.
L] - U

!
W 1 1 o

fafehyor qom s

cal-GIeCan

e
. \ AN © N

11.1 sfiem

T 1887 W dgageshd ROl 1 Scafd o GYEAl W oA geshed o S
HHIRTOT AT BT oF TANT 3 TSI i TUIF Tehid i ST9AYE €9 § enfud foham
Ifrwel Sraresl o eAfqn =R ® fousiH-Afas o T6 § w9 g™ W farga- e
(forga-fomsia) W yrEifitr ST=awol § *E Ufaerfas @St g2l e o g0 1895 H
X-fotoil &1 @ie qen o W IAEE oh gm 1897 W w1 WE ToERM i @i
TRAT]-GLAT 1 THSH § Hiel &1 UeeR off| TS 0.001 mm IR o W9 o A
% T T IS YA T o T & geierel o o=, fen gr fadsH-Aferen | T
W farEE €5 Tfd feRen S ®, W foeid g §1 ohelie o WR{E i W iaeiw
IO Bl B A HT W B B GHia W AR @ 7, SH—HE-Hig o fou
Ha-80 W1 1| 5 Fiadifa 1 o1 3§ fafhTor sl 7 7= S ke 9 31 Tl ol
3 Sl vl 1870 ® faferom goa & g @St T of, fvgs 91k | 1879 ¥ 7w
e o 3 ForTol fieran 9 wer orelt o SeRit il st oR @ a €) fafew sifaen
T SISl SHEA (1856 — 1940) A 39 URehedaT i gfte &1l SIS, A 3 qgelt
TR foas-Afds & IR-UR WER dead fagd td gasia &= & wenfyg &
YRR AR IR helie—TRTor ol o o qen smiferen eTe [ steifd oy SR gemM
1 UM (e/m)] Fd foham =g U 7o fF A HT YR ok AT (3 X108 m/s) H
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A 0.1 W R 0.2 TH O § el B oqud W e/m 1 TWigd HE
1.76 x10'' C/kg &1 7€l U T T e/m 1 9H HUiE (Scdsieh) o ugred
el urg o fagsH-Afas § 9@ T w5 ypfa W ek T wn g e 3
Shefre-fehtor il &1 Wifdeharl i gl

e SE GG, 1887 W, F8 RN A1 o 5o v ffvea engeti s qweTH
TehTeT gr1 feRfoTa shed € | hH o el S UT-STEfI 1 Seafeld eid &1 6 WK,
o o fAfiea orgetl il S=9 a9 9 WA R S © A A Ho-SEii| o
IS T 1T FUN F AU e/m 1 HE I &1 grn 7 foaen for shefre fem
U T 1| 39 WK 7 YeT0T 3 Ig Tfad R T & 3 geft o1, =afy fo=r somed
T 3O U O, UHfd § THH | LS. TIEA A, 1897 H, T FHUN Hl ForFT AH
fean iR geren o 3 o7 o difers Gt oreee €1 el | foaga o Gaed W 3
Tifaer o Wt Ueron o gR SoideiA 1 39 FdRR @9 % fau 3% 1906
¥ el [EhR Y& e T 1913 W st difqerfamt e, fufasw (1868-
1953) 7 SAFEH W AT o URYS HIIF o T do-38 1 9 YS¥ieh FAT T
3= e T T da-foigeh W SIo9 T Tk o &9, 1.602 x 10719 C 1 gof
Tolish 1 Tafers o waEm o g7 weenfua o i fon dgdenasr Faidisd &1 ST (o
o 3MUfeTd ST (e/m) & WM 9, TR 1 SN (m) Td fHa <1 T

11.2 TASRM S

T WA € TR engetl W qed Soieeia (U1 @Y H0T) BId € S Skl wretehdl
o foTT STRerER B €| qef, ge Soleeiq WHd: -8 | STel el ket Fehd|
I Seiaei o1q ¥ 9T AW © A1 ST TS € SN WK 1 ol § iR sorael
HT AT g R SAHAT FL AN B TH YRR GHK TS ©1g ok Fa Tl ok
Y Tl o G Usheht T T B 2| GRomHEEd fah o goee[ foEest S
TH MHYOT 1 YA X Foh, U IS H o M U €| oT: TSl hi g
T3 § AR bt o fou s fafvea =gae St w1 eravEehal gl €1 39 <
Sl i oTq 1 HTH-HerT Hed €1 39 HHRUMAT ¢ o g o hd 8 3R eV
(3R diee) § HIOd B U Soiee dice fHl soiee i 1 dice faweidt o
g @ I W W Sl %1 AF B 37d: 1 eV = 1.602 x 1071°J

IR Soll 1 TH $ohTS o1 WANT GRATY] qen fehid sdifaent § feman < 21
HE - (@) ©1d o O AR 38 53 AT Wehfa W R e 2l

U1q o I3 9 Sl S oh folt o SeiaeiAl ol =AaH STaead Shell 10
forddt oft wh iifoes fafer o gro & <1 whdl @
() @I TSt ; IUGE A9 ok g o SaRiHl bl TATE ardid Sl &1 S

ehdl ¢ o fop & uig & e o7 o)

(i) &7 ScgerT ; forlt &g R SN T U Yoo faga &7 (108 Vm! &1 @ife
1) ARl I UG-t & dRL o Fehdl ®, 91 o feRelt ek wm H)
(iii) FoRTT-TIEd SeqiT : UG ST 1 TehTel ol TRell €1-Js3 T Tl & al goegl
ED| 3’6&? Bl B A YRS Sl §HIY% Seiaeid (photo-electron)

FHEad &
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11.3 YehroT-foeld gwmE

11.3.1 % o UAIUT

TehT-ToR[d IS 1 IRERAT i @Sl 39R4 gt (1857-1894) o g 1887 H
Aeceeha T o AR oh GHA i T oft| ThferT-fagsi (spark discharge) &
SR AT qUl 1 Scfd o 39 Y Sl § gds 3 we Ufkd feren R
helle i Terelt 3k oUW TS FehT¥l o g EIw i W eTg-3oie2iel o IR
= dlieed] THie 3t 8 Sl 2|

HT-J%8 W =HH ol TS o ARG Ho o 31d 86 Seleiq &ed ©,
1 TGS T W FEREl Y Hl 8| 5 U-Y53 T YehTY USdl € dl I8 o W
Soraed smufad fafeior @ el oF U= | YFcTs Al oF YUl i UR i ok
U o1 erawifia # oid € Sufad RS ¥ AEvIw el 9w i o IvE,
T M-S W wTe uiest W o7 Wi €

11.3.2 ETAAE d2T Si9Te & W&uT

foeeen greaied qen fhRfad o e 7 1886-1902 o o9 YHhRIfR IScasi i
e 1 30T fehRa

<) TRl (ug ufEeed) el frdt freifad wia = 7ol o Scasis afeet W
T fafReon w emufad W e (1862-1947) 3 W T Ry § wm
vare g € (Fam 11.1) 1 S8 & el fefereon =i Teht T, o) &) 6w were
Tk TN S THE | A eral @ foh St qeeHT fafentor Seasten afgent C W adfaa
B ©, Seleei Ufeehl § Wel 31 W @ el ferd &5 R e WUEe Uieen A
1 S AR 81 S 2| Faifad = 1 el § ScigeHl oF YaTe o SRl URIYeg
Tl 21 39 YR U, SeESih o I8 T Y TS oh N1 ol IRUY H RIyens
TIl B ETeleied Ul SIS WS Tizeht o fovel, Mufaa Jentel shi g qen
diardr oF W9 YhTT O | e &1 1A foa

T 4 1888 W TH &A1 3TN g I Teh RUEfer Tk ufeeht i
e Targaeslt @ g e sea uferd femen for St afgent st qeiT oot © fentfora
foRan 7o @ TR oTa STew @i T sHen sifafied w1 Wk sTEfiE ot afge
1 G FeRTel § feRfurd feren T qf e weEfiE B ) e afzen i e
TR | ;TR e W, 3W UEeRT W eIy R SAfeen g T g e 9
3T 7e Treepdd fepren for wreT TeRTeT o e W TSR ufEent @ RO ol
e B

1897 ® TOHRM *t @S o IvHE I8 Ffved & wn fF Scse ufrer 9
SiaRAl oh S 1 ek ST JehTY 1 BT STET o hL0] IcHTSd el
farga & g WUEe g ent shi SR vehel S €1 S ql ofiFe 3 =e off dfera
foran fof <9 Scasier Uizt W U Foa =9 99 9 w9 g w1 e FehTer
vedl © Al i f g Sl el gl 59 frad =an engf i <gel nghy
(threshold frequency) F&d & Al SEehT HH Scasish Tieehl o U1l &1 Yehfd W
el sz 21
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g g T Toh SR, Shefiem, SrifiEm SE o urgeti W 98 99E sheed %H
e Y T T o forw g =1 denfy ehferay, wifean, drefire, difsem qen
Flifean S &R H1q¢ T99 YT o g S A8 YE @A §| S T JRr-gaq)
g7 1 WeRTSl W eI TR STl © o 3 Seiee ScdiSid i &1 Seige i @i
o T S SelaeiHl hl FaT¥Teh Soiaeld A1 T2 a1l 38 URee JerT-faga gard
FHEA! B

11.4 YIT-faem uuma o1 wrEifies steaad

o 11.1 ¥ yohmT-faga Uare o YR SAeoeH o foe U= | o1 T8 Sqae i
9 T | T U faifad si/aenes s ol © FEH T gehre-gee! ufeeh ¢
3R T o1 Tzt A 81 Ed S | T, T8 (window) W IR Bl € ST weelt
ThTeT-Hodt IRt (SeEsih) C R USdl B1 URGIH Faids el (shiw-eft W qfgd)
T YT TafeRTor UR 81 Sl © SR eher-Herdl ufeh C i feRifura s =1 fgen
C ¥ ToRH Sl B € S Ufgehl A (HUesh) R a5 Sca= foRd & g}
TS H AU S &1 C a9 A ufEeniel o die fadeiat s el g S W S
HW@WWWW%IWCHWA@W %WW(Commutator)
o gW 9%l S Hehdl B | 39 YhR Scsieh Uizl C 1 ol | UiEehl A i TS8R
¥ el U1 fade W @l S HWehdl €1 Sl HUEsh UgehT A, Scisish qieehl C H
T § oI B T Soiael SHeh! 3TR SThTUd BI71| SeiaeHl o Scas oh hIRul
forga aiue & T WaTe Sca= Bl © e uRtae o weh faega e wenfia 81 S @)
TATRIS! ok e o TaIveial ol T dieeHiel o g 1 gRumH ey qiuy o yered
B STl WehTITeh ©IRT ol HIEshIUHTEY o G WIvd €| Wehli¥Teh
faga ¥ 1 GURSE Uz H A F1 fave ISt afght C .
o ey UREfdd hich S@TT SAE Sl ST Hehdl €| St

WehTYT S <iteran e st b1 off Rafdd fopan S a1 € vew-gad
S fF SaSi® C 3R TUEE A % A favaiR voEr e
et feram S 1

g9 ford 11.1 &1 Ui <qa&en &1 SYIN YehiieTeh

o % () TR B A, (b) ST R # K T T e
agfe, () IfgatsTi A @ C & &= o favaria, e (d) _ ua

qfgeht C o ISt &t Thfd o T IREdd o S1eTIA

I T Tehd B IS C T S ol TRl o A1 o e

S et el TiH ®ie @ fa= qires o o 11,1 T WoE % ST %
ThTST 1 SN T Fehdl 2| THTY B 1 Sedoish 9 T fore wRifiTE S|

1 et EU ThTST 1 drerl o IRafdd feman ST Hehar 21

11.4.1 YeRTIT-TaRIA &RT WX WeRIYT okt <rerdl Rl UHTE

TIEH A i ScESih C i gol § T ¥ fave T @ 5l @ f5ed ¢ o seafsia
TR WIS A i AR SHTHd Bid S| Safd fafehtor w1 srgfa qen faswa =i feer
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%W Hifaet

ThTLT i dgar ———*

fora 11.2 vm-faga o) @R wehm@
1 drod o 9 T

Tt fasa

\

@A g, WhIN k1 digdl 1 qiafda fear smar @ SR aftome
WehT9T- e €0 ol Yedieh SR |1 Sl €1 I8 9IS € TR yenitiren
¥R SATITeTd WeRTSl < dieidl oh @1l aehd: sigdl @ s fop =t 11.2
H W &Y § S T | YRR UR Seafsld e At gfd dehe
TR H1 W& & SHAMAM €, 37d: ScfAq g aret gy dehe
JeHIfVTeh Seiaeidl &1 Q&I Srafaa fEfeHeor 1 e & GEgar! 8l

11.4.2 Yem9T-Tagla ot W fawa &1 gwE

TH Tgel UEeh A I UfEeRl C 1 qor | TRt o fave W @ §
3R gt ¢ =i Ffvem smgfa v qen ffvsm droar 1, o g 9
eI id &1 TR g9 ufeent A o o fawe & -+ aiEfda s
T 3N Y ar ufond geRTe-fara o1 S AOd €1 9€ U S

o FehTo-forga o o (o) fawea o @i gt €1 ufeeht A o T FivEa om
fave & fou e UE feufa on st @ 9 W 99t Sl seiee@ Tz A W
HUET B S & a1 YehwI-Togd o S=aa 81 Sl € Uiq g e S 21 A
T fae UfE et A o ok Ta9e i 1R 31fueh sigd € al Fehrer-fergd & =1 wigd|
TehI-Toed 9N o 39 S | Sl GgW &R HEd & Wqw u| 39 feufd o
A § S ScHseh Ulgehl C o I Scatsid Wt TeRTTR SR HUTesd qiE e
AW YT A 2

ThRI-EI —>

319 TH Ufghl A W UfEH C &I o1 ° Th

0T (Heeh) fawe o € ST 39 ef-ei e

SEUTCHe hid SId € | Tl Tieehiati shi Y seelt

S B A geie WideRTid Bid 9 shadd 5o

T Sl A TeeRe €1 HiesH A T T I

L>5>1, T & TR T o WeRTIeR- 4Ry i W o B S

@ ; T S 7 TR 7% afgeht A W ®W fave v, % e
/——11 fofirer dfienn iR T shifdes M R A e @ S

smmufad fafereor o6t weh fAfve et o faw feem
A R & T fam B0 (He) fa9e v, s w
YT -IRT I &1 St €, 3%k (Cut-off) 37al

-V,
+— T3 favg

et fasa (Stopping potential) gl gl

et fg s fas — TR TeleRi o g Weol hi AT Weh

fera 11.3 smufaa fafezo &t fafy= dremret & fag 21 o1g | Seafeid Feft wRe serei T S

JRTITR- 4R qen ufzaht fawa & = stera| TSt TE B FhTI- e O 99 Y B € S

278

et faver stfurran ot aTel YeRTiyTeh goree,

et Seaam Tfes it (K_) ®, 1 Wfaehfia s t sraeen | @ svefa

K_=eV, (11.1)
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319 H 9 TN Sl STfqd fafhor &t TeaHM emgfa W S=a el I, a9 I,
U > I,> I,) o foT Se gehd 1 g9 98 A w3 € fF o190 99 oRieh & a1 e
wTa €1 389 Fa g @ o ermufad fafeor 6 droar & orqu o wfa dehe eifer
TR Seated Bid © 1 IRg et fave san € Tean @ ot fo 1, <o o sifad
fafertor o forw i &, St ok fo=1 11.3 ® 7 o g <9 0 R 59 YR, S7rafd
feafexor @} weh FAfvea srgfa o forg fRis fa9e gge? digar @ @ad gl 81 s
VIS5l |, GeRTRTeh Soiae ohi Seaad Tfast S, 2dfaa fafeor o1 diear w AR &t
FH T

11.4.3 Tk favwa w smufaa fafewor = amgf =0 garg

9 &9 Mt fafeto 1 emafa v IR FE fave
V,, o HEI HaY I I HEI| FH R fafemwon
&1 fafr= srgfaal W 3T YR ¥ T & e
®1 gEEfed w € R guE) i fave o
1 YhIT-fag@ o o 9fRade &1 Te999 &
&1 giomt ufed= @t fost 11.4 & <etan @ @)
& errufaa fafezor &1 fa= smgfaat & foag fRied

o

I H

faa & 9= A9 W g« ¥ H1 TH & AE Vo3 Vo2 Vou O
U Bl 21 SeETSd SRl 1 e AMfqa ¢ Wew fawd

Hurdl dfgent fawa —

faferton =1 smgfa w fsf 21 sufaa fafeo w5t fer 11.4 mufaa fafeor #1 faf= smgfaai & fou

IR agfa o fau feht fawa &1 am afus afgent fawa qen geHmr-faga um o s sTeral

SEUTTeHe BT 21 fo 11.4 9 98 9 gl @ fo e

Sl v, > v, > v, % HA G & A FRe faal w1 e v > v, > v, B 81 saE

oI TS St SaHT &1 A BT HerRaEd, $% qU ®9 | Y o fau stfie

I fasa =1 eTevaehar M| af &9 f9=1 aqeti o o smafaa fafeto =1 emafa

AR et Freh fawa & otg orw @9 d 28w @l Y urw g 2 s

o1 11.5 & gifan @ 2

mE TE <9 € fom

@) freh fawa v, T fiu gu yemr-wast 9amef & T
fau, enufaa fafewor &1 smafa o @y Wawd:  Feh

fafia g 2l favs
(i) T Fifaa frea s emfa v, B & fomss fag ()
e fava 31 2 21 o e
=7 Fei o < e AR ¥ W
() ¥ gl H Swead MaS o Satad 0 e fafwor 1 SR ()—>

ferfe<or 1 smafa @ e Wawa: aRaldd g &
el I8 gqHT digar W [ 787 grdt

() STIRE FIRFTT F omafy v & forg, waf s (o7 11.5 T R U R Hed el o fer s
H S ST v ##?‘W@“W—ﬁgamsﬁ ferfenor =kt e v ok wer Fieft fawe v, st afiered
(4] ’

g 78T & (et s g #1 Ry 7 o9F)
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T4 [Ad9 3dh S v, k1 38cl! amgfd HEd g1 98 9= wrget o fe
fo= gt 21
for wRTe-Tad el Wt o fou fafue smfwand <wi §) Sfafem, R
el HIR T Jorl | stfereh ot 21 Tk & yhrer-Gad garef fafu= aimesd &
wehTel o fore fo= erferan <o @1 S<Ew & fory, iR § W R |
TehTeI-ergd WHTe eia1 € SR 8 el el U1 o WehTel W UE YHE el el
o ¢ o S % ol v | = uren e ® fR Aty safaa fafeor ) smafa
SEell erafa @ ek B Sl ® a1 fo el ehTel-uve o dehtel Yehe-faed
IS YR B S 7, a9 ot S/ enafaa fafeor 9gd He el o/ ¥' w6 @ fR
107% 1 IS % o1 THY FHH THY § IS YA & S 2
39 BH TH S9N H Ui fRT 7T g @eron ue Yeron b1 gei AR <
@) fordt fEu Tu gemo-gedt uel SR emufad fafetor &1 smafa (Sgel smafa 9
arfereR) o feTq, TeRTer-Torqd & STafdd Weptel =1 <o o STHAMAE! erdl 2
(fo 11.2)1
(i) T fou T yerro-Gadt uerel AR eafaa faferor 1 smafa o fog, 99w om
aafea fafertor 1 o o SThaa I Wt @ Sefe Pt fave e
w feRk T e ® (fea 11.3)1
(i) foreht feu U yewmr-HaSt usred & foaw, v ffvea =Ean siaw-smafa gt
2 59 3zcft amgfy wed &, T0eh = YhiiTh Soiaeil 1 HI Scqsid el
g1 =R smufad Wkt feham of g = 7 B <ot emgfa o W, e
fava 1o qoad: IcafSid GehlfoTeh SolaiAl i Iodad Tidsl Sl 3dfad
fafertor 1 smgfa o @ Waswhd: Tgdt @ |G Je U dodl 9 6 el
g (fs1 11.5) 1
(iv) ThTI-foga 3c@sia fan foedl wa-uv=d & (~107% A FH) TH
iU Wi €, a9 ot St afdfaa fafetor 1 sty He s faan S @l

11.5 UhIT-Tagd quma qem Yahi9t ot @ fagia

WehTIN 1 T Yhfd S—IHd] IaTeal o 37d qeh 2Tost ale Tfud el T8 off| Yhts1 o
T-fost o g AfTHTT, faad= qen gaor &1 =Sl i WIdfas & darises
w0 W A 1 S geh! ol 56 o o SER, WYl Teh dEagash i i €, S faem
TS ahg & 9 et o et © den e st & § thelt gt €, ol s
1 Ted Treor era €1 31 B9 78 W foh o Yehtet i g8 awn-feson fumel st
T fau U YeRI-fae Scesi Hath Yerull i e % Hehdl 2

TR TST-fered SIS o qUT-Tosul o 3TER o1 o U3 (el fafeor st ooy
el ¥) W i soiag faferiia S i Had w9 § fewifia wid &1 fa st
WISl I digal B Sad €1 oifes dgd qen geehid e oh 1A '
fomeeEy, diaa fSat sifes et 3aT & Afus Tee Taee % gN
Sl - 3TERTEuT BT =ifeul 39 fosur o ST UR, YT S i Saad Tfdsl
Tl dodn | gfg o @y S =fEu WY €, AR YRR Hi gfa $ o @,
T AT de ot fro-gs (vete g ®) sew w1 oga vt s e
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H mmed g S 3 OTg-UsS § A feher o fou stewers w9
atferep BTl gEfere, U <Eell smgfa @ sifide 7@l ' =nfewl @ fagra &
T UNIfoRAl © SN 11.4.3 ® fRU @ QeTol (i), (i) qeM (i) 1 e fomy
el B

3 B wH @ ' fh an-femor °, Solee grh e ol Tdad STawiyur
foferTor o Q¥ GETT R Bl B S Tk St e § gela Sl e Hd
31d: Ufd oo Ui ST OFd § STaviiyd Sl 9gd &4 el T AT 9 I8
ATl el ST Tehal B foh Tohel soioi oh fIT shrd-ther ol IR T #1q © T8t
et 3T o T Tt Sorl SEM W e HS ereren iR it eifen wHA o Hewal
21 T8 Freerd ot Yeror (1v), FTeeh STTER TehRI-fae S (SRTHT) diceifvrk Bl §, o
focrepet fada €1 Heiw o, a-fo=1 & gro ehme-foga Scdsi o 31cdd ot el
FT AT &l Bl Hehdll|

11.6 3TEWRTET ol YehyT-faeld wHteRor : fafertur o1

S5l Fded

T 1905 H 3T0ae STEHEA (1879 — 1955) o YehRI-To=[d T+Ta i S&A o fag
Sgagae fafor 1 Tk Hifes w9 W T4 fer wedrted fwan s@ oo o,
TehT-ToR[a ScsiA fafeRtor ¥ waa Seii-stawiym & g7 7l wranl fafewo s
faferer sepreal § o1 Bl e— fafBY0r 1 Sofl o Fale] el & fafenor il
o Y% FieH H1 Sell hy Bl €, 8l h @l i 8 SR v Tl &1 ergfal
TehTel-fagd g ®, U Soiaee fafhor o U Faied & e (hy) STaenfud S
21 A ol 1 T AN e ST o ToIQ o1 1 Wae o ol Fohal 3
% fore Freram sava® S © afuw B © (FE-eH, ¢,) 79 Scfeld solde
1 Afereray Tifast St g

K_=hv-¢, (11.2)
3 el U A Seigel o ST M T ST TIfdst et 319 Stfershad
qH 9 % Bl 2| e < o e s o weRrer &1 e, wfa Sehe sdfad
B T e e
T Fadl B A, ScAfSta TehTivieh goiaeHl i SAfehan Tias ST Yelsh Hie
#t Sl gR1 Feifi et 2
TR (11.2) I SHEEIET 1 FHVI-198d GHIF0 HEd 2| 374 84 I8 2@
Tehd € T fohe WohR 98 Weiehor ST 11.4.3 W U yehmwr-ferega gome o Heifea
Geft Yeroll ol Tk WXl U URShd @7 W TEA LT 2l
o THIHTUN (11.2) o TTER, U&I0T o &Y, K. &grd v T Maeha: FeR st
2 3fR fafertor =1 dieran w fasit 72wt 81 T safae gen € e srgwrE
o foor ¥, yeer-foeqd g9a Ushd o g fafetur o uwa s@ien &
SAETTOT § o= Bral &1 Tafentor sl dieran (St St el w1 W& uid gt
el Wi TR W % STHEEI €) TH el WihA o for erEva
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3T MRS (1879 — 1955)
T 1879 H ST H IeH AME TWH
R S S TR 3TN dh oh
fava & fqwfadl o gaifus 7o
qifcerfae o &9 H S STd &1 SR
forerareRT Sife Ser ek T 1905
H ypifed i\ wifaert wieast @
TR g3 = 3T T TNeras |
TRTYT Sl (T IS el Sl 8)
1 HROT 1 Tqgel fera R SehTei-oiga
TS o I LT I AT i
faferzor =1 fafaftea @ fagia =1
TS 1| T T I H I8
st i 1 fagia fasfaa fea
ot o a6 o] FEmEsS g g8
3R & 557 o anfveae foson w1
forvardrcaes Ted SUTs I 3Tk
T Tees | eAifarnar o fafire
fagra = <= faam &1 1916 1 38
SufereRdl o S agTd i YRR
e e % 8 T HeEyul
ANTEM B : SEA SESH HT RO S
ik Fforer fafro fom &
Sehfodeh == T e 1 T 8, forea
1 Wifcren Herey e STyfFen serfeent
1 RY fonan, fondht T o Tofet <
! FAICH-HITh! AT FACH-AAhT
T GEAAT 1 SIS [averyo|
Ugifoer dfde § S99 areM o
Teh-fagga v & faw 1921 # 3%
Tt R | grrta T

Fiifr K, o1 T T enit, TEenor (11.2) H 9% sfafifea
2 T - Scas asft gva € 5

hv> g
e

%
h

V> V,, S8l

(11.3)

IR (11.3) o STIER, HE-ald g, o 3Tfee °H o fag,
eI Seiared ScafSid i o folu STawaesh =IAan 3iefa
gl 3T v, 1 A 31feek B 39 YRR, Tk Jgell sgh
v (= @/h) dfEE ¥ e ¢ fed wH ot W OwE
T Tae Scae Toa T 7, = fafewor 1 doar g o
Fi A T A 9% IS W TR off A T w=)

7q fomror o, fafsreor &) dieran, S S aRerfed €, st Feia
%1 T 9 ghTE &EThA U $RTE 9 o STIRHIg erdt
2| fort atfures dem o il Faier Sueted 21, S &t atfue
TN § Solae Sl deiel % SENiNU HUl SR gEfau
(v> v, o ToT) ©1q ¥ aed 7 ol Seigeil o1 Sl Sat
&1 erferm BT EE 98 T € Sl € o6 b vs v, o fa
WehTeT-Tergd SR el o STHHA! Bl 2|

3MEREA o foaul §, yehmer-fora yae o u Solae@ o gr
TSI o Tk FAISH H TSR0 g Wik Gk it 21 7
Hishe drceiiTen eidt B1 39 WehR, diteran et fafentor s @i
e =r fat ot g1, yemer-faga Scas dwcerfors &1 gl
W ol § Scds | faeid T8t 3 H:ifeh 71 Wt SR
Tt Wit Ao @ et ae feifa g ® fF fran saee
39 WUfas Ffwa (T Thal Toiaeid g Ueh YehTSl Fd1ey
JETMTOT) W 9O o Ghd O SRl i HWem ¥ g
VeRTI-Torgd ®I o R <1 frefior g 2

TR (11.1) T ITANT Y, ThTeI-Toe[q AHIRIT (11.2) 1 39
TR Toran S ekl @

eVo=hv-g, ;& vy,

Vo=

o - -2

I T Hewqul qRumm 21 398 g% gy et & TR v, o
faeg v &1 o T Wa @ B, fSen gl = (h/e), ST uere
F ghfa W PR & A 1906-1916 * Tem, fafasa =
JMEREA o YHhRI-fogd TR0 &1 efud & o fag
TehTI-oE[d THE TR YA et SJ@el w11 fo 11.5 o g9y $gan,

(11.4)
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fafer¥or 9o 57 &t
50 Fefa

3T wWifesm & AT yd Wt @1 #1 TAM "IN e % G 0E H1 ST HT ST
e feim h &1 AF fif@ fean o 98 9 @ femiew o6 39 AN
(=6.626 x 10724 s) o Tiehe o1 59 faergpra €t f9=1 ¥’ o 9 fohan o o 5|
YER H 1916 § fAfcIeh 7 SRR o YhTel-Toe[d AHIhIvl 1 ST i oh
WM W IHHT T ! T&AMa o

TeRTET FIel i GREAETT T h T @, o AF (| 3 JAm 9 9 99 |
Tol Tad ®) o fuitor o sua o gehe-fa@ 99 & e & faen
e T Tafesa = gehrer-Taga wHietor ot 9t aRE[Edl ¥ & &R ot
o fau fafewor-smgfaat & fawqa W & fau genfaa fwa

11.7 WehTIT Shi ShUTT WeRid : ThieH

yehel-faga gae 3 39 facteror aen s yeif foen fo e fhet 5= o @y
A T H 59 YR SRR il © S 98 Seial el Sl o Uehe (T weieh
I Sl hv ®) SR
N YT STl o FeH I ToRdl HU1 4 Heg THa1 ST Hehdl 82 SEHIA Th
eyl aRomd R wgH 5 Tehte adien sl G (h v/c) W Geag R S gk 2
Foll o TIE-H G F1 FTEd 0 59HT Yo guh € T YR FdieH i H
Y Heg foran ST Gehdl 81 9 S0 6] A€ § BieT 9 A T BT H H07 Y
FIER hl T, T, H92A (1892-1962) o TSR oh gl X-{h0N o Fh 10 o FART
T 1924 § A Y foran T Sgifoen difaent o ARTEE qen wehrei-fagd g
o I o fou eEwEd 1 1921 | wifdeh! 1 Fee WehR g fHar @
foR[d oF U STeRT qe YeRI-foRa g9 R fRT U % o faw 99 1923 H
fuferen &l difdeh! o1 Feel R 98 e @
TH SEAgah i Tafnol o Wie oo s Gy FETEr @ hd ©
@) fafereor o goq o i == T o, Tafertor 39 YR =9eRR 3d € 91 98
TH S 9 & B 5 Wie wed 2
() T WIEH ®1 Sl E (=hy) B 8 SR G p (= hv/d) 991 =@ ¢ Bt
el ¢ Y H1 = 2
(iii) T Fify=d smafa v, steen aeEd A, o |t WAl 1 S E (=hv = he/A) 3R
AT p(=hv/c=h/A), TEAH g € (fafror w1 diear = s of )| e
& T TS o Yol i dlerl @M W heel fehdl fET T &5 9 o o
U Wehg WAl 1 He € agdl & (Al wEH S el THEHHE gt 7) | 3:
IR &1 Feit faferwor &t diaar w AR T8 F
(iv) Wi fogd SSEiF e € @R fae@ qen gas e o gr foefia &t gl
(V) WIA-%H0 Heug (S9 o WiEH-soee WEg) W el ol a9 el HaT wier
T©d 2| qenfy, Tt wog § wieHl %1 gen off §ifaa el ®© ghdt 21 Wie
SN B Hehal © e U 1 Wi gierd & Hehal 2l

Reprint 2026-27

283



284

IETEIUT 11.1 6.0 x10'* Hz 3 1 Tshavit yehTer fordt o o gr1 3ca— fopan
STl 1 SeHsH &HAl 2.0 X102 W B (a) T fheo-ga & ferelt wiei &1 S
ferat 22 (b) Hid o g 3 4R W 9fd Yehe fehad Hie Scafea eid 872

TA
(a) TIF ®ISH I Sl gt
E=hv=(6.63x10°*Js) (6.0 x10'* Hz)
=3.98x 10°J

(b) @fE Eid & gN Ui Yehe Icafeid FieHI =i @ N & o foror-gs1 o Saiid e
P 9fd W s E o N TA1 erft 9@ ff P=NE | 7@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10° ®ieH 9fa Yo

SO0 11.2 Ik difsgg &1 wE-wed 2,14 eV @ @ Uieen ifew
(@) Hifam =1 <eel g qen (b) SAUfad T 1 qUIeEd, AfE GehTiymes & i
0.60 V &1 T& fedt fawe et 3= fohan Sy

'
(a) 3T 31efa It Mgra o fore, smmufaa faferzor &t St h v, & e ¢,
TAM B 1 o

2.14eV

Vo= fo_
h  6.63x10%Js

-19
=2.14><1.6>i3140 2 6 N0 11
6.63x10%J s

9 YR v,=5.16 x 10'* Hz W FH gl o faQ, FiE ehiiimeh s
=& B 2

(b) SHfSIq YT SeiaeHl i Soaad Tfast et e V,, feafas st (de3-fava
V,, o §RT) o 99 g &1 fearfa | wehiferen o 9 B S |1 S w1
TehT9I-Targa THieRtl 39 TR ©

he
eV0=hv—¢0=7 - 0o

YA A=hc/(eV,+ ¢,)

_ (6.63x10*Js)x(3x10°m/s)
(0.60eV+2.14€V)

_19.89 x10%°Jm
(2.74€V)

19.89x10*®J m

2.74x1.6x107°J

11.8 ¥ &l AT Yehfd

T (AT AR TR SRt Ao #1 5d W (q-0) , adue qen g
FeE § T MU STerEd gW, TR ®Y @ UHe B ol YR HI a0 UHd
SAfeeRr, faads qen gao 1 afeeel ¥ gt eidt §1 g o, yehrer-faea
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54 T

JOTE qe HIed e O Sl @R A w1 Sa g w,
fafertol 39 YR aRR F3 € & A 78 w i o T stufd
WIH § o 81 T St a-faser § 9 i fedt gE @
Tz W difus SUgE €, 9@ WAN 1 Upfd W ek 2
3T & fow, 3o T3 9 fFEt a%g 1 <@+ &1 guifad g2
H A € Fesr Heequl ¥1 A oG gr TehTel S TR Y WY
FE H G I AT § efi-Aitg faafaa feen w2
TR TR YATRIS qe Vst (e F) gR ST H HieH
Bl s R o) B B

T IR Ye U€ $3dl § Tk Afg fafeor 1 g gHfa
(qET qA1 FU) B A A GFH H H (SR, U afe) o
W—ﬁmawuﬁ%mﬁ?mlgmﬁ@m@%ﬁaﬁ; I
e ot 2 el (S S=amw H 39 % formes % ST g S §) 1892 -
(1892 - 1987) 7 s fasfier uftereu =1 wqa foran o wened o 1987)%@@%'@
T O SqgE TRRRE A wge o gahtd 9 gwd §1 A4 Pl adl HHiG Bl G
354 T ek & for vl qufed © iR < ue ifass gwst, g1 WWW'%WW
Te Sl 1 ot THHG @0 B =fe ) At fefeRtor T ga we WWW‘W*@
$ 1 71 1 W S A 2 A W fh B A p g e e e e

. T, SR T : -t wEd
FHU F G I e A T geRR g9l ST geRdt € $1 v 7 e e o

PR U (11.5) 3 o 3% T 1929 H 9t TR
p mv 9 gritAa feean
&l m 0 1 FFHM 9U1 v THHT 1A T FHHWT (11.5) H
3 §itcil &1 G SR §o7-aXT o qUIRE A il & FiTell aRed HEd 2| 54
84 TEY © §ivell o GaY W T g GHIRTO (11.5) 1 a1 3R, A 9 &
AL § SR T X GO p F H fARTE AT 2| whik ik h I el
F AT F 2
THIHTOT (11.5) T GEied-01 o foIU gord: Uk qiehed © TSt qehgta
el TAN % g & T S Wehdl 71 qefy, F% < Uk © TR U8 U WM
% gW o I B 8| UF WeM & fou, S fE e S

o
g:
—
0
©
N
|
—
O
(00
=

p=hv/c (11.6)
ESISL

h ¢

;=;=ﬂ (11.7)

Feffd, TF WA &1 2 el airesd S g (11.5) W fee T § S|
AR TRt o TRTE o THM il & qe Wi fafeRior 1 Sl aen He
F T T4 2
TIeed: GHIHIO (11.5) o 5N, A T AR 9 & (TS m) e Afeh
TSl U (T8 v) h fAU Blel M ST ok fAU, TEH 0.12 kg FHAN &I
e St 20 m s ®1 = G 9 W e, B T el quesd % Wed ¥ qisher
o S "Rt B 285
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3aTe0l 11.3

p=mv=0.12kgx20ms'=2.40kgms
Lo h 6.63x10J s
p 240kgms’

IE TR A D § R UE FRG) WA & O 9§ el 21 98 SR R fE

=276 x 103*m

Ty IR0 AN e St H qr-weer 7o e <9 | SHd iR, - Aok A
(Sub-atomic domain) ¥, HU &1 T A0l Feequl @ q WO A 2

IIEI0T 11.3 (a) TF [ St 5.4x10° m/s &1 =l € 7fq ¢ @ %,
(b) 150 g Se9M 1 Tk 75 S 30.0 m/s HI =1 § Tq L @ 2, § JEI 7
aﬁ?ﬁaﬁéw‘wm?

T
(a) TR = fog
A m  =9.11x 103 kg, o v=5.4x10°m/s
a9 R p =muv=9.11x10"! (kg) x 5.4 x 10° (m/s)
p =4.92x102*kgm/s
2 vt ane=d, A= h/p
6.63x10°* Js

 492x10%* kg m /s
A =0.135nm ke /

(b) T < faw
=AM m' = 0.150 kg, = v'=30.0 m/s
q9 Ham
p’'=m'v'=0.150 (kg) x 30.0 (m/s)
p'=4.50kg m/s
3 diftell aieEd A= h/p’
_ 663x10°" Js
 450x kgm/s
A'=1.47x%x10%*m

Terg o foru & wifvelt esd X-fapor e & woM €1 wig 1% o fog e we
o AR o oreT 10710 T @ S 9l w9 skt wie ok faetepel el @)

Q9T

1. Torell goie i o1g | aeR fehter o foq =[a| ol i ¢1q w1 hrd-Wel

Fed §| Ug-T W SoRA-I@H & A STavas el (FE-wed ¢ 9
3R ) ol UG AU AU Yoot o & sTere SUge eTgfd o YehTel gRI
fafefa 6 o G 51 gt 21

2. THT-faEE YA Hge ¥ SR Sgfa & TR § WEW 0 W o &

IS 1 IREE |1 FB U WETH YR @ wfafwmar sd § sEfe @
T9I-WhTel ok forw sft QU €1 yewre-faga wee | WehTe Sl BT ogd St §
BT Bl €1 € Holl o TR0 o F1aW o1 Urei shidl €1 TehTel-farga Scdsid
T drcerfvTeR WihAl © 3R 3Her e fafire wer g )
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fafer¥or 9o 57 &t
50 Fefa

TehTel-foggd o (i) smafad WehTeT it <fieran, (i) I SIS o StE ST T
favenay, 3 (iii) Scasie o ugref &1 gepfa W e w2
Yok favra (V) (i) faa Fehmen &1 s iR (i) Scasish gared &1 9shfa W
freft ear 21 errafaa gerer w1 frd ) g2 smgfa o faw, 7w T@et g
TR R &Y e 21 ok fawe 1 Scafsid gelael=l &1 S=aad fas s
q Hafed =
eV, =-muv2_ =K_
wF fifYed emafa (el emafa) v, & A Soeg w0 erfaae 7,
TR fogd ScafSid el 2iar =8 STafad WehteT i dierar fohart o siferss =i =
Bl
Feafaeh! T-TagTa gehTe-foRIa Yame oF g @I 1 SAe e Y el
T fafehTor | Sl o1 HAd SteRioor &1 fosror K diel 9 T, v, o
el 3R 30 Ufha shl deeiivTen ehfal shi SAMEAT el oY WehT| SMERIA A T
AU 1 AT YT h Bl o SR W HT| TR TTIR THhTR, Irsit
o fafes tehel @ o1 2, 5= Faier e1ere Wiei ed 81 Yosh IS shi ol
E (= hv) 3R 9T p (= h/A) a1 2, St ff 3mafad g 61 a4 (v) ®
ek hed © g st diean W R T w1 o1g o 78 W Yo TR St
T SR o g WIe o SYeRioer ¥ gl 2l
TR 1 YhT9I-Toe]d THiehor St e o & Grd @ o ff ong o
W#mﬁzﬁm@wﬁmm%lwmmﬁ%mu@ﬁ)
FIH-%1 (hv) T @& €1g HE-Wer ¢, (= hv,) o X o e 2l 2
%mvgﬁ=V0e=hv—¢0= h(v-v)
TH YehT9T-Tore[d THfehtor | ehrvi-fod wore & geft oierol Y s Bl
faferera & ger Ife[s gehr-foegd Aol 4 sMEwREs & Yehmrl-faga dHie
1 G fopa 3R wish-feemisr (h) o Fened WM i wiw fopan| 3o Mg
BRI Yafdd e fafehor sh1 01 sferdl Wier auit (Fohfa) wiepd gaml
fafertor =1 & YHfd eI © : 90T A HU| E & ey W g8 Feifa g e
TET SAUE HU o &Y H U JAM o IRomY *i I93H o fau gaffaes suge
2139 ok o Ty for fafenor qen uief vl & wufia #, ofgq < vl o qare
(q=Ted U)W A NG A0 Y TR fqw gl @ S[E @ i
Tl T SterEn et WA Fed 2
T o1 § Gefed  sitel WIRs (1) 39 G p ¥ 39 YHR Feud ©
A=h/p | 92 1 54 2 Sitvel Gaw, fores @ Gehe (1) SR w1 Gehew  (p)
gftnfed €, o sfafits 21 2 dielt aresd ugrel-oho1 o Sa a0 SEeh! Fehia @
s 21 98 Wefhdl: shad SU-THIUaE HOT, S — SR, qreid e
(37oh SoA™ Afd AT &1 @1 o wRU) o faw & uimg (frea o
THTUST HHAA o = i Tl T HIfE A1) T qefy g oared H S
TEqet o fory s W gfdted steq o fierdt @ o) 7o w1 e e
faetpal sTe 7, Sigd Biel 2
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Wfer wdlew  foud umes fewmit

Rui|

ik h [ML>T ] Js E=hy
feertien

IRAEED v, ML2T=AY Vv eV=K_
faga

- 9, [ML2T2?  J; eV | K_=E-¢,
e

et v, [T-] Hz v,= ¢,/h
T

3 Sifreft p) (L] m A= h/p
e

faemona fau=r

. ol o o g soiel 39 o1ed W g ® foF 9 ug o i s feer fave @

Ffaia TAAH B © (T8 ohael Teh Hieehed )1 A g o aTel e ok fag
o e B 81 3% ©1d W aEl 9 ok forg Afafie st 1 SAeedehal gl 8

. freht ong ® @eft goa solaiql 1 Sl guE A B e T SR o stopet &

S, T U T 919 W SesRHl 1 Uh HfvEa Sl T g 81 ¥ faaor 3|
G S faawor | o=t g @ 59 e T o i fagid o etee o
UE Tk €1 39 9T N9 oI5 o UIAEAl § S, W Fan b1 Gee 59 qe
Y ? for soiae Uil o eTdesi o FHgia o1 SITE % 2

. Torlt ong & o SetaeiHl oF STl foaier o HROT, o W 9l 7 o fore serei

o g STUfed STl 9= Soieeil o foe f9=1 2t 81 S=aat ol oel Sorarel
F1 HIg AR S % A FW ol Al see H ger ¥ H9 st s
T IR Bl T FE-The o1g | e e & foru fordl seiee™ & g
e =Aam St 2

. ehI-Targd W o Wit WA 9 sherel T8l SAdted 8 T w01 o Wi YeRil

A f5ha & STl o1 1AW hy w1 fafesrt sehmgal @ el €1 =1 faergpa € ta
FE o U e 2 TR yehTer U %ol @ o © S gce 1 Sl hy B

. TR fave o geror (sHeRt s W eafeiar oIk ergfa w i) e faea

YuTe o a3k WwieH-fasm o g fofaes fasesie 21

: $x=%%mﬁmwmd—mmmwﬁﬁaﬁam%,m

FA-AT v, B HE HfwE Tew@ T& a1 &1 qofd, Tl w1 aHg-om
ifqerdar s1efqul @ o7 o1 o T o SR BT T
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

11.10

11.11

fafer¥or 9o 5 &t
50 Fepfa

T

30 kV ToiaRMl o gR 3o X-fRo &1 (a) S=aaw egfa den (b) fretam

TR YT HIfery

Hifsrem 41q 1 - 2.14 eV 81 6 6 X104 Hz g 1 Feh1l €1q-J53

TR 3AMfad Bl €, Selaeil ol YehlTeh Scasi eidl B

(a) SEfSia seiael &1 Seaqq Tfas e,

(b) FREh faua, s

(c) ScafSid YenTyTeh Sciarel ! S=add =rel fehaet 272

e fafyre w@m o genrer-for g &1 3fqeh Sieedl 1.5 V 81 Scafsid FehliiTeh

SeR Al 1 Ieadd TaS e TRl ©7

632.8 nm T 1 THUT FehTe1 Teh Eiferam-Fa e & g Se= T

ST 21 Sedfsia i 9.42 mW R

(a) YT o fHU-YS | U Wi HT Hel aul Helll Y SHiferg,

(b) =@ Freo-4s = g1 fafefia ferd wted W eiead T wiei ufd Sehe
TEHN? (T8 g AT o fhTor-gs i STIE w1 THEHAM ? S e ok
ghe ¥ %9 ©), a0

(c) U TGS TLHTY] ! Wi o SRR HaTT W & o fag fovaet oF =mat
H e ghm?

TeRTl-Tagd UaE o T WA H, Y9l STgfa o favg siaw dicedl i g™

4.12x 105V s 9 it 31 wieh feerier &1 A qiehfera Hifsw)

fopdt urg w1 <Eelt gl 3.3 x 1014 Hz B1 3f 8.2 x 10 Hz 19 1 Fahrl

H1q W ST &, @ Ferrel-faga Icds o fag sidw dieedr 91 shifsu)

fopelt oTq o Ty Hr-wer 4.2 eV 21 1 98 91d 330 nm TUIeE o s

faferor & fere yermor-faga ScasH <m?

7.21 x 10" Hz 3gfd %1 Y9 TH UG-8 W A4fad 21 36 76 9

6.0 X 10° m/s & I=aaq Tfd ¥ Soiei Scafsd & ® & gelae Al o kel

S & oy Sgelt egfa w22

488 nm TR 1 YhTeT Teh AT R | Sea= fepan e 8, ot weprer-fereqa

YHTE o STANT | A 1 S| 56 T S H -3l o YeRTel i Scdsieh W 3fdfad

foma ST € d9 YehTiRTes Sorarial o1 e (3faeh) fawe 0.38 V 81 Scsish ok

1o} T HE-HEA 1A F

(@) Tk 0.040 kg F=7HH &1 i St 1.0 km/s &1 =1dd 9 =t @1 €, (b) Th

0.060 kg Se7HM &1 7ig Sl 1.0 ki /s &1 =1et § =1t W 7, 3N () Th el-H00

STt FemM 1.0 x 10° kg 3R St 2.2 m/s 1 =1el ¥ SiHa 81 @18, &

3 Sifreft aimesd fepe @2

Tg quifsy for Sgagata fafemtor &1 quresd gaeh Faien (W) o aues

& FUa B

Reprint 2026-27

289





