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el W Seafsia fafertor 1 Tk SAfeneriinen Tiegd gl 21 SEe
o o, TrEgiom Taed deg W@ell %1 Uk gy Bl @ forad
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Y &1 W o oy formmeeen § o © Yew den foen gfdem | g6 SHaan g8
1 82

T T G RO 9% § 5 Yehi0M YR k1 geed stafy o fRdl o 99 Tewhr-shor
IR ol # Fot AR Fol GG @l T TeH-HU IR S HY
AR § Yel T 1 IR ACAR Fsil E, F91 o &foreh &9 9 fammeeen §
M W IR A st E, 5 R g1 TR it E, ST Geh1-Ho1 i st
rolt K S a1 sk 3ol E, o 1 o et et U 1 1 feetfest et
U &1 G0 (12.1) 9 9Reher fohan s gsha 21

T AT fof TewhT-F01 o ohg 3R ool o o o o= i d 81 5T o0
s forr foig W feord 2, 7@ St wea™1 & FRAGER, E, = E, % 38 JHR =1
fepen <1 whell

1 (2e)(Ze) 2ze”

Tane, d  4ned
37 THIaH g0 d 7
_ 2ze®
4ne, K

YTehfaeh il oF TCH-UN | U5 S dTell STehan TIfast el 7.7 MeV 31efal
1.2 x 10712J 81 FifeF 1/4ne,=9.0 x 10° N m?/C? 3@ e= 1.6 x 107 C,
& WY, TH I B

_ (2)(9.0x10°Nm?® /C?*)(1.6 x107'°C)*Z

- 1.2x107"%J

=3.84x 10" Zm

i o TR1ef @0l 1 WHY] FHHIS Z = 79, IHAT

d(Au) =3.0x 10 m =30 fm (1 fm (& FH) = 10'° m)

37d: w0l IR T BFE13.0 x 1074 m ¥ ¥ B I8 Uferd uRomy ¥ wgq s
Tt & @l ? i ot Tifuss w1 arafas 5591 6 fm 71 39 fafa &1 wRo
Tg 2 o qeitem €= 1 < Qo1 qe ol 1 e o e o st
affereh &1 9 ThR Uethl-hvl T0i-A14eh i areda | U fomn &t ot ifd =1 faen
foradia ¢ o 2

d

12.2.2 TASEH-haT

TRHIY] 1 TEIRIE AT9hTT Higel oy Fellfsh! URom |itdferd €, Tam] i Th
forgdia SerliA el o w9 ° fafa o 2, fSee shg W agd e, 9l qen e
AT s 2, S STaet-37oet Tifeeiier feer wmanet ® Trd sl @ forr gam B
UfGHHT A G TSl 9o ek o die feeRded SRS 9 F, Telaeid i ST
& H T W o A e et 9 (F) TS A 1 3T, BIEgeT AT
o wfaeiial fer wen o fag

F,=F,

1 &€ nmo?

2 = (12.2)

4rme, 1° r
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3T 12.3

3 he-e qe SereR-o | HaH B

e2

- e, mu’ (12.3)
TIESISH oF TEIY] H SeigRi i T Sl (K) qen Teereg feafast st (U) el
1, e e’
K=—mv* = e U = —
2 8me,r 4ne,r

( UH Fomce Tog gfad =< @ T ferdga so—r fRen o @) 214 eege WA
H 3o & $a & E,

e? e?

E=K+U= -
8ney;r  4me,r

e2

=- (12.4)
8ne,r

TARMA HI hel Sl BUMHS T A8 qed wial € TR gl Aifde

¥ e 21 A E oA B soeid Aifhe oF Wl TR a% e H el

EHAT

ISTEIUT 12.3 TAM 5N I8 Ul T fh SRS W] i TH W qel Tk
T | gUh S o T 13.6 eV Sl i AEvdehdl 1 BRSNS W] §
Hafi- a1 T Sefsrgi sh1 o Rehferd ehifery

Tl TTESIS WA W Toieg i el el 8 -13.6 eV =-13.6 X 1.6 x 107"°
J=-2.2 %1078 J 7q: GHRIOT (12.4) 9 B9 9@ BT

E=-— ¢ =292x10%J
8ng,r
THE Hefg-en g B e

e’ (9x10° Nm?/C*)(1.6 x107°C)
T 8ne,E 2)(2.2x107* J)
=53x 10" m
TRGRATT YA ST T o, FHIRTOT (12.3) ¥ m =9.1 X 107! kg et IRehferd
FT WHd ©

e

\J4me,mr

D= =2.2x10° m/s

12.3 WHUET WeeH

3% 12.1 ¥ Sood fhY TR, Tois d stfyenefors Tieey-fafao seafsm
AN B S hIE RAUET TG Sfen aroq e < W, 9 59 TR uw veted
FHToh, SN 1 S 2 Al Sedfsia fafhtor | Tieey ww e @ forad e fafime
TeE € Bl €1 T8 YN o TeH i Scdsi (g e hed § qe 3EH el
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Ty R 4w e 2 € o 12.5 e ) ——
H ey gEgSE gl Scdfed - - . :
Wz <9 e 2 o fed wwed B F o e & 0
& st Yas Teen w1 deeE, o o 3 8 =
9 &1 UEEM w & fau fERGe
o &9 W Hd HT Fehal 1 ST To
yehTeT Ferelt T TRt TeRal © e
TH SIS G 9T Gehrel w1 UL
fogerom 74 A SaE ¥ pw e awe aof T il
s et frad & #19 ordm S
%@TQVWF{'WW@WW forT 12.5 TEgSH & TaeH ° I W@l
% qegedl Bt € SS9 19 &
Scasie o Waed o wE Wi 1 U8 39 N9 o e &1 Havniy wagd
HEeAdl Bl
12.3.1 W& i
TH 78 TN L Tohd € T ot o forsio @ s yenmet &1 ergfal o fafia
Yo < BEgST T Tleiad WA € 3R SHferT SEeht
Tagd WeAd il ¢ aenfy, Teelt 3fic | 7 Ufera weew - . - - -
F Taedl el § fRdt A A1 wufiad 1 N ARl z g = & 8
BN e BEEISH TaeH oF o fov T=adl o im 3 S g © ©
Yt % o # o fefe w0 @ wedt W 2 (Few T R ©
12.5)| 39 ¥ Yo T=ag 1 Wazdl 4 wed €1 T
1885 H wled o Teh Thal 31EATIeh M Sihdl aFR (1825
~ 1898) 7 TESISH THH o ¥F WM H 3H WHR I weet | L
St i X v Aok A A e ¥ (P 12.6)) W B "

S T H FAifE TIEA, 656.3 nm S @ 1 H,;

486.1 nm T F1 Al el @ 1 Hy; 434.1
nm T T S T H A @ w3 g e
o S 21 S9-S0 e Sedt S, Y@t gHig it gditd et € qen S
diorar W e S {1 SR A 5 WEet Uik aesal o fory T e e
(empirical) ¥ A0 o :

1 11

e R(Z_z_n_z) (12.5)
STel A e 9o R Uk i © o Reef-fraaia ed €1 F8l n o quifs M
3,4, 5 M & Tehd €1 R &1 91 1.097 x 10" m™" 81 39 THHI0 &1 a4 G
Fed €l

e (12.5) § n=3 TFH W@ H_ H q0Re Wd X gehd §

%:1.097 x 107 (i—i) m™!
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=1.522 x 10° m~

FUd A = 656.3 nm
n=4 T W T W@ H, F TR 01 76 TER 0 F e 71 @ o e
ﬁﬂvﬁaﬁwaﬂm%\ln oo TR TUTCEH )\ = 364.6 nm T, 07 1 Far g
I S T T AR AT T AT T 71 39 A ok A hE o W e
TE 2, kel He W Had WeeH fe@i < 2l

TESISH o o Teen 1 3 Sl @gie, 9H, sehe, $E i ot @il 8l
I 8, T9= 37k Tiuhdien o A9 ¥ € S 9 €1 3= e g gn frefua e
Trﬂ?ﬂ%:

8737378?177?:

1 1 1
—=R(——n—2) n=2,34... (12.6)

A 12
9 T :

1 1 1

ZZR(S_Z_H_Z) n=4,5,6... (12.7)

siehe 4

1 1 1
ZZR FER) n=5,6,7... (12.8)

BT gt :
1 1 1
—=R(——n—2) n=6,7.8,... (12.9)

A S0 H Scafs egd T WeT 85 § SR URH, s Ud e S
o ey @l WA o JTeE e | W el 8l

a4 ¢ = vxawl——aﬂmﬂaﬂ%w%ﬁakmxﬁuz&aﬁw
ﬁa@ﬁ%qﬁﬁsﬂwﬁmmm%l

v= Rc(i—i) (12.10)
22 n? )
THIRT (12.5-12.9) o A G 9 had o adl (e, THH ST
Sferan 3 fga: smafa <iforem) o wWagAl 1 & feftd e <1 g 21
TR (12.5) — (12.9) ST € sifer o eregior wArEt gr Scafsd st
et 1 S oTelt queedl o aN H Saardt ¢ ey, 3 gRom shael swfesh
& U1 TR BT HRU TEl S Toh BESISH o W | chadl @ Al g
Uferd =1 S €

12.4 TEESHE WHIU] &1 G HiSA

TTHY] o TIHIE 5 Fdifed Hieet o 98 °H fean mn © fo wrum) o ohw o i
BT © U1 URERHT i geieeH TR € S ad & SiEr O] gier ¥ g © e
424 HIHT ek 39 Hisel i faepfaa foran mam qenfy, S fearfaei & o geryd @
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Bt B, 3R 5 @Rl Y efd AfehEl 1 Felfiehl SRgah
fagid o S9UR *E @ &G 07 Sgagas @l & &9 §
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MW Serare(d AT 1 TR FiTed T TR FehT a1 3idd: s §
iR S (fe 12.7) 1 o7d: T W] TR 81 81 Hehdnl $9eh
Afaftaa, et Sgagasia fagia o oHar aiewH ol
SN SRS SEagashd a1 g uRehHu-sTgfa & aeR
B €1 56 goterRi Wil T W 3T A hi A A € al Sk
10T o7 3R T FehR S7eh! Mg FRaX ufafda gl eresy
IS FeRTT T g oft FRaw aRafad et =ifew) od: 3% & mﬁ;‘zﬁw
A TeH ScfSId il weT S o | Uferd s WA % 2 & S e
fauli 81 TIqa WIS H Gied hedd TER H1 Uk Uge] e (el o SR W sEesH
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F o forg gare @l 2 T & FA-3 Hisel & AR
R IR AR fa@ed @
wh fagid W fE R 3
FATSH-AART I HheUAHSR

1
3
i
2

A TSl i faRIoeRt Syt &
;;33“ fargia %1 wreqfel 50 o H H
il RIUCERERI

EECE]
.
forT 12.7 T 1 FE @A SeiaeH Sl g Foh
affer 9ot W AR T IR AT 3T S|

IETETT 12,4 FATGH! ST FHgid 3 S8R, eeersH W] § Wi 3 =ri
3R afhTl Seiaei g1 ScHfSid TehT¥T i IR eTgfa dResfera wifsw)

T SSEWN 12.3 W T WM © fF gESNE WA § g % W’ @i
5.3x 107! m &1 55 1 hen ° ufehrl seiaei™ 1 9 2.2 x 10° m/s Bl o,
WA o IR 3R ufkehT Seiae ki g ®

v 2.2%x10° ms™!

" o2nr " 2x(5.3x10" m)

~ 6.6 x 10" Hz
T TR fagia & TIOR8 SMd € fF uRer soreetl g St
ARG TA TN AT MG, THRT AR ok =R AR GRHT G F SRR 21 27
IS eRTeT T YR 379 6.6 x 10'° Hz B
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FIed 9R (1885 — 1962) 7 WIHIE & Aied | T foshrasfial Feied qfred
o faarl 1 Sl T8 IR a1l Hied IR 7 1912 H & TEHI deh "IhIS hi
TANTINEN o 31eAe feRan o qen o7 (SIS o Af9hiA Hige ®1 SUdl o aR § g
e Naw o SWe 3faen ¥ 3a8 arx 7 1913 # fashd freren foe zmafy
Jgaeeh g fagia, 98d @i aREee %l e & § "em § qenfy 59 fagia
1 Y] &R oF Yol H I &1 fohdl S Hehdll| 98 T 1 741 o RuTo]- G
3R SHhT TWAVT TeeH U Heel THgH o oI delfeeh! Fifeh! 3R s
o Tfya fagidl 9 e fouem &1 eTeavesRd grfl aR 3 Fetdes! ud IR
FleH Heheq 3Tl sl Tged hieh 19 ANTRIA o &9 # 3191 fogia w&qa foham 3
(i) IR *1 Jeen ANWEG o foh frdl WE] § I8 el (ivaa Tt wenst 7
fefferor it Sefsrd T famT IR T Gohal &1 98 Sgdgaehia fagid &
A o faudia 21 3@ SRR & SUR Yeis Y] i s fafvea e
et & foraw 18 ® 9ol © 3 Ucish ua eraeen § ffed et st fAfvem
Bl 1 3 Hifaa STaeenaii w1 TE] i ke et ®Ed 2
(i) SR 1 T AT 39 Tl wenet il uRenfyd war @1 3@ sifuEa o
STER Zciael Iy o FR 3R Shael 37 &ensi 4 & TReHHT Har & foren
ferq @ivitg @ w1 AH h/2n w1 QU YOS @ 81 el h elieh s
(=6.6x 10°*J s) | 31: UREHH F T ST I hI0NT T (L) Falifed §1 et

L=nh/2n (12.11)
(iii) TR o TR ANTEG H TH] 951 H @i a0 EHeRd g} fowfad urfyen

FleH TR TIIS ! THIfTS fohaT 71| SHh STER HIE S99 3777 fa9r9 &9

T Sfeifaa sfafwont FHem @ it (7 il aredl e & GeHo FT Gl &1

S 7€ UFT Fdl & A Tk G Scafd glar @ foaest Sl IR ud sifam

ey &1 Foil b SR o e gl 81 Seqferd ieid i gl e otk

grT & Sl @ :

hv = E-E, (12.12)

TR E, Wl E, YR o sifew sraeensit 1 o€ €, E, > E, |

TiHT (12.4) B BEgeH wAY] o fore fafa= e fearfaai &1 $=id 7 &6
1 S Ted T € iR 30 HHieht0l | Seiei el i B r Bl Sfrersaehn B
r 1 UM 9Rehfd w3 o fau, seiagE oh hivfE "o @ gefud oW o g
SARTEta - SeHeRo Fidee 1 WA HId 1 IO G L g €

L =mur

FAICHIRTOT 1 AR oF TEL ARG [FHRI0T (12.11)] oF STTIR vl Hol ok
HA | h/ 27 o YUl TS B €

L = _nh 12.13
n= MU, = 27 ( . ]

W&l n U QUi €, r, e et n w1 B @ 9o o, n' e o faee o
I I T STIAA Hell B nh WE o AR, 1, 2, 3 ..., 5N IR fHa T T,
5= =& =1 geT FaeH &I Fed B
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TEHH (12.3) § v, T r, % o= Fao @
e
Jang,mr,
TH HHIHIOT (12.13) o WY AN T W EH v, ql r, o forq =1 =ieeh o
e T,

v, =

, ol 1
" ndng, (h/2n) (12.14)
A
i n’ ( h )2 4me,
n m o ez (1215)

THIHT (12.14) W & 6 n' Fan | soiae &1 Heig-amd, % nd &9 &
S 1 TR (12, 15) 31 STANT FHeh 3aad F&l (n= 1) 1 92 174 TR I
e S gehdl 2

h?¢g
r= ;

nme”
T aR e FEd 2 SR Hopd a5 FEfd % 8 39 TR,

_ h%,
"~ me?
h, m, &, T e % A FfEnfad W Wa, = 5.29 x 107! m W< Bra1 €1 FHiwTor
(12.15) § 78 off 3@ <1 Tkl € o wefl &1 Gosti & n? & @ gfg @i 2

el TRSISA TH] i TARMN STaeen § Soiae &l el Sell, GHIRT (12.4)
o weft e 1 7 gioeefid e T W 1 S Gehdl €1 Fe

o))

a, (12.16)

me*

Auar E, = _8’12—8(2)’12 (12.17)
THRTT (12.17) § fodint o A9 WWH W g9 9 8
—-18
E,=-218x10 (12.18)

n
THUHTT He W [ o T W Tee diee (eV) H a1 W &1 itk
1eV=1.6x 10" J| Tl (12.18) H1 TH: T8 YR forar <1 Ghdl 2

13.6
E =-—— €V (12.19)

n
et et o TfaHE Sciae 1 el ol o sl H R UNHS 9% 39 o1 T Odh
2 T Soiag, THTT] o ek § TG Bl 3Td:, TRSeH WY Y Solerei i s o
(7N TTESSH AT | W ¥) 3T 0 % faer & o o Seil &t sTevahal gl
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% Sifdent
G (12.17) — (12.19) &1 e 360 sheqdl T i € o gelee= &1
et oo €, FEft ook a7 aa o e et g e et 21 (Tl
e G4 & Fchd o Tt ot o i <elgeia seneti o nfqme 7)1 qenfy s
ifepfem eFice Wtthes (1868 — 1951) 4 T w1 o foh = gxita e &
gfqad i fofora &2 fan s @@ «ft 3 g efasda waet | off 99H €9
T @ it 2

TTHI] H THaE @l Rafd : el o fifaed

fiferer o e1emEA o fodlt 71 forel WR R T9R1 IR Y] o SR Aied W AT Sl | FeieH Fitent
A foRiy &9 ¥ TH] T GTEAT HI A H H 3H Hisd &1 ORY TH | @R H1 o A
Fell-faferRa & o Fafaest fagia o foada, ar g1 ffv=a s & 1 Sifdeit foeR T Suafe
21 9R A Tifv=a sweneti o qiepm Soioiql o HIvg Tom o FeieHiehil o foeR i ot wea T
T YHR THY] T AT H1 I8 Teh HHI-Feaash] f==or o
37el, FaleH AR o foehTd oh Ty TH TWHIY] 1 G ki Ak 3TeSl WH €1 WfeTR o
GUIHTT S Tl A YTATY] ok T Wl oh SMHHU ot o HRUT G Tl Sl a1 o g9 Fuifa
ERI
dR Higed U et goiee 1 el e o =Rl AR goEA i T w1 g9 99 €1 Wy aeied
T o FATIR, TH FRdl TEm] # seraeid i fa i fmdt Ffiv=a 9y oF W Hag T80 & T
BH had A9 o 9 TR feehea o ot ffv=a 9mm # seiee@ o faee &1 Wifaehar & s o
A Y Tohd B| T8 WIiHehdl Tohol-Seige ail Herd 158 e (Affdeet) ®ed €, § STid i S
Hehdl B T8 el ehael SoieR o TRl W Y 2l
3T I AIYIH ¢ fh BH T Hiedl H geH A w wHH
o S Higel Sheiel Ueh TelargiA TRAIT/STIA o Tl oYl €; 36 Higel W Yieh hell o foTq Sofl ol Teh
1 W B €, S g deied G n R R e 21 ot B T € foh Rt seieei i fier
el W Hg o1l Uh el TR/ § sheiel n W 3R 81 Sggeieeq-RH)/3RH o fog
Ig g 7L 2l
o TR S WHYSEA o TAT U INTETR a0 i<l &1 gt fS8 a0 el shed ©, e
o W) R fafe= &= & e soiee = wifdshar 1 9 %% o fau ge 95 S #1359
AT 1 aR Higed § Selaq o foq aRwite e ¥ i T @l 2l

IETEAOT 12.5 10 kg FT HIE ITE 8000 km 501 T T & | geall &1 ThH
TR GAF 2 h H ol €1 98 A gU TR SR 1 shivitg g s, s
TR STE W AR &1 7 o YR ff g% wiegior o WA | fRdl e[ %
foIT 71 €, SUUE W1 el i Faled G A HIo)

A
iR (12.13) 9 89 94 ©

m v, r, = nh/2n

30T 12.5
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RSN

T m=10 kg M r =8 x 10° m| AW gL STIE T 3Tad F1A T, 2 h Bl 1A

T = 7200 sl

Ad: aﬂvn= 2nr /T
ITUT 1 HET hl FAH G&A
n= 2rn r)*x m/(Tx .
Al 1 gfaeenfad wE |,

n= (21 x 8 x 10° m)? x 10/(7200 s x 6.64 x 107°* J s)
=5.3x 10*°

e ST o Suue w1 Tifa & e seien He st sifiek 81 arkdd | 3ol St
FieH HE o U FaieHieRl Fiier o RO ST SRt % TR % SHT 2

12.4.1 3 &R

WHY H Sl SH HE a9 (SAhad FOTeHsh W) R Ste
IR TerR AR i Fehedd el (319 n=1) H IR0 L
%I n=23.. % fou, St £ o FRUs 99 %9 €7 9 €, 37: o
el T SR TH W FES | il Ak A S ¢ TRA] Y T
Tl | R 7 S7areey hed § iR hl St Ao Bl €, el
ToleH, <ad e (SR B o) T e § OfGRRT S 1 T
ST T s (n = 1), E, ~13.6 eV ¥l 37: TESH WA i e
ST H TR ol HoK hi oF ToIT STeeaeh =ad 3l 13.6 eV
T T TIESISH T 1 37T Foif 9t hed €1 | o Hied o SER
W YT | SAEA Sl oh WA HHl § SOH SETdl Wl 8l

FH o A9 R, AR SRS T ST ey Teeen |
Ted §| e IS Y] Selsri Hog S WehHl g1 Sl W shidl €, e
I ST T W 3 St G F Gehal & S oA I Sed
FHeeit 9 TEAH o T v S 21 7 9% TH] Safory svawer o
FEAM g WHRO (12.19) ®@ n =2 & fau; =i E, |
~3.40 eV B 3G 31¢f 78 g7 fof wregior wH] | fRdt seiae
T THRT TgEl ITTSId STaee § IAd i o folu STawae el
E,-E, =-3.40€V - (-13.6) eV = 10.2 eV &l 36l Y&, E, =
-1.53 eV @ E, - E, = 12.09 eV| 31id, BEGSH TH
9! fT1a9 s/een § (n = 1) 3EA 3ufed 3T6ef (n = 3), T
3AfSd T o feT 12.09 eV Felt 1 ATl Bt 81 98 %A
TH YHR S T Wl ¢ 3 A sttt ¥ goeeH i
AR e ST rawen | o9y iR wehar €1 3@ Wi ° 9 T
I SR YT B 39 Wb, BISGISI TRATY] shi SxIfSrd afareer
FEH W (U noh g1 W) I THY] ¥ Seiae i w&ad
FH o o Aewash =Haq Sl e 7

TR (12.19) § AT BTEgeT TR i T sferensi
H1 Sl TR R@* fo= (12.8) ¥ <wifan 7w #1 gEA Fdied §&A n

G'CT Ini2ibe

FA ol E (eV)
A
/ G (AA)
LA
0
=5
-0.85 nzZ3
-1.51 n=3 3él SE‘
ST
-340}————n=2
=g stereen
—13.6—]1:1

e 12.8 BEgeH W] & fau
HA-ER @ | FH F dq9 R TG
] | AT STAT SRS TH
Fretan afereen § ordid Ll 21 BIES IS
S i fTTam 3Tewen 9 13.6 eV
TS STIv IR HUAT AfEU) (&fas
W@T 3TAd Soll aEenet i Sufeafa 1
Turtedt &1)

+ fordlt soe B E=0 eV @ afush %o i el ol gl Tehdl 21 GElt <enedi § seiei
TS Bl 81 39 WK E= 0 eV ¥ SW T 12.8 | 39T SHR ol Srareeqati &1 Th

Hiaed B
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TR TEenat shi Soll o SANIE! hH | Afehd el €1 59 Tost o Seuaw S erae
TR (12.19) H n = 0o & G € T TEHT Soll O eV &1 T8 AT FT T8 Spoll
? v TR W o Ol W R T R (1 = o0) 1R e foRm H 21 e
AT for SfSa sraeneti ®1 FS0 noh sed W g YR IH-9r" 31 S 2

ot weary) ® fafgea o @i & oifae &1 diel gfic T 1914 & S e 9o @ 83 51
FT TE| 3= IR ok 9Td ok TaLH T 1eAIA, A ¥ fafy= nifast Seifeni o gelee TR W) fwem
ToFEM T el UNAfdd S o foT S W it dioar o foRa & oY MUl geeeE 4 IR %
THS § HeHg A qen UR o TR i ST el Safd Y <Y Te quft H9a B Gehdl @ S
TR HI Foll, IR ok 3T ol TR oy soaei 8 a1 THE S fedt e et 'R (e 3fam)
o &9 eIl ST, W 3T 81| I3 ok fow, UR o TR foR g Sl W qen wreft Seil W §4.9
eV &1 Sell 3 2| AE g goiae faeh! il 4.9 eV a1 309 1fush 8, IR 9 Toral € df IR ok
TTATY] 1 h1S TAaR ZohTH oTel Seieai § Sl STeriifie o Hehdl € A1 S T W S 81 Tehal
2 [fesi(a)]| THTA o1 TeiaiT R TSt il oAt & WE ¥ HH 81 S|

N

E, E . -49eV A =253 nm
4.9 eV NS, ANNS, NS

@ (b)
IAfed ot a8 | faferior Iaafsa ek ETqq stewe W amd 31 s [fes(b)]1 S
fafertor &1 et =il

he 6.625x107°* x3x10°

2{:—: =
E_ 49x1.6x107° 253 nm

Y IO g ek qe ges A 2w o U % S Tiaed ¥ 39 quesd & W U @ 2 AR
o wAT] o fafeer Sl T oF ot fomrRl qen wie ScasiH o YohH i T gfte o forg Ther den

g 1 1925 H A6d JWHR § T R

12.5 TESSH UIHIU] &l AT Weed
AR o Aled o Jdrd ARG o TUR, Sd iz TH] =4 el eufq et
Fien WM n, ¥, | 1 Sl feafa et saten @ n, ® (n,< n,) o S0
2, T Sl % T S B SR v, B TH WA T FIA €, A
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hv,= En - En, (12.20)
En, 3R Ep, % {0 S0 (12.16) F1 WM F6H W
me* 1 1
hv, =— | = —— 12.21
" g’ [nf n?] (12.21)
A9 v =m_e4 L_L (12.22)
¥ 8elh® nJ% n? '

TR (12.21) TSN WA & Wz o fau e &1 g1 21 39 gau o
af€ 1 n =2 @R n=34.5.. efdd F@ €, @ a8 Hda aR goft % fag
THIRIOT (12.10) o T ufRafdd &1 srar 21 398 ed Rest fadis R %1 9F 3@
T TWehd € Sl 3H TRR T :

me*

R=W (12.23)

TeteRtor (12.23) W fafe=1 feaieni o 7 gfoeenfa & ®=, g9 o & TR
R =1.03x 10" m™

T UM AHAfa® S GF W W 9 (1.097 x 10°m™) & 1fa Free 21 dgifaw
& U Ol o 39 MO 7 dR-Hied Hi W UE gHeEEed 9y
Eald

T{%nfﬁ'{niﬁ{“ﬁ%m:m A M, E(eV)
T wRom e B # foR e TR e g

T Hennon H, fafy= fafaea smafaai o n=4 ST T

VT ST B 1 BTegioT Saed | 9 0

[T

W n,=2 3 n,=3, 4,5 M F T&IEH -0.85 :

1 dR-Hed § I Y@l i st w J°
oft SN T A S on =1 SR n =2, 3 -

;=3 SR n =4, 5. SR qel ~3.40 —
kUl oh dRIEW B Fehdl &1 3 Ao BN
& UgEH ardd U TaIGhifud I o6
T g2 S g, R, WI9H, siohe qe
$e SR o T8 9 S S @1 5 S
o TEIEUl Soiaeieh HehHTl fad (12.9) |
@Y T g

& goiae Sed Sl feufd 9 = et
frorfq o o1 ® @ WIeF I B © qe
TATE TaH i e W@ S gidl
Tl 37 Sl Y@nstt ®i ISt @ Fed g Lo

fT=am sraeen

1 Sfehe ST T WA I T ST i
w1 & Tt Sk oE S € S feRd #oft

TR w1 o fefd @ ssT ol fort 12.9 o7 Tiogw ol T ok A WEA | 431
) F FRI ST el 2
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432

33180 12.6

fearfa & "orAu o forw stevaes it €, A 39 WehH i HFIT hed €1 31 AR
T IRER 1 gfaal o wieH fordt forferd T @ oA o uvemd et weRiex
Y fovaifta fre S € o Saa Seed o o1k Tt STt t@nst & gof faar
T 21 ot Y@t 3 sTgfaat i fAfde wd § S T oh wRATgS g STenfd
1 T 2

BIESISH T o6 THaed 1 dR Aied gNI e T TIeieh ol Teh Ufaemeiett He™
Syt o e eyt Fened fagia =1 Wfd i eTcfuss gicaned fwam &
1922 & &R 1 ifqert ¥ Aed R 9 gt e

ISTET0T 12.6 st ot 1 W ek BRSISH Tagd 1 agHA Suft | YoM =r

et Y@nel i aeE i gRenterd Hitey)

&t e T 39 YR =Fe fomell ol @ :

me* [ 1 1
hC/kif=Se§7[§_gj
TG STt Y e R e i W n,=2,3,4,5 ¥ n,= 1 % GHAV o GEgEH
Bl €1 B S © R

88§h2 =13.6eV=21.76 X10 " J
3d:
A= i m
1 |
21.76 x107° | - - -
1 n?
6.625x107** x3x10° x n? 0.9134 n> .
= = m = ———*tx10"m
21.76x10 O x(n” 1) n? -1)

= 913.4 n’/(n”-1) A
=0 e H n.=2,3,4,5 Wi s W g, wR aifed wesd W e § S e
THER E : A, = 1218 A, A, = 1028 A, A, =974.3 A T A_, = 951.4 Al

12.6 X o FEiCHIEIUT o fgdia ARTE @1
2 |Tel gRT TsieRiuT

AR G A WA o Hied oh §lt SRl o Hyferd: T R wed sty
IAE U1 BT A T SHoh HeH oh STTEN Ak o R SR IR i gl
T VTG FolT Falifed & (1@ L = nh/2m; n =1, 2, 3 ...) | FIVIT H % hael
I 9 i e § S hy/2n S quifes 7O €7 SR gRI 3191 Hied WA F o 39
o9 wveTd T 1923 H UH WiEE wdifasw S g9  Siel 3 59 e &6
T gall

TR A 11 H < Stelt i uReheu &1 temaq fwan on fomes 31gaR, 5
FHOT S Tl T S e YEiRid e 21 @S, SferEe qen e, s g
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3 dfelt o aek e fob golaeM &l 9k gR Tlfad SHehl JaThR hefl
H, T FHU-aT & ®9 § @1 T e S H T HIA G F TG,
O T F ST et H ST q Seq= Y Fehdl 81 e 11 v

1927 H WrEfTeh IR W TS 1 G0 Yepfd 1 HeaTad fovan Tl g9 /
N

o

o foau difdeht sl TGAqETs o 37eA™ 15 W 8 WA ¢ o Rt afa
SR ! e T W Y0 ek, ST fafe= quresal w1 sa R
S Gehdl €1 A, shaet 9@l qiresd faeme @ ot @ e fl =
g B0 € aen S S § STu aw St 71 gEent a1ef § R R
T H, Ty a At S STd T R S H Uk 3R W H ael

[

o ¥ W T T, uF W, @ aoied, s w7 o ‘

& &1 qUIRE o 9l Bl| 3 qUeE] Sl a0l § Gedd o 9vEd
Y W SAMHI ST & T SHF ST e ¥ ¢ 7 9 2

}
<

1 1 e § UG B R SR g A R F gy (o 12010 TUER G4 6

STORTIHY. T SIE T & SRl W e
2 | 3d: N
T % g0 2, B b NN
2nr,=ni, n=1,2,3.. (12.24) Y

12,10 ¥ fordlt R el R fes forgn =4 8, © 19
HU T A TE TN TH YRR, 2nr, =4, 5T A n'™ FHan H afchm wd g e
1 T sivell aUTeed @1 eA™ 11 9, 89 S © A = h/p, SEl p Seieq o HaT i
ufemr 1 AfE SereRiT Y AT YRR HY AE | 9gd & 8, d Wl mw, BRI 39
R A = h/mv, B FHHT (12.24) | 84 91 81 -

2nr,= nh/my, dq¥ar muo,r, = nh/2n

Te 9N g TG IO o ShiUNE Wou okl delicH Wiaed § [T
(12.13)]1 319=2% 12.5 | 864 <@ © foh I qefiertor e o] § el S
qen fafaea wensi w1 AR F%H H1 SER B T YRR 3 sivell &1 gk,
RGRTHY SaR o IV T o FAICHIRIU i SR g1 F&artaa fgdra e &
U =ArE TEqa I 1 SiaR i aefed el ae Sl Teerfadt, gereriE i AR
TR oF HROT € 3R sheel ST ST q%i € e T Wehdl B

aR-Hied o fer wfafted werm vy fasmr (Fifaes o 9Ri 2R T8-9591 wemd)
gftfad €, TEgeray THIST*(Thd SoiaF) o G devll, J&7 &9 9 Scdford
1ol SRONCHS faeifa faferton = sgfaar =t sfaa ufasrard s 21 denfy g0
Hed #1 5 T T Y F9 T
() R-Hied SESSHHH THIE o T & Sugs 21 fg-seteei W) Si9 Eiferem

o fau ot 59 forearfia =Tt fohen ST Wkl TGS TATYST oF faw ok Aew

! Tk O Aok g aret TATIST o faeetoor o fole JanT %A & ¥ fhu

T, TRy HIE ThaIdl W Tl 5| HicE a8 € foF T Toai ohadl e

ek ¥ & T W TR Tl TeeeEl @ ot e TR R B
+ BIESISHHE TCATY] o WCAT] © TS e STEel +Ze Jo AT 3R Tehel goigi el @

el Z Wi SEA B eIgErS WA, Ukl Tt Eiferd, fga: st ofiform genfs

TESISHEH THII[S o SEEL0T €| 5 WAIE § i Sied goei-sela =

foramd &Y 9 |
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% Hifae!

R Hisd & HEUU H TS q YR Ay & ot faga s gfmfaa 2
o Tom % AT fEd W@ W T 2 W ae-zeeer wEmE §
AEYIF €9 H Fehe 2l T

(i) T IR-HAled TESHEH TV §N S UhRT &1 STghadl i F&
ferzraoft st €, e ot o Ween o egftal 1 eiferss dersti 1 samen
T T U1 TR oF IS Waed § S 399 Mgl i diaan &ftor grdt
&, Srafen TEd el st o yeret gt &1 Q@ A e 82 Wi Yeror g
& fF T2 dhaor T 1 orden st Wi €1 dR-wigd fafa= ol w1
faferer diornedi =1 = w6 o swd B

IR-ATee WA &1 Ufshd fol Tqd a1 © q1 3hhT wifed WS o fau

SATYH TR0 &l ol ST Fehdll| Sifedt TR o foiu &4 adied Ak W THiRd Th

U ot Fgid ST SUHNT HEAT BRT S GRATY] ST kT 3t qui ot Teqa e 71

Rt siig-g et AR A1 399 TEHIY SI FHedl SIS Sl ogd ¥ T Th 5R ¥ a9 Hich qeft
fegnadi ® <1 @ €| ST hen AtEid € qen S ot H hIE Henl-Geae T 81 g S agd wet e
A Afent o1 Gorafe o #d gC Fifaw) 9 9 & weH TH-g@ 9 fred €1 7el 5@ fom &l 3fau

A H SR AHat R aem § I den a9 e
SR TR § TR ST §1 wiEt W R, (LASER) ¥ @1 # e
fafeor & 3E Scqei7 GRT Y791 Fa¢f7 (Light Amplification by ! é::f:_j Z
Stimulated Emission of Radiation)! 1960 § o foem@ o - :: :«f
T €, 5o T 3tk draifient o qeft & o vew e forn e - ~

e, T v, SfafaRe, AR, v fafwe, e ot (@) frlt S ¥ St
H 3ok ST B ® T T o T g9l % Bl @ R @Al v e
0.5 mW Bl 81 3% Ufiel Tt hed & Sl Toheeh i Wifd 1 il 20 S e
T STohel Tafe=T emdist o Te IUered & fomeh ST sifa S (b) TR FHEWT

TSR ST STeraT SAHITT 1 U o Yeasht o fAu B 1 37dd: o U8 R off € S 3% i oft e
el deg H Fehd &

ol T | JehTeT, T o Uohe oF ®Y W ScAfed Bial 1 fRd W Fid © ST S YR 3T
T 1 fagor e 21 fafa oo § i wen Gey ot T2 g safaw, tw g, A fad g 9 o
TSl € 1 3T oSt O Tt B © Ao g 1 9Ies 4 oh G def W Fadl 21 O YN H gAE
Yohe 1 TR YA: THH B 81 T % Uehe 1 A @arg ot aga et et 81 suent ot € T
oS g I o T 31 hell He Hatel Bl 21 390k URUTHREEY o8 GS 1 STOER0T SR H & Sl 2
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