T 11

fafeh{or qen 4

Eal-GICa

11.1 ¥Rt

T 1887 | Agaeeehid Tl 1 Scaft ud GHEA R faga guee & Hegad
G qAT T o TANN - ThT hi TEMA Fepfd il SYAYe &9 § T@fua fomam
Srgdl vl o sfaw =Ror § foameH-Afes § 6 ¥ w6 g@ W faa-wer
(forea-foesi) W gEIfT a9 9 % Ufaelis @Sl ggl i1 o gR 1895 H
X-fRTol ) @S qen 9. 9. HEF o g 1897 H Wl T TolaH i @iw
THTY-HCEA1 hl 95 | Hi@ 1 eeR off| T 0.001 mm IR o &9 oh 3T
%Y @ W FE T T {6 UH < seleiel o o, e g faesi-Hferen | ™
W e & Tifa feran STan @, Wk et gl B1 ohelie o S i W Wi
I B Bl A FT A FHE F UH W AR F@ 2, SW—Hie-Fa & fau
Ha-8 W1 11 58 Fiadifa 1 Hror SH fafeheor s 7w S Shete 9 a1 @l Ol
3 Sl v 1870 ® fafeem o & g @St T of, f9ee 918 o 1879 ® 7@
e for 3 Fereol dierar 9 wer arell or-STaeht ol w1 ar 9w E) fafewn difhew
I SISl TSR (1856 — 1940) A 30 URSheu &1 gfie 1| SISl S 3 gelt
IR fomsH-afaed & SIR-UR TER daad fagd td gasia &= & wenfyg &
WEITTeR TR TR ohefie-fertor ol o a7 e SiTiferen STeY [ tefd STeT 3R gerHE
1 AU (e/m)] F1a fowam I 9 7o fof & 7 YT F A (3x108m/s) h
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AMH 0.1 ¥ R 0.2 TH o U eid Bl addqH H e/m 1 Wihd AF 1.76%
101 C/kg &1 =& off U T fh e/m 1 W helle (ScSih) o U1 St o1g
1 faesta-aferert § 9 19 o1 gehfa 9 et 721 ean 29 9&ror 3 shefre-faor o
1 Ik i A

AN SH GHE, 1887 W, I8 A1 A foh 5o e fafved gt i wweET
TeRTYT g1 TeRfuTd i € Al S o Al - SAEf 01 Scafsid eid 81 36 TN,
o o HiYEd agel 1 S 99 q% WA TR S © @l 3 RU-SEiRE %o
Icafsia ¥ &1 N & A e/m 1 AF Sa1 € a7 fae R sheiie fwo
U T oA 36 YhR 37 Y01 A I8 A1faa o fean fom 3 vt &vor, =afa i <smed
T 39 gC 9, Upfd § TU | SN, 9T A, 1897 H, T HUN hI FoF2T AW
fean SIR gern o6 3 o3 o Hifers Waten sEge 21 6 § foagd o Howd W 3eh
gifask qen W Yervil oF gRT Toigei ki 39 FAEN @S o fau 3= 1906
o el EhT YeH foha1 T 1913 § SaRent Sifdenfom ST, e (1868-
1953) 7 TFRA W ¥ & IRYG A9 & foTw Ja-9% 1 v Ygeisn gant foha
3= I8 T & Jo-fageh W AEY Hed U qe S, 1.602x 10719 C T i
ToTtes 2| Taferen o W A T yeenfia o1 & o6 dgaenayr Faidisd 81 3TET (e)
AT AU AT (e/m) oF HH W, Slae 1 FFEM (m) T Than ST Tl

11.2 SEEE S

T WA € TR engetl W god Seleela (RO SYEfY 01) Bid € S Skl =etehdl
o fou STRErER B €1 qenfd, ge Soleeie W Hg-UsS W STeR e ekt ehd|
A gl U1q © aEd 3 € 1 THHT Y83 o 3TeY WK hL ofdl © AR setaeHl
1 A9 U1q T SAHd F Al 81 39 YRR ok Solaq oIg o SR STl ok
ST §ell & gRI Ushehd T@ 7T B4 &1 IRomeeaey o o seieed fSrent Sl
TG HY0 HT A F ek, U1 IS F AL S U §| oFd: oAl ki g
TS ¥ aTeX Fekter & fan ww ffeed grae et 1 saEea gt 71 39 <A
Sl 1 ©Tq 1 FTH-HorT Hed &1 U HHRUEA ¢, % §N oA i € IR eV
(SR oee) § HITd B U SoieR diee fhEl SoeR[ i 1 oo faveidt &
BN @G HUH W U FHell HT AF 21O 1 eV =1.602 x 1070 J

HIROTGAT o1l 1 8 ST oh1 WANT TLHTO] G2 IR 1d Slifaert o feran i 2
HTE - (¢,) ©1d % I SN $Uh T3 T Yepfd W F9R w1 21 @ angeti &
e o 7 ROt 11,1 H fEw 7w € 3 9 eAta § wfe s qe g
ugeAl R wgd sifuen felt e 2

ROt 11.1 9 I M fan <1 gehar @ fop wife™ &1 wE-wer Seuad
(¢,= 5.65 eV) € wfeh W 1 = (9, = 2.14 eV) 2|

g o I3 ¥ SR IS oh folt o Selaeil ol =[AaH STavdeh el 1
forddl oft W fifeer fafa o grr < o wehet @
(i) @rErETE ST ;UGS 9 oh gRI A Soigel ol GaTe ardE el &

Tehdt & oo foh 9 o1g 9 w1eT 31 Heh|
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AR 11.1 FS &1geit oF hre-werd

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

(i) &7 3o : forsl o1g W TN T UH Yed foRpa & (10° V.m! & @ife
1) SRl Sl UIG-YS o wed ol Tehal €, S| o fepel wameh @ H|
(iii) YHRT-Togd Scqefd : ST TG 1 Y9l < foRdl o1g-ge3 W Ugal ¢ df
AR 1 S Bl €1 A TSRS Sl FHIE Seieid (photo-

electron) HEA %I

11.3 yehwr-faga gwma

11.3.1 T o UAHUT

YehT-ToR[d IS i IRERAT i @S 34 gt (1857-1894) & W 1887 |
YA IF T ok T o GHT K1 T ot Thfer-fadsia (spark discharge) &
G SR R H1 Sedfd S 7o W sl § gds 3 e uferd feen foR
Thelie i fRdl o7k oft ¥ T FRTe % 5 TS T R Hg-3aeIel o IR
oo diced] Thion Sifess &l S 2|

¥T-J53 W THH ol FehT9 ok AT ol 578 1el W Selaeiq *ed €,
1 T T W FEEA] YEH Il B S H1g-YSS W YR Tl & dl I3 o FHig
SeraRed STafad fafor ¥ agred oF g3 H oA STl oF TR0l &l IR i o
T ol STereifid T o §1 Sufdd YRl U STevdeh Sl Ui % oh 9YE,
TR UIG-T53 ¥ WX gieer | o1 S &

11.3.2 TR el ¢ii9TS oF WauT

foeeed Bl ae fRfaq oA 7 1886-1902 o o< YehRIoRd 3cdsiA &l
e 1 sT=awoT foham

T ToFrel (g ufgehretl) arelt fardt fraffad wie w1 7ot ¥ Scasieh afga W
TS TRt Bl atafad i W e (1862-1947) 3 el fom uRuy §
vare gl @ (Fos 11.1) 1 59 € qeite fafeneon st Jeht 7=, o € 6 yere o
Tk T S THE W Fd erdl @ foh St qeTHl fafentor Seaster 9fgeRt C W i
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B €, Soiei et @ TeT 31 WK © aen TR &5 g et W uiee A
1 S AR 81 S 2| Fraifad i w1 Teft § ScieeHl oF YaTe o SRl HRIYeE
Tl Bl T YR W, IcHsish o Y8 W YR TS o HRU STEl qRuY § YRIgeEre
Bl 8| SToTdie qe o1 3 WOEeh ufzeht o fawd, fafad gehrer &1 engf den
diardr oF W9 YR O H e 1 1A foa

Tt o 1888 | TH 3747 i 3T 9GM SIR Ueh SRUNafir ek qfzeht =l
e fagaselt 9 S o se= e feren fop ST afzent i qqeiT wehTer @ farsfora
foran o @ TR ST oA @i e guek ifafiea We ue o fore ufge
1 TS FehTel § Terefora foren T T uEiv g | e ufeent ot qeT
TSl § U ToRefma s W, 39 g W uHaeTe 3 Stfuek 81 T g erh |
ST T Tend fepren for G WeRTel o e @ e ufEeRt @ momefyE w0
IS e 2l

1897 H SOHRM &1 @Y o WA I8 Miv=d & T fh S digw 9
SRl o IS 1 HNH NG THT9T &1 U1 A o HRU IcH(Sd Seiaei
farga &% g WUEe g et Wi SR vehel S €| S el o e | 7e o Ufera
o foF 19 Scasish ufzeht W U Fod Aad 7 9 FH SIgi 1 Qe FeRe
Tedl ® @ ¢ o Teiee Sl T BTl 39 frad g st i qgert sl
(threshold frequency) F&d & Al SEhT HH Scsish Tieehl o U1 &1 Wepfd W
[RETETG IR

g g T Toh TSR, chefirem, Trifiem SE g urgeti 9 98 99E shad H
e Y TS A o T e 1 ety efiferem, wifeTm, defiem, wifsem qen
Fefifem St &R o1q¢ 398 YR o 5N o 78 JAE <9 &1 5 3 FhEr-gaq
Y797 1 WeRTST W eI TRl STl © o A Seie Scdisid id 2| Seieeid i @isl
o qYETd S Sl Sl FaTf¥Teh Soiaeld AT TS T 98 URere g faga gard
FHealr B

11.4 YsIT-Taea g9mE o1 UrEifies 3teaad

o 11.1 ¥ yhr-faga yare o Uil 2o o foe U=t | o TS Sqa%en i
<9I T 2| 3HH Wk faifad i/t s el © fTEH T yehrer-werl ufget ¢
3R T o Uiz A B1 EIG S ¥ W, e (window) W H IR Bl § IR
TehTST-Hadt IRl (Seasih) C R TSdl 1 IR Fads el (shiw-eft W qfgd)
Y Qe fafehtor IR 81 S € SR Y- Hadt ufgert ¢ Wi fenfora shear 21 aigent
C ¥ T Sl Bid & Wl Tigent A (W) W a9l g Sca= foed &5 5]
T3 HL AU S| &1 ¢ qen A UfEenie o dte faveiat s ded g a9 W S @
a1 38 giafdd o < Herat 21 i C qe1 A% ¥ &N fiepafeds (Commutator)
o g1 9&el S Hehdl 21 S8 YR Scdsieh Tieehl C 1 qoil § IiEehl A %1 SSITER
¥ el U1 fade W @l S Wehdl €1 Sl WU UEeh! A, ScaSieh Tigehl C
o | eFTeHSE B qd Seiai SRt SR SThiid Bifl| Seiaeial oh Scdsi oh HRUT
forga oRue & U weTe Soi= e € fod gy & we faga aw wenfud e S 21

lnrebte 1% blkK PRb|-131%K

[uny-sotsAydy/sioaload/eiis/eo saoy mmm//:dny

|
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fort 11.1 ywr-fagd g9 & s1eadd &
faw grenfites s

TRTYT ohi dgar ——*

fora 11.2 wehmr-fo@ o iR gepmen
i diadl o 9 A

TSl o W oh fa9eia i Tk dieeHiel & gu 3R
IROTHEEEY qRuel § Yafed B el JerTfiTeh &R 3l HIEshIUHIET
o g AIGd B| YR e €0 ol GUEsh Tigehl A ol
favwa ISt 9T C o WUE IRAfId hich Sl STl
T S Gehdl €1 A W1l i dlerdl 9 Sgfa i ot
aRefda feran S ka1 @ S o Scsish C 3 SUES A &
are fawarae v el aiafda fean s 21

Th fad 11.1 1 it Saeen &1 SYAM Yehlimeh &
% (a) fafezor &Y g, (b) sufaa fafswwor &t emefa, (o)
qfgahtell A A1 C o o9 o faweiay, e (d) it ¢ o
1o i Fehfd o T Ufe o eI o feTy oY Wehd |
IS C W IS el YehT¥l oF AN § I9Ga fheed 31efe
TiiA i W@t f9=1 s & WehTel ol SYANT Y Tehd &
TeRTRT B i Scdsich | O ! SRerd g FehTRT i el sl
URefda feran s ek 2

11.4.1 TRIT-TOEIA &R TR YRIST ot <reral hl TS

= HUEsHh A i Scdsieh C 1 Qo § b & forsel T @ S @ foreg
‘Ev C ¥ Scafsid Seiei™ TS A 1 3 SMehitd gid 81 i fafenton
| 1 g a1 @R fa9a ! feeR T@d gU, eI i el Sl qRafad
E fepan S @ 3R qRomet YeheT-forea €1 i Yish IR W1 Sl 1 7
I S @ o YeRtfiteh O Sfdfad gehter w1 dfierar o @t Waehd:
ol & S T foe 11.2 @ W w9 § < W @) YR Gn
S T A i S e S AT T s
&7 digar & GHAr 2

11.4.2 TwHT-faga o W favwa &1 g

B Tee UgehT A 1 Tigehl C o1 ol | fohdl o ek fawa W @ € 3R aizeht
C =i Tafyea sgfa v qen e e 1, & Yoo o wéw d €1 R e ufgen
A % o fava #1 o+ el #d iR g SR uRondt yeher-faege o
%1 AGd €| T8 IR S € foh Yehe-fowm oW wRe (v9) favd & @i aedl 2
gt A o T ifvea o7 fawa o fau w oo fufa en S @ fm w g
IR Selag UfgehT A W GUET € S © e WehTel-fagd N Seead g Sl ©
Aofq Hgw e Sl 21 9% eH fawd uizehl A o ek fawe w1 iR st Sg §
Tt gehTe-foR a0 el agdt| YehTel-faegd oW oF 36 Souan "M ol TgW FRT Hed
1 Hqw o 39 feurfd o W @ S Scusld UfEel C % g Seatsid wft weRiien
TAHI GRS UfTH AR TEd W B
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-+ 1fereh SoTerer i ST &1 Se qlgehrafi
g e S 2 A e fia e E
A HIA FS AT il aTel Feiae &1 TIEH A
o UEH U §| T R T TR WehTieh- eI oSt
Y A Bl Sl © ST %k Toh € IfEehRT A W R0
fava v, o forelt fafvem drem iR T wifaes
UM W I TR Bl S| safaa fafeton w T
fafe=a smgfa o fau afset A W o = freag
FU (Fs%) fava v, 9 | gaee-ar1 9
g St 8, 3ask (Cut-off) srerar fRish fava
(Stopping potential) #seirar gl

TeRIITeh Seide oh §RT YT i e Hieh
B o1g @ Scafsia qeft qentferen selata quH Sl
o e Bl WehTeI- R R e ST Bl © S
R fava sifueran o1 aret ThTfeTeh SaiaI,
et Saam fast i (K_) 2, 1 wfaefia
FH HI TaE | Bl 1

K_=eV,

319 B9 39 AR i 3Tafad faferton sl ThEm™ egfa Wy =9 dieal I, a2 I,
(I3 > I,> I,) o foIu <edl Tshd €1 80 78 Ale % 2 & o1d 9qw «eti o 4 o
ST &1 399 A g @ for emafaa fafeo &) died & e ° ufa dehe eifue
T Scfed B €1 W PRI fava sa1 &) Tear @ fa & 1, digar o smafaa
fafezor o forw g =, < for fo 11.3 & 0 o gro <@ T R R,
srafra fafetor &1 U ([feaa engfa & fag (Rt fava sqeat digar @ @ giar
21 SR v H, YRR TR Y Swadd Tfas Sl srafad fafwwor &t digd w

fasft &1 et =

11.4.3 e fava @ smufaa fafewwor = smgfa &1 wwra

31el B9 eMafaa fafertor &t smgfa v @ik Fieh fave
V, o A HaY 1 AT w1 FH TR fafehon
1 faf= emgfval W SUged YR 9 TH & o
1 GHEIS Hed & IR Gl ufgeht fawa & @
eI & o GReE w1 STETFH R & R
fed" # fo 11.4 o g9 T @1 B et
faferzor =t =1 smgfeai & fou R fava & fa=
M TR W R 1 Teh € A F el €1 St
TRl hi Sell ATAfda fafwon i smgfa W fAsR
21 sufaa fafewor #1 S=aa smgfa & foaw e
fawe &1 WM sfues onerE B 21 fas 11.4 9 =%
A g € for Ak smafet v, > v, > v, o6 %A A @

fafertor qen s =+t
i
E L>L>1
— IS
/—12
— Il
fraeft fawa
-V, 0
TorT 11.3 eufaa fafeor =t fafs= droamet o fag
ehTITeh- 4T TN digeht fawa o6 = stera@|
(11.1)
YehreT-ferga
*
TS H
v
Vs V2 Vou O el Tigent fase —>

+— e fava
Ter 11.4 sufaa fafeor &t fafv= smgfaai o foag
afgeht fawa e gemI-fagm 4w & o= sTeE|
393




Fraeh

fava
(Vo)

Vo

al Frieht fasel =1 8 Vg > Vo, > Vy, BT 81 368 T8
sfdfifed © o emufaa gere &1 smgfa fot eifue
BT, WehTfSTeh SiaeiAl oh! Soodd Tfdsl el Sa-t &l
Sifeh TR Horea®y, 3¢ U1 &9 9 Tk o fag
ity IR fasa &t stawaswar g afk &a fa=
rgetl o forq emmufaa fafewor &1 emgfa ek wefua
e fava & o9 % @i af Y T gt W@ ara

1 B

v >V

st fafeo #1 emgfa ()— BNl § S TR foE 11,5 # <wien e gl

E I8 I §
() FeR fawa v, t& U gu yehm-gosl w_ief o

fort 11.5 T U g v Hadt gl & fog foru, smufaa fafewor &1 emgfn & @ Yfawa:

e faferzor =61 smgfa v ok we Fed fave v, e e

394

USEEl (ii) T v e s smafd v, Bl € fores fog

e forwe g1 @ 21
T Yeronl # &1 deq Sfatifed €
() FHITe Seiaeil &1 Seadd Tias Seil SATafad s 1 srafa & @re aewd:
URafdd sidl & el 78 s9HT digar W A9 TET sl
(i) oIl fafehor &1 syl v & foTg, Safeh $Geh1 A 3%k g v, @ F49 &, HiE
JTel-faga Seqel1 qud Tl @ (digar sty g @1 feefa @ o))
T IqH idh agfa v, 1 3gci argfa wed g1 g fa= urgett o fau
fo=1 Bt 21
o T Tt Terel Wty o foru faf= sfwand s ¥ Sfafem, R
A HIT 1 ol o 3Afush Hadl 81 Tk & ehw-gadt gered fafu= aimesd &
ThTel o g fa= srferan <ufar @1 SST & foly, i o WET weher 9
TehTeI- T YW Bl ® Seifsh B S1eel ol W1 ok Wehtel W T€ YA T el
o ¢ o S % gl v o we uren e © R Aty sndfaa fafeor 6 smafa
<Eell emgfa § etfues € Wt € d o ferel sho-ugEl o dehtel WeRTe-fergm
IS URA B S 2, 99 off S o fafsor agd He @1 o ue 9@ @ fh
107% 1 HIfE & a1 399 FH GHY § IS YRY B S 2
319 TH 39 SN § i fhT T YR cerun ud Uaron w1 el 9rie <
@) foret fEu Tq yehe-gadt qrel SR amufad fafetor &1 emafa (et emafa 9
AAfereR) ok forq, YerTel-Taega oM SMTafad WehTer &1 dfiedl o STTsharardt erdt 2
(faa 11.2)1
(i) et U T yemrer-wodt wered iRk emmufad faferor i emgfa & forg, dga am
afafea fafertor i diera o STgehEal O St @ Stefe Pt e diemn
W el & g @ (fe 11.3)1
(i) fRet fu 7T yewmT-Hast w_red & fou, s ffved =aa siaw-smgfa g
2 T8 2gclt smgfy wed ©, T9eh = Thiireh Soiagil o1 i Scasid el
BlaT = emafad geRter fehamn ot g @& | B el smgfa o ewW, FRi
fava storan qoad: IcfSid eplfeTeh SelaiAl i Iodad Tids Sl dfad
fafzor 1 amafa o o Pawa: dedt @ R I8 TUH! diadr § T gt
2 (fo1 11.5)1
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(iv) ghrT-faga ScasiA fom fhet w@a-ww=ar & (~10 %s I¥ar ®H) ThH
el Wishe B, a9t ST adfaa fafetor i ercfue we e = S ®)

11.5 YehIyT-Tae[d U9 qAT Yeh9T Rl 7T Tagid

hT h1 T Yopfd STl IAeal o 3 deh T=31 X8 Lfud el TE eff| Jenrwr
% q-fom & g Afdewn, faads qen gao &1 weast &1 w@ifas e
G Y § AR 1 S g1 o1 38 o o S8R, YTl Uk Sgagehid o
2, S forega W b1 &5 © Tt o et € den e et e o et gt
2, Iel ol 1 Gad foawor g 21 o1d g1 I W o F1 G H1 T8 q@-faem
el S o XU MY TehmT-faem Scdsi Geeh Yeroli shi s T Gehl 2l

YhTT-foed s oF qRI-TaA01 oF STHER ¥ o S (W@l fafwwor &1
fRto-qs vedl @) W waa goiag fafeia S &1 Had ®9 | sreenfid s
g1 foaft eifaer g 1 fgar enft sad @ sifusk Sga den e eE ok
3 7| ufumaeEy, diear e sifues gt 3o € sifues ue saee
o GRI Sl STERNY0T A1 AMfeq| 36 fo=u o ST R, YhIf¥Teh Soiaeid i Soadd
Tfast ot digdt ® gfg o Wy gl wifew) WY €, A% YN Hl g o
At 81, T i dre fafeor fror-ge (v @m0 #) sl &l gat gatw
Foll 39 H Tmed g S R U1g-Use ¥ 9l e o faw stavas feaw
ot W oifyer ghf sHfaT, U Jeel emgf @1 sifeaa w&l ' wnfewl @Xn
TosTa &1 37 Uikl ¥ UM 11.4.3 H T T 9&I00 (i), (i) T (iii) T &
ferrer gt 21

A B oA @Al B TR - H, seieei gRn Sl Rl Hdd STERiYol
fafentor & W T R B B ik Tk oS A | ol Sl SFaeiid i
&, ord: Ufd soiae Ui T 9Ha o Sreeifud Sl Sgd %W il T Mo 9 T
ATl el ST Tehal B T Tohel Soioi oh foIT shrd-wher ol IR T g © el
et 3T o foIu vafa Soil SeM o e H ereren iR ot eiferes wHE @ Hehal
21 7g fremd off Yeror (iv), TTEeh STER Wehrel-foea Scasi (TTHT) dreefires il
2, oh foerepet foodia €1 Had o, q@o-Temion o gr1 Yehrel-foed Scdsie o 3fedd el
AT hT AR & 8 b

11.6 3RS T WehtoT-Taeld WHIeR(oT : ferfertut <At
B

T 1905 T e AEHEA (1879 — 1955) = YhTel-Toe[d UHE i =A@ o o
gagee i fafetor %1 Tk it w9 9 Fo1 oo wEdted fwen 5@ e o,
TR S fafetor @ Had Sei-stae e o I A gl fafeior e
fafersr gerTeal @ a1 Bl 83— fAfAX0T &7 il @ Feler e €| fafhtor St
% Uceh Al i ol hy Bl 8, Sel h Wil el € SR v Yl &1 e
ThTeT-fagd g ®, Uk Sorae fafertor o Ue Faien i el (hy) STIRNfoa sHar
21 A ol 1 T AN FeH Selae o ToIq o1 1 Wae W aed el 3
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aTcad MR (1879 - 1955)
T 1879 H ST H IeW A TH
T S ST SMEHEA TS d%h oh
fava o difswfasl o waifus we@
Aifqenters o &9 H WM S &1 31
TeRerereR T Sie Ster Sk T 1905
o gyt 9 wifaserd siues 9
TR G| I 3T Yord oeras o
WRTST FET (379 IS hel Sl 7 )
T HRT <Rl e feman SR wehmer-orege
TS o 39 AT i AT hi 4
Taferzor =1 ferufafted @ fagia =t
T 1| T TH TN H =i
SR wfa 1 fagia fawfaa fea
ot o au o] FEmEs g g8
3R e 5o & enfaes foer &
forvaTaIcRe e SucT I 3Tk
T ST | safarehar o fafire
fagia =1 5= feom &1 1916 & 381
SMUfeTeRdl o Ik fagid 1 WeRTRT
el STERTET & o T Hewyul
IANTEA © : S Sedsi S SR S
ik Fiorer fafrwor fem &
Senfeeh cd=1 U Tqd =i T €, fergel
1 it s e e srefent
1 AR R, TRt T o Tt S
St Fdieq-HieHeh! T FelieH-AAeht
T G T SACEHETE fageryo|
Ugifer o § 76 AnEE qen
TRl forgd w9 o fetw 1921 ¥ 3%
Ao QR | HTa T T

& g fretan stereares St @ aifves g @ (FE-we, ¢,) T
IS geaed i STfeshan it e g ¢
K_=hv-¢, (11.2)
3fh Igdl | TEg ToiaeHl o IfTd 8 W 3T TS
il 9 SAfershdd 9§ %W eIl 71 oA § i fhdht emgfa o
T hi dradr, Ufd Tehe Ui WiHl i G gr fuifa
2 21 e e R 9 Y S TR # wen e
21 qenfy, Scafsa YehTiiieh Soael 1 SAftrean Tfas el gods
Wi F1 et gR1 FAuifa et 21
TR (11.2) 1 SEETET T YaHT9I-agd THIHI0 FEd
3 B9 T 3@ Thd B foh fohE Wb TE HHieRLor ST 11.4.3
¥ fu yepw-fagm g9e @ defua 9t emi & Tk W U
uRepd &7 § TEd el
o HIHIU (11.2) o 3TER, Y0 o 3TEY, K., o[ v ™
aerd: feft st @ iR fafsreor &1 diear w st T et
21 U1 SEfTT g31 © i SMSeerE o famor ¥, yenrei-faega
TG Tehel Soiaei1 g fafehior & Uohel Fdieq o STaRNoor §
Sco=1 B €| fafertor w6 dierar (S S el w1 wen utd
THTE ASThel Wi SohTE T o SATHANU §) 39 el Uil
o ety ergrd ? |
o Fifem K_ 01 A1 T ehft, eiieh¥or (11.2) ® Ig sfafifea
? o yenre-faga Scaed vt Gua € v
hv> ¢,
el

v0=¢—£ (11.3)

HHIRIT (11.3) o STER, HE-HaA ¢, 3Tfes °H o fag,
eI SR IcdTeld i oh [T STewaeh =Aay S1eal
gt g v, 1 AH AfHe BT 3H YHR, T <gal g
Vo (= ¢o/h) & H Bt ® @ #8 emgfa | HE
HehTe1-fergd Seasi T e ®, =R fafsreor 1 dioa g ot
Fi T 7 AU a8 T8 W fRar ff | FA A w=)

o =4 fouror o, fafereor &Y dieran, St S uRerfaa 8, el Feer
1 W& U TS &AFA Ui Sh1E GHA o STIRATIINN Bt
21 T etfures dem § ot st Suasd B, A & itk
T § gelaid il Jeliel o1 STERivo S R 56T (v
v, o foT0) o1q § STeR 3T a1t SoigeHl i | At &l
sfus =M 399 ¥g TUse ' oW @ fw st
v> v, o Tau yehmer-fagd o el o SshEEa et 2l

o EWREA o v H, yhr-faga gaE o TH Selaei o gr

V>, , SRl
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WhTST o Ueh aliCH 1 STEITYT Hel e Wfehan gl €1 98 Uiehan dreerfore
Bl B T UHR, dodr Aufq fafRor e wem = faa ot e,
TRTYT- Tae[d IS drafores & g e e | I | facta T8l g it
el Wieifter wfwan oel Wit dierdn @ Shaet 7 feifa g @ o fra e
9 AT Ui (T Thal Soiaeid g1 Ueh ehT¥T Fa1eH 1 STa¥yuT) | 9N
o Heh Al TSRl 1 HE € VehmI-TaEe o o qiery s feien g el

GHIHOT (11.1) T START X, FhT9T-faga THI0T (11.2) *i 9 R for@n s
bl @

eVo=hv-¢, ;% fauv>y,

s vy= N, (11.4)
e e

IJg % Heyul uRemy ?1 THY I8 UNifE e € R v, & faeg v 1 9% T
W @ ?, Mm@ = (h/e), S R uwed @t yefa w faelt @ s
1906-1916 o \eA, TafTRT = STEEIEA oh JehRT-ToR[d HHIhuT i STHd
o foIU YepTeI-oed q9E W WA i gEen ®il fo 11.5 ° 9 SEr, e
Hifead o AT I TR @1 F1 T AT e oF T HH I STAN I 397 Tleh
T h &1 AH i@ fan o 9% 71 whe fei® o 3§ 7H (= 6.626 X 10
343 s) o Tehe o 99 faopa 81 f9=1 94 o 9 fRan T ol 39 9&hR ¥ 1916
o fhafesd 7 TEwrE oh YehTel-foed eIl Tl ST i oh TAH T IHH!
Hoadn i Tenfud fean

TehRTST F1eT 1 URHTTH Td h Tl ¢, o T (S 3= JAF 9 o< 94 § 5
@ €) & MU o STEn O gehel-fagd 99 o SRR & foe ol e
Tl fafaeR 3 yehTe-forga TR o1 ISt GREEal | e R w1gel o fou
fafertor-smgfee o fasga wm o fau genfaa feam

11.7 9Tl @l UM WeRfd : WM

yehel-faggd gwre 3 39 facteror e &t ymifor foRen fo weeer et 5= o @y
= TR § S8 YRR oo Al © SI9 I S S1efe el o Yope (TS weies
1 el hv ) 1 & Bl

N YY1 Sl o Felied ol fehdl w01 ¥ Gag fohan ST Henel €7 SMEHAEA Th
eyt o W 9= fF Y Feien wi G (hv/c) W Feag fwman ST Fehar )
ol o WE-HY T w1 FTEd AH TR T9d GAF ¢ T TR FiH i H
Y Heg fha ST Henel €1 39 01 1 91K W Hiid A9 &1 T YT o 07 S
FIER i T, TH. H19eT (1892-1962) o Foia o gl X-ThTon o YehivH o =T
T 9 1924 ¥ : g foan e Sgifass sdifasnt & GeeE qen yehmer-fagd gum
o T HE o fu eEwEd w1 1921 H Hifdes! 1 el R YgH fHA T
foR[a o Ho TR qe Yehel-foRd ueE W fRu T wE o faw W 1923 |
frferr= &1 ifcehl o1 Aiee TR 9<H faman |

TN SEAgah i il o WM ool &1 gyl FEER € ged @

397



% wifae!

() fafewor o ge8 & W o= T o, faferto 39 Yo el &idl @ /Ml 98
T Sl 9 & e 9 Wi wed 2

(i) TIF WM 1 ol E (=hy) Bt & 3R HAT p (= h v/c) T =1 ¢ Bt 81 Sl
¢ RIS 1 =1 2

(i) Tk Ff=ra gl v, steren @esd A, & Gl wieHl %1 el E (=hy = he/2) 3R
AT p (= hv/c=h/}), THEAH e € (fafeor &1 dioa = <t o =) 1 ferght
& T qTesd o WehTel i el SgH W ekl fehdt fRU U 8 9 oA A
S ehe ISl i We & aadl € (W Bl i Sl THEHH Bl ) | 37
I i Sell fafetor &1 digar W AR Tt

(iv) Wie fogd S 8 € iR foga den gawE & o gw faefia
Tt Bl

(v) WIEH-0 Heg (Si9 o ®iH-goee 96g) W el ol qel shel Har SR
©d | auify, fre "oy o Wi ®1 gen ff S T1 ® "ehdl ¢ WieH
SN B Hehal € 12fa Tsh a1 HieH gierd el Fehel 21

IEEIUT11.1 6.0 x10' Hz 3G 1 THavll Gehmel fohet ok o6 gRI 391 fohan
ST €1 Sest eHdl 2.0 x10° W R (a) ThTe RRO-gS # feRelt wie ®i st
ferat €2 (b) Hid o 5N fiEd 4R W iq Hehg feha Wi Scafed gid €2

'A
(@) IIF WIS i Hell sFNt
E=hv=(6.63x10°*Js) (6.0 x10'* Hz)
=3.98x 10%J

(b) I Hid o g Wi ehe Ieatsid Il 1 @& N & fopo-got & g=fa e
P 9fd Wi Sst E o N 741 8°1 99 f6 P=NE | 7@

_ P_2.0x10°W
E 3.98x107°J

= 5.0 x10'° ®ie gfd dehe

3STeuT 11.1

IIEAOT 11.2 A @fem w1 FE-ter 2.14 eV ® d uieher ®ifT :
(@) HifsTam =1 2gelt safa qen (b) ufad Fem o1 auresd, 9 gt aw &t
0.60 V =1 T& Fush fawa et 3= e sy

T
(a) ids Feran Jgelt Tgfa o fere, smufaa fafsor &t w1t h v, 1 weH ¢,
YA Bl 21 3

b= G0 2.146V
° h T 6.63x10%Js

-19
_ 2.14><1.6>i3140 J 5 16x10" Hy
6.63x10%*J s

T YHR v,=5.16 x 10" Hz W &7 el o fau, g Yhifimes seiae
'EFH‘!%TE%T%I

(b) eI THINTEF Seiial 1 S=aam TIfaw St e V,, fearfast il (Hea-favwa
V,, o §R1) o GAM B w1 feorfa o gentferen o S @ Sl @1 SERrE
wehTeT-ferega TRt = @

3q1g 0l 11.2

398



fafertor qen 539 &t
59 Wi

eVy=hv-¢, = -9,

he
A
YAl A= he/(eV, + ¢,)

_(6.63x 1024 Js)x(3x10%m/s)
(0.60eV+2.14€V)

19.89 x102°Jm
(2.74€V)

_19.89x10°J m
T 2.74%x1.6x107°J

IITEAOT11.3 99 &5 | S 11, Hel-gL W1 qe ol 11 o Yehrel bl qiiee
FHI: AT 390 nm, T 550 nm (316d qUREd) den &% 760 nm Bl

=454 nm

C'IT lnr2lbe

(a) 399 & o 11 Y19l o faIQ WieH &1 Sl (eV) 0 8rf: () S faw;
(i) Frei-s¥ 1 1 sfEd aURE; e (iii) ol f9U (h = 6.63x1073* J s el
1 eV = 1.6x10 ')

(b) FHTIT-Hasl ugrel o forw |roft 11.1 ¥ XU ¢ wrd-%ert o 9= de (a) 999
o (i), (i) T (iii) 9T ok IROTE] I STAR § GG T FA Y T¥T TR
Tl T A e dTell FehTer fagd g 1 ge Y Hehd 272

'

(a) 3TMUfad W &1 el E = hv = he/A

= (6.63x1073%J s) (3x10% m/s)/A
L 989 %10 Jm

P
(i) ST gEE & faw A, = 390 nm (F woeed fa)
- 1.989x10*Jm

390%10° m
=5.10 x 107'°J
_ 5.10x107"°J
T1.6X107° J/eV
=3.19 eV

(i) He-e Y o for, A, = 550 nm (3 TeE)
1.989x10% Jm
T 550x10°m
=362x10° J = 2.26 eV

(iii) @A FeRTRT o A, A, = 760 nm (I=7 T )
L 989x107%° Jm
760%x10° m
=2.62x1071°J = 1.64 eV

(b) foreht yermoT-faea gfed o el ok foTu sTTafad YepTer St E o1 A e agret
o - o W % UM A1 Afush BT Sy 3Td: ST Yol (E=3.19
eV) % foe sl i Tehe aelt TenrT-Torgd gfed o Tehm1-Host ugied, Na (&
®eH ¢, = 2.75 V), K(mrafw-—rqbo-zsoe\naumsmaf—w(p =
2.14 eV) ¥ T T 72 FhR W88 T (E = 2.26 eV) % FoTT Tehrel-
wref Cs (FE-We ¢, =2.14 €V), o ST ¥ & FE B Fohdl 21 T,
7 fR o YT (E = 1.64 eV) o Toe STisd dii & 9 forelt wehre-gaat
1 o YA § HT AL B TR

aA9fad Wi i, E

sfrufad weH Sell, E

sfrufad ®ieH S, E

€'1IT lnx2lbe

399
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400

11.8 ¥ oht AT Wehid

ThTST (SATh AR W Sgaeeehid fafentor) 1 gq wehfa (qm-vr), odue qen gd
FoE H fFU MU SeEE gW, TR B9 ¥ T e ¢ YEW 1 aO Wi
Safaentol, foads qen gau w1 uReeTet o iR et 21 o oI, yenm-faga
e q e g S Sl IR Ga b1 St e ®, fafeior 5@ yen
SRR HA B o A 98 HUN % s orefd WA W o @l Hur 37
T-Fmor § @ s R v ) wHen § gt SWE €, 98 YA 1 gl
W feik 81 SEE & foy, e WS @ fee o @ 2R @ gufifeaa we |
Tl & Feer Heyut B1 A o g YR T THA H WIRT HIH hi HfRAT
- @ wyelt-wifq foafed foran wn 81 wq s@h e qen v (e
o) BN AERNUU § Wi Foo0r 1 Sesdehal gl 2l

TF @I TN 98 Sodl © TF AfE fafeor w1 &d Y (T 99 F07) ©
1 Wehfd o U1 (SelaeE, W ) off qe-SiEn wter 9| hd €2 99 1924
¥ U i ifasmesiin g faget % et (% Ssar | 39 g faeek % 9
YR ST ®) (1892 - 1987) 3 Uk Fisfier ufisheu i w&qa fepan o uief =
T o1 SugeR aftfeerfaal § @ ager Tur wefid R wehd #1 38 T 9o e
for gepfa Tafhd @ iR <1 9o ifdss Gwsi, %59 T Sofl, 1 o gEfi @ g
=ife) =fg faferor 1 §a e € at 557 &1 oft g =i ? sl A geafaa fha
o T p & HU F G I WA A Fre gER @R S gt @

z:pzm (11.5)

Sl m U 1 FHHM Ul v THB! = 1 GHHWT (11.5) I 3 FiTeA BT gAY
3R FeF-a7 o qUIRE A H 7 Fiell AT HEd &l 5o4 H o WEY 2 siel
o Heay § T 2| GHO (11.5) 1 9 A, A 01 1 &0l 8 SEih qE AR
ol p U1 o1 Taf¥Te e 2| wiish Teeies h S olefon ol HaAfSd sl 2l

THIHTOT (11.5) Tk S0 o foI gord: Tk qiehe © fent aehdta
A YA % BRI W@l S Hehdl 2| qenfy, ¥E @A U= § fF U8 U wied
o gu ot W B 81 Tk WieH & fou, S ik e < €,

p=hv/c (11.6)
zgferg,

h c

;:;z,l (11.7)

Feffd, TH WA @1 2 Aol aresd S SHER (11.5) g e T g sH
A TRt oF s o WHM il & qe e fafenor 1 Sl e e
F TF e B

Teed: GHIHIU (11.5) o )1, A T AR 9/ 60 (IS m) A¥an ifeen
o H (T8 v) h AT Bl B I[EW ok AT, TH 0.12 kg FHTH Fi
T S 20 m s &1 =T W T W, BT Sl quesd 1 Werdl § qieher
fa S weRar 2
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7 Wepf

IS U (WIS Tel) FehTel-Torgd W o1 Ueh f¥7eq Weifiehia STua €1 o€ Tk UEt gfe € S qehrer-Sti
1 AYA-Foll B a5 <t 21 39 Hefi-shed T o off Fed &1 U Wi U § Uk 16 -SeMRR eh-Fodl o
g C (Scsieh) el ® @i Teh aR &1 I (q9) A (SUEH) T Feifaa sie o1 s aod § ol e 2
7o o o <o orar foreht aer aftuy & ws Seu-fawa 9t B 9 SRahiUHIet (uA) o G1e Gaifs fepan s
2, Fefi-heft qfFeRt C & TH W, YhE-Fadl uEie (¢) HI TH Tdell Wd sl Bl Fad Fag W Fagent & S
21 9oe o T | 1 W% B K@ < @ f5ed o genm
TOH Jo¥ T Hh|

oSG TR T YehTel Scdsieh C W Ul €l
TR IS Bid B 3 TehTiYTeh Soieri WUesh W TR
& W €| FRE TR Od § $9 AEHIUAIR R R w1
ThTTYTeh U 9T 1 STt 2

T N 9 Gera-dierdl § qRed i Geh1Rieh o
T gftadT Y Tohdl 21 T8 ¥ A0 oF O A $iK
TR W R W STAN H AR S Wehdl @1 SfeReR
fafezor o T Gast oie TowhiEe & YT dall 1 ST
Tl R Wode gituell ® fepan smn 2

S T, T A A S W S
H YehTe1 edl 1 SYAN FeRan STl €1 BIUrdT Shadl | qehret
TTYeh YehT¥T WA T STAN STafad Ykt i dieral w19+ |
Y B TrEferd gR 5 | Yehter Hel o1 T gR-TehTel
forga wRuy o i1 ®1 R &1 3R 9gd Y At R YRl
Ul T TS ol Teh191 S aferd g Wehd &1 FehTiereh o o
STEME B Tl 98eld T YA §R WieH o fealt Hie i
YRH HE H A1 A S W R ST Hehdl €1 R STA
IH O Fferd o FRiEor ot T St @ S wehTet feRto-g
1 TE THEE, S RR-Ys o IR ferelt safer steran g o SIM % RO eI Bl ©, I Sifehd hidl 2| gHfeT,
TR Ted Teorelt TeM[e W qa9l i aTel sAfeRial &1 UM hid § FErdl hidl €, A% o foenet wel o Th-Ueh
ek FAN I Bl | TehT STAN A 99 died arell &1 Tewr ok foy fran sar 81 s ot fafentor o
fRR0T-qs 1 STeRIferd fohan a1 @ A U ToH oS S gk 2

=R T o, TS YehTeT (37599) i Had Yov-gR W EfYd Yehtel ¥el W STell Sal €1 g oAt S
SR YA hYdl B 98 YehTeT Yol R TS dTet hiu-GST o STeRIfId hidl 1 FehTeTh forgd— e o 31k afedH
1 ST Teh o =& o SoM @ YR e S €1 afi-werd §, wer ® Suge Tl W e YR 9 it
X RU S 1 o7 T R g fAfw yohR 9 R Ted €1 309 T R S stee U Wiy ¥ gt 9H
e ufwer gof g S € 3R T8 Tk SdEe-Gehd o ®9 § w1 H YR HT & 2

TeRTST Hell 1 ST ot fasor | eafq o gAeced qen Jefifas v o S99 o HyelaT (scanning) T
fafas T@R (telecasting) § feran ST €1 57T TART SERT # &g &1 =< | =1 Ffeat qen fogi =i @en

o ot feman St 21 ‘
p=mv=0.12kgx20ms"' =2.40kgm s’

6.63x10°*J s 076 % 10
o =2 m
2.40 kg ms™ 401

A:E:
p
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Tg W 3ot B © fF Ie foRdt e 1 dimn @ o 2
& FRU T R T a5y TR 3 Se § q-wger o e
T | O 3R, STa-TATves €9 (Sub-atomic domain)
H, HUN HT T AV TE@YUl ¢ T W A 2

T SR (SS9 m, 369 e) T fomeren 9 ws fawa
V g @A fehan S 8, o foem | gt i TS el K
0 R fogm & g fFu T wE (Ve) & TR Bh

— K=eV (11.8)
%
. 1 2
2 ?J%TK=§mv2=2p—m,
|
S wEa faget 2 sl (1892 - p={2mK =2m eV (11.9)
S 1087) Wik s, fore T TOR 1 2 S e A g
A HI qOT Y hl HIfdhd h h h
:E ferem weqa fepan| =re e wefem A= P EZmE mev (11.10)
AITSTR R FlH-AIAHT o TH .
U it i & w9 & et fon h, m @ e % WifETs® I &1 LA &6 R g9 9 1M
T, S A - iRt Fed T €
1 ST BT T T 4 - 1227
% o foTT = T 1929 ¥ Aot TWhR BN nm (11.11)
¥ FEt e & v @ fava 1 diee § O 21 TF 120 V OF fava &

forq, @eieRtoT (11.11) ¥ A = 0.112 nm 9T gl 81 T8 aesd

I Hife # 8 faat b freal § wawda gl & o= g 2l
THY 9% Hohd o ® fF U soR @ g T @@ w6 X-fR faed S
fopeet faadT wanll & Tx@n T Hehdl ©1 89 o 9N H 2 Sirelt 1 IReheu
o YIEITTR TH&I0T 1 UM | SeaRi i qUIE Yehfd i @ISl o fag < §ifvelt
#1929 | difdsh! & Foet R G getaa fman 7@

T-a faFu A geeet o SifAf¥uaadr fagrd s uRskd 9 B gifase
o1 5@ fogid o STER, T% & 999 W Rt saseia (iuan 1g 3K &) &1
feorfq wa "o g7 1 UYL ®9 @ WO STE9e €| THI & o SATfyEaar (A
frorfq o fafee o o arfafeaaar (Ap) o o fafder & =it 81 Ax @e Ap
% TUHRA ®1 T e W e ®, S oa* (ST 4= h/2n) HI HIfE HT E
2, a1ufq

AxAp =h (11.12)

GHIRTOT (11.12) 39 HAEHT T STAR < & 7 Ax I ; W 09 A p i 3Fd
B =T fored o TUer 91 7 211 36 TR A Ap I B €, 9 Ax 3Td 2
YA, A Ax T Ap T &l g e foh 391 HwE 4 wife F R

a1 A% T e Ffv=d Hom p (e1efd Ap=0) =, 7@ = sl gy % 5w,

402 *  uF s TRgs foEe W AxAp > h/2 WS B




T s (1) Tfvea g ww ffvea (whe)
et Y W R foeR wqol T § e €1 S 5t
ekl SR ¥ SHehT 379 I8 ol fof Soiee T &
Rt e e o woifaa =8t arm et sHeRt fefa
aﬁmmgﬁﬁmxe@a‘raﬁﬁaﬂ%m
o WY WA 2

I : Seiae o Tl el Uered-ai Ul STeRTet
o forega T gl T8 Ueh q1-Uche & &9 A IR
o ek Tfyea & o foreqa eran @1 S feufa o Ax eFa
& Bre ® wifeeh aT-Uehe o Toear W TR g@ent #ig
9fiftd W 21 81 A9eR] 98 ot S =fey R aRifia
foar &1 fordlt TT-Uohe 1 esd Twhel Tl @il
e frelt e quresd o ey fagga quresd 9
EEIRSCIRS

qd, ] Siel o oY o gRI, g oh GaT @l
oft T faR 8 — Ap &1 iffv=aan I ifafyeaa
o ey @ euferd 21 TiE €1 (St sig € T
?) W g8 <A S wehar € fop awn-tene foeror 3
STl Hael qe S+ -qifaehdl ST o 91l gIgsia
Affraqar-gae w1 aRyrg 9 o o= FLdl 2|

™ 12 H, X dcl G ol foedt T o
TAF o HIUNF HoTl o FEiCHIRIO W dR hl
ReheaAT 1 Tueldl i I gY@ |

o 11.6(a) ® T TUHIfIG q@-Uehe qen fom
11.6(b) H Fifyea wesd o fou foega @
- fest gwitan e 2l

SEEI0T 11.4 (a) T o[ S 5.4x10° m/s &1 =@ 9 TG R @
TSI &1 T 11 S 30.0 m/s i e @ i @R, W e

(b) 150
el @ 1 B2

A

(a) et = feig

A m =9.11x10°! kg, o v=5.4x10°m/s

fafertor qen 539 &t
59 Wi

V/\v/\v \/AVAV

ANVANYA
VARVERV/

A

(b)

o7 11.6 (a) T TR &1 T-Uehe Toeron e
fig oF M o o i 39 fog W Toige™ &t Wifhd
e o WY Helfud fepan T @1 a-Uehe et S
TS o EYH et & foar (3R 39 WK ©
Sell e o gNI, WolTl o To&dR) o WY Hel Wl 2|
qiomHa:, wE fafq o sfafysaa (AN 3 gem o
srfafeaar (Ap) 9 =1 B (b) FoRE st o fafvem
AT ¥ U Wil FoA-a Gyt R ® foga g ?)
T ST H Ap =0 3 A x> ool

g,
3

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

p =4.92x102*kgm/s
3 sl aaes, A = h/p

6.63x10>* Js

492x107%*
A=0.135 nm

(b) 7% = fer
$H m’ = 0.150 kg, 7 v’'=30.0 m/s
ERECU
p’'=m' v’ =0.150 (kg) x 30.0 (m/s)
p'=4.50kgm/s
T el @R A= h/p!

kg m/s

P'IT lnx2ibe

403
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404

6.63x10>* Js

© 450x kgm /s
A'=1.47%x103*m

TR o foTT 3 wifvedt aueed X-fentor quresd o waE 81 W 1% o fog 7 e
o R o T 10710 TA1 B S YR AIOA ki G o foeiehet SR 21

3<Te0T 11.4

IEOT 11.5 T TR, Th o-H01 991 Tk G 1 oSt ST g9 21 379 9
e o1 &1 3 Sifvelt TR <A e ?

&

et w01 o faw, % sl wesd 4 = h/p R

Tfast it K = p?/2m

3q:, A=h/2mK

THA TS Sl Kok fau fohelt 01 @ Tag 3 sivel qiieesd SHeh S o S
o FHAII! 81 We (JH) oot § 1836 A1 W € A2 o (3 He) WM
Y IR T AR R

3d: o — HUT T 3 vl I <AaH Rl

Tl 3@ o1d W TR T 3fad g o frelt o1 (S seeei[), § Hafid gea-au w1 s ot
2| aredqe |, e1efi aoh gou qun fafehtor o g4 Wepfd i Uk a&qd: GdlTse Hifqe qHe fehied
&l B Wt 81 FAIH-ACMhT o WEH FegenRl (e dey, el SRR 3R wE o) 3 39 el
THY Hefod HehourIel o Wil §gd THA qh GE fhan ofa off FeieH-iteht i e wifae saren
Tfera vl o1 fowa a1 g7 B1 9ok B gU f, SoA-XT 1 Gehoudl o1 St Hholdl o WY YR
Fien-Fite § g AR W gfae R T R 59 Hey § U Heequl Sudfe e ® R v
e & (1882-1970) 7 SoA-1 o STAM 1 Teh WIehal-oAMeA e | 36eh R, freht fog
T KA HT il (A 1 o) 39 feig W R0 1 Wifshdl-sce Heiia siar 81 wiiehar s
w1 e Wifehdn Ui SR oTFdd @1 T YR, AfE foRdt fig WA 0 w1 oW ® Al 1AI% AV
39 g & =R 3R AV oY @A W @ U0 o UC SH HI ARl 21 37d: fere fafyme & o
e geA-aX H1 Ao tfeen B, 99 SHR! qo B SEl diedl % ®, %O o U W i Wikl

aAferss B ‘

IETETUT 11.6 T HU1, I ki 370 €19 71 furss =1t | fd % 1 €1 39
HUT HT T Sl TR T AR 1 Sl aUesd @ S 1.813 % 107 Rl
U] oF AN ] YRR hIfST q1 U1 ] T8=IY|

'
T Y B HOT (FAEH m q° 3 v) HI T sl qureE

34 11.5

3q(g{ul 11.6
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_h_h

i
SHE m = h/Av

T H FFEE m, = h/A, v,
& 9@ ® 7 v/v, = 370
A/, =1.813x 107"

A

ﬂ’e ve
Ul bl SSFHE, m = m, 7 ;
m = (9.11x107°" kg) x (1/3) x (1/1.813 x 10™%
m = 1.675 x 10" kg
TH TEAAM 1 HU WS A [ & Fehel B

9'IT ln:2ibe

3T 11.7 100 V & favaiqX g0 @i frdlt soee 9 Hafud = el
TUIEE 1 UReher SHife)
FA @& favd V=100V
3 siiveft aesd A e
/l=h/p=@ nm

Jv

nm = 0.123 nm

1227

J100
TR © Fafd 3 St qureed X-fRor quresal t wife i |

11.9 =faus qor SHT w=m

TSR 1 AU Yehid GRS IR 9 g HSl. SfeeT 9 Ta T, S % gn
1927 ¥ 1 Tas ®9 Y S, STEE o gR 1928 | WA i TE off| 5 Seni
3 TorRH % TR T e |

YR o g faadd geE T gerr ] YR, A s
foran om S, Sfow (1881-1958) H.

T.
AR S, e (1892-1975) A X
fFeedl o gm1 gereRMl oh foerda

A=

L'TT lnr2ibe

YEifTe @St o fw 1937 H 9ge A . . P -
€9 9 Ada WHR 9w fwa 2___E_»___“>_ﬁETjT€ | @
oA @ WK F wEE L S 63"
= Iﬁgﬁwﬂ" —» ,

aeen o 11.7 # <@l W 2 LT,
T TF gerEe T S T
A qq F 1 o gt 7, foe W
Afem SffEEe w1 99 B 21 9
%49 fawa (L.T. s=d) 9 ™ fen
Sl 21 fret S=a dieedr e 9
(HT 92t) g0 S fasay/aieed

forT 11.7 Sfaea-sR serae ooy e

405



% wifae!

406

http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

Tl -Haweel 1 foshd

:

o YA W g G ScHISTd goieRAl i Ufese o qeh Eid fehdl ST ®1 5%
T oo SEH 3Eer e o WEi el foR B €, W Wiid ik Uw uael
foRU-gst o ®q o gHRa Y foran S 1 59 foRo-gs ol ueh e e
& U8 W TN S 2| fRed & ARt o 5w soiae gt fenstt o yenifvla
B ¥ fae feem ¥ TR T fROLTE # G # o S
(HUles) o gR1 HIYT Al €1 GgE i AR A R AR S Gehdl © 3R
Tk GUET oo & o gafsd Y fan S 8, S aw i sifehd e 2
i i Tl e R
STHH B B1 TH ST 1 Uk felifd wIe # qReg #X 3 1 HgEh
I IR A R fafe feafaa o gaen, yenifofa soeei fro-gs ) dea
w1 fafq=1 e1ene wior & 9 o folq (SAUen Wehivi o i) 9 i AHd &, S
for afafaa SN gerifola soee fhLor GSif o = 1 101 BidT 81 Tehifuid geterl
1 e (1) H Yehiv vl ¢ o6 Tl e &1 fafs= @ favat & fae g
IERIRS I

@& fava & 44V ¥ 68V & W & AU 30 WAM &I 9= fHa T
SforEa-sR w@ & afomEl @ el T R ge urn T R uss dienr foeda
3feass & W T Yed RTER, @@ fawa 54 Vv 91 Ui &0 9 = 50° W
TR Tl |, wehe et 21w fafyre feen o Rrew @1 7w yehed fhed o
TEUE o HEF ST H WAl Y sl oh Gl SAfGehiol o SRl Bl 2
TR faada Ao 9 gea-a &1 aesd 0.165 nm 9w R @

3 Siedl qeresd A [WHieOT (11.11) o SUAM W] V=54V o fau seee &
o= /= g e

1.227

A=h/p= Nt nm

1227

A= J5a nm = 0.167 nm

37d: 2 Siel atnesd % Ugifaes den WEM g W@ WAl § SO Wedfd d
SfIET-SHR TE 39 YRR GTERTelt ©9 9 SaRAl i qUT Thid a1 < sivelt oy
T gt I T YR I TO-TH & faw e e R g % guey eee
TSl W1 GT-UHfd &1 ¥ 1989 ¥ WHAfih €9 ¥ YA fohan Mm99 1994 # o
RIS U (S el 1 qor § S 9 o T 9 E) o | et
Sl W 1 ST T B

T Sl 1 URehoudl M adien ARt o fashrd H oM W R e
TARA-ehTTeRT faw i oft faefaa fran 21 soee & g TOf w1 S
Toiae-geueeft o fmfo § fFa man ®, S yee-geneEl w1 go § SeAw
fa9eT & HRU TH TEd Sl GUN 2|
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Q9T

et seraRe 1 o1g § S8 FeRTer o fae =<[Faw Ssi &l o1 1 HE-Hed
FEd €1 UG- § SOE-SS o [ SToREs el (hHE-wed ¢, §
31feeR ) h1 ITGE 9 STefaT Yadl faed &5 STera SUa STgfd oh Yehmel 51
faferfa 6 & § <1 Tehdl 1

TehTel-fagd gure Hrgetl ¥ IUYE STgfd oF YRl ¥ URIW HH W eraRl oh
S H1 GRERA Bl S U W YR W Uldfhar sid € S g
TI-ThTel o foau oft gurel €| wehrer- T U H WeRtel St sh1 ofEd Sl d
TR Bl &1 € STl oh W& o o kT Ure il 81 Tehiel- g Seasid
Tk dreEIvTeh Ufhal © SR THeh e fafire werr B )

eheT-foea o (i) dfad Wehter i <o, (i) I SoigRrSl o S @I T
faveniay, 3R (iii) Scasie o ugref &1 gehfa W e wet 2

Yo fava (V) (i) afaa Febmet 1 STgfa iR (i) Scosier waref 1 Jepfd ™
1o e 21 emafaa v 6 foRet §t g2 e o fo, e sueht diear W Felk
Hﬁ?@}%lﬁwﬁmwwﬁasﬁmﬁmmwaﬁaﬁ%:
eVO=§mv§ﬁ=Km

s v sl (et smaf) v, & = S ag W sfresm €, e
TehTT-farga ScafSid et Bl =R SAafdd YehTer shi dierar fohat oft stfersk =1 = =
FATRT TI-TIGIq YehmT-Tagd Uaa oF H&F A0 i A T8l L el
THe! faferor § Sl &1 Haa steRiyor 1 fosor K_a1 ol 9 @ae, v, &
HAfTed SR H Uiha 1 AICaliUTeh Yehid 1 oA &l oY Teh1| STEEEA 3 59
ALV T AR YhTYT oh Tl Ta=07 o STTER T | THh STTHAR FehTeT, Sl
o fafoer Uohel @ o1 2, f9= aelier S1era WieiH %ed €1 Ueish Bie i1 Sofl
E(=hv) 3R 9 p (= h/)) i 2, St o eamafad wehren st e (v) = el
% T 3HHT ol W e T F| g % IS W gehrr-fod Sosie U
T % GRI Wi o YRl ¥ gl 2l

ST oh1 FehT9I-forga THiehol Srofl GRero1 7 o G © St fop org o
TS o G Wi SFEeivo § wn gl 1 Seedw Tiae Sl (%mvz )

=T

WEA-Fsil (hv) T @& ©1q HE-HH ¢, (= hv,) & R % TR 3 2

émviﬁ=voe=hv—¢0=h(v—vo)

9 Yehrl-Taga gHieRr o yehrer-fogd woe o qeft crero et same et 21
faferera & Jom IRYS TRrT-fagd WTaal 3 STEwRRE & Jehel-foga e
1 Y feran 3R wish-feerien (h) o Fene 9 i 9re fohen 6 SR g
yafdid SEeehia fafhTor 1 U1 1o Wi i (Wehfa) wiehd gl
faferTor 1 59 YFHfa a1 © : T A F| T & ey W A HRa g @
for T 31era 1 o6 w9 | Ui YT ok 9RomH i wueH o foru waifis Suge
21 39 deh o @il Top faferor qen wered wepfa o wafia €, <z@ © sl o gere
(7=red RN o R ST eI Y TR e weiei-sh o | et ol i ugre
T Al T Sl T wEd
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9.  TIqHM U1 ¥ HalHd 2 sitel qUIRE (1) Heh WA p ¥ TH Wb Hel(vd © :
A=h/p | 9K1¢ 1 gd < siivelt Geel, T a2 Hehed T (1) 3R 01 Hehea
(p) GftHfed &, sfafis 21 2 sivel aresd qeie-%01 o Sav qe SEeh!
Wi © T 21 TE Hfehdl: hael SU-TLHTUES HUl, 59 — Seiee, qieq
I (37oh FeAHT A HelTl o1 T[] oh hR0T) oh forq & uiw (fopreeti o
WHT g o 9 H g 1 i w1 {199y 98 S § 39 e
a&gel o e St gmeE: giafed sted § firerdt € iR 5o #1 |
ferctepet sTeX €, =g Bl 2|

10. SfawA-swR o qen Sfi. . e o gR Seiae faad Yanm qef o1% o &8
AN 3 TR T A-Hepid shi Hetud qen g fehan €1 uie @ i Q
Hirelt URehedH, Sie i T el Hi Heheudl 1 THAT Sl B

aitferen Yelteh Teormme T feuoit
RUE
e h [ML2T ] Js E=hv
Teertisn
IRAEED v, [ML2T=A"]  V eV=K_
IELE]
HE- 9, [ML2T?  J; eV | K_=E-9¢,
e
et v, [T Hz v,=¢,/h
sgfa
3 et ) [L] m A= h/p
T

Toemofta faw=

1. fordlt org & o sl 39 o1 ® 4o € 56 o uig o iR weh fer fava o
Fferta TiHE eid € (U8 Sheel Tk WieTehed ®) | 9 €d o STed fehe o fag
et el Bl &1 3= o1 © el 9 ok Ty Sifdiie Seil i afevdehdl gt 2l

2. fodlt urg ® weft go soieiql i Sl w@E T B e e SR W erugeti ok
Y, T U U A9 TR geaRAl 1 T (REd el 9t g 81 98 faaw 39
T e foraeor | T gran © 59 e T ok Tifaet fagia o et
UG o | 5Ok fIud H 3119 SR o qrgehH | S, Wy T b wee 5 9o
2 fop soieeiq dielt o STvasH o THgid 1 ATE W 2

3. Terdl u1g @ g seiagHl o STl TRl o ROl €1 W STed 31 o foig goise
% g STUTHE STl 91 Soeel & fae f9=1 2id) 21 S=aat St aTel gereerl
I o1 ¥ 9T 3T o faw %7 Sl ol selaeEl i go § wH SIfde sl
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafertor qen 539 &t
54 Wi

1 STTEYIRA Bidl &1 1l -ther &g o STex Feher o forq el seteei o g
Tuferd e it R

TehTeI- T g W Heifed WA H oheet A€ Sfafifed € foh %o4 o W YRl
1 3 TR | Soll o1 SFLNOT hy 1 et Al o g B Te foesgd
& UH e o guE Tl ® R g oW o @ o @ S gee 6t e
hv 1

TRt forere w Yeror (geht disan W erfeitar iR emgf W fHefar) wehmer-faga
T ok TR SR - T o ot ot e 2

Iﬁngﬁmﬁmwwﬁ—WWWwﬁWW%,m

FHA-AT v, FT B HfHE Tew@ T e g1 qofd, T H gyg-am
“ifaehaan e1efqul & 3R HU o I o TR B T

A

30 kV ToiaRMl o g 3o X-TRon &1 (a) S=aam egfa den (b) feaam

TS Y Ry

Hifsrem o1g 1 HE-He 2.14 eV ?1 5e 6 104 Hz 3T 1 Y9l Hi-J%3

T Mfd B ©, Sal T U e gl |l

(a) ScafSia goiagel @i S=aaqq Tfas S,

(b) TR fawa, v

(c) Scufsid YerTfireh Soiel &1 S=add =1l fadt 872

s fafre ganT & genrr-fod g9 1 sids sieedl 1.5V 21 Scafsid yehiieeh

SRl 1 Seadd Tas Sl fehal 22

632.8 nm TS w1 THa Fehel Teh Elferam- e o o gRI Sea= fehan

S 21 Sedfsid 3R 9.42 mW Bl

(a) TRTT oh ToRY0T-GS § ek I hi Irsll ae Ham U Hifg,

(b) 39 FR0-99 @ gR1 fafefa fordht @ed W el fohad wieq wfd dehe
TEEN? (T8 HH ATSY foF R0 1 ST U e THEHH ¢ S oed o
el | HH ©), qel

() T TIEGISH TR i HIH o xR HAT FIad i oh forg fema o= =met
o = grm?

Yoot & TS W UEEH el YI-TRN T FHoll-ATaE (F) 1.388 x 10°

W/m? ®1 ST fohdd Wieq wfd ot Hex ufd debs gest W aufad €4 87 7

o fF G-y § I 1 ofied quesd 550 nm R

YhTeI-Toaed 99E & TH WART H, YRR TG o favg oidsw dicedl &l @M

4.12% 1075V s 9w Bl €1 il feerier w1 6 Uiehford it

TH 100 W Eifesm aed (vi9) weft fagneti & Ghadm i faferiia s 81 a

I TF TG 9 el o g W W T S 39 W Aafad Wfeaw o Tyt gehTer

1 3feRiif HLa &1 Wifead Y &1 aesd 589 nm B (a) HfEa™ YT @

I W WIS 1 Foll fohat 22 (b) el i forE X W Wi &M fohy o1 @ 272
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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

fepdlt emg 1 <Eelt emgfd 3.3% 1014 Hz B1 4% 82 10 Hz Mg &1 Jahmal
H1q W ATfId 81, @ JR-faga Isiq o fau side dieedl 1 Hifsa)
fopet oTq o foTq r-er 4.2 eV 21 #1198 41 330 nm aIeE o Safad
fafertor o forT yehmer-forpa s <m?

721 x 10" Hz 3Tgfd 1 Y™ Th 9G-J8 R AOd 21 36 g8 9
6.0x10° m/s &1 S=aqq Td ¥ SoieH Scafsid 8 © | Selal o Jehte
ISt o forw 3geft smgf = 22

488 nm TS T Y1l Th A1 @ER § $cq feran e €, T8 wenrer-fearga
TS o STANT | AR Sl 81 S 36 SHARHI- @l o JehTel ol Scdsieh W A
o ST @ a9 YeRTiyTeh geteiql 1 TRl (efash) fawa 0.38 V 81 Scasis o
g1l T HE-Herd Aq B

56 V favaid oF gR1 @fa seigerl &1

(a) Gam, 3R

(b) % sitelt aTeEd qfishfera wifs)

T gl et TIfast s 120 eV @, 3T

(@) F, (b) =Mt 3T (c) 3 Svel aimesd = 772

Tifeam o erzHl Iods W@l % Feh9 1 qUed 589 nm §1 9€ TS St
Hifv 59w

() T et 3R (b) Th =2 &1 T siivell aesd g9 gl

(a) TH 0.040 kg Fo78M &1 i S 1.0 kim/s &1 =1 § 9 @1 €, (b) Th
0.060 kg Fe7AM 1 g St 1.0 kin/s &1 =1el & =t W@ 7, 31K () Teh -0l
STt 5o 1.0% 109 kg 3R S 2.2 m/s &1 =1el ¥ S e @1 &, &
3 Sifrelt ameed feman 2

T SR 3R T WA Godd 1 qiresd 1.00 nm 2

(a) ST o,

(b) ®REH I i, 3R

(c) SRt TIfas il Ad e

(a) =2 &1 forg 7faw it o faw st weed 1.40x 10°m =rm?
(b) TH =g, S w<ref o @rer qrdig e § @ S freRt 300 K W i Tt

3
mﬁng%,weﬂi‘aﬁFﬁWr%ﬁaﬁW|
g 33 o Sgagaesa fafenor o1 @esd s6eh Faied (HieH) o aaee &

ERE
9 H 300 K 19 R Tk TGS 379] 1 2 siivell e fehaan gim? 98 o f&
U] 39 19 W AU o wet O HieA G HE 21 (EISH 1 WH] FHH =

14.0076 1)
atfafaa s1eama

(a) T fafa et & aifad heffie | ScfSd SoiaeHl i ST =Tel 1 SThad
FHifeT f5E9 o &S F gor § 500 V & fadeiat @ W@ T TS ¥ THT
B Tolagl o oY R el Wi SURT Y S| Soleeid o1 SUfeh STeT
#afd e/m 1.76 X 10" C kg 2

(b) HoES fawa 10 MV o fTq Seieeid &1 =1 T1d ohid o fod 3§ 93 1 T
Y, S (a) W TH H A T B T T T G h T U &2 39 oA I
foFe TR GO S Fehell &2




11.21

11.22

11.23

11.24

11.25

11.26

fafertor qen 539 &t
54 Wi

(a) T T o fRo-gs fS ol &1 =l 520% 10°m s §, W
Tk Gahig & 1.30 x 104 T fHo-gst &1 =1et o wiaed o Sl 2|
fRU-9S g1 SRfEd g9 &1 oo fomat g, Ak seieei™ o e/ m &AM
1.76 x 10" C kg ®!

(b) =0 5 g 1 (a) & SN H o@0 70§ 9% Tel o Th 20 MeV g
ForoT T Foren TR T % fore IR 32 AR T @ R TR
30 GYeA feRar ST Gehdr @72

[Fre : d%=mE 11.20 (b) 91 11.21 (b) ST sTifarpia AR & o 91 &

S 59 &k o favE o ST 21 T8 W % 39 fag W 9 34 o fau gfwfea

foran e @ fop 59 93 1 219 (@) § UM W o € o S5 SeI =l ster

Feiel W GfHE Tl g1 T8 S ok fore f ‘agd S=a =re seren et

= e 82 3fd H feu U S W <]

Teh TR T TSR GaEe 100 V a9 | €, T %° T (~102mm Hg)

W EEESH ¥ W MR dod § Sela{ Sigdl 81 Th geshid & e ue

2.83x 10T €, 3099 o |1 i 12.0 cm 551 o it wen o afshd oY

1 €1 (3@ A o @ S Gehell € AT AN W T SR R4 i gerel

i ST Hioh 3R TR UL o GRI TSIl SESi hich Hiehd id 8; 3

fafy =1 ‘oftspa ferto-go =eft’ fafy sed 21) siiwel @ e/m &1 wF fuffa

Hifsg)

(a) Tk X-Tror Jeft fafexor &1 wh Gaa wWaen fgs oy e
a0 0.45 A W B, S e 2| faferwor o frelt wie &1 S=aad i
fepertt &2

(b) 39 (a) & IW ¥ AAM T foh fohw Hife FT @ dcedl (SARMA o
) =1 39 el § efevaehd 272

T& @A (accelerator) YR | TR (e*) oF T SoiagHl oh Sed-rsll HHgA

R, TH fafte =1 1 =@ Fd Fu 10.2 BeV & soleg-aiag i1 o

TR Tl BT A y-Toroll | foeiod o & & 1 St 81 geieh y-fonor @ waifera

TR o WH @ gM? (1BeV = 109 eV)

M A orell | Tl 1 ke Ude 8 Ghdl ol Ugell HEel U8 daarTi

Fara foh AR A Wi w1 fd’ #7181 R Fehd, 9ol € YRRl 9rh -9k

g A 3

(a) T H%9 T (medium wave) 10 kW Gmed o I, St 500 m qETes &
el a1 Seafsia il €, o g Uid Wehg Scdfsia wieHl S e

(b) fr=ram g 1 vod g 5 g9 3@ "hd € (~<107°W m?) & g
WA 1 G S qfd Yehe BAR A5 i qaell H YAw Sl 1 Yael i
gl YT 0.4 cm? R YO YR 1 Sgd gfa H e
6 x 10'* Hz #ifu)

Tk 100 W URE (Mercury) &id ¥ Sa= 2271 A T0Rs 1 WS FehTel

T Hifereem g @ fffa v S w1 fafeRa wwa @1 A fE fava

-1.3V @, @ u1g o HE-He F ke S| Tk He-Ne TR gRI Scq—

6328 A & 3= ol (~10°W m2) o e Y1l o T YhTe Hal fohd ThR

sTfeRe m?
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11.27 U F&H &9 9 S&@= 640.2 nm (1nm = 109 m) e &1 Tehevit fafemor
T R Hifem @ fafifa geme-gad et i fafwfa s €1 fRish dee
0.54 V |1l STl €1 i %1 Teh die-&id § a5al a1 STl 81 39kt 427.2 nm
i@ TEH YT U i el st B1 e FRieh dieear @ ity
11.28 TH URE o, Yhrl-fogd Scasiq &1 argha fvfar o st o fau o
gfaerste @i €, w98 a-TaeA & e (UV) § offd SR dh 8
Fui-3@d Sedfsia il 81 Telfead Jhe Gt o eAR FA |, RS (Mercury)
i 1 = Fui-Tanet &1 yan fwa T
A, = 3650 A, A,= 4047 A, A,= 4358 A, A = 5461 A, A= 6907 A,
Rt dieeand, wwer: f=1 ot 7 -
vV, =128V, V_ =0.95V,V, =0.74V,V,, =0.16V,V,_=0V
() =i feerien h 1 WM o it
(b) =g ok fore Jeeht emgfa qen wE-wer w1 SR Hifs)
[Fie : SWa SAHhel T h 6T IH I FH & L TR e = 1.6X 1071°C
STETIHRAT BRI T YR o A Na, Li, K 37fg o foe fafeera = fog &
fafets 7 07 IA-9% TAT ¥ D e o T HT TGN T SEEET ok ThTel-
foregga wefieRTor 1 wenfua foran den 51 Y&1o § h o §F o foT goreh ST
sueil
11.29 fr= ergsti o srl-wem = geR Ry g 2
Na: 2.75 eV; K: 2.30 €V; Mo: 4.17 €V; Ni: 5.15eV | 390 ugsi ¥ §
HH Y9 ¥ ¥ 1 m QW@ T He-Cd @& ¥ 3= 3300 A @0 o
fafertor o foe yermr-foga S 8t M2 TR &l ¥ o e 50 cm Th
R @ W F T
11.30 105Wm2Tier 1 YTl Tk HfeaH Yo §al o 2 cm? &% o I8 W Il
21 T8 WA o ToF W 1 i &1 ui" W Adfaq ol i i w §,
@t fafrzor o -1 o yermr-foga Seasiq o fou sTavas §0d &1 e
?ﬁlmmga%mm—wwwzevﬁmw%lmwwwﬁ%mﬁ
|
11.31 X-foroll o T 1@ Iuge diced] § @Ra SeideMl o fhea-faed wam feg
ST TR 1 BE-T S S Sl wag 82 (i e o o, St % fag
s 1 1 A effSw, St fop Sieres (Sifeq) o SfaR-qwam] 3awor i Fife 1 )
(m=9.11 x 10! kg)|
11.32 (a) U =g, okt 7ifest il 150 eV &, o1 3 sifell aimesd uret shifery) si
foF o o1m| 11.31 ¥ 3@ 7, T Sl 1 Teided fo-ue fReea
e W o fou ST 1 S THH S k1 Teh g2 FRRO-Ust 36 WA
o AT waF &9 | 3ugE B2 T HIST (m = 1.675 x 1027 kg)
(b) R o FEM 9 (27 °C) W S =2 ¥ I8 T sifrell qureed Hd Hifsi)
9 YR T HIfWT foh i Toh AormH =J2iq i =g faaad wam o 3uam
o o W Tee SdeRel o | drdiehd TR S €l
11.33 U Soideid Geussit § 50 kV dieedl & NI @i Seldel 1 STan faan s
21 39 Sl © 92 2 Sivel quresd 6 i) At o= "l (S8 T Sees
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