.
L] - U

!
W 1 1 o

faferyor qom s

cal-GIeCan

r
AN~ Y

11.1 sfirenr

T 1887 | A ROl 1 Scafd o GYEAl W oA geshed o S
HHIRTOT T 2T oF TANT 3 ThTET i TUIF Tehid i ST9AYE €9 § ehfud foham
STl v o Sfae wXor | foEsH-Aferen o W6 § %8 <6 W e
(forga-fomsia) W grEifitr SFawol ¥ *E Ufaerfas @St g2 e o g0 1895 H
X-freoil 1 @iw qen o S e oh gm 1897 W w1 ME ToeRM i @il
TATV- G 1 THSH H Hiel &1 UeeR off| TS 0.001 mm IR o W9 o T
% T T IS YA T o U q seierel o o, feen gr fadsH-Aferen | g
W farEm £ Tfd feren S ®, U ol gl §1 ohelie o WR{@ i W iaew
IO BT B A HT W R B UHia W AR @ 7, SH—dE-%ig o fou
Ta-80 W1 1| 56 Fiadifa 1 o1 3§ fafheor sl 7 7= S ke 9 a1 Tl ol
3 Sl vl 1870 ® faferm g & g @ist T of, fvgs 91k | 1879 ¥ 7w
e for 3 FerTol dieran 9 wer orelt Fur-eareeht il i um @ w ) fafew difaew
T SISl SHEA (1856 — 1940) A 39 URehedaT i gfte &1l SIS, A 3 qegelt
TR foas-Afds & IR-UR WER Tead fagd td gasia &= & wenfya &
TR AR 0 hefre—feror ol o A qer Siferen Sew [ tefd STeeT SR gerHE
1 UM (e/m)] Fd foham T8 ar=n 7o fF A HT YR ok AT (3 X108 m/s) H
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TN 0.1 W WY 0.2 TH a7 ¥ Heid &1 aHE | e/m 1 Tihd AF 1.76 X
10" C/kg &1 =& off W T T e/m 1 W heliE (ScUsih) o U SferE oTg
1 forasi-Aferent # il 18 &1 gehfa W fsft 7&f wean 39 Yeqor 3 shefig-fertor ol
1 Wl i Gl

e SE THE, 1887 W, U8 WA A1 5 59 o fHfvea engeti i qweH
TehTeT gr fehfoTa shed € R o Al S UT-STEfI 1 Seafeld eid &1 g6 WK,
e o fAfiea ogetl wl ST9 q9 e WA R S © A A Ho-SEii| &
IR W 1T FUN o T e/m 1 |1 31 &1 e = T for Shefre fam
U T 11 39 YR 7 YeT0 3 Ig Tfad R T & 3 geft o1, =afy fo= somed
T 3O g O, UHfd | 99 &1 9.9, AEA 7, 1897 H, T FHUN i Fora2iT AH
fean iR ggren o 3 o0 o difers Gl oeee €1 el | faga o Gaed W 3
Tgifaer o wrEifTe el o 5N Tolaed w1 39 TR @S % faT 3= 1906
¥ el [EhR waH foran @1 1913 H it difderfamr sru, fafas (1868-
1953) ¥ TSR W A& o IRYE WA o fAT de-dg w1 9t yeeie yE fwa
3=l 78 T 5 do1-foigeh W EY a9 T gt 6w, 1.602 x 1071° C i ol
Totis B Tferen o W | @re weentua W o6 dgenayr Fardisd € e (e)
oI Uferd STET (e/m) o WM 9, SAERH 1 SAAM (m) Fd fHa S T

11.2 SEEE IS

T WA € TR engetl W ged Soieeid (T @Y H0T) B € S Skl =retehdl
o foTu STRerER B €1 qet, ge Seleeie WHd: -S| STel el ket Fehd|
I gl o1 ¥ STeT oA © Al ST YIS o SER WK Y ol § IR sereidl
HT AT g R SAHAT FL AN B IH YRR GH IS ©1g ok Fia Al ok
Y Tl o G Usheht T 7T B | ROmHEEY T o goiee forEest S
TH SHYOT 1 YA H Foh, U IS W o 3 UM €| oT: Tl hi g
T3 § AR bt o fou s fafve =grad St w1 eravaenal g €1 39 <
TSl i UIq T HTH-PHor HEd &1 TH HERIGA ¢, o gN oFed Hd B IR eV
(3R diee) § W94 B U Soiee dice fohdl Soiee i 1 dice faveidt o
g @fd T W W Foll k1 AE Bl 3M: 1 eV = 1.602 x 1070 J

RO STl sh1 36 TohTE o1 WA TTHIY] A1 ATWehi wifaent o foan S 21
HTE - (¢,) TG o TN AR Thk IS i Wehfa W TR wear B1 P engeti ok
- o W HRON 11.1 § KT 7 &) A A A § iR Tk A g
Al W gd St e e 2

TRl 11.1 9 T8 ©aF foRa o1 Wehdl ® TR wife™ w1 -t Seaad
(¢o= 5.65 €V) & Safeh Hifsrd 1 <[ (9, = 2.14 eV) B

1q o I3 ¥ SR IS oh folt o SeiaeiAl ol =AaH STaead Sell 10
forddt oft wh iifoer fafer o gro & <1 Wl @
() @I IS ; IUGE A9 ok g o SRl bl TATE ardtd Sl 1 S
el ¢ forad fop & uig 9 omex o7 o)
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W wifaet

390

AR 11.1 B g3l o hE-%e
Cs

2.14 Al 4.28
K 2.30 Hg 4.49
Na 2.75 Cu 4.65
Ca 3.20 Ag 4.70
Mo 4.17 Ni 5.15
Pb 4.25 Pt 5.65

(ii) & Ieger : fhdl o1g W T T U g faga &7 (10° V! #1 Sife
1) ARl I UIG-TtS o AL o Fehdl ©, Sl R feRelt ek wm H)
(iii) FoHTI-Tgd Seasi7 : SUYSRI A 1 Th19T STl fehEll ©IG-J53 W U<al € i
AR 1 @S Bl €1 A RIS Seie FHIE SeiaiT (photo-

electron) HEA %I

11.3 Uenr9r-fecd qum

11.3.1 % o UA&IUT

YehTel-Toe[d IS &t qREAT & @IS 9 8o (1857-1894) o §NI 1887 H
Aeeeha T o AR o GHA i T oft| ThferT-fagsi (spark discharge) &
TN AAGH T FT I % T WEATE S0 ¥ gds 1 7 Uferd fren fon
helie o1 ferdl ek ofq @ TUSTHT FehTeT & §RT W@ i T UId-Solaiel o IR
= dlieed] THie iU 8 S 2|

HTg-J%8 W =R el W19 ok ARG Hol o2 31d W Seieiq &ed ©,
1 A FE H GEEdl IS FL S| S UG-T5S R YR TSl § d I3 o g
TeraR SAIfad fafhior ¥ a1l o U8 H oM STl o STRYY i IR A o6
fau ot srewifia s o 21 Safad WehTer 9§ STEvas el 9 i oh UvE,
TARIA U1g-TS ¥ el qiewr § o1 S €

11.3.2 T 9T TiAre o WeTuT

foeeen geraied qen fRfad ofFe = 1886-1902 o o9 UHhRIfR Icasi i
eI 1 3T=awoT foham

q goeRTel (U1 Ufreet) el frdt fraffad = %1 7ot § Scasts ufes w
T fafRton w1 eufad v W A (1862-1947) 3 wrn T Ry § wm
veare gl & (P 11.1) 1 59 & s fafentot 6t Tt =, a9 & o yere ot
Tk TN S THEl W A eral @ foh St qeeHT fafentor Seasten afgent C W adfaa
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B ¥, TRl UfEe | WEY o1 WK 2 el fagd &5 g YA §Ues U A
1 S AR 81 S 2| Faifad i w1 Telt § ScieHl oF JaTe o SRl ¥RIYeTE
Tl Bl T YR W, Scsish o Y8 T YR TS o HRU Sl TRuY H YRIgee
Bt B BT 9l SAIE 3 W@ Uieent o fawe, AUl Yoyl i gha qen
diardn oF W9 YT O | e &1 1A foha

T 4 1888 | TH 37eA7 i TNl 9GMN SR U RUA ek ufzeht i
e Targaset @ g o sea ufera femen for St afgent st qeiTT oot © fertfora
foran T @ TEA ST AT @i e Thek oifafiea W& U ol fore ufge
1 T FeRTel § Ferefora feren T T uEfv g | e ufeent ot qe
TR W A TR e W, 3 UfEeRT W eeTey iR Sifeen g T g e 9
I 7€ Trend fepren o qUelT YehTer o geE @ ek qizet W HUmEE ol
IS i 2l

1897 | TodRM ! W o UvEM I8 M= & T fe sl Uiz §
SRl oh oS 1 hTeh ST Yok 21 BT STEY o RO SIS geieri
farga & g WUEe g ent i SR wehel S €1 S qu ol e | @ off Ufera
foran o <9 Scusieh afgeht W T o =0 7 @ w9 31 1 Qe T
Tedl © d i f goEH Scafsd el g 38 Frad =aan et i dge srgf
(threshold frequency) F&d & T THehT W Scasieh Ug el o T i Fepfd W
el sz 21

g N T foh SR, Shefiem, TriiEm SEh o urgeti W 98 99E sheet %H
e BT T T o forw g =1 ety ehferay, Hifegm, drfire, difsem qen
Flifean S &R H1q¢ T9 YT o g S I8 YE @A &1 S T FRr- T
979 1 WeRTST W eI TRl STl © a3 Soie Scdisid id &1 Scige i @il
o T S SelaeiHl hl FaT¥Teh Soiaeld A1 T2 Tl 38 URee JerT-faga yard
FHEA B

11.4 Yer9T-fae@ aurer &1 Wreifiteh STeaad

foa 11.1 ¥ yohr-faga yame o YR 2@ o fou U | o1 T8 Sqasen i
<9I T ) THH Uk faifad si/aenes sl ol © FTEH T Yehre-ged! ufeeht ¢
3R T o1 Uiz ent A €1 Ed S W T, TEE (window) W IR Bl € ST weelt
TehTYI-HaA] TRl (SeAsieh) C TR USdl €| YRS Fards el (hiw-eit W k)
T qETHT TafeRTor UR 81 Sl © 3R ehrer-Herdl ufeh C i ferifura s ©1 fgen
C ¥ T ScafSid Bid & S UfEehl A (TUES) W &l gRI Sca fogd &5 g
T3 HL fAIU S &1 C a9 A ufEewie o die faveiat s el g S W S ©
HW@WWWW%IWCHWA% %WW(Commutator)
o gW 9%l S Hehdl B | 39 YRR Icsieh Uizl C w1 ol H UiEehl A i TS8R
¥ el U1 fade W @l S HWehdl €1 Sl HUEsh UgehT A, Scdsish Tigehl C H
T § HFIcH BT 0 Soiael SHeh! 3TR SThR{Ud Bi7| SeiaeHl o Scas oh hIRul
forga aiue & T WaTe Sca= Bl © o uitaey o weh faga e wenia 81 S @)
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o 11.1 ymor-faga 9@ o eeaaq &
foTu wr=ifiTeR =aen|

ThTT i dgar ———>

fora 11.2 Yh-foea o/ @ik R
1 diod o 9 AT

TSl & | o fa9elq i U oieeHie o gr 3R
IROTHEEEY qRuel # Jafed B el YehTferh R 3hi HISshIUHIET
o gNI |94 B| WeRTITh fae@ oW ol WU Teehl A 6l
fawa st ufgshl C o AUe aRafdd ek S 31era
HIET S Gehal €1 Afd WSl i el q gfa i ot
TRefdd fera ST ka1 @ o9 o Scsish C 3 SUES A
e faveiay v ol aRefda feman s 21

70 o 11.1 1 UM SHaen &1 YA Y1 &
% (a) fafwzor &t daar, (b) eufaa fafeor =1 emf, (o)
qfgtet A A1 C o o9 o fauaiay, den (d) 9fgest ¢ &
werel 1 Wi o W1l Ufed o e oh Ty Y Wehd 2|
IS C W IS a1l YhT¥l o AN § UG fheed steran
T e TRt f=1 qTeed o WeRTel T SHAN Y Hehd
TRTT BT ohi Scsieh § A 1 FReTd U FehTRT 1 ieral i
aRefdd fmam ST @k 2l

11.4.1 YeRTIT-TRIA &R U YeRTYT ol dierar it THTe

E TUEH A il SCESIh C i qorl § T o fase T @ s @ o
E C W Scafsid Sciei HUES A 1 S SThitd Bid 81 i fafenton
| %1 g qen fawa w1 feoR W@ g, TehTeT i ol ol gRafad fohan
E e B AR RO ehT-fae@ € i Yeieh SR HIGT Sl 81 7@ I
STl @ Toh WehTiRTeR & SAafad JehTel 1 digran o @ aehd: aedl
2 St fop fost 11.2 ® Wb &9 o <9 T R 1 YRl G Sedtsia
B ol i Hehg Tl o1 GEAl o STIRHA §, 3Td: Scafsid
& GEgaET 8

11.4.2 YeRoT-Taeld anT WX fawa &1 qurg

TH TS UZehl A Wi UEeRT C I gor | TRElt o fawe W @ € @R ufEe C
=1 fifea smafa v qen fafvea dear 1, & g 9 9w w21 R g dfgen
A o o fava 1 -+ qiafia i € IR g a) IR gehe-faed o
1 W9d €| T8 T S € TR yeRw-faem o) oM () fawa & @i wed ?)
e A & U Ffvea oF fave o fow we uE feafa e s @ o wowed
IR TR Tieeh A W HUE B S € 9 eheI-fagd o S 8 Sl @
Sufd Hqw € Sl 21 A% eH fae UEeh A o ek fawd i SR stfue Sen @
@ yehTer-fo aRy e agdt| YeRTT-fagd oW o 39 STuan WA 6l g R Hed
g1 Hgw Y 3§ Teorfd o W © S Scasieh IigeRT C o g Seafstd gl WeRTiiTn
TR HUEH Tieehl A W 6T S 2l

392
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-+ a1fereh SoTeHer shid Sd €1 w7a i et
1 Yol SEell Wt § al gelge Ufdshita e €
T e FS TG Sl Al Teraed & GIeH
A TH TET U €| T8 IR T R gt -
ISt W HH Bl S € S do o g8 uleet A
W U fawa v, o fRe e die iR T
ifer AM TR I T&1 81 S| stafad faferor 6t
& fafved emgfn o foaw afser A W o T
freram 07 (F5e) fava v, 99 | Jiered- 4rT
T 8 St 8 stk (Cut-off) srerar fieft
farsra (Stopping potential) Hgeirr g1

eI S o R UST0T Shi e Hieft
21 U1d § Scafsia et FehTTeh Seieei FHE el
el el B | FehTel-for R A9 I el © o
e faser stferan Sl arel YTy soiee,
et Saam fast w1 (K_) 8, 1 wfaewfia
FHT T T H B A

Km=eVO

319 9 9 AN i 3Mfqd fafhor &t TeaHE srgfa W S=a ol 1, a9 I,
U > I,> I,) o foT Set Gehd 1 79 98 A1 i € foF o18 Jqw aRieh & 4 e
wTa €1 389 Fa g @ o ermufad fafseor % droar & oru o wfa dehe aife
TR Seated Bid © 1 IRg et farvre Sa € Tean @ ot fo 1, <o o st
fafercor o forq grn 2, < fom fo= 11.3 o W% o g <9 T RIS WK,
3Tfaa fafeor w1 T e engfa & fau R faya sgat daa § @as g
21 TR T |, YehTITeh Seiai 1 Seead Tifast Soft, amafaa fafereor 1 dieran w

e 721 &t =

11.4.3 Teh fawa @ smufaa fafewor «t sl &1 gaa

39 &H Mfad fafwior 1 smafa v IR Frih favwa
V, o T HaY 1 T HT| TH YRR AR
it faf= smgfvdl W IUgE YR | TH & dad
1 GHEIST Hed 8 SR el ufgeht fawa & @
eI & o Ufed sl STETFH i 81 R
e 1 fo 11.4 & <wfen e 21 wW emafaa
faferzor &t fi=1 srgfan o6 fore fRieh fava o fa=
M W TG U 1 Teh € HE W erl 81 Seaterd
SoraRAl i el eAmafaa fafewon w1 smgfd W MRk
2 arufad fafetor #1 S=a@ emgfa & fog Frih
fawe 1 WM fues o e 21 fa 11.4 4 e
A g € fop Ak smafedt v, > v, > v, o ®E W e

fafer¥or 9o 5 &t
b
E L>1L>1
— 13
/—IQ
— Il
fredt 1%{46[
-V, 0
+— 7% faug qurel gfget fawa —»
Torx 11.3 smufaa fafewwor it fafiy= drearet & fau
YehIRTeh- 4 qeq Az et fawa o o= ser@|
(11.1)
JehTeT-forga
I HR
Vo3 Vo2 -V 0 TUTE afgert favqa —
+— Tgeh fawa

Tora 11.4 safaa fafwwor 1 fafa= smgfaar o fag
afgeht fasa den gehmT-faga ¥ & o= sTerE|
393
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% SifdeRt

et

faaa
(Vo)

V>V

Vo

At Frieht fastel 1 %8 Vg > Vo, > Vo, BT 81 368 T
sfafifed & for emafaa werer &t emgfa foat sifers
BT, UhTYTeh Sl i Seaad Tfas Sl Sa-t &l
Afsh BNl woee®wd, 3 g0 ®9 § Uk & Ay
sifyer Fel fasa =1 emawaswar enil 9t &w fa=
urgetl o fau enufaa fafertor =t smafa ok et
it fasa o <9 oW @i o B9 T el W g

Yl B

V>V

st fafE #1 et () el § S fR fe 115 H switn w2

ME I8 I R
@) e favya v, & fRu gu yemer-gokt gaied &

o 11.5 T T gC w1 Had wred o fere foru, smofqa fafeeor @t st & e Yfawa:

Frfad fafertor =6t s vop et fef fave v s [

394

| (i) T Fifed frefam sidw e v, Bt © fores fog

et forwe g1 @ 21
T Yeroll o &1 ded Sfdtifed € :
() 91T Sciaeil &1 S=aaq fas il Tafad (o 1 smgfy & @iy aewd:
YRefda gld & el 98 9T digar W 9 T&T gl
(i) 3fed fafehor &1 smgfa v & foTq, Siefes ST I 3ideh STl v, § #9 8, i
Y19~ faga Scasi1 ua Tt & (digar ity g4 @t feafa @ o)
TH qH Idh gtd v, HI gl gl Hed &1 T8 o= wrget & ferg
o= et 2
fir RTe-Tad el Wt & fow fafue smfwand <wid §) Sfafem, R
el HIR T Jor | 31ferh ot B Tk & yehrer-Gad garef fafu= et &
wehTel & forw fa= erferan <o @1 S<Ew & foly, R § W e °
TehTeI-Torgd WHe Br1 € Sk 8 el ol U1 o WehTel W UE YHE el el
o 2 o S % @l v o we uren e © fR afy safaa fafwor ) smafa
SEell ergfa @ e B Sl ® al fo el hTel-uve o dehtel Tehe-faed
IS YR B S ©, a9 off S/ enafaa fafeor 9gd He @l o/ ¥% w6 @ R
107% ! Hife o a1 369 HH GO § I@S IRH 8 e 2
319 TH 9 TN § vl fhu T YT oteron ud Ueron st el R <9
@) fordt fEu Tu yemw-gadt ueel o amufaq fafetor &1 smafa (Sgel smafa 9
Aferer) ok Toq, FerToI-Tore[a oI SMTafad WehTeT &1 dfierdl o STIsharardt erdt 2
(fo 11.2)1
(i) foret fEu T wemrer-wadt wered iR emrufad fafertor i emgfa o forw, g o
arafea fafertor 1 o o STgehaat O St @ Stefe PRt fave e
w feRk T e ® (e 11.3)1
(i) fret fuw U werRmeT-Hast w_ret & foru, us fafved =Ean siaw-smafa g
2 TS0 3zcit amgfy wed &, 0o 19 YhiivTh Soiaelil o1 HI ScasiA el
g1 =R smufad Wbt feham of g = 7 B <ot emgfa o Sw, e
fava steran qoad: Icafsid ehlfeTeh STail i Sodad Tidsl Sl afad
fafertor &1 smgfa & @ Waswhd: Tgdt @ |G 9e TR dodl 9 6 el
g (fas 11.5)1
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(iv) THIT-foega Scasta fo vt wa-uv=ar & (<107 % I¥aT %H) TH
iR Wiea €, q9 ot St sfdfaa fafetor 1 sty He s fean S €l

11.5 YmmT-faga qura e g9t ot @ fagia

TN T ORI Yehid I=IGal TSl o 37d qoh T=sl @@ Tfya & T oft| Jahrer
% qE-fad o gR A, faadd qen g &1 HeAlel &l @iefas Td
TelrTsTeh ®9 H AT whi S e ol 39 o5 o STTER, W19l Ueh dAeaeeshid a3
2, S forea W Hoha &5 W Tt o gt © dqen 5w e e o et gt
2, Tl Sl o1 Had foawol €1 21 376 €H T 3@ foh 1 ThTe1 h1 g8 A Teso
el Sum o f{T MY gehmr-faem Scdsi Geell Yerll shi sAre Y Hehdl 2l

FhTeI-foed s oF a-fasur o STUR ¢ o s (el fafwwor &t
foR0-4 vedl 8) W s golae fafwfa S #1 gad &9 § sreenfua &
&1 foat arfern gepter 1 g enil Sa € eifush agd den gasia e o
M g uRomreaey, diaar faat efus gt sa & sifue yow sl
o RISl - TSR0 A1 AMfeq| 36 fo=ur o ST 9R, YehI¥Teh Seiaeid i Soaad
Tfast ot gt § gfg & W st afeu @y &, 9% YR w1 et o
ff 2, T vata g fafeor fao-ge (vata gmg ) saeei & o g
ot 3§ wHed g S 3R UTg-UsS ¥ 9’ feher oh fou eavass fream
Fell 9 SAferer ghf| sHfe, T <gel omgfa 1 i 7@l B =mfeul @
fagra =t 3 unpfoadl § ST 11.4.3 § U T Y&7o (i), (i) T (iii) <1 W
e gt 21

3 B e @ ' foh w-feser °, Solee@ grh el 1 Tdad STawiyul
fafertor & U W W Fra1 T Sk Th G N § gl ol et i
&, o1d: Ufd sola 9fd Rt qua | STawiftd S ogd HH | T T ¥ I8
el el ST Tehal B foh Tohel soiaei oh fAIT shrd-wher 1 IR T #1g © el
et 3T o T T Sorl SEM § e HS ereren iR it eifen wHE o HeRal
21 7 T oft Yeror (iv), TSeeh STTER ehmi-faem Scasi (TFTHT) deeffores e
2, o Tacrpel Tl 21 weiq &, atn-Tosr & g ehrel-foe Scasid o 3fedd el
TN T AT &l B G

11.6 3TEWETET 1 YehyT-faela wHteRoT : fafertur o
el Faied

T 1905 H 3T0ae STEUEA (1879 — 1955) 7 YehI-To=[d T+Ta i =& o fag
agageeta fafor 1 Tk Hifes w9 W T feer wedrted fwen s@ femor
TeRT-foR[a IcsiA fafertor ¥ waa Seii-stawiem & g0 7l wranl fafewor s
fafarer sehreal § o1 Bl e— fafBY0r 1 Foff o Fale] Heeld & Tafenor il
o Ysh FeH HT Sl hy Bl ©, W&l h s Rl € X v Yok 1 et
TehTeT-fagd 9 ®, Ueh Soiae faferor o6 U Faieq &1 Sell (hy) STEenfod S
B A ol 1 T AN FeH STz o ToIq o1 1 Tae o ol Fohel 3
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ITeEe MRS (1879 - 1955)
T 1879 H ST § IeH AME TWH
R T AT ST TS qh o
fava & fqwfadl o gaifus 7o
fifqenfes o &9 H 9 S &1 I
TeremreRT SR ST Sk 9 1905
H Yo o ifdwrd Sheras o
TR g7l I 379 Yo eierad o
WehTST el (3 IS HEl Sl B)
1 RO ol W femall IR TehTe-Siea
TS o I LT I AT i T
fafertor o1 Feufafted @ fagia =&t
T k1| ST T I H S
st wfd 1 fagia fawfaa fean
et @ o o] TR g g8
AR e 557 o anfvere foson s
fovardrcaes e SUTs I 3Tk
T ST | eiferhar o fafime
fagra = s faam &1 1916 ¥ 3%
3MUfeTsRaT o U fagid il FeRIfeTd
Rl SRR & $© T Hew@qul
TS B : SEIfUA ScdsH 1 HRon S
ik Fiorer fafror fom &
SRfeTe A W WA 7 €, o
1 Wifcren Herey e STyfFen serfeent
1 RY fonan, fondlt T o Tofet <
! FICH-HITh! qA FACH-AAhT
1 G T SACAEHEE fageryo|
Ugifor Alfvem § 376 AneE qen
Tehr-forgd w9 o ferw 1921 § 3%
Tt R | grrta T

o forq fretan etraware St @ @ifuren el @ (hrl-Wer, ¢,) @@
it st i 3ifueman Tfdast et g ¢
K_=hv-¢, (11.2)
sk &l 9 oTeg ToiaRl oh Scafed M W ST Tfas
Sl 1o eAfushad A @ HH Bl 81 oA < fon Rl emgfa ok
TehTET hi diadl, Ufd Tehe TUfad Wierl i den gr fauifia
Tl | el agH W Ui Hehe IS Seigl i W Sedl
21 qefy, AT TehTiyTeh Seleiql b1 SATehad Tiast ST Y
Wi F1 St gR1 i e 21
TETHTOT (11.2) 1 SHESETET T YHT9I-Tagd THIHI0 Fed B
e TH TE 3W@ Fhd ® Toh oh WohR I THiehIOr S9RT 11.4.3
¥ fRu yeer-faga uae @ wafya asft geon % Th Wa v
Rehd &1 W WA il 2
o THIHIU (11.2) o ATAR, Y01 oF IIEY, K., 9 v W
aera: freft et @ IR faferwor =6 digar w feft =t e
21 UET TS e § wifeh SMERrE o fesor o, wehre-farea
JYTE Tehdl S gr fafehior & Uohel Fdieq o STaen9or §
Iq=1 gt €1 Tarfertor &6t <fteran (S ST FaiedAl i g utd
THTE SSThel Wi ST T o SHAEU §) 39 gl Wi
o e or@d 2
o FHife K_ Fw ufer 7t grft, wefteRor (11.2) ® =% efafifed
2 T wehrer-faga Scas asft Gwa € 5
hv> ¢,
afere

Vo= % (11.3)

GHIR0T (11.3) o STTIR, HTE-Tald ¢, o 3Tfeen 71 o6 fag,
eI Seiaed IS i o folu STawaesh =IAan siefe
gl SR v, 1 A AfE S T YER, Th gl St
Vo (= ¢/h) 3 ® et @ fe@ %0 smfa | HiE
TR Tae Scae Ta T 7, = fafewor 1 dfoar Fo o
Fi A T A 9% IS W TR off A T wR)

o =9 foror o, fafsreor &Y e, St SR uRefad €, St e
%1 TE&A 9 ghTe &ThA Ui ST T o STIREIgA erdt
2| Fat e1ferer T § et aaiel Suesd B, Sa € St
T | Seie Sl Fael i e w3 gHiew (v
v, o foTT) g @ 9’ 3T a1t Selagil &1 e SaAt &l
sfers =M TEE ¥ T ® oW @ T st
v>v, o foIT yenmer-faga o i o SrRArard gl 21

o EWRA o fov °, ywe-faga g9E o TH o o g

V> v,, Sl
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fafer¥or 9o 5 &t
50 Fepfa

ThTST o Ueh FelSH 1 STl Gl WfHer fehan it 81 98 ufshan arceifores
Tl Bl TH YRR, dioa erefq fafeor sgeta w wen wR fwe oft e,
TRl faegd Seas areifurss & g wH diaar O SeasH o facte @l g s
el wieifter Wi el Wt e ¥ shaet 7 Freifia g @ fr fre et
9 Mafis Ui (T Ushal 3ol g Ush YehTeT FaieH oh1 STaSNyuT) H 9
o He Al TSRl i HE W 8 TR R o aRArT ok i g B

YHIROT (11.1) T ITART T, FehTo1-Togd THIOT (11.2) i 9 R for@n i
Tl ©

eVo=hv-¢, ;% fac vy,

eV, = (ﬁjv_"’_o (11.4)
e e

Ig Teh Heyul URemd 21 39 98 W et ® 6 v, & faeg v 1 9% T
el @ B, T e = (h/e), S T g &1 gepfa W fasl @ s
1906-1916 o |, fafcTw = SRR o YeheT-foe[d THiRul i STH@ud
o T YeheT-oE[ W9e W WA w1 S@e ®il e 115 § <9l R, SE
difeam o foT 9 TXa W@ F1 g™ W1 e o A1 9 &1 ST T 39 i
feeriar h &1 A fauifa fwan o o% 9 e feeris & 39 9 (= 6.626 x 10
343 s) o fiehe o o foerpa &1 =1 wgel o Ja fohan 7o ol 39 ¥R 9 1916
o fhaferd 7 TEwrE o JohTel-foed THIIu Tl TG i oh T W ITH!
Togar 1 Tenfud T

TeRTeT FIeT i URheT T Td h Al ¢, oF AF (S T YA § 9 79 ¥ 7a
@ €) % Ui o STEn 9 geher-fagd g9e o SRR o foe &l wiewn
T fafas 3 yehTe-fopa TRl ol a1 IREEAl | e &RIF H1gel oh o
fafertor-smgfea o fawga WM o oy genfud e

11.7 9Tl okt UM UShfd : WM

Tehel-faga gaE = 39 faaeror qe & yAif fhen fob weemr ot 5= o @y
3= fopan 30 YRR SIaRR idl @ S8 I8 il el Sofl o tohe (5 g
I el hv &) 1 51 @

T YT F51 o FA1eH 61 Rl F01 § Gag R ST gehdl 82 AEHET Th
eyl aRemd R 9ES o Tl Fied &l GaT (hv/c) § Heg fman ST gk 2
Foll o TIE-HY G F1 FTEd OF S9HT Yo Guh € T YR Foieq i H
T Gag foman S Gehal B1 TH 01 1 o8 A HiA A & T TR % w01 59
IER i T, TH. F19eT (1892-1962) o Foiae o gr1 X-fortull & Yenivlq o w&mT
T 9 1924 ¥ : I R o dgifass sdifaat o G qen yehmer-fagd gumd
o 30 o fAu egwEd #1921 | ifde! 1 Tee YR g fHar T
fom[a o Ho STew q Yhl-ToR[d yee W fRu U @ o faw W 1923 |
faferr 1 fifcehl 1 sl R 9 foman @

T Agageeh i fafehtor o Hie femor &1 SN FEER € g ©
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3aTeuT 11.1

3480l 11.2

G) fafeor & <o & @ == T o, fafehtor 39 Yo s9aer 3d § A4M 98
TH S ¥ o 8 5 Wiel wed 2

(i) W WIEH I el E (=hy) Bl © 3R G p (= hv/c) T =1 ¢ Bt 81 STl
c TR I =1 2

(iif) Tk Tafy=ra eafa v, steren aneed A, o Gt WAl 1 9l E (=hv = he/) 3R
o p (= hv/c=h/A), WA B & (fafetor &1 diear =@ st o 1)1 fnsht
& T e & YR 1 Aol SgH W el fehdt fRu w8 @ oA A
o Fehg WAl 1 He € wed & (Wl Wi w1 ol THEuE Bl €)1 37
I i Soit fafewwor &t daar ) ek 78 St

(iv) Wie o[ SaE g9 ® @R fe[@ dun gewia e o g fasifyd
T B

(V) WIEA-%H0 Heug (S8 o WiEH-goee 9Og) W el ol qe el HaT wlied
T©d 2| qenfy, Tt geg o Wi &1 wen o S TE ® Fedl 81 Wi
eI &l Hehdl € AUel Teh A1 Hie giord gl Wehel 2|

IETEYUT 11.1 6.0 x10' Hz 3G 1 Thavll Fehrer e o o gR1 Sca—1 fohan
STl 1 SeHsH &HAT 2.0 X102 W B (a) T fheo-qa & forelt wiei &1 S
fehet 22 (b) Wid o NI 3d AR W Wfd Tehe fehe Wi Scafed eid 22

FA
(a) TIF HISH I Sl gt
E=hv=(6.63x10°*Js) (6.0 x10'* Hz)
=3.98x%x10'%J
(b) @fE Eid & gN Ufd Tehe Scdfsia HieHl i §&n N & @ foro-gs o Said e

P 9fd Wi e E & N A1 grft 598 ff P=NE | @@

_P_2.0x10°W
E 3.98x10°J

= 5.0 x10° W1 9fa U

SERAOT 11.2 A @fsem &1 FE-Ber 2.14 eV ® Al Ufehod I :
(@) HifTam =1 <eel g qen (b) SAfad FehTe 1 qUIesd, I Yehiiymes & i
0.60 V &1 T& felt fawe et 3= foan Sy

'
(a) 3fdeh @ Jgell g o foaw, smafaa fafwor &t st h v, ®@ ®eF ¢,
THE B €1 e
_ 2.14ev

Vo= o _
h 6.63x10%Js

-19
=2.14><1.6>f3140 J s 16x10" Hy
6.63x10%J s

T TR v, = 5.16 x 1014 Hz T FH 1afdl o fou, 1E ehiiires goe
gaaﬂﬁ%gm%l

(b) IS TR STl 1 Sodad s et e V,, fearfas et (weA-fawa
V,, % BR1) % 9O g4 &1 feafq & gehiferer o 0 81 St €1 STEme &
TehT9T-Targa TefteRtor e ©
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fafertor qen 5= &1
&a Wi

he
=hv- ¢o—7 - 9o

YA A= he/(eV, + ¢,)

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

~19.89 x10%°Jm
B (2.74€V)

19.89x10%J m

- — 454
T 274x1.6x10°J nm

ISR 11.3 99 &5 § ST 1, Hel-8¢ TN a9 offel 11 o Yehrel whi aiiiee
FAL: M 390 nm, AT 550 nm (3 TREA) q1 @IH 760 nm =

(a)

(b)

&

(a)

(b)

mm#ﬁmméfmmﬁw&wwmu}ww;
(i) Tei-e T 1 Area aesd; qen (i) e o (h= 6.63%x107* J s @l
1 eV = 1.6x10 %)

FhT-Ha<t gareif o faw |Roft 11.1 # U T4 S -%ei oh O 990 (a) 994
o (i), (ii) T (iii) ST o GROTAT 1 IUEN H A Y FA 3T T YR K
Y 1 H Gehl el GehTel T gferd o1 Gor Y Hehd 872

arafad Wi &1 Seil E = hv = he/A

= (6.63x107%%J s) (3%10% m/s)/2
_1.989x10 25 Jm

p)
() ST g™ % fawa, = 3%09%13 (Eﬁsafr%af )
X m

ST e i, E 390x10°m
=5.10 x 107'°J
_ 5.10x107"°J
T 1.6x10 9 J/eV
=3.19 eV

(i) To-8 el o fem, A, = 550 nm (3Hd qETeE)
_1.989x10 2 Jm
e ieft S, E 550%10° m
=3.62x101°J = 2.26 eV

(iii) TN FeBTT 3 e, A, = 760 nm (I=9 wEA )

_1.989x10 2 Jm
Ffad i S, E 760x10° m

=2.62x10°J = 1.64 eV

fordt yerTer-faga e o 1 o faQ STrafad weRmeT SsTt E 1 A9 Wge aged
o HTE-Whe o W oh FHM A1 Al 1 =E) 31d: ST R (E = 3.19
eV) & fau wed X e arelt yenrer-fad g o wehTe-Tadt ugied, Na (%
T ¢, = 2.75 eV), K (FE-%eH ¢, = 2.30 eV) T Cs (FHE-Teld ¢, =
2.14 ¢V) & Teha ¥ T et Tel-e TR (E = 2.26 eV) & 170 TRl
e Cs (FE-He ¢, =2.14 eV), &W@ﬁmmm%mmﬁ,
T R T THT (E = 1.64 eV) o o0 ST O § o e gehmer-wodt
1l oF SUANT © FTE &l HL Gkl
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% SifdeRt
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11.8 ¥ st AT Yehfd

ThTST (AT AR R Agdeeshia afnor) &1 5 Uhfd (q1-h01) , oA qon g
FeE § foRT MU eI gW, TR ®Y @ Uk Bl ol YRR HI a0 W
SAfeeRr, faada qen gao 1 ufteere § giteri=r eidt ?1 gEdt 3R, wehrer- o
TS ql RIS G9E TS Sl SR Hem w1 ol el ¥, fafentr 3@ geR
e’ HA ® o A 98 HON % es erefd Wil W S el U Srer
T-femor § | wF R v A wHeE o weifus S ©, 98 WA 1 el
W TR B SERw o fory, e A @ TRl e i <@ w1 guifea e |
T € feeo Aoyl €1 S o g WISl Rl U Y BIRE A HI ARl h
F-fesor o yeft-oifq faafea foran man @1 wq sHehT Sramehte qon g (e
) gR RN H WA fasr %1 sravaehdr et 2l

T T U3 98 3341 @ T Afg fafertor 1 ga wpla (a den wor) ® @
1 YHid o BT (Seia, T o) off aXn-Srn deror UEfiE sid €2 ° 1924
¥ u i difasmesiin oqgg faee € el (% SR A 39 g2 faset 3 o
TR Sl €) (1892 - 1987) A Tk Fisfier uftsheu =i w&qa fopan o wqief =
T o Suge aifefaat | X wge o wefiia Y Tehd B1 SE 98 e
for gepfa omfd @ iR < 9o difass awneil, 5o T Sofl, 1 ff g de e
=g A fafertor o1 §a @ @ df g7 1 ot 2 =fe) R sl 3 et fame
o T p &% FHU F WY I WA A T gER <9 S gt ?

A:E:L (11.5)
p mbuv

Sl m U 1 FAAM AU p TR WA B HHISHIO (11.5) HI § Fivell F qaE
3R Fe7-TT o qIEA A H 7 Fiell W HEd &l 5o7 1 od WEY 2 siel
o GoY § T F| GHIHWT (11.5) 1 o SR, A G0 HT G0 B w@ih 2 AR
T p U 1 fARTE A0 21 AR Fei® h I AN AT w2

THIHTOT (11.5) Tk USiei-h0 & AU gord: U qRehed © TSt qehgta
A TN % gR € W@ S Hehdl 21 qefy, F8 SEA Y=k © T U8 U WA
% gt T B 81 UF WieH & fou, S| fF e dm

p=hv/c (11.6)
zgfeTT,

h ¢

;=;=ﬂ (11.7)

Ffd, TF W &1 2 el quresd St SR (11.5) 31 e T § S|
Aeeeeh 1 TRt o TXTeEd o THM il & qe Wi fafeRior 1 Sl aen He
FT TFH FeH T

TIeed: GHIHIU (11.5) °F 51, A T ARl IR &0 (J1 m) Iqan Ao
ot H (T2 v) * AU BT A I[E kAT, TH 0.12 kg FHATH &l
e S 20 m s &1 WA W T W R, H 2 el qURE 1 el 9 i
o S w2
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fafer¥or 9o 57 &t
50 Fefa

I U (W1 Ted) FehTel-Tod Wrd o1 Ueh ¥ FEifierta Sy €1 98 Uk el i & S Fehrer-sott
1 Sgd-Soll | o9& It 21 38 Hefi-sheft fogga 7 oft Fed €)1 U Wi Gt ¥ U 1SR Y- Fadl ¢
Ufgeht C (ScEsieh) Bl @ 3R Th dR 1 W19 (S9) A (FUEH) Teh aifaa shiw a1 s ded § ol e 8
74 oo o <wiiy egaR fordt o iy o wh Seu-fave S B aen eIt (LA) o @1l waifs feman s
2, weft-smefl 9fgept C & T W, Th-Fadt e (c) 1 T Udel W dod w1 il Tag ) Favsh § S
21 9oe o TH AN HI A% B KA S € fed foh germ
TOH YA X Heh |

e SYGS AU 1 YhTeT Scsish C W USdl € dl
TR IS Bid B A TehTT¥Teh Selai HUEH T SATehitd
B o B Rl gt 9t ¥ F9 AR S R &Y
WRTTTeh YR U1 1 St 2l

T YT T G-l B qRad= oY Geh1fTes om
H gRadT X Tehdl 21 98 &N 930 F % | @R
RIS |9 iR | SUEN W @S ST Hehdl 81 STeeR
fafertor o foru 9ot oe HewEe o YRRT Uall 1 ST
SRl Ssoier ufaell § fema S 2

ST Al B, YRS 1 dierdl <1 9 o HeH SR
o WehT WAl oh1 STANT fohal STl 1 BISIUThT hedl & Fehral
T YT Tl h1 YA 3Mafad FehTeT i <ferar @1+ o
T B ST gR e W qehter Wel 1 WA gR-TehTl
forga wRtay o i1 ©1 R &1 3R 9gd §Y S §R TR
Yol T TS ol Th191 S aferd & Tehd &1 Jeh1ivreh o |
M B Tl IXeld 1 SYART §R @ie o fot Hiet 1
YR B | A1 A aoH H R ST Gk 21 SR STAN
39 U gferd o e H ot o St @ S weeren oo
1 Yk TR, Sl FeRR01-Gs1 o R ferel e aferal =g o ST o HRUT ScI=1 Bidl €, %1 Sifehd shidl 21 gHICTT,
TS e Torelt Geie | WoIwl i ofel stk i U1 i W Werdl il 8, Al o faenel el ¥ Uh-uw
ek JA1 I 2| ST IUANT I 199 died arell &1 Tewr o fog fan siar 81 wia ot fafero o
fRRoT-qs 1 STeRIferd e ST @ A U ToH S S gk 2

R T ®, TS Gl (31599) Rl Fad Yav-gR W EAfUd Y19l Yol TR STl Sl @1 IS At i
ER | Y9 Sl ® o8 TehTYl Hel T U del fehiu-gsl shi SeRIfd hidl €1 Yehiereh farga- a1 o efehfide uftedH
1 IUART Tk foed il o oo @ gRY fopan < @1 Af-ued A, 9o | Sugs Tl W g Yol O ifua
FX fEU S &1 A o R YT fafno g ¥ W Ued 21 39 U faed wd e uw |ig ¥ el S
e uiwe qof &1 S @ SR T8 Tk Adee-Hond o &Y § w1 T YRS H Al B

ThTST Tl sh1 AN A Fosor ® eafd o qecded den Sofifas S H 399 o HHAIE (scanning) qe
fafasr Jaron (telecasting) § foran ST €1 57T 941 e # ©1q 1 =cd | B A qen foxi 1 @em

v=0.12kgx20ms ' =2.40kgms’’

7 ot fran ST 2 ‘
6.63x10°%J s -
=276 X 107" m

2.40 kg ms™ 401

p:

A

[
s ls 3
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Tg AR ot B © o gw Rt Aree w1 o 9 e 2l
Tt R0 2 for woe aeqd gAR <k Shed | wT-wgw o e
T | 3O 3R, Ta-qXAIfves M9 (Sub-atomic domain)
H, HUN BT T AV TE@YUl ¢ T WO A 2

TF IO (SFAE m, TR e) T farmmaeen @ & fava
V gW i e S €, w1 foer | g i e Sei K
0 R faga &7 g fFu T w™ (Ve & sueR ghm e

— K=eV (11.8)
=
S T K=~ mo= P fo
'_I‘ oMY T o
% g TRy 3 il (1892 - p=y2mK =\2m eV (11.9)
1| 1987) el iRt ol T TeF 1 R Fel e AR
oA hl T Ghid 1 HifdhR] h h h
:E foram wega foran| = famm sfam 7»=;=\/2 sz\/z > (11.10)
ST T - % T ‘
i i o e A e G h, m &l e & HeAH HH 1 T FEH R g4 7 76
TN, SR A qeT- ARt e I §
1 TerRIAl 1 T H w @ , . L2927
% foTe 3% T 1929 ¥ et TR N A (11.11)
‘%’ # wet foe el V o fave 1 diee § WH Bl Th 120 V ol favd o

forq, weffehor (11.11) ¥ A = 0.112 nm 9T Bl 1 78 aess
S Ff F & R g0 el § A ael & A a2
W I8 Gopd el € T U soige § e uRe @ i X-feRor faada S
foptear foerd™ wRTl o TX@n S Wehdl ©1 W ST AWM | 2 Siell Hi ufsheu
o AT TeIuT 19U w1 SeeR i qUia Uehfd &I @ o fau < sl
1 1929 | Hifden! & Foel [EHR G gt foman 7
TA-T Fo=u A gEsHa o Sffyeaar fagTa & uftchd w9 H wEifas
foren| 5@ fogTd & SR, T# 8 999 W fhe g™ (stuan &ig iR o) =
feerfa W o g1 1 Ry ®9 W AOA SEWE €1 BH € B A= (Ax)
feorfq o fafey o oo srfafvaar (Ap) @am o fafisr & =it 81 Ax @2 Ap
o TUFT i T T Em et ®, S a* (STl 4 = h/2n) S Hife w1 e
2, F1eifq
AxAp =h (11.12)
GHIRTOT (11.12) T9 HST T STA <l & o Ax I &; W a9 Ap 1 o
B =fe ST fo Torwe Y= 7 21 T YRR Al Ap T B S, 79 Ax 3T @
YR, Sl Ax T Ap T T&l e o8 foh 391 OHwE 4 wife H R
319 AfE Tk golai e §am p (339fd Ap = 0) @, 7d 2 §iel Had o g,

402 +  uF eifus UREE foEe W AxAp > 4/2 WG e
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THH qaRsd (1) Ffvea e ww e (wehd)
e 1 a0 1 TR wqul T W € €1 S
Wehdl AT § SHeT 318 9% g3 foh Soieed TH o
forelt Y= & o wermiifa =121 B etefid, sHent feurfa
IAfadar 3Td BT (Ax — o) 1 STFfY=aar o fagia
& WY WA 2

IR : SO o H1e ST q1e-TaT TqUi TR
¥ foeqa &l et 98 Tk aT-Uohe o €Y H SR
¥ ww fafvea &7 o fagga g €1 39 feurfa & Ax o
el e € wfeeh aT-Uehe o Torear W TR g@ent wig
ufRkfird W B B SNkt 78 o A =T o afifia
foredR Y ferell TRTT-Uohe o1 TIesd Uehel @l el
g forel shdia quresd o o foeqa aoresd 9
T et 2l

o, T A oF G K gRI, A o G I
ot T foaR 8 — Ap 1 31fAfv=man 9 ifafvemar
o Hay 9 eraferd g1 i g (Sudty Big @ T
?) 4 ¥ Tyl S whal 2 o a-tene faaw
Sl Hael qe S -TIfehdl AR & |1 ggsie
At Ifread-Hea w1 IRYS 9 § Yo Hdl B

A 12 H, T Sl HaY wl fhd we] o
AR o HIUNG HaT o FEiCHIEIO W AR hi
IR 1 THSAT i WA §Y A

9 11.6(a) & T TAAIH qT-tehe qen fos
11.6(b) & fiftsa wmeed & fou fagga o =
e fest gwitan T 2l

IETEIOT 11.4 (a) TH SARE S 5.4x10° m/s &1 9@ 4 7fd & @I
S| 1 T 1% S 30.0 m/s 1 = ¥ T @ T, ¥ e

(b) 150
STt R = g2

k)

() TR o form

MM m =9.11x10° kg, 9 v=5.4x10°m/s

fafertor qen 5= &1
&a Wi

VAV/\U \/AVA\,
A ACA

VERVERV,

R
(b)

o7 11.6 (a) TF S 1 TT-Uehe foaeron fd
g o ™ o & ! 3 f9g T Seige &1 Wil
Tl ok WY Helfed femen T B1 a-Uehe feRelt A
TSR o STEIE aTesd o forar (311 39 K 2
el G o g, HaT o faedr) o WY Hel Wl
qiomea:, o' fafq o stfafy=ad (A o gam |
rff=aar (Ap) © 91 B (b) Forel geteeiq o fafvem
T ¥ U Wil oAk gyut e ® foga B R
WWﬁAp=03ﬁTAxeool

2,
3

T HI p =mv=9.11x10"" (kg) x 5.4 x 10° (m/s)

p =4.92x102*kgm/s
2 et wne=d, A = h/p

6.63x10* Js

4.92x1072*
A=0.135 nm

(b) 7% = fag
F2EE m' = 0.150 kg, a7 v'=30.0 m/s
LEREL]
p’'=m v =0.150 (kg) x 30.0 (m/s)
p'=4.50kgm/s
3 ot TRt A= h/p’

kg m/s

P'IT lnk2ibe

403
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6.63x10>* Js
~ 450x kgm/s
A'=1.47x102*m

TerR o foru & wivelt aeed X-fapor amesd & @M €1 wig TR o fog e we
o AR o oreT 10710 [ @ S qrEfiTes w9 skt wie ok faetehel Sl @)

3qTe0T 11.4

ISTEIOT 11.5 Th TAaH, Th o-H01 AU Teh Wi &1 st Sl T9H 81 378 9
fohg 01 &1 2 el qeTesd Ay en?

'A

el o1 @ o, 2 siftelt q@resd A = h/p @l

Tfas 3t K = p?/2m

3q:, A=h/2mK

THM A o1t K o T st 01 @ Hag 2 sifrell qimesd SHoh $eaWH ok aiiget
% FHAI 8 We (1H) 3ot 9 1836 T 9 © a4 o %1 (3He) Wt
¥ IR T 9 R

3F: o — HUN KT 3 ATl TGS AT BRI

Tl 39 9 W fo=R we Sfaq e fe ot w1 (S soiee), § Gt geg-ad &1 a3
B e |, oot deh gou e fafior o §4 Wepld i Uk a%qd: GWalTseh Wifdew qHe ok
T B W1 2| FCH-TMHHRT & HeH Geenyeh] (Fod diey, fede TR 3N % =) 1 39 a0
Y Heifd Gehourtell & WY 9gd GHA qeh qo fohan o1 off aren-Aitet w1 e sifas saren
Tl Sie k1 fooa o1 g 1 59k B1d gU oft, S hi GehoUdl 1 9! Toherdl o FY SR
FieA-AehT | T 9R TR gieee e T €1 36 "y ¥ Uh Hewyul Sudied I8 € b v
e 9 (1882-1970) 3 FoA-T0 o M i Teh WIehal-oAMeA el 30eh R, freft fog
TR FeA- T il (A 1 o) 39 fog W R 1 WifFshal- s Feifa san 81 wifehar s
1 1 AiieRar Iid oS ST €1 39 YR, A% et foig W A @ @1 oM € @l 1Al AV
39 fog & =R 3R AV oY @ § 6 U1 o UC S i Wiiehdl 21 ora: fepe fafyme am o
A GoA-qUT 1 Aol Afersh €, 6 SHeB! ol | el el HH €, U % U A HI FIhHA

aAferss B ‘

ITETT 11.6 Teh U1, TIa 1 37U < T Sifereh =1el © i Y @1 21 39
HUT 1 3 STl AREH T SoAa i T Siell aiTesd | S 1.813 x 107 B
FHU o FHHH H1 IR HIFTT q FHU Il TEAIY

'A
T Y g HOT (FAEH m 94 A p) HI T el qreE

33g0l 11.5

3<aTeUl 11.6
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L h_h
p mw

STHE m = h/Av

TR &1 §FEE m, = h/A, v,

Bﬁ?ﬂﬂ%ﬁh‘v/ve=3381

A2, =1.813x 107"

e

e

=(9.11x107! kg) x (1/3) X (1/1.813 x 107

m=1.675x 10%" kg

TH SHM 1 HO WA A1 A 8 Gehdl

fafertor qen 5= &t
&a Fepfd

9°'TIT lni2lbe

IR0 11.7 100 V & favaiaR g fa fedl soiae@ ° Hafyd < sielt

TIeE 1 URemer it
FA @& fawd V=100V
T siftelt qeresd A e
),=h/p=@nm
Jv
l=1'227 nm =0.123 nm
J100

TR U Hefud 2 sl aTesd X-fRtur qUeE @ wife i 2l

11.9 =faas qer SHT g

L'TT lnx2lbe

SSRA 1 0T Yhid TR IR 9 geued Gl Sfaed 9u Ta e, ST % gm
1927 ® A1 T3 ®q ¥ A, S oF gR1 1928 W HeAMua i T off| 37 asifeni

3 Sl o fRRo-gst o1 fopeeti 9
Y10 o g faeda gera 1 Yeqor
foran em LS. Sfa9a (1881-1958)
AR S, e (1892-1975) A
fFea o g goreRHl o foerds &t
AT @S o faw 1937 o 99+
w1 § AEd R T fema
efam qon SRk =+t wrEfres
e fo 11,7 | <wieh W R
S9Y U ‘ol T’ B © S U
A q9 F 1 o g ®, fee W
e sifeaEe &1 o9 8 2l 9
%9 favya (L.T. s=8) ¥ ™ fean
a1 21 fret 3=a dieedr e Wi
(HT 928) 3R Sugad fasya/aieed

o 11.7 SfaEa-SR solae foad sqaen
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

TolaR - GeHge o1 o™

:

o SYANT § dq g Scafid 3ol i Ufeseh o qeh oiid fhal Al €1 3%
T do fEd 3Heh e o WWiR Uael 9% B €, ¥ W ik Th uad
foRo-gs o &9 § THiAa T for@n i B1 39 fRo-gs @i wh ffee e
o T3 W STl Sl B e o wAre & g selaei @l femeti # wehifolq
B 31 fRl R § Wi TomR UGS #1 dua % seee wgeE
(HUTesh) o gR HIGN Sl €1 GYEH hi AR HGH W SEE S Gehdl © 3R
T GO oo o g1 GAfaa R fEan S ®, S oUW o Sifhd e 2
Teomier o fagn "ues ® wE9 & o o fRo-ge 1 ded o
STHAI Bl 1 TH SUHIOT ! Ueh Teifad s § UReg #T 4 1 HygEh
& FARR w9 R fafy= feafaai & g, gehifola saee= fho-gs &1 dieran
I fafi= s7eer 107 & HE o fou (SIUd Yol o ) 6 H WD ©, S
foh ammafad SR YeRifola Seiee@ fereor goii o o= &1 0T eral | Sehifola sersiat
I dedr (1) § ThIvH S0 9 oF W YRadq i fafy= ©ror faswdl o fau g
e s =

o fayd & 44V 9 68V & WH & AU T YAM HI Gu= fEAm mA
SfergA-siR wam & aftomEl ) i T ¥ ¥e urn e f usw dien feedH
3feass & WA TF Yea R, @& f9ag 54 V d9T YivH FO 9 = 50° W
TR faao o, yehe el 21 T faftre fewm ¥ Rer w1 9% ywed feea &
WAL oF WHH AU HT Udl W geia[l oh WUt SAfqeRul o HRoT gl €|
TR oo Ao o Se9-a 1 qUTeE 0.165 nm 9T T2 T4

2 Sl qeTesd A [EHIERIO (11.11) o SWEM W] V=54V o fau seeei &
o= = g o

1.227

Jv

nm

A=h/p =

A=1'227 nm = 0.167 nm
J54

q: % el quTeE % Ugifdd qe YEN 50 WW WA H S99 Hed B
SfIET-SHR TAT 39 YhR GHTERTelt ©9 9 SAael i aiT Yhid a1 < el ey
1 gt AT T1 FRTE HI TO-UHf &+ faw frw Tl wEm o aney soieeH
TSl 1 GCT-U(d 1§ 1989 ¥ R €9 ¥ YR fohan Tm 99 1994 ¥ ot
SIS SAuEtl (S gorarziHl shi qoil § @ <9 o A1 9t &) o F1el sAfdertol
sl W 1 ST T B

3 Siftell @1 ufeheu eyfTen @eien AR o fasr o emuR Wi 7l e
TRA-THTTET fawg 1 off famfaa fren 81 soee o qufa oi w1 SuEm
Toiae-gemselt o fmio & fean mn ®, S vewe-gemeE w1 ge § e
fa9e o RO TH ogd 991 YUN 2|
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fafer¥or 9o 5 &t
50 Fepfa

Q9T

et solaei™ ! o1 § aeR fehTer o foru =9 it i o1 1 HE-Ther
Fed T UIg-TS W TOeR-ScS o U sTeveas e (FHE-Fe ¢
31fYR ) oh1 ST 9 STefaT Yol fagd &5 S1efe e STard o Jehtel 5
fafefa 6 o G 1 gt 2l
YhTel-fagd qore orgeti § SUged g o YRl ¥ YEIW i W gedeHl o
IS 1 IREE |1 FB U WETH YR @ Al s § sEfe
UI-JHT & foaw oft Gt 21 yehrer-fogd 9uma o YT St 1 Sgd St o
BT Bl €| € Holl o T o F1aW o1 Urei shidl €1 TehTel-farga Scdsid
T A0 TRAT 7 SR 38k $o fafire wam g €
eRTel-Taga o (i) emufad WeRter i e, (i) I Soigerel o S @RI T
favenay, 3 (iii) Scasie o ugref &1 gehfa W e w2
Yok fawat (V) (i) mafaa wermer &1 STafa iR (i) Scsieh Tamef 1 gehfd W
39 e 21 emafad g 6 foRelt <t g2 g o fow, e sueht e el
T& L1 21 Yk a9 o1 Scafsid Sciagql 1 S=add Tids ST 4 Fafed 8:
eV,=—-mv’_ =K_
w fifed et (e emaf) v, & fE S g w1 afee @, S
TehTeT-fored SeafSid =&l el =18 STufed YehteT k1 <o fehert ot sifere a1 = =)
Ferfaet qOT-fagid YehmT-fag@ qsre oF g1 @evl i SR & H Gl
ST fofsheor | ol 1 Had el 1 fosor K_aht diol & e, v, oh
e ST 8 Wieha o1 dIceifileh Wepfd o1 STl 72l Y Tehl| SR A T
AU i SATEAT YhT¥T o Tl To=01 o6 STMHR T 1| S8 TR TN, il
o fafae Yohel @ =1 8, 5 aaiier s1eran Wi hed €1 W HIH &1 Sl
E(=hv) 3R a7 p (= h/\) 2 ?, Sl for eamafaa wehrer st e (v) o sl
T € T SEhT dirgrar W R T | U1 o g8 W Yehi-fagd Scds U
T o g1 WIS oh SFai ¥ el 2|
SIS h1 YehTel-forgd Teier<or St TReqor 7198 o G7d © ofn fob &g o
mﬁémﬁzﬁmﬂmﬁmmﬁwmwﬁ%m@ﬁ)
HIEH-%sll (hv) T @& H1g FE-Fa ¢, (= hv,) o R o SR 2t 2
%mviﬁ=V0e=hv—¢0=h(v—vO)
TH YeRTYI-Taeg THIsH1 § YehToi-Togd WHe oF |t &N 1 S et 2l
faferera & om IRYs ThrT-fagd aTael 3 SRR & Yokl foea wHie
1 Y foha SR wish-feetisr (h) o gened 9 i 9 o sod STEerE gr
yafdd deaeeehia fafentor 1 w1 S7era WieiH i (Yahfa) iehd gam
fafsrtor &1 89 Yhfa Bt @« 0 a1 1| WA o ey | e i g @
for T st1era U1 o6 ®Y | G YN ok URoTH i gueH o foru waifie Iuge
2139 deh o @il T fafewor qen vered wepfa o wmfia €, g9 T siel o ugred
(qered ST ol AT SR AT Y R A werei-sh o | et ol b ugre
T el T Sl W HEd 2
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W wifaet

9. TIfEM %1 @ efed § Sirelt R (1) 39 TaT p U 39 YR Helfd € ¢
A=h/p | 912 1 54 < sivelt Heer, fores a1 Gehedr (1) 3R 01 Gehoud
(p) EitHferd &, ® 3fdfits 21 2 sivell qesd ugief-01 o AT qel SEeh!
Yehfa W T €1 T8 Welehdl: shael SY-TRHIUaeh U, S — g, W
37 (37oh FoAAM STUid HolT 1 [l o HR1) o forw & aRe (et &
THUSE THACH o sie i T HI i w1) B A T aed § 9 e
Tegel o e S wmeE: giafed Sted § firerdt € ok Ao s g o
farctepel ae €, gd Biel B

10. Sfaga-sR o qen St . 2rae & gR Seiae faad= YA qef o1 o &3
AN J TR T A-Yehid shi Herud qen g femar 21 uid o i Q
Sirelt qRehedHr, died 1 Tl el 1 Hehoddl &1 GHLT HLdl 2l

fad  umer fewoR

ik h [ML>T ] Js E=hy
feertien
IRAEED v, ML2T=AY Vv eV=K_
[EKE]
Fr- ¢, ML2T 2]  J; eV = K_=E-¢,
e
EEll v, [T -] Hz v,=¢,/h
sTafa
3 et 2 (L] m A= h/p
e

faemoiia fawa

1. et org & gor g 39 o1 | 4o € fop 9 u1g & iR s feer fava &
farfd TiHE Bid € (F€ el Teh "i=hed €)1 d og o ol Moo o fog
o e B €1 3= ¢1g W el 9 ok forg sifafie et 1 stewaehan gl 21

2. et org ® Geft goa solaiql 1 STl guE L Bl o T SR o syoped &
S, Tk R T A9 R e w1 T e s faan g #1 9w faw S|
g Heagae faaor 4 = eiar @ T8 ey el & wfas fagia o etemaa o
Tg Joh 21 U fI9F | 319 911 & weAwH | WA, W fardr 1 G 39 qe
Y ? Tor soiae dielt o eTvesi o THagia o1 SITE Y 2

3. ot ong o g SoiaeiAl o Sl foaiu o SHRT, o1 9 96l 3TH o fau seiae
o g 3TUfed STl 9= Soieeil o foe f9=1 2idt 81 S=aat &l oel Sorarel

208 %1 o1 | AL T o T 7 Fell orel el i godl § wH sifafie i
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafer¥or 9o 57 &t
50 Fefa

1 AETTHA et 1 HTE-he o | a1l (e o fog forelt seieei@ & g
sTiferd =ae Sl 2

TehTI-Tere[d WHel § Welferd Yo § ool €1 Siafited € o 57 % WY qehml
1 3= fopan & Sl k1 SRl hy &1 fafaed gwmeal A e @1 98 faaga
& U e & GuH T B foh wehret U8 ol | o © S e i et
hv &1

FRIef forere o deror (g@eht diigrar W eifeiar @i egit W fHeiar) yehm-faea
HTe o A-Fes01 3R wie-Tesrr o st forfaen fasigers 2

@x;%%gﬂfﬂﬁﬂﬁﬁ—ﬂﬁﬂﬁﬁﬁiwﬁﬁﬁaw%,m

FHA-AT v, FT B Ao Tew@ T e | qefd, Teed-aT w1 wHE-om
ifdenaan eefqul @ iR 1 o a7 o SR gl B

T

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

T I ity

Hifsrem o1g o1 HE-Ter 2.14 eV 81 56 6 X 1014 Hz a1 Feh19 41q-953

TR 3AMfad Bl €, Selaeil ol Yehll¥Teh Sedsi eidl B

(a) SafSid seiaeHl &1 Seaaq Tas S,

(b) T fave, o

(c) ScafSid YenTyTeh Sciarl ! S=add =rel fehat 272

e fafere v o genrer-for@ g 1 3fqeh Sieedl 1.5 V B Scafsid Fehliien

SeRHl &1 Ieadd TaS e TRl 82

632.8 nm TS &1 THAU GehY Teh Eiferad-FaH el o g S fohan

ST B 1 Se@fsta i 9.42 mW R

(a) YT o fHU-YS | YA Wi HT Hell aul Helll Y Hiferg,

(b) =@ FReo-4s & g1 fafrfia ferel otea W el feraa wieH ufd dehe
TEHN? (T8 g AT o fhor-gs i STIe w1 THGHAM § S e ok
&% | % ©), 9

(c) U TGS TLHY] ! Wi o STeR HaATT W A o fag fomaet oF =mat
g Fo 8nm?

Yoot o U W YA dlell gA-ThTl 1 Sell-fae (Fere) 1.388 X 10°

W/m? 8| e fohae Wwiei ufd ot Hiex wfd Yeie geat W edfad g 87 78

M of o gd-ye § wieH 1 sfgd s 550 nm B

TeRTel-Tagd U9E oF T WA H, Y9 STgfa o favg siaw dieedl i ga™

4.12 % 10715V s e et 81 wiieh feerier a1 WM ufishfora sifs)

TH 100 W Gifesm sea (ofa) @+t feenedi § shamm s fafenia s 21 o

%1 T UH 9 el o ohg W W@ T € S 39 R Afad Aifgan & gl geRr

i STEId Hedl 81 Hifea™ Fehel 1 quresd 589 nm 21 (a) WEad Jehrer §

S 9 WIS 1 Sl ekt 82 (b) el ol fohd T F WIeH Y fopy o1 @ 772
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11.8

11.9

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

10

11

12

13

14

15

16

17

18

19

11.20

fepddt og 1 <eell g 3.3 x 101 Hz ?1 9% 8.2 x 10 Hz 1 1 Y1l
H1q W 3T &, @ Fehrel-faga IS o fau sidw dieedr 9 shifs)
fopelt o1q o foTq rl-her 4.2 eV 21 1 98 91d 330 nm qUIeE ok S
faferor & fere yermer-faga Scas <m?

7.21 x 10 Hz @9 %1 e TH o1g-y8 W ufad 21 39 73 9
6.0 X 10° m/s & I==aH Td ¥ T Scafd 8l @ 21 Sal o YehIel
S o oy Sgelt sgfa = 22

488 nm TR 1 Yeh1e1 Teh AT R | Sea= fepan wiran 8, o weprer-fereqa
YHTE o START | A Sl 81 56 36 SHRH -3l o YeRTel i Sceieh R 3fdfad
T ST € d9 YehTiRTes Sovarial o1 e (3faeh) fawe 0.38 V 81 Scsish ok
21} T HE-HEA 1A FR

56 V faueiat & g1 @fd seael

(a) Gam, 3R

(b) T el Emeed afterferd wifem)

T ol fSEet Tfast &S 120 eV ®, S

() FAT, (b) =Ml 3R (¢) 3 Sivel e 72

Tifean o Tl Scqsi @1 o Yeh¥ & aUesd 589 nm B &8 Tids ol o
Hifv 59 w®

() T TeiE, 3R (b) Th =2 &1 % siivell aesd q9H g

(@) Tk 0.040 kg %oaHH 1 g2 S 1.0 km/s &1 =1dd ¥ =t @1 €, (b) Th
0.060 kg Fe7™M %1 1% St 1.0 kin/s &1 =1et § =1t W 7, 3 () Th el-H00
STt e7mM 1.0 x 10 kg 3R S 2.2 m/s w1 =Tet @ SFIHd & @I 7, &1
3 Sl aiesd feper g2

T TORA 3R T Wi Godd &1 qiesd 1.00 nm 2|

(a) T Ha,

(b) ®IE 1 i, 3R

(c) SR w1 Tfas Sl Ad hifeT)

(a) =2 &1 e Tfas St o faw % st @eed 1.40 X 10°m gm?
(b) Tk =g, St g=red o T Ardig W | oI freRt 300 K W st it

3
mﬁEkT%,aﬂ 3 St qeresd wa i)
Tg TUIET o SRgaa fafewo &1 @rest g9 Faien (HieH) & W &
EREr]
TR § 300 K 19 T T 2 319 &1 2 aiel airesd ffa emm? a8 W fF
0] 9 A9 W SAUET S =t o HeA W AEE 21 (IS 1 WHIY] SAHM =

14.0076 u)
Tfaflea 1™

(a) TF fafq et o difd et | Scafsld soiaeil #i 39 = &1 ST
HifT T8 9 IS &1 ger § 500 V 3 fa9eidl | W T4 THe ¥ Thid
&1 TRl o oY YR el i SUT Y | Solaeia w1 Sfufersh STee
#Afd e/m 1.76 x 10" C kg 2|

(b) TIe faed 10 MV o foTu Soiaei =i =et S0 3 o foaa S5 T <1 3
FX, SN (a) W B9 T A T | T MY T G H A I &2 59 G I
fh 9 YRR QU S Gehal 872
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11.21

11.22

11.23

11.24

11.25

11.26

fafer¥or 9o 57 &t
50 Fefa

(a) Teh WA Selsre fohur-gs fSTew ol 1 = 5.20 X 10°m s 8, W
Teh Geshid &3 1.30 x 104 T FRI0I-Y &1 =l o ofeed o sl &1
fror-gt grt emfEd 9 1 o farat 2, afs saeeiq & e/m &1 71
1.76 X 1011 C kg 2|

(b) =0 5 g 1 (a) & ST H @& T ® 9 Tel Ff T 20 MeV gaeH
Fopo -t R foroen wffera o o foru g §7 At e @ R TR
398 Heied fwan S Hehdr 22

[FrE : 319@ 11.20 (b) @2 11.21 (b) 3! SATUfRRTT FiT37eh! deh o S &

S 39 g o fawa o aR €1 98 W 3% 39 foy W 9w 1 & fau afmfed

foran T ® o 59 Gl 1 @9 (@) § STEM A o € o 9gd Sed el st

Fettetl R e Te eidl 78 9 o fau i ‘agd S=a et 21eren e’

1 e 27 3fd | feu wu sy 1 2W]

Teh T T TSRt @S 100 V fa9ea | ®, T %8 @ (~102mm Hg)

W EEGH ¥ W MR Sod § Soiae Sigdl 81 Th gasha &5 f5@e 7m

2.83 x 10T 2, 319 o A1 &1 12.0 cm 521 & g e § dfehd &L

1 B1 (39 9N o @1 S Wkl € TR AW § T A FRO-gS Rl gersHl

1 3TRTHd ek R Seioei Tl o R WohT¥l ScESi hieh Whihd d € ; 56

fafy =i ‘uftspa ferto-got =eft’ faf wed B1) stiwel 9 e/m o1 wF faff@

EalE !

(a) TH X-fhor et fafewor &1 s daq Tigen oo @9 e
a0 0.45 A W B, 3= & 2| fafeor o foreht wieH 1 S=aaq sl
feparit 22

(b) M (a) & IW Y FTAH LT fF fora wife wf ©F deed (3R &
f) =1 59 et § Sfevaehd 272

T& @A (accelerator) T | Wil (e*) o W SeiaeHl o Ioa-Sell GEgH

R, TH faftre w1 &1 = a Fu 10.2 BeV & soleg[-aga I o

TR Froll sl < y-Teroll & foraio o &9 & &1 S 81 weieh y-fontor @ Gaifer

T o HE 1 B2 (1BeV = 10° eV)

M A orell | GEel 1 Ao U= 8 Hehdl 81 URell T U8 adra

o et sifvmifer wiel &1 sifue foq = T %[ T 9@ sl 98

AT foh TR A7 CWiEH w1 A’ F4 76w Fehd, To € YRR 9H-arh

qg= A B

(a) T 929 901 (medium wave) 10 kW Emed & U, St 500 m dresd &
fea q Scafsia il €, o N Wfq dehe Scafeld wieH! 1 T

(b) Freram e 1 vad ek 54 &q <@ Thd € (~1071°W m?) & G
R 1 TN W W e TR S H e § e w3 el w5
ghel NI 0.4 cm? 3R YA YhWT 1 3igd ogfa i o
6 x 10" Hz =fu)

Tk 100 W 9IRS (Mercury) &id d S 2271 A T0REH &1 QT FehTel

T HiferseTd wrg o faffa weher w1 fafefa s 21 9k Fris fava

~1.3V &, @ o1g % HE-Te &1 Tk Hifatl Tk He-Ne TR R Sca=

6328 A o 39 fFdl (~105W m2) o el WhT¥T o 91 YR 9 fohd R

srfRa wm?

2020-21

411



% SifdeRt

412

11.27

11.28

11.29

11.30

11.31

11.32

11.33

11.34

T a7 o7 ¥ 39 640.2 nm (1Inm = 10°m) TeE T ThHaoft fafmzon
T W i ¥ fAfdd wehrer-gadt weref w1 fafewfa s @) FR e
0.54 V ATd St €1 Eid 1 Tk die-8id ¥ 95t 5o Sdr 21 39T 427.2 nm
-3 SHt geRTer det 1 faferia st @1 7 R Seed @ st
Th URE oY, WA Scaed *i egha feRar o semeE o faw wm
gfaerser @iq €, Fifh T8 T9a-Tagn & e (UV) | o BR q% &
i@t Sedfsid a1 81 Telfeqd g 9t o gAN FAT H, IR (Mercury)
a1 =1 ui-Tanet w1 w= fwen o
A, =3650 A, A,=4047 A, \,= 4358 A, A= 5461 A, A= 6907 A,
T aieedrd, swaer: e A 0
vV, =128V, V_ =0.95V,V_ =0.74V,V, =0.16V,V, =0V
(a) i Feerieh h &1 WH 1 ifery)
(b) &g o forw el smgfa qen wE-Hed HT M S|
[FIE : STY Akl ¥ h T HH A1 % o oL 39kl e = 1.6 X 1071°C 1
STMEvgRd BRM| $9 UhR o YA Na, Li, K 37t & fau fafass 3 feo o
fafesa 3 T I9-9% T | U e o WM T STAN HY STEERTE oh FhT9I-
forega weftenor st weanfya fohan e 5= Jeroi @ h o " oF fole geres s
sueifll
=1 urget o wE-wer = YR Ry 7w ¥
Na: 2.75 eV; K: 2.30 eV; Mo: 4.17eV; Ni: 5.15eV | 399 =igeii § 9
% ¥ ¥ ¥ 1 m ¥ W@ T He-Cd @& ¥ 3@ 3300 A T &
faferor & foru yeRmT-foea Sesi &1 3mM? TR *1 ¥ & e 50 cm JW
R @A W FA EM?
105 Wm 2 ierdl 1 YehTeT Teh Hifea™ Y1 ¥a & 2 cm? &% o I8 W Il
2 TE WA o foF W 1 Gifead w1 uie W eafaq el il sEwif S §,
@t fafror o T-faeon o yermer-fora scasi o foru stavas 9w &1 siehed
gﬁmmaﬁmm—wmwzevﬁmw%lmwwwﬁmﬁ
|
X-TRTunl o6 JmT stere UG sicedl ¥ @id SeigeHl 9 fohea-foeds wam fag
S Fehd §| wH-F S afees St Gag 72 (TR ge & fore, St o fag
T 1 1 A ehfSw, S fop Siereh (SIfed) o SAq-TRa] S7awor 1 hife &1 €)
(m=9.11 x 10*'kg)|
(a) Tk =g, et It St 150 eV 8, 1 2 sifell aesd et shiferg) S
& ooH e1vrg 11.31 ® @0 B, 3o Sl T Selaeq fRo-ga fred
e W ok feru Suged |1 9 GHM el H1 Th g2 FRO-4 59
% foT wHHA w9 9 SUFH B2 T FNU (m, = 1.675 X 1027 kg)
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