ﬂ
L)
T 12

I W M ¥

12.1 fHert

=TS TSt qeh Y1l i TRAETE Ufeheul oF HYA B Rt Wied UhAd &l
T 9 g 1897 ® fafew ifqerfamrt S@® . <fog= (1856 — 1940) 4 &l &
foregga fosiA 7 g0 9 fopen T faf=r ac o wemopstt § Iufierd oM
AR Toesh (Foa) Tt s & fog qufden gum 21 qenfa, ) @ |
JEd T H A B €1 THAAT, Ser oF KO 6w bl frwefad wE % faw
TV § AEER STER o ST Bl AUl oifchd W] H ¥ STee e
TS FT AILN N T2 T VR H, WA HI G F 72

¥ 1898 | S Sl IHHT 7 WA FT YgAl Aled T A 39 Hied h
STTER, TTHTY] T & e GRATY] H quian tshaue w9 9 faafia @ den o srefve
T TUH ik ST YRR 37 :Xnfd S8 fRdt et ® i1 39 viedt w1 fasma
w9 Y @ e giger el T qufa e % fava ¥ o & etemgHi 3 S
79 e o aftlq 2, 9 <t o W) § geeil qun o Stenl w1 faawor 5y
e Aieet ¥ wgd fo9=1 2

T WA € o wufia weref (S 9en 59) Jen g T gt Al R o
fafentor Scafsld ed € TS arer aresAl &1 Gad faawor foemm g € =efy set
rorard fu= gt €1 78 Twen T ff 7 fafereor wanget qen ot & <o & SR
BX1 €, S Yok THTY] S7eFE 1Y) o1 19 I o TRATILA =1 10peA o T1el e ool
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== foran 9 FeifE g 21 soen fawda saren @ T
fertfera Tt gru Seafsla wehrer steran ferdlt qradie Aferent o fergd
ST T, S e WE ten TRe-ar Yehtet | sheel FfvEa
faferer qreed gt &1 3ok Taed | sHatell @retl &1 U JEe
feré <t €1 U T § ot % HeA sl A g g1 e,
Scafsia fafertor, wemet ste@n et o = e fhansti o
uRoeEy &, dfeh safteTd WwaTEti % R 7 ST Hehdl ]

I9el TIaeal oh URY H g I8 TAUd 8 T o foh g
el Y ScHfSia faferior w1 T AfTeneiines Sieen Bl B Sl
o o, TrEgiom e Wed {@ell 1 Tk e Bl 8 forad
et o e i amifers fefaat ffvea g 81 5@ qe 3 o
TRHTY] 1 SfidRer GOl IR TEE Scdfsia fafrior o wWeen &
o9 =ffse Fau 1 3K Hohd fohaml ¥ 1885 H WM Siehdl aFX
(1825 — 1898) 7 WHIVET TESNH § IcHfsid (@1sTl o HHE i
Sl o feq TF el A o W R < emEgrer
Teh TXCIaH T el ©, B THeh TeeH 1 39 A faer 9
Sipeicrul

Sl S, A o Tk qge U BT ST TS (1871-1937),
T fedufad aal ¥ Ifsd Cehl-Fo (o-Hol) T TH FAM
FE T | YA HY HEAT T ST B o6 oAU IR T
1906 H TS 5T UeWhI-hUll & WehlUA | Hafyd T Fellidehi
W Wit TRl e YA e T Uye 9 1911 § €9 MR
(1882 — 1945) TN T AEed (1889 — 1970, S 20 aHta
B o qA S Ad Tas w1 Uty ot ugwr 9 # eft) A
e e’ 12.2 ® THw! fowR o = %1 T R s
TROTHT 1 S 1 Y] o EIHE & Te1d Aied &l 59 <o
(T8 gemr9y o7 AIfye1g wiger <t el Sl §) | 38eh 3T @R, fondt

I TEIRIE (1871-1937)
[efiie # S, st difdsh o
=i feanfaea fafwwt w= smoft
@ fean 3=i? tew-, @
ser-fervun st @it 1| g |iet
% i S H B ATl
=1 3Ny fagia wega foram 3=
oifeas @ e o fafewon o1
sz fhen fomes afomaeasy
fifera 9 oRA #1 @ g S
YT 1 gHEeh B Tadl o1 o
Thi W TehT-THoll & Wehiv 9
I qEfvaess e & @iel i
IR WA 1 TEE HEd TEA
foram S=iA TfYyes o Af=Tehe AEs
1 SATAH o e

TTHTY] HT el AT qAT AR G Tk A TG H Hohfsd gl & o
e HEd € 3R 30 AR 3R ol SHT YR IRGRAT W 2 S gd o WRi

3R Tg 9fEH % 2

T % 99 SEHA 9 Rl FH WA §, WIS H AfaEE qied 9 fam ®
Th €] A o1l T STk R I8 SASAN &l 1 o Hob! foh T shaat fafasa
(discrete) TUIE 1 Yeh1el & o1 SASTA il €| BIESISH SIEl Tsh TRl AT
5o T TR 9u T Wi B €, TRy quesd o U e Seed ol
Ieafsia Tal €2 T o Feltden] feror |, gete[ e o w3k dieh wd €
UfhAn Ya © S T g & Rl oIk U' aftenHn d 71 qenfy, g6 <@ % 39 died

F Wit w0 | F TR wfear 2

12.2 TEHT HUT YehiUTA LT UTHTU] T TEIHRIE ATTHERT A
T 1911 H TIHE o GAE W T, MR T2 3. TS 7 FB A0 fohul 376 gN
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et o U T A # e 9 2iBi |
IAMSA 5.5 MeV &l dldl -0 o T
Yol <Rl Tdel Lol o=l W e ShEn T, S
for fom 12.1 o gwiten w0 21 fow 12.2 9
30 YA o oFafkd T ) g T R
s da 2L4Bi ¥ Scfsia o—sholl b
T qact fhio-gst &l o€ i S & 7= 9
TR Y WfEa foran T 36 fRTo-g &
2.1x10"m W @ol U= R SE H
TN YhITOTd a—ahol kT faeia A o fog
Tk U WA BT FAN fehen e e T
Seh Hehze 1 WEl TH Teh YEASI ol
TehIfold UCH-h TS F THTRL aHH I
o 1 AT Ul FEPY SO R Bl F T

Rl GeAsel g1 3@ ST Gehd € qen gehifola o

o 12,1 TER-AEET G0 G S SO UE T gy e & faawor 1 geRIvE % Foer
el § W@ T R (39 o ° g e & <uian e 21) o ®Y § e fwar S " Bl

Foratf e
. sl & for
OLRTT T L T HIT JehToH
[ESURNE] ‘-: ,’

% Ay —

ORI E . y :

g B WF (AT 8000 H 1)
& fau fauwda faen § g

ﬂl r

BEEED
(gewsel)

o 12.2 TER-gEeT TIN T SHaEcae gl

o 12.3 ¥ foreht fou gvenaua o fafv= o ) yenifola el Uewl-ol &t

T 1 (s e <En T #1 59 fom o gy e fag wEm o g sifenet

1 et #ed & SR Had o Tgifies qaiqar € S 36 Hedl W Sf¢ia ¢ b

TCH] H T GeH oA q HAETE e 1 9gd 9 Uehl-hl WOl Ul Sl R Y

S €1 gEepT e B S EgH el eian emufad Uehl-shon § W sheed 0.14%

(TTHT) 1 1° ok hI01 § STk FeRioi Bl € 92 8000 UehT-holl § & T 1

2992 01 90° § e foeift il 81 WIS 4 b fehan fop Qothi-shoi =1 faradia feem
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H faeifa & o fau, 39 W agaq it
fqersoT et o =nfeq| 3ae Sk ot asft

107
T B Hehl ¢ AR A B AR T &

TAT THRT HH-3TAY T g T Il ok
Gohfsd BNl a9 37X STl gaT UehI-HUT &

AT Rl A ToT SHeR o7cdd GHIT 3T Hehdll

sifyer faerm g s8d AR TRV &
ufeher &1 gfie B Bl € wRo @

10°
T F A @ o e AN

WIHE oh T o AMAhF Aled H,
TH] T FA YACRT AT TEHHR TR

:

T

2
%HWQWQEWQEWEW \

F

E

v

—eo-]

SN WA o 9gd B 9 T § Hehfgd 0 20 40 60 80 100
B § TS e hed & den soee el T H 0 (feift #)

120 140

160 180

T A &1 oA, R F T AR T oy 10,8 o 12,1 o 12,2 9 MER-AEe g1 Ygod Fa

H T A T, Sk U A N G F A e 6 qaeht v ® tem i % R o fafas w5 w
X TE =TFHR A T TIEIE F FE A W YRR g o ofshe (fargetl & €9 #) | RIS
e foh T 1 9 o9 1075 m¥™  Fifusig wied W sHid S g gt wien & W v

107 m = Fehar 1 TS fagid & HER T U T B

TCAT] T HE 10710 m A S ®, S
TR o WSS 1 Y& T 10,000 ¥ 100,000 T 5i&T € (el 11 1 ifereht
AT &l TA™ 10, T8 10.6 @) | 39 YR, A4S ¥ Serae 9w ok
ST &1 3TH&T T 10,000 § 100,000 T R @R M 39 IR, THT]
offe 1 STTIHTIT W Wielt | ITHTY] o iR T SAfeehal YT @iell e & RO T8
THFA STEH ¢ T iferehat Teth1-v1 Idell o1g =1 o=t o o faeifia gu smex =
el ST €1 Qe STl h1g TethT-ah0 A9k o FHIT 3l ¢ q o8l T e v
R 5t 38 51 R0 YR R <1 €1 TRATY] o T 3T ik B ok HRUI
TEHT-FHUI | JA G916 T8i STel T

o 12.3 & wRfeld wshivi STkl 1 faveiour WIHE & WA o TS E
Hied gR1 a1 ST Hehal 21 %0l U=l o &gd qqell 8 o RO I Hedl i ST
Teohedl € ToF 39 T Rl UK A GHA o-H Th H Afersk IR yehifofa T e er:
fopelt Wep e W Fehifofq Uehi-oh0l o Faid U 1 Teher T | Tehl-sh0l
Siferam qRam] o e € S8l 3 W < TR, 2e, YE T SR 5AUM EferEd
A o FoTHM o SReR &1 W0l o IR ST S Ze ®, Tl Z TCHTY] 1 G|
FHF 7, S @0l o fow 79 ¥1 <fk w@ol-Aifuss o~k % Aifasw ¥ 50 T AR
2, 3: I8 Tl ST TohETd © T THIUH WohH oF THT W01 e T
21 T Afumone & YR R Uethl-Hv 3R ¢FERE TfTh & qeg feer o
iRt 9 o Shelm- T qe <A o W o fgde = 57 Ueh-%01 o ga
T 1 AT foman S Gehel €1 T9 ot 1 URANT 39 YR oFe fohar 5 @ :
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% Sifdest

1 (2e)(Ze)

- 2
47, r

(12.1)

&l r UethT-h 0T i AIfeh @ T ] R 5et, Teth1-hv1 3R 1feh ki e areft
@l % IR 81 UeHI-h0 W ARG 5l sh1 GRATT T &9, Tewhi-sh01 o e
Ft AR AT A I q0 IHY R I ok T AR IR et @ell 2

12.2.1 UGHT-RUT HAT-UY

UeHT-sh 01 gRI STRAEd WeiT 9, Hefg o Wog qreet, b R R ot §1 952 gr=er
UethT-H01 o YRITH 37 Tk 1 e & g @ ifdia g0 € (fost 12.4)1 KT
T UeThT- 0T o G & FEg 9l b w1 faawo 36 g ® o g fafa= feemen

/

34
Tb @ T TS

TorT 12.4 fordt 9t Tifaes o Fard & H TeHI-H01 1

Y9 Y| Helg qree b SR Feh 0l v 6
FR o= o gwie M g

T fg=-fa= gfaerarstt o gwifefa gfar ¢ (s
12.4)| (fst g9 & |ft >0 &1 9 99E
s St it /1) Te <@ T ® fR e %
gy w1 UeH-FU (FY UL YEA) Afw
Wehifofd e €1 Terer Heg w1 fefa o Wz g
ZAqH € 91 UehT-h01 T T 3R gafere g
2 (0 =n)| Fur WEW o AU HE e T,
T3 01 ST Afeeferd el & qen e @gd
%1 B ® (6 = 0)1

g qea T emdfad o o 9 ohadl Ts B
T & THYHT ATE el €, T8 Gred il €
e e e
1 TN 9gd FH €1 399 9 g § f e

1 SSIAM AU YIS AT 984 DI A | Gohisd €1 TH FohR TIhIE Jehiuid
e o WIES 1 ITAEE T HE H1 Th Qe Qe B

IETEIOT 12. 1 TR o TIHE ok AR Aiga |, A (5 @ 1071° m)
T o wew €, Freeh aita: el 3ToH el (B =~ 1070 m) & U qiehn sl
2 9 et g o WRI SR Ul et @1 A §R aier 1 faand e e
o Bt ot fenelt wRmmo) ® et €, @ @ ges SruHl aredfess feorfd w1 srden w4
o I BRI A1 X e ? geddt o et ki A @t 1.5 101 m @1 g3 &t B

7 x 108 m o T 2

T SR % hel S A Al AW 1 B0 1 U @ (1070 m)/ (10718
m) = 10°, 31fd Seiei o el i T, ek 1 B | 10° 1 atferes 21 Afg
T o =R TR geall o e i o g &t B 9 10° A1 Afus 81, @ gedt ok

M 2

Jereor 12.1

294

el i A1 BT 10°x 7 x 10° m = 7 x 10'° m| 9% Jeait i arfosh weafta e
T 100 T Afersk B 31a: 39 feorfa o gedt g @ wga eifuw R @Rl
T 98 off T g @ TR W] H TR O IReR 1 erian wgd sifush 9 @reft



IETEY0T 12.2 MR-THeA YA § 7.7 MeV o {hdl T U1 i Tui-ATH
T &o1 W o forq formmaeen # & | wee qen faen wiiemy 9 gd gHaas g
1 272

T F8 & YN0 98 © Tk Wehiv WehH 1 THEd ofafy o ferdlt o5 S8 Ueth-hul
AR ul-Tfw # Fa e Foll W Wl B UeH-HU SR AR F
SFEISRAT | Yel 5 1 IR Ak Sl E, 91 o &foeh w9 o fowmreen 4
AR W IHH! AL ISt E, o TR 2| WRATF It £, ST G- H e
Fell Ko Sk R 1 st St B, 9 1 forepd feorfost vt U € 21 featferst it
U 1 Tefiehr (12.1) 9 ofehe fohan ST gehar 21

HH ST foh TethT-h01 o g 3R Tol-1fTeh o ohg o ot S d &1 5 -k
T fore fog W feord R, T Sl e % FRIAER, E, = ;5! 38 ¥R =1
fepan <11 wehell €

1 (2e)(Ze)  2Ze?

h 4ne, d - 4ne,d
37T FHIAH g d =
_ 2ze*
4ne, K

YIhfdsh il oF UeH-h0I H U8 WM et 3ifshan ifast el 7.7 MeV 1@
1.2 x 1072 J 21 FifeF 1/4ne,=9.0 x 10° N m?/C?> @ e= 1.6 x 1079 C,
o WY, T W B

(2)(9.0 x 10°Nm? /C*)(1.6 x 10 °C)*Z
- 1.2x10 2J
=3.84x 10" Zm
gt o ugred ol 1 TE] SHiE Z = 79, THfa
d(Au) =3.0x 10" m =30 fm (1 fm (3&q HH) = 107'° m)
31d: S0l AR T 5591 3.0 x 1074 m 9 %4 21 g8 Uferd uRom § wga it
Tt el @il § Hifw ol A w1 ardfae 59 6 fm 71 39 faEta w1 Hro
Tg © o qefivem qgee 1 <O Uehl-h01 qel Tl 1 Feened o I 9wt
fereh €1 38 YehR Uethl-h 01 Toul-1eh o oreqe | U far & 1ot wifd skt fewm
foradia ¢ o 2

12.2.2 TASEA-RaTT

d

TRHIY] T WIHIE AR Hiee ey Fenfash! urond |fferd €, WArT] i TH
faedta Sard el o &9 H fafya o €, foger ohg W agd oier, i qen o
Ay s 2, St S7qt-eroet Tifefier feer wmemedl ® sod selaeiqi @ fory gan 2
TRGHH HI TU TR AN AR o S FoReEd S 9 F, 3ol i 3T
F& H S T % fA stavee e 9e (F) TEH I €1 3T, TIEgeT WA
o Tfaefia feer e &6 fag

F =F
e C
1 & nw?

= (12.2)

4rme, T° r
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Jqreior 12.3

A Fa-Fe 99 S | gAY B
e2
r= 5
4neymu

TIEEISH o THIY] § Sciae[ w1 TS el (K) 9o feeraga feerfast st (U) B

(12.3)

1, 2 e’
K=—mv*" = e U = —
2 8me,r 4Te,r
( UH =wueass Tog gfea o @ for feererd sor—r fRen & ®) ord: geege wHm]
H 3R & Fd Sl E,
E-K+U=_° __ €

8ngyr  4me,r

eZ

- _871:807‘ (12.4)

TSR 1 el Sl RO ©| € 2 Sl ¢ foh el Atves § uieg B
It E ¥FIcA® il df goiee A1fsh & Rl iR o el § el SHdl

IEEYOT 12.3 T 5/ I8 941 T foh BESISH TWAIY] &l Th e a1 Th
T | YU G oh TIT 13.6 eV STl i AEvIhdl Bl eESe W] §
Hefig- e 9 seree 1 a7 uRehfea wifsu)

T TESISH WA § oA 1 bl Sl 2-13.6eV=-13.6x 1.6 X 1070 J
=-2.2x107'% J oTq: THIHI (12.4) ¥ BH U €A

E=- ¢ =-22x10"% J
8ng,r
Y Hefig-f5en ure e
_ € _ (9x10° Nm*/C*)(1.6 x10°C)’
8ne,E (2)(~2.2x107'® J)
=5.3x%x 10" m

TREHHOT Y TSR T o, THIEhTOT (12.3) ¥ m = 9.1 x 103! kg Weht qiehierd
FT Hhd §

e

\J4me,mr

12.3 TWHUHT WeH

=R 12.1 § I U STT0R, Y& qd stfenafones weed-fafaton safsm
T 8| W6 HIE RHUST T e 9 T gW W, 9 36 fagd um verted
ek, ST 1 S € Al Scafsia faferor § e wre e © e e fafire
TeE & Bl €1 T YRR & T ) IS adh T Fed § qe 398 el

D= =2.2%x10° m/s
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Tyl W e 2 7 fo 12.5
T e BReeE gN S e . ——
ey TN T B 3 TR aered
o s e TIaH T AT,
19 1 Y29 T o Ty [BRGe

91 nm
122 nm
656 nm

1875 nm

% ®9 § & H Tl ¢l 99 v
TehTel FeR el T W BIeR TRa § den
T THRIMIEX g TR 1T

B o0

=—= 365 nm

faveivo wtd &l WA ¥ %9
a7 Yt femrd 3t 21 o
@ aRrgd: ®9 9 $9 qlesAt

|

Elrdeui

ﬁg{é

e ol

% qegEdl Bl € S S§ T o
Seqsi e TaeH § ¢ St
€ 39 19 o g w1 FFuTU TeagH FHedn Bl

12.4 TIESISA GIHIU] T AR HiSd

AT S TIHIE GRI TEdTfad Hieet § g8 o foran mn ® ff weamg
o ohg T A9 Bl @ 99 IRERHl i Soiee R § S oF
& S 9R 9RER § e @ SO el #ieh 39 Hige &
faenfaa feran o qenfa, <A feafaal § $s gorgqa i@ 21 7€
A T St o hRON Sl ], Selfeh oStz @ § ST
HU1 € o HROT, I o Hold- T 5 = fRa Bt #1 e,
ST © foh IRehR 721 o SHdt sh1E o oaR o1 | et €, 3R
0 R F THER AR 3 R SpgaE fog %
ITTER h1E @Rd TEf o1 dEAagaehia @l & &9 § fafewo
IR Il B 3: @Rd Seid 1 Sl AT =l =neu)
TOHR AR FT AR G 9Y W =R qOn 3ida: e | fiR
ST (fo 12.6) 1 37d: THT WAV TR T 8 Hehdll TR
27 SeAfE ST A F S T % e
Bl 81 ST ToreR Hitel 9 W e A4k i A A & d 7ok
HIME a7 AR T HR SR AETaE TR giefad g
FOEEy It YT i ofgfa ot fRaR ufafaa gt =nfew
3 TR TS Had WagH IfSid HL =1fel S ard ¥ ufer
s ey o foadia 81 Tl IS 1 Higel shad e
1 Th Tee] feaaral € e ot € o sentient fomm )
T ) A FE o fou gate @ Rl
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fora 12.5 TEgNH o Taed § S W@l

tew gt efas I
(1885 - 1962)

e o sdifqewfaae el
Faieq foaml o STHR W g
T o TaH H AT &l
feh o FI-3g Aied o MR
R IH AfvERE foeed @
w fogia w&ga feam R 3
FAeH-AAHRT T HheIAHS
Guenstl i foRioeRt Sqehd &
s 1 Tfd g1 o= & |
RIUHERERI

i
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¥
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JTeYur 12.4

TR
.
TerT 12.6 T &1 hlE @RA Seraed el e hieh
Tffer 99 9 fer 1 X &L 7 S|

IATETT 12.4 FATHHT Aegearehia FHgId & SFTER, TS WA § Fiefq & =/
AR IR geia R ScHSTd WehTeT i1 URIWeh STgfa qiehierd sits)

T IR0 12.3 § BH WA € foh RS WA W WEH % Wm AR
5.3 x 107" m = T =t hen o IR seieia 1 a1 2.2 X 10°° m/s §1 3:,
W o =R 3R U gese i g €

v 2.2x10° ms™

"“2nr " 22(5.3x107" m)

~ 6.6 X 10'° Hz
FATGH AT G o SER g6 SFd & fo aRerm goieil gr1 Sefs
AR TN HT G, SHRT 9 o =R AR IRHHOT G o SR 2| 37:
IS weRTeT T YRR 2Tgfd 6.6 x 10'° Hz =it

8 9 (1885 — 1962) 7 TIHIS o Ared ¥ Tt fohreniial saien aReredH
o foaml i Siea F® U@ fhanl Hfied 9k 7 1912 H & 7EHl deh TIRIS i
TR | 1679 fehan o den 9% @IS o AIRTg Hieet i dudl & aR o g4
TE Twad o1 IWa gfaen ¥ Satel a) 4 1913 H ey fawren f6 =wify
Sgaga Tagia, ged WHE TREeIe w =re s U gad € qenty 59 fagrd
I TRATY] &R o YehHl H e T o S Gehdll I8 T 7 T o qRAr-Hee
3R THRT WIS TH U GeY GHeE ok foIu Fenfaent Fifeht 3R degageso
o Tfya fagidl 9 oa fouem i ofeweshdl gRiTl aR A Frde! Td IR
FAleH Hehea 13Tl Tl HIH Hich M SR o &9 § 01 f9g1d Ta fwan 3
(i) ¥R =1 9B ANTREG o T frdl TEm] 7 Hig soiaeld (Hivaq el Hens 7
ferfeeor Feif Scafsra ohT fomT TReHHTT H3 Gohal 21 98 agageshia fagia o
A ok ool 21 38 el & STHUR Yo W] *1 $e e
et € fra =8 @ Hehdl € SR s Hord s o e oot ol e
B B1 3 Hefaa Srareenati w1 WA i R et wEd 2l
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RSN

() R 1 SO APTEG T Tl wenell i uRwnfyd war 21 39 R &
ITER gelaei 14 & =Rl IR Shael 37 Henssl 4 & TRHHT Hal & foreh
fore #Ivftq G 1 GH h/2n HT YUIE YOS gl @1 SR h el s
(=6.6x 104 ) | 37: UREHAT H U TR 1 hI0g GorT (1) Faifed §1 evefa

L=nh/2n (12.5)
(iii) SR o e ARG o T fagia | s qen eTgHerd g faskfaa urfves

Faieq IReheuIe i HHIfae fRa T $Heh STTUR &3 SoiagiT 379 99 &Y

T Sfecifad fafwon Fem @ SEt (57 Foff Il Fem § GHAT HI Tl &1

S 78 UGT YA & d U B 3cqfod gidl & [T e GRiqs e sfaq

eI T Sl @b IR o a¥eR gl 81 Seqfoid Wieid i gl 1 ik

5’7?73??/737?\ :

hv = E -E, (12.6)

& E, T E, Wifoeh o sifqn steeensit #1 590 €, E, > E, |

THiH0T (12.4) H BEgH WA o fou fafa= st feafaai =1 st ad &
1 SHSR T T =1 TR 39 AR § SoieR el 1 T r 1 STevdehd B
r % HF URefad o fau, sl & #ofE g § Hefud 98 o6 g
AT - Tl Tfdeer 1 TR Hd

70 YR et Gerferd n'™ e 1 fear gra gldt &

. n® (1)247%‘0

n m o 62 (127]

fRdl SRS TATY] T TR T § Seiaeid ohi el i, THIhI (12.4)
o el e o1 7 gfaeenfud e W 9 1 ST Ghdl 81 a4

oo o)

me*

Aoer E, = —SnQ—gghg (12.8)
THIRTT (12.8) H fadishi oF A Wad T g4 < g
-18
E, = 21810 "4 (12.9)

n

AT ST W §ol o M W 3AeH diee (eV) § =1 $i S €1 ifh
1eV=1.6x 10" J| GHiw (12.9) ® T: 38 IR for@n <1 gahar @
13.6

E =- eV
n 2 (12.10)

fordt a1 ® faAE 3o &1 Fa Soil o s § HMHE fog 59 91 S A
2 fop Soieq, TOHIY] o AT 9§ 3Teg B 3d:, SRSl WA § Selee i AR o
(TN TESSH ] | WeH §) 3T 0 Tk fIerT i o o st i STewashal gl
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Fe el E (eV)
A
/ FEg (S
LTI
0
=5
-0.85 nz3
-1.51 n=g | 30 \G'a'
SCE)Ie]
-3.40 n=2
Fream stereen
-136|  —— n=1

o 12.7 eEeisH ] & fag
FA-TR AN@| FW o 9 W SEGSH
U] | ol SOl SRS THY
freTam afereen § odia Sl 21 eTggieH
TIA] T A™AA A o fore fomedt
SolaeA i fT=Tam sTawen 9 13.6 eV
Tl STIYT IS HAT =Rl (&fas
@Td STAA St staeensti st sufeerfa &t

gt B1)

12.4.1 STt &

WA T FSl W GHA Fqq (3R BT A1) Bl § S
T Seiae IR i Fohedd &l (i n=1) ¥ IRHH H
B n=23.. % fu, Sl £ & U 99 %7 e 5 €, 37: o
el 1 IR STH W heneli 3 Sl ik gl Sl 81 TRH] i Z7ad
T B S 77 S7aeey e ¢ ToideH Shi Sl dd Bl €, Tl
TolEH, <A B (AR B @) ST e § uiehE s 21
ST Y Fofl (n = 1), E,-13.6 eV Tl 37: TEGSH WA i Ffad
3TN | TR ol Ho I o Tl Teeh =JAaq $sll 13.6 eV
T TU TESISH WA S 77T il 9 hed €| 9k o Higel % SER
WY A SEAA Sl o T g 9 SHH SETdl W@ 2

FHR & AT R, SAIH SRS WA A Fam seeen §
Ted €| 6 IS TRHIY] Sl TEg S Rl g Sl IE il §, T
g SRl ®Y G A el S R Gehdl @ S SoidR W e
Feel dk TG o T TE B 21 qe 9 WA S9f s |
FEA ¢l FHH (12.10) ¥ n=27 ¢ S E, , -3.40 eV
21 3HehT o1 7Te e foh weeioT WA 6 fRel seieei i gHent
Bl IS Teren H IWNa L o6 AU eTewTs S E, - E,
=-3.40 €V - (-13.6) eV = 10.2 eV &rill 6l ¥R, E, = -1.53
eV @ E, - E, = 12.09 eV ¥, BEgSH WA I THhI
a9 efeen ¥ (n = 1) 39U Sfed 316l (n = 3), T Idteid
FH & fIT 12.09 eV Foll shi TEvgehal eidt 81 98 FH 36t WhR
M =eral @l 81 39 S9ied Sraeenel ¥ soee R oot e
Fetl stae | Ao X Gl 21 39 Ui § 98 T ®ie Safed
T | T YR, BTZSIST URAIY] i Seiferd Sferee sigH W (31ea
neh g1 W) IANA WAV ¥ TAGRH I @Wad HH ok A
HETIF ATT Foll T T

IR (12.10) § AR TTESST T i TRl STeensii
1 el TR SR o (12.7) ® g9in T 81 g 6ien e n

Tl aTerensti i ST o SRR H § Fifehd Hidl ¢ 39 fas § S=adq el sTaen
THIHN (12.10) H n = 0o & HIA © AT TEHT STl O eV &1 7€ WA FT 98 Sl
? o9 e 9 goreR I WE X A T R (1 = o) 3R 9% fom # 21 e
AT for SR staeensti #1 St n o sgd W e YR qE-uE o1 Sl 2|

12.5 TSN WU ol AT Waed

IR o Hied o gdrd SR oF SR, W9 &is U] S=d el fefd feet
FieH T n, ¥, ¥ T i feafa et @aien ¥ n, ® (n< n) ¥ TohA0
FI T, T T F T SR F G v, F TF B T FI@ S, qAE

hvlf= Enf

- En, (12.11)

+ fordl R T E=0 eV @ 31fus 5o W el Sl 8 Wehel 81 UE <ensti o gele
T B 1 UK E =0 eV ¥ FW 5 12.7 | 90T STER il sTeensii &1 Th
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Ffh n, SR n, T Yo € o7 T T IR W 2 @ foF et ww
o Heg Heaaol o, fafa= fafasa srafaai o g scfs g 2

& SoieR S el feufq § 1 el feufa § o9 © a1 Wi Scared B §
AT THUS TIH i 3T {@TU Scq=1 Bidl §1 39 SieeHl W@et ®i 3egsia @
T 8| TR STl hIZ LAY B i STagifia il 8 frent Sieh ot St & o
foret soigela i T oot fearfa @ S=a oot feafa § gwmo & foe savas g
2, dl T WhT I YT HEd &1 Fd: AR Had IRE i gl o wie
ferfera T o oA o g fodt Seeier 9 favefid fhe S @t daa ween
o e Tegl srawifya Taet w1 il far @t 21 ki e 39 sgfar
i€ shedl € S T o WATgEt g a5 T €

TEEIS THTY] oF TIFH i 9R Hiee g a1 T Tseiehivl Uah Ufqemett 7em
IydAfsd o e eyt Faied fagia i Wfd &l sTafus grefed fham w1
1922 ® 9R 1 ifcehl & Feel R ¥ gt faman @

12.6 X o FEICHIGIUT o g ANTIEE T

3 Sl GRT T ehtuT
AR §R A WA & Hied o el AR H H9ed: TE SATTRER g9 St
ITE U1 HTA AT 1| THoR e oh ITTAR Tk o W) 3R qReHT
WWWWWH&T@H%(&WLH=nh/2n;n =1,2,3

...) | IOl GeT o oheret TRl WM Al B € Sl b/ 2n o QUi TUTel €2 /k
AR EN 191 Hied WA i o 39 a8 9¥ard 99 1923 § Tew HIEE ¢ " Y
fifereh SR qed 3 Sl 7 T@ GHE # T all
T 3T 11 § < Sifrell o Ueheul 1 31eeH fohan on fomes
ITER, %4 HU1 oW Toaq ol T S9 o Yeiia e €1 @S
S den T T, SR g 1927 § WEfes 9 W gl i a «

Tepfd o1 FeATdA R TR 39 < Sivelt | doh R foh soree ol AR
BRI TEAfad SHeh! IR Hell §, Teh SHUI-a o ®9 § @1 T =1y
SR § T Sl T oF TS0, U a1 o STAR STeensti H ST
T S X Fehell &1 el 11 o Toau difehl o1 aIgaqwess o e1ead “
14 ¥ 89 SMd ® fop forell affia it st fafs=T <l W soor ok,
3o oo qUreEat i S fohan ST Fehal 81 911, heiel o8] aiesA TorT 12.8 IR Ha ° TH TWIH
faemm ® it € fomer fodl W fodg B & aen S e § ST R an wuifé v ¥ sl w e w1 ufify
T 1 3 1Y © fop forelt = o, st o aeft SR S @ g F =R 2 st wree
< H TF S S F qe A o d 0 BT et g, T R, o )
T weed, e wE ot quis WEem w1 aesd & auet @ o=
TR 1 TN H T o IvE SYH W SAfGR Bl © 9 ek S eiE
T ¥ B W 1 B w1 n™ T e # ofee s RS seieei gR e w5
afify # T & T A g 2nr, A A
2nr, =ni, n=1,2, 3... (12.12) 301
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o1 12.8 § fondll IR hell W 5@ fiin =4 2, Tk 19l 6o a2 g
T 1T YR, 2nr, = 44, ST A n' e § 9feh R gU Soeid & 3 sl
e B1 1A 11 9, 81 ST € A = h/p, ST p S92 o HeRT =l qiemT 21 A
eI h1 =Tel WeRTT k1 =1t © 9gd A €, A T mw, B 39 TER A = h/mo,
BT THIRI (12.12) W &5 9 2

2nr, = nh/mv, ¥ muo,r, = nh/2n

& S g Aol Seiari oh hIvig HaT sl Faied iday @ [FHie (12.5)]1
eI 12.5 | B <@ € Toh I8 Hiehior BREeH W] § St &Rl qen fafes
e T A HT 1 SAUN T T8 TR < sivell 1 GRehedl, THehm seeeH
o IV FelT o FAISHIhIUN i IR gRI WEdTfad fgdta ARG o fore samen w&ga
FHTA B1 Sola 1 e Hemd qon Soft fefal, e w1 o Yhfd ok SR
& oI el ST SToT Gl B srafterd T Hehdt 2|

a-iea o R wfafted wem v fasmr (Aifaes o IRl 31 Te-Tgw Fem)
TitAferd €, SEeeT e TR (Tohe eiee) o qe e, 9ed &9 9 St
e SROTCHe 3Teiitta fafertor =1 smgfat =t sfaq wfasramf = 81 qurfu g9
Hied &1 s Hud &) 70 4 F9 7 :

() SR-Hied eEeNET WA & fort & Suge 71 fg-seiag wam] 99 difasm
o foru off 39 fowaiRa &1 foran ST Thdl| SRgSHTH* WA o faT aR Hied
I Th ¥ 3TH Seiae arel THIET o faverol o foft T &3 o 9o fahy
T, TR IS T T e g3 HioE a8 € foh Yeheh el cheel e
ifusr @ & 7 wq g Aol ol @ ot s TR et R
AR Hied o GEUU A Teiaeq a1 HHEfE A1k o ot faga @ gfmferd 2
T T o W fagd W wiftel T @ S TR ag-selged A §
{EYTeh &9 W Fehe Bl 2l

(i) T IR-AlCA TEGSHEH THVS §RI Scfed UMl i gfaal &1 Tl
et shear €, fhe oft o8 Seen o egfal &1 snufers doaret i samen
TET R T SRS oh SchSH WA § $ 399 SAgraal i digar o7 g
7, Stafer St sgfaat 1 fierdr geet it 71 T = S 22 Wi Yeror <
£ o b GopHo1 T 1 a7uen ifeh Wi 21 SR-Hied fafe= GeHon
faferer deraneti =1 e w6 o swd B

IR-Hieel TRATY] 1 YsHd o Tgd hidl € q THeRT Seet WA & forg

IR0 81 Tohall ST Tehall Sfeet TSt oF foTe 4 Felied Afent W STIRd Th

U Tt Fgid ST STANT HEAT BT S GRATY] TN b1 3tfere quf forst wegd e 21

* EIESISHEH WA & TRATY] € TS0 o 69T +Ze o A1k IR Tehel Seieiq &Il ©
STel z 9iei TEA €1 SIgelsE T, Tkl At diferm, fga: s fiform genfs
BIESISHEH AT o STEX0T €1 51 AR ¥ i wfeet soiai-saae S
forard &l Wi |
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QRIIT

. O] et THeTeht e ST Bl € SR Efery wHny] | ey SR oree

1 A g9 B 2

ZrE-Hise ¥ IRE] SEel ol el He e g sfd wefid e €

IS -THige H WA T Taifeh SoHM SN SUH el SEY Th GeH

e W Hohfad Bl € (WEUd: WA o WSS 1 <6 ESIREl HET) el

TR T WX AR U i B

TRAW] T TEAT H A A B TGRS o AMTHF Aed § I =

HiSEAN B : (a) TR ITUR WAV 31fEer ¥ Fifen AMWeh o wRI AR THd

TU coIfd el o1 Wftel 9ol W ek Bl SR AT 371 S =AfE T v

o T 1 WA w71 (b) I8 fafa=T qel o wAmget o stfiemerfors

TS TFEH i AT &l HL Fehdll

ATIeRTST el o THY] T BN © SR e Sieen Seafs i 2

Tz o forer TR Y@ 1 aq=a gl 2 fod ae Sen #Ed ¢ 98

THI-GTEAT o T § et gee & 2

AT R Scaford IRael TaeH qu WIS o TN &l e S &

fou fiew R 3 TRgSHEE TEET (URd Soideid) o fau uw Wied

A fohanl 3= o ARFEIG wiqa foru qen Fien ATt &1 g Wi

(a) et eregiom TRAM] | *iE soiae fom fafereo et o S o ffved
Fenstt (9= Tl wan wed 8) § ko &3 2

(b) omd wen o € fSeh fofq v Gam h/2n &1 1 quiiss oSt eial ©
(AR &1 FaleHipa Ufdse) | 319id L = nh/2n, Sl n T QUi ¢ o
& FelicH &l Hed 2l

(c) TR ARTEIG o ATIR HIE S 79+ Tk fafafdse sifaeolt wan 9
3 TR Sl 1 el § Hehuol Y Tehdl 21 THl e § Th B
IR eral € FTeent Sl Ui 3R ifam srereensti s el o St
o qUeR Bl B Scfer BIeH 1 Mg (v) T Hau g @ R

hv =E -E,

IS T SH SR o ferfentor 1 el e 2 fo o weAmy) Seafsa
I €, 39 Teufd o Seldei n ¥ S=9 UM 1w H SHafd gl 2l

E +hv = E,

. IV HolTl o FelCHIHTUT Fidael o TRUTHEEY, Sl A1Heh i THeha

Sharel fafire Beeneti ot sanst 9 € o 21 erEeS WA % foe gHeH HE ©

n?\( h ) 4ne,

r":(F](ﬂ)eT
Fe ol o Feifed ®

. me*

" B

=-13.6 eV/1®
T, n =1 LT, TR STaree Feard 21 gEgier WHY] § Frefaq staeen
Tl 1 AM-13.6 eV &1 n'oh 98 HM (n > 1) WS el o Td €| TRa]
T SfoIq STeRenet H, SO XISt A1 Seleil | Weg g 31eren Sfua STgfa
o IS i FEG ieh, Teed 2|
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8. % Fel 1 UReheu T, fF Soaei 1 aUTesd A = h/mo i 8, ¥ TI-%01 &

St el k1 SYANT FXeh S KT FHifed Hast HI AR F1| HET JAHR
ST A oh T © TSent shan w1 ufkfer ameal & qof 7oreil o 9 2|

. 9R Hied TRESSEHY WRAET (THA Tad) % fau & sugs 21 58

fg-setarei™ war] S9 gifeem o forg ot faearia 7t foman s wehan| 7@
e TR STaH WHIVST &1 STgfaadl i sTdfare dierarsti &1 o samen
RECTEEIGH

Taomuita faua

. A Hisd 3R WIhIE Higd Sl B SRR a5 S B | e Higel TR

agd ®9 9 RUER 8, Sefh WEIE Hied wefld TRl o agagdsa
fafertor o RO ememE g 2

. 9R A il gam (fada i) o1 € aeieHieRor @ R, ot sie afer

1 /A F21? &IF § fF had B Fa F o T € a8, 3R gareR
Feretl o feu wviia oM Tk Sgd gEfTR A {1 e fgda e
Tenuifes € B

. TRSSH W] B R Hied W wefta fomm, siffieaar fagra o | st

off| 9% MYk e Afeh! gRI wfcwenad 3 f&an man on e SR it et
9 & & el Selaei[ o WY S+ w1 Widehal Sgd i €l Hehdl

. OR uReR i feerfa @ fa=r, Stel e-e & i ey 9u, 99 SR s

T% o 4 ekl 9 (e & &1 599 fordl ot I o 59H 9 984
afere §) 1 STIEN AgA FH 2, TOER-SeER F ST A % HRT e
T 1 AT SelagH-AT JEd §ct o o ¢, Hifch SE qe gREr afmT
H TaE Hife w1 €1 T HRO1E R U8 g9 R HT HI=I1 I IR Hied
g3 THOLE % fa STgE e 2

. Fo fafdme wel &1 IReed wieh f50 soiag fafwfa =t o, 9r 3

Faien Tagid 1 g Wil 9 o s § shael T FeieH F&1 n Gt 2|
1 fagia f98 Faien Fifet wed €, R & SR ot gfte & 21 denfy
Falen iR (A a9 ®9 9 7)) |, F1E Ry Sl T Hed U @
FICH ST o WG el eIl ST oh T, IS STaee 9R Faied qemsit
(n. I m, A1 s) ¥ Afqaretiong €, A g warm fawa o fau (eeger
TRATY] T i) Sl ohaed n W e w R

. WIIROT FAfGeh! STUENST o Fidehet, IR Aied o fhell golareia o 7T el o

IReAHOT T AT 1 Tt Y@ 1 ST @ hiE Heer T 81 e T i
g h <R fauitsa < wefia seietl #1 o g 81 9€1 Faied gens
(n¥n-1 9%, n 98 981 o4 W) o J& YA § I o T THME &1 S
T S R erafar 2

. IR 1 QiR Aied S $ @ FeAfaat Gifdhl o TEget W do $9

MYk Hifaehl & Teqstl W eIRd €, TedT TEeeT RaTvEt 1 of
Tl Tern &l e Wel fost areqe o Feien Fitn ¥ 9iw el € S SR Hisd
¥ o goiv B4 § 9= 21 fRe afg o Aieet gof w9 9 S @ @ Al e
Wgﬁﬁﬁrﬁaﬁ%ﬁ%’?aﬁaﬁﬁ?ﬂﬁmmﬁmw
SN &
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12.1

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

(i) @8 Hied shad o AR R efid © oifer i off eegiem weed
1 o |l oot & saren w B

(il) B Ferfaeh Hifdert 1 f5F Hheqmie &1 drar © 391 39 Ated |
@Y

(i) Al <wiian @ foh po wlasrarioml 1 emen o, ford yer forelt Sgifaes
Hifeenfamil i, Hefi-ef o TG THEAS H1 AR IULT HT A
=itz = fagia =1 diea &1 Jforsgamh w9 7 @ © @ o
1 SURRTT i T UL T AT HH T FIT HET AT

HEH
Yk HYF o oAd § U T Hohal § 9 9ET foehey &1 =99 wifse :

(a) (AE9 Wied W URATY] T WEW, WIHE Hied W THVEE HEA
£ S e 2
(3TUeTTRd HThI Aty =1 &1, oTUanga wIH &H)

B) eennen.n. o fretan staeen o soee ol 9§ B © SEiE e
H golagF, G3d 42 et 3T I T
© eennennn. W ST forel S A 1 A e iy 2
(T Hisd, WIHE HSA)
(d) TRt T o FEHE H ... o ST Gad R g € it

.......... o o1cid STEHM FormH faaur g 21
(A Hied, WIS Hied)
@ evnnenn. H Q] & AR 9 1 5eAuH gdifus e 2
(TIHIE gied, I gregar)
o eifere o wol o=t & TIM W 3 BESSH &1 Ydell IS T SYAT Hieh
3M9eh! UCThT-h0T TehiUT T e ohl STa@ 9T il 21 (STEgie 14 K ¥ ==
Y W S B S 21) A TRy qRomT i e w82
2.3 eV Sl iat ferdlt TRam] § < el WY bl Yk Y 31 1 St faferLor
1 argfa = Bt afe qE] o gl S W) 9 T W o RH0 e 82
TIESISH TWATY] 1 FTeTad ofeeel | Sl —13.6 €V €| 39 37eee | Selaiq i
Tfgst X fearfast st = Bi?
T eraen o T T eTggiS WH] Teh i i Aol hid @ S
T n=4 W q SUSa HT A 1 B i a0RE qe g 6 it
(a) IR HISA HT SYAN Heh TRl BEGSH WA H =1, 2, o1 3 W W
AR i =l IRehferd HIfST| (b) 378 @ To® &R o fau sefta eafy afsfaa
EalE !
BEGISH WA H FRad soei-hell &1 B 5.3 x 107 m B1 el
n=2 3 n=3 % Beard #1272
HW o Y W I BEgeH R fHHl 12.5 eV 1 geiei IS i aHeaR! 1 T
o qnesat 6t Soft Seafea Bii?
IR Afed ok SgER I F AW AR 1.5 x 10'! m B & wam H,
3x 10" m/s o Hefa o | qfehar &t gealt w1 sifaenafors saien H@n 9
HIT (geait &1 FegH M = 6.0 X 10°* kg)|
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