QuinLwev

Guevflemey — @\reveTLmb 2y 6v51(H

CQan@dl - I

ur_mreo Cuburn' Hs @eler uflbgienrulen
SlgliuenLuiled FHmHSsiLLg).

SeTTL_MemLd (1 LiteusolFwien

SewsTL_enwd (1 OILIHBIGDHMLD

SevriL_ewio werflgSenrenowmnn Glewied

sblpmm_ (I
LITL_[BIT6V SLP&LD
seofle gremev, Claemenssr 600 006



© s8pp6 =irs
WPps® Ll - 2005
SHmsHwu ugiy - 2007

SuH smaei

ewesteuir Cagy. GemrGCaaren

WIS WHMID rTiFs QuniAwue g
uFemawlibe soanf, Ceearener 600 030.

Gueomiieumeniigeit

QL. Fieuggewt FmQewT

Csirey Hlenay eflfleyenywimart (QuimhiQuwied)
SATFH HMOE SO

pBhgad, Ggaenar 600 035

k. Cawefl

Cairey Hlenad eflfleyenywimart (QuimhiQuwied)
@nrantlClofl saenf (semarm &)
Qeanener 600 004

(pewevieuir &i. wewflCasemnen
L (@Qubilwed)

ergSlrmsy waafli seafl

Qeanener 600 008

G. gmsi

Csirey Hlenay eflfleyenywimart (QuimhiQuwied)
e § wseflm seoail

Garburssnd, Qgarenar 600 024

G. I|6BTLILPS 68T

ellfleyenrwimert (QubHLAwied)

SN @EHT DeTantm SrE Fmed seoaiifl
el Ui ib.

mreondflwiraer

&. Clunetegniemdl

2 el Curmdflum (Qupwid),
SRM Qumiuwe seogn
SRM efefwe wpmb
Qgmplemi 1 Hlepaowid
(BsiBleneors LosEmE SP&ID)

srlLmh Qarerggnm 603 203
aflenev: .

&. @nernsest

wagsool ulLgmil Afwr (Qunibue)
<2i7& Gueablaels LeTafl

GamLburssd, Cgarenar 600 024

Slflegn @rmorenizon

wgsaal ulLsmi Afwi (Qunbue)
<7& waailm Coadflaars Larerf

<(Gans par, Qegamaner 600 083

Y. Ceonrasmgest

wgisaal Ul Lsmi Afwi (Qunibue)
<75 wsafli CueaBlaals LieTarf
HmeQemGar 637 211

BTD&ES DTG L LD

(pewevieu N eSlggwiest

(LPSHEOEUIT

EGwimerr QMg Cueflenals LieTar)

Caaneowlit

Qgenmeneor 600 073
peweveur @rm. CamioioreSeuf]

wgibleane allflejenyuimer
(@updu)

@nrantlCloifl seenf (semarm &)
Qeemener 600 004

unL_miser swrfliy : SWPEIH Sressns
ueteflsseel Qusssbd, SBlPETH

Qnmreo 60 GV grefled &AL Deiens. |

S UEF panpulldy &AL G



PO MHudey gy ssD CFuCHTT

. Cawafl

Csrray Hlene elflfleyangwimert (@QuidHiGlwied)
@rranilGuof soan (sererm_§)
Qeemenenr 600 004

1. QemmiGam
wpgisamalt Ll L grfl opdfwr
(@uibGuwied)

o7& wsaaflm Cuoeblaels uerarfl
QUSSBTLESETITENETLILD,
Ggeod wmeul L 1b. 636 109

. &ULlywefluies

wpgisamalt Ll grfl offwr
(@uibSuwied)

uh prwdlpeyamanysr Coablapaliudret,
&L gwenflu Bar,

Gsalb - 636 005.

T, BHGHGLomm
waismels Ll L gmil < Aflwr
(@unQuwied)

Yafly umed Cueablanels LeTefl
Gaeod - 636 007.

&. @rnernges

wgismels Ll grfl < Afwur
(Qubh9wed)

275 Gueblaal Laerf
GamLburssd, Qsarenssr 600 024

L. Geonsmrgest
wgismels Ll grfl < Afwur
(@upiue)

275 waailm Goadbleals Ldrefl
HmeQemCarh 637 211
BID&GSHE OTEUL LD

. uerflGousy

wgismels Ll grfl < Afwur
(@upiue)

275 waatlm Goablerals Ldrefl
&g, G wreul L b - 636102.

&. sewtud) aLliSlroesflwes
wpgismels Ll grfl o ffwur
(@uib9wieh)

umrdl efgwreowr Coablaeliuaraf,
wiyeuGerfl,

Geseolb - 636 007.



(peuT6DT
uerefldgeluiled s  (psHlwbreargid  SHEULIP®EIUTS  SELDEUFILD
Cueablenes soeflwm@d. Gurgeirar smosdl LI mbg QosE Crrédw
S LSINE@ wI&Eamqw s Coablamad siall 2 drerg).

SlglineL olaflwd woHmb Ggrfihsdeldsrar ogdsearons @QuiHiwd
ur_geng wrewel  wravedwr  Carblshsdammant. Gurgs — swelludayd
Qzmfihsdeluligib Csameiwimear jgliLamL. fledamear gHLUBNSS, LiemeFeirLmb
augulinsrer  @Qupuéd  urLmpi®,  YHu  SHSHISERLET  AMaTSFIS
SaneLILsart gD SigliuamL g 586608 (6THL_GIT LOMHOHLD Qelwuiul @
QUG EUEMLOSSLILIL_(HETeTS).

eeuGleurm(m LT (LD SID(PSLD HmID urLO@um(ger Greu
o (HeUTSSLILL (HeTergl. Samensglll  urLmsaiaid Ogefleurer, Cgeneuwimen,
&m&swnea ederésmnsdr Carhssiul (Hererar. U gHear @ndHuiler Srésiiu L
sETEHGSHET LHMID Ser LHIGH elemssdr GamhEsliul (Hererer.

weriurid  Geleimseill  smsgsmart Uflbg OQardreubgerug wWs
WaHuwrarsr@h. aarGol, UTLSMS wppabwrsl Lfbg Cardrers Gauig)
rewel, reedT SThigeTTEGe ShIGET eramamrhigamer delailstsmamrrd Caieug
Sjeuslwuwnrdpg. Qupbued UTLFns TeupLer SHEGL euamsuiled @rium
BIedled eUTpEeSU|L 6 QT e w Lwetur(hsear Qar®&s il (hererer.

ey Geluybd  SHperseaerd 2 HNICETEEL  Hnarsamard — WTae
wrameilwflLgHer cuerids (psHusgieud eflgslul Herengl. Seursatien sHmE
SI@ILICUBIGET Fepd (PenCaThmSSHE 2 Fa|b erem HLOLECHTLD.

@uium_preder SpliLd gnmser.

@ Ll sseauger Garhdssiul (eTerer.

@ L g6t Ggeafleuns euenrwliLil (HeTere.

® wrawey  wrewelwflenr sTraTLOLYL  SHpemer  eaTTHEGL  elssH
eSS (H elemméser (brdflsar wi(HCw) QarhEsliul(Hererer.

Caieflln@ opwssn Clewujn Gung). wrewre wrestelwim e B
uGHuled 2 6mem  eNleviGEeT | HewTHGS6T L (PLDEVEVNDE, LIML_BI6O [
UM SH L 556N BHaID Cal sliLL_Saniqil 6NleTSSET LDHMID SH6T0T8 G EHSH @D
MewLwefllas HussiILBSSHS Claresren Galssur(Hib.

pewevieunr Gag). @GewrGaaren
G(PSSMEUIT



LTSS LD
(180 un Geusmenaer)

0@ - 1 Hlemev levrentlwied
(18 unm_ Geuemenaeir)

o gmiey WenCarm L b, Wleregn L misEhn Sjeupbler <jfleilemanoud -
@b &d - @m  yerefl  Wemepr L misaflen G elens. L
Weenr L migaflen G eflens - CHOUTBESISD SSFIeILD.

Wered - yetafl Wletenr L ggmed LlenLjeod, larjevd Cam(iser, e
@ mupenar, Wer @ mpenanume WerLjed Gafley - Frmer e osHd Wer
@mupanar - @wsCIT e FaWd® seaid Wer @ mpaeruien LiwaTm(.

Wenanpssb - Wenar(pss Ceumun® - yerafl Wergyr’ L b wHmib e
@mpananume Wlatanpssbd. Fo Weranpssl LUFlLsE - @) LieTefl Weram
Sjawliber WSS <pHME.

Blerumwuid - srev  Camppapd LwerurTGaeEsd (1) wgeler, Bear
Cormenr sLgH (2) Fymen Weanmepr L ib Qupm pueleor Fogers s66 (3) @
Qeanrwner  gsbhiser (4) Syrew  WeneyrL b Quom  Csmer  eugeus sl
(2_a1Gemyd  CeueflCuiuyid).

Blevaw Wlengnenm v - et GCaaHlud WTCsEEGHmand - Wer smiyb Wler
peraeurssTId - @Qaanssl(h WarCssdl (Wer syl Qum@mer o drer
Curgib, @ewors Gumgb) - WlaGssduler LweLThsear - WearGssHuden
<omed  Cablly. Qzriir wombd uss Qeariysefle  Wer Cssdeer -
gafiiperansaflen Qawd - Werared LGS - eumer-q-dyml Guipm.

S0 - 2 WlenrCevrm_L_eflwied
(11 um_Geuemenasir)

WenCarmL b - 2 Geomsd sLsHufler Wemepr L1 umle] - @Qlys
HensCausapd Quiss ereamamid LHMID WerCerm L gL e @leupdler Cgmyy.

pllar cidl, Wartgen Vi Spliyser - Wlagenl eranr, Wer sLgg Hmer.
sLHg S SglineoLwle  Qurmersaiear cuamsiur® - WB& sLSgHnen
(Qsr_ssflenad SHmSE) - SMruer WOagmLWTsSsT - cuarans @GOG -
QarLiT LHMD LES @QeenliLseiled Wer e winsSlaer - Wler senLulem Gleuliu
Bleoow wrpur® - WHearsoaiar o6 Weagaml - Wersmalar Wlaman(pss

\"



Caugur®id WerellwgE efenguid.

Eiiggs.01 eld - eraflw apmssTar elerdsd - eflavler Foeag &Hm - Ller
s Qeuliuflene eramTanant embsMse - LT Fweard s&hm - Werear(pssorefl
- ggglaubd - @\ Weansaanseafler Weaneafllws@ ctlangsamer gUibLd.

Wenrdlper - WenCarm L gdlen Goudl ellenera] - Wlar Geudl emGETSHET
(Ceumdvm, Geserepd, CLaflwe) - gmenr Weasoersedr - &riw e

CELé5 e 6.

3@ - 3 WenCern_L_gHlenr eNlemermeyserr
(15 um_Ceuenenser)

Qe elenarey - ;9 eildl - piefer eped FALTTESD. Gleuliu Wler
Menareysar - Fous eflanere] - QuauIT elanere| - sTbger elanere] - Geuliu
Weralylen - GQeuliu Wenaflwse ellens, Fmpuy womb Uil Geuliublae.
Qeutiu Wemaflylan SI(H&.

WenCearm_L_gdlerr anbg ellenearey - sThsli b LUHPIW SHSFH. @uifevL L
Gengenan - Lwl greur eildl - apgeieom, Beawr, Coyrar &L wHMD el L&
&b9F smeaflamed smHglLDd - CLEhFa. sroeuamSlLT - Sjenlib
Qewdur@n - aflggmer - smhglLs Car@ser.

< olwufler &hm 9 - @eualdluler LweaTLIT(HSET.

Ermen sMHsLILOSEHQID e osHID Quinigh gisafler Wsrar elame -
e arpsl yosHd  BlaGamLs sLgH Bsrer  oflens, @Qenewrwimen
WenCarm L& sLgdla@psdlan Cuwrear ellans - <pbifwifer euanruemm.

Ermen  smpsliLosHed WerCeanm L euenemwd o ewr(BD  Hmlelans -
Quki@ s&mer smeeuemSlL T - b LT wHmbd Ceurdl B LFrs wrHmseD
- WenGemm L cueneTwild 6(h &Mhs @Q)(H (P&T - ST @) (Hpanars &L SHme.
shdleumd ecreoslprafler smhss SmULSS e

SNG - 4 Wenambgs e eib wimidlens WlerGesm L (pid
(14 um_ Geusmense)

e smhss grewrLa - umpGL eflldlser - grewrLiul L earefllws@ elang,

WenCGermL1b - Glavemen eild).
sen Wen grewr e - uflwrpm Wler graried - Bavrl euflésmafien sen

v



Wengrewred ereor - @\ Berworer euflFsmarsafler uflbrho Wer grewr e eregr.

Weralwse ellangeows gram@®b peopser - (1) shss greamLame
wrppeug  (2) &bl smefler urleu  wrHmeug  (3) sLAF  s@meflen
Sevsweenel wrpmeug (saflgaiwd vgElumiay).

AC Wenraflwmm - euenlla fHwmear Weralwubdl (e &L LD, epearm &L L LD).

gped WerCammlLb - vwerurhsear - Weanormdl - Beawr Qgrenaaine
Wer Fmerr gl

wrmdens WearCearm b - ACy etell(Bsed - WeangenLwinsS o eremr AC
shm - e grewrg 2 eter AC &pml, Wetr Caédl 2 emer AC &pm - LCR Qsmim &pmy
- psdawga] - Q srpamfl - AC spmisefler Fme.

VG - 5 NensIhS SMEVSBEHD ene0 eerflulluied
(17 um_Geuenenaer)

Wensmhs AemasEhh Seunbler Anliduaysesn - Weasths Bimwmena,
CrigCum, ewsCrm Amoser, DsFSHoulil], SaTami(h, LmergsT, X-&Siser,
STOME SFHTSHET.

Qeuaflafi(h) wHmid 2 U seur Bimwrene - eufl, ulaL, CQgri Blpwrenager
- gaflisaId BlerbmmeflTsaib.

gaflufler @QuidL - Hi@TFHEET - e - WTETHS WLHOID GeuUTeLLd
Q&M SHSET.

eaflgflgne - TrCe fsme - yam HAsmed - @rmver elleneTe] - @ FTOGT
Blpwrene - euranrGeuafluder Beoblns Csmopbd - @Gfw 2 gwbd wWHHL Gw
wepma| Sleuli Bingdled Csmemmige.

Qe sy - manGmerey  ssgieln - edCyreflly, s ois
ardQrrefliiny, wHmbd el ellwsd (FoFET Am (WPSLIL Fosarsld).

GNEE_H lamere) - wi @Qrlell bateys Gergener - ULl eniuller
Ssb - @flud ppeomsed - alular NSl (H clmerey - GwadGahseald
cuamemmisear Corarnsd (sanflgeilue L@LUTLe]) - Bl L 6T cUMETLIBIGET.

clleflby efenerey - GMISS.(H ellewera], elafliby ellenere| - CeumLimBHser
- efafliby elenereyds Snment.

pafllfler gerellenere| - erdlCrmailiumd serelenatey - Lmev T &l -

Vi



@rieL clesd - epssd ULLsD - sarelameareydn eefluder LiweTseT -

Curegmi@ser - gerellenerels HPHE - serafenareywmefl.

310G - 6 e Puniilweo
(16 un_Geuenenaser)

Slamieflen el - eraslyren samphligliy - Werar L Hlaons ss6y
(smbsean (pavp) - eTaslgrafer Wereyr L b (WBdedser wpenm) eour Hsme -
epsTCUTT(H iem mdlil.

Cunm wrHfl - PO GeUTETLLTSEULOS® - OO WHMID HeHa
eTewr FoemUm(h - epaml_yeer Hmwrepa - @pHme Wil LD - Camguid whmib
ungrg Blpwree - Seridsl womb welurss Werar(psshiser. sTombud
Slaioril.

X-sS\T&er - 2 HuGH, LIGRTLSET, ST(HEWTTSH6D, 2 ' H6lge,
efleflibellenere - eCeu Gergenar - Grms ol - Gprd Blpwraewreil - X-sr
Blpworeme - Cgrii womb Hpiy X-sHi Bipwrae - Coreved eNFuyb e
GTEUOT G LD

Cwar, Casm - gemalFmswmar wOHMD grar® o blpe - Qudblae
S@SESTMEHD DemiFogsTens ooapbd - Bl Geogm, He-Ne Cesi, Gegm
gaflufler LT sERD LweLThsEsn - @pruflioresr GbULb.

0@ - 7 sdlieiFa wHmid LGLOUNmsiler @menwl LetTn - sriblwed

Qanetena (10 um_Ceusnenser)

paflflan elanere) - qafl DmasHErDd GUTLLTESEHD - erevleaflen
paflflar gweaur® - gaflller eflaarey elflsdr - @ pmedlenr Fsar LewTy -
QeueflCumhm <phmed - gafflanson - LwWaTUTHSET.

L@BUQUTHET Amsar - Sapeilen e aThHrs HMmSs - Fisersefler
Sl uary - g Grmeduflen werun( - ereslrmaflan 4 Grmed yeaBard -
CTOSLTET  BeRTCanTTas.

Qeuafl, Hlewp, srewbd LUPHW SWHSFH - CHCETET DFaseT (FLLID). Apliyg
germlwed Qardrens - HasCeussmss gnibg Harb, sreb, Hlapulear gL -
(E=nr?)

Vi



SNVG - 8 SemsaHmH DunLilwed
(14 um_ Geusmense)

Slamissmaller LaTLseT - amisshadler @b, Hlevm, WaentlumhmeD,
SLigd, WBerar b - oGsmGmiysedr - oGarumisdr - nGsrGLmesear -

Bleomaup - Sjamissmellean Hlanasseamenn - Guuder Gfllgy Bimwmena wmel.

Samissm olens - Bluylgrer - sar®iigliy - uaryser, QEwmnans
LIHOLD - FEeT WPOHES.

sHAWESD - a, B, v- sHreiFss@pbd, LaTUsEHD a - Amsel, p - dagay,
y - fwga). sdflusss fagey alld - ey ujer - syrafl Qwer. Qeuphamas
sfflwssnd - sdfwss oCsrCGmiyser -  elamete|b UWEEHEHD -
Q&S T-(PeOEIT  6TevTemt.

s wusss sriuean cuwg safilly - sdieisslar Smaser.

Samsa Yerey - Csrii ellenent - Ae@GET(H - DESEH 2L -
AMEGEHH Gevane| - eanlrmer @Gamh - sTevlE SHTHET - g lLmLS
FIEETSET.

NG - 9 GODHEHL5F SHHeHEHD Sjeunmler LweTLM(HSEHLD
(26 un_Geusmensgerr)

Gops sLFH Csmaans - deambrigeles HOO ULMLSET - DO
Qararans gLl ule o Comsnisear, WesLGsT1 CUTHETSET WHHID G
sLgdsmer CoumuBsgiss - Gmns sLgSuld wIGLL® - 2 drermibs LHMLD
Hoelwerer GamnaHsLSHaer.

PN gbdl 2 (heumsed - Weanpss ramib @Quisssloar L@gdub - PN
g L Cur®, pearCamsg woHmb WaCammags smry Aol cuemyser -
aoLGur® WBlad@mss - Qe o Cur@h. GCsarm e Curh @ Wearan(psss
Soréd - LED.

shdl qrranSlevser - HAml cuempseT - qrTenSlevL T e Felllsms -
grrerflev T e QUGS - grrandlev it smry - Qu@psHseild RG LG Coir
Wenewrliyser - Gemepr Lt Cummss - Cpm whmbd erdli Werayr L - erdli
Gerrgnr L1 Quepsdludlen Blepmser - iewouiwndl - emoeysefiear Hlug - LC
&Hm - STl Deneoufwpml.



ardls Casl(Bser - NOT, R AND, EXOR (saflssal o miliLsemeri
vweru®ss) Curg Csl(sar NAND, NOR - gnenmg sbhdl, @Qrial & sbhd
smellsar - QFTEULE FHmSET.

godlwer  @Qupsarfissdear  GCsppmiserd  elfseEpn - GQeudurl (il
Qu@psdl - uaTuaTeysar - GOWULH (WD - gLl WTET LWeUTHSET.
HrlGw Qu@ssl, yrliirs Qu@mssl, sl @b Qumed, Ceaumurl G Qumss.

el smellser - CsCsrhs ST Amoajorafl - sHFeubd -

UTSBIGET - LWETEET - Wedly WBILT - aigeuanLliLd LILIETS(EHLD.

VG - 10 Foeued CFTLL SjemLiLg6i
(15 un_Geusmensgerr)

LTQYD (PEMEET - SEF DM@ - GUTET MLl LITEUIG.

eiFa1 uerGuOMLD, HlepmaEhh GmDEEHD - LweaTuThsar - HHiT6eouemr
vearCuhmd - Hleps@Epd Lwemurhs@Epnd - &L LarCupmiD.

et wHnid Hevs CpOILILGSSHID e

CrgGuim eellurliyy woHmd gy - AMwomid FM- ssdll 9M&@n oL

QzrevedsT & upliysaid ghub - aflssarCGanm b wHnD Gamsea,
Qewlise.

efigsmen (&molgm) wHML LULE Gmd - @bep Blp TV ugid wHmb
gHl9F FHNISEHD UL LIULBISEHLD.

CpLnit - gggleud - LwerUm(hser.

Gl & s&el QBT - SHeUe) @elLFILD eghUD - oCudev, Gomid,
slevasCarer Qsmiiy - &b, Gaber, Guadlay geaflulud sseued Gy



10.

11.

12.

Cangeneniast (12 X 2 = 24 Lin_Ceuemengeir)
Blowreaewraflews Qarar®, plulLssder Camarbd wHmb Snws
Sengorpns Caremsmss samadll (B, puulL sl Qurmeier gaflailogsd
cTERTEnENTS HeTéS (NBE.
elaflby eflenereys Eppeanilanwiu|db Hlmwrenewreieanwiwb Qarem®, Gssrs
LBWL eopuid gl GLraiuler SmeBermsmers samadHga. (N-LHiL
2APIps L erend &)

Bl Ler euanerwikiser Camgananuien 2 gelluyLar, Gellbeaarsler auamaray
U TSDHS HasS (HFHE.

BL LT swanganans Qame (), swLdulder WargenLenwiwb, sblal Qummefler
eSS CTERTENGmTWLD FHemrddl (HS60.

Wenanpssonaienws Qarar @@ (psarann Wersmearsafen LWlerelwiss,
cllengsanet UAHS®.

GL@gpgan_ sreeuamSl L enys Qsranm®, Lelsmbsls Losder el gsend
FaHenerd SeamTéS (HBa.

alLé &b9F smellar osflarlg om yearallled srpsl Hosmss
SeTSE (HSH6D.

syorafl sbldaws darar® wrndams WearGeamm L ser ofTtleuammanams
SeTSE (HSH6D.

() M &b e Cuimger (patCarT&Ed S euaIsET euanThal, (PenCanTé,
WlesenLenw Senréd (HHe.

(b Qearm enLCumgenr Spliy euepser euanrbhg, Hmly ey
HeTan(PS5555 HanTés (NS,

Qurg 2 primer NPN g rrerdlevifler iy cuampser euenpbg), 2 araf(),
Qauaflui(ph WenblendlmiLger wpmibd WerCanmL L1 QLiB&Es5m58 Santéd (HSE.
IC 741-:8 Camanr(h 2iglivel i Qu@sdaw (AP - anp) 6ulg eSS 6
(4T, YT MG, al (D).

Qereliys snnisamensd Qaram(h 2ig Ll orals Csl(hamars unml blse
(NOT,AND, CR, NAND, NOR EXORCaLl(h&ar).



ClUN(RHEMTL_&&LD

1.  flenev ileresflued
2. WBerGermLefwed
3. WenrGermLgSletr ellenerayser

4, Nerarhgs ST eI
wrmiens lerGermLpb

5. Nleramhs SiemesEpd jemed eefluflugd

LS008 I|L_L_66w6UT 6T

LIS&LD

55

93

140

188

241



1. Klewev Wletreufled

Blenoowimar Wenenr L miseT g e@ule] Hlane Werayr L migmarls Lbb
e @uniweler e LGS Hlae Wanaflwe eramiu@b. @Uum i uGdudd
Blevoowimar  Wlenayr L misatlen SjgliLen  flspeisemer Mlbg  GQamarGaumid.
FrOgl gogdled  oeter  Hlanpseerts  CumamGs  Wlemgdled 2 emer
Wlemer’ L BISEHD @,  WOlergr’ L miger  gris@EhsSal G GQEudumin
eflensseers QUDDI(HLILISTD, SAamed Flane pnmenavll GQUbmieTeTer. ©)&a5HHSg)seT
WenCGermLeflwellenr Lo Gfeysafaud, Sigm updu Csrarensulann GuMgib
LweL(hgsLinhElerner.

1.1 Blewev Wemesfluied - 2 gmiey wWletresflwisd

&.19. 600-6» smevav ererrm HCrEs oiMeEpT < bui (Amber) eremm Cummerien
S glarrigenend soUetuled Csliss, g srdlsn Curenm Ceograr QummeTsamer
geu(Hd Uamlenar QumIEng eremm searLdbsmT. 17-9pb BrHmTemged edleedluib
Sl Quil eramuelr, seawmanly., rCumenar’. Cumeammenel H@EHS GuTHeTSGEeTT(H
Cowssinntung @Cs Larenu CeuaflliL(sgidlemmen crenm et (Hig ST

@eueurm CouissliLmbGurg), Werar L kisemer’s Gumb CummeTgsamer
‘Wenemase enpgemeu (electrified)sidag Wemepr L b GUHpEnel’ eTeTamLb.
QeUUMTESENSHET < DLIT eTenn QummETLIHID erevsL e (electron) eramm HCrss
aumigensuladl(mhg Guplinl Leneuwim@Lb. o yrieilarme o (heum@h WemGerm L ib,
o gmiley WenCarmL1b eTar DenpdaliLiib. e Gurmefley o drer Wlemenr L biser
pareleame eafld, diermie| WearGam Lsmg Hlane WemGeanmLib erarmib
SADLPESHETLD.

1.1.1 Blesrepyr L_miseflesr b exemasaseit

(1) em sararmys samel, ULHS gafluyLer Coliss, samarTiqd e
Crir Wergr L samsl Qundlngl. UL Hsgliat G jarey erdli Weranr L samsL
CQunSmg.

(i) erCumemeanl seam® eerenn Sbueflur®d Csliss, eCureer T
e L wenL_Fmg). sbuefilwunag 65 sere) CoT Warar L szl GunSpg.
WleenrL L miger, S 6wf&s meilued iPlepT GLiepgler mmhisatien eremiielrme,
Crir oM erdi Wlenanr L miser erem @ Heuanswrasls ilssliul (Herere.

256 Cawiiudlerme, Werar L el ujd sar(H epemdled, WlemGemm L Lb
2 (heurssliL(heudldema. parme GummaiaieT Wleranrl L kisear wrHHiwends
u@dlaner ojeg Wetanrl L hiser LSlThgetssliuBElerner.

1



1.1.2 epfflesr 1Blevte L _miser  épettenmOlwmesn Sl (B,  Geundlevt
WlestenrL L_migeir spstTenmGlwinestny seupd - Congenevmuilied Fflumiliy
Ul () @enpwre Cgmmhised Linl (herer Wlemenr L LI L SearanrTiqd &6t ()
Qe HaLSHTSH AmwenFng. SHOCLTE e (PeTEHHED HEDMH
e L b Qubm saranmys sear®h Carar® eurliLl LT, @\ (PEners@hD
gatanGwrarny eyl (heuangsds srewreord (UL 1.1). @Qmbs  Curdaib
Wesrgym L hiul L erCumenar gerLmengl, Qsmhigal iUl L SeEmanTTiqd SHesriq e
paassmEd  Carar@  euylulLm, @@ Sar(hsEpn  garepmblwmem)
seurdlerper (LW 1.2). @&Cargamar epabd eiflar Wereyr L migeT geiennlwmenm
ey (Hbd, Geuplen eyl L mBise geranpGuimarn seub erar Qg eumEng.

ul_(h
> SHETTTEVUTIG.
++++++
Fa F )
erGLImemenTL
uL b 1.1 pifleor Blettsmr L b Glumm u b 1.2 Ceupflewr lssrenm L 1o
8w Blesorsnn L sevor(Ds6ir Clumm B\ Wlestsnr L Fevor(Dss6iT

Wergyr' L b Qupp  Qummars@Epsdlea G Carammid  Seu@Hd  HMILD
ey (b warrser, Hlane Weaiwe wpenpuild euamantd Cselssen, giser LFa,
Hangs daarhsaid ups@h srbume Casfllisd, ew Ggeaflly udiy erpdlrb
(Ink-Jet-Printer) wpmib <iFs sy pad ehsrb (Xerox) Cumemm LGeum)
LweTUT(H&merd Qe mar(H aTere.

1.1.3 sL_gdls6IT HmILD STLILITETTS6T

Blenev Wlemuiarsaflen gttt uledr Qurmetsaner, Wlen sLGdlaser wHmib
e sLgsmls Qummerser (Wersmiiy QuTmeTser) erar @) (heuamswrall 1G9flésamib.
e L geng ger audGw Ggde @indls@n Cunmerser Wer &Lgdlser
cramiLb. (OS5 SET_Hs6r o Carshsdr, wals 2L, yell Cumamena.
e L miganer gemr UG CFde S@indssts Curmerser Wearsl Sl
QummeTser (sTlUmageT) eralIL(L. THSHSSTL(HSGET STy, OGS,

arCurmenenl, Warmevigsd GuTETDEnEL.



1.1.4 Blevremr L miserflesr yiqLiLIeNL_LI LIGOOTL|S6IT
(i) e mseflenr (@eunewrLonsseo

@@ e L SSlen € DjigliLien D@ TeTLEl, (1 TSI Imen HMhidlE
Qreorguid Weran L gHlen emeum@bd. @sen 2@ Coulomb @@, e-er erer
wdiy 1.6 x 10719 C.

Qupesid rbs @@ SAemwlider Werer L pb, @ Werar L gdler
oo wHOber  qpp e wLBGsaTEGe  lCumgd  Sjewdng.
Wengyr’ L gdlen Djemay, €-61 (PP eTar WL kG Gsram Lo salss williysefla
gCasad gearenp LB Qumdng. erarGou Wearayr L b q = ne. @&lé n-eremg
S PP T AELD.

(ii) Oesremm L ruseflenr yfleflemenio

Wenrgym’ L migamer &5Caum 2ifllésCaur (wpiquing. Weran’ L ojdlellemenio
fuflerry, geaflss jewliy  qeamler Cwrss  Weatar Lib  erliGugib
wrildlwm@n. e, epwoliler Gwrsgs Wergr L b eriGurgb LIPS
auamsuiled, ewiiber @ UGHWUS(BHHE WwLHD UEGHEG W L BigeT
wroprit@&lermer. arOSgsET LIS, wCreaflwid (92U238) <peour gsemar (oHe?
gmssm) Qauallldl @ Csmilwwns (goTh?34Y) wrpdns.

9oU238 ———— (Th234 + ,He?

fawgeals@ e Crss Wergn L b = + 92e, Aaoges@l Wear Qrss
Werrgyr’ L b = 90e + 2e. eraCeu QoTES LOGTETL L LD LOMDTLOED 2 GTETSI. ASTEUF,
LrMedlwrs endng).

(iii) Nerenm L miseflen gnl L 6o LietsTL

@@ embliber Qorsgs Werar Liorearg, AmwLliGd 2 6mer enarsg
Werenr L migeflen @dlulled ol HF CETenss@s #ob. r(HdgIssT LTS, +2q, -5q
ey L miger Carar @@ Qummerser Garsgl eneudssliLMbCUTSI, enliben
Qurgs Werar Lib -39 <,@Lb.

1.1.5 gmeid XS]

1785-é Fa@)ILd GTETLIGUITITED, @\ WletenrL L b Qupm
QurmersEnsdan_Cuwirer ellengwimeang searTLPlwulii’ L g,.

gaqd edlluflemiig, @, Yerafl Wemenr L misEhsE Qe Cuwiner seumgs
cleng gl gl ( elenswnerng, Wearar L msealear QUBEGS COsTasES
Crrssaseigib, <eupdnE QLG odrer Csmaraelier @)\MHLIGHSG TS
S enwyb. Wearar L nisamer @amarsEn Camliigear euflGu allansuldien
Sens jenouid.

sTHN Aeveg Ceundl e, r Qsraneailer MBS @ LOlGTEnTL L BISET
q; LOHMD gy ereng (LD 1.3a).



@b eldiLig,

a N F
aq aq DY r
Fo —5> (odng) F=k 5>
r

UL th 1.3a ane)d eflemaseir
@dle k eramugl 6dls wmhled op@ib.

1
sTHn g Qepdlsded, k =4re, Qs g, eaang Ceupdlgglen
B dmar RGD. £ -ar Sl 8.854 x 10712 ¢2 N1 m2 WG LD.
I 9%
F = drs, 2 ...(1)
1
OO G = 9 % 10° N m? C2

Gupamem goaum’ @, q; = gy = 1C wombd r = 1m erefled
1x1
F=(9 x 109 7z =9 x 109N

smHMCor  oog  CQeaupdLsdHCar, em BLLT Qe Geafude,
deuss L (Heter, @58 Wetan L ksensda Cuwrer effl_(® eles 9 x 109 N
crafled bLllear L UL (h Fa@ibd eTam euaFmssliLhiEng.
€ P Hpern Qaram oa_ssdled Wemenrl L migem eneudsliihiwmuder, @)
Wenrgm’ L mig@EpsdanCuwirer ellengufer ojemey
I 4192
Fl’l’l = 471'8 r2 ...(2)

soeatur® (1) (2)e aEsEs

= :gr

F_e&
Fm 60

£
866| . = & aaiug sassdlen @l Bpen sbag Wansiiy
o
wrdled erenpenp&EILHD. STHN d@g Qb sHheE &-ar wHIL 1 Y@b.
& :SOSr

F_ =

m

F
Za@‘rugneu, @ yerefl Weenr L misEhsdlan Cuiweter aflens,

e’ L miger enwwlitupmerer o gsdler @uivenus CUTBHSSLEDG.

4



TV eSSl - CleusL i eulgeLd
F_‘;l eramg) WetgrlLib g;-%ed, y By Campmelssiu@Bn el
erafled (L 1.3b),

Fo1 =k=5% Tg

12
G dlé ;‘\12 Tl -O(MHbg Jo-S&Tar @G CleusL i < @ELb.
1?12 eTaTLIg) eyl LD gy-ed q; WBg Campmelssii®in elleans erafla,

= k q1q2 A
Flo=" 12 T @ ;0 G

A >
Qe Ty erarLgl qo-dlHHS qq-SSTen F,,
@ GeusLiT @Lb.

q, f- 9,
A .. A . te—> —Z 5 <
( Tgp wHMD o @ramhn Gy >
. . .. F12 FZl
UG ener 2 ML WUSTEHLD, EAbEFES < - >

Hevsullgidb yemdlenner.)

u1o 1.3b GleusLir
N . q1492 A

Fi, 2 CRED)) 6UIgeUSSIE) Fne)id ]
. => - _k 4192 A
Sz Fiy 5 T12
. — —>
Swwg Fig = - Fy

aenCeu, Wanenr L migafled eemm wHGpTendler Wg Csssib efens
Sjerelled FOWLIGEYD, TS SHenFulQd DemDgI.
1.1.6 GunelLNpKESE) SS5F/6uLD

Cupurmbgise s&gleusdlan fpabd g 6reim W@ LD g, gg ... q,
eranip LSleenrl L misaflamed 2 anr(pb Wer ellenganwid Senrdsleamid.

@@ Werar Lsder WBgrar Qwrsgs ellang erarug wHD Wlemenr L misar
sl L sdear g Compmels@n ellamssafian Qeus i gaBHFomELb.

qg-efame q; Bgren ellens

-  _ 1 9192 A
Flo ~4me, 12 T2



QGs Gume, qg Wermed q; WBarer elens

— _ 1 qqu A
Fis 4z, 2, 81

Swansgl Werar L kisaflame q; g 2 meun@gh Cwrss elas F.

— — — — —
Fy = Fig+ Fig+ Fyy + Fin
1 |99 - 41953 - 4Y9n -
%
@Gy, F, =———| 5 Ta1 =5 fa e 5t
° 1 47750{ 91 31 IS
1.2 Nlesryevid

@@ Werer L sdler Slam b erargl, Dlemar LSmgSF HHmlw|erer
Qeuafludler, e Corgamen WeaT L GsTed 2 ewrrlL(BLD  eSlanFwn@h. 6
e L s5h@E <imSler wHLDT®m W' L smas Csram( eubsrElamg
e L gensd &Hluerer WaT damss Sl (Pl g

e esdn@s srpamorer  Werar L b  q-5& AwmID, Cansener
Wergnr L b g, eeusstiLporamd ogar g Hlow wWeaalud elas F
Qewdu®Fng.

Wlesryevs Glenley (E)

@@ ydraflufled ey, wWeryowd Gebeller epod erelLiLiGdng.
e gl 2 erer e yetafludled eneudsliui’ (Herer gre@ CoiT Werayr L b
o am(pd edlang, liyeratiudled Wem g Gadle| eratmanpssliLhEng. @& @
- o E .
QeudLT SeTeum@LD. |E| —q_. e oé Qeleder @@ N CL.

o

ey  Cedleney, Weme eudllend  jeog LBl  eremmd
@I emb. ecranCGeu, Wered Werayr L sdlar g GCasrmmelsEn  efens,
F = q.E %6w0.

1.2.1 yerrerfl blestenn L_Same0 eSlewemyd 1Ol6dTL6VLD

smhdled O eremy yerafludled eneudsiiul(Heter q eremy Wl L Senss
smgCeumd (L 1.4). Wergyr L b q elelmBg T Gsmenavelled, Lierafl Pudld,
Gerganer W@ Lib (, eveusslil (HeTerg). smaibd elFludemiiy, g-eflemmed
Bgrer elens,

1 qq
472'50 r2

F =



yerefl  Pulled  lerevomeng, +q s

y

cuempuepuileniiy, ero@ Camsanen

__________ E
Wenenr L gdlen Ssmem eflenswim@Lb. 0< r >P
F 1 g uL b 1.4 wemerfl Wlestepn L g&med
E = g - 4re, 2 eSlememuyd  bledTLi6VLD

E-enr dlang, O, P yemaflgamer Qevansg Gamlger eullGw, Coir
Wesrgr' L orgs @) @HsTed GeuefllCrradlun, erdlf Werar L orgs @)\(HHSTe 2 6T
Crmadlyd jenou|.

=2 1

= %;‘\ arerig e esdlern GQeusLi GHuiLm@h. @& r
47[80 r

eremig) g-ampbg QeuaflCrradl e @ CeusLT LELb.
1.2.2 uebGeumy lestenyr L misemenLs Glupm Glam@Lillemmed eflewend
BlesTLj6vLd

Ue Bleneowimer Llemenm L misatlemmed, ¢ Latatuded 2 heur@Ld Cgm@uuwier
Weryed (Qadle)) safigsall wWerar L sHamed <ibs yearaiuld ellaneruyb
e emiseflen GeusLT da(HseidH@EHE FWLb.

— —> — — —
E -E1+ E2+ E3 ...... Erl
1 ~ ~ -
- Gp Lp DL
2 "1 2 '2 2 '3
dre, |1y r, r,

1.2.3 1bletr 6lemss Cam(psserr

Wler wHmID SMHSL Leomisamersd shumen Celig Csmareugnars enndsGae
umpGL eraueIfTe® LasGCsTHSET e S(HHg AMPSUILIOSSILIL L ).

Weregdla grog Cridlamenr L b eemm, Bbsy WPwWHslsE@n Cryrer
SDOG eueeTeLTar SHLMmaT Lmeng WleanellangsCam( erarliLi(hib.

feo  yerefl  Wereyr’ L mgefleme epuBL Waryeomiger UL  1.5-6@
ST UL (heTere.
WlesreSlena s Can(Hlaserflest LievoTL 6

() WeralenssCanh Coir Wengr' L sl Qsmmidl erdli Wearanm L Sled
e Sng.

(i) Werr ellenssCamhiadr EmGurgid qearmpGwream Ceuld CFemg.



N %é
«{+q}—> +q -q @ @
/qx:) (b) (c)

seflss lestepyr L b Ceutlerr lstren Lmiseir  spiflewr bletTeni L migseit
uLtb 1.5 bletr eSlenssCan(hseir

(iil) e yeaefwiad Weaasdear Has (E), iydraflude o drer e
MangsCaT_(H&@ auamuiu@n QsTOCHET e GHEsILIHILD.

(iv) WerelamssCarhaEns@ Crid@ssmar damauile, @rag soserl
urlfer eulGu Geaid alenssCam(hsafler eramanfléams Wem s Cade| E-&@
Crssseid @QMm&E0. gtag E-ar wdliy dswrar @Lmsaid Cam@ser
Qpmesorsed, E-ar by @omerar @Lmsaild Carhsedr @ean Gleuaf
LD @ MmSELD.

1
gO

(V) qeuQeurp ereE CriLSemanT L (LpLb, Sierajerer  laellengs

Carhgamer Ceupdlgdled o (Beurs@b. eraCGeu  CeupdlshHer e yerafd
Wergyr' L b q-elemBg 2 (haur@d  Wleanellengs Gar(hseflan  eranrentsans
q
N = g.
1.2.4 1Blesr Gappement wmmiwd Bppements SlipLiLSSmet
@@ gwwrar, adCrdpmer, Was AMu Qe Celaflufler GMNGsLLL(HieTer
WOleoTenrL L migeT ) Wleor B (H(pEETWITGLD. B, SiGwreflwm,
sTiueT-eanL-psamalh bOHMmL  GCermCrmurTd  epodammser Hlapawner Ldler
@ (PGS (EHE S Sla T (HSSGST(HSETTGLD. @\ epOSEI M SHailcd
Crmdlergr L sder  epowipd, erHT  Werar’ L SHler  epWIPDd  aTHTaHL
QumrmbSwuewwmoe, Sblg Qe Ceuatule GflGslinl (Hereme.

+q WwHmd -q eramm G e >
WOlGITEnTL L_mhigeiT 2d Qgrenevailad P R
mauss Ul (Hetererr (L 1.6).  WOew q° - ©+q
@ (peneulleo SmliLgHmefler €-——-—-2d---->

GTEHTLOG | LILI TG0, agG b
s g 7 vo uL b 1.6 lesr G mpsnet



e’ L gl erewrndlifenanr Wemenrl L kis@hsSlen_CGuwarer CQsmenaesiammed
QumSss SHepL_LILGnGL.

Wer @mpanarder Smiys Soer P = 2qd. Qg em CeusLi
SfeTeUTGLD. Qg6 Seng -qallHHgl +q CHTES e, @6 @ C m ,@Lh.
1.25 bler Gupupewerllesr ysasCaT 1960 2 6o eh  Lemerflusled
1BlesTLj6VLD

AB erevrug), -q womib +q eretm @\ Yematl Wenayr L miser 2d ererm )
Qzrenevailer Gflsg eeudssiiLi’(Hater e Wer @mparar @b (ub 1.7).
@ mapananuier enwwid OcllallBbgl, ANE&GCHT IO, T COsTaneiled SjanopbgieTer
Yerefl P <oy,@5L0.

A O B E, p E
——r— == ——— = C——e— S -~
-q +q X axis
<-2d->
e r »

uLp 1.7 oyas5Caniqed 2 erem emsflulled wlsrLjevid
B-wlé o drer +q e Lgdammed Laral P-ule e aib

1 q
s, ap @ G

E

A-9é o arer -qallamméd Lerefl P-ufléd e jeotb

1 q
E, = 47, (r + d)> (PA cuiflGui)

E, wpmid Ey ardQrdliis dleavsuiled Gewcuihlemmer.
eranGeu, Qam@uwen Wear osder <eteurerg (E) Quw  eramodlliy
QarenrL GeusLifler SHenguiler GFwouBSmg. Yerefl Pulled Ggm@guwerr Werjed
E = E; + (-Ey)

1 q 1 q
E = 471'6‘0 (r _d)2 471'50 (r +d)2 BP @‘I@@U‘I
q 11
E =2, |r-d? (+a? | BP @fCuw
q 4rd
E = 47[50 (r2 _d2)2 BP @J@@U_I



@m woaulalmbg yérall Puller Gsmaea Ws oiflsd erafler d <<r

q 4d_ q 4d
e, r*  Are, 1S

1 —
= dne, 3

(BP aufiCw)

(- Blam @mepear HmiLs Spar p = q x 2d)

E-wreng Wenr @ mpenaruien Smlilssmer Hansulldr GaweuBdng.
1.2.6 et Gppemerullest m(Dlevewys Gamiged 2 6mem pp Ljeierflusled
1BlesTL 601D

AB et Wetr @) (Hpenen eetennd H(HEIGaumDd. 2d ereLgl @) Hpeneulle
@eLs0smamee| erameyd, P erearLgl @ mpevaruien Spliys Spenr  eremeLd
QarerGoumd. @ mpaanier ewwd O-alel@mHg T Csmaaeid BHouamrs
Camligedr Senwpglerer Yatail P eres (L 1.8a).

QEI A E,sino
N\ P

R \/
' E,
N
r
A B .
_q O +q E2 N E28m9
<---d--->¢---d--->
(a) pDeuewys CsmiqeD 2 eier (b) lstrLievSSlesT Fnmyc6iT

yeirerflufled 1blestLjevd
U 1.8

e @mpenanuien +q Werayr L sHleo Yetafl P-uldléy wemeolb,

E, = 4”803 (BP auflGu)

1
= N ..BP2 = 2 2
= 4re, (2 + d?) (BP aufiGw) (--BP* = OP= + OB9)

e @mpevauier -q Werenr Lssme Liemefl Puled lemjavib,

10



_q
E2 = 471'50 AP2 (PA G)_JI(_Q@U_I)
1 g9
E, = 47z, (rz +d2) (PA aufiGuw)

E, opmidb Ey -er erewr wlliyser sob. E; wpmibd Ey-emen Csmigss
wHmbd HeoLssers gmsernsl Afs@EnbGurg (b 1.8b).

QemI@GS8s FamIHeT E; sin 0 wpmi E, sin 0 Sfemel FOWLTSHELD
aHQrdliTs Havsuldid Siemweusted gerenm@wimenm Fwear GlFiiflemper.

dlerL_gger smser E; cos 0 wpmidb E, cos 0 @reaw@hio PR-lengulley
gl Ll dlemme.

e @mpanemure Larail Puller Ggm@uwen LlerLjeid

E =E; cos 0 + E5 cos 0 (PR glanzulled)
E=2 E,cos 0 (-,-E1 = Ez)
_1 —_—
E = Ay 2+ d2) % 2 cos 0
d
. 0= ——
SYETEL COS W
1 a_ 2d 1 q2d
B = 4, (21 @®) (2 a2 T ame, (2 + a2
1 p
= 47[80 (r2 +d2)3/2 ('.‘p = q2d)

r-2 e Ui d Ggreanee| Wss Shwsn@Lb.
1 p

= 472'50 r3

E-ar dleans Wlenr @mupevaniler oFssE @eamurs PR - suflunsey,
@m wearuder Hmliys Spaflar Hasseg ordis Havslgid Samwdng.

1.2.7 Synewr iblestjevgSlev wblest Bim(pemet

Erman ey (E), AB eramp Wlar Q) mpenar, Camanrd 0 griiouns
@muugtss  CsrerGeumd.  igen @ @mupanear  HmULs SHper P erens

11



(uLwb 1.9). et L 1D +q
Weryagder Heguled qE  ererm
clengenws o anridlpgl. -q 2Cs ey
engenws erdlis Hanguiedr 2 anriSlpg.
aeCeu @)\(mpeer Wgmear CgmELiwer
dleng  &PwM@L. @@  Fowme,
adQrdlis  Hwsuller  Gevamnss
Cewdu@d oflamaser @Gy Leraflufen
auflGw Qaerergl. erarCeu, @HIpenar
Bg Hmliy elens gem o (Heurdpg.
@ Wer @\mpenaranit LO6TL eSS e

danguiler Fblenavd@ Gamenm(h e (LPUIGILD.

Smiy ellengulien ereir LI,

|
. R0 1 E
// " :
5 J 5
R XY __ 1
F—-qE q C

uL b 1.9 Fymewr letijevsled
Blest B rm(pevr6st

T = eflengsafleh gamm X ellangsehs@ Qe Cuiwmer CemGsgs gTaeay

=F x 2d sin 0

QeusLim @MuIL g6 T = S)x E
@iy oo Oeryesle,

qE x 2d sin 6 = pE sin 0

(. qx2d=p)

Wesr @ mpenenr O Camenr  gmiieley

Sienwwrerme, Smiy  elevsuier, gmBsons Goaid 6@ etlansamuwil

QumIEDG.

1.2.8 bletijevsBlev 2_siter blesr B pewevtullest blestevnpss mMEL

e esdlad odrer Wer @mupaaruier leamampss OO ererg)

e egdla Wer @)mpanarant GCsameuwinear Hlaews@ sppnesh@iu Coime

<G
P Wlar @mupaar Snuus
e QameiTL e e @) (m(pane,
E Bearyogdd, 0 Camamadled o erer
Gurg, <igen Wsren Hply elens,
T = pE sin 6
Qmupaarmw, do Gsremrbd
FpHm, QEeiwliu@in GCeueme
dw =1.d0
= pE sin6.dd

A

uLtb 1.10 Blest G\ppemevtullest
BletsnpSs DD

aaCGeu, @mupaer 0 Camamsded spom Qewtiumin Ceueme,

12



W = [dw
W = pE [sin6.d0 = —pE cos 0

@euGeuamawimeng), War @mpaneamuien blane pbmeam@n (U).
: U = - pE cos 6

e @mpenarep Hoogdlenr dansulled emmismnssTe, 6 = 0°

U = —pE

e agdled 2 arer @ mpanen 2 awr(H $HmLiL ellanswimeng (?: _p> X E}
@m woarmu LosHar SHasullCoCu gmrsmwbws GaFiw wpuwebd. @ger
srranrons, Wenbleraowmhnd Geuli Hnors @GPaisd GeualliLhdng.
enw&Crr gemev Femivwevseverr (Microwave oven)

@, Wss @ndu srtosHed 2 ame| Fmwdsl LwWeaTLHEDE. SHeaver
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Yerafls@psdlenGuw sarar O B
Benenwsds Ceumin(, < r > A
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swellurs@gdng. eaaCeol, edi  Wergr Lmiger uUleoLaw  Crrés
ey L i@ &lemmar. @Qsemmed Ll el el DepL b (perns, Hled 2 erer Cmir
Wenenr L migear FwerCslwtiul () el deamer. eraGol Ll SP0phiEGLCUTE
Wlengnr L opm Hleneeps ienLSlmgi.

@eueurm ey CsrirEfluns,  Crrderer’ L sas  Camensdlns
wromdlng. @sear elaereuns Camarsdler Wearanpssd @@ GUHL  eTadama
ooy L deam ey, HsMsgs CQesrarGL @ m&En. GCunhatar
Camerggled e L migem rhsliul (Pplquins Hlaneant eriqlie|ler, sThbler
SN WUTEESS 6 STFaRTons Wlenenrl L Bisea s&ws s migdlener.

o Wl WPSSSHD sTHm  BFLUlULL 6Too@d sosdammd Cararsams
gpeudlen epad, Camarsdler Wlemenr L& sHleneud GeDEEEMLD.

@willaraflwund  epd  QuUDLLGD 2 wr  WOETE@T(PSSD eSS (HL
Werenauudled LwemBD G Sjwellgaer (LGrmliLmer, 4wl Frer) wph&H@GelsEsL
vwetuBSSLILGS DG
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11

(ii)

1.2

STSSHULLL.  SHEvuTS@S6rT

@Cr wrdflurer aparmy Adlw upgsd opCu -3 x  10712C,
8 x 10712C wpmib 4 x 10712C  Werayr risemers Qsmem(Hararen.
Seupenm gatanGwrarny Gsrhib HlawsE Csmar® eubg Mer GMNss
aaussLiLihdermer. (i) eeuGeumm ubHaibd Wereyr L b, (i) CSTOSIEESL
e eCleunm LUBSQID 2 6Ter DS ILIGWITET DO LIDHDTHEE HUITET
crusLprensailen ecranranilEans < Slucupans sansd(Hs.

seeue : q; = -3 x 10712C, g, = 8 x 10712 C, q3 = 4 x 10712 C
Siey : (i) @auQeurm updHand Wemayr L b

_ q, +q, t g, z(_3+8+4j><1012

4= 3
=3x10712¢C
Blergr L b Cridlenepr L b penswimed, eeuGleumm updler  WBgib
TOELTTes6T eramanflEamsuienr Gammey FHU(ILD.
3)(10712

_4_ o<V 7
n=_ =T o 5w =1.875x10

sl _pTansar aramanilams = 1.875 x 107,
Wer sminLiul L, @aGeurammib 6.5 x 1077C  Blargmn L b Qupp G
Caremaiger 0.5 m  Ogreoeeld  Gisgs  eeudssiul (Herarar.
Slamaus@Enssla_Cuwrear Hlane Weanaflwud elamsamwus samssl@H. Goaib
(i) Wener L hiser @LLBSTESULLD, GgTamoe] LUTHUTES @GamnasL
UL Cumgd ([{) Blereyr Lmsdr Wersrlyl  Qummerrer  Bilaydr
emeussliLpb Gurgid (€. = 80) ellewgamws samrésdl(Hs.
S&Heued 1 4, = gy = 6.5 x 1077C, r = 0.5 m

. 1 4,9,
giey: F = 4rne, r2

9x10°x(6.5x107)?
= (0.5)

=1.52 x 1072 N.

() Werepr i @ wLBsTE AHsfssLUl@, Csmemee| uTHwms
GED&SSLILILL T,
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1 2q,2q,

e (rg)

F -eowis Guré 16 wLmig
=16x 1.52 x 1072
F, =0.24N

(i) &, = 80 - 2w Bfed eeussiLBbL Curg,

F, =

F 1.52x1072
g 80

r

F, =

F, =1.9x10*N
13 2 x1078 C wduyeorw @ Ablu Ceauflar Wenan Lkisedr, A wpmib B

eraip Lematlaatley 6 cm @enGleuafluiley eneudsliuil(heterer. AB-anw @
& FhBb CQomgsgs GCarlge 4 cm Ggreneaiey odrer P eremm
Yaraflifled eneudaliulGarar, 1 x 1078 C Slengyn L gdlar Ssmar eflensamwiss
SETES ().
seaue : q; = +2 x1078 C, gy = -2 x 108 C

P-9é qq =1 x108C

Xp =4 cm or 0.04 m, AB =6 cm or 0.06 m

Sy :

q,=+2 x 10°C

= -2 X IO'SC
A X B &

<--3cm---><¢--3cm--->

A APX, -& @il AP = /42 132 =5 cm or 5 x1072 m.
Aufler 2 drer Wemenrl L b, P-ullé o erer Wegnr L seng F eremm eflenswimed
(AP aufIGw) ey (Hélmg.
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1.4

1 9.9 9x10°x2x10°%x1x107°
~ Are, rr - Gx1072)

7.2 x 1004 N (PB afiGu)

Bullev 2 eter Wemrgyr b Pufler o emer Wlenayr L sens, 2Cs F eraim
elengwmed PB aufiCw seurdlmgl. gGamaflec BP = AP = 5 cm. R
wdlissrean, ellensanw @\ Fmmserrsll Wilss Ceuem(ILb.

R = Fcos 0+ F cos0=2F cos 0
2x7.2x104 3 ["COS 9-%-2}
= X fax X5 ' PB 5
~“R = 8.64x 104N

manigremer  emeld r Ggraeeie 19Nsg  meusslLL(HETer ¢
HCrmlLme&@b, eroslrmays@n @eanl Cuwrer Hlave Wearealwd wHmid
rriwe eflengsaflan erem wSHUILGmeT @LIAHS.
seeu : m, = 9.11 x 103! kg ; mp = 1.67 x 10727 kg;
G=6.67x 1011 Nm?2kg?2 e=1.6x 1019 Q)
Sy :

TOELITEI&H@GD, LCrmlLmayud@n G Cuwrer rililwed alens
- Gmemp

g= Y2

Mmamiy e apiedle) ETHLITEISEGL, LCImiLTey&Eh Qe ulemer
gyraf Qgrenee| I erens.

@ Wener L mis@EpsSlan_Cuwmen Blepalerailue allans

_ 1 9,9
Fe= 4rs, r’
iz 1 94,9, 1 e’
F, 4zg, Gmom, = 47: Gm,m,

9x10°x(1.6x1079)’
T 6.67x10"x9.11x10% x1.67x107%

Fe 39
R, =227x10

@A mpg, Hlave Wearaflwd efens mrlibwed alensenwis Cumemm

2.27 x 1039 bLfiE cugieurs o dratg) erar SiHlweD.
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1.6

+9e wppd +le e @ erefl €777 rreTmoTos >

€ q +e
WOlGITEnTL L_igeiT gaddmbs @ @
wp@prermy 16 cm  Ggravaveiiey €-——x-—=D€—-(r)-—>

MeUEEHLILIL(HeTere. @ns @\

Wlergym L mis@psdlanulled, eparmmeug Werar L b qepwl, erliLjerafluded
meuSSTD @)g QFTLiThg Foblepouder @)m&@D?

F&Heuey : T = 16 cm sebeg 0.16 m; q; = 9¢e wHmb gy = €
Sie| : eparpreug Werar L q <weng 9e-adl@mHg X Csranevelad,
+ e-aOmpg (1 — X Qgraeeigib omeaudssliul HdTarsnss shg Garb.

1 qq, 1 9exq 1 qe

F= are, > T 4me, x> 4dus, (r—x)
X x

Croxr =9 ’ rex = 3

SO x = 3r - 3x

4x=3r=3x16=48 cm

X = 4—8—12 cm
=5 -

Sivag 0.12 m
epermmeug) Werenr L b +9eadlmpg 0.128 Qgreneveiedy emeudsliul(Hererg.
4 x 1077 C wpmib -8 x1077 C ydw @@ Vet L ks Lés ieTe
20 cm Osgraw ABP  eratp gouss wpsCasmamsdlenr A wpmd B
gperagafld eneudsliil (Hetatar. P ererm Lyemafludieh smewtliLiib Qgm@Liwer
Weryed Gefleneus sanméd(Hs.
seaue0 :q; =4 x 107 C; gy =-8x107C; r=20cm=02m

Sy :




AP aflGuwrenr Wlemyeod Eq

1 q1:9><109><4><10’7

— - 4 -1
47[80 rZ (0.2)2 = 9 X 10 N C

E, =
PB auflGu lemjeod Eq

1 q, 9x10°x8x107"7
22 - — 4 -1
2 0.04 =18x 10*NC

27 4ne, T

" E=[E?+E? +2EE, cos120°

= 9x104\/22+12+2x2x1(—y2)

= 9J3x10* =15.6x10*N C

17 (@) 4 x 1077C Wengr Lgded @mps 0.09 5 Osreveveier o dter e
yerafllfled Blamanpsssmsu, (i) 2 x 1072 C Baramn L sos wpiyedors
Qarepvelelmpg,  lyeraflsE  Qsmeam®  cup  Qelw  Gouadriguwl
Ceuenavenwild seanrédl(Hs.

o660 : q; = 4 x 1077C, gy =2 x 10 C, r = 0.09 m

Sie : (i) q; erarm Weneyr L ssmed ef Lerafuded Wlemem(pssLb

1 a

T d4rne, T
_9><109><4><1077_4 104V
= 0.09 X

) gy eeap Wea@r tsms wyelors CgraweiadmHg
Suyetails@ Csman@h euy Gaw Geuenrigws Ceuane
W=q,V=2x109x4 x 104
W=8x105J

1.8 HCl aumy, 2.5 x 10* NC! jereyerer Wanyesded ameussiiL@dns.
pealeurm HCl  epodadler e  @Qmpenar  SHmuys — Sper
3.4 x 10730 Cm eraflér @m epasambler Bg Qewdu@b Qumn Sy
Nensamws SeTsd (hs.
sseue : E = 2.5 x 104 N C1,
p=34x103% C m.
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Sie| : pwsamdlern 8z Qeudu@b Hmiy elame
T =pE sin 6 (Qumws Hmuy alenss@, 6 = 90°)
=3.4%x 1039 x 2.5 x 10*
=8.5x 10726 N m.
S apavssadlar Bsrar Qumos Smiy es = 8.5 x 10726 N m.
19  uwLgde sriguerareurmy sgirsdler (pananseafley epeudsliLil (Heter Lererfl

LOlGITEnTL LI e6TTeD, WS D o drer Larefludled 2 (HeUMGLD
WeTan(pS555m585 Famsdl(Hs.

soeue : g, = + 12 n C;
gy =-24nC; q3=+31nC;
qu=+17nC; d=13m

Sy :

P eremm yerafludlay Wleman(pssi,

{&JI_MQ_MQ_A*}
r r r r

V= 4re,

d 1.3
Qgreneve| T = E = E = 0.919 m

Qurss Wlerer L b q; +dg + g3 + gy

(12-24 +31 + 17) x 109

q =36x10°9C
LV - 9x10°%x36x107°
’ - 0.919

V= 3526V

110 20 cm uss Sjereyater ABC eramn gouss pasGaramsdlen o &flgafld
-2 x 1079C, +3 x 1079C, -4 x 1079C < dlw epany WearGenm L s
eeussLiLL(HeTeren erefled, Wleenrl Lmisar A, B womb C wpenpGu
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1.11

Wp&EGEHTaTSS 6 LGS mIGaT 6T
Wi ETet garme A;, By wpmibd
Ci-8@ poigs  Geiwulu@b
Couenavenwid sausd (Hs.

seae : g, = -2 x 1079C;
gy = +3 x 1079C;

g3 = - 4 x 1079C;
AB=BC=CA=20cm=0.20m
Sie : Wenanr L Siewliber WOame(pss <Hmed

- [ql% LD qaql}
drme, L T r r

Blangnr L migar A, B wpmin C -ssewer wpepGu Ay, B womib
C18@ @Luduwrdd Qe Qeuuliu@n Geuama,
W=U;-1;
U; womip  Up craue  ewliber, Csrids wHHDL Gm
BlEaTSs %OOD,

| = 90289 [-6x 10718-12 x 10718 + 8 x 10718]
=-45x1074J
U = 9(;189 [-6 x 10718 - 12 x 10718 + 8 x 10-18]
=-9x1077J

s Qewuiu®n Geauemer = —9 X 1077 - (-4.5 x 1077)
W =-4.5x107J
wieder aufiflargmn Lib, 2 cm Qsmeaado 9 x 104 N C1 e osms
o (heurds@Hpg erafledr Werar L Ber L TsHows sammsdl(hs.
gsaued :E=9x 10 NCl,r=2cm=2x 102 m

A
Siey : E = 27e,T
A=E x 2ne r
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112

1.13

1
1 [ 2z :—j
k=9x104xWX2X102( ° 18x10°

L=107Cm!
@ yerafl Wearayr Lib, Sigamer anwwiorss Qsmeam( Sewujb 10 cm
Sprpater, @@ Camer eugen  smeavedlwen upliy eufiCw  Cgdaiomm
-6 x 103 Nm2 C1 jerayérer e Leo UMTUSENS 2 (HeuTd@GH MG, erevtle
(i) srevedlwer Lplnden <yybd @EwLBsrssluBLGUTg Lriber eufGw
Qae)d Wlereols Lumugdlem eTeneld Sanrddl(Hs.
(i) Wlemenr L sHem i ereran?
goaued: ¢ =-6x 103 Nm2Cl; r=10cm =10 x 102 m
ey : (1) srevedllwen Lp9er <pyb @ WLRSTESILGLEUTIE, LSw
urlier eu@Gw Qaeaud Wer el uTwibd wrprgl. ghlamefld, e e
umud urlbgyer o drar Cwrgs W L samss Fmibgl e G saily
QTEMSE SMTHG AGHLOWITS).

» =-6x103Nm2C!

q
@ . ¢ =, orq=-(8.85x10712x6x 109
qg =-531x108cC

em Qoarssl H BaCssdlen ss@saflar Ly 200 cm?. sjeueim
sl (paepd 1 mm @GeGeiafludler 19MgE eweussiiLl’ (Hetarar erale
() HenCssdlsE 1nC Wearar L oeflssiiumn Cung, $50&EHSE
@erGuwrar Weer(pss GCoumur®, (i) =Gz Werar' L sdne (1n C)
@ ghgraae| 2 mmss FsfssiulLmeo Lw Weranipss Ceumum(
(iii) sa®aEprsdaCu Wer b ydlweuhanns sasdl(Hs.
soseueo: d=1mm=1x 103m; A =200 cm? or 200 x 1074 m?;

q=1nC=1x109C;

Sie : WeaCassdlulan aCsEESSH e

&,A 8.85x10"*x200x107*
T d 1x107°

C=0.177x 109F =0.177 nF

C

44



1.14

1.15

(i) ss@sEprsdaGCu Wearanpss GCeumur®

-9
V = 22&79:565 \V4
C 0.177x10

(i) sshseEpsdoCuurar Ggrweoe; 1 mm-d@hg 2mMm-&s
9FlafsEh Curg WarCss@ dmer @\ WLBSTHES G®DUD. Lolamarn(lpss
Coaumium(® @@ wLki@ dsMa@0.

~oydu Berempss Ceupur® = 5.65 x 2 = 11.3 V

(ii) Bemyeoid

o _ q _ 1x107°
e, Aeg, 8.85x10"?x200x10"

o

E =

5650 N C1

sTom  Hlroulule, @@ @Qearssl(h  WanGsadlullen  WleatCss @S men
8 pF. s (ha@psdlan_Cw 2 dter Qsmenave| UmHwuns Gamnssliul (), Siser
@ Caiall  Wearstiyl  wrhled 6 Qaerar,  Werasriyl  GQumpermed
Blroudu@n Qurps WeTCs&ESSner creialere]?

soeue : C, = 8 pF , g, = 6, Wanami 2 drer Curg Ggmeneaay

d <erg d/2 <=5 wmmID.

. Ago
Siey : C, = q = 8pF
Qzreneva| LTHwTs Gapssliul (), Weasriyl GQummermed Qe Cleuefl
Blouuiu@n Curgl, ydw BlatGsé@dmaen,
g Aeg, 2¢Ag,

€ =Td/2 " a
= 2¢.C,
C = 2x6x8=96pF
UL  sTliguerer  G)enemri 1 G
e Qam@ WarCss@s SHneners 1I0MF_____
seéd ). 1 G
___4VUF
goeuer : C; = 10uF ; c,
Cy = BuF; 5UF
Cgy = 4uF
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1.16

Siey : () C;, wopd C, Qsrifeearinded GQevans sl (HeTarer.
Qarifl  ewewrilbed  @ememssliul(Herer  WaCsESH  FalLenoliben
Qzrguwer WarGCss@ SHmeir

1 1 1
- = 4
CS Cl CZ
1 1
= —+—=
10 5
10x5 10
CS = =
10+5 3

(i) Cg g Cg-wrem uss Qevaibe Qaarssiul (Heterg). LSS
@ananrliled, WearCasdlgaflen GorEuwen WaTCssESH e
C,=Cs+C5

C, =7.33 uF

em Qoanss’ () WatssHuler ssligar uriy 90 cm?

. Sjeuad(m
S (H&(@HLd 2.5 mm @ Geuafluifler NGz meussiiul(HeTerer.
WenGsadlwmeng 400 V epsgILen  @earssiul (B WerGearhmLd
Qriwliu®dng erafler, Dfd Cosdl emeussliul_(Herer Hlanay Llemelwied
pMMED GTEUGIETE?

sseued : A = 90 cm? = 90 x 104 m?; d = 2.5 mm = 2.5 x 103 m;

V=400V
Sie| : Qaanss (h WaCssdulan WaCssEsS ner

A 8.85x10"?x90x10™
d 2.5x1073
=3.186 x 10711 F

1
ad 2
2CV

WenGaadluflen <,mmed

1
=, x3.186 10711 x (400)2

< Hmer =2.55 x 10 J
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gest S0
(855 g6 I B) LEGSuiled, Clsr(BlssLILIL (Do eSleTTTESEBL &6vTE: &S ENHLD

wrdlfleGer. GeupewpiCureiyy, Lm_ L L@Sluler ebs @ eSlemeneauud o606V

SEMTHEIHEVTULILD 62119 61I6MLDSSHEVNLD. LoT6vvT6L, LomeveTefliiT Geor ST (B LiGSludleSk bS5

" (Puevevmoed, LML ClumpefleS(pBEID 6UIgeUDIOSGSLILIL & Tnigil eSl6oTISSEhSE LD
SEMIEGHEHSGLD SlenL_werflss oyuissD ClFuig) Clsrerer Galevs(Hib)

11

1.2

1.3

1.4

@M samanmys  sar®, Ul®S gaflyrer Csussiiu@n  Curg
+8 x 10712 C Sengyn L gews gndns). i85 Thms0sTaRT Sid0s ©)0hS
TOSL_TTengaflen ereurantléens

(@ 5 x 107 (gpng) (b) 5 x 107 (@ppss)

() 2 x 1078 (Quiss) (d) =8 x 10712 (Quibse))

Q@ yerafl Wlemam L miser, &, = 6 Carawm sar_ssdlo, d Ggreaaeic
Wfsg eeussliheisme) 2 (heur@d e Wearaflwd oleans 0.3 N.
QeupPlLsHlev, <Gz Qg renavalied LY f MEUSSILILLTED,
S|blear L kisEpsHeaLGuiwimar ellens

(@) 20 N (b) 0.5 N
(c)1.8N d2N

@@ ydreafl Wearar LsHallmbgs 2 m Ggraeeie Wleanjowd Camey
400 V! as0sreeeid @isar Wajws Qsfle; 100 V!l o

S{ELOULD?
(@) 50 cm (b) 4 cm
(c)4m (d) 1.5m

@ yerafl Wlenenr Lmkiser +4q womb +gq, 30 cm Ggrenevaier Gflsg)
@eussLLL(Hdrarar.  Sbllatar Lhsmer @Qa@ars@n Csmiigear  WBg
eriiyarafiudléd Wemeod &lwim@h?

(@) Wenggr b +0-Amps 15 an
(b) Bengyr Lib +J-eflmibg 7-D AN
(c) Wenggm L1 +Qg-admpg 20 AN
(d) Aengyr L v +0-aO\mpg 5 AN
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1.6

1.7

1.8

1.9

1.10.

Erman e asHer, HosHDHE GQemamuns, e SiFE AMWWDTD (7
W6 @ (HPene EUSSLILIL LT, ig 2 auTTeUg)

(a) Qwrss eflengenw WL (HLD

(b) Hmiy ellengenw L (HLD

(c) Qurgg efens LHMID HHLY ellens @QamenL_yLDd

(d) Qurss ellengubd e, UL llensybd e

e @mpenamufer enwisHampg X Csranaeiier enwub LeTaflufa
Wenran(pssbd, aon@ Crisss6aile Sawdng?

1 1
(@ = (b) =
1 1
© & (@ 7
‘a ussh Cerar sgrsHen prang epevaser A, B, C wpmib D-sasefléd

weopGu Werarl Lhiger +q, +q, —q LHHD —g @eudssLLL(HETaTer.
sginsSlen anowid O -6l Wemar(PSSLOTas),

q 1 29
(a) 4re, a (b) dre  a
1 4q
© 2 a (d) s
@ yerefl Wenanm L miseflen Wenanpss <pmma (U) ... <, GLD.
9,9, a9,
(@ 4re,r? (b) dre,r
(c) pE cos 6 (d) pE sin 0

o Werarpsst urlifer o eter @@ LetaflasEns@ Qe Gu 500 pnC
@' L gens BEiss aiwlimin GCeuame

(@) &9 (b) cunbyerer Cpis@m wHLL

(c) cupbyerer erdlis@M wdiy (d) wigelled

EDSERTL 6T s EheT 6Tgl aLEHOT jemeum@Ld?

(@) @oyoar doius doear  (b) Be@ efams

(c) Wemyevid (d) Wener(pssLd
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112

1.13

1.14

1.15

1.16

1.17

1.18
1.19

1.20
1.21

R dpafler <@

(@ C2N 1 m=2 (b)) Nm2 C—2

() Hm! (d)NC2m?2

1 smaub Wergyr LSS mpgl 2 (heun@h elanssGar(safler erementsamna
(a) 1.129 x 1011 (b) 1.6 x 10719

(c) 6.25 x 1018 (d) 8.85 x 1012

Weenpr L LS o Cameawr, @@ rHardli Werayr Lib Cupm 2 Ceomsd
5&H&ER&HE OeuallCu 2 arer Lerafludlad Lilemevd

ro -
(@ 2¢c0 (b) 2¢g0

o ;
(c) o (d) s,

@ Qaarssl (h WaGsadluldean WleaCss@ dnarmeang), sL(Hs@nsdaLGuw
Wersriyls Qur@meneats Caream@® Hlrlyeusme, 5 puFalmpgs 60 puFse
<iflsfsdpg. Wersmiyl CGumr@efler WensmliLy wrhled

(a) 65 (b) 55

(c) 12 (d) 10

Blergyn’ L b Quipmiarer o erefhm o Cersls Lpg e, & e wsams
eriiyarafisafiey Comhmielsdng,?

(a) Gararsdime CeuaflCGu (b) =ipan uplGenr Cod

(c) Gamargdler o L Lplbd (d) @@ wLkiE CsTenaes@ 2iliume
Blevaw Wemaflwalled gaaud elflevwds gam, Siger CeusLT elgeisamss
GINRICH

@S mer wHmD eliLjend NHSHDeT CTETHTED GTETT? MG  GTeLEUT)
Qar_yu@SsLILL(HeTeren.

CohQummhgisen s55015ms llaTsE.

@@ Uerailufle LSlaed eueTLm. ST eSS Faldl, e LeTer
Werar L $ame @b Wearosdharar GCaraeuamuits Qumns.
Werellengds GCamhseien LaTLSmETS dams.

e @) mpener erenmmed eranan? LWl @ Hpenaruien SmULS Hpener
QuELI).
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1.22

1.23

1.24

1.25

1.26

1.27
1.28

1.29
1.30
1.31

1.32
1.33

1.34

1.35

1.36

Erman WeLegdled encussliil(Herer e @mpaneruden L5g GeweLIHIbD
Sl ellengsarer Camancuuienars Clumis.

@ Ermenr wHmL ErHm Ve osHed e Wer @ mLpamer @oausslLIHID
Qumpg Hlspeug ereren?

e @ mperanumed oFsxs Camiigd o 6mer @ Lematuled, BHeuamrs
Camlige 2 emar e Yerafludled e jed Qgdlelpsmear Cameameuanwils ClLmis.
e Yerafluded Wlamampssd cuanrum. @& @@ VEHOTT eTeUT Djeavg)
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cfleurfl.

@m Qoanssl(h WeaGssdl o Weasndsgiar @Qenamss Ll (herarg).
5&HEERHE QL Cu 266 CsmaaesEE Fbbrear Slgoear OCaramr
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eriiyarafiudlay Wlemempssd sOwLmE@GD?

60 cm ussmsET QsTaTL @@ FoUGS (WP&Caramsdear o Félsafler +1uC,
+3uC OHMILD =-5uC WlerenrL L miger meuss UL (HETeTet.
@illeanr L misatlen enwliber WOeTaT(PSs DDOE HanTés(Hs.

10 cm @er g Gsmeveeler 12 uC wombp 8 uC eramm @@ GbT
Weenr L miger 19M&g ameussiiul(Heratar. Qe Sagreanwey 6 Cm .8
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Qae)d WeTel UMUSMSEH SHTas.

0.12 m b Qarar, Gsrer elges sLgdluller UFliy  (p(peugID
1.6 x 107 C Wenepr L ib Egrsls ugellwererg). (i) Csmersden o arCer
(ii) Carargden B (i) CamergHen enwwsHelmpg 0.18 m CQsrenavelie
2 arer Lemefludleh LT {eLD eTaimeumeum@GLD?
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100 V Wemsosgien @eamssliul (HaTerens LL LD

s (Bdpg. BlaCssdluler  Cam@libe  Caslsg

EEk

aeussILL(HdTer Qs pHme ereme?

®m Qearssl(h  WarGssHurarg, GO |
Wenan(psss5dlad meusslLhEng. s6HsERsHm Gl llOOV

3 mm swen Camar_ g UTeTD L@GSSUUOS DS

S&HFHERHG QLG 2 drer WeTan(pSs5ens OTHTLO Meuss, H&H&6r e
QL sbsmmeoe; 2.4 mm. dswrsstinBdng. umasdlen LSlenasTiiy
wrhldeows sarsd(Hs.

@ Qamarssl () WarCasdluder s&bHsEhsda_Cw 2 6rer @anL Gleuafluder
Brendled epenn UGS, WenasmliLy wrled 3 o e w Wersmliyl QurmerTed
Broudu@dng.  Besriyln  Qumrmefled  Callsg  eeussliuil (Herer
< HmeSlen F&6ISLD erevmes?

2 UF c,
C
UL Gdleb srl_ LUl (hérer Lot b A B
Cssdsaflan  Semen L smss sTams. | i
Cogib ameusaflen @enCuw 2 arer 2UF s C,
Wenanpss Coumum’enL & Smevs. I' |: K
120V

geaCeurarnid 9 pF eanCas@sdmer Caram pperm WearCssslaer Cgm il
eali9e @aeanssliul(Hererar. CAsm@lder Qwrss WaGCssH@sSHmenn
wgl? Casm@liurerg 120 V epesgiLen @evamsslinhibCung), eeubleumm
WenCasdlufler @ent G| 2 erer Wean(pss Coumun( wng?

53



1.1 (b)
1.6 (a)
1.11 (a)

1.35
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54
1.55
1.56
1.57
1.58

1.59

eemL_s6m

1.2 (¢ 1.3 (g 1.4 (o 1.5 (d)
1.7 (d) 1.8 (b) 1.9 (a) 1.10 (d)
1.12 (a) 1.13 (d) 1.14 (d 1.15 (d)

() @fsfs@w (i) wrprdmsagw (i) wmrdmesn

q; =8x10°6C,q,=-2x10°C

q; = 33.33 x 10°9C, q, = 66.66 x10°9C, x = 0.1 m
0.9 x 10*vm1

V =1800 V, E = 4000 Vm!

2 x 109N, yasdler avsuder, T = 0.866 x 10711 Nm
360 N/C, 180 N C1

+q -afelmpg 0.25 m Qsraaid

-0.255 J

5.70d

1.67 x 10° N m2 C!

s, 10° N C1, 4.44 x 10* N C!

2.478 x 10°9F

C, = 15 uF, C, = 10uF

q=137.5 uC, q; = 55 uC, q5 = 82.5 uC

0.3J

. =95

50%

q; = 144 x 107°6C. q, = 96 x 10°°C, q5 = 48 x 10°6C
V,=72V,V,=48V

3 pF, eaGleurammw 40 V
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1. Klewev Wletreufled

Blenoowimar Wenenr L miseT g e@ule] Hlane Werayr L migmarls Lbb
e @uniweler e LGS Hlae Wanaflwe eramiu@b. @Uum i uGdudd
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SADLPESHETLD.

1.1.1 Blesrepyr L_miseflesr b exemasaseit
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Crir oM erdi Wlenanr L miser erem @ Heuanswrasls ilssliul (Herere.
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1



1.1.2 epfflesr 1Blevte L _miser  épettenmOlwmesn Sl (B,  Geundlevt
WlestenrL L_migeir spstTenmGlwinestny seupd - Congenevmuilied Fflumiliy
Ul () @enpwre Cgmmhised Linl (herer Wlemenr L LI L SearanrTiqd &6t ()
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Wesrgym L hiul L erCumenar gerLmengl, Qsmhigal iUl L SeEmanTTiqd SHesriq e
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ey (Hbd, Geuplen eyl L mBise geranpGuimarn seub erar Qg eumEng.
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> SHETTTEVUTIG.
++++++
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erGLImemenTL
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1.1.3 sL_gdls6IT HmILD STLILITETTS6T

Blenev Wlemuiarsaflen gttt uledr Qurmetsaner, Wlen sLGdlaser wHmib
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e L geng ger audGw Ggde @indls@n Cunmerser Wer &Lgdlser
cramiLb. (OS5 SET_Hs6r o Carshsdr, wals 2L, yell Cumamena.
e L miganer gemr UG CFde S@indssts Curmerser Wearsl Sl
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1.1.4 Blevremr L miserflesr yiqLiLIeNL_LI LIGOOTL|S6IT
(i) e mseflenr (@eunewrLonsseo

@@ e L SSlen € DjigliLien D@ TeTLEl, (1 TSI Imen HMhidlE
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Qupesid rbs @@ SAemwlider Werer L pb, @ Werar L gdler
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Wengyr’ L gdlen Djemay, €-61 (PP eTar WL kG Gsram Lo salss williysefla
gCasad gearenp LB Qumdng. erarGou Wearayr L b q = ne. @&lé n-eremg
S PP T AELD.

(ii) Oesremm L ruseflenr yfleflemenio

Wenrgym’ L migamer &5Caum 2ifllésCaur (wpiquing. Weran’ L ojdlellemenio
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@@ embliber Qorsgs Werar Liorearg, AmwLliGd 2 6mer enarsg
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F_‘;l eramg) WetgrlLib g;-%ed, y By Campmelssiu@Bn el
erafled (L 1.3b),
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= k q1q2 A
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1.1.6 GunelLNpKESE) SS5F/6uLD

Cupurmbgise s&gleusdlan fpabd g 6reim W@ LD g, gg ... q,
eranip LSleenrl L misaflamed 2 anr(pb Wer ellenganwid Senrdsleamid.
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Swansgl Werar L kisaflame q; g 2 meun@gh Cwrss elas F.
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@@ ydraflufled ey, wWeryowd Gebeller epod erelLiLiGdng.
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- o E .
QeudLT SeTeum@LD. |E| —q_. e oé Qeleder @@ N CL.
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Qelwin@®n Ceumeuler jeTe|sEE M. &CGau

\Y% = Ed-t)+E't

v o - Za-9+=
& Eolr

v - i{(d 0+ i}
& &

s (h X-Bgrar Wareyr L b, q = A
aranCeu, WBlatCosHlullen WenGss@s SHmen

C = q_ gA _ EoA
v G[(d—t)+t} d-0+L
‘90 ‘9r gr
Wlesrasmiilest eSlemerey

NenCaadlaaticn, Q@ sL(HaEpsE QeLlull uGdHurars, awssT
Sjvag eravbleami  Cumemm Wemsmiyl  Qum@mermed  Hlyluliu@Bm.  sTHm)
Briutul Gérer WearCssdulan WaTCHs @SS e,

&,A
=0
Werrsriy Qummermed Blrliudiul Herer WeanCssdluler WlanGsa @ S men
. EEA
=4
CV
T =& seeg C =¢C

srhenEseily, WHD THS @ Werstliy ea_s5dh@n, & > 1 eeamugme,
Wesmis Qunmer eveudslinBibCung), WenGss@sdner HaisELb.
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1.5.6 WleorGsa&ullesr LiwtesTLIm(H&6IT

(@) srefllumd epdrmseiar, erMGurmer erfluyl (b ewliLsafld,
SLQurh ghuBeumss selissl LwaLHSSLILOSDG.

(i) wWerdlper eupmfsefies (Power supplies) Weranpss OO
Qn&EssmssE GODULSHEGD, Weardper A@IIGliged Asar Lwem Speer
Sfafsss Celweyd WatCssdlaer Liweru (S emmen.

(ii) WVerCosdlaer, Weramss Ama|smers Gsmpmelssa|bd, CrgGum
sHmisameT @sdlange| CFliwelbd LweL®HEearner.

1.5.7 blesrCasdlser Clgm_ii Genewr iiled womd Liss BenewrLiiled
(i) Qsr_Aewewtiier WenCaadlser

Ci, Cy, Cj aramp WenCas@sdpanser Osmam perm OlarGCasdlser
(ub  1.28) Gsmfleeniiber  @Qaemssiiul(Herersnads  HHIIGauLD.
Qzriflepanriben  Gsm@ly  (WpewsEh Cswudu@ssiu@n  Weara(ipss
Ceaugur® V  erans.  geueunp  WarCassSHuyd s Wergr L SjeTe|
Qsram@arerg.. C;, Cqg, Cg -&dlan G oerer Wenam(pss Ceoumur@aeer
papCu Vi, Vy, V3 erans. <56Ca, V = Vi + V,y, + Vg

e  WaCssHulder Qe Cw

o _arer Wlemam(pss Ceumiim(h ¢ C, Cs
+ - + - + -
s TR
n-da- -4 Rl
Cl C2 CS + - + - +
9.4 .4 1,1 .1 v o v W
= e Dt —t—
V=o' ¢ {Cl Co CJ \V4
QzrLfenemriLs Qgm@ider, -
Asreuwer  BaGss@sdpen Cg ooy, ULtb 1.28 Glgm_flenewriiled
<isHE V Blaanpssid <ieflésiiu@ibeuns, q 1Bl6o1Ces s hleseim

Weram L genslt Qumlmg.

Sgneug), V = Cs
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cranGeu, uwe  WartGssdlaser  Qgrifeaariile @eaarssiiumbCurg
Qgrguwer  WeaCssGsHnaiar smadp wdHiy, saissal WBaCssdaaier
BaGassGs dHnasefian semadp wHiLseiar @wml HF QsTassEs Fbib.
(ii) vss Qenewwriter WeTCosHls6r

C,, Cy, Cg eramp WanCséEs Smenser Gameam aparm WHeanCasdlser
(ueb  1.29)  uwss  Qearlldd  GQearsslul (HeatasTas  SHHEIGauTLD.
@eusilenanried, QswduBSSILEHL  Llenear(pss c,
Ceaupur® V' ereng.  geu@eurm  WlenCasdluder
Wemem(pss CeumumHid FOWLS @HEGLD. eLpeTm)
WenGaadlsaflgd o 6rer Wlereyr L kiger .

Wer  Gzaflsefler  Qgrgllder Cwrss
WereyrL L Ld I
q=9q; *+dg + 4z

q=C;V+CyV+C3V

gamd q = CV. @de C -wreag |, v ]
Qar@ller Ggr@guwer WBaCssEGSS D6 <, @EL0. Lt 1.29 Lss
CpV =V (C; +Cy + Cy) @mmut_‘ﬂsv
©Cp =C +Cy+Cy BlerCesdlesem
aarCel, Lss @aenlle  @earssiul(erer  WOanGCad@satien

Qzrguwer WaGssEsHner, salssall WaGssdlsaflar WaTCssEs Fneansefler

Gl (hg QFTnssH@GF FLb.

1.5.8 BlerGasdlullenien Cos8Hl eneussasLiLIL_ (HeTer 2y mmed

WenGaadl  eraigl, Werar Lgens Coedl meusEGh  FTeabd L @LD.
WenGsadluflener, Wleamar L smss Cssdl  auss, Geouevew  CeliwliiL
Ceuammgwjarengl. @by Ceomawrearg, WaCssdulaydar Hlave Wemanpss
< poors CeilssiubBng.

WenCasslufler s (HaEpsE Qe il Weaapssnd V ohmnin s
Wergr' L 1b q erens. sligh@Gs sm@sons sriul L Werar' b dq ereafle,
Qewwdiu’ L Geuener, dw = Vdgq

q q
= — ':V:—
dw =~ dq ( cj
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WeCssdlanw WenGearppd Qalieugsnh@ Celwiiul L Cwrsgs Geuame

@Bg Ceumewnang, WeaCssdulgier Blaollaranipss bHlane < Hmers
(U) CslllssliuBhdmng.
1> 1 _ .o
:——:—CV .o =
5C 2 (- q=0CV)
WenCasslwmeang), Wenaflmssn — Qeuwin@oGung, @bs DD
Fmoul Qupliu®&ng.

1.5.9 lesLgdl  bsnew  letenr L misefler  Lgeued  wpmid
Fmli(peneviaerlesr GlFwedLIm(b)

(T WlersLSgID A
s ullarTe, eanGorelLmem)
@eansslul (Heter, A, B erem
@m WeasLsgid Caremmisamerd
&HGICaumd. feupdler < TmiSeT Iy
DHHID Ty erena (L b 1.30). @b e
I~ Ty-3 Nl flsd erens. a
@Bs SewidpE Slefssiul L uL b 1.30 blestenL_Ld LiFe 560
Wemgnr L b A wpmid B 18g q,
LOHOID oy A& LUTefng. Caramiser A wHmbd B Bgrar Weargrn L o_igdaer
G LOHMID Gy CTEIS.

A e Wemem(pSBHID,

__4

V1= 4zen
Bullé emem(pssid,
92

Vo = 4zer,

Camemmiger @ananmasiiul (HaTarsme, eunlen WOIETET(LPSSBISGET FLOLOMELD.

2
v q=4nro
G % o
Are,ny  4ns Ty wware
G = 47750y

01T = OgIyg
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@FFaTLIT g 60 (BB, <7D GDDEUSTED,
WOleoemm L LTG5 SHFOIEGLD GTETLIG)
Qzefleurdlmg.

+ + *

urd  1.31-0  srlLdul (HeTer  eulgeulDd
Qamer  sLgduder Wemen L1 wyeued Egns L 1.31 Snippenes
@, euamere SFAPETET,  ASTEUF  TLD Clsweoim(®
GODEUTE 2 6T6T  FalLpenarsaiay, LSleanm L Biser
Quep  Sjearelled  QedpHmeEen.  upiber g
aiperarsamears  Gamar, Wergr b  Qupp, sL&SH e, S
Wenrgyr' L migamer Geu@ elenyeirs @Qipbg eflhdammear erens Camgenar epad
sardHlwiLL (HeTerg.

@sH@ES sTraD, FafiperarsCarm(h GSTLALLW STHH  FLPLSHT MISET
Sjwalwrssiu(Slemper. Crmdleranm L Siwafser FaM(LPEGTILITE
iyl Liiu@dlemper. erdlim Wereyr L Sweailser safpaarumed seurliu(hdlempe.
@samd smipamensaian Werar L b GmnssliuGSng. @eieurn, Wlerer L b
Qupp  sLsHer  smipamearsaiad(Bbg — Wetepr L b  sfdlern  Hlapey
Faf(penengeflem Qeweum S|DG eafleul L Wenafllpésid
crampep&slILOSDg. QBsS SoHFHeDd Werarn L smss Crasfa@n Hlavadler
erpSlrmisaiaid, wHmD Werard sLgdsaflaib LweaLHSSILHHGTDS.

1.6 Nesteriev sL_gd (Lightning Conductor)

e 2 wrorer sligl Bigamer Lileararedled(hhgl LUMgisnes 2 Saib @ ereflwl
FTgad lenard S UGD Qe apsssdld @)gsThidl eTern Famieugibd
o . @& slgLsdar aufCw sars@s Qedaid o Bar, s455 sTlTS
semgeners Caram(hererg. sagen S (pevanurarg, seyular s PSSO
Heng&sLInL_(HeTer SIS SL_(hLsir @emarsslLL (HeTerg. S| SeT
Cuepemarie  cramenilGmasss smipaoarsdr omlw  sToly  oaflser
@aarsslul (), sliglddler o wrorar uGHuled ameudssiiul(Hereng).

adliflengr L GQupp Cosbd slgldHear  Goad  GlaoaybGumg,
sLgHer g pevansefldy Crm Werar L b grawr Lin@Sng. Criderer L b
QupmieTeT Faf(paaEeT S 2 6merT STHM  POGITamsmer weflunssn
Qelidlerper. @g Gwasdler oerer erdli Wenanr L gdlem e LGdHeow Foer
Qauigl, Cussden WananPssE5mEsH G®DSSDE. SLSHwLMD Seugliul L erdli
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34



eunesT-19.-&lyms Guimasl

1929é grum’ J eumer-iq-&lgm eranieui Hleane Wlemailwed erhEID eeranm
QUIGCUENDSSTT.  @HET  ePEOLD 107 V  sarelerer <idls  Blepavidlematwied
Werranpss GCoumur® 2 pusd QeulinGSpg.

@\sen Cewdur@,
Blevodlengenm 0  HMILD
gafipanand  Geuur (s
&5 F|eumbISe 6 Siglin
LWl Siemwdng.

R 2 afrafl_Hp
o Carnss Gamerid A —J
LD 1.32-e STl

o . Ul enL
Ul (Hereng) Gumé

Wesmiyt CQupmn  grerraser

Bg  QummssLLL(HeTarg.
Carergdlenr  ewpwsHer B
eratp LGy, lensTiiyg
gremfler Sl LILGH &S
smded C ererp sy m
QummssLu L ererer. — \:9 WlersmiLs
ULRS gemlufeorar UL / SlTesor
arn  sUlsdr  aufCw

Qevdmg). 504 C | |
WerGom L vt or
POLD QsTLhg)
Qussliu®dng. sUbsErsE <MGs egrmatbrar srpameanger Ggrar D

[
A

[+

uL b 1.32 eunstr-iq -yl lestesfliimas]

womb E eramm @@ Sy augous sLsdadar Qurmssiul (Hererer. iy Dufer
Cridamarpssnd 10* V eramereder @mé@wmm Wadpear euprid Qsidpg.
iy E-oyang 2erefpn 2 Corss Careargdar o L Lpd G)evanrésliLL (HETerg,.

iy Dé@ simpéle 2 eer e wim e jegdlened, iipenend Caweumiq e
STIEUIONG  SMHON  Sualurssuu@GEpg. srHdled  26rer  erdliweilser
aiperanser  Cprsdl  pardlamer.  Cpigweflger  uleoleow  Cprss
ey L i@ dlemmer. @bs Cum jwellsar Ll @l s Qarareugrd Goed
Cprésdls Qeem Ly E-eow Qpmmgdng.

35



Hlavelleargreanm_c ssgleusder elaerours iy E  erdlidlenaym L b
Qumdlmgl. Garemd  Crprdleamar’ L semss  CQumidlng.  @iSlenenr L misar
Garertiuginie ureydlamper. i E-d o dter oifls oere) Wer e srHepm
swellurs@gdng. eaaCeol, edi  Wergr Lmiger uUleoLaw  Crrés
ey L i@ &lemmar. @Qsemmed Ll el el DepL b (perns, Hled 2 erer Cmir
Wenenr L migear FwerCslwtiul () el deamer. eraGol Ll SP0phiEGLCUTE
Wlengnr L opm Hleneeps ienLSlmgi.

@eueurm ey CsrirEfluns,  Crrderer’ L sas  Camensdlns
wromdlng. @sear elaereuns Camarsdler Wearanpssd @@ GUHL  eTadama
ooy L deam ey, HsMsgs CQesrarGL @ m&En. GCunhatar
Camerggled e L migem rhsliul (Pplquins Hlaneant eriqlie|ler, sThbler
SN WUTEESS 6 STFaRTons Wlenenrl L Bisea s&ws s migdlener.

o Wl WPSSSHD sTHm  BFLUlULL 6Too@d sosdammd Cararsams
gpeudlen epad, Camarsdler Wlemenr L& sHleneud GeDEEEMLD.

@willaraflwund  epd  QuUDLLGD 2 wr  WOETE@T(PSSD eSS (HL
Werenauudled LwemBD G Sjwellgaer (LGrmliLmer, 4wl Frer) wph&H@GelsEsL
vwetuBSSLILGS DG

36



11

(ii)

1.2

STSSHULLL.  SHEvuTS@S6rT

@Cr wrdflurer aparmy Adlw upgsd opCu -3 x  10712C,
8 x 10712C wpmib 4 x 10712C  Werayr risemers Qsmem(Hararen.
Seupenm gatanGwrarny Gsrhib HlawsE Csmar® eubg Mer GMNss
aaussLiLihdermer. (i) eeuGeumm ubHaibd Wereyr L b, (i) CSTOSIEESL
e eCleunm LUBSQID 2 6Ter DS ILIGWITET DO LIDHDTHEE HUITET
crusLprensailen ecranranilEans < Slucupans sansd(Hs.

seeue : q; = -3 x 10712C, g, = 8 x 10712 C, q3 = 4 x 10712 C
Siey : (i) @auQeurm updHand Wemayr L b

_ q, +q, t g, z(_3+8+4j><1012

4= 3
=3x10712¢C
Blergr L b Cridlenepr L b penswimed, eeuGleumm updler  WBgib
TOELTTes6T eramanflEamsuienr Gammey FHU(ILD.
3)(10712

_4_ o<V 7
n=_ =T o 5w =1.875x10

sl _pTansar aramanilams = 1.875 x 107,
Wer sminLiul L, @aGeurammib 6.5 x 1077C  Blargmn L b Qupp G
Caremaiger 0.5 m  Ogreoeeld  Gisgs  eeudssiul (Herarar.
Slamaus@Enssla_Cuwrear Hlane Weanaflwud elamsamwus samssl@H. Goaib
(i) Wener L hiser @LLBSTESULLD, GgTamoe] LUTHUTES @GamnasL
UL Cumgd ([{) Blereyr Lmsdr Wersrlyl  Qummerrer  Bilaydr
emeussliLpb Gurgid (€. = 80) ellewgamws samrésdl(Hs.
S&Heued 1 4, = gy = 6.5 x 1077C, r = 0.5 m

. 1 4,9,
giey: F = 4rne, r2

9x10°x(6.5x107)?
= (0.5)

=1.52 x 1072 N.

() Werepr i @ wLBsTE AHsfssLUl@, Csmemee| uTHwms
GED&SSLILILL T,
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1 2q,2q,

e (rg)

F -eowis Guré 16 wLmig
=16x 1.52 x 1072
F, =0.24N

(i) &, = 80 - 2w Bfed eeussiLBbL Curg,

F, =

F 1.52x1072
g 80

r

F, =

F, =1.9x10*N
13 2 x1078 C wduyeorw @ Ablu Ceauflar Wenan Lkisedr, A wpmib B

eraip Lematlaatley 6 cm @enGleuafluiley eneudsliuil(heterer. AB-anw @
& FhBb CQomgsgs GCarlge 4 cm Ggreneaiey odrer P eremm
Yaraflifled eneudaliulGarar, 1 x 1078 C Slengyn L gdlar Ssmar eflensamwiss
SETES ().
seaue : q; = +2 x1078 C, gy = -2 x 108 C

P-9é qq =1 x108C

Xp =4 cm or 0.04 m, AB =6 cm or 0.06 m

Sy :

q,=+2 x 10°C

= -2 X IO'SC
A X B &

<--3cm---><¢--3cm--->

A APX, -& @il AP = /42 132 =5 cm or 5 x1072 m.
Aufler 2 drer Wemenrl L b, P-ullé o erer Wegnr L seng F eremm eflenswimed
(AP aufIGw) ey (Hélmg.
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1.4

1 9.9 9x10°x2x10°%x1x107°
~ Are, rr - Gx1072)

7.2 x 1004 N (PB afiGu)

Bullev 2 eter Wemrgyr b Pufler o emer Wlenayr L sens, 2Cs F eraim
elengwmed PB aufiCw seurdlmgl. gGamaflec BP = AP = 5 cm. R
wdlissrean, ellensanw @\ Fmmserrsll Wilss Ceuem(ILb.

R = Fcos 0+ F cos0=2F cos 0
2x7.2x104 3 ["COS 9-%-2}
= X fax X5 ' PB 5
~“R = 8.64x 104N

manigremer  emeld r Ggraeeie 19Nsg  meusslLL(HETer ¢
HCrmlLme&@b, eroslrmays@n @eanl Cuwrer Hlave Wearealwd wHmid
rriwe eflengsaflan erem wSHUILGmeT @LIAHS.
seeu : m, = 9.11 x 103! kg ; mp = 1.67 x 10727 kg;
G=6.67x 1011 Nm?2kg?2 e=1.6x 1019 Q)
Sy :

TOELITEI&H@GD, LCrmlLmayud@n G Cuwrer rililwed alens
- Gmemp

g= Y2

Mmamiy e apiedle) ETHLITEISEGL, LCImiLTey&Eh Qe ulemer
gyraf Qgrenee| I erens.

@ Wener L mis@EpsSlan_Cuwmen Blepalerailue allans

_ 1 9,9
Fe= 4rs, r’
iz 1 94,9, 1 e’
F, 4zg, Gmom, = 47: Gm,m,

9x10°x(1.6x1079)’
T 6.67x10"x9.11x10% x1.67x107%

Fe 39
R, =227x10

@A mpg, Hlave Wearaflwd efens mrlibwed alensenwis Cumemm

2.27 x 1039 bLfiE cugieurs o dratg) erar SiHlweD.
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1.6

+9e wppd +le e @ erefl €777 rreTmoTos >

€ q +e
WOlGITEnTL L_igeiT gaddmbs @ @
wp@prermy 16 cm  Ggravaveiiey €-——x-—=D€—-(r)-—>

MeUEEHLILIL(HeTere. @ns @\

Wlergym L mis@psdlanulled, eparmmeug Werar L b qepwl, erliLjerafluded
meuSSTD @)g QFTLiThg Foblepouder @)m&@D?

F&Heuey : T = 16 cm sebeg 0.16 m; q; = 9¢e wHmb gy = €
Sie| : eparpreug Werar L q <weng 9e-adl@mHg X Csranevelad,
+ e-aOmpg (1 — X Qgraeeigib omeaudssliul HdTarsnss shg Garb.

1 qq, 1 9exq 1 qe

F= are, > T 4me, x> 4dus, (r—x)
X x

Croxr =9 ’ rex = 3

SO x = 3r - 3x

4x=3r=3x16=48 cm

X = 4—8—12 cm
=5 -

Sivag 0.12 m
epermmeug) Werenr L b +9eadlmpg 0.128 Qgreneveiedy emeudsliul(Hererg.
4 x 1077 C wpmib -8 x1077 C ydw @@ Vet L ks Lés ieTe
20 cm Osgraw ABP  eratp gouss wpsCasmamsdlenr A wpmd B
gperagafld eneudsliil (Hetatar. P ererm Lyemafludieh smewtliLiib Qgm@Liwer
Weryed Gefleneus sanméd(Hs.
seaue0 :q; =4 x 107 C; gy =-8x107C; r=20cm=02m

Sy :




AP aflGuwrenr Wlemyeod Eq

1 q1:9><109><4><10’7

— - 4 -1
47[80 rZ (0.2)2 = 9 X 10 N C

E, =
PB auflGu lemjeod Eq

1 q, 9x10°x8x107"7
22 - — 4 -1
2 0.04 =18x 10*NC

27 4ne, T

" E=[E?+E? +2EE, cos120°

= 9x104\/22+12+2x2x1(—y2)

= 9J3x10* =15.6x10*N C

17 (@) 4 x 1077C Wengr Lgded @mps 0.09 5 Osreveveier o dter e
yerafllfled Blamanpsssmsu, (i) 2 x 1072 C Baramn L sos wpiyedors
Qarepvelelmpg,  lyeraflsE  Qsmeam®  cup  Qelw  Gouadriguwl
Ceuenavenwild seanrédl(Hs.

o660 : q; = 4 x 1077C, gy =2 x 10 C, r = 0.09 m

Sie : (i) q; erarm Weneyr L ssmed ef Lerafuded Wlemem(pssLb

1 a

T d4rne, T
_9><109><4><1077_4 104V
= 0.09 X

) gy eeap Wea@r tsms wyelors CgraweiadmHg
Suyetails@ Csman@h euy Gaw Geuenrigws Ceuane
W=q,V=2x109x4 x 104
W=8x105J

1.8 HCl aumy, 2.5 x 10* NC! jereyerer Wanyesded ameussiiL@dns.
pealeurm HCl  epodadler e  @Qmpenar  SHmuys — Sper
3.4 x 10730 Cm eraflér @m epasambler Bg Qewdu@b Qumn Sy
Nensamws SeTsd (hs.
sseue : E = 2.5 x 104 N C1,
p=34x103% C m.
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Sie| : pwsamdlern 8z Qeudu@b Hmiy elame
T =pE sin 6 (Qumws Hmuy alenss@, 6 = 90°)
=3.4%x 1039 x 2.5 x 10*
=8.5x 10726 N m.
S apavssadlar Bsrar Qumos Smiy es = 8.5 x 10726 N m.
19  uwLgde sriguerareurmy sgirsdler (pananseafley epeudsliLil (Heter Lererfl

LOlGITEnTL LI e6TTeD, WS D o drer Larefludled 2 (HeUMGLD
WeTan(pS555m585 Famsdl(Hs.

soeue : g, = + 12 n C;
gy =-24nC; q3=+31nC;
qu=+17nC; d=13m

Sy :

P eremm yerafludlay Wleman(pssi,

{&JI_MQ_MQ_A*}
r r r r

V= 4re,

d 1.3
Qgreneve| T = E = E = 0.919 m

Qurss Wlerer L b q; +dg + g3 + gy

(12-24 +31 + 17) x 109

q =36x10°9C
LV - 9x10°%x36x107°
’ - 0.919

V= 3526V

110 20 cm uss Sjereyater ABC eramn gouss pasGaramsdlen o &flgafld
-2 x 1079C, +3 x 1079C, -4 x 1079C < dlw epany WearGenm L s
eeussLiLL(HeTeren erefled, Wleenrl Lmisar A, B womb C wpenpGu
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1.11

Wp&EGEHTaTSS 6 LGS mIGaT 6T
Wi ETet garme A;, By wpmibd
Ci-8@ poigs  Geiwulu@b
Couenavenwid sausd (Hs.

seae : g, = -2 x 1079C;
gy = +3 x 1079C;

g3 = - 4 x 1079C;
AB=BC=CA=20cm=0.20m
Sie : Wenanr L Siewliber WOame(pss <Hmed

- [ql% LD qaql}
drme, L T r r

Blangnr L migar A, B wpmin C -ssewer wpepGu Ay, B womib
C18@ @Luduwrdd Qe Qeuuliu@n Geuama,
W=U;-1;
U; womip  Up craue  ewliber, Csrids wHHDL Gm
BlEaTSs %OOD,

| = 90289 [-6x 10718-12 x 10718 + 8 x 10718]
=-45x1074J
U = 9(;189 [-6 x 10718 - 12 x 10718 + 8 x 10-18]
=-9x1077J

s Qewuiu®n Geauemer = —9 X 1077 - (-4.5 x 1077)
W =-4.5x107J
wieder aufiflargmn Lib, 2 cm Qsmeaado 9 x 104 N C1 e osms
o (heurds@Hpg erafledr Werar L Ber L TsHows sammsdl(hs.
gsaued :E=9x 10 NCl,r=2cm=2x 102 m

A
Siey : E = 27e,T
A=E x 2ne r
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112

1.13

1
1 [ 2z :—j
k=9x104xWX2X102( ° 18x10°

L=107Cm!
@ yerafl Wearayr Lib, Sigamer anwwiorss Qsmeam( Sewujb 10 cm
Sprpater, @@ Camer eugen  smeavedlwen upliy eufiCw  Cgdaiomm
-6 x 103 Nm2 C1 jerayérer e Leo UMTUSENS 2 (HeuTd@GH MG, erevtle
(i) srevedlwer Lplnden <yybd @EwLBsrssluBLGUTg Lriber eufGw
Qae)d Wlereols Lumugdlem eTeneld Sanrddl(Hs.
(i) Wlemenr L sHem i ereran?
goaued: ¢ =-6x 103 Nm2Cl; r=10cm =10 x 102 m
ey : (1) srevedllwen Lp9er <pyb @ WLRSTESILGLEUTIE, LSw
urlier eu@Gw Qaeaud Wer el uTwibd wrprgl. ghlamefld, e e
umud urlbgyer o drar Cwrgs W L samss Fmibgl e G saily
QTEMSE SMTHG AGHLOWITS).

» =-6x103Nm2C!

q
@ . ¢ =, orq=-(8.85x10712x6x 109
qg =-531x108cC

em Qoarssl H BaCssdlen ss@saflar Ly 200 cm?. sjeueim
sl (paepd 1 mm @GeGeiafludler 19MgE eweussiiLl’ (Hetarar erale
() HenCssdlsE 1nC Wearar L oeflssiiumn Cung, $50&EHSE
@erGuwrar Weer(pss GCoumur®, (i) =Gz Werar' L sdne (1n C)
@ ghgraae| 2 mmss FsfssiulLmeo Lw Weranipss Ceumum(
(iii) sa®aEprsdaCu Wer b ydlweuhanns sasdl(Hs.
soseueo: d=1mm=1x 103m; A =200 cm? or 200 x 1074 m?;

q=1nC=1x109C;

Sie : WeaCassdlulan aCsEESSH e

&,A 8.85x10"*x200x107*
T d 1x107°

C=0.177x 109F =0.177 nF

C
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1.14

1.15

(i) ss@sEprsdaGCu Wearanpss GCeumur®

-9
V = 22&79:565 \V4
C 0.177x10

(i) sshseEpsdoCuurar Ggrweoe; 1 mm-d@hg 2mMm-&s
9FlafsEh Curg WarCss@ dmer @\ WLBSTHES G®DUD. Lolamarn(lpss
Coaumium(® @@ wLki@ dsMa@0.

~oydu Berempss Ceupur® = 5.65 x 2 = 11.3 V

(ii) Bemyeoid

o _ q _ 1x107°
e, Aeg, 8.85x10"?x200x10"

o

E =

5650 N C1

sTom  Hlroulule, @@ @Qearssl(h  WanGsadlullen  WleatCss @S men
8 pF. s (ha@psdlan_Cw 2 dter Qsmenave| UmHwuns Gamnssliul (), Siser
@ Caiall  Wearstiyl  wrhled 6 Qaerar,  Werasriyl  GQumpermed
Blroudu@n Qurps WeTCs&ESSner creialere]?

soeue : C, = 8 pF , g, = 6, Wanami 2 drer Curg Ggmeneaay

d <erg d/2 <=5 wmmID.

. Ago
Siey : C, = q = 8pF
Qzreneva| LTHwTs Gapssliul (), Weasriyl GQummermed Qe Cleuefl
Blouuiu@n Curgl, ydw BlatGsé@dmaen,
g Aeg, 2¢Ag,

€ =Td/2 " a
= 2¢.C,
C = 2x6x8=96pF
UL  sTliguerer  G)enemri 1 G
e Qam@ WarCss@s SHneners 1I0MF_____
seéd ). 1 G
___4VUF
goeuer : C; = 10uF ; c,
Cy = BuF; 5UF
Cgy = 4uF
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1.16

Siey : () C;, wopd C, Qsrifeearinded GQevans sl (HeTarer.
Qarifl  ewewrilbed  @ememssliul(Herer  WaCsESH  FalLenoliben
Qzrguwer WarGCss@ SHmeir

1 1 1
- = 4
CS Cl CZ
1 1
= —+—=
10 5
10x5 10
CS = =
10+5 3

(i) Cg g Cg-wrem uss Qevaibe Qaarssiul (Heterg). LSS
@ananrliled, WearCasdlgaflen GorEuwen WaTCssESH e
C,=Cs+C5

C, =7.33 uF

em Qoanss’ () WatssHuler ssligar uriy 90 cm?

. Sjeuad(m
S (H&(@HLd 2.5 mm @ Geuafluifler NGz meussiiul(HeTerer.
WenGsadlwmeng 400 V epsgILen  @earssiul (B WerGearhmLd
Qriwliu®dng erafler, Dfd Cosdl emeussliul_(Herer Hlanay Llemelwied
pMMED GTEUGIETE?

sseued : A = 90 cm? = 90 x 104 m?; d = 2.5 mm = 2.5 x 103 m;

V=400V
Sie| : Qaanss (h WaCssdulan WaCssEsS ner

A 8.85x10"?x90x10™
d 2.5x1073
=3.186 x 10711 F

1
ad 2
2CV

WenGaadluflen <,mmed

1
=, x3.186 10711 x (400)2

< Hmer =2.55 x 10 J
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gest S0
(855 g6 I B) LEGSuiled, Clsr(BlssLILIL (Do eSleTTTESEBL &6vTE: &S ENHLD

wrdlfleGer. GeupewpiCureiyy, Lm_ L L@Sluler ebs @ eSlemeneauud o606V

SEMTHEIHEVTULILD 62119 61I6MLDSSHEVNLD. LoT6vvT6L, LomeveTefliiT Geor ST (B LiGSludleSk bS5

" (Puevevmoed, LML ClumpefleS(pBEID 6UIgeUDIOSGSLILIL & Tnigil eSl6oTISSEhSE LD
SEMIEGHEHSGLD SlenL_werflss oyuissD ClFuig) Clsrerer Galevs(Hib)

11

1.2

1.3

1.4

@M samanmys  sar®, Ul®S gaflyrer Csussiiu@n  Curg
+8 x 10712 C Sengyn L gews gndns). i85 Thms0sTaRT Sid0s ©)0hS
TOSL_TTengaflen ereurantléens

(@ 5 x 107 (gpng) (b) 5 x 107 (@ppss)

() 2 x 1078 (Quiss) (d) =8 x 10712 (Quibse))

Q@ yerafl Wlemam L miser, &, = 6 Carawm sar_ssdlo, d Ggreaaeic
Wfsg eeussliheisme) 2 (heur@d e Wearaflwd oleans 0.3 N.
QeupPlLsHlev, <Gz Qg renavalied LY f MEUSSILILLTED,
S|blear L kisEpsHeaLGuiwimar ellens

(@) 20 N (b) 0.5 N
(c)1.8N d2N

@@ ydreafl Wearar LsHallmbgs 2 m Ggraeeie Wleanjowd Camey
400 V! as0sreeeid @isar Wajws Qsfle; 100 V!l o

S{ELOULD?
(@) 50 cm (b) 4 cm
(c)4m (d) 1.5m

@ yerafl Wlenenr Lmkiser +4q womb +gq, 30 cm Ggrenevaier Gflsg)
@eussLLL(Hdrarar.  Sbllatar Lhsmer @Qa@ars@n Csmiigear  WBg
eriiyarafiudléd Wemeod &lwim@h?

(@) Wenggr b +0-Amps 15 an
(b) Bengyr Lib +J-eflmibg 7-D AN
(c) Wenggm L1 +Qg-admpg 20 AN
(d) Aengyr L v +0-aO\mpg 5 AN
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15

1.6

1.7

1.8

1.9

1.10.

Erman e asHer, HosHDHE GQemamuns, e SiFE AMWWDTD (7
W6 @ (HPene EUSSLILIL LT, ig 2 auTTeUg)

(a) Qwrss eflengenw WL (HLD

(b) Hmiy ellengenw L (HLD

(c) Qurgg efens LHMID HHLY ellens @QamenL_yLDd

(d) Qurss ellengubd e, UL llensybd e

e @mpenamufer enwisHampg X Csranaeiier enwub LeTaflufa
Wenran(pssbd, aon@ Crisss6aile Sawdng?

1 1
(@ = (b) =
1 1
© & (@ 7
‘a ussh Cerar sgrsHen prang epevaser A, B, C wpmib D-sasefléd

weopGu Werarl Lhiger +q, +q, —q LHHD —g @eudssLLL(HETaTer.
sginsSlen anowid O -6l Wemar(PSSLOTas),

q 1 29
(a) 4re, a (b) dre  a
1 4q
© 2 a (d) s
@ yerefl Wenanm L miseflen Wenanpss <pmma (U) ... <, GLD.
9,9, a9,
(@ 4re,r? (b) dre,r
(c) pE cos 6 (d) pE sin 0

o Werarpsst urlifer o eter @@ LetaflasEns@ Qe Gu 500 pnC
@' L gens BEiss aiwlimin GCeuame

(@) &9 (b) cunbyerer Cpis@m wHLL

(c) cupbyerer erdlis@M wdiy (d) wigelled

EDSERTL 6T s EheT 6Tgl aLEHOT jemeum@Ld?

(@) @oyoar doius doear  (b) Be@ efams

(c) Wemyevid (d) Wener(pssLd
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111

112

1.13

1.14

1.15

1.16

1.17

1.18
1.19

1.20
1.21

R dpafler <@

(@ C2N 1 m=2 (b)) Nm2 C—2

() Hm! (d)NC2m?2

1 smaub Wergyr LSS mpgl 2 (heun@h elanssGar(safler erementsamna
(a) 1.129 x 1011 (b) 1.6 x 10719

(c) 6.25 x 1018 (d) 8.85 x 1012

Weenpr L LS o Cameawr, @@ rHardli Werayr Lib Cupm 2 Ceomsd
5&H&ER&HE OeuallCu 2 arer Lerafludlad Lilemevd

ro -
(@ 2¢c0 (b) 2¢g0

o ;
(c) o (d) s,

@ Qaarssl (h WaGsadluldean WleaCss@ dnarmeang), sL(Hs@nsdaLGuw
Wersriyls Qur@meneats Caream@® Hlrlyeusme, 5 puFalmpgs 60 puFse
<iflsfsdpg. Wersmiyl CGumr@efler WensmliLy wrhled

(a) 65 (b) 55

(c) 12 (d) 10

Blergyn’ L b Quipmiarer o erefhm o Cersls Lpg e, & e wsams
eriiyarafisafiey Comhmielsdng,?

(a) Gararsdime CeuaflCGu (b) =ipan uplGenr Cod

(c) Gamargdler o L Lplbd (d) @@ wLkiE CsTenaes@ 2iliume
Blevaw Wemaflwalled gaaud elflevwds gam, Siger CeusLT elgeisamss
GINRICH

@S mer wHmD eliLjend NHSHDeT CTETHTED GTETT? MG  GTeLEUT)
Qar_yu@SsLILL(HeTeren.

CohQummhgisen s55015ms llaTsE.

@@ Uerailufle LSlaed eueTLm. ST eSS Faldl, e LeTer
Werar L $ame @b Wearosdharar GCaraeuamuits Qumns.
Werellengds GCamhseien LaTLSmETS dams.

e @) mpener erenmmed eranan? LWl @ Hpenaruien SmULS Hpener
QuELI).
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1.22

1.23

1.24

1.25

1.26

1.27
1.28

1.29
1.30
1.31

1.32
1.33

1.34

1.35

1.36

Erman WeLegdled encussliil(Herer e @mpaneruden L5g GeweLIHIbD
Sl ellengsarer Camancuuienars Clumis.

@ Ermenr wHmL ErHm Ve osHed e Wer @ mLpamer @oausslLIHID
Qumpg Hlspeug ereren?

e @ mperanumed oFsxs Camiigd o 6mer @ Lematuled, BHeuamrs
Camlige 2 emar e Yerafludled e jed Qgdlelpsmear Cameameuanwils ClLmis.
e Yerafluded Wlamampssd cuanrum. @& @@ VEHOTT eTeUT Djeavg)
QeusLir jereur? e Letafl Wenar L &amd erhuBIb Werean(psssd hsemer
Camaneuenwils Glums.

Wemem(pssd wHmID Wenen(pss Ceumunrh @eunarn CoumihSsis.

& Wlemem(pSs LTLIL| GTETMTE) GTETET?

@@ yerefl Wlenenr L misaflen janwlifer lenamnpss <HHD 6TemmTad
cranen? Spnsren Corancuuileneris Clumis.

e @) mpanamume FHLUGID Wl (WpssdSnarear Camaaiamwils GlLmis.
et el UMUSENS GUEDTULIM. DAS6T ADDES H(HsS.

srev elflenws gmm. @esli LweaTLBSS, () Ermenr Weran L LT
Qamewr apgefer, Baw, Cormer sLgd (i) q Wergrn Lib o e w
Wigeilor Fnger 50, Sweaibapl QUTHSS WOETL|OBISMETS SenTsd (Hs.
WNenCa&8l erermmed erenan? 9igen WeCHS@GSHnanen euanFum.
NenCasdluflen  ssgieusms efleufl. @ Qamarssl (B WearCssduder
WenGass@s Hnanssrar Careneuanuits Glumis.

WengmiL — erempred  eranan? @@  @emenssl(h  WlenGgadludlen
s (HaEpsdlan_Cw Wersmiyl umerdens emelilgme FHLmHD elenerancy
cfleurfl.

@m Qoanssl(h WeaGssdl o Weasndsgiar @Qenamss Ll (herarg).
5&HEERHE QL Cu 266 CsmaaesEE Fbbrear Slgoear OCaramr
WOl eTa ML L LITEITLD, 55HEHEhsHanCwl HES$sUUGLGUTE
(i) BVenCsadluler WanGsa@sdmen, (i) ssbsEpsslan_Cuwrer Wlear b
(iii) ss@sErsda Cuwrar Werar(pss Ceumunr®, Geunpmlad eremer
anara) GHUOBDS?

NenCasdlaer Csm_MaemiiGaibd, Lss @Qeaaribdain @ aeamssliu(HD
Curmg eflenaryd Ggrguwer WBatCssGH Snarsamend srems.
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2

137 om Qoarssl (h WarGssduld, Crilsg amaussliLBib LHne (ZJ_C T
Biyeys.

138  WemamiGen WeT(penanUTES0 ETeTmmed Greimen?

139  euner-ig-dgmi  Weralwpdlufer ssgieud, el wHmL CFwdUHLD
cgsang elleuifl.

1.40 @i, Wemamallen Gumg e wrsdanguier Hlhuams el gm smiar (car)
o aGer @MULG LTSISTULITENS]. 6Ter?

&6T018: (S 6T

141 @m yerefll Wenepr Lhiseaflen sgmBger 6 p C. Geupdlsdleo 40 cm
@ Caafufley iemeu eweussliLhn Curgl 0.9 N allenguLenm qerenn
Qe SeUTE DG eTarled, DLOGTETL L BIGEMETd: SHerddl(hs.

1.42 @m Adlu Wergr Lib Qupp Csmermiisdr gearepQuream 2 x 1073 N
MensuLer eyl (pdleammer. e Camargdlern Wasmer Wearenr L b wHOeSL
Cumed @\ wLRiE WEb. Werar L higafld gardeear wH6 el b
10 cm Gsmeweels@ GeuallCu psisdeamed elevswmearg S5 X 104N
G, bWl L higemarwd, HeudpPlDdanLCuiwiner igem <prbLs
Qzrenevaienand sarsslHs.

143 qm sgirsdler preng epevosaile  +g, +2g, +q  wOHMD - YFw
Werenr L s eeussliul Haterar. g = 5/3 x 1079C erafléd, 10 cm
UGS Carar  SFsgITsSHen epame N Lmisdr Geoul s CEmeTEnLd
yerafludla e osamss sanrédl(Hs.

1.44 10 x 1072 C wpmid 20 x 1079 C erém @ Weneyr Lkiser, 0.3 m
Qsrenaveiley WflEg eneussliLi(Hereren. @eusll(m Wenayr L misafler @enL g
Qzrenevailer epows Yetafudad Wenanipssd womib Werjod Gehameuds
SITEHTS.

145 5 mm Gsreweded @fss eeassiuct, 2 x 10710 C wpmgo

-2 x 10710 fengyn’ Lkiser Qaram e @mapeanurarg 10 V ml
Erman eyl 60° Csramsdedr eveussiiul (Herergl. (i) eeuGeur(
Weer L gdler WBgid Qrwdu@b elansufer eram Wiy wHHD SHos
(i) yoogsred CewduBssiu@mn Hmly ellens < flucunhennsd Sreams.
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1.46

1.47

1.48

1.49

1.50

1.51

1.52

1.53

1.54

am Bler Qmupemandar Wergr L kser 2 x 1076 C wpmiv-2 x 1076
C @rawpb, 1 cm  Ggreneelled WMgEH eveusdsliuil(Heterer. Ller @)
weoarwurd (i) FaECsT 190, dFem embwsHdmbg 1 m Csrenaalie
o grer yarefl (i) phHeuenys Gamlige, ewwsHalmbg 1 m Csrenaaied
2 arer Lemerl < dweupdled erpUBL BT Sms s Santsdl (Hs.

+q wHmb —-3q eem @@ Werarl Lmsar 1 m Gsraeele Gilsg
eUEGHILIL (HETeTar. DiF6 HFHSCHT Iq60, WeTar L misEndd@ G e uded
eriiyarafiudlay Wlemempssd sOwLmE@GD?

60 cm ussmsET QsTaTL @@ FoUGS (WP&Caramsdear o Félsafler +1uC,
+3uC OHMILD =-5uC WlerenrL L miger meuss UL (HETeTet.
@illeanr L misatlen enwliber WOeTaT(PSs DDOE HanTés(Hs.

10 cm @er g Gsmeveeler 12 uC wombp 8 uC eramm @@ GbT
Weenr L miger 19M&g ameussiiul(Heratar. Qe Sagreanwey 6 Cm .8
@ms@wrm, euhan 4 cm Csrevwe| QpmedHs Qarar euy Qe
Ceuanrig i Coumeranwid Saumsdl(hs.

e 2arafpm, 10 cm ussb Qarar sear sgirsHear mwwsHd 8.85 uC
e’ L 1b eneudssLLIL(HaTangl. g6 eeubleum, Lisssdler euflumgand
Qae)d WeTel UMUSMSEH SHTas.

0.12 m b Qarar, Gsrer elges sLgdluller UFliy  (p(peugID
1.6 x 107 C Wenepr L ib Egrsls ugellwererg). (i) Csmersden o arCer
(ii) Carargden B (i) CamergHen enwwsHelmpg 0.18 m CQsrenavelie
2 arer Lemefludleh LT {eLD eTaimeumeum@GLD?

gaQamarmib 4 x 1072 sq m uply Gsrarl @@ Qoass. ()
WenGssduler s Qs@Essdea Gu 103 m gigwar Qs WensTiLL
Qumrmer L@ssLu®dng. Wersmiyliburmetlen eqliLenn alE&Hmer 7
erafled, WaCasHlullen WTCaE@SHmeners santsdl(Hs.

@ WenGgadlsar, Qg m_iflenamriflg b (WE:2:3 @aenanrliGgLd
@oarssliuGanar. Qb5 Q@ Gearliyseiaibd S sslitumib
Qar@guwer WerGCss@d Hmerser wperpGu 6 uF wpmb 25uF eefle,
SblanGssdlsailen WaCssEsHDensamerds Hantdsdl(Hs.

WNenCss@sdmer 0.5 uF womid 0.75 uF Qsrem @@ WeanGCaadlaer Liss
@eariile @aardsliul(Herer @ Sewlyrer 110 V. Wergeb
@eamarsslul(Hererg.  Wemepaddlen Werepr LD womb  eelblem(m
WenCasSluflgyd o 6rer Wlenenrl L b SreTs.
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1.55

1.56

1.57

1.58

1.59

gpemm WOeTCasdlaer LGs @Qeanariibad @ ameanmasiiul ()
100 V Wemsosgien @eamssliul (HaTerens LL LD

s (Bdpg. BlaCssdluler  Cam@libe  Caslsg

EEk

aeussILL(HdTer Qs pHme ereme?

®m Qearssl(h  WarGssHurarg, GO |
Wenan(psss5dlad meusslLhEng. s6HsERsHm Gl llOOV

3 mm swen Camar_ g UTeTD L@GSSUUOS DS

S&HFHERHG QLG 2 drer WeTan(pSs5ens OTHTLO Meuss, H&H&6r e
QL sbsmmeoe; 2.4 mm. dswrsstinBdng. umasdlen LSlenasTiiy
wrhldeows sarsd(Hs.

@ Qamarssl () WarCasdluder s&bHsEhsda_Cw 2 6rer @anL Gleuafluder
Brendled epenn UGS, WenasmliLy wrled 3 o e w Wersmliyl QurmerTed
Broudu@dng.  Besriyln  Qumrmefled  Callsg  eeussliuil (Herer
< HmeSlen F&6ISLD erevmes?

2 UF c,
C
UL Gdleb srl_ LUl (hérer Lot b A B
Cssdsaflan  Semen L smss sTams. | i
Cogib ameusaflen @enCuw 2 arer 2UF s C,
Wenanpss Coumum’enL & Smevs. I' |: K
120V

geaCeurarnid 9 pF eanCas@sdmer Caram pperm WearCssslaer Cgm il
eali9e @aeanssliul(Hererar. CAsm@lder Qwrss WaGCssH@sSHmenn
wgl? Casm@liurerg 120 V epesgiLen @evamsslinhibCung), eeubleumm
WenCasdlufler @ent G| 2 erer Wean(pss Coumun( wng?
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1.1 (b)
1.6 (a)
1.11 (a)

1.35
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54
1.55
1.56
1.57
1.58

1.59

eemL_s6m

1.2 (¢ 1.3 (g 1.4 (o 1.5 (d)
1.7 (d) 1.8 (b) 1.9 (a) 1.10 (d)
1.12 (a) 1.13 (d) 1.14 (d 1.15 (d)

() @fsfs@w (i) wrprdmsagw (i) wmrdmesn

q; =8x10°6C,q,=-2x10°C

q; = 33.33 x 10°9C, q, = 66.66 x10°9C, x = 0.1 m
0.9 x 10*vm1

V =1800 V, E = 4000 Vm!

2 x 109N, yasdler avsuder, T = 0.866 x 10711 Nm
360 N/C, 180 N C1

+q -afelmpg 0.25 m Qsraaid

-0.255 J

5.70d

1.67 x 10° N m2 C!

s, 10° N C1, 4.44 x 10* N C!

2.478 x 10°9F

C, = 15 uF, C, = 10uF

q=137.5 uC, q; = 55 uC, q5 = 82.5 uC

0.3J

. =95

50%

q; = 144 x 107°6C. q, = 96 x 10°°C, q5 = 48 x 10°6C
V,=72V,V,=48V

3 pF, eaGleurammw 40 V
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2. 0 esr@evrmL_L_eSlwiev

Wenrgym' L migafler Quisssamsit Lni eflerédssaniqw @uihLawedier e 19fey
WenCermLeflwen@d.  Werer L b  GQuprs 2 Corss  sLsH el
SEIESHHO|LaT QMEEOTE UAMamsSIULTS @@ Sl &L JIearser, (phisHn
perpulled @@L SBGWLNE QsTLbg QunSls CararGL @)\ms@n. Gurmefler
QeuliL Quiss 215 W Hoad Gungiwragns @ MULSTED, Safllssalurear g dsefler
Qeuaflgsnl ndd o6ter ereslgrearsear  elheldsiul (h  Curmefler aufGw
Qunigdlamer. T, oThs e LieTafludabd, Wereyr L misefler Qsm@ Lwen
QUL sPwur@b. eranCel, WenGerm L b Flasprg. QBg eroslpreaser s (Hmm
crosLlgrensar (free electrons) eramiL(Bb. sLGDMT eTedLFTansmar, @GOl
Sansuller Quinis meusss GCsameuliL(Bb Lp hnae Wearallws@ olens (emi)
cremaomd. Wenaflws@ ellens eremug elenswice. parme. @ penaruidadl(mhgl
LHEADT® (PdaTHEE @rad Watar' L smg baisss Cawlin@hn CeumaurgLb.
sLsH®, m @GIUGlL  dosulle sl@Oor  aoslpragafler el b
WenCGerm_Lseng (current) epuBSs1HnG.

2.1 BlearGestm_L_1d

sl gadear em ugHular PGw Bleargr b uryb eisb
WenCerm_L1b eram cuenpumGSILOSDG. sLSHulen em uGgHaw t st
sLbg QFoaib Qwrgsgs Werar L b q eafld, WearCarm b I =g/t g6 S0eE
Fa@Ib. T e @ ellanmg. WerCarmLid I ybilufléd @hlssiin@®b. Wereyrl L b
umyb eigd &rmes Sewwrelliyed WearGanm L b srogsmsl QuImisg wrmLmib.
eranGeu WlenGanTl L gler sanTiodllienLs i = d_CtI CTEN FaMHEVITLD.

WenCarm_L b e evCaar jaray. Cri Werar L misafler Quss SHeos
DG crsLprarsaien Qs SHegsE ordli Sang iy WerGerm L gdlen
Henswnad CQsmeareriiu(HLb.

. . . J i E
21.1. Gupiy SlewsCGeusidp wHMLD — - —
Buwss erevor (Drift velocity and

mobility) |§<-® D O

Wenssg e @Qeearssiul L XY

ey sLHews smgs (UL 2.1). X-d@ I I

@mng Yoo Crradls Qewupu@n E ererm 5 1 B Comm L g .
Egman WarLeb sLsSHuler HmeuliuGSng. uib 2.1 BletrGenm_ L& sL_gg]
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War o @dars Blaouid sLgHuled o der s HDT TOSLITSHET 6TOOTSH
Sengsaflgd @Qumdls Garargmadammer. @sarme WlearCerml b eHuL Mg
Sarmed, e CQFudu@®SsiulLaj e Y (paanuid o 6TeT eTeds  Frerser,
e eosdng edi Hamslildrs F = eE  erampn ollengens 2 ewr(pd. G)geumme,
s prensear (PHEEMLBg, e@aGCnrmbLmamib, sLgHulle o erer Crmdler
SjweflsEpLaib CorsasEL U@ dlermer.

Cuorgader eflenateurs  craslpreansafler 155  GenCamsdwu  eflens
QawpuiBib. erarGel, Gemal Gogleirs, Wersdna edlmer Sensuie, v, eremm
Erman gyrefl @upuins HasGousgiLer sereriiLBdeamer. GeuafllimsHedmbs
Qrwdu@Bib Wler Lesdlermme, sLgduler auldiCu sUGUurLpp Qusssdld o drer
cslgrargar g dafldsliubhn  HosCausd Quuius HosCeusd erar
auTWMIESILIHEDS. @) CrsdsErdd@ Qe Ul L syrefd sl T eremeb
creosL e QUMD (PH&GFHD a erealbd Gararme, @iy SaaGausib.

v, =ar
m flepp Qaram cresLpmen 2 ewr(Hd ellang
F =ma
eE
aerGel, a= —

E
Sy =e—r:,uE
m

e
@mnE ﬂzicrﬁim_@ @Quwss erawr (mobility) ereriu@b. Q& @res

o  GararL  WerosHeamed Qupliu@Gn @iy HaosCGausb eer
aumrunssiuhdng. @sar <@g m?Visl  @uuy HosCausbd wWeaw
adlowsE Coissseilsd <moyb. @gar wdHiy 0.1 cm sl oemele Wss
GODEINS  @)(HSHELD.

2.1.2 blenCerrm L gyl (Current density)

e yYerafluller WenCearmlL oL igd ereg, liyerefludled, wWlerenr L b
Qurigh HmssE CQsmEssnss smsUUBD, @rog urlber aulCu gras
sTgdHed UMb Werar L SHler jere| eram euanruUmss LB ng.

A emsg Oel (U uriy Qerar_ sLgduder eulCGu wmyd 1
WenGeanmLsHparen WenCemml L oiLiigd J eramLig

S _la/n_1

A A
BlenGenmml L iLii$d QeusLi Sereun@bd. Qg A m?2 eam st
GM&SILHID.
* Ss@eapeunar WerCarr b wppd s Cpy WerGerm L Curapeel 1 eremm
GO yermgyd  wop WearCen L mismear 1 eramm  @pluilgemmayd @Uium. mrasled
G@OIGSLILL (HeTarer.
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2.1.3 BlewrGenn_L_sdln@d BipLiy SlewsCoussdn@ 2 srem Glsm_iiL
L ferapd, A @néE Qaul@u ugiyb CQsrarm. XY erearn sLsdHleows
smEs (UL 2.1). oger paaseEpsdaLCu E eaeleaw Garar wlemjaid
Qrudoumssiu®dng. sLsHldear  q@rog  umwoeaflld  oder  sLHom
TELTTENSET 6 eTewmentl&Eena N 6Teis. eTe&HLTTenseT U,y eranm Hleneowimer @) pLiL
HensGoussgILem @)L LILIGHOTES @)UIhIGLD.
sLgHUNG 2 e SO crevsLprensatien eranreantisans = NAL
croLrefler Wlenanil L b = e

sLggluller auflCw Lmyb Qorgs Wenenr L b = g = (NAL) e

L

Wetgnn L misar sLgHlulen auflGuw eda @ smab, t =7~

a
P R O 2
sLgHuler auflCw umyb WerGerm_Lib, I = T = @L/v)
a

I = nAev, ...(1)
sLgHller  afGw  umybd  WBearCermLb, @l  HasCeussHna
CriTggs6ild enLuL.
I
gwerur( (1)e @mbgl, A = nevg

J = nev, ‘: J :£, L&G%[Gmrrll_l_é{l_frg‘dﬂ}
2.1.4. eublewr e8] (Ohm's law)
SOITITEY GHEFLDGHT GLD GTETLIGUT Lilaimenm(Wpds CeumiLimig @D WlenCarm L gElmHEL0
o arer Ggm_rrenus Hlmefenmit. @ eullen 648l erari@b. g sLSSHullen aufGw
umd WlerGarmiLLb
I = nAevy

) eE
QML Uy =~ . T
< d =~ m

eE
I =nlde —7
2
I _ nae [-.-E:K}
L
mL
@mE, V earug Weaaipss Ceumun(. nAe’s GG <66y

Qar@ssiiul L sLgdé@ wrhladlurgb. @Qg sLsdHular WargenL (R) erariu(ib.
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ITLaV
@QeuaiFliLig., wror QeutiuBlaeouien, sLgd eamler eufCu umuyb Ermer
WenCGarm_L1b  sLgSlullen pamensE @erliul L Wenarpss Ceumumiqhs
Criisgs6ild emu|b.

Ssreug I o V Sevevg I = \Y%

< ==
=<

V=IR sbeg R= |
sLgF @eadlear (poars@EnsE @l lulL ]

Weem(pss Ceumumigh@bd Siger eudGw umyb

WenGen T LS DH@LD 2 emer Sa6 HLGdHuler WlemseanL

e euempuUDESLILHSaDg. Wagmi e 0@
ohm (Q).

Blargenulenr sl WL S5 SHoen
(Conductance) <@, @ser i@ mho (Q71)
Werranpss Coumun® V, WerGenmlLib I §@ Crrsgsseier eweugrd Viommib

V—> X
UL b 2.2 1818 aL_gdlullest
V-I euempLiL_1d

s @eLlul L euepurd (LD 2.2) @ sLSSHEGE CrTCsmns enou|b.
s eader aufGu Frmar WerGerm b umybCurg wi HGWL euiler el
QuUITBBSILD.
2.1.5 geor levigemL stevor MM LOl6dTSHL_S) 6T6voT

a5 aer WagamLwreag (R), sigsar Sersdng (1) Crrssseiaib,
Gn&EE el (B urlking (A) erdliTssselaib enu|b.

Ro +~ swagR= 2
a o ey R ="

p  eranug sLSHI Cummeier sw WG Aog Sem WleTsaml eTemr
GraTLiLI(pILb.

l=1m, A=1m2 aafl® p = R

@re@ Barpb, @reE @GmdE el OU urlyb CQsrar. sLgd e
WenGeanmLsH M@ LSS Wlengsen Di&sL S Gummetlen ser LolegemL 6Temr
eren ueTLIMIGSLILIHEDG!. p-6it 2iev@ ohm m (Qm). @& e @GHUGL L 2 Coorgl
QuTHEHEHE@ LIHlESILTELD.

geir lesenL eTatmentlen S L6 SLGg) eTarT eramiLi(ib, © = P

WlessL_gg) eranmentlen i@ mho m! (! m)
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2.16. ger leigem etevoremflesT g LiienLufled  GlLmBeTSEN6T
UHSLILI(HSS/560

saTlengenl eretr ereitigl ep(h Gummatlen ApLiGued @b, HunpeTtsamear,
sLgdlser (conductors) wpmib sriLls Qummerser (insultators) eram @) CLimHLD
Wleysermals ARAssomDd. 1076 — 1078 Q m erémm =ierefler GapHs sem WansamL
crawr Gamawr 2 ConsmisEnb, 2 Carss somauseEsn (alloys) pohsLsdserns
Spoud. Qe AHE YHmed Gl ghuLmod WleatCarm L smss FSThislE
Qeg)bd. TOSGIGHT_(Hser: Ceudrafl, Sjgieaflub, sTllb, @@L, LnievL e,
B&EGrmb, wrisailer, srerevl st e Geuliuflae 2 w@mbGUTg o Camsnigatsn
gen WangeL Qeuliuflena eTewm 2 Wb, sTiLL Qurmersenss 108 — 1014 Qm
eranrn Aemeiley & fls seir WlensenL erewt @) MHE@E L. WenGearT L sHn @ Ws 1idls
Werr gevLepwd Hbd. @QUCummeTger Wleansl sl CuUmmeTgHer erarliL(Hib.
THSIHIGHTL_(HEET: Gaprantmly, e&ST, Ui (amber), @euriliev, WLI&s L,
Qsstiemer (Teflon), Cusamel_. @eualm uam&sEhs@&HD @ea Ll L QummeTgeT
@ sLsHser (semi conductors) @@ (Sl Leuenant 2.1). @eumdler HLggib
sameln G@nal. Gon sLsdsalan sar WasmL eam 1072 — 104 Q m ojeredléd
WD, THSGIEHT_(HEET : Gegymnreiuib, Sadlsmer.

Sl Leuenewt 2.1 gempoleuliLifleneouiled seor LolesTHemL 6T6vtTE: 6T

(CoinéE e-fugemm)

auensLILT(h Qummeir p (Qm)
sLgHsar Qeuerafl 1.6 x 1078
Smslyb 1.7 x 1078
Sigyiflaflwib 2.7x 1078
@ (mibL 10x 1078
@D SLSESET Qe meflwid 0.46
Sedlsmen 2300
Wersmiyl Qum(pergser & GHT G ITIg- 1010 - 1014
DT&HSL_enL 108 — 101!
GeuTTL6L 1013
Qi 1013 - 1016
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2.2 BsaL_5815 Sner (Super conductivity)

sngngemt sLgdlaer, Ganhs Geuliuflamosaie <idls sLsgs5Snaman
Qumdlemmar. W&s Gembs Geuliublaasald, o S o Carshisdr, ojmausafler
Caromiser wpnib 2 Gorsds soameusaiar Wergam &Ll wdlimu el ujb. &L
BlargeLwjLer WaCammlLsmss SLSSID Seupdlar s B&6LGgiSSH e
erariu(Bb. @uiuasent QeuafliLBggd Qummdrser WasL sHser (super con-
ductors) eremiLiHib.

B&sL 5515 SHpaer (psedler smoradlms garev (Kammerlingh Onnes)
eremueur 19116 seamdipgrr. 4.2K  (uLbd 2.3)
Qeutiuflaneouded ursrssdlen Wensaml . SieGyar
&P L SoLcumss saTLPbsTT. 19576

Lm0, Fa I, GG [Jo oLIIT <, HCwimymed
NersL_ggid  uaryGsrer  Csmeatens — ellaTdsid T

sriulL gl @g BCS Qamérens erariLi(ib.

TSI SLSSHGET, FhIGET LoleGeneni R
Helrar  @Qubg  SssLsdsarms  wImIE 6
Qautiufleney  GQuwiey  Geuliufleded  SjDevg) 0 TA(LK?K_>
oroiflepe Geutiuflenew T, (Transition tempera- ) o
ture) ereriu@D.  Quwie)  Geuliulaauid ’-“—"0.2'3 ’-.’”.5’75957‘”7
WYetreu(mLd rmUTHEET SrenrliuBE e BéeL_gg) Sles

1. gemllengenL eranr HHlLITSETDG.

2. BensL_gg eranr (pigedeom (Infinity) wiliemu e g

3. smhsl umws GCarhser Gurmeladmhg @Hisds sereriiLibhSlerme.
SsaL_gdlserflesr Liwestasem

1. SssL6g @Qupdlsdr (generators) emwliysafley, <pméd Caudliiyy
A SenlILEETTS WEsLFSHEET 2 dreme.

2. BssLgs  SHpar  Cerar  smhsmsar  @Qruidd  eueaTgsenar
sanT_eumarhisefley @ mBg 2 wWiss Lweatu@damar. Was G@mnbhs <YDnaaL
vwetu®SS @ruied euemgawt s fls GCousdgL e CFgSamD.

3. @rrs@s_(Hseflan 2 galuleam, giamarsCararaamer CHrq W jeumbdler

Ul LUUmdgsE e, WasLsgidpar Qsram.  &Mhs e SAWLLSmETL
LWL (D SSEOTID.
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4. SssLggmfpen  QamaL  srpsmsmars  Qara(,  STgIES@MeTL
WN50sH&ED, Wes Smer aumlibs ThITRIGMET 2 (HUTHSOMD. @& SMHShIs
aerll LweTu(hsd Boa Hlaeouid o der Agdsafldy Qmbgl, sligsamer (Tumor)
2 (heUTGEL LFwsmer, 9fas sfla| s srhsliILoSmS ) Qama® Wfssamb.

5. Bsa g5 Heowwle odear sLgdsalld WarGearmm Lgsdlear euadeno
LOTDHTOL @QHEGD. 2sGeu Seupenn Wer Sjelildls sblsafled LiLeTUHSSOMD.

6. saflafigaiicr (Computer) flamemey (1) CoblEEhd gl s
FamsaTTad OFwe L (hdlemper.

2.3 smiuen Wengenwnsdlsem (Carbon resistors)

&HM&sO WersemLwnsdleer arelley uflugrsalb 2 (Heuns@h GlFwe]
Sflswrse|bd 2 daar  earGel, sriuear WergemLwnsdleer LWL
u@derpar.  sriuer  Uigs  GQwoGolh  @eudssiull  Cgrmsls  (Ceramic)
2 GTEMTESHTD UG STiUeT  WengemLWnsHungh. Geneuser,  jaralled
Slwgnse|b, HasSaanoleaL WSTEa|D, e @GHMDEUTaTSINGE|D 2 GTaTeT.
sruern WeargenLwnsdaaiern Wersenl wHliser, eundler g Hing @ik s
QLB GMssiu@b (i Leumean 2.2). epam Hnd @GOHluiH 2w sriuer
WerseLwrsdluied e pevaruild o 6rer GloueTell jevag Smigs euameTwiLD,
WersenLufer wIMLGD HfeTeneud (tolerance) @Mls@b. gmeug), Wemsan uden
orour’ () eiFmes (+) GMsdng. Qeudrafl, smsbd, Heuly, vwly Ho
cuemerwmigafler wrmUTLH Setelser wepCuw 10%, 5%, 2%, 1% <y ELb.
@eucurmmen Hlp eueaTWID EFGILSleanad

wryurlH oerey 10% erenGou Qorss Sy

Quefled, LIMULH SfeTe] 20% ererL OILL_au6me6seT 2.2 STTLI6sT
QurmeTUOL. SAHSS (penaruied o erer BlesigemLwnsdlseafleo Hins@EGMui®
WP @Qrenr(h CUENETIIBIGET Lilegem B sTetT
mﬁulﬁ]@T @a;aﬂujl Grmr@@a;asmrr@m'. P 0
Qs@iLer Cumss Ceuamrgw  10-er _
SpsdHamer wwg slsaiar (zeroes) HeHY 1
CTGRTENT SENEENW  LPGITDHITEUS]  GLUENGTILILD flauliy 2
GP&EDg). 2 TEHS 3
T(HSSISSTL(H : ULID 2.46) (pFed L(EpEaT 4

LD @Eh&eT uanemSSH D@ W erenr 4. AHSS Lsens 5
sargm  euemeTwSSHHGMNL  erewr 7, .
gperpreug  euamerwsSHH@Eiwug 10
< GLD. Geueiar] cUEnETWIS S 6T 26T 7

8

9

Wersen 47 x 103 + 10% WG LD. Qaueitenlo
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oargm S(mLIL|

LDEhEET B EHS Qeugraf LUy / SAeuiy Quimabr
N pd v N\ P e
—) ))) ) — —0O))) )
47 000 + 10% 1 0 00 +5 %
uL_tb 2.4 smiLest

uL1b 2.5 &miLiest lesTgemL_wiLd

lenigen_wsdluder Blms@nlui®
9igsmeugl 47KQ, 10%. uLb 2.5-a 1 k Q, 5% smiuer Wler senL_winédl smli
UL (heTerg).

SHHTOSSE D, BT6(E, [ILEICTNING FTTLIGT WlegenLwméSlser
vwerL@BssliLhdlermer. oo @GOl LwerurBseaien 1% womib 2% wrmur’ ()
SfeTeEeT LWL (HSSLIL (Nl emper.

2.4 Blest gemLwinsHaeflesr Qzn@liy (Combination of resistors)

WersenLwnsdlsemers Csmearl. eraflu  Watapmiseaiied euilen  eldlanuis
vwerL(BsS Qsm@uwen WearsamL s sremerd. Wler e wnsdleamer Cgmi
WLHMID LSS @enenTliL|safled @)enemTéaseaITLD.

2.4.1. Clam_i Gewewr iLfled lesr HewLwnsdlser (Resistors in series)

uLld 2.660 sriigueTerLly

R
QzrLprs @ enanrss LI (HeTer

. R, R, R, R,
Ri. Ry, Ry Ry a1 pWW_ MW MW MWWA__

Qarer  Wer gL wnsHsemers

—V—>«—V,—><«—V,—><«—V,——

&S(mECoumibd.
) ) ) uL_1b 2.6 Clgm_iflenewrLiLiled
et S LITSS ST . . ]

. . lesTg 6L wiinéSleeir
Qargrse 2 arerCuUTg), geubleum(m
Wer  savLwrsdufen  eufwrgejd @Gy  oete] WemGerm L  LimLb.
WersenLwirsdlsaflen  Qsm@lufer (poarsEpsE QoLtu  CdFgissiumin
Wenanpss Coumun(ph Verafla, Ry, Ry, Ry wpmidb Ry e senLwinsdls@ehs s
Qe Lul L Wenan(wss Ceumun® =V, Vy, Vg, V,

guler eflglliug V=V, +Vy + Vg +V,

V, = IR, V, = IRy, Vg = IRy, V, = IR, wpmib V = IR,

@QmE Ry  eramug) Qsmim Qeenriiy GQsmglider Ggm@uwer Wlemgsen.
WG LD.

aaGeol IRg = IRy + IRy, + IRg +IR; or Rg=R; +R, + Rg+ Ry
25Ca, QarLgrs @ameanssiiul(Hdarer L Wear Sl wnsdlsens@ CgmEuwen
WensenL, safllssall Wer senLwnsdlsafler Wengenwinigeilen g BSais@s FoLb.
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2.4.2 uss @ewewrLifley WlsnigenLwrédlser (Resistors in Parallel)

uL 2760 smligujererUly L&

\%
Gean19é Gsissriud Berer Ry, Ry, R, R
R, WengenL Qsmanri e, LlemgenL wims L. MW
Slamers &g Gourd. @Qs6gTELYLer V R,
Wenaflwse — elens  Csmawr  epeold L, MW
QevamsasliLl_(heTergl. Wer sepLwrslsar A —>— R, ——B
. Qe o . L, MWW
UGS @eneanrlilled o ererCumg, eeubloum(m R
WersepLwnsdlullen  @m&sCs Wleanan(pss I, NV\;V\
Caumur® V -&@& sLoib. R
| Gsretleer swiud Loadn G 27 s Geemiude
WOerGerrml_LLd I}, Iy, I3, Iy eraois Gfns \BlssemL_winssdlser
wpapGu Ry, Ry, Ry, Ry auflGui Qadvgyiid.
@uUGuTg
I=1 +1; + I3+ 1.
gilem el lliLig
vV o,V .V .V 1%

=g BTR bR Irg wpmb I = 7~

P

@QriE Rp eramug) Lss QevantiiLg Asm@liber Qgm@Lwen eSS ELb.

aranCel, U WersemLwWnsdser Lss @eaeanrlile @amenssliLhnéung,
safgsall Weasamwnsdsafler Wagamular saadsaiier gmBsen, Csm@Euwer
WlangenL_uler anedé@F Folbd
2.5 Qeuliuflemevenwis enibg WlemgenL_

Qunmersaflen gem Wengen erant Geulinblenavenwis Gummsg wrmLIHILD.
Qeutiufleney 2w  Gungl sLsdsallar  Wersan  flafs@n. 0°C-a
sLggCwmerdler Wearsen R, wpmibd t° Ced Gy sL_gdlufler BlamserL R, erafle,

R =R, (1 + af)

@l o erermug) Weangen GeuliLiflenay erair (Temperature Co-efficient of
resistance) eraiLi(Qib.
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_R-R,

Rt
1°C  Geuduflened 2 wireumé® UL
Wergew  wrmuUTligH@ED,  0°C-é e drer T
WensenL&@Lb 2 6rar s56| Wersan Geuliublane R(©Q) 1
eTenT Gren eueprIMESLILHEDg. Cleiliuflenaenuils R,
Qummsg  WersemLuiled gHu@L  wrmUTH 1'
LLLb 2.860 Tl ULl (heTers). 0°C T (CQ)——
2 CamsmIGET Crirg@m WlersenL Lh 2.8 QeuLiu
Qeutiufleney  ereir  QETa@T_enel.  SFTeUg), Hlenevenws smins
Qeutiublene 2 wiHLGLITg Seupdler WarsenLu|b 65T 6mL_LOMHMLD

9FafNEELh. Werasrlil QUTmETSET LHMILD G n
sLgdaar  erdlis@n  Werga Gesliufleane et  CQsTEmLenel.  DIFTEUF,
Qeutiufleney 2 wiHDLCUTE Deupdler Warseanl @Gamwb. er&is@n WlemgemL
Qeutiufleney eresr Ggmart Gummer (Thermistor) erer <ienp&sLiL(HLb.

2 Carss soameusafler Wersam QeuliLblenay eTamT GamDeund @) (H@L0.
2.6 Wemaevgdlen sllenigen (Internal resistance of a cell)

@@ Bearapdler UpsGs, WearGeam Lib Wasasdear Coripameanuie @) mbal
adliperars@ F&HMld 2eter  CeicuGoum samsaiien aPCuE CFaaid.
WenCerm_Lormang  Qsr_iéfluns  Senow, WeasosHaner o der e
dlreugdlen (electrolyte) eullwins oigean erdlipananie @Qm@mbg Corpeneands
WenGerm b umw GCeuemr(®d. @eueurm Wersosdaier WlenGernm b Clgaeab
Blapelied, wWerswsHeanet oarer Wearug SHreud  WearGarml LgHD@E @m
WensenLenwis smAngl. @gl Wensssen isdlersean erar (L.

yHwgrss swmilésiiul L Wersosder DsLasmL GMmDeUTs {enou|b.
BreTenL_elled e ASleTHL DS ET&ELD.

GeureOL_ LB L_ewys  Glasmevor(h

Wlergsevgdlest oyaLbletigenL_enuis (V)=
SHTEVVT6L
|

UL 1D-2.96) &I wj@TamLiy. L6 IFi,
@eerriiyd Gewtiu@dng. smedl K .
Slmbs Blenaoulled 2 arerCumg,
Ry . .
L&G?TBSGD‘Q';Q[D@ | GosTs e e .
argenl Qamarr Ceuredl LS Lanry K —

Qemensg), Wasosden Weameusa uL_b 2.9 iblesraeverflest e bletTsemL_
Nena E Sjerell LG g
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o winflengen Goumedl_ B eflevdswew W&s Gonhs WearGearm L SamasGw
ThEFIH Camear@Ephd. ysomd Wersnan SHobs s&HOTeaCol smsod. erarGel
Goumedl_ BT Sjarei( WangswsHer WenailwisE elamamus smb. R ererm Sdlw
wdliyerw Bearsea eualFmpdlad @eameanssiiul (), smedl K epLtiL®dngl. Ré@
@eiul L Wenempss Ceumum(h Werswssen @GmaGs o drer  lanan(pss
Caumiumig e (V) swoib.

Ré@ @enLinl L Weanpss Caupiun@, V = IR (1)

Blargsder osllageam T srparons, Ceurdl ST sTl(Hd
Sjereunang) V, Wensasdler Wemallws@ allenganwueilds @Gamneuns enLouib.

@uGurg, V=E-Ir <oog Ir=E-V

...(2)
serur(h (2)eg swerur(h (1) % uEGEs
I _E-V (E=Y)x
RV or 1= v
E,V ovpmib Rer wdllyser Csflywrgeond Wengsosdler islemsaml read
SETHE e LD,

2.7 dliggsol1 eddlaen (Kirchoff's laws)
@lar  alfemw  eraflu  WeaTEDMISEHEE
o HCL LWeETLRSSOMD. Sl&snar &HDHmsEhHsS
Srgs.l ellflasemers Lweru(Bsd WenGerm L Lb
SDg WTAT(PSHSMGE STamTedmd. @Fed @)
Qurgleldlser 2 ararar. 1. g e WenCearm L
ehld) 2. flrgg. G Lemen(pSH 695
HligeooLleor (pFe0 NP : (WleorCGeomm L eS1])

e Wasphle, ahstans spAUAQD 1y i) 2.10 ices e
b &Hlen WenrGesrm_L_miserfler G&Hudlwied 1BlesrQevrm” L el
gl (H505TNS HHWLITELD.

spflenw Cpradls Qoo WearCearm b Cris@d 2 mLuwg erame|b
shulle @ mhg GelallEteiand WeaCamm b erdlis@d o gl ereameb
QamemarliLi(heug LY. UL b 2-1060 sriliqueareriig, ¢ Wearandled o erer 1,2,3,4,5
aranp sLgdser O erany shdliGe spHliLgras smgCaunbd. sLgdaaiern eulCw
Qeg)d WlenCerm_Lmiger penmGu I, I, I3, Iy, Ig eramled, &liTdFaeoll (LpGed
clllufeimig.,

I + () + (Hlg) + 1, +15=0 or I, +I; +1I5=15 + 5.

spdlenw Cpradls Caogid WerGearmm L bisaflen gmBisd, shHuled B
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QeuaflFagid  WerGearm L misaflean  smOs@s@GF &ob. @Qbs Hdwurearg
Wenrgnm' L oflellenenin aflglulleig andmg.
Sligaoolletr @yevor_md el (levterrpss elSl)

@ eplgu Werandler CeucuCoum vEHsefld o drer Weargen WLHMID
WenCGerm_L1b @pflweihepls GLimeE eumd Serajseflen @Gmuiluid gl (HEsemano
Sibeplg W &Hiled 2 ater Weaflws @ ellengsafler @olulwe sl HE0STenss@E FLLM.
@eueild) Hme Sjflellsmenioudeiiy. enElng).

Werahn euames@hsE HTdg. L eflflenwis nwearuBhisgibd Gung), WenCerm L
Sensanw cuEhHl g QL EpsPlurss GararerCouam(hHib. HamsEsEhsEs
Sy sramibGung, b smSHw WarGerm L fagwrerg umuyb WearCeanml L gder
SHevsuildr sjanwwirediged WenCerm L b erdligG@dlyen Sjenwub. WerGerm L b
Crrg&@nuyLen ewbsTd, Brd s dHamsudledr o a@rewwnear WearCerm L Lb
S|ELOULD.

GILALL dlmsmws sGIU G9DE. o LAWMW__B

&G  (PpdwsEGh  2iCs sl R, I [
LwearL(hds Couant(HD eTamUMmSs: Heu6GhE b §
Q&merer Gouamr(Hib. ereueUTmTUlleniid, R R, R,

lTggss01 @puanrmbd efldlenwits LweTL(hHgEID -
Curgl eoeHfwTas Qeoaib WeaGamm g ——r, E—r, T,
L igener Cpiié@M 2 L WISTHA|LD, —T— MW T MW —l_D
F R, I, E R, I
UL b 2.11a SiggooLs eSldlaser

@Lepslwnss Qeogid WlenGeanTl L nigeamer
THTSGM 2 ML LFTEED &(HGGeuTLD.

uL 2.11a-6 sriliquerer WeraEHans &MHSaTLD.
ABCDEFA et epiq il LTengeniis &(hlemme,
LRy + IRy + Igrg + IgRg + [[Rg + Iy + [R; = E; + Eg

E,, E3 eamm @Qm Wersemisaier wWlamGerm L his@pd eiaEhaHifluins
S|ENLOWYLD.

ABEFA eraiim eLplq LI LTSS

LRy + LRy + Igrg + IRg + 11y + 1Ry = E; — E,

Ey o Léim o eier ardlig@ml, germ WlenCarm L 1b @)L @h&HILTE DeImSs
GIEICTY

Srgsel  @rewrimd  ellfuder LweruTlen  eflemtds  (Gemeu(mid
sHneuemasaied Limb WerGeaT L samgd seanrdsdl(HGoaumb.

66



DOEEIEELMON! A L B L C

oL 2.11b-é dlirdFsl  1psed
dfleow B spdlysel uwatuBss

132Q 60Q2

WWV =

20Q
-1, -13=0
200V 100V

I =1, - I, ...(1)
3 17 "2 T —|—

ABEFA erenm epiql LTeng& S F D

I, E 1,
132 I3 + 201, = 200 ...(2) Ltb 2.11b dligeers eflesr
gwearur@® (1)e swearur@® (2)d
Mrdluf
132 (I; - I,) + 20I, = 200
1521, - 1321, = 200 ...(3)
BCDEB, erenm epiqll LITenSSES,
60I, — 132I5 = 100
I3 @ wéldmu (1) Gmpe 10Q  s0v 50 70v
Grdud Al MWW B
- 601, — 132 (I, - L) 050 050
= 100 80
- 1321, + 1921, = 100...4) < 100
soearUT(hser (3) womib (4)ms
& a0v 50 30v
I, = 4.39 A wpmid I, = 3.54 A I MWWA_|
0.5Q 0.5Q
(D5&I5STL_(H) 2 UL b 2.11C &ligeo%Ls eSlFlseir

uLbd 2.11céd smicliul@Gerer epigur aHiler ABCDA auflunss Qadgib
WenGarmL1b euEh&PLTs: mbeistss smHleamed, WearCarm b CriréE

2 ML WSTGLD.
10I+051+51+05I1+8I1+051+51+0.51+10I=50-70-30+40
I(10+05+5+05+8+05+5+0.5+10) =-10

401 =-10

I—ﬁ— 0.25 A
T 40 T

erdlig@Plwureng), WenCerm L b @)L @& lwrst umieiamss GH&SHng.
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2.7.1 el _ev_er swenssmm (Wheatstone's
bridge)

gl elldlgaflen wpasdlwuwmer LwemuT(
G 6V FLoand &Hm @D (UL 2.12). eSevL e
soerg &pme P, Q, R, S erenm WensenLs6T 6
PGl &HHEdD 2 (HeUTHEGLTN @enearrds UL (HeTaTer.
E Wearalus@eians QsmarL Wearson A whmbd C
Yerafls@psdlen_Cu @anamssiiul(Heterg). Wemsas

gedlmbg GeuafliLi®b I eremm WenCearm b I}, I,
I, I, eeamp preng ugdsermsl Gfdearmg.

sroeuamBlLfar e fCu Qg WenCGenm L Lb | |

Ly smédauanm B fer WergenL G. I |EI
Srgss.l WanGarm L ellfleows B sndls@L LiL1h 2.12 6SL-_eroL_esT
vwerU(hES FLO6VTE HDM)]
I - Iy -Ig=0 (1)
glirga..l WenCarm_ L aflglenw D snbdlé@ 0 LweaL(hss
Iy +I;,-1,=0 ...(2)
glirga..L Weanan(pss aflglanws ABDA eremm elpiq i LTenss @& LWaTL(HSS
[ P+IG-I,R=0 ...(3)
Slrga.. Weneampss alenws ABCDA erem eplq i LUMens&@L LeTU(HSS
P +1,Q -,S - ,bR =0 (@)

sroeuamSl L &l elessbd sl HbGurg, B whmb D ydraflgdr oGy
Wenan(psss5dla janw|b. Cogyb Iy = 0 <. Iy = 0 ereor gwemuim(hser (1), (2),
(3)@ QArHud

I, =1, ..(5)
I, =1, ..(6)
I,P = I,R (7)

gwarur®&er (5), (6), (7)er wdliysener gwerur(® (4)6 GrHudl
LP+1,Q-1,S-I,bR=0
I, (P + Q) =1, (R+S) ...(8)
swerum(h (8)e swarum() (7) e aIGES
L(P+Q) L(R+S)

1P IR
. P+@Q R+S
P R
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Q_,. S

=1+—
R

Q.S P_R
PR T g s
@5Ceu soerE s&Hm FoHlaeuld Smwasnsatar Hlubsmarurgb. P, Q,

1+

Rar wdlliyser Qsfpsme Wemsan S-6 SlliamLs samsd L.
2.7.2 b i swews apm (Metre bridge)

ileven gweard sndler LHCADTH eugelCw WL FoamF &HOMELD.
Blangan nssamilésssss pam S4d5s STOFL Ll el ser brliuoms Wg
Qummssiiul Hererar. epearm Tl UL &@h&E Qe uller G, Go eramm @)
@enL_Geueflser 2 crerar. e WLLT Serpbd, Ermer Figoeyd Gamenr wrhiseflen
sl AC  ereyCosransE Qeanmwurs  wrliumamslear g5 @QWSEIL
QumrmssLiul(Heterg (UL 2.13). sbiGuler wpeverser @@ smslyl L L safler
pevasafler Lupmeameussiiul(Hererar (soldered). wdlliy Qsflwing P eremm Wlesant
G, @ Geuaflufgid, Q eremm Ly 517 (Standard) Wemsen G, GenL Qeuaflufigid
@ eassLiLL(DeTaTe. P
J eaeam 2 Corss
Qesr®Casmamearg B

sreoeuemSLLT  (G) G,

LHMID 2w WergenL ©
(HR) <ypflweupmi e

QaT_rres  @amenssL L,
ul® B 2Ler @Qenewt

fmgl.  QzrHCsrene I I

sbulled FCHeLDd e(m Bt
yerafluder  Qsm@iommy vt 2.13 1B L FLo6v1s SOM)

Qawig @ aerriienL

ghumssard. AC sbiluller wpanansEns@s Gnists Coswmesl Wlsmsaet HMILD
arell @lenantda LI (HeTaTe.

BLLr goend shn sbluler g QsTHCsTme BaTdH srdeueammSL LM
WenGerm_L1b  sflwngrm  QenwCeaar@®mn. @uyéarall J  erems.  sbiGuldien
Adopmid JC ugdsdr eflever swearg andler R, S erem Wler S &@hs@EL
udlers senwdlarmer. @UCUTI

P R r.AJ
§ S rJc
I TG e Hard sbLAudlen Wletgen L wm@Lb.
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P_AJ L
g JC |
Qre Ad =1} wpmb JC =1,
L
P=Q L
Unssallss55655 — oamelld WLl W Sigloarmer Syl
Ul anLs@pLer Wersanser @aarssliul L GCurdlaib, snld AC-uder (peparser
UL G &(@hL6m LDHmeneUdEsLLIL iq (HLLISTD, (LPEe LOGTSmL SITeaurLons El—eiﬂ
wdlnde Amibenp ghuBib. Quulmpaus seiliss, P wnmib Qamet @)L wrbmibd
Qg gwer Qb yéarell J-earg sbA AC-wler ewwsHnHEG oimSled
@ maELrn SareiBsdr @Méssiul @, P -er eprefl iy sawmsdiur Gouamr(Hib.
2.7.3 g6t1 LOl6TTSH 601 6T6V0T SHT6vOT60
sbQuier Wergen (P), <rb (1) wombd Berd (L) <ydHw Loﬁgi]ﬁjqasm
Qsflywreme sbAL GQurmeilenr Fer WesamL crarenam p = P GTEITM

L

FoaTUT. L& Q&Teant(h) SaurddlL_emiD.

2.7.4 BlesigenL_ GleuLiLileney eTevTencvvrss &mevvTe)

ty, ty, Qeutiuflenevsatieh &I& s(meT gpemdlan LWlengeL &6 (panmC R;, Ry
R, -R
erafley, sLIALQuTHefen e ereir o = ﬁ TN FLOGTLIML lq. 60T
epeDd saurdd LB Eng). v 2t

2.8 lesren(pssones§l (Pontentiometer)

Wean(pss Coumuim’enL SjemedlLL LweTU (I LIGRE
Wananpsswraflurgd (urb 2.14). @b 10 Sici fembd Qamewr. Eymer
wrhsalea Sdeg srearevlerer &b, wrliumms g QuTESSLIUL(HETarg.
10 S sb@ureng 1 S

|

FBerd Qamewr 10 L@dserns,

RaMSCsTaTny  @QenauTsL A
QummSSL UL g (h&GLD.
s09&6@E Qeemwrs  BLLT
Slate Card gemm  CUMHSSL

Ul pSGL.  sbAL LT  Wler
@aarlieou  ghuBss CQsmhH B
Camed J LwerL B ma.

| B 3

o o o Y Y |

uL_tb 2.14 iblestevtps s iomenf]
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2.8.1 ilenevipssionsflulles &5 g6Ld
Wl 6 et (1p & & o weafl & |1

-~
-

solAler A, B @pavars@nss I Bt K
@eLCw e Wasw AHSEG

Bt, smel K fumes A el B
@ e anr & & LU L (h 6T 6 e .

@uGurg  Weran(pssLonead I I G

s uler euflCw I ererm Fymen E

Sl emCarml_L b Limuyih v b 2.15 iblestevrps s onesflulles &5 6.0

(UL 2.15). @8 (psereg

SFHOTGL. @7 (Wpseenn Wer seer, SmeeuemBLL T, 2wl WeTgenL  LHmiD
QarOCaraLer QgrLprs Qaarsslil (), iger GChirpanen Llemar(pdsnretluder
A peveiLer @QenenTSSLILL(HETeTg. Q)G SIMERTE FHDHDTELD.

A vpmib J&@ Qe tiul L lareanpss Ceumur®), Wlangsaeaien Weral s,
Mengs@s gwwn@bd Curgl, srdeueam WL Mear euflCu WarGerm b Limwrg.
@uCurg sreuamBlLiT &I ellewdsd s (Hib. AJ ererug Fwer Qaliujb Berb
(Balancing length) cremmiui(ib. swen Gaiwbd Barbd [ erefled, AJ&@ GenL il L
Bleanwss Caumur®, AJ =1Irl @u@b. 1 eranug) @ Berd sbilulen Wersam
wpmib I eraruig) (pgeneniog &Hmler CFaatd LlerGarm L Lb.

S E=1Irl

I pmid T wrledlsearns Seweugrd, E ol

arenCeu, Wegeaien Wenalws@eilansg, Foer Caiiwb BarsHne Crissseie
<janoud. @g1Cea Wenan(pssoneaiuilen 5&8ieunmELD.

2.8.2 blewenipssionevflenwiLs

vweTL(hGS  ClET(HIGSLILIL L J
8w lesisevstiaserflest  lerevt] |t (

we&@ eSlenesener eLiLdl_ev Y Bt K Rh
Benanpssiomalls sl AB A J B

< egl, Wanse 2ihd@ (Bt), #mel E,

(K), ergen. wmpil  (Rh) Cll_| |_lD1

S FweupmiL e QFTLTTE ©)anenTs Cc D G

sUUl (Heterg (UL 2.16). @sl C, D,

(PSTEDDF FHDTGD. OlTar(pSS I—| |_I

wraflder A apevar, DPDT- E,

srefludén (DPDT-Double Pole LiLtb 2.16 B Wlsiresevstrssertles

Double Throw) evwwipener C, WBlesrerfliss@ eflensssmer Uil _ed
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o e @eenssliul(Heterg). smellude wh@mmm wpever D o L e srdeuarmSLL i
(GQ), 2wr Begen (HR), Qzr®Csmed (J) yfuemes Qsripms @eveammssL
ul(ererer. DPDT gmelludlerr C,, D, wpenensené@ e Cu E, Wlaralwss eleans
GerearL Wersoaib, C, D, wpoasenss QoL Gu E, Wlarafllwés eflas Clemamr
Wesaead @) enenésLiLL (heTere.

e s&hMléer  uryb  WeGam b I eameyb, grog Her
Wenan(pssonais snilufler OIS T eTETe D &(HIIS.

DPDT sgmeflldler C wpmid D wpevanger C,; wpmid D, wpevensenL e
Qevemriyl GumibuigE Qaiigred, E, arsaer gienans shild @)aanrésiii(Bib.
Qs gmeilepw  Wenanpssoraids sbGWbear g psisd smeeuemSiLim
sifleflssbd sl (Hibuigs Qeuwtiu@dng. Foer Qeaiun Berbd 1,6@E @eriul L
Blenanpss Coumur® = Irl,. Weranwssomeiuier ssgieuliLiy,

E, = Iy ..(1)

E, Wangaer gienams sniler @eaenru|ibiy DPDT gmelilepwéd Mg 9,
sreeuarm BLL M &1l elosasdbarar swer Qe Berb L, sarsdiu®@dng.
goer Gaub Herbd by &@ @enLiul L Wenenpss Coumum(® = Irl,

E2 = Irlz ...(2)
searUT(hs6T (1), (2) e u@Hss
E I
E2 l2
em Wasaflar WearalwsE ofas (E,) Qsfbs wdiemwg erafe,
wHEmT Wenseaier Weareaflusa elamsmu (Eqg)

E, = El% erar Gamireput LweTU(HSHE SeanrddlLcmb.
1

2.8.3 fleviesflig@ eflens wpmd ibleerpss Goumyim e eLil_ed

1. dobs Wearanidle, om Wersalar @@ (PoasEhsE @enL il
Wenanpssmisaien Geumur®h Weralwusgeiams erariu@b. epguwl  Wlersnblad
gCaad @@ Lereflgaflen Wenanpssnisaier Coupun@, Werarpss GCoumuim(
GraTLiLI(HID.

2. Wenaflws@ ellens Weanan e @anamés il (HeTer LG amd FTiHS]
S, game Werarpss Geumurirars, @@ yetellaEns@ @ent il
WenseL_&E Chissseile ienoub.
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2.9 iblestevTTHMEL LHMID W6t mest

R Wlangen Qaranr sLgduller audCu I WenGeammLib t sresdnEL
umipsmred, sLgslufen culGu Gaaayd Wearanr L sHlem ojarey, g = It. e 2i(ps5s
Ceupur(® V Qamemr @\ Letafls@psdlan Cw Ceoaid Wergym L b q erefled,
Wenenr L Sensd Qaass Gguw Ceuargw Ceuened = V. q = V It.

WenGeanmLsHemmad e eflemmguiled Gauwliu@n Geueneuler emey
Wledlmer eremiiLi(HILb.

Qe Ceuemev VIt

e medt = = —
$ip FMevld t

Weranpss — Geumur®  womd  WenCearmLgdler  QUBESDHLIET
W6l m eI @&F FLoL.

V = IR eremugemed, Sper = I2R erar oianiowid

Wenrarmpmed eremmigy Geouaned GElwb FHpewwr@h. @ser 2@ joule.
BanL_(penpudled Wlemermhmaned Sjerall eurl wenfl (Wh) @ieeg HCem aur’ wenfl
(kWh) erenin ie0@ uweauGdpg. 1 KWh jereyerer Wenermmmed 1 wefll (unit)
GraTLiLI(HILb.

(1 kWh = 1000 Wh = 1000 x 3600 J = 36 x 10° J)
2.9.1 eunl” 15 (Wattmeter)

LwerL®SsLu@L  Werdpaner emed i Lweatu@BL Smedl eum WL
GLD. SFTeugl, Wl &HM aThled @I @ srsdHld LRSS ILHL pHnane
SlaTeillL g Fnlqgwig G Qasmedlude, Hlaownsl Cummssiul L, aufld s(mer
Curmerm e Camg sDAF HHeTHERSEMLUG0D DeLSSILLL @QUIBIE SH(HET
o dTengl. @WInkIE SHEBL6 GDpeT gern CQUTHSSLILIL I HSGD. GDlperefler
peraimeg eul L ere|CamellH@ (PeTLTs: @QWIBES FulqLiSTs @)(HH@GLWD. ShLaF
F(mersafled WenGemm L b LimybCurgy,

G@hparafler  ellewsswrang e J:—WT

Br@ise Cpisssaid Qused.

2.10 NenGestm_L_gSlest Goud)
devereay

Slpeud gerdlen aufCw  LimuyLd
WenCGerm_ b Geudl  wIHDBRIGEET

Cpinflenaumis |

o2 Huns@GSHng. @FCswe Werermh

uEsse (Electrolysis) eremiui(ib.

v

Wengpr_ b Cupp  Swellsdm 1 2,17 Syeuriseafled BlensL sg560
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aHQrdlrrs Afas seLwb Frauksaie wHCW WerGeanm L b Cade Guigibd
(UL 2.17). @ssmaw Hreuniser Werl@ Sreuniger (electrolytes) eramliLipib.
Weri@ Hreusdler, WenCermLsang 2 erGaryb, GeuafGuiwb QsaissLs LiweTLHib
o> Carssd sa(hiser Weameurliger (electrodes) eremiu@bd. Crier oweisdr
QearpenL_wb Wereumls erdlillemeumis (cathode) eremeyd, erdlibSlen jwailser
QeemperLwjd Wereums Cprdlemeumis (anode) erameyd DjenpdsLliLi(hElemmen.
Crmdler jwellsar i weaflger (cations) erariu@b. GQeveu 2 Comsmiser
Sl maniqrmefley @mbg 2 (Heun@b erdlmdler Swallser Crir ojwellser
(anions) eraiLi(HIb.

2.10.1 oumpGLullesr blesrermmpu@gaer elldlser (Faraday’s laws of
electrolysis)

Werammpu@ssedlan  Gumg  Ceseflin@h  saflwmigeflear  oeme|s6r
snrhglaTer sryanisamaeri LDl o.umyGL < LTmlbg Db,
pzed 6flg]

Werammpu@gssedlen  Gumg  Weateumied  CQeuefllliu@n  Qurmefler
Bleopwirerg Wem@ reusHen aulGw umyb Werar L sHn@E Crrésseiic
SIMLOWYLD.

e  Sreud  gerdler aPflCw t st erellnE Cegsslu(b
WenCerm b I erafled, 9igen auflCu Qegussiiul’ L Wleaer L (q) = It
Qasafiiu®ib seaflsdmer Hlavn m erafled, s e,

ma q g m = zIt

@G z eraug wLIH. @& ASsalwsder Wer Ceudw erewr (electro
chemical equivalent) eramiL(b. @s6r @ kg CL. @y@ib.

Weru@ Slpeud geadler aflCu 1 gagib Wegr’ L b GFeoaubGLirg
QauaflliLn  gafllwsHear  Hlaon gsaiivsdear  WaGeudlu  eramr  erer
cueTWMSSLILIHS DS
@ressrLmd N

Weru@ Hreusdler aulGu @G oere Wearar L QFssliui(Hb
Curgl, g Weraumuied Geuelil@b seaflwgdear Hlap, ssaivsdear Coudw
@aamomhm&E (Chemical equivalent) Crigsseiled jenLowyLb.

safbb geardlen Goudlw @enanrommmn E erafley, @rewrimbd adldliiLig,

maokFE

UL SEflop <sigieilen Flop
*Geuglw Gevamrondm = @)enentg me = Cl2oamicllen Hlanpudley
1/12 umiE X @anemdmen
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2.10.2 o%oumyGL_ullewt iBlestevrnm LG LiL eSlSlasenens siflLimissed

Wwseo gl : e LELLSE 1 T
seern (Electrolytic cell) eemmiei N s

Werse oHEG, gmell, WlansenL
wrHd LHMD OB LT <y dHueme
QamLrrs @ eanssliL(H &l erment

(L 2.18). erdlmLdlmeumenwl T g o)

QeuafllCw erBsg, Colisss &ped,

FMLGF 2O Meuss LAeTaT iHem

Bleoman s sremCeuam(Hb. Senar
BSar@b umpw @)L sHd QuTBSS
Geuanr(hid. 1, oemeyerer wlanGemm
LEms t st erellp@s Ceauss

Gouaim(Lb.

L 1b 2.18 oSomyGLullest (psev ellSlenws
Fiflumiggsed

<L flewr 2 gafwmed WenCenm L b erelLiL®dpg). erdliislemeumenw
QauefCu (&g, Bemra Bifled e, 2 ey ameudg, aETHID NS Flepmanuis Sreamt
Gouamr(hd. Qeupdladimpg GeuafliL@b saflgdler Hlavp m; GQuPLILEEDF.

erdlmbleeurenw Wamr(hid QurpsH, L, arajerer WanCanm L sang t &ra
Slereliln@ Ceqssd QeuaflliL@Bbd saflngdler Hleon m, sarsdLiLB&ng.

m, I

@uCung), m_= I_ CTGNT DAEMLDEUEN G HTETLD.
2 2

mao I ...(1)

@Cr =erayerer I erenm WenCGearmLibd t;, ty eremn GleusuCoumi &me a6
sEp&EGF Ceigdl, Qeuellll LEWL gaflwrisellear Flenser WwanGu mg, my erer
seTLMuliL@ &lerpenr.

m3 t]

@uCung), F t_ CTGNT DAENLDEUENGE HTETLD.
4 2
mo t...(2)

GsmLiser (1), (2) & @mps

moa It @z mo q. e (psa el sfilumrssiiu@Semmg.

@rewrLmb edlgl : CuSO, wpmid AGNOg Cumeny QeucuCeoun senraa&6T
Qarar_ @@ WeatuElys somsd, Wasw AhEEG, Fredl, Wersam wrH
OO BB Qgrgrs Qaarssliu@damear (L 2.19). CUSO,
sorsdlger  smlly  Wemeumisamaryd, AgNOg;  sorsdlaier  Geuerarfl
Wereumlisenerud Clamaes GeuenT(hib.
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Tl Wletreumiisener
CeuefGuw QICET) BETD &S
Coliggs supeld, 27 mass
g eupbdler  Blensmars
srewt Couanrr(Hbd. ear <eummm
@lwu @Liiseailer Qummss Sils
Crrsd e WenCerm_Lsang&

Qoauss  Cauam@d.  Gewmanit

erdl Ml emeumiigenar CeuaflGu
ahsg penrs Bild s, o e
mauss WnE eundler Hlans
werds  sraCealamr(Hib.  @eudm

uLtb 2.19 oSumyGullest Gyevori_mibd

6)9 hd Iﬁ . o 61.)
Ombg  Geuafliu@bd  smblyd Slepwe sflunigs

opmibd Qesarafluden Hleavpaer wwermGw My, my, eeand sewmsdl_LiL(Hdeme.
m] EI

@uCung), m_ E_ CTGNT DENLOEUMSE SHTERTEVITLD.
2 2
E, E, eaume gndlyd wpnn Ceerafluier Ceuglu @enamrompmisar
A GLD.
. maoE
erenGeu, @renrmd el sfumTssiiL@Blermg.

2.11 Nesrsmeveniaen (Electric cells)

Qi sreeuret (Luige Galvani) wpmib sieurg wevered grslwm (Lucia)
Qewg Splurer  UGen  Wansersaier o (haursssdnG CsT&swrs
SDOBHSF. euisar Lo U Gdsarmsl Wissiul L (dissected) seuanarenw
Kggemer Garsfger Garam® @ @bUS sSarecumarbseiey @\BHSH CThis
el Lenm. geuemerullen smevseT @(HLOLS ST eumearsangd Csm(HLCUTEgeMD
glarafls Gdssar. @)51Ca, elom@saidphg Weamybd eTeam &HSSSE Uy
WUGSSE. Qsar WG @1l Bl s Coips SMelwd  iflEhmn
Curpideurer@pd, Cuyrdlflwmwmer  SGlesmar Crm  GeumedLm (Alessandro
Volta) eremueupmed WarCeudlufwed Wlanse AHEE 2 (HeUTESULILL . DTS
QuuAliul L GeurdLr Wersew Ha&dHd FTllFd wHMDL FS5SHTE Ul (HSET
(discs) <M$s(0Ss eeaussiul L QgrEgly el 2U4s sorsdleaer
eussUILL g Bhsar. SaHsET  Seupdpda Cu  meussliul L srdlghisearTe
WAsshiulLer. @Qeupbdlen (paeans SsHiGmer Wenamy eauflul e ©)amenrd@h
Gurg Wergmy wewfl QsT_ihg @dS5s5. Qeurg Corgamenidd @Qmbg, @
Ceaupul L 2 Carsmisamarbd, @eundled gCaaib eemmier ellaerflub o LiLs
s Warlg dreunrseld Qarar®h Sasosms 2 (HEUTSSOMD  6reum
Blepllgal’ L g).
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2.11.1 GeumevL_rr ihlevrsseviD (Voltaic cell)

CaumeoLm WS Sled, + -

saTenTmg 1 UMSHTD  eemhlener

o arer B165 G655 dlsHayer N Cu Zn
@@m  WBereumiser  emeussL
ul@ererer (UL 2.20). e seimanra 1 [
Wlereumis - sMlySgrameang wH ursdrs, |
Qmmeorm S BTHESSTRTENS).
Wlensad S n @ QauafGu,

Wereumliser SwGwme @enents

sl Curg, wWerCerm LD,
Qaushsspiir  smArsBmpHs
sisprEsEnE D, Wasamsdaer  gssprasddnng  sTOTSEDGD LML,
Wersegdler GCoropanear (=) <PCammirs gmbllypd, edlipenar  jeg)
CaCamg gI5SBIS(PD DenDU|LD. ‘r_%r'rg_;sg 5H38% e WaTLE@ $lrelnm@Lb.

Lo 2.20 GeumeVL_i Lhl6v1556V65T

Wergym L b Qupp welsefler Qusssder oiqlinamLuld Wearsadder
Qeupur®  eletdsiu®dng.  erdli  Wereumuiley  FHSSHETE — SEWUGSHET
sjweflurssiul () Zntt weallsemms samysaiayer Cebaydlamnear. Qgermed el
Wesreuml @ erovdlpreanganers Qupm erdli Werar L b 2 e wsrdng. Cs
sowsded smlly Cridereimuier @Qmbgl Q[ sl Frearsmer aThsgs Csmem (),
@m eaplgmear  Sweafllsar  (2HY)  Qesefliupdleamer. @seme  smgb
Crmilergr L b 2L WD FSSHTESHD HHSILGWTET TS TTETSHET
Qmé&eh ey  @bblspe) Qamiibg  Hlab.  gsome  CeueflFsnilad
WenCGerm_L1b umyb. erenGeu, @ns eraflu Wersmer QgrLinbg Coud yHmana
Weramrdmeors wIHMS SHD Senwliurg CeupuBdng. @) sshsalaid o drer
aHrdlit  Bemeyr Lmisallean  smyewtons  smOFD  wOHMD  HSSETES
sshsEpsHa Cu Weanar(pss GCeaumur®h Csromelssiiu(Bdng. @riE smolyb
55BTHESMS L s  Wlaranpsssdle ewub. @  LSlemeumiisEhdd
@enL L Wemar(pss Coumurh 1.08 V oy @b,

2.11.2 apsevtenio whlstigevet (Primary Cell)

Ber Queons Coudl elanenser epod QsTLibg Wenambnenels Gum
2 Fa|D DMWLLILSET (PSeTenld LOGTGOBIGET eTamlILI(HID. (pFHemanld Wlanseddler
uESHL Qummerserrer Weareumlger WHMID S@&bs Werlg SHreubd dueinann
Corsebturg, Werallwse elengewt Gupembd. GLaflud Wlersaer WwHMmILD
Qesornerd Warsewear eem @rar®h (WP HW  (pserend  lansevengefler
Qewpur@ser efetssiiuBSlanar. @eleiams Wengomsamer LBlarCarml L gangL
LweL(hss BerhHin WenCarhmbd Ceiw @uieng).
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2.11.3 Gresflwed iblesresevest
(Daniel cell)

CLalwe O\ 6018 Q0 6T, Begr_
Crrsdne Blaowrear WarGearnm L smg
Qeqss @Quers (pserend  LOl6TEa6m
DGO syl urgSlrsglayer
Qg iqw (saturated) smdly gav..Cul-
soorFd  T(OSHS  CamareriL(BSmg)

(b 2.21). mETgIEeETL  LITETL LD ‘\_.

(Porous pot) eardlayer o crer Biss

shss  dAbwsHd  HisspTEs  HETH
MEUSSHLILIL I (HEELD. TR 00T | G0 GIT Ll

T

655155 e ()

Biss sbss AU

BIGHT Gl LITErL_LD

:—> CuSO, sorsd

-] 5 SO LTgSrid

uLip 2.21 Gesflwev Blestasevest

UMERTL LD, ST F6o.CUL Sanrsadlaem emeudssiiLLiq (HEELb.

3I5SBT5S s HH5F Adlsgier elearfibg Zn™t weaflgamerub

OB TOSLFTETSMETLLD F(MHLD.

Zn*t sueflsdr mamgieers umaTL gl o drar giemarsaflean euGW

Qeenny sy Fe..Cul senyeaiLer elamarnfitg Cu*toweaismear o (Heurd@b.

@ns Cutteuweiser Crrdeaeurunar smirl ursrsdHer Lguwbd. Crefwe®
Werseer Werandler @Qemanmssliu@bGUTE, HSSHTES SargalGHE &)
creoslprenser &hlen euPCwE Qaemm, smolrsHer o drer STy Swealsamer
BOhBlmowrs@n. @same srorsdHe Qmbg HiSsETHESIDG  WenGamm L ib
umyw. GLaflwe Weanseer 1.08V Wenallwge cllansamuisd smib.

2.11.4 Glevsevmerdl Wlstrsever (Leclanche cell)

ST S6uT(h)

DRI 6T - 60 L_ - Gemav(h LoHMID

STTLET 6T HEHS HEM6

el BIERTEIEETL LITERTL LD
———> ZHFB15S e1(H

, i_> <bCuraflwb GGerrany(

S TFQD

s SeTenTmg L1 LTSS T

uLtb 2.22 Glevgevmehé 1leorssev6st
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BIGRTEIGDETL! LITERTL LD ¢edlaie &miLen leameumil  eeudbsLiLLig (H&ELD.
sriue Weeurewd &HMl WIhseTE-mL-Bsmav( LOHMD STTUET M6 SObS
soamel  @aussLIULIgmE@GD  (uLh  2.22).  Qgelliliquw  Hleveoulley o arer
<Corailwub  GGameng(h sorsd (Wetu@ Hreub) Qarar  searrenmig L
unSSHrSHenier HIERTHENETL LTI LD eeusslLL g hé@GD. Werl@ $rousdeaer
SIS5SHMES Saur(h meUSSLILL(HETeTS).

ASaIQCATHDSH 6 PO FSHHTE Famged 2 eter Zn Samissar Zntt
Sjweflsarmsa|b, @ sl yrarseamseab wrhoweal deamar. Zn* oweflsdr
<Corailwubd  gCemmanyhLer  alearyfibg  giHSsHras  GCeTTanFaL LD,
<Corailur eumyeelwd Fmdlarne.

2igreigl, Zn*t + 2 NH,Cl — 2NHg + ZnCl, + 2 H* + 2e~

ursSHrsHallmng Coraflwr eury sLG581F Qgeam eSNHD. mHiTgemeTi
urenr_gHler o ater  glanersaten  aulCw  Geoaud  eamlpmer  jwellsar
MaseTE-mL-ysmevHLer efaaryfluybCurg, manl ymer <weflseiar Cpim
e L b sriuer  samhie@ Wwrholu®dng. &Tiuer  wHmb  g5sETss
sarhsaer Geuaflufley @enansEbGLNG, SISSETHSIIETET @V TS FTedeT
ST Sawen. AmLbBF Asen Cridlearar L sms BHEmwLnEEGD. eraGa,
srirueile) @b SISSBMESS D@ WenGeanm_Lid Geoain. WerGarm L b GgmLiibg)
CaamauliuLg @)L miseald Qaswmens Wemsaoer LieHSSILHD. QD Wlemsaer
1.5V Wenaflws@ elensenwiwybd, 0.25 A WlanCarm L Sensbd Sreueavd.

2.11.5 gyemewt lesrsevetizset (Secondary cells)

geoa Wersomsmer Weamhn WarGampd (recharge) Qeliw @Queb.
geoanr  Wensemseild B Cumd Goudl ellamerser Sarellaerser 2 ELb.
QeuefFanmled WenGerm_LSang& Qe)dgbCumg 2 (HeUM@LD
Gaudlu@unmeraenar, Geouafludallmrg WeatCarm L samg odlidamauder GFaiss
BewrHd Qupemd. gamen WerswsHadlmbg WearGanm Lgsmst Qumibd Ceud
Hlspey Weralpssnd (Discharge) erarin@b. srfw lle Candgson wHmID STy
Cowdgebd eramuamel QUMgeUTHU LLGTLHD SeneamT Lol bISaTT@LD.

2.11.6 smifiu blev Gswsseuws (Lead Acid Accumulator)

s =le Cosgaddler o mlwimer QrliLT SDeg STy DS
Qedgyemuiligermed er LTSHTD o drarg. Qsendr o der Biss Shss ABlab
Blau@ Sreunmglb. Gwearens sarenw (Spongy) Gsrar. srfubd (pb) erdlmer
aurwingeybd, srfu Ysamen® (PbO,) Crrleraumurseyb Qeunu@deamer. $@Ebs
Wersmiyls  CQurmersefler  eped  Wereumisedar  GfAssLUl(,  GonHS
SslemsamLmwd FHD cuamsuiler CardsiiuLliqmEELb.
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—> geantmly [ FUUT LTSS FD

uL1p 2.23smfiu gybflev Gxins s6vd

Wenseen, HelaflFaniler GevamasiiLihib Cumgerdlislemeuruied penlGlumib
< EedlnCarhn elaarumed Queramng seatann GararL &rifwb, &bs LSS 6
Aeveryfipg srfwu g .Cul  wHMD Q@ sl grangmaers smh. Qbs
creosLlprensear  Ceueflggmpdlad erdlmdlemeumuilaNmbg Coidlamaumiis@s GFoaiib.
Gprdereumuiledy < sadlgeanr @Qnés elaer parLGumb. Corllereuruie, smifw
s, EH5s ABlosgLar elamerfbg srfu so..CulmLg smbGurg @
T&Lmens@hd BHEamawnsslL@Hb. @seamed Ceuafldsnble wry WerCearm_ L ib
GCrrblareumuilelmpbg erdlidlereumuin@ umyn (UL 2.23).

yHwsrs BlaGarppbd Qelwiiul L Weasosder Wearalusgaleans 2.2 V
956D, WleLE Slreuddler liLi s 1.28 o,56(D QHEGD. AF6T ASHO TS
@GonauTs @mLILSTD Dfls WeanCerm L saslt unm Wearalpgsd CeliujbGLrg)
Weralwég efleng 2 V 9,868 @enuyLb.

BlenGarnm HlaspelenCung, Coudelanarser WSar Hlapdamme.
2.11.7 gemevor Wlevtasevetiaserflest LiwiestLIm(Dls6iT

o  Weasoesedr Wamhn WOaCampd QewwliuLsg  salguiema.
Seupdler swler gL Wsabd @Gope|. oraiGel, ComeausCasmu s
WerGarm L gang  gHUBSHID. U sefled  wrHOL  ggwleard,  udls
eraranilEamsuded, seupeamp Weam(Hb War@n WearGamph Qewwend. @) meusar
Sjerelled Wasl Guflwene. &TigeT (cars), Q(HESEST EUTSETBIGET, L4 T&ES6T
(Truck) Cumrerpeummled Lweu (H&leTment. WenGCarhmsHlenCumg
Weru@lummeflen  eliLjend  LisHleow  savmsranilss Ceuar(hib. gLiLjenD
SLigullen wHiy WenGamppser Curg 1.28 erame|b, Weraflpsasdear Cumg
1.12 eremeyd @méas Couam(HLd.
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2.1

2.2

2.3

2.4

STaSULLL. 68018 GS6T
sLsd aar GnsEalner afCu gm elamquied 6.25 x 1018
TOELITESET SLibg GFamnme WenCarT L Samad sansdl (Hs. (eTevdLfmentlen
Werggr L 1.6 x 10719 C)
seeaued:n=6.25x 1018;e=16x10"19C;t=1s;1="?

. q ne 6.25x10®x1.6x107"
ﬁnm:l=?=T= 1 =1A

106 m? GOI&EE Oeul (Gl urly Osmar_ smolré sbAwbled 2 A
WenCGermLtb  umlidlpgl.  sLgHulen  @re@  Umbald o drer
erésLrransafien eramanilEans 8 x 1028 erafldr WanCearm L @i iéd wpmib
syref @Uus dosCashd @ dwueapaps sarsd@s. (e = 1.6 x 10719C)
soau:A=100%m?; I1=2A;n=8x10%8
e=16x1019C; J=2; v4=°
I

Sie : WaCammL oLigd  J = A" 10°

=2 x 105A/m?
J=nevy

J 2x10° e
ne 8x10%x16x100  D6x 107 ms

D|DEVG) l)d =

Wer eflerd@ (Lamp) gem 240 V Weaanpsssdlad CeupuBib. iger
WenGenm_L1b 0.5 A erafled aflemadler WlengenLenwis Sammsdl (hs.
FEeueo: V=240V ;I1=05A;R="
Sitey : g eflFuiled Qs
vV 240

V=IR ooeg R= T:E=4SOQ

5m ferb Qsrenr gmslys swGuler Weargen 0.5 Q, sbiluler 6L b

0.05 cm crafled sanLlengenL eTarmenemts Hentds (ha.

sseue0:l=5m; R=0.5Q;d=0.05cm=5x 104 m;
r=25x10%m;:p="7?

: _pL _RA
ﬁnm.R—A or p=-

A=nr2 =3.14 x (2.5 x 1092 = 1.9625 x 10" m?2
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_0.5x1.9625x1077
5

p=1.9625x 108 Qm

25  0°C-é Hl&Crmd sbGuier Weargen 10 Q. @iger Wearga GleuliLiblena
aeir 0.004°C  fflenr CQardlbleneouias gan WersemLemwd sarsd(Hs.
Wlgameult LUHHIL SaTEESMmSE Foms.
soeued:  0°C-é, R, =10Q;a =0.004/°C ; t = 100°C ;

t°C-@, R, = ?
Siey: Ry, =R, (1+ at)
= 10 (1 + (0.004 x 100))
R, =140

Qeutiublaney 2 wimbCurg) sbLGuder Wersam b iSasMadng.

2.6 s pard Qara, @Cr 2 Garsssreorer @\ sLsdsafler WasmL ger
weopGu 5 Q womb 10 Q. wssLssallar < rhsaiar Hfssmas
SATEH ().

S&6U6V : (Lpsed sGuder Wesen. Ry = 5 Q;
WPpsed SbLAublen =T = T
Qrewr_reug) sblduder Waga Ry = 10 Q
@QrarrLreug) sbGufler <pTid = Iy
ssefen Barb = 1

L0 Qummeian e WlemseanL eTair = p
R pl 2
: R="—;A=n7r
Siey : V3

pl pl
Ry= 7r2 Ro =2

R, _n’ n_o R /Ezé
R 2% r, \R 5 1

r Ty =42:1

!

2.7  smAys &b ganm, @igen Bard 0.1% wflafls@buiquns Bl liu@demg.
9igen WlangenL i U@L rHnsams 6l(PSSTL g6 Sarrddl (.
s&auev : Tl sbl9udlen <pribu Bembd [ = 1
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Bl Ypg sbluler @nid Berd
ly =1+ (1-& 0.1%)
l 0.1 |
=" 100
=1 (1 + 0.001)
l, =1.0011
Bl tupn CGurg, Berd Sifsfllugred, @méE Geul @l urly
G@®DULD.
Qam_gsl umwer = Al = Ayl
@mEll umwer = Agly = 1.001 Ayl
BlLiiu®eusn@ e sbGulier Weargen = R;.
CLdul e Qe Beargean. = R
G e 2
Sie : LpLG®aTE FLo6T QFuiw
Al = 1.001 Ayl
S|DOF) A; = 1.001A,

pl
R= —
A
ol _ AL
R =11 . . -1 =2
A LOMHMILD R, A
o opl R, - p1.0011
' 1.0014, PO A
% = (1.001)2 =1.002
1

WengenLuded erou@B wrpmd = (1.002 - 1) = 0.002
Wensenuded grpuBibd aflpsar (K wrmmd = 0.002 x 100 = 0.2%
2.8 &bl smer genlar WerganL 20°C & 50 Q ereamaid, 70°Ced 65 Q erermaLb
SjereillLiLBdmng. WeargenL GeuliLiflene eramenantd semmsdl (Hs.
&&6e60 : Ry = 50 Q; 70°C-éb, R;5 =65 Qa0 =7
Sie: R =R (1 +at)
Ryy = R, (1 + a 20)
50 = R, (1 + a 20) ...(1)
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2.9

2.10

R,, = R, (1+ a 70)
65 =R, (1 +a70] )
Q)8 (1) aigss

@_1+70a
50 1+20a

65 + 1300 o = 50 + 3500 a
2200 o = 15
o = 0.0068 / °C

400 W Sperr QamanTi e Wlemgaenalls QL ig dlerpld 30 HlLolLmigens@L
LwerLGSsLLGSDG. e welll Spaisstear sl Learbd 75 eust eeafld,
sovenalll Guligenut 6@ eury St LwerUBsHeamme gnu@b Caweneld
SaTES ().
F556160 : svenalll Ll iquller Sper= 400 W

@ Well_(hésrer s Lewd = 75 p

vweruBSSLILBD sTeld = 30 BIOL_BigeT / BreT

@@ aumrsparar Hgwe] = ?
Sy 30 AVl sHé Qeawell LG %HOE® = Hpeir sred (wewtlude)

=400 x %2 = 200 Wh
@@ Uil HFaeil LD <Hme
=200 x 7 = 1400 Wh = 1.4 unit

@@ aursdlnarer Cewe| = tgoall it L Corss welll(Hiser X em
wefll_(Hésmen s Lewd = 1.4 x 0.75 = Rs.1.05
UL smliguyererig epearm  WargeLwrsdlser 10 V. Weanampss
Caupgiur_(hLen Csrprs @enemssliLil (Hererer. geubleum WersamLwimd
@b Qe il L Wlaranpss Coumur(hsamers sanmsdl (Hs.

R, 50 R, 30 R; 20

MW MWW\ MWW\
<V~ «<V,~> «<V,~>
I
| |
| I
10V
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g&eu6 : R; =50, Ry =3Q, Ry =2Q; V=10
Qarit @eenlile GgrEuwen WerseanL
Ry =R, + Ry, + R3 = 10Q
vV 10
e : ane Ceogb WeaGerm b I = R 10=1A
R, e Blemanpss GCoumiun®, Vy =IR; = 1 x 5 = 5V
Ryeir lenam(pss Coumun(®, Vo = IR, = 1 x 3 = 3V
Rgeir Werran(pss Ceumuim(), R3, V3 =1Rg = 1x2=2V
211 uss @eeariler 2erer 3Q, 5Q wHmd 2Q  WersmLwrsdsar 15 V
Wenranpss GCeumuim’ (Henr @enamdsliil (Hererer. geubeumamdler auflGw
QFergyid BlenCermLsenss SaTEE (DS Clogyid QgmEuwen
WemgeLewwyb, (wrss WerCarmLSamswb sanrsdl (Hs.
seue : R; = 3Q, Ry = 5Q, Ry = 20 ;
Wenanpss Coumur(®), V = 15 Geumevi_
e : Asn@LliGer QsrELwer WaiseamL

I 3Q
1 1 1 1 1 1.1 — MW
— =t —t+—=—+—=+—= 50
R, R RLb, R, 3 5 2 L A
R,
Rp = 0.9677 Q L 20
R, I E LImuLD WerGerm_L_1b ; R,
I, =K=E=5A | |
R 3 |
15V
Ry auflGw LImuLD WerGerm_L_1b
-V _15_3,
R, 5
vV 15
R3 auflGw umuyyd WenGearmiL1b Rg, I, _R_s T T 7.5A

\% 15
Qurgs WerGearm L I = R = 09677 = 155 A

P
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212 Qemeumd &om euemeuiles A wpmb B yédelsEnsE Qe riulL

2.13

Qar@uwer aTsemLemiid SanrdHdl(Hs.

Sie : spmeume epamid @Cr wrdflurear AsmEliysmens Qsrar(H6rerg.
@@ Qsm@ler eraflepwimssliul’ L &Hm 96Tel (BTN D{enLdWLD.

50 10Q R, = 15Q
MWW _ MW
MW L AMVWAL__
10Q 50 R, =15Q

e Qgm@liber CgrEuwen WeemL
1 1 1 1 1

U T B
R R, R, 15 15 or Rp = 7.5 Q

P

ealteur Qsr@ller Weartgen 7.5 Q. @UCUNg s&Hmnieuame e HLomD)
S|ELOWYLD.

7.50 7.50 7.50
A o—/WWA MW\ MW__ g
R/ R/ R/

A pmn B yerefla@EnsE Qe tiul L Qgrguwer Wlemsan
R=R + R +R (“R;=R, +R, +R3)
R=75+75+75=2250Q

10 @ Wemsen germ 10V Wearaflws@eians Gamarl Llengkeadgi 6
Qar_gre @evamssliul(etarg). WanssgLen L&s @aeanrlibe Ceume
BL LT @evanrssliu(oCuTgl, g T (Hib ere] 9.9 V erafled Wlangassler
SISOETHM DS HeTSHE (5.

g0 R=10Q; E=10V; V=99V; r=°?

10V 10Q2
. E-Vig | | MW
giey: 1= v | ! R
_ (10—9.9))(10 \_@_‘
9.9 I 9.9V
= 0.101 Q
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gest  IHUSH
(855 g6 I B) LEGSuiled, Clsr(BIssLILIL (Do eSleuTTESEBL &6vTE: &S ENHLD
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Wereumisetied manL QUMD aflenansamer alleTdEs.

228 arfu ol Cavsswsdear Qeupum iqemar ellerdsEs.

229 graflumdsaile (automobiles) LweTLEL Wease AGEGsaNaT <5
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WlergmyLd Liweru (HiLb LleTLiedy, Lolei(peuid L&se0, Wemald Ml opmid WlerComLmi
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LS WerCurLmflé 2 erergy Cumey LiweeTer Ceuameuma THETLD, eTEh&I LGS
WersenLwrsdlsafléd (Resistors) Geuliinms wrpplit®ib. @g WerCearmLgdlen
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Qeutin HpID  Weanallws@ elemsullenar 2 (heumds (pigwb. @g Geuliu
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93
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(ii) et 2 m@ Gevy (Fuse wire)
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Qeutiu, @eflitepdlaemer @LbrHod GaiwbGurg WerGeam L $Hepgubd
Cu-Fe
WerrafrenLufled (Lib 3.2a) WenCerml L b grllFsHedlmbg @) mbAn@ Ceuliu
spdudler e dGw Lmyb (uLb 3.2b).

ormb.  eaGen  fus  olewarey ¢@p Wer GEwed (wPpaD  @GLD.

Qeutin  WemaflwsGelengullen  ererdlliLb, dHevswyd  LweTLHSHID
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Qeutinder euflenswm@Lb.

auflanguiler ops 2 CansnsErse@ 2 6Ter
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@ Ceiiu  WBearaflplawear  @eflt  spduller  Qeuliuflanean
(6c) Gsmissl yeteflwnss Osrar®, Geuliué shgluder CeuliuBlenasaEib,
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Qautiufleneoudad  CQu@n  wHubemer oL wbd. @eubeuliublane Sy
Qeutiuflener (0,) eremiuiid. Yement Weanaflwusg ellang Cbgleunss GampHsI,
GOHUEL L deuliufleveuder sWlwmgb. QeibeiliuBlens Uyl H Ceuliuflens (0))
cramiLBb. Yrl® CeulinBlenavd@ Gue, Wenaflws@ ebenguflen Hens wrmiLIBID.
Spened erewr LI NSl GG,

@I Qeulin Wenafllylent&@ Sy Qeuliubleney e wrdlawma@id.
<pamed, LUyl Geuliufleaewrarg @eflit sbdluden Qeuliuflaneulianers sTibsg.
@euleuliLiblencsep&srer GG

0. + Hi
g '
3.1.5 Gluebigwiir eSlemerrey

1834a 96yEere <idleflwd MlepT Gudigwim ererueum, @\ GleueuGoumy
2 Cemsmiser Cameant e &niled WemrGearm L b urywGurgl, 2 Geonsmsatien em
spdulled Qeuliubd 2 Blpliu@ib, wHEprarhe GCeuliub o geuFliu(b  erend
ser_MbsTr. Q&G QuegwT elenearey erariulLg. @& &us elenareden

LOMISENED (G LD.
Cu Cu
1 2 1 2
@g‘ﬂrr Qeuliu Qe @aflir
B3 apdl s b
Fe Fe
() (b)

uL_tb 3.4 Gluebigwir eSlemerney

(Cu-Fe) blemaflpanuie (uLid 3.4a) sndl 1o WenCGarmL b gmbllyss)
B @MbAHE umyb, Geuliub o ' seurliu@ib (eaCe @eafl®), s6H - 260
WenCGerm_L1b @A ®BEg STOFsSHEL Lmyb, Geuliub o Blptiu@ib (erarCeu
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goBleneudled, @l enLuler Sy eflens = Ser Gyl anulenr iy elens
nBIA = CO
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C

- nBAe

@rE =Ko gdod K = LBA sreeuaTLSL LT wmdled

<igmeug Ta 0

s09& smeflan elessbd e PG Ceogid WearGeamm LsHna
CriTggs6ile S@LOWLD. LweTL(HSSLILIHID <lera|Camedle Criyiquwins
WenCGerm_L_gdlerr eranr wdiGeners Cumibmm ojemell i g (Hs@L0.
3.7.2 @ 0l(peir euend GUmi@ & (56T STeVeU6sTT 5L LT

Qamiigeliul L &meT euand sreeuenm WL Lfer o ewrie] FLUD OGS
SHab. Qsmans Clame(® 108 < AT erefleorer WerCerTL L higener
SleT&SOMD. eTarGol, @eunennd seuanonsds aswirer GeuaT(Hb. <, Uieuss e
ailevernr goerd &Hm CuTen QRUISHEHESG @QbBS D6Te| 2 e [ LID
Saudludlveme. erarGel @GMper euens sroeueamSLlL T LweaL(ESLLRE DG
Gaucuemauier sb9F smarmeg Al @Y Gar@dsafler g CQUmmSSILL (D,
Covgrenr gdlaflug @olepdr @Qaeanssiiul @, wWearCarm b GFoabGLrg
Sama|Csmer  5g QUBEGLIN S@LSSLILULIGHEE@GD. BT  @QrlenLwreg
smereliley (Spring) eemler eped efldsiL@D.

3.7.3  aneveucsrmbL L Mot  WlerCGewim L. 2 ewriey myL L (Current
sensitivity of galvanometer)

sreeuammBSlLflar aufiCw greg WeaGearmm b umybCurg egHu@b
deosaCe WeaGeamml L 2 aie] HLUD erarlu@b. @@ SToeueTmSl L jreig)
GopbHE WenGarm L sHD@0 AHls ellosEamen 2 e THE@H0meanTe, 2 awrie| il LD
Q&STEHTLG| GTETOTLD.

. ) . C
SreveueTmSL_Lfe, I= BA 0
o nBA
WerGar L o ewriey {IL-LILD, 1 = T ...(1)

WenGenm_ L 2 ewriie HILLSSHemers Memeumbd (peppsefed idlsfasamb.
(1) sb9F smeild apmsaiern carailsms oishssn

(i) smhss gravLadlamer idlsflsse

(iii) smefler urlfenar oHsfssa
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(iv) Qgriseil Ll L sbiluier grag ellosaisstear H@miL alamsulamers
BDPDSS®D

erog desqisstar  Hmly  elevgudlen Wiy umevur  -Cleuemrse
BOMEUEE, OGS GMDE TATUSTED, SHSME STEGUETTSL L ifled LeTL{HGSemiD.

3.7.4 arebeuesrmbLL_flesr  Blevieipss 2 ewiiey mL L (voltage
sensitivity of galvanometer)
@rog Werar(psssdnarar ellsme WTaT(pSs 2 aTie] HIL LD cTamemLD.
Wenan(pss o amriiey MBI LILD,
6 6 nBA
v IG = CG
@mE G erarug sréeuamSLLflen LoemseamL .

@rEg WarGam L o anie] mLusSmar o wisgn Gurg, Weara(pss
o aie] [ILUPD 2 W(HLD 6Tard dap Quierng erearums seuallss Gouam(b.
sb9F  s&melld spmseaflar  cravwentldans (n) @ @E@wLRsTESLLHWLCUTS),
WenGanmL 2 awrie] HILUID @@HLLBRSTEGD (Fwerun® - 1). e snmssertlen
cramanflEans o wimLGUg), Wersan (Gl 2 wimb, carCel Wearan(pss o arie]
HILLILD LDTDTS).
3.7.5 smeveusoimBL_ ey oLl L_gns (ammeter) wrmmysed

@ Wearanled WerGermLLb

__________________________

urdeuens Pl 2gad  s(Hed

sreeuammSL L. umyb WlerGerm L g I
Senand gniipgl elosd eHULLTEID,

Slere|Camelled oemeyser < bGwifled i ¥ 1-1g 1 i

GMESUUL I (FSSTE. 2 @TTey HILLID S
W&s small eraugmed igem euGw MWW >
sfls  VenGeammlLsdlener Ceausss e !
gLrg. gOerafl®, s&bLAF &mdr ‘I' )

. . . . . SIDLBL LT
urdlésiiuLmd.  @@Uleyd  Uss
Qavartli9ed  GopHs WagmL S uL_1b 3.30 smeveuet L5116y
QRETEND G enanTliLIGET LpEVLD SIS LTS 1DMDHM)S60

STeeUSTTSL_Leniy b Lprs
wrpperd (Ui 3.30). uss @Qevenrlidaierer Wagen @amarssL b (shunt)
erariL(ib. emey Camed bW eredll il iq (HEELD.

QevanssLsHen Wengenl, sreeuammSlLfler euflCu wmw Gouemrigws

123



WenCerm_L_gdler eraflenars QUTBSSI. Iy eremug sreuammSLl L eulGw
urw Ceuanrigw Qu@p WenrGermL b erenGumd. @ blenGeanm L@ 2iemey
Camelled (1p(p ellwsead eFHLIBID.

sreeuean WL Lfer Wargen = G

GameassL Wlarsam = S

sl WerGernmL b = I

QevansL b eulGw umyb WenGerm L ib = I = (I—Ig)

sroeuamSl L (hLeT, @Qe@ensslld LSS  Qevawrliley 2 erersme,
Wl6Em(LpSSLD FLoLD.

" Ig .G =(I-1

I
S=G E...(l)

Iy eremugy I-ai Anu@dCu. eaGou, GamenssLgdlen Wlearsen LBlad
@@paurs  @QméEL. bl flar Lwemy Bagor (G 2Ler S Uss
Qenemribed) R, erenfled

1

+

n|~

R 1

R, = G
GS

Ra=G+s

R, wdiy Wss @opeurs @mUUSTE®, Wagnhled bBLLey

a
Qgrfenamried wl HGw G\men&s CouenT(Hb. QgrLfepenried

@aeans@EbCurg sndler WageamLuld <iHs wrHpd ghuLTg. aaCe fnbHs
DBL LT eremugl & WleangenLulenans ClamemTiy (HdHELD.
3.7.6 smeveuewtmSL_L_swy CeureOL 151" L yngs ommm sed

WenCGermL b umyd  sLgFudled Q@ yetallaEnsdlan G o arar
Wlanen(pss MMM lgamer SHemdHED el Goumedl LS L T < @ib.

STAOGUETT B L (pLer
Qzrifenanrifer o wmllenr gL ulanen i !
@eoariiuger  apebd  Ceurdr B L ey : R
Qupeord  (uLd  3.31).  ereyCamedled \: @ MW :
Sfareyger Coumerl lgd GHGHILIL g (HEGLD. Ig i___________________j
Qg m_iflenamridle @eassLliL(Hib
WergenLufer  wHID  ewers  Csmesr () Gauradi Bt
Geumebl. 8L fer  QE@&sL  (range) uL b 3.31 sreveuesnbL L6y
SiPlweomb. GeuredL_ 18 L s omHmIS56D
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sroeuamiSlLfer Wearga = G
sreeuamBlLfléd 1 elwsme ghuBSgIb WearGerm L = Iy
Goumevl 181 L Mer QBH&GsD = V
WergenL = R
sroeuamSl L (pLer Wergen. R Qgmigrs o drengmed, sréeuammSi L e
G umy WerGemm L Lb
\Y%
+G

Ig=

R
\

R=7 -G
g

@ddmpg,  Csriflearibad  @omenss  Ceuadriqw  Wersantuden

wdldmens saédLambd. Ceumel WL Mer Lweym LleseamL,
R,=G+R

R, wdiy bls ofsb eeamgrd, Wearanmla®mbg, GCouradl BT Wlas
G@Dps WerGerm L semas Qumib. eenCeu, Caurdl S Leny uss Gamariiilead
Qananss Ceuar(Hd. ogmeug), Weatanpssh arés Ceueamguwl Liatafls@hadlan G
2 grer WlengenLullenend ST iqaid, Geumedl B L Mew WengenL W& S HTE
@ més Couar(®b. @aomoueaflld s WarCamLsdamer Ceumdl LS LT
Qupmis Camerr®), sndlen erehslw L@duded umyb WlerCearmLgdler wdliileners
@nsgieil(Hb. @bblaauies 2 aramwwrer Werar(pss Ceumuim’igamer 6l W&E
Gonps Watar(pss Coumum gemarGu erds @Quiaid. Ceurdl BT nHs
Wemsen  QamarLgrs @QmbsTed WL O @Qbsl Wapulmars gellTéEsamb.
BlergenL FEdle wdliume Qmiider, issmed e HAnbs Ceurerl L FrELb.
3.8 ilesGernL_L_ euememiid &ibg S hH(Wenerunas ClFweoLi(Bige0

@MUl BlenGeammlLb, efFmmefleor umybCurg GCgremb &sMbHS
dengs  Car@seEpbd, L &smpasde Corambd oHassCarhiaerd  oCr
wrdflurerenes erem pbEWIT saLdbsTT. @euell umpetsamers &HMH SMHs
sarfliflenerns  Qaream® Oeampmed Gy wrdHfwmear  elwsmed STaRTEMLD.
@eusliyar(®h Hlapeysaflgid o dter @55 La@TUSMmeT W FTUGBS, WOemGemm L LD
Q@b euenetwid L smhsD Cumearn CFwduU@L erer clersdl, QBss SMhs
Blapesar amarsgib  sodllumyd (circulating)  WenGarm_Lglarmedsmenn
eremg) bwiflen HmSII.

WenGearm L1 umyd &b9F smeflen jFlem Coed 2 6ter e YeTafludled
SMHSS ST,

p,nla”
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@QBs sl e Sang, smeaflen FHe) WD CTETLISEMET CUNFIMS
g eped Mlwerd. smeaflar awwsHlmhg s Csraeeile o cTer

2

yarafls@psE, x>>a, eanGeu a” Wss Gopeurs @)HULISTEL  FLOETUTL g 6t

LS 2 e a2 LnssalEss5555TEW0. @FsmsW Lateafsafle

p,nla”
o2
@m snlear bl G smHamed n = 1, A = na®
BoIA
B = (1
272')(3 ( )

Sl sl srhesdler F&5CaTIgen Cogierer @ Ldratluded &mhss
SHNeworL_cD
Boo2M_p, M

dr P = ox F ...(2)

B =

gwerur(® (1) womibd (2)e eUnd
M=1IA ..(3)
eranCeu, WenGenm L cuenerwimeng M ererm Slpriysdpen Garam smbHs
QmupaarsEs sob. M = 1A
umd WerGermL1b pmibd euemerwigSler LTy @eunhilen CLIHSSDHLImET
WenCGerm L euenemwigdlen SHmLiSHmen ererm euanTwmISHOLD. @SS HLUILISS men
cuemeTSS 6t HeTSH DG &SSTEE CFwaLHILD.

3.9 &nnl eu(pLd sTevsL_TTevllen &g B\h(pewens SIS Smewt

BevevCurt oamiwrdfuferyg, Com Wareyr L b QST@TL amissHaned
SO T b Cararr el L liurengulle erdliblenenr L b QsmerL erev&L fmem &H )
U, @germe, WenGarm L b o @ rEh. QL @&HFPluTss CFoaib eredHlFme,
auEpaPludler dansudey wry WenGeanml L SHepar o amr_méELb.

€
WenGarml_Lib, 1 = T @mg T ereug erevspmeflen sHmdsTELD.

sHnliureamsuiled sl pralar HagCGeusd v, erafld

27rr

v
. ev
i= -
27t
LU urengudled era&Llprailen QUISSD STTERTONS, L 6Teim SHMILILIT®mS

sMhss SHmliLs dmenear (orbital magnetic moment) Gumib.
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W = 1A, @@ A ererugl eul Ll urenguldlen LT

eV )
= - . I
M 2zr
evr
Ml = 2

creoslgraflen Hleom m erefle,

e
o = om (muvr) (m < CLmSs, M YD CUEGES)
mvr = | eerugl el Samissmedlenard Fnibgs Cament 2 B

W = l ... (1)

¢} g‘@

H . .
Tl = om LS 96 THledl <24 @LD.

Fpe) sMhg Mdsd (gyro magnetic ratio) eremiu@®b @B wrHeduder
wdiy 8.8 x 1010 C kg'l. Carawr 2 pswrens @GOG L wppeowrear erar
wdliysamerCu Qumib ererug Cumfler SmSH SiGTaug),

nh
T 2n
n eremugl @wed e, wpmibd Germiig orhled), h = 6.626 x 1034 J s
gwearur® (2)e (1)d GrHude

l ...(2)

__¢ nh _ neh
T om * on T 4mm
s Ao paicr ipt wHOL
eh
eh
drm erarigl Gumt GuosearLrer (Bohr magneton) eremiiu(Bib.

e, h, m wilysemer GrHud, Gurit Cwser Lrer wdliy 9.27 x 1024
Am? erens samSL UL Lg).

creoslgraflen sHnLTMgs QusssSler srrembomar FOMLUILTMS STHSS
Sriusdpaier, spspdHdl sTraToTSAID @ SMHsS HGUUSSDET QHEELWD-
cranGeu e ersLprafler SMHssS HHULS SHpeamarg SOHOULTDS STHSS
fouusdper  whgod  sHEPDS  sTEss  Houusdper  GQeupdler  CleusLi
F(HSDIHGHF FLOID.
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3.1

3.2

3.3

STHSLILIL_L SH60018GS6T

896 16 gpatdled S(martlem (LpanersEhs@ @arLCu 6V Wlarearn(pssLd o arar
Gurg 30 A msEpsE WearGamm b Ceqss Geuliublae 5°C
o wirlmgl. <2Cs WeanCarm L gdlanen smafler @m&Cs 9V Weranipssd
o grer Gurgl 20 B BsERsHE Ceqsdeamme gpuBind Ceuliubleaa o wieay
GTGUTEuT?
s&aue 1V, =6V, t; =30 x 60 s, 05— 0; = db = 59C

Vy =9V, t, =20 x 60 s, do' = ?

. V12

Sy : R t; = w do

V22 ,
?tZ =w do

V2 t,  do

V2t do

2 t2
2.2 .46
Vl tl

<

~.de’ =

(9 _ 20x60
= X X
(6  30x60
-~ de’ = 7.5°C.
100 W, 220 V e uéy eqardler wWlearafleanpuder lengenL ulenensd
SATEH ().
g&Heueo : P = 100 W, V=220V, R="°

\'&
fey : P= —
Sire R
vZ (2200
R= 5 = g0 =4840

B @&CLO ganld 1500 W, 220 V erar @dlésiiul(Hererg). Warem(pssid
180 V =,56 @evmbsme LwearuhisSHw Slmer cremer?
gaeue : P = 1500 W, V; =220V, V, =180V, P, =?

A
ey : (i) Py = =
Siey : (i) Py R
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V2 (220)?

N = —_ = 232.269
- R P, 1500
b - v, 8oy
27 R 32.26
.. P, = 1004 Watt
LOTDOMI(PEDD
v? V2
P, = _1’ P, = =
1 R’ 2 R
Po_ v
P, V?
Vi (180)*
P2 = Pl X V12 = 1500 x (220)2
P, = 1004 Watt.

34 WenCGerm b umyd Ber CprssLsHulalmpgr 15 cm  Csreneeied
FHUBD sMHsS Frewreder wHiy 4 x 10°6T eraflep, WenGenm_LsHeners

SETES ().
ssaued: B =4x 10T, a=15x 102m, I=?
. #,1
gy : = ora
.. Bx2ra _ 4x10°x27x15x107>
B 4, 47 x1077
~1=3A

35 200 asmmseEsbd, 20 cm  orupb Cerar. sbAE smer auhCu BA
WenGermm_L1b umidmg). smefer &fenla < rdamss CLTe ApeTn L kG
Qzrenevailey 2 erer Latafludley STHEESS SeamL_amed Garssl[H.
ssalev : n = 200; a=20cm = 2 x 10lm; I1=5A; x=3a;B="?

. B ponla’®
Siey = 2@ + 2P

u,nla® unla® u,nl

2@ +9a?’> T 210a’P’*  ax20410

B =

4,10 47 x1077 x200 x5 x /10
ax200 2x107' x200

B=99x10°T
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3.6

3.7

3.8

30 cm el qpd, 5 a&nmsEsDd Carar,. CLerger smaeuanLSL L Mer
G 4A WenGemmLib QgaussiiLihdEng. el &mhss &enl_Ssearésadlen
wHiy 4 x 105 T erafled, pu®id efevse wliGmans samsd(Hs.
seeu: n=51=4A;d=3x10""m;B,=4x105T;
a=15x 101 m; 0 ="
2aB,,

. = tané
Siey : I = n

tang = KM _ 47 x107 x5 x4

2aB, ~ 2x1.5x10'x4x107°
tan 6 = 2.093
-0 = 64° 28

@ GLemmer sroeeamSirfe 1A WBaGeam b 30° elosme
o aLTG@GHDg. 60° cdowsme o @rLrsgh  WarCearmlLgdamens

SaTES ().
seeu: I, =1A; 0,=30 0, =600 I,="?
I = k tan 0,
I, = k tan 0,
) 1_2_ tané,
I, tané,
tand,
I =T x tané,
tan60°  1x+/3
- = =43v3=3A
Iy =1 x =0 (1 ) V343
e
I, = 3A

@@ eufléd smeflear Berdb 2m, &L ib 3 cm. @&smer 1000 s&Hmsamens
Qarer 5 ghamend Garamgl. umyb WerGeanmi b DA erafle, s(meflen
aWSSHD per ESer G HUBD STHSS SHNERTLnad: HanTédl (.

gaale : I=2m, N =5 x 1000 spmser I = bA, B = ?
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3.9

3.10

3.11

N
Siey : B=unl = ﬂoT-I

47 x1077 x5000 x5
2
1.57 x 102 T

B
104 T ambss sram_d QsTar smhsll LaossiLar 30° Caramgdd poum
giser gam 5 x 10% ms! Gassdd Quiiedps aafle, sisalar Bg)
Qrudu@pn elmsliamens samsdBhs. (o gigemmarg 2e Cridlerar L b

Qarerg)
soeusd: B=10%T, q=2e,v=5x10°ms’!,0=300F="?
Siey : F = Bqu sin 6

= B(2e) v sin 30°
1
=10* x 2 x 1.6 x 10719 x 5 x 10° x o
F =8 x 108N
XY sergdled qwl rrar spepp 102 ms! Gaussded Qsaussiu@Ens. Z
fanguiler QLD sTHhss grewmedlen L 103 T. FIHET @WIBIGLD
el Lt umepsWiler  yrsdleens  sawsslh.  (qwlprefler  Blenm
3.32 x 1027 kg flengyr b 1.6 x 10719C)
sseue : v= 104 ms™!, B = 1073T, m = 3.32 x 1027 kg
e=16x1019C, r="7?

2

Siey : Bev = "
_ mv 3.32x10% x10* )
" Be ~ 10°x1.6x100 - 208 %10
r = 0.208m

ang&Cerm_grafler wssaflanr upline Cem@ssrs 0.5 T srbss gnamr_e
Qe srhslijon  Qessiiu@dng.  GrmlLmasmer (PpHEHS
Caamauwimar Samaufwhdluder iHiteuamaneants sanmédl(hs. (LGrm L meaflen
Hlevp = 1.67 x 10727 kg)

soeued : B=0.5T, m, = 1.67 x 1027 kg, = 1.6 x 10°19C, v="?
. Bq
giey: v = 27zm,
0.5x1.6x107"

— — 7— 6
= S 31ax167 107 = 0-763 x 107=7.63 x 10° Hz

7.63 MHz

<
Il
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3.12

3.13

3.14

BA WenGarm L ib Lmuyb 50 cm Berapeter g sLsH 2 x 103 T sriss
grawrLed  Garar  sMhsl Hasdn@sd Casmgssns ameussluBdng.
sLgSHulfler B85 Ceudu@b eflens eremen?
sseued : 1= 50 cm = 5x107Im, I= 5A, B = 2x1073T ;0 = 90°, F = ?
Siey : F = Bll sinf

=2 x 103 x 5 x 5 x 107! x sin 900
. F=5x103N
arhileo 10 cm Qe Geuafludey 5 m Berpdrar @) sL_gHaer G anammins
aeusslLl(Hdterar. @ramgaid @Cr oerellorear WerGerm L, Gy
Hevgufleo umyd Cumg 3.6 x 10?4 N sarsf ofang Qewdul L,
sLgH® umyb WerGerm L Bisamerd sl (Hs.

soeued : I, =I,=1, 1I=5m, a=10"1 m, F = 3.6x10°4N, I = ?

. /101112l
§rr6).| T 2ra
2x107121
F = ——
a
F.a 3.6x10* x10™
12 = = 36

2x1071"  2x107 x5
w1 =6A

gaGeumermid 10 m Berpenw, WenCammib wumyd A, B, C eremm

sLsSaar uLgHe arlLiul (Hdrareurn emeudssliiul (Heatarar. Buler g

Qrudu@pn Asm@uwer alamsmws sarssHHs.

Site) : A @b B &b QoLCw

sau§s) eleng grHUID.

F; @Lg ypb Crrédl Gewdu@ib.

2x107 LIl  2x107 x3x4x10 D B

1 a - 10™ 4Aﬂ 1 5A

F, =24 x 105 N

3A

B, C sLsdlsallooLCu seurdd eleans 10cm g
BBEED. 10 cm
Fy auavgl ymwrss Cswdu@ib.

2x1071 L1 2x107x4x5x10 A B C

Fy = a 10™
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3.15

3.16

F, = 40 x 105 N

F, - F; =16 x 105 N

F, - F; =16 x 10°® N.
558 B oz 558 Ceg Crrad 16 x 102 N eflenswjen seupliL@ib.
20 cm x 10 cm ujgly OGasrewre &bA§ &@mer 100 spHmsamens
Qarewr(ereng. D5 X 103 T EMhsS graL e Camar sTHel Laddl
QsmiiseliuGdpg. 1mA BlaCarmm LsHnE 150 slasmad s igeamd,
s09& smer Gsmaigaliul L sbGuler wpmsE eflens  wrHlalenwid
SIS ().
sseue0: n=100,A=20cmx 10cm =2 x 10! x 101 m?

B=5x103T, 6=15%1=1mA = 108A, C=7?

% x15="" rad

h . — 0 _
gioy : 0=15"= 180 12

nBIA = C6
nBIA 102 x5x 10° x 10° x2 x 10" x 10™
C = =
6 I
[i2)

C = 3.82 x 10 Nm rad!

20 Q WengenL QararrL sreveuamBi LT germ 50 mA WerCerm L sHhE

wpyelowsmas Qarhidgh. @smar ([) 20 A @asEn bl rs,

(i) 120 V jarg@d CeumdvL L5 L §Té ereleumm LomHmemd?

goaued: G=20Q:1,=50x10°A;1=20A,S="?
V=120V, R=7?

. is-a I,  20x50x10° 1
Sitey : WS=G. 11 = 20-50x10° ~ 20-005
S = 0.05 Q

sroeuamSlLpLer 0.05 Q Osra WeagemLow LSS @ aaiild
Qemanss Couer(Hib.

(i R =

\Y%
7 -G
I
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3.17

3.18

120
T 50x%x10°

R = 2380 Q
2380 Q WeswLwWmer srodeuamSlL (e QgrLi  @aariided

- 20 = 2400-20 = 2380 Q

Qemanss GouenT(HLb.

@@ sroeuamSlLpLear 12 Q WlagaL uss Qaerild G)enaTési
L@EWCUrgl, sT_(HIb ebese 50 Wfleysafallmrg 10 GNejsemrads @amndng.
sreeuen WL LM LOl6igemL erevmes?

saeuev : 0, = 50 WMz, Og =10 Gfleyser, S = 12Q, G =?

Siey : I o

I; o 04
Uss @enalildd Weran(pssLd FLoi.

o Gl = S (IFy)

G S(I-I,) 12 (50 - 10)

T Ig - 10

~ G =48 Q
aamL e amiefle) ereslgrer 0.5 A ST GEra  Lirenguie
Aamgse 1016 spmpsmer  ghu@ssdps. el uresuien
Quisssdlerme ereosLlrmer QUMD &ThsS HHLILS Hneneand sersd(Hs.
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eparn s Wenelwddudley epem SLAE SFmaTser 2 mdlwins eearniL e
germ 120° Gsreawr ereller smiupdmaGLrm Gersg meussiiL’(Hidrarar. Q)bs
Slpliy SMHSUILOSHDG G53T6 DAdbhs AFms updl spHnliuGEng.
paileurm s&meEpd galssalurar Blpey eumaTUkIEET, Giflanssar Camer
DI S®6TE Ol&TasT (H ETeTa.
geuGleumm amaflgyd 120° gL Goumuim’iqed
Blenalwse ellans gram LiL(Gdmng. a; a, bjby
DOMD C; Cy RS epaTm FHeTHET GCT iFHL_ 6
120°  Camewr  jerefldd  smipbg  @QHEGLTD
Qum@mssLILLB  sThsliodHed @)L Eha s
spnplu@dearmer (LLLb 4.13a).
a; a, eranm &019& smar AB ererm Hlepavuded
o arenCumg iHlev gravr_ @b Wenalwsa elans
sPlungb. Yerart @g Crisdaauie <Hafsss
Qar_mi@b. <6x Fowsded b1 b2 GTGUTD  S(TheiT

a; ays@ 120° Gergmdl QmeGn. eratGel, Gl
grarLiul L Wearafluée elems adlisdams Qumn UL 4.13a 3s.L ac
wdlieu Crrédl wrmib. G, € Cy 6Ten g(HeT Blevresflumn]
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~

a; a, smaerei  240°
Comenr  emeflled  Gengmidl emf Faa Ebp Ec,c,
@Qms@w. aaGal, @ T N TSN et

. . . L] hd \ ’ ) ’
gLl L Werraflwses, . L ,’V\ N
deng  Corsdlens  Qu@pn O \‘\ //’ ™~ <
wdlieous sLBF GDDHI /)\’\ /,/ N
Csrama m&@D.  @aaimpns o7 -0 weT0m |
eparny  &OAE  smeTsaflgibd
Q‘[GMI’LI_!I_J@LD @m@ﬂma;@ uLtb 4.13 b 3 s L ilstresflus @ eSlens
NengsHer GTEUTETeTEd 6D

soIEe|b @Cr SHrbeuamament CETETLSTH6D @HEE@GD. epetn F(Herseafland
Ec,c,

grewrL_Linl L Werefllwée elengser

e = E_ sin ot

a; °

eb1 b, = E, sin (ot - 27/3)
ecl c = E, sin (ot — 4n/3)

a; Ay, by by HMID € €y 6T epeTm SIS
a(meraefled granr Ll L Weneflws@ ellengger pmiLd

sl Caumurhser ud 4.13b womb uLb 4.13c. Eblbz' I*.:alaz
s Q- e uL 1o 4.13 € &Lpev
S Fweupiled ST Ll (heTere. .
&(hEpSSlenL Quiwirest
4.5 g1pev DletTGevsTmL_L_migeit Canewr @L_LiCLwries]
o Coomgss  sllg e v
SThSLILES @wikiGLD
Qumupg g  Blavoowirs
oarer 2 Corsds  sliguflen 7
oG Glaegyd smhgLLmUD =] <
LOTmID Qumrps 2 Caonas 1
&L 1q ul e WenGarm b O 17?/ < N

grewr_Liuhdmg) erenieng 1895

GursmeL_

) <24,600T1g-6D

cretLeUT  SewrLmm. 2 Ceorss

uitb 4.14 &ped lerGerm_1_tb

sLsHD grawrL i u@Bd @nbs WearCarm b, &pd &THO DS ﬁ;r’réa}l(_psi)
(eddies or whirl pool) Gumep epLiin’L uregule umLdng. eaGa,

@eueuang WenGearm L b giped WeanCerm Lib eTem AdWPSSILBSE DG FLpeb

WenCearm_L_gler flanganiu Glevaen efldlenwis Glament(h idlbg Cameremamb.

el L gsl () Curarn sLgd ez 2 Conssss(®, smbasden (LD 4.14)

paoasEpsdaLCu  me ejnb Curgy sslup@er &pd  WearCearm L b
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2 (heurdlmgl. @ WenCarm L gdlen Hangwimang), cualenowimen eTdlmiL| elengu|Ler
sLsHllen Qusssms THTEGL cumsuie Sewwb. oTaCol sLSSwTeang
AlLgs L <o BHlownss epgel®n. 2 Carsssslpd Lo gemersmer
gHUBSHL  UewrarT Siswer STHSL LHoSHe Dmaeps QFUSTH  FHLPED
WenGeanm_LsHlen allenerey Gupwaralled Gamm&sLLIHID. g6 aleneTouns &0
sThslILsHaier gL uleard emoamb. 2 Conss s igsEludons Gdedv
S5 (Haemer LWeTU(HSgleusen epeld &ped WIeTCeanTl L Samss GmmEsaTiD.

&1p60 Wleo1GevtmL L Glest LiwistTes6ir

(i) syemevellevr sreveuenr 5L L_ir (Dead beat galvanometer)

e sreeuarm BLLT eufGw WenCamm L gengs Ceausdamme sbl9FsHmar
Smdl HlowsE eumeusnE e pOBlmeol Ldraflaw ewuwinrss Clamer(
S M. HDEAFHmHeneT 2 L amquwins el BlawsE Cararh eumeusnsns
sb9s smameng @ 2 Corss slLgdar g applu@Spg. @QUCUTE,
sD9&HmeT s e ub Curg 2 Carssd sl sdld &pd WlarGanT L nigeT
o (haum@d. QBsE &Hpa WlenGeanml L kiger, sbldé smear Cgid amaemeiams
TETEGD. Qg ST TNSSITY 2 L6y Lins Foblananil Sjan g Claliujib.
&b19& smaflen Dmaeysem 2 Lamnguins Blam elheugmed Qbs srdeuerm ST
Siemaadler srdeiean WL LT erariLihdng.

(ii) srevorL_60 2_smev (Induction furnace)

el @ o aauild, 2w Geuliu Hlaowrearg &pd WenGeanml L nisamer
FHUBSGIeUSET epeld 2 (HeumssluBEngl. Qeulintiu®ssiuL Geuarigw Qummer
SHls FlTbleuenr CameaTL LIMD @uLmLw SThsLLSS D ameussliuBSng.
cranGoy  gibunpefl®  euallenwwime spe  WBlaCarmLIb o (heurdimg).
WenCGearm_Lgdler GeuliL eflenereumed 2 Camsid o (H&HH S
(iii) grevor_ev WlstrGlom _L_mige (Induction motors)

&1pedl (rotor) erammenpasiLBb 2 Cans 2 (HaneT FPIE TN SThSLILISE 6
aeusEILIHLELTWE dld spd WarGarm L kiser o (heurssli(hdleammenr. &pe
WenCermL1b, QFTLG55HD 2 (HameTdHEGh HPID STHsLILOSHDEGD G G
o ater MMALESSMS G@DES (PUDSDGI. STHsLIL D QsmiThgl spermGararGL
@muugted o Cors o maver QsmLihgl &pODULGSDE. @dieuams CumlLmi
Werell & Hlaatled LweTLI(HH DI
(iv) Blesranrgs semL_ge6 (Electro magnetic brakes)

Quuiled euattquien FEsTERISEELT @ odafpy 2 Cors o (Hener
GQeamarsslul(Hererg. @ruiled euay QuiSssHe 2 dTeTCUITE  FEETHGIL 6T
o manerud  Carbg  Spaib. goLaw  LFuduBsgibGurg  euallawwrer
STHSLIL|LD 2 (HeumssLiuL (b 2 (Henerudled &G WO erCeorm_L_miger
o heunssliL(hdleammer. @Qns &Hpd WaCarm L ks 2 maneruller @Quisssams
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rdTE@. eranGeu, @ruid euamry guie] Hlanesa@ aumEng.
(v) Ceusid s (Hid sedl (Speedometer)

Ceusld s (Hid smelluded, smHsD e eursasdear Coussdne enHu
spodng. wvulfleyw smaeldsaiiar (hair springs) 2 seflwrd @ GO L
Blevoouder  eweussiiLl(Hater  DQislafl o FaveTilaeT  STHSD  HPOEDS.
&TIhS &S e sLpm&lullermed 2 (menerulled S WOenGarml_L_migar
o heurssli(pSlemmer. @Qbs WG LB FpQib STHsSSear @QUssSMmS
adrsdlemper. @seamed, o (Heveruler g e HmLiy ellang erhul () eurEearsdlen
Causgdlin@ erpmeurm e @GHILALL Camanr ereiln@ HmbUSngl. 2 (HeaneruLer
Qummasiiul_Herer @dlaper, GOIH QeLwliQubn Serey Careder g BaTHE
aunsanslen Cousdamss ST (HID.

4.6 Wlemrommn)l (Transformer)

@onhs wrmdas Waa(psssas Hs wIMmSas LOTET(PSSOTEHELD,
<fls LrnSens WOeaa(psssms G@MDES WLIMFHME LOTET(PSSOTEED LLIHD
2 gab Werersard Wearorhml erarliGng. @& Werambneana e &bl b
wHEADT® &OMSGE wromdng. Weromhbluras WearaTbss SNemTLe SoTeusd 6
SigliuemL e Geuou®Sng.

Warorpdluder Gsafllmby o drarasder g S&OHOULILL QML 6T et
WOeTQSTLTL DD (PSETenLd LOHMILD FlenewTd SH(HetaeT o arererm (UL b 4.15). &Lpd
WenCermLBisenersd Ganss Guoalu sshsalamy <par CseaflmbL 2 dmersh
vwau(ssLLGEDG. wrmdHms o det(h O@EI(PSSD  (PSETENLOEH(THEHEE
STULOEDg. Waaemwismefley CsTmbg wrHMLeL B GCasramCL @m&EL0
WenCermL1b, wrMUMD STHSILTUSMS (PpSETannd H(Hefledy o L mé@Gh. ©)s)
glaweand smeflgd STHSILTL LIHDEMS THUOSFHID. QT HINETE &(Hafl e
Wenaflws@elens grewrLiuG &g

Ep wpmib Eg ereuar apenpGu
(PFETELD HMID Flenanrd &H(mergefld
g Liu(n  Wearalwus@ elensser — e——

ereajd, Np wwpmid Ng eremuer
papCw  (PSETEnd LOHMID  FHleneamTd =
F(meaefle o Grer &msaeflen / _______

cravanllGens  eTaalld  C&maTGaumib.

(P SETEN LOEFS:(THET giemangeaGen

(LPSETEHLD OO MILD glenenrs Lo 4.15 Lﬁ]ﬂilTLDlT[_f)ﬂ

& (TH@IT& (@5 L6t a@Cr S{ETR
srhsliLmTuD CAsrry Cerar@erearsred @ram@h sHmertsafleyd &Hm eemdlhsamen
grer_ it Wetel s elleng Fowons @)(més GCeueT(hib.
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EP _ Es
#1581 N, "X,
E. N

s _ s

203 E N

...(1)
e Bevedlweyy Wemomhmse (ideal transformer) o eref( Wendlmanid
Qeuaflufl(® Wlandmenid FoLb.
E,I,=EgI
@ Slev I, wpmd Iy eramuen (pgeaman  wHMD  Feews S(meETaaerle
WO GTCETLL_MBIGET <2}, (GLD.

E _L
SIS MTeUF E, 1 ...(2)

@dle k ererrug Wernmhil eldsb erariuBEpg.

[egnmy WerwmrpMss k > 1; @née Werommmsas k < 1]

gnm Weromludler Eg > E, aag Iy < I eran siepujid ereaniangs;
@M&sEL. aaGo ghm Wearnmhdl, WarGaml L gmsd @GaDLUSer peLd
Wenan(psssams dsfladng. @s <nnd Peilarann allfuden oiqliienLudad
Slmwpglarerg. @gCurwGo Gnae@ Wearnmhil WearCearm L sas idsfiiLgen
epeLd LGNS SEMSS G DSE D).
levt wrmmluflest Liwenimy Slmeor

Ber wrHduder Lweaym Hper eraug CQeuaflli(h Hpeps@d 2 6reat®
SDen&@b 2 dTer &6 eTan euaTWISSILHS DS

Qeueflu§ G Hmer  E_I
M= seat@éoar ~ E.l,

e @LPUILIGET gD QemE e BevalwedL| Wernmhblea@ Liwen e
n=1 (=smeug 100 %).

<ame, peLpapuid  Werbmhbluded wodCeumy Hper  @ipliLjser
ghUBeusTed Siger Liwignm e erliCUTgIbD garenmeil GammeunsGe @) (H&E 0.
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Wlssrormmluiled @D Slmest BlpLiLjaser
(1) swés Gipliy

2 araf(h wrmdens WenCarmiLid, G HLOL 2 darssms HHbus Smbu
STHSOISGUSTID, ETHSSFMMOMW  @)péss CFleusraid ghUBL  SHper
@iy swss @iy eaariu@b. GonhS SWHs @\plieus  CErarerer
o Conmshsemertl LwaL(hsS Gssmsu  SHper  @QlUs  G@DEHITLD.
WOl @l e whmibd Haldser eved Gurean sl 2 Carshisamer LWaLHSSH
SWES @IPLIMLS G DESHEILD.

(2) smbly Gpiiy

WP LOHMD g  sHmisefler LTy  WarGermLb ;O
Qeutiucllenereney rHLBSHID. eTanGou, SPlg dwe, Geulin YHPe eulgelled
QussLiL(B&ng. Gonhs ere Wagaml CsTaml  Sigloarmer  sbsamer
LWL (HSSICUSET LPOLD QSSMSILI QLPLIGHLIS GeMESEITLD.

(3) &1pev WlsrGeorm L GupLiny (GpioL GupLiny)

LIMUMD STHSULTWLD, 2 drerasHle gped WenGerm L samg FhLBSIHIE DI
@seamd, < nme @iy Geulit augeildy gHLBEDS. 6T .dlar seli) 2 Congmen
Ll erem 2 Gamsd soaeuwmed 2 (haumdssliul L Godelu sshsaflerme
2_GTEMTESENS SeNLOLILIGEN PLD @b @ILPLIELIS GENMEHETLD.

(4) umw @iy

(PSETELDE  F(HaTled 2 (HeUM@GD STHSLILMLUD (Ap(peugDd, Umws s&lellen
STIERTLONS, Fnaud S(HEhLen Csm_ Gsrareudldeame. @& <Hmed @prianL
gHUBNSSSDE. Fpeums 2 eaESMmSL  LWTLHSIIGUET (pOD  @QSSMHW
@lienLs GHMMESHEILD.

Gomhaem_ @LUiL|&@EHL 6, 2 eTerasdlen AHTe s6T sTranTons b el
DD Gipriowu gpuUbSHHD.

4.6.1 bevor_ Glaremevelin@ Wlstr Slmest jewiLiL|FHe0

RFSGSILUDLIET QL misald amwbgerer Wer 2 Huss Blenawmkisarte
2 pugHwngb Werdpear, eihser wHmb Csriperamosaiar o LCLTESHDSTS
uCGaum LEGHSEREE SiatiuliLGSpgl. e Qsraneeiinh@ Wetdnenear gL
Si@ileflwn Cumearn WlasLgib GUTHeTsaTmed e Lolenamy @QeneamrliL|&@E
shlsar ewssiLphdamear. @b @Qamariys sblsefld Smer @liLser
gou(Eemme.

R eramm Wlangen 2 e w sbAauPCL umyb WearCearm b 1 erefle,
GO &8558 erelorar 2R erenp Wandper Qeuliu <phmeons wid eSamrdps.
eranGeu, LweTURSSHID (paarudd Guplin@bn  Werdper, Carhmelssiiu’ L
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@ementliLs &Ll

[, E; —————— c— 3 [ ]

> J

> [

= ___ = o
gpm Bleanorpdl  Qn&E Warorml
2 HuSH Blapeowid glanamr LolamblapaouiLd

AYATAYA]
VUV

UL b 4.16 BevorL ClgmemevelinG LeTSImesT jew)LiLs560

Herdlpenar el las@mmeurs @HS@EL. <BpWlad Wardpener o wi
Wenan(psss55led alibeanmed Smer QLI SautlFoNss GaMmDEHOTLD CTETLISENT
Epsaranid @ e Blspea|ser eped Sidlwemd (LLtb 4.16).

Hlapey (1) 11,000 W Wendmer 220 V, Wanen(psss8 e SianitiLhiépg
erasfléd

ayppe P =VI
P 11,000
v~ 220

R aranug @evenris soGular lar sel erafle, Hper @iy = 2R =
502R = 2500 R watts

I: =5OA

Blawey (i) 11,000 W Wendper 22,000 V ; Wleremn (LS s s dev
Si@UuiuUGS g ereled
p 11,000

I ==

v~ 22,000~ 024

Smer @iy = I?R = (0.5)2 R = (0.25) R watts

cranGeu, 2w Wenan(psssHer Weardmer iglfemmed GeuliL pHmeoTs
Smer @il ghu(eumss samilenrs Gamnssnbd erarig seafleurdng.

11,000 W 186 glmaner, 220 V lenen(pssssled ienilinn Geouem(hGloatle
@aenrlilg sbuller WenCerm L b smhigh euellent S50A @6 @) meHGauaT(HLb.
game 22,000 V Wanarnpsssder sigilib Curg isandliy 0.5 A. eranGeu
SHls WearGarmLsang (50A) er(HSgIF6Fo0 Figbamar sbllgmer 2 LGLITEL
u®Ss Geuam(Hb. @ g, Wandmaner S@IliLeugDHETaT CFwamel S ILHSSID.

@QBES Slglbarmear SOANGMETS SMhG UAIEITET Lol SOLIBIGENET 6r(PLiL
Ceuanr(hd. @& GFeweneu Cgib wSlsflseEn. @sneE wrprs Werdpamear <idls
Weranpsssded elifamad o LCUTsSLILRSSUILRD  SDYGASEREE  Gonhs
HenCermL b smai@GDd &8 @ mbsTéd Curgib. sigermer WersblisEnéEL
udlers Qdelu sbldsemer LWaTLIHSSOTD. @&l WS D6 e LliL|eusDH @ <D
QFvenel HeTFOTES &M ELD.
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ahsgGsTLTE, 400MW  Werdlper, 15,000 V ojareilad GpuiGauaufle
sarer  WBler  opusd  BHloowsdd o pusd  CelLwulumdng. Qs
S@tuliu@eugn@ wearargts 230,000 Vo o5 ghmdlenosmhdl  epaold
o WrSSLILOEDG. Gemerm Qb Wendper Wersry Hfliger (Grid) em L@Hwurs
<jenud Wearsbliser ppabd SetiuiinGEng. @bs Wersry Sl Briigen L
UGSHsmerd @amarsSng. BarmsErsE OeualCGu @né@ wWer wrhhsmars
Qarer(h  Wenampsswmerg) 110,000 Vo5 Gopssiu®dng. Berdib,
Wendpermeng Wemorplser epeod 11,000 V. ey @opssiiu@dng.
Lwel Lemis@rdE (user) eupmsliu®eusnE werem Seuisalar Comeud
ghu 230 V  oeeg 440 V. oemesE  Waarpssd  Ganssluul ()
auprIsLILIHE D).
4.7. v dlens WlestGem_L_Lb

SThsLILOSHD Hpaid SLIAF smer, wrmdens Weralwudsg ellansawiwb,
cranGeu  wrpFlens  WeGCarTl L Sensu|d 2 (Heuns@GL. &mefled  grarr U@L
Wemaflwse  ellens  erawrodlbad  Heovsullad  stsmgls  QuUTmss
wrflstasrarCL  @@muustéd @& wmmdos WBaeaflusg olas  eorar
SlppaslLhEng. brindas WeralwusEealamaamw WearorpdlsameTs LweT (B
vwenefl&Ess salql euansuile) usdls@ U Gambs WatanpsswrsGalr ojbeag)
9fls  WenarpssorsCoir wrHMls Carearer @QuDd eratugl @Fer oLy
SIbFLrGD. el L WearalwéE ellansulen oiflibeuammenanT, &L gimerlem
spndl Ceussms LIHMGISETPOD LIHM Db&ES (Pipd. Qg WeTsTbHS
Bimreneouded o arer GeucuGaum fieuamasamer LiGoum CHTESBISERESETS BTLD
vwerLhsHs Qardrar grsdwnrdpgl. erOsgssTLLTs, QbSHwureld aI(HsEnsE
50 Hz ofliCleuemr Qamemm_ Wleardmer eupmasliuBh@ng). el whmib &rldégsmer
asamssmer @it 100 KHz (pseéd 100 MHz suany oiflileuaimaser Qamagr
wrmdlens  WarGarmml L  Coanel.  gITeTOTET  LWTUTHGET — STIEwTONS
Quepburerer BrHser wrmidas WearCarm L samsCuw LiwieTL (hSg$ emme.
4.7.1 wrpdlewe BlerCGern_L_gens syemall(Hlsed

wrmdlans WearGamm Lib srogsmslt Qurnsg Qsmibg wrhlésbaramrGL
@EULSTD, (1 (WP(HF &hmssETar rmafl il slurg. erarGeu @ sen allanerey
wrmdeng WerGearm_Lgdlem wLiLimed SjerellLi LiHEDgI.
wrmdlene BlerGerr_L_gdlest RMS Sl

wrmdlens  WenGearml Lioreng 6@  Wagemlwrssl  qardler  eufluins
@HOAL L Crrd umyburs o heursEhd Geiliu g nnae, 6Gs Crrssle
<G5 WeangamLwld 2 meurs@b wrorg CrrdlarCearm L gdler iy, wrmdas
WenCGerm_Lgdlerr Sl TmMS iy eramiuGidmng.
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o T oo d o &
. . . . . 2 = — —_— —_— —_— —_—
BenGerm L gder rms oy Lo [T 7 7 n _,’\ 7‘\ e
GTGUTLIG wrmdens : \ \ ! \ / \
\ 1 1} \

WlenCeurm g LWem +I, -Il _‘\__I,___;‘. ___I,.__.\__:_ NS R -
LHIL  eTeeyld  ADWESL L, Ff— - +— \ : -—t \‘—/— -4
LEEps.  @swar 1 VARV o
) : rms 0 L \ t
DI0EG) | . GTeu
GMUELeombd. I \/ \/ \/
1 I A N S O S

i=l;, sinot e
wrgdles SeaGanrb @@y h 4,17 1, 12, I, sresmss ik
Wergen. R cudlwmsL OIDILESE

umywGurg (dt) erern HAlws
T Sjemelled LlangenL_uld 2 (Heurs@n Geuliuib
dH = i2 R dt
R WPWF FHMES Wersenuied 2 (Haum@h Gwrss Cleuliuib
T T
- Iiz R dt = J'(Io2 sin® ot) R dt
o

o

T 2 T T
12R | 1-cos2ot));, LR [dt - [cos2mt.dt
o 5 2 2 o) 0

I°R . T 2 .
_ L {t_sm2a)t} _ IOR[T_sm4zz] {T:2_7r;
2 2 o= 2 20 ®
o LRT
T2

@bg Qeuliuiwrerg, 9Cs WagmLwrsdude (R) =Gs srasdad (T)
WenCerm_L_gdlerr i) 2 Heurs@b CeuliugHn@EGs Foib.
<gmeugl, H = 12rms RT

I°RT
12 RT =

rms 2

lms = J3 = 0707 Iy

Eos = E CTENS SHETEHSIL_eTLD.
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wrmdlans WerGerm L sler rms  wdiy, wrmdas WerCerm L gdler
Qu@pw wdiemuls Gurd 0.707 LLEETS @) MSELW. wIDTs, @& U@ wHie
70.7 % Q)(H&@GLD 6Te0d FanELD.
4.7.2 Blesigen_wnsd] LB 2_enL_w AC &Dmy

R Wersen e w  Wersenwnsduean 6@ wrndens Wlemafllwda
clengepald @enamasiiul(Hatarg eTard GamatGoumd. ohs @@ Sa@TSHQID
Qeuu®sSsuL@L Weralwsa, eflans

e = E| sin ot ...(1)

t erem srgde, a@pmler umyb WaGamliLb i el R erenm
WersenLwirsdludler, GmisGs Wearamnpss Goumur@h e =i R

Wenranpss Ceumuim®), Geqssli@b Weneafllws@ ellenss@s FoLb.

R e
MWW
.Q,_,S /,//l
o\ 4’
&) 0 ~
e=E, sin ot
(@
_1

(b)
uLtb 4.18 lesrgem_winsdl 2_enL_w AC blesgnmy

aenCGeu, IR =E, sin ot

. EO . t
= sin
i R in o
i =1, sin ot ...(2)

E
@dler I, = EOGI'GE)TLJQJ Werrsnled wrmdlens WlerGearTi L gHler GlLHL S
<G, BagoLwrsd  Qearsslul L Wagndld  umybd  sarCny
WenGenm_L_Seng Foerum( (2) O EAENR Wlerer(Lp&sLd LHmILD
WenCerm_Lsdlpasrer swerur@®ser (1) wombd (2) Smbg  WOerarpsspLb,
WenGanmLpid Gy sLL g6 2 dreren eremg) Ljvarmdlpg (UL 4.18b).

164



uL 4.18c, WearGamm LgHn@h Wemar(psss5Hn@Gn 2 drer QT famus
sT_(Hib &L LU ngb. (Phasor diagram)
4.7.3 Blenigrevong (Inductor) w HCw 2 emw_w AC &0y

em wimdas WaalwusE clmsipasdear Weralwge olas, L eremm
SemOler GemL_cb eTesr 2 anl_ui G Wlengeniq&@ sTiLbhdng erand GemarGaumid.
UDESaTsE55565 aTals@E GmDhs Wlagamlenwl Ol&Teiy. (@0  Llengmely.,
SHOSATTD et @Y 2 drerasHen WBg &HOULILIGHEGD.  OlegneanTiqdE
wrmdlans Weralwusg elens Selssiiu(eugted CFssILGL Waranlpsssams
TdTGssamiqw gemdlen grewLe Wenallwse ollens, Hd o (HeurssluBHng.
THSFHSHT_(H A& smer (choke coil).

THS @(h SeamsHab CFassILIHD WenalwdE alens

e = E; sin ot ...(1)
di

grenrLeb Wealwd @ eflans €' = —L . qi

@dlé L ereugl sb9F smeflen SeTslen SIewTL 6 6TelT p@GHD. 6(F Heda@
LOlGITgTemTiy & (3, gLl L Wereflws s, leng, Ceuu@®ssiu(LD
Wlean(pS553h @& FLOWOTSEEID TETTEHaID @) (G LD.

aara e = — T —

di
E, sin ot = —(—L j

dt
. (en)
di 2
. OV
E t =L —;
o S WL =L gt e=E, sin ot
E
di = == sin ot dt (@
L €
@ yphsaigbd Qgrans srenT, /‘ 1/‘
E
i= L"J.sin ot dt =
EO[ cos wt} o
= — — T 21 ot
L @ /
E, cos wt
T oL
E, . e
i=— si t - o . . . . ..
1= oL S © 2) uL_tb 4.19 1Bl revetig.ueier Wlestammy
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i=1,

. E%
Qdle I = oL

T
. sin (ot - =)

5 ...(2)

@@ oL eerugl sblaFsHmer s@HD Waseml A @LD. @& Wem greTiqudler

Wlerm YILILY eTa SeP&asLILRSDSg. Gsar seweE Ohm <,@b.

swearur@®sear (1) womb (2)embg, S Weargnamy wl HCw o &er ac

aniler, WerGerm_Lib Wean(psSss5ams el /2 s L eralled

Wengmidl @ m&@D ererug Asafleumdlpg). Sigmeug) Lolengneiy.&@E

Gn&EGs o arer Wemar(pssb, WatCarm L gmss sriiqad /2

s erelled (wpenGarmadl @ ms@n. Qg v 4.19b @lev o érer

cuenrULG&le sl i’ (HeTerg).

ued 4.19¢, L wl@GCw 2w ac s&Hops @GHEEn

s UuLib (Phasor Diagram) <,@..

WlevrasevoTiq udlest LblevT LOMyLIL)

=]

. 1
uL_ip 4.19¢
SLL LI 1D

Xy, = oL = 2rnvL, @dla v ererug Ceqissli(b a.c Wlemear(psssdlen
2glTCleuetr <@ Lb. Chidlens WleanGearm L D@ v = 0; . X = 0 @eueumprs g

Wengnemy. Crrdlens WenGerm_ L 5@ &1 WlangenLanwt QaTHi&ELb. ,emme a.c.

&Hled sbL9& smeflen Wer miliL] dlitleuearenanrs Glummids =idsMaem.

4.7.4 10les1Gs 58] 1oL BHICL 2_6i6m &HMY

wrmdlans WeralwsE oagepand, C eaamn WarCssEs Snar 2 el

WenCasdluflern @nisCs QeaamassiiL®dng (UL 4.20a). @bs WaTCssS (psadld

@ Hanswllgybd erart erdlis dlensuflgibd WenCarpmd e Slng).

THS (h FEmSHID, QFuOLBSSILIHD Weralwude elans

e = E| sin ot ...(1)
Y
fe
i
Q; \\\ //
N Pl —> ot
C (0] < vk
| | N , X
| | \\\ //
(n)
&)
e=E, sin ot v

(b)
uLtb 4.20 18leCssdl Lilenamm
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55 @ sasSabd, WenCssdlulen Gna&Gs o drar Wearear(pss CoumLim
Qeuu@ssiu@b Weralwsa, ellanas@s Folb.

. e=q/C, @dleb q ereug WenCasdludled o emer LolemenTL L LD.

. . —_ d
Qe 1= T (Ce)

(=N

= a4 (C E, sin ot) = o CE,. cos ot

; E, sin(a)t+£j
1= (1/00) 2

= [ sin ot +Z ...(2)
oo (00+3)

(=N

Qe L= (1700

Pl Xc eramug) WenGssdl smbd WearsmL G0, Qg WarGCasdludien
Wesromiliy eramiu(EHngl. @H6T 160, gLb.

NenCssdl O 2der 6@ a.c.  shdled  WerGearnml L ibTerg)
Wenranpsssamsei n/2 eremm &L eralled (pBHS @HEELD eran swerLimhiger (1)
wHMID (2)eSlmHg Qsfng). Doag Weanear(pssb WearGearnm L smsedl /2 ererm
sl ojarelledr Wengmdl 2 6rerg eraneyd Fameord. @g UL b 4.20b @ eueny

Camaar epelords STl LUl (heTerg).

v 4.20c, BlatCssdl C wl WL 2w g a.c. s&hbler &L LD
(Phasor diagram) <,@..
1 1
%= oc 2z vC
@dlé v ereug) a.c. eposdlen oHitleuer @b, CrmdlenGerm L &hile
v=20

Xe =

aaGou, @@WaCsss Cridoms WaGamLgdnE wpyeleor (infinity)
WersenLeowid b,  WanGsasHulden  Wer oy a.c.  Weranpsssden
9 TCleuamamisE ordliTE sHeller @HEELD. G WaTGHEHudlem LOTOMILIL| 6
WenGCass@s Hnansa@ rdlissseiley @) HEELD.
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4.7.5 blengenL_wnsdl, iBlegrevery. wpmid WlerCssHl gy dluiemes Glem it

BlewevorLiiled

R eremmp Wlengenwjerer WemsenLwimsdl, L eremm Wlengnenm_cv eremr ©lsmer

e grewrlg. whmid C eremy WenGCEGS Hmern Qaram WWlarGssd <, dweunCGprH e
crarp  lenallwd@ edensyenw  wrpdlens  Wenallwds@ ellangepond Qs

@aneartliled @enamssliLi(heugtss CamarGourd UL (4.21a).

R L C
«—V,—><« V,—><«V >
I
< ()
—®

e=E, sin ot
v b 4.21a RLC Qsirir &mmy

V. 1
\fL'\fc/v _______ B
I
90° v !
90° v, A I
| uL o 4.21b.
Ve

WBlesTewT(IpSS SHL L LIL_LD

soMle LTy WerGemmi_ L I erend QamerGaumid.

WensenL&@ @nisEs 2 arer Weaneanwpss Geumur® Vg = I R

(@& I-yer @Cr L gSled @)(HS@LD)

Wlengnenrq 6@ Gn&Cs 2 arer Wenan(pssGeumunh Vi =1 Xy
(I-gg &L V) ~pag) /2 s L1b 1pidl @m&ELD)

BlenCss85E GmsCs o drer Wemanwss Coumur® Ve = I X

(I-g L V-pang /2 s b bensiidl Qma@Ln)

QeueuCeum o miLsERSE GMEGs o6  Werar(pss CeumumbHser
(voltage

uL  4.21b-@eé  2eter  WeNET(HES

STl Uuc (hererg).

V womib Ve eramuer gemmis6lsmemm)
180° s L Ceumyuimiqed 2 arerer. Wlesanenes
Blembleneulng Semenio 2 L WFTES &(mElerme Vi
opmib Ve Qe Qerguwer (Vi — V) erer
QEudURSSILHD  Wlemar(psSsD

S|ELOWLLD.

Vg, Vp wpmid Ve flweupdler Geusm

& (NSETE DELDULD.
OB? = OA? + AB? ;
V2 = Vg2 + (V- V)2

168

slLUuLSled

phasor)

XL/\

XX,

UL b 4.22 Blss6lestliiny Li_1b



Vs V2 +(V, -V, )

V = JURP - (X, - IX,)?

= IJR*+(X, - X_.f
%:Z:JR2 +(X, - X.)
JR® +(X, - X.) ang) WengeLwnésl, e greimg wHpD HeCasd
Flwuemes GCaips Sanwlider Qgrguwer erdlmiLy (effective opposition) «,@ib.

Qg Benbangliiiy eramiBio. Cuaibd, G Z aar GHlssuuGENg. Qs oG
Q oyEb. Qeunpder wHliysedr uLb 4.22 & 2 drar Wentardimiy cuemyuLgled

GME&SLLL(HeTera.
Wenanpsss55n@En, WearCarm L sHn@h @Qal Cw o drer sl Csmenrd
(phase angle) ¢ & Spsamamib FOETLIM g6 PPELD STERTELD.

V-V, IX-1X

tan ¢ = v, R
X, - X, Gsrguwer Blaromliy
tan ¢ = R WlemgenL
XL _Xc
¢ = tan’! R

I, sin (ot + ¢) eerug aps @ sosdab sphfld umb
WlenGarm L Lom@Lb.
RLC aniflev 6lsm_ii spsdlemaey 260608y lstioni(pss spsdlensea,)
s em sangHaib Qsri RLC spdld Ly aGam L
\% \%4 \%

[=2 = -
z JR?+(X, - X.) \/

R? +(wL— i)2
@C

Caramr  fltCeuamrentlean  o@m @GOG wHOGDE  WlengreTiq.uder
Weromlib WlerCsadluder WemomliL|b earni&EsTemm FOME ©)(HEELD.
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1
oL = oC cranGeu WlanGendlmiLy Smiwowrs wrmbd, g Z = R erer

S, greug I, Viyrear @Cr sl gdled Qma@h. obg @ @GOublL
STCeuamamis@ sndler  (v) Wearberdlmiy Smiowrsed, WerGerm b
Qu@pwwrsed wLMMCLT 9BS GOLGLL  HTteusr  spPler psHlaga]
SHlTGleuam erariL(b. Au@pn WeatGCanml L samg aind&Eh QSSmaeW &HHmISe6T
QzTLiT psHense d &HM OO THLIF FOM eTerm SP&EILIHHDSG.
\4

@&Slensa| Hleneudled smled Lmubd Aumw WenCammLib 1) = R

apilen WenCardl i, sHler WensenLwmsHuder LTS L & @ FLOLD 4@ LD.
sigmeugl Z = R. erenCGou, &piled Gumo WwlenCermL b LimuLb.

anle apmi (Acceptor circuit)

ghlFsnm eramiu@BL QeTLi gsdasad sporarg, WearCearm L sdnE
@onbs Watadilemus smeugean epod Lo HiCeuamrsaladBng b
@HUALL ofliCleuamenan o Languirs Csibbshss e gnmstamdrar
QuUYEns).

CrqCur gplseile, smblear psdase; HiCeuea, ons Coudmrguw
agmsufen  ofliCeuaman e  @egea| (tune) GCelwluBdng. euPssDLTS
WenCasdluflen WanGsoH@s Hmenear wrhmeuser epad Coameiwimer oif o euar
2 DLW vFMS FHSLILHE D).

Q- smyevwd]

psHmsals apdler CambOshaE@Gn Hnear g sarmbssner erarig)
srssmrenf (Quality factor) widvag Q smrafilwrd oered LUGEDG.

QzrLi qsdlanses aphler Q srreanilurerg &bLAE &HET ADOG
WenCasslufler @m&Cs o drer  Werar(pss Ceoumumigm@b, CFassliLmhin
WeTan(PS55I DG 2 6o $56 ererm euanFLUmIGSLILHSDI.

Q- L sidvag C @en gmsGa o arar Wlemem(pssid N

QgL ILHID Wleman(Pssid
L 5@ em&Cs o drer Wemanpssd = 1 oL ...(2)
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Qe o, esdamseiler Curg wrmdlans WerGearm L sler  Cament
S} TGl euesT <@ L.

psdagailaCurg Ceudu@ssiul L Wearaipssorars R-ar @mnsCs
FHUGLD WeTa(pSs5H Gampaur@Lh. ghlaraie, L-ar gnsCs gnu@b Wemer(ipsss
@apayb. C-ar Gm&Cs huBL Wean(psss@Emnelb @eTnsCsTeTn FODTEE D
180° s Ceumumiiqgaid @) (S@GD. TarGeu e @eanD ety Fear ClFuig
QamereEnb. R-6r @msCs o 6rer Wenem(pss Goumur® wlHiGw @)(mEELD.

QeussiL(b Werearpssd = IR ...(3)
(2) wHmd (3)eugy sweLITHSmar werum® (1)@ udad®H Cauw,
_Io,L  o,L
IR R
1L L[t {QZL}
9= T7er ~RI\C ° JLC
Q TarLgl  @uéumen
9FTCeuams@ensE 10 wsod 100 Q-epyeflanss
aueny EHLILSET QSTERTL 6(h Grevm " Reayfl
Q-=idsd

FHMIGET WO&& IGIERNIE (R-geopal)
FTeuenr 6iFsé&E mFmEsmer

N . . oo
gHG&WL. Gonhs Q wHiL &HmseT /\
o ofiQauar  oSfsss /-:\ Q-seona
DFMNHHEMET GFHGLD. LN (R-fs)
Vo

Frequency V—

|
|
I
GL. fs Q wHly Caremr !
|
!
!
!
!

aarCel, <fls Q iy
QarewTL.  &HMISET  FmTeOLWTS
@gea| Cslwb. @GoDbHS Q
Ly Qgmesr FHMISET
slaLwinar gslamsamel CUDDNHSGD. AHF WO eTaramid, GdDHS
WengeLemwwbd CaremL sbAF gmanerl LweaL(Biss Q srrafleow oiSaiss
@ uigb.

WenCerm L flTleuanr euengCamh s Wenseam HILSEREE FHm

UL b 4.23 oSlibleucssteneovts Fmihg)
WleorGevrm L wrmmLd

SLaL_ WL @QHEG0D. Weangemlwler wdlL GmpEETd gl WOGa|D Fafenowins
ormin. uLd 4.2360 srlLiul (et euamerhg Camh Flitleuem o auridlmen
auaFGaT®H eTare|b AMWPSSILHSDI.
4.7.6 A.C blstr &mmiled Slmesr

a.c Weargpdla WerGearm L pd, WeralwsE alensuyd sTsmss FTibHI
Qaribg wrmb. ererGeu e GHUGLL samsdled SHpemers samsdl (), erert
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R (P& sHMISED Frrafl Hper samsdl L LiuGEng. ararGo, eThg e (H SaTSSHDILD
AC Slenanidlen Smerm craig), dsamsHler Wlenealls@ elenas@h, &hled Limujb
WenCerm_ LSS @b 2 emem GLBESD L eTam euan TGS ILHS DSl
TS @ sasdaid, Weaaludgg eflas wHmbd WOaCearmLsams
EDSEE@TL UMD GT(PSETLD.
e = E; sin ot
i=1, sin (ot + ¢)
@ ¢ erarug a.c. spdle WeraNws@ llangs@h WearGerm L SHn @0
o arem s Ceumiuim(h @b, @ W& &Hled LweaTLHSSUILIHD Frrafl Hpeir

T
f[ieat = ‘
P, = o —-= [[1, sin(et + Y)E, sinot]dt
0
[at T
0
Q) ameng &(m&Es,
E,l
Paw= "9 cOS¢

P, = % . I—"2.cos¢ =E_.I. cosg
P, = Gampm dmer x dimetr smyewnf]

@dleo Campm Sperr = E_ 1, wpmid Smer sryanfl = cos ¢

@@ ac s&mmler synam Fmen, sHdlen o @SS TETED AMPSSL
LGESDEI.

oo Liyg amer (choke coil)

SiLLILEF HHET eTeTg GaDhs WemsamLamwids Csment @b SIAF s(mer
SGL. @ ac Wer &poled WearGamlLsmgs s OUUBSS LwerLBS g
BlanCarm_Lsemnss s Hu(Bss WeargamLwmsdanw Lwea(Bsderme a6 Gl
ellenere| sTraRTONS pHME @Il gHUMD. GSHEGSWLIHTE G LilemgreTiqudle
WlenGerm_L1b Limub Qumpg) <pHme @il erhu(Beus G eene.

QJMIDLILY

Caaflpby o dratasdear  WBg, sridiiul L —

SMblrE s fls eramanilsasuiled &HoU UL g BEGD.
e  WBaGammlLsmss @Gonliusnats Cwdedlu

f,&@ijﬁz@z) Spe  eaarsd uwauhssuuGEDg " '24&“7‘_1_,’”6,:
UL 4.24). '

&(IH6TT
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ClFweLLI(BID eNl5LD

&198 smaflen e Hlepevlo Wer omili Xy = oL

@ Beadlweurer Wergnemguie, WenCarmi_Lib Werean(psssams el %
eranip &L jeralled Gengmidl @) (m&ELD.

R (WPWPF FHMSE AL LILE SmeT Lwem(HSgD Fymafl Hpe,
P,,=E I cosn/2=0

rms ‘rms
@mulbad mepL_penmuliled L ererm wler greawred eresm Glamenr jepL_LiLE
F@eT T ererm APl WersenLevwt QuHBHES@GD. eranGeu, @& Wlemgesmiq b
Wengen T 2 1d QgrLim @Qenantiiled enbhs (h AWULTE &HmSIL(HD. @Qbhs
Blanaoudled e (WP(PF FHMISE DAMLLILEF &(HeT eT(h5gI6 CEmaT(@hD Smen
P, =E I cos ¢

rms ‘rms
r

Pov = Erms Lims 2 4 w2I2 ..(1)

-

@dla I+ 0?2 eTemLIg) Hmen Smrentl <G Lb.

gwearur® (1)empg efanm@gn syrefl dmer, WeargenL uled gHUEL Fmeir
@uy IPR g el 1886 @apeurs @mLILI®SE STarmaLD.

— O — O

ur o 4.24a A.F ojemL_LiLj& s(peT uL o 4.24b R.F ojemL_LiLj& &(peiT

@by FTCeuam spmsaie LWATLOSSULOL  ALLILF  S(HaT
Caafmby 2 aerassamsls QuDDdLLSTD @6 Wengream o orewm HHors
QHSEL. @eleiens DL LILF Fmarser Ceeilluemt odiCeuem (AF) e liyg
smaraar erarliuhdeamer. CrgCur ifrtleiaraEnds@ sTHm 2 6TeTs AL LiL|§
S(maTa6r LwaTUhSsULIhEamen. ghleamails @eunmis@ Gmnbs Wengnam e cremr
Curglbrensrs o ererg). @eneu Crig Cuim o itleuem (RF) <icag) 2 wir oidrCleuer
(HF) ©oLiys smasar aear Sapssiiuphdanar. @amel sbifudor emid
spmsaier LweTLhdamer (L 4.24a oy L 4.24b).

wrmdaes WerGerm L hisafle Geudu@b ealli eleré@sae (fluorescent
tubes) @i LiLE smerser LwerL (hdlermer.
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4.1

4.2

4.3

STHSHUILILL SHEs0TEHGSH6I
200 spmisenerybd, 0.04 m? GnIEGL urlieouwybd Csmearr(Herer SN G(meT
PGy Qsegib smhslijobn 0.02 elpmguied 0.1 Wb m™2 mps
0.04 Wb m2 5 wmdps aafd odd sramLu@n Wearelluses,
clengenws sanrsd(Hs.
s&euew : N =200, A =0.04 m2, B; =0.1 Wb m2,
B,=0.04Wbm?2t=0.02s,e="?

Sray: e=- L--Lip
d dB (B, - B))
e = —E(NBA)=—NA. E=—NA. —a
e = 200><4><10-2M
0.02
e=24V

e lbrarsder @nsamsuier (penarsehsdlan Cw o dter gy 20.48 m.
@5 aLé@E Crréd 40 ms™! eremm Goussdld LpsHpg). Uelsmhsl Lassar
QsriiEsss sm el sdd 2 x 100 T eaafled, @paamsuden
perarsEpsdlan_Cuw e Liu@Gb Wearalwé@ ellanganwds saréssHs.
o6 : [=20.48m;v=40ms ; B=2x 10°T; e = ?
Siey : e =-Blv
= -2 x 1073 x 20.48 x 40
e = - 0.0164 volt

1 m fBarepd 0.05 m el qpd Qamer cufdsmar 500 &pmisemand

Qarar®ererg. sblGF smeflen aulGu 2 A WenCGermLb LmiSpg) erafled

(i) sbls smefler ger Wer grewried ereor womd (i) sbAF s@mCerm®

QarLiTy GQEra sTHSULTULL Y dweihans senrss (hs.

goeue:l=1m; d=0.05m; r=0.025m; N=500; I=2A;
@A L=20G)¢="

N2A N2zr2
Siey:: () L = ”"l _to l”

-7 2412 2
_ 4710 x(5x101) x3.14(0.025) _ ) 16 « 10-3

~ L =0.616 mH
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4.4

4.5

4.6

(ii) smpsliLmub ¢ = LI
0.616 x 103 x 2 = 1.232 x 103
1.232m Wb

¢
@ smeatled Lmyd 4A WenrGarmiLb 0.5 S sresdle 8A =8 wrmbCumg
wHEprm &mefleo 50 MV WenaflwsE edlans greamLLuBS g erafle,
Sleuell(®  FHeTHEREHLGL 2 eter  LfbTHH  WOETHISTL O  eTehmanemtd
FT&HE ().
soeue : 1] = 4A; I, = 8A; dt = 0.5s;
e =50 mV =50 x 103V, M = ?

) dl
Siey : e=-M. o

o o 50x10~°
M= _ —_ =—ﬂ=—6.25><10—3
BRCOES
dt dt 0.5
M =6.25 mH

@@ wrindas BlaCarm L Wearalwpd 10,000 spmsmanyd, 100 cm?
upliuetemeuw b Qaraw@ererg. 3.6 x 1072 T  yereyerer  Symar
sThslisdd sbAF smarmarg 140 rpm eranp ComansHans Coussdld
& ng). gramLinmibn WerelwsE, ellangudlen QUL wHliemLs srems.
sseuer: N=10,000 A=10%2cm?=102m?,

rpm eranig) e Bl sdharar spndsefler cramantilsms

Ips eremg) e edlemmguia spndsefler cramreanisans

140

v =140 rpm = “== rps, B =3.6 x 102T E, =7

Sie| : E, = NABo = NAB 2nv

7

=104x10’2x3.6x10’2x2nx§

E, =52.75 V

o
25 apnflsmars Caram_ ager ameaalgeal WlamGeanm L sHlem rms iy
30A crafléy igmamen 6T pL 6T(LHSIs.
goeue :v=25Hz, I =30A
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4.7

4.8

Srey ¢ i = I, sin ot
= I /2 sin 2nvt
i= 30 /2 sin2rn x 25t
i= 42.42 sin 157 t

1000 Hz wodliCeueanr Gsmar_ wrpdas WenCarmlL lerandled
@aamssiiul (Herer WenGasdluflern WaGCssEs Snear 2 pF. dewdu®ssL
u@b Weralwse elensufler rms wdliy 10 V, eaafled spdléd Lmyb
Qar@uwer WeTCanTL L smss SrenTs.
saeue0 : C = 2uF, v = 1000 Hz, E_; = 10V

1 1

gior: Xe = .7 Cx2m
1
Xe T9x10°% x27x10% ~ 79.6 @
Eeyy _ 10

I - —

ms = X, 79.6

|

rms

0.126 A

@@ sbAF smar, 250 V, 50 Hz Wenan(pss epadgi e @) aemmasii(hib
Qumrpgl, @iger aullGu 2.5 A WanCarm_L_1b 400 W Slmenar Liweni(hsSs
Qarearflpgl, eafld smeflar gembllear gramLd® eameaamd  SHmeir
Sraul WD Harss(Hs.
soeuew: E_=250V.v=>50Hz; I

L=?,cos¢p="
Sie|: fparP=E_ 1 cos¢

P
necos ¢ =

ms “rms

_ 400
~ 250x2.5
cos ¢ = 0.64

=2.5A; P=400W;

rms

E..s 250
BenQandioy Z = 7~ 55 = 100 Q

rms

s UL S5 e0l(mhs)
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X
sin ¢ =7L

XL=Z.sin¢=Zm Z n
= 100 V[1 - (0.64)?]
X, = 76.8 Q R
geame Xy =L o=L2nv

L X, 76.8
T 27v 27 x50
L =0244 H

49  gum Wergry uey 50 V, DC  apasgien Qeavamssliubhin Qumipg 20 W
Spever LweTL(HSHE Carerdlpg. Genent =g 250 V, 50 Hz wrpdleas
Wenalws@ eflang epasgiLer o drer WarCassHuLer @enansslitBEng.
Wergny Ll G ey WenCarmmlLgag T(HHgIs Gamerer WlemGgadlufler
WOenCaa@s Fmerm ereleuemey @ (HEs CeuaT(HD cTaTLINSS HentdHdl (.

s&euev : P =20 W; V=50V;v=>50Hz C="?

Siey : P = VI
’ v 50 7
et R = K = 5—0 =125 Q
IO "= T 04 T
vV 250
; i = —=222_-6250
WenGlerdliiiy, Z 04
2 2
7 = R2+(Lj = R2+( 1 j
C 2mvC
z2 R2 1
= +
122C
1
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1 1

C = =
27 x 504/(625) — (125)? 27 x50%x612.37

C =5.198 uF

410 e = 310 sin 314 t ereirm swarurgarmed @GHlsslupin AC Weran(pssLd
24 Q WergeLwnsdl 0.1 H Wer grewrg wpmd 25 pF  WarCged
SFlweipmier Qarii Qevarriiled GenamssliLhEng. Werem(psssden
Quep Wiy, rms  Weran(pssbd, b, sndler Wlem ML, &bler
WenGlendliiy womd  WenGearmlLgdlenr &L & Comanrd <pfluicubenm
SaTES (h .
seai : R=24Q,L=0.1H, C=25x 10°F
Siey : e =310 sin 314 t ... (1)

LHMILD e = E_ sin ot .. (2)

gwerur(® (1) wopmib gwerur® (2) < SHweubenn eLidl
E,=310V

E &_ﬂ 219.2 V
ms =5~ g = 219

ot =314 t
2nv = 314
R
V= 24314 * z
Blemomiii] =Xy - X =L o - Co = L.2nv — C.270
1

0.1 x 2 n x 50 -

25x107% x 27 x50
31.4 - 127.4 = -96 Q

X, - X = -96 Q
X - X = 96 Q

N
Il

\/R2 +(Xc —XL)2

V242 + 962

V576 +9216
98.9 Q
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Xe - Xy,

tan¢ = R
(127.4—31.4)
- 24
96
tan ¢ =94= 4
[0} = 76°

WenGaadluflen WeromliLy idlswns @mlLgre WerCearmL LD, Llemetwidhd;
eflenganw el 76° gL jarelled (pBdHF Qadayib.

gestSILLT(0H
Br5 st wHIT B uGSuled, ClerBssLILL Do eflevTngasELD
sen1EGEEbLD WwidlflesCer. GeupenpliCuretny, Lr_Li Ligdluler 61bs e eSlemmemeud
SJ6V6VE] FHEWISHAMTLD 6211 QUEHLOSGSHEVMD.  LDMEwsTeY,  Lomewotelii  Fevr i (B
L@SueS B 1L (HIeDevmoeD, LIMLLI CLmBeleS(BhSID 6IgEIEHSGSLILIL & FnlqiLl
SeTTSSHEBEHGLD HEMTEHSSHEBSGW eSlenL_wellss s 6lFuig GClsrerem Colsr(Hid)

41  Slersmsss grenr e LwWearU(hSSLILLTSF
(@) WO (b) <iem @&ELD
(c) AC Wesraflwmm (d) oieLliyg smer

42  0.5m? ugluereneuwyb 10 SHMIGENETD GlETaTL 6(h HDLAE s(meflen HerTid
0.2 Wb/m? smpsliLesdne @ssts o aretGung sblls smefar eudCw
LIMUW{LD &THSLILITWID. ..

(a) 100 Wb (b) 10 Wb
(c) 1 Wb (d) s
43 Qeamen 698 ..o, el Fluflerr g LiLianL_ulevrerg
(a) Wemepr L o flellemento (b) urw @ efemento
(c) 255 Silellaenio (d) @pméd 2iflefemento
4.4 CprésLsdluller sem Llen grewrL_cd ere......
(@) s (b) apqefiall
(c) W& odsb (d) Wgea|b Sdlwg
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4.5

4.6

4.7

4.8

4.9

4.10

4.11

Qamerl ereitm evdlener @)LILIgU|D eT(LpSEOMLD

(@ Vs A1 (b) Wb A~1

(c) Qs (d) Siemeanggb

@ &019& smafld Lmyb WaGerm_L1b efearmy&@ 40 As™! eram eissde
wrmbEumpg, grar_Liu@b Weralwse elleng 12 V erafld, &4 smaflen
SGTLOGIT GITGHTL_6D GTET.........

() 0.3 H (b) 0.003 H

(c) 30 H (d 4.8 H

5A DC WenCenrmLib o (hauns@ld <Cs5 eme| GeuliL  ellenearancl
2 Mm@ Mg WlarCearmmLgdler jerey.......

(a) 50 A rms WOenGermi_L_b

(b) 5 A Quepw WearCerm L b

(c) 5A rms WOenGerml_L_b

(d) Guohaem ergieyb @eena

Wemomm il GlFwie (Heug)

(@) AC Wéb (b

(b) DC W& (b

(c) AC wpmidb DC ulled

(d) DCs sriliggb AC wled Spbur CQeuduBib

s0E s&mefler @Qmbg Unssnmse WOaGammLsag umug Gelub
wrmdand Weralwpdlufer o i

(@) yesaTHsD (b) YGere) UL L cueneTwid

(¢) B(ay euaeETIBIGET (d) grflensar

@m wbmdas Waanhler GFudu@Bssliumb Wbaaludd odas
e=E_ sin(ot+7/,), I=1,sin (ot-"/,) eem WenCerm’ L Fewgel .........
Ty HLL et (phHlF QFaib.

(@) n/2 (b) /4

(O (d) O

EpsaaT_cupmer ersener WaTorHilenwis LwaTURESS 2 WS (pigwirg?
(a) 2 éraf(h WerGerm_Lib (b) o craf(® Wenevm(pssid

(c) o et Hmei (d) SimansamsuLd
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4.12

4.13

4.14

4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26
4.27
4.28

Bler SISl (& sbllsafler erhuBbd Hmer @il rliQUTPS G®neuTs
O(mHEHGD?

(a) Wenar(pssb Gmneursad WetGeamm Lid Flswrseb o arerGumg)
(b) Wemem(psgbd wHmid WenGerm L b @Feam(HLb SiHswns o drerCumg
(c) Werman(pssd SiHswrse b WerGeam Lib @amneursea b 2 drerCUmg
(d) WBenem(pssn whmib WerGarm L b @ream(Hb@mneuns o arer CUmg
Crirgleang WeanCarm L sens semauflCu Lmu Aenndssns smell erg)?
(a) Hesen (b) WenGg&s

(c) Wengnesri (d) Copsem_ oimersgib

@ AC e &piled

(@) WenGenm L gSlem symaf wL sl

(b) WenGemm_Lmisaflen @pioigs grmafl iy &

(c) gpmafl Sper @l &L

(d) rms WBlenCanm_Lgdlan iy, WenGermLdler o &g wdlienus Cumed
J2 bk

WOETETHESS SNETL_GO GTETDITE) GTETET?

WesThbes e LHdiul «oLTTCL elfsamers gnmis.

S0 L eor SNEHTL_GV GTEHT ETEITLISENET GUEDTUIMI. GG eV, WTG)?

S6T LOGITETEHTL_GD 6TEHT G160 <DHEVENS GUENTLIM).

LflrHN LOGTSIEHTL 6O GTERT TN GUENTLIM).

STLOlEI HIERTL0l6h HEn L (PEpDLI LILIGHET Fa)is.

<LIQemEl auevgl s ellHlenuids Fnmis.

wrmdlens WenGerm L ser rms (Lweaym) LI eTaTmmed cremen?
grewrL Uil L eallwsE ellangenw CamHmnial&EELd (PenmEeT Wmenel?
vesl L AC Werallwhml eremmmed ereer?

Wletrg et uilem LOleTLOMILIL| 6TETDTED GTErTeN?

wrmdlans eTCammL LD GTETmTe cTaTen? IS6m FLOETLITL L 6T(LHSIS.
WenGaadluflen WlemomitiL| 6TeTmTed 6Teme?

ghm LOHMLD GW&E WernrmhblsepsdaL Cu o drer CoumUmhHEmaT 6T(LHFIs.
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4.29
4.30
4.31
4.32
4.33
4.34
4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

4.44

4.45

LCR spiler gsdense | Hmleueht erammmed cremem?

e srranfl eTETLISEMET U TWIDI.

DC oS L brpdlens WearCeanm Lseng erellmg). creim?
wrmdlas WerGerm L sdler rms wHliLssrer swarurl el L Gumis.
ST&ETIenf] TSNS LTI

e WarCssdl DC & 5(0&@W0. amd AC & Sa@ndé@h. allars@s.

RLC Qsrii smile Wenan(pssepasdlar ifrbleiamranant ojdlafgsme
WenGanmLgdlem LI eTeraneum@h?

Cevermeny elldlenws sams. LHOID Ceerev clfew g Camsamen epead
deats@s. Qg <whod ddeferann elHuder gL uied o eTerg
eraiens Wb afleuil.

ger e grewred erer wHmid Lflwrhon Wergrem o eramm < pSweuhanp
Caumiu(h&315.

@ Ba euflFsmafler genlen grewTL e erewTariihsTe FweTIT L L1
Qums.

Qe (h Bewr cufléam@ns@ Qe Cuwmer uflbrhm Wergramr e abeufl.
wHOID AHer LfrHm Wlengrer e eramrenihaTer Fwearur el GLmis.
Q@(H HHET 2 GTeTLRI@GD LpliueTene Wwrhmeugen eped WenallwsE eblans
e ILBh elg5ems 6llens@s.

sThsL Hagder Sagamwlt QUTmSE @@msbIAs smeflar SHans enolianu
wrpneuser epeod He  Wenallwse olangew gramr(HL (Pameni
&mSSwed aflerdankisenLem aflalfl.

&L BlCaTTL L BISET eTammTed 6Teier? jeumler LWaTUT(HSMmeTs &(hs.
Si6U eTeleMnl GeDESLILI(HSlemmen?

Besr_ Qgreneelih@ Wendmener ereueumm SmbuL SetiSkH Qauiw wpiguyb
cremgemer clleurl.

wrmdlas WeralwsE etlans Gsuou@ssiL@b Weargamlwrés wl HiGw
2 LW e ac &Hled Lmybd WerCerm L sdhamen Fwerum enl 1 GLmis.
Wenan(psss53nEn WearCarm L sSh@Eh 2 6rer &L LS CSm_ifenlis &reans.
gy Wengnerg.  wLEGL  2eLw g wimHeos  WengkDHmHled
WenCerm_Lsdlpsrar  goearum’ el s  smel.  Werar(pssd  HMILD
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4.46

4.47

4.48

4.49

4.50

4.51

4.52

4.53

WenCerm_ L@ GenL_ G o éTer sUL& CsTL_TenLid Smesms.

wrpdleas Baalusgeiams Cswed URSSULHDL, WaGssd L HGWL
2 el W @ Wenamiled LMy WlenCermlLgharer goearurlen i ClLms.
WenCarm_LsdlhH @b Weran(psss5Sh@ELn 2 6rer &L LG CSm_ifenLis &rems.
e AC spler syrafl Wer pendsmean goarurl el g Smedl.

S liyE smeflen (choke coil) gggieud, ewwliy wHmb Geudu®hD
ellgb pHweiheap afleur.

ac Werarpssp dc  Waranpsssamss STLGQID  6Ths  eumsuldle
SnHSSTHED, Ths euamsUId G®PUT( 2L LSTHED 2 6TeTgl eTarliSena
<6y Gadis.

e sl AC Weralwpdlufer ssgi6ubd, el whmibd Ceueme Gguiub
clgsang elleuifl.

eparm UL AC Wleneilwumdluder ssgieubd, Senwliy wopmib Geuena GlFwiub
clgsang elleuifl.

Wemorpdluder ssgieusams elleufl. @igem emwiiy wHmib Ceuemen GlguwiwLd
Mgssens cfleTs@s.

wrmdleas  WBaalusEelamsipod qemm CQsTi Gemeaurlile o drer
WersenLwirsdl (R) Wengnanmy (L) wombd WarGssdl (C) <pdlweupmi e
@enanssliLl(Hererg). HeusL i euenguL b HMID WetGlard ML eueyuLLD
fleaunenns Csram® (1) CQsreuwer Weranpssn (i) WenGlerdriiy
(iii) WenCGarm b wHmbd Wenarpsshd Qe Cuwrer sUL§ Csm iy
S FweupmSETeT FoeTUm(Hsamer cu(hedl.

&6UT15(GS61T

454

4.55

100 Q WersenLeowuyd 100 sapmsmernbd CsrarL SDAGF S@HeT et
100 Q WHegeL e sreveuasm WL (bLemr QgrLpre @eaandsliul ()
@@ STHSL LeosHed emaussiiLhdngl. sl smepler QT Careamm
smpsiuTwb 0.1 efpmguiey 105 Wh émipg 2 x 1074 Wb &@ wrmdps
crafled  grewrL LUl L Werelwus@ elengerwbd, WenGenmlLgengu|b
SaTEH (h 6.

seTuLenld  @amssrarnd Wersmiy GeuwiulL  @rer®  gulld
seT_cumarhiger e Wead Ceurdl S (et @enantéasiLi(hElempe.
@rierarg 180 Km/hr Ceusgdler @heugnse|b, Lellambslijasd e
QeriEsgs smder auedenn 0.2 x 1074 Wh/m? eranayid, S&mL_eumeriisaT
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4.56

4.57

4.58

4.59

4.60

4.61

Im Qe g Qgrenaeiled 2 crerer erama|b Gameir(h Goumevl WL L Med 2 erer
GSDPET STL(HLD AeTened Sentdd (hs.

STHM 2 arenssSms s Camar euflégmer qarm 4 cm el Lsamsub 60 cm
Bergansub 4000 spmsamenyd Qaream@Beararg. cufldmmeflen aulGw 5A
WenCerm b umieugsTss Cararh e Gaodsliul L phnaes
FT&HE ().

5cm eflLpib, 100cm  Farapid Qamewr @ HOL 2 (Henaruden g 3000
sHnser @Cr SIH&He 2 drereurn &HoLUILIL (HeTeren. @rearLmeug <iHdd6
s Queallu sbisear s HsHer g Sigen ewwsHne SimSHa 100
sHmserts  sHoLUUL(Hetarar.  @rear(h  SMHETSEESEGL Qe Cuiwirer
uflbrHn e 6 erarenans sasSHis. (2 eratasdler @l SMbhs
o I Ly@dmen = 500)

e wrewreul, wrhsalar sblulorear Bl sTHm o draTasmes ClgmemTL
s019& smener 100 V DC Wenan(pss eperdgil et @anemdg idled Lmb
WenGenm_L1b 1.5A erans udley Cewldlpmi. G sbAF smear 100V, 50 Hz
a.c. epag e @aenssiL(Bb Qumipgl WerCearm L b 1 A eram @ennSpg.
sb9F  smefler Weromiiy wHmD  WeTHIEHTLO  eTar < Eweuheanm
FT&HS ().

e = 100 sin 200 rnt erenp Wenaflwse alengwjien O0.1uF  18lanCss4)
Spenanyd 500 Q WersemLamuubd GGTLITs @QemarssTed snmler e
srraulleowsd sasd ().

e Wearorpduder (psemennd &nmla 400 sHmigeEsb genard andler 2000
FHOIGEHD 2 eerean. glamewd FmeneOlmbg 1100 V. erefler 12.1 KW
Werdlmer QeualGu erGssliLBdEngl. (paarennd smetlan Weargen 0.2 0
glanens matlen Wergen 2 Q womib Wernmhdluler Lweaym Hmer 90%
creng Qamanr® (i) pgemennd s&mefler gpuBD Geulin < Hmd G)pliLy
(i) siewawrs smatled gHuBD Ceulin <Hmed @iy ydweuHenms
SaTEH (h .

50 Q, Blengew 0.5 H Wlan flanewid wpmidd pF WOenCassl <y dlwian,
e =311 sin (3141). erenp Wenaflws@ ellengwjen_wi wrmHang Weral s,
Meng ppasgL e QsTLTs G)enanmds Ll (heTarear erafled SLpdsarLcuheann
FT&HE ().

() wrpdens WenCermLgdlem =i TCleuesr

(i) Quep WenanpssLd
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4.62

4.63

4.64

4.1

4.6

4.11

4.54

4.56

4.58

4.60

4.61

4.62

4.63

4.64

(iii) Wemblenavinddler LOlemomILiL
(iv) BlanGssHlufern e wmyLiLy
(V) VenQerdlimiiy

800 KHz wpge 1200 KHz cueny Qp(Hi&sn 2 enlw eelurliy Ll el &
@aga| QeliwsamigwsTs GrgCur gpll germ o drergl. LC &pdler Lwienm)
Wengnenm_ed eranr 200 u H erafled wmmy WeanGsadlulen WeanCas @S men
@pH&sD (range) wng)?

e Wanmhiluder Lwenm Smer 80%, Qg 4 KW, 100 V 2 éraf(h) HlmeyiL e
@aanssliLbhEng. semars smatlen Weanar(pssn 240 Veraflled (pserann
LHMID FIMewTE HHeTaHatled LMD LBleTCerTL L hiGeneT Gaurédl (hs.

Wemellers@ qerm 80 V, 10A DC Wé GeuduLsd smiquwg. Qg
100 V, 50 Hz wrpdens WenGerm_L gL e @evamasiiLihib Cung <6g
10A WenGarmlLsang eT(hHdEHE Csmarer isgiLen @eneands GeouemTigu
Sy smafler (choke) Wler et v eTeiTanenTd Sentddl (Hs.

ellemL_s6i
(b) 4.2 (¢ 4.3 (d) 4.4 (a) 4.5 (d)
(@) 4.7 (o) 4.8 (a) 4.9 (d) 4.10 ()
(c) 4.12(c) 4.13 (b) 4.14 (a)
0.8 V mopmidb 4 mA 4.55 1 mV
0.52575 J 4.57 0.37 H
74.54 Q wpmib 0.237 H 4.59 0.0314

220V, (i) 747 W (i) 242 W

(i) 50 Hz (i) 311 V (iii) 157 Q (iv) 636.9 Q (v) 482.5 Q
87.9 pF \wpg1198 pF eueniy

40 A, 13.3 A

0.019 H
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/ spHrCaar  OeumsLymoer 1888y  opear(h  HeubUT  6FLpmDd J‘_F;%
SWOIPBT_Igd 2 drer SmpsSymiudrafluiiey ApBEsTT. DeuHer L sHasWTT S
@rr.epdrCast mui @ wAfwm sar sHmns dersliuligadsded Gubilwe
clflejengumeryrsls  ueelwumhdwsred CeumsLyroer SECsCL  ger  udTafll
LigLienL (plg SHTT. Dfeur 1904 <u1b par(h Geemanaruiley 2 arer wmbland saamflude
sarepienLw BA Ll L0 Liglienu Apligg s@HuLern (plgsSTi. CeumiGLFTDET 6t
waisme ULl ugleou %6Gs so@rflule Qgriipsmr. 1907<eypb <T@
maralfluldledy MA Ll lugly  Gsrelle ereveoml UM BiGefgd —gFrgeaner
wHUCUaETSET QUDD (P u@GLiler Cared Quppmir.

1907 <pib ew® el Hldssimn Csiay erpd <idd pselb
Qubmmi. 1907 oyib par®H mOan wrgsdle DaTdsssTald 2 6TeT GaTHE@S Flann
SO  ADICUDTITE FETF UTPSMSMWS FGousdlearmt. Djeum HEsgiammuled
siQeuarmsl uafilyfbs Curdaibd @igieuws Corb $elTsg ST WHMHILD LT
Cormsamer QupAud <piieys sl mseld sOSSTT. ser eiligen @@ UGHamuw
ie)s gL ons wrpdl SHoLdssl CQurmearsamers GCarar® o (heurdsliul L
smellsmer meausgls Carar®h < uesamer GupGsraermi. 1917 wuib <@
DOme IFSHM 9T& Laleanw ginbg GETosssT Losamas spasdld @uiniwie
Cuprdlflupres Carpgmt. 1929 b e < mSHGCow SFFThRSD SfeuHdHE &
ULLD Gligugl. <Hamed Seul et GUWmESE weamed ‘T Ul L SangLl

Lweru(hds eNHbueidene.

Seu sarBH g5 ‘@ rmer ellanere] sHOFLOTES GaT(H WG &S L S,
TOSSTY (P p@THsemTs Lem_ihg Curnebyer CGFis opiielar alamerGel
B GLD-

1921 y1b yetimiq 6t CEHTmLG STewdH0, DUl (PFe (pgedled GrmiLmeld @
L Lwenrd QeisGurgisrer Qbs < liesar geumder s ler BMalmbg
Qaueflin L eipdlu Be Blpd @rroeiear seuadamss Geubsgl. eum WemHLd
@pHwur HmbQuejiear stom, B, uvalssiy LHYL Geuriliey Cumream epefl
sar(p(Heyld oarL smigalan psmmsarTed gHUBD eallFfsnd ubd HmHSHwe
womb Corgenar @uer liasamer CopGlsmermr. Gurrdfwur @rmoear GFlg
Camgenan AgPlu geflwurarg u@Harn eealulddbg wMMULL g aarLSmens
srliqugl. @5Ca yHw ellaeranel sam(h 4 ss aufleu@ssgl. ealdflgned undlu
Spliaygamer GHEGTaT_am&sTaa b, Delalil QuuFTGaCL euphslLIHLD
@ e alenetener sarT(HLgSFmESTED BeuHdHE 1930 b e aburm
g 10 b Cadl Crmued Lfla Uil Lg).

1933 b enged Quiis@Epie odrar @BHu  Sidleflwed HMD
Qamdplus spsb aan Hneuasdd wpso @b Qus@nbrmel Lantlude
Cambgmi. 1943 b e ‘@rmoer Hlmieuard’ eremm <rmiss o lelssams
BlmeerTi. seng QrrlFflsamar 82 b U euanT QSTL g FLSS T, Slieurg
Q@m@m SIeUTF Y TTIESEEHEE WPHHILILETe eeusss. /
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5. flenamhe jeMeOsEHID, jeme eaflullweid

cUmpGLulen Wlanasmhbss gramLd Blaspeurars srosmsl CUTBSE 6
yerafludley gou@b smhglye wrmur®, SiBslt yereflule @ Warjosams
2 (heums@L erer allarsddlwg. wrsavbleud, 18656 Guipansulled gl @S AL
(symmetry in nature) =drergl eren &HLligd STLlGNTT. SHTEUF HTOSMSLI
Qumrmsgl e yeraflufley gnHuBd  Werye wrmur®  SBSL  Yetatluded
STHSLILOSMS 2 (heuTsGL. @QsHE stasmsll QUTBSS @@ Losdd (Wbler
S &MHS) U@L LIMUTEH WHEDTEH LSS 2 (HeUTGGL GTaTLSTGLD.
e sesman Cgmn@ssTs eFou@mb Wer LHMID STHSLIL WwInUTHSET WeTsmbhs
wrpur@samer Geuaflulled (space) 2 (FeuTd@L oraty  (WPlgellenar  MEEV6eLE
CunGamearer GuoneEdlubl L smsg euPeuams QFisg. Qssamawu wImUT{HSET,
Siamavsafler LienTLsamens Gaman(h LmLGCLTmer 2a ssdlen (Material Medium)
2 gelluldlent Qeuafludied LFajflermer. @eupMDE WeTETHS A& erenm LW,
5.1.1 1flesr ks emevaser (Electromagnetic waves)

T&HeV6leUD FahbleLly.,
RO S .
WlGTEnTL LrhigeT Wensmibs
&HTIFS 6 pPEBIGET & LD.

Wersmhs — enagaflad X
gHU@LL Wler WwHmD STHSL WW
Lo CleusL a6 gpermid6lsmemm) E E
z B B

QFRIGSSTSE SlameuGsT(H

L (DD TLOE [AbELIO UL b 5.1 BlesTsMbS jen60s6iT

Quss  SHossg  GSITE

WD, @b LIMUTHSET, Smosaiar LaTLsmers Gamam® LmGLGLTmeT

sar_&g Slemr 2 gefludlendl Geuafludey (Free space) upeyflemper. Qbg LOGTSTHS
DIBDOEHET (GHMIHHENDEHETT(ELD.
_)
bLb 9. 16 smliguig Werye wrmur® (E) Y devsuliaubd, smhsiiLje
orpur® B) Z deslgid whmbd e urejeug +X  Sevsuligions

ST LI (H6TeTenT.
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5.1.2 Blevranks emevasiler HApliSlweoyser (Characteristics of
electromagnetic waves)

(1) pHS@ENGHILLL lenenrl L BT LOGTSTHS HEMOSET 2 (Heumdlanen.

(il) @eneu LFeyeusDHE LBLCUTHET 2051 Coameuuiaana.

— —

(iii) Wemanhs siamesate ehu@b Wer (E) whmib srbslite (B) GeusLiser
em&CaTenm Cemn@ssTs AmweuGsT(H L (HLOOMDD QWss HanssaE G555
LD, TGl WETHS DHMEHET GMESMOSET DELD.

— =

(iv) E wpmid B wrpiuriser G whmibd Amio whHlilsamer G sragsle
Qumdlerne.

V) @ee Qaupdlsdéd (vaccum) jées GQeefluder 3x108 m s7!

1
SHangCoussdler Cadleamer. Qgnarer GGTLTL € = \/E * (K — Qeummdl_gglem
o ' @dmen (permeability) wpmibd & - QeupdlLsdler il (hF e (permittivity).

(vi) Wemsrps emauden <pHma, Wer wHML S&MHSLLHD CeusLisaefle
Frg Uk L LUl (HeTerg).

(vil) Wemambgs SAemeser Wemapr LBl Seneusred, el WeTLis
STYILD, HMHSLLOSSTID ellese jenLaidldeana.

5.1.3 Glami e gy uie| (Hertz experiment)

18886  0eHMHS  DHEDESHET
@muuems  sarg  leller  epeld -

Qanm’ev 2 mifl QFEISTT. enae|mib

Wlemeyr L b, WOTETHS — HenaESEMET grewm® st | S,

Geuaflal(Hibd GTEITM QqliueLs 00— éz_ ___________
sogieusser e  SIDDHIF. o e
S@aenhd W LHer  @uiss -

DM STTERTLONS @QHS N6 <,HMED

FgHUGHDE. UL 5.2 Glami e yuiey

Spuielilen enolin) UL 5.260 srlliul (etergl. @bl A wpmibd B erem
Q@ 2Carss ssbseT gansbaream 60 cm Ggramoeild emeussliLhEaner.
Qs 2 Carss ss(Os6m, S| LHMID Sy eTemm LeTUATLUMESIUL L. @, 2 Cerss
Camemmig@pLen Sigloammer FrlF&sbIA Carar®h Genarsslil (Nererer. giewr ()
&(mET eemdlen epad, 2w Werarpss Ceumurirearg @@ Carermis@nsE
@ Cw 2 drer Al @enLGeuaflsE siefldst LHHnG.

o wimdlean(pds GCoumium’ g6 sTrenTons Sy HMID Sy&@ Qe Guw Sdlw
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uEGSHuledr 2 eter sTHM SwaflrgEsd DL bgl 550 sEEsSHmL G e WarGLTEE,
Blsw eufl euens Qawidlpg. S; wOHMID Sy 5@ Qe Cw Qurdl gHLBSDG. HMID
o Wi oiHTQeuar BTsTHS DMOEEHLD & (HaunELh. @bs <piieder ppeb 5 x 107
Hz oifliQeueir Qaram Wersmbs Diamasamer Ganm eb o (HeursdlearTi.

A pomb B eeam sshser @onns WaCssE SHear (C) o aniw
WenCasslwnse|b, GaauliLs sbLAs6r, Gamnbs serslen gram e erer (L) 2 e
Wengnamgursed  QruduBdamer.  ss(OsEpsSa G O6Ter L BigeT
SiamaembGLITg), 2w Flitleuer b

1
V= onJic 2o

SiemaBerd &g”%@;m

Y — sdliger

4 — 10*

_— 1021
— 1020
X-alsﬁr'ra;eh — 10"

* ] 1018
N f — 1017
- Lp 2argm -1 10°
] 1015

lpm p—
B J - —{ 10"
<i5é Seuliy saETEIY o — 10°
i A — 10"
1 1011

B en&ErT é{mGDGSGiTA — 10"

lcm |—

TV. FM — 10°

| Crig Glum yemavger | 10
lkm = SILL gpall LipLiLy — 10°
— 10°

BT ienavaser — 10°

uL_b 5.3 blestasnig Blmiomenev
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5.1.4 Blesianng Blmwrensv (Electromagnetic spectrum)

Qanrev, WETHS SMesmeT o (heuTsHlds ST igwilp@, Udelams
Sarisflgar (excitation) epewrs, LOGaum @b u@dsefld WersThs
Sjamaser Camhmielssii’ L ar.

Smabarhigar  ag  FTCeuamsmars  QsTaRth)  (pEDWTSE
aumsIURSS UL L TS THS Saes6T Wlansnhg Hlmnrene eTerliLihib.

Blenambg Blporene g (BH&HD Qamam_ Simabamhisamar dag
9 TCeuamasemers Caramg. Wersmbs Blpwraaser jmearsgb GeuciCamn
Wieysermseyd, gevarl Aflesarmsalbd, Heaiesl  HlowsEs séseuTn
smapasdar  gm  aflwsuild Qar@ssiulHeararar.  Sdasg  OTETHS
slmasEpd  gafluflar  HaosGoussdlad Caddamer. Wlatarhs —Siamesaefen
QupueTser, Fer Smaberdmsll CQUTHSSH LD, perme Seriss
Blanaufler serenoanwis QUTBHSS Senowng). e Blipwreana euflansser gemmaer L)
wH@mrerm QuUTmbgIeug, iemal CeusiGaum (penmsatied 2 (Heumeuans GHEE D).

Sl Laman 51d wWersms Blnwraauie oL mduerer  GeoueiCaim
WOTSMHS ADOSETGT  ELPEBISGET, &m@ﬁm wHmid  HTCeuar QpHESBISET
Qarhssiul(Hereng).

I|L_L_euemevet 5.1

(CaieflnE - fugetmi)
al. Quuwrr PGBl GIT Smafar OpH&sD | diCeue
GTHT (m) Qp(Hss0 (Hz)
1. | y-sfisa | sdflusss seflomsaflan | 10-14 - 10-10 3x 1022-3x 1018
SAEEE LOMID
SamI&a( ellangsailadHHal
2. | X-sfiser | widCeus 1x10'19-3x10°[ 3x10"®-1x 10'°
TG _TTETGHET
o Carassme
sO&sLILRHD Curs
3. Upeaign Bareflnsssde 6x1010-4 x 10-7| 5x 1017 -8 x 1014
(uv) SIS (EHLD
£LPEO&Sa. )& (GThLD
4 | sawany | Quans i foodgeae dio [4x 107 -8x 1077 [ 8x 1014 -4 x 1014
eafl Qurmar, gaflT ellaré@ser
5. Sissfleutin | Qeutiuts Qumpetsefle 8x107-3x10° | 4x1014-1x 1013
CLPGOS T MI&6IT
6. aw&CrT sl yraflued smedser 103-0.3 3x 101 -1x10°
SDIMOSET (QeupMld @Lpmis)
7. G Cuirr e sL5gIb s 9seMd 10-104 3x 107 -3 x 104
dTCeuanr | Wlarer L misenar (Lp[Héa
S@asar | efiug e epaLd
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5.1.5 1Dlev1ams i6n60a6rflesT LiIesTas6I

Wenrasmhbs Demasafler o Lwenser Camhssliul (heTerer.

1. CrigCuir siemevae : @Qbs Simasd CrgqCur wHmD QsTanadsT &
Qeids Csmrys@l uwearu®dng. 530 kHz @wpge 1710 kHz euengujerer
Siamager AM euflensligyd, 54 MHz cuenpuyerer oidls ifliCleuenr oemeser
@onHS e auflanguliad LiweTu(Bdlerme.

Qzravessm & (TV) omoulear Aphssnd 54 MHz @pgod 890 MHz
auanquigid FM auflengufes 88 MHz wpge 108 MHZz cuenguligyid ClaaGumensetie
B wir odieua (ultra high frequency) aflansulgyd CrgCum emasdr
LweTU (N &leTment.

2. &G SIMEV&ET : &S GH@MDHS SA@BETLD 2 TSI @)bS HAMASET
Grumi  womb  CQeuds Qerirys@l  uweau@deamer. i@ o uCursl
Qumrmerner ew&CrT e FMLWLIOSMOETSHET, Q)b masaflear fnbs LweTm(
WG D.

3. YB&SleuliLy s iseT :

(1) @is&flouliy eflatd@sar pLBs@ HflémasEl uweLbhdeamaen.

(ii) @ssflouliy eeflliuLelud eurailame slubleiliu pereardledliL&EE
LweL (S D).

(il smom, <ifued (thick fog), ep@uail Curamenes SissFdleulils
sdligemer 2 I seuteudlene. @garme Csreanaeier 2 daraupann BHlpHuL QwHEs
@eal LweTL(Hlerner.

(iv) eissflaaly ol seaum  Bipwre®, possmMn  SLLbULSmaT
S rmieusnH@ LwerL(hElemmen.

4. sewemmn eefl : Quipdaseiadmbg o OpLLGL  AOG
erdlQrmaflgsliLipib &GO G M) aflanwids Q&mesr(h BLOGHLOEF &M
B Gumeuaeupenn UMMEse|b Sdweyd wpudpg. s Smober CBHESD
4000A pged 8000A aueny 2 drarg)

5. Y 2orgns sHise :

(@) urseflurssamer POLLSHEGSD WEHSFHE 2 UsFaERSalD 2 6rer
miaTamiudliT Smulsmerd Csmoeeyb (sterilization) LwerL®dlermer.

(i) @5 cumass sdisdar Cumedl LSHTmiIGmens sarHwebd, asCreans
udleysemers  GerLPluLd sLwellwe <y uleusmsaflgnnd (Forensic lab)
LweTU (H&leTment.

(iii) 2 ewre s QummeTEeT GEL MDD UMgSTESU L6 (HE e

(iv) siamieiler sl Lenlienud serLPlwll Lt hiEerne.
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6. X adligen

(i) wmsgIeus glemnulld Crmi semHenT &melwTs LiweTL (hd e

(ii) Slewromisatien Ligs Sl < rmileusnEL LwetUhdermer.

7.y sdliser :

@GS Sl UHPlL LWLEETET SHeUDEMETS SH(HElemmen. HOHMID
yomCrmi SlflFmsas @ Lweru(H&lermer.

5.2 Blimwrenevaeflen euenaaet (Types of spectra)

Blpwrenewreiuier eeudsiul L, wlulLsGoreamenss CeuarGeraf
u@bCung, udCeum am@ﬁ}mréjaseﬁ 2 LW Smeserns CeucuCeun Senggafled
Sengompod e dlampear.  QgreaneCprsdufer  eremasEer  LeTaneuulenr
“ibumiser Lo euamranhisailey Hals@n. @ssmawu WbukisamerCGu Bnwrane
T Gmib.

Camgw 9,6 elarsdlarme eafluyl L Linmib CQurpg Werancuufen @ remr(h
iburiser Blipwraeuie weErser BHpliL@EHuder S sdeamear. Qbs Comguwibd
Qeuaflel® euflsafan mafarisdr wampGu 5896A wpmn  5890A. @s
Gemgwigglen Biporeane eTerm ienp&siiLhElemmg.

ve Qummarsefladmbg Qupm Bipwraesamer (i) Geiaflel® Hlipwrae
(emission spectra) (ii) 2 " seur flpwreney (absorption spectra) eran @rawr(h
cuamaseTTal 9M&EsamD.

(i) GleusflelI(®) Blmiwremev (Emission spectrum)

@afl  pad  gamd@mbs  Chrgwrs CQeueflel i gaflaw
Bimwrenevreflanwis Gamean(h <prmuyb Gurg Heuefleli( Bimwrenaenwis GLpemd.
eelGeurm gafl epoapd gen Spllwuoyse gnm Ceueafleli(h Hlmwrenaenwil
QuUDO(HEGLD.

Qeuaflafi(h) Flmwraneanws eperm LGS sarmsl GilssomDd. epelTelear
1. Qgrur flmwrene 2. eufl Bipwrena 3. Ll e Fimwrane

1. Qi Blpwremsv (Continuous spectrum)

Qgmit Blpwrene eramug) @enLGeuaf @dariod eream SienaBerhaisamarLd
s elw gafly L iul il wurgh. @& sasr (pse HeuliLy euengullemer
Binrigamens Qarar.g @bs Himwrae gafl apasdar GeuliLiflaaeau CLrmss
L HGWL Sienbwb. M aflepaddler seranwail CUTNISSH HenLWITg).

o wit Geutiu Flevevufgyerer S LiQummeraer, Bl QT eTsar, Srmue 6l
(carbon arc) wpmibd Wler @eanpeilars (electric filament lamp) @ eum i edl(mHs)
QzrLi fimwraneanit Gupemid.
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2. aufliflmioremev

aufl Flpwrened ereimLg euaILMGFLILLL e Barhisamend OlgmemTL
gaftepowinen alflgerm@b. Bimwreae euflser GeuafleliHid Gummatien HAmlnfwidy
Qarar_grELh. @eneu aumjeller serenlpenlids ST Pl LiwerL (h&lemmen.

aumy Blenavullgyérer
SESGHET  DAFTeUg  FlariFs
SiDLBS SLLDD Samsser (free
atoms) aufl  Blporeneenw

H(x HB HV HB

uL_1p 5.4 emamL_geoesflest euifl Elmiomemnev
Ceuafle &l erme. Sjamilaned AP ﬁ,’l)

wgyerer  Gumpetasearmen Gamqu <pell efletddlauerer Camgqwid, LTHFF <6
cllersdlgerer UMETED. Wenalinsss @riuseile oder sLLHD Samsser
< Slweundledlmng cufl Bimwraneaws Qupemd (LLib 5.4).

3. uLenL flpwremev (Band spectrum)

@ael, e waeauie sarmwwursenb HAlg HDsrs QApEmEsD GmDhS)
QararGL  eubg Wwoipeauied WwhGOTED @Q@madHam Lo  Cumedey
UL GOL_GETTE) <, 6TemeL.

ppesaansaiadlmhg Ulal Binwrameoamwutl Guperd. @g CeefleSi(Hb
epdamdlen HAplillwderus GQurmpsg Sewwb. srofub Seoeg Cuilub
o Nis6T Lergen &L eNlersSleyd whmibd sriuer-enl-psamns(, bGwreafum
aplrner  Gurammeaes  eurmyflaouild  Waalindss Gpmuiaid ulen
Bimwrereenw Carhsdamear. Qbsl LUl mLsmer s Hs LGdnear (resolving
power) flpwree wreaflaws Qarar(® <L rmybburipg @eibeurm UL,
gaflu peanie (CAsefeurar) <oiHs QBpHEsSLISD, LRl CBHESHLD
GBI sTalL(BbD. oidls ojerallemer Quaelw euflgamers Gamearr(Hererensd
Sramreomd. L enL Flpreapeaniis Casrem () e safl g e epadann G el
SIMweMD.
(ii) 2_L_seur lporemev

gafleped ardealmbgl GeuaflelLi@Bb geflwrersg) gff o I seaur Qummefler
auflCw  Qegussiiu’ L Gear  FHlnwravewraiaws Carar@h  prmybElumipg
2 L geum Hinwreme SoLsdlamgl. @eaibeurm QummE@Epd igear Hplidwouss
ghm 2 L seul Fimwraneanits QuHDH(HEEGLD.

Qeuaflafi(h) Himwrepeenwis Cumemm o ' seuiT BIHOTEHGU|D pLPETM CUESHET

Qararr_gl. @eveuwimeuer : 1. Qsmi 2 | s finwrame 2. eufl 2 seui Fimwreane
3. ulenl 2 L seum Flmmena.
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1. ClgrLii 2_L eur Blpiomenev
Qeuetener gaflliLmTensulld meuSSUILL L LFNTFS SETanTTly. TN LIFamd
euaTaTSmSS HeT WHEMLOT euaTETRIGMETLD 2 L seulhgl, CsTim o | seul
Blpwreneven 2 P
2. euifl 2_L_seur lmiorenev
5896 A 5890 A 5896 A 5890 A

.

v 5.5 Camquigdlest Gleusflafi(p) wmmyd 2 1 seui Blpwrsnev

sriuer elldedmbg @b geflaw Comgw <pedl auflurs aindsg
SISDET Blmiomenaomeflenwid Clamesr (b < rmybGuITg e &G
QzrLiblmorenouier @ram@h smepd  euflser WeEpFar UGHudd LD 5.56
STl iqweumn $lenL&@ L.

3. ulewL 2 L seui Klpwmsme (Band absorption spectrum)

Qeudtener gaflenw Guimger el bz Brés Hlaulgidmer @rssb
Sioegl GGarmCrmia (Chlorophyll) @eeg feo saflo wHmb &Ml samrgosear
auflGw CeasgbCumg Qe idfluns gaflu L ru’ L Sereareaniulie &meanowimer
UleLser  srarlu@b.  FTumiger swumflés ulel o U geui  Hpwrae
LwerL (B D).

5.2.1 oSoLimsrGamnuir euflses (Fraunhaofer lines)

&M fowraoamw 2 pn Ceré@n Cung 9ig U s euflsamens
Qamem(Heterensd smemeomd. @l Flmwrepauied o drer Qbs &meny euflsEnsE
CelipmenGammur euflser eremm QuwiT. @ w Himwrene, aufl o L seum BimwransE
R THSISSHTL_LMGLD.

Gweafller o LgdHurer gafl wem_eb (Photosphere) Wls <fsors
14 x 10% K Gaiuflevewde o drerg. @& GOsrii fpwreaamu Qeialed@ib.
GMwafler QeuafliL@duner flm wear_eow (Chromosphere) 2 | Lgdlenw gLndl
@eonhs wdlliurear 6000 K Qeuliubleraenw Csrar@erergl. Lo saflbmiser @miE
eumyy Blepavulleh 2 ararer.

2 Lyl Qurelley el igaflmhg i@ eafl, @ wealar GeuaflliLi@d eudGuw
aubLEUTE  HipwarLosdd oder  saflbhsamd Ao SemoBarmiser
o Useupliul ), fimwraeudd @ wer auflsear erhuBermen.

v Gurmersefler o seur  Blnwrewwemws  Gflw  Hnwraeuder
clpmenGammur  eufls@penr @bl (), @flw el war_@sdld srarliu@n
saflomiger sarHwliLbhElemmen.
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5.2.2 sperflizev (Fluorescence)

R(H DA DG FLPOEIM DHeDDLIL, A HMena 2 L &eu(HL6lLmpg) Hlermés)
SlPLibgl 2 WIT YHmed L L FmnsF CaammenLujb. Sjeueurn CFammenL g, oLl
10° Gpryses @opate  sTesHied  GoODEs  wdpd  wWILEHDE
HpbLbGurg fs smaber sdiaissqsmen 2 0D, @Bs ey QUGurg
eaflTeuansd STamreLd.

UV sdlit flow saflomiseaiendg u@beumpg samanm eaflaw GouafeliHib.

u@asdrrar UV sdliser oips saflwsder g u@beuiemy wlHiGw eaflise
2 (heum@Ld. LI earfl Hlatmey e Gleuafleumd gpafluyd Hlemm 6Sl(HILD.

5.2.3 bleiClpreflized (Phosphorescence)

Sl gaflwmsaiied 2 drer epadaanser LhEan UV sdlisamer o ' seumeusmed
dlariEs) ienL_Flemmar. Genel 2 L6 LTS Semaienl U Lienpw Flenaeni ienL_eig)
Qadene. wHmb HerrEHweLws Qe sdHicidflaar HnsHu GAn@ED g
paflige) Csr_idlmg. @eueurm egHu@bd Gershdl oafligme Blambprafise
T Gmmib.

5.3 gerfluflen Glanstensaet (Theories of light)

eafl Lye s LD erBgbleimm Carearansun gailuler LT smer elleTdsd
FalqWSTE @)(HEs Gouam(Hbd. eafl, @ euns UMM eremUsTe il mbHal
wH@pTm @QLsHDE uren  Geuar®bd. eefl  Ugen  LGLUEUITHET 261 &b
Caancuulilebenav.

ppp@rag Granh wopsald @i QLsddmbg whEpT®m GLsSbhEL
ugeydlpgl. (i) @eOHLGlL HeasCoussdler QFdaid miamm gisasaieamd Ladng.
(i) @i augeusHed ureflpgl. M@ augausHd SLGSLILOL QUTIPS Diema
Lreid 261D BaH(Heudlerana. eaflepwis bl gL wmer @uinlilwie) eueayeiaeT
gl Qararenasdr G Qarhssiiul (Hdrerer.

5.3.1 mievorgyseir Glametens (Corpuscular Theory)

Bl L afler @&0smeteansudlailyg, gaflepaid HMID el TOlLMHETHET wmeD
pavaeilw, Blapwnn (nssalssssss Was Slu Hlam), CGsrrédwns, (pep
BLAymd meawr gsearsamer o Blpdamper. @ael HieTentloBIGET eI,
9IFgIFTHT UL SsTar (homogeneous) oa g5dld erverns Sansseflgybd
gaflifler flansCoussglL e Crr&Gam 1. @uinki@dleamar.

@\bs HiewT gigeTser WaFSHlueameuns @ muudleamd @eupmener Ceaflui®Hb
gafli QummeTsar B srosdbE eeflaw 2 BPHSTRID SHeupdler Hlamaafe
@i erhuBeugleene.

196



gaflufler <D, QbEaETgISaHaten Quss < DnCOWLTE@GD. GBS EHieT
glsatser  savantien  elliflsHanguier  Comgieugmed  umTaed  gHUBEDS.
magsasaten LG Coumur® srrarors GeucuCeim Hlpmisear o awrLrdlermer.
s Ceuswrss Csdeusred @eeu mrlblwed elensulammed uTHESILL TGO
CriaCam(® umesuier Cgwdleamer. @ream® oasmigsmert GAf&@ED seTHmS
@QBg  HEmgsHTEeT el  Quripg  seurluBdlamer g
ey lin@dlemer. gisaraser eyl L iu@n Qurpg erdGrmeaflliyb, seurliu@b
Qurpgl gefl alesIbd ehubhdleamar.

@s0smaransulienily, gafluler favsCousd LG 26 550 SHHLTE
QBHEGL. Y@ o-CumsTal. womb mwssogea (Focault and Michelson)
9pieyger gafluden HansCousd, DTG 2ar_ssmE el L6 G 26r_&HHle
SHsors Qms@n oear srl(danar. Coeb mamgsedr Csmearenguieanme
GN&SLH olamera), elaflby elemerey, et olenarey <yHweupen elarss
Wplyweiléame.

5.3.2 gemevs Glameitens (Wave theory)

anamGlaenen sammleniilg gafluimarg Cgsmim sar_ssHlen aufCw SjaneserTs
ure|dlngl. saETENSEGL Laamars U 8s saenn Curmbdu FsT eTernm o gLb
Qeuafl  ppeugib Blevpbgiaarsras smblearmt. el  paosHddHbg 6D
wrpurGser  eeeuigele Celaflufler LpeyuCsr(, DD DAnETSGIL
LSSBIGETQID FOWDTE SLSFHIE 6Tne.

QBs DAmSET GFL_LaneseT eran anamblaemey smari. (pgedle, eafluden
CprsCarlh Qusssams  dmeossmaamasuien  oiglitemLuld  eilerss
Wiqweileraned. emmed LFEba, Wnl eTaTIaITEET QaflTeas @Gn&ESMOSET e
eranm gl 9m@ sNOFLwtiLL L g SesCSTATMSILITNg g CETerans
weaGry eflerdSHw S liLient 1 uaTLsemer eflarédlwg) L (Mo, GnisSL(h
clenarey, ellaflby ellewerey, serallenerey < Slweuperpud  HwLsrons
cllerédlwig.

man@geney smbilemiig D ALTEG oo ssHled  gaflulear  FHasCeusid,
SILTG®D 261 HSMSH STLIqID GdDey. Q&S GCuratol. Cargeneruier
Pa0isEsLaT RSEGHES!

5.3.3. Blenianmas Glsrearens (Electromagnetic theory)

eamgane, Lig@ped CurarCnm sndluig Curern eeflwireng erbSlr <,HmEn6
wropd Qelweldme, Wasths <Lhpand LIHPD CQFiWD WaTETHS DiemaseT
eren r&evGleue Blimedarmt. Wem b wHmL &THELL0E Cadleyseafler wrmLmQ
6T, @nssmasafilar searamwameart CubmeTeater orar alersSlenmi. OTSTHS
SjmaseT el oargb Ceneuuilvanc eramiang b Wwr&eavbeud eflerddlearTi.
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5.3.4. @eunevst_1b Glareens (Quantum theory)
Wersmhbes Csmatensuinerg, eqafler elemere| eem Hlapamel elerss
Queeildea. 2 OPLLEL g 2 L saurliumib yhnorag Csrréfwns

¢

|7 o
a—

-0 /.

I

[

UL 1D 5.6 9jemev oPMILD G6UTevdTLD GlsmeTens

Sjbamoed, CgIDd UGss QUNs, @GeUTarr D erarlit(Bb. < ,nme Sanfldsiul L
SAmflm Alurisefler (pp wLBmEGsaTs @ msdamar erar 1900-6 ooGermm
smSlarmt. @&smsans, 1905-6 genmeviest, Goaibd alfleju(ss, eefluameser
cremenel  <%Hmed  Hanflgsiiul L Anfly  QUlLshisdT  aared  Sjenel
coGuTLLmengeT erame|d eflersdlermii. eeubleum o -CumLreyl e Cgm i jenLw
<phmé, E = hy. @48é h erarug Germis wridled (h=6.626 x 1034Js), v
TG LTS THSE Sl TelFsl e oid ToleueaT <@ L.

oaCeu, eafl  SCuTliLmer @rlent s ueweruls GubmETeTs  erem
Bneuin®éng. <ids whnd LEGHule, Dmel GIGETEETTHEAID GMDHS D6
LESHuUler DmaserTse b Funu@ermer (UL 5.6).

5.4 efledlgmed (Scattering of light)

e WpHeled wmil rmGe eramLiauim cuafleaRTL e epodammsaiie eaflFflgmed
undls  gmpPlermr. el eaTLsHaiater Ul epsFamsaTTe) @G eper
SgsmaeL b Flspey rmCa gaflFflgme op@Lb.

paflFflgnadler oigliLel, (POSFMMSET 2 L salfgabd wHmn LG
SHavggafler  GouefleliPeugip @b, HAgpoedLwyd  Sere],  eaflufer
SmaBarsmsu|b fsmene FHLIBSSHID gisafler Heranauwd (size) smibsg.

paflFflgmd oeTaureng), Sisear Ambarsder Brean@Ly LHILEE e
dlgsdla 2 arerg). Qaman TnGa gafléflgme alfl (Rayleigh’s Scattering law)
aanflComd. erarGou, @GnpHs AmeBermsdr, B mobarmsmer el
9flsons Hgper DL damer. cualbam o @aflFfgme STrETOTS GUTETLD
BeBlnwrss (blue) GCarhpwellsfng. prCo gaflgflgnad alldulerig B Bim eafl
Seutiy Blp aflenw el odlsons HgmigssliLbBdngl. Qbs eallFfgne srramroms
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auranGeuefl BaBlnwors s dwelsderng.

pavrUsmae ol @Gflw 2 swid whmb wepelarGurg @flw geflssdiser
auafl wer_wsdad Bar Qgrawain@gs Cade Gouargujerarg. Qe BaBlnb
Wpaugiors  Sepusslihedeanmed Gampeurs SAspgssiiu@dern  Seulis
sdliger I HCWL urfemeiwrarany AL dngl. eraGer @flwer o gwib, LHMLD
wepmailed Heuliy Fimwrs Carpmwaisdng.

5.4.1. yesr_nev eperfleflzmed (Tyndal Scattering)

paflssnam m smipws sapsd (Colloidal) euflunss Qadgin QuTps
Qiger uteng Cgafloursl Hoamdngl. Qsn@Es STTeamd dmpSgIser, Sebg Lhb
gafleows fopd QFsCo @D, mpPLSFHIGaTHaTD afl fanssliLBibn Hlapey
l4-60TL_T6D epaflFSlHmed eramiLi(hib.

5.4.2. @rmwesr eflemerey (Raman effect)

QumrmQermenen cudGuw ehennblp eefl GFaoaib Curg snoenL_Sng) erer
1928-y,ib panr(h) Fr.8.69. G yrer Carsaenuiler epald sarTLPlbSTT. HFDOELHS
qafl, u@Slemm oHiteuamenen L (HoTnD S Ldwu S Theuammsamenubd
QaranTiy (FHSI. Qsamen @ Fmber elleanera| erendlComibd.

@rmerr efleneralled LIHMID el _bS AHTGleuamr Garar euflseamer @ rmoe
cuflaer erandl Cpmd. Lihdlerm odlibleuamrenent 6l @emmaeumen i mleuer ClgmemrL
auflaar evGLmsev euflser (Stoke’s lines) «y@b. LS SliTCleuemTenemr el
oflsors  HrCeuanr  Csrem  euflser el gevCLrsev  euflgerm@bd
(Antistoke’s lines). oamissHemTa)bd cpdSammsermaind Hsmigsslinl L gpaflufer
gpeld Sl &G0 @Qhss QST euflser @ e HmOTana eTeTliLi(hiD.

DMEGEET gl pssmisar B ul@h  fspeoeLbs el
< CumlL_menganens Camem(h @umoen ellaneteneu eraflgmals LMbg GareTer (piquyb.
u@&lerm gafl hv @phmed Garar .CuTl L tangmerd Carar_smss &mgCeur.

1. @@ oCurliLmer, SHreusder am DG cpasaader g Comgb
Curgl, u@dlemy oCurlLrafear @phmaler o LGS, Hrousder oiam Adwg
ep&Egenm Herdflund Gewt nwearLGEpg. wHm LGH HspoeLdngl. @ searme
Blmreneuied Gamnbg oif Thleue Carem euflsar Corarmib. GamelGw evCLTéev
GUMSET <},@&LD.

2. @ <CumLmen, derrsslynm bHlaneoulgerer iam iegl epe&sadlen
g Corgb@urpg, Hsneoigdssiiul L SCurLrear oids gy pnaars Qundng.
@samad Hnwraould s Hrbeiar Qasmeam euflsdr Camemmibd. @aeuGu
STl lg aVCLTEE GUINlGET 4@ LD.

199



3. Sl Hlspajsafied, gefl coCUTL L TETEET, AHSMSHET DO CLPEOFHTamIS6r 6
Bg  Comgib  Qurpgl «CurlLreaser fsmeusras Qamemmmaibd. B &L
vamdenmme o CurlLrafer pmeiled @liGur gnGum Hlapaidloame. @ searmed
Bimwrenaeuf wrHowenLwing 1Sl Toleuamrentled smewrliLihEng.

v, erarug updern sHieisflar ofliQeuanr wHmib vy ererLg wrH
(sample) epasaadarmme fepoamL b sdlTeisflen oidiTbleue erameab CemerLmed
@rroer  @LUGQUWIFS g  @rmoer  FlTeuamr Av-Gamar GG
Av=v_ —vg.

@nrwer @ LiGuwrssl, u@dlern gaflullen iHTCeuaTEamTE FTTHSSH SHED6D.
<ame, @rmoer elevetaney gHUGSSHID GQunpafler gemewanws FTTHSS.
aGLrEev euflsErsE Av  Crpr  @earorse|b (positive),  pamgevGLmEHen
auflaEh&@ eTdliT @arorsea|b (negative) @) mae@ib.

avCLmsev  eufisafler GaMey (intensity) wyamgevCLrsenv euflsaflen
Qadleneu el eriCumpgib AHaswrsCos Sawdlpg. LD 5.7.600 grCo euflser.
avCL&ev euflger HMID ey dvGLTdev euflger Comemmibd GleusuGeum (peanmaeT
Qar(&sILL L ETere.

@M Al vy eTan FTdeiamr Gameam. sglreiss e eflenerflub
Curgl (Interacts) CuooCrTES BsiHg LT YOO WL LSHDE Hlavawmndng.
DT YDHmed LD epsammsaier Hlaawrear <,dmed LD e, Fréa
eaflgflgmalenily QUEBDUTOTET POSFMSEHD LIW YO WL SHmHI

wrw Flene
———pm T
wrw Blenev i Flene
ThNTTYyY“}«<¢ o TTT AT
hv, hvg hv,s
[mm—p [
v v
3 . 3 5
Y 0 S S § | v O
yrCGev ufl evCGLm&ev eurl <y, GOELTée aufl

(v=0,1,2... eaume Sgblena cras grafls bl L s 2 erer dlie) Hlareser ,@h)
uLtb 5.7 @ymoest lmiomemev
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Blevoowimar e pHmed L sHnE Hmola eSGdeamar. S epadammser wHGW
2Fls g Gonhs UOHDE UL ESERSE SHoE  cwGLrEen  HmID
<6t VG T cuilsaner 2 (Heurs@dlemmet.

5.4.3 @ynwest Blpwrenevullest Liwiesrsseir
(1) @iMefweler simearsg s fleyseflgb LwerBSemperr.

(ii) @nmwer Flpwrae 2 saflujLer fpo&smnn emwliLser Wissiul ()
STOBIGET euensLILIHSS L HE 6.

(iii) QsmPed giawmuled, @umer Hmwrepauiwe Garar@d CuTmeTsaflan
LTS Sidlwiliu (&l emme.

(iv) Geudls Cargens LM <prmuts LweTUHEHDG.

5.5 gemev(psLiL (wave front)

Briuriie s getenn elps Qawigred B
Smeser  BHiiler Cupurinfe SDOMSFIS
Sevssafigid @Cr HamsCoissgien GFdeimss
srasromrd.  Bfler  CwpurlinGeierer  Smersg
SIGETS(@IHLD Siflmeymdlemment. LLLD 5.8e
sl Ll Harer yensliuL gdled Biflesr Copupiie
@oee (disturbance)  Cugpwowrs 2 drer ) ) .
@QLBsI® el L eUMETWRIGEETL LIMTSSOTLD. LLib 5.8 i sienevser
wwsHmpg F0 QsTaneeldr 2 dTersmed Hs el Lgdlear gieTer Amarssis
gsas@ph @Cr sl Lsdld yfieuamdeamer. Bifler Copuriibe @58 &L
SfTeumL g OCETETGHHGD DRSS FHSETHMETLD  @QEnad@GD 2 D,
SlPsLIL eTarILHID. ThS6leUmh SamsHaibd 2 (HeUM@GD HMOAPELIL| TETLIF
@55 HLLFHD FTUMLID AMMTEFH FIFETEMETLD @S @G0 2 enm 6reum
cauenTuUmISSUILOS D).

em GOHUGlL Gsreveeieydrer Uerafl eaflepewrerg $Hag Uil
uanrLerer 2argsdl@ (*Isotropic medium) GeuaflefiGd Sjeme wWpsliL Camears
S (PpasLiun@b (L 5.9a). Fdleors Ggrenaeiigierer gLeret eaflepad Heng
U uery 2L g58l6 Celaflali(Hb e pELL FDGET HAAPSLIL] TaTLILI(HILD
(uL 5.9b). geflylLiulL Qerey Cumenn CpriCurée (linear) gefl eped
2 (HEUTEHGEUS) 2 (HenarT allg.6l Sjened (L@ (5.9¢).

EJ

2a1_&lD eeTle), eefliTarg Ymesss Slassetlayn Fo SlaFGeissdla lFammma
D(GemerT (57@95 6LIL| 26TL_&HLD GTGITGVITLD.
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NN

ol epeoid N N
'\ sl

! gafl ppeoid

NN S
(@]

(@) (b)
uLid 5.9 gjemevpsLiL]

5.5.1 enan Gleostteny S&5/61LD

Simapslitureamlear (peamimns Hlavew WwHMD euqeusmss Csmem(,
ThsGleun sarslain e paiber LS Flae wHmID egeisams bl
anamGlmenen $&&ieUD LWGTLIHE DS ASTeUGl, Q@(H AMOUPHLIL| Db 26rL_&5EH )
parCardld Geeuams allers@Hng.

aman@geney sHgieusden Lig (i) emapslibgierer eeibeumm gis@hL0
9pF 20 sFHed  @afludar HasGoussdld OFoasamigw  Grearmd Hlae
SmsGLgsmer (wavelets) o meursEd gafl ppemsetrgh. wHmb (i) <ibs
sasdld  @QramLmbd Bl me@ligseaiar  wpearm  2empGu  yHw
DM (PSLILITGLD.

amanGmened 2 (HeursEw  Camers  epapsiCurerm uLb  5.10a-e
srlL Ul Qererg. t = 0 eratp @@ GHUELL sensde AB  ererug
SAMOPSLILITGLD. eanbeene ssgleusdleniiy AB @lé o drer geublalmm gis@pi
gaflepowrss Qswnul (h @rarLid Hlae jamads GLligsmer 2 lpSleamer. @bhs

A A,
P A
el
. R )
B B,
(€) (©)

uL1b 5.10 enanblesiiav s&&/auLd
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@reamLmbd Bl masGlgsdr galulear Hos Goussdlad (c) s ssdld
Qeergudlemmen. t srebd 50585 e Wsliber LFw Blawaw dleugnE AB
Baerer P, Q, R

QameT(® Hm UL RISET eUTE. @EeUITa|D SMo&EL Iy satlar &eu(Bsarm@L. Sy

_ _ _ _ eratp Yereflgemer evwowinnss Csmenr(h ctey <prorss
il Liisafler Qsrhibd 2 @mpurs o der el Lelld A B, Ldlu Siemaapslimg.
gaflepad, Foldors CQsmaacial®mbsmed (LLb 5.10béd sriguilg) Foser
Siwapsiy A B, o meungib.

5.5.2 g engdlev 61l6lrmeflssLiLL L FOS6T YeneopsLL|

XY erarug erdlQrrefs@n sasmnsd @GME@D. womib, s g Leraf
Age el Fwger Symapsiienn AB @flsgn. PAb, QBCb A wpmibd Bulé
ABé&@E @ssms s@mwdamer. carGol emeu L@sdisar fleamear. AN ererm
@5515CaM[H cuanguliLL(HETergl. e (psLiLb, satipb srafler se15Hn @ GS5T5
SlanbgleTerer (UL b 5.11 6 &miliqus Lig.).

uL b 5.11 swsensdlev c1glolymeflasLiLL L F&G6T yemevpsLIL|

man@geney  sHgleusSleriig  AmepsIGQIETT  geubleuTh  GISEHLD
@nerLmb flane) DenadEigel 2 (heuTsELb eafl epavnm@ib.

mapsiity AB @é o drar B eremm yerefl Ceg @ienujibCuing Ad @ mHa
Quawrmid Hlenew Senad@Ligser o (meurdl BC Qgrenevey Qe (méss g (HiLb.

Ag awinrse|b BCe <y rorge b Qamem® eul Lelled cuaps. Culdledmbg)
seueflalng @ QsmhCarh CD amys. @bs CD eamp QsrhGasrh Caebd
Asgb @ uldmbg Compmeilssiul L @rarLmbd Hlae amedEL lgsefler
(PSLILITEGLD.

aaiCeu CD  erang) erdlQprafidsiiulL Soopsiiy  womn  AD
e Qrrefliing sHT o @Eib.
e1$lelymerfliSlesr eSiglaseir

(i) u@dem swawsiy AB, afQrrafliy simeowsiy CD  whmb
ardQrrefliy gemd XY <yfluamen Gy serslér jendlammer.
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(ii) u@GCarad i = « PAN = 900 - /NAB = /BAC
e Qprafiiiyé Gemanrid = T = NAD = 90° - /DAC = /DCA
QemCaran (pa&Carammigar ABC whmwn ADC-d
B = ,D =900
BC = AD wpmib AC Qungieurerg)
<2Bs @Qra®h WpaEGarammisEpb @&55 WeGasrarmser (Congruent)
~BAC = /DCA
SIS i=r
u@CGarantpd erdlCymaiiiiyg Camantpd FoLb.
5.5.3. #wg6ms55l60 eflaflevsed el hS FIDSHET SeMEV(LPSLIL|
LLb 5120 &miguig XY Q

GTEITLIZI [ LOMMILD Ly cTem epaflefleased
orelr GEmar @\renr(h 1L ghiger, 1

|
wHmbd 2 & Uf&@L Fogerd. @bs p i c,
Q@ e smsaley @allular  Hams !
GousLd C1 WHMILD 02 <. AB il
R R i s~ SN
A eramp  yerafluder afpSlma. PA )
opmd @BC ew A wombd B ! D 2
Yerafluder AB&@ ©SST6  cuamys. \ ! .
cranCeu, @eneu LIhsSTaer < dlemment. . L <
sa155165@ G556 NAN - s Lo 5.12'5LD§67T’§,$76U @aﬂaﬂs})a;au
Siem@  PSULD  atapd - gmeflen SDLIBS EFLDSET JIEVEV(PSLIL|

STSS DG GS5STS lenndlempent.

man@geney ssgleusSleniiy, AmepsbGQiaTar  @albleurm  GIsEHLD
@QrarTLmbd Flane e @ igSeT 2 (HeuT&HGLD ePLTE@GD. Ameapsiibaiarer B
ereirm Lemafl Ceg e b sregdledr Audadlmhg Geuafliu@ibd @rarrmb blene
Amas@lly, AD=C,t e OQgremoe; Gsamdms@n. @dd t ereamug, BC
Qzraneailenand sL&%, D&HGL 1y TH5gIS CEmaT@EnD CHFD <@ Lb.

BC BC

o Agy enwwiorseyd, C,— -
1

BC = C;t wpmib AD=C,t- C 2
1

WTOTHD Carar® @ e mb oo ssHle eul L efled gemm euanys. Culdlalmha
@Bs el Lalddn@s QsmthCasth CD eueps. @56smhCsrh C wombd A
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wedlmBg Uoliul L geaflellosd AMOSGLIGGEEEE 2-@mDuns AamwelCsm
ol (hweaerone C wpgo A cuenyudlevmeor DADENEG| ADEVEEL 19 & (EH&HEHD 2 MDWITE
Siamwdpg. carCet CD eranug gafleflagE simaupsliungd. womb AD eflovsea
DS SHTTGLD.
spérfleflevaed eXlFlseir

() u@Sern SmepsLi AB, geflellsd L bs Siameapslis] CD whmib
pafleflasen sorbd XY dluamaiser br sarsdld awdlermer.

(@) uECsranrbi= ,PAN =90°- , NAB = /BAC

gafl eflasd Csrambd r = » N;AD = 900 - , DAC = /ACD

sini _BC/AC _BC _  BC C,

= = = = —_— @S]
sinr  AD/AC AD . C, G, onpledl 1z

1

1Mo GTETLIGI (LPSED 26Tl HEHNGE &MThG QITanTLmeug) sar_ssslerm eafledloge
eremr. @81 V@B el (Snell’'s law) y@Lb.

QBTG (Mg > 1 erafled, (psed 2ar gD DiL_e| GDHSS (rarer) wmhmib
@\renT_meugl oo &b oL fedl@hss (denser) . erenGeu C_;> 1. ©ismeug
paflurerg, SLTe| Gon 201 5560, 9iTa| WGHS 261 s55e CFdeuamsell
9fls  damsCeassgiLer Qsdabd eamndlutLGIDG. Dods Gerarangsuller

<bwe] Cursrdl Camsaanier (e isErler @SS MULE seuallsssssss).
Gumeapu smsgisafien Lig sar_ssdler gefleflevse eramm W, eTeTLIg)

daupplsdle gaflullen HangCGausd — C,

sarL_ggHlen gaflulian fangCeusid Cu

m

slma adarrailliugrCar oag gefleliosd amsusrCar oemauder
SSlrGleuar rmieudlerancy. pammed, afl ellase L eugTad am@f}mm I EVES]

C, _Vﬂa _/1a

o1 b= 0, T
A
hy o=
Hm

QmE A, wHmbD A, eetuer STHMm LOHMD o sEHle  geflufen
S BeThEeTTE@LD.
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5.5.4 gjemevs; Glametenaullestiig (upp 24&% e1glolymerliiLy

XY eremugl, QL6 GODHS oML ESMSWL  (STHM)  DLTeylS
sarssasD  Gf&@n  sngard. @Qbs 2o smisalld  mapsiber  Has
Geusriger penmGu C, owpmid C, A GLb.

R FSET SMOPSLL, SLiey WG 2oL s5HBES SILTey GdDHS
oe1_55E DG BIPHnGl eTers &(HgCeumd. b LHSHT, STl 6 FHUBSIHID
LB Csmentd 1 wHmD T eTertg) 6o @GEHTa@TD 6Tes.

sini (BC/AC) BC c,,

c,.t
sinr_(AD/AC)_E_J_ c

a

sLiems
I

© ©
v 5.13 pp 245 e1$l6lgmerfliiLy

C_m< 1 ererugne, i < r, ellswambs maupsiy Xy eaam Wilsarsams
ca
M@ elovdly Qrodlpg. OQomGsram wsGasramd ADC apemm Goire|ser
sianwweord. () AD < AC (ii) AD = AC wpmwb (iii) AD > AC
(i) AD < AC : i fiflu wdliy QararmgmBsTe, BCWb dflugns siemwuib.
eraiCeu AD > BC. yanmed, ACemeil @enpeuns Senowyd (L 5.13a).

AD
sinr = AC @\gl @earemn L& Gmnae]

<igmeig T < 900

r < 909, eremuamss QsTaT®H, @eGaumm i LALILEGD @ NosoamLbS
SIMOUPHLIL FTSHWLD eTer SPlwevid.

(ii) AD = AC : i odlswmEb Qurpg T b S swmEb.

AD = ACerémm ienowyb Gurg), sin r=1 <eog r=90° 9igreug ¢
elosenL_hg emapsiiL] e liug rsdwibd (b 5.13b). @uGurps eles
sEiT @) 201_smigaer UN&EGD sarsans #HGn (s (HF gdab. erbgl L{HEameamT
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wHILEE eflo@ Cameant Sy 90° erar DS nCsasm LG CsTarTD Wrniblaned
Carewrid (critical angle) C eraniLi(Hibd.

(iii) AD > AC : AD > ACeammy Sjenwwyd Gumgy, sin r > 1. Qg
BeL(pepm&@ Frsdlwimee (UL 5.13¢). eranCeu, LHiCamant WL wrmiblenas
Caramsans el idlanns @) mLkbean ellvswal b Samapslil] Sanl_&ang). LD
SOPSLIL (P(PEUGILONS & erdlbrmaflliL el ibgl oiLie|dlE 2 s55GCanGw
Sjaud. @semarCu wpp <16 adlGyrafliiL ererdlGomib.

W Ssardrrefliiy perLCup Geuam@omeama (i) el <LiellE
serl_g5H(BHHg SLffa] @Gmn oas58h@F oo Ceuar®in (i) u@ Camanr
UL STe] WG 2L G5g5@eT wrnflaad Caramsmgel ST e
Cauamr(Hd. iFTeugl i > C.

5.6 GuHEILNBHHEIHE SSGI6uLD

@rean( Sjvag 2sHE CoOHULL DT ohdamarbsrn Cume i
sar 55HD  CFd@d  Cumpg, @f el uUresd  LOHDeDHDIETTED
undlasiiuLmoe, eealdemm yeraflullaud oiger urdlenu gHUBSSHID. e
yerefludlenr Guorggs @LUCuUWTES wHn geaflls safl moseilsar @LLCLWLTES
QeusLriizeflen  s(ss@GF gFoWLTGD.QsmerCw  CoPQUTHHSSH SHFHEID
T Gmib.

Y Y,
j€ RN Y
_ Y e N
A =~ N ’ ~

uLtb 5.14 Cuopelumimhs|56d S&/6Ld
- -
Y, wpmbd Yy eramueuperm gail @QLUCuursdlsemnss Csmammme

7
/
7
1
1
|
\
\
\
\
’
7
7/
/
/
/
)
\
\
\
N
N

> > >
Qgr@uwer QL LGLwTEs, Y =Y, + Yy
5.6.1 epiflwiev eLpevrEIgs6NT

g0 maberipbd, @56 &L doag @Cr sl Caumpum HLear Gram(
Siamagamer GeuafliLihggIb eafl ppemiseT eflicd pLPEBIGETTELD.

Qe sefssailurar epapln geafltponisdr Gy mabard Csmer
Slmasamer Gelafludi(Bib. e, Demeuse G S LG Samwuingl. Geialams
LPOBIGZET QWD PPBIGET A&TF. Falanafle, SamssenTe, @ss HLLSIaerer
aafl Semosamer GeuafuiL (pigwingl. QESHMsII @aflePBIGET @ilLOH PLPEBIGET
erarLiL(hLD.
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5.6.2 s 1 Geumiun(® wmmiid Litens Geumyim(

L Beraperer e Siewaudern sl b 2n. erenGeu & Qgmepevelipamen &L L Lb

2
o= X S YBLb.
5.6.3 @misSL_ (5 eSlemerey

S aatp  @eflepassre  eeaflyllll  Qupp A, B GTETM
@\rer(h aaflepevmiger @flwe AP OBIGETTEHE Qewdu B dlermer.
@bz Qream®  eflud  emosar @Cr  oassdled  CaiabCurg
v  yeraflgefles  CuopGurmpgleus  uwLbd 51560  smi ol (Hérerg).
UL SSe, Semasafler (pashser, Qsm_réflwnrar Camiigamaibd, SishEeT, ellHur L
Ly&er] Car(sarmayd ST L UUL L @Terent. WPS&HLD LI
DG HEHID DA&HLD FhHIlGSHemm
Yereflsefled S| DEET P55
sl  Smwdamar, QL
Cuuwiirsl Cu(mLD. crarGau,

-

SiLIL@retaer Qumredle|Le
Camemmid.  @bsliaraisdar  (X)
GIULLT®  srLluBdeamaen.

-

>

Qeuauams  GOISSELH  lenarey

R 1: 3 GIVEL N0 cllemeray
(constructive interference)

ereriL(hLD.

@m ool  (psHILD .
wpQprm ol  @sHD uLib 5.15 @missL (o elemerey
shglsdlamn Leraflsatic) ojanaser erHrdr s sdld sjanwdlarmer, @ iCuwimgs

1. erenCGou, Silileraflger smenwnss Comemmibd. @bsU Hetaflser Sblu eul L b
O-9 GMssiiul(Hererar. Qbs cuams @GmsS.(H elamarames fleld GniISEL(H
clleneray (destructive interference) erenmy sapeombd. erarGeu, XY eremy danyufled
gaflufler Gadle) Gu@LD WwHmDd SAmiwb eer wrH LIHE Careammbd. DiFTaug),
GNSS_HLU ulmLsar Guraleyl Ul enL LHMD SIHOLL L 6Tl LS GTDET.
Smasaien CopHEuTHEs sryauons gafld Qedeld ehu@b Ldiey GnsSL 6
eflenere] erariui(Hib.

simeeiss (a) (amplitude) smyewrons @ @HLGLL Heraflule oefls
Qadley I erampmed, I o a?

a; wHMId Ay eTatUar Grah ESGMESEH ADLbS Slmasaien enaeiss
GTGUTMITED
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[ ca?wpmb I, < a,?

2
L _a

12 a,22

U555 GNSEL(H elenarelln @ I@u@mm o (a, + a,)* wpmib <ifleys GNGEE(H
Aeneradne;, Lo © (q, - a)?

IQu@me _ (al +aQ)2
Ieﬂgumb (al - 02)2

5.6.4 flewevblnssLiu L Gniss (B eSlenerney emLL_ hlLiksemert

GNEE(H efenareiled QL LHMD AW gpaflF QaMeler Hlane, sTasamsi
QUITBHSS LTOTDED BlENEUITE AMDU| I ASFMEL GNES(H efenerancl
Blaoflnssiiul L dog Hirbsr gnsSl( edamerey eramaib.

1) @ epoms@Epd gfluors @ mes CeuamrHib.

2) @ epmsEHD WSS Gnsns el Celeam(Hibd.

3) safggaflurer, <jsowrer Uil g CunESH@E G CLPAOBISZEHLD
eamsesran W oimdHld Demwwr CeuemrHib.
5.6.5 wm @y ewL_L1 LSleeys Cangemert

1801-é gmwoev wmd eremueul, wpsadled, eafluder GmES.(H eflenerancid
sETLOBE, @f QWe| fpobd elarsdlammit. @Qbs <ie| wem UL 5.166
ST LuC_(heTerg).

ghenBln gefl paosdladlBbg eimd Y
@afl S eerm @oFw Gereflen eulwims
gem&6amemm e mEld Sjawbgierer A
wombd B eem @@k  Wads @mslwu
Qereyseflen g eflpSpg. @bsL Geraser
galteumarher s 0.05 mm wHmb
SmeusEhsEE el Gu o dter Ggraneay

03 mm. A yb B wyb S Ompa

FoQgTM®e| 2 deTETd, S OlHHE  euUHD X
gafl Sjemeser A wHmb B 18g) #0 sl L g UL tb 5.16 wiél @i e
ellpdlemper. erenCeu, Awjd, Buyd epiflwed LSleneys Gensener
ePOBIGETTES ClFwe L (Hdlempent.

amanbeeney ssgeusSleny, A, Balmbg LpiuBSlemn iamed@liqsar
A, Ber aualiynsdled geanCor6irem CupGummbgidaner. Yerea|serfellmhs)
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gort 1 BLLr Qgrevaveiler g Hevg XY Denwsslul Lmd §o s Clsmamm
eafl auflsEnn, @@mer euflaeEsd wrdl wrh faguier CorammSlemer. @eanauger
GnSEL(H ufsdr g UL aLad aariuhdamer. ser aldme (eye-piece)
gaher aufiCL NS (HL UL smaT, HrsEL UHons eeusgll LITTESTLD.
P erenm yeraflufler, A wpmib B g o Qsreneaneu sLbg)l U Sienaser Gy
s LGSO aubgsemLdaper. @B QTETH AMOBEHD AsEE GNSE_(H cfleneray
SlewLeugme P eramn yerafluled Qumelejiiuilen fansdmgl. @Qgemar anwouwil)
Qumedleyls U@L GTeeuLD.

Hereysafley geenm epiqell L med, Qb1 UL el 6T wenmbgl Henyuled Eyme
Qedleyenwr  eafl gpu@L. @HAMbg, uvloLsd, GMES.(H Henareured
ghu@Slemmen eremiig) efermrbi@Lb.

5.6.6 UL e ZysvGSImeTer Camemev

—> (mEnLILL L

awwll Qumedey
Ul enL

—> Qumelleylt UL enL

Y
uLtb 5.17 @msd_ (B L enL

SemaBard A 2 drar A wpmid B ereirm @) eiflwed epevmnis@né@ Gen il L
Qzraneay d ererrs. XY eratm Sleny AB epomis@Ens@ Qaearwns D Gsrenavelen
o drangl. A, Bé@ enwwil yerafl C @b, Savgullgyerer O Leraflwmeng A wpmibd
Bulla\mpg g0 Qgraneeied o drergl. UL 5.176 srlgweurm P eremp yerefl O
walmpg  x Qgmeraaid emwbgiararg. A wHmb Bealmbg au@mb amasear P
yerafludler spdaen Cungl @ss s LsHGm g Coum s L55HGm jemalg
@\ Simasafier Litengs Coumuim el U1 QUTHSS DienLouLbd.

BPs&@ Qonigssns AM auanis.

ureng Ceumiur(® & = BP — AP

AP = MP

6 = BP - AP = BP - MP = BM
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QemCaran Wpa&Csmantio A ABM ¢ BM = d sin 0
6 Adlw wHLLTs SemwpsTed, sin 6 = 6
ureng Ceumiur(® & =0.d
QemGsmenr A COPe, tan 0 = oF _x
’ CO D
Barr Alw L FHERs@, tan 6 = 6

xd
ureng Ceumiuim(®, 6 = D

GlureSleyLs LiL emL_seir
GNEE_(H demeareys ssHusHarly, UsSE GNSELDH  cleeareyssmer

Blubsear. Lurens Ceumuimk = ni
xd

D = ni

@rEn=0,1,2 ... eeawug Qurdlejs ulamLseafler cuflanganwds GHEEGLD.

X =Enk

@bzs  swearur® O yetaflulellmbg neugl Gumelleys  ulenLulen
Qzrenevaneus QET(HsHng.
SH(IHENLOLT LIL_ 6L

GnsEEL0H daereys ssSHIusHerg, Pes @GNS H clamare|ssmer

A
Blubsener, urens Ceumuim@ = (2n-1) 5

D A
= —(@n-1)—
X d( )2

@mrE n =123 ... aearug smanwll LUl safler euflengeniwid &mldaLD.

Qbss soarur® O yerafluledmpg Neugl smenols UL enLuler QgTamavened
Qar@sdlemmg. @Qeeurm, SHevguiedr evwls GQuradle’ ULl &E G HUDPL
Smanoll UL anL_a(@hid, Gumadleyls ul el s@sid wrl wrdl Coreanmiflemper.
UL enL g&evw (B)

@ram® SAOS53HSS Qumadleys Ll DG SMHLLUILL ML SEHEES
@eL iUl Qgrenee| ULl gD eramiuhidng.
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(n+1) wHmd n-eug Qurelej’s Ll el seflar Asraaaiser O-a460mHHs)
GODCW, Xn,1) Xn 1S QOHHTD

D D D
x(n+l) — xn = E(n—l—l)ﬂ,—gnﬂ,zg/l
D
Ul L s, B = E/l

@Cs Cumemm @) AHSSHSS HHOLL L &EHEE GenL L’ L Cgraee b
%/1 erar HlemLgsembd. Gumelles UL anL&(@hid, SHentoll LI el _&(@hd G Sised
Qarargréd  evwwll GQurallelaldbg G EBuUEEPL @l & CsTenaelied
S|ELOWLD.
Clserflevrest amevone @GmsSL (DL L enL_asenerLs Clum hlLiksemevraei

(1) qafl epesHledlmBg Havquler Ggraneae] s(omeareueny ASHELTS @)(HEs
Gouar(hLd.

(i) gaflufler emeaBerd Hawransns @) mas CouemHib.

(iii) @rawr( qafl ppemisErsE @ Cuuerer Gsrae] Wss Gamneirs
@m&Es Gouam(HLd.
5.6.7 GlweveSlw ex(h&6rfled evevvTEDDTRIG6IT

B Nss@h erambeni @, Camiyg @l wpaelwarauner Curaleurear
QURTERTRIGET TenTliL(euens BID Bamrs SMCeamd. Guweoadwu oliger Goe
opmd  Epgerhsaild  adHArmalissiupmn  gaflulear  GmSS.(H  elenereumed
@eucuaraniiger Csrenmflermar. Geudrenar gafluimearg Geeallu oliiger g
u@EbLEUMIpg AUCalllgd cuaTaTRIGET DHUOSEmET. @)HS  6GHTENTEISET
Qe ¢Llig 6T FigDEETLLD,
u@b galuler LHCHTaTSMS
Wb AuITBSSS).
Glwevedlw e7(ps6rfleL
anU® SnISSL (B
eSlemerey t

uLtd 5.186 smigquitig

Emer  guwer  t  wHMD
gaflellovse ereir P GlaTar

el 261 (H) (6L & ol ULl
QwaCa®, K wpmb K' ereamm Q
Qm FLOSETES D (E6T uL1b 5.18 Glweveslw ex(Da6rled @miss (B
SADLCUSTES &(HEIS. Slemerey
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enop Hin eaflulear em s AB, K eram Guadeu eliger LrliGensg
ul® @ ugd BC auwrs edCyrefilyn whmb @@ ugd BD eaurs
s e dngl. K' urlifer enwpbgierer D eremy Ljemefluded qpaflaadlfler eqm
ugd DE apurs erdldpmefliiy e pgib wpnib ¢@m ugdH DG eafurs
QoG amL i Hb CeualCumndlng. erddrmailly omLbs sfli, EF aufluns
BCs@E Qaarmins srhdled mapdng. EH sdi Heb eleovsoa b5 Ger, @mdwirs
HJauflwrs Ceuefll Cumidlmg.

BC wpmib EF <ydluenen geamistsrerm @epaumins amwbs erdlarmarfll
4s sdliserm@n. Cogid DG womib HJ odu sa@pmed Qeuefleunhs sslis@nn
pan&CsTam Geamuns jabdlaper. sdisdt BC womb EF smisehs@er
GN&SE0 L damer. 9igGureGa DG whmib HIeyb @nisSh <iedermae.
e1$l6lyreflLiLy sjemL_t5 sdliseafler Gniss (b elenerey

E a0mpg EM eremp @5815CamH BC &@ cusnmuiiu®dngl. @uGumipg BC
wpnib EF QeundnE Qe CGuw o et Limens Ceumiuim(h

8 = BD+DE) scane ~ BMarpge

sTHHled CFTenae| eramanraralled, 2ar g&Sled GlgTenaeilen [ DL k@@ FLob
eremang M Caurmib.

8 =p (BD + DE) - BM

UL gdledlmhg, BD = DE

§=(2u . BD) - BM
.. . BM { B sini}

A BMEew, sin i = E S H= sinr

BM =BE sini =BE . pusinr

BM =p.BE sinr
1

BL o BE

A BDL&, sin r =— = 2 _
BD BD

BE = 2 (BD) sin r
BM = p(2BD) sin?r
8 = 2uBD - 2uBD sin?r
8 = 2uBD cos?r
DL t

A BDLev, = ——=—
@, cos T = po=pp

O =2utcosr
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sl Cgenm Csreamq@msEL @ @alssdlr, ALTOE oL ssdld
ardlGrmafissliumn Cung searalFmsurar sl LIPHL T FHUOSHDF. Dibeg)
F(se Lteng Geumuir® A/2 SienL_dmg|.
A
Ba gnu@b erdyrefliy oL mbl@ s ssden sarsdld Hlapeisme 5
urens Coumiuin( fswrdng.

A
Qurgs umeng Ceumun(, 8 = 2ut cos r + 3
(1) =686 En&EL0H lmeralnE urans Ceumur( & = N,

@rEn=0,1,2,3 vpmb Qo Gumaleyer srewrliLih&ng.

A
2utcosr+§ = nA

A
2ut cos r = (2n-1) 5

A
(i) <@Pes EnsEl@H elameralnE umens Caumur(k 8 = (2n+1) 5
@ren=0,1, 2, 3 bpnd wdC@H sMmmLWTES srarliuB&Eng|.
2ut i 2n+1 d
ut cos r + 2-(n+) 5

2ut cos r = nA
u@Slerm qafl, @ssrs @@m@Lider i = 0. eranGeu, r = 0 QUIGLITE QuTela]L]
A
vl ssrer Hlupgamen 2ut = (2n-1) 5 LHNID S@HDUL L SsTer BlUbsamaer
2ut = nA.
sar(p\pel Gleusifleupid sSliflert @mussL (B aflewerey
Qeuaflaugrip DG wHmib HJ sdliserssrar urang Coumun(, § = 2ut cos r.
D womid Ed ghu@b eadHdrmailiy srhmn oo ss5dld el tuneusmed abhsels
(s Lmeng Coumur®ib FHsLILIL Mg
aranCGeu, Qunallednsrer Flubsamer 2 put cos r = Nh WHMID SHEOESTET
A
Blubsenar 2ut cos T = (2n - 1) 5
5.6.8 By L_65T 6UEM6TILIBISEIT
QuaCa@hsaier ghuBL Gn&ELMH edenareilan e wéwismer LweTLT(H
BluLL L 60T GUENETIIBIGET DpGLD. AHS euaneTe] TpeTar 6 L L& Geldaaran,
@@ swgear  sawautgll  uglder g eedsliu(Gb  Qumpg  Geerder
Sigliurldneh, sararmys sliger CopuriinEn Qe Cu smhn GG
(air film) germ gHuGSng. AsrHb Leraflulad srHm QoG iqer Siger &g
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wdleuls Qundpg. ewwsHABHE CFows Csde Sigwer HsLTSDG.
srodler  GodGo®h ebhem Bin alurd @dsrs eeflul L L, s
sbydraflanwéd &nml Qumedle] LHMID SHELD cUEETIIHIGET MM LIMH EHENLOW!
QUL L GUENGTIIBIGETTS LD, @lengenar Bl L 6T eueneTBISET erendGmmid.
Qeuetener  gaflanwit LweaTLHGSHemmed UL GeT L euammantmigafled epefl(mLd.

(@Bs0 urLEredler wpsiiL e ulled sramissiu’ (Hererg)).

Gengemerr

Bl L6 cuenaTwmigeT WwHmid Bl L e cuanerl puiclhsmen eniliL
uLd 5.19e sl liul (erergl. epeom B eefl S, @a@eamursghn Geens Ler
@alwg sersdled emeussliLBEng. Coers Ly Qmbg Qeamemuns eumdlerm
paflsadliger 45° srlouns ewsslLl L saranTys $H0H G- eflpdlarmer.
saanmys 550, ealuler o ugdHow addrraiss, CorEssts SHCHTES,
s L& Galbeereny L wmmibd swgers samantty P&@ @enGu o (heumdsiiul L.
arHm QwaColyer g ofps Qeudng. smHm glLréd aHrmelssiiul L s
sgyreng ma@mCamngSluden epod Crréslu@Sng. ewbws smD  Yeraflanw
HHELWTES Game(h CLUmele| eUEETIIBISEHLD S(HENLD EUENETLIBIS@HLD il W
DADLDCUMSE SHTET@ITLD.
eSleng Lo

Quaelw  smHGpligear Cuwoe sersHelmpg  ordAprafidsiiLBinb  eefl
Siamaudlen (h LGS &@LD, ﬁl{.}@g, g,m{ej,é]@ﬁ]@(r_bgj erdlarmaflssliLBib eafl ameuier
wHEDTH UGHEGDL @aLCu Blawb GnsEL(H elmerame Oiiq LML WITES
Qaranr(® Bluy L e eueneTwimiser Gareammelans afleTdEsaid.cuanarwid Csmemmid

45° <«

Fat

L //>5,rrpf)G[[)®

P

@)
L b 5.19 Blupl L 65T eueneTIBISS6iT
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@Lsdle, smhn GGl ger sgber t eers. Ceaellal(mbg el L bHal
QoG g mepuDd Am&EELll t dsmamwe Csam, savanmqd sLiqer
Gupurinler erdlCyrafiigg, WBeampHio t Csmeee; Hmbus &SLbBFH, CFT_&sS
LeTeflenw <jenL_ujib.

aanGel, 9ig sLbg Qwrss uras 2t pdlng. Qe erdlymeflliysaetle
@em ALTOG 2o ssdled gpuBeustd®, Hstiuguner sl Geugur® w
gHUBE DG DG QraT(H DdOEHGL I4HEHHE Qe Gw urens Geumuir® A/2
FHUBHEADG.

Qumelefpamen Hlubgamemuieiiig.,

A
ureng Ceumiur(®Ho = 2t + 5 = na

A
2t = (2n-1) 5

@Quen=1,2,3... wHmbd A eearg eafluler Hamabard <,@Lb.

S(man&ETan HlLbsamenudeilg.

A A
urens Ceupium(h & =2t + 5 = (2n+1) 5

i 2t = nA
@miE n =012 3 ...

Qeverev L samantmies 556 P eow Qs Lemeafluded smHCpiiqen Sig.oewm
sflundlng. eaCGos GnSE.H elameranes FHURSHID SDOSEHSEGET LTS
Ceupur® Qeveme. eranGeu, yliLerefl Quradlejen Comemn CouadT(Hid. LMLl
samantmiguiley erdlCymafissiiu’ L Smawrarg sl Caupur® © el dng.
e Csmars Cevemen uplide erdldpmafissliinl L Sameouied sl Ceumum(®
g gouLeidena. eranGeu, enwwliLemail O s@HeLWITSG Senwb. SliLererf
owF FHMN AHS5SHESS QUTedey LHMILD HHENLD CUEETILIBIGET 2 (ThHeuTdH eTne.

5.6.9 Ngaus HHEOW QUHETILSSET 2y TS5SDsTes
Cansmeu N

urd 5.20-60 smiguitiy SOP eramugl 6@ SUL&
@teendlean @sgL@EHursad C eratug Camearsl C
uSuller euamere] enwwbrsebd GETeTGeurd. R eremug) S A P

Qeovenélen cueneTe] <LILD TaeylD, SHewrewTmigu|L e Clevenrd  t

Qzr@byerafl O <y sa|b QararCGaumbd. S wHmb P-uled t! T 0 Q
craens  STHCDLIger  Slgloamss  CamerCGeumbd.  Foger

utb 5.20 bluyl 1_evr
R4 5G G551 ST womibd PQ cuamys.

QDTS S6BT 271D
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eranGeu, ST=A0=PQ =t

r, < Gsrar n-eugl smepd e S whmib P yeteflser sufluins
Qeeusnss GamerGeaurib.

aenGeu SA = AP =1,

ON cremuigy eul L glenn Qami@sgl el Lomgs @ @Uder, pranr Goul (HS giarT(h
clllufleiy (Law of segments)

SA. AP = OA. AN

r2 = t(2R-1)

r2 =2 Rt (2R3 Uid{Hb Cug t2 Blaeb £blwg
<panswuna t2 & unssaflssad)

r2

2t = 2
R
S(man&ETa HlLbsamenudeti.,
2t = nk
2
r
S
R

rn2 =nRA or r, = JnRA

R wpmb A wrdedser eramugmed, SHHend eUamETLSHEm 7LD, SiG6i
auflengullerr @\(mLolg epesdnE Crrellflgsder QMmsEL erarg Gsflu aimSng.
Sigmaug I o« 1, Ty x /2, Iy f3, ...

n  odsorgb  Curg  AOS55HSS  eumeTmISET  arni&EsTemm)
QBmEFHLTHE QsTamCL aUHLD TS HIETLD.
5.6.10 [blupl 1651 euememuiBiserlest LiwiesTLIm(bs6i

i) Blulier eumatwmigmer LWaLGSS @bhep  Hln  qefluder
SMmOBTSMSE STETOMD. NWeUF HIHELD eUeaTLISSH 6T b LHMID (N+m)eug)
S(HELD euaneTLGSlem <7D, (LpenmGL

r,2 = nRA wppib r2 . = (n+m) RA erafle,

2 _ 2 _
Tphim T, = mR\A
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r r, wpmd R yfu Asfbs lereismens Carar(h gaflufer iame

n+m’
Borgensé semmadlLemid.

() BHulrer eumemwmsmert UweaTL(RSS SHreusden  gaflaflase
eTamTenaTd:  HanTsE LD, srhMled gaflullar @maeBard A, wLOHML Hreusde
gaflllen emepard A, eTens. Neug SHMHED eUeETLSHEn D, STHHled I,
araebd Slreusdled r' | eramed Clsmeir_ma,

r,2 = nR A,
nRA A
, 2 a v, e
r', = nR A, =" [ u ﬂ’m]
rZ
“ = 12

5.7 edlefliby eflemerey

@, SjaseTsls LiFeydlarper. iHSHd(HH@ED Siampuiled 2 (HeurssliL(Hb
@), sauiseflen ellaflbsefley euametsgl Bben eupbgl L dng. @gGurGe
Brourifer g ureb Smesdr, @ soLular elaflblsaie cumarbg s
Werugdlufler Lpeydlemmen. senLwllen efleflibsafldy iameasdar euamenbg Glaman
QudGu efleflbLy eflenere| ereriLi(pib. efleaflbL elenere|, Siamagaflen ApLiGwdy
SGD. @M SAemavuldler am@ﬁmm sanL_Libummatlen ojeme L6 e&H (HHsmed
L HGW e, allefliby elleere] e _ujb.

LIQAT@B  ererumt  genL LGuTmefley en@  euamerdlen  eTeumeang)
uGdeam Smouier Amobasmss FTIHSE eTern ST igaTi. @6l eesafler
é{GU)GDf}GITLb Sflawrs o darsmed  efleflby  elenetey GCgefleuns, iflswrs
gouBdng. eafluiar meBerd @ wmosailar mabasms ol Wlas
@oneurs @@Uudamad wWas Adw CAummefler eralb el emadsefler
mapersgiLear U@L Curg Quilugrs @m@uiudeamaibd eafuid, elafiby
cllenarey WSS GamDeuTs eFHLIHID.

QeucTaner gaflenw e Gweadlw gianflufler euflurs umrsEh QuTg
cflaflby ellenerencus sramreomid. euflepgwing Lo ecuewmant AbLBigT Csfouamss

STETITLD.
5.7.1 o%L16l0lB60 mmyLd o%LigrestCammuit eSlerflioL) eSlemeney

Qungleuns, eflaflbL ellenearenes @) cuanasertsll AMNGEGOTD. (1) ooliptiBed
edlefliby elewere] (Fresnel diffraction) (2) JUpmarCanrui eflafliby eleanaray
(Fraunhofer diffraction). J.lp@pe eflefliby eflenareiich gafl epapd, SHenyujd
ellaflbyy ellenarenes PHUBSHID FeoL LIGuTmefled®mbg @ eurblbhElulLsg
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Qzraneallalma@n. @He alefliby eleneralp@ 2 LD Smepsliiy Csrars
aulgeillGoor g 2 et algelCar @MmE@L. LprenGanmum  elleflby
clleneraliled  gpafl  epapd, FHevqwb  eleflby  ellenetenes  gHLIGSHID
s L@Qummetellphg Folors CsmaaailadldmaEhn. Gdd elaiby alamarailne
2 LUBSSULHLD e (PSLIL| FDSGET Dened (PSLILITE @) (HS@ L. ellaflibL eflenare]
ghul L ber sdliser amstsream Glameamurs @@m&E0. Qe Gelbasren
Qarar® GelssLu@Sng. @@ BHlpwreaowraiuder pebd  lrrearGanmum
SianwlienL eTeflETeEs Smewt (Lpigu|Lb.
5.7.2 Sleflibry eSlemereys Smmevfl

eflafliby ellenereyds SHmentl ecremuig e Hs cramaniisamsuier, 0 SysHeLbd
Qararr, @eearwmer, GnHw Gerasamerd CsH cramaniisamauier paflLisns
Campsarmed WflEsULL L Gnmer ennliLm@L.

e Fwger ellaflby ellenerels Ehmenfl eraig) Fwger, gafly@b Qummefler
Bg eeur earluflenmed epafl LsTs CaT(SET U THSIETET SHENLILMEGD. SHSTSS
vweau@BssliuGdeam Belar SHmerfludey 1 cm swsHnE 6000 CamBiser
cuanTuIL(h&l ement.

paleuranmid b @gbd 2arw GCarhsd sl LCUTHAETHETTSELD
@alleumanid a G 2 LW emeyseT all@ L@GSHEerTeHealb 2 eTerer. e
Gar® wHmLD e Wereler QwMEs s SHnew b e rariu(Hb. HHSSHSS
Wereysafldr Eppenfl epasdH@E Fwwmear @ S0sTamnahe 2 LW Ldmallaar @bs
Yeraflser erem ianpssiLi(hdEammen.

dengsLb
MN eretiuigy swger eflafliby elenereys Enpanflufler emuEs. AB, CD, EF
...... GTETLIGT FLOGOLD A QamarL Gereysenearwd BC, DE ...... eraruear &1 g b

Qameir Car(hismaryd GMsdemen (UL 5.21). SHmeanil epeld, € = a+b ereis.

uLb 5.21 eSleflibry eSlemeneys Smmevef]
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A SiemaBerd QararL e Hln eefluiler Fwgear Siama s, SHmenfl L5
@&5ms ll(peusnss CararGourbd. epamblamens Glamaransulerily, Yeareser AB,
CD ... wpsalweupPled 2 emer Leraflger @ rammbd flane epmisarmad GawduL (b
@ravrLmb fHlanew mos@Elysmers Comhmelsss SHmenfluder wmLGSSSH D
SMOEEET, T TH Flangsaflgd LiFeud GlFuidlenne.

Eppenfl 58 @558 el al(pbs Haasa@ 0 Carand FTLBH HEEGLD Havaula
QeuafiGumd,  efeflbyeleneraybm  @rawrmd  Hlave  DdOHG g HmaTs
&gIGaumd. A wpmb C et e Comg (Pair) gsst1 Lerafludadmpg LniL@HLD
DG4 H@H5@ QenL_Gw Limeng Caumiur(h CG = (a+ b) sin 6. §Cs Cumanmy
wpHm erver Camg szl Leraflsaflallmbg Qe Cuwrer urens CoumurGbd (a+ b)
sin 0 erar@m emLowyb.

QeucuCaumy Weraysafladmpg elefibL ellenera|bm, Gy dHagulledr GFadlern
&G igser, P eramp yatafluded @elldevenen Qameanr(h @ellsslin(Bdleammer.
Qeer EMEELEH elaeareney gHLOSEH, gamed @aTCoT(H Qe euaIaL L,
QupLF Qedlane Fh(H S eTnar.

P eremm Lyerafl Quiralleyer Comenmieugnsamer HlLibsaner

(a+b)sinb=mi @feom=0, 1,2, 3

elleflbLy efleneralevarns Flaneuda 6 = 0. eremGeu, sin 6 = 0.

oMb (a+ b) sin 6 = 0 Qg Qurallednsrer flubsamer m = 0w @55
Slawdlarper. eranGeu, LBsHMer SHansulldr QFOLE D TOMT DHMOHEL Iq-FHEHLD
Qups Gedeaneu garuiey O ererm Yatatludled erpuBisgidleammar. @samerCGu &L
cuflanagls Gl jedavg enowilt Humb ererdl Comibd.

(@ + b) sin 0, = A erafldd, LG MESS Camantd 0 e smipBs Sensufled
Siewb eflaflby eflanareydn Siamed@Liquller (pse euflenss Guimeleume GbLILD
Sl sHleng).

Qg CureGeu (a+ b) sin 0, = 2) erafle, @rewr_mb euflens Cumalle] bLID
HlevL&@GLb.

oWl Qu@pwsdar QmwEmhadab Gurderear GoucuCeaupmer cuflang
SbukiseT P,, P, eremm Yereflgefled o (meum@Lb.

Qungleuns (a + b) sin 6 = m A eranug QuBLE Qadleyssmen HlLbseamer
SGLD. @BIE M Ll (M (PP eTarr HMID QumLE Qadley euflens erem <p@Lb.

n0= "% iag sin0 = Nmi
sinf= """ seag sin® =Nm
. 1 3 . . . . . .
@deo N = aip TS Enmenfll epomsailar camailémsungn. Qg

Enmanfludled e 0@ Bersayerer Car(sefen eremrenidEamsuim@Lb.
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Qeuer@ermafl LweTLRSSILL LT, afeflby elleneray euflansulien enwil
Qu@pd  Ceuarenbwnsed LHHID Ssen @ EUphsailaynd CgrTFfwre
Blpmigemard Qarar [GDLRISZET 2 (HeumGLb.

ellaflbLy eflanere] e wimg Hlenaudley 8 = O wmmib sin 6 = 0 <@ W. erarGeou
erevor A HLILsER&EGL M= 0 eremm epow sin 6 = NmA eremm Fwemum(p
Blenmaurs jenwb. @semmed O eremm Ljerafluded eréveom am@f}mr&&@m GRETMIL_GIT
arn CopCummbd e Samesafer GLmL Gahaeilb o (Haurs@h. erarGol
Binllfens e wing GeuetClermafl GbULD S _sdmg).

Oar L iHlaMa@n Qumipg (a + b) sin 0, sargmelile) Qsm_ridl feuliyy

A
D GUENTUIETET GTEEIT msERssTer — b aulflCu sLhg CFdeigmed
) DeI&(Erh 2 B8 &

smanwrdng. Coaib 0 odsilsEn tumipg (a+ b) sin 0 ereveor HimrisEh&smer
rodllider auflCw Geeugmed Guradle GbuD faLsdng. @UGurde| GbULD
sargmeliledr Gammdl Heouliy euanrulleorear Blpwrameasamer QUHOIHSGD. @bs
Bimwrenaw enwils Guwrer Geuetanar epafludlem @) LIGHBISTNQID SeHOU|D.
5.7.3 gwger 2ar(Hipey Ssmmewflenwl LweTL(BISS pmenm
Bl sperflullest ojemevbeTSems s STETTLSDSTET 4 Ul6)] 1

@ Howreaownral womb elefbL elamere|s
Evmenflepwis tweTuREH Blmwreneeufgaiien amavBarrs
FEMETSH FOWLDTEHE STERTATLD. c

Wpgedler  BHlpwrerewreafluier  o@Lrbu S | |
ErenlIsaT Qevwutiu@dermmen. Sjemaberid 2
SjereifliuL. Ceuariqw @ @nenmbln  eaflepassmd
@aeaurss waierer Gere] gaflul L i Ceuem@Ib.

@eaarursSuder FsLear  Qum@pbgiorny  GgTene
Crradlepw eneugg Coim Gbusamgl umisEs Geuem(HLb. 9 9
QaamursHuladlmbg  umD UOSHTEEEHEG GSSTH 1 1

Guens g Ehmentl eveusasiLBAng). Qgmene Crrésdaw

@@ UssD Coe paTsS efeflibl eleamerebm wpHe
erewr auflensenw AibLGens QsranaCrradluia e, Criiadi
@@J & 6007 @S]GDGma)uﬁ]m @Q]é;@éi. FLOLl LSg,J @m@mng L ib 5.22 geom Bl
Qeiw Ceuamr(hid. @nBs Hlaeudd GgranaGrrés BOL afluflsir elerlivy efemeney
Sereil L& GMsg Qsmerer Gouamr(hid (LLb 5.22).

@ Gurenm ewwl Wbugdler wH USSSHYD (PS> eTarT euilans
“busmss sarh Sisherer Saeilels @Ghsgs Cardrer  Couammhib.
@aueiiga(h erai(hoHEnEGD 2 arer Coumur® 20 erafled, Siger LTS 6, WPFHD
auflengls LSS DaTer eflafiby ellanere|d CHTamTid 4@ LD.
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sinéd

= Nm erem FerumlenL Lt LwerL(hsE eefludien iamaBarid setrHluil

uREngl. Qi@ N eremug) Sppenfluied e LT Bersdaerer Cam(aer <.

5.7.4 Gleusiolemmerflulles Elmwmenev eviflaerflesr syemevibeni &imew| %60

ghop Hn gl posdbEl udors GeudGermafl epod (Source)
aeussliLupEng. CeudrQermall GeucuCeuny e Harhiseid sHreisHaamer
o flpeusnads Qsraprime, Somenlurd bss spepwrers GAfssiuBSDS.

wHMID erevedm SjenaBermisemernd Qamar Flmwrene Henlsdeammg (L 5.23).

Rg\\ @rewrLmb euflens
V,

R, .
\S Ws6e» auflens
v,

&1 euflems
eowwl GlumLoD

Vi
Rl/e a6 alfleng

V.

Rz//@rrszs'm_mb auflens

uL1b 5.23 Gleusitolemmeiflullest eSlerfliory eSlemerey ino
sin
N & iy Qs fbs AnE, erédver aufls@Eps@Loner SiamaBarbiger, A = Nm
erarm Cgmmer epevd sewrLmHlwitiui(Bilemme.
5.7.5 @misSL 0 eSlemeney, eSleflioL) eflewene) GeumyLimlser
GNISE_(H elenerey eefliby eSlemeney

1. |@owas Qranh @flue epomisaie | Qe  @Cr  meupsliGeierar
Qmbg 2 meurar @@ CeueuCoum [ QeucuGoumy Yeirerflgarfl 60l (b

S psulddmbg  Qevefleuis | Qeuelloups mas GLligsar G
SAds GLligsdr CopEurmbgieustd | Qurmbgauste huBSHDS.
THUGSDS.
2. [ul e sér s@an_Qeuell 2 el waeu. | UL-L&6T s0QleL blaatl DADDEal.
3. | Qumelleyls LI L &ET ADETGFID &Lo Gadlay CeusLons Gmmujib.
Qedeyem_wemel.
4. |efefliby  efevetajianr U@L | @ee G@meumen Sjareiled
Qupg Gamel @ifs erarmanflGasuien | U@L Gaar Qs menTL_enel

LI 6DL_&eneT Q& TeiTL_eneL.
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5.8 g6 ellenerey

adQrmafigsd, el clowsd, @Em&E O olamere|, ser elaere] < Hw
LIGRTL&ET M SEa0&EH& @D oM G L ane&@h&H@En ClLITg) euTeamanel. <,eme,
gaflufler Gnissamels uarenLl erellenareume LI (HGW eflemds (Lpiqub.

5.8.1 @mssemesetlss ser aflemere)

AB eatm @@ suilm S, whmib Syerenn Qevewtiins eeussILL L @)
Qerigsgll Wearaysafler aulunss Cebeisras smgGaimd. sulpdled B erarm
peer e Lataflufled sl linl (Heatersnss CsmarGourd. A (pevarenwitl Mg sgié
Qaremr(h AB&E @Hste Coaidb S Qusd, sWlnhe Gnissamasamer
FgHuBsgleanmme Amewrang), Weare] S, eufluins, Qearirer igliTe]Lar &L&Sng).
Weray Sy, So6© @eammins Q&G0 (urps LLHCL EET SLsdanen
(UL 5.24a). yeame Sy pagl S15E G551 A@LWCweTnTd e UG
e Qsdaimss 505 Hnss eA@W. LHmb Gser eiFs &l wHliemus Qumbd
(LLib 5.24b)gé SoB udulle suim me elgeilam GCrrms @Q@mULMSS
STETELD.

swilherm (eraid Yaneid psTEE @Bl Lmasmars Cammmieissmen, Sq,S,
Wereyser eThs ;F;]m@)uﬁ]@ﬂ@gg,rr@uub SMSET eubdlen ULSlLITGS &L lhgl ClFaaiD.

8 8dops
Wereys afler Henswienioey /
QB Lewe uUFejeudld
eTeuelg urdllienuiuyb
gHU(Sgle Slevanev
eremm G flfmg). <pemmed,

Wereyser eemmid Gl

QeemTuns S|MLOWITS

Blevooudled Gme FHeneasar
LITey UG undls
sliIL(heuans ML,

Qg Gurem@snm %
Pspey,  geflurang A

Brwereer (tourmaline)
Llg &Sl auflGw
QFeogyd QumrpgIb

THUGSHDS. (b)
UL b 5.24 @misasenevsatle ser ellemere,

(Bwrdly sjemevaeir)

J =z =)\
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eperfl gpeoid

@ ' g’msﬁmmmmm gl f 2 serellevanaipp gaf
</

B
e@erfl epevid

o o ol
56" mmu,rom@ e
E ‘ Z auglevemev

B

v 5.25 @Q/assmsvésaﬁm S6r ellemeriey (spérfl emevaseit)

pafllllue <FssE @Qeamurs GCeul LUl @ @roeeear Ugssdlen
auflGw gafl QeaussliLBdng (UL 5.25a).

@uugssHadmbg Qeuafleumbd  gafl, LgssHar Queurer Hnsamss
Qaramq (@D, A Lgssmss spndlammsd Geuafleumbd Cabelld ehs WTHHEPLD
sraliu(eudloena. Gererm B ety Ligssmns A.d@G Qevauurs eneuliCUmLD.
@ LG SBRISEETLD DeUDDIGT DIF&EEHEE GaamuTss spnHolarme @) rerLTeug)
Ligsd, Buledlmng Geuafleumb CaMeller erhseils wrhmupbd sramlil(eudaama.
ugsbd B g wl @b spodlarme, Bulsmbg Geuafeumbd geafluier Qadey Sils
filsnss @@pbs Baag AsE @ss1s aipd Aumps), gl eubeig Peaigid
Hlamm ABb (LLib 5.25b).

U &sSams G spnmlerme Bulledmbg Geuafloumb gafludar Gadley fls
Sgrs aFsfss, @Qrar@ Lgsns@EpD Qameamurs @QmaEn (uripsg Qumng
Qedency SjenL_Smg).

@bg Hspear @Qsn@ et Celg QuBbdlr S@moamwu  eUbl®,
ehmewa Crrés, eoll MOSET GNnISESMASET ST 6T <MD,

A eerp @it LigsEsH MBS Geuafleumbd ol enoger, gafl
Qreorgudlemy HangsE @&S551s 2 6ter @ Haguied I (HbD AHreuamLSng. Qbs
afl mesar serellameareyhmeney GL. @afl s ULsSHa DFHEES,
@eaanuns @@ SarsHed LLIOD DdTeysmer gHUOSHaTR e, HerT
Menaraydy qafl  eramiu@bd. @euaimprs @@ sersHad WLHD SyHiTeysamer
gHUBSSID Qb ellanarey sereilenare| erarliLi(Hib.
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5.8.2 e gySlie ss6mid mmid Serm eSlenerre s Serb

afllflue  oFnss
& mEwT L. (F (& LD HaTHS 0
9IFTeFEET THULLTED g
HeT FlTeys HeTd ereul
LOEngl. gor 2iflials serd
DG @SB8I HMID e
ellaveraydm  gefl  LgayD

SHevguilgd enowyld 6D,

sar  efleetasard  era] uL_b 5.26 germ 9dliiey wmmid ser
U(HILD. Sar cllenerays eflenenes senmisen
sarsdled  ahy  oiflTad

TOLIL TG

Lt 5.2660 PQRS ereimm serd e iflrajsgend whmid EFGH eremm serd
S6T elleneTes HETD GLD.
5.8.3 epeifl 9 dliiey a6 @mlsasLiLI(HlF60

Fer llanere| AL WITS 6parl, eTedevmL 1\ 1\ T T T 1\ 1\ 1\ T T
USSP SHlTe| CaTam@erarsme ojeuDHenn ‘l’ ‘l’ ‘l’ ‘l’ ‘l’ \l' \l' \l' ‘l' ‘l'
@amsesma GFh@EssTer 1 TeysHeTTHs
@h&smbd. @ems @il byS@GD
Qarer@®b wHmb Yerallgamersd GCsmeamr(hibd

uLtb 5.27 eperfl gySlieseir
srlLeombd (UL 5.27).

afls spenpuler, smeaflen sars5HE Gaamurar iflTa|s6r @Il obLsE
@owuribd, srefler satsHDH@E @GSsTar  FTeyser Leraflsermaid ST
LUl g (p&Sl e
5.8.4 germ eSlenereunssdl oHMILD LiGLILITET

@mger elametaypy eafleorws smSlemm Frgend gemellaneroumsdl i @LD.
gaflurearg serelameredmarearst @oemewn erenr CamdlG@d FTFHEmd Li@LLumen
i, serellenereurdsdl LiGLUTEMSaD LGLUUTET Serallenereumssinseynd
QFwduL @uILb.

@M gafldshapurearg ugluTer audwrs CsssliLBEng. Li@Glumen
spHplumbCurg Gsblelld LTHMD Gdarg @Q@BSTR AbBsL LS eafl
serellenareymm gafl @b, uGLurmer 90° swomibd GCurg HaLsdlean epafls
Qedle), QuBLSIHDEDL FOSGL QL uld DMLHSTL g Sereilanera|bm el
<2Gb. uglummar 90° &poHmbLCurg Ceefleumd  gelldsnan  CLmLS
Qedleneuud lming Cedeveuyd (HP wiHluo®) Csmargmbsred LGS ser
cllenareydm el erarliLi(Bib.
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5.8.5 e1dlelyrerlliL eypevid seredlemerensased

erdlGlrmafiLy ePEOLD

serellenerenel  eraflu  (penmulled
adQrrefliys

2 (HEUTESHMMLD.  FTHMTFEwT e, u®anenmn !
@afl  2ar(H(Heuddniql SerenTmy A ) SDewD C

ez Bourided  ulE i b

erdQprefliiLy e Curg) ser
. X B Y
cllenarey eMLEMG 6Tam LOTEOE
eremueUT  S@TLMbSTT.  eparl,
sarefllenate| el lemn 2emay, efllev&60
eaflufen UG Casragamss SIBLBS
SFTIHSS). SHEvD

XY eremm  seaurantmiys D
sersHler, AB era sanallenareymm uL1b 5.28 e1dl6lynerfliiLy epevid
gafl  u@Hapg. LD 5286 Feelemereunsse0
ST g u|eTeriily. UL gdler (Fmarfle)

Sar53HE @Qearrwinsea|arer ABer <iflta|sdr SbUSGHWTD STl L vl (HeTerer.
uLgdlen setsHNG GSsnaalerer dieyser, erdlayreaflliyg sensdn@ @ ameanrwins
Sianwwb. Qeveu Latafllgerma @hasiuLl (Hererer.

u@Slemm gaflufer em L@ BC aulwns addrmefliin) emLwb whmib
wnuEd BD eulwins eflesan b, ¢ u@liumer Gamear(® ardarmelss sHany
Candla@n Cumg g LGS saTelleaneTa]DDSTH HELDEUMSS SHTETLD.

e GIUEG L u@Casransder (seamanmgs@ 57.5°) qafl LEHLELTYS,
adyreflésinl L s (ppeugions  ser  elaetedm  @aflns  @QHEGLD.
adlbrmaiigsliulL. speop  wWpOHQILISES  Ferellanare] GumLCUTE 2 eTer
u@Carasang serallenare s GHranTd (ip] T Gmmib.

5.8.6 ymewL_it 6¥ld] (Brewster’s law)

g GLeill ymevi eranuei Lo GCeucduGoum erdlCrmefling sermisaner
Qarar@® QzrLir yuesmer BLSSHW Yer, gerellenerels Camamsin@hn e
ellevad eramantim@d GenCu 2 dter eraflu QgTLTanLIg SeTLHIHSTT.

Spuiedler epod  gerellenera)s Camamsdladr eaflsshamp LHDOAUTHS
ad@rrefls@b smb, elvsweL b SH D RaTNSASTE GS55MTE MDD eTer
ST Hluiiul L g).

L 5.286 L, 1, +90° + 1 = 1800

r=900 - i
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sini,
V6B aflFludleLig, snr M

@I W eTeTLIg) 21l S&d e (SeanTentmly ) el alesed cTelT @ Lb.
r @ wllienu @&l m(H GFiw

smt, Sin lp

sin©@0-i) "’ cosi,
tan ip =pu
serellanere| GCaramgdlen CL@paan UL eramramareilld ibS 261 &&E 6
gaflefllose eraumenflh@d Fowb.
5.8.7 5L (D&
adrrefliberme  ghuBD seteleerancult LWETLHSSH  SLLHEEG
SlwssULhEamg. sflurear ojare eTer e GWTUdaier L sararTiqd S (N&6T
Qanewning genme WBg eeam CummssiiuGdeamer (L 5.29). Qaeu @pruder
SFFEG 32.5° smibg @MSGL. GTuler oFflar PG Qgd@ib epern Hlm
paflssdi Gsam sl (H&dear Cod afopb. @QUCumpg LBGCsTamd 57.5°
S Emgl. LOHMID @)g SemanTiyuier ser alleneTe]d CHTEmTD ), @LD.
R CE
Qemigssrar  SySTeser,
eeuGleurm(m Lplbgyid
e @rreflgslin@n whmib
G eemTiTeTency 2ar(h) (HedlF

GQFbeILD. Sarmigafl e
cramanflEans fswmeanmd,
ardQrreflli e bs ser
efenareymm eartlufle
AEINGY SSHFOIGLD.
s L (0&@ setellanereurnsd

<>
D
R
D
<«

it
—d
s
D
R

uL b 5.29 L1 (H&@
WTSED  UGUUTEITSE]|D
Qeweu@m (UL 5.29).
5.8.8 @y ewL_ perfl eflevased

urrsGgralerey — eremUeul, Smens LigssHle searellanemeypm eeflGsdm
ellpd Qumpgl, 9ig LyssSaier Q@ sHisarmsl Gflbg Aswdng eerumss
sy ssmT. @B Hlape| G Tl el eflese erariumin (b 5.30a). erarGeu ¢
QummEpsE Qe ibumkiseT 2 (Heur@h. QEH elans HlHLpe, GeUTTL 6D, aD&ST
Gumer HD UgsBISaNQID Henl Glumib.
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(@ (b)
uL1b 5.30 @y ewL sperf] eflevsed

Q@@ &dlss gamgd enwuleamme Larafludll () sroamsl LigssHlen euduins,
9Bzl ydefleow  Cpradlema  yereflufler @@ Gbukisdar  Csmemmid
(uLb 5.30b). LysSMSE HpHPlaTTe 6@ LADULD Blepawins @) Mma@&LD. wH&Dmem)
@samars &Ml eumb. Hlevowmear Gbub srgrpen Wbub  (O) erariu@ib. eafl
s HfsEpsE =2l u@b olog sdisarme, @UIAbUD 2 (Heurdpg.
@ &aHTEamen nsTrand &ETEHeT erarembd. &Hleud bub Sjgrgrranr Wbub (E)
cramiu(b. gafl efesd elfsErsE 2 uLts g sdisarme, @UGbULD
2 (HeUTSngl. Q&EHTHMeT UFTHTTETS SHTHET GTETEMLD.

@rieL  oHesme gHURSHD UigsSSaieT Frsmrans ST IOT
SansCeuggien ecTeons Hassallgid GFodlpg. WLOHMD AFTSTTONE  SHHT
QeucuGoum Hengsafler GeucuGoumy Slans CousdgiLer Cabdlamg).

@rieaL dsme gHUBSSHL Ligsbd eeamdlaer meusslul L Ldrarfl
gafleped, Fremyensd s Mé@E Camars MOUPSIMULID AFTHTTTE S (HSHE,
Bereu L (elliptical) @iener (pstienuud eHLIhSSID.

U &SSler e GOHLGLL dasulle stsrrants &S, HFTSTTamS SH(MHLD
o HmsCeausgdler Cgddlamnear. @QsHamgerw LigssHer eefluluie oiFs orem
SmpsdlaGnmd. @Qbss SHosuld @ran® sHmestar gofl ellosd eram &b
wdlienuls Qumib. wHmbd Q'L galalass QsHamauid panLCuprg.

5.8.9 Lig 531651 616061

STOEMFL, G, gmev LHMID @Tweneer GCuTemy Ugsniser G em
el iFemals QUDMETOTSTED @IFaFLl LigSBIGET 6T Dienp&sLiLI(HElemmen.

ewsaET, Llumrsbd (topaz), seflsse (selenite) wHmD  SiFsadBL
(aragonite) Gurmeanp LgsBisET Qreamh @eflulud Fsssmer QUDDETETSTE®

My LIl SHRISET 6Tal ienLp&sLini(Hélemmer.
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5.8.10 enm&&60 LILL_&LD

eflevalld  p&sED  eTeTUeT  @B&ESD  LULL&SMS g eULDSSTIT.
QupbUTEID  ®@B&SD  ULLsLIaE  STOmsl Ugssamss  Csmear()
algeuamsFLILOSDG. sosmal Cumenm epern wLBE Barapd 72° wHmibd
108° Garanvrmiiger CsreaprL srdmal Ligsd @Qrar(h L@GdHsarms, epepe el L Lb
AB auflwrg Qeul L iul () ar(hid @earCorbLmem searm urdgh erem e
sar(pmeyd HGwearr Garam( @l Lliu®dng (urb 5.31). Coamqwb eaflés
sngmyems sSlflen gafleflosd eramr 1.658 wHmb gmsmyensd sdHmaa@ 1.486.
sarm ursbler geflellasd eem 1.550. @g @ran® sSHmsEh eermrsGou
SRS ST LITOFLD Femellanere| gaflenws GomhmeiiiLigleene.

A

~-_ /N -~ M
7N
B

uL1b 5.31 emmB&Ss6eD UL L &L

setellanema|mr  @eaflCwrearny @by  @pssDd UL &SHe  uEmm
Qeiwiul L réd @rl el gafleleossd ghul (), sTETIamS SHITS|D DHFTSTTwTS
sgpraayd GNdmngl. stgmrams ST sam LTOLFESTD SHESILLH (PP s
erdlarmafiiliy e cugned 2aB®medl eu(heudledensy. @eUeUTDTE ST LITOFLD
cuflwimg 2er(h)medll eU(HLD AFTHTTES SHT SereleneTelbm SHITE: @) (HEELD. MHEHSH6
UL L&D ser ellenereundsdlwmgsea|b, U@Lluramseb taweuBiEng.
5.8.11 Gurevgmi(b&eir

Curmeopm(® ereLg Sem ellenemeynm eeflenw 2 (Heurdsl LiwemUBhEDg.
Qzfley = seaifge (selective absorption) eremm Hlapeien <jgliLenLufed
Curermii(hser auigeuemwssiiLi(hdleamer. Curerrmi(hseafle Loeumaser 2 erarer.

e Curermi® plewmentlu Lo Gangruamsl (@ullanerer CurGLrgoGLIL)
LG ShEmers Oarampearerg. eebeurm Ligsupd @Qrlenl el  cllvsema
gHUBNSSH FnsTrans sSHeny o SeUHEID LHMID HFTSTTeTS SHenT 26r(h(HeUeLd
Qewiflemmer. Belar Cureprlhseild meamailu L Caprmumsl  LigShEET
Seupdlern el Fsser Qaeamurs @Q@maGorm, bl GCrm-CadaCamendle
MeUSF 6ulg UGS 1L (DSl eTme.

sSusrewrs Curarmu@ser, umed elmed <podsanmeld GuplilL
Qe G igalmpgl swrissiuBSeamar. @Qbs HnwHmn UL sRseT alamu Fsb
sar(p(Heud GFiiaigL e Srmen serellenate dn qafaniis &mslermer.
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5.8.12 Gurevrmi(p&erflest Liwiestaserr

1. ole)s smLmseald serellaneteydn eflenw 2 (Heumdseyd WLOHMILD
sareflanareuanL_fbs eaflanit <y rmue|b Lweru(H&lermer.

2. Gumeogmlihaer Cleuulld &TiiLE SeHTanT Ty saTmae|b L6 (Hlemme.

3. smi Gurern eumseamigaie CUTHSSUILIHD aflepasHearmed — sarger
Fagelangd HellTasl CurermiBger Liwer (i emmen.

4. veppw aanCami gallwsdld Hlnmseaien Ceumurigamars Csafey
LSS LwetL(Hlemper.

5. Gumaopmi® uLewb @luflorer paEmD  Wbukisamer Carhmiedss
LweL (& D).

6. @ruiegeaflgd s elbramsaiaind gafld Cadlameus sLHLUUBSS
Femead SHEmanTmgHaTTaEl  LwerU(hssuuBdeamar. <asmw elwramisaid 6
Curegmi® floowrsed AHSSE FPQILIMID  AMHLESILL (HETETSHTD,
Gaemeuwimern gaflFbadley 2 6tCer euHbLIG FFanndgis QsmeTeremid.

7. egHunsorar GCarammsailey curafladmbg SREHTES  r(HE&EILED
yansluL b, CurCarrmi®smers Qsran(® umiggh Cumg Wsas Csefleurs
Qg fluid.

8. sanfliunenser (calculators) wHmib siqsryhisaie) 2 6Ter 6T(PSFIsHEHLD
TR EHLD, Ser elenerey eafl GQamarL Fyeuls Ligs Qeuafui® wennm (LCD) epeaid
2 (HeunssLiL(hdermer.

9. ePESTnMISETIGIT S ETE|SEMETILLD 6UigeUBIGEETWLD LIHMH 7T Serelleanerey
LweL (D).

5.8.13 sparflufluiey eflsmerr (Optical activity)

emsarelamera|bn eafl o Qummersaiian g L@LOUTIE, Geouafeu
Slerm eafluller gor elleneteysserd, Lheafluier serellenereys sersamsls Cumenm
Sienwmod, fo Caramr <emey SHmuulinl(h Amwdng. @Qbs edlamearenwGuw
eafluilwd eflaner (Qswe) erardCpribd. sor ellanere s sersams HmULHarn G)bs
cuansLl GummeaTser gafluflwe ellaneamurgSlls QummeTaer <y, @L.

CL.EM.. GGUTITL GV, FTHEHMIL UG ShiGeT, LiLemenlen eramblenril, Camiguib
@Carmang(h (pFeNwianey.

gaflllud  Cswddper  Csrar  Qur@meTser @)@  euangUILI(HID.
(i) QLsev Crr-apndl (euagmd) eagl, eposams (source) Crme@nCurg),
saradlanare s HeTd euEhEFILITES speeugT@. (ii) daCeur spnHél (QLgLmb)
eremLigy, epvdens CrrsELGLTG, sSerallenare SFemd @)L @haLilLITSEF FLPMDEISTELD.

S eremm @pedm Hln qafl, setefeereunsdl P euflCw Qeausslin(Gdng.
saralleneradm eafl setelleneTeursHE@ GNIEETS eudsSILLL e LGLILIT6T
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QeuefliL(
cuglevemev

P A
S S MRS S
DR ARVe RN g
eefluflwed Cleweodmest Qeuefly
WH&s Clunmer u@&mng

u1b 5.32 eperflufluied eflemert

A aflCu oe@uiutin@dng. Aelambg g eaflyb Geuafeureideame. sar
emeroumsdla@nd u@LUTEISEL  Bhedd @euriliey s eeusslLL,
veLuraladmbg fAdg el QeuafleumSpg. vEliurar A-eow g Goranrd
snlenme eafl almeug) Hlemm eSl(H&mg (LLb 5.32).

@euriev auluins Geuaflaimid eafl germellenera|bmsns  ELOHSTEILD,
sereilanere)s serd HAlg Camend SWHplLl( owelCs QBHSDPFS & @
STIETLD YGD.

gafluflwd swpnswureng, (i) L ssSen sgwer, (ii) ugssHer SLTHSH
g sarsdler ey, (i) vweru@b eaflufar emoBard HmID
(iv) senraailen Qeuliuifleney Cumemy sTrantlsamars Fibsg).

5.8.14 spmdAsdlmei stevor (Specific rotation)

spnds Smer eramenans Careamp eeflulwe elearsdmer Cameam
Qumrpergafler spnsl elleanerancu gLl _amib.

e GO L QautiuBleneouldayarer, gafl SiamaBarsder sphds Hmer erer
ererLig) e QLABL LT Serparar 1ec senpgaley o arer 1 g alenandlmen GlLimmefed
JHUMD SHPHEDGLD.

e QLE Sl Beraparer flyeu areiler LmdueTer € 6rein L]
Qamenr_ senygaler 1ccsa@ 18 opu@sdw Hpndlé Cameantd 6 erammibd, eneaBerd A
eremmid, Qeulitiblenay t eramitd QsmevTLmed HLPHES SHmeir eremr

4
5= ke

e Gurmefle gafludiue &pHH BaLCUMNCIMSS SaTLHIL 2 H6 b &HTHadl
sereflenara omefl eremiLi(HLb.

FTETITIONG, FrGsauTearg eoaflulud CQswuddper WGs CummaTT@LD.
serelilenare s serslen spHSlanws SeThsMeusen euTulens, Fr&smys Hamrgaden
SILTSH WS santdEdlL (1pigufib.
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51

52

STSSHILILL SH6voT18EHSH6
wmi @rlenl Yetey <y uialer @ra®h eflwe eponisaiar Gedlesafler sse]
64 : 1. Qsame Haoguler @Em&ELOL UlmLsdr Corammdleamer. GumL
wHmID HMind CEd e SEETaT SH6| STes.

IuLD\j)
soeue 1) 11y ::64:1 IGL=?
Smioibd
. L _a’ 64
Sy : 12_a22_1
.'.ﬂ=§;a1 = 8a,
a, 1

lougos _ (@ +a,) _ (8ay +ay)?
Ligon  (ag — a2)2 (Ba, - a2)2

92, 81
T (7a,* T 49
IQu@u)Lb : Imm: : 81 : 49

Wik @ el 1 Gerey @piiefléd 6000 A wimageraperar gafl LwLETLIHSSL!
u@b Qurg HeoLs@Eb Ul gD 2 mm. Qbs e, ealalwse
eramor 1.33 Garewr dreugdled CuopGsmareriiulLmed, Hal @b Ul e
SIFHELD GTGITET?

soeuer: A=6000A=6x107m;f=2mm=2x 103 m
w=133p =2

: Dx _iD _J oyt
£"Q4: B = (1 ;“1 u : ﬂ-_l,
2x107° .
. = = 1.0 X m 606D O IMm
B’ 33 1.5 x 103 s 1.5
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5.3

54

55

Qeuar@arrmefl, gaflaflevse erewr 1.33 QararrL g Cariiyl LLddlen We)
30° Caramgdler LBEDg. erdCymafiliyg sdHeny Hlepporaawrei Csmamr(h
@yrmu 6000 A Siemaperd Qe &mbul el Qgfdng erafler, Camiiyl
uLgdlen Was Pl Fig o6t eremen?
seeusd:  p=1.33;i=30%1=6000A=6x107m

n =1 (Bss SPlw sgwer); t = ?

. sini
gio : H= sinr
sini sin 30° 0.5
sinr= " = = = 0.3759

H 1.33 1.33

cos r = ,/1-(0.3759) = 0.9267

2 ut cos r = nA

nAi a 1x6x1077
L= 9cosr 2x1.33x0.9267
¢ 6x1077
2.465
t=2434 x 10’ m

3 m &rpeTer (M S L& @l ueanFTang) $LanL WITe SeTent & SHLIq 6ot
Bg emeuss Ll (), eneap Bin eefluliamme el L iLhEng. 8eug smeno
auaneTwgSlem b 3.6 m m eremmmed, epaflufler SanevBemd eremen?

seau : R=3m;n=8;rg=36mm=36x103m;r="?

Sior: 1= ViR
r,2 = nRL
o ho _ BEOTF s 10-10 (or) 5400 A
2R T 8x3 % m for,

Byl e euaner  opleliled  @MUGlL  eauflensuldy o dter  sHano
cuemeTwSSlen el LD, @rewrLmeugl ecuemerwsHlen ol L samseil @ rer(h
DLEIE SHFD eTailed, bhs cuaneTiSHlen cuileng eremen?

goeuen: d =2dy;n="?
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Siey:  d,2=4nRL (1)
d,2 = 8RA (2

56 0.3 mm @ s0smenme) Qararm G Gerasear 4500 A eimaferiperer
gaflume el Liu@Gdng. Gere|sEpsEh, Hors@En Qe ufemer
Qsmepeve 1 m. enwwi@urellellediBHg @BUDAPLD 2 6TeT @)TarTLTeug)
Qumelle|ls L enL_&(@Ehé@ Qe Ll L Qgmenave wrg?
saeur: d=0.3mm=0.3x103m;1=45004A=4.5x10"7m,

D=1m;n=2;2x="?
D
Siey : 2x = 2 q ni
2x1x2x4.5x107
0.3x10°
© 2x =6 x 103 m (or) 6 mm

57 1 cm <sesded 5000 Gasr@hser cuenpulinl L efleflby eleanereyds
Eppeniluder 55 eflwe eposdd Q) MmbEH Qemanshanm eefluirarg LEHbLIG

aeussLLIhHang. Greammbd cufleng AibLib 30° Caramsledr erhL’ L med
gafluflen SeneBerid ereen?

s&eue0 : N = 5000 Car(Rser / cm = 5000 x 102 Gsr(Hser / m
m=2;0=30;r="7?

. . sind
Sitey:sinf6=Nmi A= Nm
sin 30° 0.5

5x10°x2 5x10°x2

5 x 107 m = 5000 A.

>
1l
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58 geralaerajwrafluiiles 60 cc sissars sorser 300 mm Berbd GemerL
Garganers @wmuieyer epeudslii(Bb Gurg 9°  swHnliu@dng. &pHHS
Flmeir erevor 60° erafled HanFaalled 2 dTeT FrESETUAGT H6T6r GT6TEN?

gaealey : | =300 mm = 30 cm = 3 decimetre

0=9°;s=60°; v=60 cc

m=?
) 0 o
Siey : S= Ixc 1x(m/v)
O.v
m =
Ixs
_ 9x60
T 3x60
m=3¢g
geor SHLULSH

(855 seor I B LGS, ClsrBIssLILIL (Do eETTTSSEBLD &6vTE &85 ETHL
wrSflsCer. GeupewpiCursiimy, um_L U@l b5 @ eflevmmemad oje06S)
SEMTHEIHEVTULILD 62119 616MLDSSHEVNLD. LoT6vvT6L, LomeveTefliiT Geor ST (B LiGSludleSk bS5
o (Puoevevmoed, LML ClLmpefleS(pBEID 6uIgeUDIOSGSLILIL & Tnigil eSl6vTISSEhSE LD
SEWIEGHEHHGLD SlenL_werflss oy s ClFuig) Clsmerer Galevs(Hib)

51 UWleananbs Smaseilsdy, <mmed
(@) Wer yesdpEb wLOHOID sTHSL LosHDEh @Cr oereurs
Lyeydlemme.

(b)) Q@ HomsErs@ED CFmEGsSsTsl LiTeydleaner.

(0 et yoogder Liraydlmg.

(d)  smhsl qgdld Lredmg
5.2 e &Mhg &6

(a) BEHISSE®OSEET 4 &LD.

(b) QBLLapaseT 2p@Lb.

(c) nssmosatsGaur oog B LamasamTaGam ©)(HEsaLb.

(d) BGmISEsEmOHEHD De)a; GlBL L Ma&EHLD H66.
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53

54

55

5.6

57

5.8

5.9

5.10

serantmiguflern geflelloged ereir 1.5. siper 10 cm 2w sareanmyd
s& g6 aupCw gafl CQFeugsn@ <GD STaLD.
(@2x108s (b)2 x 107105
(©5x108s (d)5x 107105

- -
Wenrasmhbs Siamesafe, Werlown E whmib srhsliqeon B &@ @ Cu
2 arer UL Geumum(®

(@) /4 (b) n/2

(cn (d) &0

Sl BIPTena cTarLig)

(a) gnwu auflifimworena (b) Qauafledl(h Ll e Flmidraned
(¢) 2 _saurm curfl fimorane (d) o _seuir e Flmrene

Bl e euamerwg  Cargduile, samanmys  SLEEGD  SLLSE
GalQaeras@h GenLuld e gefl BT eneussliulLme, cuamerud Qsm@s
(a) &L (b) a9fleuenL_uyb

(c) wrprg) (d) psedled eflfeuenL b 6T & (M@0
enean Bln gaflanamm, CeundlLs5mbg eeflefiosd ear u CaramT
sar_s5HDGET  HewpdEDg. UL  LOHMD  FMLBS Daesaefen

maberhiseien $56]
(@ p:1 (b) 1:u
©p?:1 (d) 1 :u2

& epafludlen ammf}ml_b BTG, LOL_BIGTSE GDHSTD ST FH5n6 26rey
(a) 16 Lk odsfsEh (b) 16 wLRiE G®mDWLD

(c) 256 wLkiE FHsMEEL0 (b) 256 L@ @Gevouwybd

Bluyl L6 euenem plielled mM-peug LHMD (M + 4) ug SHED cUmaTL
<G WpepGu /5 mmwpnbd 7 mmeeiléd m-er oL eTenen?
(@) 2 (b) 4

(©8 (b) 10

4000 A e fearapdrer @ ebapHn ol DimasErsE @aL G o 6T
urens Gaupun® 2 x 1077 m. @ieupidne Qe Gw o drer UL Cougiuim(.
(a) = (b) 27

K2
© %5 () 7/2
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511

512

5.13

5.14

515
5.16
517
5.18
5.19
5.20
521
522

5.23
524

Wi opiiedléd, 6000 A imaBaraparer gefluder Jeug GuTeleyliul i
wHCDTME ppasder deug Gumedlejl uleLwjer QuTEBHSEDS ereafld,
2ps eafl epeddlen smaBard ereren?

(a) 4500 A (b) 6000 A

(c) 5000 A (d) 4000 A

0.005 m @sasdad 2500 Gar@sdr o drer Eppenfluder 85 6000 A
am@f}m@o@ﬁm gaflurearg Crrs@sstsls LHEamg. g6 U euflang

GTGUTEHT?
(a) 3 (b) 2
(c) 1 (d) 4

e Hauly qefls spHerpuladlmbg elefliby elenetey QuPLLG TS
Aauliy geflsE udons Bo gaflawts waTLBSSHearme ehLbeug ererem?
(a) uleL_s6T anmbg) el (HILD.

(b) ergiayid WwIOTF).

(c) eflaflibLy eflenere| @GmseEL WD LHMID Fal L ors ey CamLb.

(d) eflaflibLy ellenarey e L WD LHDID eranedll_(H eerm Mifluyb.
60° e cllanere| Comamsdhamear gafl allewse crewr creme?

(@) 1.732 (b) 1.414

(c) 1.5 (d) 1.468

WOlET &EMHS AMASET GTETMHTED GTEIEN?

Wensnbs Sfemasaflen FplludLsemerd Fnmnis.

W& THS HAMOSET6 APEBIGENETILD WHMILD LWIGTEMETLD 6T(LHSIs.
Qeuaflafi(h) Flmwrene, o L seui Bimwrere Qeinan edleufl.

aflize LEHMD Hleartpreaflisad eremmTad ereme?

BT G&6T HMID o CurLmer - CoumuBsa.

lqTL_Ted GaTlFSSMED GTETMTE 6TebTen?

aGLrEevy  euflger  LOHML  YemngevCLrsev  euflger  ereueumm
o (Heundlarpen?

aurmed B Finsder Camennd sTyentd eremen?

@rrwer gefld Asname ellars@s.
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525 eman@geney g5gi6u5MS 6Nl6THES.

526 S@mes Qararansamwl LweaTuGsSH W <15 erdrmaflienu afleufl.

527 semesaiiar CoHEUTBESISD SSFHeUD WTH?

528 Mleoafinssiiul L @gnssl(H clamare|ssrear FlLbSmerseT WTame?

529 wmi @rleL Warey el @msEL(H ellemereurd erpu@L UL el ufesr
Sssdnsrar Caraneuamuis Gumis.

530 Quealw 2a@@elbd LL@sHe gafl adGrmaflliLigmd ghuBL GnSES(H
eflenareneu efleufl. QUL LHMD AW eails QedleyssTear FlubsmeTsmaT
T(LPSS.

531 Bl L 6 eueneTIBISET eTermmed eremmen? Bl L6 cuenaTBIsaflem eniowild
S(HEDWITS DEDOWS SHTFERTD Wg)?

532  SuQp@ped, SLprenCGanrur aflefliby elleanerey - Coumui(hssgis.

533 swsger afaflby clemeareys SHpanilssmear cleTéssmss dnmns.

534 gafl gnissmosaTTasl Uredng ceausnatear o uiemel ciflelfl.

535 ger allaneraydm LOHMID Fer ellenera|nrs afl - CoumuB g

536 SymevLi allflenwid gadl allerdEs.

537 agnsmren gafl&@h SFmsTran eallsEh Qe Gu o der Coupumphsamars
H(H.

538 (a) epssd ulLsb (b) Curermii®ser upHs GHLL HHs.

539 gafluliwe HpHél eTermmed eTeran? gl FTTHGIETET STFeRilGeT wWreme?

&6TT1E(GT61T

540 s@meesmer ghLbhSHID LC gsdlamaad spm eemm opldluLer (antenna)
@aamssiil(Herarg). &ndle 400 pF WBlarCsadlub, 100 uH Wengnarig ujb
@@mLlern, 2 (heur@b WeTsTHES eneuilet &mwﬁmgmg)é; SIS ().

541 wml @rlev s Wereys Comsamaruiled, @@ eflwe cpomgaie Gabey
g 81 : 1 erefled, QU LHMID fmwé Qadeysaiien el eremen?

542 geflellevsd eramr 1.33 2 anw Biler g 589 nm ienavBerpant_wi ghenmbim

gafl U@HDg. Blayer gafluiar HmsCeaisd, HTGeuar wWHMD
Smaparsnss samss(Hs.
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5.43

5.44

5.45

5.46

5.47

5.48

5.49

5.50

wi Gsrsemardée 6 x 1014 Hz ofrQear eoLw gaf
vwaru@SsLLGEDG. AOSS5HE5S Q@ UL sallear aiwmisEhs s
@eL i’ L Qgrepeey 0.75 mm. 1.5 m GQgrevaeid Sy @LiGer,
ereysEndh@ Qe Liul L Qgranoalmands samsd (Hs.

wi @riell Gaed Csrsmerfe 5000A omefer geflamuwl
vweru(BSEHL Curg ghuBb Ul uler s 0.6 cm. Yerelln @b
Sears@h Qe Cuwrear Ggsramomell LTHWLTES G®DSSTR, FHLI(ID
Ul W6l Ds05mss SanTssHHs.

Quaau srHColiger g 6000A @efarwpwawu gafl GssTaL
u@EwLGUTg, @@ YdrallaepsdlanCw 6 smenwliLl el g6 o (Heurdlearne.
sTHCDL g6 Flgloenerd Heds (hs.

gofl elesd eram 4/3 wHmbd sywear 1.5 x 1074 cm e aLw Gamiiyl
UL gdler g 60° Caramsdled Gouar@armafl LGHg. erdlQrmafiss eaflenw
CpréEGus, 5000A @maBearsdneiu smanliul L Qsfdns erafle,
2BE SmenwlUL e uler euflens eramr eremer?

Bl Ler euenerwimiser Cemsanar gardler 20-6ug S@menn cueeT sl en
el b 5.82 mm wpmib 10-eug smenw auamerwgdlen il L b 3.36 mm
oran jeredl_LiL(hpgl. S5 Gelbwerslen cuamere| <7b 1 m erafled,
gafluflen Smabarsmss sarss(Hs.

gwger eflafliby ellenareys SHmanfl gerdld 5000 Car@hger/cm o drerer.
@rarLmb euflens efaflbL) eflenereder, 7070A iemaSer Sauliy Bl eufléEid
5000A w@afer fafln aflsgn QoL Cuurer Cerar' Gfmsmud
SATES (h 5.

gaflelasd erarm /3 2 el w ser_sid génflanss) serefamerant gaflwirars
serailanere|s Camamsdler LHLCUTFI, ellog Cararsmsds samssdHs.

20 cm Serqperer @Ml Fissmrs samrsd o drargl. sereilaerawefl
aplwrs CrrsgwCung, gsearelameares gserb 10° asHpeardl@mLiug
Nt pg. srésamyuier swhfsdner erarr 60°/QLABL LT/ @rog
L5 erafld, sissamrs sargaler oLTsSHew g/ cc-d sarsHHs.
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elemL_g 6T

5.1 (b) 5.2 (a) 5.3 (d) 5.4 (d) 5.5 (a)
5.6 (a) 5.7 (a) 5.8 (d 5.9 (d) 5.10 (a)
5.11 (a) 5.12 (a) 5.13 (d) 5.14 (a)

540 377 m 541 25:16

5.42 2.26 x 108 m s1, 5.09 x 1014 Hz, 4429 A

543 1 mm 5,44 3 mm
545 18 x 107 m 5.46 6

5.47 5645A 5.48 15°

5.49 30° 5.50 0.0833 g/cc
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