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HNPEAUCJIIOBUE

[TpodeccrnonanbHBI HHOCTPAHHBIN S3bIK OTHOCUTCS K JUCIMIUIMHAM TIO
BeIOOpy broka 1 (b1.B.JIB.). JlanHas aucuMruiiHa, C OJHOW CTOPOHHI,
MPEAIIONAracT yCIeIHOE OBIAICHUE TUCHUIIMHON «THOCTpaHHBIN S3BIK», a C
JIPYroM — CBsi3aHa CO CIEAYIOMMMH JUCIUIUIMHAMY MPOGECCUOHATIBLHOTO IUKJIA:
«OOmmasi  sHepreTukay, «JNEKTPOIHEPIeTUUECKUE CHUCTEMBI U CETH»,
«be30macHOCTh KU3HEAECATEIBHOCTI.

Huctumuinaa  «IIpodeccuoHanbHbli  MHOCTPAHHBIA — SI3BIK»  SIBIISIETCS
JIOTUYHBIM MPOJODKCHUEM  JUCHUIUIMHBI  «MHOCTpaHHBIM  sA3BIK» |
MPENIONAraeT NOBBILIEHUE CIAEAYIOIUX 00U eKYIbIYPHBIX KOMNEMeHYULL

- CIOCOOHOCTHIO K KOMMYHHUKAIIMM B YCTHOW M MUChbMEHHOUM (hopmax Ha
PYCCKOM M HMHOCTPAHHOM SI3bIKax JJIsl pEIIEHUs 3a/ad MEXIMYHOCTHOIO M
MEXKYIbTypHOTO B3auMoaencTeus (OK-3);

- CIOCOOHOCTHIO K CAaMOOpIraHu3aluu u camoodpaszoBanuio (OK-5);

- CIIOCOOHOCTBIO HMCIOJIB30BaTh OOUIENPABOBBIE 3HAHMUS B Pa3IUUYHBIX
chepax aesreaproctr (OK-6).

B nepByro ouepenb, AUCHUIUIMHA CHOCOOCTBYeT 3(P(HEKTUBHOMY
OCYIIECTBJIECHUIO MPOPECCUOHATBHOW JI€ATEIBHOCTH C  HMCIOJIb30BaHUEM
WHOCTPAHHOTO SI3bIKA.

Ilenvio Hacrosimiero y4eOHOro mNOCOOUs SIBISIETCS B3aUMOCBS3aHHOE
pa3BUTHE Y CTYAEHTOB KOMMYHUKATUBHON KOMIIETEHIIMH, JOCTATOYHOM JJIsi
OCYUIECTBJICHUSI OOIIEHHSI B COOTBETCTBUU C MPOTrpaMMoOil 0Oy4YeHusl, a TaK ke
oOecrieyeHre pa3BUTHS YMEHUN U HABBIKOB 3(PHEKTUBHOU pabOThI C TEKCTAMHU
npodeCCHOHATBHON HAIPABICHHOCTH HAa aHTJIMACKOM SI3bIKE.

[Ipu pazpaboTke cucTeMbl 3aJaHUI MOJOXKEH MPUHLUI UHTETPATUBHOCTH
OOy4eHHs]  MHOCTPAHHOMY  S3bIKY,  MPEINOJIAraloluid  KOMILIEKCHYIO
TEMaTUYECKYI0 OpTaHU3AIMI0 YYeOHOro Marepuana JUisi B3aUMOCBS3aHHOTO
oOy4eHHs BCEM BUJIaM PEUEBOM JIEATETLHOCTH.

B Meromuueckux ykazaHHMSIX yAeNsAETCSs HEMalo BHUMaHUS paboTe o

YCBOCHMIO JICKCHYECKUX €IWHUI] OO0IIer u, 0CoOeHHO, MpodeCcCHOHATLHON
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HAIIPaBJICHHOCTH. BpINOIHEHHE psAga YNPAKHEHUM NPEAIONaraeT pa3sBUTHE
HABBIKOB TOBOPEHHUS Ha Mpo(eccHoHaIbHbIE TEMBI, YTO, O€3YCIOBHO, TTOMOXKET
IIpOBOAUTD 000CHOBaHHE TEX WM UHBIX MpcaIaraCMbIX IIPOCKTHBIX pemeHHﬁ B
06J'IaCTI/I S9HCPICTUKHU U JJICKTPOTCXHUKH Ha AHTJIMICKOM SI3BIKE.

B xaugectBe MaTtcpuajia i1 AdAaHHBIX MCTOAMYCCKUX YKaBaHI/Iﬁ ObLIN
HUCIIOJIB30BAHbI CTAaTbU C Oq)HHI/IaHI)HBIX CalToOB CBO6OIIHOF0 AOCTYyIIa
Renewable-Energy-Technology Net, Engineering News, Energy Policy,
International Journal of Electrical Power & Energy Systems, leee Transactions

on Power Systems.

CTPYKTYPA YYEBHOI'O TIOCOBUSA

Kaxnpiii w3 BochMH TeMarmdeckux paznenioB (Units) comepxut
HEOOXOMUMBI JICKCMYECKUA MHUHUMYM TI0 TeMe, ayTEeHTHYHBIE TEKCThI
npoecCHOHANIbHOW  HAMpaBICHHOCTH,  YIPAKHEHHS, YacTb  KOTOPBIX
BBITIOJTHSCTCS. BO BPEMsI UTCHUS, a YacTh — Ha IOCJIETEKCTOBOM dTare. Bribop
T€M KOMMYHUKaIUU 00YyCIaBINBAETCS BO3MOXKHOCTBIO (DOPMUPOBAHUS HABHIKOB
U YMCHHH, JIGKAIUX B OCHOBE pAa3BUTHUS HABBIKOB MPOHeCCHOHATBLHO-
OpPUEHTHUPOBAHHOTO MHOS3BIYHOTO OOIIEHNS.

B  Tekcrax paccmarpuBaeTcsi  CHEKTP TE€M, COOTBETCTBYIOIIMX
npodecCHOHATLHBIM HHTEpPECaM CTYACHTOB HampaBieHnui nmoarotoku 13.03.02
«dnexkmposnepeemuka u snekmpomexuurxa», 13.03.01 «Tennosunepeemuka u
menniomexuukay, 15.03.04 «Aemomamuzayus mexHoi02UYECKUX NPOYECcos8 U
nPOU3800CMBY.

B pamkax kypca CTymeHTaMm MpemaraloTcs K OCBOCHHUIO CIEMYIOIINe
TEMbI KOMMYHHUKAIIAH:

- «dnekmpuuecmeoy,;

- «Mcmopus anexmpuuecmear,

- «DnexmpudecKull moKy;

- «Buowt mokay;

- «Mcmounuxu numaHuA»,



- «M3mepumenvhvie npubopvly,

- «IIposoonuxuy, «Ilonynpogoonukuy, «usnekmpuruy,

- «l'enepamopuoly,

- «Tpancghopmamopoly,

- «Dnexmpuueckue ogueamenu» u op.

[TocneTekcToBbIC YIPAKHEHUS MPEICTABICHBI YIPAKHCHUSIMH Ha MOMCK
skBuBasieHTOB (English Equivalents), Ha cioBooOpazosanue (Word Building),
Ha omnpenenenue cuHOHMMOB (Rephrase) u 3amonnenue npomyckos (Fill in the
Gaps), cocraBnenue jguaioroB (Dramatize the Dialogues). /[letaibHoe
MOHMMAaHHE TEKCTa MPOBEPSIETCSA C TOMOIIbIO BompocoB (Questions) u BepHBIX /
HEeBEepHBIX yTBepxkaeHuit (True or False).

[Tocobue TaKke COACPKUT JOMOJHUTEIbHBIC TEKCTHI IO TeMaM
COOTBETCTBYIONIUM MPOoeCCHOHAIbHBIM MHTEpecaM cTyeHToB (Supplementary
Texts), crateu a7 aHHOTHpoBaHusA U pedepuposanus (Texts for Rendering),
OPUMEPHBIA IIaH [ COCTaBJIEHHS aHHOTAlMM H  pedepara CTaThu
(Supplements), anrmo-pycckuii cnoBapp mo sHepretuke (English-Russian

Dictionary) u cnircok cokparenuii (Appendix).



UNIT |

ELECTRICITY

|. Study the words given below; make up sentences with these words.

property

network
consumption
indicator
improved

reduced
advantage

beam
transmission shaft
gearwheel

belt

pulley

labor saving appliance
induction motor
per capita
by-product

truly

CBOMCTBO

CeTh

notpebdieHue
oKa3aTeb
YIIyYIIEHHBIN
YMEHBIICHHBIN
IPEUMYIIECTBO

ayd

TPAaHCMHUCCHUOHHBIN BaJl
3y0uaToe Kojieco

peMeHb

010K, Oapaban
AIEKTPONPUOOP, SIKOHOMSIIIIHUUI TPY/T
ACUHXPOHHBIN IBUTATEIh
Ha yeJIoBeKa

n0OOYHBIN MPOJTYKT

ITIOUCTHUHC

Il. Translate the text and enumerate the most important inventions in

the field of electrical engineering.
ELECTRICITY
It is impossible to imagine our civilization without electricity: economic

and social progress will be turned to the past and our daily lives completely

transformed.



Electrical power has become universal. Thousands of applications of
electricity such as lighting, electrochemistry and electrometallurgy are
longstanding and unguestionable.

With the appearance of the electrical motor, power cables replaced
transmission such things as shafts, gear wheels, belts and pulleys in the 19-th
century workshops. And in the home a whole range of various time and labor
saving appliances have become a part of our everyday lives.

Other devices are based on specific properties of electricity: electrostatics
in the case of photocopying machine and electromagnetism in the case of radar
and television. These applications have made electricity most widely used.

The first industrial application was in the silver workshops in Paris. The
generator — a new compact source of electricity — was also developed there. The
generator replaced the batteries and other devices that had been used before.

Electric lighting came into wide use at the end of the last century with the
development of the electric lamp by Thomas Edison. Then the transformer was
invented, the first electric lines and networks were set up, dynamos and
induction motors were designed.

Since the beginning of the 20-th century the successful development of
electricity has begun throughout the industrial world. The consumption of
electricity has doubled every ten years.

Today consumption of electricity per capita is an indicator of the state of
development and economic health of a nation. Electricity has replaced other
sources of energy as it has been realized that it offers improved service and
reduced cost.

One of the greatest advantages of electricity is that it is clean, easily-
regulated and generates no by-products. Applications of electricity now cover all
fields of human activity from house washing machines to the latest laser
devices. Electricity is the efficient source of some of the most recent
technological advances such as the laser and electron beams. Truly electricity

provides mankind with the energy of the future.
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I11. Answer the questions on the text. 1. What industrial applications of
electricity do you know? 2. What home applications of electricity do you know?
3. Where was the generator developed? 4. Who invented the electric lamp?
5. Do you know who invented the dynamo? 6. Can you imagine our life without

electricity? Why?

IV. Define the function of the verb to have. 1. Electricity has many
useful properties: it is clean and generates no by-products. 2. The latest laser
devices have found application in medicine. 3. It has many important
applications in industry as well as in our houses. 4. No other source of energy
has been so widely used as electricity. 5. Electricity has provided mankind with
the most efficient source of energy. 6. We have many various electric devices in
our houses. 7. Our lives have been completely transformed with the appearance
of electricity. 8. The generator replaced batteries that had been used before.

9. The consumption of electricity has doubled every ten years.

V. Make up dialogues on the following topics: a) important inventions
in the field of electrical engineering: b) areas of application of electricity in the

national economy and human life; ¢) importance of the invention of electricity.

VI. Translate dialogues, guess the meaning of the words and

expressions concerned with the field of electrical engineering.
1.

— [Tociymaii, 4To ThI TaK BOJIHYEIIbCA?

— Jla 'y MeHS 3a4€T 1O IEKTPOTEXHUKE!

— Hackoibko 5 3HAKO0, Thl XOPOIIO 3HACHIb 3TOT IIPCIAMCT.

— I monaratro, yto Tak. Ho k1o 3HaeT.

— Ecnm xouernib, 51 Te0s MPO3K3aMEHYIO.

— I He npoTuB.

— K10 n3006pén ransBanomeTp?



— Tsl gymaemib, uto s HazoBy Anousuo [anmpBanu? Ommbaembcs! OH
ObLT OTKPBIT Aneccannpo Bonbra. A ['anbBaHu TOJIBKO OTMETHI 3TO siBJieHHE. U
TO HE OH, & €T0 JKEHA.

— Hy Bot! Tax dero »xe Tbl O0UIIbCS?

— Tb1 nymaenp, 4To Ha 3auéTe BCE BONPOCHI OyAyT Takue?

2.

— ITouemy ThI BBIOpa mpodeccuro IEKTPOMOHTAKHUKA?

— IloToMy 4YTO 3IEKTPUYECTBO — CaMblid YHCTBIM HMCTOYHHUK SHEPIHH.
[ToTpebaenue neKTpruuecTBa BO3PACTAET C KAXKIBIM rojloM. TOJIBKO NPE/ICTaBb,
KAaKO€ KOJIMYECTBO JIEKTPOOBITOBBIX MPUOOPOB pabOTAET HA IJEKTPUUECTBE.

— 51 BnonHe ¢ T0oOO# cornaceH. Emé Oonbliie s5ekTpuuecTsa noTpediser
IPOMBIIUIEHHOCTh. He Mory Ha3BaTh HM OAHOW OTpaciu, rae Obl OHO HU
IIPUMEHSIIOCH.

— Bor Bugunis! Ckopo U ynuIbsl HallMX FOPOJOB CTaHYT rOpas/io YMILE,
TaK KaKk aBTOMOOWIIN TOKE MEePENIYT Ha IEKTPOIPUBO/IL.

— TwI mpaB, 4To BEIOpaN 3Ty mpodeccuro!

3.

— O, UBan, kak s pan 1eb6s Buaets! [IpuBer! Kak noxxupaenin?

— S Toxxe He Bumen Tebs 1menyto BeyHocTh! Kak Tb1?

— TbI 3Haeb, g Beb yuych B AMI'Y. Yike BTOpoi kypc!

— A xakoii paxkynbrer?

— DHEpPreTUYeCKuil.

— Ha T1b1 yto! Hukorma He aymai, 4TO Thl BbIOEpElIb HMHXKEHEPHYIO
CHELUATbHOCTD.

— [To-mMoeMy, MH)KEHEepHas CIIeUaTbHOCTh — 3TO OCHOBA HAYKHU.

— Bo3MoxHO, Tl TipaB. Tkl Tak yBIEYEH, YTO 51 B KAKOW-TO CTETICHU TeOe

3aBUYIO!

— Yem THI 3aHUMACIIHCA?



— Tume, s npoBOXKy 3KcriepuMeHT! Thl 3HaeIb, YTO MOJKOCA, UMEIOIINE
pa3HbIC 3apsbl, IPUTATUBAIOTCS, 4 OJJTUHAKOBBIC — OTTAJIKUBAIOTCSA?

— Hy u uto?

— Hamm ¢ FOneit Bonockl UMEOT OAMHAKOBBIE 3apsaabl. Jleno B ToM, 4To
€€ BOJIOCHI OTTAJIKUBAKOTCS OT MOEU PACUECKH.

— Hy u xakue e 3apsbl Bbl UMEETE?

— YecTHO roBOpS, HE 3HAIO.

— A Kakoii mpudop MOXKET ITO U3MEPUTH?

— S TakOM MHIMKATOP €IIE HE CO3/all.

S.

— Yto THI 3HaCIIb 00 ATEKTPOMATHUTHON UHIYKITUH?

— Jlait nonymats. Hackonpko s 3Har0, 3aps>KEHHBIN MPOBOIHHUK SIBIIIETCS
HEeHTpOM MarHuTHoro mnosist. CTémxeH oOHapyXWI, 4To JI000M KyCOK Kelesa,
MOMEIIEHHBI BHYTPb KAaTYIIKU, IO KOTOPOM MPOXOJUT TOK, CTAHOBUTCS
MarHUTOM.

— Jla, Tak oHO M ecTh. CTEMKEH MOCTPOUT HOBBIM AIEKTPOMArHuT. DTO
€ro JIOCTUKEHHUE JIaJI0 TOJYOK K pa3BUTUIO Tenerpada u Tenedona.

— IlonBost UTOT, MOKHO CKa3aTh, YTO y HAIIMX MPEIKOB OBLIO XOpoIee
BOOOpaXeHUe, TaK KaK UM YJaJI0Ch ClIeJaTh TAKUE yIUBUTEIbHBIC OTKPBITHS.

6.

— MIMeeTcst 11 CBA3b MEK]Y DJIEKTPUUECTBOM U MarHeTU3MOM?

— besycnoBHo. Emé Crémkeny u @apanero yaaloch YCTaHOBHUTh, YTO
AIIEKTPUYECTBO MOXET BBI3bIBATh MarHeTu3M. 1 MarHeTu3M MOXKET BBI3bIBATH
AIIEKTPUYECTBO.

— Hackonbko s mnomHIO, Papajgeii OTKPHLI  DIEKTPOMArHUTHYIO
uHayKnuo. OH J0Ka3aja, YTO CYIIECTBYIOT Pa3JIMYHbIE IMYyTH MPEBpaALCHUS
JIBUKCHUS B DJICKTPUYECKUAM TOK.

— Ja, 310 OBUIO OTKpBHITHE Beka. YernoBedyecTBO A0 CHUX MOp UM

MOJIb3YETCS.
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UNIT Il
HISTORY OF ELECTRICITY

I. Study the following words and word constructions.

to give vent to smth

to set the ball rolling

to credit smb with smth

to dawn on smb

to win a day

on the spur of the

to become all the rage
voltaic pile

now and then

to begin to tackle smth
with the systematic energy
to slump

to stake smth

to throw a switch

to come to stay
squirrel-cage motor

a great deal

to have smb’s eyes on smth
to be very much “in the air”
to appeal most
bucket-shaped blade

by overhead cable

to step down

diehard

a good deal of justification

11

JaBaTh BBIXOJ YEMY-JIN0O
HAYaTh HOBYIO CTPAHUILY
Ha3bIBaTh KOT0-J1100 KEM-THO0
OCEHSATh KOT0-JIN0O

oJiepKaTh modeIy
HKCIIPOMTOM

CTaTh OYE€Hb MOJAHBIMU
rajibBaHUuYecKas Oarapes
BpeMs OT BpeMEHU

B3STHCS 3@ PELICHUE YETr0-Iu00
CO BCEU CEPBE3HOCTHIO

yIacTh B IIEHE

PUCKHYTb 4eM-JIH00

BKJIFOYUTH PYOMIIBHUK
MOJIYYUTh MPU3HAHUE
KOPOTKO3aMKHYTHIH IBUTATEITh
3HAYUTETHHO

00paTUThCS K 4eMy-JI100
JaBHO BUTATh B BO3AYyXE
HPaBUTHCS OOJIBIIIE BCETO
KOBIIICOOpa3Hasi JonacTh

10 BO3JIYIIHOMY KaOelto
MOHKATHCS

KOHCEpPBATOp

OOJIBIIIME OCHOBAHUSA



to catch on IPUBUTHCS

to gain ground HIarHYTh BIIEPEN

by no means HU B KOCH Mepe

to outstay welcome ycTapeBarb

as long ago as emé B Kakoe-I11u00 Bpemsl

to work “cold” HE HarpeBaTbCsi BO  BpeMs
paboThI

would-be MEYTAOIINN CIeNIaTh YTO-THO0

to raise funds U3BJICYb BBITOJTY

I1. Read and translate the texts below.

1. Study the concept of an abstract (see Supplement). Write the

abstract to the texts.

IVV. Study the concept of a rendering (see Supplement). Write the

rendering to the texts below.

EARLY DAYS OF ELECTRICITY

There is electricity everywhere in the world. It is present in the atom,
whose particles are held together by its forces; it reaches us from the most
distant parts of the universe in the form of electro-magnetic waves. Yet we have
no organs that could recognize it as we see light, hear sound. We have to make it
visible, tangible or audible; we have to make it perform work to become aware
of its presence. There is only one natural phenomenon which demonstrates it
unmistakably to our senses of seeing and hearing — thunder and lightning; but
we recognize only the effects — not the force which causes them.

Small wonder, then, that Man lived for ages on this earth without knowing

anything about electricity. He tried to explain the phenomenon of the
12



thunderstorm to himself by imagining that some gods or other supernatural
creatures were giving vent to their heavenly anger, or were fighting battles in the
sky. Thunderstorms frightened our primitive ancestors; they should have been
grateful to them instead because lightning gave them their first fires, and thus
opened to them the road to civilization. It is a fascinating question how
differently life on earth would have developed if we had an organ for electricity.

We cannot blame the ancient Greeks for failing to recognize that the force
which causes a thunderstorm is the same which they observed when rubbing a
piece of amber: it attracted straw, feathers, and other light materials. Thales of
Miletus, the Greek philosopher who lived about 600 BC, was the first who
noticed this. The Greek word for amber is “electron”, and therefore Thales
called that mysterious force electric. For a long time it was thought to be of the
same nature as the magnetic power of the lodestone since the effect of attraction
seems similar, and in fact there are many links between electricity and
magnetism.

There is just a chance, although a somewhat remote one, that the ancient
Jews knew something of the secret of electricity.

Perhaps the Israelites did know something about electricity; this theory is
supported by the fact that the Temple at Jerusalem had metal rods on the roof
which must have acted as lightning-conductors. In fact, during the thousand
years of its existence it was never struck by lightning although thunderstorms
abound in Palestine.

There is no other evidence that electricity was put to any use at all in
antiquity, except that the Greek women decorated their spinning-wheels with
pieces of amber: as the woolen threads rubbed against the amber it first attracted
and then repelled them — a pretty little spectacle which relieved the boredom of
spinning.

More than two thousand years passed after Thales’s discovery without
any research work being done in this field. It was Dr. William Gilbert, Elizabeth

the First’s physician-in-ordinary, who set the ball rolling. He experimented with
13



amber and lodestone and found the essential difference between electric and
magnetic attraction. For substances which behaved like amber — such as glass,
sculpture, and sealing wax — he coined the term “electrica”, and for the
phenomenon as such the word “electricity”. In his famous work “De magnete”,
published in 1666, he gave an account of his studies. Although some sources
credit him with the invention of the first electric machine, this was a later
achievement by Otto von Guericke, inventor of the air pump. Von Guericke’s
electric machine consisted of large, disc spinning between brushes; this made
sparks leap across a gap between two metal balls. It became a favorite toy in
polite society but nothing more than that. In 1700, an Englishman by the name
of Francis Hawksbee produced the first electric light: he exhausted a glass bulb
by means of a vacuum pump and rotated it at high speed while rubbing it with
his hand until it emitted faint glow of light.

A major advance was the invention of the first electrical condenser, now
called the Leyden jar, by a Dutch scientist, a water-filled glass bottle coated
inside and out with metallic surfaces, separated by the non-conducting glass; a
metal rod with a knob at the top reached down into the water. When charged by
an electric machine it stored enough electricity to give anyone who touched the
knob a powerful shock. More and more scientists took up electric research. A
Russian scientist Professor Reichmann from St. Petersburg was killed when he
worked on the same problem.

Benjamin Franklin, born in Boston, was the fifteenth child of poor soap-
boiler from England. He was well over 30 when he looked up the study of
natural phenomena. “We had for some time been of opinion, that the electrical
fire was not created by friction, but collected, being really an element diffused
among, and attracted by other matter, particularly by water and metals”, — wrote
Franklin in 1747. Here was at last a plausible theory of the nature of electricity,
namely, that it was some kind of “fluid”. It dawned on him, that thunderstorms

were merely a discharge of electricity between two objects with different.

14



He saw that the discharging spark, the lightning, tended to strike high
buildings and trees, which gave him an idea of trying to attract the electrical
“fluid” deliberately to the earth in a way that the discharge would do no harm.

In order to work this idea out he undertook his famous kite-and-key
experiment in the summer of 1755. It was much more dangerous than he
realized. During the approach of thunderstorm he sent up a silken kite with an
iron tip; he rubbed the end of the kite string, which he had soaked in water to
make it a good conductor of electricity, with a large iron key until sparks sprang
from the string — which proved his theory. Had the lightning struck his kite he,
and his small son whom he had taken along, might have lost their lives.

On the next experiment he fixed an iron bar to the outer wall of his house,
and through it charged a Leyden jar with atmospheric electricity. Soon after this
he was appointed Postmaster General of Britain’s American colonies, and had to
interrupt his research work. Taking it up again in 1760, he put up the first
effective lightning conductor on the house of a Philadelphia businessman.

His theory was that during a thunderstorm a continual radiation of
electricity from the earth through the metal of the lightning-conductor would
take place, thus equalizing the different potentials of the air and the earth so that
the violent discharge of the lightning would be avoided. The modern theory,
however, is that the lightning-conductor simply offers to the electric tension a
path of low resistance for quiet neutralization. At any rate — even if Franklin’s
theory was wrong — his invention worked.

Yet its general introduction in America and Europe was delayed by all
kinds of superstitions and objections: if God warned to punish someone by
making the lightning strike his house, how could Man dare to interfere? By
1782, however, all the public buildings in Philadelphia, first capital of the USA,
had been equipped with Franklin lightning-conductors, except the French
Embassy. In that year this house was struck by lightning and an official killed.

Franklin had won the day.
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It was he who introduced the idea of “positive” and “negative” electricity,
based on the attraction and repulsion of electrified objects. A French physicist,
Charles Augustin de Coulomb, studied these forces between charged objects,
which are proportional to the charge and the distance between the objects; he
invented the torsion balance for measuring the force of electric and magnetic
atlraction. In his honor, the practical unit of quantity of electricity was named
after him.

To scientists and laymen alike, however, this phenomenon of action at a
distance caused by electric and magnetic forces was still rather mysterious.
What was it really? In 1780, one of the greatest scientific fallacies of all times
seemed to provide the answer. Aloisio Galvani, professor of medicine at
Bologna, was lecturing to his students at his home while his wife was skinning
frogs, the professor’s favorite dish, for dinner with his scalpel in the adjoining
kitchen. As she listened to the lecture the scalpel fell from her hand on to the
frog’s thigh, touching the zinc plate at the same time. The dead frog jerked
violently as though trying to jump off the plate. The signora screamed. The
professor, very indignant about this interruption of his lecture, strode into the
kitchen. His wife told him what had happened, and again let the scalpel drop on
the frog. Again it twitched.

No doubt the professor was as much perplexed by this occurrence as his
wife. But there were his students, anxious to know what it was all about.
Galvani could not admit that he was unable to explain the jerking frog. So,
probably on the spur of the moment he explained: “lI have made a great
discovery — animal electricity, the primary source of life”.

“An intelligent woman had made an interesting observation, but the not-
so-intelligent husband drew the wrong conclusions, was the judgment of a
scientific author a few years later. Galvani made numerous and unsystematic
experiments with frogs’ thighs, most of which failed to prove anything at all; in
fact, the professor did not know what to look for, except his animal electricity.

These experiments became all the rage in Italian society, and everybody talked
16



about galvanic electricity currents — terms which are still in use although
Professor Galvani certainly did not deserve the honor.

A greater scientist than he, Alessandro Volta of Pavia, solved the mystery
and found the right explanation for the jerking frogs. Far from being the
“primary source of life”, they played the very modest part of electric conductors
while the steel of the scalpel and the zinc of the plate were, in fact, the important
things. Volta showed that an electric current begins to flow when two different
metals are separated by moisture (the frog had been soaked in salt water), and
the frog’s muscles had merely demonstrated the presence of the current by
contracting under its influence.

Professor Volta went one step further — a most important step, because he
invented the first electrical battery, the “Voltaic pile”. He built it by using discs
of different metals separated by layers of felt which he soaked in acid. A “pile”
of these elements produced usable electric current, and for many decades this
remained the only practical source of electricity. From 1800, when Volta
announced his invention, electrical research became widespread among the

world’s scientists in innumerable laboratories.

V Translate dialogues, using words and expressions from the text
above.

1.

— B Haie BpeMsi 11011 He IPE/ICTaBIIAIOT ceOe KU3HU 0€3 3JIEKTPUUYECTBA.
A BeJlb TOJIBKO B KOHIIE 19 Beka 3JeKTpUYECTBO CTAJI0 UTPaTh OTPOMHYIO POJib B
COBPEMEHHOW ITUBUJIA3ALUH.

— Ter mpaB. CaMoe yAMBHUTEIBHOE, YTO BHEAPWUII €r0 HE YYEHBIM,
3HAKOMBINA C TEOPHUSAMHU U (QyHIAMEHTATHHBIMUA 3aKOHAMHU MPUPOJIBI, & MMPOCTOU
TEXHUK U OYCHb XOPOIIHI OU3HECMEH.

— Tel umeemts B Buay Oaucona? Jla, oH 3auHTEpecoBaics MpoOIeMoi
ocemiennst B 1877 rogy. K Tomy BpeMeHu Obliia M300peTeHa AyroBasi JiaMIia.

JIBa cTepxkHs M3 yriepoja, MPOU3BOJWIM BJIEKTPUUYECKYIO AYTYy, KOTOpas
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3aMbIKaja 3JIEKTPUYECKylo Menb. CBeT OT TakUX JaMI HaKaJuBaHUS ObLI
Ca0BIi, JIAMIIOYKH OBLIM HEIOJTOBCUYHEL.

— DJIKWCOH MPOBOAWII CBOM JKCIEPUMEHTHI B JjabopaTtopusix Menio-
[Tapka. OH uckan martepuai, NOAXOAAIIMN 11 HUTU Hakana. OH HCHBITHIBAI
pasnyHble MeTalIbl, 0aMOyKOBOE BOJIOKHO, YeJIOBEYECKUI BoJioc, Oymary. Beé
ATO TOKPBIBAJIOCH YIJIEPOJAOM M BCTABISUIOCh B CTEKJISHHBIA Iy3bIpb, W3
KOTOPOTO BBIKAYUBAJICS BO3AYX, YTOOBI 3TH MaTEepHaIbl HE TOPEIH.

— Tonbko moaymaii, 4T0 OTOpBaHHAS IYTOBUIA IIOMOIJIA €My HAWTH 3TOT
MaTtepuan — oObluHYI0 HUTKY. Ero nepBas namna ropesna 40 yacos.

2.

— B 1879 roxy DaucoH u300pEn 3IEKTPUUYECKYIO JaMIy HaKajJuBaHMUS.
3710 OBUIO OJHO U3 BEIMYANIINX JOCTHKEHHUI B HICTOPUHU OTKPBITHH.

— Bmnonne cornacen ¢ To00oH. DOUCOH ObUT MPAaKTUKOM, U OH OYEHb
XOpOILIO 3HAJ, YTO BHEJIPEHUE TaKOM PEBOJIIOLMOHHON CUCTEMBI OCBEILCHHUS
JOJDKHO OBITH XOpOIIO MmoArotonieHo. [loaTomy oH pa3zpaboran MeTOAbl IS
MacCOBOTO IPOU3BOJICTBA TAKUX JIAMIIOYEK IO HU3KOM IIEHE.

— HmenHo OpaucoH OOHAapyXWJ, 4YTO camasi NOIXOIAIlas pa3HULa
NOTEHIMANIOB JoikHa ObITh 110/220 BOJBT, YTO CHMU3WIIO TOTEPU TOKA TMpHU
nepenayve.

— Trl mpaB. Takoe HanpskeHne m cerdac B dnekrpocetd. Ho Benp ero
Hago mnpousBecTH. A Kak? WM DaucoH nDOCTpoWsl TeHEpaTop, KOTOPbIM
MIPOU3BOJIUIT HEOOXOIUMBIN TOK.

— Jlo DnaMcoHa MBITAIUCH MOCTPOUTH TIE€HEPATOp, OCHOBAHHBIA Ha
reHuaibHOM OTKpbiTuM ®apanes. Ho uMeHHO DIMCOH HCHONB30Bajl 3TO
U300peTeHre B CBOEM reHepaTope.

— W oH cnenan ero HaCTOJIBKO XOPOUIO, YTO €r0 CUCTEMA UCIIONIb3YETCS U
celyac, 3a HCKJIIOYEHUEM MEJIKMX YCOBEPIIECHCTBOBAHUM U pa3Mmepa.

3.
— Ilocmymaii, a rae DOUCOH BIEPBbIE NPUMEHWI CBOKO CHCTEMY

OoCBelIeHus?
18



— O, 3T0 Majou3BECTHBIN (PAKT. DIUCOH MOMECTUJI CBOIO CHUCTEMY Ha
O6opTy apkruueckoro mapoxoma ‘“YKamer”. Cuctema ycmemHo pabortana Ba
roja.

— XopoIIo HM3BECTHO, YTO DAHMCOH ObLI 3aMeYaTesIbHbIM IIOYMEHOM U
BEJIMKOJIEMHBIM H300perarenieM. OH ocBeTUN cBoM JabopaTopuu B MeHio-
[Tapke 500 mammnouek B 1880 romy. OTo BbI3Bano ceHcauuioo. MHxkeHepbl u
TEXHUKU Tiepecekany ATIaHTUKY U3 EBpombl, 4TOOBI YBUIETH YYO.

— Heyxenu y Hero He ObUIO MPOTUBHUKOB? B TO BpeMs JoMa M yIJIHUIIbI
OCBEIIAJIUCH T'a30M.

— M3BecTHbI OepinHCKUil nHX)eHep CUMEHC cKazall, YTO 3JIEKTPUYECKHM
CBET HUKOrAa He 3aMeHUT ra3. Ho B 1881 rogy DaucoH mokaszan CBOU JIAMIIBI
BIIEpBBIE HA [laprKCKOM BBICTABKE.

— DJMCOH CUJIBHO PUCKOBAJI CBOMMHM JEHbramMu U pemytanuend. UToOsl
BHEJIPUTH CBO& M300peTeHue, oH Kymui Mecto Ha Ilepin-ctput B Hbro-Hopke,
nocTpoui 6 OOJIBIIUX TEHEPATOPOB MOCTOSHHOTO TOKa B 900 JOMIauHbBIX CUJT U
OCBETUJI 85 31aHui. DIEKTPUUECKOE OCBELIEHUE MMOTYyUYHNIIO TPU3HAHUE.

4.

— Hcnonb3oBaHue 31eKTpUUEeCTBa OBICTPO HAOWpPAO MOMYJSIPHOCTD, HE
TaK Jn?

— Jla, koHeuHO. OCBEUIEHHE — 3TO XOPOUIMU CIEKTAKIb, HO 3TO TOJBKO
OJIMH aCTEKT UCMHOJIb30BAHUS JIEKTPUUECTBA.

— [ToueMy ke JIEKTPUUYECTBO UCIOIB30BATIOCH MTPAKTHUECKU TOIBKO JIJIs
ocBenieHus?

— B Tedenne Beka BO3BpATHO-MOCTYMATENbHBINA MAPOBOM JBUTATENH OBLI
€UHCTBEHHBIM HCTOYHHUKOM MeEXaHWueckor sHepruu. Ho ero momp Oblia
OTpaHUYEeHA MECTOM, TJIe OH paboTall.

— Hackonbko s 3Haw, K TOMY BpPEMEHHU JBUTATENb, KOTOPBIN
npeo0pa3oBaj AJIEKTPUUECKYIO SHEPTUI0 B MEXAHUYECKYIO, YK€ CYIIECTBOBAI.
Emé€ B 1822 rtomy apaneit ommcan cmocoO, Kak JODKEH padoTaTh

SJICKTPOMOTOP. KaTYH_IKa WM AKOPb IIOMCIIAIOTCA MCXKAY IMMOJIOCaMHU
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anekTpoMarHuTa. Korja TOK MpOXOAUT yepe3 KaTylIKy, 3JeKTPOMarHUTHAs
cuiia 3actapisieT e Bpamarhes. dakTruecku, 3T0 0OpaTHBIA CrOcoO padOTHI
reHepaTopa.

— Ho HuKOMY HE MpPUXOAWIIO B TOJIOBY, YTO MOTOP M T€HEPATOP MOKHO
cienatb B3auMo3aMeHseMbiMU. Poccuiickuii pusuk SIkodu B cepeaune 19 Beka
MIOCTPOMJI HECKOJBKO 3JIEKTPOMOTOPOB. OIMH OH Ja)Xe YCTAaHOBHJI B CBOEM
nonke. Ho oH mpumén K BBIBOAY, YTO AJIEKTPOMOTOP — HE SKOHOMHUYHAs
MallMHa, TaK KaK rajibBaHuyecKkas Oarapes ObUla €IMHCTBEHHBIM HMCTOYHUKOM
HHEPIUU.

d.

— KT0 n300p&n acCHHXpOHHBIN JBUTATENH?

— Hackonbko s momHto, mpodeccop u3 Typuna deppapu 1 aMepUKaHCKHIMA
urxeHep Tecna cnemanu 31o. Ha cHavana 3T0 TEXHMYECKOE JOCTHKEHHE MaJlo
IIPU3HABAJIN.

— Ho 3710 ObUIO OuYeHb BaxHBIM JocTKeHHeM! IlpuHuMn padoThI
ACUHXPOHHOTO JIBUTATENsl HE U3MEHMJICS C TeX IMOp, XOTS OH ObLI 3HAUUTEIHHO
YCOBEPILIEHCTBOBAH, U €r0 MOIIHOCTh BO3pOcia BO MHOTO pa3. Kak oH ycTpoen?

— OH u3BecTeH Kak “Oenuube Kojeco”. JIBa MEIHBIX WM aTFOMHUHHUEBBIX
KECTKUX KOJIbIIA COEAUHEHBI MapaJUIEIbHBIMU CTEPKHAMHU. DTO COOPYKECHHE
BCTPOEHO B MEIHBIM LIWIMHAP, HAXOASAUIMNCA HA Baly, KOTOPBIA NPEACTABIISAET
co0oii poTop, Bpalarolytocs yacte. HemoasuxHas 4acTh, CTaTop, COCTOUT U3
MHOXECTBA COEIMHEHHBIX MEXIy COOOH JJIEKTPUYECKHX MPOBOJHUKOB,
Ha3bIBAEMBIX OOMOTKOM.

— IMonstHo. Ho, HegocTtaTkoM 3TOro JABUTATeNsi Obljia €ro HeM3MEHHas
ckopoctb. M Tonmbko B 1959 romy wuccnenoBarensiMm u3  bpucronbckoro
YHUBEPCUTETA YAAI0Ch MIOCTPOUTD JBUTATEND C IBYMS CKOPOCTSIMH.

6.
— VY4EHbIE€ TOCTOSIHHO MCKajlyd HAJAEKHBIA M HEIOPOrOM HMCTOYHHK

MEXaHUYECKOUN 3HEPIUH, HE TaK JIn?
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— To1 ipaB. Xotst CUMEHCY yAanoch MOACOCIUHUTE MapOBOM JIBUTATENb U
JUHAMO, 3Ta KOHCTPYKIMS ObLjIa HEYIOBJIETBOPUTEIHLHOM.

— MHTEpecHO, KTO ke JOAYMAJICA 10 TUAPOIIEKTPOCTAHIINN?

— Mp&1 He 3HaeM. Bo3MoxkHO, 3Ta uaes Hocuiach B Bo3nyxe. B 1927 rony
MOJIOZION (PpaHIly3 CKOHCTpyHpoOBal 3(PGEKTUBHYIO BOASHYIO TYpOHWHY, Tle
BOJIa MMajiajila Ha KOJIECO BHYTPU KOXyXa. DTO ObUI MPOTOTUII COBPEMEHHOM
BOJISTHOM TYpOUHBI.

— Ecnm s He ommbatoch, B AMepuke Oblla CKOHCTPYHpPOBaHA BOJIsTHAsS
TypOMHa ¢ OTPOMHBIMU KOBILIEOOpa3HbIMH JonacTsiMu. OHa ObUIa yCTaHOBJIEHA
Ha Bojionaze. Ho He Be3ne ecTh BOAOMAIBI.

— Koneuno. [losTomMy ObUIM CKOHCTPYHPOBAHBI TYpOWHBI ISl TaJICHUS
BozAbI OT 100 10 1000 ¢yTOB € OOJIBIIMM KOJTUYECTBOM HU3OTHYTHIX JOMACTEH.

7.

— Korna 6b11a mocTpoeHa nepBasi THIPOJIEKTPOCTAHITUS ?

— Bo3smoxno, B 1891 rogy na Huarapckom Boponaze MomHocThio 5200
JOMIAUHBIX CHJ. JTa THUIPODJEKTPOCTAHIMS Oblla TMEepBOW, KOTOpas
MCIIOJIb30BaJia MEPEMEHHBIN TOK, BhIpaOaThIBAEMbIN MTPU BHICOKOM HAMPSIHKEHUHU.

— Ecnu nmaMsTh MHE HE U3MEHSIET, TOK BBICOKOTO HAIpSHKEHUS MepelaBaTh
PKOHOMHYHEE, 4eM Hu3koro. Ecnu HampsbkeHue Bo3pacT€T B 10 pas, motepu
ANEKTPOIHEPTUM npu nepenayve cauzsarcs Ha 1/100. [Tosromy nmepeMeHHBIN TOK
MO>KHO TIepe/IaBaTh Ha OOJIbIINE PACCTOSHUS.

— Ho B xoHIie 19-ro Beka 3JIeKTpUYECTBO BCE elié ObLIO MUCTUYECKUM U
nyratouM. Kpome Toro, ra3oBasi NpOMBIIUICHHOCTh MbITalach MPENITCTBOBATH
€ro pacnpoCTPAHEHUIO, TaK KaK OHO MOTJIO HAPYIIUTh MOHOIOJHUIO Ta30BBIX
KOMIIaHUH B OCBEIIECHUU.

— Tax ono u mpoumsonuio. B 1889 romy Obuta mocTpoeHa mepBas
anektpoctanuus B Jlonmone momtHocThio 10000 BonwT, a B 1891 rogy — B

I'epmanuu MomHOCTHIO 16000 BOMIBT.
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UNIT 11
PRINCIPLES OF ELECTRICITY

I. Recognize the following international words: electrical, material,
resistor, orbit, electron, atom, electronics, diode, transistor, laser, equivalent,

potential, energy, voltage, analogous, battery, generator, ampere.

Il. Memorize the words to be ready to read and speak about

principles of electricity.

conductor
semiconductor
insulator

circuit

current

alternating current
direct current

source

to supply

property

velocity

potential difference
electromotive force
to measure

charge

parallel connection

in series

MPOBOIHUK
MOJTYTTPOBOHUK

M30JISITOP, TUAIIEKTPUK
LICIIb, CXeMa

TOK

MIEPEMEHHBINA TOK
MMOCTOSIHHBIN TOK
MCTOYHHUK

CHa0aTh, CHAOKEHHUE
CBOMCTBO

CKOpPOCTh

PAa3HOCTh NOTEHIUAJIOB
3JIEKTPOABMKYIIIAS CUJIa
U3MEPSTH

3apsi

NnapajiyieIbHOE COCAMHECHHUE

IIOCJICA0OBATCIbHOC COCAMHCHUC

I11. Decode the following acronyms: e.m.f.; d.c.; a.c.; p.d.; V; A.
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IV. Read and translate the following words and word combinations:
excellent, conductor, current flow, good insulator, semiconductor materials,
electrical supply, potential difference, supply source, a measured electromotive

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

V. Use the words and the word combinations from the exercises 11
and IV in the following sentences: 1... include silicon, germanium and
cadmium sulphide. 2. Battery is the simplest ... 3. Electrons are negative ...
4. Metal is a ... 5. Electrical generator produces ... 6. The electrical potential
between two points in a circuit is known as the ... 7. Two types of connections
are known in electrical circuit: ... and ... 8. The voltage which produces the

current is known as ...

V1. Read and translate the text.

VOLTAGE AND CURRENT

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

The electrical potential between two points in a circuit is known as the
potential difference or p.d. between the points. A battery or electrical generator

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

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

A simple electrical circuit comprises a battery of e.m.f. 10 VV which is
connected to a heater of fixed resistance; let us suppose that the current drawn
by the heater is 1 A. If two 10-V batteries are connected in series with one
another, the e.m.f. in the circuit is doubled at 20 V; the net result is that the
current in the circuit is also doubled. If the e.m.f. is increased to 30 V, the
current is increased to 3 A, and so on.

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

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

VII. Find the sentences in the text about: a) potential difference;
b) charge carriers; ¢) measurements of potential difference and electromotive
force; d) electrical equivalent of mechanical potential; €) conventional current

flow; ) electromotive force; g) series connection.

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

remember. 1. What is voltage? 2. By what is potential energy of an electric
24



supply given? 3. The electrical potential between two points in a circuit is
known as the potential difference, isn’t it? 4. What device has the ability to
produce current flow in a circuit? 5. In what terms is e.m.f. measured? 6. Why
does the current occur in the circuit? 7. May holes be charge carriers? 8. In what
terms are current measured? 9. In what law is the relationship between e.m.f.

and the current summed up?

IX. Express the main idea of each paragraph of the text “Voltage and
Current” in writing. Retell the text using the sentences, expressing the main

idea of its paragraphs as a plan, and introductory phrases of exercise VIII.

X. Read and translate the text given below without a dictionary.

CONDUCTORS, SEMICONDUCTORS AND INSULATORS

A conductor is an electrical material (usually a metal) which offers very
little resistance to electrical current. The reason that certain materials are good
conductors is that the outer orbits (the valence shells) in adjacent atoms overlap
one another, allowing electrons to move freely between the atoms.

An insulator (such as glass or plastic) offers a very high resistance to
current flow. The reason that some materials are good insulators is that the outer
orbits of the atoms do not overlap one another, making it very difficult for
electrons to move through the material.

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

and it is found in many rocks and stones (sand is silicon dioxide).
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XI. Agree or disagree with the following statements using
introductory phrases: You are quite right; It is really so; | quite agree with
you; That’s wrong; On the contrary; I’m afraid you are wrong.1. A conductor
offers very little resistance. 2. Commonly used semiconductor materials are
different metals. 3. Conductor materials are usually metals. 4. An insulator
offers very little resistance. 5. Semiconductor materials such as silicon and
germanium are used in diodes, transistors, integrated circuits. 6. It is very
difficult for electrons to move through the material in insulators. 7. A
semiconductor resistance is midway between that of a good conductor and that
of a good insulator.8.Electrons move freely between the atoms in

semiconductors. 9. Insulator materials are glass and plastic.

XIl. Imagine that one of the students is a teacher of electric
engineering. The group consults the teacher before the exam. Ask as many

questions as you can on both of the texts.

XI11. Dramatize the dialogues.

1.

— 51 3Hato, 4TO THI YUYHIILCS Ha dHEpreTudeckoM ¢akyiabrere. OObICHU
MHE, TOKaTyNCTa, YTO TAKOE MMPOBOJHUK U TUDJICKTPHK.

— C ynoBonbcTBUEM. [IpOBOJHUK — 3TO MaTepuai, KOTOPBIA OKa3bIBaET
OYECHb MAJICHBKOE COMPOTHUBIICHHUE JJIEKTPUUECKOMY TOKY, TO €CTh MPOBOJUT
TOK. A JMAJIEKTPUK — ITO MaTepuall, KOTOPHIH OKa3bIBaET OYEHb OOJIbIIOE
COIIPOTHUBIICHUE BJIEKTPUUECKOMY TOKY. [IpakTriuecku OH TOK HE MPOBOJMUT.

— Kak s mnoHsn, NOTynpoBOOHUK — 3TO YTO-TO CPEIHEE MEXKIY
MPOBOJHUKOM M JUANEKTpUKOM. Kakoit marepuan MOXET OBITh XOPOIINM
MPOBOJAHUKOM, JUAJIEKTPUKOM U TOJIYIPOBOAHUKOM?

— MeTtamibl — XOpoIKe NPOBOJHUKU. XOPOUIUE JUDIICKTPUKHA CTEKIO U
mractTMacchl. OOBIYHO HCIIOIB3YEMBIE MOYITPOBOIHUKOBBIC MAaTEPHAIBI — 3TO

KpEMHE3eM, FrepMaHui, Cyab(ul KaMHUsl.
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2.

— MHTEepecHO, 4eM 3TO Thl 3aHUMACIIbCS?

— ['oToBIIOCK K 3a4€TY MO ANIEKTpOTeXHUKE. HACKOIBKO 51 MOMHIO, ThI yXKe
cnan ero. [IpoBepp MeHs, nmoxaylcra.

— Xopomio. Kak 3aBUCHT 3J€KTPUYECKUN TOK OT HANPSKEHUs?

— Hy, 310 npocto. Uem OGoiibliie HaNpsKEHUE MCTOYHHUKA, TeM OOJBIIHIA
OH MMEET MOTEHIIUAJI JJIsl IPOU3BOJICTBA TOKA B I[CIIH.

— [IpaBWJIBHO. A YTO TaKO€ pa3HHIA TOTEHIIUATIOB?

— DIEKTPUYECKUN MOTEHIHA MEXKIY JBYMs TOUYKaAaMHU B LIEMH H3BECTEH
KaK pa3HMIla TMOTEHIMAJIOB. A HampsbKeHUE, KOTOpO€ MPOU3BOJIUT TOK, —
ANEKTPOABUKYIIAS CUJIA.

— A TOK — 3TO KMJIKOCTh, KOTOpasi T€YET BHYTPHU IPOBOJIOB, HE TAK JIU?

— Hy, yx HeT, Tl MeHs He coObéIb. TOK B Lienu mosBIiseTCs Onarojaps
JBH>KCHUIO TIOJIOKUTEIBHO 3apSKEHHBIX YAaCTHI] K OTPUIATEIBHO 3aPSAKEHHOMY
MOJIIOCY.

— Ornnuno! MHTEpecHO, modyemMy e Thl HE CHajl 3TOT 3a4€T C MEPBOTO

pasa.
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UNIT IV
ELECTRIC CURRENT

l. Study the words given below; make up sentences with these

words.

to be certain

as well

to consider

to decrease

to determine direct current
direction

to increase

to appear

to meet requirements
particle

to require statement
subject

terminal

to pass through

wire

solid

both

OBITh YBEPEHHBIM

TaK¥Ke, TOKE
paccMaTpuBaTh
YMEHbBIIATh

U3MEPATH IMOCTOSIHHBIA TOK
HaIlpaBJICHUE
YBEJIMYHUBAThH

ITOABJIATHCS

YAOBJIETBOPSTH TPEOOBAHUAM

YacTHIA

TpeboBaTh KOHCTATAIIUU
peaMeT

KJIeMMa

IPOXOJIUTH Yepe3
IIPOBOJI, TIPOBOJIOKA
TBEPJI0€ BEIIECTBO

00a, 00e; U TOT U Jpyrou

Il. Read and translate the text given below.

ELECTRIC CURRENT

Ever since Volta first produced a source of steady continuous current,
men of science have been forming theories on this subject. For some time they

could see no real difference between the newly-discovered phenomenon and the
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former understanding of static charges. Then the famous French scientist
Ampere (after whom the unit of current was named) determined the difference
between the current and the static charges. In addition to it, Ampere gave the
current direction: he supposed it to flow from the positive pole of the source
round the circuit and back again to the negative pole.

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

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

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

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

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

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

One of the great advantages of a.c. is the ease with which power at low
voltage can be changed into an almost similar amount of power at high voltage

and vice versa. Hence, on the one hand alternating voltage is increased when it
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IS necessary for long-distance transmission and, on the other hand, one can
decrease it to meet industrial requirements as well as to operate various devices
at home.

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

One cannot help mentioning here that Yablochkov, Russian scientist and

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

1. Translate the following sentences and define the infinitive
constructions. 1. Lightning proved to be a discharge of electricity. 2. The
student is certain to know that alternating voltage can be increased and
decreased. 3. Heat is known to be a form of energy. 4. We know the electrons to
flow from the negative terminal of the battery to the positive one. 5. This
scientist seems to have been working on the problem of splitting the atom.
6. The students saw the thermometer mercury fall, to the fixed point. 7. Coal is
considered to be a valuable fuel. 8. We know many articles to have already been
written on that subject. 9. The electrolytes appear to change greatly when the

current passes through them.

V. Find the infinitive constructions in the text and define them.

V. According to the models given below form sentences combining

suitable parts of the sentence given in column I, 1, I11, V.

Model: (a) The current is known to consist of moving electrons.

I I Il v

Professor Rihman | was observed | to have started by man 25 centuries

ago.
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Amber

scale

Lomonosov

Electrical effects

The Fahrenheit

IS known

IS said

Is known

are known

to have been
observed

to have been killed

to attract and to
hold

to be used

for Moscow on
foot.

light objects after
rubbing.

in English-speaking
countries.

by a stroke of
lightning.

Model: (b) We know lightning to be a discharge of electricity.

We

know

Galileo

the charges

the electric current

the alternating

current
the Russian

scientists

static electricity

to have been
to have greatly

contributed

man.

positive and negative.
important effects.
an air thermometer.

first in one direction and then

1l v
to be
to have
invented
to flow
to produce in another.

to the science of electricity.
the only electrical

phenomenon observed by

VI. Translate the following sentences using the infinitive. 1. YtoOsr

OBITH XOpOoHmInuM HHIKXCHCPOM,

HCO6XO)II/IMO MHOTO 4YUTaTb W YYHUTHCA.

2. [lupomeTp ucCHoNb3yeTcs ISl U3MEPEHUS] TEMIEPATypbl TOPSIYUX METAIIOB.

3. UenmoBek HAy4MWJICS PACIICIIISATH aTOMBI JIJISl TOTO, YTOOBI TIOMYUYUTh OOJIBIIIOE

KOJIMYECTBO PHEPTrUM. 4. YUEHbIC MBITAIOTCS PELIUTh MPOOJIEMY, CBI3aHHYIO C

HOBBIMH SBJICHUAMHU OSJCKTPUYUYCCTBA.

5. TI'pomooTBOI

—  MCTAJIMYCCKOC

IPUCTIOCOOICHNE I 3alUThl 3JaHUM OT MoJHUM. 6. IIpOBOIUTH OMBITHI C

aTMoc(hepHbIM

QJICKTPpUICCTBOM ObUI0 OYEHb ONAcCHO B TO BpEms.

7. Hamarunturh npeaAMET — 3TO 3HAYUT ITIOMECTUTD B €10 I10JIC MAaIrHUT.
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VII. Ask questions.

1. if electricity is a form of energy.

2. if there are two types of electricity.

3. if alternating voltage can be increased and decreased.

4. if Franklin made an important contribution to the science of electricity.
5. if Ampere determined the difference between the current and the static
charges.

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

7. if the electrolytes change greatly when the current passes through them.
8. if a negatively charged electron will move to the positive end of the

wire.

VIII. Explain why.

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

2. voltage is increased and decreased.

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

4. students must learn English.

5. Ampere was wrong as to the current direction.

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

negative end.

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

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

negatively charged terminal. 2. Ampere supposed the current to flow from the

negative pole to the positive. 3. Static electricity is used for practical purposes.

4. Static electricity is not very high in voltage and it is easy to control it. 5. To

show that the charges are unlike and opposite Franklin decided to call the charge

on the rubber positive and that on the glass negative. 6. Galvani thought that

electricity was generated because of the contact of the two dissimilar metals
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used. 7. Volta took great interest in atmospheric electricity and began to carryon
experiments. 8. The direct current is known to flow first in one direction and
then in the opposite one. 9. The direct current used for power and lighting

purposes is assumed to go through 50 cycles a second.

X. Give a heading to each paragraph of the text. Explain why you

have given such a heading.

XI. Give a short summary of the text.

XIl. Form six sentences combining suitable parts of the sentence

given in the columns.

1. The electric current is 1. the energy of position.

2. Kinetic energy is 2. electricity at rest.

3. Static electricity is 3. the flow of moving electrons.

4. Potential energy is 4. the energy of motion.

5. The direct current is 5.a discharge of electricity.

6. Lightning is 6. the flow of electrons in one direction.

XI1l. Read additional texts.

TYPES OF ELECTRIC CURRENT

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

plotted against time as a base, and a number of examples are illustrated in Fig. 1.
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(a) represents a steady direct current (D.C.) of unvarying magnitude, such
as is obtained from an accumulator.

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

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

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

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

(f) represents an A.C. with yet another different wave form. Such an A.C.
is said to have a flat-topped wave form, the term again being self-explanatory.
Both this and the previous example represent cases of A.C. having non-
sinusoidal wave forms.

(g) represents an example of an oscillating current, and is similar in shape
to (d) except that it has a much higher frequency. An oscillating current is

usually regarded as one having a frequency determined by the constants of the
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circuit, whereas an alternating current has a frequency determined by the
apparatus supplying the circuit.

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

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

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

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

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

grow, so that the final amplitude is very much reduced.
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Fig. 1. Types of Electric Current.
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The above examples do not represent all the types of current encountered,
but they serve as illustrations of what may be expected. It will be observed that
in all the above cases the current consists of either or both unidirectional and
alternating components***. In modern electrical engineering alternating currents
play a predominant part, so that knowledge of the a.c. circuit is of basic

importance.

* where the current is about to rise in the positive direction rae Tox nomkeH
HavyaTh BO3pacTaTh B IOJOXHUTCIBHOM Hampapiienuu; (t0) be about to
cobupamwcs (enatp 4. J1.)

** times 311. nepuoovi 3amyxamusi

*** in all the above cases the current consists of either or both unidirectional
and alternating components Bo BceX BbIlIeyKa3aHHBIX CAyYasX TOK COCTOUT HIIN
13 TOKA OJHOTO HAIPABIICHUS, WU U3 3HAKOB IIEPEMEHHOTO TOKA, WM U3 TOTO U
apyroro  Bmecte. Above B (QyHKuuMM  omnpeneneHuss  MEPEBOAUTCS
«BBIIIICYKA3aHHBIN, BBHIMICYNIOMAHYTHI». MecTtonmenue either 3mech umeer

3Ha4YCHUE 110001, 00UH U3 08)YX, HO HE 00a

DIFFERENCE BETWEEN A.C. AND D.C.

A direct current (D.C.) flows continuously through a conducting circuit in
one direction only, although it may not be steady so far as magnitude is
concerned. It is unidirectional in character. An alternating current (A.C.), on the
other hand, continually reverses in direction, as its name implies. Starting from
zero, it grows in one direction, reaches a maximum, dies down to zero again,
after which it rises in the opposite direction, reaches a maximum, again dying
down to zero. It is thus continually changing in magnitude as well as direction,
and this continual change causes certain effects of far-reaching importance.

It can be shown that high voltages are desirable for the economic

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

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

out by means of A.C.

* by far the greater part 3naunTenbHO Oonbiast yacTh; by far ymorpeGisercs

nepen CpaBHHTCHBHOﬁ CTCIICHBIO IPpUJIAraTCiIbHOIO JJIA YCUIICHUS €T0 3HAUYCHUA
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UNIT V
BATTERIES AND OTHER SOURCES OF E.M.F.

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

instrument, electrostatic, voltmeter, wattmeter.

I1. Memorize the words to be ready to read and speak about batteries
and other sources of e.m.f.

to electroplate HAHOCHUTH MOKPBITUE TAIbBAHUYECKUM CITIOCOOOM

cell (storage)

AIEMEHT (aKKyMYJITOPHBIN)

plate IUIACTUHA, aHOI

to immerse MOTPYXKAaTh

reverse NEPEKITIOYEHNE, NU3MEHEHHUE MTOJIIPHOCTH
resistor COIPOTHUBIICHUE, PEOCTAT

magnitude BEJIMYMHA

thermocouple

TepMomnapa, TEpMOIJIEMEHT

to pilot IIEHTPOBATh
bearing MOIIUITHUK, OTTOpa
taut YIIPYTUA

air-vane damping

IMMHEBMATHYCCKOC 3aTyXaHHC

armature CEpIEYHUK, IKOPb

fuse TUTABKUH TIPEOXPAHUTET

trip MEXAHM3M ISl aBTO BLIKJIFOYEHHUS
slug CepACUHHK

to deflect OTKJIOHSATh

to ensure rapaHTHPOBATh

to wound HaMaTbIBaTh, BUTOK
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eddy current BUXPEBOU TOK
dashpot MaCIISTHBINA Oydep

drag 3/1€Cb—COMPOTUBIICHUE

IIl. Read and translate the following word combinations:
electroplating industry; electrochemical effect; primary cell; secondary or
storage cell; moist electrolyte; reversible chemical action; fixed resistor; variable
resistor; analogue instruments; digital instruments; thermocouple instruments; a
deflecting force; a controlling force; a damping force; permanent magnet; taut

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

V. Use the word combinations given above in the following sentences.

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

produced by a ... 10. The “voltage” coil has many turns of ...

V. Read and translate the text without a dictionary.

ELECTROCHEMICAL EFFECT

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

The converse is true, that is, chemical action can produce an e.m.f. (for

example, in an electric battery).
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All these electrochemical effects depend on the electrolyte. The majority
of pure liquids are good insulators (for example, pure water is a good insulator),
but liquids containing salts will conduct electricity. You should also note that

some liquids such as mercury (which is a liquid metal) are good conductors.

VI. Find in the text “Electrochemical effect” sentences about: a) the
flow of electric current between two electrodes; b) liquids which are good
conductors; c) liquids which are good insulators; d) electroplating industry;
e) products of chemical action; f) dependence of electrochemical effects on the

electrolytes.

VII. Explain electrochemical effect to your partner using the
following key words: chemical effect; electroplating industry; the anode; the

cathode; liquid; cause; to be lost from; to be deposited.

VIIl. Read the texts given below.

CELLS AND BATTERIES

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

Cells are also subdivided into “dry” cells and “wet” cells. A dry cell is one
which has a moist electrolyte, allowing it to be used in any physical position (an
electric torch cell is an example). A wet cell is one which has a liquid electrolyte

which will spill if the cell is turned upside down (a cell in a conventional lead-
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acid auto battery is an example). There is, of course, a range of sealed
rechargeable cells which are capable of being discharged or charged in any
position; the electrolyte in these cells cannot be replaced.

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

from one cell.

STORAGE BATTERIES

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

This allows the battery to be repeatedly discharged and charged.

RESISTOR TYPES

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

of both fixed and variable resistors.

IX. Answer the following questions using the introductory phrases: |
should say; to my mind; as far as I know (remember); certainly; if I’'m not
mistaken. 1. What does each cell contain? 2. What two categories of cells are
there? 3. Can a primary cell be recharged? 4. Why must it be discarded? 5. Why
can a secondary cell be recharged? 6. What is the difference between a dry cell

and a wet cell? 7. What device do we call a battery? 8. What device do
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rechargeable cells form when they are connected in series? How does it work?

9. What is the function of a resistor?

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

d) resistors.

XI. Translate the text. Prepare questions to be answered.

TYPES OF INSTRUMENTS

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

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

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

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

d) both types are portable and can be carried round the home or factory.
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A GALVANOMETER OR MOVING-COIL INSTRUMENT

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

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

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

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

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

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

energy associated with this damps the movement of the meter.

REQUIREMENTS OF ANALOGUE INSTRUMENTS

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

a) adeflecting force;

b) a controlling force;

c) adamping force.

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

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

that is, be “damped”, to its final value without oscillation.

EFFECTS UTILISED IN ANALOGUE INSTRUMENTS

An analogue instrument utilizes one of the following effects:
a) electromagnetic effect;

b) heating effect;

c) electrostatic effect;

d) electromagnetic induction effect;
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e) chemical effect.

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

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

WATTMETERS

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

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

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

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

measuring power.
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THE ENERGY METER OR KILOWATT-HOUR METER

The basic construction of an electrical energy meter is known as an
induction meter. This type of meter is used to measure the energy consumed in
houses, schools, factories, etc.

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

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

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

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

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

“integrate” the energy consumed on a continual basis.

XI1. Present your abstract of the information from the texts given

above.
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XI11. Read the text.

APPLICATION OF ELECTROMAGNETIC PRINCIPLES

A basic application with which everyone is familiar is the electric bell.
Initially, when the contacts of the bell push are open, the spring on the iron
armature of the bell presses the “moving” contact to the “fixed” contact. When
the bell push is pressed, the electrical circuit is complete and current flows in the
bell coils, energising the electromagnet. The magnetic pull of the electromagnet
is sufficiently strong to attract the iron armature against the pull of the spring so
that the electrical connection between the fixed and moving contacts is broken,
breaking the circuit.

However, the armature is attracted with sufficient force to cause the
hammer to strike the gong. Now that the circuit is broken, the pull of the
electromagnet stops, and the leaf-spring causes the armature to return to its
original position. When it does so, the circuit contact between the fixed and
moving contacts is “made” once more, causing the electromagnet to be
energised and the whole process repeated. Only when the bell push is released is
the current cut off and the bell stops ringing.

As described earlier, the release of inductive energy when the fixed and
moving contacts separate gives rise to a spark between the two contacts. The
relay is another popular application of electromagnetism. The relay is a piece of
equipment which allows a small value of current, I-1 in the coil of the relay to
switch on and off a larger value of current I-2, which flows through the relay
contacts.

The control circuit of the relay contains the relay coil and the switch S,
when S is open, the relay coil is de-energised and the relay contacts are open
(that is, the relay has normally open contacts). The contacts of the relay are on a
strip of conducting material which has a certain amount of “springiness” in it;

the tension in the moving contact produces a downward force which, when
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transferred through the insulating material keeps the iron armature away from
the polepiece of the electromagnet.

When switch S is closed, current I-1 flows in the relay coil and energizes
the relay. The force of the electromagnet overcomes the tension in the moving
contact, and forces the moving contact up to the fixed contact. This completes
the electrical circuit to the motor, allowing current I-2 to flow in the load.

You might ask why switch S cannot be used to control the motor directly!
There are many reasons for using a relay, the following being typical:

1. The current I-1 flowing in the relay coil may be only a few
milliamperes, and is insufficient to control the electrical load (in this case a
motor which may need a large current to drive it). Incidentally, the switch S may
be, in practice, a transistor which can only handle a few milliamperes.

2. The voltage in the control circuit may not be sufficiently large to
control the load in the main circuit.

3. There may be a need, from a safety viewpoint, to provide electrical
isolation between I-1 and 1-2 (this frequently occurs in hospitals and in the
mining and petrochemical industries).

Once again, there may be a need to protect the contacts of switch S
against damage caused by high induced voltage in the coil when the current I-1
Is broken. For this purpose there is a method of connecting a flywheel diode
across the relay coil.

Yet another widely-used application of the electromagnetic principle is to
provide the overcurrent protection of electrical equipment. You will be aware of
the use of the fuse for electrical protection but in industry, this can be a
relatively expensive method of protecting equipment (the reason is that once a
fuse is “blown” it must be thrown away and replaced by a new one). Industrial
fuses tend to be much larger and more expensive than domestic fuses.

In industry, fuses are replaced, where possible, by electromagnetic
overcurrent trips. The current from the power supply is transmitted to the load

via a contactor (which has been manually closed by an operator) and an over-
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current trip coil. This coil has a non-magnetic rod passing through it which is
screwed into an iron slug which just enters the bottom of the overcurrent trip
coil; the iron slug is linked to a piston which is an oil-filled cylinder or dashpot.

At normal values of load current, the magnetic pull on the iron slug is
insufficient to pull the piston away from the drag of the oil, and the contacts of
the contactor remain closed.

When an overcurrent occurs (produced by, say, a fault in the load) the
current in the circuit rises to a value which causes the magnetic pull produced by
the trip-coil to overcome the drag of the oil on the piston. This causes the rod
and plunger to shoot suddenly upwards; the top part of the rod hits the contactor
and opens the contact to cut off the current to the load. In this way the
equipment is protected against overcurrent without the need for a fuse.

The value of the tripping current can be mechanically adjusted by
screwing the cylinder and iron slug either up or down to reduce or to increase,

respectively, the tripping current.

XIV. Present your rendering of the text “Application of

electromagnetic principles”.
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UNIT VI
ELECTRICAL GENERATORS AND POWER DISTRIBUTION

I. Recognize the following international words: national, electricity,
system, generator, magnet, rotor, fix, stator, machine, positive, voltage, phase,

turbine, transformer.

I1. Memorize the words and word combinations.

alternator reHepaTop IEPEMEHHOI0 TOKa
loop KOHTYp, BUTOK

winding oOMOTKa

instant MOMECHT

bulb JaMITI0YKa

to distribute pacnpeneniTh

slot pope3b, Meb, KAHABKA
iron circuit MarHuTHas IeTb B Kele3e
sinewave BOJIHA CHHYCa

waveform ¢dbopMa BOJIHEI

to excite BO30YXIaTh

commutator KOJUIEKTOP, IEPEKIIFOYATENb
to rectify BBITIPSMIISATH

shaft Bal

slip ring KOHTaKTHOE KOJIBIIO

brush méTKa

grid DHEepreTuvecKas CucTeMa

I11. Find Russian equivalents of the word combinations given in the
left column.

1. rotating magnet a) BUTOK IIPOBO/Ia
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2. cable capacitance b) kaTymika ¢ OTHUM BUTKOM
3. single loop coil C) MarHWTHAas LEIb

4. stator winding d) émkocTh kabemst

5. turn of wire €) KOHTaKTHOE KOJIBIIO

6. iron circuit f) Bpararommuiicss MarHuT

7. armature conductor g) najieHre HaIpPsHKESHUS

8. slip ring h) moTeps sHeprun

9. voltage drop |) IPOBOJHHK CEpICYHHUKA
10.power loss J) oOMoTKa cTaTtopa

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

V. Read and translate the text given below. Pay special attention to the

operating principles of alternators and a.c. generators.

ALTERNATORS OR A.C. GENERATORS

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

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

When the magnet has rotated through 180A, the S-pole of the magnet
passes across conductor A and the N-pole passes across conductor B. The net

result at this time is that the induced current in the conductors is reversed when
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compared with the previous case. That is, terminal B is negative with respect to
A.

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

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

follows a sinewave, that is, the voltage waveform is sinusoidal.

V1. Write out the key words which you think will help you to describe

the basis of a simple alternator.

V1. Describe the basis of a simple alternator, using the key words.

VIII. Read and translate the text.

DIRECT CURRENT GENERATORS

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

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

Each armature conductor alternately passes an N-pole then an S-pole, so

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

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

segment and into the lower commutator segment.

I X. Formulate the main idea of each passage.

X. Using your notes as a plan describe the structure and operating

principles of a d.c. generator.

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

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

XII. Translate the text without a dictionary.

ELECTRICITY GENERATING STATION

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

on the same shaft as the alternator) via a set of slip rings and brushes.
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The stator of the alternator has a three-phase winding on it, and provides
power to the transmission system. The voltage generated by the alternator can,
typically, be 6600 V, or 11000 V, or 33000 V.

XI. Ask your partner questions on the basis of an electrical

generating plant.

XIV. Answer your partner’s questions on the basis of electrical

generating plant.

XV. Translate texts given below in written form.

THE A.C. ELECTRICAL POWER DISTRIBUION SYSTEM

One advantage of an a.c. supply when compared with a d.c. supply is the
ease with which the voltage level at any point in the system can be
“transformed” to another voltage level.

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

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

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

Since the current in system A is three times greater than the current in
system B, the voltage drop in the transmission lines in system A is three times

greater than that in system B, and the power loss is nine times greater!
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This example illustrates the need to transmit electrical power at the
highest voltage possible. Also, since alternating voltages can easily be
transformed from one level to another, the reason for using an a.c. power system

for both national and local power distribution is self-evident.

D.C. POWER DISTRIBUTION

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

Advantages:

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

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

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

Disadvantages:

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

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

Clearly, d.c. transmission is financially viable on fairly long “point-to-

point” transmission systems which have no “tapping” points.
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Practical examples of this kind of transmission system includel the cross-
channel link between the UK grid system and the French grid system via a d.c.
undersea cable link. A number of islands throughout the world are linked either
to the mainland or to a larger island via a d.c. undersea cable link. In any event,
power is both generated and consumed as alternating current, the d.c. link being
used merely as a convenient intermediate stage between the generating station

and the consumer.

XVI. Prepare reports about: a) the a.c. power distribution system; b) the

d.c. power distribution system.
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UNIT VII
TRANSFORMERS

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

sentences with them.

to damage
induction coil
input

local
maintenance
negligible
output

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

winding
Il. Read and translate the text.
TRANSFORMERS
The transformer is a device for changing the electric current from one

voltage to another. As a matter of fact, it is used for increasing or decreasing

voltage. A simple transformer is a kind of induction coil. It is well known that in
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its usual form it has no moving parts. On the whole, it requires very little
maintenance provided it is not misused and is not damaged by lightning.

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

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

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

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

known to use two or more kinds of transformers.
58



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

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

from beginning to end.

Transmission system

Jistributlon
system

Step

Generatlng
statlon

station

" \LIne transformer
seconaary

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

systems.
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Fig.3. Transmission and distribution system.
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I11. Translate the following sentences:

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

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

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

consist of magnetic lines of force taken as a whole.

IV. Translate the following sentences: 1. T'oBopsr, 4To 3TOT TPUOOP
ONMCaH B MpeapIaylen crtatee. 2. CUUTaNM, YTO TOK TEYET OT MOJIOKUTEIBHOTO
MOTEHIMAJIa K oTpuuareabHoMy. 3. [OBOpST, 4YTO MOMl ApYyr XOpOIIUH
MaremaTuk. 4. M3BectHO, uTo JIOMOHOCOB OCHOBasm MOCKOBCKMI YHUBEPCHUTET.
S.Kaxercsa, 4YTO 3TO BELIECTBO HMEET HEKOTOpPbIE JpPyrMe CBOMCTBA.

6. 3BecTHO, 4TO MMEPEMEHHBIN TOK MEHSIET CBOE HAIIPABJICHHE.

V. Answer the following questions: 1. What is a transformer? 2. What is
a transformer used for? 3. Are there any moving parts in a transformer? 4. Can a
transformer be damaged by lightning? 5. What are the principal parts of a
transformer? 6. How many windings are there in a transformer? 7. What
winding is connected to a load? 8. What is the purpose of a step-up transformer?
9. What is known as a step-down transformer? 10. Does a transformer work on
d.c.? 11. In what circuits is the transformer used? 12. For what purpose are step-
down transformers used? 13. Is your radio set equipped with a transformer?
14. Can we do, without transformers? 15. Are transformers used both in industry

and in our homes?
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V1. Form as many words as possible using suffixes and prefixes.
Define what parts of speech the new words are and translate them: engine,

apply, differ, electrify, value, opposite, transformer, magnet, conductance.

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

state.

VIII. Translate the following word combinations: Ha ocHoBe (uero-
a100), MO 3TOM MpPUYMHE, caMO COOOW pa3ymeeTcs, MOBBIIATh HAIpPSKEHUE,
YBEJIMYUTH TOK, MOHMKATh TOK, OKa3bIBaTh CONPOTHUBIIEHUE, FIEKTPOTEXHUKA, B

eJIoM, B pe3yjibTaTe, Ha CaMOM JCJIC.

IX. Arrange the following words and expressions in pairs of a)

synonyms, b) antonyms:

a) b)
amount Investigation left end
big now increase low
matter pipe beginning long
application guantity d.c. step-down
at present substance above in motion
tube to lower step-up less
research use at rest decrease
to step down large high below
short a. C.
more right

X. Translate the following sentences and define the functions of the
word but: 1. The Fahrenheit scale is mainly used in English-speaking countries

but it is not used in Russia. 2. His scientific activity lasted but twenty years but
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in these twenty years he did very much. 3. Motors are widely employed not only
in industry but also in everyday life. 4. There is but one measuring scale in the
instrument. 5. Everyone failed examination in physics but Novikov. 6. A simple

transformer is but a kind of induction coil.

XI1. Compare:

1. A solenoid and an electromagnet.

2. A direct current and an alternating current.

3. A step-up transformer and a step-down transformer.
4. A stator and a rotor.

5. A primary winding and a secondary winding.

XI1. Translate the following text:

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

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

XI11. Retell the text.
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UNIT VIII
ELECTRIC MOTORS

I. Memorize the words to be ready to read and speak about motors.
rotary motion — BparareabHOe JBHKCHHE

an appliance — npubop, npucrnocoodieHne

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

commutator — KoJIIIEKTOp, HEPEKIIF0YATEIb

a brush — mérka

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

starting torque — mycKoBOi MOMEHT

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

a field coil — kaTyrika 0OMOTKH BO30OYKIACHHUS

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

a shunt field winding — mynToBast 0OMOTKa BO30Y K ICHHUS

A shunt field winding provides the running conditions.

Small electric motors are used in household appliances.

Il. Give the English equivalents of the following words and word

combinations: mpou3BoAMTH, MPEBpalllaTh, BpallaTeIbHOE IBUXKCHHE, SKOPb,

KOJUIEKTOp, OOMOTKa, MI€TKa, MAarHUTHOE TI0Jie, ITYCKOBOH MOMEHT,

nocyenoBaTeIbHas 0OMOTKa BO30YXKIEHUs, OBITOBBIE MPHUOOPHI, MBUIECOC,

CTHUpaJibHasA MallrHaA.

I11. Read and translate the text.
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MOTORS

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

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

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

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

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

making use of energy that can be transmitted from great distances.

IVV. Answer the questions to the text using the following introductory
phrases: as far as | know; | think quite so; it is really; as far as | remember.
1. What is the motor used for? 2. What parts does the motor consist of? 3. What

IS necessary to provide a powerful starting torque? 4. How is the series winding
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connected to the armature? 5. What winding provides the running conditions?
6. What kinds of d.c. motors are there? 7. What kinds of a.c. motors are there?
8. Where are numerous electric motors used? 9. What device revolutionized

industry?

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

The series winding is connected in parallel with the armature.

o ok w0 DB

Motors are used only in industry.

V1. Agree with the following statements using As far as | know
(«HackoJibKO MHe H3BECTHO...») W According to the text («CorsacHo
TEKCTY...»)

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

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

electrical energy.

1. The motor is used for converting electrical energy into mechanical one.
2. The motor produces the rotary motion which turns our machinery.
3. A strong magnetic field is provided by adding a series winding to the
magnetic coil.
4.  The series winding is connected in series with the armature.
The shunt field winding provides the running conditions.

5

6. There are three kinds of d.c. motors: series, shunt and compound ones.
7. Alternating current motors may be single-phase or polyphase ones.

8

There are two kinds of a.c. motors: synchronous and induction ones.
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9. Electric motors are used in industry, transport, farms and even houses.

VII. Translate the sentences. 1. DaekTpuueckuii JIBUTraTelb
UCIIOB3YETCSl JUIsl MPEBPAIICHUST SJIEKTPUUYECKON SHEPrUUM B MEXAHUYECKYIO
sHepruio. 2. JIBuraTeab COCTOUT U3 SKOPS C JIBYMs OOMOTKaMHM, KOJJIEKTOpa U
mETOK. 3. MOIIHBIN MMyCKOBOM MOMEHT OOECIIeUHMBaeT CHIIbHOE BO30YXKJICHHE,
HeoOxoaumoe s mycka. 4. CymecTByeT OOJbIIOe pa3sHOOOpa3ue JBUTATENCH
MOCTOSSHHOTO ¥ MEPEMEHHOI0 TOKa. 5. DJIEeKTPUUYECKHE JIBUTATEIH
UCIIOJB3YIOTCSL B OBITOBBIX NPUOOpax, TAKUX KaK MbUIECOCH], CTUPAJIbHbBIC

MalllMHbI, XOJIOAUJIBbHUKH, MaFHI/ITO(I)OHBI H TOMY HOI[O6HO€.

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

1. current-carrying conductor  a) gBUTaTENb C MOCICIYIOIINM BO30YKICHUEM

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

3. magnetic field system C) Tok BO30Yy»KaeHUs (HAMarHUYMBaHHKE)

4. excitation current d) nBuraTens ¢ mapauiebHBIM BO30YXKICHUEM

5. armature current €) JABUraresib IOCTOSTHHOIO TOKa C OJHUM
KOHTYPOM

6. mechanical output current  f) oOpaTHas 3JeKTPOABMKYIIAS CHIIA

7. external circuit g) IPOBOTHUK, HECYIIIUNA TOK

8. back e.m.f. h) MexaHuveckasi BBIXO{HASI MOIITHOCTD

9. shunt wound motor 1) TOK SIKOpsI

10. series wound motor J) TMHEHHBIN ABUTATEb

11. compound wound motor K) penykimonHas (3amemisioniasi) KOpoOKa
nepenaq

12. magnetic flux I) cucrema MarHuTHOTO TOJISI

13. speed-reduction gearbox =~ m) nBurareib TIOCTOSIHHOTO TOKa co
CMEIIaHHBIM BO30YXKICHHEM

14. linear motor N) BHEIIHUN KOHTYD (IEIIb)
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I X. Read the text “Motor effect” without a dictionary.
MOTOR EFFECT

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

inseparable).

X. Work in pairs. Agree or disagree with the following statements.
1. The motor effect can be regarded as the same as the generator effect. 2. In a
generator, when a conductor is moved through a magnetic field, an e.m.f. is
induced in the conductor. 3. The motor effect can be regarded as the opposite of
the generator effect. 4. In a motor a current-carrying conductor experiences a
force which makes the conductor move. 5. A current-carrying conductor is

situated in a magnetic field. 6. The current and the conductor are separable.

XI. Read and try to understand the texts given below.

THE D.C. MOTOR PRINCIPLE

In the simple single-loop d.c. motor the magnetic field system is fixed to
the frame of the motor, and the rotating part or armature supports the current-
carrying conductors. The current in the field coils is known as the excitation
current or field current, and the flux which the field system produces reacts with
the armature current to produce the useful mechanical output power from the

motor armature via carbon brushes and the commutator. It is worthwhile at this
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point to remind ourselves of the functions of the commutator. First, it provides
an electrical connection between the armature winding and the external circuit
and, second, it permits reversal of the armature current whilst allowing the
armature to continue to produce a torque in one direction.

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

Summary of important facts:

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

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

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

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

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

the current drawn by the motor under starting conditions to a safe value.
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PRINCIPLE OF THE A.C. MOTOR

Imagine that you are looking at the end of the conductor when the S-pole
of a permanent magnet is suddenly moved from left to right across the
conductor. By applying Fleming’s right-hand rule, you can determine the
direction of the induced e.m.f. and current in the conductor. You need to be
careful when applying Fleming’s rule in this case, because the rule assumes that
the conductor moves relatively to the magnetic flux (in this case it is the flux
that moves relatively to the conductor, so the direction of the induced e.m.f. is
determined by saying that the flux is stationary and that the conductor
effectively moves to the right). You will find that the induced current flows
away from you.

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

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

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

XI1. Using your key words describe the basis of a d.c. motor.
X111, Work in pairs. Ask each other questions on the text “Principles of
the A.C. motor”. Answering the questions, use introductory phrases: certainly;

to my mind; if I am not mistaken; as far as | know.
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XIV. Read and try to understand the text without a dictionary.

ROTATING AND “LINEAR” A.C. MOTORS

Most electrical motors have a cylindrical rotor, that is, the rotor rotates
around the axis of the motor shaft. This type of motor generally runs at high
speed and drives its load through a speed-reduction gearbox. Applications of this
type of motor include electric clocks, machines in factories, electric traction
drives, steel rolling mills, etc.

Another type of motor known as a linear motor produces motion in a
straight line (known as rectilinear motion); in this case the mechanical output
from the motor is a linear movement rather than a rotary movement. An
application of this type of motor is found in railway trains. If you imagine the
train to be “sitting” above a single metal track (which is equivalent to the
“conductor”) and the “moving magnetic field” 1is produced by an
electromagnetic system in the train then, when the “magnet” is made to “move”
by electrical means, it causes the system to produce a mechanical force between
the electromagnet and the track. Since the track is fixed to the ground, the train

1s “pulled” along the conductor.

XV. Make up dialogues on the following situations: a) types of motors

and their application; b) advantages and disadvantages of a.c. and d.c. motors.
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SUPPLEMENTARY TEXTS

COMPUTER PROGRAMMING LANGUAGES

The CPU of a computer — whether in a microcomputer or the largest
mainframe — is programmed in binary code. It is almost impossible for humans
to use binary code for programming. The nearest usable language to the binary
code that the CPU needs is Assembly Language. Assembly Language
instructions have a one-for-one correspondence to machine instructions: in other
words, each Assembly Language instruction has an exact equivalent in binary
code.

Assembly Language is not easy to learn, and it takes a long time to
program a computer to do anything useful. An Assembly Language program to
input two six-digit decimal numbers and divide one into the other, expressing
the result as a decimal number, would take an experienced Assembly Language
programmer a full week to write. Clearly there needs to be an easier way.

Assembly Language is known as a low-level language because it is close
to machine language. Other computer languages are much nearer to English, and
are consequently easier to learn. Such languages can make it much simpler to
program a computer, and are used wherever possible. Such computer languages
are called high-level languages.

Programming languages are called “low level” when they are dose to
machine language and don’t look like English. They are called “high level”
when they are nearer to English.

There are two classes of high-level language: compiled languages and
interpreted languages. Both translate something closer to English into a code
understood by the CPU, but they do it in different ways. We will start by looking
at the most widely used computer language of all, BASIC. The name is an
acronym for Beginners All-purpose Symbolic Instruction Code, and it was first
used in the USA for teaching programming to university students, but has since

been developed and extended until it can be used for a wide range of
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programming applications. BASIC is an interpreted language. A long and
complex program (written in Assembly Language!) is kept in the ROM or RAM
— this program is the BASIC Interpreter, and translates a program written in
BASIC language into the binary code that CPU requires. One of the most
popular compiled languages is still Pascal. The name is not an acronym this
time, but is a tribute to Blaise Pascal, a seventeenth-century mathematician and
philosopher. Pascal was designed at the outset to be a compiled language, and
also to have a form such that its users are almost forced to write programs in an
orderly, understandable way. Pascal compilers do not actually compile directly
to machine code. Instead, they compile into an intermediate form called a P-
code; the P-code is itself then run as an interpreted “language”, using a P-code
interpreter! However, the “interpreter” is generally called a translator in this
context, and the result is something that runs a lot faster than an interpreted
language, because all the hard part of the translation (Pascal to P-code) is done
before running the program.

The speed of a compiled language is a function of the quality of the
compiler — all else being equal, the better the compiler, the faster the object code
will run. The skill in writing a compiler is in getting it to produce a relatively
economic code. There are, of course, many different high-level programming
languages. They are easier to write than Assembly Language, and they all run
more slowly, for no compiler or interpreter has yet been written that can equal
well-written Assembly Language for efficiency. Programming computers is
something people can still do better than computers!

One of the oldest programming languages (and still going strong!) is
FORTRAN (FORmula TRANSlator). It is an excellent language for science and
mathematics, and bears a close similarity to BASIC, which was developed from
it.

Another language that is still widely used is COBOL (Common Business
Oriented Language) which is good for producing lots of long reports, inventory

and stock control, but too “wordy” for scientific work, graphic programs or
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mathematics. Pascal itself is a good general-purpose language, but is not
particularly good for control applications. For heavy-weight applications —
defence networks, for example — languages like FORTH and Ada are used. For
experiments in artificial intelligence (trying to make a computer behave like a
person) a language called LISP is often used.

For applications programming where transportability (jargon for ease of
translation for different makes of microprocessor and computer) is important,
the programming language C, and its newer variants C+ and C++, are supreme.
C++ is the language of choice for most commercial and scientific applications,
because it is sufficiently low level to provide a very good speed of execution, it
puts detailed control of the machine into the programmer’s hands, and it is

transportable.

LOVE AT FIRST BYTE

From opposite ends of the U.S., they carried on the computer industry’s
fiercest rivalry. Based outside New York City, International Business Machines
has long looked down on Apple Computer, dismissing it as a ragtag bunch of
rabble-rousers. Far away in California’s Silicon Valley, Apple (1990 revenues:
$5.6 billion) attacked IBM ($69 billion) as an impersonal bureaucracy, mocking
the company in TV ads as Big Brother and depicting its customers as lemmings.
The warring companies forced computer users to choose sides, sometimes
dividing family members against one another. Those wanting easy-to-use
software favored Apple, while others threw their lot behind IBM because its PCs
were backed by a wider assortment of programs.

But in a rapidly changing industry, IBM and Apple have found much in
common lately. After years of dominating their own spheres of influence, they
now face similar woes: declining market share, relentless low-cost competitors
and rapidly aging technology. While IBM and Apple remain the biggest players,
with a combined market share of 38%, their rivalry has lost its potency, as brand
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loyalty has given way to price competition. Today IBM and Apple are more like
a pair of aging prizefighters whose bout gets second billing.

The two companies decided last week to put away their boxing gloves.
IBM and Apple plan to join forces and share technology in a potentially
powerful partnership that could reshape the computer industry. The culmination
of week of negotiations, the collaboration could help plug large gaps in their
product lines and position both companies for the future. Among the elements:

- The two companies will form a joint venture to develop an advanced
operating system, the basic controlling software of computers, which IBM and
Apple will use in their machines and sell to other companies.

- Apple’s user-friendly Macintosh system will be integrated into IBM’s
product line, including the large computers that serve as the heart of corporate
systems.

- Apple will gain access to IBM’s advanced, high-speed microprocessors,
which will be incorporated into future editions of the Macintosh and other
machines.

- The two computer makers will seek to develop a new generation of high-
powered, multimedia hardware and software, which could be marketed under
both brand names.

The deal represents a major realignment in the PC industry. “Who would
have thought these two companies could possibly see eye to eye on anything?
It’s like a surfer girl marrying a banker,” declared Richard Shaner, publisher of
Computer-Letter. If the venture is successful, adds Shaffer, “it could create the
most fearsome force in computing ever.” Machines made by the two companies
could become virtual look-alikes, which would not only eliminate the need for
consumers to choose sides but also end much of the confusion prevalent in the
industry over the lack of standards.

None of this would have been thinkable a decade ago. Apple founders
Steven Jobs and Stephen Wozniak were riding high on the widespread

acceptance of their best seller, the Apple He, when IBM launched its PC in
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1981. While it was bulky, expensive ($2,600, vs. $1,395 for the Apple machine)
and difficult to use, the PC was quickly adopted as the industry standard because
IBM had a lock on the Big Business market. Apple eventually sold nearly 3
million of it s He’s, mainly for school and home use, but the company was
largely shunned by corporations.

When Apple unveiled the revolutionary Macintosh in 1984, the rivalry
with IBM reached full boil. Taking on Big Blue had become an obsession for
the Silicon Valley boys, who called themselves “Blue-busters.” Jobs launched
Macintosh with an evangelistic zeal, exhorting an auditorium packed with
dealers, customers and employees, “IBM wants it all end is aiming its guns on
its last obstacle to industry control, Apple. Will Big Blue dominate the entire
computer industry...? Was George Orwell right?” As the frenzied crowd shouted
a chorus of “No!,” Jobs cued a now notorious TV commercial known as
“1984,”which was to run only once, during the Super Bowl football game.

The ad showed workers staring zombie-like at a Big Brother on a viewing
screen, which a heroic female athlete smashed with a sledgehammer.

Offering stunning graphics and a stylish design, the Macintosh caught on
well in the home and school markets, where Apple’s machines now outsell
IBM’s by a two-to-one margin. Big Blue has always been frustrated in those
markets. In the mid-80s, IBM offered the PCjr, a stripped-down version of its
best seller, but the machine flopped because it couldn’t operate many of the
heavy-duty software programs designed for the PC. Yet IBM has virtually
locked Apple out of the office market, mainly because IBM’s operating software
has been adopted for 90% of the PCs now in operation. Apple has never been
able to match its rival’s marketing clout either. The California Company’s sales
force is about a tenth the size of IBM’s.

Lately, changes in industry taste have reduced the relevance of the IBM-
Apple rivalry. Rather than choose sides, customers now insist that computers
work together in networks, regardless of the make or model. That has harmed

Apple, since its operating software is not the most compatible. But it has been
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no blessing for IBM either, because its operating system is so common that
customers often prefer to buy clone machines that work like IBM’s but cost less.
Customers have become more concerned about price than brand names or even
high performance. That has turned things upside down for IBM and Apple,
which find themselves struggling to make their products less distinctive and
more compatible with their other rivals. Apple has developed desktop computers
that not only run its Macintosh software system but also use the same disk
operating system or DOS used by IBM models. And Big Blue has countered
with desktop computers that are more user friendly, in the spirit of Macintosh.

Yet neither IBM nor Apple has been able to halt customer defections.
IBM’s market share in PCs has dropped by half, to 23%, while Apple’s has
declined to 15%, from 18%. The changing marketplace has forced both
companies to make some painful adjustments. In the largest layoff in the
company’s history, Apple will now pare 1,500jobs from its payroll, a reduction
of about 10%. The company is expected to post an earnings decline for the past
quarter, largely because of price cutting. IBM, which during the January-March
period reported the first quarterly loss in its 80-year history, plans to reduce its
labor force by some 14,000 workers this year, a 4% cut.

Another problem that drove IBM and Apple into each other’s arms is their
growing friction with some powerful partners, most notably Microsoft, the
software giant outside Seattle, which is ran by wunder-kind billionaire William
Gates Il1. Microsoft was the creator of MS-DOS, the software that runs the IBM
PC, but the two companies have had a falling out over the next generation,
called OS/2, which runs IBM’s line of PS/2 computers. Microsoft developed
OS/2as well, but IBM believes the software company has undermined sales of
that software by pushing a highly successful program called Windows 3.0,
which enables old MS-DOS software to work much like a Macintosh. That has
also alienated Apple, which contends that Microsoft stole elements of Windows
from Macintosh programs. The new IBM-Apple venture, which will develop its

own software, could spell the end of OS/2 and any remaining relationship with
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Microsoft. “We’re flabbergasted,” say Steven Ballmer, Microsoft’s senior vice
president. “This does not bode well for future cooperation between IBM and
Microsoft.”

The new alliance scorns another powerful company, Intel, which has
supplied the microprocessors for IBM’s machines and has commanded an
almost monopoly position as a maker of IBM-compatible chips. Possibly to
foster more competition, the new partnership says it will buy advanced
processors from Illinois-based Motorola, whose chip business has been suffering
lately because some of its big customers, including Unisys have been in decline.
IBM has been busy lining up other partnerships as well. Only a day after
announcing its deal with Apple, IBM said it would join forces with Germany’s
Siemens A.G.to produce a powerful new 16-mega-bit memory chip, which will
hold four times as much data as current models. The collaboration could give
IBM-Siemens a leg up in the race against Japanese companies to bring the new
chip to market.

The IBM-Apple combination has its risks. Most PC joint ventures have
foundered, and this one will have to stand the test of vastly differing corporate
cultures. Consumers could be disillusioned with both companies at first, viewing
Apple as selling out and IBM as consorting with free spirits from the West
Coast. But if the collaboration works as well in practice as it is planned on
paper, the biggest winners will be the customers. Consumers will no longer have
to worry about divided loyalties and incompatible programs. They won’t be in

Apple’s orbit or IBM’s, but in the best of both computer worlds.

MICHAEL FARADAY
Michael Faraday (1791-1867), one of the greatest men of science, had
little chance to get an education. His father was a blacksmith who made his
living in the heat of his forge, and Faraday was born to work with his hands, too.
Being thirteen years of age, he went as apprentice to learn book-binding.

He read many of the books he had to bind and made clear and careful notes from
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those books that interested him most. Once when binding an encyclopedia, he
ran across an article on electricity. When Faraday turned to that page and began
to read he knew nothing of the subject, but it struck his imagination and aroused
his interest. With the little money he could save, he bought a cheap and simple
apparatus and set to make experiments. The farther he went along the road, the
more interested lie became.

He attended the lectures of Humphry Davy, an outstanding scientist and
the most popular lecturer in London at that time. It was Davy who helped
Faraday to become an assistant at the laboratory of the Royal Institute and to get
a profounder knowledge of the subject.

While still an assistant he helped Davy to create a safety lamp for miners.
He learned chemistry, lectured to young people interested in science and wrote
for a quarterly scientific journal.

In his spare moments Faraday was working on the problem of turning
gases, into liquids. We know him to have heated hydrate of chlorine in a sealed
tube and thus to have succeeded in liquefying chlorine. An important discovery
of Faraday was that of benzol which he separated from condensed oil gas, and
which since then found world-wide application.

For several years he is known to have been working at the problem of a
perfect optical glass and to Lave made a glass that greatly improved the
telescope.

Yet the problem of electricity and magnetism interested him above all. All
scientific worlds had known by that time that if a current is run through a copper
wire wound around a piece of iron, the iron becomes a magnet. If electricity
magnetizes, why won’t magnetism electrify? That was the question Faraday
asked himself over and over. For a long time he tried different experiments to
solve the problem. At last in 1831 he made his major discovery in the field of

electricity — the electromagnetic induction.
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But Faraday’s work on electricity could not end at this point. He set about
testing electricity from every known source and after a series of tests came to the
conclusion that electricity, whatever the source may be, is identical in its nature.

Among a number of other discoveries he is also known to have measured
for the first time the electric current, and to have made several important
observations on the conductivity of different materials. Although Faraday
enjoyed world-wide popularity he remained a modest man never wanting either
to accept high titles or to get any money out of his numerous discoveries.

He was one of those great men who made possible the age of electricity in
which we live, all the marvels it brings us and all those it may bring to the future

generations.

THE DISCOVERY OF ELECTO-MAGNETIC INDUCTION

It is at this important juncture in the history of electrical research 49 that
we see the first, shy attempts to make the force of Nature do some work. Now
we are concerned with the development of electricity for the transmission of
energy.

One day in 1819 a Danish physicist Hans Christian Oersted, was lecturing
at the University of Kiel, which was then a Danish town. Demonstrating a
galvanic battery, he held up a wire leading from it when it suddenly slipped out
of his hand and fell on the table across a marine's compass that happened to be
there. As he picked up the wire again he noticed to his astonishment that the
needle of the compass no longer pointed north, but had swung completely out of
position. He switched the current off, and the needle pointed north again.

For a few months he thought over this incident, and eventually wrote a
short report on it. No one could have been more surprised than Oersted at the
extraordinary impact which his discovery made on Physicists all over Europe
and America. At last the long sought connection between electricity and
magnetism had been found! Yet neither Oersted nor his colleagues could for see

the importance of this phenomenon, for it is the connection between electricity,
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and magnetism on which the entire, practical use of electricity in our time is
founded!

What was it that Oersted had discovered? Nothing more than that an
electrically charged conductor, such as the wire, leading from a battery, is the
centre of a magnetic “field”, and this has the effect of turning a magnetic needle
at a right angle with the direction in which the current is flowing; not quite at a
right angle, though, because the magnetism of the earth also influences the
needle. Now the physicists had a reliable means of measuring the strength of a
weak electric current flowing through a conductor; the galvanoscope, or
galvanometer, such a simple instrument consisting of a few wire loops and a
magnetic needle whose deflection indicates the strength of the current.

Prompted by the research work of Andre-Marie Ampere, the great French
physicist whose name has become a household word as the unit of the electric
current, the Englishman Sturgeon experimented with ordinary, non-magnetized
iron. He found that any piece of soft iron could be turned into a temporary
magnet by putting it in the centre of a coil of insulated wire and making an
electric current flow through the coil. As soon and as long as the current was
turned on the iron was magnetic, but it ceased to be a magnet when there was no
50 more current. Sturgeon built the first large electro-magnet, and with this
achievement there began the development of the electrical telegraph and later
the telephone.

But there was yet another, and perhaps even more important, development
which began with the electro-magnet. Michael Faraday repeated the experiments
of Oersted, Sturgeon, and Ampere. His brilliant mind conceived this idea: if
electricity could produce magnetism, perhaps magnetism could produce
electricity!

But how? For a long time he searched in vain for an answer. Every time
he went for a walk in one of London’s parks he carried a little coil and a piece of
iron in his pocket, taking them out now and then to look at them. It was on such

a walk that he found the solution. Suddenly, one day in 1830, in the midst of
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Green Park (so the story goes), he knew it: the way to produce electricity by
magnetism was to produce it by motion.

He hurried to his laboratory and put his theory to the test. It was correct. A
stationary magnet does not produce electricity. But when a magnet is pushed
into a wire coil current begins to flow in the coil; when the magnet is pulled out
again, the current flows in the opposite direction. This phenomenon, confirms
the basic fact that the electric current cannot be produced out of nothing — some
work must be done to produce it. Electricity is only a form of energy; it is not a
“prime mover” in itself.

What Faraday had discovered was the technique of electromagnetic
induction, on which the whole edifice of electrical engineering rests. He soon
found that there were various ways of transforming motion into electric current.
Instead of moving the magnet in and out of the wire coil you can move the coil
towards and away from the magnet; or you can generate electricity by changing
the strength of stationary magnet; or you can produce a current in one of two
coils by moving them towards and away from each other while a current is
flowing in the second.

Faraday then substituted a magnet for the second coil and observed the
same effect. Using two coils wound on separate sections of a dosed iron ring,
with one coil connected to a galvanometer and the other to a battery, he noticed
that when the circuit of the second coil was closed the galvanometer needle
pointed first in one direction and then returned to its zero position. When he
interrupted the battery circuit, the galvanometer jerked into the opposite
direction. Eventually, he made a 12-inch-wide copper disc which he rotated
between the poles of strong horse-shoe magnet: the electric current which was
generated in the copper disc could be obtained from springs or wire brushes
touching the edge and axis of the disc.

Thus Faraday demonstrated quite a number of ways which motion could
be translated into electricity. His fellow-scientists at the Royal Institution and in

other countries were amazed and impressed — yet neither he nor they proceeded
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to make practical use of his discoveries, and nearly forty years went by before
the first electric generator, or dynamo, was built.

Meanwhile, fundamental research into the manifold problems of
electricity continued. In America, Joseph Henry, professor of mathematics and
natural science, also starting from Oersted’s and Sturgeon’s observations, used
the action of the electric current upon a magnet to build the first primitive
electric motor in 1829. At about the same time, George Simon Ohm, a German
school-teacher found the important law of electric resistance: that the amount of
current in a wire circuit decreases with the length of the wire, which acts as
resistance. Ohm’s excellent research work remained almost unnoticed during his
lifetime, and he died before his name was accepted as that of the unit of

electrical resistance.

EDISON’ LIGHTING SYSTEM

It was only in the last quarter of the nineteenth century that electricity
began to play its part in modern civilization, and the man who achieved more in
this field of practical engineering than any of his contemporaries was the
American inventor, Thomas Alva Edison. His dramatic career is too well
known, and has been described too often, to be told again; it may suffice to
recall that he became interested in the problem of electric lighting in 1877, and
began to tackle it with the systematic energy which distinguished him from so
many other inventors of his time. Edison was no scientist and never bothered
much about theories and fundamental laws of Nature; he was a technician pure
and simple, and a very good business man as well.

He knew what had been done in the field of electric lighting before his
time, and he had seen some appliances of his contemporaries, such as the arc-
lamp illuminations which had been installed here and there. Two sticks of
carbon, nearly touching, can be made to produce an electric arc which closes the
circuit. Many scientists and inventors who tried to tackle the problem were

therefore convinced that only incandescent electric light — produced by some
82



substance glowing in a vacuum so that it cannot burn up — could ever replace
gas lighting, then the universal system of illumination in Europe and America.

Edison put his entire laboratories at Menlo Park to the task of developing
such a lamp. The most important question was that of a suitable material for the
filament. He experimented with wires of various metals, bamboo fiber, human
hair, paper; everything was carbonized and tried out in glass bulbs from which
the air had been exhausted. In the end — it is said that a button hanging thread on
his jacket gave him the idea — he found that ordinary sewing thread, carefully
carbonized and inserted in the airless bulb, was the most suitable material. His
first experimental lamp of 1879 shed, its soft, yellowish light for forty hours: the
incandescent electric lamp was born.

It was, no doubt, one of the greatest achievements in the history of
modern invention. Yet Edison was a practical man who knew well that the
introduction of this revolutionary system of illumination must be properly
prepared. He worked out methods for mass-producing electric bulbs at low cost,
and devised circuits for feeding any number of bulbs with current. He found that
110/220 volts was the most suitable potential difference and would reduce
transmission losses of current to a minimum — he could not have foreseen that
the introduction of that voltage was to set the standard for n century of electric
lighting. But most important of all “accessories” of the lamp was the generator
that could produce the necessary high-tension current.

Since Faraday’s ingenious discovery of the way in which movement could
be transformed into electricity, only a small number of engineers had tried to
build generators based on this principle. But none of these generators answered
the particular requirements of Edison’s electric light: so he had to design his
own generator, which he did so well that his system — apart from minor
improvements and of course the size of the machines — is still in general use
today.

It is little known that the first application of Edison’s lighting system was

on board an arctic-expedition steamer, the “Jeanette”, which the inventor
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himself equipped with lamps and a generator only a few weeks after his first
lamp had lit up at Menlo Park. The installation worked quite satisfactorily until
the ship was crushed in, the polar ice two years later.

Edison, a superb showman as well as a brilliant inventor, introduced his
electric lamp to the world by illuminating his own laboratories at Menlo Park
with 500 bulbs in 1880. It caused a sensation. From dusk to midnight, visitors
trooped around the laboratories, which Edison had thrown open for the purpose,
regarding the softly glowing lamps with boundless admiration. Extra trains were
run from New York, and engineers crossed the Atlantic from Europe to see the
new marvel. There was much talk about the end of gas-lighting, and gas shares
slumped on the stock exchanges of the world. But a famous Berlin engineer —
none other than Werner von Siemens, who later became Edison’s great rival in
central Europe — pronounced that electric light would never take the place of
gas. When Edison showed his lamps for the first time in Europe, at the Paris
Exhibition of 1881, a well-known French industrialist said that this would also
be the last time.

Meanwhile, however, Edison staked his money and reputation on a large-
scale installation in the middle of New York. He bought a site on Pearl Street,
moved into it with a small army of technicians, and built six large direct-current
generators, altogether of 900 h.p., powered by steam-engines. Several miles of
streets were dug up for the electric cables — also designed and manufactured by
Edison — to be laid, and eighty-five buildings were wired for illumination. On 4
September 1881 New Yorkers had their first glimpse of the electric age when
2,300 incandescent lamps began to glow at the throwing of a switch in the Pearl
Street power station. Electric lighting had come to stay. And what was most
important: Edison had finally established a practical method of supplying
electricity to the homes of the people.

Pearl Street was not the first generator station to be built. A 1 h.p.
generator for the supply of current for Edison lamps was built in 1881. In

Germany, Werner von Siemens did more than any other engineer for the
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introduction of electric lighting, in which he had first refused to believe, by
perfecting his “dynamo”, as he called the generator for continuous current.

Spectacular as the advent of electric lighting was, it represented only one
aspect of the use of electricity, which was rapidly gaining in popularity among
industrial engineers. For a century, the reciprocating steam-engine had been the
only important man-made source of mechanical energy. Bui its power was
limited to the place where it operated; there was no way of transmitting that
power to some other place where it might have been required. For the first time,
there was now an efficient means of distributing energy for lighting up homes
and factories, and for supplying engines with power.

The engine which could convert electric energy into mechanical power
was already in existence. As early as 1822, nearly a decade before he found the
principle of the electric generator, Faraday outlined the way in which an electric
motor could work: by placing a coil, or armature, between the poles of an
electromagnet; when a current is made to flow through the coil the electro-
magnetic force causes it to rotate — the reverse principle, in fact, of the
generator.

The Russian physicist, Jacobi built several electric motors during the
middle decades of the 19th century.

Jacobi even succeeded in running a small, battery-powered electric boat
on the Neva River in St. Petersburg. All of them, however, came to the
conclusion that the electric motor was a rather uneconomical machine so long as
galvanic batteries were the only source of electricity. It didn’t occur to him that
motors and generators could be made interchangeable.

In 1888, Professor Galileo Ferraris in Turin and Nikola Tesla — the
pioneer of high-frequency engineering — in America invented independently and
without knowing of each other’s work, the induction motor. This machine, a
most important but little recognized technical achievement, provides no less
than two-thirds of all the motive power for the factories of the world, and much

of modern industry could not do without it. Known under the name of “squirrel-
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cage motor” — because it resembles the wire cage in which tame squirrels used
to be kept — it has two robust circular rings made of copper or aluminum joined
by a few dozen parallel bars of the same material, thus forming a cylindrical
cage. It is built into an iron cylinder which is mounted on the shaft, and forms
the rotor, the rotating part of the is exposed to a rotating magnetic field set up by
the stator, the fixed part of the machine, consisting of many interconnected
electrical conductors called the winding. The relative motion between the
magnetic field and the rotor induces voltages and currents which exert the
driving force, turning the “cage” round.

Although the induction motor has been improved a great deal and its
power increased many times over since its invention, there has never been any
change of the underlying principle. One of its drawbacks was that its speed was
constant and unchangeable. Only in 1959 did a research team at the University
of Bristol succeed in developing a squirrel-cage motor with two speeds — the
most far reaching innovation since the invention of the inductor motor. The
speed-change is achieved by modulating the pole-amplitude of the machine.

From the day when Edison’s lamps began to glow in New York, the entire
world asked for electricity. Already a year earlier, Werner von Siemens had
succeeded in coupling a steam-engine directly to a dynamo. But the engineers
had their eves on another, cheaper source of mechanical power than the
reciprocating steam-engine: that of falling water. We do not know which of
them suggested the idea of a hydroelectric power station for the first time; it was
probably very much “in the air”. Back in 1827, a young Frenchman had won the
first prize ill a competition for the most effective water turbine in which the
water would act on the wheel inside a casing instead of from outside. It was one
of the prototypes of the modern water turbine. In the 1880’s, an American
engineer designed a turbine wheel with enormous bucket-shaped blades along
the rim, and a few American towns with waterfalls installed these turbines
coupled to Edison generators. This type proved especially efficient where the

fall of water was sleep but its quantity limited; for a low fall of water the turbine
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— with only four large blades proved better suited. However, the type which
appeals most to the engineers is now the turbine for falls of water from 100 to
1000 feet, with a great number of curved blades.

The power-station which convincingly showed the enormous possibilities
of hydro-generated electricity was the one at Niagara Falls, begun in 1891, and
put into operation a few years later with an output of 5000 h.p. — it is 8 million
h.p. today. The early power stations generated direct current at low voltage but
they could distribute it only within a radius of a few hundred yards. The Niagara
station was one of the first to use alternating current (although the skeptics
prophesied that this would never work), generated a high voltage; this was
transmitted by overhead cables to the communities where it was to be used, and
here “stepped down” into lower voltages (110 or 220) for domestic and
industrial use by means of transformers. High voltage transmission is much
more economical than low-voltage; all other circumstances being equal, if the
transmission voltage is increased tenfold the losses in electric energy during
transmission arc reduced to one-hundredth. This means that alternating current
at tens or even hundreds of thousands of volts, as it is transmitted today, can be
sent over long distances without much loss.

These ideas must have had something frightening to the people at the end
of the last century, when electricity was still a mysterious and alarming novelty.
The engineers who built London’s first power station, with a 10000-volt
generator, in 1889, and their German colleagues who set up a 16000-volt
dynamo driven by a waterfall in the River Neckar, to supply Frankfurt, 100
miles away, with electricity in 1891 — these men must have felt like true
pioneers, derided, despised, and abused by the diehards. There were, of course,
also some powerful commercial interests involved, for the gas industry feared
for its monopoly in the realm of lighting — and with a good deal of justification

as it turned out.
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THE DEVELOPMENT OF ILLUMINATION

Perhaps we might in this connection give a brief sketch of the
development of illumination. From his earliest times, Man has had an intense
dislike of the dark. Besides, as soon as he had learnt how to use his brain the
long winter nights with their enforced idleness must have bored him. Lightning,
the fire from heaven, gave him the first “lamp” in the shape of a burning tree or
bush. He prolonged the burning time of firewood by dipping it into animal fat,
resin or pitch: thus the torch was invented. It was in use until well into the
nineteenth century; many old town houses in England still have torch-holders
outside their front doors, where the footmen put their torches as their masters
and mistresses stepped out of the carriages.

Rough earthenware, oil lamps were in use in the earliest civilizations;
these lamps, though much refined, were still quite common a hundred years ago.
The Romans are usually credited with the invention of the candle, originally a
length of twisted flax dipped in hot tallow or beeswax which later hardened as it
cooled off. Candles were at first expensive, and only the rich and the church
could afford them. As late as the 1820’s steam candles — cheap and mass
manufactured came into use, and still later they began to be made of paraffin
wax.

By that time, however, a new kind of illumination had been introduced
until all over the civilized countries: gaslight. In the 1690°s an English scientist
Dr. John Clayton observed that the gases which developed in coal-pits and
endangered the lives of the miners were combustible. He experimented with
pieces of coal, which he “roasted” over a fire without allowing them to burn up,
and found that the resulting gas gave a pleasant, bright flame. German and
French chemists repeated his experiments, but a hundred years passed alter his
discovery before gas became a practical form of illumination.

William Murdock, a Scotsman who started his career as a mechanic, took
up Clayton’s idea. He built an iron cauldron in his cottage garden and healed

coal in it. This incomplete combustion produced a mixture of highly
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inflammable carbon monoxide and nitrogen. He piped the gas into his house and
fixed taps in every room. Many a night the people of Redruth stood in silent awe
around Murdock’s cottage, gazing at the wonderful new lamps which shed a
bright light throughout the house.

After two years of experimenting, he persuaded his employer, Watt, to let
him illuminate the Soho factory by gaslight. The installation was completed just
in time to celebrate the peace treaty of Amiens and the end of the Anglo-French
war in 1802 with the first public exhibition of gas lighting in and around the
factory.

A year later, gaslight came to London. The people of the capital saw for the first
time a street bathed in light at night. But many people were against it.

“London 1s now to be lit during the winter months with the same coal-
smoke that turns our winter days into nights,” — complained Sir Walter Scott,
and even such an eminent man as Sir Humphry Davy exclaimed Mint he would
never acquiesce in a plan to turn St. Paul’s into a gasometer.

But the progress of gas lighting could not be stopped; the main argument
for it was that it would increase public safety in the streets it took much longer
to persuade the people that there was no danger to their homes if they had gas
tubes laid into them.

The introduction of gaslight in the factories had an especially far-reaching
effect it made the general adoption of night shifts possible. The first industry to
do this was the Lancashire, textile industry, for the workers at their rooms were
now able to watch the threads at any time of the day or night.

Murdock’s assistant was responsible for many improvements; among
other things he invented the gas meter, and put up gas lamps on Westminster
Bridge in 1813. Three years later, most of London’s West End was already
gaslit, and by 1820 nearly all Paris. New York followed in 1823. In Germany
there were many objections to be over-come until the advantages of gaslight

were recognized.

89



William Murdock lived long enough to witness the beginning of another
development whose importance few people recognized at the time: gas cooking.
In 1839 the first gas-oven was installed at a hotel, and a dinner cooked for a
hundred guests. For a long time, however, this idea did not catch on. But when
towards the end of the century the electric light began to take over from the gas
lamp, the industry was forced to make a new effort so as not to be squeezed out
of existence. In 1885 the Austrian physicist Carl Auer introduced his
incandescent gas mantle, which quickly superseded the open (and dangerous)
gas flames which had until then been in use. He used the same principle as
Edison in his electric lamp; his gas-mantle was a little hood of tulle impregnated
with thorium or cerium oxide. For a while, incandescent gaslight gained ground,
and many people who had already installed electric cables had them torn up
again. But in the end electricity won because it was more effective and more
economical.

Only then did gas cooking emerge as a new aid to the world’s
housewives. It has still its place in the kitchen; gas-operated refrigerators, gas
stoves, and central-heating systems arc more recent developments. Gas has by
no means outstayed its welcome in our civilization.

Auer himself was responsible for one of the decisive improvements in the
electric bulb, the great rival of his gas lamp. Using his experience with rare
earths he developed a more efficient filament than Edison’s carbonized thread-
osmium. It was superseded in its turn by the tungsten “wolfram” filament,
invented by two Viennes scientists in the early 1900s. Since about 1918, electric
bulbs have been filled with gas; today, a mixture of argon and nitrogen is in
general use. Is the incandescent lamp now also on its way out? In innumerable
offices, factories, public buildings and vehicles, and a good many homes
(especially in the kitchens) the fluorescent lamp has taken over from it. This is
based on two scientific phenomena that have long been known: that certain
materials can be excited to fluorescence by ultraviolet radiation, and that an

electric discharge through mercury under low pressure produces a great deal of
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invisible ultraviolet radiation. Professor Becquerel, grandfather of the scientist
whose work on uranium rays preceded the discovery of radium, attempted to
construct fluorescent lamps as long ago as 1859 by using a discharge tube.
American, German and other French physicists worked on the same lines, and
eventually the new type of lamp found its first applications for advertising (neon
light). The difficulty was the production of a daylight-type of light with
sufficient blue in its spectrum.

The modern fluorescent lamp consists of a long, gas-filled glass tube,
coated inside with some fluorescent powder; this lights up when excited by the
invisible ultraviolet rays of an arc passing from the electrode at one end to that
at the other. Strip lighting is extremely efficient and needs little current because
it works “cold” i.e. very little electrical energy is turned into waste heat as in
incandescent lamps. It is roughly fifty times more effective than Edison’s first
carbon-filament lamps.

The mercury or sodium vapour lamps which arc now used on the roads
arc “discharge” lamps, invented in the early 1930s. They have a “conductor” in
the form of gas or metallic vapour at low pressure; this is raised to
incandescence by the electric current, and emits light of one characteristic
colour, greenish-blue (mercury vapour) or yellow (sodium vapour). They are
“monochrome” lamps, that is, they emit light of only one colour, which makes it
easier for the motorist to distinguish objects on the roads; it is also less scattered
by mist or fog. True, that light makes people look like ogres — but it makes our

streets definitely safer by night.

THE STEAM TURBINE
It is most important to remember that electricity is only a means of
distributing energy, of carrying it from the place where it is produced to the
places where it is used. It is not a “prime mover” like the steam-engine or even
the water mill. A generator is no use at all unless it is rotated by a prime mover.

During the first few years of electric power there was no other way of moving
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the generators than either by the force of falling water or by ordinary steam-
engines.

Soon, however, there came a new and very efficient prime mover, the
steam-turbine. The steam-turbine must be a much more efficient and powerful
prime mover than the reciprocating engine because it must short-cut the
complicated process of converting steam energy into rotary motion via
reciprocating motion. But the problems involved in building such a machine
seemed formidable, especially hint of high-precision engineering. It was only
towards the end of the nineteenth century that engineering methods were
developed highly enough for a successful attempt.

Two men undertook it almost simultaneously. The Swedish engineer,
Gustaf Patrik de Laval, built his first model in 1883. He made the steam from
the boiler emerge from four stationary nozzles arranged around the rim of a
wheel with a great number of small inches, de Laval’s turbine wheel rotated at
up to 10000 revolutions per minute. He supported the wheel on a flexible shaft
so that it would adjust itself to the fluctuation of procure — which at Midi speeds,
would have broken a rigid shaft in no time.

De Laval geared an electric generator to his turbine alter he had succeeded
in reducing the speed of rotation to 300 r.p.m. His turbo generator worked, but
its capacity was limited, and it was found unsuitable for large-scale power
stations. Although the simplest form of a machine has often proved the most
efficient one in the history of technology, this was not the ease with the team-
turbine. Another inventor, and another system, proved much more successful.

In 1876 Charles Parsons began to work on the idea of a steam-turbine, for
which he foresaw a wide range of applications. The reciprocating steam-engine,
which was unable to convert more than 12 per cent of the latent energy of coal
into mechanical power, was not nearly efficient enough for the economical
generation of electricity — energy leaked out right and left from the cylinder, and

the condenser. Besides, there were limits to the size in which it could be built,
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and therefore to the output: and Parsons saw that the time had come to build
giant electric power stations.

As he studied the problem he understood that the point where most
would-be turbine inventors had been stumped was the excessive velocity of
steam. Even steam at a comparatively low pressure escaping into the atmosphere
may easily travel at speeds of more than twice the velocity of sound — and high-
pressure steam may travel twice as fast again, at about 5000 feet per second.
Unless the wheel of a turbine could be made to rotate at least at half the speed of
the steam acting upon its blades, there could be no efficient use of its energy.
But the centrifugal force alone, to say nothing of the other forces which de Laval
tried to counter with his flexible shaft, would have destroyed such an engine.

Parsons had the idea of reducing the steam pressure and speed, without
reducing efficiency and economy, by causing the whole expansion of the steam
to take place in stages so that only moderate velocities would have to be reached
by the turbine wheels. This principle still forms the basis of ail efficient steam-
turbines today. Parsons put it into practice for the first time in his model of
1884, a little turbine combined with an electric generator, both coupled without
reducing gear and revolving at 18000 r.p.m. The turbine consisted of a
cylindrical rotor enclosed in a casing, with many rings of small blades fixed
alternately lo the casing and to the rotor. The steam entered the casing at one end
and flowed parallel with the rotor (“axial flow”); in doing so it had to pass
between the rings of blade — each acting virtually as a nozzle in which partial
steam expansion could take place, and the jets thus formed gave up their energy
in driving the rotor blades.

It was a more complicated solution of the problem than de Laval’s, but it
proved to be the right one. The speed of 18000 r.p.m. used the energy of the
steam very well, and the generator developed 75 amperes output at 100 volts.
The little machine, built in 1884, is now at the Science Museum.

Parsons expected, and experienced, a good deal of opposition after all,

there, were enormous vested interests in the manufacture of reciprocating steam-
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engines. He began to build some portable turbo generators, but there were no
buyers. Strangely enough, a charity event created the necessary publicity for the
turbine. In the winter of 1885-1886, a pond froze over, and a local hospital
decided to raise funds by getting young people to skate on the ice and charging
for admission. The Chief Constable had the idea of asking Mr. Parsons to
illuminate the pond with electric lamps, powered by one of the portable 4-kW
turbo-generators.

The event was a great success, and the newspapers wrote about it. The
next step was that the organizers of the Newcastle Exhibition of 1887 asked
Parsons to supply the current for its display of electric lighting. Parsons, who
died in 1931 at the age of 76, lived long enough to see one of his turbines
producing more than 200000 kW. He also succeeded in introducing his steam-
turbine as a new prime mover in ship propulsion.

Until this day, the steam-turbine has held its place as the great prime
mover for the generation of electricity where no water power is available. The
steam which drives them hi the power stations may be raised by coal, oil, natural
gas, or atomic energy — but it is invariably the steam-turbine which drives the
generators. Diesel-engines are the exceptions, and are only used where smaller
or mobile stations are required and no fuel but heavy oil is available. Today’s
steam-turbines, large or small, run at much lower speeds than Parson’s first
model, usually at 2000-3000 r.p.m.

When, a quarter of a century after Charles Algernon Parsons’s death, the
first nuclear power station in the world started up, his steam-turbines were there
to convert the heat from the reactor into mechanical energy for the generators.

The atomic age cannot do without them — not yet.

ADVANCED TECHNOLOGIES AND LOADING SHOVEL DESIGN
I. The use of computer-aided design systems in shovel design has been in

place for many years. However, recent advances in computer capability and
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improved software programs and graphics are making computers even more
useful.

Loading shovels are at the heart of most surface mine production. As truck
sizes have increased, shovel manufacturers have matched them with larger
shoves. Further increases in shovel size may be in order if trucks in the 270-t
(300-st) range find acceptance at the largest surface mines.

However, larger shovels are not currently the primary focus of shovel
design engineers. Competition and user pressure are combining to keep their
work directed toward improved shovel productivity and efficiency. Computer
design technology and advanced electronics play an increasingly prominent role
in this work.

“Improved diagnostic capability, system monitoring, vibration analysis
and above all increased user friendliness in machine control systems are being
pursued by most manufacturers working in our industry today,” observes Stuart
R. Cotterill, director of marketing for Harmschfeger Corp.

The use of computer-aided design (CAD) systems in shovel design has,
been in place for many years. However, recent advances in computer capability
and improved software programs and graphics are making computers even more
useful.

Among other impacts, computers allow a company to bring a new shovel
to the field much more quickly. Bob Griffiths, a Caterpillar design engineer,
reports that “We started with the 5130 and had the machine in iron in one-a-half
to two years. About halfway through that program, we started on the 5230, and a
little over a year after that, that machine was in iron. It was introduced in the fall
of 1994”.

“In the past, these programs might have taken three years. The biggest
gains have been in turnaround times, faster computers and working concurrently
in the engineering and manufacturing process.”

I1. All shovel manufacturers emphasize easy access to machine service

points. Walk-in access to engine and pump compartments is a design standard,
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as are automatic central lubrication systems. Cabs specifically designed for
operator comfort and operating efficiency are also standard.

Most of the hydraulic loading shovels discussed in this article can be
equipped for backhoe loading, or “mass excavation”. Such use is gaining
acceptance in some applications. “We are seeing that large contract miners may
be more inclined toward the mass excavator (loading backhoe),” says Paul
Ludwigsen, a Caterpillar design engineer.

“Especially the Australians, who are looking at these machines for work
in the western gold fields when they have a fairly homogenous ore body. They
can design their bench height to take advantage of the mass excavator’s loading
ability. They are also using them in the coal fields in the Bowen Basin and the
Hunter Valley to chase rolling and dipping seams of coal to take away the
partings. They have really worked at setting up a job to take advantage of the
capability of an excavator where you can get your swing down from 20°to 25°,
while for shovels, swings are usually in the range of 40°to 90°.”

CAD and other more recently designed tools are contributing to the
optimization of all major shovel components. “Forty years ago mining shovels
were designed by conventional means, which included generous overdesign and
factors of safety to accommodate indeterminacy and unknowns,” explains B-E
design engineer, B. M. Lang. “In today’s competitive world, excess “fat” has
been taken out of designs.”

“Designers now rely heavily on finite element analysis (FEA) as the
primary design tool to determine stress and suitability, especially in more
complex areas. FEA has also become a primary tool for analysis of field
problem areas,” Lang says. “Before-and-after computerized stress levels can be
correlated to elapsed time when a problem occurs, to project increased
component life”.

“The way computers are used in the design of mining machinery has
evolved markedly in the last four years. Where we previously ran CAD

programs and FEA on mainframes, we are now on the third generation of
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engineering workstations. The new hardware and software permit finely meshed
solid element FEA models to be solved quickly,” says Lang. “Where previously
a plate element model was used to recover stresses adjacent to critical welds, we

now model the welds themselves with solid elements”.

WHY JAPAN LOVES ROBOTS AND WE DON’T

Always looking to the future, Japanese businesses are pinning many of
their industrial hopes on increasing use of factory robots.

So what if robots don’t pay back their investment right away?

They are a great bet for improving manufacturing quality and countering
rising labor costs.

Andrew Tanzer and Ruth Simon in a factory where Matsushita Electric
makes Panasonic VCRS, a robot winds wire a little thinner than a bum an hair
16 times through a pinhole in the video head, and then solders it. There are 530
of these robots in the factory and they wind, and then wind some more, 24 hours
a day. They do it five times faster and much more reliably than the 3,000
housewives who, until recently, did the same job with microscopes on a
subcontract basis in Japan’s countryside. The robots even inspect their own
work.

A U.S. company can’t get this technology — even if there were an
American consumer electronics industry to take advantage of it. Matsushita
invented and custom-made all 530 wire-winders to gain a competitive edge.

Robots were invented here, and the U.S. still leads in advanced research,
from robotic brain surgeons to classified undersea naval search-and-destroy
robots. But when it comes to using robots to solve practical problems — on the
factory floor and in everyday life — Japan has no equal.

What may sound like science fiction to most Americans is taken for
granted by ordinary folk in Japan. The Japanese are now accustomed to having
robots do everything from make sushi to perform Chopin. Ichiro Kato, a
roboticist at Waseda University, designed Wabot, a famous piano-playing,
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music-reading robot. Says Kato: “There will be one or more robots in every
house in the 21st century.”

Wabot’s creator expects to see robots in people’s homes doing dishes and
washing floors. He envisions a humanoid robot with movable arms and a
synthesized voice that will provide mobility and companionship to lonely old
people. Kato, 64, says: “I’d like to live to see that day.” Advances in artificial
intelligence will put all this in the realm of the probable.

You probably haven’t heard much about robots lately in the U.S., and for
good reason. Robots have been an embarrassing disappointment for many
American manufacturers. But in Japan companies of all sizes have embraced
robots. The robots make it easier to quickly alter a production line to make
several different product models. Japanese suppliers are in the forefront of these
“flexible manufacturing systems,” in which robots play a crucial role.

Now the technology is moving beyond the factory into hospitals, concert
halls and restaurants.

In 1988 Japan employed two-thirds of all robots in use in the world, and
last year it installed about $2.5 billion worth of new ones. Compare this with the
U.S., which added only about $400 million worth of robots last year. “The total
population of robots in the U.S. is around 37000,” says John O’Hara, president
of the Robotic Industries Association. “The Japanese add that many robots in
one year.” To be sure, Japan has enough antiquated and small factories to leave
its overall manufacturing productivity below that of the US. But robots will help
narrow the lead. For example, U.S. carmakers are heavily robotized. However,
the Japanese are installing new robots not simply to automate but also to make
production lines more flexible. For example, Nissan’s newer auto plants can
produce hundreds of different variations on a given car model simply by
reprogramming robots that paint auto bodies and install car seats, engines,
batteries, windshields, tires and doors. In Japan, even small companies use

robots in simple applications such as welding.

98



It is one more example of Japan’s skill at grasping a new technology and
putting it to work while others dither. It happened in consumer electronics,
memory chip production and machine tools. Now it’s happening in robotics.

As Japan’s robot population grows explosively, the U.S. market for metal
employees is inching up after falling sharply in the mid-1980s. In February
Deere & Co. decided to can the robots it uses to paint tractor chassis and hire
humans. The robots take too long to program for endless permutations of paint
orders. Whirlpool’s Clyde, Ohio washing machine plant has used articulated
arms that resembled the human wrist, elbow and shoulder to remove washtubs
from injection molding equipment. But the complex robots aren’t up to running
around-the-clock production. Whirlpool gave up on the idea of using robots for
this job, opting for fixed automation -a technology the U.S. excels in.

“Robots give you a lot of flexibility, but there’s also a lot of
complication,” says James Spicer, a director of engineering operations at
Whirlpool. “To lift one cylinder at a time you don't have to duplicate the motion
of a human arm.”

So many other manufacturers have sent robots to the junkyard or slowed
plans to add new ones that the U.S. robot industry is in shambles. Early robot
producers like Westinghouse and General Electric abandoned robotics in the late
Eighties because of disappointing sales. And one-time highfliers such as
Unimation and Industrial Systems have disappeared into bigger companies,
while Prab and Automata founder under heavy losses.

One of the few profitable U.S. robot companies is GMFanuc, a 50/50 joint
venture between the carmaker and Fanuc, a leading Japanese robot maker. The
venture last year earned a few million dollars on sales of $165 million. Japanese
producers aren’t making any real money in robots, either. But many Japanese
firms design and make robots for their own use to boost competitiveness and
quality, so profits are not the issue. They don’t buy robots based on a

spreadsheet showing payback periods.
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Now U.S. companies, having invented industrial robots and licensed the
technology to Japan back in the 1960s, are in the awkward position of licensing
back new Japanese technology. Cincinnati Milacron, number three in the U.S.
robot business, aided Matsushita Electric’s push into robotics by licensing it
technology. Last year Milacron became a U.S. distributor for small welding
robots produced by none other than Matsushita.

Why is Japan so robot-happy? It has to do with a lot more than
economics. Japanese managers and government officials consider robots a key
tool in combating a severe labor shortage at home. The alternatives would be
moving the labor-intensive operations abroad or letting immigrants into Japan.
The first alternative would deprive Japan of its manufacturing skills. “If you can
fully automate manufacturing, there’s no reason you have to go to Southeast
Asia,” argues Tadaaki Chigusa, a director of McKinsey & Co., Inc. (Japan). The
second alternative, immigration, is unacceptable in the homogeneous, somewhat
racist Japanese society.

While Chinese, Filipino or Korean laborers would not be very welcome in
Japan, no such prejudice exists against robots. The Japanese seem to have been
primed for robots with positive images in their popular culture as far back as the
1950s — much earlier than in the U.S. Japanese toymakers have churned out
millions of toy robots, and the country’s cartoons and comic books are filled
with robot heroes. The prototype is Astro Boy, developed in Japan in 19S3 and
later exported to the U.S.

“Astro Boy is as well known in Japan as Mickey Mouse and Donald Duck
are here,” says Frederik Schodt, author of “Inside the Robot Kingdom”
(Kodansha International, 1988), which argues the Japanese have been
conditioned to feel comfortable with robots from a young age. “He’s a very cute,
friendly robot who’s always fighting for peace.”

Mostly, robots are portrayed favorably in Western popular culture
nowadays, from Star Wars R2-D2 to the futuristic Jetsons cartoon family.

However, in Western tradition, robots have frequently been stereotyped as
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soulless humanoid machines or evil characters in works such as Fritz bang’s
1920s silent Him Metropolis and the 1920 Czech play R.U.K. by Karel Capek,
in which the word “robot” was coined to describe man-created monsters that
turned on their masters.

In Japan, friendly, peace-loving robots are seen as solving a growing blue-
collar labor shortage. The number of Japanese high school graduates is stagnant,
and fewer graduates are willing to get their hands dirty. “Young people would
rather work at the Hotel Okura or McDonald’s than in the factory,” says Naohkie
Kumagai, associate director of Kawasaki Heavy Industry’s robot division.
Shirking factory work doesn’t carry a heavy penalty: Last year’s typical high
school graduate had 2.5 job offers to choose from.

Robots are more than a mere substitute for human labor. They can do
some things better than humans. “Robots are becoming indispensable because
they provide a precision, quality and cleanliness man can’t,” says Toshitsugu
Inoue, senior engineer in Matsushita’s robot development department. Because
robots work at a precise speed and don’t make mistakes, inventories are easier to
control.

As electronic components are miniaturized, robots are becoming essential
for quality and high yields in the production of everything from very large scale
integration chips (some of Japan’s “clean rooms” are already unmanned) to
watches and VCRS. The inverse is also true: Because Japanese manufacturers
have robots; they can further miniaturize the product. The process is redefining
the product. Many consumer electronic products are designed from scratch to be
efficiently assembled by robots.

The Victor Co. of Japan JVC Ltd.’s Yokohama camcorder factory is
bathed in an eerie silence. Automated guided vehicles quietly deliver pallets of
components to 64 robots, which perform 150 assembly and inspection tasks.
Two workers operate the robots, which assemble eight models on the same
production line. Before the robots were installed in 1987, LVC needed 150

workers to do the same job. Just as important, JVC has redesigned the
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camcorder and its components, some almost microscopic, to be more efficiently
assembled by robots. The robots also provide flexibility: They’ll work around
the clock — no overtime, sick leave or bonuses.

Japanese government industrial planners have since the 1970s provided a
raft of incentives for robot research, development and use. The government
allows accelerated depreciation for purchase of sophisticated robots and
established its own leasing company to provide low-cost robots to the private
sector. Japan’s Ministry of International Trade & Industry provides small and
medium-size companies with interest-free loans to buy robots; it is also pouring
$150 million into developing hazardous-duty robots for use in nuclear power
plants or fighting fires at oil refineries. This would be unthinkable in the U.S.,
because it smacks of industrial policy.

Politics and national differences aside, why has the U.S. lagged so far
behind Japan in applying robots to manufacturing? ‘“The companies selling
robots plain lied about the capabilities of their equipment and the circumstances
under which, they could perform,” says Roger Nagel, manager of automation
technology for International Harvester (now Navistar Corp.) in the early 1980s
and now a professor at Lehigh University. After struggling for two years to
debug a robot brought in to load and unload stamped parts from a press, Nagel
finally junked the robot. A Japanese customer would probably have worked
more closely developing the robot with the supplier, incorporating ideas from
the engineers and even from assembly workers on the customer’s own factory
floor.

One reason for the overblown expectations is that U.S. robot engineers
often came from the field of artificial intelligence and had little if any
experience on the factory floor. They were enamored of the idea of a mechanical
human, an idea readily embraced by corporate executives who hoped to replace

workers in “lights out” factories.
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TEXTS FOR RENDERING

DRY-TYPE TRANSFORMERS

While the conventional transformer is insulated by the use of oil, the dry-
type unit is insulated with other materials and oil is not used. One advantage of
the dry-type unit is that it can be buried in the ground, and this avoids the
erection of a building to house the transformer station. Also, in underground
workings, such as mines, tunnel projects, etc., the dry transformer may be
mounted on wheels and brought close to the electrically-driven machines being
used. This allows the machines to be supplied with current at full voltage,
whereas if the transformer is a long distance away from the machines there is
always a fall in voltage along the transmission lines. In towns and cities, the
voltage of the electricity supply can be maintained at near the full voltage
because the transformers can be buried in the ground at points near the load
centre. The oil-filled transformer, on the contrary, has to be housed where a site
is available, and such sites are not always conveniently situated in heavily-
populated areas.

The principle of installing transformers below ground level is not new, but
until recently such experiments were conducted with oil-filled transformers and
difficulties is encountered with this type. One of the difficulties is the efficient
dissipation of the heat generated in the transformer, for soil is a poor thermal
conductor, and in practice only very small transformers can be placed
underground if they are of the oil-filled type. With the dry unit, however, there
is no limit to the size. The use of high temperature resistant insulation enables
the size to be kept to a minimum, and at the same time, the higher air
temperature makes adequate ventilation possible. As the transformer is
contained in a watertight tank, it is proof against ground seepage.

The kinds of insulation used for the transformer can be divided into two
groups: insulating carriers and insulating media. Glass and asbestos usually form

the carriers, and various types of silicons form the insulating media. A fused
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mixture of glass and mica may be employed for the supporting blocks and
spacers. Such types of insulation give a high degree of protection against
dampness and they enable a transformer to operate in the damp underground
atmosphere without the dangers associated with moisture absorption. If, how-
ever, a flashover should occur, as no organic insulation is present, there is no
formation of a carbon track, such as occurs when organic materials are burned;
these tracks are, of course, good conductors of electricity.

The possibility of dampness affecting the insulation in a buried
transformer is further reduced by other factors. For example, if the core is
energized, the core loss will keep the temperature of the windings raised above
the ambient temperature. In addition, when the transformer is operating under
any appreciable load, the container tank and the surrounding earth will be warm,
and this will raise the temperature of the incoming ventilating air sufficiently to
prevent condensation of moisture.

In the Ferranti version of the dry-type transformer the ventilating pillar,
which remains above ground when the transformer is installed, is offset from the
centre line of the transformer to the edge of the container tank, in order that it
need not be removed should access be required to the main tank below. This
means that the core and coils of the transformer can be removed from the tank
without disturbing the ventilating pillar. Offsetting the pillar in this way has the
additional advantage that the pillar can be installed in a wall or hedge, while the
main tank containing the transformer can be placed below a pavement, verge or
garden, etc. Should the pillar itself become damaged through being in its
exposed position above ground, it can be repaired or replaced without affecting
the transformer below. The ventilating air which is collected by the pillar is
ducted down the external side of the transformer tank in two ducts which meet
in a common chamber at the bottom entry to the tank. From this point the air is
guided into the cooling ducts on both sides of the coils, and is removed to the
ventilating pillar by means of a ducting at the top of the tank. The inlet and

outlet ventilating air ducts project above ground level, so that flooding can be
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tolerated without water entering the tank. The function of the ventilating pillar is
to separate the outgoing from the incoming ventilating air, and to prevent dirt,
water, etc., entering the ventilating ducts.

The cable boxes on the transformer are placed at the ends of the tank and
are inclined at a slight angle downwards, so that the minimum depth of cable
burial can be achieved, while at the same time keeping the cable boxes at the top
of the tank. Inclining the cable boxes at an angle also reduces the angle of
bending from the horizontal of the incoming and outgoing cables, so reducing

the risk of damaging the cables.

In Coal Mines

With the rapid increase in the mechanization of coal mines, the use of
electric motors to drive the machinery has likewise been increased. This implies
a greater use of transformers underground to supply the motors with current at
the full voltage. When the electrical requirements underground were not so
great, it was possible to meet the load by the use of one or more oil-filled
transformers sited at some distance from the workings and in an airway where a
fire from the transformer would not be likely to cause an explosion. But the
greater the distance of the transformer from the points of usage, the greater
becomes the voltage drop between the transformer and the motors driving the
mining machinery. It is, therefore, a great advantage to have a transformer as
near as possible to the load centre in the mine. With oil-filled transformers this
IS not possible, due to the risk of fire in the gaseous atmosphere of the mine
workings. However, the problem has been solved by the introduction of dry-type
transformers into the mines, and today the transformer is mounted on wheels for
transport on the mine railways, and can be transferred from one part of the
workings to another. In this way the motors receive current at full voltage and
thus the motors can operate at the highest efficiency and maintain full output
from the machinery they are driving. When the transformer is in operation, two

of the four wheels can be removed to prevent movement of the unit on the rails.
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While the oil-filled transformer had to be at least 300 yards from the
working places in the mine, the dry-type unit can be operated in the working
places themselves.

The use of dry-type transformers at the coal face is made possible by the
excellent insulating materials that are now available, chiefly silicons, and these
materials with other fire-resisting products. Such products enable transformers
to be made which are completely moisture-proof, fire-proof, explosion-proof,
and non-toxic when in use. They give to transformers the ability to withstand

heavy overloads without any reduction in normal operating life.

Practical Tests

In recent tests made in Britain by the National Coal Board on the newest
types of continuous mining machines, operated from conventional transformers
sited at considerable distances from the machines, it was shown that the fall in
voltage between the transformer and the machines at the coal-face was over 100
V; the 550 V from the transformer becoming only 450 V at the terminals of the
machine motors. This poor supply of electricity to the continuous mining
machines is being remedied by the systematic installation of dry-type
transformers which, being flameproof, can be employed by the side of the ma-
chines they are supplying at the coal-face.

The distribution of electrical power in coal mines has had to be
reorganized due to the greater number of electric motors that are now used in
coal recovery. Only a few years ago, when the standard method of coal mining
consisted of the use of a power-driven coal cutter to undercut the seam, only one
motor was used. Filling or loading was done manually and the only electrical
power needed was that for the 40 HP motor. At the present time, filling or
loading is often done by machines, and these need a power supply of a mag-
nitude greater than that for the cutter motor.

Whereas the cutting machine was the only unit using current at the coal-

face, with the advent of the combination cutter and loader, together with the
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operation of conveyors at the coal-face: the electrical requirements in that area
have increased by as much as 300 per cent. To meet these extra demands for
electrical power, the underground transformer capacities had to be increased. A
coal cutting machine can be supplied adequately by the use of a 150 kVA trans-
former, but the same machine when operating with mechanical loading and
conveying will have to be supplied from a transformer of much higher capacity.
The starting current of the motors operating the machines may be at least four
times that of the current required to operate the motors under normal load; the
transformers must, therefore, be of sufficient capacity to cope with not only the
normal motor loadings but with the additional power required to start the
machines.

These considerations practically rule out the possibility of employing
sufficient oil-filled transformers in the confined spaces underground,
particularly as these conventional transformers would have to be, for reasons of
safety, at some distance from the coal-face. The modern idea is to make the
transformer part of the coal-getting plant and to operate it alongside the
machines at the coal-face. Another inhibiting factor in the use of the oil-filled
transformer is the accentuated voltage-drop which becomes more serious as the
electrical HP at the coal-face increases. This was illustrated by a test carried out
by the National Coal Board in connection with a Dosco continuous mining
machine, which is operated by two 75 HP motors. An oscillogram made during
the test showed that the transformer was supplying current normally at 560 V,
but the current reaching the machine some distance away was only a little over
400 V. This means that no matter how efficient the modern mining machine may
be it cannot be operated to the greatest advantage when the transformer has to be
a considerable distance from the machine.

The dry-type transformer, which solves the problem, is being adopted by
the National Coal Board, and to make the unit completely safe in the gaseous
atmosphere at the coal-face, it has to be sealed in a steel casing, and the latter

kept as cool as possible on the outside. Even so, here is a considerable rise in
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temperature inside the casing; but the design and assembly of the transformer
enable it to withstand this temperature. All the insulation used is of the high
temperature variety and consists of an ingenious assembly of glass, asbestos,
mica and silicon preparations.

By A.E. Williams, "Electrical Journal”

LIGHTNING

Before stating any of the effects of lightning, it is best to investigate the
general nature of the phenomena. Consider a cloud of the shape designated in
the figure, which is located in space a distance of about 1,000 ft above the
surface of the earth. This cloud and the surface of the earth can be considered as
two plates of a huge condenser. Because of atmospheric electricity this
condenser is slowly charged up to a certain potential aboveground. The
electrostatic field obtained between the cloud and the earth is illustrated in this
figure. If the potential of the cloud aboveground becomes high enough, a
lightning flash will occur. A lightning flash is, therefore, a short circuit upon the
condenser formed by the cloud and the earth. It has been found that the
maximum voltage gradient between the cloud and the earth is of the order of 100
KV per ft. As indicated in figure 4, this gradient is directly under the cloud,
where the electrostatic field is uniform; but at points away from the cloud the
gradient is less, being approximately 32 kV per ft at 1/4 mile, 12.4 kV per ft at

1/2 mile, and 3.6 kV per ft at 1 mile away from the point of maximum intensity.
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Fig. 4. Electric field and potentials in space caused by charged cloud.
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As the potential of the cloud is being raised, energy is being stored at a
very slow rate, but when the flash occurs, energy will be discharged very
rapidly; therefore the current may be very large. At a voltage gradient of 100 kV
per ft, it follows that the total potential of a cloud at 1,000 ft above ground must
be 100,000,000 volts. The current in a lightning flash must be dependent on the
voltage, the resistance, inductance, and capacity between cloud and ground, and
also on the nature of the waveform of the discharge. It is the general belief of a
good many engineers that current of the order of 20,000 to 50,000 amp in a flash
are not uncommon.

By J. G. Tarboux, "Electric Power Equipment"

TYPES OF ARMATURE WINDINGS

Neglecting the homopolar machine, which represents a special type of
design, direct-current generator armatures can be of the multiple, series, or
combination multiple and series windings. The fundamental difference between
the multiple and series windings is in the number of parallel paths obtained in
the armature. The multiple winding contains as many parallel paths as the
generator has main poles. The series winding contains only two parallel paths
irrespective of the number of main poles. It also follows that a multiple-wound
armature requires as many brush studs as the generator has main poles, while the
series-wound armature requires only two brush studs irrespective of the number
of main poles.

Nevertheless, in the case of large-capacity series-wound machines it is
possible to use as many brush studs as there are main poles, thereby decreasing
the amount of current that must be collected at each brush stud. It is obvious that
the multiple-wound armature is the best suited for medium voltages and high
current capacities on account of the larger number of parallel paths through the
armature. Series windings, on the other hand, are used in small high-voltage
machines, or where it is desirable to use only two brush studs, as, for example,

in railway motors.
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In multiple-wound machines, if there is any irregularity in the length of
the air gap under the poles, the emf’s generated in the different sections of the
winding will not be equal, and the unbalanced emf will tend to cause currents to
circulate through the brushes even when the machine is not carrying load. To
keep these circulating currents out of the brushes, similar points of the armature
winding, which should normally be at the same potential, are joined by low-
resistance copper connections called "equalizer rings"”, and these provide a path
that the circulating currents follow in preference to the comparatively high-
resistance path through the brushes.

An investigation of the series winding will reveal the fact that equalizer
rings are not needed, as each one of the two paths of the winding is made up of
conductors under all the main poles of the generator; hence there can be no
difference of voltage in the two paths. This property of the series winding is
made use of in a combination multiple and series armature winding generally
known as a "frog-leg winding". The frog-leg winding consists essentially of a
standard multiple winding and a standard series winding placed together in the
same armature slots and connected to the same commutator. An investigation of
such a winding will reveal the fact that the series elements act as "equalizer
rings" connecting all commutator segments that should normally be at the same
potential. In other words, the frog-leg winding has equalizer connections which,
in addition to equalizing the emfs of the armature, supply part of the load current
delivered by the generator.

ByJ.G. Tarboux, "Electric Power Equipment"

AC GENERATORS IN PARALLEL
First let us review the fundamentals of parallel operation of generators in

order to apply the principles to an extensive distribution system.
1. The terminal voltage of each generator must be equal or brought to bus

voltage through a transformer, Fig. 5.
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2. The generators must have the same frequency and similar wave shape.
Different wave shapes will build up a voltage harmonic producing internal
circulating currents.

3. The generator to be connected to the bus must be in synchronism with
the line, i.e. the wave voltage of the generator and the bus must be in phase, and
polyphase machines must have the same phase sequence. This is done by
adjusting the speed of the incoming machine and noting the difference in phase
voltage between the bus and the generator, either by incandescent lights or
preferably by a synchroscope.

4. AC generators, in order to operate satisfactorily in parallel, must have
prime movers with drooping speed-load characteristics. Figure 6 shows two
generators connected in parallel with the speed load curve of each prime mover.
The vertical line of the graph indicates the frequency or electric speed rather
than the rpm, for, as we have stated, the frequency must be the same.
Accordingly, a two-pole 3,600 rpm and an eight-pole 900 rpm generator have

the same electric speed or frequency.
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At this point, it is well to emphasize the fact that, though the load between
dc generators can be divided by altering the field strength, with ac generators the
load cannot be changed by altering the field. To change the kw output on ac
generators, the governing device on the prime mover must be adjusted. Let us
assume that it is desired to increase the load of Generator 1 and reduce that of
Generator 2. The speed load characteristic of Gen 1 (graph figure 6) is raised as
shown in Fig. 7. Both of these generators are now delivering loads at a higher
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frequency. But as it is essential that the bus frequency be maintained at a fixed
point (usually 60 cycles) and constant, it will be necessary that the speed load
characteristics of Gen 2 be lowered at the same time as the speed load
characteristics of Gen 1 are raised. This will be further covered when governor
characteristics are analyzed.

Once generators are operating in parallel, they are in synchronism, that is,
any changing condition tending to throw generators out of parallel will be
counteracted by internal reaction opposing this tendency.

Figure 8 is a vector diagram of machines operating in parallel. Both
voltages of the machines are equal and opposite so that the voltage acting in the
local circuit is zero, and consequently no current is flowing in the circuit. Two
generators operating in parallel must have the same average frequency, but one
may momentarily run ahead or drop behind the other due to a sudden change in
load. Should Gen 1 speed up slightly, the frequency will change and the voltage
vector will move ahead of its normal position by angle a, shown as Ej,. The
vector sum of the two generators is no longer zero, but a quantity indicated
vectorially as E,.

Under average circumstances, the circulating current I, lags the voltage E,
angle B, by nearly 90 deg, because the resistance of a generator is very small in
proportion to its reactance.

It will be observed in Fig. 8 that I, is nearly in phase with voltage E,.
Therefore a power load is placed on Gen 1 tending to slow it down; while I is
nearly 180 deg from the voltage vector E, of Gen 2, causing an induced emf in
opposition to the current, thus creating a motor action, to speed up Gen 2.

Consequently, if alternators in parallel attempt to pull out of step, a
circulating current between the machines are set up which tends to retard the
leading machine, while accelerating the lagging machine, and thus prevent the
machines from pulling out of synchronism? This current 1, is called the

synchronizing current.

112



It has been previously stated that changing the field current does not affect
the load output of the generator. If two generators are operating in parallel, but
have their field adjusted to give the same terminal voltage, a reactive current
will flow between the generators to compensate any difference in electric

characteristics between the machines.

FUTURE POWER SOURCES

Introduction

Scientists and engineers are devoting an increasing amount of attention to
what are commonly called "new" or "unconventional” power sources. The
impetus for this development effort stems from many things. In a general way,
the continually increasing demand for electric power, and the eventual inability
of present energy sources to supply our needs are the dominant factors.
However, there are others — the need for specialized power plants to serve in
space or in remote land areas, to name one.

Four of the most promising of the "new" power sources — thermoelectric,
thermionic and magnetohydrodynamic generators, and fuel cells — are discussed
in the following pages. As most readers will recognize, none of these power
generation methods are new in principle. The concept of thermoelectric devices
dates back to 1822; the thermionic principle to 1878; magnetohydrodynamics to
about 1835, and, the fuel cell to 1802. However, only recently have these
principles come in for serious attention as the basis for large-scale power
generators. The present interest stems largely from a better understanding of the
physics and chemistry involved, and our ability to develop new materials to
meet the unusual requirements.

In these articles no particular attempt has been made to evaluate each new
generating method fully. At this stage of development, any general evaluation

would be impractical, because much remains to be learned about each method.
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Thermoelectric Generators

Almost 150 years ago the German physicist Thomas Seebeck discovered
that the flow of heat through a metal segment could produce a voltage difference
between its hot and cold ends. Although this Seebeck effect has since become
familiar through its uses in instrumentation, the field of application has been
severely limited because of its low voltage and power output.

The recent development of new thermoelectric materials has now changed
this condition, with the result that both the power output and the efficiency of
thermoelectric devices have been raised to levels suitable for the practical
generation of power. A year ago, for example, Westinghouse was working with
devices whose output was slightly over 1 watt; today a generator rated at 5,000
watts has been completed.

The qualities of thermoelectric devices that have impelled these devel-
opments, particularly for military applications, include raggedness and
compactness and, of course, the static nature of the devices. Heat is converted
into electricity without moving parts. This freedom from moving parts has
several significant implications for defense; for example, in military power
plants heat could be converted to electricity without noise. In space vehicles and
missiles, this characteristic would permit the elimination of gyroscopic forces
that occur in rotating machines and so simplify guidance and stability in orbit.
An even more basic advantage is that thermoelectric generators are inherently
more reliable than rotating machines and may eventually prove lower in first

cost.

The Basic Phenomenon

In any uniformly heated pellet of thermoelectric material, positive and
negative electrical charges are uniformly distributed, as in Fig. 9; but when heat
is applied to one surface, this distribution changes. Although the positively
charged ions in the crystals remain fixed, the negatively charged electrons tend

to move to the cooler end. This results in a gradient of electrical charge and a
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potential difference between the hot and cold ends, which can cause current to
flow in an external load. In actual use, thermoelectric devices are arranged in an
array of series-connected thermocouples whose materials have been so
formulated that their voltages are additive. Through stacking of elements in

arrays, voltage outputs adequate for power generation can be achieved.

Materials and Their Parameters

An important factor in the growth of thermoelectric technology is the
ability to adjust the number of free electrons in semiconductor materials. The
importance of this is due to two basic relationships: First, the output voltage of
any thermoelectric material is inversely proportional to the number of free
electrons in that material, and, second, the conductivity of the material is
directly proportional to the number of free electrons. Thus, insulators containing
10" electrons per cubic centimeter generate output voltages of about 10,000
microvolts per degree centigrade of temperature difference between the hot and
cold ends; offsetting this, however, is the fact that they have an extremely high
internal resistance. On the other hand, the metals give output voltages of about 5
microvolts per degree, but have extremely low internal resistance. Therefore, to
obtain maximum power output or optimum efficiency from a thermoelectric
material, the electron density must be adjusted to an acceptable compromise
value between high voltage and high electrical conductivity. This is essential to
the production of useful power since a combination of high voltage and low
current or of low voltage and high current result in little power. The compromise
is shown by the efficiency curves in Fig. 10, which indicate that the optimum
electron density is about 10" free electrons per cubic centimeter, value well
within the range of good-conducting semiconductors and one that affords output
voltages of about 175 microvolts per degree C. Some typical materials that
demonstrate acceptable efficiency are zinc antimony, lead telluride, bismuth

telluride, and germanium telluride.
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In thermoelectric generators built for practical uses, it is desirable to use a
number of different thermoelectric materials, to take advantage of the fact that
each has its best range of operating temperatures. This contributes to the
increased efficiency that is possible when generators are operated at high
temperature. To cover low temperatures, say up to 600 degrees C, several

semiconductors have proved satisfactory.
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Fig. 9. Left, in a uniformly heated material, the electrons and positively charged ions
are uniformly distributed. Right, distribution of electrons and positively charged ions as it is
influenced over a thermal gradient. Electrons concentrate at cold end of the specimen to cause
a gradient of electrical charge.
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Fig.10. Curves showing the relationship between density of free electrons in a material
and conductivity and thermoelectric output voltage. Optimum density for maximum power
output is about 10°° electrons per cubic centimeter.

However, to go higher, say into the 1,000 degree C range, semiconductors
are no longer suitable, since at these temperatures they become "intrinsic"; that
IS, the heat input causes both positive and negative electrical charges to migrate

in equal numbers and so no output voltage is possible. As an extreme example,
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Fig. 11 shows how bismuth telluride's output voltage falls to zero at 150 degrees
C.

Obviously, at higher temperatures materials are required that are free of
this behavior. A promising approach is the use of insulator materials that have
been modified to become good thermoelectric materials. This is particularly
interesting since many insulators do not become intrinsic conductors in the
1,000 degree C range. As an illustration of this modification, pure nickel oxide
is normally an insulator, but if it is modified by the addition of three percent of
lithium, its resistivity decreases to about 0.01 ohm-centimeters. As explanation
for this, in normal nickel oxide the nickel has a valence of plus two but the
addition of lithium causes the appearance of nickel with valence of plus one.
The material's greatly increased conductivity is brought about by an exchange of
charges between plus-one nickel and plus-two nickel. Through similar
modifications, other materials are being developed for use at higher
temperatures. For example, this approach led to one of the newest mixed valence
materials, samarium sulphide, which has a good figure of merit at temperatures

as high as 1,100 degrees C.

Devices and Design

Despite these developments, the increasing knowledge of semiconductors
or mixed-valence materials does not solve all problems of thermoelectricity, for
materials are not an end in themselves; they must be fabricated as thermocouples
and then be assembled in finished devices. For example, assemblies of
thermoelectric materials must be joined so that contact resistance is not
excessive, for this would have the same effect as high internal resistivity of the

material and would reduce the efficiency.
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Also, above 300 degrees C, thermoelectric materials must be shielded
from the air to prevent corrosion of materials and joints. Another aspect of
design is the need to mount thermoelectric devices so that they will withstand
shock and vibration. One method used for accomplishing this is to apply
compressive forces through spring-loading.

Other design problems with high priority grow out of a desire to narrow
the gap between the efficiency that is theoretically available from known
materials and the efficiency that is actually available when these materials are
applied in equipment. Materials available today are capable of an efficiency of
about 17 percent, but when assembled as elements of complete generators, the
overall efficiency then becomes about six percent. Much of this loss is due to
such factors as the stack losses, represented by the discharge of heat-bearing

gases from the generator's "chimney", and the fact that some of the energy
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transferred through the walls of the chimney passes around but not through the
thermoelectric elements.

Although continued progress in generator design will reduce losses and
increase total efficiency, nuclear reactors seem certain to be much more efficient
in thermoelectric applications than conventional heat sources. With nuclear
reactors, the heat source can be completely surrounded by thermoelectric
elements to eliminate stack losses.

An interesting aspect of the efficiency of thermoelectric generators is that
it is independent of power rating, which is in contrast to the power-efficiency
relation for conventional machines. As Fig. 12 shows, small conventional power
supplies have an efficiency of roughly five percent, the automobile engine is
about 15 percent efficient, and large diesel engines and marine steam turbines
have efficiencies of about 20 percent. As the most efficient units, large central
station power plants have efficiencies of about 42 percent. At present, the
efficiency of today's thermoelectric generators is constant at about six percent
regardless of rating. Viewed from the standpoint of efficiency only, ther-
moelectric devices are thus comparable to conventional power sources in
applications up to about 10 horsepower.

By S.J. Angello

THERMIONIC GENERATORS

Thermionic generators produce electrical power by using electrons
emitted from the surface of a material heated to a high temperature. These
generators share with thermoelectric devices the characteristic that the working
fluid is electrons; they differ in that the heated electrons are emitted into a
vacuum rather than into a solid. Because of the high potential difference
between the interior and exterior of a solid, i.e., the "work function”, thermionic
generators must operate at high temperatures. Their output voltage is
correspondingly higher than thermoelectric converters, ranging from 0.5 to 3

volts.
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Although still in early stages of development, thermionic generators offer
promise as a power source for both military and commercial applications. First,
however, materials with a high heat of vaporization combined with a low work
function must be found. These materials must be capable of operating for long
periods of time at temperatures up to 4,500 degrees F.

At present, the thermionic generator is a concept that promises to open up
new areas in power generation at high-operating temperature. For military
applications where compactness, light weight, simplicity, and high efficiency are

required, this device offers promise for practical use.

Principle of Operation

Consider a plate of conductive material containing electrons that are free
to move and stationary positive charges. When this cathode is heated, electrons
begin to move in a random jostling fashion until a number escape from the
surface of the material. Facing the cathode and separated from it in an evacuated
space, is the anode; an external circuit is connected between them, Fig. 13(a).

As the cathode is heated, electron activity increases and electrons escape
across the vacuum to the anode. The electrons then flow through the load and
through the return circuit to the cathode, thus producing electric power. The
concept in this simplified diagram is not new, since emission of electrons from

the surface of a heated cathode is a process long used in electron tubes.

CATHODE ANODE

~2 VOLTS

~4 vOLTS

(a)

Fig. 13. (a) Operation principle of a thermionic generator. (b) Potential energy
diagram of electrons of the thermionic system.
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A more quantitative picture is offered by a potential diagram that
corresponds to the schematic arrangement of the thermionic converter, Fig.
13(b). Here the potential energy of the electron is plotted at each point in the
diagram. The potential inside the cathode material is taken as zero. The electrons
inside the metal are normally prevented from escaping by a potential barrier, @,
which exists at the surface of the metal.

As the electrons become heated, a few have sufficient energy to surpass
the potential barrier and escape into the space between the cathode and anode.
When the electron reaches the anode, it falls down the potential barrier
corresponding to the anode work function, ®,. The energy thus released is
converted into heat at the anode and is lost in the process. If the anode work
function is less than that of the cathode, the remaining amount of energy, ®c —
®,, is available to do useful work in the external circuit and to supply the
electrical losses in the return circuit.

Efficiency is not the only parameter of a power converter, but is certainly
among the most important, for it establishes the areas of application. To be of
much practical interest, the efficiency of a power converter must be at least 10
percent. To determine the efficiency of a thermionic converter, the calculated
electric power output that can be delivered to a load can be compared with the
total heat input. Some of this heat goes into the useful work; some is transferred
to the anode by electron motion; some leaks back through the electrical
connection; and most important of all, some is transferred directly to the cold
end of the machine by radiation.

The efficiency of conversion depends then on such material properties as
the work function, electron emission constants and radiant emissivity, and the
operating temperature. The operating temperature is, in turn, limited by the
melting point or evaporation rate of the cathode. Thus material properties of the
anode and cathode are important in deciding whether an efficient arrangement is
practical.
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The available combinations of material properties that will result in the
optimum device cannot be described in a simple manner. However, Fig. 14
shows some calculated efficiencies for a variety of possible cathode materials as
a function of cathode temperature. These calculations, meant to be illustrative
only, assume an anode reflection that gives an effective emissivity of 0.5, and an
anode work function of 1.8 volts. Each curve terminates at a point where cath-
ode evaporation becomes high enough to evaporate a millimeter of material
from the cathode in 1,000 hours, a condition assumed to represent end of life.
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Fig. 14. Plot of efficiency vs. cathode temperature for a number of materials for
thermionic generators under investigation at the Westinghouse research laboratories.

Note that each material dictates an operating temperature and that many
materials reach excessive evaporation rates before interesting efficiencies can be

achieved.

Another important factor determines the current flow in a thermionic
converter. This phenomenon is called space charge the mutual repulsion of
electrons. An electron emerging from the cathode finds itself in the company of
a swarm of other electrons, all similarly charged, from which it is repelled. This
will drive most of the electrons back into the cathode before they have a chance
to reach the anode. One practical way for eliminating space charge consists of
introducing heavy positive ions in numbers sufficient to neutralize the charge

electrons.
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Application of thermionic converters for the commercial generation of
power appears most favorable when the thermionic element is used as a topping
unit for a nuclear steam plant, thereby taking advantage of the high temperatures
available from the fuel.

Thermionic conversion offers one possible means of obtaining efficient
conversion of heat to electrical power. Whether it becomes competitive with
other means will depend largely on the solution of problems concerning the
properties of materials. In the past there has been no particular urge to find or
produce materials having the peculiar properties demanded by the thermionic
converter. The field is therefore largely unexplored and advances of
considerable magnitude can be expected.

By John Coltman

MAGNETOHYDRODYNAMIC GENERATORS

Power from High-Temperature Gas

About 130 years ago, Michael Faraday discovered that a conductor
moving in a magnetic field could be made to generate an electric current. This
principle has traditionally been applied to produce electric power by
mechanically rotating solid copper bars past energized field windings. However,
Faraday's experiments also showed that power can be generated by substituting
a flowing liquid metal, such as mercury or some other conducting liquid, for the
copper bars. A device that uses a fluid conductor to produce an electric current

IS @ magnetohydrodynamic generator.

The MHD Generator

The word magnetohydrodynamics, abbreviated MHD, stands for the
branch of physics that encompasses both electromagnetic and fluid-dynamic
phenomena. Practical realization of MHD power generation appears at the
present time to depend on the use of a conducting gas. For the gas to be

conducting, a certain number of free electrons must 'be present, along with an
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equal number of ions, plus the main body of unionized gas. The most direct
approach to partially ionize a gas, and thereby make it conducting, is to heat it
sufficiently. However, the temperatures required for sufficient gas ionization in
this case are beyond the limits of use of all known materials.

However, when a gas is "seeded" with an alkali metal, such as potassium
or cesium, adequate electrical conductivity can be realized at somewhat lower
temperatures - in the range of 4,000 — 5,000 degrees F.

In an MHD generator, hot ionized gas travels through a magnetic field,
which is applied at right angles to the flow, and past electrodes that are in
contact with the stream of gas, Fig. 15. Electrons in the gas are deflected by the
field and, between collisions with other particles in the gas, they make their way
diagonally to one of the electrodes. An electric current is produced as the
electrons move from the anode, through the load, to the cathode, and back again

to the gas stream.

FIELD
MAGNET

ELECTRON
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Fig. 15(A) This sketch illustrates Faraday's original concept, which formed the basis
for the unipolar / or homopolar / generator.
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Fig 16. (B) The MHD generator employs the same principles, with a conducting gas
replacing the moving bar.
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The voltage at the terminals of an MHD generator is directly proportional
to the intensity of the magnetic field, the gas velocity, and the distance between
electrodes. A generator will supply maximum power when the load connected to
its terminals has a voltage drop equal to one-half of the open circuit voltage.

Near peak power, the efficiency of a magneto hydrodynamic generator
may be as low as 50 percent, because of the PR losses. But efficiencies in the
80- to 90-percent range are possible when the generator is operated somewhat
below maximum power. This corresponds to the efficiency of a conventional
steam turbine-generator combination, which is about 80 percent.

The overall thermal efficiency of a plant using an MHD generator might
be as much as 60 percent; compared with 40 — 42 percent for the most modern
conventional power plants. The high efficiency of the MHD plant arises
principally from the high temperature that is used; this high temperature is

required for gas ionisation.

MHD Generator Cycles

Power systems using MHD generators fall into two categories: open
systems where the wording gas consists of products of combustion, and closed
systems in which an inert gas, such as argon or helium, is continuously recycled.
The complete system in either arrangement requires a compressor to overcome
the pressure drop normally occurring in the MHD generator, and a regenerator
and waste heat boiler to recoup maximum energy from the hot gas stream.

One possible arrangement for a closed-cycle MHD plant is shown in Fig.
17. The gas consists of helium, seeded with two-percent cesium. The plant
shown would generate 580 megawatts. Since the MHD generator develops,
direct current, a converter is required to produce an ac output.

The capital cost of the converter would be appreciable, although not
prohibitive. Scientists are also studying the possibilities of direct MHD

generation of ac power. Several approaches to this problem appear promising.
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Fig. 17. A proposed 38C-mw central station plant using an MHD generator as the
power source.
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Fig. 18. Magneto-hydrodynamic open system using fossil fuels. Combustion products
replace helium-cesium mixtures in conventional units.

The MHD generator for the system shown in Fig. 17, would be 50 to 60
feet long, and would operate at about 4,000 degrees F. A reactor may be used as
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the heating device. However, the development problems of this reactor, or of the
heat exchanger that preheats the gas stream, should not be underestimated.

A boiler is used to recover heat from the gas stream and generate steam.
This steam drives a 38-megawatt turbine, which powers the gas compressor. The
steam turbine is assisted by a motor, which consumes some of the MHD
generator output.

To circumvent reactor development problems, two other possibilities are
being considered: (1) a combustion — fired external heater could be used in the
closed loop helium system of Fig. 17; or (2) an open system could be used in
which the combustion gases pass directly through the MHD generator. The latter
arrangement is shown in Fig. 18. In this case, a surplus of power can be
generated in the steam loop so that an electric generator is present, replacing the
dc motor used in the closed system. Operating temperatures in the MHD
generator in the open system must be higher, however, because electron
mobility is lower in combustion — product gases than in helium. Another
difference is that potassium rather than cesium is used for seeding because
cesium is too costly to discharge. In either case, means would have to be taken

to avoid air pollution by the hydroxides of the seeding elements.

Research in MHD

Problems ahead in MHD generation development are in the general areas
of physics, materials, and engineering technology. Further work needs to be
done in laboratories to obtain more reliable data on conduction of electricity in
gases, and to provide a better understanding of the basic mechanisms of energy
and momentum exchange in the MHD generator.

Materials must be developed to better withstand high temperatures,
sudden temperature changes, and chemical interaction with the alkali-metal
seeding materials. New engineering and design approaches must be found to

build durable parts of ceramic, which have conventionally been made of metal.
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Durable electrodes must be developed to withstand high temperatures and
chemical attack, and yet they must be good conductors.

Before a practical power source using MHD generation can be built, much
work remains to be done on the problems already mentioned.

By Stewart Way

FUEL CELLS
ELECTRICAL ENERGY FROM AN ELECTROCHEMICAL PROCESS
A fuel cell is similar to a battery because both convert the "free energy" of
a chemical reaction directly to electrical energy by an electrochemical process.
In contrast to conventional batteries, the fuel cell uses a low-cost fuel and
oxidant, which are continuously fed into the system.
Several types of fuel cells exist, but they all exhibit some basic similarities

to the cell illustrated in Fig. 19.
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Fig. 19. Principle of operation of the oxygen concentration fuel cell.

This schematic diagram illustrates one of the simplest cells, in principle,
that can be devised. It is called an oxygen concentration cell. It consists of an
electrolyte that conducts an electric charge in the form of oxygen ions, but is an
insulator to electrons. The electrolyte is sandwiched between two electrodes. A
voltage is created between the electrodes when the oxygen is at different

concentrations at the two electrode-electrolyte interfaces.
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In operation, an oxygen molecule (0,) diffuses through the porous cathode
to the junction with the electrolyte, where it picks up four electrons to form two
oxygen ions. The ions migrate through the electrolyte to the porous anode where
they release their electrons and recombine to form an oxygen molecule. The
anode that receives the released electrons is the negative electrode. The oxygen
combines with a fuel or continues on into the chamber where it is exhausted
from the system. If the two electrodes are connected to a load in an external
circuit, a current will flow through the load. The current will continue to flow as
long as a difference in oxygen concentration exists between the two electrodes.

Although fuel cells that illustrate this simplified principle are in early
stages of laboratory research at present, most fuel cells involve electrode
reactions that are more complicated than the simple concentration principle

illustrated, and are consequently more restricted in the fuels they can use.

Operating Characteristics and Properties

The unique characteristics of the fuel cell offer many advantages for
electric power generation. For example, a fuel cell system contains no moving
parts, and can operate silently. Efficiency is independent of cell size over a wide
range of power output, as contrasted with steam-turbine generators, which have
lower efficiency at lower ratings. Fuel cells are low-voltage, direct-current
devices, which makes them particularly adaptable for use in the electrochemical
industries. The most interesting property of a fuel cell is that it does not operate
on a heat cycle, the limiting factor in the efficiency of steam-turbine generators
and other heat engines. Thus a high-temperature fuel cell system should
theoretically be able to produce over twice as much useful energy from fossil
fuels as today's most efficient steam-turbine generator unit.

The efficiency of the fuel cell is usually defined as:

Electrical Energy Out

Efficiency = = .
Heat of Combustion of Fuel
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On this basis, fuel cells can theoretically operate at efficiencies as high as
70 to 90 percent, compared with a maximum 42 percent for today's most modern
central station plants.

Unfortunately this is not the complete story since cell efficiency is also a
function of system load. At higher loads efficiency decreases. An economic
compromise must be accepted, where efficiency and capital cost, as affected by
size and weight of the cell, are optimized.

Fuel cells offer the possibility of more efficient conversion of chemical to
electrical energy than conventional electric power generation methods. An ideal
fuel cell would use cheap fuels, be made of economical materials, operate at
high efficiency, have high power output per unit volume and weight of cell, and
a long life.

By J. Welssbart, R. Ruka, "Westinghouse Engineer"
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SUPPLEMENTS
RENDERING

A rendering is a brief summary of a book, an article, or other publication.
The purpose of a rendering is to describe the work in such a way that the reader
can decide whether or not to read the work itself. A rendering helps the reader
understand the particular usefulness of each item. The ideal rendering shows the
relationships among individual items and may compare their strengths or
shortcomings.

The following points provide guidance for writing renderings. As
appropriate each of these issues might be assessed and commented on in the
rendering.

1. Qualifications of the author, unless very well known.

2. The scope and main purpose of the publication (book, article, web site).

3. The intended audience and level of reading difficulty.

4. The author’s bias or assumptions, upon which the work’s rationale

rests.

5. The method of obtaining data or doing research.

6. The author’s conclusions.

7. Comparison with other works on the same subject.

8. Materials appended to the work — maps, charts, graphs, photos, etc.

9. The work’s importance or usefulness for the study of a subject.

Not all of these points are necessary for every rendering, and they
certainly do not have to be noted in the order listed here, but they at least ought

to be kept in mind when writing a rendering.

HOW TO WRITE RENDERING

I. Formulate the theme of information from the text using the

following clichés: the text deals with (touches upon, is devoted to, describes),
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the main idea of the texts is to show (to analyze, to describe). Determine the

sphere of knowledge this information belongs to.

Il. Process the information given in the text in the following way:
a) divide the text into some parts according to its content; b) write out a number
of key-words to each part of the text; c) retell each part using the keywords;

d) determine the main idea of the text; e) retell the text in 10-12 sentences.

I11. Give the summary of each paragraph using key words and
language clichés: it is reported about the development of (the improvement of,
the experiment in the field of, the results of, a new design of, the characteristics
of); details of design (technology, process) are given; it is told in details about; a
brief description of ... is given; it is told in short about; special (much) attention
is given (is paid) to; it is specially noted that; some facts (figures, terms,

characteristics) are given.

IV. Present your rendering of the text according to the following
structure.

1. Sphere of knowledge this information belongs to.

2. The theme of the text.

3. Summary of the text.

ABSTRACT

An abstract is a condensed version of a longer piece of writing that
highlights the major points covered, concisely describes the content and scope of
the writing, and reviews the writing’s contents in abbreviated form. There are
two types of abstracts are typically used:

1) descriptive abstracts — their purpose is to tell readers what information

the report, article, or paper contains;
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2) informative abstracts — their purpose is to communicate specific
information from the report, article, or paper.

Writing an abstract you may use the following steps:

1. Reread the article, paper, or report with the goal of abstracting in mind.
Look specifically for these main parts of the article, paper, or report: purpose,
methods, scope, results, conclusions, and recommendation.

2. Use the headings, outline heads, and table of contents as a guide to
writing your abstract.

3. If you’re writing an abstract about another person’s article, paper, or
report, the introduction and the summary are good places to begin. These areas
generally cover what the article emphasizes.

4. After you’ve finished rereading the article, paper, or report, write a
rough draft without looking back at what you’re abstracting.

5. Don’t merely copy key sentences from the article, paper, or report:
you’ll put in too much or too little information.

6. Don’t rely on the way material was phrased in the article, paper, or
report: summarize information in a new way.

7. Revise your rough draft to correct weaknesses in organization.

8. Improve transitions from point to point.

9. Drop unnecessary information.

10. Add important information you left out.

11. Fix errors in grammar, spelling, and punctuation.

HOW TO WRITE ABSTRACT

I. Formulate the theme of information from the text using the
following clichés: the text deals with (touches upon, is devoted to, describes).

I1. Process the information given in the text in the following way:
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a) divide the text into some parts according to its content; b) write out a number
of key-words to each part of the text; c) retell each part using the key-words;

d) determine the main idea of the text; e) retell the text in 10-12 sentences.

I11. Find out author’s conclusion in the text; write it down using the
following clichés: the author concludes with a consideration of, the author

comes to the conclusion that, in conclusion the author says that.

V. Give your own comments on the information from the text. Try to
answer the questions: a) how do you evaluate the actuality of this information;
b) how do you think who and for what purposes could use it. Use the following
clichés: the information of the texts is addressed to the students (graduates,
engineers, specialists, all those interested in); the texts may be recommended to;

the information of the texts is interesting (important, useful, hard to understand).

V. Present your abstract of the information from the text according to
the following structure:

1. The theme of the text.

2. The main idea of the text.

3. Summary of the text.

4. Author’s conclusion.

5. Your own comments.

THE SCHEME OF RENDERING THE ARTICLE

1. The headline of the article
The article (we deal with) is headlined (entitled)... — cratbst (¢ KOTOpPOI MBI
nMeEEM ,Z[CJIO) O3arJjiaBJICHA...
The headline of the article (under consideration) is the following... — 3arooBox

CTaTby (KOTOPYIO Mbl pacCCMaTpUBaEM) CIEAYIOLIHUH. . .
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The title of the article is... — 3aroj10BoOK cTarbu. ..

2. The author of the article
The author of it is... — e€ aBrop ...
The article (under consideration/ under review) is written by... — craThbs,

KOTOPYIO MBI paCCMAaTPpHUBACM, HAIIUCAHA. ..

3. Where and when the article was published
It is published (printed) in... — ona omyOnukoBaHa (HameyaTaHa) B...
It is a first (second) page article — 3To crarest epBoii (BTOpOI CTpaHUIIBI)
The article is published under the rubric... — crarbs omyOmukoBaHa O

pyOpuKoi

4. The main idea of the article.
The article is devoted to the problem... — cTarbst mocBsIeHa mpoodIeMe. ..
The article (author) deals with the problem of... — crares (aBrop) umeer aeso ¢
poOJIEMOHA. ..
The author of the article dwells on the certain idea of... — aBTOp HOAPOOHO
OCTaHABJINBACTCA HaA...
The author concentrates on... — aBTOp KOHIICHTPUPYETCS Ha...
The article (briefly) touches upon... — cTarbs (KOpOTKO) 3aTparuBact...
The purpose of the article is... (to give information to the reader) — mens
CTaThMU...
The aim of the author is to provide the reader with some material of... — mens

aBTOpa — 00eCIIeUnTh YUTATEIIS MarcpualioM...

5. The content of the article (With my own simultaneous
commentary)

The problem revealed... — packpeiTas mpobiema...
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The author starts by telling the reader about... — aBrop HaumHaeT ¢ TOroO, 4TO
TOBOPHUT YUTATCIIIO O...

The author writes, considers, points out, etC. — aBrop MHIIET, IIOJAraecrt,
BBIACIIACT, U T. 1.

According to the problem of the article | should... — B coorBercTBHE €
HpO6JICMOﬁ CTaTbu 1 JOJIZKCH

The author reports that... — aBTop coobmaer, uro...

In conclusion... — B 3aKkIOYEHHUH. ..

The author concludes with the following... — aBrop aenaeT BrIBOA (3aKitO4acT)
CIICIYIOIIUM. ..

The author comes to the following conclusion... — aBrop mnpuxoauT K
CIICAYIOIEMY 3aKIFOYECHHUIO. ..

The author sums up by telling... — aBTOp CyMMUpYET CIICAYIOIIHM...

Summing everything up the author says... — cymmupys Bce, aBTOP TOBOPHT...

6. Our own opinion of the article. (My understanding, opinion of the
article)
I found the article... — s cuurato crarsbio...
important — BaxHOi
acute — ocrpoi
actual — akTyanbHOM
dull — ckyuno#
of no value — ne npeacrapasIONICH U3 ceOs HUKAKOW IIEHHOCTH
worth attention — crosiiieit BHUMaHUS
not up to my age — He mo MoeMy BO3pacTy
quite to the point — kak pa3 kcratu (1o Teme, K Jeiy)
I express approval of... (support of...) — s BwIpaxaio omoOpeHue...
(moanepxKy...)
| express alarm (concern, disappointment)... — s BBIpaXald TPEBOTY

(03a00YE€HHOCTBH, pa304apoOBaHUE). ..
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I strongly protest against... — st IpoTECTyIO NPOTHUB. ..

Neutral Arguments
The article draws attention to the fact that... — crares oOpamaer BHEMaHue Ha
TOT (pakKT, 4To...
The paper finds a good deal to say... — B razere MHOTO TOBOPHUTCH O...
In the author's view (opinion)... — moMHeHHUIO aBTOpa
The author brings out the problem of... — aBrop BBIHOCHT Ha paccMOTpEHHE
npobuemy...
The author describes... — aBTopo nuceiBaer. ..
The author points out... — aBTop BbIIEISIET. ..
The paper comments on — raseTa KOMMEHTHPYET...
The article focuses its attention on (the fact that)... — crates doxycupyer
BHHUMaHKE Ha (TOM (pakTe, 4ToO)...
As the paper puts it... — kak u3yaraer rasera...
In its comment the paper reviews... — B CBOEM KOMMEHTApUH Tra3eTa

0003peBaet...

CONVERSATIONAL PHRASES
Agreement
| think (believe so) — nymato, uto 31O Tak
| suppose SO — monararo, 4To ATO TaK
| quite agree with you here — st B 3ToM ¢ BaMH MOJTHOCTBIO COTJIACCH
Absolutely — xoneuno, TouHO, IMEHHO
Yes, indeed — na, B camom zene
You are right (right you are) — BbI mpaBbl
Of course — kore4HO
Sure — KOHEeYHO
Certainly — xoneuno

No doubt — 6e3 comuenus
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It goes without saying — camo coboii pazymeercs

That’s right — mpaBuibEHO

There’s no doubt about it — B 3ToM HEeT HUKAKOTO COMHEHUS
Looks like that — moxoxe Ha 31O

There’s no denying it — 310 Helb3s OTPULIATH

| won’t deny it — st He Oyay 3TO OTpHIIATh

That’s it — TouHO

Most likely — HaBepHsika

Exactly — Touno, koHEUHO

| fully agree with you — st ¢ BaMu TIOJTHOCTBIO COTIIACEH

| can’t help agreeing with you — He Mory He corlacUThCs C BAMH
Beyond all doubt — BHe Bcsikoro coMHeHuUs

True enough — BepHO

By all means — 06s13arenibHO, BO 9TO ObI TO HH CTAJIO0

Disagreement
| don’t agree (with you here) — s He cornmacen (¢ BaMu B 3TOM)
| can’t agree with you here — st He MOT'y COTITaCHUTBCS C BaMH
| don’t think so — s Tak He gymaro
I’m afraid not — 6orock, uTo HET
| disagree with you — s He coritaceH ¢ BaMH
You are wWrong — Bbl HENPaBbl
You are mistaken — BbI ormmbaerech
By no means — vu B koeMm city4yae
Rubbish — genyxa
Nonsense — HOHCEHC
It’s far from it — sTo naneko He Tak
Just the other way round — kak pa3 Ha000pOT
On the contrary — mHao6opor

| hardly think... — He mymaro, uto
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Absolutely wrong — coBepiieHHO HeTpaBUIIEHO

Excuse me, but... — npoctute, HO

That’s not right — 3T0 HEMpaBUILHO

Of course not (certainly not) — koneuno Her

Nothing of the kind — auuero mogo6HOrO

I’m not (S0) sure — st He yBepeH

| doubt it — comueBarock B 3TOM

| object to it — s BO3paxaro

| see what you mean, but... — 1 morrmaro, 9T0 BBl KIMeeTe BBUY, HO...
I see your point here, but... — s noHnmaro Bac, Ho...

| don’t think it’s quite right — s He Aymaro, 9TO 3TO MPABUIBHO

INTRODUCTORY PHRASES
Actually... — nemo B ToM, 4TO; PaKTHUECKH; HA CAMOM JIEJI€. . .
In fact... — nemno B ToM, 4TO...
As a matter of fact... — meno B Tom, 4TO...

The fact is... — nemno B ToM, 4TO...

First of all (at first, to begin with) I’d like to say... — qis Hayana s ObI XOTEN
CKa3aTh. ..

If you ask me... — s gymaro, 4ro...

As for me... — 4ro KacaeTcs MeHH ...

In my opinion... — Mo MOeMy MHEHHUIO. ..

As | see it... — KaK st MOHUMAIO ...

To tell the truth... — mo mpasxe roBops ...

Frankly speaking... —yecTHO roBODS ...

Generally (speaking)... — B o01iem ToBOpPS ...

Practically (speaking)... — Ha camom fene ...
As far as [ know... — HACKOJIBKO S 3HAIO ...
As far as [ remember... — HACKOJIBKO S IIOMHIO ...

I think (believe)... — s qymato ...
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| suppose... — s noxjararso ...

Fortunately... — x cyacTbio ...

Unfortunately... — x HecuacThio ...

Sorry to say... — K COXaJeHHIO ...

Evidently... — oueBuaHoO ...

And besides... — u kpome TOrO ...

What’s more... — 6onee Toro ...

Moreover... — Gosee TorO ...

Further on 1’d like to say, that... — manee s ObI X0TeII cKa3aTh, YTO ...

On the whole... — B iienom ...

It is interesting to note... — UHTEPECHO OTMETHUTH ...

I’d like to remark... — MHe OBI XOT€JIOCh OTMETHTH ...

As aresult... — B pe3ynbrare ...

On the one hand (on the other hand) — ¢ oxHO#T CTOPOHBL... (C APYTOii CTOPOHBI)
To be more exact... — eciu ObITH 00JICE TOYHBIM ...

In addition... — B noGaBieHuw ...

Nevertheless... — rem He MeHee ...

I’m inclined to think... — s ckiloHeH qymars ...

No wonder... — He YIUBUTEIBHO ...

Today | am going to talk about... — ceromns s coOuparoch IOrOBOPHUTH O...

| am going to give you a very general view on... — s coOMparoch JaTh BaM 00I1ee
IpEICTaBICHHUE O...

The subject of my talk is... — npeamer Moero pasrosopa...

Today | shall be dealing with... — ceromus st Oyay UMeTh €10 C...

| am going to discuss the question of... — s cobuparch 00CYIUTH BOIIPOC O...

| should like in particular to talk about... — s ObI XoTenx B OCOOCHHOCTH
TIOTOBOPHTH O...

The aspect | intend to concentrate on is... — acrekt, Ha KOTOPOM, 1 HAMEPHBAIOCh

CKOHLCHTPUPOBATHCA...
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The area | hope to cover is concerned with... — o6macTh, KOTOPYIO 51 HAICIOCh
OXBaTHUTh CBS3aHA C...

What | hope to do is to show how/what... — yTo s Hameroch caenarb, 3TO
MOKa3aTh Kak/4To...

The aim of my talk is to show that... — riens Moero pasroBopa mokasarhb, 4To...
There are (three) main points | intend to make... — s HaMepuBaKOCh c/enaTh
(TpY) IaBHBIX MYHKTA...

There are (three) areas | d like to deal with... — s 661 X0Te)1 UMETH A€I0 C (TpeMsi)
00nacTIMH. ..

Then 1’d like to move on to... — nanee st ObI XOTEI EPEUTH K...

The next point 1’d like to mention is... — cenyrOImUA MyHKT, KOTOPBIHA 5 XOTEI
OBl YIIOMSIHYTb...

Another aspect | want to discuss concerns... — CICIyIONIUI acleKT, KOTOPBIH s
X04y OOCYIHTh, KacaeTcsl. ..

The first point | want to make is... — mepBbIii MyHKT, KOTOPBIH S XOUY CAEIaTh...
Perhaps | could just point out right at the beginning, that... — Bo3moxHO, 51 ObI
MOT BBIZICITUTH C CAMOTO Havaja, 4to...

I’d like to start by talking about... — s1 661 XOT€N Ha4aTh, TOBOPA O...

Another problem is... — gpyras (ciaenyromas) npooiaema...

Now | d like to move on to the question of... — ceiiuac s OBl XOTeN MEPEUTH K
BOTIPOCY...

Lastly, there s a matter of... to be considered. — B koHIIE, HY’)KHO PacCMOTPETh
BOTIPOC...

| am sure you will agree, that... — s yBepeH, BbI COIIaCHTECH, YTO...

You may disagree, but... — BbI MOXKeTE HE CONIACUTHCS, HO...

It is common knowledge, that... — 3To 061Ien3BeCTHO, UTO...

Before | end... — mepen Tem, Kak s 3aKOHUY...

There is quite a lot more to say about..., but | hope | have managed to cover the
main points. — Emte MHOTO 4eTro MOXKHO CKa3aTh O..., HO Sl HAJICIOCh, MHE yIaJloCh

OXBAaTHUTh INIABHBIC ITYHKTHI.
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And by way of conclusion T d like to point out, that... — u B kauecTBe
3aKJIIOUEHUS s ObI XOTEN BBIICIHUTD,YTO. ..

In short we can say, that... — KOpoTko, MOXHO CKa3aTh, UTo...

To summarize what I have said so far... — cymmupys Bce, 94TO s CKa3al...

To sum it up... — cymmupys...

In conclusion let me remind you... — B 3aK/IIO4€HUH MTO3BOJIBTE MHE HAIIOMHHUTh
BaM...
Let me conclude by saying that.. — mo3BonbTe MHE cjaenarb BBIBOJ

(3aKJIrO4eHME), TOBOPSI, UTO...

In conclusion | d like to repeat/emphasize (point out) that... — B 3akmtodueHun s

OBI XOTeI IIOBTOPHUTD / IMOAYCPKHYTD, YTO...
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ability
achievement
add

adjust
advertise

air

all other circumstances being equal

all over the world

alternately

alternating current

amount

amount to

an odd succession of scientists
animal tissue

appliance

application

approach

armature

around 1500 A. D.

around the turn of the century
as a matter of fact

as for

as soon as

as well

as well as

at a result

at least

CIIOCOOHOCTH

JIOCTIDKCHHE

pUOaBIIATh, MPUCOCTUHSITH
peryJiupoBaTh; yCTaHABINBATh
pEeKJIIaMUpPOBATh

BO3/yX

MIPU MIPOYUX PABHBIX YCIOBUSIX
BO BCEM MUpE

OOYEPETHO

MIEPEMEHHBIN TOK

KOJIMYECTBO

JIOXOJIUThH J0

PAIl YYCHBIX, HE CBSI3aHHBIX MEXKYy COOOM
’KHBas TKaHb

npudop

MIPUMEHEHHE

TIOIXO/

SIKOPh

okomo 1500 r. H. 5.

Ha I'PaHU JABYX BEKOB
JICCTBUTEIILHO, HA CAMOM JIeJIe
YTO KacaeTcs

KaK TOJILKO

TaKKe

TaK K€ KaK

B pe3yJbTare

10 KpaiHeN Mepe
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at once

at present

at rest

at right angles

at the throwing of a switch
at will

attract

bare wire

battery

because it works ‘cold'
because of

before long

behave

below

belts and pulleys
benefit

body

boil

boiling point

bonding sites

broad

brush

bucket-shaped blades
burn

but so far ahead of his time
by overhead cables
by-products

cable

calculate

cpasy, HeMeAJIEHHO

B HACTOSAIIEE BPEeMS

B ITIOKOE

IOJT IPSIMBIM yTJIOM

IpU BKIIIOYEHUHU PYOMIIbHUKA
0 >KEJIaHUIO

MIPUBJICKATh, IPUTITUBATH
OT'OJIEHHBIN MTPOBOJ

Oatapes

MOTOMY YTO OHA HE HAarpeBaeTCs BO BpeMs pabOThI
U3-3a, BCJIEJICTBUE

OYEHb CKOPO

BecTU cebs1, paboTaTh

HUXKE, BHU3Y

pPEeMHHU U OJIOKU

BBITO/1a, TOJTh3a

TEJ0

KUTIETh

TOYKA KUTICHUS

CBOOOJIHBIE CBSI3H

HIUPOKUI

mIeTKa

KOBIIIEOOpa3HbIC JIOMACTH
CKHUTATh

HO OH HaCTOJIbKO OTIEPEINII CBOE BPEMS
110 BO3IYIIHOMY Ka0elto
0OOYHBIE MPOTYKTHI

Ka0esb

pacCUUTBIBATDL, BBIYHUCIIATH
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capacity

carry

carry out
cause

cell

certain

change
channel
charge
chemical
chemistry
closed circuit
coal

coil

coil of pipes
cold-jet injection
collision

come into contact
commutator
compared with
complete
compression
condition
conduct
connect
consider
considerable
consist of

constant

MOII[HOCTh; CLIOCOOHOCTh; EMKOCTh
HECTH; MIPOITYCKATh (TOK)
POBOJAUTH

BBI3bIBATh, 3aCTABJISATh; IPUUUHSIThH
AJEMEHT

HEKOTOPBII; OIPEICTICHHBIN
HU3MEHSTh, IPEOOPA30BHIBATH
KaHal

3apsia

XAMHUYECKUN

XUMHS

3aMKHYTas 1eMb

yToJb

KaTylka

3MCCBHUK

BCIIPBICKHMBAHUC CTPYHU XOJ'IOI[HOﬁ BOJbI

CTOJIKHOBEHHE
COITPUKACATHCSA
KOJUJIEKTOP

110 CPABHEHHUIO C
3aMKHYTBIN; [OJIHBIN
cxatue

YCJIIOBUE; COCTOSIHUE
IIPOBOJUTH
COEJIMHSATD, CBS3BIBATH
paccMaTpuBaTh; CYUTATH
3HAYUTEITbHBIN
COCTOSITh U3

MOCTOSTHHBIHN
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construct

consumer

contain

continue

contribution

control

conventional

convert

cool

copper

cord

core

cotton gin

covalently bonded carbon atoms
cover

credit for its discovery is given
current

damage

dangerous

data

dead centre

deal with

decisive 'break-through'
decrease

degree

deliver

desirable

destroy

detect

CTPOUTB, CO31aBaTh
NOTpeOUTENH

COJIepKaTh

IIPOJOJIKATH

BKJIa

YIPaBJIATh, KOHTPOJIUPOBATH
OOBIYHBIN, OOLIENPHUHSTHIN
npeBpaunaTh, IpeoOpa3oBbIBATh
OXJIAXK1aTh

MeJlb

[IHYD

CEplICUYHUK

XJIOIIKOOYHCTHUTCJIbHAA MalllhHa

KOBAJICHTHO CBA3aHHBIC ATOMBI YIJICPpOdad

IMTOKpPbLIBATH

YCCTh €I'0 OTKPBITHA IIPUHAJICIKUT

AJIEKTPUUYECKUN TOK
pa3pyuiaTh, MOBPEKIATH
ONACHBIN

JIQaHHBIC

MEpPTBask TOUKa

UMETH JIEI0; pacCMaTpUBaTh
peIIaroIIi MOMEHT
YMEHBIINTh, IOHUKATh
rpaayc; CTeNEeHb
JIOCTaBJISATh
JKeJIaTeJILHBIN
pazpyiaTh

0OHapyXUBaTh, OTKPHIBATH
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determine
develop
develop heat
development
device
diehards
difference
direct current
direction
discharge
discover

distribution

do not appear out of the blue

do without

drive

due to

effect

efficiency
electric(al)
electrical engineering
electrify
electromotive force
emit

employ

engineer
engineering
enterprise
equipment

establish

OTIPEIEIATh
pa3BUBaTh, pa3padaTHIBAThH
BBIJICIIATH TEILIO

pa3BUTHE

puoOp, MPUCIIOCOOJICHHE
KOHCEPBATOPHI

Pa3HOCTh, pa3HUIIA
MOCTOSIHHBIN TOK

HaIpaBJICHUE

paspsoKaTh

OTKpBIBaTh, 0OHAPYKUBAThH
pacmpeiesieHue

"Kak rpoM cpeu sicHOTro Heba"
00xo1UThCs 0€3 uero-amudo
IIPUBOJIUTH B IBMYKCHHC
Oyarogapsi, BCIEJACTBHE, H3-3a
JIEHCTBYE, BIUSHUE, PE3YIbTAT
3 PEKTUBHOCTD; KIIJT
3JIEKTPUUYECKUI
AIEKTPOTEXHUKA
ANEKTPUPUIIUPOBATH; DIEKTPU3OBATH
AIICKTPOJIBIDKYIIAS CHIIA
U3JTy4aTh, BBIACIATH, UCITYCKATh
UCIIOJIb30BATh, MPUMECHSITh
WHKCHED

TEXHHUKA

PEANpUsATHE

obopymoBaHue

y4peKI1aTh, OPraHU30BbIBATH
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excess

exist
expansion
expect
expensive
experience
explain
explore
facility
famous

far apart

fault
‘feed-back’ devices
field

field winding
finally

find out

fire

first application of mass production
methods

fit

flow

flux

follow

force

free

freezing point
friction

fulfil

M30BITOK, U3JIUIIEK
CYIIIECTBOBATH

pacuIMpeHue, yBeaInueHne
OKHJIaTh; PACCUUTHIBATH
IOPOTromn

UCTIBITHIBATD; MPETEPIEBAThH
OOBSICHATD

UCCIIeI0BATh, U3YYaTh
coopy:KeHue, 000py0BaHuE
W3BECTHBIN

Ha PACCTOSIHUU
MTOBPEXKICHNUE, aBapus
puOOpHI ¢ 0OPATHOM CBSI3BIO
noJie; 00J1acTh (HAyKH, TEXHUKH )
00MOTKa BO30YXACHUS
HaKOHeI

BBISICHSTD; [IOHUMATh

OTOHB; TIOXKAP

NepBOE MPUMEHEHHUE METO0B MPOMBIIILIEHHOTO
(MaccoBOro) MPOU3BOJICTBA
COCIUHSTh, MOATOHSATh

TEYhb

TOTOK

cienoBaTth (3a)

cuiia

CBOOOTHBI

TOYKA 3aMepP3aHUs

TpeHUe

BBITIOJIHATH
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furnace

fuse

gas-blast system
gear wheels
Geiger counter
generally
generally speaking
generate
generator

glass

great deal
growth

harness

heat

hence

high-precision engineering

his famous kite-and-key experiment

implementation
in addition to

in case

in certain respects
in motion

in no time at all

in one's turn

in question

in spite of

in the form

increase

reyb, TOpH
MPEIOXPAHUTEIIb

cUcTeMa, OCHOBaHHas Ha B3pbIBE raza
3y0uaThle Kojeca

cuetuuk | enrepa

0OBIYHO

BOOOIIIE TOBOPS

HpOHBBOﬂHTB,BHpa6aTHBaTB,FGHCpHpOBaTL

TeHepaTop
CTEKJIO; CTaKaH
3HAYUTCIIHHO

pOCT, YBEITUYECHHE

UCIIOJIb30BATh IHEPTHUIO (BObI, BETPA, COJTHIIA)

TCILIO, TCIIJIOTA
CJICAOBATCIBHO

YCTPOMCTBA BBICOKOW TOYHOCTH

CBOM 3HAMEHHTBIN OMBIT C BO3AYIIHBIM 3MEEM U

KIJIFOUOM
BBINIOJIHEHUE, OCYIIICCTBICHUE
B00ABOK, B JOITOJITHEHHUE

B ClIy4ae

B HEKOTOPOM OTHOIIICHUH

B JIBMJKEHHU

MTHOBEHHO

B CBOIO 0Yepe/ib

00CyX1aeMblid, 0 KOTOPOM UJIET PEUb
HECMOTpS Ha

B BUJIE

BO3pacCTaTh; YBCINIUBATDH
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indicate MMOKAa3bIBATh, YKa3bIBATh

induction coil WHAYKIIMOHHAS KaTyIIKa
induction motors HUHIYKIIHOHHBIE MOTOPBI
influence BIIUSATH

inject BBOJIMTb, BIIPHICKHBATh

input BXOJI; ITOJIBOIUMAsi MOIIIHOCTb; BXOTHOM
install yCTaHaBIUBaTh, MOHTUPOBATH
instead of BMECTO

insulation U30JISIUS

interact B3aUMOJECUCTBOBATH

into the national grid B HAIlMOHAJIBHYIO SHEPTETHICCKYIO CUCTEMY
introduce BBOJIUTH

invent n300peTaTh

investigation WCCIICJIOBAaHHE

ionize MOHU3HUPOBATH

iron KeIe30

kind BU/I, PO

knowledge 3HAHUS

laboratory naboparopus

lack HYXIAThCSI

last COXPAHATHCS, JITUTHCS

launch 3aITyCKaTh

law 3aKOH, MMPaBO

leak off yTeKaTh

light yTeKaTh

like ITOOOHBIH, ITOXO0KHH, KaK
likely BEPOSTHO

liquid JKUIKOCTH

load Harpyska
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local hospital decided to raise funds
lose

machinery

magnetism

maintain

make reference

make up

make use

master

matter

mean

means

measure

meet requirements
mention

mercury

mighty

missing bonding electron
mission

more or less

moreover

most would-be turbine inventors
motion

movement

name after

natural

needle

needless to say

negative

MECCTHasd 6OJ'ILHI/II_[3 peiniia N3BJICYDb BbITOAY

TEPSTh
MAaIllWHbI, MEXaHU3MBbI
MarHeTu3M

00CITy’>KUBaTh, COAEPKAThH
CChUIAThCA HA, YIOMUHATH
COCTOATH

UCII0JIB30BaTh

OBJIAJIEBATH

BEILECTBO, MaTEPHUSI

3HAYNTh, O3HAYATh

CpPEACTBO

U3MEPATH

yIIOBJIETBOPSATH TPEOOBAHUSAM
yYHOMHUHATh

PTYTh

MOUIHBIN, MOTYIIIECTBEHHBIN
neheKTHBIN IEKTPOH
3a/1a4a, moJieT

0oJjiee UM MeHee

0oJiee Toro

OOJIBIIMHCTBO MEYTABIIMX U300peCTH TypOUHY

IIBIOKCHUEC
JIBUOKCHUEC
Ha3bIBATh B YECTh
€CTECTBECHHBIN
CTpeJIKa

HEYEro U TOBOPUTH

OTPHULIATENbHBIN
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negligible
nevertheless
no longer
note

now and then
nozzle
nuclear
number
numerous
observation

obtain

of getting rid of
offer resistance
on the basis of
on the one hand
on the other hand

on the spur of the moment

open circuit
operate
opportunity
output
overheat
particle
pass

path
peaceful
per capita
perform

phenomenon

HE3HAYUTENbHBIH, TPEHEOPEKUMO MAITBIN
TEM HE MEHEe

OoJIbIIIEC HE

O0TMEYaTh

BpEMsI OT BpEMEHU

COILJIO

SIIEPHBIN, AaTOMHBIN

YUCII0; HOMEP

MHOTOYHCIICHHBIN

HaOIOIeHNE

MOJIy4aTh

OCBOOOJIUTHCS OT

OKa3bIBaTh COMPOTUBIICHUE

Ha OCHOBE

C OHOM CTOPOHBI

C ApYrou CTOPOHBI

AKCIIPOMTOM

pa30MKHYyTas Leb

paboTaTh, 1€HCTBOBATH
OyaronpusiTHas BO3MOXKHOCTb
BBIXO/IHASsI MOIIIHOCTh; BBIXOJIHOM
neperpeBaTh

4acTula

POMYCKaTh

MyTh, KOHTYP AJIEKTPUUYECKON 1IeTTH
MUPHBIN

Ha YeJIOBEKA; Ha AYILIy HACEJICHUS
BBIIIOJIHATh, COBEPLIATH

SABJICHHUC
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physics
place

play a part
point out
pole
positive
pOSSess
potential difference
power
predict
present
pressure
previously

primary

principal
produce
prominent
promote
properly
property
protect
prove
provide
purpose

put into operation
put into use
quantity

random

¢duznka

IMOMEIIATh, KIaCTh

UTpaTh POJb

yYKa3bIBaTh

MOJTFOC; CTOJI0, oropa
TTOJIOKUTSITLHBIN

0071a1aTh

Pa3HOCTh MOTEHIIUAJIOB
SHEPrus; nepkaBa
MPEeCKA3bIBATh

MPEJCTABIATD

JIaBJICHUC

paHee, IpeaBapUTEIBLHO
NIePBUYHBIN; TEpBUYHAS OOMOTKA
TpaHcopmaropa

OCHOBHOM, I'JIaBHBIN
MPOU3BOJIUTh, CO3/1aBATh, BHIITYCKATh
BBIJIAIOILMICS, U3BECTHBIN
CIT0COOCTBOBATH, COJICHCTBOBATH
JOJIKHBIM 00pa3oM, MPaBUIILHO
CBOKMCTBO

3alHIIATh

JIOKa3bIBATh

CHa0aTh, 00eCIIeYNBaTh

11eJ1b, HAMEPEHUE

BBOJIUTH B JICICTBUE

BBOJIUTH B JCHCTBUE, 3aITyCKATh
KOJIMYECTBO

OecropsIIOUHbIH, CTyYalHbIN
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range

rare earths
rate

rated capacity
reach

reason

reciprocating movement

reduce
relation
reliable
remember
remove
repel
replace
represent
require
research
resist
resistivity
return
reverse
revolutions
rise

rotate
rubber
rule

safety device
satisfactory

scale

JVAIa3o0H

PEAKO3EMEIIBHBIE METAILIIBI

CKOpPOCTb

HOMHHaJIbHAsl MOIITHOCTh

JNOCTUTaTh

PUYNHA, OCHOBAHUE
BO3BPATHO-TIOCTYNATEIBHOE IBUKECHUE
MOHUXAaTh, YMEHbIIATh

CBSI3b; OTHOLLICHHUE

HaJae KHBINA

MIOMHUTb, BCIOMUHATH

YAANSATh, YCTPAHATD

OTTAJIKUBaTh

3aMEHSATH

MPEICTABIATD

TpeOOBaTh

UCCIIEJOBAHNE

COITPOTUBIIATHCS, TPOTUBOIEUCTBOBATH
YAEIBHOE COIPOTUBIIEHUE
BO3BpAIIAThCS

U3MEHTh Ha 00paTHOE, pEeBEpPCUPOBATH
000pOTOB B MUHYTY

MOJHUMATHCS, BO3PACTATh
Bpaiathb(csi)

pe3uHa

MIPaBUIIO

IPEIOXPAHUTEIIBHOE YCTPOMCTBO
MIPUEMJIIEMBIH, YIOBJIETBOPUTEIbHBIN

MaciTa0; mKaja
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scientific

secondary

semiconductor
serve

short circuit
shunt

similar

single

size

socket

solar

solve a problem
source

source of supply
speed
squirrel-cage motor
stable elements
statement
stationary

stay

steam power plant
steel

step down

step up

stepping stone
straight

stroke of luck

subject

Hay4YHBIN

BTOPUYHBIN, BTOpUYHAsi OOMOTKA
TpaHchopmMaropa
MOTYTPOBOHUK

CILYKUTh, OOCITY>KUBATh
KOPOTKOE 3aMbIKaHHE

LIYHT; ITIyHTOBOM

OJMHAKOBBIN, IIOX0XUW, OJTHOPOIHBIN
OJINH

pasmMep

pO3eTKa, MaTpoH (IIEKTPOIAMIIBI)
COJIHEYHBIU

pemaTh 3aady, npooiemy
UCTOYHUK

UCTOYHUK MUTAHUS

CKOpOCTh

MOTOp THNa OETMYBEro Kojeca
YCTONYMBBIE IIEMEHTHI
yTBEpKIeHUE; POPMYyIHPOBKA
HETIOJIBUXKHBIN, CTAIIMOHAPHBIN
OCTaBaThCS, KUTh

TEIJIOBAsI DJICKTPOCTAHITUS

CTajlhb

MOHUXATh

MOBBIIIAThH

Kak MEPBbIM 1Iar, KaK TPaMIUIMH
PSMOM

OoJiplas yaaya

MIPEAMET; TEMa
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substance
successfully
suddenly
sufficiently
supply
suspend
switch

take place
take time
tend

tension
term
terminal
that is to say
the former
the latter
the rest

theory

thermionic converter

time and labour saving appliances

torque
transform
transmit
travel
trouble
truly

try

turn

turn off

BEIIECTBO; MaTEPHs
YCTICIITHO

BIPYT, BHE3AITHO

J0CTaTOYHO

CHa0kaTh, 00eCIIeUNBaTh
TIO/IBEIITUBATH

BBIKJTIOUATEITh

MPOUCXOJIUTh, UMETh MECTO
3aHUMAaTh BPEeMs

CTPEMHTHCS, IMETh TCH/ICHITHIO
HaIpsHKEHUE

TEPMUH

3aKHUM, BBIBOJI, KJIEMMa

TO €CTh, UHBIMHU CJIOBAMHU
TIEPBBIA U3 YITOMSHYTBIX
MOCJICTHUHN U3 YIOMSHYTHIX
OCTaTOK; OCTaJIbHOM

TeopuUs

TEPMOHMOHHBIN TIPE0OPa30BATEND
AIEKTPONPUOOPHI, SKOHOMSIITUE BPEMS U TPY
MOMEHT, ITyCKOBOM MOMEHT
npeoOpa3oBLIBATH

nepeaaBath (JICKTPOIHEPTHIO)
MyTEIIeCTBOBATH
HEUCITPaBHOCTH, TIOBPEKICHUE
MOVCTHHE

IIBITATHCS; UCTIBITHIBATH

BUTOK

BBIKJIIOYAaTh
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turn on
twitching effect
under consideration
unit

unless

unlike

valuable

value

variety

various
velocity

vessel

voltage

voltaic pile
waste

watch television
waterfall

wave

weight

well above
white-hot
whole
willy-nilly
winding

wire

withstand

BKJIIOYaThb

3¢ (PEKT COKpaIIeHNUs MBITIII]

paccMaTprUBaeMBbIi
yCTaHOBKa, arperar
€CJIM HE
Pa3HOUMEHHBIN
LICHHBIN

BEJIMYHHA
pazHooOpazue
pa3IuYHbIN

CKOPOCTh

KOTEJI peakTopa
HanpsHKeHUe
rajbBaHHYecKas Oarapes
noTeps, mycrasi TpaTta
CMOTpPETH TEJIECBU30P
BOJIOMA]T

BOJIHA

BEC

HAMHOTO BBIIIIE
packajeHHbIN qo0ena
LEbIN, BECh
BOJICH-HEBOJICH
00MOTKa

IPOBOJI

BBIACPIKHNBATDH
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APPENDIX

CIIMCOK COKPAIIIEHUM, YACTO BCTPEUAIOIIIUXCSI

B HAYYHO-TEXHUYECKOM JINTEPATYPE
BEJIMKOBPUTAHHUMU U CIIIA

Cokpamenue | [lonHoe 0003HaueHHE IlepeBon

abr. abridgment KpPaTKOE M3JI0KCHHE

a. h. ampere-hour amrep-Jac

a..m. ante meridiem (zam) JI0 TIOJTY THS

amp ampere amriep

at. wt. atomic weight aTOMHBII BeC

b.p. boiling point TOYKA KUTICHHSI

Br. P British Patent bputanckuii mateHT

b.s. 1. 006e cTOpOHBI, IBYCTOPOHHUI;
2. cMOTpH Ha 000poTe

bu bushel Oymrens = 36,4 1

C centigrade CTOTpalyCHas TeMIIepaTypHas
mikana (Ilenbcust)

C. cent LEHT

cal. calorie KaJjgopus

. 1. eMKOCTB; 2. EeMKOCTHOE

cap. capacitance
COIIPOTHBIICHUE

c. C. cubic centimetre KyOWYEeCKHI CAaHTHMET]P

C.C.W counterclockwise MIPOTHUB YaCOBOU CTPEIIKH

cf. confer CpaBHH

c. f.T. cubic feet per minute KyOudeckux GyToB B MUHYTY

c.g. center of gravity IEHTP TSHKECTH

Ch. chapter rjaBa

Cp candle power CHJIa CBETa B KaHelax

CR.O. cathode-ray oscillo- DJIEKTPOHHO-JTy4EBOM

scope OCIIWJIJIOCKOTI

cu. cubic KyOudecKuit

CwW clockwise 10 YaCOBOM CTpEJIKe

d. density IJIOTHOCTD

db decibel neuuoern
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d.c. direct current TIOCTOSIHHBIN TOK

deg. degree 1. cTenenp; 2. rpaayc

doz. dozen TIOKUHA

e.g. exempli gratia (zam.) HaATIpUMeEp

E.M.F,; :

emf electromotive force AIIEKTPOIBIOKYIIAS CHITA

etc. et cetera (;1at.) U Tak Jiajee

F Fahrenheit TemrneparypHas mkaina dapenreiita

f. foot; feet GyT; GyTHI

fig- figure PHUCYHOK, YepPTEK

FM frequency modulation JacTOTHAs] MOYJISITUS

f.p.m. feet per minute (GyTOB B MUHYTY

G AT (_Sreenwich apparent WUCTUHHOE BPEMS TI0

time ['pHHBHUYCKOMY MEpPUIHAHY

gr. gramme rpamMm

hf. h. half-hard CpPEIHEH TBEPIOCTH

Hi-Fi, hi-fi | high-fidelity BBICOKAsI TOYHOCTH

hp horse power JOMIauHAS CUla

I e. id est (ar.) TO €CTh

kg. kilogram KHAJIOTPaMM

km. kilometre KHAJIOMETP

kva. kilovolt-ampere (kilovar) (CTOIBKO-TO) PEAKTHBHBIX
KHAJIOBOJIbT-aMITep

kw. kilowatt KHJIOBATT

E\rNh’ kw- kilowatt-hour KUJIOBATT-4ac

l. litre JHUTP

Ib. libra (;at.) = pound ¢byHT (453,6 1)

LH left-hand JICBOCTOPOHHHH, C JICBBIM XO0M

m. metre METpP

mi. mile MUJIS

mm. millimetre MUJUTAMETP

mol. wt. molecular weight MOJICKYJISIPHBIA BEC

m. p. h. miles per hour (CTOJIBKO-TO) MUJIb B 4Yac

N normal HOpPMAaJIBHBIHN; YHUCII0, HOMEP

NBC gt?r:ZZ?:jSBureau of HannonansHoe bropo Crannaptos

No number HOMEp
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0z. ounce yHIuA (28,35 2)

P. power MOII[HOCTb

p. page CTpaHHIa

p. M. post meridiem (zam.) (BO CTOJILKO-TO) YaCOB IOIOJTYTHH
p.S. per second B CEKYHTY

psi. pounds per square inch (GYHTOB Ha KBaJpaTHBIA JIOWM
R. F. radio frequency paarovacToTa

r.p.m revolutions per minute 000pOTOB B MUHYTY

S. shilling IIVJLTAHT

sec. second CeKyHJIa

s/n signal to noise OTHOIICHUE «CUTHAI-TITYM)
sp. gr. specific gravity yIEITbHBIN BeC

Sq. square KBaJIPaTHBIN

sq. ft. square foot KBaJpaTHBIN QyT

Tee T-type T-o6pa3Hblii

tn ton TOHHA

TV television TEJIEBUIECHNE

Viz videlicet (ram.) TO €CTh, @ UMEHHO

vol volume TOM

VS. VEersus (ram.) MPOTHUB; B CPABHEHUU C

yd. yard spa (91,44 cm)
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