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BBEAEHUE

YuebHoe mocoOue TMpeaHasHAYeHO [JIi pPa3BUTHs HABBIKOB UYTCHUS U
NepeBoJia AHTJIOS3BIYHOM HAyYHO-TEXHHYECKOW JIUTEPATYpPhl W YBEIHMYCHUS
CJIOBapHOTO 3amaca.

[Tocobue cocTtouT u3 Tpex pazjaenoB. B mepBoM pasznene mnocoOus
MpPEJICTaBJIeH  TEOPETHYECKU  MaTrepuaa MO  OCHOBHBIM  acleKTaM
MEePEBOTYECKON MPAKTUKH U JIEKCUKO-TPAaMMaTUYE€CKUM TPYIHOCTSIM MEPEBO/Ia,
a TaKXe JIaHbl PEKOMEHJAIMU MO CO3/IaHUI0 TOYHOTO U MOCJIEI0BATEIHHOTO
mporiecca TiepeBojia. BTopoil paszmen BKIOYAaeT B ceOS  TEKCTHI IS
ayIUTOPHOTO W BHEAYJAUTOPHOTO UTEHMS II0 CICIMAJIbHOCTH, a HWMEHHO,
0OllleHayYHbIE TEKCThl U HAYYHO-TEXHUYECKHE TEKCThI MO CIEIUaTbHOCTH, a
TaKke Ha0Op JEKCHUKO-IpaMMAaTHYECKUX YIPAKHEHUH I aKTHBU3AIMU
rpaMMaTUYECKUX CTPYKTYp U JIEKCUKH MO CHEUalbHOCTU. TpeTuil pazaen
COJICP)KHUT CIIOBAPb-MUHUMYM C II€JbI0 OOJIErYuTh MpOIECC IepeBoda H
pedeprpoBaHus HAy4YHBIX TEKCTOB IO CHEHUATBHOCTH M MOXKET OBbITh
UCIIOJIb30BaH KaK CIPAaBOYHUK MPH caMoCTosTenpbHON pabore. Kpome Toro, B
nocobuu uMmeeTcs: Tpu npwioxkenus. [lpunoxenue 1 comepxkut Gppasbi-Kiuiie
s pedepupoBanust Tekcra. Ilpunoxxenue 2 — mHpopmainioo 00 OCHOBHBIX
apu(METUIECKUX BBIPAKCHUSAX W MPABWIAX WX YTEHUS HA aHTJIMMCKOM SI3BIKE.
B Ilpunoxenun 3 mpencTaBiCHbl AaHIJVIOA3BIYHBIE HAYYHO-TEXHUYECKHE

pecypcbl cetu HTepHeT.



PA3JIEJI |I: TEOPETUYECKUI MATEPUAJI

1.1. OcHOoBHAas 321a4a HAYYHO-TEXHUYECKOI0 NepeBo/ia

Hayynasa cneunuanuszanuss 3TO SIPKHM NPU3HAK COBPEMEHHOIO MUpA.
B HacTosimiee BpeMs CyHIECTBYET HEOOXOAMMOCTH B BBIJCJICHUM HAay4YHO-
TEXHUYECKOTO TEPeBOJia HE TOJbKO Kak 0co00Tro BHAA TMEPEBOIAYECKON
NEATEeNIbHOCTH U CIEHHAIIBbHON T€OPUHU, UCCIAEAYIOMIENH ITOT BUJ JEATEIbHOCTH,
a TakkKe TNPUCBOCHHMM  HAy4YHO-TEXHHUYECKOMY  II€pEBOJY  CTaryca
CaMOCTOSTEJIbHOW MPUKIIATHON JUCHUILUIMHBL. C TOYKU 3pEHUSI JTUHTBUCTHUKH,
XapaKTEepHbIE 0COOEHHOCTH HAay4YHO-TEXHUYECKOU JUTEPATyPhI
PacIpOCTPaHAIOTCA HAa €€ CTUWIMCTUKY, TPAMMATHKY U JIEKCUKY.

OcHOBHasi 3ajJa4a HAYYHO-TEXHHMYECKOT0 IepeBOJa COCTOUT B
OpeleNbHO SICHOM W TOYHOM JOBEACHUH 1O YHUTAaTeNsl CcooOIaeMoi
uHpopmanuu. ABTOpP HAYYHO-TEXHUUYECKON CTAaThbU CTPEMUTCS K TOMY, UYTOOBI
UCKIIFOYUTh  BO3MOXHOCTb  ITPOU3BOJIBHOTO  TOJIKOBAHUSI  MEPEBOAUMOIO
MPEUIOKEHUS, BCJEACTBUE YEr0 B TEXHUYECKOW JUTEparype IOYTH HE
BCTPEYAIOTCS TaKU€ BbIPa3UTEIbHBIE CPEJCTBA, KaK MeTaopbl, METOHUMHUH U
IpYrue CTWIMCTHYECKHE (UTYphl, KOTOpPbIE IIMPOKO HCIOJIB3YIOTCS B
XY/I0’)KECTBEHHBIX MPOU3BEICHUSAX JI1 TPUJAHUS PEUYU KUBOrO, OOPa3HOro

XapakTepa.

1.2. Tunbl HAYYHO-TEXHHUYECKOI0 MepPeBo/ia
MO>KHO BBIAEIUTH CICAYIOIMINE THIIbI HAYYHO-TEXHUYECKOr0 Nepesoa:

® 1IEpPEBOJI HAyYHOU JIUTEpATypbl — TMEpeBOA (PyHIAaMEHTAIbHOU

JUTEpaTyphl MO HAayKe M TeXHUKE (MOHOrpaduu, KHUTH, Y4YEOHUKH,
JIMCCEPTALIN);

o IIEPEBOJI HAYYHO-TCXHUUYECKOU JUTEpPATyphl — IepeBoO g crarey u3

HAay4YHO-TEXHUYECKUX KYPHAJIIOB U COOPHUKOB, JOKJIAJ0B Ha KOH(EPEHIIUSX,
MaTEHTHBIX JOKYMEHTOB, OTYETOB;

o IIEPEBOJI NIPOU3BOACTBEHHO-TEXHMUYECKON JUTEPATyphl — InepeBoa

AOKYMCHTOB IIPOU3BOACTBCHHOT'O HAa3HAYCHUS (I/IHCTPYKI_[I/Iﬁ I10 3KCILIyaTraluu,



TEXHUYECKUX CIPABOYHUKOB, PYKOBOJACTB, KaTaJOroB MallMH W IpHOOPOB,
JOKYMEHTOB);

L IICPEBO/L HaV‘-IHO—HOHVJIHDHOﬁ JIUTCPATYPHI — IEpCBOJA HAYUYHO-

TEXHUYECKOHN JIUTCPATYypbl B aAAIITUPOBAHHOM BHUAC U IIOIIYJIAPHOM H3JIOKCHUN

JJIAA MaCCOBOI'O YHMTATCJIIA.

1.3. TpebGoBanus k nepeBoay

HayuyHo-TexHuueckuii mepeBoji TpeOyeT XOpONIEro 3HaHUS s3bIKa
nepeBojila U opuruHaia. [IoCKOIbKYy Hay4HO-TEXHUYECKHI IMEPEBOJI CBS3aH C
OTPE/ICIICHHON O0JACThI0 HAYKUM M TEXHUKHU, OH TPEOYEeT XOPOIIEro 3HAHUS
IpeaMETa, OMUCHIBAEMOr0 B OPUTMHAJIE, 4 TAK)KE 3HAHUSA METOJIUKU U TEXHUKH
nepeBo/Ia.

OcHoBHbIE TpeOOBaHUs, KOTOPHIM JIOJDKEH YJIOBJIETBOPSITH IEPEBOI;

e TOYHas lepenadya TEKCTa OpUruHania;

e CTporas SCHOCTh HW3JIOKEHHUSI CMbICIA MPU MAKCUMAIBHO CXKAaTOM M
JAKOHUYHOM (QopMe, TMpHUCYIIed CTUIKO PYCCKOM HAyYHO-TEXHUUYECKOMH

JUTEPATYPHI.

1.4. Jlekcuko-rpaMmmaTruyecKue OCOOCHHOCTH HAYYHO-TEXHUYECKOH
JIUTEPATYPbI

HeoOxoaumo 4YeTKO MOHMMAaTh, 4YTO crenudurka HaydIHO-TEXHUYECKOTO
MepeBoia 3aKJI0YaeTCs, MPEXKIe BCEro, B TOM, UTO OH HMMEET AEJI0 C 0COOOM
chepoli UeTOBEUECKON EATEIbHOCTH — pPa3IMYHBIMU OOJIACTSIMU HAyKu U
TEXHUKH, IS BBIPAXKEHUSI KOTOPBIX CYIIECTBYIOT ONPEAECIECHHBIE JJEKCUUECKHE,
rpaMMaTUYe€CKUE U CTUJIMCTUUYECKUE CPEICTBA S3bIKA.

Hanbonee THUNMUYHBIM JIGKCHYECKUM TIPU3HAKOM HAyYHO-TEXHUUYECKOMN

JIUTCPATypPhbI ABJISIETCA HAaCBbIIIICHHOCTb TEKCTa TCPMHUHAMU n

TCPMHUHOJIOTHYCCKUMHU CJIOBOCOYCTAHUAMHU, a4 TAKIKC HAJINYUC CJ'IV)KC6HBIX )41

BBOJIHBIX CJIOB M COKPAIIEHUH, JEKCUUECKUX HOBOOOPa30BaHUN U PEATIUH.

TepMHUHBI — 3TO CJIOBA WJIM CIIOBOCOYETAHUS, KOTOPHIE MUMEKT CTPOro
ONpPE/CIICHHOE 3HAYEHWE B TOW WIM HHOM O00JAaCTM HAyKW U TEXHUKH.

OHHM TOYHO BBIPpAKAIOT ITIOHATHA, IMPOLCCCHI W HA3BAHWA BCIJ_ICI\/'I, npucymuc
6



KaKoOW-IM00 oOTpaciud Tpou3BoACTBA. [IpoBecTM 4UYETKyr0 TpaHb MEXIY
TCPMHHAMM M CJIIOBAMM O6I/IXOI[H01“O A3bIKA HE BCEraa BO3MOXKHO BCJICACTBHC
MHOT'OBHAYHOCTHU MHOTI'HX CJIOB. Haan/IMep, TaKHEC 06H_ICI/13BCCTHBIC ITIOHATHA,
kak electricity, temperature, steam locomotive, motor vehicle, u w4acro
ynotpebiseMbie cioBa atom, plastics, vitamin, antibiotic, penicillin, space, e
ABJKOTCA TCpPMHUHAMU B O6I/IXOI[HOM A3BIKC, I'IC TCXHHUYCCKOC HA4daJlO0 UIpacT
BTOPOCTEINEHHYIO (TIOUYMHEHHYI0) poib. C JIpyroil CTOPOHBI, TaKHE MPOCTHIC
cioBa, kak water, earth, flame, liquid, power, clay, silver sBistorcs TepMuHaAMU
B TEXHUYECKOM KOHTEKCTE, KOrJa HECyT NEpPBOCTENEHHYI0 (OCHOBHYIO)
CMBICJIOBYIO HArpy3Ky.

Yto Kacaercsa KJ'IaCCI/I(bI/IKaHI/II/I TCPMHHOB, BCC TCPMHHBI ACJIATCA Ha
IMPOCTHIC, CJIOXKHBIEC H CJIOBOCOYCTAHUAA. BBII[CJISIIOT O6IJ.I€H21Y‘IHBIC )51
O6HI€T€XHPI‘-I€CKI/I€ TCPMHUHBI, OTPACJICBBIC H y3KOCHeHI/IaJ'IBHBIe TCPMHUHEIL.

O6H.ICH&V‘IHBIC TCPMHUHBI — 9TO TCPMHUHBI, KOTOPBIC HCIIOJB3YIOTCA B

HECKOJBKUX 00JIacTIX HayKM MW TCXHHKH. OTDaCJ'IeBBIe TCPMHUHBI — 3TO

TEPMHUHBI, TPUCYIIUE TOJBKO OJIHOM KAKOW-TMOO OTpaciaud 3HaHHUS.

V3KkocneuuanabHble  TEPMHMHBI — 3TO TCPMUHBI, HMCIOIIUC 3HAYCHHA,

XapaKTepHbIE JIJIs1 KAKOW-TMOO0 CIENUATIBHOCTH JaHHOW OTPACIIH.
[Ipu pabGoTe ¢ JIEKCUKON aHTIMHCKON HAayYHO-TEXHUYECKOU JIMTEPATyphl

HaI/I6OJ'IBHIYIO TPYAHOCTL IJIs1 IMOHHMMAaHUS COCTABJIAKOT MHOI'OKOMIIOHCHTHEIC

TEPMUHBI, CO3JIaHHBIC JICKCHYCCKMM W CHHTAaKCHYECKHM CIIOCOOOM, T.C.
MpeJICTaBIISAIONINE COO0M CIIOBOCOYETAaHMS, 0Opa30BaHHBIC IO OMNPEACICHHBIM
MoJeasIM. TepMHHBI B BHIC IICTIOYKH CJIOB OYCHB pacmpocTpaHeHsl. [Ipm mx
IIepPEeBOJIe HEOOXOIUMO YSICHUTH, B KAKOM TIOPSJIKE CIIETyET PAaCKPhIBaTh
3HAUYEHHE JJAHHOTO CJIOBOCOUYETAHU.

B Oecrpemio)kHOM TEPMUHOJIOTHYCCKOM CJIOBOCOYETAHWH TIJIABHBIM
CIIOBOM SIBJISIETCS TIOCIEAHEE CIIOBO. Bce cioBa, cTosimime cieBa OT HETO
UTPAOT  BTOPOCTENIEHHYIO  pOJIb —  poOib  ompenencHus. IlepeBon
OCCIIPEIOKHBIX TEPMHUHOJOTHYECKUX CJIIOBOCOYETAHUN HAI0 HAYMHATH C
TJIAaBHOTO CJIOBA.

[Tpumep: life test — ucnpiTanne Ha CPOK CIYIKOBI.



CymiecTByeT OOJBIIOE KOJIUYECTBO TEPMUHOB, COCTOSAIINX U3 HECKOJIBKUX
KOMIIOHEHTOB.  PaccMoTpuMm  HauOosiee  pacnpOCTPaHEHHBIE  MOJEIH

06pa30BaHI/I}I TCPMHUHOJIOTHYCCKHUX CJIOBOCOYETAHUH.

Hawnbosiee npoyKTUBHBIMU SIBIISTFOTCS CJACTYIONITHE MOJICITH:
1. TepMmuHOIOrHYECKHIE CIIOBOCOYETaHUS, COCTOSIIITUE u3
CYIIIECTBUTEIbHBIX.
[Tpumep: cathode ray tube — snexrponHO-TyUeBas TpyOKa
gravitation force — cuna rpaBuTanun
crystal growth method — meTo BeIpanuBaHus KPUCTAILIOB
frequency changer set — arperat npeoOpa3oBaHHs YaCTOTHI
power station basis regime — 6a3ucHbBIN PEKUM JICKTPOCTAHIIAN

2. TepMHUHOJIOTHYECKUE CJIOBOCOUYETAHHMSI, COCTOSIIIIUE W3 MPUIIaraTeIbHbBIX
U CYIIIECTBUTEIbHBIX.
[Tpumep: magnetomotive force — MarHUTOABMKYIIIAS CHIIA
qualitative difference — kauecTBeHHOE pa3InyHne
direct current — moCTOSTHHBII TOK
asynchronous machine — acHHXpOHHas MallIuHa
energetical system power balance — OGamanc MoIHOCTH

OHCProCUCTCMBbI

3. TepMHHOJIIOTHYECKHE CIOBOCOYETAHUS, COCTOSIIMAE W3 MPUYACTHN U
CYIIIECTBUTEIbHBIX.
[Tpumep: alternating current — mepeMeHHBII TOK
carrying capacity — nmpomyckHas CliocOOHOCTb
attracting ability — cBolicTBO pUTSIKEHUS
fixing device — apmaTypa u3oaTOpa
switching device recovery — Bo3BpaT KOMMYTAI[HOHHOTO

ammapara



4. TepMUHOIOTMYECKHE  CIIOBOCOYETAHMS, COCTOAIIME U3  Tpex
KOMITOHEHTOB:
e Hapeuue + npudacTtue (WM mpuiararesibHoe) + CyleCTBUTEIbHOE

[Tpumep: directly heated cathode — kaTox npsiMoro Hakana

highly  doped semiconductor —  CHJIBHOJCTHPOBAHHBIN

MOJIYTTPOBOIHUK

highly redundant hologram — rosorpaMmmMa ¢ BBICOKOW
M30BITOYHOCTHIO

positively charged particle — mnonoxurenpHO 3apspKeHHAS

JacTHUIa

e MpHUYACTHE + MPUIIAraTeIbHOE + CYIIEeCTBUTEILHOE
ITpumep: discentralized electrical supply — nmeunenrpamu3oBaHHOE
IICKTPOCHAOKEHHE
united energetic system — eguHas sHeprocrucTeMa
protected electrical device — 3anumIeHHOE AIEKTPOTEXHUIECCKOE
U3IeITHe

insulated energetical system — uzonupoBaHHast 3HEprocucTeMa

¢ CYHCCTBUTCIIBHOC + IMpuiIararcibHOC + CYmCCTBUTCIIBHOC

[Tpumep: voltage-sensitive device — mpubop, pearupyromui Ha
HaIpsHKEHUE
transformer accidental regime - aBapuiHBIH  peXUM
TpanchopmaTopa

explosion-proof motor — B3psIBO3ANIUIIICHHBIN JJIEKTPOABUTATEb

transformer secondary winding - BTopu4Has 0OMOTKa
TpaHcgopmaTopa

transformer  higher voltage — Beicliee  HampspKeHUE
TpanchopMaTopa

¢ CYIICCTBUTCIBHOC + npu4acCTHucC + CYIICCTBUTCIILHOC



[Tpumep: computer-aided design — aBTOMaTH3MPOBAHHOE MPOCKTUPOBAHKE
safety isolating transformer — Oe3omacHbBIN pa3aEIUTCIBHBIHA
TpaHcpopmaTop
oil-filled cable — macmonanonHeHHBIN Kabeb
pole-mounted substation — wMautoBas (TpaHchopMaTopHasi)

MOICTAHIIUS

5. TepMUHOIOTUYECKHE CIIOBOCOYETAHMS, BKIIFOUAIOIME UH()UHUTUB
[Tpumep: ready-to-assemble product — u3aenue, roroBoe Kk cOopke
ready-to-change position — mo3uiys rOTOBHOCTH K CMEHE (HaIp.

MHCTPYMEHTA)

KpomMe TOro, 3HaYUTEIBHYIO POJIb B TEXHHUYECKOW JUTEPATypEe HIPAIOT
cayxeOHble ((PYHKIMOHAIbHBIE) CJOBA, CO3JAIONINEC JIOTHYCCKUE CBS3H
MEKy OTIACIbHBIMHM 3JIEMECHTAMH BBICKAa3bIBAHWUN. JTO MPEUIOTH M COIO3BI (B
OCHOBHOM COCTaBHBIE) THIMa: ON (1mo), Upon (oTHOCUTENbHO), IN (Ha), after
(mocne), before (mo), besides (kpome toro), instead of (Bmecto), in preference
to (mo orHomenuro k), apart (aside) from (kpome), except (for) (3a
uckimoueHuem), in addition (to) (B nomonHenue x), together with (Bmecte c),
owing to (Bcieactsue), due to (u3-3a), thanks to (6iaromaps), according to (B
cootBercTBUHU ¢), because of (mo mpuumnue), by means of (mocpencrBom), in
accordance with (B coorBerctBum c¢), in regard to (B orHomeHum), in this
connection (B cBs3u ¢ atum), for the purpose of (¢ nensro), in order to (s
TOrO, 4T00BI), @S a result (B pesynprare), rather than (ckopee uem), provided
(mpu ycioBun), either... or (wam ... miam), neither... nor (am ... Hu), in fact
(pakTHyeckn).

W napeuuns tuna: however (ognaxo), also (takxke), again (caosa), NOW (B
HacrosIiee Bpems), thus (takum obpasom), alternatively (moouepenno), on the
one/other hand (c oxHoW/opyroi cropownsl), Virtually (pakTryeckn)
SBIISIIONIMECS ~ HEOTHEMJICMBIMH  JJICMEHTAMH  Pa3BUTHSI  JIOTHYECKOTO

paccyXIeHus.
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Cokpamenusi, uwim AOOpeBuaTypa, T.6. OYKBEHHBIE COKpAICHHS
CIIOBOCOUCTAHUN  TakKe SBIIAIOTCS  BaXXHBIM  KOMIIOHGHTOM  HAy4YHO-
TexHuueckoro Tekcra: e.m.f. — electromotive force (snexTpoaBrKyIas cuia).
CoxpallleHHIO MOXKET IMOJBEPTHYThCS 4YacTh cioBocouetanus: D.C.amplifier —
direct current amplifier (ycwimmurenr mocrosHHOro ToKa). Cl0roBbie
COKpaIlleHusI, TIPEBPATHBIIKMECS B caMOCTosTeNbHBIC cioBa: loran (long range
navigation) (cucrema pnanpHel paavoHaBuraiuu), «Jlopan», radar (radio
detection and ranging) (paauookaius).

JlutepHble TEPMHUHBI, B KOTOPBIX aTPHOYTHUBHAS POJb IOpPyYaeTCS
onpeneicHHONH OykBe BeiencTBue rpaduueckoit  ¢opmel:  T-antenna
(T-oOpa3nast antenna), V-belt (xkimHOBHMIHBIM pemenb). MHorma sta OykBa
SBIISICTCSl  JIMIIb  YCJIOBHBIM, HEMOTHBHPOBAHHBIM  CUMBOJIOM:  X-eays
(pEHTT€HOBCKUE JIYUH).

Yro Kacaercs elie OJHOTO HEMAaJOBAKHOTO JICKCHYECKOIO MpH3HaKa
HAyYHO-TEXHUYCCKOW JIUTEpaTyphl, a UMEHHO peaJjiHii, HCOOXOJIMMO OTMETHUTh,
YTO peasIns SIBISICTCS] YaCThIO MCXOIHOTO TEKCTa, TIOITOMY €€ Iepeaada B TeKCT
HepeBO/ia SBISETCS OJHUM W3 YCJIOBHU aJeKBAaTHOCTH TepeBona. M3 storo
CIIEIyEeT, YTO CIIOBA-PEaMH SABJISAIOTCS CBOCOOpPA3HOH U BMECTE C TEM JOBOJILHO
CIIO)KHOM W HEOJHO3HAYHOW KaTeropued JICKCUYEeCKOHW CHUCTEMBI SI3bIKA.
[Tox peanusMu HAyYHO-TEXHHUYECKOW JIMTEpATypbl TPHUHATO Ha3bIBaTh
Ha3BaHUs (GUPM, TPEINPHUATANA, MapoOK OOOpYyIOBaHHUS, MECTOHAXOXKICHHUS
npeanpusaTui. Peanuu, Kak TpaBWiIo, HE TMEPEBOJATCSA, a JAIOTCS B TEKCTE
NepeBoJla B WX OPUTHMHAILHOM HAMMCAHUU WM B  TPaHCIUTEPAIlUU.
[eorpaduueckne Ha3BaHWUS W  OOINECU3BECTHBIC HWMEHAa COOCTBEHHBIC
NPUBOIATCS B PYCCKOW TpaHCKpWIIMU. [IpuBeneM HECKOIbKO NPUMEPOB:
Bessemer  process/ Bessemer steel (BeccemepoBckmii  mpomecc  /
OecceMepoBCKas CTaJlb — Has3BaHbl B 4yecTh [ eHpm beccemepa, aHTIIMKCKOTO
WH)KEHEpa-u300peTaresns,  W3BECTHOTO  CBOMMH  HW300pPETCHUSMU  H
PCBOJIIOIIMOHHBIMY  yIIyUIIeHUsIMH B oOjactm metammnyprum), Glauber's salt
(rmaybepoBa coiib — cyib(aTa HaTpusi, BIEpPBbIE OOHApYKEHA XUMHKOM

N. P. T'nayGepom, HEMEUKUM aIXMMHUKOM, XMMHUKOM, anTeKapeM U BpadyoM),
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Allan variance (mucnepcus Amnana), Voltaic pile (BomeroB cronb6), Diesel
engine (mu3enbHBIA ABUTATEINB), TUring machine (mamwuna Teropunra) U T.11.

NHTepHAIIMOHAIBHBIE CJIOBA U «JIOKHBIE IPY3bsl MEPEBOTYUKAY

3HaueHHns1 OOJBIIIOrO0 YHCIA CJIOB, B YacTHOCTH 0003HAYaIOIINX
OOIIIECTBEHHO-TTOJINTUYECKNE W HAy4YHBIC TIOHATHS, MOXKHO yrajaTh, TaK Kak
T CJIOBAa COBIAJAOT 10 3BYYaHWIO W TIO 3HaYeHWI0. KX Ha3bIBaIOT
MHTEePHAIIMOHAIBHBIME clioBaMHU. Tak, ciioBo metal 3HauMT «MeTamun, CIOBO
gas — «ras3», cimoBo constitution — «koHctuTynus» u 1. 1. OJHAKO B YHCIIO
WHTEPHAIMOHAIBHBIX CIIOB BXOASAT W TaK Ha3bIBaeMble «JIOXKHBIE IPY3bs
nepeBourka». OHU SIBISIFOTCS JIO)KHBIMH OKBHUBAJICHTAMH CXOJHBIX TIO
3BYYaHHIO CJIOB JPYroro s3bika. Tak, aHrimiickoe cioBo artist o6o3nagaer
YelloBeKa MCKYCCTBA M XYJOKHHUKa (KUBOIHKCIA). B pycCKOM SI3BIKE apTHUCT —
ATO aKTep; 3HAYCHUE «XYIOKHUK B IIUPOKOM CMBICIIE CJIOBA, YEIIOBEK
MCKYCCTBa» HECKOJBKO YyCTapeno W Topa3fo Oojiee penKo, 4eM OCHOBHOE
3HaueHne. (OCHOBHOE 3HAUCHHWE aHIJIMIICKOTO  CJoBa  accuracy He
«aKKypaTHOCTBY», a «TOYHOCTh, MPABWIBHOCTB», a cjoBa Occupant ue
«OKKYTIaHT», a <OKWJel, JKHUTelb, oOuTaTenb».  llepeBom TakuxX CJOB
OJIMDKAMIIMM 10 3BYYAHUIO CIIOBOM MOXET MPUBECTH K TpyOOil OmMOKEe U K
MCKaXXEHHUIO CMBICIIA Mpeaiokenus. Ho ecTh psia clIoB, KOTOPBIE MEPEBOISITCS
IBOsIKO, Hanpumep: realize — oco3HaBaTh (a HE TOJBKO pealn30Bath), record —
3aIliCh, OTYET (a HE TOJILKO peKkop), Occupation — pox 3ansaTuid, npodeccus (a
HE TOJIBKO OKKymamus, 3axBar). Ha 3Ty TeMy CymecTByeT MHOXECTBO
aHEeKIO0TOB ¢ wurpou cnoB. Hampumep: [lpuesswcaem pycckuu 6 Icmonuio.
Toepanuunux cnpawusaem ez2o:. «Occupation?» «No, — ycnoxausaem ez2o
pycekuitl, — just visiting».

[TpyBOmMM KpaTKUil CHUCOK aHTIUHCKHUX CJIOB, CO3BYYHBIX PYCCKHM
CJIOBaM, KOTOPBIE OTIUYAIOTCSA OT HUX 110 3HAYCHHUIO:

accuracy ['&kjurasi] — TOYHOCTbH (a HE aKKypaTHOCTb)

accurate ['@kjurit] — TOUHBIH (a HE aKKypaTHBIN)

audience [0:djons] — ayauropus, ciymarenu, nyoauka (pexe ay1ueHIus)

brilliant ['briljont] — GaecTsamuii, cBepkaronii (a He OPUIIITUAHT)
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data ['deita] (p1. or datum) — nmaHHBIC, CBeleHUS (HU B KOEM Clydae He
JaTta)

decade [di'keid] — mecsaTunerne (He nekana)

delicate ['delikit] — w3siqHBIA, Xpynkuid, TOHKUKW (0 pabore);
3aTpYyAHUTENbHBIA (O TOJOKEHUH), YyBCTBUTENBbHBIM (0 mpudope); (peaxo
JI€TUKATHBIN)

Dutch [dAtf] — ronnmanackuii (He 7aTCKUA)

list [list] m — ciucok, mepedyeHs (a He JUCT)

magazine [maga'zi:n] — )KypHai; CKJiaJl OOEMPHUIIacoB (a HE Mara3uH)

manufacture [manju'fekt(o] — usrorosneHue, Npou3BOICTBO; pl. M3aAENHS,
(dabpukatsl (HO HE MaHydaKTypa)

momentum [mou'mentom] — HMHEPIUS, TOJTUOK, UMITYJIbC, MEXaHUYECKUM
MOMEHT (2 HE MOMEHT KaK MTHOBEHUE)

personal ['p3:sonal] — nuuHBIN (HE mEpcoHaN)

pretend [pri'tend] — gematrb BUA, TPUTBOPATHCS (B 3HAYEHUU
«MPETEHI0BATHY TTOYTH HE YIOTPeOIsIeTcs)

production [pro'dak n] — mpou3BoaACTBO, BEIpabOTKa, 700bIYA (YIS, PYAbI)
(HEe mPOYKIMS; 3TO MIOHATHE TIepeaaeTcs ciioBamu product unu output)

I'pamMmaTuyeckne 0CO0EHHOCTH

AHTIMICKHE HAyYHO-TEXHUYECKHE TEKCThl COJAEpXKaT IMEeNbId  psif
rpaMmaTudeckux ocoOeHHoctel. KoHeuHo, He cCyliecTByeT Kakou-i1rbo
«HAYYHO-TEXHMUYECKOW  TpaMMaTHKW». B  Hay4HO-TEXHWYECKOW  peuu
HCITOJTB3YIOTCS T€ K€ CaMble CHHTAKCUYECKHUE CTPYKTYPHI B MOP(HOJIOTHIECKUE
dbopmbl, Kak W B Jpyrux GYHKIMOHANBHBIX CcTWIAX. OpHako psf
IrpaMMaTHYECKUX SBJICHUM OTMEYAETCs B IAHHOM CTHJIC Yallle, YeM B JIPYTHX,
HEKOTOpbIC SIBJICHUS, HAMPOTUB, BCTPEUAIOTCS B HEM CPABHUTEIBHO PEIKO,
IPYTHE — UCTIOIB3YIOTCS JIUIIb ¢ XapaKTEPHBIM JIGKCUIECKUM «HATTOJTHCHUEM.

I'naroJi-cBsi3ka U MMEHHasl 4acTh (HCMOJb30BAHUE CTPYKTYP THHA A

ectb b)

OO6mme cBOICTBAa HAYYHO-TEXHUYECKOTO M3JI0KEHUSI MOTYT HE OTPaKaThCS
Ha CHMHTAaKCHYECKOW CTPYKType BbICKa3bIBaHUSA. Tak, Mbl yKe€ OTMEYalH, YTO

JUIsl TIOJOOHBIX MaTepUaoB OCOOCHHO XapaKTEPHBI OMpPECICHUS MOHSITUU U
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ONMHMCaHUE pEATbHBIX OOBEKTOB IMyTEM yKa3aHUs Ha UX CBOICTBa.
DTO mpenonpeenseT MUPOKOE UCIOIbL30BaHUE CTPYKTYp Tuia A ecth b, T.e.
IPOCTHIX ABYCOCTABHBIX MPEJIOKEHUM C COCTABHBIM CKa3yE€MbIM, COCTOSIIINM
U3 TIJIaroyia-CBSI3KM M MMEHHOW 4Jactu (mpenukatwBa): The barn is a unit of
measure of nuclear cross sections (bapn »TO BHecHCTeMHas €IUWHHUIIA
U3MepeHusl ceueHus syepHoro mponecca); Electromotive force is the force or
pressure that causes electric current to flow (3aexTpoaBrXKyIIas CUila 3TO CHIa
WM JaBJIeHWE, BBI3BIBAIOIINE JBMIKEHUE TOKa), etc. B kadecTBe mpemukaTuBa
94acTO BBICTYMACT MpHIaraTeJIbHOe WU MPEUIoXKHBIA 000poT: The pipe is steel
(TpyOomnpoBoa cranbHoOii); The surface IS copper (mOBEepXHOCTh MeJIHAs);
Control is by a foot switch (xoHTponb OCyIIeCTBIsSETCS 3a CYET MeTATBHOTO
NEePeKITIoYaTes).

OcHoOBHBIE CIOCOOBI MEPEBO/IA CTPAAATEIBLHOIO 3aJ10Ta

Ecnu cka3zyemoe BBIpaXEHO TJarojioM B CTPaJaTelbHOM 3ajore, TO
MoJJIeKaIee HE  BBINIOJHSICT JICUCTBUS, a TOJABEpraeTcs eHCTBHIO,
BBIDQXXCHHOMY OTUM rjarojoMm. [lpm mepeBome Ha PYCCKUU  S3BIK
CTpalaTeNbHYI0 KOHCTPYKIIMIO MOKHO MepeaTh CASAYIOIMMMHI CIIOCO0aMHU.

- Pycckoit ¢dopMoit cTpamarenbHOr0 3ajiora JaHHOTO IJiaroja B
COOTBETCTBYIOIIIEM BPEMEHH, JIMIIE U 4ducie: The paper was written last year.
Cratbs ObUIa HaNKMCaHa B IPOIILIOM TOY.

- BosBpatHoil (opmoill rnaroira Ha «-ca», «-Cb» B COOTBETCTBYIOILEM
BpeMeHH, Juie U gucie: Many power stations are built in the world today.
MHOTO 3€KTPOCTAHIINI CTPOUTCS CETOHS TI0 BCEMY MHPY.

- Heonpenenenno-muunoit Gopmoit riarojia JeHCTBUTEIBLHOIO 3aj0oTa B
COOTBETCTBYIOIIIEM BpeMeHH B 3-M JI. MH. 4.. The excavation was made with
great care. Packonky npou3Boiuiu ¢ O0JIBIION OCTOPOKHOCTBIO.

- Jluunoii opMoli riarona B JIEMCTBUTENBHOM 3ajiore (Takod MEepeBOJI
BO3MOYKEH TOJILKO B TOM Clly4ae, €Clid yKa3aHo JIMIIO, TPOU3BOASIICE ICUCTBHE,
T.C. €CJIM B MPEJIOKCHUH ©CTh JOIOJHeHHE ¢ mpesiorom by): These papers
were written by one and the same author. Otu paboThl TUcaT OAUH U TOT XKE

aBTOoP.
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OcoGeHHOCTH TIepeBoa 0e3JIMYHBIX KOHCTPYKIMii B CTpaaaTebHOM
3aJ10re

Hamnbonee  ymorpeOMTENBbHBI  CIEAyIOIIME  MOJEIH  OE3IHYHOM
CTpaIaTesIbHON KOHCTPYKIUH:

It is said that... 'oBopsT, 4TO ...

It is expected that... Oxupgaror (oxumaercs), 4To ...

It is known that... U3BectHO, 4TO ...

It must be stressed that... Cienyer (Hy>XHO) MOJYEPKHYTb, UTO ...

It cannot be denied that... Henp3s orpunats (T0ro), uro ...

It should be remembered that... Cneayer moMHHUTB, YTO ...

Hcnosib3oBaHue YIJTHNTHYECKAX KOHCTPYKIMA

BaxkHast XapakTepHCTHKa aHIJIMHCKOTO HayYHO-TEXHHYECKOIO CTHIIS,
KOTOpasi OTpakaeTcs B OTOOpE W HCIOJb30BAHUU SI3BIKOBBIX CPECTB,
3aKII0YaeTCs TaKXKe B €ro CTPEeMJICHHH K KpPaTKOCTH M KOMITAKTHOCTH
U3JI0KCHMsI, YTO BBIpAXKaeTCs, B YAaCTHOCTH, B JOBOJIBHO IIMPOKOM
HCIIOJIb30BAaHUK DJUTMIITHYECKUX KOHCTPYKIMi. HempaBuibHOe HOHUMaHHE
STHX KOHCTPYKIHH HEPEIKO MPUBOIUT K HEICHbIM OIIMOKaM B IEPEBOJIE.
BcerpeTus B Tekcte coueranue, a remote crane unu a liquid rocket, nepeBogunk
JO/DKEH pAacro3HaTh B HUX SJUIMNTHYEeCKHe (OpPMBI codyeTaHuii a remote-
operated crane (kpaH ¢ aucTaHIIMOHHBIM yropaeienuem) u a liquid-fuelled
rocket (pakera Ha >xuakoM TormiuBe). IIpountas, yto A non-destructive testing
college is to open in London this October, oH mOMKEH MNOMHHTH, YTO
OTKPBIBAIOIIMICS KOJUIE[DK BOBCE He Oyaer Hepaspymaromumcs (Non-
destructive) nmu ucnpiTaTenbHBIM (testing), a OyneT TOTOBUTH CIIEUATMCTOB B
00JIaCTH Hepa3pyIIAIOIINX METOJ0B HCIBITAHUS MAaTEPUATOB. AHAIOTHYHBIM
obOpa3zom low-pressure producers MoryT oka3aTrbCcsl TPOW3BOIUTEIISIMU

ITOJIMOTHUIICHA MCTOJ0M HHU3KOI'O JaBJICHUA.

HeonpeneseHHo-1u4HbIe U 0e3/IMYHbIC MPENJIO0KEHUS
B coBpeMeHHOW Hay4yHOM M TEXHUYECKOW JIMTEpATypE IPUHATO BECTHU

H3JIOKCHHUC HC OT IICPBOIo, a OT TPCThCIrO JIMId M YaCTO IIPHUMCHAIOTCA
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HCONPCACICHHO-JIMYHBIC U Oe3IMYHbIE MpECAJIOKCHUA. B HCOMMPCACIICHHO-
JIMYHBIX HPCAIOKCHUAX noaJiexxamiee, KaK IIpaBUJIoO, BbIpAXKacTCsA
HCOMMPECACICHHO-JIMYHBIM MCCTOUMCHUEM ONE.

Ha pyccknii  g3bIK  Takue TPEIJIOKEHHUS  CIEAYET IEPEeBOAUTH
HCONPCACICHHO-JIMYHBIMU UJIN O€3JIMYHBIMHU MpECAJIOKCHUAMMU.

One believes that... Cuuraror, 4To...

One knows that... 3BectHO, 4TO...

One must expect that... Ciegyer oxuaaTh, 9To...

One is faced with (the difficulty, trouble,problem) Bosuukaer TpyaHOCTB
(BcTaer 3aj1aya)

One may well (ask) Ectb Bce ocHOBaHMS (CIIPOCUTD, 3a1aTh BOIPOC)

One has to be careful while testing the new machine. HyxHo ObITH
BHHUMATCJIbHBIMUA IIPH UCIIBITAHUN HOBOM MAIIIUHBI.

B 0Oe3anyHbIX MNpCAJIOKCHUAX B AHTJIMHCKOM SI3BIKE BCcerga HMECTCA
MOJIJIeXKAIICE, BRIPAXKEHHOE MECTOMMEHUEM «It», KOTOpoe Ha PYCCKUU SA3BIK HE
IIECPCBOJUTCA, TAK KaK HC MMCCT CMBICJIOBOI'O 3HAYCHHUSA WM BBIIIOJHACT TOJIBKO
byHKIUI0 GOPMaATBHOTO MOJIJICHKAIIETO.

It was easy to understand the speaker. Bbu10 J1€eTKO IMOHSATH TOKJIATIHKA.

In ancient times it was believed that the earth was flat. B npesnocTu
AyMaJIk 4TO 3CMJI IIJIIOCKAsd.

It is important that the test be repeated. Baxxuo, 4TOOBI OIIBIT TOBTOPHUJIH.

OcHoBHBIE CIOCOOBI NePeB01a HHPUHUTUBHBIX KOHCTPYKIHIi

B anrnuiickom si3bike uMmeeTcs 4eTbipe (OpMbl MHPUHUTHBA, KOTOpHIE
COOTBETCTBYIOT ueTbipeM TrpymmaMm BpemeH: Infinitive Indefinite, Infinitive
Continuous, Infinitive Perfect u Infinitive Perfect Continuous. HpuHUTHUBEI
Indefinite u Perfect umeror, kpome Toro, opMy cTpagaTeaIbHOIO 3a10r4a.

B nayunoil nureparype Haubojiee ynorpedbutenbHbl Gopmbl Indefinite u
Perfect neliCTBUTEIBLHOTO U CTPAATEILHOTO 3aJI0TA.

[TepeBoa kaxmoit GpopMbl MHPUHUTHBA B OTIACITHHOCTH 3aTPyAHHUTEIICH, a
MHOT/Ia ¥ ITPOCTO HEBO3MOKEH, TaK KaK MOJHOE COOTBETCTBUE B PYCCKOM SI3bIKE

UMEIOT TOJIbKO (OpMEI fo read — uutath U t0 be read — ObITH MPOYUTAHHBIM
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(untaembiM). OmgHako W 3Tu (OpPMBI HE Bceraa MOTYT OBITH TEPEBEICHBI
WHOUHATHBOM. TOYHBIE BHJJIOBPEMEHHBIC 3HAYCHHUS CIOXHBIX  (HOpM
MHGUHUTHBA TTOJIHOCTHIO BBISBIISIOTCS JIMIIb B KOHTEKCTE.

YacTuna to, 1mMouTH IMOCTOSSHHO MPEANMISCTBYIOIIAs WHPUHUTUBY, MOXKET
CIIy)KUTh yIOOHBIM TPU3HAKOM JJIsi OTBICKAHHS €ro B TIPEIJIOKEHUH,
HalpuMep, B TEX CiyyasX, Korja HWH(PUHUTUB 1O (opMe COBHAAAET C
CYIIECTBUTEIBHBIM WJIH MPUIIAraTeIbHBIM, HAIIPUMED;

experiment — to experiment (9KCHEpUMEHT — 3SKCIEPUMEHTHPOBATH);
fashion - to fashion (Bun, popma — npuaaBats popmy).

B psine cnyuaes, onHako, "HGUHUATUB yroTpebisiercs 6e3 to:

e [IOC/IC MOJAJIBHBIX M BCIIOMOTAaTeJIbHBIX IJIarojoB Mmust, can, could,
may, might, shall, should, will, would, need, dare;

e B 000poTe «OOBEKTHBIM Mafek C WH(PUHUTUBOM» TMOCIE TJIarojioB
yyBcTBa W Bochpusatus (Hampumep: | heard him speak. f capiman, kak oH
TOBOPHUT);

e nmocie couetanuii had better — myume 6w1, Would rather (sooner) —
npenmoven Obl (Hampumep: You had better begin now. — Haunwre myume
ceiuac);

e rmociie riaroyioB to let - paspemarp, mMo3BOJIATH, 1aBaTh M {0 make —
3acTtaByATh (Hampumep: Let me pass, please. — Ilo3BosbTe MHE MNpPOMTH,
noxkanyrcra; It made him laugh. — 3o 3acraBuio ero paccMmesTbes).

NubuHUTHB B TPEUIOKEHUHM  MOXKET  OBITh  IOJICKAIIHNM,
00CTOSITEILCTBOM, OIpPEACIICHUEM, JOMOJHCHHEM, a TaKXe BXOIUTh Kak
COCTaBHasl YaCTh B CKa3yeMOe — UMEHHOE U TJIaroJIbHOE.

Nupunutue B QPyHkonum mnomiexamero. WHOUHUTUB sBIAETCS
TIOJIJICKAIITM, €CJIM CTOUT B HavaJle MPEJUI0KEHHS, OTBEUaeT Ha BOMIPOC «umo?
ymo denams?», a HEMOCPEACTBEHHO 32 TOJICIKAIIUM WK 32 OTHOCSIIMMHUCS K
HEMy CJIOBaMH clieayeT ckazyemoe. To understand this author is not easy. —
[Tonste sTOrO0 amBTOpa Henerko. VHQUHUTHB B (QYHKIUH IOICKAIIECTO

HICPCBOJIUTCA I/IH(bI/IHI/ITI/IBOM U COOTBCTCTBYIOIIUM OTIrJIaroJIbHbIM
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cymectBuTenbHbIM:  To accomplish this work requires great skill. —
BrinosHenue 3Toil paboThl TpeOyeT OOIBIIOTO YMEHBbSI.

NudpunntuB B QyHKUMH 00CTOATEIBCTBA LEJIU OTBEUAET HA BOMPOC OJif
yeeo? ona kakot yeau? OH PacIioiOKEH B Ha4YajIe WM B KOHIIE TPEJI0KEHUS 1
MHOTa BBOAUTCS coro3zamu in order (t0) — uToOsl, a1 Toro 4TooOsl; SO as (to) —
¢ Tem utoObl: He has gone to England (in order) to perfect his knowledge of
English.

NupunntB B GyHKUIHU 00CTOSATEIHLCTBA CJIEICTBUS OOBIYHO CTOUT B
KOHIIE TPEUIOKEHUSI. XapaKTEPHbIM MPU3HAKOM €ro ciyxaT Hapeuus (100 —
ciumikoM, enough, sufficiently — mocrarouyHo), pacmoiOKeHHbIE Iepe]
MpUIaraTeIbHbBIM WU HapedueM, 3a KOTOPBIMU ClieyeT WH(OUHHUTHB C
gactuned t0. MHOUHUTUB CIENCTBUS TIEPEBOAMUTCS COHO30M «UTOOBI» C
nocieAyromuM UHPUHUTUBOM. Bce mnpenioxkeHue Hepenko MpuooperaeT
MOJAJIbHOE 3HAUYE€HHE BO3MOXXHOCTU (MJIM HEBO3MOXKHOCTH), KOTOpPOE B
PYCCKOM SI3BIKE BBIPAYKAETCS YHOTPEOJICHUEM CIIOB «MOXKHOY», «MOXKET» M T.IL:
The finds are too few to be spoken about. — Haxomok ciauiikomM maiio, 4ToObI O
HUX (MOHO OBLJI0) TOBOPUT.

NupuHUTHB CHenCcTBUS MOXKET TaK)Ke BBOIAUTHCA COIO30M as C
IpeaIIeCTBYIOMMUMH HapeursiMu so uiu such:  The rule has been so formulated
as to be easily observed by everybody. — IlpaBwio 6bu10 ChopMynupoBaHO
TaKuM 00pa3oM, YTOOBI BCE MOTJIU JIETKO €r0 COOJI0IATh.

NupuautuB B (QyHKUUM oOmIpedeeHUsl CICAYEeT 3a ONpPEAeIIIEMbIM
CIOBOM (OOBIYHO 3TO CYIIECTBUTEIIBHOE), UMEET (JOpMY JIEUCTBUTEIHHOTO WU
CTpa/laTeNIbHOTO 3ajJ0ra U OTBEYaeT Ha BOMpoCc Kakou?. B pycckom si3bike
WHOUHUTUBY B (PYHKIIMKU OMNpPEAENICHUS COOTBETCTBYET OIPEACIUTEIHHOE
OPUAATOYHOE TMPEJIOKEHUE, HAYMHAIOIIEECS CIIOBAMHU «KOTOPBI», «KTO».
NuduaNTHB B QyHKIMH ONPEAEICHUs Yalle BCETO MMEET MOJAIbHBIN OTTEHOK
HEOOXOAMMOCTH, BO3MOXHOCTH WJIM TPUOOpETaeT 3HadyeHHe OyIyIiero
BPEMEHU M TMEPEBOJUTCS C JOOABICHHEM CIIOB «HEOOXOJUMOY, «CIETYET»,
«MOXHO (HETB3s)» WM TJIarojoM B Oyaymiem BpemeHu: This is the main
difficulty to be taken into consideration. — 9To ocHOBHas TPYAHOCTh, KOTOPYIO
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HY)KHO y4HTBIBaTh. This is a rule not to be forgotten. — Oto nmpasuio, KoTopoe
HE clieayeT (Henb3s1) 3a0bIBaTh.

[Ipu  mepeBome  cinegyer  oOpamatb  BHUMaHue Ha  opmy
MPEIIECTBYIONIEro riiaroda v Ha (opmy camoro uH(puHHUTHBA. Infinitive
Indefinite mepeBoaUTCS TJIaroJioM B HACTOSIIEM WA MPOIIEIIIEM BPEMEHH,

Infinitive Perfect — mpomienaiiem BpeMeHeM riiaroia.

Tpancpopmauuu B mpouecce nepesoaa

I'maBHas 1enb nepeBoaa — JOCTUKEHUE aJeKBAaTHOCTU. AJICKBATHBIN, WU
KaK €ro €Imie Ha3bIBalOT, DKBHUBAJICHTHBIN MEPEBOJ — O3TO TAaKOW NEPEBO/I,
KOTOPBIN OCYIIECTBISICTCS HAa YPOBHE, HEOOXOJUMOM M JOCTATOYHOM ISl
nepeadn HEU3MEHHOT'O I1aHa COZEpKAHUS npu CcOOJIFOIEHU U
COOTBETCTBYIOIIETO TIAHA BBIPAXKECHUS, T.€. HOPM NEPEBOASAIIETO SA3BIKA.

CTpyKTypHbIE M JIEKCUKO-CEMAHTHUYECKHUE PACXOKICHUS MEXKIY IBYMS
A3bIKaMU TPeOYIOT MpPU TMEPEeBOJIE C OJHOTO si3blKa Ha JIPYTOi MepecTpOUKH
CUHTAKCUYECKON CTPYKTYphl MPEMIOKEHUS JIMOO JIEKCUMYECKOW 3aMEHbI
AHTJIMHACKOrO CJIOBA, HE MMEIOLIETO0 JKBHUBAJIEHTA B PYCCKOM  SI3BIKE.
Jlna  JoCTWKEHUA  aJeKBAaTHOCTH  TMEPEBOJA NPUMEHSIOT  pa3JIMYHbIC
TpaHcopmaiuu, T.e. mpeoOpa3oBaHus, TmpeBpaiieHus. Kaxawii cioydait
HEIKBUBAJIECHTHOCTU CTPYKTYp TpeOyeT ompeaeiaeHHon TpaHchopMalni,
KOTOpasi 0OBIYHO paccMaTpPUBAETCS KaK TPYAHOCTH mepeBoaa. OCHOBHAs 3aj1aua
MPUA JTOCTUKEHHUHU aJICKBAaTHOCTH IIEPEBOJA — YMEJIO MPOU3BECTU PA3JTUYHBIC
nepeBoYecKkue TpaHchopMaliu, I TOr0 4YTOObl TEKCT MEpeBoia KaKk MOXKHO
Oojiee TOYHO TiepelaBajl BCIO HWH(POPMAIIMIO, 3aKIIOYEHHYIO B TEKCTE

OopuruHalia, 1ipu CO6HIOI[€HI/II/I COOTBCTCTBYIOIINX HOPM IICPCBOAAIICTO SA3bIKA.

Tunel Tpanchpopmanuid B mpouecce nepesojaa:

e [IlepecTaHOBKM — WU3MEHEHUE TIOPANKA CJIOB IMPHU HECOBHAJCHUU
CMBICJIOBOTO LIEHTPA MPEITIOKEHUS.

e 3aMeHbl, KOTOPBIM MOTYT MOJBEPraThCs KaKk 4acTH PEYM, TaK U YICHBI

MPCaJIOKCHUA. Yacto 3aMeHBI COIMPOBOKIAAOTCA HGpCCTpOﬁKOﬁ BCETO
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OpEeVIOKEHUST TMpU  Tlepefade  aHTJIMUCKOM  MacCMBHOM  KOHCTPYKIIMH
JNEUCTBUTEIBHBIM 3aJIOTOM B pycCcKoMm si3bike. K 3aMeHe OTHOcHUTCS W
AHTOHUMHWYECKMM TIepeBOJi, MpPH KOTOPOM OTpHUIIATENIbHAs CTPYKTypa
3aMEHSETCSl YTBEPAUTENbHON. JIEKCUKO-CEeMaHTUUYECKUE 3aMEHbI — 3TO CIIOCO0
nepeBoJia JIGKCUYECKUX €IWHMI] WHOCTPAHHOTO SI3bIKA IYTEM HCIIOJIb30BaHUS
€JIMHMUIL s3bIKa TIepeBOda, KOTOPhIE HE COBMAAAIOT 10 3HAYECHUIO C HaYaJbHBIMHU,
HO MOTYT OBITh BBIBEJACHBI JIOTHYECKH. [IpreM CMBICIOBOTO pa3BUTHS
3aKJIF0YaeTCsl B 3aMEHE  CJIIOBApPHOTO COOTBETCTBHSL MPHU  TEPEBOJIC
KOHTEKCTYaJIbHBIM, JIOTUYECKH CBA3AHHBIM C HUM.

e OmymieHnsi — BO BCEX CIydasiX CEMaHTUUECKOTro AyOJMpPOBAHUS MPHU
NIepPEBO/IC MAPHBIX CHHOHUMOB OITYCKaeTCsI TIOBTOP.

e JloGaBieHus — 7TO0 He H00OaBIICHHWE CMBICIA, a JOOABJICHHE CIIOB JJIs
COXPaHEHMS CMbICIa TIPEITIOKEHHUS.

Buabt  mepeBoga: IlepeBog  myTeM — HCHOJIB30BaHUS  PYCCKHUX
SKBUBAJICHTOB, T.C. IOCTOSHHBIX M PaBHO3HAYHBIX COOTBETCTBHH B JBYX
JTAHHBIX SI3bIKAX, B OOJIBIIIMHCTBE CIIy4aeB, HE 3aBUCSIIUX OT KOHTEKCTA.

e [IlepeBom ¢ MOMOIIBIO aHAJIOTOB, T.€. CJIOB CHHOHUMHMYHOIO psa.
B sTOM ciydae oaHOMY HWHOCTPAaHHOMY CJIOBY COOTBETCTBYET HECKOJBKO
pycckux cioB. HeoOxoaumo BbIOpaTh BapuaHT, HaumOoJiee MOAXOIAIIAN IO
KOHTEKCTY.

o KanpkupoBanue wuIM JOCIOBHBIM IEPEBOJ COCTOUT B IEPEBOJIEC
AQHTJIMICKOTO CJIOBA WJIM BBIPOKEHHUS IMyTEM TOYHOTO BOCHPOU3BEICHHUS HX
CpPEACTBAMM PYCCKOTO SI3bIKA, IPU 3TOM COXPAHSIETCS CTPYKTYpa MPEIJIOKEHUS,
KaXXJI0€ CJIOBO NEPEBOJIUTCS TaK, Kak OHO JaHO B cioBape. KampkupoBanue —
BOCIIPOM3BE/ICHUE HE3BYKOBOTO, a KOMOMHATOPHOTO COCTaBa CJOBa WIIH
CJIOBOCOYETAHUS, KOTJa COCTaBHbIE YacTH cjioBa (MopdeMbl) win ¢passl
(JiekceMbl) MEPEBOJSATCS COOTBETCTBYIOIIMMU 3JIEMEHTAMH  TEPEBOJSIIETO
s3bIKa. JIOCIIOBHBIN TEPEBOJT UCIOJIB3YETCS TIPU COBMNAJEHUM B aHTJIMMCKOM U
PYCCKOM SI3bIKE CTPYKTYPBI TIPEJIOKEeHUS U Topsika ciioB. IlepeBon siBiseTcs
JIOCJIOBHBIM, €CJIM B HEM COXPaHEHBI T€ K€ UYJICHBI MPEIJIOKCHHUS U TOT JKe

MopAAOK HX CJICOAOBAHHA, KAK WM B OPHUIHUHAJIC. Ot AJOCJIOBHOT'O IICpPCBOIA

20



HEOOXOJIUMO  OTJIMYaTh HEJIONYCTUMBIM B  TEPEBOTUYECKOM  IPAKTHKE
OYKBAJIbHBIM  MEPEBOJ, T.€. TMPOCTOM MEXAaHMYECKUW TMEpPEeBOJ  CJIOB
MHOSI3BIYHOTO TEKCTa B TAKOM TMOPSIKE B KAKOM OHU CIIEIYIOT B HEM, Oe3 yuera
WX CHUHTAKCMYECKMX U JIOTUYECKUX CBsizell. B OyKBaJIbHOM TMeEpeBojie
BCTpeUaeTcsi  Haumboyiee  paclpoOCTpAaHEHHOE  3HAYCHHE  CJIoBAa  WIIH
rpaMMaTHYE€CKON KOHCTPYKIIMU 0€3 ydeTa BCero KOHTeKCcTa. CMHTaKCHYECKOe
ynoAo0JICHHEe WM JOCIOBHBIM TIEPEBOJ] — TaKOM MEepeBoja, MPU KOTOPOM
CUHTAKCHUYECKass CTPYKTypa OpUrMHajia mpeoOpasyercss B aOCOIIOTHO
AHAJIOTUYHYIO CTPYKTYPY MEPEBOTHOTO S3BIKA.

e OmnucarenpHbId TMEPEBOJI HUCIOJB3YETCS ISl MEPEBOJIA AHTIIMMCKUX
CJIOB, HE UMEIOIIUX JIEKCUUYECKUX COOTBETCTBUM B PYCCKOM s3bIke. llepenaua
3HAQYEHMS  aHTJIMMCKOTO  CjJoBa MpH  TMOMOIM  Oojee WIM  MEHee
pacIpOCTPaHEHHBIX 00BICHEHUN MCTIOJIB3YETCS ISl 0OBSICHEHUS! HEOJIOTU3MOB.
OnucarenbHbId MEPEBOJ HMEET MECTO, KOTJa IIOJHOCTBI) PAaCXOOATCS
rpaMMaTUYECKAE CTPYKTYpPbl AHIJIMMCKOTO H PYCCKOTO S3bIKOB, BBI3BaH
0COOEHHOCTSIMH COYETAEMOCTH CJIOB aHTJIMMCKOTO SI3bIKA.

e Tpancoutepauuss — mnepegada OYKBaMHU PYCCKOro TNHMChbMa OYKB
AHTJIMMCKOrO0 THChMA, HE3aBHUCHMO OT MPOU3HONICHUS AHTJIMKUCKOTO CJIOBA.
NupiMH cioBaMu, TpaHciauTepalus — ¢popMaabHOe MOOYKBEHHOE BOCCO3/IaHUE
HCXOJTHOM JIEKCMYECKOM €TUHUIIBI C MIOMOIIBIO andaBUTa MEPEBOIAIILTO A3bIKA,
OykBeHHass UMHUTAIUsI (OPMBI UCXOIHOTO ciioBa. [Ipu 3TOM MCXOJIHOE CIIOBO B
NEepPEBOJTHOM TEKCT€ TpeACTaBiseTcs B (GopMe, MNPUCIOCOOJICHHON K
MIPOU3HOCUTEIBHBIM  XApPaKTEPUCTUKAM  TMEPEBOIAIICTO  sA3bIKa. [Ipuem
TPAHCIUTEPALIMA MOYKHO HCIIOJIb30BaTh B TE€X CIIy4dasx, KOrja IepeaaBacMas
pealdsi BBI3BIBACT Y UWTATENd TBEPAO YKPENHBIIAECS AacCOUMAlWH, B
IIPOTUBHOM ciyyJae TpaHCIUTEPALUS JIOJKHA COITPOBOXKIATHCS
COOTBETCTBYIOIIUM MNPUMEUYAHUEM, PACKPBIBAIOIINM CMBICI JAaHHOW DPEaJvu.
TpancnauTepanus 1enecooOpa3Ha TOTrJa, KOrja >KelaTelbHO BOCIPOU3BECTU
JTAKOHU3M TOJIMHHUKA U COXPAHUTh CIIeM(PUUECKYI0 XapaKTEPUCTUKY JTaHHOMN

pcajini B MTHOCTPAHHOM A3BIKC.

21



e TpaHckpuOUpoOBaHUE — TEepejadya MPOUHOUICHUS] AHTJIUMCKOrO CJIOBa
pycckuMu OykBaMu. DTO OCHOBHOMW IpHEM IEpeBOjia MpHU Iepefaye UMEH U
Ha3BaHuil. IlepeBogueckass TpaHCKpUIMS — 3TO (opMaibHOEe MO(HOHEMHOE
BOCCO3/]JaHUE HCXOJHOW JIEGKCMYECKOM E€IWHHUIIBI C TOMOUIbI0  (OHEM
MEePEBOJISIIETO S3bIKA, (DOHETUYECKAS] UMUTAIIUSI KCXOJHOTO CIOBA.

e Unenenue u oObeIMHEHUE TIPEIOKEHUN UCIIOIB3YETCS MPU MEPEBOJIC
cnenudUuecKux KOHCTPYKIMH, HE UMEIOIIUX COOTBETCTBUS B PYCCKOM S3BIKE.
PaznuuaroT BHyTpeHHEe YJieHEeHHE (3aMeHa MPOCTOr0 MPEITIOKEHHS CII0KHBIM)
WJIY BHEITHEE WieHEeHUE (MIPEeBpallleHUE PA3BEPHYTOTO NPEIJIOKEHUS B IBA UIIH
OoJiee MpeIoKEeHNU).

o KoHKperuzanusa — 3TO crnoco0 MepeBoja, MpU KOTOPOM IPOUCXOAUT
3aM€Ha CJIOBA WJIM CJIOBOCOYETAHMSI MHOCTPAHHOIO sI3bIKa ¢ 0oJiee MUPOKUM
PEIMETHO-TOTUYECKUM 3HAYEHUEM Ha CJIIOBO B TEpeBoAe ¢ 0Ooliee y3KUM
3HAYCHUEM.

e ['eHepanuzanusi (mpoiiecc, OOpaTHBIM KOHKPETHU3AIMU) HCXOJHOTO
3HAQYEHUsT MMEET MECTO B TeX Cclly4asx, Korja mepa HHGOPMalMOHHOU
YIOPSJOYEHHOCTH HCXOJHOM E€IWHHMIBI BBIIIE MEpPbl  YHOPSAOYEHHOCTH
COOTBETCTBYIOIIEW €l IO CMBICAY €IWHULBI B TNEPEBOMSIIIEM S3BIKE U
3aKJII0YAETCs B 3aMEHE YaCTHOTO OOIIMM, BUAOBOTO MOHSATHS poaoBbIM. [lpu
MEPEBOJE C AHTIIMMCKOTO HA PYCCKUM 3TOT MPUEM IIPUMEHSETCS TOPA3A0 PEKE,
YeM KOHKpeTu3auusd. J[oCTaTo4HO MIMPOKO ATOT MHPHUEM HCIOIB3YETCS MpPH
IIepeBO/IC TAKUX CIIOB, Kak: t0 be, to have, to get, to do, to take, to give, to make,
to come, t0 gO u T.71.

['pammaruueckue TpaHchopMalvu 3akKIOYAOTCS B MPeoOpa3OBaHUU
CTPYKTYPBI MPEMJIOKEHUA B IMPOLECCE MEPEBOJIA B COOTBETCTBUUA C HOPMAMU
NEPEBOJTHOTO s3bIKa. Ecnm paccmaTpuBaTh OTAENBHBIE BHIBI TPAMMATHYECKUX
TpaHcpopmaiuii, TO, MNOXaIyld, HauboJIee PacHpOCTPAaHEHHBIM MPUEMOM
CIEAYeT CUMTaTh 3aMEHy aHIJIMUCKUX  CYIIECTBUTENBHBIX  PYCCKUMH
rjiarojlaMi. JTO SIBJIEHHUE CBSI3aHO C OOraTCTBOM M THOKOCTBIO TJIAroJIbHOU
CHUCTEMBI PYCCKOTO s3bIKa. UYHMCTO TrpaMMaTH4YecKas 3aMeHa NPUMEHSETCH,

Koraa cCIWHHIA HMHOCTPAHHOTI'O s3bIKa npeoGpa3yeTc>1 B CAMHHUIY A3bIKa
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NEPEBOJIa C MHBIM TI'PAMMATHYECKMM 3HAYEHHUEM, OJHAKO, MMEIOIINM TOXKE
camoe Jormueckoe. Hampumep, 3aMeHa T1iarona Ha CyIIECTBUTEIbHOE
MHOECTBEHHOI'O YHCJIa HA €IMHCTBEHHOE U T.J.

Takum o0Opazom, mepeBoJi HAYYHO-TEXHUYECKUX TEKCTOB JIOJKEH BEPHO
nepenaBaTh CMbICI OpUTHMHaNa B (opMme, MO BO3MOKHOCTH OJNM3KOU K dopme
opuruHana. OTCTYIIEHUS TOJKHBI OBITH OIIPaBJaHbl 0COOEHHOCTAMU PYCCKOTO
A3bIKa, TpeOoBaHuUAMHM cTuisA. llepeBoag B 1eIOM HE JOJDKEH OBITh HU
OYKBAJIbHBIM, HU BOJIBHBIM TE€PECKa30M OPUTMHATAa, XOTSA 3JEMEHTBHl TOTO U
Ipyroro o0s3aT€bHO MPUCYTCTBYIOT. BaXHO He JomyckaTth MOTEpH
CYILIECTBEHHOM HH(OpMalMK OpHUTHHANAa M YYHUTHIBaTh BCE OCOOCHHOCTH U
aCIEeKThl HAYYHO-TEXHUYECKOTO CTUJISI, KOTOPBIA XapaKTEePU3yeTCs JIOTUYECKOM
MOCJIE0BATEIBHOCTBIO M3JI0KEHUSA, YHIOPSJIOUYEHHON CUCTEMOU CBSI3€M MEXIY
YacTSMHM BBICKa3bIBaHUSA, CTPEMJICHUEM aBTOPOB K TOYHOCTH, CXKATOCTH,

OJHO3HAYHOCTHU IIpU COXPAaHCHHUHN HACBIINICHHOCTHU COACPIKAHUA.

1.5. PexoMeHganmuy 1O CO3JAHHMI0 TOYHOI0 M TIOCJIEI0BATEIHHOIO
npoiecca nepeBojaa

IIpu mepeBose HEOOXOAUMO CPEACTBAMHU OJHOIO SI3bIKa BBIPA3UTh Kak
MOXHO 00Jie€ TOYHO W IOJHO TO, YTO YK€ BBIPAXKEHO CPEJCTBAMH JAPYrOro
a3plka. Bcerna Hy»XKHO TTOMHUTB, 4YTO NEPEBOJ JOJDKEH B TOJIHOM MeEpe
COOTBETCTBOBATh HOPMaM TOTO SI3bIKA, HA KOTOPBIM OH cienaH. Eciau nepeBoj
MPOU3BOJIUTCS C AHTJIMKUCKOTO HAa PYCCKUH, HYKHO ITOMHUTHh HOPMBI MPABUJIA
PYCCKOTO s3bIKa W IS TMOJIy4eHHUsI aJeKBATHOrO TIepeBojia Mpulerath K
Pa3IMYHBIM TIEPEBOTUYECKUM TpaHCchopMalusiM, He OOAThCS IEepecTpanBaTh
CUHTAaKCUYECKYI0 CTPYKTYpPY NPEIJIOKEHHUS, HUCHOJIb30BaTh AHTOHUMHYECKUU
NepeBo/ U Ipoyee.

JIns  co3gaHMs  TOYHOTO M MHOCIECAOBATEIBLHOIO MpoIlecca IIEpeBOJa

HCO6XOI[I/IMO BBITIOJIHUTH HCCKOJIBKO HCCJIOKHBIX ITPABUIJI:

1. IlepBsiil pa3 HEOOXOAUMO MPOUYUTATH TEKCT O€3 CIOBAPS U MOMBITATHCS

IIOHATBH CMBICJI TCKCTA, €TI0 CTPOCHHUC N HAJIMYNUC B HEM HE3HAKOMBIX CJIOB.
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2. HailiTu anexkBaTHbIE CPEACTBA BBIPAKEHUS B TNEPEBOJAIIEM SI3BIKE
(ciioBa, TEPMUHBI, CIOBOCOYETAHUS, TpaMMaTH4ecKue (Popmbi), HEOOXOIUMBIE
IUTs1 TPABWJIBHOTO MCTOJIKOBAHUS MMEPEBOAUMOIO TEKCTA.

3. Bbiuenuts B IpeyioKEHUU CMBICIOBBIE TPYIIIIHI.

HeMHoOro nosicHuM: npejioKeHust 00bIYHO JIENATCA Ha 00bEeIUHEHHbIE TI0
CMBICTy TPYNMbl CIOB, B KOTOPBHIX HEBO3MOXKHO OTJEIUTH OJHO CIOBO OT
IpYyroro, He Hapyuas cMbIciia. Takue rpynmbl CJI0B Ha3bIBAKOTCS CMBICIIOBBIMU
rpynnamu. CMBICIOBasi TPyINa MOXET COCTOSITh M3 OJIHOTO CJIOBA, T'PYMIIBI
CJIOB, MOPUAATOYHOrO MPEHJIOKEHUS WIM MPOCTOr0 HEPACHPOCTPAHEHHOTO
peasIoKeHUsl. DTO TOCTATOYHO PACIpPOCTPaHEHHAs OMIMOKa, KOTa CMBICIOBAast
rpylna BbIJIEJIEHA HENPaBUJIbHO WM pa3jielieHa el€ Ha KaKhue-HUOY.b
OTpE3KU. ODTO NPUBOAUT K HAPYUIEHUIO CMBICIA [TAHHOTO MPEIJIOKEHUS.
Hampumep: On reading the article he made a short summary of it. — IIpouuTan
CTaThblO, OH KpaTKO H3JO0XKHWI €€ coaepkaHue. OUeBUIHO, YTO 3/IECh IBE
cMmbicioBele Tpynmel: 1s — On reading the article, 2a — he made a short
summary of it. BeraenuB cMBICIOBBIC TPYNIBI WHAYE WIH TOJCIIUB MX eIle Ha
OTPE3KH, CMBICI NPENIOKEHHS UCKA3UTCS.

4. BpACIUTH TJIABHBIE WICHBI MPEITIOKEHUS.

JIns TOpaBWIBHOTO TOHMMAaHWS  MCXOJHOTO  AHIJIMHMCKOTO  TEKCTa
HEOOXO/IMMO HAy4YUTHCSI aHAM3UPOBATH MPEJIOKEHUE, U 3TOT aHAJIU3 HYKHO
HAYMHATh C HAXOXKJICHWS TJIaBHBIX YJICHOB MPEIJIOKEHUS — MOJIEKAIIETO U
CKa3yeMOro — U YCTAHOBJICHUS CBSI3€Ml MEXIY BCEMH OCTaJIbHBIMHU YJIE€HAMHU
npeioxkenus. [Ipeqnoxkenuss B aHTITUHUCKOM SI3bIKE CTPOSITCS WHA4Ye, YEM B
PYCCKOM, U €CIW HE YUYHUTHIBaTh 3TO, TO MOXHO HENPABUIIBHO HCTOJIKOBATh
YCHBIIIAHHYIO WK MPOYUTAHHYIO UH(DOpMAITHUIO.

IlepBoe, 4TO cleAyeT 3allOMHHUTh KaK «IBaXKIbl ABa» — B AHIJIMHCKOM
MPEUIOKEHUU Bcerjga ecTh mnojmiexaiiee u ckazyemoe. BCEI'JIA! Kak 0w
OpeasioKeHUE HEe 3BydYallo IO-PpYCCKM, aHTJIMHCKOe TMpejjioxkeHue 0e3
MOJUIeXKAIIET0 U CKa3yeMOoro HE CYIIECTBYeT. B pyCCKOM S3bIKE MOXHO
YIOOTPEOUTh Takue MpeasioxeHus: «XoaoaHo» unu «Temueer». B anriauiickom
s3bIKE ATO 00s3aTenbHO Mpo3ByuuT, Kak It is cold; It is getting dark. (It —
noJyiexariiee, is — CkazyeMoe Wid 4aCcTh CKa3yeMoro).
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AHTIIMHCKHE TPEUIOKESHHUS TOTIMHSIIOTCS 0co00¥ cruimuctuke. Eciu B
PYCCKOM SI3bIKE MOJKHO WTIpaTh CO CJIOBAaMH B MPEAJIOKCHHH, HAIpUMep:
S1 0OBIYHO CMOTPIO TENEBH30p MO BedepaM, Wid, S mo BedepaM OOBIYHO
CMOTPIO TEJIEBU30P, WIH, 51 CMOTPIO OOBIYHO TEIIEBH30p IO BEYepaM T.1., TO Ha
aHTTIUICKOM 93TO OyAeT Tropaso CIOXKHEe, WJIM BOOOIIE HEBO3MOXKHO.
[TpaBunbHO Oynmer ckazath: | usually watch TV in the evenings. Takxe B
PYCCKOM SI3bIK€ MHOTO HETIOJHBIX TMPEJIOKCHHM, T.e. 0€3 MOoIIeKaIero, uiu
0e3 ckazyemoro. Hanpumep: Mue xononHo. ¥Yxe no3nHo. He nomyuutcs. 9to
Jackl. A B aHIVIMWCKOM 3TO HEBO3MOXXHO, ITOTOMY 4YTO BO BCEX AHTIIHMHCKUX
NpeUIOKEHUAX eCTh MoJyIekaliee u ckazyemoe. [locMoTpuM Ha mepeBoj TexX
e HeToHbBIX npetoxkennid: It is cold. (It — momnexkaiee, is — ckazyemoe).

OCHOBHBIMH YJICHAMH MPCAJIOKCHUA ABJLIFOTCA IMOMICKAINCC U CKA3YCEMOC.

- Ioanexamee (Subject) oOo3HavaeT mpeaMeET, O KOTOPOM HUAET pedb U
OTBEYACT HA BOMIPOC Kmo? umo? MOMKET OBITh BBIPAKEHO CYIIECTBUTEIHHBIM,
MECTOMMEHUEM, TEPYHIUEM, YUCTUTEIHHBIM U JIaKe WHOUHUTHBOM.

- Ckazyemoe (Predicate) Takxe SBIsieTCSI OCHOBHBIM  YJICHOM
IPEIIOKCHUS, 0003HAYAIONTUM JIEHCTBHE, KOTOPOE COBEpIIacT IO JIekKaIee.
Ckazyemoe OTBEYaeT Ha BOINPOC umo oOenaem(cs)?, W BbIPAXKAETCS JIMYHBIM
IJIaroJIoM B Pa3HBIX BpEeMEHaX, 3a10raX ¥ HaKJIOHCHUSX.

5. Ob6s13aTenbHO BBIMKCATh U TIEPEBECTH BCE HE3HAKOMBIE ciioBa. HeT cioB

— HCT aICKBATHOI'O, ITPABUJIBHOTO IICPCBOA.
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PA3SJAEJI |I: YTEHUE U ITIEPEBOJ
HAYYHO-TEXHUYECKOM JIUTEPATYPhI

2.1. TekcTnl A5 ayJIUTOPHOI0 YTECHUS
Text 1. Inventions Throughout the Ages

Middle Ages

Historians differ in their opinions of when the Middle Ages began and
ended, most sources define the Middle Ages as an historical period from 500
AD to 1450 AD.

The Middle Ages was a period full of discovery and inventing:

1023 — First paper money printed in China.

1045 — Movable type printing by Bi Sheng in China

Circa 1050 — Crossbow invented in France.

1182 — Magnetic compass invented.

Circa 1200 — Clothing buttons invented.

1202 — The Hindu-Arabic numbering system introduced to the west by
Italian mathematician, Fibonacci.

1249 — Rodger Bacon invented his gunpowder formula.

Circa 1250 — Gun invented in China.

Circa 1268 — 1289 — Invention of eyeglasses.

Circa 1280 — Mechanical clocks invented.

Circa 1285 — 1290 — Windmills invented.

1295 — Modern glassmaking begins in Italy.

1328 — First sawmill.

1326 — First mention of a handgun.

1366 — Scales for weighing invented.

15™ Century

The 15™ century gave birth to three major events: the beginning of the

Renaissance Era (circa 1453); the birth of the Age of Discovery with increased
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exploration and improved naval ships and navigation methods that created new
trade routes and trade partners; and the birth of modern printing marked by the
15" century master printer Johann Gutenberg’s invention of movable type
presses (1440) that made the inexpensive mass-printing of books possible.

16™ Century

The 16™ century was a time of unprecedented change, the very beginning
of the modern era of science, a time of great exploration, religious and political
turmoil, and extraordinary literature.

In 1543 Copernicus published his theory that the Earth was not the center
of the universe, rather, the Earth and the other planets orbited around the Sun.
Called the Copernican Revolution, his theory forever changed astronomy, and
ultimately changed all of science.

During the 16" century advancements were made in the theories of
mathematics, cosmography, geography and natural history. The 16" century
inventions related to the fields of engineering, mining, navigation and the
military arts were prominent.

17" Century

During the 17" century major changes in philosophy and science took
place. Before the 17" century began, science and scientists were not truly
recognized. In fact, at first people like the 17" century genius Isaac Newton
were called natural philosophers, since there was no concept of the word
scientist for most of the 17" century.

The intrusion of newly invented machines became part of the daily and
economic lives of 17" century folk. During the 17" century the science of
chemistry developed from medieval alchemy and the 17" century science of
astronomy evolved from astrology.

By the end of the 17" century a scientific revolution had occurred and
science had become an established mathematical, mechanical, and empirical
body of knowledge. Galileo Galilei, René Descartes, Blaise Pascal, Isaac

Newton, and others had become noted scientists.

27



18™ Century

The 18" century began the first Industrial Revolution. Modern
manufacturing began with steam engines replacing animal labor. The 18"
century saw the widespread replacement of manual labor by new inventions and
machinery.

The 18" century was also a part of «The Age of Enlightenment», a
historical period characterized by a change away from traditional religious
sources of authority, and a move towards science and rational thought.

The effects of 18" century enlightenment led to the American
Revolutionary War and the French Revolution. The 18™ century saw the spread
of capitalism and the increased availability of printed materials.

19™ Century

The invention of useable electricity, steel, and petroleum products during
the 19™ century led to a second Industrial Revolution (1865-1900), that
featured the growth of railways and steam ships, faster and wider means of
communication, and inventions with names we all know today.

The 19" century was the age of machine tools — tools that made tools —
machines that made parts for other machines, including interchangeable parts.
The assembly line was invented during the 19" century, speeding up the factory
production of consumer goods.

The 19" century gave birth to professional scientists, the word scientist
was first used in 1833 by William Whewell. Inventors began to design practical
internal combustion engines. The light bulb, telephone, typewriter, sewing
machine, all came of age during the 19" century.

20" Century

Technology, science, and inventions have progressed at an accelerated rate
during the hundred years of the 20" century.

We began the 20™ century with the infancy of airplanes, automobiles, and
radio, when those inventions dazzled us with their novelty and wonder.

We end the 20" century with spaceships, computers, cell phones, and the

wireless Internet all being technologies we can take for granted.
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The 50s have always been described as a conservative period socially,
however, advancements in technology were about to change all that. During the
50s, television became the dominant media. The 50s saw nearly every family
buying a television set, and nearly everyone watching television for longer and
longer periods of time. Television broadcasts became our number one source of
news, information, and entertainment during the 50s.

The 60s have been described by historians as the ten years having the most
significant changes in history. By the end of the 60s humanity had entered the
space age by putting a man on the moon. The 60s were influenced by the youth
of the post-war baby boom — a generation with a fondness for change and far-
out gadgets.

The 70s began the age of the practical computer made possible by the
invention of the floppy disk and the microprocessor that occurred during the
70s.

Many of the most popular consumer products still around today were
invented in the 80s (for example, cell phones and home computers). The 80s
saw the rise of the multi-national corporations, while the growth rate during the
80s was 3.2% per year, the highest 9 year rate in American history, a complex
combination of causes (economic, financial, legislative and regulatory) led to
the extraordinary number of bank failures in the 80s.

The 90s saw the invention of the internet and the rise of Microsoft, the

invention of genetic engineering and cloning, as well as, stem cell research.

3agaHus K TEKCTY
|. JlaiiTe 0TBeTHI Ha CJIeAyIOIIHE BOMPOCHI:
1. What major events took place in the 15th century?
2. What theory did Copernicus publish in 15437
3. What were the 17" century genii like Isaac Newton called?
4. When did the first Industrial Revolution begin?
5. What was the Age of Enlightenment characterized by?
6. How long did the second Industrial Revolution last?
7. What inventions has the beginning of the 21% century seen?
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1. CoennuuTe 4acTH NpeaIoKeHUil Mo CMbICTY:

1. The 15" century gave birth to three

major events:

a. mathematics, cosmography,

geography and natural history.

2. The 16" century was a time of

unprecedented change,

b. the of

automobiles, and radio.

infancy airplanes,

the 16"

advancements were made

3.  During century
in the

theories of

c. the beginning of the Renaissance
the birth of the Age of
Discovery; and the birth of modern

Era;

printing.

4. During the 17" century major

changes in

d. machine tools.

5. The 18" century began

e. philosophy and science took place.

6. The effects of 18"

enlightenment led to

century

f. the very beginning of the modern
era of science, a time of great
exploration, religious and political

turmoil, and extraordinary literature.

7. The 19" century was the age of

g. the American Revolutionary War

and the French Revolution.

8. We began the 20" century with

h. the first Industrial Revolution.

I11. IlonGepuTe onpenesieHuss K cJaeAYIOIUM CJI0BAM:

advancement, intrusion, to evolve, to feature, to speed up, assembly line,
internal combustion engine, consumer goods, turmoil, alchemy

1. To include someone or something as an important part.

2. A state of confusion, uncertainty, or disorder.

3. Products that people buy for their own use.

4. An occasion when someone goes into a place or situation where they are not

wanted or expected to be.

5. To develop gradually, or to cause something or someone to develop

gradually.

6. An act of developing or improving something.
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7. To increase in the rate of change or growth.

8. A form of chemistry and speculative philosophy practiced in the Middle
Ages and the Renaissance and concerned principally with discovering methods
for transmuting base metals into gold and with finding a universal solvent and
an elixir of life.

9. A line of machines and workers in a factory that a product moves along while
it is being built or produced.

10. An engine that produces energy by burning fuel within itself.

V. IlepeBeaure npensioxkeHus1 HA AHTTHNCKUN SA3BIK:

1. Mexanuueckue yachl ObUTH U300peTeHsl puMepHo B 1280 romy.

2. MarauTHbIit komnac 6611 U300peTeH B 1182 rony.

3. 16 Bek o3HaMEHOBAICS OOJBIIUMU TOTPSICEHUSIMU B PEIUTHO3HON U
NOJIMTUYECKON KU3HU.

4. Xumust 6epet cBO€ HayajIo U3 CPEJHEBEKOBOM AIXUMUHU.

5. TlosiBneHue cOOpPOYHOrO KOHBEWEpa 3HAYUTEIBHO YCKOpWIO (pabpudHOe
IPOU3BOACTBO MOTPEOUTENHCKUX TOBAPOB.

6. CI0BO «y4Y€HbI» BIEPBBIE HCMHOJIb30BAJ AHTIUUCKUN (uiocod Yuibsim
VYapemwt B 1833.

7. B 50-e roapl nBagnaToro BeKa TEJEBUJICHUE CTAJO TJIAaBHBIM HCTOYHUKOM

uH(opmaIuu.

V. Hcnoab3dysi uHOpMAIUI0 H3 TEKCTAa, COCTaBbTe MPeEIJI0KEHUSA B
crpaaarejJbHOoM 3ajiore. Kakume cmocoObl mnepeBoaa nNpeasioKeHUil B
crpaaareJibHOM  3ajore Bbl  3Haere?  IlepeBeaure  moJiydeHHbIE
NpeAsioKeHus.

Hanpumep: 1023 — First paper money printed in China. — The first paper
money was printed in China in 1023.

1. Circa 1050 — Crossbow invented in France.

2. Circa 1200 — Clothing buttons invented.

3. 1249 — Rodger Bacon invented his gunpowder formula.

4. Circa 1268 — 1289 — Invention of eyeglasses.
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5. 1328 — First sawmill.
6. 1326 — First mention of a handgun.
7. 1366— Scales for weighing invented.

VI. IlepeBeaute cienyomue npeaioxenusi. Kakume Ttpanchopmanuu
He00X0AMMO HCII0JIb30BATH NPH NepeBoae?

1. The 18™ century saw the widespread replacement of manual labor by new
inventions and machinery.

2. The 50s saw nearly every family buying a television set, and nearly everyone
watching television for longer and longer periods of time.

3. The 90s saw the invention of the internet and the rise of Microsoft, the
invention of genetic engineering and cloning, as well as, stem cell research.

4. The 80s saw the rise of the multi-national corporations.
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Text 2: Top 10 British Inventions That Changed the World

Great Britain produced many of the most influential scientists,
mathematicians and inventors in modern history. With influential people, come
influential ideas, theories and inventions, some of which have the potential to
change the world forever.

10. United States of America

The USA was formed when British colonies in North America declared
independence after continued and growing disputes with the Kingdom of Great
Britain (as it was then known) over taxation of the colonies without
representation in British parliament. The Revolutionary War lasted 8 years from
1775 to 1783, resulting in victory and independence for the USA.

However, the fact remains that the colonists were British subjects until the
point of victory in 1783, at which time they became independent Americans.
By that reasoning, the USA was, at its inception, a British invention.

9. Nearly Every Modern Sport

Most popular sports in the modern world trace their history to Britain, the
most notable being Football, Cricket, Rugby and Tennis. Of course, the British
weren’t the first to think of kicking a ball around in a field, but the British
standardized the structure and rules of most modern competitive sports as we
know them today.

8. Newton’s Laws

Isaac Newton was a British physicist and mathematician. Born in 1642,
Newton discovered and documented for the first time three laws of motion in
regard to physics. Newton’s work 1s some of the most influential in the history
of modern science.

7. Programmable Computer

The first programmable computer was invented by British mathematician
and scientist Charles Babbage in the 1820s. Babbage began work on a
mechanical computer he called the Difference Engine in 1822, working for
more than ten years with government funding. The project was eventually

abandoned after losing funding and Babbage went on to invent the Analytical
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Engine, a far more complex machine than the Difference Engine, it could be
programmed using punched cards. The Analytical Engine, although not built in
full until 2011 by British researchers, was the first ever working programmable
computer, and was the first step in the history of computing as we know it.

6. World Wide Web

Not to be confused with the Internet (a global system of networked
computers invented in the USA), the World Wide Web, invented by British
computer scientist Tim Berners-Lee, is the system of interlinked hypertext
documents accessed via the Internet. The World Wide Web is most commonly
experienced as the system of web pages and websites. Interestingly, Berners-
Lee, although realizing the potential for immense personal profit from his
invention, chose instead to gift the idea to the world, requesting no payment.

5. Television

The world’s first publicly demonstrated television was invented by British
inventor John Logie Baird in 1925. The first public demonstration was
performed before members of the Royal Institution on 26" January 1926. He
also later demonstrated the first color television on 3™ July 1928. Logie Baird’s
invention paved the way for what is now nearly a century of work on the
development of television technology, which remains one of the most
influential inventions in history.

4. Steam Locomotive

The first steam locomotive was invented by Richard Trevithick, a British
inventor and mining engineer. Trevithick’s steam locomotive was built in 1804
in Pen-y-Darren in South Wales to carry cargo. In one of the earliest public
demonstrations, the locomotive successfully carried an impressive load of 10
tons of iron, 5 wagons and 70 men 9.75 miles between Penydarren and
Abercynon in 4 hours and 5 minutes. Trevithick continued to work with steam
locomotives for many more years until his death in April 1833. A full-scale
working replica of his first steam locomotive was built in 1981 for the Welsh
Industrial and Maritime Museum. The locomotive is run several times a year

along a short length of rail outside the museum.
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3. Theory of Evolution

Charles Darwin was a British naturalist born in 1809. He was the first
person to propose the now popular theories of evolution, natural selection and
common descent. After a 5 year voyage around the globe aboard the HMS
Beagle, Darwin returned to Britain finding himself a celebrity in scientific
circles following distribution of his letters to various scientists at home while he
had been away studying geology aboard the Beagle. Darwin formed his theory
of evolution over much of his life, only publishing it in his later years in his
book «On The Origin of Species» for fear of how the public would respond to
what was, at the time, a highly controversial theory.

2. Telephone

The telephone was invented by British inventor Alexander Graham Bell
and patented in 1876. His early experiments with sound began when he was
taken to see a “speaking” automaton designed by Baron Wolfgang von
Kempelen and built by Sir Charles Wheatstone.

Fascinated by the machine, Bell purchased a copy of a book written in
German by Baron Wolfgang von Kempelen and built a similar automaton with
his brother. Many years later, while working at Boston University School of
Oratory, Bell became interested in technology to transmit sound. Leaving his
job at the university, he made the decision to pursue his personal research on
the subject. In 1875, Bell created an acoustic telegraph which he patented in
March 1876.

1. English Language

English is the second most widely spoken language in the world behind
Mandarin. However, it is the official language of more countries worldwide
than any other, and the most common second language globally. English is
generally used as the intermediary language of choice at global events and
international summits. The English language is also the most far reaching
language in the world, with native speakers as far spread as Australia, New
Zealand, the USA, Canada and, of course, Great Britain, where the language

was born. Every great speech in the long history of the English speaking world,
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every theory, paper, proposal and design too, share one common thing: the

English language. That is why it must be Britain’s most influential invention.

3ajaHusA K TEKCTYy

|. JlaiiTe oTBETHI HA CJIEYIOIIME BOMPOCHI:
. When was the USA formed?

. Why was the USA a British invention?

. What sports trace the history to Britain?

O 0 3 &N »n A W N =

. What 1s Isaac Newton famous for?

. When was the first programmable computer invented?
. What is the difference between the World Wide Web and the Internet?

. Who invented the world’s first publicly demonstrated television?

. Who invented the first steam locomotive? When?

What does HMS stand for?

10. What theory did Charles Darwin form?
11. Who i1s the inventor of the telephone?

12. Why do you think it is important to study English?

I1. 3akoH4YHTE NPEATOKEHUS
. The USA was formed when...
. The Revolutionary War lasted...

O 00O 3 &N U B~ W N —

. The British standardized the structure and rules of...

. Newton discovered and documented for the first time three...

. The first programmable computer was invented by...
. The World Wide Web is the system of...

. The first public demonstration of television was performed in...

. The first steam locomotive was built to...

. Charles Darwin was the first person to propose...

10. Bell created an acoustic telegraph in...

11. English is the official language of...
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I11. TlonOepure pycckue HIKBHUBAJEHTHI K CIeAYIOIIUM CJ0BaM M
CJIOBOCOYETAHHUAM

to trace the history, government funding, punched card, to pave the way, natural
selection, common descent, to pursue the research, mining engineer, inception,

cargo, replica

nepgoxapma,  Hauaio, NPoBOOUMb  UCCe00B8aHue, Opamb  HAYAO,
NPOKIAObIBAMb NYMb, 00WULL NPEOOK, MOOeNb, NPABUMENbCIBEHHbLE CYOCUOUL,

2OPHBIU UHIHCEHED, eCMeCmBeHHblI OmOOop, 2py3

V. a) [logGepuTe onpeesieHus K CJAeTYIOIIAM CI0BaM:
influential, independence, taxation, motion, to abandon, complex, cargo,
evolution, controversial, locomotive, to access

. A railway engine.

. To leave a place, thing, or person, usually forever.

. Causing disagreement or discussion.

. Freedom from being governed or ruled by another country.
. To obtain (stored information) from a computer memory.

. The system of taxing people.

. Having a lot of influence.

O 3 O O B~ W N -

. The act or process of moving.
9. Involving a lot of different but related parts.
10. The goods carried by a ship, aircraft, or other large vehicles.

11. A gradual process of change and development.

0) /JlaiiTe omnpenejneHusi CJIeAYIONIUM CJOBAaM M CJIOBOCOYETAHMSIM,
HCMOJIL3YsI MpeabIayllee 3ajaHue B KayecTBe o0pa3ua:
Revolutionary War, World Wide Web, Internet, celebrity, steam locomotive,

theory of evolution, laws of motion.

V. Haiigure npemnoxkeHuss ¢ uHGuHUTHBOM. Omnpenenure dopmy
uH(puHuTHBAa. [lepeBeaure npeaIoKeHus.
1. With influential people, come influential ideas, theories and inventions, some
of which have the potential to change the world forever.
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2. The Revolutionary War lasted 8 years from 1775 to 1783, resulting in victory
and independence for the USA.

3. Of course, the British weren’t the first to think of kicking a ball around in a
field.

4. Newton discovered and documented for the first time three laws of motion in
regard to physics.

5. The project was eventually abandoned after losing funding and Babbage
went on to invent the Analytical Engine.

6. Not to be confused with the Internet, the World Wide Web is the system of
interlinked hypertext documents accessed via the Internet.

7. Charles Darwin was the first person to propose the now popular theories of
evolution, natural selection and common descent.

8. That 1s why it must be Britain’s most influential invention.

VI. IlpoBeaute aHanu3 npeaoxkeHuil. Bbigeautre mnopJexaiiee M
cKaszyemoe.

1. Most popular sports in the modern world trace their history to Britain.

2. Born in 1642, Newton discovered and documented for the first time three
laws of motion in regard to physics.

3. The Analytical Engine, although not built in full until 2011 by British
researchers, was the first ever working programmable computer.

4. Not to be confused with the Internet (a global system of networked
computers invented in the USA), the World Wide Web, invented by British
computer scientist Tim Berners-Lee, is the system of interlinked hypertext
documents accessed via the Internet.

5. In one of the earliest public demonstrations, the locomotive successfully
carried an impressive load of 10 tons of iron, 5 wagons and 70 men 9.75 miles
between Penydarren and Abercynon in 4 hours and 5 minutes.

6. Many years later, while working at Boston University School of Oratory,

Bell became interested in technology to transmit sound.
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Text 3: 10 Bizarre Forgotten Inventions from Famous Inventors

When you’re an inventor, you can’t just stop at one. A real inventor can’t
help seeing new opportunities in places where others just see day-to-day trivial
banalities. So the inventor makes another thing, and then another. They might
not all work, and some might end up being significantly more successful than
the rest, but it gives us something to talk about later.

1. Swim Fins (Benjamin Franklin)

Benjamin Franklin has a long list of accomplishments in numerous fields,
so it should come as no surprise that he was an inquisitive child. In fact, he
started his career as an inventor at the ripe age of 11 when he invented a pair of
swim fins.

Franklin was an avid swimmer and was looking for ways to improve his
technique. His solution was a set of wooden fins which were worn on the hands
instead of the feet. They didn’t make it to popular use, but according to
Franklin, the swim fins were a success in the sense that they improved his
speed. Unfortunately, they also fatigued his wrists.

2. The Giant Crossbow (Leonardo Da Vinci)

Leonardo da Vinci managed to garner quite a reputation as an inventor
despite the fact that most of his creations were confined to drawings and plans.
Some of those designs became quite iconic despite never being built. Examples
include his various flying machines. Leonardo also dabbled a little in warfare.
He designed a tank-like armored vehicle and a more bizarre giant crossbow.
The design was similar to that of a ballista, but on a massive scale.

3. The Metal Detector (Alexander Graham Bell)

In addition to Alexander Graham Bell’s invention of the telephone, he also
created one of the very first metal detectors. His intention was to save the life of
President James Garfield.

On July 2, 1881, James Garfield was shot in an assassination attempt.

Medical experts from all over the country lent their expertise in order to recover
the bullet lodged in Garfield’s body.
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Bell’s contribution to the effort was his suggestion to use an
electromagnetic device in order to find the bullet. The detector emitted an
electromagnetic field which was disturbed by the presence of metal, which in
turn caused a clicking noise. It worked during tests but when it was brought
near President Garfield, it started clicking all over his body. He found no fault
with the device, but when he brought it back to Garfield, it clicked all over the
place again.

Most modern historians agree that Bell’s device didn’t work because
nobody realized that the metal coils in the president’s mattress, a new
innovation at the time, were interfering with the detector.

4. The Teleautomaton Boat (Nikola Tesla)

Despite Tesla’s deep association with electricity, the man was also a radio
pioneer in a time when the general public still considered it witchcraft. In 1898
Tesla presented his latest creation, a small radio-controlled boat. Officially
named a “teleautomaton” boat, Tesla’s design was intended to showcase his
new patent, a “method of and apparatus for controlling mechanism of moving
vessels and vehicles.” It had a tiny rudder, a tiny propeller, and two antennas.

5. The Copier (James Watt)

James Watt spent most of his life inventing. One of Watt’s noteworthy
contributions was a copying press. In 1780, he invented a device which was
able to copy documents by pressing them onto a thin strip of paper, creating a
reversed copy from the back. It was small, simple, and portable, and the
principle behind it stayed in use up until the appearance of the modern
photocopiers we use today.

6. Soda Water (Joseph Priestley)

Joseph Priestley was a renowned theologian, philosopher, and chemist. His
crowning achievement came when he discovered oxygen, but he also
discovered other gases — or “airs,” as he called them.

Priestley also gave us another thing which most of us still enjoy on a
regular basis: soda water. This happened while Priestley was living next to a
brewery and would often perform experiments there. On one occasion, he
discovered his method of infusing water with carbon dioxide by suspending a

40



bowl of water above a beer vat which was fermenting. He then discovered that
the water gained a pleasant, acidic taste.

7. The Bouillon Cube (Justus VVon Liebig)

Now regarded as one of the greatest chemists of the 19" century, Justus
von Liebig is one of the founders of organic chemistry. When he wasn’t busy
with that, he invented the bouillon cube.

Liebig developed a method to process the meat and in 1864 the Liebig’s
Extract of Meat Company was born.

However, when Liebig started his own company, others also started to sell
their own versions of “meat teas” and referred to their own products as Liebig’s
Extract of Meat. Eventually, Liebig had to change his brand to LEMCO and
later to Oxo cubes, which are still available at grocery stores today.

8. The Life Table (Edmond Halley)

Edmond Halley was a renowned astronomer, physicist, and mathematician
who 1s primarily remembered today for calculating the arrival of the famous
comet that shares his name. What is often forgotten is his outstanding work in
actuarial science. Halley revolutionized the study of demographics by coming
up with the first life table based on accurate demographic data. Halley’s table
became an essential part of calculating life annuities from then on.

9. The Electric Piano (Walther Nernst)

Walther Nernst was primarily known for his work in chemistry, including
the third law of thermodynamics, which earned him the Nobel Prize in
Chemistry in 1920. However, in 1930 he teamed up with two companies,
Bechstein and Siemens, to create something completely different — the Neo-
Bechstein-Flugel, aka the first electric piano. This piano had no sounding board
and used very thin strings and a small hammer to create music.

10. The Talking Doll (Thomas Edison)

Edison is regarded not only as a talented inventor, but also a skilled
businessman. As opposed to many other inventors, Edison made a fortune off
his creations because he knew how to find a lucrative market for the products.

Thomas Edison’s phonograph was a big hit, so he naturally tried to stick

one wherever possible. The result was the Edison phonograph doll.
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3agaHus K TEKCTY
|. JlaiiTe 0TBEeTHI HaA CJIeYIOLIE BOMPOCHI:
1. What did Benjamin Franklin invent at the age of 11? Was it a success?
2. What is Leonardo da Vinci famous for?
3. Who invented one of the very first metal detectors? What was the purpose of
the invention?
4. What was the operating principle of the metal detector?
5. What invention did Nikola Tesla present in 1898? What other Tesla’s
inventions do you know?
6. What does LEMCO stand for?
7. Who formulated the third law of thermodynamics?
8. Who made a fortune off his creations?
9. Do you agree with the Thomas Edison’s statement: «Genius 1s one percent

inspiration and ninety-nine percent perspiration»? Give your reasons.

Il. Ykaxkute, ABJSIOTCS yTBep:KIeHUsi BepHbIMH (IFUE) MM HeBEepPHBIMU
(false).

1. Franklin was an avid swimmer and was looking for ways to improve his
technique. His solution was a set of wooden fins which were worn on the feet.
2. In addition to Alexander Graham Bell’s invention of the telephone, he also
created one of the very first crossbows.

3. Tesla is regarded not only as a talented inventor, but also a skilled
businessman.

4. In 1898 Tesla presented his latest creation, a small radio-controlled boat.

5. Joseph Priestley was a renowned theologian, philosopher, and chemist.

6. Now regarded as one of the greatest chemists of the 19™ century, Justus von

Liebig 1s one of the founders of radio engineering.
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II1. 3ano/iHMTE MPONYCKH B MPeEIJI0KEeHUAX, UCIOJIb3YS CJIeYylIHne CJI0Ba

H CJIOBOCOYCTAHUA:

inquisitive, (to) fatigue, (to) dabble, renowned, wrist, drawing, bizarre,
contribution, (to) disturb, fault, (to) interfere, outstanding

1. It's your we're late.

2.1 am proud of my in advancing the project.

3. She had a gold watch on her

4. Although he's young, he's an doctor.

5. She with acting when she was at the university.

6. You mustn't allow them to with your business.

7. Our museum is among the ten most in the country.

8. My morning's work has me.

9. It was that we ran into each other in such a remote corner of the
world.

10. I'd have asked more questions, but I didn't want to seem
11. The 1s done in crayon.

12. Snakes will only attack if you them.

V. IlepeBeauTe npeaioKeHUss HA AHTJIIMHCKUH S3BIK:

1. benmxamMmua @paHKIMH ObLI 3as1JIbIM TUIOBIIOM M IBITAJICS HAWTH CIIOCOOBI
YCOBEPIIIEHCTBOBAHUS CBOETO MACTEPCTBA.

2. B 1881 romy ObL1o CcOBeplIEHO MOKYyIIeHHWE Ha mpe3ujaeHTta [[xeliMmca
lapdunna.

3. Anekcannap benn ucnosib30Baid M300pPETEHHBIM UM METAJJIOMCKATENb JIs
CITACEHMS KU3HU MPE3UJICHTA.

4. B xonme XIX Beka mupokas OOIIECTBEHHOCTh BCE €IIe CcuMuTaia
PaIMOTEXHUKY MAarueu.

5. OnmHuM U3 BbIAONIUMXCA H300pereHuit JlxeiliMca VYarra sBIsSeTCS
MMOPTATUBHBIN KOTTMPOBAJIBHBIN MPECC.

6. UzBectHbii ¢unocod u xumuk Jxozed Ilpuctiau Bo BpeMsi CBOUX OIBITOB

Ha IIMBOBAPCHHOM 34aBOJAC HAIIICII CIT0co0 IMOJIY4YCHUA FaBHpOBaHHOﬁ BOJHbI.
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V. UTo Takoe «J10xKHbIe APY3bs» nepeBoauuka? Haiigure npumep nanHou
JIEKCHUKH B CJIeYIOIEeM MPeaI0KeHUH:

Halley revolutionized the study of demographics by coming up with the first
life table based on accurate demographic data.

VI. Haiinurte 0e3m4unble npeaaoxenus. [lepesenure.

1. They might not all work, and some might end up being significantly more
successful than the rest, but it gives us something to talk about later.

2. Benjamin Franklin has a long list of accomplishments in numerous fields, so
it should come as no surprise that he was an inquisitive child.

3. It worked during tests but when it was brought near President Garfield, it
started clicking all over his body.

4. It had a tiny rudder, a tiny propeller, and two antennas.

5. It was small, simple, and portable.
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Text 4: 10 American Inventions That Aren’t

With the largest GDP in the world, it’s not hard to imagine most of the
inventions of the modern day coming from the United States. But the truth is,
some of the most common things we use today were invented neither in
America nor by an American.

1. Batteries. The battery is a staple of modern life. They’ve changed a lot
over the years, but the core principle is still the same — and it’s probably about
100 years older than you’d think. It was invented in 1800, by Alessandro Volta
(an Italian). His «battery» was called the Voltaic Pile and combined layers of
copper, zinc, and cardboard soaked in saltwater.

2. Decaffeinated Coffee. The process of decaffeination was invented by a
German named Ludwig Roselius in 1903. It was later widely marketed in the
U.S. under the brand name Sanka. In addition to caffeine, coffee also has more
than 400 other chemicals, all of which add their own personality to the overall
taste, texture, and smell. So removing one specific chemical while keeping
everything else intact isn’t the easiest thing in the world. Roselius’s process
involved steaming the coffee beans with acid and then soaking them in
benzene, which pulled out the caffeine. Since benzene has an annoying
tendency to cause bone marrow cancer, modern decaffeination is slightly
different.

3. Answering Machine. Once the telephone was invented, it didn’t take
long for someone to invent a way to screen calls from unwanted callers. In all
honesty, the history of the answering machine is confusing, but one thing is for
sure — it was not invented in America.

That’s because it was a Danish inventor named Valdemar Poulsen who
built the first device that was able to record a message and play it back later, all
the way back in 1898. It was just too bulky and cumbersome to be practical. As
far as modern machines go, it wasn’t until 1960 that answering machines were
even sold in America — the Ansafone, brainchild of Japanese inventor Kazuo

Hashimoto and the first digital answering machine in the world.
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4. Notepad. The notepad is one of those things that are so common we just
take 1t for granted. But this one tiny innovation ended up setting the standard
for nearly a century of paper binding. The same process was later used to bind
books, especially the American pulp fiction novels of the 30’s and 40’s.

Before the 1900’s, most papers were just stacked in a pile and kept that
way. But in 1902, Australian J.A. Birchall decided to put a thin strip of glue
across the top of a stack of paper and slap a sheet of cardboard on the back. And
just like that, the notepad was born.

5. Contact Lenses. Thirty-eight million Americans wear contact lenses
instead of eyeglasses every day. The first contact lenses were invented in 1887
by a German named Adolf Fick. They were huge — 21mm (0.8 inches) wide and
made from blown glass, with a sugar solution between the lens and the eye to
cut down on friction. They were bulky and uncomfortable, but they were
replaced with plastic ones only in 1936.

Even though Adolf Fick was the first person to make a practical (well,
semi-practical) contact lens, he certainly wasn’t the first to try. Leonardo da
Vinci is said to have invented a type of contact lens in 1508 made out of a bowl
of water. Similarly, Rene Descartes supposedly built a water-filled tube that
was designed to go into the eye, but the idea never took off because it stuck out
so far you couldn’t blink.

6. DDT. When you think of pesticides, you probably picture something
like DDT. Currently banned in 170 countries, DDT was for a time one of the
most common pesticides in the U.S., with thousands of farms using tens of
thousands of pounds of the chemical to spray their crops. DDT was especially
common during WWII, when Allied soldiers used it to fight off typhus.

But it wasn’t invented in the same country that brought it to such global
prominence. That honor goes to Othmar Zeidler, a German chemist who first
synthesized dichlorodiphenyltrichloroethane (that’s DDT) in 1874. Even so, it
wasn’t until another chemist in Switzerland named Paul Hermann Muller
discovered that it could be used to kill insects in 1939. For his discovery,

Muller was awarded the Nobel Prize.
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7. CDs. Compact discs, or CDs were one of the defining technologies of
the 1990’s and 2000’s. They successfully killed cassette tapes, and they’re
probably the last physical audio technology that we’ll ever have.

CDs had a longer lifespan than most people might realize. They were
invented in 1974, nearly a decade before they even became available to the
public market. And the inventors were the Dutch company Philips and the
Japanese company Sony. In the mid 70’s, both companies independently began
working on technologies that could imprint digital sound onto a small plastic
disc. But soon they decided to join forces to develop the technology as fast as
possible. The first album ever recorded on CD was ABBA’s The Visitors in
1981.

8. Television. If America can’t claim decaf, DDT, and contact lenses, at
least we have the TV going for us, the most American invention of all time.
Well, wrong again. TV is actually a Russian invention. Specifically, it was a
Russian engineer named Boris Rosing who, in 1907, used a cathode ray tube to
receive 1mages, creating the earliest framework for transmitting light and
pictures to a receiving screen. The invention was born, but like most
technologies it took a few years and several participants to make it happen.

9. Aerosol Cans. Acrosol spray cans are fairly common all over the world,
but the first ones were sold in the U.S. in 1931. Since then, the core idea has
remained relatively unchanged.

If they were introduced to the world in America, then it makes sense that
they were invented by an American company. In reality, an American company
bought the patent for 100,000 kroner from a Norwegian scientist named Erik
Rotheim, who had patented his aerosol invention in Oslo, Norway five years
earlier.

10. Telephone. Ask any Canadian where the telephone was invented, and
they’ll proudly point right down at the permafrost under their feet. Ask an
American, and you’ll get the same answer — a finger pointed straight down at
American soil. Despite the fact that Alexander Graham Bell filed the patent for
the first electric telephone in the U.S. Patent Office in 1876, his work in the
early 1870’s took place mostly at his family home in Brantford, Ontario. That’s
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where he and his assistant, Thomas Watson, first transmitted an audio tone over
a wire. This was the first time a sound had ever been sent from one place to

another electronically—the framework of the telephone was born.

3agaHus K TEKCTY
|. JlaiiTe 0TBEeTHI HA cJIeAYIOLIE BOMPOCHI:
1. Why is it easy to imagine that most of the inventions of the modern day come
from the USA?
. What was the structure of the Voltaic Pile?
. Describe the Roselius’s process of decaffeination? Is it used now?
. When was the first digital answering machine invented?
. What was paper keeping like before the invention of the notepad?
. Who was the first person to make a practical contact lens?
. What is DDT? Who was it invented by?

. What was the first album ever recorded on CD?

O 0 3 O O B~ W

. Where was the telephone invented?
10. What the US inventions do you know?

1. 3akoH4YHUTE NMpeasI0KeHus:
1. It’s not hard to imagine most of the inventions of the modern day coming
from...
2. The process of decaffeination was invented by...
3. It was a Danish inventor named Valdemar Poulsen who built the first device
that was able to record a message and play it...
4. Before the 1900’s, most paper was just stacked in...
5. Thirty-eight million Americans wear contact lenses instead of...
6. Compact discs, or CDs, were one of the defining technologies of...
7. It was a Russian engineer named Boris Rosing who, in 1907, used a cathode
ray tube to...
8. Despite the fact that Alexander Graham Bell filed the patent for the first
electric telephone in the U.S. Patent Office, his work in the early 1870’s took
place at...
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I11. TlonOepure pycckue HIKBHUBAJEHTHI K CIeAYIOIIUM CJ0BaM M
CJIOBOCOYETAHUAM:

voltaic pile, copper, decaffeination, brand name, caffeine, to remove, confusing,
unwanted, bulky, pile, friction, to cut down (on), to blink, banned, crop, allied

soldiers, lifespan, decade

MOBAPHBLU 3HAK, COIO3HUKU, NPOOONNCUMETbHOCIb JHCU3HU, KYYd, NOCE8, MeOb,
VOanams, Hedcelamenbtblll, 2alb8anueckas bamapes, oecamuiemue, KoQeuH,
2POMO3OKUL, MpeHUe, CHUNICAMb, MOP2aAmb, 3anpeujeHHblll, yoaieHue Kogeuna,

3anymManHbl

IV. 3anojgHute mnpomycku B NpPeNJOKEeHUSAX, HCHOJbL3Yysl CJI0Ba H
CJI0BOCOYETAHMS U3 MPEAbIAYIIEro ynpaKHeHHs
1. The composition of brass includes and zinc.

2. The drug was a ago.

3. Putting o1l on both surfaces reduces

4. It was a very situation.

5. packages might cost more to mail.

6. A TV set has an average of 11 years.

7. A of sandbags held the bridge.

8. Rapid tests may result in test results.

9. is the process of removing caffeine from coffee beans and tea

leaves.
10. the knife from the child!

V. IlpoBeaute aHaiu3 mnpeaIo:KeHUil. Bpblaeante mnoaJexamee u
ckazyemoe. [lepeBeaure.

1. Some of the most common things we use today were invented neither in
America nor by an American.

2. So removing one specific chemical while keeping everything else intact isn’t
the easiest thing in the world.

3. In all honesty, the history of the answering machine is confusing.
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4. Currently banned in 170 countries, DDT was for a time one of the most
common pesticides in the U.S.

5. The first album ever recorded on CD was ABBA’s The Visitors in 1981.

6. That’s where he and his assistant, Thomas Watson, first transmitted an audio

tone over a wire.

V1. Haiigute Oe31muHble npenio:xenus. [lepeseaure.

1. Batteries have changed a lot over the years, but the core principle is still the
same — and it’s probably about 100 years older than you’d think.

2. It was later widely marketed in the U.S. under the brand name Sanka.

3. Once the telephone was invented, it didn’t take long for someone to invent a
way to screen calls from unwanted callers.

4. But 1t wasn’t invented in the same country that brought it to such global
prominence.

5. The invention was born, but like most technologies it took a few years and
several participants to make it happen.

6. If they were introduced to the world in America, then it makes sense that

they were invented by an American company.
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Text 5: Power Engineering problems and prospects

Electricity became a subject of scientific interest in the late 17th century with
the work of William Gilbert. Over the next two centuries a number of important
discoveries were made including the incandescent light bulb and the voltaic pile.
Probably the greatest discovery with respect to power engineering came from
Michael Faraday who in 1831 discovered that a change in magnetic flux induces
an electromotive force in a loop of wire — a principle known as electromagnetic
induction that helps explain how generators and transformers work.

Power engineering is a network of interconnected components which
convert different forms of energy to electrical energy. Modern power
engineering consists of three main subsystems: the generation subsystem, the
transmission subsystem, and the distribution subsystem. In the generation
subsystem, the power plant produces the electricity. The transmission
subsystem transmits the electricity to the load centers. The distribution
subsystem continues to transmit the power to the customers.

Energy conservation is an issue with many aspects that continue to evolve.
There have been major areas of technical improvement. There are also
important areas in which there has been virtually no improvement, and hence,
most of the potential of energy conservation still remains to be tapped. In the
architectural arena, there has been serious efficiency regression, primarily
related to the use of glass box exterior design. The United States was the
primary target of the oil embargo, and in the United States, popular opinion
drives politics.

A modern energy concept is a wholesale distributor of innovative
commercial lighting products with over 23 years of practical lighting
experience in a wide variety of applications. On the cutting edge of the lighting
industry, we always have a clear vision of a brighter future. Eventually, we see
LED (light-emitting diode) and induction lighting replacing the less efficient
HID (High-Intensity Discharge lamp) and fluorescent lamps throughout the
world. To further our vision, MEC is constantly testing and adopting new

lighting technology to provide our customers with the latest products.
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Nuclear power has been championed as a source of cheap energy. But this
was undermined at the end of the 20th century by high-profile reactor accidents,
the problems of radioactive waste disposal, competition from more-efficient
electricity sources and unavoidable links to nuclear weapons proliferation.
Nonetheless, growing evidence for global warming had led some to argue that
nuclear power is the only way to generate power without emitting greenhouse
gases. The economics of new nuclear power plants is a controversial subject,
and multi-billion dollar investments ride on the choice of an energy source.
Nuclear power plants typically have high capital costs, but low direct fuel costs
(with much of the costs of fuel extraction, processing, use and long term storage
externalized). Therefore, comparison with other power generation methods is
strongly dependent on assumptions about construction timescales and capital
financing for nuclear plants. Cost estimates also need to take into account plant
decommissioning and nuclear waste storage costs. On the other hand, measures
to mitigate global warming such as a carbon tax or carbon emissions trading
may favor the economics of nuclear power.

In recent years there has been a slowdown of electricity demand growth
and financing has become more difficult, which has an impact on large projects
such as nuclear reactors with very large upfront costs and long project cycles
which carry a large variety of risks. Where cheap gas is available and its future
supply relatively secure, this also poses a major problem for nuclear projects.

Analysis of the economics of nuclear power must take into account that
bears the risks of future uncertainties. To date all operating nuclear power
plants were developed by state-owned or regulated utility monopolies where
many of the risks associated with construction costs, operating performance,
fuel price, and other factors were borne by consumers rather than suppliers.
Many countries have now liberalized the electricity market where these risks,
and the risk of cheaper competitors emerging before capital costs are recovered,
are borne by plant suppliers and operators rather than consumers, which leads
to a significantly different evaluation of the economics of new nuclear power
plants. Following the 2011 Fukushima I nuclear accidents, costs are likely to go
up for currently operating and new nuclear power plants, due to increased
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requirements for on-site spent fuel management and elevated design basis
threats.

There is probably one thing that we can all agree on: the world’s energy
reserves are not unlimited. Actually that's not strictly true, there is a near
unlimited supply of energy coming from the sun but we are pretty bad at
converting it into useful energy. Look around and ask yourself how much
things will change in the near future.

It is pretty certain that we will run out of gas in your lifetime. Quite when
it will happen is up for debate but a guess of around twenty years would
probably be pretty close. That's not long considering that, certainly in the UK, a
good portion of houses have only gas powered heating and cooking.

But even if we can get exclusive access to that oil, and that's unlikely, it's a
rather sort amount of time before people start getting cold and hungry. Make no
mistakes, when the oil runs out the western culture will collapse and we will be
sent hurtling back to the middle ages. Starvation will become a real problem,
medicine will become scarce and transport will be by your own two feet or not
at all. Winter will be the worst time for us because there will be nothing to burn.
The first winter with no gas or oil will see every tree cut down for firewood
even though burning unseasoned wood is nearly pointless. Our houses will start
to fail as there will be no materials to maintain them with and rats will breed in
their masses because we can't transport out waste away. Basic raw materials
like wood and steal will become valuable commodities because we won't be
able to produce them ourselves but they won't last anywhere near as long as we
are used to because we won't have lacquers, paints and varnishes to protect
them with.

It is fairly clear that we need to do something about this problem now and
not in twenty years when it start to really cause us problems. It takes huge
amounts of money and a long time to develop a new energy technology to the
point where it 1s useful. Look how long it took to develop the coal fired power
station for instance — maybe one hundred years to get something really useful.
We need to invest a good portion of our countries GDP in researching

renewable energy sources so that we don't get caught out. There is no way on
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Earth the government will put even one percent of the countries GDP into
research, let alone into researching alternative energy sources. This is bizarre
because one of the few things that we will always need is power. If we could
become the world leaders in renewable energy technology we would have the
world eating out of our hand in the near future.

As a result, there were many government initiatives toward energy
conservation, including massive spending on research, major new laws, and
incentives for favored energy conservation activities. Energy conservation
continues to be a national imperative. These are significant generalizations that
we can make about the modern era of energy conservation, thus far: The 1970’s
were a time of great ferment and rapid learning. The 1980’s was a period in
which many bad ideas from the 1970 are collapsed. The 1990°s was a time of
stagnation and information loss. The new millennium restores interest in energy
conservation, largely under the banner of environmental protection. By far the
greatest advances came from equipment manufacturers. Most new concepts
were introduced during the 1970°s. By the 1990’s, the equipment had become
reliable. Remaining technical development is slow. Architects have disregarded
efficiency in building design. Engineers, who are subordinates to architects in
building design, continue to improve efficiency in a desultory manner. Most
government programs failed. Important exceptions were information programs
and equipment efficiency standards. Energy conservation codes for construction
were enacted into law, but they remain widely ignored. The industrial sector
achieved much better efficiency improvement than the commercial sector,
achieving most improvement during the years 1974 to 1985. Progress since then
has been minor. Facility owners and managers do not yet recognize energy
efficiency as a normal aspect of management, but as an episodic issue. During
the first part of the modern era, energy conservation was independent of
environmental protection. Then, they were seen as conflicting issues. Now, they
are seen as complementary issues. Information mushroomed during the 1970’s,
and slowed substantially thereafter. The Energy Efficiency Manual finally
appeared at the beginning of the new millennium, filling the need for a

complete and easily usable guide to the main areas of energy conservation. All
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this development and turmoil has created strong currents of issues within the

modern era of energy conservation.

3agaHus K TEKCTY
|. HaiiguTe B TeKcTe OTBETHI HA CJleAYIOIIHE BOMPOCHI:
1. What is power engineering?
2. How many subsystems are there in modern power engineering? What are
they?
3. Who made a great contribution to the development of power engineering?
4. What is an electromagnetic induction?
5. What ate the achievements in the field of lighting industry?
6. Is it true that nuclear power is a source of cheap and safe energy?

7. What measures were made to develop energy conservation?

Il. Ykaxure, aBasTCcs yTBepxAeHUs BepHbIMHU ({rUE) WM HeBePHBLIMH
(false).

1. In 1890 Michael Faraday discovered that a change in magnetic flux induces
an electromotive force in a loop of wire.

2. In the generation subsystem, the power plant produces the electricity.

3. Nuclear power has been championed as a source of expensive energy.

4. The world’s energy reserves are limited.

5. Nuclear power plants typically have low capital costs, but high direct fuel

COsts.

I1l. IlonGepure pycckue O>SKBUBAJIEHTHI K CJAEIYIOINIUM CJI0BaM M
CJIOBOCOYETAHUAM:

incandescent light bulb, voltaic pile, with respect to, power engineering,
magnetic flux, generation, transmission, distribution, energy conservation,
virtually, nuclear power, light-emitting diode, high-intensity discharge lamp,

nuclear weapons proliferation

pCZS’p}ZOHCl}Z JamMna 8vlCOKOoU UHMEHCUBHOCHIU, MACHUMHbLL NOMOoK, nepedaqa,

COXpAHEHUe JOHepcuu, Jdamna HAKAJIUeArusx, pacnpocmpanerHue ﬂ()epnozo
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OpYIICUsL, 2albBAHUYECKAs Oamapesi, s0epHAs dHepeus, UMO KACAemcs,
npouszBo0Ccmeo  (8blpabomra), Cc8emoouoo, >dHepeemuKd, pacnpeoesieHue,

G axmuuecku

V. CpaBHuTe NpensioxkeHus B 1elCTBUTEIHLHOM U CTPAIATEILHOM 3aJ10Te€,
nepeBeauTe UX.

1. Scientists made a number of great discoveries in the field of electricity. — A
number of great discoveries in the field of electricity were made by scientists.

2. The transmission subsystem transmits the electricity to the load centers. —
Electricity 1s transmitted to the load centers in the transmission subsystem.

3. Light-emitting diode and induction lighting have replaced the less efficient
high-intensity discharge lamp and fluorescent lamps throughout the world. —
The less efficient high-intensity discharge lamps and fluorescent lamps have
been replaced by light-emitting diodes and induction lighting throughout the
world.

4. We must take into account the analysis of the economics of nuclear power. —
The analysis of the economics of nuclear power must be taken into account.

5. Today we are making significant generalizations about the modern era of
energy conservation. — Significant generalizations about the modern era of

energy conservation are being made today.

V. Ha3oBute TUNOBBbIe (hopMbI 00pa30BaHNsi TEPMUHOB B NMPHUBEAEHHBIX
HH:Ke TPpUMepax, nepeBenuTe ux.

light-emitting diode, high-intensity discharge lamp, high-profile reactor
accidents, nuclear weapons proliferation, state-owned or regulated utility

monopolies, magnetic flux

V1. Uto Takoe «I0:KHbIe APY3bsi» nepeBoauuka? Kakoil mpumep naHHOM
JIEKCUKH NIPUCYTCTBYET B IPUBEJICHHOM HMKe MPeAT0KEeHUH ?

There are also important areas in which there has been virtually no
improvement, and hence, most of the potential of energy conservation still

remains to be tapped.
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Text 6: The Structure of Matter

There is a large overlap of the world of static electricity and the everyday
world that you experience. Clothes tumble in the dryer and cling together. You
walk across the carpeting to exit a room and receive a door knob shock. You
pull a wool sweater off at the end of the day and see sparks of electricity.
During the dryness of winter, you step out of your car and receive a car door
shock as you try to close the door. Sparks of electricity are seen as you pull a
wool blanket off the sheets of your bed. You stroke your cat's fur and observe
the fur standing up on its end. Bolts of lightning dash across the evening sky
during a spring thunderstorm. And most tragic of all, you have a bad hair day.
These are all static electricity events - events that can only be explained by an
understanding of the physics of electrostatics.

Not only do electrostatic occurrences permeate the events of everyday life,
without the forces associated with static electricity, life as we know it would be
impossible. Electrostatic forces - both attractive and repulsive in nature - hold
the world of atoms and molecules together in perfect balance. Without this
electric force, material things would not exist. Atoms as the building blocks of
matter depend upon these forces. And material objects, including us Earthlings,
are made of atoms and the acts of standing and walking, touching and feeling,
smelling and tasting, and even thinking is the result of electrical phenomenon.
Electrostatic forces are foundational to our existence.

One of the primary questions to be asked is: How can an object be charged
and what affect does that charge have upon other objects in its vicinity? The
answer to this question begins with an understanding of the structure of matter.
Understanding charge as a fundamental quantity demands that we have an
understanding of the structure of an atom.

History of Atomic Structure. The search for the atom began as a
philosophical question. It was the natural philosophers of ancient Greece that
began the search for the atom by asking such questions as: What is stuff
composed of? What is the structure of material objects? Is there a basic unit

from which all objects are made? As early as 400 B.C., some Greek
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philosophers proposed that matter is made of indivisible building blocks known
as atomos. (Atomos in Greek means indivisible.) To these early Greeks, matter
could not be continuously broken down and divided indefinitely. Rather, there
was a basic unit or building block that was indivisible and foundational to its
structure. This indivisible building block of which all matter was composed
became known as the atom.

All matter such as solids, liquids, and gases, 1s composed of atoms.
Therefore, the atom is considered to be the basic building block of matter.
However, atoms are almost always grouped together with other atoms to form
what is called a molecule. Only a few gases such as helium are composed of
individual atoms as the structural unit. Atoms are extremely small. The radius
of a typical atom is on the order of 0.00000000001 meter and cannot be studied
without very powerful microscopes.

The early Greeks were simply philosophers. They did not perform
experiments to test their theories. In fact, science as an experimental discipline
did not emerge as a credible and popular practice until sometime during the
1600s. So the search for the atom remained a philosophical inquiry for a couple
of millennia. From the 1600s to the present century, the search for the atom
became an experimental pursuit. Several scientists are notable; among them are
Robert Boyle, John Dalton, J.J. Thomson, Ernest Rutherford, and Neils Bohr.

Boyle's studies (middle to late 1600s) of gaseous substances promoted the
idea that there were different types of atoms known as elements. Dalton (early
1800s) conducted a variety of experiments to show that different elements can
combine in fixed ratios of masses to form compounds. Dalton subsequently
proposed one of the first theories of atomic behavior that was supported by
actual experimental evidence.

English scientist J.J. Thomson's cathode ray experiments (end of the 19th
century) led to the discovery of the negatively charged electron and the first
ideas of the structure of these indivisible atoms. Thomson proposed the Plum
Pudding Model, suggesting that an atom's structure resembles the favorite

English dessert — plum pudding. The raisins dispersed amidst the plum pudding

58



are analogous to negatively charged electrons immersed in a sea of positive
charge.

Nearly a decade after Thomson, Ernest Rutherford's famous gold foil
experiments led to the nuclear model of atomic structure. Rutherford's model
suggested that the atom consisted of a densely packed core of positive charge
known as the nucleus surrounded by negatively charged electrons. While the
nucleus was unique to the Rutherford atom, even more surprising was the
proposal that an atom consisted mostly of empty space. Most the mass was
packed into the nucleus that was abnormally small compared to the actual size
of the atom.

Neils Bohr improved upon Rutherford's nuclear model (1913) by
explaining that the electrons were present in orbits outside the nucleus. The
electrons were confined to specific orbits of fixed radius, each characterized by
their own discrete levels of energy. While electrons could be forced from one
orbit to another orbit, it could never occupy the space between orbits.

Bohr's view of quantized energy levels was the precursor to modern
quantum mechanical views of the atoms. The mathematical nature of quantum
mechanics prohibits a discussion of its details and restricts us to a brief
conceptual description of its features. Quantum mechanics suggests that an
atom 1s composed of a variety of subatomic particles. The three main subatomic
particles are the proton, electron and neutron. The proton and neutron are the
most massive of the three subatomic particles; they are located in the nucleus of
the atom, forming the dense core of the atom. The proton is charged positively.
The neutron does not possess a charge and is said to be neutral. The protons and
neutrons are bound tightly together within the nucleus of the atom. Outside the
nucleus are concentric spherical regions of space known as electron shells. The
shells are the home of the negatively charged electrons. Each shell is
characterized by a distinct energy level. Outer shells have higher energy levels
and are characterized as being lower in stability. Electrons in higher energy
shells can move down to lower energy shells; this movement is accompanied by
the release of energy. Similarly, electrons in lower energy shells can be induced

to move to the higher energy outer shells by the addition of energy to the atom.
59



If provided sufficient energy, an electron can be removed from an atom and be
freed from its attraction to the nucleus.

Application of Atomic Structure to Static Electricity. This brief
excursion into the history of atomic theory leads to some important conclusions
about the structure of matter that will be of utmost importance to our study of
static electricity. Those conclusions are summarized here:

e All material objects are composed of atoms. There are different kinds
of atoms known as elements; these elements can combine to form compounds.
Different compounds have distinctly different properties. Material objects are
composed of atoms and molecules of these elements and compounds, thus
providing different materials with different electrical properties.

e An atom consists of a nucleus and a vast region of space outside the
nucleus. Electrons are present in the region of space outside the nucleus. They
are negatively charged and weakly bound to the atom. Electrons are often
removed from and added to an atom by normal everyday occurrences.

e The nucleus of the atom contains positively charged protons and
neutral neutrons. These protons and neutrons are not removable or perturbable
by usual everyday methods. It would require some form of high-energy nuclear
occurrence to disturb the nucleus and subsequently dislodge its positively
charged protons. One sure truth of this unit is that the protons and neutrons will
remain within the nucleus of the atom. Electrostatic phenomenon can never be

explained by the movement of protons.

3ajaHusA K TEKCTYy
|. HaiinuTe B TeKkcTe OTBETHI HA CJIEYIOIME BONPOCHI:
1. Why are electrostatic forces foundational to our existence?
2. Who began the search for the atom?
3. What does Atomos mean?
4. Who proposed one of the first theories of atomic behavior?
5. What did Rutherford's nuclear model of the atom structure suggest?

6. What are all material objects composed of?
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7. How many subatomic particles are there? What are they? Speak about main

features of these particles.

1. CoennnuTe YacTH NpeasioKeHuil Mo CMbICJY.

1. Electrostatic forces both attractive

and repulsive in nature

a. a vast region of space outside the

nucleus.

2. This indivisible building block of

which all matter was composed

b. the proton, electron and neutron.

3. An atom consists of a nucleus and

c. hold the world of atoms and

molecules together in perfect balance.

4. The proton and neutron, the most

massive of the three subatomic

d. does not possess a charge and is

said to be neutral.

particles, are located in the nucleus of

the atom,

5. The three main subatomic particles | €. became known as the atom.

arc

6. The neutron

f. forming the dense core of the atom.

CJIOBOCOYETAHUAM .

IloxOepuTe pycckue OHKBUBAJEHTHI K CJAEAYIOIIAM CJ0OBaM M
attractive, gaseous substance, structural unit, vicinity, compound, to conduct
experiments, electron shells, negatively/ positively charged, repulsive, cathode
ray, a variety of, indivisible, electrical properties, a building block, weakly/
tightly bound

cocedcmeo, cmaHdapmezﬁ JdJleMeHNnl, NOMOK J3J1EKNIPOHOE, 2a3006pa3noe

gewecmeo,  NpumMASUBAOWUL, COeOUHeHUue, pazHooobpasue, NpPoBOOUMb

aKcnepumenmol, ciabo Imecno ceszaumwii, ompuyamenvbHolnoioNHCUMENbHO
3aPANHCEHHbIU, ceolcmea, 0bosouka,

dlleKkmpuuecKue ANIEKMPOHHAA

OMMANKUBAOWULU, CMPYKMYPHbIU dJIeMeHm, HeOeaUMblll
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IV. CocraBbTe mnpeasioxkeHusi U3 CjAeAyIOIUX CJI0B B COOTBETCTBHM C
MOPSIIKOM CJIOB B AaHIJIHIICKOM TIPeaI0KeHUH.

1. atoms, all matter, liquids, such as, solids, is composed, and, gases, of.

2. together, atoms, with, are grouped, to form, a molecule, other atoms.

3. cathode ray experiments, the discovery, led to, J.J. Thomson's, of, electron,
the negatively charged.

4. are bound, the protons, within, and, tightly, neutrons, the nucleus, together,
of the atom.

5. neutrons, positively charged, and, contains, the atom, of, the nucleus,

protons, neutral.

V. IlepeBenurte mnpeasiokeHusi, oOpaiiass BHUMaHHE HA OCOOEHHOCTH
nepeBoja 0e3JJMYHBIX KOHCTPYKIMIA B CTPaAaTeJILHOM 3aJI0Te.

1. It 1s known that atoms as the building blocks of matter depend upon
electrostatic forces both attractive and repulsive

2. It cannot be denied that all static electricity events can only be explained by
an understanding of the physics of electrostatics.

3. It must be stressed that the three main subatomic particles are the proton,
electron and neutron.

4. It should be remembered that electrostatic phenomenon can never be
explained by the movement of protons.

5.1t is said that matter is made of indivisible building blocks known as atoms.

V1. HazoBuTe TUNOBBIE (hOPMBI 00pPa30BaAHMS TEPMHHOB B NMPHUBEAEHHBIX
HH:Ke TPpUMepax, nepeBenuTe ux.

cathode ray experiments, negatively charged electron, atomic structure, densely
packed core, quantum mechanics, positively charged proton, tightly bound

neutrons
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Text 7: Electricity

Electricity is the set of physical phenomena associated with the presence
and flow of electric charge. Electricity gives a wide variety of well-known
effects, such as lightning, static electricity, electromagnetic induction and
electric current. In addition, electricity permits the creation and reception of
electromagnetic radiation such as radio waves.

In electricity, charges produce electromagnetic fields which act on other
charges. Electricity occurs due to several types of physics:

e clectric charge: a property of some subatomic particles, which
determines their electromagnetic interactions. Electrically charged matter is
influenced by, and produces electromagnetic fields.

o clectric field: an especially simple type of electromagnetic field
produced by an electric charge even when it is not moving (i.e., there is no
electric current). The electric field produces a force on other charges in its
vicinity.

e clectric potential: the capacity of an electric field to do work on an
electric charge, typically measured in volts.

e clectric current: a movement or flow of electrically charged particles,
typically measured in amperes.

e clectromagnets: Moving charges produce a magnetic field. Electric
currents generate magnetic fields, and changing magnetic fields generate
electric currents.

In electrical engineering, electricity 1s used for:

e clectric power where electric current is used to energize equipment;

e clectronics which deals with electrical circuits that involve active
electrical components such as vacuum tubes, transistors, diodes and integrated
circuits, and associated passive interconnection technologies.

Electrical phenomena have been studied since antiquity, though progress in
theoretical understanding remained slow until the seventeenth and eighteenth

centuries. Even then, practical applications for electricity were few, and it
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would not be until the late nineteenth century that engineers were able to put it
to industrial and residential use. The rapid expansion in electrical technology at
this time transformed industry and society. Electricity's extraordinary versatility
means it can be put to an almost limitless set of applications which include
transport, heating, lighting, communications, and computation. Electrical power
1s now the backbone of modern industrial society.

Long before any knowledge of electricity existed people were aware of
shocks from electric fish. Ancient Egyptian texts dating from 2750 BC referred
to these fish as the «Thunderer of the Nile», and described them as the
"protectors" of all other fish. Electric fish were again reported millennia later by
ancient Greek, Roman and Arabic naturalists and physicians. Several ancient
writers, such as Pliny the Elder and Scribonius Largus, attested to the numbing
effect of electric shocks delivered by catfish and torpedo rays, and knew that
such shocks could travel along conducting objects. Patients suffering from
ailments such as gout or headache were directed to touch electric fish in the
hope that the powerful jolt might cure them. Possibly the earliest and nearest
approach to the discovery of the identity of lightning, and electricity from any
other source, is to be attributed to the Arabs, who before the 15th century had
the Arabic word for lightning (raad) applied to the electric ray.

Ancient cultures around the Mediterranean knew that certain objects, such
as rods of amber, could be rubbed with cat's fur to attract light objects like
feathers. Thales of Miletus made a series of observations on static electricity
around 600 BC, from which he believed that friction rendered amber magnetic,
in contrast to minerals such as magnetite, which needed no rubbing. Thales was
incorrect in believing the attraction was due to a magnetic effect, but later
science would prove a link between magnetism and electricity. According to a
controversial theory, the Parthians may have had knowledge of electroplating,
based on the 1936 discovery of the Baghdad Battery, which resembles a
galvanic cell, though it is uncertain whether the artifact was electrical in nature.

Electricity would remain little more than an intellectual curiosity for
millennia until 1600, when the English scientist William Gilbert made a careful
study of electricity and magnetism, distinguishing the lodestone effect from
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static electricity produced by rubbing amber. He coined the New Latin word
electricus («of amber» or «like ambery, elektron, the Greek word for «amber»)
to refer to the property of attracting small objects after being rubbed. This
association gave rise to the English words «electric» and «electricity», which
made their first appearance in print in Thomas Browne's Pseudodoxia
Epidemica of 1646.

Further work was conducted by Otto von Guericke, Robert Boyle, Stephen
Gray and C. F. du Fay. In the 18th century, Benjamin Franklin conducted
extensive research in electricity, selling his possessions to fund his work. In
June 1752 he is reputed to have attached a metal key to the bottom of a
dampened kite string and flown the kite in a storm-threatened sky. A succession
of sparks jumping from the key to the back of his hand showed that lightning
was indeed electrical in nature. He also explained the apparently paradoxical
behavior of the Leyden jar as a device for storing large amounts of electrical
charge in terms of electricity consisting of both positive and negative charges.

In 1791, Luigi Galvani published his discovery of bioelectricity,
demonstrating that electricity was the medium by which nerve cells passed
signals to the muscles. Alessandro Volta's battery, or voltaic pile, of 1800, made
from alternating layers of zinc and copper, provided scientists with a more
reliable source of electrical energy than the electrostatic machines previously
used. The recognition of electromagnetism the unity of electric and magnetic
phenomena, is due to Hans Christian Orsted and André-Marie Ampere in 1819-
1820; Michael Faraday invented the electric motor in 1821, and Georg Ohm
mathematically analyzed the electrical circuit in 1827. Electricity and
magnetism (and light) were definitively linked by James Clerk Maxwell, in
particular in his "On Physical Lines of Force" in 1861 and 1862.

While the early 19th century had seen rapid progress in electrical science,
the late 19th century would see the greatest progress in electrical engineering.
Through such people as Alexander Graham Bell, Ott6 Blathy, Thomas Edison,
Galileo Ferraris, Oliver Heaviside, Anyos Jedlik, Lord Kelvin, Sir Charles

Parsons, Ernst Werner von Siemens, Joseph Swan, Nikola Tesla and George
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Westinghouse, electricity turned from a scientific curiosity into an essential tool
for modern life, becoming a driving force of the Second Industrial Revolution.

In 1887, Heinrich Hertz discovered that electrodes illuminated with
ultraviolet light create electric sparks more easily. In 1905 Albert Einstein
published a paper that explained experimental data from the photoelectric effect
as being the result of light energy being carried in discrete quantized packets,
energizing electrons. This discovery led to the quantum revolution. Einstein
was awarded the Nobel Prize in 1921 for «his discovery of the law of the
photoelectric effect». The photoelectric effect is also employed in photocells
such as can be found in solar panels and this is frequently used to make
electricity commercially.

The first solid-state device was the «cat's whisker» detector, first used in
the 1900s in radio receivers. A whisker-like wire is placed lightly in contact
with a solid crystal (such as a germanium crystal) in order to detect a radio
signal by the contact junction effect. In a solid-state component, the current is
confined to solid elements and compounds engineered specifically to switch
and amplify it. Current flow can be understood in two forms: as negatively
charged electrons, and as positively charged electron deficiencies called holes.
These charges and holes are understood in terms of quantum physics. The
building material is most often a crystalline semiconductor.

The solid-state device came into its own with the invention of the transistor
in 1947. Common solid-state devices include transistors, microprocessor chips,
and RAM. A specialized type of RAM called flash RAM is used in flash drives
and more recently, solid state drives to replace mechanically rotating magnetic
disc hard drives. Solid state devices became prevalent in the 1950s and the
1960s, during the transition from vacuum tubes to semiconductor diodes,

transistors, integrated circuit (IC) and the light-emitting diode (LED).

3aaHusA K TEKCTY
|. HaiiguTe B TeKcTe OTBETHI HA CJleAYIOIIME BOMPOCHI:
1. What is electricity?
2. When did electricity occur?
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3. What is an electric field?

4. What is electricity used for in electrical engineering?

5. What are three phenomena that made up all of man’s knowledge of electrical
effects?

6. What led to the quantum revolution?

7. What do common solid-state devices include?

Il. Ykaxure, aBjasoTcs yrBepxaeHuss BepHbIMHU ({rUE) WM HeBePHBIMH
(false).

1. Electricity is the set of physical phenomena associated with the presence and
flow of electric potential.

2. In electricity, charges produce electromagnetic fields.

3. Electric potential is a movement or flow of electrically charged particles,
typically measured in amperes.

4. Ancient cultures that certain objects, such as rods of copper, could be rubbed
with cat's fur to attract light objects like feathers.

5. William Gilbert coined the new Latin word electricus («of amber» or «like
amber», elektron, the Greek word for «amber») to refer to the property of

attracting small objects after being rubbed.

I11. TlonOepure pycckue HIKBHUBAJEHTHI K CIeAYIOIIUM CJ0BaM M
CJIOBOCOYETAHUSM

lightning, electromagnetic induction, electric current, electromagnetic fields,
integrated circuit, versatility, amber, friction, succession, scientific curiosity,

driving force, solid-state device, contact junction, to amplify, semiconductor

NOJYNPOBOOHUKOBOE YCMPOUCME0, VCUIUBAMb, YHUBEPCAIbHOCMb, MpPEHUE,
MOJIHUS, NOJYNPOBOOHUK, UHMESPATIbHAS CXeMA, DTeKMPOMACHUMHASL UHOYKYUS,
noC1e008ameNbHOCMb,  NAMHO  KOHMAKMA, O8UMNCYWAs  CUld, SIHMAapb,
INeKMPUYECKUll MoK,  INeKMPOMACHUMHbIE  NOJIA,  HAYYHBIUL — UHmepec

(n1robonvimcmaeo)
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IV. IlepeBenure mpeasioxkeHusi, oopamiass BHUMAHUE HA HMCIOJIb30BaHHE
CTPYKTYP THNA A ecTh b (r/1aroJi-cBsi3ka 1 HIMEHHAsl 4acThb).

1. Electricity is the set of physical phenomena associated with the presence and
flow of electric charge.

2. Electrically charged matter is a matter influenced by, and produces
electromagnetic fields.

3. Electric potential is the capacity of an electric field to do work on an electric
charge, typically measured in volts.

4. Electric current 1s a movement or flow of electrically charged particles,
typically measured in amperes.

5. The first solid-state device is the «cat's whisker» detector, first used in the

1900s in radio receivers.

V. IlepeBenuTte mnpeaio:keHUus, odpamasi BHUMAHUHE HA HeolpeaeIeHHO-
JIMYHOEe MeCTOMMeHue ONe.

1. One knows that electrical phenomena have been studied since antiquity.

2. One must remember that electric potential is measured in volts.

3. One believes that moving charges produce a magnetic field.

4. One is faced with the difficulty to put electricity to industrial and residential
use.

5. One must know that electricity’s extraordinary versatility means it can be put
to an almost limitless set of applications which include transport, heating,

lighting, communications, and computation.

V1. Haiiaute B npeasio:keHUsiX HHTEPHAUMOHAJbHBIE cioBa. [lepeBeauTe
Npea10KeHus.

1. Electricity gives a wide variety of well-known effects, such as lightning,
static electricity, electromagnetic induction and electric current.

2. Electricity permits the creation and reception of electromagnetic radiation

such as radio waves.
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3. A whisker-like wire is placed lightly in contact with a solid crystal (such as a
germanium crystal) in order to detect a radio signal by the contact junction
effect.

4. Electronics deals with electrical circuits that involve active electrical
components such as vacuum tubes, transistors, diodes and integrated circuits,
and associated passive interconnection technologies.

5. The rapid expansion in electrical technology at this time transformed industry

and society.
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Text 8: Electric circuits

An electric circuit is a path which electrons from a voltage or current
source flow. Electric current flows in a closed path called an electric circuit.
The point where those electrons enter an electrical circuit is called the «source»
of electrons. The point where the electrons leave an electrical circuit is called
the «return» or «earth ground». The exit point is called the «return» because
electrons always end up at the source when they complete the path of an
electrical circuit.

The part of an electrical circuit that is between the electrons' starting point
and the point where they return to the source is called an electrical circuit’s
«loady». The load of an electrical circuit may be as simple as those that power
electrical appliances like refrigerators, televisions, orlamps or more
complicated, such as the load on the output of a hydroelectric power generating
station.

Circuits use two forms of electrical power: alternating current (AC) and
direct current (DC). AC often powers large appliances and motors and is
generated by power stations. DC powers battery operated vehicles and other
machines and electronics. Converters can change AC to DC and vice versa.
High-voltage direct current transmission uses very big converters.

Electric circuits are considered to be made up of localized circuit elements
connected by wires which have essentially negligible resistance. The three basic
circuit elements are resistors, capacitors, and inductors.

There are various kinds of electric circuits such as: open circuits, closed
circuits, series circuits, parallel circuits and short circuits. To understand the
difference between the following circuit connections is not difficult at all. When
electrical devices are connected so that the current flows from one device to
another, they are said to be connected in series. Under such conditions the
current flow 1s the same in all parts of the circuit, as there is only a single path
along which it may flow. The electrical bell circuit is considered to be a typical
example of a series circuit. The parallel circuit provides two or more paths for

the passage of current. The circuit is divided in such a way that part of the
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current flows through one path, and part through another. The lamps in your
room and your house are generally connected in parallel. Now we pay our
attention to the short circuit sometimes called «the short». The short circuit is
produced when the current is allowed to return to the source of supply without
control and without doing the work that we want it to do. The short circuit often
results from cable fault or wire fault.

An electronic circuit is a complete course of conductors through which
current can travel. Circuits provide a path for current to flow. To be a circuit,
this path must start and end at the same point. In other words, a circuit must
form a loop. An electronic circuit and an electrical circuit have the same
definition, but electronic circuits tend to be low voltage circuits.

For example, a simple circuit may include two components: a battery and a
lamp. The circuit allows current to flow from the battery to the lamp, through
the lamp, then back to the battery. Thus, the circuit forms a complete loop.

Of course, circuits can be more complex. However, all circuits can be

distilled down to three basic elements:

e Voltage source: A voltage source causes current to flow like a battery,
for instance.

e Load: The load consumes power; it represents the actual work done by
the circuit. Without the load, there's not much point in having a circuit. The
load can be as simple as a single light bulb. In complex circuits, the load is a
combination of components, such as resistors, capacitors, transistors, and so on.

e Conductive path: The conductive path provides a route through which
current flows. This route begins at the voltage source, travels through the load,
and then returns to the voltage source. This path must form a loop from the
negative side of the voltage source to the positive side of the voltage source.

Types of Circuits

When a circuit is complete and forms a loop that allows current to flow,
the circuit is called a closed circuit. If any part of the circuit is disconnected or
disrupted so that a loop is not formed, current cannot flow. In that case, the

circuit is called an open circuit.
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e Open circuit is an oxymoron. After all, the components must form a
complete path to be considered a circuit. If the path is open, it isn't a circuit.
Therefore, open circuit is most often used to describe a circuit that has become
broken, either on purpose (by the use of a switch) or by some error, such as a
loose connection or a damaged component.

e Short circuit refers to a circuit that does not have a load. For example,
if the lamp is connected to the circuit but a direct connection is present between
the battery's negative terminal and its positive terminal, too.

Current in a short circuit can flow at dangerously high levels. Short circuits
can damage electronic components, cause a battery to explode, or maybe start a
fire.

The short circuit illustrates an important point about electrical circuits: it is
possible — common, even — for a circuit to have multiple pathways for current
to flow. The current can flow through the lamp as well as through the path that
connects the two battery terminals directly.

Current flows everywhere it can. If your circuit has two pathways through
which current can flow, the current doesn't choose one over the other; it chooses
both. However, not all paths are equal, so current doesn't flow equally through
all paths.

For example, current will flow much more easily through the short circuit
than it will through the lamp. Thus, the lamp will not glow because nearly all of
the current will bypass the lamp in favor of the easier route through the short
circuit. Even so, a small amount of current will flow through the lamp.

The part of the circuit bypassed by the short circuit ceases to function, and
a large amount of current could start to flow. This can generate a lot of heat in
the wires and cause a fire. As a safety measure, fuses and circuit breakers
automatically open the circuit when there 1s an excessive current.

Under certain conditions, the short may cause fire because the current
flows where it was not supposed to flow. If the current flow is too great, a fuse
is used as a safety device to stop the current flow. The fuse must be placed in

every circuit where there is a danger of overloading the line. Then all the
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current will pass through the fuse. When a short circuit or an overload causes
more current to flow than the carrying capacity of the wire, the wire becomes
hot and sets fire to the insulation. If the flow of current is greater than the
carrying capacity of the fuse, the fuse melts and opens the circuit.

In a series circuit, the same current flows through all the components. The
total voltage across the circuit is the sum of the voltages across each
component, and the total resistance is the sum of the resistances of each
component. In this circuit, V = V1 + V2 + V3 and R = R1 + R2 + R3. An
example of a series circuit is a string of Christmas lights. If any one of the bulbs
1s missing or burned out, no current will flow and none of the lights will go on.

Parallel circuits are like the smaller blood vessels that branch off from an
artery and then connect to a vein to return blood to the heart. Now think of two
wires, each representing an artery and a vein, with some smaller wires
connected between them. These smaller wires will have the same voltage
applied to them, but different amounts of current flowing through them
depending on the resistance of the individual wires.

An example of a parallel circuit is the wiring system of a house. A single
electric power source supplies all the lights and appliances with the same
voltage. If one of the lights burns out, current can still flow through the rest of
the lights and appliances. However, if there is a short circuit, the voltage drops
to almost zero, and the entire system goes down.

Circuits are generally very complex combinations of series and parallel
circuits. The first circuits were very simple DC circuits.

History of Electrical Circuits. Early investigations of static electricity go
back hundreds of years. Static electricity is a transfer of electrons produced by
friction, like when you rub a balloon across a sweater. A spark or very brief
flow of current can occur when charged objects come into contact, but there is
no continuous flow of current. In the absence of a continuous current, there is
no useful application of electricity.

The mvention of the battery, which could produce a continuous flow of
current, made possible the development of the first electric circuits. Alessandro

Volta invented the first battery, the voltaic pile, in 1800. The very first circuits
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used a battery and electrodes immersed in a container of water. The flow of
current through the water produced hydrogen and oxygen.

The first widespread application of electric circuits for practical use was
for electric lighting. Shortly after Thomas Edison invented his incandescent
light bulb, he sought practical applications for it by developing an entire power
generation and distribution system. The first such system in the United States
was the Pearl Street Station in downtown Manhattan. It provided a few square
blocks of the city with electric power, primarily for illumination.

One classification of circuits has to do with the nature of the current flow.
The earliest circuits were battery-powered, which made in a steady, constant
current that always flowed in the same direction. This is direct current, or DC.
The use of DC continued through the time of the first electric power systems. A
major problem with the DC system was that power stations could serve an area
of only about a square mile because of power loss in the wires.

In 1883, engineers proposed harnessing the tremendous hydroelectric power
potential of Niagara Falls to supply the needs of Buffalo, N.Y. Although this
power would ultimately go beyond Buffalo to New York City and even farther,
there was an initial problem with distance. Buffalo was only 16 miles from
Niagara Falls, but the idea was unworkable until Nikola Tesla made it possible.

Electronic Circuits. You may have heard the term chip, especially when
the subject of computer hardware comes up. A chip is a tiny piece of silicon,
usually around one centimeter square. A chip may be a single transistor (a piece
of silicon that amplifies electrical signals or serves as an on/off switch in
computer applications). It can also be an integrated circuit composed of many
interconnected transistors. Chips are encapsulated in a hermetically sealed
plastic or ceramic enclosure called a package. Sometimes people refer to the
whole package as a chip, but the chip is actually inside the package.

There are two basic types of integrated circuit — monolithic and hybrid.
Monolithic ICs include the entire circuit on a single silicon chip. They can
range in complexity from just a few transistors to millions of transistors on a

computer microprocessor chip. A hybrid IC has a circuit with several chips
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enclosed in a single package. The chips in a hybrid IC may be a combination of
transistors, resistors, capacitors and monolithic IC chips.

A printed circuit board, or PCB, holds an electronic circuit together. The
completed PCB with components attached 1s a printed circuit board assembly,
or PCBA. A multilayer PCB may have as many as 10 stacked PCBs.
Electroplated copper conductors passing through holes called vias connect the
individual PCBs, which forms a three-dimensional electronic circuit.

The most important elements in an electronic circuit are the transistors.
Diodes are tiny chips of silicon that act as valves to allow current flow in only
one direction. Other electronic components are passive elements like resistors
and capacitors. Resistors offer a specified amount of resistance to current, and
capacitors store electric charge. The third basic passive circuit element is the
inductor, which stores energy in the form of a magnetic field. Microelectronic
circuits very rarely use inductors, but they are common in larger power circuits.

Most circuits are designed using computer-aided design programs, or
CAD. Many of the circuits used in digital computers are extremely complex
and use millions of transistors, so CADs are the only practical way to design
them. The circuit designer starts with a general specification for the functioning
of the circuit, and the CAD program lays out the complex pattern of
interconnections.

The etching of the metal interconnection pattern on a PCB or IC chip uses
an etch-resistant masking layer to define the circuit pattern. The exposed metal
is etched away, leaving the pattern of connecting metal between components.

Why is AC used in electronic circuits? In electronic circuits, the
distances and currents are very small, so why use AC? First of all, the currents
and voltages in these circuits represent constantly changing phenomena, so the
electrical representations, or analogs, are also constantly changing. The second
reason is that radio waves (like those used by TVs, microwaves and cell
phones) are high-frequency AC signals. The frequencies used for all types of
wireless communication has steady advanced over the years, from the kilohertz
(kHz) range in the early days of radio to the megahertz (MHz) and gigahertz
(GHz) range today.
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Electronic circuits use DC to provide power for the transistors and other
components in electronic systems. A rectifier circuit converts AC power to DC

from the AC line voltage.

3ajaHusA K TEKCTYy
|. HaiiguTe B TeKcTe OTBETHI HA CJleAYIOIIHE BOMPOCHI:
1. What is an electric circuit?
2. What types of electric circuits are mentioned in the text?
3. What is the difference between alternating current (AC) and direct current
(DC)?
4. What are basic circuit elements?
5. What is a fuse? When do we use fuses?
6. When did the history of electric circuits start?

7. What are the main features of electronic circuits?

1. Coennnute cJI0Ba M CJIOBOCOYETAHUSA € UX JePUHULIUSIMM.

1. A series circuit is a. the circuit which is complete and forms a loop that

allows current to flow.

2. A parallel circuit is | b. the point where the electrons leave an electrical

circuit.

3. An open circuitis | c. the circuit components of which are connected
along a single path, so the same current flows

through all of the components.

4. A closed circuit is | d. the circuit which provides two or more paths for
the passage of current so that part of the current

flows through one path, and part through another.

5. The «return» or|e. the point where electrons enter an electrical

«earth ground» is circuit.

6. The «source» of|f. the circuit any part of which is disconnected or
electrons is disrupted so that a loop is not formed, current cannot

flow.
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I11. TlonOepute pycckue JIKBHUBAJEHTHI K CIeAYIOIIUM CJ0BaM M
CJIOBOCOYETAHUSIM:

electric circuit, appliance, alternating current, capacitor, open circuit, parallel
circuit, short circuit, voltage source, closed circuit, load, direct current,
conductive path, inductor, wiring system, printed circuit board, fuse, series

circuit.

UCMOYHUK HANPANCEHUS, CUCMeMa 3I1eKMpPOnpoBoOKU, NApAaleNlbHAs Yenv,
3aMKHYmMAs yenvb, NOCIE008AMENbHASl Yenb, MOKONPO8OOAUAs O0POICKA
(nepembluka), KOHOEHCamop, HA2py3Ka, HNEPEeMEeHHbl MOK, KOPOMKOe
3ambIKaHue, newamuas — njaama, NeKMPUYEcKas  Yenbv, naAGKUU

npeooxXpanumenb, pa3oMKHYmMas yenv, UHOYKmop, npubop, nOCMOSHHbIL MOK.

IV. IlpouuraiiTe u mnepeBeauTe MNpeNIOKeHHs, 00paliasi BHUMAaHHE Ha
MpeaJiorH, COI03bl U HapeuyHs, CO3JalolIie JOTHYEeCKUEe CBSI3M MeKIy
OT/IeJIbHBIMH 3J1EMEHTAMH BbICKA3bIBAHUIA.

1. Thus high-voltage direct current transmission uses very big converters.

2. For the purpose of understanding what a series circuit is the electrical bell
circuit is considered to be a typical example of this type of circuits.

3. In order to understand the difference between an electronic circuit and an
electrical circuit, it is important to say that they have the same definition, but
electronic circuits tend to be low voltage circuits rather than electric circuits.

4. In addition to simple circuits, there are complex ones, where the load is a
combination of components, such as resistors, capacitors, transistors, and so on.
5. If your circuit has two pathways through which current can flow, the current
doesn't choose one over the other; it chooses both. However, not all paths are
equal; in this connection current doesn't flow equally through all paths.

6. If the current flow is too great, a fuse is virtually used as a safety device to

stop the current flow.
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V. O0paruTe BHUMaHUe Ha OyYKBEHHbIEe COKpPAILlEHHS] CJI0BOCOYETAHMIA,
KOTOpbIe SIBJSIIOTCS BAa’KHbIM KOMIIOHEHTOM HAYy4YHO-TEXHUY€CKOI0
TekcTa. [lepeBenuTe npeasio:keHusi, coaep:kamue abopeBUaTypy.

1. AC — alternating current; DC —direct current.

Converters can change AC to DC and vice versa.

2. IC — integrated circuit.

The chips in a hybrid IC may be a combination of transistors, resistors,
capacitors and monolithic IC chips.

3. PCB - printed circuit board.

PCB holds an electronic circuit together.

4. PCBA - printed circuit board assembly.

The completed PCB with components attached is a printed circuit board
assembly, or PCBA.

5. CAD - computer-aided design.

Many of the circuits used in digital computers are extremely complex and use
millions of transistors, so CADs are the only practical way to design them.

6. kHz — kilohertz; MHz — megahertz; GHz — gigahertz.

The frequencies used for all types of wireless communication has steady
advanced over the years, from the kilohertz (kHz) range in the early days of
radio to the megahertz (MHz) and gigahertz (GHz) range today.

V1. Ha3zoBute THNOBBIE ()OPMBI 00Pa30BAHUSI TEPMHHOB B MPHBEIEHHBIX
HH:Ke TPpUMepax, nepeBeanuTe ux.

hydroelectric power generating station, alternating current, battery operated
vehicle, conductive path, wiring system, incandescent light bulb, hermetically
sealed relay, printed circuit board, printed circuit board assembly, computer-

aided design.
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2.2. TekeTnl AJISl BHEAYAUTOPHOI'O YTCHHUS
Text 1: A look into the future: 21* century inventions

We live in a world of technology, and we can see new things invented by
scientists and inventors every day. Just remember how in the past, things were
done in hours; nowadays, it can take less than one minute for the same thing.
We owe it to the technology, and to the latest inventions that are improving our
lives considerably. We are talking here about the inventions of our century that
help us live in a modern world.

Robotics. Robots have been around since the twentieth century in one
form or another, but it won’t be until the twenty-first century that they will
become truly common and useful. Performing everything from fire-fighting to
carpentry, by the end of the century every house will have at least one robot
programmed to perform any number of tedious or dangerous chores humans
would rather not deal with, and they will be perfect to leave at home to walk the
dog and keep an eye on the house when you’re away. Their military
applications are even more promising, with robots being used to clear mine
fields and perform missions deemed too dangerous for their human
counterparts.

Genetic Engineering. It’s difficult to imagine that we are on the threshold
of being able to program our own DNA, but that is the next step in human
evolution. By the end of the century, parents will be able to determine the sex,
intelligence, and even hair and eye color of their child while turning off any
possibly dangerous genetic defects their offspring might have been in line to
inherit. This ability to “design” an embryo won’t be confined to humans either;
by the year 2100 we might well have the ability to breed elephants no larger
than a Golden Retriever or make a mouse the size of a house-cat.

Hypersonic Transportation. Just as the airplane revolutionized travel in
the twentieth century, there is no reason to believe that evolution to ever faster

speeds is going to end anytime soon. As such, it is likely that before the dawn
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of the next century people will be able to fly between London and Tokyo at
Mach 10 speeds and arrive at their destination in just over two hours.

Free Energy. The holy grail of science has been the acquisition of energy
that comes from non-polluting sources (i.e. oil, natural gas, coal, etc.). By the
end of the century it is likely that dream will become a reality. However, it will
come from several sources and in very different ways. Apart from Geo-thermal,
wind, biomass, clean coal, nuclear and solar energy, other more exotic
technologies may also emerge.

Artificial Intelligence. It’s one thing to make a robot do daily chores
around the house; it’s quite another to get it to think about how best to carry out
its task. In the world of artificial intelligence machines will actually be capable
of learning, planning, deciding, considering, comparing, aligning and even
abstract thinking. They won’t be quite on a par with the human brain—and their
abilities will be largely confined to a specific area rather than broad-based—but
A.l. will be the next big advance in technology, and it could appear at a
primordial stage within the next few decades.

Nanotechnology. It sounds like something right out of Star Trek, but
nanotechnology — those microscopically small, self-replicating machines —
may well be a reality a few decades from now. Their ability to effect repairs on
the human body on a microscopic level — as well as repair or enhance other
non-organic technologies — might be the next great step in human evolution,
while their self-replicating capabilities will be used to manufacture everything
from microchips to potato chips.

Human Cloning. Actually, cloning has been known since the twentieth
century, so it’s nothing really new. However, if we can clone a sheep, it should
be possible to clone a human being, which is probably going to become a
common-place reality in the end of the twenty-first century. Of course, people
won’t necessarily make carbon copies of themselves just for fun, but as a means
of replacing faulty organs and regenerating lost limbs.

Antigravity. It sounds unlikely, but the creation of monopoles (magnets
that have only one pole) might be quite doable in another seventy years or so.

Technically this wouldn’t be true anti-gravity but magnetism. However, the
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effect would be similar. Once it is possible, wheels will be a thing of the past as
everything will ride on a cushion of magnetic fields.

Automation. By the end of the 21* century, your house, car, refrigerator,
etc. will be smarter than you and capable of carrying out nearly any task you
might have in mind. Not only would your house be entirely automated, but so
would just about everything else, from airliners and factories to fighter planes
and warships. Even entire cities would have a central computer core that would
be responsible for doing everything from turning on the park’s sprinkler system
when it detected dehydration in the lawns to operating the traffic grid and
turning on the lights at dusk. Humans would still make all the big decisions and
maintain these systems but for the most part people will be out of the equation,
thereby giving them more time to watch their favorite programs on holographic
televisions.

Hydrogen Powered Cars. Since people have such a love affair with their
automobile, it’s hard to imagine the car disappearing anytime soon. However, it
i1s conceivable that by the middle of the twenty-first century, the good old
internal combustion engine as we know it will be as obsolete as the steam
engine. Electrical cars and hybrids will be the short-term norm, but they will
find considerable competition coming from hydrogen-powered vehicles, that
will have the same power as their twentieth century fossil-fuel sucking
counterparts but run on hydrogen and leave only water vapor in their wakes.
Not that you would get to drive the things, of course. That’s where the traffic
grid computers come into play; all you need to do is sit back and let your car

take you wherever you tell it while you read a book (whatever that is.)
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Text 2: Outstanding inventors: Thomas Alva Edison

Thomas Edison was the great genius inventor of the electrical age. His
hundreds of inventions made him a giant public figure in American and around
the world at the turn of the 20" century. Among Edison’s most famous
inventions are the first practical long-lasting light bulb and the phonograph; he
also helped refine and develop other inventions like motion picture cameras, the
stock ticker and the typewriter.

Birth of Thomas Alva Edison. Thomas Alva Edison was born to Sam and
Nancy on February 11, 1847, in Milan, Ohio. Known as “Al” in his youth,
Edison was the youngest of seven children, four of whom survived to
adulthood. Edison tended to be in poor health when young.

Edison was a poor student. When a schoolmaster called Edison «addled»
or slow his furious mother took him out of the school and proceeded to teach
him at home. Edison said many years later, — «My mother was the making of
me. She was so true, so sure of me, and I felt I had someone to live for,
someone I must not disappoint». At an early age, he showed a fascination for
mechanical things and for chemical experiments.

In 1859, Edison took a job selling newspapers and candy on the Grand
Trunk Railroad to Detroit.

In the baggage car, he set up a laboratory for his chemistry experiments
and a printing press, where he started the «Grand Trunk Herald», the first
newspaper published on a train. An accidental fire forced him to stop his
experiments on board.

Loss of Hearing. Around the age of twelve, Edison lost almost all his
hearing. There are several theories as to what caused his hearing loss. Some
attribute it to the aftereffects of scarlet fever which he had as a child. Others
blame it on a conductor boxing his ears after Edison caused a fire in the
baggage car, an incident which Edison claimed never happened. Edison himself
blamed it on an incident in which he was grabbed by his ears and lifted to a
train. He did not let his disability discourage him, however, and often treated it

as an asset, since it made it easier for him to concentrate on his experiments and
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research. Undoubtedly, though, his deafness made him more solitary and shy in
dealings with others.

Work as a Telegraph Operator. In 1862, Edison rescued a three-year-old
from a track where a boxcar was about to roll into him. The grateful father, J.U.
MacKenzie, taught Edison railroad telegraphy as a reward. That winter, he took
a job as a telegraph operator in Port Huron. Between 1863 and 1867, Edison
migrated from city to city in the United States taking available telegraph jobs.

Love of Invention. In 1868, Edison moved to Boston where he worked in
the Western Union office and worked on his inventions. In January 1869
Edison resigned his job, intending to devote himself fulltime to inventing
things. His first invention to receive a patent was the electric vote recorder, in
June 1869.

Pope, Edison and Company. In October 1869, Edison formed with
Franklin L. Pope and James Ashley the organization Pope, Edison and Co.
They advertised themselves as electrical engineers and constructors of electrical
devices. Edison received several patents for improvements to the telegraph.

Death, Marriage & Birth. His personal life during this period also
brought much change. Edison’s mother died in 1871, and later that year, he
married a former employee, Mary Stilwell, on Christmas Day. Their first child,
Marion, was born in February 1873, followed by a son, Thomas, Jr., born on
January 1876. Edison nicknamed the two «Dot» and «Dash» referring to
telegraphic terms. A third child, William Leslie was born in October 1878.

Menlo Park. Edison opened a new laboratory in Menlo Park, NJ, in 1876.
This site later become known as an «invention factory» since they worked on
several different inventions at any given time there. Edison would conduct
numerous experiments to find answers to problems. He said, «I never quit until
I get what I’m after. Negative results are just what I’'m after. They are just as
valuable to me as positive results». Edison liked to work long hours and
expected much from his employees. He often slept no more than four hours per
night and made the famous statement, «Genius is one percent inspiration and

ninety-nine percent perspirationy.
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In 1877, Edison worked on a telephone transmitter that greatly improved
on Alexander Graham Bell’s work with the telephone. His transmitter made it
possible for voices to be transmitted at higher volume and with greater clarity
over standard telephone lines.

Phonograph. Edison’s experiments with the telephone and the telegraph
led to his invention of the phonograph in 1877. It occurred to him that sound
could be recorded as indentations on a rapidly-moving piece of paper.

Electric Light System. Edison focused on the electric light system in
1878, setting aside the phonograph for almost a decade. With the backing of
financiers, The Edison Electric Light Co. was formed on November 15 to carry
out experiments with electric lights and to control any patents resulting from
them. The lab attempted not only to devise an incandescent bulb, but an entire
electrical lighting system that could be supported in a city.

Edison set up an electric light factory in East Newark in 1881, and then the
following year moved his family and himself to New York and set up a
laboratory there.

Lighting Becomes a Commercial Commodity. In order to prove its
viability, the first commercial electric light system was installed on Pearl Street
in the financial district of Lower Manhattan in 1882. Initially, only four
hundred lamps were lit; a year later, there were 513 customers using 10,300
lamps. Edison formed several companies to manufacture and operate the
apparatus needed for the electrical lighting system.

Remarriage. Edison’s wife, Mary, died on August 9, 1884, possibly from
a brain tumor. Edison remarried to Mina Miller on February 24, 1886, and, with
his wife, moved into a large mansion named Glenmont in West Orange, New
Jersey. In 1887, Edison had built a new, larger laboratory in West Orange, New
Jersey. The facility included a machine shop, phonograph and photograph
departments, a library, and ancillary buildings for metallurgy, chemistry,
woodworking, and galvanometer testings.

Thomas Edison’s Phonograph Company. In 1896, Edison started the
National Phonograph Co. with the intent of making phonographs for home

amusement. Over the years, Edison made improvements to the phonograph and
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to the cylinders which were played on them, the early ones being made of wax.
Edison introduced an unbreakable cylinder record, at roughly the same time he
entered the disc phonograph market in 1912.

The introduction of an Edison disc was in reaction to the overwhelming
popularity of discs on the market in contrast to cylinders. In the 1920s,
competition from radio caused business to sour, and the Edison disc business
ceased production in 1929.

Motion Pictures. In 1888, Edison decided to work on his own motion
picture camera at his laboratory. The task of inventing the machine fell to
Edison’s associate William K. L. Dickson. Dickson initially experimented with
a cylinder-based device for recording images, before turning to a celluloid strip.
In October of 1889, Dickson greeted Edison’s return from Paris with a new
device that projected pictures and contained sound. After more work, patent
applications were made in 1891 for a motion picture camera, called a
Kinetograph, and a Kinetoscope, a motion picture peephole viewer.

In 1913, Edison experimented with synchronizing sound to film.
A Kinetophone was developed by his laboratory which synchronized sound on
a phonograph cylinder to the picture on a screen. Although this initially brought
interest, the system was far from perfect and disappeared by 1915. By 1918,
Edison ended his involvement in the motion picture field.

In 1911, Edison’s companies were re-organized into Thomas A. Edison,
Inc. As the organization became more diversified and structured, Edison
became less involved in the day-to-day operations, although he still had some
decision-making authority. The goals of the organization became more to
maintain market viability than to produce new inventions frequently.

October 18, 1931. For his last two years, a series of ailments caused his
health to decline until he lapsed into a coma on October 14, 1931. He died on
October 18, 1931, at his estate, Glenmont, in West Orange, New Jersey. By the
end of his life Edison had registered 1093 patents and had made millions from

his inventions and the businesses he built on them.
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Text 3: James Watt

Inventor of the Modern Steam Engine. Steam engines used to pump
water out of mines in England existed when James Watt was born. The
discovery that steam could be harnessed and made to work is not credited to
James Watt. We do not know exactly who made that discovery, but we do know
that the ancient Greeks had crude steam engines. James Watt, however, is
credited with inventing the first practical engine. And so the history of the
“modern” steam engine often begins with James Watt.

James Watt. We can imagine a young James Watt, sitting by the fireplace
in his mother’s cottage, intently watching the steam rising from the boiling tea
kettle, the beginning of a lifelong fascination with steam.

In 1763, when he was twenty-eight and working as a mathematical-
instrument maker at the University of Glasgow, a model of Thomas
Newcomen’s steam pumping engine was brought into his shop for repairs.
James Watt had always been interested in mechanical and scientific
instruments, particularly those which dealt with steam. The Newcomen engine
must have thrilled him.

James Watt set up the model and watched it in operation. He noted how the
alternate heating and cooling of its cylinder wasted power. He concluded, after
weeks of experimenting, that in order to make the engine practical, the cylinder
had to be kept as hot as the steam which entered it. Yet in order to condense
steam there had some cooling taking place. That was a challenge the inventor
faced.

In his journal the inventor wrote that the idea came to him on a Sunday
afternoon in 1765, as he walked across the Glasgow Green. If the steam was
condensed in a separate vessel from the cylinder, it would be quite possible to
keep the condensing vessel cool and the cylinder hot at the same time. The next
morning Watt built a prototype and found that it worked. He added other
improvements and built his now famous improved steam engine.

James Watt and Matthew Boulton. After one or two disastrous business

experiences, James Watt associated himself with Matthew Boulton, an owner of
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the Soho Engineering Works, near Birmingham. The firm of Boulton and Watt
became famous, and James Watt lived until August 19, 1819, long enough to
see his steam engine become the greatest single factor in the upcoming new
industrial era.

Rivals. Matthew Boulton and James Watt, however, though they were
pioneers, were not the only ones working on the development of the steam
engine. They had rivals, one was Richard Trevithick in England; another was
Oliver Evans of Philadelphia. Independently, both Richard Trevithick and
Oliver Evans invented a high-pressure engine (in contrast to Watt’s steam
engine, where the steam entered the cylinder at only slightly more than
atmospheric pressure). Watt clung tenaciously to the low-pressure theory of
engines all of his life. Matthew Boulton and James Watt, worried by Richard
Trevithick’s experiments in high-pressure engines, tried to have the British
Parliament pass an act forbidding high pressure on the grounds that the public

would be endangered by high-pressure engines exploding.
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Text 4: Nikola Tesla

Nikola Tesla was born in 1856 in Smiljan Lika, Croatia. He was the son of
a Serbian Orthodox clergyman. Tesla studied engineering at the Austrian
Polytechnic School. He worked as an electrical engineer in Budapest and later
emigrated to the United States in 1884 to work at the Edison Machine Works.
He died in New York City on January 7, 1943.

During his lifetime, Tesla invented fluorescent lighting, the Tesla induction
motor, the Tesla coil, and developed the alternating current (AC) electrical
supply system that included a motor and transformer, and 3-phase electricity.

Tesla is now credited with inventing modern radio as well; since the
Supreme Court overturned Guglielmo Marconi's patent in 1943 in favor of
Nikola Tesla's earlier patents.

When an engineer (Otis Pond) once said to Tesla, «Looks as if Marconi got
the jump on you» regarding Marconi's radio system, Tesla replied, «Marconi is
a good fellow. Let him continue. He is using seventeen of my patentsy.

The Tesla coil, invented in 1891, 1s still used in radio and television sets
and other electronic equipment.

Mystery Invention. Ten years after patenting a successful method for
producing alternating current, Nikola Tesla claimed the invention of an
electrical generator that would not consume any fuel. Tesla stated about his
invention that he had harnessed the cosmic rays and caused them to operate a
motive device.

In total, Nikola Telsa was granted more than one hundred patents and
invented countless unpatented inventions.

Nikola Tesla and Thomas Edison. Nikola Tesla was Thomas Edison's
rival at the end of the 19th century. In fact, he was more famous than Edison
throughout the 1890's. His invention of polyphase electric power earned him
worldwide fame and fortune.

Radio Pioneer. Nikola Tesla was also a radio pioneer in a time when the
general public still considered it witchcraft. There’s no better example of this
than an 1898 convention at Madison Square Garden where Tesla presented his
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latest creation, a small radio-controlled boat. Officially named a
«teleautomaton» boat, Tesla’s design was intended to showcase his new patent,
a «method of and apparatus for controlling mechanism of moving vessels and
vehicles». It had a tiny rudder, a tiny propeller, and two antennas. Tesla was
able to control the boat in front of a bewildered crowd.

The people were amazed by what they were seeing. Despite Tesla’s efforts
to explain scientifically what was going on, the general consensus of the crowd
was that Tesla was controlling the boat using telepathy. Others put forward
slightly more plausible theories, such as a trained monkey secretly piloting the
boat.

Ever the visionary, Tesla immediately saw the possible use of the
teleautomaton boat as a weapon. He planned to develop a submersible version
of the boat and sell the patent to the government. However, nobody else seemed
to share Tesla’s vision. According to him, the Washington official he met “burst
out with laughter” when presented with the idea of armed, radio-controlled
vehicles.

At his zenith Tesla was an intimate of poets and scientists, industrialists
and financiers. Yet he died destitute, having lost both his fortune and scientific

reputation.
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Text 5: Henry Ford

Automobile manufacturer Henry Ford was born on July 30, 1863, on his
family's farm in Dearborn, Michigan. From the time he was a young boy, Ford
enjoyed tinkering with machines. Farm work and a job in a Detroit machine
shop afforded him ample opportunities to experiment. He later worked as a
part-time employee for the Westinghouse Engine Company. By 1896, Ford had
constructed his first horseless carriage which he sold in order to finance work
on an improved model.

Ford incorporated the Ford Motor Company in 1903, proclaiming, «I will
build a car for the great multitude». In October 1908, he did so, offering the
Model T for $950. In the Model T's nineteen years of production, its price
dipped as low as $280. Nearly 15,500,000 were sold in the United States alone.
The Model T heralds the beginning of the Motor Age; the car evolved from
luxury item for the well-to-do to essential transportation for the ordinary man.

Ford revolutionized manufacturing. By 1914, his Highland Park, Michigan
plant, using innovative production techniques, could turn out a complete chassis
every 93 minutes. This was a stunning improvement over the earlier production
time of 728 minutes. Using a constantly-moving assembly line, subdivision of
labor, and careful coordination of operations, Ford realized huge gains in
productivity.

In 1914, Ford began paying his employees five dollars a day, nearly
doubling the wages offered by other manufacturers. He cut the workday from
nine to eight hours in order to convert the factory to a three-shift workday.

Ford's mass-production techniques would eventually allow for the
manufacture of a Model T every 24 seconds. His innovations made him an
international celebrity.

Ford's affordable Model T irrevocably altered American society. As more
Americans owned cars, urbanization patterns changed. The United States saw
the growth of suburbia, the creation of a national highway system, and a

population going anywhere anytime. Ford witnessed many of these changes
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during his lifetime, all the while personally longing for the agrarian lifestyle of
his youth.

Henry Ford’s Quotes

e [ will build a car for the great multitude.

e If I had asked people what they wanted, they would have said «faster
horses».

e A business that makes nothing but money is a poor business.

e To do more for the world than the world does for you — that is success.

e There is one rule for the industrialist and that is: Make the best quality
of goods possible at the lowest cost possible, paying the highest wages possible.

e [t is not the employer who pays the wages. Employers only handle the
money. It is the customer who pays the wages.

e Quality means doing it right when no one is looking.

e Anyone who stops learning is old, whether at twenty or eighty. Anyone
who keeps learning stays young. The greatest thing in life is to keep your mind
young.

e Don't find fault, find a remedy.

e Failure 1s simply the opportunity to begin again, this time more
intelligently.

e If money is your hope for independence you will never have it. The
only real security that a man will have in this world is a reserve of knowledge,
experience, and ability.

e [f there is any one secret of success, it lies in the ability to get the other
person’s point of view and see things from that person’s angle as well as from

your own.
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Text 6: Steve Wozniak

Steve Wozniak is the co-founder of Apple Computers. Wozniak has
always been credited with being the main designer of the first Apples.

Wozniak is also a noted philanthropist who founded the Electronic Frontier
Foundation, and was the founding sponsor of the Tech Museum, Silicon Valley
Ballet and Children’s Discovery Museum of San Jose.

His Role in the History of Computers. Steve Wozniak was the main
designer on the Apple I and Apple II computers together with Steve Jobs
(business brains) and others. The Apple II is noted as the first commercially
successful line of personal computers, featuring a central processing unit, a
keyboard, color graphics, and a floppy disk drive. In 1984, Steve Wozniak
greatly influenced the design of the Apple Macintosh computer, the first
successful home computer with a mouse-driven graphical user.

Awards. Steve Wozniak was awarded the National Medal of Technology
by the President of the United States in 1985, the highest honor bestowed on
America’s leading innovators. In 2000, he was inducted into the Inventors Hall
of Fame and was awarded the prestigious Heinz Award for Technology, The
Economy and Employment for «single-handedly designing the first personal
computer and for then redirecting his lifelong passion for mathematics and
electronics toward lighting the fires of excitement for education in grade school
students and their teachersy.

Biography. Steve Wozniak was born on August 11, 1950, in Los Gatos,
California and grew up in Sunnyvale, California. Wozniak's father was an
engineer for Lockheed, who always inspired his son's curiosity for learning with
a few science fair projects.

Wozniak studied engineering at the University of California at Berkeley,
where he first met Steve Jobs, best friend and future business partner.

Steve Wozniak dropped out of Berkeley to work for Hewlett-Packard.

Steve Jobs was not the only interesting character in Wozniak's life. He also

befriended famed hacker John Draper aka «Captain Crunch». Draper taught
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Wozniak how to build a «blue box», a stealth device for making free long
distance calls.

Apple Computers & Steve Jobs. Steve Wozniak sold his HP scientific
calculator. Steve Jobs sold his Volkswagen van. The pair raised $1,300, to
create their first prototype computer, the Apple I, which they debuted at a
meeting of the Palo Alto-based Homebrew Computer Club.

On April 1, 1976, Jobs and Wozniak formed Apple Computer. Wozniak
quit his job at Hewlett-Packard and became the vice president in charge of
research and development at Apple.

Leaving Apple. On February 7, 1981, Steve Wozniak crashed his single
engine aircraft, in Scotts Valley, California. The crash caused Wozniak to
temporarily lose his memory, however, on a deeper level it certainly changed
his life. After the accident, Wozniak left Apple and returned to college to finish
his degree in electrical engineering and computer science. He also got married,
and founded the "UNUSON" (Unite Us In Song) corporation and put on two
rock festivals. The enterprise lost money.

Steve Wozniak did return to work for Apple Computers for a brief period
between in 1983 and 1985.

Today, Steve Wozniak i1s the Chief Scientist for Fusion-io and is a
published author with the release of his New York Times Best Selling
autobiography, iWoz: From Computer Geek to Cult Icon.

He loves children and teaching, and provides many of his students in the

Los Gatos school district with free computers.
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Text 7: Electric charge

Electric charge is the physical property of matter that causes it to
experience a force when placed in an electromagnetic field. There are two types
of electric charges: positive and negative. Positively charged substances are
repelled from other positively charged substances, but attracted to negatively
charged substances; negatively charged substances are repelled from negative
and attracted to positive. An object is negatively charged if it has an excess of
electrons, and is otherwise positively charged or uncharged. The SI derived unit
of electric charge is the coulomb (C), although in electrical engineering it is
also common to use the ampere-hour (Ah), and in chemistry it is common to
use the elementary charge (€) as a unit. The symbol Q is often used to denote
charge. The early knowledge of how charged substances interact is now called
classical electrodynamics, and is still very accurate if quantum effects do not
need to be considered.

The electric charge is a fundamental conserved property of some
subatomic particles, which determines their electromagnetic interaction.
Electrically charged matter is influenced by, and produces, electromagnetic
fields. The interaction between a moving charge and an electromagnetic field is
the source of the electromagnetic force, which is one of the four fundamental
forces.

Twentieth-century experiments demonstrated that electric charge 1is
quantized; that is, it comes in integer multiples of individual small units called
the elementary charge, e, approximately equal to 1.602x10™"? coulombs (except
for particles called quarks, which have charges that are integer multiples of e/3).
The proton has a charge of +e, and the electron has a charge of —€. The study of
charged particles, and how their interactions are mediated by photons, is called
quantum electrodynamics.

Charge is the fundamental property of forms of matter that exhibit
electrostatic attraction or repulsion in the presence of other matter. Electric
charge is a characteristic property of many subatomic particles. The charges of
free-standing particles are integer multiples of the elementary charge e; we say
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that electric charge is quantized. Michael Faraday, in his electrolysis
experiments, was the first to note the discrete nature of electric charge. Robert
Millikan's oil-drop experiment demonstrated this fact directly, and measured the
elementary charge.

By convention, the charge of an electron is —1, while that of a proton is +1.
Charged particles whose charges have the same sign repel one another, and
particles whose charges have different signs attract. Coulomb's law quantifies
the electrostatic force between two particles by asserting that the force is
proportional to the product of their charges, and inversely proportional to the
square of the distance between them.

The charge of an antiparticle equals that of the corresponding particle, but
with opposite sign. Quarks have fractional charges of either —/4 or +%4, but free-
standing quarks have never been observed (the theoretical reason for this fact is
asymptotic freedom).

The electric charge of a macroscopic object is the sum of the electric
charges of the particles that make it up. This charge is often small, because
matter 1s made of atoms, and atoms typically have equal numbers of protons
and electrons, in which case their charges cancel out, yielding a net charge of
zero, thus making the atom neutral.

An ion is an atom (or group of atoms) that has lost one or more electrons,
giving it a net positive charge (cation), or that has gained one or more electrons,
giving it a net negative charge (anion). Monatomic ions are formed from single
atoms, while polyatomic 1ons are formed from two or more atoms that have
been bonded together, in each case yielding an ion with a positive or negative
net charge.

During formation of macroscopic objects, constituent atoms and ions
usually combine to form structures composed of neutral ionic compounds
electrically bound to neutral atoms. Thus macroscopic objects tend toward
being neutral overall, but macroscopic objects are rarely perfectly net neutral.

Sometimes macroscopic objects contain ions distributed throughout the
material, rigidly bound in place, giving an overall net positive or negative

charge to the object. Also, macroscopic objects made of conductive elements,
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can more or less easily (depending on the element) take on or give off electrons,
and then maintain a net negative or positive charge indefinitely. When the net
electric charge of an object is non-zero and motionless, the phenomenon is
known as static electricity. This can easily be produced by rubbing two
dissimilar materials together, such as rubbing amber with fur or glass with silk.
In this way non-conductive materials can be charged to a significant degree,
either positively or negatively. Charge taken from one material is moved to the
other material, leaving an opposite charge of the same magnitude behind. The
law of conservation of charge always applies, giving the object from which a
negative charge has been taken a positive charge of the same magnitude, and
vice versa.

Even when an object's net charge is zero, charge can be distributed non-
uniformly in the object (e.g., due to an external electromagnetic field, or bound
polar molecules). In such cases the object is said to be polarized. The charge
due to polarization 1s known as bound charge, while charge on an object
produced by electrons gained or lost from outside the object is called free
charge. The motion of electrons in conductive metals in a specific direction is
known as electric current.

As reported by the ancient Greek mathematician Thales of Miletus around
600 BC, charge (or electricity) could be accumulated by rubbing fur on various
substances, such as amber. The Greeks noted that the charged amber buttons
could attract light objects such as hair. They also noted that if they rubbed the
amber for long enough, they could even get an electric spark to jump. This
property derives from the triboelectric effect.

In 1600, the English scientist William Gilbert returned to the subject in De
Magnete, and coined the New Latin word electricus from niexzpov (elektron),
the Greek word for amber, which soon gave rise to the English words «electricy
and «electricity». He was followed in 1660 by Otto von Guericke, who invented
what was probably the first electrostatic generator. Other European pioneers
were Robert Boyle, who in 1675 stated that electric attraction and repulsion can
act across a vacuum; Stephen Gray, who in 1729 classified materials as

conductors and insulators; and C. F. du Fay, who proposed in 1733 that
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electricity comes in two varieties that cancel each other, and expressed this in
terms of a two-fluid theory. When glass was rubbed with silk, du Fay said that
the glass was charged with vitreous electricity, and, when amber was rubbed
with fur, the amber was said to be charged with resinous electricity. In 1839,
Michael Faraday showed that the apparent division between static electricity,
current electricity, and bioelectricity was incorrect, and all were a consequence
of the behavior of a single kind of electricity appearing in opposite polarities. It
is arbitrary which polarity i1s called positive and which is called negative.
Positive charge can be defined as the charge left on a glass rod after being
rubbed with silk.

One of the foremost experts on electricity in the 18th century was
Benjamin Franklin, who argued in favour of a one-fluid theory of electricity.
Franklin imagined electricity as being a type of invisible fluid present in all
matter; for example, he believed that it was the glass in a Leyden jar that held
the accumulated charge. He posited that rubbing insulating surfaces together
caused this fluid to change location, and that a flow of this fluid constitutes an
electric current. He also posited that when matter contained too little of the fluid
it was «negatively» charged, and when it had an excess it was «positively»
charged. For a reason that was not recorded, he identified the term «positive»
with vitreous electricity and «negative» with resinous electricity. William
Watson arrived at the same explanation at about the same time.

The SI unit of quantity of electric charge is the coulomb, which is
equivalent to about 6.242x10'® e (e is the charge of a proton). Hence, the charge
of an electron is approximately —1.602x10 " C. The coulomb is defined as the
quantity of charge that has passed through the cross section of an electrical
conductor carrying one ampere within one second. The symbol Q is often used
to denote a quantity of electricity or charge. The quantity of electric charge can
be directly measured with an electrometer, or indirectly measured with a
ballistic galvanometer.

After finding the quantized character of charge, in 1891 George Stoney
proposed the unit «electron» for this fundamental unit of electrical charge. This
was before the discovery of the particle by J.J. Thomson in 1897. The unit is
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today treated as nameless, referred to as «elementary charge», «fundamental
unit of charge», or simply as «e». A measure of charge should be a multiple of
the elementary charge e, even if at large scales charge seems to behave as a real
quantity. In some contexts it is meaningful to speak of fractions of a charge; for
example in the charging of a capacitor, or in the fractional quantum Hall effect.
In systems of units other than SI such as cgs, electric charge is expressed
as combination of only three fundamental quantities such as length, mass and
time and not four as in SI where electric charge is a combination of length,

mass, time and electric current.
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Text 8: How did Nikola Tesla change the way we use energy?

When you flip a switch and a lamp bathes the room in light, you probably
don't give much thought to how it works or to the people who made it all
possible. If you were forced to acknowledge the genius behind the lamp, you
might name Thomas Alva Edison, the inventor of the incandescent light bulb.
But just as influential perhaps more so — was a visionary named Nikola Tesla.

Tesla arrived in the United States in 1884, at the age of 28, and by 1887
had filed for a series of patents that described everything necessary to generate
electricity using alternating current, or AC. To understand the significance of
these inventions, you have to understand what the field of electrical generation
was like at the end of the 19th century. It was a war of currents with Tesla
acting as one general and Edison acting as the opposing general.

The State of Electricity in 1885. Edison unveiled his electric incandescent
lamp to the public in January 1880. Soon thereafter, his newly devised power
system was installed in the First District of New York City. When Edison
flipped the switch during a public demonstration of the system in 1881, electric
lights twinkled on and unleashed an unprecedented demand for this brand-new
technology. Although Edison's early installations called for underground
wiring, demand was so great that parts of the city received their electricity on
exposed wires hung from wooden crossbeams. By 1885, avoiding electrical
hazards had become an everyday part of city life; so much so that Brooklyn
named its baseball team the Dodgers because its residents commonly dodged
shocks from electrically powered trolley tracks.

The Edison system used direct current, or DC. Direct current always flows
in one direction and is created by DC generators. Edison was a staunch
supporter of DC, but it had limitations. The biggest was the fact that DC was
difficult to transmit economically over long distances. Edison knew that
alternating current didn't have this limitation, yet he didn't think AC a feasible
solution for commercial power systems. Elihu Thomson, one of the principals
of Thomson-Houston and a competitor of Edison, believed otherwise. In 1885,

Thomson sketched a basic AC system that relied on high-voltage transmission
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lines to carry power far from where it was generated. Thomson's sketch also
indicated the need for a technology to step down the voltage at the point of use.
Known as a transformer, this technology would not be fully developed for
commercial use until Westinghouse Electric Company did so in 1886.

Even with the development of the transformer and several successful tests
of AC power systems, there was an important missing link. That link was the
AC motor.

Tesla's Spark of Genius. While Edison toiled to commercialize his electric
lamp, Tesla worked through a problem that had intrigued him since he was a
student at the Joanneum Polytechnic School in Graz, Austria. While a student
there, Tesla saw a demonstration of a Gramme dynamo. A dynamo is a
generator that uses a commutator — contacts mounted on the machine's shaft - to
produce direct current instead of alternating current. Tesla mentioned to his
instructor that it might be possible to do away with the commutator, which
sparked horribly as the dynamo operated. This suggestion brought ridicule from
his teacher, but it captured Tesla's imagination.

In 1881, Tesla had an inspired idea: What if one were to change the
magnetic field in the stator of a dynamo instead of altering the magnetic poles
of the rotor? This was a revolutionary concept that turned convention on its
head. In a traditional dynamo, the stationary stator provides a constant magnetic
field, while a set of rotating windings — the rotor — turns within that field. Tesla
saw that if this arrangement were reversed, the commutator could be
eliminated.

Of course, bringing this idea to reality would take years of work. Tesla
began in 1882 while employed at Continental Edison Company in Paris. During
the day, he would install incandescent lighting systems based on Edison's DC
power system. In his spare time, he would experiment with AC motor designs.
This went on for two years, until Tesla transferred to the Edison Machine
Works in New York City. By some accounts, Tesla described his ideas about
AC to the famed American inventor, but Edison showed no interest. Instead, he

had Tesla make improvements to existing DC generation plants. Tesla did so,
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only to be disappointed when Edison failed to pay him properly. Tesla quit, and
the paths of the two men diverged permanently.

After digging ditches and getting caught in a bad business deal, Tesla
finally received financial backing from Charles Peck, an attorney, and Alfred S.
Brown, a superintendent at Western Union. Peck and Brown helped Tesla
establish a laboratory just a few blocks away from Edison's lab in Manhattan,
and encouraged the young engineer to perfect his AC motor. Tesla did just that,
building what would become known as a polyphase induction motor. The term
polyphase refers to a motor based on multiple alternating currents, not just one.
The term induction refers to the process whereby the rotating stator magnets
induce current flow in the rotor. Tesla's original motor was a two-phase version
that featured a stator with two pairs of magnets, one pair for each of two phases
of AC.

In 1887, Tesla filed for seven U.S. patents describing a complete AC
system based on his induction motor and including generators, transformers,
transmission lines and lighting. A few months later, Tesla delivered a lecture
about his revolutionary new system to the American Institute of Electrical
Engineers. The lecture caused a sensation and, despite an anti-AC campaign
initiated by Edison, convinced many experts that an AC power system was
more than just feasible - it was far superior to DC.

To bring a good idea to market, it takes some clout. In this case, the clout
came from an inventor who made a fortune in the railroad industry.

AC/DC. Westinghouse carried Tesla's inventions back to Pittsburgh,
Penn., where he hoped to use the technology to power the city's streetcars. Tesla
followed, and as an employee of the Westinghouse FElectric Company,
consulted on the implementation. The project didn't proceed smoothly, and
Tesla frequently battled with Westinghouse engineers. Eventually, however,
everyone pulled together to come up with just the right formula: an AC system
based on three-phase, 60-cycle current. Today, almost all power companies in
the United States and Canada supply 60-cycle current, which means the AC
completes 60 changes of direction in one second. This is known as the
frequency of the system.
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By the early 1890s, Edison and the supporters of DC felt genuinely
threatened. They continued to make claims that AC was dangerous and pointed
to a disastrous electrocution attempt in 1890 as evidence. But they suffered a
severe blow in 1893, when Westinghouse won the bid to illuminate the Chicago
World's Fair. His competition was General Electric (GE), the company formed
by the merger between Edison General Electric and Thomson-Houston. GE was
the leading torchbearer for DC-based power. Westinghouse won the bid on
cost, but when President Grover Cleveland flipped a switch to light 100,000
incandescent lamps across the fairgrounds, very few doubted the superiority of
AC power.

Westinghouse mollified many remaining doubters in 1895 by designing a
hydroelectric plant at Niagara Falls that incorporated all of the advances made
in AC. At first, the plant only supplied power to Buffalo, New York. But it
wasn't long before power was being transmitted to New York City, helping to
cement Broadway as the Great White Way in the public imagination.

By this time, Tesla had withdrawn from the day-to-day details of power
plants and practical implementations of AC. He had moved back to New York
City, where he opened a new lab in which he could explore other ideas,
machines and devices. Many of these inventions were not related to power
generation or electricity. But his impact on the field of electrical engineering
was enormous. In fact, it can be said that Tesla's AC motor and polyphase AC
system won the war of currents because they form the basis of all modern
power generation and distribution. However, direct current — Edison's baby —
didn't disappear completely. It still operates automobile electrical systems,

locomotives and some types of motors.
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Text 9: Electric Potential

The movement of a positive test charge within an electric field is
accompanied by changes in potential energy. A gravitational analogy was relied
upon to explain the reasoning behind the relationship between location and
potential energy. Moving a positive test charge against the direction of an
electric field is like moving a mass upward within Earth's gravitational field.
Both movements would be like going against nature and would require work by
an external force. This work would in turn increase the potential energy of the
object. On the other hand, the movement of a positive test charge in the
direction of an electric field would be like a mass falling downward within
Earth's gravitational field. Both movements would be like going with nature and
would occur without the need of work by an external force. This motion would
result in the loss of potential energy. Potential energy is the stored energy of
position of an object and it is related to the location of the object within a field.
This article will introduce the concept of electric potential and relate this
concept to the potential energy of a positive test charge at various locations
within an electric field.

A gravitational field exists about the Earth that exerts gravitational
influences upon all masses located in the space surrounding it. Moving an
object upward against the gravitational field increases its gravitational potential
energy. An object moving downward within the gravitational field would lose
gravitational potential energy. Gravitational potential energy is defined as the
energy stored in an object due to its vertical position above the Earth. The
amount of gravitational potential energy stored in an object depended upon the
amount of mass the object possessed and the amount of height to which it was
raised. Gravitational potential energy depended upon object mass and objects
height. An object with twice the mass would have twice the potential energy
and an object with twice the height would have twice the potential energy. It is
common to refer to high positions as high potential energy locations. A glance
at the diagram at the right reveals the fallacy of such a statement. Observe that

the 1 kg mass held at a height of 2 meters has the same potential energy as a 2
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kg mass held at a height of 1 meter. Potential energy depends upon more than
just location; it also depends upon mass. In this sense, gravitational potential
energy depends upon at least two types of quantities:

1. Mass - a property of the object experiencing the gravitational field;

2. Height - the location within the gravitational field.

So it is improper to refer to high positions within Earth's gravitational field
as high potential energy positions. But is there a quantity that could be used to
rate such heights as having great potential of providing large quantities of
potential energy to masses that are located there? Yes! While not discussed
during the unit on gravitational potential energy, it would have been possible to
introduce a quantity known as gravitational potential - the potential energy per
kilogram. Gravitational potential would be a quantity that could be used to rate
various locations about the surface of the Earth in terms of how much potential
energy each kilogram of mass would possess when placed there. The quantity
of gravitational potential is defined as the PE/mass. Since both the numerator
and the denominator of PE/mass are proportional to the object's mass, the
expression becomes mass independent. Gravitational potential is a location-
dependent quantity that is independent of the mass of the object experiencing
the field. Gravitational potential describes the effects of a gravitational field
upon objects that are placed at various locations within it.

If gravitational potential is a means of rating various locations within a
gravitational field in terms of the amount of potential energy per unit of mass,
then the concept of electric potential must have a similar meaning. Consider the
electric field created by a positively charged Van de Graaff generator. The
direction of the electric field is in the direction that a positive test charge would
be pushed; in this case, the direction is outward away from the Van de Graaff
sphere. Work would be required to move a positive test charge towards the
sphere against the electric field. The amount of force involved in doing the
work 1s dependent upon the amount of charge being moved (according to
Coulomb's law of electric force). The greater the charge on the test charge, the
greater the repulsive force and the more work that would have to be done on it

to move it the same distance. If two objects of different charge — with one being
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twice the charge of the other — are moved the same distance into the electric
field, then the object with twice the charge would require twice the force and
thus twice the amount of work. This work would change the potential energy by
an amount that is equal to the amount of work done. Thus, the electric potential
energy is dependent upon the amount of charge on the object experiencing the
field and upon the location within the field. Just like gravitational potential
energy, electric potential energy is dependent upon at least two types of
quantities:

1. Electric charge — a property of the object experiencing the electrical
field;

2. Distance from source — the location within the electric field.

While electric potential energy has a dependency upon the charge of the
object experiencing the electric field, electric potential is purely location
dependent. Electric potential is the potential energy per charge.

The concept of electric potential is used to express the effect of an electric
field of a source in terms of the location within the electric field. A test charge
with twice the quantity of charge would possess twice the potential energy at a
given location; yet its electric potential at that location would be the same as
any other test charge. A positive test charge would be at a high electric potential
when held close to a positive source charge and at a lower electric potential
when held further away. In this sense, electric potential becomes simply a
property of the location within an electric field. Suppose that the electric
potential at a given location is 12 Joules per coulomb, then that is the electric
potential of a 1 coulomb or a 2 coulomb charged object. Stating that the electric
potential at a given location is 12 Joules per coulomb, would mean that a 2
coulomb object would possess 24 Joules of potential energy at that location and
a 0.5 coulomb object would experience 6 Joules of potential energy at the
location.

Electric Potential in Circuits. As we begin to discuss electric circuits, we
will notice that a battery powered electric circuit has locations of high and low
potential. Charge moving through the wires of the circuit will encounter

changes 1n electric potential as it traverses the circuit. Within the
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electrochemical cells of the battery, there is an electric field established
between the two terminals, directed from the positive terminal towards the
negative terminal. As such, the movement of a positive test charge through the
cells from the negative terminal to the positive terminal would require work,
thus increasing the potential energy of every Coulomb of charge that moves
along this path. This corresponds to a movement of positive charge against the
electric field. It is for this reason that the positive terminal is described as the
high potential terminal. Similar reasoning would lead one to conclude that the
movement of positive charge through the wires from the positive terminal to the
negative terminal would occur naturally. Such a movement of a positive test
charge would be in the direction of the electric field and would not require
work. The charge would lose potential energy as moves through the external
circuit from the positive terminal to the negative terminal. The negative
terminal is described as the low potential terminal. This assignment of high and
low potential to the terminals of an electrochemical cell presumes the
traditional convention that electric fields are based on the direction of
movement of positive test charges.

In a certain sense, an electric circuit i1s nothing more than an energy
conversion system. In the electrochemical cells of a battery-powered electric
circuit, the chemical energy is used to do work on a positive test charge to move
it from the low potential terminal to the high potential terminal. Chemical
energy is transformed into electric potential energy within the internal circuit
(i.e., the battery). Once at the high potential terminal, a positive test charge will
then move through the external circuit and do work upon the light bulb or the
motor or the heater coils, transforming its electric potential energy into useful
forms for which the circuit was designed. The positive test charge returns to the
negative terminal at a low energy and low potential, ready to repeat the cycle

(or should we say circuit) all over again.
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Text 10: Electromagnet

An electromagnet is a type of magnet in which the magnetic field is
produced by an electric current. The magnetic field disappears when the current
is turned off. Electromagnets usually consist of a large number of closely
spaced turns of wire that create the magnetic field. The wire turns are often
wound around a magnetic core made from a ferromagnetic or ferrimagnetic
material such as iron; the magnetic core concentrates the magnetic flux and
makes a more powerful magnet.

The main advantage of an electromagnet over a permanent magnet is that
the magnetic field can be quickly changed by controlling the amount of electric
current in the winding. However, unlike a permanent magnet that needs no
power, an electromagnet requires a continuous supply of current to maintain the
magnetic field.

Electromagnets are widely used as components of other electrical devices,
such as motors, generators, relays, loudspeakers, hard disks, MRI machines,
scientific instruments, and magnetic separation equipment. Electromagnets are
also employed in industry for picking up and moving heavy iron objects such as
scrap iron and steel.

Danish scientist Hans Christian Orsted discovered in 1820 that electric
currents create magnetic fields. British scientist William Sturgeon invented the
electromagnet in 1824. His first electromagnet was a horseshoe-shaped piece of
iron that was wrapped with about 18 turns of bare copper wire (insulated wire
didn't exist yet). The iron was varnished to insulate it from the windings. When
a current was passed through the coil, the iron became magnetized and attracted
other pieces of iron; when the current was stopped, it lost magnetization.
Sturgeon displayed its power by showing that although it only weighed seven
ounces (roughly 200 grams), it could lift nine pounds (roughly 4 kilos) when
the current of a single-cell battery was applied. However, Sturgeon's magnets
were weak because the uninsulated wire he used could only be wrapped in a

single spaced out layer around the core, limiting the number of turns.
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Beginning in 1827, US scientist Joseph Henry systematically improved and
popularized the electromagnet. By using wire insulated by silk thread he was
able to wind multiple layers of wire on cores, creating powerful magnets with
thousands of turns of wire, including one that could support 2,063 1b (936 kg).
The first major use for electromagnets was in telegraph sounders.

The magnetic domain theory of how ferromagnetic cores work was first
proposed in 1906 by French physicist Pierre-Ernest Weiss, and the detailed
modern quantum mechanical theory of ferromagnetism was worked out in the
1920s by Werner Heisenberg, Lev Landau, Felix Bloch and others.

Electromagnets are very widely used in electric and electromechanical
devices, including: motors and generators; transformers; relays, including reed
relays originally used in telephone exchanges; electric bells and buzzers;
loudspeakers and earphones; actuators; magnetic recording and data storage
equipment: tape recorders, VCRs, hard disks; MRI machines; scientific
equipment such as mass spectrometers; particle accelerators; magnetic locks;
magnetic separation equipment, used for separating magnetic from
nonmagnetic material, for example separating ferrous metal from other material
in scrap; industrial lifting magnets; magnetic levitation; induction heating for
cooking, manufacturing, and hyperthermia therapy.

Physics. An electric current flowing in a wire creates a magnetic field
around the wire, due to Ampere's law. To concentrate the magnetic field, in an
electromagnet the wire is wound into a coil with many turns of wire lying side
by side. The magnetic field of all the turns of wire passes through the center of
the coil, creating a strong magnetic field there. A coil forming the shape of a
straight tube (a helix) is called a solenoid.

The direction of the magnetic field through a coil of wire can be found
from a form of the right-hand rule. If the fingers of the right hand are curled
around the coil in the direction of current flow (conventional current, flow of
positive charge) through the windings, the thumb points in the direction of the
field inside the coil. The side of the magnet that the field lines emerge from is
defined to be the north pole.
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Much stronger magnetic fields can be produced if a «magnetic core» of a
soft ferromagnetic (or ferrimagnetic) material, such as iron, is placed inside the
coil. A core can increase the magnetic field to thousands of times the strength
of the field of the coil alone, due to the high magnetic permeability p of the
material. This is called a ferromagnetic-core or iron-core electromagnet.
However, not all electromagnets use cores, and the very strongest
electromagnets, such as superconducting and the very high current
electromagnets, cannot use them due to saturation.

Magnetic core. The material of a magnetic core (often made of iron or
steel) is composed of small regions called magnetic domains that act like tiny
magnets. Before the current in the electromagnet is turned on, the domains in
the iron core point in random directions, so their tiny magnetic fields cancel
each other out, and the iron has no large scale magnetic field. When a current is
passed through the wire wrapped around the iron, its magnetic field penetrates
the iron, and causes the domains to turn, aligning parallel to the magnetic field,
so their tiny magnetic fields add to the wire's field, creating a large magnetic
field that extends into the space around the magnet. The effect of the core is to
concentrate the field, and the magnetic field passes through the core more easily
than it would pass through air.

The larger the current passed through the wire coil, the more the domains
align, and the stronger the magnetic field is. Finally all the domains are lined
up, and further increases in current only cause slight increases in the magnetic
field: this phenomenon is called saturation.

When the current in the coil is turned off, in the magnetically soft materials
that are nearly always used as cores, most of the domains lose alignment and
return to a random state and the field disappears. However some of the
alignment persists, because the domains have difficulty turning their direction
of magnetization, leaving the core a weak permanent magnet. This phenomenon
is called hysteresis and the remaining magnetic field is called remanent
magnetism. The residual magnetization of the core can be removed by

degaussing. In alternating current electromagnets, such as are used in motors,
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the core's magnetization is constantly reversed, and the remanence contributes
to the motor's losses.

In many practical applications of electromagnets, such as motors,
generators, transformers, lifting magnets, and loudspeakers, the iron core is in
the form of a loop or magnetic circuit, possibly broken by a few narrow air
gaps. This is because the magnetic field lines are in the form of closed loops.
[ron presents much less «resistance» (reluctance) to the magnetic field than air,
so a stronger field can be obtained if most of the magnetic field's path 1s within
the core.
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Text 11: Electric Current and Theory of Electricity

Electric current is nothing but the rate of flow of electric charge through a
conductor with respect to time. It is caused by drift of free electrons through a
conductor to a particular direction. As we all know, the measuring unit of
electric change 1s Coulomb and the unit of time is second, the measuring unit of
current is Coulombs per second and this logical unit of current has a specific
name Ampere after the famous French scientist André-Marie Ampere.

If total Q Coulomb charge passes through a conductor by time t, then
current I = Q / t coulomb par second or Ampere.

For better understanding, let give an example, suppose total 100 coulombs
of charge is transferred through a conductor in 50 seconds.

What is the current? As the current is nothing but the rate at which
charge is transferred per unit of time, it would be ratio of total charge

transferred to the required time for that. Hence, here

I 1[]1:] coloumbs — 2 Amperes
a0 second

'Ampere' 1s Sl unit of current.

Definition of Electric Current. While a potential difference is applied
across a conductor, electrical charge flows through it and electrical current is
the measure of the quantity of the electrical charge flowing through the
conductor per unit time.

Theory of Electricity. There is an equal number of electrons and protons
in an atom. Hence, atom is in general electrically neutral. As the protons in the
central nucleus are positive in charge and electrons orbiting the nucleus, are
negative in charge, there will be an attraction force acts between the electrons
and protons. In an atom various electrons arrange themselves in different
orbiting shells situated at different distances from the nucleus. The force is
more active to the electrons nearer to the nucleus, than to the electrons situated
at outer shell of the atom. One or more of these loosely bonded electrons may
be detached from the atom. The atoms with lack of electrons are called ions.

Due to lack of electrons, compared to number of protons, the said ion becomes
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positively charged. Hence, this ion is referred as positive ion and because of
positive electrical charge; this ion can attract other electrons from outside. The
electron, which was previously detached from any other atom, may occupy the
outer most shell of this ion and hence this ion again becomes neutral atom. The
electrons which move from atom to atom in random manner are called free
elections. When a voltage is applied across a conductor, due to presence of
electric field, the free electrons start drifting to a particular direction according
the direction of voltage and electric field. This phenomenon causes current in
the conductor. The movement of electrons, means movement of negative charge
and rate of this charge transfer with respect to time is known as current. The
amount of negative electric charge in an electron is 1.602 X 10" Coulomb.
Hence, one coulomb negative electric charge consists of 1/1.602 X 10 ™"* = 6.24
X 10 " number of electrons. Hence, during drift of electron to a particular
direction, if 6.24 X 10 '® number of electrons cross a specific cross-section of
the conductor, in one second, the current is said to be one ampere. Since, we
have already seen the unit of current, ampere is coulomb/second.

Measurement of Current. The most common method of measuring
current is to connect an ammeter in series with the circuit that’s current to be
measured. This is so because the entire current flowing through the circuit must
also flow through the ammeter. The ideal internal resistance or impedance of an
ammeter is zero. Hence, ideally there is no voltage drop across the ammeter
connected in the circuit. A conventional analog ammeter consists of a current
coil. Whenever current flows through this coil, it deflects from its position
depending upon the amount of current flowing through it. A pointer is attached
to the coil assembly; hence it points the current reading on the dial of the
ammeter. For measuring alternating current, clip on meter or tong tester can
also be used instead of conventional ammeter. In this ammeter a current
transformer core is attached to the meter which can easily be clipped on the live
current carrying conductor. Due to this arrangement, current in the circuit
transforms to the secondary of the CT and this secondary current then measured
on the dial of clip on meter without disturbing the continuity of the current

unlike conventional ammeter.
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Conventional Flow of Current Vs Electrons Flow. In the early days, it
was thought that the current is flow of positive charge and hence current always
comes out from the positive terminal of the battery, passing through the
external circuit and enters in the negative terminal of the battery. This 1s called
conventional flow of current. On the basis of this conception, all the theories of
electricity, formulas and symbols were developed. After the development of
atomic nature of matter, we have come to know that actual cause of current in a
conductor 1s due to movement of free electrons and electrons have negative
change. Due to negative charge, electrons move from the negative terminal to
the positive terminal of the battery through the external circuit. So the
conventional flow of current is always in the opposite direction of electrons
flow. But it was impossible to change all the previously discovered subsequent
rules, conventions, theories and formulas according to the direction of electrons
flow in the conductor. Thus the concept of conventional current flow was
adopted. The true electron flow is used only when it is necessary to explain
certain effects (as in semiconductor devices such as diodes and transistors).
Whenever we consider the basic electrical circuits and devices, we use
conventional flow of current i.e. current flowing around the circuit from the
positive terminal to the negative terminal.

Types of Current. There are only two types of electrical current, direct
current and alternating current. We abbreviate them as DC and AC respectively.
Concept of DC was developed before AC. But AC becomes most popular
means of generating, transmitting and distributing of electric power. The
direction of the flow of direct current is unidirectional, means this current does
not alter its direction during flowing. Most common examples of DC in our
daily life, are the current that we get from all kinds of battery system. But most
popular form of electrical current is alternating current or AC. AC does have
some advantages over DC for generating, transmitting and distributing and that
is why the current we get from our electric supply companies, is normally
alternating current.

Alternating Current. The current whose flow is not unidirectional

moreover it alternates at a frequency, is called alternating current. In other
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words, the direction of the current continuously changes from forward to
backward and then backward to forward in the circuit. The number of times,
this direction changes from forward to backward or from backward to forward
per second, is referred as frequency of the current. The current produced in an
alternator is always an alternating current. The shape of the waveform of an
alternating current is usually sinusoidal. But square, triangular and other types
of waveform are also available for attending current.

Conventional Direction of Alternating Current. As direct current,
alternating current 1s denoted with arrow. An AC has both forward and
backward direction of flow. The arrow head always indicates the forward
direction of the current. In different point of view, when the current has a
positive valve, the direction of current is same as the reference arrow and when
the current gets negative value; its direction is just opposite of the reference

arrow.

114



Text 12: Voltage

Voltage is the electric energy charge difference of electric potential energy
transported between two points. Voltage 1s equal to the work done per unit of
charge against a static electric field to move the charge between two points.
A voltage may represent either a source of energy (electromotive force), or lost,
used, or stored energy (potential drop). A voltmeter can be used to measure the
voltage (or potential difference) between two points in a system; often a
common reference potential such as the ground of the system is used as one of
the points. Voltage can be caused by static electric fields, by electric current
through a magnetic field, by time-varying magnetic fields, or some combination
of these three.

Given two points in the space, called A and B, voltage is the difference of
electric potentials between those two points.

Voltage is electric potential energy per unit charge, measured in joules per
coulomb (= volts). It is often referred to as «electric potential», which then must
be distinguished from electric potential energy by noting that the «potential» is
a «per-unit-charge» quantity. Like mechanical potential energy, the zero of
potential can be chosen at any point, so the difference in voltage is the quantity
which 1s physically meaningful. The difference in voltage measured when
moving from point A to point B is equal to the work which would have to be
done, per unit charge, against the electric field to move the charge from A to B.
The voltage between the two ends of a path is the total energy required to move
a small electric charge along that path, divided by the magnitude of the charge.
Mathematically this is expressed as the line integral of the electric field and the
time rate of change of magnetic field along that path. In the general case, both a
static (unchanging) electric field and a dynamic (time-varying) electromagnetic
field must be included in determining the voltage between two points.

Historically this quantity has also been called «tension» and «pressurey.
Pressure 1s now obsolete but tension is still used, for example within the phrase
«high tension» (HT) which is commonly used in thermionic valve (vacuum

tube) based electronics.
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Voltage is defined so that negatively charged objects are pulled towards
higher voltages, while positively charged objects are pulled towards lower
voltages. Therefore, the conventional current in a wire or resistor always flows
from higher voltage to lower voltage. Current can flow from lower voltage to
higher voltage, but only when a source of energy is present to «pushy it against
the opposing electric field. For example, inside a battery, chemical reactions
provide the energy needed for current to flow from the negative to the positive
terminal.

The electric field is not the only factor determining charge flow in a
material, and different materials naturally develop electric potential differences
at equilibrium (Galvani potentials). The electric potential of a material 1s not
even a well defined quantity, since it varies on the subatomic scale. A more
convenient definition of «voltage» can be found instead in the concept of Fermi
level. In this case the voltage between two bodies is the thermodynamic work
required to move a unit of charge between them. This definition is practical
since a real voltmeter actually measures this work, not differences in electric
potential.

Hydraulic analogy. A simple analogy for an electric circuit is water
flowing in a closed circuit of pipe work, driven by a mechanical pump. This can
be called a "water circuit". Potential difference between two points corresponds
to the pressure difference between two points. If the pump creates a pressure
difference between two points, then water flowing from one point to the other
will be able to do work, such as driving a turbine. Similarly, work can be done
by an electric current driven by the potential difference provided by a battery.
For example, the voltage provided by a sufficiently-charged automobile battery
can «push» a large current through the windings of an automobile's starter
motor. If the pump isn't working, it produces no pressure difference, and the
turbine will not rotate. Likewise, if the automobile's battery is very weak or
«dead» (or «flaty), then it will not turn the starter motor.

The hydraulic analogy is a useful way of understanding many electrical
concepts. In such a system, the work done to move water is equal to the

pressure multiplied by the volume of water moved. Similarly, in an electrical
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circuit, the work done to move electrons or other charge-carriers is equal to
«electrical pressure» multiplied by the quantity of electrical charges moved. In
relation to «flow», the larger the «pressure difference» between two points
(potential difference or water pressure difference), the greater the flow between
them (electric current or water flow).

Applications. Specifying a voltage measurement requires explicit or
implicit specification of the points across which the voltage is measured. When
using a voltmeter to measure potential difference, one electrical lead of the
voltmeter must be connected to the first point, one to the second point.

A common use of the term «voltage» is in describing the voltage dropped
across an electrical device (such as a resistor). The voltage drop across the
device can be understood as the difference between measurements at each
terminal of the device with respect to a common reference point (or ground).
The voltage drop is the difference between the two readings. Two points in an
electric circuit that are connected by an ideal conductor without resistance and
not within a changing magnetic field have a voltage of zero. Any two points
with the same potential may be connected by a conductor and no current will
flow between them.

Addition of voltages. The voltage between A and C is the sum of the
voltage between A and B and the voltage between B and C. The various
voltages in a circuit can be computed using Kirchhoff's circuit laws.

When talking about alternating current (AC) there is a difference between
instantaneous voltage and average voltage. Instantaneous voltages can be added
for direct current (DC) and AC, but average voltages can be meaningfully
added only when they apply to signals that all have the same frequency and
phase.

Measuring instruments. Instruments for measuring voltages include the
voltmeter, the potentiometer, and the oscilloscope. The voltmeter works by
measuring the current through a fixed resistor, which, according to Ohm's Law,
is proportional to the voltage across the resistor. The potentiometer works by
balancing the unknown voltage against a known voltage in a bridge circuit. The
cathode-ray oscilloscope works by amplifying the voltage and using it to deflect
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an electron beam from a straight path, so that the deflection of the beam is
proportional to the voltage.

Typical voltages. A common voltage for flashlight batteries is 1.5 volts
(DC). A common voltage for automobile batteries is 12 volts (DC).

Common voltages supplied by power companies to consumers are 110 to
120 volts (AC) and 220 to 240 volts (AC). The voltage in electric power
transmission lines used to distribute electricity from power stations can be
several hundred times greater than consumer voltages, typically 110 to 1200 kV
(AC).

The voltage used in overhead lines to power railway locomotives is
between 12 kV and 50 kV (AC).

Galvani potential vs. electrochemical potential. Inside a conductive
material, the energy of an electron is affected not only by the average electric
potential, but also by the specific thermal and atomic environment that it is in.
When a voltmeter is connected between two different types of metal, it
measures not the electrostatic potential difference, but instead something else
that is affected by thermodynamics. The quantity measured by a voltmeter is
the negative of difference of electrochemical potential of electrons (Fermi level)
divided by electron charge, while the pure unadjusted electrostatic potential
(not measurable with voltmeter) is sometimes called Galvani potential. The
terms «voltage» and «electric potential» are a bit ambiguous in that, in practice,

they can refer to either of these in different contexts.
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Text 13: Electrical resistance and conductance

The electrical resistance of an electrical conductor is the opposition to the
passage of an electric current through that conductor. The inverse quantity is
electrical conductance, the ease with which an electric current passes. Electrical
resistance shares some conceptual parallels with the notion of mechanical
friction. The SI unit of electrical resistance is the ohm (), while electrical
conductance is measured in siemens (S).

An object of uniform cross section has a resistance proportional to its
resistivity and length and inversely proportional to its cross-sectional area. All
materials show some resistance, except for superconductors, which have a
resistance of zero.

The resistance (R) of an object is defined as the ratio of voltage across it

(V) to current through it (1), while the conductance (G) is the inverse:
4 I 1

=1 “=v=x

For a wide variety of materials and conditions, V and | are directly
proportional to each other, and therefore R and G are constant (although they
can depend on other factors like temperature or strain). This proportionality is
called Ohm's law, and materials that satisfy it are called «Ohmic» materials.

In other cases, such as a diode or battery, V and | are not directly
proportional, or in other words the |-V curve is not a straight line through the
origin, and Ohm's law does not hold. In this case, resistance and conductance
are less useful concepts, and more difficult to define. The ratio V/I is sometimes
still useful, and is referred to as a «chordal resistance» or «static resistance», as

it corresponds to the inverse slope of a hord between the origin and an |-V
dVv
curve. In other situations, the derivative dI may be most useful; this is called
the «differential resistance».
In the hydraulic analogy, current flowing through a wire (or resistor) 1s like
water flowing through a pipe, and the voltage drop across the wire is like the

pressure drop that pushes water through the pipe. Conductance is proportional
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to how much flow occurs for a given pressure, and resistance is proportional to
how much pressure is required to achieve a given flow. (Conductance and
resistance are reciprocals.)

The voltage drop (i.e., difference between voltages on one side of the
resistor and the other), not the voltage itself, provides the driving force pushing
current through a resistor. In hydraulics, it 1s similar: The pressure difference
between two sides of a pipe, not the pressure itself, determines the flow through
it. For example, there may be a large water pressure above the pipe, which tries
to push water down through the pipe. But there may be an equally large water
pressure below the pipe, which tries to push water back up through the pipe. If
these pressures are equal, no water flows. The resistance and conductance of a
wire, resistor, or other element is mostly determined by two properties:

e geometry (shape);

e material.

Geometry is important because it is more difficult to push water through a
long, narrow pipe than a wide, short pipe. In the same way, a long, thin copper
wire has higher resistance (lower conductance) than a short, thick copper wire.

Materials are important as well. A pipe filled with hair restricts the flow of
water more than a clean pipe of the same shape and size. Similarly, electrons
can flow freely and easily through a copper wire, but cannot flow as easily
through a steel wire of the same shape and size, and they essentially cannot
flow at all through an insulator like rubber, regardless of its shape. The
difference between, copper, steel, and rubber is related to their microscopic
structure and electron configuration, and is quantified by a property called
resistivity.

In addition to geometry and material, there are various other factors that
influence resistance and conductance, such as temperature.

Conductors and resistors. Substances in which electricity can flow are
called conductors. A piece of conducting material of a particular resistance
meant for use in a circuit 1s called a resistor. Conductors are made of high-

conductivity materials such as metals, in particular copper and aluminium.
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Resistors, on the other hand, are made of a wide variety of materials depending
on factors such as the desired resistance, amount of energy that it needs to
dissipate, precision, and costs.

Ohm's law. The current-voltage characteristics of four devices: Two
resistors, a diode, and a battery. The horizontal axis is voltage drop, the vertical
axis 1s current. Ohm's law is satisfied when the graph is a straight line through
the origin. Therefore, the two resistors are «ohmic», but the diode and battery
are not.

Ohm's law is an empirical law relating the voltage V across an element to
the current | through it: V" oc

(V is directly proportional to I). This law 1s not always true: For example, it
is false for diodes, batteries, etc. However, it is true to a very good
approximation for wires and resistors (assuming that other conditions, including
temperature, are held constant). Materials or objects where Ohm's law is true
are called ohmic, whereas objects that do not obey Ohm's law are non-ohmic.

Relation to resistivity and conductivity. The resistance of a given object
depends primarily on two factors: What material it is made of, and its shape.
For a given material, the resistance is inversely proportional to the cross-
sectional area; for example, a thick copper wire has lower resistance than an
otherwise-identical thin copper wire. Also, for a given material, the resistance is
proportional to the length; for example, a long copper wire has higher resistance
than an otherwise-identical short copper wire. The resistance R and

conductance G of a conductor of uniform cross section, therefore, can be

f A

computed as = oy G = T
where fis the length of the conductor, measured in meters [m], A is the
cross-sectional area of the conductor measured in square meters [m?], ¢ (sigma)
is the electrical conductivity measured in siemens per meter (S'm '), and p
(rho) is the electrical resistivity of the material, measured in ohm-meters (2-m).
The resistivity and conductivity are proportionality constants, and therefore

depend only on the material the wire is made of, not the geometry of the wire.
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Resistivity and conductivity are reciprocals: 2 = /o, Resistivity is a measure
of the material's ability to oppose electric current.

This formula is not exact, as it assumes the current density is totally
uniform in the conductor, which is not always true in practical situations.
However, this formula still provides a good approximation for long thin
conductors such as wires.

Another situation for which this formula is not exact is with alternating
current (AC), because the skin effect inhibits current flow near the center of the
conductor. For this reason, the geometrical cross-section is different from the
effective cross-section in which current actually flows, so resistance is higher
than expected. Similarly, if two conductors near each other carry AC current,
their resistances increase due to the proximity effect. At commercial power
frequency, these effects are significant for large conductors carrying large
currents, such as bus bars in an electrical substation, or large power cables
carrying more than a few hundred amperes.

What determines resistivity? The resistivity of different materials varies
by an enormous amount: For example, the conductivity of teflon is about 10>
times lower than the conductivity of copper. Why is there such a difference?
Loosely speaking, a metal has large numbers of "delocalized" electrons that are
not stuck in any one place, but free to move across large distances, whereas in
an insulator (like teflon), each electron is tightly bound to a single molecule,
and a great force is required to pull it away. Semiconductors lie between these
two extremes.

Resistivity varies with temperature. In semiconductors, resistivity also
changes when exposed to light.

Measuring resistance. An instrument for measuring resistance is called an
ohmmeter. Simple ohmmeters cannot measure low resistances accurately
because the resistance of their measuring leads causes a voltage drop that
interferes with the measurement, so more accurate devices use four-terminal
sensing.

Static and differential resistance. Many electrical elements, such as
diodes and batteries do not satisfy Ohm's law. These are called non-ohmic or
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nonlinear, and are characterized by an I-V curve, which is not a straight line
through the origin.

Resistance and conductance can still be defined for non-ohmic elements.
However, unlike ohmic resistance, nonlinear resistance is not constant but
varies with the voltage or current through the device, 1.e. its operating point.

There are two types of resistance:

e Static resistance (also called chordal or DC resistance) — This
corresponds to the usual definition of resistance; the voltage divided by the
V
current Ritatic = T.

It is the slope of the line (chord) from the origin through the point on the
curve. Static resistance determines the power dissipation in an electrical
component. Points on the IV curve located in the 2nd or 4th quadrants, for
which the slope of the chordal line is negative, have negative static resistance.
Passive devices, which have no source of energy, cannot have negative static
resistance. However active devices such as transistors or op-amps can
synthesize negative static resistance with feedback, and it is used in some
circuits such as gyrators.

e Differential resistance (also called dynamic, incremental or small signal
resistance) — Differential resistance is the derivative of the voltage with respect

to the current; the slope of the IV curve at a point

v
R-cliff — E

If the IV curve is nonmonotonic (with peaks and troughs), the curve has a
negative slope in some regions — so in these regions the device has negative
differential resistance. Devices with negative differential resistance can amplify
a signal applied to them, and are used to make amplifiers and oscillators. These
include tunnel diodes, Gunn diodes, IMPATT diodes, magnetron tubes, and
unijunction transistors.

AC circuits: Impedance and admittance. When an alternating current
flows through a circuit, the relation between current and voltage across a circuit

element is characterized not only by the ratio of their magnitudes, but also the
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difference in their phases. For example, in an ideal resistor, the moment when
the voltage reaches its maximum, the current also reaches its maximum (current
and voltage are oscillating in phase).

Energy dissipation and Joule heating. Resistors (and other elements with
resistance) oppose the flow of electric current; therefore, electrical energy is
required to push current through the resistance. This electrical energy is
dissipated, heating the resistor in the process. This is called Joule heating (after
James Prescott Joule), also called ohmic heating or resistive heating.

The dissipation of electrical energy is often undesired, particularly in the
case of transmission losses in power lines. High voltage transmission helps
reduce the losses by reducing the current for a given power.

On the other hand, Joule heating is sometimes useful, for example in
electric stoves and other electric heaters (also called resistive heaters). As
another example, incandescent lamps rely on Joule heating: the filament is
heated to such a high temperature that it glows «white hot» with thermal
radiation (also called incandescence).

The formula for Joule heating is:

P=1IR

where P is the power (energy per unit time) converted from electrical
energy to thermal energy, R is the resistance, and | is the current through the
resistor.

Dependence of resistance on other conditions: Temperature
dependence. Near room temperature, the resistivity of metals typically
increases as temperature is increased, while the resistivity of semiconductors
typically decreases as temperature is increased. The resistivity of insulators and
electrolytes may increase or decrease depending on the system. As a
consequence, the resistance of wires, resistors, and other components often
change with temperature. This effect may be undesired, causing an electronic
circuit to malfunction at extreme temperatures. In some cases, however, the
effect 1s put to good use. When temperature-dependent resistance of a

component is used purposefully, the component is called a resistance
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thermometer or thermistor. (A resistance thermometer is made of metal, usually
platinum, while a thermistor is made of ceramic or polymer.)

Resistance thermometers and thermistors are generally used in two ways.
First, they can be used as thermometers: By measuring the resistance, the
temperature of the environment can be inferred. Second, they can be used in
conjunction with Joule heating (also called self-heating): If a large current is
running through the resistor, the resistor's temperature rises and therefore its
resistance changes. Therefore, these components can be used in a circuit-
protection role similar to fuses, or for feedback in circuits, or for many other
purposes. In general, self-heating can turn a resistor into a nonlinear and
hysteretic circuit element.

If the temperature T does not vary too much, a linear approximation is
typically used:

R(T) = Ro[l + (T — T3)]

where ais called the temperature coefficient of resistance, Tois a fixed
reference temperature (usually room temperature), and Fois the resistance at
temperature Zo. The parameter «is an empirical parameter fitted from
measurement data. Because the linear approximation is only an approximation,
ais different for different reference temperatures. For this reason it is usual to
specify the temperature that cvwas measured at with a suffix, such as @15, and
the relationship only holds in a range of temperatures around the reference.

The temperature coefficient ais typically +3x10° K ™' to +6x107° K" for
metals near room temperature. It is usually negative for semiconductors and
insulators, with highly variable magnitude.

Strain dependence. Just as the resistance of a conductor depends upon
temperature, the resistance of a conductor depends upon strain. By placing a
conductor under tension (a form of stress that leads to strain in the form of
stretching of the conductor), the length of the section of conductor under
tension increases and its cross-sectional area decreases. Both these effects
contribute to increasing the resistance of the strained section of conductor.

Under compression (strain in the opposite direction), the resistance of the
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strained section of conductor decreases. See the discussion on strain gauges for
details about devices constructed to take advantage of this effect.

Light illumination dependence. Some resistors, particularly those made
from semiconductors, exhibit photoconductivity, meaning that their resistance
changes when light is shining on them. Therefore they are called photoresistors
(or light dependent resistors). These are a common type of light detector.

Superconductivity. Superconductors are materials that have exactly zero
resistance and infinite conductance, because they can have V=0 and 1#0. This
also means there is no joule heating, or in other words no dissipation of
electrical energy. Therefore, if superconductive wire is made into a closed loop,
current flows around the loop forever. Superconductors require cooling to
temperatures near 4 K with liquid helium for most metallic superconductors
like NbSn alloys, or cooling to temperatures near 77K with liquid nitrogen for
the expensive, brittle and delicate ceramic high temperature superconductors.
Nevertheless, there are many technological applications of superconductivity,

including superconducting magnets.
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Text 14: Electrical measurement

Electrical Measurements are measurements of electrical quantities, such as
voltage, impedance, current, AC frequency and phase, power, electric energy,
electric charge, inductance, and capacitance.

Electrical measurements are among the most widely performed types of
measurement. Owing to the development of electrical equipment capable of
converting nonelectrical quantities into electrical quantities, the techniques and
instruments associated with electrical measurements are employed to measure
virtually all physical quantities. Electrical measurements are used in physical,
chemical, and biological research and in the energy, metallurgical, and chemical
industries. They also find application in transportation, meteorology,
oceanography, medical diagnostics, the exploration and mining of mineral
deposits, and the manufacture and use of radio and television equipment, of
aircraft, and of spacecraft.

The vast array of techniques and instruments for measuring electrical
quantities owes its existence to the great diversity of such quantities, to the wide
ranges of the quantities’ values, to requirements for high levels of accuracy, and
to the multiplicity of the conditions and fields of application of electrical
measurements. The measurement of «active» electrical quantities (such as
current and voltage), which characterize the energy state of a measured circuit,
makes use of the direct action of these quantities on the measuring instrument
and generally draws some amount of power from the circuit. The measurement
of «passive» electrical quantities (such as impedance and its complex
components, inductance, and the tangent of the dielectric loss angle), which
characterize the electrical properties of a measured circuit, requires excitation of
the circuit by an outside source of electric energy and measurement of the
circuit’s response.

The techniques and instruments used for electrical measurements in DC
circuits differ substantially from those used in AC circuits. In AC circuits, the
choice of technique and instrument depends on the frequency, on the nature of
the quantities’ variations, and on which values — instantaneous, effective,
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maximum, or average — of the varying electrical quantities are being measured.
Permanent-magnet instruments and digital measuring devices are the
instruments most widely used for measuring DC circuits, whereas
measurements in AC circuits are made with electromagnetic, electrodynamic,
induction, electrostatic, rectifier, and digital instruments and with oscillographs.
Some of these instruments are used for measurements in both AC and DC
circuits.

The values of measured electrical quantities fall roughly within the
following ranges: current, from 10™'° to 10’ amperes; voltage, from 10~ to 10’
volts; resistance, from 10° to 10'® ohms; power, from 10'° watt to tens of

> to 10" hertz. Such ranges are

gigawatts; and AC frequency, from 10
constantly expanding. Distinct areas of metrology, with specific measurement
techniques and instruments, have been developed to deal with measurements at
high and superhigh frequencies, measurements of small currents and large
resistances, and measurements of high voltages and of electrical quantities in
high-power installations.

The expansion of the measurement ranges is a result of development of the
technology of electrical measuring transducers, especially the technology
associated with the amplification and attenuation of currents and voltages. The
elimination of the distortions that accompany the amplification and attenuation
of electric signals and the development of techniques to extract a useful signal
from a noise background are specific problems associated with electrical
measurements of either very small or very large electrical quantities.

The maximum allowable error for electrical measurements may be as large
as a few percent or as small as 10 * percent. Direct-reading instruments are used
for relatively rough measurements, and techniques that involve bridge and
balanced circuits are used for measurements that require greater accuracy. The
use of electrical-measurement techniques to measure nonelectrical quantities is
based on either a known relationship between the nonelectrical and electrical
quantities or on the use of measuring transducers. Various intermediate
transducers are employed to ensure the compatible operation of a measuring
transducer and the secondary measuring instruments, to transmit the output
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signals of the measuring transducer over a distance, and to improve the noise
immunity of the transmitted signals. Generally such intermediate transducers
perform simultaneously amplification or, sometimes, attenuation of the electric
signals and, in order to compensate for the nonlinearity of a measuring
transducer, carry out nonlinear conversion. Any electric signal may be fed to
the input of an intermediate transducer, with standardized signals of direct,
sinusoidal, or pulse currents or voltages serving most frequently as the output
signals. Amplitude, frequency, and phase modulations are used with AC output
signals. Digital transducers are coming into increasing use as intermediate
transducers.

The integrated automation of scientific experimentation and industrial
processes has led to the creation of complex electrical-measurement equipment
that includes measuring apparatus and measurement and information systems
and to the development of the technology associated with telemetry and radio
remote control.

Recent advances in electrical measurements are based on such new
physical effects as the Josephson Effect and the Hall Effect, which have made
possible the development of equipment of greater sensitivity and accuracy.
Innovations in electronics have been incorporated into electrical-measurement
technology, and microcircuitry has come into use. In addition, the technology of
electrical measurements has been combined with computer technology,
measurement techniques have been automated, and metrological requirements
have been standardized. An integrated electrical-measurement equipment
ensemble known as ASET has been developed in the USSR.

The All-Union State Standard (GOST) 22261-76, Equipment for the
Measurement of Electrical Quantities: General Technical Specifications, has
established standard technical, especially metrological, requirements for

electrical-measurement equipment, it has been in effect since July 1, 1978.

129



Text 15: Electrical Units of Measure

The standard SI units used for the measurement of voltage, current and
resistance are the Volt [V ], Ampere [A] and Ohm [ Q] respectively.
Sometimes in electrical or electronic circuits and systems it is necessary to use
multiples or sub-multiples (fractions) of these standard units when the
quantities being measured are very large or very small.

The following table gives a list of some of the standard electrical units of
measure used in electrical formulas and component values.

Standard Electrical Units

Electrical  Measuring

) Symbol Description
Parameter Unit y P

Unit of Electrical Potential

Voltage Volt VorE
V=IxR
) Unit of Electrical Current
Current Ampere Iori
I=V=+R
it of DC Resist
Resistance ~ Ohm RorQ Unit o csistance
R=V~+1
Reci ] of Resist
Conductance Siemen GorO cciprocal o1 Resistance
G=1+R
Unit f C it
Capacitance Farad C ni 0 apacitance
C=Q+V
Unit of Electrical Ch
Charge Coulomb  Q nit of Electrica arge
Q=CxV
Induct H LorH Unit  of  Inductance
nductance en or
v Vv, = -L(di/dt)
Unit of Power
Power Watts W )
P=VxI or xR
Unit of AC Resist
Impedance  Ohm Z 2111 (2) ) esistance
Z =R"+X
Unit f F
Frequency  Hertz Hz ) 1111 . TO requency
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Multiples and Sub-multiples

There 1s a huge range of values encountered in electrical and electronic
engineering between a maximum value and a minimum value of a standard
electrical unit. For example, resistance can be lower than 0.01Q’s or higher than
1,000,000Q2’s. By using multiples and submultiples of the standard unit we can
avoid having to write too many zero’s to define the position of the decimal

point. The table below gives their names and abbreviations.

Prefix Symbol  Multiplier Power of Ten
Terra T 1,000,000,000,000 10"
Giga G 1,000,000,000 10°
Mega M 1,000,000 10°
kilo k 1,000 10°
none none | 10°
centi c 1/100 107
milli m 1/1,000 107
micro m 1/1,000,000 10°
nano n 1/1,000,000,000 10~
pico P 1/1,000,000,000,000 10"

So to display the units or multiples of units for Resistance, Current or
Voltage we would use as an example:

e 1kV =1 kilo-volt — which is equal to 1,000 Volts.

e ImA =1 milli-amp — which is equal to one thousandths (1/1000) of an
Ampere.

o 47kQ =47 kilo-ohms — which is equal to 47 thousand Ohms.

e 100uF =100 micro-farads —which 1s equal to 100 millionths
(1/1,000,000) of a Farad.

e 1kW =1 kilo-watt — which 1s equal to 1,000 Watts.

e |MHz =1 mega-hertz — which is equal to one million Hertz.
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To convert from one prefix to another it is necessary to either multiply or
divide by the difference between the two values. For example, convert IMHz
into kHz.

Well we know from above that 1MHz is equal to one million (1,000,000)
hertz and that 1kHz is equal to one thousand (1,000) hertz, so one 1MHz is one
thousand times bigger than 1kHz. Then to convert Mega-hertz into Kilo-hertz
we need to multiply mega-hertz by one thousand, as 1MHz is equal to
1000 kHz.

Likewise, if we needed to convert kilo-hertz into mega-hertz we would
need to divide by one thousand. A much simpler and quicker method would be
to move the decimal point either left or right depending upon whether you need
to multiply or divide.

As well as the «Standard» electrical units of measure shown above, other
units are also used in electrical engineering to denote other values and
quantities such as:

e Wh - The Watt-Hour, The amount of electrical energy consumed by a
circuit over a period of time. Eg, a light bulb consumes one hundred watts of
electrical power for one hour. It is commonly used in the form of: Wh (watt-
hours), kWh (Kilowatt-hour) which is 1,000 watt-hours or MWh (Megawatt-
hour) which 1s 1,000,000 watt-hours.

e dB - The Decibel, The decibel is a one tenth unit of the Bel (symbol
B) and is used to represent gain either in voltage, current or power. It is a
logarithmic unit expressed in dB and is commonly used to represent the ratio of
input to output in amplifier, audio circuits or loudspeaker systems.

e For example, the dB ratio of an input voltage (Vin) to an output voltage
(Vout) is expressed as 20log;y (Vout/Vin). The value in dB can be either
positive (20dB) representing gain or negative (-20dB) representing loss with
unity, ie input = output expressed as 0dB.

e 0 - Phase Angle, The Phase Angle is the difference in degrees between
the voltage waveform and the current waveform having the same periodic time.

It is a time difference or time shift and depending upon the circuit element can
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have a «leading» or «lagging» value. The phase angle of a waveform is
measured in degrees or radians.

e - Angular Frequency, Another unit which is mainly used in a.c.
circuits to represent the Phasor Relationship between two or more waveforms is
called Angular Frequency, symbol ®. This is a rotational unit of angular
frequency 2nf with units in radians per second, rads/s. The complete revolution
of one cycle is 360 degrees or 2x, therefore, half a revolution is given as 180
degrees or m rad.

e 7-—Time Constant, The Time Constant of an impedance circuit or
linear first-order system is the time it takes for the output to reach 63.7% of its
maximum or minimum output value when subjected to a Step Response input.

It is a measure of reaction time.
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Text 16: Alternative energy sources and ecology

World energy today stands on the threshold of tremendous change. Rapid
population growth and the extent of social and economic development led to
significant growth of energy consumption.

At present energy consumption is extremely high, and the use of traditional
resources such as oil, coal and gas are not unlimited. In most instances their
usage is very harmful to the ecology and nature because of numerous emissions
into the atmosphere that leads to increased levels of dangerous and hazardous
substances and gases that, in their turn, cause a great deal of global
environmental problems which affect our entire world. As globalization
continues and the earth's natural processes transform local problems into
international issues, few societies are being left untouched by major
environmental problems.

Some of the largest problems now affecting the world are acid rains, air
pollution, global warming, hazardous waste, ozone depletion, smog, water
pollution, overpopulation, rain forest destruction and so on. So scientists are
developing other ways to produce energy and resources that are more
environmentally friendly, cost effective and renewable. In most technologically
developed countries distinguished scientists and government solve the energy
problem by speedy transition to the so-called «alternative» energy sources. The
use of alternative energy sources will help people avoid many of the problems
and consequences, as well as benefit without detriment to the nature.

Alternative energy is an umbrella term that refers to any source of usable
energy intended to replace fuel sources without the undesired consequences of
the replaced fuels.

There are some more definitions of this term. According to Oxford
Dictionary, alternative energy is energy fuelled in ways that do not use up
natural resources or harm the environment. Natural Resources Defense Council
reports that alternative energy is energy that is not popularly used and is usually
environmentally sound, such as solar or wind energy (as opposed to fossil
fuels).
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Alternative energy refers to energy sources that have no undesired
consequences such for example fossil fuels or nuclear energy. Alternative
energy sources are renewable and are thought to be «free» energy sources. It is
necessary to point out that renewable energy is energy which comes from
natural resources such as sunlight, wind, rain, tides, and geothermal heat, which
are renewable (naturally replenished). About 16% of global final energy
consumption comes from renewables, with 10% coming from traditional
biomass, which is mainly used for heating, and 3.4% from hydroelectricity.
New renewables (small hydro, modern biomass, wind, solar, geothermal, and
biofuels) accounted for another 3% and are growing very rapidly. The share of
renewables in electricity generation is around 19%, with 16% of global
electricity coming from hydroelectricity and 3% from new renewables. They all
have lower carbon emissions compared to conventional energy sources.

Speaking about alternative energy sources, it should be pointed out that it
may be a device, installation or just a way that give the opportunity to get some
kind of energy and replace current sources.

To understand how alternative energy use can help preserve the delicate
ecological balance of the planet, and help us conserve the non-renewable
energy sources like fossil fuels, it is important to know what types of alternative
energy are there in the world.

There is a great amount of alternative energy sources nowadays such as
solar energy, wind energy, geothermal energy, biomass energy, hydrogen,
hydropower, etc. All of these energy sources are very important and
unavoidable part of everyday life but we pay our great and scrupulous attention
to solar/wind and geothermal energy because these kinds of alternative energy
really have an opportunity to replace harmful fuel energy sources which have a
negative influence on the environment.

Solar Power. Solar energy has been harnessed by humans since ancient
times using a range of ever-evolving technologies. Solar energy technologies
include solar heating, solar photovoltaics, solar thermal electricity and solar
architecture, which can make considerable contributions to solving some of the
most urgent problems the world now faces. Solar technologies are broadly
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characterized as either passive solar or active solar depending on the way they
capture, convert and distribute solar energy.

Active solar techniques include the use of photovoltaic panels and solar
thermal collectors to harness the energy. Passive solar techniques include
orienting a building to the Sun, selecting materials with favorable thermal mass
or light dispersing properties, and designing spaces that naturally circulate air.

Solar power works by trapping the sun's rays into solar cells where this
sunlight is then converted into electricity. Additionally, solar power uses
sunlight that hits solar thermal panels to convert sunlight to heat water or air.
Other methods include using sunlight that hits parabolic mirrors to heat water
(producing steam), or simply opening a rooms blinds or window shades to
allow entering sunlight to passively heat a room. But, solar power does not
produce energy if the sun is not shining. Nighttime and cloudy days seriously
limit the amount of energy produced. Solar power stations can be very
expensive to build.

From an environmental perspective, solar power is the best thing going. A
1.5 kilowatt PV system will keep more than 110,000 pounds of carbon dioxide,
the chief greenhouse gas, out of the atmosphere over the next 25 years. The
same solar system will also prevent the need to burn 60,000 pounds of coal.
With solar systems, there's no acid rain, no urban smog, no pollution of any
kind.

Wind Power. Wind power is another alternative energy source and could
be used without producing byproducts that are harmful to nature. Electricity
generated by wind turbines is absolutely free of emissions, although research is
still needed on reducing the noise levels of the turbines. Wind power is the
conversion of wind energy into a useful form of energy, such as using wind
turbines to make electricity, windmills for mechanical power, windpumps for
water pumping or drainage, or sails to propel ships.

Now, electrical currents are harnessed by large scale wind farms that are
used by national electrical grids as well as small individual turbines used for
providing electricity to 1solated locations or individual homes. In 2005,
worldwide capacity of wind-powered generators was 58,982 megawatts, their

production making up less than 1 of world-wide electricity use. Wind power

136



produces no pollution that can contaminate the environment, since no chemical
processes take place, like in the burning of fossil fuels, in wind power
generation, there are no harmful by-products left over.

Since wind generation is a renewable source of energy, we will never run
out of it. Farming and grazing can still take place on land occupied by wind
turbines which can help in the production of bio fuels. But we must note that
wind power is intermittent. If the wind speed decreases, the turbine is stored
and less energy is produced. Besides, large wind farms can have a negative
impact on the scenery.

Geothermal Energy. The adjective geothermal originates from the Greek
roots meaning earth, and hot. Geothermal energy is thermal energy generated
and stored in the Earth. Thermal energy is the energy that determines the
temperature of matter. Earth's geothermal energy originates from the original
formation of the planet (20%) and from radioactive decay of minerals (80%).
The geothermal gradient, which is the difference in temperature between the
core of the planet and its surface, drives a continuous conduction of thermal
energy in the form of heat from the core to the surface.

If done correctly, geothermal energy produces no harmful by-products.
Geothermal power plants are generally small and have little effect on the
natural landscape. However, if done properly, geothermal energy can lead to
pollutants. Improper drilling in the ground may produce hazardous gases and
minerals. Also, geothermal sites are prone to running out of steam.

One of the most crucial features of alternative energy is that many
alternative energy sources are renewable so the supply never diminishes. The
relationship between mankind and the earth 1s a fragile one. With the
worldwide concerns of pollution, ozone layer depletion and global warming, we
need to reconsider our use of conventional fuels such as gasoline, diesel and
coal. Harnessing the power of clean, alternative energy sources has become a
necessity. Moreover, we have a heavy dependence on petroleum products
imported from around the world. Increasingly, the political stability of many of
these sources is doubtful. This tends to reduce the reliability of supply and
increase the volatility of the price. Alternative energy means energy security.
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Text 17: Solar Energy

Solar energy, power from the sun, is a vast and inexhaustible resource.
Once a system i1s in place to convert it into useful energy, the fuel is free and
will never be subject to the ups and downs of energy markets. Furthermore, it
represents a clean alternative to the fossil fuels that currently pollute our air and
water, threaten our public health, and contribute to global warming. Given the
abundance and the appeal of solar energy, this resource is poised to play a
prominent role in our energy future.

In the broadest sense, solar energy supports all life on Earth and is the
basis for almost every form of energy we use. The sun makes plants grow,
which can be burned as «biomass» fuel or, if left to rot in swamps and
compressed underground for millions of years, in the form of coal and oil. Heat
from the sun causes temperature differences between areas, producing wind that
can power turbines. Water evaporates because of the sun, falls on high
elevations, and rushes down to the sea, spinning hydroelectric turbines as it
passes. But solar energy usually refers to ways the sun's energy can be used to
directly generate heat, lighting, and electricity.

The Solar Resource. The amount of energy from the sun that falls on
Earth's surface is enormous. All the energy stored in Earth's reserves of coal,
oil, and natural gas is matched by the energy from just 20 days of sunshine.
Outside Earth's atmosphere, the sun's energy contains about 1,300 watts per
square meter. About one-third of this light is reflected back into space, and
some is absorbed by the atmosphere (in part causing winds to blow).

By the time it reaches Earth's surface, the energy in sunlight has fallen to
about 1,000 watts per square meter at noon on a cloudless day. Averaged over
the entire surface of the planet, 24 hours per day for a year, each square meter
collects the approximate energy equivalent of almost a barrel of oil each year,
or 4.2 kilowatt-hours of energy every day. Deserts, with very dry air and little
cloud cover, receive the most sun — more than six kilowatt-hours per day per
square meter. Northern climates, such as Boston, get closer to 3.6 kilowatt-

hours. Sunlight varies by season as well, with some areas receiving very little
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sunshine in the winter. Seattle in December, for example, gets only about 0.7
kilowatt-hours per day. It should also be noted that these figures represent the
maximum available solar energy that can be captured and used, but solar
collectors capture only a portion of this, depending on their efficiency. For
example, a one square meter solar electric panel with an efficiency of 15
percent would produce about one kilowatt-hour of electricity per day in
Arizona.

Passive Solar Design for Buildings. One simple, obvious use of the sun is
to light and heat our buildings. Residential and commercial buildings account
for more than one-third of U.S. energy use. If properly designed, buildings can
capture the sun's heat in the winter and minimize it in the summer, while using
daylight year-round. Buildings designed in such a way utilize passive solar
energy — a resource that can be tapped without mechanical means to help heat,
cool, or light a building. Simple design features such as properly orienting a
house toward the south, putting most windows on the south side of the building,
skylights, awnings, and shade trees are all techniques for exploiting passive
solar energy. Buildings constructed with the sun in mind can be comfortable
and beautiful places to live and work.

Solar Heat Collectors. Besides using design features to maximize their
use of the sun, some buildings have systems that actively gather and store solar
energy. Solar collectors, for example, sit on the rooftops of buildings to collect
solar energy for space heating, water heating, and space cooling. Most are large,
flat boxes painted black on the inside and covered with glass. In the most
common design, pipes in the box carry liquids that transfer the heat from the
box into the building. This heated liquid usually a water-alcohol mixture to
prevent freezing is used to heat water in a tank or is passed through radiators
that heat the air.

Oddly enough, solar heat can also power a cooling system. In desiccant
evaporators, heat from a solar collector is used to pull moisture out of the air.
When the air becomes drier, it also becomes cooler. The hot moist air 1s
separated from the cooler air and vented to the outside. Another approach is an

absorption chiller. Solar energy is used to heat a refrigerant under pressure;
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when the pressure is released, it expands, cooling the air around it. This is how
conventional refrigerators and air conditioners work, and it's a particularly
efficient approach for home or office cooling since buildings need cooling
during the hottest part of the day. These systems are currently at work in humid
southeastern climates such as Florida.

Solar collectors were quite popular in the early 1980s, in the aftermath of
the energy crisis. Federal tax credits for residential solar collectors also helped.
In 1984, for example, 16 million square feet of collectors were sold in the
United States, but when fossil fuel prices dropped and tax credits expired in the
mid-1980s, demand for solar collectors plummeted. By 1987, sales were down
to only four million square feet. Most of the more than one million solar
collectors sold in the 1980s were used for heating hot tubs and swimming pools.

Today, a small number of U.S. homes and businesses use solar water
heaters. In other countries, solar collectors are much more common; Israel
requires all new homes and apartments to use solar water heating, and 92
percent of the existing homes in Cyprus already have solar water heaters. But
the number of Americans choosing solar hot water could rise dramatically in
the next few years as a result of federal tax incentives that can reduce their cost
by as much as 30 percent.

According to the U.S. Department of Energy, water heating accounts for
about 15 percent of the average household's energy use. As natural gas and
electricity prices rise, the costs of maintaining a constant hot water supply will
increase as well. Homes and businesses that heat their water through solar
collectors could end up saving as much as $250 to $500 per year depending on
the type of system being replaced.

Solar Thermal Concentrating Systems. By using mirrors and lenses to
concentrate the rays of the sun, solar thermal systems can produce very high
temperatures as high as 3,000 degrees Celsius. This intense heat can be used in
industrial applications or to produce electricity. One of the greatest benefits of
large scale solar thermal systems is the possibility of storing the sun’s heat
energy for later use, which allows the production of electricity even when the
sun 1s no longer shining. Properly sized storage systems, commonly consisting

140



of molten salts, can transform a solar plant into a supplier of continuous
baseload electricity. Solar thermal systems now in development will be able to
compete in output and reliability with large coal and nuclear plants.

Solar concentrators come in three main designs: parabolic troughs,
parabolic dishes, and central receivers. The most common is parabolic troughs
— long, curved mirrors that concentrate sunlight on a liquid inside a tube that
runs parallel to the mirror. The liquid, at about 300 degrees Celsius, runs to a
central collector, where i1t produces steam that drives an electric turbine.

Parabolic dish concentrators are similar to trough concentrators, but focus
the sunlight on a single point. Dishes can produce much higher temperatures,
and so, in principle, should produce electricity more efficiently.

A promising variation on dish concentrating technology uses a stirling
engine to produce power. Unlike a car's internal combustion engine, in which
gasoline exploding inside the engine produces heat that causes the air inside the
engine to expand and push out on the pistons, a stirling engine produces heat by
way of mirrors that reflect sunlight on the outside of the engine. These dish-
stirling generators produce about 30 kilowatts of power, and can be used to
replace diesel generators in remote locations.

The third type of concentrator system is a central receiver. One such plant
in California features a «power tower» design in which a 17-acre field of
mirrors concentrates sunlight on the top of an 80-meter tower. The intense heat
boils water, producing steam that drives a 10-megawatt generator at the base of
the tower. The first version of this facility, Solar One, operated from 1982 to
1988 but had a number of problems. Reconfigured as Solar Two during the
early to mid-1990s, the facility i1s successfully demonstrating the ability to
collect and store solar energy efficiently. Solar Two's success has opened the
door for further development of this technology.

To date, the parabolic trough has had the greatest commercial success of
the three solar concentrator designs, in large part due to the nine Solar Electric
Generating Stations (SEGS) built in California's Mojave Desert from 1985 to
1991. Ranging from 14 to 80 megawatts and with a total capacity of 354
megawatts, each of these plants is still operating effectively. Nevada Solar One,
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a 75 MW parabolic trough plant that was built near Boulder City, Nevada in
2007, offers another example of recent success in the burgeoning U.S. solar
thermal industry.

More commercial-scale solar concentrator projects are under development
in the United States, thanks mostly to various state policies and incentives. To
help meet California’s 20 percent renewable electricity standard, for example,
almost 5,000 MW of solar thermal capacity are under review by the state’s
Energy Commission and Bureau of Land Management. Additionally, more than
3,500 MW of capacity have been announced or agreed to under power purchase
agreements between major utilities and power-producing companies. As of
20009, the largest project awaiting approval is a 1,000 MW plant to be owned by
Solar Millenium, LLC. Concentrating solar thermal is on its way to becoming a

strong competitor in utility-scale energy production.
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Text 18: Hydropower

Hydropower or water power is power derived from the energy of falling
water, which may be harnessed for useful purposes. Since ancient times,
hydropower has been used for irrigation and the operation of various mechanical
devices, such as watermills, sawmills, textile mills, dock cranes, domestic lifts and
paint making. Since the early 20th century, the term is used almost exclusively in
conjunction with the modern development of hydro-electric power, which allowed
use of distant energy sources.

Hydro comes from the Greek word for water. Hydro-electricity, or hydro-
power, is usually generated by turbines in a dam in a river. The dam means that a
great body of water builds up in the river valley behind the dam. This is released
through the turbines when electricity is needed. Smaller than dams are barrages
across the mouths of rivers which capture water from high tides and release it to
generate electricity. Smaller still are turbines in river and tidal streams which do
the same thing.

Hydro power is one of the largest sources of energy accounting for roughly
20% of the worldwide demand of electricity and for well resourced countries it
accounts for majority of the energy. Compared to other sources of energy,
hydroelectric power is one of the cheapest, non-carbon emitting, non polluting
sources. Hydro power plants have been developed to almost full potential in
developed countries because of their superior characteristics and many more are
being constructed by developing countries like China and India. However hydro
power like all other things in life suffers from disadvantages as well. The failure of
a hydro dam can result in massive losses of human life and cause widespread
devastation. Large dams have always been controversial leading to displacement
of people and ecology. They have also been cited as the reason for earthquakes due
to large land changes.

There are three types of hydropower facilities: impoundment, diversion, and
pumped storage. The most common type of hydroelectric power plant is an
impoundment facility, typically a large hydropower system, uses a dam to store

river water in a reservoir. Water released from the reservoir flows through a
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turbine, spinning it, which in turn activates a generator to produce electricity. The
water may be released either to meet changing electricity needs or to maintain a
constant reservoir level. A diversion, sometimes called run-of-river, facility
channels a portion of a river through a canal or penstock. It may not require the use
of a dam. When the demand for electricity is low, pumped storage facility stores
energy by pumping water from a lower reservoir to an upper reservoir. During
periods of high electrical demand, the water 1s released back to the lower reservoir
to generate electricity.

Things you don’t know about hydropower

1. Hydropower is one of the oldest power sources on the planet,
generating power when flowing water spins a wheel or turbine. It was used by
farmers as far back as ancient Greece for mechanical tasks like grinding grain.
Hydropower is also a renewable energy source and produces no air pollution or
toxic byproducts. Learn more about the history of hydropower.

2. When most people think of hydropower, they imagine the Hoover Dam
— a huge facility storing the power of an entire river behind its walls — but
hydropower facilities can be tiny too, taking advantage of water flows in
municipal water facilities or irrigation ditches. They can even be «dam-lessy,
with diversions or run-of-river facilities channeling part of a stream through a
powerhouse before the water rejoins the main river.

3. Niagara Falls was the site of the country’s first hydroelectric generating
facility built in 1881 when Charles Brush connected a generator to turbines
powered by the falls and used the electricity to power nighttime lighting for
visiting tourists. America’s first commercial hydropower facility was built in
1882 in Appleton, Wisconsin — powering lighting for a paper mill and multiple
homes.

4. Every state uses hydropower for electricity, and some states use a lot of
it. Over 70 percent of Washington State’s electricity comes from hydropower,
and 11 states get more than 10 percent of their electricity from hydropower.

5. Hydropower costs less than most energy sources. States that get the
majority of their electricity from hydropower, like Idaho, Washington, and
Oregon, have energy bills that are lower than the rest of the country.
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6. Hydroelectricity provides about seven percent of the electricity
generated in the United States and about half of the electricity from all
renewable sources, finds the Energy Information Administration.

7. Some hydropower facilities can quickly go from zero power to
maximum output, making them ideal for meeting sudden changes in demand for
electricity. Because hydropower plants can dispatch power to the grid
immediately, they provide essential back-up power during major electricity
disruptions such as the 2003 blackout that affected the northeastern states and
southern Canada. Read a report about other services hydropower can provide to
the electric grid.

8. Another type of hydropower called pumped storage works like a
battery, storing the electricity generated by other power sources like solar,
wind, and nuclear for later use. It stores energy by pumping water uphill to a
reservoir at higher elevation from a second reservoir at a lower elevation. When
the power is needed, the water is released and turns a turbine, generating
electricity.

9. Devices at dams can help fish and other wildlife move freely around
dams and between sections of rivers. Fish ladders and fish elevators are just
some of the techniques used to help fish migrate.

10. Dams are built for a number of uses in addition to producing
electricity, such as irrigation, shipping and navigation, flood control or to create
reservoirs for recreational activities. In fact, only 3 percent of the nation’s

80,000 dams currently generate power.
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PA3AEJL I11: CIOBAPB-MUHUMYM

A

abnormal — oTKJIOHSFOIIUICS OT HOPMBI; HEOOBIUHBIHA

to absorb — noromare

accuracy — TOYHOCTb

acquisition — npuoOpereHue, OBIaJICHHUEC

actuarial science — akTyapHas Hayka

AD — cokp. or Anno Domini; H.3., HaMIe# SpbI

admittance — mpoBOAMMOCTh

advancement — porpecc, TOCTHXCHHE

ailment — meayr

aka — cokp. ot also known as tak;ke U3BECTHBIH 1101 UMECHEM

alchemy — anxumus

allied soldier — coro3uuk

alternate — monepeMeHHBIH, TOOYEPETHBIN

alternating current (AC) — nepeMeHHBIH TOK

amber — suTaps

ammeter — ammepmerp

amperage — cuiia Toka (B aMIiepax)

ample — oOmmpHbIA, OoraThIN

Analytical Engine — Ananutryeckas MaliiHa

Ansafone — "AHncadoH" (Pupmennoe HazsaHue - ABMOMAMUUECKO2O
meneponnoco annapama xomnanuu National Telephones (UK) Ltd;
NpUHUMAaem 6bl308 U 0Aém HA He2o 3apanee 3anUCAHHBIL HA MAZHUMOGDOHHYIO
NIEHKY omeen)

answering machine — aBrooTBeT4YHK

antiquity — aHTHYHOCTb

appearance — mosBIeHHE

appliance — anmapat, mpubop

Artificial Intelligence — uckyccTBeHHBIM HHTEICKT
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assassination attempt — nmokyienue Ha yOUKHCTBO 1O MOJUTHYCCKUM MOTHBAM
assembly line — coopounsIii KOHBEHEP

asset — meHHOEe CBOMCTBO

assumption — npeanosiokeHue, AOMYIICHHE

asymptotic freedom — acumnrornyeckas cBo6o1a

at an accelerated rate — yckopeHHBIMU TeMITaMU

at the ripe age — B 3pesoM Bo3pacTte

atomic structure — crpoenue atoma, aToMapHas CTPYKTypa
audible — capIIHBIA, BHATHBIA, CIABIIITIMBIHA

average — cpegHui

avid swimmer — 3asuIblil [I0BeL]

B

backbone — ocHoBHOI1, 6a30BbIii, CYyTh

ballistic galvanometer — 6aymucTudeckuii rabBaHOMETP

to bestow (on) — naBath, NpPHUCYXAaTh, TPUCBAUBATH

bimetallic — GumeTamirueckuit

bizarre — HeecTecTBEeHHBIN, HEHOPMAaJIbHBIN, IPUUYAIUBbIA, CTPAHHBIH,
AKCLIEHTPUYHBIN, aHOMAaJIbHbIN, HEIIPABUIIbHBIN

blue box — «romyboit  sSmMK»  (3reKmpoHHOE — npucnocobeHue,
UCNONIb308ABULeeCsT Ol HE3AKOHHO20 NOOKIIOUEHUs K MeHcOy20pOOHUM
mejne)OHHbIM TUHUAM)

blueprint — (neTanbHbII) M1aH, TpOrpamMma, MPOCKT

bolts of lightning — yaap monaun

bombardment — 6ombaparpoBKa; apTHILICPUICKUI, MUHOMETHBIH 00CTpe
bone marrow — KocTHBIN MO3T

boxcar — ToBapHbIif Baro

brain tumor — onmyxoJb roJIOBHOTO MO3ra

to breed — BoIBOIHTH, PAa3BOINUTH

bridge circuit — mocToBas cxema

building blocks — ctpouTenbHbie 00KH/IETCKHE KyOHMKH/KOHCTPYKTOP

burden of labour — 6pems Tpyna
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C

cadmium — kagmMuit

calibration — mapkupoBka; kannOpoBKa

capacitor — konaeHcarop

capacity — MOIIHOCTh; BMECTUMOCTb, EMKOCT

cargo — rpys

carpentry — miOoTHUYHBIE paOOTHI

cathode ray tube — sanexrponno-ny4eBas TpyOka

central processing unit — rieHTpaIbHBIN TPOLIECCOP

chassis — xonoBas 4acThb

circa — npuOJIM3UTEIBLHO, IPUMEPHO

circuit breaker — aBromarrueckuii BEIKIIIOUATEb; PEPHIBATEIb
to cling (to) — ocraBatrbcst BEpHBIM (4eMy-JIH00)

clockwise — o yacoBoii cTpenke

closed circuit — 3amkHyTas 11ETTH

t0 cOoiN — BBIAYMBIBaTh, IPHIyMBIBATH

to compose of — cocTosaTh u3

to conduct experiments — mpoBOAUTH FKCIIEPUMEHTBI

to contribute — BHOCHTB BKJIa/1, 000TaTUTh IIEHHBIM JOCTHKCHUEM
co-founder — coyupenurensb

common descent — o0muii mpeIoK

commutator — koMmmyTaTop

compound — cTpoeH#ue, CTPYKTypa, EJIOCTHOE 00pa30BaHUE; CMECh
computer geek — KOMITbIOTEPHBIN (haHATHK

computer science — BBIYHCIUTENIbHAS TEXHUKA (0Oaacmo
uHpopmaTuka

condenser — koHIEHCATOD

to confine — orpannuMBaTh

consumer goods — moTpeOUTENTLCKHE TOBAPHI

coolant fluid — cma3zouHO-0OXTaKTAIOIIAS KUAKOCTH

copper — MeJb

corresponding — HajIeKaIIHiA, COOTBETCTBEHHBIN, COOTBETCTBYIOIINN
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coulomb — xynon

counterpart — anasor; KoJuiera

credible — 3acnyxuBaromuii 10Bepus, MPaBIONOI00HBIN HAIEKHBIH, TPOYHBIH;
HACTOSIIINI, COOTBETCTBYIOIINI CBOMM (DYHKLIMSAM

credit (with) — mpunuceIBaTh, CYUTATH

crossbow — camoctpeir; apoaner

cumbersome — rpoMo3aKuii

curiosity — mo003HaTeTbHOCTD

D

to dabble — 3anmmarbcst (deM-11.) HenmpogecCHOHATBLHO, BPEMS OT BPEMCHH;
IPOSIBIIATE MTOBEPXHOCTHBIN HHTEpEC (K YeMy-II.)

day-to-day — oObIIeHHBIH, TTOBCEIHEBHBIN

to dazzle — mopakath, H3yMIIAThH

DDT - cokp. ot dichlorodiphenyltrichloroethane JJAT (nucexTuimm)
decaffeination — nekodennnpoBanue, ynaienue kodhenHa
dehydration — geruapararysi, 00e3BOKHBaHUE

destitute — mokuHyTHIH, OPOIICHHBIH; OYCHD OCTHBIN

Difference Engine — PaznocTHast MamiHa

to dip — magath, MOHUKATHCS

direct current (DC) — mocTOsSIHHBII TOK

distribution — pacnipeaenenne; pa3agada

doable - BeITOTHUMBIH

driving force — nBmxkyiias cuia

to drop out — 6pocars (paboty, yueOy)

dryness — cyxocTthb

duration — quHa, IIUTEILHOCTD, IPOAOJDKUTEILHOCTD

E

eddy current — BUxpeBoii TOK

electric current — seKTpUYECKHil TOK

electric potential — ayekTprueckuii MOTEHIIHAT
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electric shock — siekrporok

electrical circuit — syiekTpudeckas cxema

electrical engineer — nHXeHEP-3IEKTPHUK

electrical engineering — aieKTpoTeXHUKA

electromagnetic field — snekrpomarauTHOE MOJIE

electromagnetic induction — syiekTpomMarHuTHAsS UHAYKITUS

electromotive force — sanmexTpoaBKyIIas cuiia

electron shell — snexrponnas o6o049Ka

Electronic Frontier Foundation - ®onx O6opsOBI ¢ HapyIICHHEM
KOH(QHUICHIIMAIBHOCTH W TPaXIAHCKUX CBOOOJ C IOMOIIBIO 3JICKTPOHHBIX
TEXHOJIOTUH

endanger — moaBepraTh OMAaCHOCTH, CO3/IaBaTh YIPo3y

energy conservation — sHeprocoepexeHue

€Nn0ormous — rpoMaJHbIN; TUTAHTCKUI, OOIIUPHBINA, OTPOMHBIN

environmental protection — oxpana okpy»karomei cpeibl

to evolve — 3BONIOIIMOHUPOBATH, PA3BUBATHCS

expansion — pacurupeHue

explicit — moxpoOHO pa3paboTaHHBIH, SBHBIN, ICHBINA

to explode — B3pbIBaTh, B3pHIBATHCS

F
facility — Bo3MOXHOCTB, CITOCOOHOCTE; (DYHKITHSI
fairground — sspmapoyHas II0MAIL
far-out — HeoOBIUHBIN, SKCTPABATAHTHBIM, aBAHTAPAUCTCKUN
to fatigue — m3marteIBaTH, U3HYPSTH
fatigue — ycramocts, yTOMJICHHE
to feature — comepkath B ce0¢ KaK OTJIMYMTEIIBHBIA, OCOOCHHBIN 3JCMEHT,
CBOWCTBO
ferrite core — ¢heppuTOBEIil cepCUHUK
ferromagnetic — peppoMarauTHBIN
fire-fighting — mosxkapotyieHue
to fission — pa3ouBaThCs, pacKaIbIBATHCS
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flashlight batterie — ransBannueckwmii >1eMeHT / GaTapeiika aJis1 KapMaHHOTO
dboHapuka

to flee from — y6erare oT(mpodiem), coerathb

floppy disk — nuckera, rHOKHMI MAarHUTHBIN JUCK
floppy disk drive — quckoBoa It THOKUX THCKOB
fluid — xunkwmii, Texyumit

fluorescent lighting — momuHECIIEHTHOE OCBEIICHUE
flyback diode — nuon oOparHoro xona

free charge — cBoOoIHEIN 3apsi

frequency — gactora

friction — Tpenue

fuel — ToruBo

fuse — maBKa, MpoIecc MIaBICHUS

fusion — pacruaBiieHHass Macca, CIlIaB

G

gain in productivity — moBbIIIeHHE TPOU3BOAUTEILHOCTH
galvanic cell — ransBaHnuecKnii SIeMEHT

gaseous substance — razoo0pa3Hoe BEIIeCTBO

GDP — coxkp. ot gross domestic product BasioBoit BHyTPESHHHH MPOITYKT
generation — oOpa3oBaHue, MPOU3BOJICTBO, BEIPAOOTKA
to get out of hand — BeIXOaUTE U3-110 KOHTPOJIS

gold foil experiment — sxcrieprMeHT ¢ 3010TO# QOJIBIOMH
government funding — npaBuTeIbCTBEHHBIE CYOCHIUN
greenhouse gas — mapHUKOBBIH T'a3

gunpowder — mopox

gyrator — ruparop

H
hence — moatomy, cienoBaTebHO

to herald — Bo3BemaTs, 0OBABIATE
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HID (High-Intensity Discharge lamp) — pa3psiaHas 1aMmiia BEICOKOM
UHTEHCUBHOCTH

high-pressure engine — nBuraTeib BICOKOTO JTaBJICHHUS

high-voltage transmission line — BEICOKOBOJIbTHAS JIMHUS AJICKTPOIIEPEIaun
highway system — ceThb aBTOMOOHIIBHBIX TOPOT

HMS — cokp. ot Her Majesty's Ship, His Majesty's Ship (cmasumcs nepeo
Hazeanuem Kopaois 60eHHO-MOPCKUX cuil Beauxobpumanuu)

holy grail — 1) Cesmennsrit I'paanb (uawa, uz komopoi Hucyc Xpucmoc nun
Ha Tatinou Beuepe; npeomem po3vickos pwlyapell Kopois Apmypa), 2) 1einb
TIOUCKOB, KOTOPOH JTOOMBAIOTCS, K KOTOPOU CTPEMSITCS

horsepower — nomraguHas cuia

hydrogen — Bogopon

hypersonic — cBepx3ByKOBOM

hysteresis — ructepesuc, 3amna3apIBaHle, OTCTaBaHue (a3

hysteresis curve — kpuBas rucTepesuca

I
Impact — BiusiHHIE
impedance — moJiHoe CONPOTHUBIICHUE
Implementation — BeImoTHEHUE
implicit — moapasymMeBaeMbIii, HE BEIPAKEHHBIN SIBHO, CKPBITBIN;
UMIIJIMIUTHBIN
Implosion — BHYTpeHHMIA B3PBIB; UMILJIO3US
to improve on — npeBOCXOIUTH 1O KaYeCTBY
in charge of — oTBeTCTBEHHBIN 32
in favor of — B monkp3y, B moguepkKy (Koro-iauoo)
incandescent light bulb — namna naxkanuBanus
inception — Hauaso
indefinitely — neonpenenéuno, HesscHO, OECKOHEYHO
Indentation — BelemMka, MeTKa
indivisible — venenuMepIii
to induct (int0) — mpUHUMATH B YJICHBI
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induction motor — acHHXpOHHBIN JBUTATEIH

infancy — paHHsIs cTagus pa3BUTHS, TIEPHO]] CTAHOBIICHUS
inquisitive — m0003HaTEIBHBIH

Instantaneous — MrHOBEHHBIH; HEMEIEHHBII

intact — He3aTPOHYTHIM

integrated circuit — maTEerpaEHAS CXEMa
interchangeable — B3anmo3ameHsieMbIii

internal combustion engine — nBuraTeb BHYTPEHHETO CTOPAHUS
intimate — Onu3kuit npyr

intrusion — BHeapeHME

Invention — nu3o0OpeTeHue

inventor — u3o0peTaTelb

ionic compound — HOHHOE COeTUHEHUE

irrevocably — 6e3Bo3BpaTHO

ISSUe — CIIOpPHBII BOIIPOC, ITpodIeMa

K
keyboard — knaBuarypa

L
lamination — paccioenue
leakage flux — motok paccesHus
LED (light-emitting diode) — cBeToamon
Leyden jar — neligeHckas OaHka
life annuity — noxxu3HeHHas peHTa
life table - Tabmuia IpoOAOIKUTEILHOCTH KU3HU
lifespan — npogomKUTETEHOCTD KU3HU
light bulb — snekTpuyeckas nammnouka
linear distance — nmuHelHOE paccTosTHUE
liquid — *xuaKOCTD, KUAKUH
load — Harpyska
load center — nenTp Harpy3ku
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long-lasting — nonroseuHbIi
loosely — cBoG0HO; HETOUHO

low resistance — Hu3Kas COMPOTUBIAEMOCTD

M

magnetic flux — MmarHuTHBIH MOTOK

magnitude — BennuuHa, pazmep

Mandarin — kuTalCKkuil SI3BIK (COBPEeMEHHbI TUMePAmypPHbIll KUMAUCKULL
SA3bIK)

man-made — UCKyCCTBEHHBIH

meaningful — 3HaunTEILHBIN, 3HAYNMBIH, BaXKHBIH,

means — croco0, CpeIcTBO

measurable — uamMepumbIii

measurement — usmepenue

measuring instrument — u3MepuTEIbHBIN TPUOOP

mechanical computer — mexaHn4ecKkoe BBIUNCIUTEILHOE YCTPOUCTBO
metrology — meTposorus

Middle Ages — Cpemnue Beka, CpeIHEBEKOBBE (UCMOPUHECKUL NEpUood 6
Eepone: emopas nonosuna 5-20 6. n.s. - koney 15-20 6. H.3.)

mining engineer — ropHbIi HHXEHEP

misleading — BBoasmMI B 3a01yXKIeHHE, 0OMaHUYUBBII

mollify — ocmabnsite, cMaryarh, yCriokauBaTh

monatomic — 0THOATOMHBIN

monopole — MoHOMOIb

motion picture camera — kuHOKamepa

motionless — HenoIBUXHBIHN, O€3 ABMKCHHUS; B COCTOSTHHH MTOKOSI
motive — ABMXKYIUH, CTUMYTHPYIOITHH

mouse-driven — ¢ yrpaBjeHHEM OT MBIIIH

to multiply — ymHOXaTh

N
natural selection — ecrecTBeHHBIN 0TOOD
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negatively charged — orpunarensHo 3apspkeHHBIIH
to neglect — npereOperaTh, MTHOPUPOBATH

nerve cell — HepBHas KIeTKa

non-conductive — HepPOBOAATIHIA

nonlinear equation — HeJMHEHHOE ypaBHEHHE
notepad — G10KHOT

nuclear power — saepHast SHEpPTUs

nucleus — sapo

numerical method — yucnenusiii MeTon

O

observation — va0romeHNE

offspring — oTmpeick, MOTOMOK

oil embargo — sm06apro Ha BB03 HeTH

on a par with — napaBHse ¢

on the threshold (of) — B npennBepun, HakanyHe
open circuit — pa3oMKHyTas LEIb

Orthodox clergyman — npaBocjiaBHBIH CBSIIEHHHK
oscilloscope — ocummiorpad

oversimplification — upeamepHoe ynporieHue

s)
parallel circuit — mapannenpHas cxema

particle accelerator — yckopurens gacTwuil

1o pass an act — npuHATh 3aKOH

to pave the way — npokaapIBaTh MyTh, MOATOTABIUBATH IOYBY
peaceful purposes — mupHbIe Leau

permittivity — auanexTpuueckas MOCTOSTHHAS

philosophical inquiry — ¢umtocodckuii Bonpoc

photocell — dboroanement

physical property — ¢pusnueckoe CBOKCTBO

polyatomic — MHOroaTOMHBIH
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polyphase induction motor — mHoroda3HbIi ACHHXPOHHBIN JIBUTaTEIIb
positevely charged — momoxuTenbHO 3apsHKCHHBIN
potential drop — nageHne HanPsHKEHHMS

potentiometer — moreHIILOMETD

power dissipation — paccessHre MOIIIHOCTH

power engineering — sHepreTuka

power generation — mpou3BoICTBO 3JIEKTPOIHEPTHH
power plant — saexTpocTanius

precision — TO4YHOCTH

prime mover — nepBUYHBII IBUTATEIIH

printing press — neyaTHas MallMHA; IEYATHBIA CTAHOK
prominent — u3BeCTHBIN, BbIIAIOIIUAKCS

proof — noka3aTenbcTBO

punched card — nepdokapta

pursue the research — npoBoauTh HccaeAOBaHUE

R

rate — remi, CKOpOCThb

ratio — oTHomIeHNE

raw material — ceipbe

reactance — peakTUBHOE COIIPOTHBIICHUE

reciprocal — B3anMHBIH, 00010 JHBINI; OOpaTHBIMH

rectifier — BemmpsiMutens (mpeodpazoBaTeib MEPEMEHHOTO JIEKTPUICCKOTO
TOKa B TTIOCTOSTHHBIMN )

reluctant — nenarontuii 4To-J1. ¢ OONBIION HEOXOTOH, IO IPUHYKJICHUIO
remanent magnetism — ocTaTOYHBIH MarHeTU3M

remedy — nekapcTBO; COCO0 YCTpaHESHUS HEUCITPABHOCTH

renowned — 3HaMEHHTHIN

to repell — orrankuBaTh

replica — moxenb

repulsive — ortaaKkuBaroOIIHiA

residential use — ObITOBOE UCITOIB30BAHUE
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to resign — oTka3pIBaTHCS OT JOJDKHOCTH, YHTH B OTCTaBKY

resistance — conpoTuBiieHHE

respectively — cooTBeTCTBEHHO

reversed copy — nmepeBepHyTast KOs

Revolutionary War — Boiina 3a He3aBHCUMOCTD (AMEpUKaHCKAas PEBOJTIOIHS )
to revolve around — Bpamarscst BOKpyr

rival — cornepHuk, KOHKYPEHT

roundabout way — OKOIbHBIH Ty Th

Royal Institution — KoponeBckas acconuanus (HayuHas opeaHu3ayus;
npo8ooUM UCCIe008aHUL U PACNPOCMPAHAEem 3HAHUS 6 obiacmu Gusuxu,
ACMPOHOMUU, XUMUU, INEKMPOHUKU, Gu3zuonoeuu, Haxooumcs 6 Jlonoowe.
Ocnosana 6 1799 200y)

rubber — pe3una, kayuyk

to run out of — u3pacxomoBaTh

S
scarlet fever — ckapiatuna
science fair — spmapka Hay4HBIX POCKTOB yUAIIAXCSI
self-replicating — camoBocnpou3BoAsIIUCS
semiconductor — moynpoBOHUK
Series circuit — mocienoBareibHad 1ENb
short circuit — kopoTkoe 3aMbIKaHHE
skin effect — ckun-3¢d ek, moBepXHOCTHBIN A HEeKT
solar system — conmHeuHas cucreMa
solid — TBep1oe BelecTBO, TBEPIBIH
solid-state device — TBepAOTEIBHBINM IPHOOP
solution — pemrenne; pacTBop
to speed up — yckopsTh
sprinkler system — opocurenbpHas cucTema
starvation — rosnox
static electricity — crarnueckoe 3JIeKTpUYCCTBO
stealth — veBumMMBIIT
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stem cell — crBonoBas kieTka

stock ticker — tukep (meneepagpuulii unu s1exKmpoHubLIL annapam, onepamueHoO
8bLOAIOWULL MEKYUWYIO PUHAHCOBYI0 UHDOPMAYUIO HA OYMANCHYIO IEeHMY ULU HA
9Kpam,; enepsvle OvlLl ucnoawv3osarn Ha oupacax CIIA 6 1867 200y)

subatomic particle — cybaTomnast yactuia

subdivision of labor — pa3znenenue Tpyaa

submersible — moaBoHBIH, TOTPYIKAEMBIit

subsequently — BoocitecTBHM

substance — BemiecTBoO

subtract — Berunrath

suburbia — mpuropoHbIC 30HBI

Supreme Court — BepxoBHbIii Cy1

susceptance — peakTuBHas IPOBOJAUMOCTh

swim fins — nactel

T
to take for granted — cunrath camMmo cO00¥ pazyMEIOITUMCS
to take into account — mpuHUMATL BO BHUMaHHE

to team up — 0OBEAUHUTHCS

The Age of Enlightenment — smioxa IIpocBemenus

the multitude — maccel, mpocToHapoIbe

the well-to-do — coctosrenpubie con obOmecTBa

three-shift workday — TpéxcmennsIit pabouuii 1eHb
thunderstorm — rposa

to tinker — 94MHUTH KOE-KaK, HA CKOPYIO PYKY

to trace the history — Bocxoauts, 6paTh Ha4yao

traceability - 1) equHCTBO M3MeEpeHUit 2) IPOCIICIKUBAEMOCTh
traffic grid — TpancnopTHas ceTh

transmission — nmepegava

turmoil — GecniopsioK, cMSITCHHE

to turn out — BeITyCKaTh, IPOU3BOAUTH

typewriter — numryimass ManimHKa
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U
ubiquitous — Be3gecymuii; mOBCEMECTHBIN

unstable — neTBEpapIii; HeCTAOUIBHBIIM

\/

variety of — pasnooOpasue

versatility — HemocTosHCTBO, H3MEHYHBOCTD
vessel — cocyn

vice versa — Ha00opoT

vicinity — 0au30CTh, COCEACTBO

virtually — paktnuecku

visible — BunuMeIii

voltage — HanpsbkeHue

voltage drop — majgeHue HaPsKSHUS
voltaic pile — ranpBannveckas 6arapes
voltmeter — BoasT™METp

waste disposal — yaanenrne 0TX010B WM CTOYHBIX BOI
winding — odMoTka

witchcraft — konnoBcTBO

with respect to — uro kacaercs

Y
yet — 31. ogHako, HO
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Ipunoscenue 1

dpa3pl-KJne 15 peepupoBaHUA TEKCTA

I. Title
The title of the text (article) is...
Il. Author
The text (article) is written by...
The author of the text (article) is...
It was published in ...
I11. Main ldea
The main idea of the text (article) is...
The text (article) is about...
The text (article) is devoted to ...
The text (article) deals with ...
The article touches upon ...
The purpose of the article is to give the reader some information on ...
V. Main Part
The author starts by telling the readers (about, that) ...
The author writes (states, stresses, thinks, points out) that...
The article describes ...

explains...

points out...
The text (article) starts with the explanation of...

with the description of...
with the enumeration of...

According to the article (text) ...
The article 1s (can be) divided into 4(5-7) parts.
The first part deals with (is about, touches upon) ...

Speaking about..., ...
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On the one hand, on the other hand...
It should be pointed out that ...
It is necessary to say
to note
to add that...
V. Conclusion
In conclusion it is necessary to say...
Finally I would like to add...
The author comes to the conclusion that...
V1. Opinion
I think that..., consider that..., suppose that..., guess that...
In my opinion, ...
To my mind ...
From my point of view...
My opinion is...
I found the article interesting (important, dull, of no value, easy, too hard

to understand).
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Ipunoscenue 2

OcHoBHbIE apupMeTHYECKHE BHIPAKEHUS, (POPMYJIbl, yPABHEHUS

H nMpaBlJIa UX YTCHHUA HA AHIJIMICKOM sI3bIKe

9 nine
32 thirty-two
73 seventy-three
539 five hundred and thirty-nine
1,930 one thousand, nine hundred and thirty
12,406 twelve thousand, four hundred and six
one hundred and twenty-nine thousand, eight
129,862 :
hundred and sixty-two
five hundred and eighty-three million, nine
583,950,487 hundred and fifty thousand, four hundred and
eighty-seven
eight billion, four million, ninety thousand,
8,004,090,871 :
eight hundred and seventy-one
one hundred and ninety-eight billion, nine
198,980,062,333 hundred and eighty million, sixty-two

thousand, three hundred and thirty-three

1,123,980,191,425

one trillion, one hundred and twenty-three
billion, nine hundred and eighty million, one
hundred and ninety-one thousand, four
hundred and twenty-five

1/2 one half, a half

1/3 a (one) third

213 two-thirds

5/9 five-ninths

71100 seven hundredths

1/1000 one thousandth

4 % four and a half

0.6 or .6 point six

5.34 five point thirty-four; or five point three four
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2.01 two point nought one; or two point o [ou] one

0.007 point nought nought seven; or, point two oes
[ouz] seven

19.021 nineteen point oh (zero) two one

.0001 point oh oh oh one; one ten-thousandth

3° the square of three; or
three to the second power

6 six cubed; or
six to the third power

31% thirty-one to the sixty-first power

ct® ¢ [si:] to the eighteenth (power)

all a [ei] to the minus tenth (power)

7= 2 401 seven to the power of four equals two
thousand four hundred and one

4+6=10 f(_Jur plus six equals (is equal to) ten; or
six added to four makes ten

21-6=15 twenty-one minus six equals fifteen; or
twenty-one minus six leaves fifteen

1x1=1 once one is (equals) one

2x2=4 twice two is (equals) four

6% 10 = 60 s?x rTluItipIieq b){ ten equals sixty; or
six times ten is sixty

12:3=4 twelve divided by three equals (is) four

(3.6 +4.4)/7.7=1.093

the sum of three point six and four point four
divided by seven point seven equals one point
oh nine three; or

three point six plus four point four divided by
seven point seven equals one and ninety-three
thousandths

V16 =4 the square root of sixteen is four

V144 =12 the square root of one hundred and forty-four
is twelve

5 az the fifth root of a square
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the cube root of a

1 42 | B2 the tenth root (out) of a square plus b square
(a 4 b)2 a plus b all squared
VX * 63 = 89Y the square root of X times sixty-three equals
eighty-nine times Y
dz dz over dx
dx
y =1(x) y is a function of x
f(x) =4x° The function of x equals four x squared
the logarithm of two equals zero point three
Log 2=0.301
o[ou] one
a= logc d a is equal to the logarithm of d to the base ¢
T integral from zero to p (mu)
0

dx
I 7=

indefinite integral of dx (divided) by the
square root out of a2 minus x2

V =u~/sin% —cos?i =u

V equals u square root of sine square i minus
cosine square i equals u

tan r — tani tangent r equals tangent i divided by |
l
20° twenty degrees
6 six minutes; also, six feet
10”7 ten seconds; also, ten inches
a’ aprime
a second prime; or
a’ a double prime; or
a twice dashed
a’’ a triple prime
() round brackets; parentheses
{} curly brackets; braces
[] square brackets; brackets
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a=b

aequals b; oraisequal tob

a¥b aisnotequaltob
a>b ais greater than b
a2 > ad a second is greater than a dth
b<a b is less than a
a>>Db a is substantially greater than b
a>b a is greater than or equal to b
X —IC X trends to infinity
a a vector ; the mean volume of a
a the first derivative
a the second derivative
Tadauua Mmep u BecoB
1inch 2.54 centimeters (cm)
1 foot (12 inches) 30.48 cm
3.28 feet 1 meter, or metre (m)
1 yard (3 feet) 91.439 cm
1 ounce (02) 28.3495 grams
1 pound (Ib) 453.5926 gr

1 mile (statute mile)

1,609.31 m (1.609 km)
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Ipunoscenue 3

IloJsie3HbBIE CCHLIKH

1. http://www.infoniac.com

InfoNIAC — Latest Inventions. The main goal of the site is to inform on various technical
innovations, latest inventions and talented people around the world.

2. http://lwww.brighthub.com

Science and technology articles, education lesson plans, tech tips, computer hardware and
software reviews, news and more.

3. http://beforeitsnews.com

Before It's News® is a community of individuals who report on what's going on around
them, from all around the world.

4. http://www.inventions-handbook.com

Inventions help and inspiration for the first-time inventors.

5. http://lwww.scientificamerican.com

Science news, articles, and information — Scientific American.

6. http://www.telegraph.co.uk/technology/

The latest technology news, reviews, advice, picture galleries and video.

7. http://Iwww.independent.co.uk/life-style/gadgets-and-tech

Tech — The Independent.

8. http://listverse.com

Listverse — the original Top 10 site — publishes lists that intrigue and educate, specializing
in the bizarre or lesser-known trivia. Every day they present three or more new, unique lists.
9. http://www.toptenz.net/lists/science

Science archives — Top 10 Lists.

10. http://www.famousscientists.org/

Famous Scientists - Contains biographies of the most famous scientists and inventors in
history.

11. http://www.infoplease.com/biography/science-technology-bios.html
Science and Technology: Biographies — Information about outstanding scientists, inventors
and explorers.
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12. http://scienceworld.wolfram.com/biography/

Eric Weisstein's World of Scientific Biography - A database of very brief biographies for
over 1,000 figures in science.

13. http://www-history.mcs.st-and.ac.uk/

The MacTutor History of Mathematics archive - Comprehensive collection of biographies
and history of mathematics articles.

14. http://www.achievement.org/autodoc/halls/sci

Academy of US Achievement: Science and Exploration - Collection of Biographies of US
explorers, profiles and interviews with them.

15. http://nobelprize.org/nobel prizes/

Nobel prize.org - All related information on all Nobel Prize Laureates, biographies,
autobiographies, interviews and lectures.

16. http://inventors.about.com/

About: Inventors - A collection of biographies of famous inventors indexed in alphabetical
order.

17. http://www.thefamouspeople.com/profiles/

World Famous Personalities: The Famous People — Society for recognition of famous
people.

18. http://www.animatedengines.com/

Animated illustrations that explain the inner workings of a variety of steam, Stirling, and
internal combustion engines.

19. http://www.science20.com/

Science and technology articles classified by the field of knowledge.

20. http://www.realclearscience.com

Real Clear Science — Science News and Opinion.

21. https://www.sciencenews.org/

Daily news articles, blogs and biweekly magazine covering all areas of science.
22. http://www.bbc.com/news/technology/

Technology — BBC News.

23. http://www.sciencedaily.com/

One of the Internet’s most popular science news web sites.

24. http://www.abc.net.au/science/news/

The Australian Broadcasting Corporation's online gateway to science.
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25. http://www.huffingtonpost.com/science/

HuffPost Science - Science news, discoveries and breakthrough scientific research.
26. http://phys.org/

Phys.org is a leading web-based science, research and technology news service which
covers a full range of topics. These include physics, earth science, medicine,
nanotechnology, electronics, space, biology, chemistry, computer sciences, engineering,
mathematics and other sciences and technologies.

27. http://www.eurekalert.org/

EurekAlert! is an online, global news service operated by AAAS, the science society.
EurekAlert! features news and resources focused on all areas of science, medicine and
technology.

28. http://www.newscientist.com/section/science-news

New Scientist — Science and technology news.

29. http://www.lingvo-online.ru/ru

Owumnaita-croBaps ABBYY Lingvo-Online

30. http://www.multitran.ru/c/m.exe?a=1

Onekmpounsii crosaps Mynemumpan

31. http://dictionary.cambridge.org/ru

becnnammnwiii kemopuodcckuti cnosapsb u mesaypyc no aHeIUUCKOMY A3bIKY
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	2.1. Тексты для аудиторного чтения
	Text 1: Inventions Throughout the Ages
	1023 – First paper money printed in China.
	1045 – Movable type printing by Bi Sheng in China
	Circa 1050 – Crossbow invented in France.
	1182 – Magnetic compass invented.
	Circa 1200 – Clothing buttons invented.
	1202 – The Hindu-Arabic numbering system introduced to the west by Italian mathematician, Fibonacci.
	1249 – Rodger Bacon invented his gunpowder formula.
	Circa 1250 – Gun invented in China.
	Circa 1268 – 1289 – Invention of eyeglasses.
	Circa 1280 – Mechanical clocks invented.
	Circa 1285 – 1290 – Windmills invented.
	1295 – Modern glassmaking begins in Italy.
	1328 – First sawmill.
	1326 – First mention of a handgun.
	1366 – Scales for weighing invented.

	15th Century
	The 15th century gave birth to three major events: the beginning of the Renaissance Era (circa 1453); the birth of the Age of Discovery with increased exploration and improved naval ships and navigation methods that created new trade routes and trade ...
	16th Century
	18th Century
	19th Century
	20th Century
	I. Дайте ответы на следующие вопросы:
	1. Circa 1050 – Crossbow invented in France.
	2. Circa 1200 – Clothing buttons invented.
	3. 1249 – Rodger Bacon invented his gunpowder formula.
	4. Circa 1268 – 1289 – Invention of eyeglasses.
	5. 1328 – First sawmill.
	6. 1326 – First mention of a handgun.

	Text 2: Top 10 British Inventions That Changed the World
	I. Дайте ответы на следующие вопросы:
	Text 3: 10 Bizarre Forgotten Inventions from Famous Inventors
	2. The Giant Crossbow (Leonardo Da Vinci)
	3. The Metal Detector (Alexander Graham Bell)
	4. The Teleautomaton Boat (Nikola Tesla)
	5. The Copier (James Watt)
	6. Soda Water (Joseph Priestley)
	7. The Bouillon Cube (Justus Von Liebig)
	8. The Life Table (Edmond Halley)
	9. The Electric Piano (Walther Nernst)
	10. The Talking Doll (Thomas Edison)

	I. Дайте ответы на следующие вопросы:
	Text 4: 10 American Inventions That Aren’t
	I. Дайте ответы на следующие вопросы:
	Text 5: Power Engineering problems and prospects
	Electricity became a subject of scientific interest in the late 17th century with the work of William Gilbert. Over the next two centuries a number of important discoveries were made including the incandescent light bulb and the voltaic pile. Probably...
	Power engineering is a network of interconnected components which convert different forms of energy to electrical energy. Modern power engineering consists of three main subsystems: the generation subsystem, the transmission subsystem, and the distrib...
	Energy conservation is an issue with many aspects that continue to evolve. There have been major areas of technical improvement. There are also important areas in which there has been virtually no improvement, and hence, most of the potential of energ...
	A modern energy concept is a wholesale distributor of innovative commercial lighting products with over 23 years of practical lighting experience in a wide variety of applications. On the cutting edge of the lighting industry, we always have a clear v...
	Nuclear power has been championed as a source of cheap energy. But this was undermined at the end of the 20th century by high-profile reactor accidents, the problems of radioactive waste disposal, competition from more-efficient electricity sources an...
	In recent years there has been a slowdown of electricity demand growth and financing has become more difficult, which has an impact on large projects such as nuclear reactors with very large upfront costs and long project cycles which carry a large va...
	Analysis of the economics of nuclear power must take into account that bears the risks of future uncertainties. To date all operating nuclear power plants were developed by state-owned or regulated utility monopolies where many of the risks associated...
	There is probably one thing that we can all agree on: the world’s energy reserves are not unlimited. Actually that's not strictly true, there is a near unlimited supply of energy coming from the sun but we are pretty bad at converting it into useful e...
	It is pretty certain that we will run out of gas in your lifetime. Quite when it will happen is up for debate but a guess of around twenty years would probably be pretty close. That's not long considering that, certainly in the UK, a good portion of h...
	But even if we can get exclusive access to that oil, and that's unlikely, it's a rather sort amount of time before people start getting cold and hungry. Make no mistakes, when the oil runs out the western culture will collapse and we will be sent hurt...
	It is fairly clear that we need to do something about this problem now and not in twenty years when it start to really cause us problems. It takes huge amounts of money and a long time to develop a new energy technology to the point where it is useful...
	As a result, there were many government initiatives toward energy conservation, including massive spending on research, major new laws, and incentives for favored energy conservation activities. Energy conservation continues to be a national imperativ...
	I. Найдите в тексте ответы на следующие вопросы:
	1. What is power engineering?
	2. How many subsystems are there in modern power engineering? What are they?
	3. Who made a great contribution to the development of power engineering?
	4. What is an electromagnetic induction?
	5. What ate the achievements in the field of lighting industry?
	6. Is it true that nuclear power is a source of cheap and safe energy?
	7. What measures were made to develop energy conservation?
	II. Укажите, являются утверждения верными (true) или неверными (false).
	1. In 1890 Michael Faraday discovered that a change in magnetic flux induces an electromotive force in a loop of wire.
	2. In the generation subsystem, the power plant produces the electricity.
	3. Nuclear power has been championed as a source of expensive energy.
	4. The world’s energy reserves are limited.
	5. Nuclear power plants typically have low capital costs, but high direct fuel costs.
	III. Подберите русские эквиваленты к следующим словам и словосочетаниям:
	incandescent light bulb, voltaic pile, with respect to, power engineering, magnetic flux, generation, transmission, distribution, energy conservation, virtually, nuclear power, light-emitting diode, high-intensity discharge lamp, nuclear weapons proli...
	разрядная лампа высокой интенсивности, магнитный поток, передача, сохранение энергии, лампа накаливания, распространение ядерного оружия, гальваническая батарея, ядерная энергия, что касается, производство (выработка), светодиод, энергетика, распредел...
	IV. Сравните предложения в действительном и страдательном залоге, переведите их.
	1. Scientists made a number of great discoveries in the field of electricity. – A number of great discoveries in the field of electricity were made by scientists.
	2. The transmission subsystem transmits the electricity to the load centers. – Electricity is transmitted to the load centers in the transmission subsystem.
	3. Light-emitting diode and induction lighting have replaced the less efficient high-intensity discharge lamp and fluorescent lamps throughout the world. – The less efficient high-intensity discharge lamps and fluorescent lamps have been replaced by l...
	4. We must take into account the analysis of the economics of nuclear power. – The analysis of the economics of nuclear power must be taken into account.
	5. Today we are making significant generalizations about the modern era of energy conservation. – Significant generalizations about the modern era of energy conservation are being made today.
	light-emitting diode, high-intensity discharge lamp, high-profile reactor accidents, nuclear weapons proliferation, state-owned or regulated utility monopolies, magnetic flux
	Text 6: The Structure of Matter
	Application of Atomic Structure to Static Electricity. This brief excursion into the history of atomic theory leads to some important conclusions about the structure of matter that will be of utmost importance to our study of static electricity. Those...

	I. Найдите в тексте ответы на следующие вопросы:
	III. Подберите русские эквиваленты к следующим словам и словосочетаниям:
	attractive, gaseous substance, structural unit, vicinity, compound, to conduct experiments, electron shells, negatively/ positively charged, repulsive, cathode ray, a variety of, indivisible, electrical properties, a building block, weakly/ tightly bound
	соседство, стандартный элемент, поток электронов, газообразное вещество, притягивающий, соединение, разнообразие, проводить эксперименты, слабо /тесно связанный, отрицательно/положительно заряженный, электрические свойства, электронная оболочка, оттал...
	IV. Составьте предложения из следующих слов в соответствии с порядком слов в английском предложении.
	1. atoms, all matter, liquids, such as, solids, is composed, and, gases, of.
	2.  together, atoms, with, are grouped, to form, a molecule, other atoms.
	3. cathode ray experiments, the discovery, led to, J.J. Thomson's, of, electron, the negatively charged.
	4.  are bound, the protons, within, and, tightly, neutrons, the nucleus, together, of the atom.
	5. neutrons, positively charged, and, contains, the atom, of, the nucleus, protons, neutral.
	V. Переведите предложения, обращая внимание на особенности перевода безличных конструкций в страдательном залоге.
	1. It is known that atoms as the building blocks of matter depend upon electrostatic forces both attractive and repulsive
	2.   It cannot be denied that all static electricity events can only be explained by an understanding of the physics of electrostatics.
	3. It must be stressed that the three main subatomic particles are the proton, electron and neutron.
	4. It should be remembered that electrostatic phenomenon can never be explained by the movement of protons.
	5. It is said that matter is made of indivisible building blocks known as atoms.
	cathode ray experiments, negatively charged electron, atomic structure, densely packed core, quantum mechanics, positively charged proton, tightly bound neutrons
	I. Найдите в тексте ответы на следующие вопросы:
	1. What is electricity?
	2. When did electricity occur?
	3. What is an electric field?
	4. What is electricity used for in electrical engineering?
	5. What are three phenomena that made up all of man’s knowledge of electrical effects?
	6. What led to the quantum revolution?
	7. What do common solid-state devices include?
	II. Укажите, являются утверждения верными (true) или неверными (false).
	1. Electricity is the set of physical phenomena associated with the presence and flow of electric potential.
	2. In electricity, charges produce electromagnetic fields.
	3. Electric potential is a movement or flow of electrically charged particles, typically measured in amperes.
	4. Ancient cultures that certain objects, such as rods of copper, could be rubbed with cat's fur to attract light objects like feathers.
	5. William Gilbert coined the new Latin word electricus («of amber» or «like amber», elektron, the Greek word for «amber») to refer to the property of attracting small objects after being rubbed.
	III. Подберите русские эквиваленты к следующим словам и словосочетаниям:
	lightning, electromagnetic induction, electric current, electromagnetic fields, integrated circuit, versatility, amber, friction, succession, scientific curiosity, driving force, solid-state device, contact junction, to amplify, semiconductor
	IV. Переведите предложения, обращая внимание на использование структур типа А есть Б (глагол-связка и именная часть).
	1. Electricity is the set of physical phenomena associated with the presence and flow of electric charge.
	2. Electrically charged matter is a matter influenced by, and produces electromagnetic fields.
	3. Electric potential is the capacity of an electric field to do work on an electric charge, typically measured in volts.
	4. Electric current is a movement or flow of electrically charged particles, typically measured in amperes.
	5. The first solid-state device is the «cat's whisker» detector, first used in the 1900s in radio receivers.
	1. One knows that electrical phenomena have been studied since antiquity.
	2. One must remember that electric potential is measured in volts.
	3. One believes that moving charges produce a magnetic field.
	4. One is faced with the difficulty to put electricity to industrial and residential use.
	5. One must know that electricity’s extraordinary versatility means it can be put to an almost limitless set of applications which include transport, heating, lighting, communications, and computation.
	Types of Circuits
	History of Electrical Circuits. Early investigations of static electricity go back hundreds of years. Static electricity is a transfer of electrons produced by friction, like when you rub a balloon across a sweater. A spark or very brief flow of curre...
	Electronic Circuits. You may have heard the term chip, especially when the subject of computer hardware comes up. A chip is a tiny piece of silicon, usually around one centimeter square. A chip may be a single transistor (a piece of silicon that ampli...

	I. Найдите в тексте ответы на следующие вопросы:
	III. Подберите русские эквиваленты к следующим словам и словосочетаниям:
	источник напряжения, система электропроводки, параллельная цепь, замкнутая цепь, последовательная цепь, токопроводящая дорожка (перемычка), конденсатор, нагрузка, переменный ток, короткое замыкание, печатная плата, электрическая цепь, плавкий предохра...
	IV. Прочитайте и переведите предложения, обращая внимание на предлоги, союзы и наречия, создающие логические связи между отдельными элементами высказываний.
	1. Thus high-voltage direct current transmission uses very big converters.
	2. For the purpose of understanding what a series circuit is the electrical bell circuit is considered to be a typical example of this type of circuits.
	3. In order to understand the difference between an electronic circuit and an electrical circuit, it is important to say that they have the same definition, but electronic circuits tend to be low voltage circuits rather than electric circuits.
	4. In addition to simple circuits, there are complex ones, where the load is a combination of components, such as resistors, capacitors, transistors, and so on.
	5. If your circuit has two pathways through which current can flow, the current doesn't choose one over the other; it chooses both. However, not all paths are equal; in this connection current doesn't flow equally through all paths.
	6. If the current flow is too great, a fuse is virtually used as a safety device to stop the current flow.
	V. Обратите внимание на буквенные сокращения словосочетаний, которые являются важным компонентом научно-технического текста. Переведите предложения, содержащие аббревиатуру.
	1. AC – alternating current; DC –direct current.
	Converters can change AC to DC and vice versa.
	2. IC – integrated circuit.
	The chips in a hybrid IC may be a combination of transistors, resistors, capacitors and monolithic IC chips.
	3. PCB – printed circuit board.
	PCB holds an electronic circuit together.
	4. PCBA – printed circuit board assembly.
	The completed PCB with components attached is a printed circuit board assembly, or PCBA.
	5. CAD – computer-aided design.
	Many of the circuits used in digital computers are extremely complex and use millions of transistors, so CADs are the only practical way to design them.
	6. kHz – kilohertz; MHz – megahertz; GHz – gigahertz.
	The frequencies used for all types of wireless communication has steady advanced over the years, from the kilohertz (kHz) range in the early days of radio to the megahertz (MHz) and gigahertz (GHz) range today.
	hydroelectric power generating station, alternating current, battery operated vehicle, conductive path, wiring system, incandescent light bulb, hermetically sealed relay, printed circuit board, printed circuit board assembly, computer-aided design.
	Text 1: A look into the future: 21st century inventions
	We live in a world of technology, and we can see new things invented by scientists and inventors every day. Just remember how in the past, things were done in hours; nowadays, it can take less than one minute for the same thing. We owe it to the techn...
	Robotics. Robots have been around since the twentieth century in one form or another, but it won’t be until the twenty-first century that they will become truly common and useful. Performing everything from fire-fighting to carpentry, by the end of th...
	Genetic Engineering. It’s difficult to imagine that we are on the threshold of being able to program our own DNA, but that is the next step in human evolution. By the end of the century, parents will be able to determine the sex, intelligence, and eve...
	Hypersonic Transportation. Just as the airplane revolutionized travel in the twentieth century, there is no reason to believe that evolution to ever faster speeds is going to end anytime soon. As such, it is likely that before the dawn of the next cen...
	Free Energy. The holy grail of science has been the acquisition of energy that comes from non-polluting sources (i.e. oil, natural gas, coal, etc.). By the end of the century it is likely that dream will become a reality. However, it will come from se...
	Artificial Intelligence. It’s one thing to make a robot do daily chores around the house; it’s quite another to get it to think about how best to carry out its task. In the world of artificial intelligence machines will actually be capable of learning...
	Nanotechnology. It sounds like something right out of Star Trek, but nanotechnology — those microscopically small, self-replicating machines — may well be a reality a few decades from now. Their ability to effect repairs on the human body on a microsc...
	Human Cloning.  Actually, cloning has been known since the twentieth century, so it’s nothing really new. However, if we can clone a sheep, it should be possible to clone a human being, which is probably going to become a common-place reality in the e...
	Antigravity. It sounds unlikely, but the creation of monopoles (magnets that have only one pole) might be quite doable in another seventy years or so. Technically this wouldn’t be true anti-gravity but magnetism. However, the effect would be similar. ...
	Automation. By the end of the 21st century, your house, car, refrigerator, etc. will be smarter than you and capable of carrying out nearly any task you might have in mind. Not only would your house be entirely automated, but so would just about every...
	Hydrogen Powered Cars.  Since people have such a love affair with their automobile, it’s hard to imagine the car disappearing anytime soon. However, it is conceivable that by the middle of the twenty-first century, the good old internal combustion eng...
	Text 2: Outstanding inventors: Thomas Alva Edison
	Birth of Thomas Alva Edison. Thomas Alva Edison was born to Sam and Nancy on February 11, 1847, in Milan, Ohio. Known as “Al” in his youth, Edison was the youngest of seven children, four of whom survived to adulthood. Edison tended to be in poor heal...
	Loss of Hearing. Around the age of twelve, Edison lost almost all his hearing. There are several theories as to what caused his hearing loss. Some attribute it to the aftereffects of scarlet fever which he had as a child. Others blame it on a conducto...
	Work as a Telegraph Operator. In 1862, Edison rescued a three-year-old from a track where a boxcar was about to roll into him. The grateful father, J.U. MacKenzie, taught Edison railroad telegraphy as a reward. That winter, he took a job as a telegrap...
	Love of Invention. In 1868, Edison moved to Boston where he worked in the Western Union office and worked on his inventions. In January 1869 Edison resigned his job, intending to devote himself fulltime to inventing things. His first invention to rece...
	Pope, Edison and Company. In October 1869, Edison formed with Franklin L. Pope and James Ashley the organization Pope, Edison and Co. They advertised themselves as electrical engineers and constructors of electrical devices. Edison received several pa...
	Death, Marriage & Birth. His personal life during this period also brought much change. Edison’s mother died in 1871, and later that year, he married a former employee, Mary Stilwell, on Christmas Day. Their first child, Marion, was born in February 1...
	Menlo Park. Edison opened a new laboratory in Menlo Park, NJ, in 1876. This site later become known as an «invention factory» since they worked on several different inventions at any given time there. Edison would conduct numerous experiments to find ...
	Phonograph. Edison’s experiments with the telephone and the telegraph led to his invention of the phonograph in 1877. It occurred to him that sound could be recorded as indentations on a rapidly-moving piece of paper.
	Electric Light System. Edison focused on the electric light system in 1878, setting aside the phonograph for almost a decade. With the backing of financiers, The Edison Electric Light Co. was formed on November 15 to carry out experiments with electri...
	Edison set up an electric light factory in East Newark in 1881, and then the following year moved his family and himself to New York and set up a laboratory there.
	Lighting Becomes a Commercial Commodity. In order to prove its viability, the first commercial electric light system was installed on Pearl Street in the financial district of Lower Manhattan in 1882. Initially, only four hundred lamps were lit; a yea...
	Remarriage. Edison’s wife, Mary, died on August 9, 1884, possibly from a brain tumor. Edison remarried to Mina Miller on February 24, 1886, and, with his wife, moved into a large mansion named Glenmont in West Orange, New Jersey. In 1887, Edison had b...
	Thomas Edison’s Phonograph Company. In 1896, Edison started the National Phonograph Co. with the intent of making phonographs for home amusement. Over the years, Edison made improvements to the phonograph and to the cylinders which were played on them...
	Motion Pictures. In 1888, Edison decided to work on his own motion picture camera at his laboratory. The task of inventing the machine fell to Edison’s associate William K. L. Dickson. Dickson initially experimented with a cylinder-based device for re...
	October 18, 1931. For his last two years, a series of ailments caused his health to decline until he lapsed into a coma on October 14, 1931. He died on October 18, 1931, at his estate, Glenmont, in West Orange, New Jersey. By the end of his life Ediso...

	Text 3: James Watt
	Inventor of the Modern Steam Engine. Steam engines used to pump water out of mines in England existed when James Watt was born. The discovery that steam could be harnessed and made to work is not credited to James Watt. We do not know exactly who made...
	James Watt. We can imagine a young James Watt, sitting by the fireplace in his mother’s cottage, intently watching the steam rising from the boiling tea kettle, the beginning of a lifelong fascination with steam.
	James Watt and Matthew Boulton. After one or two disastrous business experiences, James Watt associated himself with Matthew Boulton, an owner of the Soho Engineering Works, near Birmingham. The firm of Boulton and Watt became famous, and James Watt l...
	Rivals. Matthew Boulton and James Watt, however, though they were pioneers, were not the only ones working on the development of the steam engine. They had rivals, one was Richard Trevithick in England; another was Oliver Evans of Philadelphia. Indepe...

	Text 4:  Nikola Tesla
	Mystery Invention. Ten years after patenting a successful method for producing alternating current, Nikola Tesla claimed the invention of an electrical generator that would not consume any fuel. Tesla stated about his invention that he had harnessed t...
	Nikola Tesla and Thomas Edison. Nikola Tesla was Thomas Edison's rival at the end of the 19th century. In fact, he was more famous than Edison throughout the 1890's. His invention of polyphase electric power earned him worldwide fame and fortune.

	Radio Pioneer. Nikola Tesla was also a radio pioneer in a time when the general public still considered it witchcraft. There’s no better example of this than an 1898 convention at Madison Square Garden where Tesla presented his latest creation, a smal...
	Ever the visionary, Tesla immediately saw the possible use of the teleautomaton boat as a weapon. He planned to develop a submersible version of the boat and sell the patent to the government. However, nobody else seemed to share Tesla’s vision. Accor...
	At his zenith Tesla was an intimate of poets and scientists, industrialists and financiers. Yet he died destitute, having lost both his fortune and scientific reputation.
	Text 5: Henry Ford
	Text 6: Steve Wozniak
	Apple Computers & Steve Jobs. Steve Wozniak sold his HP scientific calculator. Steve Jobs sold his Volkswagen van. The pair raised $1,300, to create their first prototype computer, the Apple I, which they debuted at a meeting of the Palo Alto-based Ho...
	Leaving Apple. On February 7, 1981, Steve Wozniak crashed his single engine aircraft, in Scotts Valley, California. The crash caused Wozniak to temporarily lose his memory, however, on a deeper level it certainly changed his life. After the accident, ...

	Text 8: How did Nikola Tesla change the way we use energy?
	Text 9: Electric Potential
	Magnetic core. The material of a magnetic core (often made of iron or steel) is composed of small regions called magnetic domains that act like tiny magnets. Before the current in the electromagnet is turned on, the domains in the iron core point in r...

	Text 11: Electric Current and Theory of Electricity
	Definition of Electric Current. While a potential difference is applied across a conductor, electrical charge flows through it and electrical current is the measure of the quantity of the electrical charge flowing through the conductor per unit time.
	Theory of Electricity. There is an equal number of electrons and protons in an atom. Hence, atom is in general electrically neutral. As the protons in the central nucleus are positive in charge and electrons orbiting the nucleus, are negative in charg...
	Measurement of Current. The most common method of measuring current is to connect an ammeter in series with the circuit that’s current to be measured. This is so because the entire current flowing through the circuit must also flow through the ammeter...
	Conventional Flow of Current Vs Electrons Flow. In the early days, it was thought that the current is flow of positive charge and hence current always comes out from the positive terminal of the battery, passing through the external circuit and enters...
	Types of Current. There are only two types of electrical current, direct current and alternating current. We abbreviate them as DC and AC respectively. Concept of DC was developed before AC. But AC becomes most popular means of generating, transmittin...
	Alternating Current. The current whose flow is not unidirectional moreover it alternates at a frequency, is called alternating current. In other words, the direction of the current continuously changes from forward to backward and then backward to for...
	Conventional Direction of Alternating Current. As direct current, alternating current is denoted with arrow. An AC has both forward and backward direction of flow. The arrow head always indicates the forward direction of the current. In different poin...

	Addition of voltages. The voltage between A and C is the sum of the voltage between A and B and the voltage between B and C. The various voltages in a circuit can be computed using Kirchhoff's circuit laws.
	Typical voltages. A common voltage for flashlight batteries is 1.5 volts (DC). A common voltage for automobile batteries is 12 volts (DC).
	Ohm's law. The current-voltage characteristics of four devices: Two resistors, a diode, and a battery. The horizontal axis is voltage drop, the vertical axis is current. Ohm's law is satisfied when the graph is a straight line through the origin. Ther...
	What determines resistivity? The resistivity of different materials varies by an enormous amount: For example, the conductivity of teflon is about 1030 times lower than the conductivity of copper. Why is there such a difference? Loosely speaking, a me...
	Energy dissipation and Joule heating. Resistors (and other elements with resistance) oppose the flow of electric current; therefore, electrical energy is required to push current through the resistance. This electrical energy is dissipated, heating th...
	Strain dependence. Just as the resistance of a conductor depends upon temperature, the resistance of a conductor depends upon strain. By placing a conductor under tension (a form of stress that leads to strain in the form of stretching of the conducto...
	Light illumination dependence. Some resistors, particularly those made from semiconductors, exhibit photoconductivity, meaning that their resistance changes when light is shining on them. Therefore they are called photoresistors (or light dependent re...
	Superconductivity. Superconductors are materials that have exactly zero resistance and infinite conductance, because they can have V=0 and I≠0. This also means there is no joule heating, or in other words no dissipation of electrical energy. Therefore...
	Standard Electrical Units
	Multiples and Sub-multiples
	The Solar Resource. The amount of energy from the sun that falls on Earth's surface is enormous. All the energy stored in Earth's reserves of coal, oil, and natural gas is matched by the energy from just 20 days of sunshine. Outside Earth's atmosphere...
	Passive Solar Design for Buildings. One simple, obvious use of the sun is to light and heat our buildings. Residential and commercial buildings account for more than one-third of U.S. energy use. If properly designed, buildings can capture the sun's h...
	Solar Heat Collectors. Besides using design features to maximize their use of the sun, some buildings have systems that actively gather and store solar energy. Solar collectors, for example, sit on the rooftops of buildings to collect solar energy for...
	Solar Thermal Concentrating Systems. By using mirrors and lenses to concentrate the rays of the sun, solar thermal systems can produce very high temperatures as high as 3,000 degrees Celsius. This intense heat can be used in industrial applications or...
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