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T STV 12.3 § B WA © fh wEgeM WA A W % W’ @R
5.3 % 107! m %1 5591 &1 weqm & Ufh oA H1 9 2.2 x 10° m/s 71 21,
W o =R IR Uk g i g €

v 2.2x10° ms™!

"T2nr " 22(5.3x10" m)

~ 6.6 x 10" Hz
FATGRT e fHgld & SR &9 SFd & o Ufehre geeel g Seafem
AYAGIHT TN HT G, THRT AHF o = 3R IRHHO A o e 2| 37
IR eRTeT T YRS ST 6.6 x 10'° Hz B

¥°CT lnr2ibe
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HeT T (1885 — 1962) 7 WIHIE o Higd U T foshrasiiel saieq qRehedH
o faarl ! Sl T8 I fhall Fied IR 7 1912 H & TEH deh K"IhIS hi
AR ® S1e7a a1 o de o WIS o AIMHTg Hiedt &1 ded o aN o
e Naw o SWe 3faen ¥ 3@ ak 7 1913 # foshd fqeeren for zmfa
g T, 9ed Tl gREee s oaren S o gem © agiy 39 fagia
I TLATY] WR oF GohHl | YR 21 TRl ST Hehdl| I8 TI= Bl 741 Toh TLATI-H=AT
AR TEehT AT T W He THIH oh [o1q aeldent AR AR deageeho
o Tonfud fagidl o oTe faged i stavashdl arftl IR+ Ftden! & IRfWHR
FleH HeheqIsTl sl Hgad Hhieh di ARG o6 &9 § 3791 fogia g&qa foram &
(i) IR 1 Ygen MR o foh ford! WA ° I8 sl (ivaq Tt wems 9
ferfeeor Fsif Scafsrd T farT UReHT T TFal &1 98 agageshia fagid o
AT o Taadia 21 38 AFE o SITHR Yot TWHT] i b ffvea e
arereend & Tord =8 ® Weohdl © IR Yoieh Hwa eraeen § fHfed el Sl v
eIt 21 37 Hefifer srereenall i qei] i fEer srawend wEd B
(i) SR T T AR 37 Tl wenedi i gRenfyd war @1 3@ ifuEa o
TTER T Y & TRl SR} dhael 37 FHensil °d &1 TRFHH Fr & fo7eh
fere Ivfiig T F1 G h/2x F1 QUIE YO BT 81 @ h ik
(=6.6x 103*J s) | 31d: UReHH1 T g e 1 v Ha (L) Faifed 21 7

L=nh/2xn (12.11)
(iii) SR oF TeR AR o TXATY] fagia | Wi qen sTederEd g fasfaa urfvye

FleH TR II Sl FHIfTS fhal 1| $Hh STIER HI3 a9 3777 fa9rg &9

T Sfeafaa sifafwont e @ a3t f7 el arcit el ° GHTT F Gl 2l

S 78 UFT Hl & A T Wi Scaferd gidr & et Feif gRie uT sfad

syereefrell 1 Feif o R o WK gldl &1 Scaferd Wizl T gy e o

gr/1 St €

hv = E,-E, (12.12)

e E, W E, WRfve iR offow sraeensit 1 e €, E, > E, |

i1 (12.4) B gEgeH T o foru fafa= s feafaat o) st &
o1 s fen T B AfRT 39 e | Soiee el i B r okl STkl B
r ol HH qRehferd T b oy, S oh iU Hem W Helfvd 9 oh &
AR - sFelleHTanTor Wfdsiel o1 TENT Hed &1 HIvia He L8l ©

L =mur

FAICHIRTOT 1 IR oF SHY SN [FHIR0T (12.11)] oF TTIR iVl Hol ok
39 B h/2n % Ul OIS e 2

nh

L =mvr, = o (12.13)

W&l nUH QUi €, r Fenfad et n w1 B @ 9o o, n® we § iau e
1 =Tl 21 STIAA Hel B noh WH o SR, 1, 2, 3 ..., 5 iR foHaA T 7,
= *el 1 g&T FA120 eI Fed B
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THH (12.3) T v @0 r & S Tl @
e
Jane,mr,
TH HHIHIOT (12.13) o H1Y WA T W gH v, q1 r, o foq =1 =ioeh o
e 2,

v, =

b, ol 1

" nd4ne, (h/27) (12.14)
e

L[ ( h jz 4me,

n m o 62 (1215]

THIFTT (12.14) 39 & o n® we | oo #1 weflg-=1d, o6 n ¥ FH @
St 21 HHIRLT (12, 15) 1 SYFRT Hieh SqiaH Hall (n = 1) 1 Hgs] 7 FhR 9
R S W B

2
_ h7g,
n=

tme’
T TR 9T Fed 2 SR Tohd a, 5N el #id €1 39 ThE,

_ R%g,
"~ me?
h, m, &, e & HM Ffeenfid & Wa, = 5.29 x 107 m W Bl &1 Hefiehaor
(12.15) § =& i 2@ 51 Hehel & o el 1 B=meti § n & @ 9fg gt 2

el TRSISH THI] i TART Ta¥en § Selae &l ol Sell, THIHT (12.4)
H weft B 1 7 gfaeefid 0 W W S S Fehdl 21 T

()

me*

E =——b
o By = g e (12.17)

THIHTT (12.17) H fHadishi o 9 WA W X 9 81

a, (12.16)

2.18x107'®
E, =—TJ (12.18)

AT ST W S[ol o M W 3eee diee (eV) H o i Sl €1 ifh
1eV=1.6x 1079 J| G0 (12.18) ! YH: 3@ YR fer@n =1 Fehal ©

13.6
E, =-1°0 v (12.19)

n
forelt et ® TIRHM Sclee[ &1 el ol o sk H KU 98 39 d1d 1 ok
2 foh gotae, TCHIT] o e § STeg B 37, TS WA U Sl i A 9
(N TS WA H Ui ¥) 3Fd 30 7 foer & o faw el bl straaehdr grf
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% Hifqen!
TR (12.17) — (12.19) T Fedd 36 shedl T G © fh Seige
Hed g €, FEft ek o ool o e e e e gt 21 (Feft
T8 g o ek ol Tecld wet ok e Sisfawita wmenet ® wiawe €)1 qenfy s
ifepfem eFice Withes (1868 — 1951) 4 7€ w1 o foh = g sher o
yidqerer 1 frforar X fean <e @@ oft 3wt efge waneti W o 99 ®9
T oAF] Bl T

] ¥ goiae @t feerfa ;e s eAffeee

iferehl ok e | ferelt 7 Forelt TR TR BHRI Ufer WHTY] o SR Hieel § Ul Sl 81 Fien it

A oy &9 ¥ TH] w1 TTEAT HI A HH U W Hied H1 O¥Y WHE ¢ @i H01 o FRE

Fell-faferRa & o Fafaeht fagia o fomdia, ar g/ fAfv=a et e &1 Fifdwit =R T Suafs

21 9R A Ffy=a weneti o qiepmh Scieiql o HIvd Ho o SeieHiehio o foeR i o wega femal

T YR THY] T AT H1 I8 Teh HHI-Feaaehl =07 o
37el, FaleH ARl o foehTd o W TH TXEIY] k1 GTEAT b1 Afeh =S wEE B WIS X

GH{H0T S Bl A IRATY] oh T WHI oh SMHTU oA o HROT AeG Tl il a1 o Gg91 Fuifia

IERI
aR Higed § Rl Toiee 1 el AW o W/l AN TeH i T w1 gHid 9Y ¢ Ui aeien

ekt o STTER, TH el TV § Soraed i 71fd i foedt Miv=m o o @1 dag &1 & ¥l

T ohodl AR o 9N IR feepee o fordt ffvea 9w o seiee™ o e &1 wifdsar o6 e |

o T Feohd B| T8 WIehdl Tshol-Soiedi quil el 159 hefeh (3Affaect) ®ed €, § STqid w1 o

Hehdl B T8 el shadl Soige o TRl W R e 2l
3Td: T8 AT ¢ foh €F 1§ Hieddl ¥ gau o+ gH :

o S TS Shoiel Teh Telare TRAITY/SEHA o Tl 9 €; 36 Hisel § Yish hell oh Ty Sofl ol Th
1 WM B €, S g eied GeA n R R e 21 ot w6 i © fon Rl soleei i fier
e ¥ TG o1l Uh Selargi WA/ | sheiel n W 3R 81| SggeieeH-RH)/3RM o fog
I T Tl R

o TESISH S WHIYEA o foIt W INFETR a8 it o1 gt fSfd a0 el ed ©, Aaeh
o =R R fafe= &= & fored o™ it Wifdehdl 1 I #A o fA e USH Rl 21 39
Ao 1 o) Aige § gelaq o foq aRwte e § i T @l 2l

IETETOT 12.5 10 kg FT hI IWE 8000 km 51 T T &l | geaft o1 Th
SR Yook 2 h H Il B1 98 WA BY o 9k o1 shivite TeT o tfuEia, sEt
TR SYUE W oAN] Bl & 59 YR foh 9% wEgiee o WA | fadl o %
U A1 €, STUE 1 el i weied W& 6 HIey

FS|
iR (12.13) § 89 9 ©

muv, r. = nh/2n

30T 12.5
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RSN

T m=10kg T r =8 x 10° m| ¥AA L STIE T 3Tad H1A T, 2 h 71 1AM

T = 7200 sl

3d: o v,=2nr /T
IYUT 1 HET i FollcH G&A
n= (2n r)* x m/(T x h).
Al 1 gfaeenfad wE W,

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

& AT o STE 1 TIfd o foie seien e st efues ) ode § gal efues
FeH G % TIu Faiesiiertor el o IRom senfient Sifdent o qromH o T 8

12.4.1 S &R

WHY H Sl SH HE a9 (SARad FUTcHs HH) R € ST
IR TefR AR i Fehedd el (319 n=1) o IR0 L
% n=23.. % fou, St £ o FRUs 99 %9 €7 9 €, 37 o
el T AR STH W Hene | il e Bl ST 81 WA H T
aferee H S0 779 37ereel Fed € el i Sl <iad gl 2, ael
ToiReH, <A o (AR B9 o) 1 kel ® 9feREw s €1 T
ST T s (n = 1), E, ~13.6 €V 81 37: TESH W] 3 Frefe
TN | TR ol HK i o foIT STeeeh <[aH St 13.6 eV
T TU TESSH WA S 77T Tl o Fed | S ok Hiedd o THR
WY W A Sl o Wi qH W S99 SEad W@l 2

FHH o A9 W, AR SRS T ST e sfereen |
Ted &1 e IS I Selsrei HEE S WehHl g1 Sl W shidl €, e
€ IR ®Y Y A Sl (S HL Hehdl & S ISR 1 3=
Henel ek T o foTe v B €1 e o THIY] STy Svawer |
FEAM g THET (12.19) @ n=2 & fau; i E, |
~3.40 eV ?| 3ush1 21¢f 78 gaT o egiom T | fohelt oot
i THH! Tl SAfSId 7% § 3xfed & o fau efemaes e
E,-E, =-3.40€V - (-13.6) eV = 10.2 eV &l 6l Y&, E, =
~1.53 eV @M E, - E, = 12.09 eV| fq, TGS T i
9] =19 sTeen ®§ (n = 1) 3EA 3ufod 3T6ef (n = 3), T
IS T o oL 12.09 eV Foll &1 Aavaehdl el 81 98 %A
T THR M el @l 21 T S9fed sterensti § gele
At e Sl eraeen # araw IR weha €1 39 giha W 9 T
HIS IS LAl 81 36 YN, TISSIoH UCHTT] hi ST STeree
FEH W (31U noh g1 W) I THY] ¥ Seiae i wad
H o o efavash = el e B

IR0 (12.19) § ATYHR{cId BTESST T Thi TRl Terwenati
1 el TR @ o (12.8) o swifan 7= ?1 A sdied §e n

G'CT Ini2ibe

FA 90 E (eV)
A
/ g (A=)
TLHT]
0
-0.85 n=9
-1.51 n=3 3é1 SE‘
ST
-340}————n=2
a9 stareen
_13.6—n=1

o 12.8 BRgeH W] & fau
TA-ER AR@| FH F q9 R TG
T H el SIS TH
Ty sreren § o LAl 21 SRS
SR i FTeTam eTeEen ¥ 13.6 eV
TS STIv IR HAT el (&fas
YTt qEd e sTawenat 1 surefd &
Turtet 1)

+ et soie B E=0 eV @ fush %o i el Soil 8l Tehdl 21 Gelt gonedi § seiei
TS Bl B1 39 YR E= 0 eV ¥ SW o 12.8 o 39T 1HR Sofl sraeeqati 1 Th

Hiqed 2
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TR TaEenat ki Sl o STRIE! ShH | Afehd hiar €1 39 o o Seeau Sl Sfeee
TR (12.19) H n = 0o o T € q1 THeh! ol 0 eV B| T8 AT H1 o8 FHoll
2 W AR W e O W R R > T R (1 = o0) 1R T foRm H 1 e
Ay fop Safsr sraeenetl 1 ot noh o8 W 7 YR qE-9/9 1 Sl &

forelt o) o fafaem oot &Rl o oifiqe &1 Giehl gfic 99 1914 § Siwg theh a1 T 8o gN
FT TE| IR IR ok 9TH ok THaLH T 1A, ard ¥ fafy= Tfast Seienl o geiae TR W] fwem
TR i Heit uRkafad w % foru 39 W aftedt derd o fora & @ MUl see 3 IR o
AR § Heg fRA e UR oh UREIV[R il SO ol Sidid Y &1 TE qf Wqel B Wehdl § Sl
TS T Foll, IR o I Tl WX TG g e a1 399 9 fRdt Red ot =R (et 3fEm)
o o oI 3R, W 3T 81| I3 ok forw, UR o fREt iR gu Sl TR 9 wreft el W) H4.9
eV &1 Sell 3 2| AME hIE geiael et ol 4.9 eV a1 370 31fueh 8, R 9 Toal @ o R o
TTATY] 1 1S TAaR TohTH oTel 3ol © Sl STeriifi she Hehdl € 1 o WR TR ST & Hehdl
2 [fesi(a)]| THUA oTe TelaiT 1 TIiaSt Sl oAt & |E § HH 81 S|

N

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

(@) (b)
IAfSa sl o] o faferor Scafsa sieh e efaen W 9@ o s [fe(b)] | St
fafercor =+ qoresd et .

hce 6.625x107%*x3x10®

2{:—: =
E 4.9x1.6x107"° 253 nm

e W g Thek e B 3 <@ foh UR oSS S W 3E qUIesd & W Uk @l g1 4R
o ] | fafererd STl &)l o ot fomRi 9o Biei Scis o WehH shi WA Gt o forq Shek qem

T3S H1 1925 H Aee WHR | T e

12.5 TSN UIHIU] kT A3 WaEH
R o Hied o qdrd ATYUEA o TIER, S& s Y] I=d el 2efd feent
Faled e n, 2, ¥ 1 St fearfn ot aaten wem n, & (n < n,) ® SoHH0T e
2, q9 Foll o 3H 3R HI G v, 1 T IR T8 FLd R
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hv§f= Eni—Eni (12.20)
En, 3R Ep, % {0 S0 (12.16) 1 WM FH W
me* 1 1
hv, =— | = —— 12.21
= Beln? [nﬁ n?} (12.21)
me* 1 1
Ay, = | ——— 12.22
v Tser \n? (12.22)

TR (12.21) TSI TR o Weaed o fog et &1 g7 21 39 o
af% & n,=2 R n=34,5... Hfeenfd FW@ T, @ T dey AR St F o
THIHTOT (12.10) o G591 gRafdd &1 wrar 81 364 gn Reant @i R &1 9 3.
X Ghd € W T YHR T :

me*

R=g a1 (12.23)
0

FHeRTT (12.23) W fafe= Fedisl o o wfaeenfud e W, &q 9« € R
R =1.03x 10" m™
T8 HH s SR T ¥ W@ " (1.097 x 107 m™) @ 31 e @1 Sgifaen
& U WMl o6 39 WWe 4 aR-Hied Hi TR U9 YWERTel 9y
Al
e n, 3R n I qOE E o TwE T I ElEV)
W afom e g 2 T aAme Wi o

mn= B
e geRAvl |, fafa= fafosa smefaal = n=\4 \\ ST T

ThTYT SeAfeTd B 1 BIEgeH TerH | S 0

[T

an=23ﬁ'{ni=3,4,53mi'€ﬁaag{aqﬁ -0.85 \

¥ dwed § o el #) o A 9
ot q@E T e S on =1 3R =23 Ly

;=3 &R n =4, 5. SR Tl ~3.40 —
THEAU & qRIEd 8 Tehdt 21 3 S BN
F TEAH ad B THIhIYE I h
qHg g = oeHA, 9T, 9, Siehe el
%o AE & AW W S ST €1 g S
o qEIedl Soiaeieh HehHul fad (12.9) |
1Y T 2

e 3R S=a e feerfd | e St
feorfa & o1 & o wie ScfSe eid & qen
AT T 1 3T WU S Bldl
Tl 3 T Y@nstl w1 3egsT @ wEd n=lild

-13.6

f=am sraeen

E| Tl <Ta IS LAY IS 1 STeiio e
F@ ¢ e % a8 el © i R #ot

& HIOT IO Bl Bl
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3318Y0T 12.6

feafa o Gormor & fou stewas et €, o T9 UHH H SFEiTw FEd €1 o I
Ted R T gl o e TR forfera e @ o o gveE Rt Tt
Y fagaifta fory S €t ad Tieagd § ordia Szl e Yaned 1 goft e
it 21 ordia Y@t S gl i fHfEe Wt € W T oh wanet g et
*I T T

BIESIST TRHIY] oF T4aeH i R Hied g Tl T Teiehiol Weh gfawmeiet #e
Iycdfsd o e emyfrer Fenen fagia =1 wfa =i stfuss greafed fam &
1922 ¥ &R 1 ifdert o Aieel R § TR fehar T

ISTET0T 12.6 et ot o1 SN ek BRSISH Tagd 1 agHe Suft | gem xR

Tyt TEreH ki e H g w i

T Reart g 39 YR e foran < ®

me* [ 1 1
he/hy = W{E_E]

T ST T e WR el i A n,=2,3,4,5 ¥ n,= 1 % WHAU o6 qEIEh
el 21 & S € R

me* N
—~ o, o = = X B
88§h2 13.6 eV =21.76 X10"" J
HAd:
A= he m
1 1
21.76 x107" ( - 2J
1 n
6.625x10°%* x3x10° x n? 0.9134 n> .
= = m = —————x10"m
21.76x10" x(n; —1) (n; -1

913.4 n’/(n?-1) A
39 ey | n.=2,3,4,5 Hwd T W FH, IR difed qeed w S § S e
TER T : 4, =1218A, A, = 1028 A, A, =974.3 A T A =951.4 Al

12.6 dR o FEICHIERUT o fgda RTEE o
2 |Telt gRT T eRiuT

AR G & A oh Hied oh @+ SRl § Hefed: E AR qad SAfuw
IIEH U1 BT e 1| SHeh HeF o STTER Ak o =R A Rl Hid g
Eﬁlaﬁ“ﬁ'ﬂ'ﬁﬁﬂw&ﬁ%(aﬂh%=nh/2n;n=1,2,3...)Iaﬁﬂﬂﬁﬂﬁﬂa?m
&1 WM 4 B € S hy/2n o iR TOTel €2 | gRI 191 Hige TEqd I o <
o9 qvEE O 1923 H Th Wil difies auh Ogd X Sl 4 39 qHe &6
T <l

T A 11 H T Sielt i IReheud 1 sted fopan on fS5er sTuR, 5
O S TR T S e yeikid #ed 1 @S, S qen e T, S g
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3 Sifelt o dek e foh soiae &1 9k §R JEdlfad SHeh! JaTehR Shell
H, T FHU-aUT & €9 § @1 I e S H T HIA W 6 T,
O T A ST rereeneti | ST q Seq= Y Fehdl &1 e 11 ’

1927 ¥ YT dR W SeiagiHl 1 9T Yehfd 1 Gearas fohan a1 g4 /
N

o

o feu difdeRt 1 TeAYET® o A 15 W B9 WA ¢ R fRd afa
SR ! o= Tl T Huu ek, SEH fafy=T qures w1 S TR
S Hehdl €1 qUIf, shael @8l quesd famdE ®© Uit € e e W
g B0 € den S S | S 9 St 21 gHent a1l © TR feht
T H, Ty a At ST STd 9T R S H Ueh TR ST H a1 Ay

[

A H T H T e S, Th e, I WIeEA, e w1 off quiish ‘

T 1 qUTREd o SUeR B 3T TS Y TN W e o e
Y W SAHIO ST & T S ST e ¥ g & W 2 e

Y

‘0

&I N &1 Fen o ufehE wd foRdl Toiaei[ g dhel i uRkfy | aF & o 12.10 FTwR Fal # wH

ST A T T T SR W heEq
2 | 31d: .
T gl Tl 2, B 3 i % gt
2nr,=ni, n=1,2,3.. (12.24) Y

o1 12.10 & forelt IR el R f59es fau n= 4 8, © et
U1 T A T T T ER, 2nr, =44, 5 A ' wan F R W g soH
1 T sl quTeed @1 31eT™ 11 9, 89 S € A = h/p, &l p Sl o HaT ol
ufeTor 21 AR el HT =e YT ki AT ¥ 9gd A @, A Wl mw B W
R A = h/mv, B FHH0T (12.24) | &H e 8 -

2nr,= nh/mv, HAYAM  muo,r, = nh/2r

TE AR g TEI(Gd SO o iU HaT w1 FalCH Uidee B [ EHIe
(12.13)]1 31=9% 12.5 | &6 @1 ® foh a8 Teliehtol erggie T | Sl &l
e fafee wensti =t aEN % 1 SMUR 2| 3H WhR % sitell @i Uiehed,
RGRTHT Seiareid oF iVl FalTl oF FalcHIRIl T aR gRI FEdrad fgdtd AfTEia o
U =are Teqa I 1 Siae i aeifed el de Sl feerfadt, goreri sl AR
Wb & HR0 € 3R cheel SIS IGH T & Srafeerd T Hehdl B

aR-wiew fogd o ufafted wea go fasor (Afask o 9Rl 31 -9 wemd)
Gftnfed 8, SEgemad THE (The 3oei) o e e, Je1 &9 § Scarsd
A SROTCHe 3Teriitoe fefertoli s i =t sfaq wasrarft war 21 qurfu 39
Hied i F HHE F) TH Y B T
() SR-AiEe BESSE WA & oy & g 2| fg-goiee T S difeem

o fau ot 59 fowaia =& fohan S Teha| BEgSHEH* TA(S o faq 9r diea

i Th H Ak g o TART & faverr o faw wE R % gae

U, g IS Therdl W el €21 IS 78 © o qeie ol sheel SHEfT

e ¥ & T W R gl goeEl @ ot e T e B
* EIESISHE TCHT] o WCHT] © TSH oA STE +Ze T A AR Thel ToieR el @

el Z 9iei WeA 2| SgeieH WA, Ukt St diferm, fga: st eifeem sefs
TTESISEH TCHTS o IS0 §| 5 WHIS § A Sfee seleia-gelae ST
fopamd =&t g e
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dR Hisd o HEUU H Teie qUl Y A o st fagd so afmfed 2|
T ToEl oh e foEd oo witha e ® S foR wg-solee qweEmEt |
TEvIH & ¥ Y Bl ¢

(i) @ IR-ATeA TEGSHUH TAST g I@fod YTl i Tgfaal &1 et
Aferszraoft st €, e off o e o engftal i sdferss dermsti 1 =men
T Y TN TR o IS TaeH | S 399 Agiadl i diear &ffor gt
2, Safer TE it 1 <fiorar gt g ©1 UE = g 82 JrEfiTe Yeror <wid
€ for o a0l TR 1 erden st T € dR-wige fafa= Hwol
fafaer st ot =arem w6 § saad ?)

AR-Higel AT 1 URehd o UEd i € del gHeRl Sifeet WREEe o oy

AT R &l fha ST Hehall Sifeel AT oF foiu W Jaied Ffeht W TeiRa Th

Q ot FHgia ST STANT AT BRI S ORATY] ST k1 3tferen qui o Tqd e B

ot “fig-9Te aret SR 1 36Td WIZHH i1 Heql HIfeT Sel 5gd ¥ A4 Uk gR 9 Yo wich gt
fegnadl ® =1 @ €| ST hen AtEfd ¥ 9 S o § IS henl-Hee el 81 gEd AR 9gd a€t Fe
o el o1 Gerafted A i gC AT 39 9o % hed Th-geR § fired ®1 @@l 5@ o w1 <fEm)

A W S HEed a1 R aed W SefS qen oE 9 e
SR TR § TET SR §1 wiEnt vk R, (LASER) ¥ e # S
feferor & SEied Seasi7 gRT 9197 & (Light Amplification by ! é::v:j:f 2
Stimulated Emission of Radiation)! 1960 ¥ 38k fa&m@ o — »Z: :;
T &, 36 ToaM R Ureifitent o woft el o gee e foren enrtenet -~ ~
HiferehT, TETE S, STTaferRiM, g, e fafshean, gsifed onfk (@) fell 99 ¥ S T
H 0 TN B W@ ¥ 9 oRR (T 4 o B § R A s e o
0.5 mW el 21 32 Ufet OR Fed & S Geohdeh sl 9ifd & a0 RIS
g1 Tehel fafe=1 emarell o oeR Suers B TSR S e o (b) TR T

AT ST TET SATHIETS i UfT o Ireash ok foTu Bl B Siad: 9 T8 ook oft B i seard i off e
el dog H Hahd &

forell Gia | ehTw1, T o Uohe o &Y W Scafsid eral 21 fRE WE Wid © 3T Al W1l 3R
X ot g gt @1 fafe= i § g wen Heiw off & gran gafery, TH vehrn, A e gre 9 o
TSl € 1 3fedd dsht o foreaiiRd it € den g1 &1 West 53 o | A 9 gl B1 e YehTel H s
Yehe 1 qUIEH W: THM el B1 G o Uohe Wi oiied warg off sgd st it €1 ghent ot € fom
oS T St o Y 371 Shell T e Bl 81 $9oh TRUMHEREY oE Ust 5 STTHRUl SRR HH 8l Sl 2

I forelt Hid o N AT € SR Yieh T < sh1 WehTel Scafeid s @l §, o wmr i
ER1 Sea= bl diefdl NI o STIehaar! eidl 2, Sieifeh oiel Gid § 98 NP o STsHardl 81 78 A gq
foF NTh] 3tfues 2, 89 <@ Thd ¢ o S Wi 1 o708 o § YT 3Tid g 8l Skl B

9 STl fHeM o STafier At =g W T A1 3= Uk Y53 W et i e &t 3R T 90T @
T4 eal T AR A Tk ool e G SEhT SR o fE =ge W @ gd0 g wWEia et gest
R A9 TE01 fohan T WEfad SIeR S ST WES Al TH-SH H & WUl 9 i "G T SHY ST
Feqefad | (a) TER G T TAT HH STIEROT a1 (b) Yoo ¥ =& H U, Fd gl
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. TREN] el THeleh SR SEEH Bl B 31 SEfa TR § el 3R ROl
I AEM g9 B B

. 2MgEF-HieeT | ] e 1 el U § e e g Eenfud g
. THIE-Higer W TR k1 Gaifeeh ToAHH 3R $EehT el FEY Teh ged
fyer ® Hohfed Bl € (WEUd: WA o WSS i <E TSIREl ART) qel
T $Eeh ORI AR Ukl i B

. T i GET ® A HE H GRS o ANAh Aled H A A

HTSA B : (a) THoR STER WA 3ifEer € sifen Mweh o =R R oA
T @ goaAl o1 Hitel g2 W TR 1 SR e 1 S =AE) 78 qered
o T 1 WE Ll €| (b) 8 Tafer= dell o wArEt o sifeneiiien
TR TYFH i SRS &l L Fahdll

. AfushTel el oh TRATY] T B € iR sifcmeriie weed Scafe wd 2
Tergn o oo THI Y@ 1 T g ¢ 58 e e wed €)1 T8
A HTEA o fod | STEnt geA & 2

. TRETE TSN 3 Suit g aet TegH Iedted i €| frE goft o
forelt @ 1 g 1 < UST o S o ®Y W oFe fRal ST Fehdll &

11
AEEA Soft V=Rc(1—2—n—2); n=2 3 4,..

1
il :V=RC(2—2— 2); n=3,4,5,..

n
1 1
TYE 9O ; v=Re 2z :n=4,5,6
1 1
Sehe Uit : V= Rc 4—2—n—2;n=567
. 1 1
e Yot v= Rc(—z—n—z); n=6,7,8,...

. T[S g1 i ae THaeH qe WIS o T i SR i o

fau fieg IR 3 TESeMEY WETE (THd IoaH) o fau uh Hied

yEtad foRanl I=A 99 IR y&qa fRT qen Feien Aifaent i g Wi

(a) Toreh BgisH T H &5 Seieeq fom fafertor st o Scasiy & Ffvaa
wenedl (5= woreft e #ed ©) & uRepAT i 2

(b) ol wen o € ok fow S ivia Gam h/2n 1 %1 quiish Tt eidr ©
(SR 1 FaieHisa Ufded) | i L = nh/2n, S8l n T quis © o
& FeieA HE&T Hed 2l

(c) TR ARTEIG oF TR HIE S 9 Tk faffase sAfaeniolt wan 9
31 FIeAae Sl 1 el § GehAl Y Tehdl 81 THI 3 H Th HiH
ST et € forgent Sl Ui 3R sifam srewensti 1 Sofiefl o i
o U BT ¢ SIS W i Ef (v) Fre e gr € T ®

hv =E. - E
ﬁms&a@ﬁ%maﬁmﬁaw%ﬁ@aﬁmwﬁﬁ
3 7, 39 Teufd 4 goiee n W I=4 UM 1 hen § SHafid g el

E +hv = E
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8. SHIUE HelTl o FAIHIHTOT Fiaadl o GROTHEEY, e e i el
eheret ferfyme Breansti ot el ® € il 21 eEgeH WA o fow sqen °H §

)
m )\ 2w e
el ol off Fafed @

me*
" BnPEn’
=-13.6 eV/n®
6, n = 1 ST, Ty STawe wedrd €| erReieH WA | fefay srewen
Sl 1 HH-13.6 €V &1 nah a8 T (n > 1) Inifid SFeeeqati o Sa &1 ]
T IfoI STeensti §, TR THIST A1 SeieeHl | Weg g Steen 3faa smafd
o IS 1 STEid ik, TEd Bl
9. % Sttt sl URehedH, foh Seieiq &1 auTesd A = h/mo Bt €, 3 T1-h01 ok
St e 1 SYANT ek S 1 Feifed St HI AR F1| HEAT FAHR
STF M o T & TSRl heam ot IR qeresat o qof Toreli o SRR 2|
10. SR AT TESSEET WANST (THd soeeH) o fau & Sugs 21 3
fg-goiaei T S Eifeaw o fag oft faeafia &t foman s wehan 7 At
BEEISER TSt i sgfaal i siferss diaaisti i ot =men 7= #
Tl

faemuita faua

1. MG Hied 3R WHIE Aied A & Sl o I €1 e Afed fer
Igd ®Y U SRUER 2, Vih WHIS Hiedd Hefd ol o Sgageshi
faferzor & R ereerEh g 21

2. SR A i Gan (fgdta Sfma) w1 € st w6 fman, fadt o af
1 o TE? M § foh hden shivita Hem i o wh € el €, 3R IR
wenell o T hivig WA Tk wgd WiHih U 2 o fgdta e
Tantfae & 2

3. TESSH WA H 9R Hied d wefg fosm, siffeaaar fasra o | st
off| I8 MYfeh e ATt grR1 wfceenfad = fean man on e SR 1 swerd
9 & & el Soiagi o UL ST w1 HIidehal sigd i €l Hehd 2

4. R ufER # feafa 9 for=, Sl 778 & i TeeRn 99, 9o R vk
TE o ofta [eehyul 9 (Riifeh I 1 5omH fordl off 718 o 5o 9 9 gd
Afersk 7) T STUET g W €, TAIA-SelaA H1 T fohaT o RO e
T 1 UIRATOT SelagiH-AT4eh JEd et o o €, FHifeh SaeT qe gal i
o THM i H1 €1 T2 HRO1 € T T8 UGN AR HT W ol IR Wi
Tg-TAT WA o fg v T R

5. Fw faime Fei % uiees Fh o9 soiaeH fafefa T #d, IR 3
e fagid &1 e Wi 9k o Hied d oheel Ueh Feie GEAT n qiferd 2|
1 fagia T8 saien =ifeht wed €, R o SR 1 gfte s &1 aufy
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12.1

e AT (e s 9 W 7)) U, w99 Sl T Ged T Al

FaleH STIET o T 8l oIl SEEX0T oF AT, hig Tl IR F&icH S

(n, 1 m, @21 5) ¥ eifyaerfo 8, Afh gg Foirm fawa o fo (sEeeH

TRATY] T i) Sl oheaed n R AR w21

YR AT STU&TS o6 Hiaepdl, IR Hied | fhdl seiere o6 oT0! e §

IRERHOT ST ST 1 ST 1@ 1 A W g Hae el 1 S @ i

g h <am fawfsa <1 wefta el 1 S g 81 o<t Faied Femsi

(n¥ n-1 %, n 9gd 981 T W) o T GhAUT F <A1 o T GHH & S

& S o erdfera 2

AR 1 AT Hige S o @ Fllieh! difdeh! o Teqsi W ael &

aefien Hifdeh! o Teeetll W UG 2, Sieiad STEgSHeH v 1 ot

Tl Temro &l ean Gt fo ore | seied ATt 9 W g € S S Hied

T 3 gougd w9 § i 21 Rt 3t oK Aieat qof &9 9 ek e ? o e

sﬂ%gﬁﬁ%ﬁaaﬁaﬁ%?amﬁaﬁmaﬁmﬁaﬂﬁmﬁw

NI T

(i) @8 Hisd e d AR T U © elfep fthe off ergiom weed
1 T gt fasivaeti 1 saren s 2

(ii) BEH Akt Wifdehl 1 59 Gehourrenl 1 Whan ® Skl 39 Higdl
THE B

(iii) HiEe Tl & foh o wfersganior =61 amen §, forg wohR forelt Hgiferen
Afqepfert =i, wefi-hefl Fo TG TS 1 HeRI: UL HT A
=ifew) afe fagid =1 died &1 wfosgamof w&im & Ha @t © df ST
i U HT T FEEAS F ARA HEH H YT HET AMMG

HEYH
Yk U o 31d H U T4 Herdl § 9 Hel fasey &1 99 ST

(a) (U Aied H THU] & TES, [{IHE Hied H URHAEE HEs
£ BN B 2l
(3TUTHA HTHT Afeh, =1 &1, oTUaNFd HIHT *H)

() T o fetam e o soee Tl e 4 B © SEi ...
A golag[, U39 42 oot NI Y B
©) ererennn. W i ot s AT 1 T g ke 2
(A Afed, TIHIE Hisd)
(d)  Tore O] oF SSEEE I .......... o e Had T g © elfend

.......... T 3T STEHH geIHH faawo g Bl
(A Hisd, WIHIS Alsd)
€) erernnn. oG] % AR I 1 GeAuE waitie g 2
(RIS Higd, THI Hisadl)

12.2 TF oo fF ol 9= o TM W 3 BESNH &i qaell IS T YA FHieh

Y] UEHT-h01 Teh 10 FANT e o1 3T WIsl Bial €1 (BEgieH 14 K § e
Y TR S B S 81) 3N TR qiom i erden i 872
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12.3
12.4

12.5

12.6

12.7

12.8

12.9

12.10

12.11

12.12

12.13

12.14

oeE Soft § faemm Seed YEne # agan avres @ 82

2.3 eV st iR feondlt qamo] ® < il Tl ol YU Y <l €| Seaferd fafenon
1 Agfa T BT AR T H Teiee I W ¥ T W H WHH ki 77
BIESISH TCATY] 1 Fretad ofereen | Fofl —13.6 eV 81 39 1o | Selagiq &1
st @R feefas seid s gf?

T oTeen ¥ foemM Tk B1EgioM WA T I i TR Hal @ S
T n=4 T dh S HL A 1 WG HI I a1 g T St
(a) IR WA HT ITAN H¥oh fohdl TESSH AN H n= 1, 2, T 3 T W
ST 1 =Tl URehierd il (b) 379 ¥ U &R o T el o1afyy gienferd
FifsTl

BESISH WAT] W FqaH goei-wel i e 5.3 x 107 ' m ©1 el
n=2 3R n=3 &I B F1 272

I o A W I EEgeH W Rl 12.5 eV i gelai 45 & sHar i T
fopm aresat w5t Soft SeafSa eiit?

aR Hied o AIER ¥d & =W AR 1.5 x 10'' m = & wan
3x 10* m/s % Hefa a1 W URehHT ¥t geat i sifuenafores Faien g& 9
HIFTT (geat 1 a9H = 6.0 x 10* kg)!

Afafier a1emg

e gei o ST IR S etaen] SfHEe died @ik WIS Afed | #ia

g 3] oSl WE 9 WEE g

(a) 1 TG Higd W Yaod ol U= ¥ Fehifofd ool w1 qeAI ST
fo&rauT 10T, TWIHIE Aled g TAIAI HF § STcdd ¥, TR T9H ST2e
sTeaferh g1 22

(b) <TAEA Aied g YATIAIA T¢9 Jehiv i WifFehdl (12 o-ol &1 90°
98 I W YHUH) TIRS Ared gRI JATTAIG TH § T HH, T
GO Sl Sl B2

(c) 31 SRl I F1ad T g, YA g1 8 o 7 € o 9w ¢ % fau,
T 0N T YR ITOTd ( ~sh 0T i WA ¢ o AN 21 ¢ T 7€ aeh
fefzan = weRd <t 22

(d) ford wiea & -0l & Tael T= W YehTol o UvETd SEd JehTul vl ok
ek Bq SIS i SULT HIAT JUidAl TTeld 22

BIESISH TN H SAdH Ud Ui o Hed TEahyvl, FHard-3TRyo § T

107 o Tk W W B 38 G2 i IGH 1 Tk dehicqeh U TE € T af% geiagH

Td e eyl §RI TG &l af ol eregie TXA] | Yor| Sk el i e

T SATAM TEY| 3T ARSI ST qrdd|

e IS BTESISH TAY] &R n W W (n— 1) W FRfod el € @ Seafsa fafsmeon

1 AR 2 SASTH U HITST n oF AH 1 2q, IWSC foh I8 A, S

1 el W IREHHTl shi FeATHeh! g o SR 2|

FATTR ®9 H e TN § Serae AIfye oF a)i AR et off wan o &1 gehar
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12.15

12.16

12.17

RSN

Bl 99 yed wAvEE g faad fuifa e 82 W) oo wedt |rgs i

UeT TH TR T Sl A e €2 3@ U A 9 i 3 YiHg I Higd,

S T UreAqETsh | UEl €, A% UgEH U Ued wgd Soigd W Srel ol STl

@S H 4 IR A fRA B, SHHT STIH K o A€ BH qA iR i

vepfa o e f= nfafafy e 3@ fr 91 &9 oo &t famn et w8 afn urw

Bt 2, FrgeRT W1e, T WAY] % Fd G (~ 107°m) % T R

(a) Hot fmtent e, m,, 3R ¢ § a1 = fomn ool Ul 1 w1 HIRTT) Seht
Heaes 9= o Huifa i)

(b) 39 9 o (@) W WIad g qRAmwars fomst & gfmmn i wife @ H1w!
B B TEeh e Hd ¢ wiwfed 81 TRy TR i Fel stfHehat
SR &5 (non-relativisitic domain) ¥ & &l ¢ 1 ®is smdfaa
fiyert =TEf &1 TE A J S B ¢ HT URANT H FE WA HET hl I
F ok fau ‘s =1’ e o fore Ufa foran 59 99a e fadie h &
el 3R vee € enfawie g g o1l 9k 1 geughe 4 gg=E 6 h, m, iR
e o AN § B HE WA WES W BRI $: h, m, 3R e ¥ & war i
formn aredt et Tfer =6t Tor ifSE 8iR gfte wifse foF soet SEamcTs 9,
aree § FEt A w5t R 5 2

BEEISH WRHTY] 1 YW IS Tl W TAF(d hl Ha el AT

-3.4¢eV 2l

(a) 39 3Tl H golaeia i Tids Sl o 872

(b) 6 STeen § ToERi F Feerfa vt = 32

() =fg feafast et o I TR o 999 | uRads & fan s @t sw fku T
I § ¥ HE-| ST uRatdd gmm?

g SR 1 FeieHieHoT AT (HIvia He = nh/2n) THid %1 ga 79 2

7% T T T o ] @ e 9 e g % A SR we # wans

o FieHIR o fawa o wft == A T8 N ?

v S-SR wgenifie eEeied AT [wieifd wiE qwEe] fEH e

207 m, SHH H FOMERE FH (1) W o I’ AR gHar 7] w1 e

3TN il hi YT ¥ h1 GRhTH it
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