.
L] - U

!
W 1 1 o

fafehyor qom s

cal-GIeCan

e
N~ Y

11.1 sfiem

T 1887 | dgageshd ROl 1 Scafd o GYEAT W oA geshed o S
HHIRTOT AT BT oF TANT 3 TSI i TUIF Tehid i ST9AYE €9 § eqfua foham
Ifrel yraresl o eAfqn =R ® fosH-Afas o T6 § w9 g™ W forgya- e
(forga-fomsia) W grEifits STawol § *E Ufaerfas @St g2l ©e1 o g0 1895 H
X-foreol &1 @iw qen o S e oh gm 1897 W w1 WE ToeRM i @i
TRAT]- ST 1 THSH H Hiel &1 UeeR off| TS 0.001 mm IR o W9 o A
% T T IS YA T R T B seierel o o, feen gr fadsH-Aferen | g
W farEm €5 T feren S ®, U ot gl §1 ohelie o WR{E i W iaew
IO Bl B A HT W R 1 UHia W AR F@r ®, SH—dE-whig o fou
Ha-80 W1 1| 5@ Fiadifa 1 HRoT 3§ fafhior sl 7 7= S ke 9 31 Tl ol
3 Fele vl 1870 ® faferom goa & g @ist T of, fvgs 9k | 1879 ¥ 7w
e o 3 FerTol dieran 9 wer orelt Fur-STeeht il i R 9 = ) fafew difaew
M SISl SHEA (1856 — 1940) A 39 URehedaT i gfte &1l SS9, A 3 qeelt
TR foas-Afds & 3IR-UR WER dead fagd wd gasia &= & enfyg &
YRR AR TR helie—TRTor Ul o a1 qen smiferer eTe [ steifd oy o) gemM
1 UM (e/m)] Fd foham =g arn 7o fF A H1 YT 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 |, F8 RN A1 o W& v fHfvea engetl &l qweTH
TehTeT gr1 fehfora shed € i hH o el S UT-STEfI 1 Seafeld eid &1 6 WK,
o o fAfiea orgetl w Se9 a9 9 WA R S © Al A Ho-SEii| &
IS T 1 T HUN & AU e/m 1 AE I &1 grn 7 foraen fof shefre fam
U T 11 3T YR 7 YeT0T 3 Ig Tfad R f&an & 3 geft o1, =afy fo= somedi
T 3O U O, UHfd ° THH | LS. TIEA A, 1897 H, T FHUN Hl FeiFT AH
fean iR ggren o 3 o1 o difers Gt oe@e €1 el | foaga o Gaed W 3
Tifaer o Wt Ueron o gRT SoideiA &1 39 FdRR @9 % fau 3% 1906
¥ el [EhR Y& e T 1913 W st difqerfamt e, fufas (1868-
1953) 7 SAFEH W AT o URYS HIIF o T da-98 1 9 YS¥ieh FA fHa
3= e T T da-foigeh W SIa9 T Tk o 369, 1.602 x 10719 C 1 gof
Tolish 1 Tafers o waEm o g8 weenfua o i fon dgdenasr Faidisd &1 ST (o
o 3MUferd STETT (e/m) o WM 9, TR 1 SHHM (m) Td fHa s T

11.2 TARM S

T WA € TR engetl W qed Soieei (U1 @Y H0T) BId € S Skl wTetehdl
o foTu STRerER Bid €1 qet, ger Seleeie WH: -8 o STel el kel Fehd|
I Seiaei o1q ¥ 9 AW © A1 ST TS € ST WK X ol § iR sorael
HT AT T R KT FL AN B TH YRR G TS ©1g ok Fia Tl ok
Y Tl o G Usheht T T B 2| GRomHEEd fah o goee forEest S
TH SHYOT 1 YA HX Foh, U IS H o M U €| oT: TSl hi g
T3 § AR bt o fou s fafve =gae St 1 eravaehar gl €1 39 <
Sl i oTq 1 HTH-HerT Hed €1 3H HHROEAT ¢ o g o Hid & 3R eV
(3R diee) § HIOd B U Soiee dice Tl soiee i 1 dice faweidt o
g @ I W W Sl %1 AF B 3Td: 1 eV = 1.602 x 1071°J

IR Soll 1 TH $ohTS o1 FANT GRATY] qen Iehig sdifaent § foman < 21
HE - (@) 91d o TN AR 3T 53 AT Wehfa W TR e 2l

I1q o I3 9 ST S oh folt o SelaeiAl ol =AdH STaead Sell 10
forddt oft W <iifaes fafer o gro & <1 whdl @
() @ ISt ; IUGE A9 o g o SRl bl TATE ardtd Sl 1 S

Teohdl ¢ e fop & oig & omex o7 o)

(i) &7 ScgerT ; forelt oI R TN T U Yoo faga &7 (108 Vm! &1 @ife
1) ARl hl UIG-tS & AR o Fehdl ®, 91 o feRelt Tk wm H)
(iii) FoRTT-TIEd SeqiT : UG ST 1 TehTel el TRell €1g-Js3 T Tl & al gogl
ED| 3’6&? Bl Bl A YRS Sl Y% Seieeid (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%S W =HH ol FeRTY ok ARG HO o 31dl 86 Seieeid &ed ©,
1 TS T H FEREl Y Hl B 5 U-Y53 T kY USdl € dl I8 o WHg
Toraed smafad fafsior @ el oF U= | YFcTs Sl oF YUl i UR i ok
U o1 eraeifa X od € Sufad RS ¥ AEvIs el 9w i o IvE,
THA Hq-S W we uiest W o7 Wi €

11.3.2 ETAAE q2T Si9Te & W&uT

foeeen greraied qen fRfa o = 1886-1902 o o9 YHhRIfR Ioasi i
e 1 30T fehRa|

<) TRl (ug fEeel) ol fret freffaa wia = 7ol o Scasis afeet W
T fafeReon wm emufad wE W e (1862-1947) 3 W T ufmy § wm
vare g & (Fam 11.1) 1 9 & el ferfereon =i Teht T, o) &) 6w ware
Tk TN S THEl | A eral @ foh St queTHT fafentor Seaster afgent C W adfaa
B ©, Seleei[ Ufeehl § WTel 31 W @ aefl ferd & R e WUEe qieen A
1 S 3R 81 S 2| Faifad i w1 el § ScigeHl oF YaTe o SRl URIYeTE
Tl €1 39 YR Y, SeESih o I8 T YHY USH oh RO ol IRuY H RIyens
Tl B ETeleied Ul WIS § WU Tigeht o fovel, Mufaa Tenrel shi 3ga qen
diardr oF W9 YTl O | e &1 1A foa

T 4 1888 W TH e 1 M g SN Teh HUNEfer Tk ufeeht i
e Targaeslt @ g o sea ufera femen for St afgent st qeiTT oot 9 fertfora
TR 7o @ TR STa SAew @i T sHen ifafie w1 Wk sTEfvE ot fget
1 G FeRTel § ferford feren T @ weEfiE B g e afren i e
TR | ;TR e W, 3W fEeRT W eIy SR SAfeen g A g e 9
3T 7e Treeptd fepren fopr wreT TeRTeT o we W TSR ufEeRt @ RO Sl
I B

1897 ® TOHRM *1 @S o AWM Jg Ffved & e fF Scse ufrer 9
SRl o S 1 ek ST JehTel 1 BT STET o hI0] SIS el
farga & g WUEe g ent shi SR vehel S €1 ST ql ofiAe o @re off Ufera
foman fof <9 Scasieh Uizt W U Foa =q9 o9 9 w9 g w1 e FehTer
vedl © dl i f g Sl el g 59 frad = gt i <gel nghy
(threshold frequency) F&d & Al S&h1 HH Scasish Tieehl o U1l &1 Yepfd W
et sz 2
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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 Izt A 81 Ed S | T, T8 (window) W IR gl € ST weelt
ThTeT-Hodt IRt (SeEsh) C TR USdl B1 UGS Faids el (shiw-eft W qfgd)
T YT TafeRTor UR 81 Sl © SR eher-Herdl ufEeh C i feRifura s =1 fgent
C ¥ ToeRH Scafed Bid € S Ufg el A (HUesh) R a5 Sca= TR &5 g}
T3 H AU S &1 C qen A ufEewiet o die faveiat i el g S T S ©
HW@WWWW%IWCHWA@W %WW(Commutator)
o gW 9%l S Hehdl B | 39 YhR Scsieh Uizl C 1 ol H UiEehl A i TS8R
¥ el U1 fade W @l S HWehdl €1 Sl HUEsh Ugeh! A, Scisish qieehl C H
T § oI B T Soiaei SHeh! 3TR SThTUd 87| SeiaeHl o Scas oh Rl
forga aiue & T Ware Sca= Bl © o uRtae o weh faega e wenfia 81 S @)
TARIS! o e o TaIveial ol T aieeHiel o g S aRummEEy qiuy o yered
B STl WenTITeh ©IRT <l HIEshIUHTE o G WIdd €| Wehli¥Teh
faga ¥R &1 GURSE Uz H A F1 fa9e ISt qfght C .
o ey UREfd ek SI@TET SAE Sl ST Hehdl €| St

WehTYT S el e st b1 off ufRafdd foran 1 a1 € vew-gad
S fF SoSi® C 3R TUEE A % A favaiR voEr e
et femam S 21

g9 fod 11.1 &1 Ui Sqa&en &1 SYIN YehiiyTeh

o % () TR B A, (b) ST R ® K T T e
agfa, () IfgahtsTi A @ C & &= o favaria, e (d) _ ua

qfgeht C o TSt &t Yhfd o @1 IRedd o S1eTIA ok

I T Tehd B ISR C T YSH ol Wkl o A1 o Ehade

S et el Ui ®ie @ fa= quresd o o 11,1 T 9oE % ST %
ThTST 1 ST T Fehdl 2| ThT91 B 1 Sedoish 9§ g fore wRifiTE S|

1 aeTd EU ThTST 1 drerl o1 IRafdd feran ST Hehar 21

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

TEH A i ScESih C i gorl § T ¥ fave T @ = @ f5ed ¢ o seafsia
TR WIS A i SR STHTHd Bid &1 Safdd fafehtor 1 srgfa qen faswa i feer
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TR i dgar ———*

fora 11.2 vom-faga o) &R wehm@
1 diod o o T

et fasa

\

@A gU, WhIW 1 digdl 1 qRafda feanr smar @ SR aftom
TehT9T- e €0 ol Yedieh SR |G Al €1 I8 9T S € TR qeniiiren
¥R ST WeRTSl <1 el oh @1l aehd: sigdl @ S fop fort 11.2
H W &Y § S T 1 YRR U Seafsid e At gfd dehe
T H1 W& & SHAMAM B, 37d: Scflq gl aret gy dehe
YeHTVIeh Seiaeidl &1 Q& Srafaa fAfehTor 1 e & GEgar! 8l

11.4.2 YaIT-Tagla amT W fawe &1 quma

TH Tgel UEeh A I UfEeRT C 1 o | TRt o fave w @ §
3R gt ¢ =i fafvem smafa v qen ffvem droar 1, o g 9
eI d &1 TR g9 ufeent A o o favwe & -+ giEfdd s
T 3N Y ar afond gehTe-faga o1 S AOd €1 9 9 S ©

o FehTo-forga & o (o) fawa o @i st €1 ufeeht A o T FivE om
fave & fou w UE feufa on st € 9 W 99t Sl sole@ Tz A W
FUETT B ST & 91 YehwI-Togd o S=aa 81 Sl € Uiq g e S 21 A
T T UfE et A o ok Ta9d w1 1R 31fueh sigid € al Fehrer-fergd & =1 wigd|
eI Toed 9N o 39 Seedd | il GgW &R Hed & Wqw ¢ 39 feufd o
A § S ScHSieh Ulgehl C o g Scatsid @t TeRTITR SR HUTesd qiE et
AW YT A 2

ThRI-L —>

319 TH Ufghl A W UfE 1 C &I o1 ° Th

U1 (Heeh) favwe o § o1 58 - stfuen

SRUTCHe hid SId € | Tl Tieehiati shi Y seelt

S B A geie WideRiid Bid © 99 shedd e

T Sl A TeeRe €1 HiesH A T T I

L>5L>1, T & 9N T o WeRTTeR -4 S o Bl S

@ ; T S 7 TR 7% Uzt A R ®W fave v, % e
/——11 fofirer dienn 3R T shifdes M R A T @ S

smufad fafertor &6t weh fAfv=a et o faw fgem
A R & T fEam B9 (He) fa9e v, s W
YIS -IRT I &1 St €, 3%k (Cut-off) S7al

-V,
+— T3 favg

et fas (Stopping potential) &zl gl

et afgr fas — TR Telai o g Weol hi AT Heh

fera 11.3 smufaa fafezo &t fafy= dremret & fag 21 o1g | Seafeid |eft FHRIe serEe T S

JRTITR- 4T qen ufzaht fawa & o= stera| TSt & B YRt O 99 Y B § S

278

et faver stfirran ot aTel YeRTiyTeh goree,

et Seaam e St (K_) ®, 1 Wfaehfia &  srawen | @ svefa

K_=eV, (11.1)

Reprint 2025-26



fafer¥or 9o 57 &t

54 T

319 9 9 AN i 3Tfqa fafhor &t TeaHM smgfa W S=a o I, a9 I,
U > I,> I,) o foT Se Gehd 1 g9 98 A1 w3 € foF o190 99 aRieH & 4 e
wTd €1 389 Fa g @ o ermufad fafeor % droar & orur o wfa dehe eife
TR Seated Bid © 1 IRg et farve san € wean @ ot fo 1, <o o sifad
fafertor o forw i &, St ok o1 11.3 ® 7 o g <9 T RS9 R, S7rafd
feafexor @t weh FAfvea srgfa o forg fRis a9 9eT digar @ @a g 81 s
VIS5l |, GeRTRTh Seae ohi Seaad Tfast S, 2dfda fafewor o1 diear w AR &t
FH 2

11.4.3 Tl favwa w smufaa fafewor = amgf =0 garg

9 &9 3t fafehto 1 emafa v IR FE fave
V,, o HE HaY I AT w1 FH R fafemwo
&1 fafr= srafaal W 3T YR ¥ T & e
%1 gEEfed w € R guEl i fave o
1 YHIT-fag@ o o 9fRade &1 Te999 &
&1 giomt ufted= @t fos 11.4 & <etan w2
& errufaa fafeor &1 fa= smgfaat & foag fRied

o

I H

favya o 9= A9 W g« ¥ H1 TH & AE Vo3 Vo2 Vou O
U Bl 21 SeETSd SRl 1 e AMfqa  +— Tew fawd

Hurdl dfgent fawa —»

fafertorn =1 smgfa w fsf 21 smufaa fafeo w5t fer 11.4 mufaa fafeor 1 faf= smgfaai & fou

IR agfa o fau feht faaa &1 am afves afgent fawa qen geHr-faga um o s sTeral

e Bl o1 fas 11.4 9 98 9 2 © fo afs

Sl v, > v, > v, % HA G & A FRe faaal w5 wm v > v, > v, B 81 sad

oI TS St SaT &1 SAeh BT HerRaEd, $% qU ®9 | U o fau stfie

el fava =t eTevasRar gt afs g0 fa= wrgeti o fore safaa fafezor &t et

3R Hafua FRsh fawa o o= orw @9 @ 9 T G Yen oW et © oS R

=1 11.5 o =@ @ 2

Pl e I T

() Freh faom v, o fo g weewad wwe %
fau, snufaa fafewor &1 smafa o @y Wawd:  Feh

fEfia g 2l favs
(i) wF Fifaa freaw s emfa v, B & fomss fog ()
e fava 31 2 21 o e
=7 Fei § < e AR ¥ W
() ¥ gl H Swead aS Fof Satad 0 s fafwor 1 s ()—>

ferfe<or 1 sy @ e Wawa: gRaldd g &
el T8 gqHhT digar W [ 78T grdt

() STIRE FRFTT F omafy v & forg, waf sggr (o7 11.5 T R T TR HeE el o fo s
A S ST v ##?‘W@“W—ﬁgamsﬁ ferfenor =kt e v ok wer Fieft fawe v, st wfiered
(4] ’

g 78T & (et s g #1 Ry 7 9F)
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TH [AdH 3qh e v, k1 I8cl amgfd HEd 21 98 f9= wrget o fe
for=t et 21
for wpTe-Tad el Wt o foru fafue srfwand <wi ¥ Sfafem, R
el HIR T Jorl | 3tfereh ot 21 Tk & yehrer-Tad gared fafu= aimesd &
wehTel o fore fa= erferan <o @1 S<EXw & foly, R § W e |
TehTeI-ergd WHe Bia1 © SR 8 el el U1 o WehTel W UE YHE el el
o ¢ o S % @l v o we uren e ® fR Aty safaa fafwon ) smafa
SEell emafa @ ek B Sl @ al fo el ehTel-uve o dehtel YehT-faed
IS YR B S 7, a9 off S/ enafaa fafeor 9gd He @l o/ ¥% w6 @ fR
107% ! Hife o a1 360 HH GO § I@S YA & W 2
319 BH TH S9N | Ui fRT 7T qrefie @eron ue veron b1 Fei qriw <
@) foret fEu T wero-gedt uel SR amufad fafetor &1 smafa (el smafa 9
arfereR) o ToTq, TeRTeT-Torqd & aMafed Wehtel <1 <ol o STHAMAE! erdl 2
(fo 11.2)1
(i) T fou U yeo-Hadt qerel AR eafaa fafeor 1 smafa & fog, 99w oum
aafea fafertor 1 o o SR Ea O St @ Sefe Pt fave e
w feRk 7@ 2 ® (fea 11.3)1
(i) foreht feu o yewmr-waSt usred & faw, e ffvea =Aan stas-smafa g
2 59 3zcit amgfy wed &, T9eh = YhIiTh Soiaeil o1 HI ScqsiA el
g =8 eafad geRTer fraen off dfg @ T B el emgfa o Sw, e
fava sTord qoad: Icafsid GehlfeTeh SoaiAl i Ioaad Tfdsl Sl 3dfad
fafehtor 1 smgfa & @ Waswhd: Tgdt @ |G 9e U dadl 9 6 el
2 (fs 11.5) 1
(iv) FhTI-foga 3c@sia fan fodl wa-uv=d & (~107 % AU FH) TH
drcerres il ®, @ off <& emafaa fafenor @i st e e S 2

11.5 YehwT-fa=[d UHTE q9T Yehi¥T ol a1 THegia

WehTT 1 T Yehfd SIHd] IaTeal o 37d qeh 2Tos! ale Tfud 2l T8 ff| Yeht1 o
TI-fost & g AfTHTT, faads qen gaor &1 =Sl i WIdfas & darss
w0 W A 1 S geh! o 56 o o SIER, WYl Teh dEagaeh i i €, S faem
TS ahig & 9 est o et © den e st & § thelt gt €, ol s
1 Ted Treor era1 €1 31 B9 78 W foh o Yehtet 1 g8 awn-fesn fumel g
T fou U YeRmI-faem Scasi Hath Yerull i Sare Y Hehdl 2

TRTeI-forgd IS o TT-FoA0T o 3TER o1g & I8 (STel faferor 6t fhor-gat
el ¥) W i soiae fafeniia S i Fad 9 § fewifia wid &1 fa st
WISl I digal B Sad €1 oifes dgd qen geehid e oh 1A '
fomeeEy, diaa fSat sifes et 3aT & eAfus T Taee[ % g
ol - 3TERTEUT BT =ifeu) 39 fosur o ST UR, YT S i Saad Tfdsl
Tl dodn | gfg o @Y Sl =fEu WY €, AR YRR Hi egfa i o @,
T At de ot fro-gs (vete g ®) sewl w1 ga vt s
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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 YhyT-faela Tt or : fafertur o1

S5l Fded

T 1905 H 3T0ae STEHEA (1879 — 1955) o YhRI-To=[d T+Ta i S&AT o fag
Sgagaeta fafor 1 Tk Hifes w9 W T4 e wEdrted fwean s@ femor o,
TeRT-foR[a ScsiA fafertor ¥ waa Seii-stawiym & g7 7l wanl fafewor s
faferer sepreal § o1 Bl e— fafBY0r 1 Sofl o Fale] el & fafenor il
o Y% FieH H1 Sell hy Bl €, 8l h il fEefis 8 SN v Fehel &1 ergfal
TehTeT-fagd U ®, U SoiaeA fafhor o U Faied & e (hy) STaenfud s
B A ol 1 T AN e Seiaz= o ToIQ o1 1 Fae o ol Fohal 3T
% fore Freram sava® S § afuw B § (FE-eH, ¢,) 79 Sfeld Solae
F1 Afereray Tt St g

K_=hv-¢, (11.2)
3 el U A Seigel oh ST M T ST TIfdst o1t 319 Stferhad
qH 9 % Bl 2| e < o el s o weRrer w1 e, wfa Sehe sdfad
e e e i o P e e R app e e
T Fadl B A, ScAfSa TehTivieh goael i SAfeRan Tias ST Yelsh Hie
#t St gR1 fFeifi et 2
TR (11.2) I HEEIET T FHVI-198d GHIF0 HEd 2| 376 84 I8 2@
Tehd € T fohe WohR 98 Weiehor ST 11.4.3 W U yehmwr-forega gome o Heiferq
Gefi Yeroll ol Tk WXl U URShd @7 W YA L 2l
o THIHTUN (11.2) o TGN, U0 o &Y, K, &grd v T Maeha: FeR st
2 3fR fafertor =1 e w fasi 72 et 81 T safae gen € it srgwrE
o fosor ¥, yemer-foeqd g9a Uehe seeed g fafetur o uwa s@ien &
SETTOT H o= Bl &1 Tafentor shi dieran (St it el w1 W& uid gt
el Wi TR U % SHEEO €) TH el Wk o for erEia
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3T MRS (1879 — 1955)
T 1879 H ST § IeH AME TWH
R T A ST TS qh oh
fava & ifqwfadl o gaifus 7o
qifcerfae o &9 H S STd &1 SR
forerareRT Sife Ser Sk T 1905
H ypifed i\ wifaert et @
TR 3T 3= 3T T TNeras |
TRTYT SNl (T IS el Sl 8)
1 HROT 1 Fqgel fera R SehTei-oiga
TS o I LT ST AT i
faferzor =1 fafaftea @ fagia =1
TS 1| T T I H I8
s i 1 fagia fasfaa fa
ot o a6 o] FErmEsS g g8
3R & 557 o anfveaes foeron &
forvardrcaes Ted ST I 3Tk
T Tees | eAifarRar o fafime
fagra = s faam &1 1916 H 38
SUfereRdl o S fagid hl YRR
e e & 8 o HEEyul
ANTEM B : SEA SESH BT RO S
ik Fforer fafro fom &
Sehfodeh == T Weqd 1 T, forea
1 Wifcren Hieey e STyfFen serfeent
1 IRY fonan, fondlt T o Tofet <
1 FAICH-HITh! A FACH-AAhT
T GEIAT 1 SAHHS averyo|
Ugifoer dfdet § 9 areM e
Teh-fagga wwE & faw 1921 # 3%
Tt R | grra e

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 @, o 3Tfees °H o fag,
eI Seiae IS i o folu STawaesh —IAan siefal
gl 3 v, 1 A 31fee B 39 YRR, Tk Jgell sgh
v (= @/h) e § e & fed wH ol W OHE
T Tae Scae Ta T 7, = fafewor 1 o g o
Fi A T A 9% IS W TR off A T w=)

7q fomror o, fafsreor &) dieran, S o aRerferd €, o=t s
%1 HE& 9 ghTe &hA U I 9 o STIRHIIA erdt
2| fort stfures wem o il Faie sueted 217, S &t atfue
TN § solae Sl deiel 1 SEYiU HUl SR gEfau
(v> v, o ToT) &g ¥ aed 37 ol Seiggil &1 el Sat
& erferm BT TEE 98 T € S € Tk b vs v, o fa
WehTeT-Tergd SR el o STHHAE! Bl 2|

3MERTEA o foaul §, yehmer-fora yae o s solae™ o gr
TSI o T FAISH HI TS0 g Wik Gk it 21 7
Highe drceiiren el B1 39 WehR, <iteran et fafentor s s
gen =k fat ot g1, yemer-faga Scas drerfors & gl
Y ol | Scs | faetd T8t 3 Hifeh 71 Wi e
Tt Wit derd @ At g il g ® fF fraa saee
39 WUfis Fihan (T Thal Toiaei g Ueh YehTSl Fa1ey
JETMTOT) W 9 o Ghd O SRl i Wem ¥ g
VeRTI-Torggd &I o R <1 frefior g 2

IR (11.1) T ST FHY, ThTeI-Toe[d AHIRIT (11.2) i 3
W Toran S wehdl @

eVo=hv-g, ;& fau vy,

Vo=

o - -2

I T Hewqul qRumm 21 398 g% gy et & TR v, o
faeg v 1 oo T Wa @ B, fSent gel = (h/e), ST uare
F ghfa W PR & A 1906-1916 * Tem, fafasa =
JMEREA o YhRI-fogd Tt &1 efud & o fag
WehTI-oE[d THE T FANT et SJ@el w11 fo 11.5 o g9y $9anR,

(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 YA 9 9 99 |
Tl Tad ®) o fuitor o sua o gehe-far@ 99 & e % o
ey T Tafes = gehrer-Taga St ot 9t aiEEal 9 & &R arget
o fau fafewor-smgfeat & fawqa wWw & fau genfaa fwa

11.7 WehTIT Shi ShUTT WeRid : ThieH

yehel-faga gae 3 39 facteror e s yAifa foen fo e et 5= o @y
A T3 H 39 YR SR il © S 98 eiel el Sl o Uehe (Td weeh
I S hv ®) 1 a el
T YT Fo1 o Fa1eH 6l FRdl F01 § Gag a1 ST Gehdl 22 AEHIET TH
eyl aRemd R wgH 5 TRt adien s G (h v/c) W Heag R <1 gk 2
Foll o TIE-HY G F1 FTEd A S9HT oA guh € T YR FoieH i H
Y Gorg a1 S Fehal €1 S8 01 h1 o8 W HieiT T4 G2 T GH1 o w1 S
IER hi T, T, H92A (1892-1962) o TG oh gl X-{h0T o T 10 b FAAT
T 1924 § : Y foran T Sgifoen difaent o AnEE qen wehrer-fagd g9
o I o fou eEwEd ®1 1921 W wifdeh! 1 Fee WehR g fHar @
foR[d oF o STeRT qe YehI-foRa g9 R fRT U % o faw 99 1923 #
fifere &l Wifdeh! o1 Feer [WERR 98 e @
TH SEAgah i Tafnol o Wie e s Gy FETEr @ e ©
@) fafertor o goq o i == T o, Tafertor 39 YR =9eRR 3d € 91 98
TH *Ui G & 8 SR e wed 2
() TH WIEH ®1 Sl E (=hy) B B SR G p (= hv/d) 991 = ¢ et
&l ¢ YeRTel H1 = 2l
(iif) T Fifv=a smafa v, steen aesd A, o |eft WA 1 S E (=hv = he/A) 3R
AT p(=hv/c=h/A), TEAH B € (fafror w1 digar = s of )| e
& T IS o Yol i Aol g W sheel fehEl ET T &5 9§ o o
U Wehg WA 1 He € ggdl & (Al W 1 Sl THEHHE gt 7) | 3:
IR &1 Feit fafewor &t diaar w AR T8 F
(iv) Wi fogd SSEiF e € @R fae@ qen gaw e o g faefia &t 2|
(V) WIEA-H0 Heug (S9 o WiEH-soee WEg) W ol ol a9 el HaT wierd
T©d 2| qenfy, Tt wog § wieHl %1 gen off §ifaa el ®© gehdt 21 Wie
SN B Tehal © e T 7 Wi gid & Fehal 2l
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IETEYUT 11.1 6.0 x10™* Hz 2Tgfd o1 Tehavit gehrer frdt o o gr1 3ca— fopan
STl 1 SeHSH &HAT 2.0 X102 W B (a) T fheor-qa & ferelt wiei 1 S
ferait 2 (b) Hid o gR 3 4R W 9fd Tehe fehad Hie Scafea eid 872

TA
(a) TIH HISH i STl gHt
E=hv=(6.63x10°*Js) (6.0 x10'* Hz)
=3.98x 10°J

(b) @fE Eid o gN Ui Yehe Icafeid FieHi =i H@ N & o foror-gs1 o Saiid e
P 9fd WwIe S E & N T g0t S99 fF P=NE | @@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10° ®ieH 9fa S

ORI 11.2 Ik difdgg &1 wE-wed 2,14 eV @ @ Ueen ifee
(a) Hifsm 1 et Sgfa qen (b) Safad ehTer o1 quiesd, A qehifyreh € i
0.60 V &1 T& el fawe et 3= foan Sy

'
(a) 3Tdesh 31efa It Mgra o fore, smufaa faferzor &t Ssit h v, & e ¢,
TAM B 1 o

2.14eV

Vo= %o _
h  6.63x10%Js

-19
=2.14><1.6>i3140 J e l6x10™ Hy
6.63x10%J s

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

(b) SHfSIq YT SeiaeHl i Soaad Tfast el e V,, feafas et (He3-fava
V,, o §RT) o 99 g 1 fearfa | wehiferen o 9 B S |1 S w1
TehT9I-Targa THieRtol 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 (ST AR R SEagaen T fafshon) #1 5d W (qT-H00) | adue qen g
FeE § fRT MU STerEd gW, ST ®Y 9§ Uk B ol YR HI a0 UHd
SAfeeRtr, faada qen gaor 1 uieeTel ¥ g eidt §1 g o, yehri-faea
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JOTE qe HIeT e A Sl @R AT w1 SFa e ®,
faferol 39 YR aRR F € &AM 78 w i o T stufd
WIH § o 81 T A q-famer § 9 i fedt gE @l
Tz o difus SUgE €, I8 WA a1 Upfd W ek 2
3T & faw, 3o T3 9 fFE a%g &1 <@ *1 guifad w2
H A € Fesr Heequl ¥1 A oG gr WehTel S TR Y WY
FE HT GHA I AT § efi-witg faafaa feen w2
TR TR YARIS qe vt (e F) gR ST H Wi
BB s R o) B B

T I Ye U€ S3dl § TR Afg fafeor 1 g gHfa
(qET q F1) © @ A GFH H H (SR, U afe) o
W—ﬁmawuﬁ%mﬁ?mlgmﬁ@m@%ﬁaﬁ; .
e ot 2 et (S S=amw H 3 % formeR % 3T g S §) 1892 -
(1892 - 1987) 7 s fasfier uftrew =1 wqa foran o wened o 1987)%@@%'@
T w1 YA TRRfE § A wge o gahtd 9 gwd g1 A4 Pl adl HHiG Bl G
3T T ek e for vl qufd © iR < ue ifass awst, goa WWW'%WW
Te Sl 1 ot THHG @& B =fe ) At ffeRtor T ga we WWW‘W*@
$ 91 7o1 1 W S R 2 i A W B B A p g e o e e

. T, SR ST : -t wEd
FHU F G I e A T geRR g9l ST geRdt @ $1 4 79 e e o

PR U (11.5) 3 o 3% T 1929 F 9et TR
p mv 4 gritaa feean
&l m 01 1 FHAM 9U1 p TEHT 1A ¢ FHHWOT (11.5) H
3 §icil &1 G SR §o7-aXT o qUIRE A il & FiTel aRed HEd 2| 54
24 TEY 2 9ivell o GaY W T g GHIRIO (11.5) 1 a1 3R, A 94 &
AT § SR TE X GO p F H fARTE AT 2| Wl ik h I el
F AT F 2
THIHTOT (11.5) T TS0 o foIU Gord: Uk qiehed @ TSt qehgta
el FAN % g & T S HWehdl 71 qefy, F% e Uuek © TR U8 U WM
% gW o HqE B 8| TF WeM & fou, S fE e dm €,

o
g:
—
0
©
N
|
—
O
(00
=

p=hv/c (11.6)
ESISL

h ¢

;=;=ﬂ (11.7)

Fefd, TH W &1 2 el aresd S g (11.5) g0 e T @ S|
Ageeh i TRt o TReE o THM il & qe Wi fafeRtor 1 ST aen He
F T F9eH 2
T GHIHIO (11.5) o 5N, A T AR R & (T m) Iqan Ao
Tl U (T8 v) h fAU Blel TN ST ok fAU, TH 0.12 kg FHHAN &
e S 20 m s ®1 = G T W e, B T el quesd % Wead ¥ qiehe
o S "Rt B 285
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3algul 11.3

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

IE TR A D 7 R UE FRG) TR & O 9§ el 21 98 SR § fE

=276 x 103 m

Ty FEU AN e St H qr-weer 7o e < | SHd iR, - AUk A
(Sub-atomic domain) ®, HU &1 T A0 Feequl @ q1 WO A 2

ITEI0T 11.3 (a) TF [ St 5.4x10° m/s 1 =l € fq 2 @ %,
(b) 150 g Se9M &1 Tk 75 S 30.0 m/s HI =1l § Tq L @ 2, § JEI 3
aﬁ?ﬁaﬁéw‘wm?

k)
(a) TR = forg
A m  =9.11x 103 kg, o v=5.4x10°m/s
Td R p =muv=9.11x10"! (kg) x 5.4 x 10° (m/s)
p =4.92x102*kgm/s
2 et ame=d, A= h/p
6.63x10°* Js

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

(b) 7T < faw
=AM m' = 0.150 kg, = v'=30.0m/s
q9 Ham
p’'=m v'=0.150 (kg) x 30.0 (m/s)
p'=4.50kg m/s
3 el aiesd A= h/p’
_ 663x10°" Js
 450x kgm/s
A'=1.47x%x10%*"m

Terae o foru & wifelt esd X-fapor amesd & w9M €1 wig 1% o fog e wie
o AR o e 10710 [ @ S Wi w9 skt wie ok faetepel Sl @)

Q9T

1. Torell goie i o1g | 9 fehter o foq =[a| ol i ¢1q w1 1d-Weld

Fed Tl Ug-T W SoRA-IEeH & A STavas e (FE-weE ¢ 9
3R ) 1 UG AU AU Yot o & sTore SUge eTgfd o YehTel gRI
fafeRa & 9 G =1 gt 2

2. TR YA Hge ¥ SRE 9fa & TE § WEW 9 W o &

IS 1 IREE |1 FB U WETH YR @ Al sd § sEfe @
T9I-ThTel <k forw sft QU €1 yehTe-foga wee ® YRt St kT ogd Sl §
BT Bl €| € Holl o TR0 o F1aW o1 Urei shidl €| TehTel-farga Scdsid
T dreeIfiTeR WihAl © 3R 3Her e fafire wer g )
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fafer¥or 9o 57 &t
50 Fefa

TehRTeT-Tagd o0 (i) Safad YehTeT i diordn, (i) < Soigerel o s o T
favenay, 3 (iii) Scasie o ugref &1 gepfa W e w2
Yok favra (V) (i) fad Fehmer &1 s iR (i) Scasish gared &1 9shfa W
freft ear 21 errafaa gerer w1 fre ) g2 smgfa o faw, @' g@et dig
TR R &Y e 21 ok fawe 1 Scafsid gelaell &1 S=aad fas s
q Hafd 2
eV, =-muv2_ =K_
ww fifYed emafa ([echt emafa) v, & D S oeg w0 eifuae 7,
YT fogd ScafSid el 2iar = Smafad WehteT i dierr fohat o stfersk =i =
&I
Feafaeh! T-TagTa gehTe-foRIa YaTe oF g @I 1 e e Y el
ST faferor | Sl o1 Hd SteRioor 1 fosror K dierl 9 T, v, o
e 3 30 Ufshan shl deeaiivTer ehfd shi SAMEAT el oY WehT| SMERIA A T
AU 1 AT YT h Bl o SR W HT| TS TTIR THTR, Irsit
o fafes tehel @ o1 2, 5= Faier 21ere Wiei ed 81 Yoeh IS shi ol
E (= hv) 3R 9T p (= h/A) a1 2, St fof 31afaad g 61 e (v) ®
el hed © g st o W R T w1 o1g o 7% W TeRrr- T St
T TR % g WIeH o SYeeioer ¥ gl 2l
TS 1 YhT9I-foe]d THiehor St GRerr Fam & Grd @ o ff g o
W#mﬁzﬁm@wﬁmm%lwmmﬁ%mu@ﬁ)
FIA-%1 (hv) T @& €1g HE-He ¢, (= hv,) o X o e Bl 2
%mvgﬁ=V0e=hv—¢0= h(v-v)
TH ehT9T-foe[d THfiehtor | Wehrl- o wore o geft oiero i ST Bl
faferera & germ IfRLs gehT-foed Aol 4 SMEwRRe & ehml-fagd i
1 G fopa 3R wish-feemish (h) o Fened WM i wiw fepan| 3o TEwrE
BRI Yafda Sefeaeh i fafehor sh1 01 sferl Wier auit (Fhfa) Tiea gaml
fafertor =1 & THfd eIl © : O0T 9 S| TE % wWey W g8 Feifa g ¢
TUT STUE HU o &Y H A JAM o GRomT i g9 o fau gaffas suge
2139 ok & Ty fo fafenor qen ugief wepfa o wufia @, oeq < vl o qare
(q=red U)W A NG A0 Y TR e el @ S[E @ i
Tl T el el WA Fed 2
T 1 G Gefed 3 sitell WIRs (1) 39 FaT p ¥ 39 YHR Fefud ©
A=h/p | 92 1 54 2 Sitvel Gae, Foes @ Gehe (1) SR w01 Hehew  (p)
gftnfed €, o sfafits 21 < sl aresd ugrel-ohv1 o Sa a0 SEh! Fehia @
s 81 98 Wefehdl: shad SU-THIUa U, S — SR, qrerd e
(37oh SoA™ AeIfd AT &1 @l o wRU) o faw & uimg (frea o
THUST HHAA o o= i Tl T HIfE A1) T qefy g oared H S L
TEget o fory s W gfdted steq o fierdt @ ok 7o w1 e e
faetpal sTe 7, 5igd sier 2
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Wfeer wdlew  foud U fewmit

Rui|

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

IRAEED v, ML2T=AY v eV=K_
faga

- 9, [ML2T2?  J; eV | K_=E-¢,
e

et v, [T-] Hz v,= ¢,/h
ST

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

faemona fau=r

. forelt o o g soieel 39 o1ed W g ® foF 9 ug o i s feer fave @

faia TAEH B (FE oheel Tk Hieehed )1 A g o ael e ok g
o e B 81 3% ¢1d | aEl 9 ok forg Afafie st 1 SAeredehal gl 8

. frelt ong ® @eft goa solaiAl 1 Sl guE A B e e SR H stopet &

Y, T ST T 919 W SeeHl 1 U HfvEa Sl T g 81 ¥ faaor 3|
g Hegee faaor 4 fr= e ® T8 ey el & wfas fagia o et o
ug Toh B T Ud W 1Y 9% o ISl | ST, W fa=idn o1 Gee 59 qe
W 2 fop gorae dielt o STqerSi o THgId 1 STEOT i

. Torlt ong & o sl oF el foaeer o hROT, o W 9l 37 o foTe sereia

o g 3TUfed STl 9= Soieeil o foe f9=1 2idt 81 S=aat STl oel SorareAl
F1 HIg AR S % A FW ol Al see w qer ¥ F9 st s
T STETIHT Bl T FTE-Ho o1g H STex e o fou ot soeei & gM
e =Aam St 2

. ehI-Targd W o Wit WA O sherel T8l SAdted & T %57 o Wi Yol

31 feman | STl <Rl STESNOl hy <1 fafeed gehreal & e 1 I8 foctgpet €1 Qar
e & GUE e 2 o YRl U %l ¥ o © T gk & Sl hy B

. TR fave o geror (sHeRt s W eafeiar oIk ergfa W fsian) gehmer-faea

YuTe o -l 3R WwieH-fasm o g fofaes fasesie 21

: qax=%éwmﬁmwmd—mmavﬁsﬁwsﬂﬁaﬁaw€a%,m

FA-AT v, B FE HfFE Tew@ T& a1 &1 qofd, Tl B Ao
ifqerdar s1efqul 3 ofR 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 H1 Hel aul Helll Y SHiferg,

(b) =@ Freo-4s = g1 fafefia ferdt wted R eimad T wiei ufd Sehe
TEHN? (T8 g AT o fhor-gs i STIE w1 THEAM § S e ok
ghe ¥ %9 ©), a0

(c) U TGS TLHTY] ! Wi o SR HaT W i o fag fovaet oF =mat
H e ghm?

TeRTl-Tagd UaE o T WA H, Y9l sTgfa o favg siad dicedl i g™

4.12x 105V s 9 it 31 wieh feerien &1 AM qiehfera Hifsw)

ferddt urg w1 <eelt gl 3.3 x 1014 Hz B1 af 8.2 x 10 Hz 19 1 Fahrl

H1q W STUfdd &, @ Ferrel-faga IS o fau sidw dieedr 9 shifs)

fopelt oTq o Ty hr-wer 4.2 eV #1198 91d 330 nm TUIeE ok S

faferor & fere yermor-faga ScasH <m?

7.21 x 10" Hz 3gfd %1 Y9l TH OG-8 W A4fad 21 36 76 9

6.0 X 10° m/s & I=aa8 Tfd U Scoia Scafsd & ® & gelae Al o kel

S o oy Sgelt sgfa w22

488 nm TR 1 YehTe1 Teh AT R | Sea= fepan wiran 8, o weprer-ferega

HHTE o STANT | A S 81 e T S H -3l o YeRTel i Scdsieh R Sfdfad

o STl € a9 YehTiRTes Sorarial o1 e (3faeh) fawe 0.38 V 81 Scsish ok

21} T HE-HEA 1A F

(@) Tk 0.040 kg F=7™H 1 9ot St 1.0 km/s &1 =1d ¥ =t @1 €, (b) Th

0.060 kg Se7HM &1 71 Sl 1.0 kin/s &1 =1et § =1t W 7, 3 () Th &el-H00

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

3 Sifreft s fepen @2

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

& FUa B
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