOJT)

ByxkBensoe

dopMbi  ryiarodia ofosnaue- TipsMeph:

Hue

Heonpeaesennas Gopma ryiarosna —

1-s5 ocHoBHasg Qopma

raaroJa

Vv, to work, to write
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ITpodosrxcetiue mabaupt

BykBeHHO®
Popmpl Taarosa o6o3naye- IMpumepsl
Hue
Heonpenesnennas ¢gopma Iviaro- A% work, write
Ja Gea «to»
Present Indefinite (3-e .mmo V, works, writes
€/IMHCTBEHHOTO YHCJIA) .
Past Indefinite — 2-51 ocroBnas V, worked, wrote
¢dopma raaroaa
Participle II —3-a ocHoBHas Vs worked, written
¢dopma riarona
[naron B feficTsuTedbHoM 8a- .| V. 1 have written the letter.
Jore
| Tarou B CTPajaTebHOM 8aioTe Vioass | The letter has been written.
Benomorate/ibHbIR TVIaroJ Vaux Do you know English?
[naron-cea3ka Vie He is a student.
Mopansuift raaroi Vinod He can speak English.
Participle I Ving | working, writing
Tepynnuit G after finishing school...
MopaabHbie raaroJbl
MopanbHhbe o
rAarons epeBof IIpumepn
can nozy, ymew Every student can explain the origin of
X-rays.
may mozy, umeio paspe- | You may carry on the experiment in
wenue the lab.
must doancen You must begin the test.
should credyem, doaser You should work as much as possible.
would 06640 win we mepe- | The metal would rust in wet air.
BOIUTCS
ought to credyem, Ooascer You ought to remember the names of
these students.
shall doanen (uuctpyknnus) | Where shall I switch on this device?
will He mepeBogutcst wan | When heated the metal will expand.
060640
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I podoarsicenue mabauyse

Mopanbabte

rnaroanbl Ilepeson Tpumepsl
need HYNHHO, HAdO You need to devote particular attention
to this phenomenon.
dare cMern He dared test this device without per-
mission.
MOﬂ,@Jleble rJarojbl H UHX 3KBHUBAJEHTHI
2
M?,‘}:;’;’ ;:: ¢ ;g::;ﬁ::’;u Present Past Future
TJaroJios
can mozy, | be able to can could —
ymero am\ was\ shall\ .
: 6oime 6 cocmosa- | is /able to able to be ableto
Huu, ymems are were” will”
may mozy, | be allowed to | may might ——1
umero pas- | umems paspe- | am was shall :
pewenue | wenue is>allowed to >z€élowed \l::ia%éow
are were will”
must OJos- | have to must — —
acer, 006s- | npuxodumca, have to had to shall\
3aH, HYHHO | Bomicen has to /have to
. be to am\ was\ will
dondicer is Sto /to
are” were

IepeBon MopamvHbX raaronoB B coyeTadwH ¢ Perfect Infinitive

el IR A e Tlpumepts

rust doaxcrHo Goims They must have completed this experi-
8ePOAMHO ment.

can, may B03MONCHO He can’t have explained this phenomenon.

He may have made this experiment.

could moe (au) 6ot You could have applied that equation.

might moe (au) bo Professor might have explained this. .

should caedosaro 6o They should have calculated the distance.
doancer. ot Goi

ought to caedosaro 6ol You ought to have calculated the dis-
doascen Gbia 6o tance.

22




Active Voice

(deiicTeuveabnblil 3aa0r)

INDEFINITE ~ CONTINUOUS PERFECT
Bpens \Y to be+Vipy to have—=-V,
PRESENT
YTBep. Iv Iam V;. I have V,
Bce auna kpo- | He is Ving Bce Jsmma kpome —
me — He V-
s | We are V,,, (Muox. | He has V,
¥Hc.)
Orpun. I'donet V. |'Tam notV, I have not V,
He does not V | He is not V;,, He has not V,
We are not V.
Bonpoc. Do I V? Am IV, ? Have 1 Vg?
Does he V? Is he V,..? Has he Vg?
PAST
YrBepa. 1V, I (he) was V. I had V,
Bce snua We were Vo Bce amna
Orpun. I did not V I(he) was not V, . I had not Vg
We were not V.
Bonpoc. Did 1 V? Was I (he) V,,? Had 1 Vg?
Were we Ving?
"FUTURE
YTBepa. 1 (we) shall V | I (we) shall be Ving I. (we) shall have V,
You will V Bce ocranbHEE AHLA You will have V,
You will be Vi,
Otpun. I shall not V[ I shall not be V;, I shall not have Vj,
Bonpoc. Shall 1 V? Shall I be V;;? Shaill I have Vg?
Will you V? | Will you be V, ? Will you have Vg?
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(CrpanaTeibHblil 3a0r)

Passive Volce

TOBE +V,
Bpems INDEFINITE CONTINUOUS PERFECT
PRESENT
Y 1BeEp. I am Vg I am being V, I have been V,
He is Vg He is being V, He has been V,
We are V, We are being V,
Orpuu. I am not V, I am not being Vg I have not been V,
He is not V; | He is not being V; | He has not been V,
We are not Vg | We are not being V,
Bomnpoc. Am 1 Vy? Am I being Vg? Have 1 been Vjy?
PAST
YTBep. I (he) was V, | I(he) was being Vg | I had been V,
We were Vg We were being Vg
OTpHu. I (he) was not | I (he) was not being | I had not been V,
W3e were not Vg Wae were not being vV,
Bonpoc. Was 1 Vg? Was [ being Vg? Had I been Vg?
Were we Vg7 | Were we being V;?
FUTURE
VrBep. I (we) shall — I (we) shall have been Vg
be V
You ?Ni" be Vg You will have been V;
OTpun. 1 shall not — I shall not have been V,
be V, ;
Bonpoc. Shall T be Vg? — Shall I have been V,?
Will you be Will you have been V,?
A

8¢
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Heanunnie ¢opmbl raaroqa

Buaw H%?gg;:,e 3anor CTpyKTYypa Ipumepn
Infinitive Indefinite Act. A\ to write
Pass. to be Vg to be written
Continuous Act. to be Vi to be writing
Perfect Act. to have Vg to have written
Pass. to have been V3| to have been writ-
ten
Perfect Conti- | Act. to have been | to have been wri-
nuous Ving ting
Gerund Indefinite Act. Vmg writing
Pass. being Vg being written
Perfect Act. having Vg having written
Pass. having been Vg | having been writ-
ten
Participle I Indefinite Act. Ving writing
Pass. being Vg being written
Perfect Act. having V, having written
Pass. having been Vg | having been writ-
ten
Participle II Pass. Vs written
®opmMbl MHDUHUTHBA M HX NEPEBOJ
Popwma cg:gu');xeiq}gpcin [Tpumepw
Indefinite V, I am glad to help you. {1 pan nomoun
Infinitive BaM.
to be V, I am glad to be helped by you.
SI pa;, 4TO Bbl [OMOIVIN MHe.
Continuous to be V. 1 am glad to be. helping you. f pan,
Infinitive YTO NOMOTAl0 BaM.
Perfect to have V, I am glad to have helped you. §I pax,
Infinitive 4TO IIOMOT BaM.
to have been V; | | am glad to have been helped by you.
1 pax, uTO BBl MHE NOMOTJIH.
Perfect Conti- | to have been V| 1 am glad to have been helping you.
nuous Infinitive 51 paxm, 4ro momoraja BaM. i
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Py MM MHGUHHTHBA B NPEJJIOKEHHH H €0 NepeBos,

Tpumepnl

To research this phenomenon is of

paramount

importance. Hccneposatn

3TO fIBJIEHHE OYeHb BaXKHO.

The task is to develop new methods.
3anaua — pa3paGoTaTh HOBHIE METOHL.

A machine can change a stored num-
ber. Mainna MoXeT H3MEHHTb HAKOI-
JIEHHOE YHCJIO.

He was allowed to demeonstrate his
new device. EMy paspewnan nponemon-
CTPUPOBATh CBOH HOBLI mpuGOp.

The problem to be solved is very im-
portant. [Ipo6iema, koTopyio HyxHO
PelNTH, (AN1S PelieHHs) OUeHb BAXKHA,

PynKuns Crpyx1ypa
B Npessoxe- coqg'lyaem):l)g'm Tepesogurcs
HHH
[Mopnexamee | V, Vi, ... | uadunur.
CyILeCTB.
Yacte uMen-| ... Vio Vy | undunur.
HOTO CKa3y- cylecr.
eMoTo
Hacte  Mo-| ... V4 V | unpuunr.
JaJIbHOTO
CKa3yeMoro
Hononnenue | Vo .. Vy | uadunnr,
CyIIecTB.
Onpepenenne | NV; V. [ cymects.
¢ NpesJIorom
HJIH IIPHAAT.
Npef/IoK.
O6ctositens- | V, ... N 06CTOST.
CTBO HeJd Vekas. - npHzaT.
NV._. NpeiIoxK.
v, s € Coi03amu
1o «4TOGEI,
«JJIs TOrO,
4TOGEI»

To prove his discovery the scientist
made many experiments. Yro6m po-
KasaTh CBOe OTKpBITHE . ..

The scientist made many experiments
to prove his discovery. YueHnii npo-
BeJ MHOTO ONBITOB, 4TOGH J0Kas3aTh
CBOe OTKDBITHE.

HudunnTHBHbI onpeenuTeabHblii 060poT

ITpunaTtounsie npep-
JIOXKEeHHA, 3aMeHsles O6opor Crpyktype | ITepesoputcs | YnorpeGnenune

Mble 0GOPOTOM
Ornpegenntensusie | OnpenenarensHei onpefiesu- | 3aMeHseT
Ip41aTOUHbIE HHOUHUTHBIEIH TEeJIbHEIM omnpejes-
npeJlJIOKeHH s : obopor: npuaaToy- | TeabHoe
a) The problem | The problemto be | N (Pr)V,...| unm npea- | npugaros-
which is to be sol- | solved is very JIOXEHUeM | HOe mpej-
ved is very im- | important. ¢ MojaJb- | JIOKeHHe,
portant. HBIM CKa3y- | OTHOCSILE-
3anaua, KOTOPYI0 HYKHO pelIHTb, €MbIM  HJH | €CH K JII0-
OueHb BaXKHAS. co crasye- | Gomy ugeny
6) We must know | We must know |...N (Pr)V, fyb;?ehf B?K,_ ﬂﬂi‘_‘m’“e
operations that operations to be MeHU
will be performed | performed in this
in this unit. unit.
MBI IOMXHBI 3HATH ONepalyd, KOTO-
pole OyIyT DPOHCXOXUTb B 9TOM OJloKe.
B) He was the first | He was the first | N(Pr) Vis | npoctem
who used our re- | touseour results. | Nym \A HIH CIOX-
sults. HOTIOAYH-~

. HEHHBIM

OH nepBblll HCNOJb30BaJ HAH pe- IpeuIoNKe-
syabTaTel. (OH GblJ1 NEPBBIM, KTO HHeM
HCIIOJIb30BAJ . . .) :
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PopMbl TEpyHIHS H HX TEpeBoj

CrpyxTypa
Popma coqg'r};em}égw TIpumept
Indefinite Ving I learned of his going to the confe-
Gerund rence. $1 ysHaj, uTO OH eJeT Ha KOH-
tdhepenmnuio.
being Vg I learned of his being sent to the
conference. $1 ysHax, uTo €ro NOCHLIA-
10T Ha KoHpepenuuo.
Perfect having Vg I learned of his having been there.
Gerund 91 ysnaa, uyro oH OblI Tam.
having been Vg, 1 learned of his having been sent
there. §1 yaHax, 4TO ero mochLJlalH
Tyja.
PyHKUHH FepyHAHs B NPENJONEHHH H €ro nepesBoj
DyHRuus CrpykTypa
B NPENJOKEHUH COUETAaEMOCTH Mepepopures IMpumepst
IMonnexaiee G..V UHHUHHT, Demonstrating this law
CyIIECTB. .experimentally is rather
easy. IlpopemoHCTpHpORATH
9TOT 32KOH 3KCIIePHMEHTaJIb-
HO JOBOJILHO JIETKO.
Yactp umenno- | N V, . G HHDUHUT. Our task is experimenting.
ro CcKasdyemoro CYIECTB. Hama  sapaua — akcnepu-
MEHTHPOBATb.
Yacts coxuo- | N V G HHOHHHT, They began experimenting.
ro IV1aroJIbHOTO CyLIECTB. OHU Hauaau 9KCNEepHMEHTH-
CKa3yeMoro poBaThb (IKCNEPHMEHTDI).
Onpegenenne | N Prp G ... CYILECTB. There are many methods of
solving this problem. Ectb
MHOTO METOJOB  pelleHHst
3TOll 3ajauH.
IMpsimoe  go- | NV G CyIIECTB. He likes experimenting.
NOJHEHHE HHOUHUT. OH MOGHT 9IKCIEPHUMEHTH-
poBaTh.
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11 podorncenue mabauys

E)

B n([?ey;;f;l:(ﬁeﬂuu cEqTepT);ng{)giﬂ TMepesoguTcs Mpumepws
pensoxoe ... VPrp G ... | uadunur. He thought of travelling
JIOTIOJIHEH e CYIeCTB. in outer space. On pxyman
npuiar. Jetatb B kKocMoce. OH Ay-
NpeIOK. Mal O TOM, 4To0bl JeTaTh
B KOCMoce.
QO6cTosiTens- PrpG...NV | cymects. On receiving wrong results
CTBO NV ...PrpG | ¢ npensorom one must repeat the experi-
JeelpHUACT. ment. NMoayuns (nocne mo-
o6opoT JIy4eHHs]) HelpaBUJIBHEIE pe-
3y/MbTaTH, HEO6XONUMO MO-
BTODHTb SKCIEPHMEHT.

MepeBon repyHaAHABHBIX 060pOTOR

IpupaTounnte Npexso-
XKEHHS, 3aMeHsieMble O6opoT CtpykTypa IMepesogurcs
o6opoTom
Mpuparoussie-nogne- | I'epynauansueiit 060- NIPHAATOYHBIM
Kalue: por: HpeLJI0K eHHEM
C  COI030M  «TO,
yTON;
That he is sent to | His being sent to the | N's (Pr's) G| cymecraurensuoe
the plant is very | plant is very impor- HJIH MECTOHMeHHe
important. tant. B NIPHTSXKATENb-
HOM Iajexe
BMECTe C TepyH-
To, 4TO ero mnocuIalOT Ha 3aBOJ, OYeHb AHeM TepeBOASTCS
BaXHO. MOJJIEXKALIHM
H CKa3yeMmBIM TIPH-
¢ JaTOYHOTO IIpeX-
JIOXKEHHS.
JlonoMHUTeIbHbIE . NPHIATOYHBIM JI0-
NpHAATOYHBIE Ipef- HOJIHATENbHEIM
JIOXKEeHHUS: npeaJIoxKeHHeM
They informed the | They informed of the | Prp N G...
plane had arrived. plane having arrived.
OHH cOO6WIUIH, YTO CAMOJIET YXe NMPHGBLI.
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MpugaTounnle npenso-

I1podonrscerue mabauys

JKeHHd, 3aMeHseMble O6opor CtpyKTypa ITepesoautca
o6opoToM
O6cTosTeNLCTBEHHBIE
CYINECTBHTEIbHBIM
a npepJo-
:{}‘;1;1{}:1;0%!516 Pea C npenJsoroM, jee-
After they had intro- | After having intro- | Prp G ... TPHIACTHEIM 0GO-

duced a new method
of building they con-
structed the plant in
time.

[Nocne Toro Kak oOHH

duced ,a new method
of building they con-
structed the plant
in time.

BBEJH HOBBHIH METOJ

CTPOKTEJNBCTBA, OHN CMOIVIH IIOCTPOHTL SaBOJ

pOTOM, NpHIATOY-
HBIM O6GCTOATENb-
CTBEHHBIM  IIpefi-
JIOKEHHEM

K CPOKy.
ﬂepeBou FepyHAHs C HEKOTOPLIMH npenjoramMmu
cC;gg; ;gp:m [IepeBoguTCs [Ipamepn
by G npejssioroM npY, NpH TOMOLIH By repeating experiments one
H CYHIECTBHTEbHbIM; gets more data.
MOCPEeNCTBOM 4 cymecTaHTeab- | [lpm nosropenum sxcmepumeH-
HBIM; TOB (IIOBTOPSASt SKCIIEPHMEHThI)
JleenpHIacTHEM nostyqator Gosbllie JAHHEIX.
in G npefjiorom npe H cymectBd- | In melting the ice keeps the
TeNbHBIM; same temperature.
JleenpUYacTHEM MNpu taswun (tas) Jep coxpa-
HAET Ty XK€ Temmeparypy.
on G npeporamu fio, mocae u cyme- | On being heated to a suffici-
CTBUTEJILHEIM; ent temperature any body be-
NeenpHyacTHEM COBepLIEHHOro | comes a source of light.
BHJA Nocne Toro kak Teno Harpero
J0 COOTBETCTBYIOIeH Temmepa-
TYDBl, OHO CTAHOBHTCS HCTOY-
HHKOM CBeTa.
without G | orpuuarensnoit dopmoit geenpu- | The students understood the
4acTHA; article without franslating it.
CTyzeHTH DOHSJIH CTATLIO, He
nepeBofs ee.
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CoraacoBaHue BpeMeéH B JONOJHHTEJAbHBIX NPHAATOUHBIX

NpepJIoKEeHH AX
n%' OTuiowenne
®opma raaro- | u dopma raarona Crpyx- K AelcTBHIO
Jia [J1aBHOTO > NPHAATOYHOTO Typa rJaBHOTO Tlepesopurcs
np eAsoxK eHns EN TPeANOKEeHHs NPEAJIOKCHRS
(=%
Past Inde- | V, | Past Indefi- | V, OpHoBpeMeH- TJ1aroJioM
finite nite HOe JieicTBHe | B HACTOfI-
Past  Conti- | was V.o eM Bpeme-
nuous were Vi . HH
Past Perfect had Vg, [NpeptectByto- | rarojiom
niee AefHCTBHE | B mpouien-
meM  Bpe-
R MeHH
Future-in-the- { should V Byaymee peii- | rraronom
Past would V CTBHE B Oyayuiem
BpeMeHH
He said that he worked at the Institute.

cKasal, uTo paoTaeT B MHCTHTYTe.
said that he had worked at the Institute.
cKasas, yTo paboTal B MHCTHTYTe.
said that he would work at the Institute,
ckasal, uto, Gymer paloraTh B HHCTHTYyTe.

Haxknonenne (Mood)

(TTokaspiBaeT OTHOIIEHHE TOBOPSAILErO K BblCKa3biBAEMOMY)

CTpyKTYy-

B”u;le,l;:gno' Vnorpebnenue HTo BEIpaXaeT pa gg’qe'r};- Ipumepw

€MOCTH .
Harasu- B npocrhx, Heftrpansuoe or- | NV A digital compu-
TeJbHOE Ha- | CAOXHOCOYH- HOmeHHe XK BH- | (Bce BH- | ter is composed
KJIOHeHHe HEHHBIX H CKa3bIBaEMOMY ABL H of 5 functional
(Indicative | cnoxuonoaun- BpemeHa)| units.
Mood) HEHHBIX TIpej- -

JIOXKEHHAX

IToean- B npocrsix u | IMopenenne, mpu- | VN Launch the ro-
TeJbHOE rMaBHEIX npef- | Kas, mpockGy, no- | Let Pr V| cket! Let’s take
HaKJOHEeHHe | JIOXEeHHAX G6yxpenue K gei- | V conj... this rule! Assume
(Imperative CTBHIO that these data
Mood) ' are correct.
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IIpodo rxcerue mabauysl.

. CTpyx®TY-
Eﬁgx:er:{:ﬂ Ynorpebaenue Yrto Bhipaxaer pa coue- ITpumepst
TaeMOCTH

Cociara- B npocthix [pennomoxenne should | I should receive

TelbHOE Ha-| H IVIABHBIX IoJIy peanbHoe \% this result my-

KJIOHEHHe HPeAaOKeHHaX | (HCIIOJTHUMOE) would self. What our

(Subjunctive \Y work would be

Mood) like?

ITpe xnonoxenne should | I should have do-
nepeaqbhoe  (me | have V3 | ne it. She would
HCIIOJTHHMOE) would have submitted
- have V; | the article.
B nmpuparou- | Bosmoxnocts, should | Be careful lest
HHX npegdo- | Ueadb, GOsisHb, \ current  should
KeHUsIX HEeOGXOAHMOCTh, not be switched
Tpe6oBaHue, npex- onmn.
JOXKeHHe H T. I.
[Monypeasnbnoe V, If there were no
KeJlaHue,  ycJo- computer to assist
BHE, ycTynxa, calculations ...
CpaBHEHHE.
Hepeambhoe we- | had Vg | If it had been
JlaHHe,  yCJIOBHe found at that
H T I time ...
Beccoto3Hbie NPHAATOUH bI¢ TPEAJTOKEHHA
Bun npuna- [IpusaTOuHOE NPEeAJIONKEeHHE TIpupatovyHoe NpeRJIOKERHe
TOUHOI'O C COIO30M Ge3 corosa

npenJoxKenusa .

Ionosn- i—!edsa_ld Iwat the plane would !—Ie}\;ald the plane would land

TesIbHOR and in Moscow. in Moscow.

On ckasal, 410 camoJer mpusemianTcs B Mockse.

YcaoBHoe If the wire were moved in the | Were the wire moved in the
opposite direction, the indu- | opposite direction, the indu-
ced e.m.f. and current | ced e.m.f. and current would
would reverse direction. reverse direction.

Ecan 65l mpoBOJ NOABHHYTH B IPOTHBOLOJNOKHOM HaNpaBJIEHHH,
1o unaynupyemas DJC u TOK uaMeHmau Obl CBOE HampaBJeHMe.
If you had tested the device, Had you tested the device the
the circuit would have func- | circuit would have function-
tioned. ed.
Ecan 6w B mpoBepuad cBoit mpubop, uens pabotama Gel.
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Mpodorscernue mabauybt

Bup npuzna- TIpugaTo4HOe NpeAJIoKenne TIpuparousoe npegnoxenne
TOYHOTO c CO30M e3 coiosa

npe}momemm

Onpenema- | The building which our insti- The building our institute

TeMbHOE tute occupies is big. occupies is big.

The invention about which
he spoke at the last lecture
is very interesting.

3janue, KOTOpPOe SaHUMAeT HAll HHCTHTYT, GOAbIIOE.

The invention he spoke about
at the last lecture is very
interesting.

Msobperenne, O KOTOpPOM OH TOBOPHI Ha NPOUITIOH JIEKUHH,
OueHb HHTEpecHOe.

CJIOBOOEPA30BAHUE

HAMBOJIEE YIIOTPEBUTEJIBHBIE CY®PHUKChHI
CYILIECTBUTEJIbHBIX U T[JIACOJIOB

Cydduxch CYMECTBHTC/bHBIX

Cydduxcn raaroyos

-er (-or)

-ist
-ion
-tion

-ity

-ance

-enc
-midr

-ness
-ure
-sure
-age

-ing
-ics
-th

computer

sensor
physicist
compression
acceleration
computation
productivity

conductivity

maintenance

resistance

difference
equipment

development
stiffness
failure
pressure
voltage
breakage
shielding
physics
length

2BM

JaTuuK
(husuk
cxKaTHe
YyCKOpeHHue
BBIYHCJIEHHE
IIPON3BOJH~
TEIbHOCTh
HPOBOJH-
MOCTb
TeXHHUECKOe
o6c/1yKHBa-
HHE
CONpOTHB-
JIeHHE
pasinyne
o6opyaoBa-
HHe
pasBHuTHE
JKEeCTKOCTh
TOJIOMKa
JaBJIeHHe
HanpsiKeHHe
[IOJIOMKa
samuTa
(usuka
JJHHA

-ize (-ise)  magnetize HaMaTHHYH-
BaTb

-fy (-ify) specify onpenensTh

-ly supply cHa6xaTth

-py occupy 3aHUMAThb

-en _lengthen YAJIUBATD

-ate separate OTREJSATD
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OCHOBHBIE TPEGUKCHI

a) HMpedukcn ¢ oTpHUATe LHEIM 3HAYEHHEM

un-  unequal HepaBHBIH in- inaccuracy

il illegal HeJera/bHbI ir- irregular

im- immovabie HenoABuxuelii | dis-  discharge

de-  decompose pasnaratb . disconnect
non-  non-conductor

6) TlpedHKCH ¢ pasIHYHBIME 3HAYEHHAMH

auto- autocall aBTOBbLI30B anti- antifricti-
bi- bipolar JIBYIOJIAPHEI onal
counter- counteract  nporusoseiict- | co- co-exist-
BOBaTh ence
in- include BKJIIOYATh fore- foresee
inter- interrela-  BsammocBa3p mis- misunder-
ticn stand
mono- monoplane  MoHomaan micro-  micro-orga-
over- overload = neperpysuTs nism
en- enlarge YBeJHYHBaTh out- outlive
post- post-war _mocnieBoenHbIfl | ex- external
pre- pre-war NOBOEHHHIH exclude
self- selfacting  camoneiictBy- | re- recharge
ol it semi- semicondu-
sub- subsonic LO3BYKOBOM ctor
subdivide  moppasmenuts | super- supersonic
ultra- ultrasound
under-  undergro-
und

HETOYHOCTD
HeperyaspHeIf
pasrpyxarthb
Pa3beIHHATR
HEIIPOBOAHUK

aHTHOPHKIHOR-
HBIH
COCYIeCTBOBa-
HUe
IpeABHAETh
HeNpaBUJIbHO
HMOHATD
MHKDPOOPTaHH3M

NepexuTh
BHEIHHA
HCKJIIOYa Th
nepesapsiguTh
0Ty IPOBOJ-
HHK
CBepx3BYKOBO#l
YIbTPa3BYK
OA3EMHBIH
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