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11.3 yam-faAs et yg= (Photo electric effect)
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11.4 Ya-faas yse e yGfaa mifens (Experimental study of Photoelectric Effect)
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11.4.1 YW - feaA® gar 3 yamw € StgasT e yg= ( Effect of Intensity of light
on photocurrent)
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feg &3 are Yu=t (i),(ii)) W23 (iii) = AT fegu ger J1

il A fomrs Juer g<ar fa 3dar 939 ST fedags gnmar Garr & Bar3d ive
fefage € yg 391 »gear 3 der 71 faffa ffa I3t farest <o fedaes Goar fue
gae I fen Bt Y3t fedaes y3t fearet an ffg Afuz o7 g3 We J<ait | mine
et 3 fou Wass 3T A7 AaeT J fa f6as fedaes € et a7 €8 & U3 J9d
g3 3 999 faa® M8 € &et Agdt Gonr feast a9 9 aet wie 7t Jg <t frmmer At
a1 AgeT J | feg fifer = Que (iv) fAme »igne yam faas §3Hens (Ba919qn 33afed
ger g € faud® €%e I Huy f<g 3da1 930 € e yam- fars §3mens € mifs
Agat Be<t € fenrfmr &3t I Aaet |

11.6 MrElEACElS €7 yaH-fars milaee :fefage & @ear aniien (Einstein’s Photoelectric
Equation : Energy Quantum of Rediation)

A& 1905 &9 mM@gdge-wretaneTels (1879-1955)8 yaw faa® ygre & foufir €
st fars gadiy fefage v fa Hisa gu a5 s=f f39e yrsfes di3r | fer fo3ae
fee yam-fans G3ners fefage 3 Barz@ Garr Aus € evar &dt der| fefage
a7 dfs3 fegett 3 get get I = fefage € €oar € a='er (Quanta)aa™8@e I |
fefage Garr € 99 gmiter & €9 hv Jet I fHE h USTT Afge’d T W3 v ya™ ©F
g3t I | Yo fars ygre ST feq fedaes fefage éfeaae*whvﬁfu—gaa??rlﬁ
@W?ﬁﬂmmmexﬁws @ 73T 3 9744 foa® mi@T @ &t uie
ﬂaﬁ@wynffusrzr mﬂm)w@gﬂaﬁ?mﬁmmw
Jaatt:

Ko =NV — (65) ——112

wifaa feg3T &8 9 fedagst € §3/afAz e 3 Bust et afsm G mue Su 3 =g
HTs 3 we get 91 fours fe fa far wmreast € yam &t stgesT ystafas
wuf33z et Tt AfuT grar fagurfes d<t 9| Staes =ue & Y3t Afds G3mafas
fe@aerat & Aftr Fuet 71 g&ifa @3nafazs fedagst € mifuasy arfsw Gaar gda
g5 € Ganr gmar fagufaz det I, milade 11.2 & metsneels e yam-faas
Miaee afde I& | g€ WAt feg <¥ Aae It fa fam 397 feg mitaas wiggmar 11 .4.3 feg
f€3 e yaw faas yge 5% Hdfuz A9 Yust & fEq Ae® 3 Afgd €91 7% UF doe
JI

mlaae (11.2) € »gAT YUe € MEgY, K . M=d3T v & &% U g {5999 Jaet J w3

f a N od

fefage &t Figa3™ 3 fogga &t aaet I |



MBIIS MTEIGHSTEIS (1879-1955) H&
1879 f&9 AoHat fSg € sva a7 3
N MBEde MTEISHEeTE S Mia Ja © fene
v 3f3a fefapuatnt &9 A9 3 Wos
3f3a fefamrat € gu 9 s ATE I5 |
Guat = fefamrfea fies Gust @ A
1905 &9 yafas 35 gigta<t Ay
U39t 3 5y Ifenm 1 €ust & mrue ufos
AT U39 9 yam a=ier (g< s fagr
e J) € U9t § YA33 aI3T M3 YdH
fars ygre € 87 Se< o fourtfmrr
13t fang fefaae e 3dar U3 &at AHST

wfeT | MTUS gd 7T 139 f¥9 §ast &
g9gat st @ fAuis feafiz a3

famet o At ermmqe%
wfﬂﬂwwgmfﬁmw
watst g3 Qusey JaefenT Gaat €
I °T U39 & Ariyu3sT ©F fenn frats
& 7aH fE3r | Hs 1916 &9 Gus™ &
AUY3T € fenm fAa's § yarms 3T
WTEIGHCTEIS € J¥ 99 HI3TYTS
GaeTs 76 ©3fAzs 83ners & uaa
7 usTa 98 T3t fefaae fou @ fea
Sasfua (9e%)fe83ust feT ur aist
aret 3 feme e maf3q yItgu fams
mgfaa grons fefarnrs €7 #wdg
gigT fan dIW € A 8§95 € geied
Afyat W3 gter wifgat € mgusT er
MBISIHT fendne | fmoza Ifaat
f<g Gust € Wows W3 yaw fams
yg'e et 19219 Quat § 9%
UIHA'T &% AHTT&I ai3T fapT |

wfagr fer set der 7 fagfa
relaHeTEls € figde feo yam fans
yge fEa8 fedaes gmar fefage
o foa® g<ied € Aus &% Uer Jer
J | fefage € Stga3T (7 Garr g=ier
at "fwrr y3t fearet ¥39es y3t
fearet m € AT wisurst 9) fem us
yifepur Bet niiarg 71 fa@fa K ., fo=
I FIt IS )
mitads (11 .2) feg9 feg »igafeatz I fa
yaH-fars §3r9As 3¢ Hee 7 A
hv> (6)
A vV fAg v

0" R
MHIFdE (11.3) € MEHATT JIdH 55
% MO WS € et yarna feddes
S3HIfA3 J95 & Set fAgdt feGasy AF
a%mﬁmweas’rv-owwwnrfwﬁéam
fen yar9 fiea gand®s M=a3t v, (= (¢,)/
h) »m fSg d<t T fAans” Wie mreaat 3
(¢ FEt yaH-fars §3nans Hg= &9t I 979
fefgge <t Jtuazr dy =t fa€ &7 32
g= §v 39 3 fdat @9 It fa a7 u= |
fen fa3ae f<g fefags <t StaasT A=
S ug garTet I, 897 a=ter €t At y3t
fearet ¥39ew y3t fearet mi € fiur
MUt det T
a1, gat It wifua Afanr g fedaes
Q97T g=ter T AYT Faadr M3 fer BEt (
vV € g ) g 3 ¥99 BT TB
femzwe’rwfuw@ﬁa’rfmw
J=ait | feg feg Aiwe g Aer g fa fag
V>V & get yaH feas gor StEesT @
mMEeH MUt gt I
wretereTEls € f93de fuyam faas
yge f&g ffa feddes € gmar yam
€ fq g=fer &7 Aue & Hest yifanr
get 7| feg yiferr 3zamst et 71 fem

3qT 3tga3T mau3 fefaae a=ier &t



farest 979 frist =t 32, yamw fars §3ners I3aaT gt 99 | We a3 575 G3nans

feg o4t &dt J=an ﬁ@ﬁH’EHEB‘TLﬂWF@U?HUHﬂI Jtad3T &% d=w fev fegufas

waﬁmm%ﬂwﬁm (fea feas fedders enmaT feq yam a=fer e

m)ﬁé—u’ﬁwsm@wwm;-a-ﬁﬂﬁnﬁwﬁmmwem?

fsquras Jer J|

migeE (11.1)e" QuEar d9d, ya™ fars mitaee (11.2) & ferr 3gt fafumT 77 Aaer 1
eV =hv (¢,); B v v

A Vo= — v-&

e (11.4)
feafeawmmalfsﬂyfwmmmafav 2 fegg v €7 99 feq
He% 34T 3 | famer wwTe (h/e)ﬁﬁumﬁwfa@rgmdgd st FFETI1 1906-16 T T
fe9,Matas & nirelaneets € yam-fans milaee § geu8e © 3Tt yam-fars ys=
3 yuart € B3t Ji3t 1 {939 11.5 &9 Tone wigHa A ASTH € et YUz AgS JuT er
BT W™ € 7€ WS & QUddr a9d §F8 us'd Afge’d h €7 i fagurfas aisT At |
feg W usta Afggia & €7 H'E =(6.626X10-34Js)E &3 At fang fasds ot »idar Feds/
yHar S Sfemr fapr At | fer 377 5% 1916f<T MBlas & melaneTels € yawH-fams
miaee & gau@< <t af @net ruet § rEfuz aiaT |
YIH g € UfdasusT W3 h M3 (¢,) © W' (7 39 YHaT 3 YU3 H'S 578 HS Jue &
e faguras € Qutiar 5% yamw fars ygr= T WretereTeEls € fU3de & A=l J13
farur | fistas & yam-farg mitage & > | 903 AUHC3T &8 et yTat Urgmt & Bt
fefage-nreadtnt € fenfas uam & Bt ) Epcicgeical

11.7 Yd™H €7 IS1H HI™ :- €& (Particle Natureof light:-the Photon)

Yy fars yg= & fon fedue 39 & uafes a3 fa yam fan uerag € 57& nimumt fomr
&g few 37 fe=urd qoer J fA= feu a=ier nge3 Gaar € Ude(fAn f<9 gda & €aar hv
J) e gfewr 3= | dt yam 9nT € d=ed § fan a< &% AYuz i3 A7 AdeT 9 ?
mmmmymfwmq@cﬁamm (b )&% AEU3 J13T
Wﬂwal@wgm—mm?mwﬁﬂ?mmaﬁmmaw
ngaﬂwwwalfmazgwfeﬁmwarwﬁmmmewﬁm
fe=gg § € MT ATUSE (1892-1962) € feddes € gmar X-faast € s € yaar &
A& 1924 {9 garar yre a3 faprr | fRuisa 3f3at fee daes w3 yamw fars yg= &
WMUS & € B MElaneTels § 1921 f<T 3f3at €7 59% Yanag yes ai3T fapr | famst
€ Y I7d/7T<H M3 YJH fgrs yge 3 d13 IIF J9H € Bel He 1923 <o ialas &
Jf3at € 59% YIAdd Ye's Ji3T fardm | wint fars dudiy fefage € s fo3ae &
AT 96 &9 mgH™g € Aae Jt-

Lfefags € uegw € &% uanug fafenr &9, fefaaes fem 39t fesae aoer T 1& feg
g gt T gfenT 2 fist & es afde I& |

11.93q &2 € 897 E=(h v) get I W3 Aaar P=(2Y ) w3 % ¢ gt J| fig c yamw &t
T% J) |

111fea farfexs »rea3t v AT 3daT A € A'd et & Gaar E=hv={% V3 A=ar P=(hy)




=h/ fea m"s Je I& (fefaae € StgazT 99 7 <t 32) | fan f&3t aret 3dar &gret €
Yo € 3tee3T Turge 3 d=F fan f€3 o u39 § Swe =8 Y3t Afds st &t
Fftr Ot Suet 9 (A9 Sevat & Afv feg s det 9) | fer Bt 8evs &F Gonr fefaae
<t Itg93T 3 fod99 &t adet |
Iv. % faas Gomts J€ g6 »3 faraset W3 g9at ¥39 3 feufuz &at de a5 |
V. e5-a< a9 (A= fa Sea-feddaes dag) f<9 I Gonr 3 I Aar Hafwm3
Ifde o5 | Twa fan Zag feg Sevat €t ’fvr St gafons st § Aaet | ees e Rye T
AT I AT feq s=F @& Uer J AgeT J|
8eT95 11.1 6.0X 1073 Hzniregdt e ¥ Jait yam fai 79 & goimaT Ter ST Arer T
Q3rars migaT 2.0X1014 W T | (a) yam fags Uw <9 fan §evs €t G fdat I 7 (b)Ads
€ @9 WA3 39 3 Y3t AfdS fds Sevs E3mafaz de 0w ?
J% (a) 399 s ©f GanAr d=ant

E=hv=(6.63X10-34J5)(6.0X 101412)

=3.98X10-197

(b) 7 A3 € TuaT Y3t Afds G3mafaz Seat &t ’funm N g 3t fags Un <9 Hefes
AHET P Y3t 7w 97T E € N greT d<aif fAn % fa P=NE | 3¢

P 20 10 3W 15 = u—g‘-‘-apn
= == -~ 7 _ cc’o Hld3
N=% 308 107 =3-0X10 !

8ewes 11.2 H Hiff €7 I €85 2.14e (¢,) 3T Ufda®s 9 (a) HiAPHH € HaRdss
=3t (bymuf33 yam € 3dar Suret, 7 Yaad 9T & 0.60 v € fEq fsdut yens
HArd #ld J3T A= |

I8  (a) GIHIBS MT=I31 @M,ﬁﬁ!@?f?‘hﬁﬁ@ﬁ?hvomm (¢,) € AT Jet
J | fem wet )

2.14eV

_ _0 - < U
V="h 663 10*Js

0

2.14 1.6 10 °J
6.63 10*Js

fem 39+ V=5.16X1014Hz 3 ufe Mreg3tt € et gt yarfad fedaes Hag &at der J |
(b)§3mafAz yarha fedaest € 8§93 aifsa a7 eV Afezw Gaar
(FF-YHS V() € 9T ) AN'S I ©f Afast <9 yarfina aar did 9 AE! J | mMrelaneels
T ya fars mitaee da7 7 ¢

&V, =hv— (¢g) = 1° -
| A = hc/(eVy + ¢0)

5.16 10" Hz

(6.63 103%*Js) (83 10°m/s)
(0.60eV  2.14¢€V)




19.89 10 *°Jm
(2.74eV)

19.89 10**Jm

o 454 nm
2.74 1.6 10 *°J

11.3 fow 439 ST Faret dar, VIR 99 da1 M3 B Ja1 © Yyd'H ©F 3da1 Hgret
: BITFIT 390nm mssmﬂmmm@r)wmm%mmm
(a)fenusagmmmgsﬁme‘rﬁw(ewaﬁéaﬁ 1) §aret fram i) WS -g9
i1 Tt MAZ IdaT BETEL M3 (iii) 7 ATT (h=6.63X10-34Js) M3 leV-1.6X10-197) b)
YdTH Hedl yETggt € BEt Araet 11.1 f<e &3 I aon esa 8" s i3 (a) YRs ©
(i) (i) 2 (iii) 321" € Ufge™t & Gutiar ffg fewGe I8 ot 3t few yam € 5%
dd Ad< 8! YyaH fars a3t €t fAgreT a9 Age J7
1% (a) MUf3z 8ers €1 €9r™, E = hv = he/A

E=(6.63X10-34JS)(3X108m/s) / A

() F9ret ya™ € BEt A 1=390nm(I&T 3da1 Fgret fam)

i3 9 1.989 102 JhP89 10 Jm
CIAN E= 390x107° m

=5.10X10-193

5.10 107'°J

L6x10d/ey 319V

(ii) WIB-Td ya™ & St A 2=550nm (AH3 3dar &aret)
S & 1989 10*Jm
SIS EZ_ 550x10° m

=3.62X10"9J)

@ 1.989 10*Jm
g E3= 760x10° m

=2.62X10-191  =1.64ev




(b) fai yaH-fem® a3t € aan € St Mrur3t ya™ €A E €7 H'S UT9E € dad
THS € H'S € §9799 AT <7 J<T gater I | fen et garet ya™ [E=3.19 eV] € BTt
d9H Jd HaS BT YyIH faas ga3t € yaw-Heel ueady, Na[dad 86
(¢0)=2.75eV], K(TTH 8&& () = 2.30 eV 3 Cs (d79H 855 (¢)=2.14eV) J AT

| feg "a3t U8 99 ya™ (E=2.26 eV) € BT YyIH-HIE! UTTH cs(AIH HBS
(¢,)=2.14eV) € QU@TT 3% It a9d &9 AdEl J | I3fa feg gast & yaw
(E=1.64eV) € &gt Qudaz fIat i< fan yam Ae<t uegg € Gudiar 7 amad aat
od Hadt |
11.8 y=ay & 3da1 Hg™ (Wave nature of matter)
Yo (femua 39 3 fams duadiu fefage)et Sudt yfgst (Idar-ae)=aas w3 yae
niftret {9 J13 I€ wftiis T AR gU &% ydie Jet J1 ya™ &F 3dar yigat
fews, fe=ass W3 gee e ufowesT=T 3 feret Jigg det 71 et 39¢ yaw fans
Y= M3 JUeE YIe faust 9 Barr M3 Hear e Agenizae Jer J fefage fen 3
fe=a9 ggeT I fa Wifenr feg get € 3ig 7= ot I gfewr 3= | I A a1 fI39e
feg d= fan ywar & mize <9 <u Quwas J, feg yaar < yfgst 3 fagse ager
8euds € B MUt »iut 7% fan THg & Sy € v wesT fS9 €8T T O <9
HISTYTS J | Y B&H g9 YaH & f8daT aa9d ean Jas €t Ylfgmr & Idar-fasae
&% g 313t feefes i3 famur 31 W33 ferer 3 w3 I8 (IfesT )gmar v fee
g5 fo3ge & Agas gt I
fea perfea yns feg Uer ger J fa 7 fefaae € €gat yfa3t (3dar w2 g<) I 3t yrigst
v g< (feddes Ues nirfe) € 3dar T9ar e yeds Jae I8 ? Ha 1924 &g fea
gt 3f3at fefarns Bfen fedes € ga@t (€9 8u9s <9 feng &t feges © g
fagr AtET J) (1892-1987) & fed fagdia ufgaausT § U d13T df Ue™9Y € IS J
SUTa3 (MEa®) T8It f<9 3da1 A9 g€ YEIm3 d9 Aae I6 | GHa feu ets fest at
ged3 AHYHE T M3 € HS I3aT »ASIE3T uedg M3 Garr € &t myre Bg< Jer
gdter 91 7 fefaas e €99 Be< J ye9w v <f e g9ter J1 € gO8t & yAses
J137 fa ASaT P € d< € 5% g31 33971 H9e! A J6 {84 »gA™g eanTet A7 Adet J |

h b
A=Dp mo (11.5)
feg M g & gans w3 v fen & 9% 7 | ifidae (11.5) § € 9@t €7 gy 73 ueag

39T € 3daT HEEt 1§ TSt 3daT el AfdT 95 | UET9E €T S9dT AgY 9181 € HET
f&g mime 1 milaas (11.5) € 49 U A 3991 ©F Se< I ASfa H9 U™ HadT p dS &7
fefie Se< I 1 Ut Afgga h €57 Fe<t § Azer J 1 Milaee (11.5) feg yUegg as €
et Afgn It fEa ufgasusT T fAret Su3T de% yudr gwmdr ot fig st A7 Aget J1
Jsfa feg Suer 399 7 fa feg fea @evs @dar St AgHe der J| feq eos € &t fae fa
WAL SfguT T,

p=hv /c (11.6)




few et (11.7)

SR

o3 feq s € 3T garst 3dar et 7 Mtaee (11.5) € gnar a3t aret d e
fans Jgudiw fefgae & 3dar Suret € gorag Jet I w3 s fefage e Gorar w3 Aear
o feq geter 71 forea mitaas(11.5) € gmar A fea fammeT g7dt a< (3T m) AF wifua
Sn<t g (F3v) € Set g d<ar | §ev9s € B fed 0.12 kg =™ € Ii€ 7 20 ms’!
€ 9% &% % gdt I € € g 3997 St T AIB3T 578 UfddBS d13T AT AFET I |

g A'® (Ya™ i) Yo faras ygre o7 fed 3aatat migy@ar 9 | feg fea mifadt gast I 7
Yo Garr & fams Gorr ST guw fEet 9| fon & o<t a<t faast »iv = afde g I fea &<
A% feg fed nigu-IBaa9 yam Aet arg Uet C (83mana) Jet I w3 fed I ev U A
(Harge) fea fagef33 a9 A g=den 989 9 Jd1 I¢ I | fon & o939 9 Tane
meAd fam gradt ufgur fT 8o € 9-UeHS Sedt B W3 HTEldd MHHted (mA e &7% AfamT
#er J | 9% € feq ga1/fJA § Ae &3 &3 Aier J fan 5% fa yamw fen fev eus I A |

7o €fgz 3Jar Suret v yaw €3FeAa €3 Uer § 3T fedaes §3msfaz de g5 1 few
yaia feddeTs Hardd <% Maefia J AT I | fai ya™ A% 3 J% Heldae #iHutya €F
dfe € yaa gar yruz i3t A Adet 3

fear yam A% yams Jtea3T <9 928%™ J9 Yarid uraT f<9 g8 a9 Ager J | feg grar
(60396 339 € T'8& M3 Ya™H HUS Ha3tT g =93 LT femmet 7 Aaet 7 | feseards
fefage € et Hee! 33 ASeTES € yam A st € Qutiar feddefaa yress ufsde &g
3T AteT I

fefamfsa arent feg yam €t StEa3T § HUSE AT MgyGar f<g yam Ast e Gusar
g3 Afer 7|

gedrel aHd f<9 ya™ Hud ya™ A& e Quaar »mur3t yam €t SteesT Hue T g9
IS |

Ae9f®3 9 ¥YB< &9 ya™ AE € yuar geew-yad faast ufour fee der J1
TdeTH € T TUE I fena3St ear yaH AS 3 US & Ya' Ud 39 AdE I& | yarHa
graT {9 MYad Je T8 gE8™ € T3 SIS UGBS € BT Hed § HY dds 9 M&aH
A<= 39 13t A A<t J | fegst @ Qudiar €7 giesT a3t @ fauzas &g =t Jia
7T I 7 YW fags Uya € U fan femast At =g € A< d9q e Jet J, & #ifazs
gaeT J | fen B8t yam A'® fan dar e &9 y=n a9s @8 femashyt &t farest a9s
fSg AorfesT g9er 7,799 €9 fan fers g% fv fea-ffa aoa y=n aoe d< | feast er
Sutiar mreraret € faut & 33< =8 fomastt €t ufgge set St atgrAaer g1 Ae <t
fefage € fed fages Ua & Ifam™ Fier I 3T feq m@en =ATfenT 77 AdeT J |

99 m@oH fEg,uagaret ya™ (Mfem)§ ar3a9 y=u gde'H 3 AETU3 YaH AS 3
yrfenr gier J | det ferast A g9ew 99 eus Jer J 89 yam i 3 U @& fa9s Un




& 3aeT J | yaHd faa® uaT 9 mieTsd ges™ e Quhar feq faas ulet € e 3 ag
dI3T AT I | #aT MEoH <9 3es <9 uH g=t 3 g8t yaw S AUz o9 &3 A
IS | a1 BaIE 3 ya fefaae yam A 3 UT 75 | fen &% fea faast Wt At fea g9
3 T T A THT Ufgug yar J AT I M3 fev feq 93<st A3 € gy <9 I797 J95T B
g9 féer J1

Yo AST € Qundr 9% fodae <9 ust € usasust w3 uifens avd € fem
AAf&ar M3 Sifens yAas 9 =t gigr Afer J| fegst € =93 Gewar &9 oz et
gregt fET &St ™ w3 gat & d9< Bt T 13T AT I

Incident light Y 3’1-
Uyd®

-

Collecior

Emiltler -\- ~—

-

yIH-A"S (8§ AS)
p=mv=0.12ng2Oms_1 =2.40kgms_1

A_h _ 683 10%Js

TN =276 x 1034 m

feg 3dar Suet feat &<t I fa feg fan vus € /v 3 g9 J| feat a9s 7 fa mgs
AT A efed/IaeT Ales &9 3991 fAgr I &4t san@ehit| g7 UH A=-
ufoHrefed 3HE (Sub-atomic domain) fET ISt T IdT e HIITYTS JMI HUs &
Gar I fex fedaes (¥= s m »=H ¢) fAng fean »iewEr 3 feq yems V omar
y=faz i3 Ater J e fegg Jdie | feddes € aifsw §97 K fen 3 famst 439 gmmar
3 e Tad (eV)E gITHd J=<dit |

K=eV (11.8)

feg K= mv2 =2 fan 575

P= 2mK 2meV (11.9)

3t fedders € € gOst 39ar et ) gLait



h h h
A= p 2mK 2meV (11.10)
h, m#3 e € Bftd W& & Jue 3 wit fors
Y3 dae It

1.227
JV
feg v y=fara yeus e I%e &9 Ws J1 fea 120
V y=Hfaid YeH% € et iHtgee (11.11)3 1=0.112nm
yuz ger I feg 3dar &uret €n afe &t det 9
fAat gat farest feg uane=t 35t € feg det J1
feg feg Haz fuser § fa fea feddes % 73
UeTdy I4dT & X-fade fe=a3s yGar 7% uafymr
AT ASET I | WAt wdi® wiggTdr {9 & gt €t
ufgasusT € ydfaa ytue e g5 Jaidr|
fedaes € 3dait Ag™ € 89 € BT 998t §
1929 f&g If3dt @ FIF YdAAT 5% AHT&I 13
far |
UTTgg Idd1 f93de & TElAaTddr @ wfsafass
frut3 & Aafeyse <a1 o7& wivs a1 | fen s
Ewraﬁrrafesrzﬂwgfsrﬁrm (At IEF J9
az)e’rﬁrfasﬂrmyﬁémwgfea—e’wﬁaw
WAgS J | INAT It oY Mfsafg33T ( Ax) Afa3t &
AT M3 g% MiEAfg33T ( Ap) H=adr € HYU feg
Jet 1 Ax M3 Ap T TSaeH ©f feq ufe ule
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feg fen ofx 3 fegrg aosT Bfe3 I=ar fa fan a=(fA= feddes )5 Fafuz ueg 3dar
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11.9 3EIH& M3 AGHT yiar (DAVISSON AND GERMER EXPERIMENT)
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IS M3 AW ©f yafard feengr 939 11.7 <9 wanet aret 9 fen & fea feddes
315 J&t I 7 feq Saes 33 F € gt get I fAn 3 sdty »raAmets e sy der 7 | feng
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YSHS € BE yUI FI3T AeT J |

Y=HIa YHS € 44 V T 68 VIES™ € eI oW Y@ § Yar d137 farym | STens-AaHg y&ar

eu&wwaeamfewﬁmvmfmwwaﬁrfeasﬂwmemfaam

fiig, y=fara yers 54 V i3 fusie de ¢ =500 3 feddaes fegae <o yare et 71 fea

fefime fenr f<T fiug e feu feu= fares © yaHent € s #i3as &t uast 3

fe@aest € Ui fews € g9 Jer J | feddes fegd3ss HuE 3 ueT9g 3ddT ©F 3441

&gret 0.165 nm YU FI3T et | € gOBT 3daT FIET A(AHiEEE (11.11) € GuTar 3)
V=54V € &gt feddes g s fans J=ar

1.227
A =h/p= —Jy m

1.227
A= /52 hm =0.167nm

fern Bet € gaI@t 3da1 et € Auz3d M3 YGar ewar YUz Hist &g wfg Afonst 7
Sfers- muﬁw%ﬂwmm{w& fedaeTat 3991 Hg™ M3 & 9ISt Aeg
o yret gaeT I | ya™H € 3991 F™ € BT 1 IT - fsa’rummemlaufemzm
wﬁmma‘%‘ 1989 hvumﬁmaufevuea’fﬂgaﬂ?ﬁwrlﬂ?;w% frg &t
MGsts wgnt (7 feddes E"'Tgem' ﬁ?mEITEFrB‘trqw' gat J) € &7 fews féa
YUI 3T AT ot I | ST gt € ufgasusT Mufed a=ter wifgdr € feam ffg
g 3dt 7 | fens fedaers yarfadt fen § < feans di3T 7| fedders € 3dait et er
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9 ISt WS I 5% HEfu3 3T gamst 33a1 Huret (1) fene Hear P 5% fen 39t Aefuzg &
A=h/p | UETgE =TT 49T 3T gISt Hey, fAn &9 3da1 AdBY (1) M3 I AdSY (p) &3
I5 <9 nizafans U | 31 gar&T 3da1 Huret ue9g de € W<H W3 feAe Fg™ 3 5339
J | feg AoEa3T des QU uarest st fAe-fedaes Ues »ife (feust € gans g=
A<dT € BW3T € T96) € Bel If Ufonw (famest f[<9 uane=t migst € fegarg =t gat
&t dfe en)d | 5fa feg w3 e Gust ngs gt € Bt 7wy 39 3 ySifes dies
f&g fHeehd™ 95 W3 HUS &t AT 3 989 9799 96,903 &7 J |

10 3fens AoHg € w3 . Ut. eHAs € endT fedaes fesae Yuar w3 gmie € a8t
guar & fedders € 3dar yrfa3t § Sneta M3 yde Ji3T I 1 ue9g 3daT &F 3T gast
UfgaBUST §ud & AETET JIHT O AASUST @7 AHIES Jdet J |




fegras &ar femr
(Points To Ponder )
1 fam g f<9 a3 fedags fen »igg 3 vaz d fa 8T oz € »ieg fea Afae yens ©
n"raam?araﬂw?; je 75 (feg 3= feq »ier 9) G0 o3 3 g99 faase st Haz adt
de18uat § Uz 3 g99 A'e BTt GaAr € B3 gt I

2. mwﬁmmméﬁwwmﬁaﬁmmmkﬁwe
W,mmmwgm?wmggwkmwmfwfem@n
™ HoA=® fezae 3 fds ger I fand vy gmt € aifaw a3 € sifers i Uz 99 |
fene few &9 3t gwiE € usaHt &9 METI,Udg fda3T & Adu fen 39 &% J fa
fe@aes Ut € Mru=dns € U3 & migH's dae 75 |
3. fan oz &9 va3 fedagst € Qo fez9s € a9s, 0z 3 ¥9d wge & et
fedaeTs € gnar Agdt G fds fedaeat € et fds det J1 <u Goar o8 fedagst
& g 3 g9 WET € BTt We Gonr =@ feddcst € 3BsT {9 we J9 Ganr & 83
get J1 g9 €% Ug 3 ¥J9 faase € Bt fan feddaes € gnar Agdt ule 3 wie
Gawr J|
4. yamw fers ygre &% Afuz yaar f<e a=s fedt mifsnr aer 3 fa ueog € &%
ya g »runt fafeur e Gaar e Aue hy &t fefeas fearett feg e J | feu fawsas
St nifagT afae € AT &at J fa ya™ wifAd aet 5% gfenm § fanr feg g9a € 897 hy
g
5. fs3ut yens 3 Yy (fenet Jtga3T 3 mifaggasT M3 Mea3t 3 faaga3sm) yam-
far® ygre € 391 f939e M3 Ses fo3ae € e fagefea tuust 91
6. A9 A=h/p & 13T f&37 famim ueTgg-3dar €f 3dar1 Buel T Ifsa vus= d fen e ex
ST Vp @ Jet i3t HdIg= adt der I gt ueTew IdaT €@ AHT-<9T HI™H Uy
MIGYJS d M3 dS € <dT € §d™8d JeT J |

mfSmH( Exer cises)
11.1 30 kV fe@aest € gnar §3Us X-fagat €t (a) €930 mr=ast M3 (b)fers3a
3daT el YU3 J9 |
11.2 HiFPHH O3 €7 90 886 2.14 eV J |1 7E 6X1014 Hzw=adt e ya@m og Ag™ 3

wuf3z ger 9 feddest e yarfadt §3nens der I
(a) ©37am3 fedaes & €930 aifsw Ganr
(b) fedut ueHs

(c)B3mefaz feddaest € €930 o fdat I 7

11.3 fea femm ydar f&9 yam-faas ygre €t de W (M3H AT UeHs 1.5 V T
@EHBﬁELIHTH"Tle&o(CW E:]'Htld)-l' arf3w Gawr fdat I 7

11.4- 6328nmmwﬁ?meﬁmmmmmwwaﬂ?
Aer I | €3mefag ast9.42 mW T |

(a) Yy € fags U f<9 9da s &t QoA w3 Hear u3T a4 |

(b) fen fags Um € gnrar fefqz fan san 3 WA3s fda Sevs Y3t Afds udeear? (feg
"o &6 fa 3dar A <t 92 @ e fed IS T 1 BaW € 43988 3 Uie J) M3




(c) fea TEI33Hs UHE & @7 € 99790 Hdl YU3 dda € BT fdal 37 978 575 g8
J?
11.5-fyg<t € 7z 3 udoe =7 Fl'cl?ﬁUBFFTET@H?ITé'Wl :388x103 W/m? J | ZI1gar
fds Ses us’reaanﬂzaus’tﬁﬁsﬂrae’rgmm g5 ? feu vis 6 fa gadt yaw
feg s & WAz 3Jar Haret 550nm J |
11.6-yaw faras yge € fea yuar ffoyam »regst € fedu-1i3a S5e3T & €55
4.12x10- 5Vsum33°€°r?rlwﬁrfaaisr?m?;waﬁl
117f83rlooWH—a'%ma?§‘ar ) gt fem=t &9 feq As GaAr ¥s9er J18U §
feawhﬁé??memaaﬁuwvﬁwaﬁfsﬁgmr’@smewmg
ﬁuw%|ﬁ31wmme°rsé’mﬁwe°r589mn?rl a)ﬁsﬂwmuwmﬁé'@’rézme?
o fdat T 7 (b) TF & fan €9 578 8¢5 Ye'a d13 AT 3J I& 7
11.8 fan Tz € gdRd®s Mgt 3. 3x1014Hz F1 3 8 2x1014Hz wreat & yaw T3
gmwawmm@mwaWWW|
11.9 fan Tz € & I9H 85 4.2¢V J1 dF feg T 330nm 391 Buet & mufsz
fefage © st yaw fams €3HaAs e<ar|
11.10 7.21x1014Hz »r=a3t € yaw feq oz AT 3 mruf3z 91 fer AzT 3 6.0x105m/
s € 93 I3t © fedacs 33 T 30 5 | fedagst € ya™ G3ndns € &gt
gIHO®S MT=d3t at I 7
11.11 488nm 3JaT BIEt T YW fed »raaTs Bad 3 Uer Jer J fand yaw faas yg= @
Qutiar feg fenrfen Afer 71 7€ for AUgH-3uT € yam & §3mana 3 mruf3z dia
AT § 3¢ Yyahd fedaerst € f5dut UeHs 0.38V | §3H0Ad € UE9E €7 J9H 856
U3T 4 |
11.12- 56 V fe33q € gmar y=f33 fedagat e

a) AQdr M3

(b) 3T grarSt 3daT FuTEt UIT I |
11.13 fea fedacrs famet aifsw €97 120 eV T1 €Fe (a) AT (b) T7% M3 (¢) St
gt 3dar et dt I ?
11.14 AStH € AlaHT €3HdAs JuT € ya™m ©f 3daT et 589nm J | 8T 1faw Gaar
U3t d9 fAam 3

a) fea fedaes W3 (b)fed fafers e 31 gomt 3dar Huret gorag J=ait |
11.15 a) fed 0.040 kg TH™S € g8<¢ # 1.0 km/s € 9% &% I fag7 I (b)fed 0.060 kg
TS € die 7 1.0 km/s € I% 578 9% 3dt I M3 (c) fed 7% g« fAmer =& 1.0x10-
9 kg M3 H 2.2 m/s € TF &% MgI™H3 J faur I €7 St gar@t 3dar Suret fdar g=ar ?
11.16 fea fedders M3 fear e gda € 3Jar gt 1.00 nm

(a) fereT Heaar,

(b) 8e& & Garr Mz
(C)IE(“)O(C'() E!°r dIIdH @aﬂ"— u3T 44 |
11.17 (a)ﬁ?@?ﬁ@?ﬁnmﬁ@angﬁﬁaﬂam’rmwﬁl40x10—1°maeaf‘r?




(b)fea fales 7 UE9E € 578 IU-H3B& &8 J M3 fAnet 300 K 3 %Az aifaw Gaar
3/2 KT J € =t 3T g9&t 3dar1 9ret u3T 39 |

11.18 feg @an€ fa fars Judiy fefaaes € 3dar Fret fene a=ier (@) €F 3da
&gret € 9979 I |

11.19 927 fe9 300 K 37v 3 feq &etdns g € 3t grarst 3dar uret fdat d=ait » tew
H& fa me fem 37U 3 mignt € 9% <991 MO &% IISHS § (STEIeHs € UaHe &
TIHS=14.00764

&g mfem™ (ADDITIONL EXERCISE)

11.20 (a)fea fag=T3 3t € IOH A8F 3 G3InafA3z feddest & 67 9% v mass a9
fAn &% €9 ©3HgAa € 3IBaT &9 500 V € YSHSE 3 JY I¥ MEF &8 I8 IS5 |
fedacat € 3w Hg € ¥% § 83 €37 A< | fedaes v fenfie g97 Mag3 o
m=1.76x1011CKg-1 7|

(b)HIMIT USHS 10 MV € Bet fedaes € 978 U3T 996 © &er Gt §39 ©F ywar a9 #
()T I <9 fenrfenT fapur 1 &t T fer 739 & I3 AHSE 3 7 fer A9 & fam 39t
HUTfaT 7T AgeT J 7

11.21 (a) feg MGt fedaes fags Ua fan ST fedaes & 9% 5.20x100 m/s I 3
feq 9oy 439 1.30x10°* T fads YA € 978 € &9<3 SarfeT Aier J | fags U emmar
»afy3 Jag € mau femm fdsT 929 7 feddes € e/m &7 W& 1.76x1011 C kg -1 T

(b) It A B39 & (a) © Butar ST femter fapr I B0 fea =t feq 20 MeV fedaers ym er
My fod™ U3T J9& STt AT J 2 | &4t 3T fan g fen <9 sesm aigT AT AaeT 7 7 &e:-
mfen™ 1120 (b) M3 11.21 (b) TS AUYGT W39 fefaris I & ATE I 7 for yAsa
€ few 3 g99 J | feg feust & fen fig 3 H9 o< &t s 3™ farnm J fa fAgst g3at &
3t (a) f[<T =93 feu fenr@e T B9 €% o Af Gom=’ 3 &1 a4t I© | feg usT q9s
wet fa 993 €9 7% At GoAT € »i9g &t maw I rfug fET &3 are 397 & =4 |

11.22 o fedacrs dgd fArer Harod 100V yen® 3 J feq ufe @9m™1 (4x1072 mmHg)3
JEISIHS 3% 39 IBA9 g%y 9 fedaes e3¢t I fea Fuaty 439 fader s
2.83x107* T J, feBaes € gA3 & 12.0 cm »3ufe™ € 9d9'a9 Ug &g Hger I (few
3 & <fwm 77 AaeT J fabfa anz feg dm »ifes fags Um & feddest § mrasfis
gad M3 feddes yarfae € gvar yae §3FdrAs J9d SaN ddv I, fen feut & mud
fags Um a=t feut afde g& | Wiafan 3 e/m &7 W& fsgufas a9 |

11.23 (a) fea X-fags ®et fefage er feq fadzg AuaeH fAmer sw 3dar &eret fiar
0.45 A° 3 J €305 gger 7| fefage g fan e & G931 Goar fdat 97
(bpHUE(a) € €39 WiaWs &g fa faw dfe & y=farz se3T (fedaes € »et) et fen
8! f<g Aga3 J1

11.24 feg Y= ywar &9 urieastet)e & fedaest € €9 Gorr dav 3 fea
fefime weaT & fenmfnT I&ETA™ 10.2 BeV € feddes-urrle™s @aM & gamed Gaar

g eV
- 15




fagst ffT fedus € gu 9 i3t 7iet J1 399 V -faas 7% Hefuz 3dar et € vs at
Jar (1BevV=10%V)

11.25 MIT W8T TBAT & Wes'= T MTIBE J99 J AgeT J | Ufast Afeprr feg SRart
fa 3316 fErtatg S &t nifux 937 fa§ sat age | ext Afvrr 3078 feg Sralt fa s
337 gt <t farest fab sat a9 Aae I7= UH‘«’?W—H"E’F?HGB(ﬁEITﬁ%’l

(a)fear WO 3dar 10KWmmH500m3wwﬁ€Tas?§m@3mﬁBaa?U
T grmar Y3t Afds €3nafAz st &t Aftm

(b)feHs Steg3T v Aee ya fAmd mirt &y Aae g7(410-10Wm-2) € Hars geat & Aftomr
+ Y3t Afds At »ivt €t y3at &9 Tfus et J1 Yast € 439e® &agdr 0.4 cm M3
AeT Yd™H €t MA3 M3t § BI1gar 6x1014 Hz H& |

11.26 fed 100 W Hagat Aag 3 €3Us 2271 AV Idar Huret = ugrdaret yam fea
HBTISaH U3 3 9 Yd'H 7% § faafes aoer 1A fadut yens -1.3 VIR 3t oz @

STIH SBE T HTASS &9 | fee He- Ne 79 @ar §3s 6328 A0 € €9 SHa3T (-10%w =)
€ 3% Yd'H € &% YIH A S fan 3g msfafenT aaar ?
11.27 fed fomms U 3 UeT 640 .2 nm(1 nm=10-9m)3da1 Haret e feq 39t fefage edties
3 HiFH &5 faafiz yaw Aeet ueg & faafe3 ager J| fsdut 8esT 0.54 V vt
#ﬁﬁlﬂﬁ?é‘ﬁaﬁﬁvﬂﬁ?h’?dea fe3T Ater I | feret 427 2 nm <9< duT §F ya™ A
& fagfes goet 71 5<t fadut SBe3T U3T I3 |
11.28 feq Haadt BYU Yy fars G3nans € mred3t faggasT € nifurs € »et fea
mmaﬁ%hﬁﬂwem(w T %% A9 3o JEt <9< Jyr=T
S3mafAz goer I | gEist yam A% € A8 y@ar fE9, Haddt Aa3 ©f fors Sae-dur=t
ETL[@HTH:]BTW:
A1=3650A", 12=4047A°, 13=4358A", 14=5461A"
15=6907A0

foaut SBear=t IHITT I&T MEHTT HTUPAT FretmT :

V =1 28V, V02=0.95 V, V03=0.74 V, V04=0.16 V,

V —OV
(a)LIB"HfFI'EI'dTa'hET)-I"?‘)'UBTaHI
(b)T'g € HIHIBS M=I3T M3 IIH eBS € U3T T |
&¢:- QUIdz mrafamt™ 3 h € H'S U3T d9& € BTt 397§ e=1.6x10-19C &t Agaz =it |
few 3gT € Na, Li, K »fe € et fustas & a3 At | fustas & »ue 3s-d yGar 3
Y3 e € H'& € QUETT a0d Mrelaneels € yam-faas mildae § SAeld JisT w3
fegst Yuet 3 h € H's € BT Yad M H™S Harfen |
11.29 foHs grgwt € ar9d €% I& &y »ignmg f&3 are I
Na:2.75eV; K:230eV; Mo:4.17¢V; Ni:5.15¢V |
fegat argmt i faos™ ya™ A% 3 1 m gt 3 39 a¥ He-Cd &7 3 UeT 3300 AV Idar
&gret € fefaae € et yam-fans §3HaAs &9t €29 ? 819 § YT A% € 33 50 Cm
gdt 3 dye 3 &t I=ar?




11.30 107 WM™ ST9a3™ &7 Yo fod Ast ya™ H& € 3 em?2 §39ew o Agr 3 fer
J | feg v 36 fa €ug e Astt it UF uast »ruf33 Goar § Afyz agetit 95,37
fefaae & 3dar fozae 9 yam- WWEEﬁmﬁwwm'dﬁo dgiug e
T TIH-THBS &dlgd|2evﬁwﬁmﬁ3|m@?€?a‘ffﬂ?a ?

11.31 X-fagaet € yGar 7 8fe3 B3 5% Y3 feddest 5% fqnes-fesass
Y&ar 13 7 Aae 96 | faust Ate fu Gor Adu 97 (uforfed 3®sT € Bt AT9 € BEt
I3 HEet § 1 A’ B2 7 fq dfew fS9 viegat-uarg »igg &t afe e I me=9.11x10-
31kg)

11.32 (afed faers famet arfaw €A™ 150 eV I € € ga&t 3dar Furet YUz 3 |
fAe fa At wifem™ 11 .31 ST Sftenr 9, fEat Gorr v feddes fags Un fanes fesas
ngﬁ%mﬁm@awwfwﬁs@zmmmfwmgwww
kﬂ@fﬂaaear?mﬂzaa(mn 1.675x10-27kg)

(b) IHT & W™ 3U (27° ¢)F Emit/3dt fs@ers o 53 € gast Idar Furet uzT a9 |
few 39t mime &3 fa fa fea Itag amit fsBes & fabes-fesass yaar e femB=
3 Ufost @ aTeds € &% 3fuz JI3T ATET J|

11.33 feq fedders muvegnt 9 50 kV SBe3T € gar Y=fag fedaeat e Gusar
g3 Ater J | feust fedderat &7 93 € gt 3dd1 $9Er U3T d9 | A 99 dis (fae fa
At 3HE Ead)g B19dT AT fenm A=, fedaes muHegnt ©F feges AHaaT ©F
3B5T UTE Yd™H 7 YUdT 996 &% Yd'H FUHEdHT f<9 fan 3g7 et 97

11.34 fan A9 €t 3Ja1 gt Ge onviar g% fensg ffa A9 13t A7 AdS S8 AJ9ST
€ g € AP MY J | Yerst M3 faGerst & anmag (9400 K) ASEaT 10-5 m AT
fens’ <t Wiz et €@ sw Id ©F 9| fen AdeaT & A9 3 ufgst 1970 end € 19 <9 fea
El'tﬂ'UQElEr(Llnear Accelerotor)gw@?@aﬂTmEfHﬁUﬂTg@WW
Ae5eds, AGA3 I/ MHfaar &g Aifem farr At | feust fedacat fags Uat &t Ganr &t
gfe =7 nighs g (fedaers &F feant €™ 0.511 MeV T)

11.35 9Hd € 37Y (270 CM3 1 atm €9 I He UIH'E &8 A3 & II1&T Idar et uzr
g9 M3 fegsr ufgrastnt f<T feret 3BaT € ugHen™ 9 »ing gt 575 J39 |

11.36 fan oz 9270 C 3 fea feBdags & ugut € ga@! 3dar Haret U3T J3 M3
fenet 3% oz 29 € fedagst € fegad »Az gdf 3% 9 A HJgar 2x1070 m f&3r
farur T

&2: MfgM™ 11.35 M3 11.36 TIAGT I& fa fAg@ My o3t <9 Wt nignt &% 3
3da1 et Ude - rifafenmit 95 far oz <9 fedaes 3dar Uae yus gu 9 fea
e 3 mifafermit g | feg g8er I fAg fan mm 3 € wignrt & wi@ar ufgee T Aael
Jfan oz <9 fedaes & feq ga 3 mIar ufgere &at I Faet | fer nifedfen € agt
H® §%g= g5 fagst § gt 3f3at € d9 €9 usert f&g aArear

11.37 I35 fasfumt @ @39 feb:

(apfagr fegmg 13T farur T fa Yers w3 fa€es € nivd wmaa 3 »ifda w=ew de
T5((+2/3) &;(-1/3)e) | feT ABtas 3% g€ yGar L9 fag st yare € 57

(b) e/m HaT &t at ferfae3T  ? vt e I m € fer &9 B wmdar fegrg faf sat Jae ?




(c) IAT W™ TE 3 JEHT JEMT I& Udg 993 We 79 3 U5 HY a9 feemit g5 fag
?
(473 Tg T ferfa3 qad €86 Jer J | 7 »uf33 fa9s feq =9t d= 37 A9 feddes
feq ot Qo 5% g9 faf st e ?
yarfaa fedaerst €t fda Ganr <5 fag* sat get 3 2
(e) & fedacTs € Garar »3 EreT Hear fon 5% g3 ueT9g 3441 &f mrea3t w3 few &t
3da1 & Mrea3t w3 few & a1 Huret % fons yarg Aéfuz §e 95 ;

E=hv,p= n
Udg A NS fAg Sf3g vi3= €7 J, v € W& (3 fer BEt a&T 978 v A €7 i) €7 et
gfga HI3= &It I 1 fa€ 2

mfgar
11.1 3991 M3 I € €F< use e fefsom yam at J 2-------
feg yas vae A3t § &9 A 3T UdEs gdeT four I 1 Bargar 979 HITHET ufgsT,
fefarifsa w2 Gedfara war € g € A 3 IF fefarrmasat gnmar YT yGar a3 I |
g §F AN, yam ot 7, fen Adg fE9 fauisa wss feafizs iz o | fefarns € fan
éw%wmmmwkﬁwmaﬁm@ﬂwmwm
wﬁmelmwmmmWEEMWww
@W@ﬁaml@wwwmewf—ﬁ'mﬁmﬁr(a)wmETHdesa’zﬂst3
IHS (b) AH3® W3 JIBAF A= 3 UT=d36 (¢) € HTTHT €1 #iger AgT 3 »u=dss
(d) fefds dart T yam & feuue (e) 89 % | Ufg® T3 =93 ot wet Bfez famni v
83y JI3T famim| G@erude © BTt HES & He 1621 <9 »u=e3s € feaot & A39 90
W|m§€wyﬁwmaméwamwmaﬂ?|m
v fen 3¢ J9s &9 mmigE 39 18T d=% feu fﬂ?mw%ruwe?w@aw@r
H™Y FHT 3 wifaer T
H39<! AITEe! f<9 yam € € H'3® UX 13 JIX | H3d=! H3¥el € HY © ond’ &9
T99T & Gy F13T fd yam gt e gfenr I Aefd #& 1650-60 € W™ U™H TSN &
UR d137 fa yam™ 3dart € gfewr g1 Tarae ETUHd'«%'ﬁHTs’ﬁHe'dHfoo( HS% A fam
hﬁwwf%ﬁpwﬁ'ﬁmﬁa?ﬂ?lﬂ&elﬁmlgdl 1660- 70 € &3 3= faGes &
¥993 € Jfear fautzg er fefamrsa fagts € gu <9 fersma s w3 feret AorfeaT
ST% YITH & H&d ﬁ@ﬁ’@wwfuwaﬂs’rmﬁlsaaregufe?waa‘regufé—ﬁ'm
95 % feg Hsw 89 gn © fauas 88 75 | 3fas €6 7t 3® ya™ € A9 Ae et
€t fenr i g9 9 mige As | feust €&t feg fan & =t €5 yafas At |
M T BT g3 Hgraet ST feast wast € feam e fefgom HadAa T 1 Hs 1669
f<9 gg8fgsn & d% fquest <9 ya™ € €99 MU=d3s € 8d di3t M3 A%<l I As
1678 fI9 grfedian & mrue 3da1 fAu’3 € mrurg 3 feret fenrfonr 13t | fere g=ge
fea 7 At 3 St U A 39 fa8es e afesar Wss® U Hae Gar Hfewr Afer fagr w3
39dT HTSS & IB&T U UAE 13T ATer faar|




fereT ffq 9% I€ 3T 996 3T for HT3® € AIs3T At W3 J9 Je 39 87 A @ A&t
f3a Az 3 faes & ygr= At

A& 1801 %waweﬁfeﬁwwﬁmwwmmdwm«sw
ﬁhﬁﬁhﬂﬁmmfﬂm—gwﬁaﬂzﬁwmﬁmmlw feg yam € gz fee
999 fig 3 fease =&t grfearsn € Aagdt 3dar € AeTgTied fonaan J | feust yaar
émemmwwﬁﬁwmlmm 1810 f@9 ug=<
o ufqwesT 9379 &F bw Jet | fen =939 &F femfumT S 3dar fAu's ema It Aafea
gy fS9 i3t A Aaet J 1 few 39 grfedisd €7 3941 Ys'= M AETS 3 o fapdT w3
WFWWWMEWWIMWer' Bargdr fEa A3t 39
Jwet adt |

Ssi=t m3ae! f<9 yaw & 9% U3T 95 ST g¥ g1 Y§dr 13 JIe | U UfdeT y&ar
onaT fageTg fE9 yam & 9% =7 W1 3x108 m/s UIT StSt aTet | BagdT B 1860 &9
Hoare® & faAst 9at € e Myt mfiadst UF gt | W3 feg migg< a3 famrr
fa €7 AH A ATt fam® gadT Ta3TTanT € HaH=S it 97d AvidaaT gnmaT femmfmT
3T AT AaE! I | A%l It HaAL® & TanTfenT fq faast W3 91y u3q9, faast gudiw
4ot € gy <9 st »iramw (fsge3) ST Aefes 13 A Aae I& | §Ae feust dar &t
I% UIT oSt wF fere fauise Wa 2.998x108 m/s yrug st | fem Wi & yefae wis
5% fseazr| 333 fev gam@et 9 fa yam farst gadty 3dar 3 gfen™ I1 A 1887
fS9 ggen & fegst Idar & B3U3t M3 ¥7 & yeas i3 | fere ya™ € 3da1 a3 §
fea feg mmug yers 137 | it feg Jfg Aae oF fa wisTge=t A3™=et ya™ € afedr aeid
3% & w3 €&t a3raet yam € 3dar fAuiz &t At i 1850 — 1900 € AH € f&9
3f3at fia famad® st 439, 3U M3 OF 578 HEfuz Taafon™ 3 =37 Aft feg ydiar
di3 I | Mg I fAgt3 W3 I aif3dt <9ar fAuts W3 3 i3 JIF fAgst & AesaT
YIS a=w ffd § 88 o madt fg3Tiont &f femmimr it |

mMfgAT & €39

11.1 (a) 7.24 x 1018 Hz (b) 0.04nm

11.2 (a) 0.34eV=0.54 x 10-197 (b) 0.34V () 344km/s

11.3 1.5eV=2.4x 10197

11.4 (@) 3.14 x 10-197,1.05 x 10-27 kgm/s  (b) 3 x 1016 Ger&/s (c) 0.63 m/s

11.5 4 x 10?' @275 /m2s
11.6 6.59 x 10734 7]

11.7 (a)3.38 x 10-197=2.11¢eV (b) 3.0 x 1020 8a75/s



118 2.0V
11.9 &dt, fa€fa v<vg

11.10 4.73 x 10" Hz
11.11 2.16 eV =3.46x10-197
11.12 (a) 4.04 x 10-24kgms-1 (b) 0.164nm
11.13 (a) 5.92 x 1024 kgms-! (b) 6.50 x 106 ms-1 () 0.112 nm
11.14 (@) 6.95 x 10-25 ) =4.34ieV (b)3.78 x 10-28 J=0.236 neV
11.15 (@) 1.7 x10-35m (b) 1.1 x10-32m (c)3.0x 1023 m
11.16 (@) 6.63 x 10-25 kg m/s (€&T e (b) 1.24keV (c) 1.51 eV
11.17 (2) 6.686 x 10-21 =4.174 x 102 eV  (b) 0.145 nm
11.18 &=h/p=h/(hv/c)=c/v
11.19 0.028 nm
11.20 (d)eV=mv’/2 I3 &9, MIT3 vl/c=[2eV/m)]1/2;v=1.33x107 ms"!
(b) 7wt V=107V € Zet GR g3g &t T93 Je 3T vI/c = 1.88 x 109 ms-1 T
J feg nume gu feg a®3 7, faffa et St uesgg ae yam @ 2ar (c /e =3 x 108 ms-1) F
JU 3% &It 9% Aaer | fen set aifaw Gonr € 3t Quias §39 (mv2)2) fiage (vic)<< 1
e Hoewar 7 | 993 famer 978 3, A< (I/C) € SI199T 3& (A< fa ovmr 1 3 ulfe) Jer 3,

3t AUt ygTE 439 © 99% faHasfayas 39 Haewar e 9
AUt H=aT p = mV

g% €97 E = mc2 afIH QAT K = me2 — moe?2

frg At 47 m fors migAmg fe3r ater 9

m=mgq (1- V2/C2)'1/2

mo I e feam ¥a der J | fegat ddut I yug der T E = (p2 ¢2 + mo2 ch1/2
W%@Wmm‘mﬁﬁ,ﬂ?wcmléwﬁ?ﬁ,?wgﬂE >
moc? (fea Ua Ga7m) | fedaers &t fea Ua Q97 Barsar 0.51 MeV d<t § | fem &t
10MeV €t aifsw B9, 7 fedags € fean Ua Goar 3 g3 famer I, At ygr=-




U39 & fomazs gaet I | At 139 ©F <93 578 v (10 MeV a1f3w €37 € &eh) = 0.999C
11.21 (a) 22.7 cm

(b) 59t | fA= fa Qua Aume 3T farrT 7, 20MeV & & fedaers At a1t 7% 9&ar |
&3 =, WATUHT B39 R = (mpv/eB) Hodd &9t & | AUHT B39 9 |

R=p/eB=mv/eBAT R=mgoV/ , sy vz/ez

11.22 eV = (m v2/2) M3 R = (m v/e B) €1 93 &% (¢/m) = (2V/R2 B2); w3 &3 I& niafamt
< YGar 3 yruz deT T (e/m) = 1.73 x 1011 C kg-1

11.23 (a) 27.6 keV (b) 30 kV & mrasd &7
11.24 &= (hc/E) €t =93 &5 feq, i.e.Q E=5.1x1.602x10-1078=243 x 10-16 m

11.25 (@) & =500m & &€t E = (h ¢/&) = 3.98 x 10-28 J yf3 Adz €3mafrz gest &t fare3t
=104 751 /3.98 x 10-28) 2 =3 x 1031 5-1

AT Sue I fa IfsGeers & Garr gg3z We I w2 ISI6UR feu yfs Ads G3mefas
gest & farest 9gz <u J few wet feg Gorr € f6Qa3n g=fen (@) & g€ &
Suftnz Jas w3 336 3dar & I5 Gor & fad39 Hae &% fsaret 3det det d |

(b) v==6x 1014 Hz € &t E = 4 x 10-19] fs@&3 Ftga3T € Harz Seat &f e&aw = 10-10
W m-2/4 x 10-197 = 2.5 x 108 m-2 51 "4 Tt U3BT €9 y=H I96 &8 ot &f RivmT yf3
HAS =25 x 108 x 0.4 x 104 571 = 104 5-1 | 7 fa fog Tero™ F fareat (a) < 397 593
fevmeT &4t 7, feg <t A3 ®et feg et 2u T, fa€fa wrt o S wWruShdT »iyt 5% geret
& &7 3T FY-TY TY A< IF, &7 J1 farE AaE I |

11.26 ¢go=hv-ev =6.7 x 10- 19 = 42er—f/h—10><1015sz 4.7x 1014 Hz < v

?FEHB'e—6328AU |Hﬂam€m€°r3°raa—a1%r?ﬁ€°ratrfa@?va€ s fem
Yd™H © BT rfafermis It gdar |

11.27 €&F AT &t eV =hv - ¢ o T T3 9 | yaH A3 € &gt fe3 I »iafant I ¢ ¢
= 1.40 ¢V | fen &€t grg A3 € Bet Vo = 1.50V

11.28 Vo m3 v feg gre s=°§ |1 qre € €% h/e W3 v- U3 3 fenet »idfaq ae vo &
yeaizg gaer I | ufod 979 fie Bareger Aes dum I Mee 95, 7 VId & vo = 5.0 x 1014
Hz (€98t »iifedh) 3 Jeet § 1 dr=t fdg v < v & met ger 7, fAe yam farst G3mens
&at der w3 fen &et ade & Jae Bt fadut ycus &F 83 adt Iet 1qre & €78 4.15 x
10-15 Vs T 1e=1.6 x 10-19CMI h=6.64 x 10-34 Js (h T fiprmat W& = 6.626 x 10-34 Js)
SfEad dad g =hvg=2.11V

11.29 fezr@fuwnmrfrf%rﬁaﬁﬁwﬁwfgﬁv,vo(Na)mérvo(K)?étrfr,uavo



(Mo) M3 vo (Ni) 3 we J | fer &gt Mo 3 Ni yaH farst €3nans &t dacdr | 7 319
&3 fenidt ATet T, 3T fefags € Stga3T Tuet I, ua fem 3 Mo M3 Ni AsUt ufge™t 3
det ygr= a4t Uer | feg &t Na w3 K 3 yaw fanst Jde, fefage & Jtaas sue s
2qar |

11.30 yf3 yanre fEF 75 fedaes M3 ygr<t yanefed 4396 ~10-20 m2 ¥ss 3, 5
A3font feg fe@aes € At

= 5x2x104 m2/10-20 m2 = 1017

M3t HI3t
=105 Wm=2x2x104m2

=2x109 W
3da1 fo39e (yfaaah), feg, mmurst Hast A9 fedagat gvaT Bar3Tg gy feg feamims
Afyz 3¢ 95 | 53t =0 , yf3 fedaes yfs fds Afuz Gaar
=2x10-9/1017 = 2x10-26 W

Yy farst @3nens € et mget adt
=2x1.6x10-197/2x10-26 W = 1.6x107s

H BT WU (0.5) S J |

WIS yGfaa gu feg, yam faast €3nens &agar 3sarfesd (~10-9%) Ufuz der |
fen »et 39ar- yfaast yuar &% yat nmfonst few T | Ses-fazae feg, Gudt r3fo
feg fefags € Gonr A9 fedacat gnar garwad gu feu Aist &dt J1st Afet | 98f4,
Q9 2o ‘G=ier’ € gy few M@t I M3 Gonr v Aue 3%t I8t &dt ger | &es 7 3*
Afyz &at Jer, At Sagar I3TH! U fe9 feddes gnmar Afuz der T |

11.31 A= 1A € &%, feddes € €37 = 150eV; 8e7& € €97 = 12.4 keV fen et garag
3daT et © B S¢s € Qo feddes € Gonr I aet Ty et I |

11.32 (@) =h/p=h/~2™ K

fen ®et s K € B8t 6, A mE & (1/ ) MBAd WeeT I 1 I (my/me) = 1836.6; fem

S IS §aAT 150eV & et nifgm™ 11.31 Ws?ﬁs@gwe’rsa"m%wiﬁga'ﬁ)

x 1010 m = 2.33 x 10-12 m | %39 yarre=t gatut fem 3 F gt =t g% | fem et
150eV Qa7 T faBera Un fesa3s ydiar € &gt ga< &4t J |

(b) &= fzm kt )T TI3 575 & = 1.45x10-10m, jo fomes feg »igguare<t gatnt €
35 JIAe I fa Qua (a) M3 (b) T, 3T falers fesass ydar € et ga=rae J | fem




wer €9 Go7 € fabes Um & fe=a3s € &t =93 a9a 3 UfgsT Ier J9 BT grater |
11.336=55%x1012m ¢ (@B JaN=59x10"m
feses miggr, 3dar Huret € G migust I | fen Bet fedaes puveaHt € fedes
AHTET, YITHT FUHEdHT €f fesea AHTE™ 3 Ba1sdr 10° gieT J | fe=gme few gnd (gHedh)
Fradt €T »i39 fen 3BaT & &3 fraur ufseaf3z gg AaeT J |
11.34  F<ar & gt
p=h/&=6.63x10-34 Js/10-15m
=6.63x10-19 kg m s-1
G97 € BTt AUt H39 € =93 94
F2 = ¢2p2 + mp2 ¢4 =9 x (6.63)2 x 1022 + (0.511x1.6)2 x 10-26 = 9 x (6.63)2 x 10-22 J2

gnaT ue (feg Y €97m) fegrer T AfET 9 |
femr &€t E=1.989 x 10-10 7= 1.24 BeV

fen @et y=oa feu fsa® fedags € Gar™ a¥ BeV € »a39 €t #gd 9T Iaiet J |
11.35 ¢=h//Imkt :m = 4x10-3/6x1023 kg & =93 FIF & = 0.73x10-10 m fegams et

r= (V/N)1/3 (kT/p)1/3

T=300K,p=1.01x105 Pa® &t r=3.4x10"9 m yuz §er J | WAt YUz ga< It fa r>>
€

11.36 Mfe™ 11.35 T 9799 AT YWdl dd6 I € - 6.2x10°9 m 7 &3t aret nize
fedacsat gdt I ggz U T |

11.37 (a) I=9d, faBea AT Yers feu »ifad g8t 575 da Ha #fe If, 7 Guat § g3 fuge
ERI: Y IMMWWUﬁWﬁWE’?lgNde'dHUHo(e I5,
IR YHST 9794 ¢ € Yde JIEH Je I& |

(b) far®t m3 Fuat 4397 € BE gHTF €6 Y& HET ev = (1/2) m v2 AT eE =m a M eBv =
mv2/r, Yoz dde 75 fa fedaers & aif3at ¢ M3 m €& gwar 29 2y fagurfaz sdt
jﬁ,me/mwmﬁﬁal

(c) foris g 3 »ifest €t Guat € Hars feddeat 3 uAS M3 dde ©F 3967 J9s ©f
Ag=EsT get I1 ™ 898 3, JIN »ent &% a9 M3 Uasd Huds € J96 mrfest ef
»faat It HoreaT &dt Jet |

(d) IIA-85%, fedaes § I%s 83 € Qudt Uug 3 U3 feg g99 de< 88"? Hgd]
%@m»r@awmal WEWWMW(@WW feg sat de 169
gt @ B39 §F feg 3fde 95| &31H =, fx I murst fefage € set, <y <9 Uuar

S foa® fedacs, Sy 24 Gare’ € 5% faase 75 |
(e)fmrase’r@EFFE (&T fa Fi=dT p) €7 UoHTs T Agmava Afgg vig € 3fag vas & Ifew
wet frg ¢ 3f3a gu feg Hos=yas J €F fea fedacrs € ueraad 3daT € el vE UsH 'S
o qet fifgr 3f3a Wd3= aat der 7 | fem 3T T I (phase speed) vé €t If3a o= I
)-IUBQIH?'E?EJ'TU | FHT 9'& (group speed)
dv/d(1/8) = dE/dp = d/dp (p2/2m) = p/m
If3g gufeg Mg yas J |




