














TIA] HT G

et o U1 e @ 9= ww@ TP R
TRl o TWHM RUMCHS 69 el %0 B 2l
y foreol X-feoll & gum 3=a e fafeeor gidt
g, fo et gpfa Saeia et @ eIk foreht ig
HUT TE BN WS &HAT HaW wH o RN a6,
3Geh A% B fRTon (o0 HOM H 100 T AfueR)
o g SAfusk y RO & (o FO " 1000
T @A) e 2l

2.2.2 TEIHIE ShT ATTHERIT U] HigeA

TS 3R Uk ot 4 (39 1R ek e
AEeA) 7 9gd dell @ &1 9= (gold foil) W
O~ TN &1 SIBR | TIHRIE & FTEG o-H01 THT0
N i foe 2.5 ° @ @ R

M 1 qaelt =1 (100 nm HI2E) T 3T e
ek Teh ASAUfFd B 9 3=d el arel T HUT
H OGS TN TH UACH U= I BRA U FATHL
gfaifasital (fluorescent) S gowEe 9 99 ThiA
T TN NS RS ST 0T 59 ShiT W TR B, Al
TR 1 TRREIE (flash) Sea=1 gt 21

YehIv STYART o URomy HTRT eFuferd ol
AT oF THY] Hied o IJUR Tt H Sufked am
o Ueh TLATY] 1 SHM T T T Teh THH €9
Y < g3 BT e T HON | Sl 3a-1 i
2t © Toh o goqu o UH wHE faaw &1 ot @y ar
Y S| S 37U off foh Uxit | T o 1% Ol
1 TIfa efiedt 81 Sl 31k SRt e wgd % v 9
] ST 3= H 3@ fh—
() STeRTY ST & 9F i Tt 9 faafia gu

IERIREET R

e

SSEfcol el

(h) TIGBIE HT FHI9T F9T

33

(i) g HT TH FHU B FHv ¥ faaifud gu)

(iii) =&d & 9IS H1 (20000 § & 1) S 1 AR <l
ST TR 180° o h10T H IhT Ta&d0T g3l
T Y& o TR T TEIHIS + WA Hl A

& IR H Freafafaa fed -

(i) ORE] ok e SAfureRier T o g €, it
AT STEHT 1 HH 1 Tl ol TR HT S B

() P & wERE o o fGef@ g g 9.
fagmur st g STt dfaendor a9 (repulsive
force)é]?W%ﬁTﬂlsﬂﬁﬂ%’WW%ﬁF
AT o foam o faudia oaT] o 31eR eHmae
TAA €9 U Je1 g & T EFe Fgd A
S oh S Hehfsd BT =1fet, Te™ g
3T HUN o1 Fidertor SR faeivor gan el

(i)  TEIHIE 7 TUMAT ek @@ fon AR w1 ST,
TR oF e SR i gorll | Td HH (T0)
B 21 TE] Y B e 1070m B R,
Safes e T BRA SR 10 m Bl
3MHR o T AR HI 3 3H a1 § T 5
Gehe € fop afx =ifes =1 fopehe =1 i o =
S, @ TXATY] Y B S 5 km BRI

faafa -

(@) 94 i 9= 1 TS o

T 2.5 WG & TF19 G9NT &7 @i 991 519 G &1 T gaeit 96 T 76T (o) 01 #1 dI8R (shot) FT
St 8, at SgH @ ST FUT JUIfAT §U o TH H R X W &, Tl Fo H1 [Feiqr g s 2
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IUeRT GeTuT S IO o SHR W IR
= URHTY] HT AIRT Al UK fhA1l 39 Aled
h STIE-

(i) TIAIY] ST G qoAl ST SHHAM Teh 3Tfd
3T & § Shisd a1 €1 T ok 39 31 eTeu
AN & TIRE F i’ Fall

(i) IF &% IR AR TolaeH Farwr v, o=
THET (orbit) F8 w1 8, | agd dsil ¥ IA B
Iq: WIHIE 1 WA Aied GRASA @
foretan-S[eran &, fores g =i o g9 g @
AR TE AHH SeeRi o §HH B 2

(i) TR IR TR oG ¥ eAehT0 % frer e
Tl % g oY TEd €

2.2.3 UTHTI] H§&AT qUT FIATT HE&AT

E T HAEET IWeh FISAl % RN Bl 1 S

TE TfUd B YT €, WA W A& SoAa{ ok

O o aeR, ifer faqdia fag w1 eiar 81 g8eh

a1 71g © o ifyer o Sufter dieiAl 1 g wEg

T& (2) o TR BRI € AU WMl wT HEn

TSN AMWE H 1 SR Hifegw § 11 B §, o:

STRT TXATT] ShHeh ShHST: 1 QT 11 BT URHT] <

IEEH I T % foy SEH SRl 1w,

el ® TEn (WHN] &N Z) o el gl

IIEON— BTG q Tifead W] § Seiaeiql o

@ HEY: 1 qel 11 Bt B
TTHI] AT (Z) = UNHTU] ok AT W

W &l §&w
= 3ITEH Ty o
& (2.3)

MR 1 HAERT SHH WA o SR B €,
TR AR 1 FAAM T2l a9 FB 3T IHH ol
(S99 u@® 1 SHEE Wi o SHH o TRl
e Bl €) o RO Bl g1 T SIE Rl h
R (n) Fed 1 AR | Sufeerd WAl iR =gt
6lﬁ7*-‘;(%!63—1‘77\':[(nucleons)7>|%ﬁ%l ?{W\%ﬁaﬁ
Tl AT i TR 1 FFAM GE (A) FEA T
FEHN W& (A) = W o9& (2)+

e[ ht @& (n) (2.4)

R IE I CRIE

2.2.4 QUEATH TH QUATRH

foret ft TE] & TEeA @ dW@ o Wik (X) g
eI < R 7, ford a1 iR uek qd-or famn
S ®, S A S WEAl (A) Bt €1 o S A
SFIATE kT A A Hen (z) ferelt g,
HU 4 X FAWTRe: TAF SoME Hel, W 9=
TRHTY] HEA o TCATY] BiHT; IEEONA— 14 C qe N |
eI R o WA Bd &, et T ge (2)
TAM T S e (A) T gt 81 g vl ),
THIHI 2.4 % AR, Ig W ¢ fF goeenfiel ®
3T HT RO AHE | Iufked f9=-fa= =i &t
T €1 3TN0 o foru foh & BEgie 9] i ©|
99.985% BTESISH WHIIST § ohefel Weh i &Il 8,
o Wifeam ('H) Fed 21 99 eEgeH T ¥ |
e B B gEiad (2D,0.015% ), foraw
1 T T 1 =52 B § iR rgfeam (Tritium,°T),
SR 1 Wiei qen 2 =g B 21 greferm gedt o @
A A A S B | GEefenl o e o Sl o
&; S— e, fEd 6 el o ateren 6,7 @ 8
=2 (2¢,9C,"40) T ¥; FARM WA, T 17
WAl o T 18 [N 20 =g (B¢l ¥7Cl) B &

TrEenteni o foma § sifaw Hewyel @ =% @
o TTATOLEl o TEEfE O SeRMl Rl W@ 5N
et e €, s e | el w1 wen gr it
Bt 21 s o Tt o W e w1 ge &
YIS §gd hH Bl €| 3Fd: TEEeh eifutmenst o
Tl gHEeneR Tk | S¥Eer <uId 2

ISR 2.1
SOBr H WA, Il 1 SeiaRHl hl Gl I
qfehetd i)

&'A

78 ¥Br, Z = 35, A = 80, TS I T
JIHl S G&A = ToiaRHl &1 9= = Z = 35
Il i T&AT = 80 — 35 = 45 (FHIHI 2.4)
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SETRIUT 2.2
TRt wielT o sorae, WM qen =52l i S
FEI: 18, 16 A 16 Bl THHI YIS Udlh
fafeu)

'
TH] G&A-HISH i T& = 16
IE q7d GeHL (S) 7
T SHATH G&A = YieHl i &

+ 2l I "E

=16+ 16 =32
TR H &N % W T 2l T TH
RO (SRUTETT) €, TSrent et soseii o
MY o SIeR € = (18 - 16 = 2) THeh] Telh
2SRl

e : AX Hopd & TN wE ¥ Ted I8 T
R o fr I wiefis SSEH o) & st
T A KU ©| A I8 ST WA §, A
TR (2.3) W= €, foraw

Tl i T = SeaRHl ol T&T = YA T
B Bl A winie o ®, @ g8 i
FHife foF Wl &1 T&N SolaeHl o e 9
feres © 1 8 9 31 ® q sherd (&FRM)
IR T T, T TR (FHUEE) TR = ht e
TN A-Z 9§ 9 2, 9 Tl Sqde @
37 3T &I

2.2.5 IS{0hIs HISA o T

S fF ST S geh ¥ WIS 1 ARTRE Hied
YrHee %1 Tk B2 ®9 o, forqw s 1 9 g
1 e IR Tl ! Booh el i a¥e el T4 o
e GRAEe TR TerEra Fitent* i on] feren s €
A g wea ® 7' g % =R iR fafvea swee

35

% g fean S wehdl 81 ST m, 31K my, TN, 137
ATl o |9 w3 G ey feerien g
21 39 fagia O el *1 waneil o 9N o Tel-T&l T
1 S Gehdl ©, S YR W9 9@ Hel @il 2l

grHee R A oied | guEda 9 e
gera foeran © f selaeiq ifas o =)l @ik ffv=a
Fesll H A #A T, T SAfafem ToeR SR
WWQFWWW kq,q,/1°) @W%,Gﬁql
S g, 3TEY, r 3T ERN % T H QU IR k
ST feeRis €1 el et TR 9 § Tecrehyor
o1 o TUM Bl 81 Wy 5 g fug e wman o fa
W%ﬁ%ﬂﬁw (acceleration)%ﬁTﬂTl%‘Ql RIS
g foret wen o feer 3 9 ifa &2 @1 &, o ot faen
TREde o R0 ITH @01 BT =IfeU| 3Td: Aeht™
Hied H wensti ¥ IAd Y& HT WE sl w1 ot
R BT 1Tl Hedee o fagq geskia fagid &
STIER, @Rd STEfRT &l i for@a-gasa fafeo
HT IS HT MY (T o W @ swie T
BT, TR o STAfe F&T BId) | sHfere fopedt e o
Sufeer getae 9 fafeor scafsa & z@ fafeor
o foTg St Solaeieh TIfd O 9T BTl 39 YRR hedl
(orbit) Bl BIdl ST | TOHTET § =18 qaT werd ¢ o
séagﬁﬁﬂﬁaw (spiral)@?lf%ﬁqgﬂﬁﬁ
10-8s o, fohq orea o W@ €l Ear 21 39 YRR
IS Serare hi I SRl FoRewd ekt qen faeq-ges ™
fgTd o SIgER v fhan ST, @ Il 1 T
Tiga fRelt TXAT] o T S AT @l &Y Tl
21 3T I8 YD Tehd € Toh A henafi § gerael i
T & TR SRR B S €, @ o e W gt
1 AR o =91 SR feer 9 o 82 %R e © fe
g gl 1 for 7Mn S ©, @ refush e
I TR 3R St o s feer deq s o
T SoaeHl ! AfE w1 AR Giw o, fed airee
THIY] Hied 1 Tk o5 €9 U 20

TIHIE o W] Hied H TH a0 TR I
7% ? o o wAEh ®1 selaeiien 9ieE o SR
Fo ot gui &l wr, ST THE F% Ul el e
o Toree e o =R IR ford YR faemm & 3l

mlmZ j

H ¥rd €1 T2l o o= TRy §el i (G- 2

SThT Sl T B2

*Ferceerd =TT Agifaes faam 2, i =12 & ‘i & frei’ W enuiid 21 98 Toe asga & ‘i & e’ =1 guerd 2
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2.3 9 oF UIHIU] Hise o faehmd
= gesfa
ifaeifas €9 H 53 o Wy fafwo &1 ==
forametl o ST W U URomH W e ud
T[Sl 1 WCEl oh HaY H STAMH o W gal
Hi R 7 34 RO w1 ST Lk CIES GR
giqared Aied ® uR fhan aR o6 W] died o
o & < fagedt =1 een yftew W R
() fogd-gaer fafeo &1 g =eaer e, g
o 77 B for fafercor o0 den o1 <M o T
TR Y T
(i) ORETY] WEH W HafHd YA 9oy
e g fagd gasa fafeo o §d Faer &1 ==
FHN| TH] WFH ok YEfTE qRomd S == e
2.4 § Y S
2.3.1 Taera-gaasta faferor st &=
Wehfa
IEel Wt o wem o sifenifesl 3 TRA oege o
STERNTT TS Icdfsid 8 arel fafertor &1 dferaa &
s fhan &7 fafeon ot et fafewor wer s
21 S TE W 1 I w1 fom Foia fafeo
fohed o Bid €1 o1 98 well — wifq 3 € foh s
JIHTE T G T B E TE SAH M SFeRomaR
W MG ® S foh S=iaelt 9t & 9o a9 e
off| Foita fafexor o fomi @1 gduem wfsraa o
FEIT 1850 | g 1870 °h IR H STH Tl
Hagae + ge fagia fasfaa fran for faga gewm
T AR HON g S et &1 39 THgia W
TR e A% H g 729 3 foRam wet 7 fomgq.
Jasa fafwwon o fawa & o qeai & ST S
Hagdel (T 1870) = o Teet Maferd et o o=
=11 femamatl iR Toel Wk R foreqq qen ekl &
o FOER i AT Hil 381 I8 gaa fg &
farge A ol w1 S wifid foran s €, at TR
fagd @ gt &7 S B €, 78 &7 fagq
ﬂﬁﬁﬂ'ﬂﬁ@ﬁ(waves)%@ﬁﬂ?ﬁﬁ@ﬁ%,ﬁ%
?ﬁg@aﬁwaﬁmﬁm—wm
|

R IE I CRIE

TehTe it fafertor =61 s w9 2, fSraen! Senrt
oot o A % S e e A e g g A
TS I R *T T g H (RJA) THTT HI HI
(forRTd, corpuscles) T ST g WA ST T
199 TTTeal H YehTRT Wi TRT-Uh{d Afqariad gEl

Bl IR Hegael = S o wehrer a e
ferga e g9 =aer § Gt gt € (fost 2.6),
eIy SEA-gae T T HI T B GH Sted e 2,
dAfer g9 el 2 Fm T W faEr S

z
N

&3
fagﬂl/m
Y/ T
JahI & TH I e
fad 2.6  fagq-ga=ig @7 & fagq a1 gawi &7

| 4 e GHA FI-554, 3ghd, T a9
A a1t Bid €, fbg 9 Tk gER @ olead
adl 4 ey Fd Bl
() <OEEE AR wUl §N Ica fagd ae
<ehlg & T SHL o ofsed B 21 3 SHI aw
o GeROT 1 e o off oiere 2R 2 fea- g
T 1 Uk WA ®9 o 2.6 H @ v
(i) =AM el SA-am o fouda faga-gas
T I FRE HIEm 1 SAeTehal TEl el 3K
3 frafa o 7fa 2 Tt €

(ili) 379 T T T e T & g1 ¢ o faege-
oo 9 TeIfehTol g WehR o €I €, TSTeht aar-gead
T e Tk T A f B 23 T Ay
e faeq-gaia Teen s € (fet 2.7)1
TerzA o For-fre & o fom-fa= 9m 1 g
I & %i‘@?ﬁ—a@ﬁ[ (radiofrequency) &,
(10°Hz o TT9) , TSrEeRt SUART JERoT § fopan
STl %; H&H T (microwave) &7, 102Hz &
), et swm R H few S €
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3TeX (infrared) &3, (10'3Hz o TR1S) , et
IUGN TRH T B 94 W (ultraviolet)
&, 106 Hz o ST+, it T ot fafezor 1 wah
AT Bl 1 T 10'5 Hz o 9ig 9 &%
YR S99 (visible) T Hed €1 heel e
¢ &7 T, T8 Tt offe <@ (Hgfaa oY) Tkt
€, 315Y9 & 1 YEEr o fou fawi WehR o
I3 T SERTHA Bl 2

fore ST fafro ) <9 % forn faf
YHN oF WEeh! 1 IUENM TR S g1
fafereoll w1 emgfa (v) den @<= () g0
wIRE fran s €1 emgfa (v) 1 SI 9
A e<d & W W Tl € (Hz.s)| THH
TN 1 39 T&N o ®9 ° qRfya fean S
2, St forelt fog @ wfd dehe ToRdT B

TO-<E o U oelE o U g =Ieu)
T ST 19 HeR (m) H St 81 <k foregg-gaehia
fafertor o B W-354 1 a0 Bl &1 Theh Ty B
k! 1 STEeaehdl gl & ora: fast 2.7 & fafv=
-l e srghel Al - g Wt
forga-gamta fafwo =1 fe@mn = ?)

frafa § |t whR o fagd-gaswig fafeo,
R ST q-3o pw ot , Tk wuE T, e

(iv)

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eid 21 36
T %1 WeRTST &kt 7T (speed of light) &d g3 ¢
g 4 <uiid €1 e (v) Ta-<=d (L) 941 Tl ok
AT (c) i Fr=farfaa TR (2.5) R Hafyd i
F
c=VA (2.5)
T 1 adH o e T gl i, qer-gen
(V) &1 STam fwan S @1 ufd g o o,
?1'{."'[—%93? H & i GT-GE&AT (wave number)
FEd F| THHR HEF TT-94 o HEH HT Ik
AU m! BT 7, AR Q= TART B STl JEs
em (SI 9 &) 2l

2.3.2 faRIa-—Sasma fafeur &t woita
Uehfd : Wileh oAl daied Tdgia
IEERR (diffraction) 921 SAfdHITT ** (interference)
St o g ufteeiet i faeq-geaenta fafnor
1 T ThTa g HEAE S Gehdl €, Alh HO
Teont ki 19 It o wdifqew famm (S CuRufes
ifdeh!’ FEard €) & fTRq-gawa fagid w1 g
Y oft aftra F&¥ feran s wehen| 3 Yeyor freforfad € -
() ™\ fic ¥ fafeor =1 IeH  (Hitoren
fafertul black body radiation);

16 1
L(Hz)
Y —femeot X-frwt | UV IR G T FM | AM|  gro e aa
Ffear @i
T T T T T . T T T T T T A(m)
10" 10" 10” 10 10° {:{10° 10" 10 10° 10° 10" 10 10
................... W W
l l l l l |
400 500 600 700 750

TR A (FFHR)

o 2.7 (% ) fogq-gaep1a (6o &1 Tagw (@) 599 T9gH| | Tagq 1 T o 91 971 998 8idl &

* fopdlt o1em o ST T oF g i faedw wed €l

** T TAM SMgfa arelt < a6 faert Tk T @ It 2, fmen ffem o yoe fig w fasiy, v @@ & 39 fag W
faetis =1 sfsforda =1 |feer = giar 81 N 1 39 YR 1 GASH SAfqeuT HEdl Bl
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3ISTEITT 2.3
sita sfean ear (fieett) o1 fafay 9Rdt =
1,368 KHz (fohell B<si) i eTgfd W JER0
FId 21 TORE (transmitter) ER ScETSd
for SR e 1w T
Ig Torgga-gereh i Wegd o fohd & o Haifud 272

&'A
-3, A =%

et e ¥ foreg-ger fafwor 1 3 sk
v gl g1 T T W o gfaeenfua e W

A=

S

1%
_3.00x10°ms™
1368 kHz
_3.00x10°ms™!
1368 x 10%s™!
=219.3m

g el a1 Afenafies - 2

IS 2.4
99 TFH o qUT-<54 1 W ST (400 nm)
Y ol (750 nm) T €1 37 T-<=AT b g
(Hz) § 9%e ST (Inm = 10" m)!

&

TR 2.5 o STER, ST THTeT H1 TG
c _3.00x10°ms™"

V =—
A 400 x 10°m

=7.50 x 10'* Hz
A GehRTRT <hi 3Tgfd

R
V=S=3'OOX108mS =4.00 % 10" Hz

A 750x10°m
39 W 1 W Tgfd & €9 | 4.0x 10"
¥ 7.0x 10" Hz d% 2|

3T 2.5

5800 A° TI-3ed orel el fefereor i ()
T-HEA SR (@) Mg 1 T SHhife

W fogm
T
(%) TE-F&A (V) i TOM
A=5800A=5800 x 10°® cm

= 5800 X 107 m

1_ 1
A 5800x10°m

T/:
=1.724x10°m™!
=1.724x10* cm™

(@) smgfda (v) &1 T

3x108ms!

5800)(10710 =5.172x1014 871
m

V:E:
A
(i) ®Tq ! Tag ¥ fafehior o TR T serael
TR (geRTer-fogd 9+me) ;
(iii) S H qIEE oF B oh ®Y H SO Bl
e
(iv) foRIveR BTEEIeM o §]H # T[S H <@ T
& WeH|
3 qfieeaT 3 ot © f e ohoer fret
fogiw o | € el o "ehar €1 @i wefa Heid
TR YAl IAfSid &l i Sl Hehdil

g &AM A dielt o © fF T 1900 ® e
ik g a9 Ugel U Soeiiad HioehT foento
1 s 3F AT hi Te| T eH Teat 39 TR
1 TUH 1 T B T A fee e 2

T ¢ feregd T W ferge ki a-SeAt
o fafetor ScafSa et &1 S=a am W fafwor
ST WM A o g¥9 AN W B © Se aid Ser
ST € o @ <= (Hven gemrer) e wen o
I Bl €| SEET o fory St feonell fie 1 5 i
T2 | TH FXA €, T THHT T Teet goohl ol il
21 SH-SI9 a9 TGdl Sl 7, oH-od =8 A o
Bl S €1 9E 39 SR TR fRan S @, 99 3o
e aell fafertor =1 1 9% 8 S © SR S
A9 W M Bl B, q9 T Aiell B Sl 81 SRl
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o 7% ? o ot fafewo fordht faom @ = eifen
g e € qen g foRdt a9 R A fafewr sifuw
e e B ererfq T aegent grn SedfSia fafae
et o Taferton =t dierar sreqeti o ara W e
211850 o 3id 7% I€ T & o1 o Tk fafa= st
g fffa squ afg fafs= araf = &t & @t ot fafa=
e | fefertor Scafsia st 81 3Heh tfafie 78 ot
for @ et o #1 9de W v (foga goe
faferzon) faferfia feran stran 2 at fafenfa e &1 9o
AT Q& Wi gl 8, o W0 i e €
T 9T U B ST €1 STqUl TSSO 1 HRT
7g ¢ o Fremeer R gl fafso w5t st
CEN LTI

T TE Ry fie S e WhR i omgfa o

39

faferzor 1 ol 1 T35 o W o €9 H T
FH & 3R T T

TR o T FAGIa oF STUR W I TROTH i
TS SN el ki ST Tkl Hed ik 4 T
A o STER T Harse aRom o fohan f
fafeneor o1 sraioer IR Scas Sferl (Hfooepr i
ARl & WA ¥ T BN T T8 AR T
Jaaia faferwon o el o @ e w1 ARH-UH
F wd € w3 g A fr fafer el o
fafaer (discrete) 9T | sier ST Gehdl B Hod whidh
J A o aE) iR 219 Sheret fafaeR (discrete)
ene § Sl SedfSa (A1 sfewifa) i ©, 7 fh
3eRd &9 H| faga-gaea o & &9 1 Fe1 &t
TSR e A 1SS (3 SR B §, 9

faferTon =hl Tk THH IcAfSTa aen SreEiia e
FORT (black body) FE@M ¢ del W fig @
I ferfertor i wHftorent faferor wed € araa
H UH h1E e T il shiei with SRR Hitwrsht o
ogd GHM Bl 81 HO0TehT 1 Tk 71 ek dfehe
e 3% g9 U T B ¢ [fee 2.8 ()] o T
5% o STaen 3T &5 gR el 81l /T | g | et
B I e e
Bl el € 3R o1 W 7T shi SeR gr Sferiia e St
1 pfoorent, faferzolt St
T oTey TR oF Bt
| g Afdfe ShioenT
7Y IRAYT oF WY A
e ¥ 2t ¥ T fi Y
g 4 Ufd 3 awel
I ol (o L ©

ferd 28 (&) P oot 39+ 9fEw @
STERNG S offl Hitoehl & IHfSd Ul i A
(faferzor =t <forr) qen 3T Taed ¥ famor shad
ITeh a9 R TR e 21 RE T aeE W, St
fafertor ot o qi-<ed o we o WY wedl ¢ TR
T -8 W e Afhan Bl 2, I a1 aul-oe
& 3R FgH W TE T Y Bl €, S o 2.8 (W)
T fe@mn T 1 sEeh Afdafe S-S 1 wedl € ok
1 SFeS (maxima) oY TUT-<54 1 IR TFIARA 8
S €1 fafeor 6t diskr %1 qaEigEE o % ferg

Tk N gy (quantum)HTqﬁ'alTTl'qu fafertor =
T FdieH i Fell (E) STh! G (v ) o FHdwT
Bt 21 39 G (2.6) EN oF fRA STl -

E=hv (2.6)

T,>T,

draar

1000 2000
— s F-=om)

ferT 2.8 (@) T1-3=4 diggar qa

STUIfaeRdl feerish, h, i wiieh fXeRier el
S @ SR SHRT UH 6.626x10°% Js BIdl B

FATIH0T T T Hifedl | TS T & &l T
2 HE o = difedl o frdt ot 9rRE W Ee
Bl Wehdl & W SHoh oI Wl o < UEREl o |
o wel B w9a el @1 Sl b1 we e
T W 9 1S off 8 Tehdl @ W 37 WEl % o
o wHIE 9H T8I 8 Gkl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiise Hfwek ¥ fafvy=
i W Idfoa fafetor & daa-faaon #t smgfa
1S U5 % WM o €I T AR L Goh|

o0 &
(1858-1947)

R el Tk S SifceRT SRR
g1 I\ T 1879 H Hf@
favafaeme @ Sgifasw Gfawt o
W.TAEL. T UMY TS0 il F T
1888 H wfer fovafommem &
sfeage e ferifesa fRfSe (Institute of
theoretical Physics) ® e fga foe mu
3ok g XU TN Faren fagia o fo 3% 51 1918
o ofifqent § oo R ¥ FEIa e T
I ST SR Afqewt ok o &= § oft
el e A

LEINEEECREIC]

T 1887 H TH. T2H 7 Uk 9gd &l foraed T foa,

o o angetl (S8 weferem, wdfeay, difsem,

TAIR) T Tae W IYI MG ATl YT ST W

St fot 2.9 o fem@mn T €, seleel feer 21 39

e 1 WenteT T wumE #Ed 21 39 wEm 9

I AR 39 YRR E—

(i) ®Tq ! Fde ¥ RIS oh T &f 39 Hag |
TR feherd €, e1eiiq g ) Iag @ selaeq
FTeehTE T2 e W YhTRIYS| o Thi oh o
FIE THI-HAA (time lag) & BIal

(i) TrRIfaa Solaeil &1 & YTl i diear o
G et

(iif) IR ©1g o foI Tk stfenerfires =Fad strefa
2t 2, 8 <meft &9 (threshold frequency)
FEd € IR 58 w4 e19fa R wehmer-farg v
TR T B 21 v>v 3Taf R e see
1 FS TS Hetl Bl 21 Tt ol TR TehTeT
1 G o T o WYl Fedl 2l
I GR TR 1 o1 IRYe Hifdeht o

el o STaR W 2 1 ST ekt | 39 1wl & SR,

TehT¥T ohi TRT0T ST ST T HIET TR i diodl W

R IE I CRIE

EEJR
BECR] 41q T
forep /)

‘Tr‘ﬁ(P ﬁﬁﬁﬁﬁﬁ?ﬂ
II|||

%2.9Wﬁgq—yw$wwwakmm/w
frafq #& & T 41q Ht GF Ga§ W TH [A=q
g arell g HT 0 ewvdt 1 4ig @
gl (i &l &1 3 U g grRT fird St
g S 3t AT Sl w1 AT Fl @

foref et 1 IR vl W, T seeRAl w1 e
AR T8 Helferd TS Sl shl oA FehTel 1 dieral
T o1 S Gehdl 71 FEfa wEr <@ T € T et
TRl o1 HEA Yol 1 Aol T 79 et €, eifer
T SRl T TSt Sl dterar T s e e 2
I o Torw, Wefrem o T W Al fepedt off e
1 TG T 1 ThT9T [v= (4.3 ¥ 4.6) x 1014 Hz] F3 Hel
Toh STeTl ST, <t SfF I Geh1ITeh SerargiHl ol FTehTas
&l il 8, W 9 & diel 11 1 HH el S Tl
v=>5.195.2x 10" Hz Tef@Ed W el S 2, d
TehT9T-foreggd e fR@r ar ?1 dieferm uig o forg
Tgeft 3T (v ) 5.0x10% Hz B

foeq-gaTa fafeior o e o Faen fagid
%1 TN i g R (1905) TehRI-Torq g+
I THSH | %A gul

g 1 Fdg W YHF S F THIA hl HN
(BISAT) o YT o1 ST THS ST Fehell €1 579 IS
T Fell ATl WIS U oh UETY] ok Solded o
THAA 7, il I TAF hI WA F X e R
<1 21 B i ol Torel SAfeen B, Sat € Sl
T SeigR i S 3R Fehifad Seieei= w1 Tiast it
3t & siferer BT S vl o, FsRIfad sereei i
TSt Sotl Torefq-gaehia fafertor st sTgia o g
EiH| wffeh T Al I i Sl hy® IR geee
1 k1 e o foTu sfareares =<ad st hy, (59
HEwE, W, ff F8d ) e | TR (hv - hv,)
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QAT i HCEH

aeae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
IR STead S favd o
e ifderT SRRt o ¥ TH AH
W Tl (SER AR 0 =g
)1 ¥ 1905 W, 5d 9 91 § TH
T 9o oftre o dehiel WerEs o, 99 fow
STTeTeh e, STSHT i 3R yehrer-fagg w9 o =Y
7ok A S 3 it o forehrd w1 g gufe
e 38 99 1921 H YeRme1-fogyq ue & S o

fau ifqent o Aiee ERR ¥ wetE femar T

PR I TS el TFEIARd 8 St g1 il
o &I (conservation of energy) & = &
SO0 ¥ U FTshifad solae@ @i Tifast St
TR 2.7 B & A 2

hv = hv, + émev2 2.7)

W&l m_ TTER BT FHHM § ST v SEeRT o g
3iq o, sifues daar ol YT | Il St G
sferer B &R aRommeesy e seeel i
e off 39 JA & qer § At ennt, e g
el oF WehTel T STEM TRA T B
faea-waera fafetor o ga sgaEr
WhTST 1 U1 THH Fehfd 3 SAThT o WA STTHH
1 Tearfa a1 Y <71 Tk T o 5@ HioorehT ferferton
3R YehTI-foeq 99Td 1 oSS ARAT i, W
HAfTHIOT 3 GREAS HT SRS HI S Fehall off,
o T FfRETd T8l oAl 59 S i 5 h F Th
& S o foh 9 WM feran sy o wenmet o o 3R
T LA S U B © - i WehTe W gd SHeeR
B &1 WA o6 SMER T 89 U € foh Wehtel @ A
01 & GHM IR Hdl 8| e 54 ok @1t fafenon

41

1 I B el €, 99 T wu S e e
A B ST TafehTor o1 H=or g1 7, 99 g T S
o1 (SAfqeRTor R faeda) <eriar 21 %o @R fafeon
1 Fafad URIST &l <@d g I8 Heheddl Thad T8
off| ST h1 3 THR HH § HIBT GHI | ST
AT M W, F GeH w1 (S -golaq) off
TR Il 8 R FEE F ©

IS 2.6

5 x10" Hz 3Tgfd ame fafeor o T A
RIS 1 o1l 1 UM SIS

&

T I &1 e () FeAfafad aeteon g/
S 2

E =hy

h =6.626 x10°*J s

v =5x10" s (fam 7=

E = (6.626 x10°* J s) x (5 x10'* s
=3.313x10"°4J

Teh A Il bl Soll

=(8.313 x107'? J) x (6.022 x 10*®* mol™)
=199.51 kJ mol™

ISR 2.7
100 afe &1 TF ed 400 nm T T-25 T
THIU YehTel ST HIdl &1 ded g U
Tehg IS HISHl sl F&AT i TUMT hifeTd|
'

dod 1 forRpd-wfek = 100 @ = 100 Js™
Teh HieH &l Sl = E = hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AW 2.2 FT At o AU wEwEEE & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2826 3.7 4.8 4.3

Reprint 2025-26



42

=4.969x107°J
IS HIAl i T&

100 J s™

Zoeoxio=g 2lL2x10ts
. X

ITTEI 2.8

S 300 nm aT-<= = fafeor wifeaw Og
%1 a8 T ZHAA 7, @ 1.68 x10°J mol et
TS ol TR ScAfSd B4 Bl Hifedd o
AR o T o fau w9 @ w9 fha
Foll AEvAE BN? fRE yeifetn soiee o
IS o foau siftreran a-<=d @ Bh?

BA
300 nm FREH FT el (E) 39 TR 3 STt 2—
hv =hec /)
_6.626x10°** Jsx3.0x10°m s
300x10°m

=6.626 x 10'°J
Teh A Bl i Soll
=6.626 x10° J x 6.022 x10?° mol’
=3.99 x 10° J mol "

difesm ¥ T A seiaeHl o sk o fag
STMETIH =LAAH Hol
=(3.99-1.68) 10° J mol "’
=2.31 x 10° J mol*
Teh ol o fog STaedeh =[Aaq el
_ 2.31x10°J mol!
"~ 6.022x10% electrons mol™
=3.84x10"°J
THHT GG TIT-354 39 TR Sfi—
ke
E
_ 6.626x10J sx3.0x10°m s~
- 3.84x107°J

= 517nm (I8 B T o Y 4 Hafed 21)

A fagm

IS 2.9

forelt g 1 <eelt oMM v, 7.0x10 s 21 A
v=1.0 x10" 7" agfa aren faferzor &g =t
Gde ¥ THUA ¢, Al ScArid Seiai{ i s
il 1 TUMET FHifST|

&
SR oh FHIHIU o TTAR TSt SHeil

=1 meV2=h(v— v,)
= (6.626 x10°* J s)
(1.0 x 10®° s'=7.0 x10" s™)
= (6.626 x10°* J s)
(10.0 x10"s"'= 7.0 x10"*s™)
= (6.626 x10°*J s) x (3.0 x10"*s™)
=1.988 x10°J

2.3.3 gdifea™ gAaii-ieh el &Rl ok
T gmrer ;. wrHTiiaes WeRT

RSl T T SE HEAH i Wehfd W AR et ®
R =18 ToRd! 21 Tk A1 ¥ g d 9H W TR
#t FRT0T ST g U9 W g Wt © el sTudfdd
(refract) SN %I

S s P e T e g e
2@ T foh HH G-S8 1 X el qUT-oE w1 A
#1 ol | eIfuss g S €, Fifen w9t
T H 99 WE H gl q-<s ol a9 et 2l
TS YehTel 1 Tehor T wfeali ot U Sfa@en o el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T2 gag sk Bl ©, 1 foaeer ged
FU IR oY HH W< a1 T e
o Afueh BT €1 WhS T o Yeh1yl, S 84 fE@rg <
2, o W& 1 WE 7.50 x10"Hz & ST 1 ¥
AT 4 x10"*Hz o ol T T Bidl | 36 TeH &
Hdd @E@TI (continuous spectrum) HEd %— Hdd
gEfT, wRifer ST 41 el O H SR e @ 8w o
foreran €1 o= 1 o Wy oft wE € B B S ST
H SRey ol ©, e off U € e e a1 81 A
Fau foh 3va gehmen fagd-gahia fafeton 1w =ga

* ferelt Tored o faw fafes (discreat) @i o Gidsy @i SO HEd €
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TIA] HT G

e wmt g € (o 2.7)1 @ fegq-garhia fafemo
T4 o WY AR TR el 7, df T 1R ST 3
Froll shT STEIITOT T Tehd & TS So Soll T W TG
A 1 S Sl TR OW Y STl srEeen § g g1 A
e T Sl Al tfuen Tl ey e ¥ eled
g, @ o fogq-gaa ez & fafu= &5 & fafeo
I e
IS qUT STAINTUT WeaT
ot w1l © Sl STARI0T oh 918 Scaford fafeTor st
TargH  Seg T’ el 1 TLHTI] ST0] AT ST
fafertor & sEwive W Sufed @ S 2 SesH
TR W i o fau fmel gfaeet 1 /e wh
tore faferfora ek Sott <t St & SR < gfaget
ST So1l bl FToehiier shdar €, d Scafera fafentor
1 T-<=d (A ) i Repie T femn s 2l
STORINEU] ST ST WaH o HIeUThE
frifea =t T i1 €1 <14 ek Faa fafeior i giagst

43

W STl Sl ®, 98 fafhir # g aw-as &
STIIOT R AT §1 oA G STeifoa fafshaor 1 wma
@ T-<5f =T Had e § et T i e
& &7 ¥ 7 e 2l

IS AT TR0 TS o STEF hl TarrHa!
(spectroscopy) F&d &1 S IR F@q= W%\'W
ThTST k1 TIFH HAqd Bl 7, i SqH 39T YR
H ol ¥ O qen qeft qe-ded sufterd gt )
THeh Todia T erereen ® TRATOIST 1 Scasi Wed
A W T qT-3eA | T ®9 9 9 6l
2, Wq 379 Shae gty a-3=af aren geRreT Scafe
B €, fSieh ot o ehTel T ed €)1 UE eRH i
Icfo fafetor Teen § aqsict W@iel & &9 §
Wi & € (F 2.10)1

TolRITeh TTET oF STEF H {E1-3cs ST
1 eIy Hew BIdl 81 Yok el 1 ST Tk fawiy

T 2.10 (&) GTHTUENT ST : BESIS WATSH (1 4l iR aw) @ SHferd Ghieel R ScafSTT JHT H1 T
o8 @ TR fafed @n-35 &1 3@ 7 gerdk B Sh &1 37d: Seqsid TIagH, S e ai-ae]
GBI Gg= 8T &, %1 ‘3@ Wazq’ el Sl 1 et Ffver SR & qfaqel  agd ik e @ wEr
gid &1 greiife HIE T WA (%9 Uh GHg W T & 9o e 9 g ekl €, fohg wArpsi & gqg o
guft Gora ST ST gt €, S 4 QEI] e Seif-wR WS €, d Scaford T 9 Wagd I g 2
(@) THTNT ETNT: 5 TS JHT Hl SFalord gEgie WA @ fahdt d@nfes (slit) ik ey fisw
T TIRT SIAT 8, @ 91 gl § e @-a=a (5 o 2,10 % F Scafid g off) @t diegar &1 s g S
21 78 ggfua wagq 4 uh 3@ Wagy Bl @ iR e Wagd &1 BIerEd ifed glar &
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@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH Y SARTATEAITR [T ST WA BT e
o fory S&ft YR S o W@ W ®, TN geR
S o e A= &l 9earH o fog s |
AT S €1 A a7 o WA o Scasi Tagh i
el w1 gened faem o ufasel i Eed 9
Tl &l TEaH oF fow Ja g9 (1811-1899)
gagem R

wdlfean (Rb), §ifam (Cs), dfermm (11), Feam
(In), TIfer@m (Ga), 3R whfgaw (Sc) 3nfx a1
TS 79 gg off, S 37eh @Sl a1 TareH! faveryor
e e ol @ H S (He) 0 &1 Sufterfa o
werzH! fafyr g w@ &1 T ef

BIESISH oAl 1@ WagH

< gregre T H farg fast yenfed foran < 2, @@
H, 1] foiifor it 3= Ssll arel BTeg ST WA <
&, S ferferer et aren forga-geenta faferwor seafsa
F 2| TS Teaed § et & wE St e §,
S8 SToh SMTThIeh! o 19 & ST STl &1 &R A T
1885 H WM YeToli oF STER R aarn o 3 wegdt
{@sTl & WT-HE (v) o €9 H H A fRA1 T,
3 TEE T F T T ) et

T G T ST Hhal E—
v =109,677 [z—lz—n—lz) S 2.9)

Sl n ek quifr €, et 94 3 =1 3 @ arfren
e ®, AUfd n=3,4,5... €l &

wtﬁrmaﬁm%@ﬁaﬁ‘w oy’ (Balmer
senes)amw%w@m@ﬁmﬁmsﬁévﬁ
1 Y@ form-gae Taed & 5w &5 § wd et
2| e & Th SagH deitieh wierd gt |
Farn o TRgeH Weaed & |edt gt & @

frfafad 3= gr < s gedt 8-
v=100.677 L _L o
= ) n12 ng (2.9)

G|%an1=1,2 ........ %\'Gﬁ'{n2=n1+l,nl+2 ......

109,677 cn! o A Wi TEgeH &1 Rgant
Terien (Rydberg constant)%ﬁ % n=1234

R IE I CRIE

AR 5 arelt Yenst w1 Wi Sl www wEda
(Lyman), 9THY (Balmer), 919 (Pashen), She
(Bracket) 92 %€ (Fund) STl seard 21

ROt 2.3 | eSS WaeH wi 3 S @
€ E1 fo 2.11 o STESISH WA 1 wAEH, 9 R
IR S o HeRHo w1 femrn T R

HRUT 2,3 UTHTU] BTSN aht Wee 3@l

Sroft n, n, WeHr a7
AEHA 1 2.3....| W
AT 2 3,4.... e
RINE 3 45.... ST
Ahe 4 5,6.... S CRC|
TS 5 6,7.... ST
OE====—"WI——N-—=-------—— nzZy
n=>5
n=4
*VV TR S0t |( STeRe)
n=3
TR AT ()
n=2
EREE
AEHA S (TR
YYVVY n=1

ferT 2.11 gI3gieT WA § 392 & GHAI (TeT
GFEA F EEH, S SN 9 A
fraré 7F &
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TIA] HT G

TISSISH o1 ET ey gft awall oF @ ey
FI gor H Fed Tl el €1 TR e 1 3@
Ty A wfed giar €, g it Y@ Waedt
FT AA THH B 1 - (i) Tk axd 1 @l
Tegn foei™ YR 1 BT 1 (i) Y% ad o @l
Teen o frafad gt 21
39 T8 U 31 © Toh Uk S T A0 BT A
HROT B Tehdl 87 1 ST Gaiel 3 el o TRAroetf
1 Selaifeh G W BT €2 39 YN o YAl oh
IW A TG 81 8 A W R 37 e & I
Y gH 3 qwl o WATet i Soldeitieh dXEl i
qaeH o gfaen gl
2.4 TSI UH] o feu |) \ise
TIESISH TXHTY] i G191 9ok TaH o HH=I
AN T TEEA HHTHS AT el 9 3 99 1913
T 1| S ik oh ol oh IR0 i STALIT
F1 3TN fean gafy aR fagia sy FEien
FifAeht TET o, TN RATY] TLE qen Tl H HE
TTAl 1 TEhETd ©9 § THH H ST SUANT fohan ST
Tehell 81 9k o1 Aisw Frefafed Sl ® e
T
() TEENE WA § SoaeH, Ae o 9’ W
fafeara fooan IR il ot JarRR weli H S| Heh
21 T IR T hl W HET A1 T ST
T AT Sl TR Fed &1 A FHed AfaE
IR SR Gehea &9 H Hafed el B
(ii) el o Soiae i el THA ok WY TR gRafad
Bt 7, qenfa i sotde e Toml T 9 5=
TR TR R T S, S 98 SATa9Ieh Shell hl
STARIYUT KM AT TF o Iod TR TR
H 19 T W A1 & 918 sl 1 Scds el
(THIRTT 2.16) | Hl-9REd Faq alieh § Tal
g /1
(i) AEF A TTC & TR STeensti & HehRAU
& THY ITERNNd S1ger Scafed fafwwer
frefefea w9 o f&an s " 2-

_AE _E,-E
h h

(2.10)

45

RUSHCIEY

(1885-1962)

2w ofifert SeifTk e a) F
T 1911 H iUTei foeaforme™
Y diU= S, T I T&0 | SEH
% I N ARG N I
TEIHIE o WY TH 9 foaqman 99 1913 H o ST
oie, et o Sfewd @1 7=t 1920 H sfe=ge iw
ForERfeha fhisTed o fRwes o1 wod favegs
€ IR A TEAY FeA o AUl A o fag
Wﬁ'ﬁﬁﬁ Frd foraTl 3% ¥ 1957 ¥ 'Atoms for
Peace' THM I 371 T 1922 § 9K 1 wifqent o
e AR | FHEIG fohan

Wl E, 79 E, %A f7e 3R 3= o7gma St
e 1 39 YR S ST SRl AT Rl
T et ST 2

(iv) TR W1 HIUNT Gam Faifed g €, € g
Tl ofeEen H 39 f=fatad aHiet o gN
<1 ST ekl -

nh
myvr=— n=1,23.... 2.11)
27

Sl ‘m,’ SR H SemE, v A qen
39 Feql &1 e 7 e solee gHa )
3Td: Uh Soiae haiel S-&1 hell § A Tehal €,

S+ I Haw 1 7F h/2n 1 Ul TOTH BRI
TheH A § HIUNT HAT Fifed gl 81 S sl
vl T o fRdl T Faifed T 6l B T
M W shial @ dl fafehTon sl STargiiooy S1efe Sesid

RV HaT

59 YR $o7| M (m) SR W@ 37 (v) T [UHw
Yaes Ha Bl ®, SH YR hivid Ta (angular
momentum) ST TE (1) 3R FHI0HT T () T
TUFEE BT 81 m, TN a1 e o fa, S
ek o = 3R (r) B 1 gareR Fan ° 5|
@ R

IV GAT = Ix o
?Rﬁﬁh‘1=mer2 3ﬁ?w=v/r3ﬁvi’f@iﬁaﬂ%\

3d: HIvT HeTl = mr?xv/r=myvr
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Bl 81 31 Heree o1 Torga Skt fogid @i @

Tl e T€ wRU ® TR P ffvea wer & emma

B 81 9 T T st 1 St ok foreer o

faoa & < T faegd SRR ST! Sfee @1 3Td: SH

ST Y heqeT | HHeAr S| 9R fagid o $TER

TEgIST WA < fefe—

(%) Soie o foru womft sterensti &1 n=1,2.3...
o SN T fRA T R T YUl i qE
Fdied W& (principal quantum number)
FE A 7 (TS 2.6.2)1

(@) Tt staeened i st & fr=fafed €9 4§
wefiTa e S 2-

r. =n’aq (2.12)
Sl a,=52.9 pm 9 YHR gl TRl sewe,

S “9IR e’ el Sl 2, 1 B 52.9 pm @ 21

YR BRGNS WA § Serareid 6 el (n= 1)

o U1 S Bl n S 9G4 o G r ol A aedl 21 T

sl W, g A ¥ X suferd B B

(1) TS W Fefed Tod Heweyul oT TRt stae
1 Sl 21 38 FreAfoad g gry fean s 8-

1
i)
n

Eidl R, w1 Reart feerien, (Rydberg constant)
#ed €| TERI WM 2.18 x 10-18J Bl 81 faw
STTET, S ‘Jorer eteren’ (ground state) ot hed

e n=1,2.3.... (2.13)

. 1
2, % S E,=-2.18x1078 ({37) =-2.18 X10"5J &
n=2 al TE sEe o fau Ssi E, =-2.18 x

1 .
107 (57 )=-0.545 x 10718 J. gl fes 2,11

TISgIST WY i fafe=1 Tt srerenat | Sefl-wll
F1 Seitell i fE@mE T 71 gEh! (e wR)osma’
FEl T

e TR E o YuE 4 Yo Bl 2, qd
Foit 1 A I forn S @1 uE feafa | seiee
& W& n = co 1 TR 3fereen § Hafad il ©
TN AT ETEGIS UTHIU] FHEAdl | 5ol Seiaeia
s G SATeRfid eI © A9, el § Suikerd e

R IE I CRIE

2, T9 Soll 1 SeES Bl © 3R hh! el e
S &1 TR (2.13) W 3R fag 6 Rl e @
SR THRT I o w1 TR SR FA n=o0 h
ey § gEeh T i wiin B

TESS WA & fIU RUTee getagiieh
it (E,) a1 o ot 272
BRSSO | B H9d el | ol o AH o
v Tog Bl 8 (T 2.13) | 7€ k01 g &=
Turten 2 38 H0 foag #1 oref 7w ? fom Ay
TAGL 1 SHoll (LR T H Toda Soiaed ° Y
21 TR (rest) 1o § @G TR 98 SeRH
eIl ®, S TR W od g0 W el SEeRT S i
¥ W o S 21 i § sgent o1 9w © R
THHT (2.13) H n = W 9, 599 E_= 0
T el 21 S & geleeiq e o ure ST @
(SF— n ¥ 2), 98 & E, &1 FRua w9 aga
Sl ® SR Fg 3Afeeh oAk Bl STl 81 W n
=1 B, q9 Sl ! HH a9 31 FHOMHS BIar
2 @R % wen wag atfuw w@rf e 21 eW 3o

‘qeTey STEEl’ wed B

(%) TTEISH WAT] H SURd Toh el o HAH,
3 AT, T oheel Teh gl Bl B, W At
R < Tagid 1 @] feman ST Hehdr 71 Sreonsd -
He* Li?*, Be®* S| 39 YR o 3T (BTESSH
o T TN wedd €) W HelHd T
sraenstl i Heid frefetea g g
WW%:

18 z?

E,=-2.18x10 [F]J 2.14)

e 1 Frefafed g gr fean s 8—
52.9(n?)

a Z (2.15)
Sl 7z wEv] gen ?1 dferm ik ofifm
TRAET o foIT SR A HHW: 2 S 3?1 ST
iRt o I fafsa ® & Z & sig & W Sl B
M 31fush e el Sl @ qen B &9 &1 S
21 58 @1l 7% ¢ fon soieeia iy 9 ggdrgde s
g /1

pPm

Reprint 2025-26



QAT i HCEH

() 2 FHenstl § i Fd g geiaei o o ohi 0T
#E f w9 ®, T e foy T w9l
TR0 =1l el fean e {1 oncHes &9 9 s
T ORI o S o 1Y el 1 AT adl ©
A YA FeH WAl o 9 o WY I8 el 8

2.4.1 EISEINA ok I@T e shi ST

TR o Hisel 1 SYAN $hich @ 2.3.3 | Fd T
TIEGISH A ok 1@T TeeH &1 AT S &4
T 1 S Tehell 81 S o 1R (ii) o SR, e
Y 3= A @A & & Hal § T i W
fafepzor (=) o1 SrEeivo g €, Sefeh fafenor
(SST1) T IS SR o Sed | T e & 2R
TSR 1 T T W Il €| ] hensd o |ie oh
Sl o A TH HHIHOT gRI A1 S Wehal B

AE=E, -E (2.16)
FHIHTOT 2.13 3T 2.16 w1 SAgd W

R R .
AE{—H—?] —[—n—‘;j (STl n, T n, SHET: STRAER
: ,

1

3R sifem wam =1 TREE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

A
A

. 1
J: 2.18x10 ISJ[ﬁ— ](2.17)

THISHT (2.18) T TN shich HIEH o TR0l
T ScHs W Wafed g (v) o qeieh foh S
TR B

~218x10"J (1 1 (2.18)
6.626x10**Js(n? n;
=3.29x10" (%—%)Hz
LS (2.19)
TG qE-HEA () T8
Sov_Ra(1 1)

- 3.20x10%s' (1 1
3x10°ms™ \n? n?

1

47

1 1} »
5~ 5 (M
oy oy (2.21)

Wmﬁnpqﬁmﬁﬁﬁ
MG ¥R il © al Sl 1 STETOT Bl €
T AR IS TaeH § > n 861 R, AE HUTHS
B B q1 Soll g Bl 2l

Tefiertor 2.17 Rgert gefiewtor 2.9 & S €,
59 ST 99 W Suas YA Sieel gN Wi
foRar T o1 ek STl BISgIS URHTT] o STERIyol
qq IS WY B YIS TWaeHl W@ TH fou
GHUU & WA T B hE BRGNS AR %
T 7R H e G9e GHAT 3@ o THd § 31
I8 T e W@l W et € et weHt
H1 o 39 ad W AR w7 R T wEe
T3 I g o fehad Wie Steifd =
IS B 2l

IEEITT 2,10
BEESSH T H n=5 ERA T n=2 3aeq

o HHHU oh SN ST hieH i S

3R <=4 M EAl?

=1.09677 x107 (

'
Hifh ni=53ﬁ'{ n.=2,

37d: 39 GHHU 9 9FR AU B Teh TIH W@
I Bt 2

TR (2.17) @

AE = 2.18><1018J[5i2—2i2}
=_4.58x107°J

T2 IS el 2

TISH i ST (el &I IRATT & &9 9 o
BU) 39 YR & ST Fehell B—

AE
V=—
h
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_ 4.58x107°J
6.626x10 Js

=6.91x10'* Hz

IETEIOT 2,11
He™ &l 999 el 9 Gafed ol bl 0T
FIT) IR =T 5 59 han o1 Bean = ghft?

BA
2.18x10'8J)z>
E, L 5 ) atom”'
n
He'svfauw, n=1,2=2
-18 2
g, =-218x10 J2)_ g 755102

12
HHiRLOT 2.15 9§ e w1 B < S 2
r - (0.0529 nm)n?

" Z

Jfh n=1 3R z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 9 AleA ot GG

30 IS Gig Tl o BESeH WA &1 SR Hied

TIHIE o AR Aled W dgaX ol SRS AT

T THh W I Sl (SE— He', Li2*, Be®*

TAME) o W@ Teed 3R wfde & e 9

Hehdl o, Wfeh 9R &1 Afed f=fafaa fagst &t

AT T8l HL Hh

() Rehd Tieedl el g W BIEg ST SeRH
T & G [f5F (doublet), e IE-9H
feora <1 @d] 1 AN w4 ° fawe w©IoTE
TiEd BIEgIe oh STaal 3T THIV[S o Tiaed
F A HH H ATHY @I SR & o,

R IE I CRIE

Biferem weamy, fSraw oheet 31 gefee@ e §, 4R
o1 fagid gashia & o Tagdt T & faaeq
(S worE) @1 fagq e st sufefd o
TegHt @t o faured (Weh-9ae) &l T
wE H O fawa @
(i) T ®, I8 TV & THETH STE g ST
TAM HT AT B RS Tl HL Gh|
TR I H, ST AR st v e o @
HI G o G AN Bl AT HL k|

2.5 UTHIU] o Felieq At Aise aht 3T
AR Hied Hi HFAl Dl A H WW@d gL WA K
fau eifuss Sugs iR GeRY Afed o fak &
g fRT MUl 39 YRR % Hiewd o i # 5 3
Hewaqul qedt o1 stferss aneH @1, o fefafea g

(F) &4 1 g HTER
(@) BTESer &1 STfe=aar &1 fagra

2,51 g T gd HTAER

i fifden S 2 sl 3 O 1924 H gfaifd
foran for fafertor &1 @e o 1 ot g0 Feer T
FHET Y, 1A 54 § H0T I T— I W& h
07 BH =fey)| s 1 7e B TR S| @ wie &

o 2 st
(1892-1987)

TR i SRR e < il
4 ¥ 1910 o IE § H@H N
R 3fae™ venl yem favaas o
A ed-TaRo & forg Skt
g g1 ST 9. faam &
9fd IT! ¥fa SFA 8 Tl 91
1924 ¥ 311 URE foreafoame™
q SLug-H. & 3wy 9 H
T 1932 © AT STEhRR W § T 1962 T o
IR favafaemea # o =r R

T 1929 ¥ 3% wifqent § eel [EHR Y HL ok
Frrfa TR =
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o Ue q-<ed B €, SHY aWe geleid il W WA
3R -2 g =R ivelt 4 39 deh o MU’ W
fopredt wsref o o1 ok forw - (1) dem W (p)
o o= fefafaa g9y Far—

po v _h

mv p

SRl m U H SEEM, v SEHT AT R p SHHI
T 1 2 ittt o 3 fa=mi 1 gt y@n g7 ad g8,
e T @1 T TR geie[l o S o faeda g €,
S @ T weror 81 39 TEgid o SMUR W SoieeH
el T A TR S e
W IE YRR S 7, FoRT Jeahi Tremor gewset shi
T TR KT T UG R oM@ #1 emyf
IR Wiy | golae geHeEl Tk Hewgul
SR 7, Hife 399 R aifagen w%g # 150
ARG T TS HIh @1 S ekl T

Tg &AF 31 arg o1 ¢ R < el % TER
Yedeh Tasiiel oRg W @ o @0 8§ HER
TEgeNl w1 U AU BH °h HRU 3T Hatdd
-2 gt H el € Toh ok o S Tl 1 el
TE =t T, WY el 3R T STAIHTLh N,
fSTeRT So7AM o5 w2l €, T Feiferd @r-<eaf 1
AN gRI YEe S @1 g9 H Ky T afen 59
ToTeeR ®9 9 fHg i B

(2.22)

ITEIOT 2,12
0.1 kg SoT9H 3R 10 ms™' o1 | T Y &
T WS FT G-I F e

&

3 el FHIRTO (2.22) o STHER

h _ (6.626 x10°*Js)

~mv  (0.1kg)(10 ms™))

=6.626 x 10°°*m (J = kg m* s™)

ISTET 2.13
Teh SoaH 1 FAEE 9.1 x 10 P°kg B AR
A TS Sl 3.0 x 100 7, A gHH
- & e

49

'
<fer Tfest Sott = émv2

v (2><777"FIFIWJ”2

m

(2x3.0x10% kg m?s> )"
9.1x10° kg

=812ms™

A=——
mv

6.626x10 Js
(9.1x10°"kg)(812ms ™)

=8967%x10°m
=896.7 nm

ISR 2.14
3.6 A° TUT-254 oo aTel U Bl o SHM
i T SIS
'
A=3.6 A=3.6x10"m
IS T AT = Y1 T o7

h 6.626x1073*Js
m=—n=

Av  (83.6x10°m)(B3x10° ms™)

—29

=6.135% 10 > kg

2.5.2 BgSEl Rt Tfyeaar fagia
3 AR Tafehur o 2e SRR o hoRa®y Tdh A
Jifaer Ik R eEsert 3 9 1927 H arffyeraar
1 Togia o sooh o1qen, fordl soiee 1 wel
feorfa 3TR &Y a1 o1 Feior W e e sEYe 2

h
AXXAp, > —
Px 4n

(2.23)
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3o AxxA(va]ZL R AX XAV, > h
4n 4ntm

W&l Ax w01 i feufd § sifafemaar iR Ap,
(Ap) AT (F1era ) H Afrefaadr €1 THF TR,
ot gotarei w1 =ene feerfa afiw gened o w1 frafo
Tk 19 HET G T TR VR H, I g w1
faoerar Tel frorfd @ 8 (Ax 9 ), d9 SoiaH o
a1 | sfHfEar (Av) s Brfl g @, afg
TF w1 9 fIegd ¥ 96 © (Av, FH ®) @
TR 1 feufa (Ax @ifter) o e B 36 TR
IfE sotee i feorfq stuen a1 W $w wifgs @
o <Imd, ot 5ok aRome THYN F ST & e B
sifyaad f9gid 1 T I[@ oF §R agd Tos!
TE THL S Fehall 1 WA oAifoy fop wiex o foreht
HAfafed T @ fordl ®re &1 GeE 7 % fag
HITY YN Sl &1 T W GRomH el e B e
1 WK I WE-El AU ok o1y S9eh] TS i
e ¥ ¥ THE Al Fafgd STRT 1 ST Tl
BT 3T YR soiae w1 frufa =t fuifa +6 &
T amaeR! U UH WM 1 rEveshar el fEen
YR SeiaR i famreti @ i Wl | 8l Seiaei
1 fearfd T 3 o6 fow 34 36 vermt = foega-geehia
fafertor gRI WeTe AT BT YR WehTRT 1 AR5,
SeraeA i faHiel | &H M 16T, T UH Yehml oh
TISH &I Tell 9gd Y BRf| TH ThRT 6l 3=

. h y y N
o [Iij AT Il SR | THhU- W SThT

ot § gfeds & < fedde 3@ ufean 9@ '™
orR A Rl A SE-gE e A
THTA T UfhAT o I¥E BH STk o o o) H a8
FH SRR B
rtfYeraar fagia =t "<

BTESia oh STffvead fam 1 T wewygul Mfeard
7 ® fop =e fram fafvea ond =1 weiw 997 (trajecto-
ries) o fEdda o1 Ged %Ll gl fre fie =1 yay
Ty fg=-fa= s W sHet frufa wd an 9 fauifa
foman Tan €1 4fg ed fdlt fowm e W e fUg @

R IE I CRIE

feafq wa o qon 39 W 3T &40 HE FI W@ daAl hi
SRR 81, 9 98 o Tehd @ fop 9= o fRell wHa
¥ firg el W e 31a: 80 98 frod freed € 6
foret fire =t frafd wa 3 @ 39T wev-uer fafved
B I B ik goee S Rt sty fig
o fou U et 3Tt ferfa ua o &1 femon fedt
&7 Frenefen o fodt aifsd &< qo dud e 81 gaferg
TR o HEU-UY o SR | o e g Tl 2

BsAar STl fagid &1 uaE o g
fiel =t 7fa o forw 2; Tya el & fou 95 9w
AT T 21 39 SV H TS UL ST Tehell T

g T el (10°kg) SHH ame fie W
siffeedar fagra @ fean e,

h

4n.m

6.626x107°%* Js
AV.AX = =
4x3.1416%107 kg

AV.AX =

~1 0—28m2s—1

W Av.Ax 1 | AH HH To 09 2|
THfT 718 el S Hehell © T foefumm e & fiet
(o 359 =2 fUel) & fou faar w3 w79 dag
ffyeaand frdl aredfaess aftom &t &t =il

TH WH selaeH o 99 Y& e & foe ara
UM 16T 3o el 81 UE SAiveadnd arsdass
ufome & B ¥l ST TH 9.11 x 10°kg
SHAM a1C] Selae oh ToTg gleser] SAffy=aan fagid
o ITIAR—

AV.AX = h
4mt.m

B 6.626x107* Js
4x3.1416%9.11x10*' kg

=10*m?2s™!

o ATgE Te § TR Afg soeeE W wel
fegfa 108m =t s1fafy=aar 9 S 1 99 S
FHIA S, O o H AMREAd Av w1 HH BRI

10" m?s™

10° ~10*ms™
m
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TIA] HT G

g sffv=ad gat aifers ® T soiee &1 AR
HefsT H T hIar gT T il FoEd STALROM hi
STYTATOTeR iferd Y Hoh| aTd: @At 31 o & foh
FTOaE i feafa Ta8 W & URYE weA @l
UIfehar sheM | Ufawernfua T R, ST U
TR TIU T T T HeT W T 2l W
THIY o FAlH A Hied § Bl 2

3AET 2,16

T TIe i 7% 1 SATH 40g T T 45m/s
21 3 T AT 206 T F ST TG S TRl
7, < feafa o sifafysaar &1 o sifsa

'A
T H 206 i AT €, St

51

T gTEsHeT (1901-1976 )
R e T frvaferarer
9 1923 ® ifdent & dros e,
T UMY YT h1| I=IH q9 Teh
o Her o o T1e =i o qen
A o ol 9 B W Hiet 9 ok

e oA & B 1927 | 1941
ek it T o sifaest o wrheR W@ fgda favegs
o SN 9 TR 99 R SET U & J9H &)
TG & 9% 5= TS | Hifdeh] o Her wiish GEIH
w1 e Tfea foran 7o 3 T SH-AF geariE
91 9 1932 § S Hifqent o el kR 98H fhan
T

ISTEAUT 2,15

Teh YA ST Wl Bl STANT hich ferdlt
] H e[ i 0.1 A g o Sidid SEhT
feorfa ST o foTq e @1 €1 39 A A
¥ siafifeq sffeaaar = €2

T

Ax. Ap=4£ or Ax. mAV=4£
T T

_ h
4. Ax.m

Av

6.626x107* Js

Av= -10 31

4x3.14%0.1x107°m x9.11x10% kg
=0.579x10' m's ' (1J = 1 kg m*s ™)
=5.79x10° m s’

45 X i=0.9ms‘1
100
TR0 2.23 T STAT Heh

h
4tm

B 6.626x107* Js
4% 3.14x40gx10 %' kg g7' (0.9ms™)
=1.46x10°m

S gEdt QY] I oh AT T ST
10'® 9 AT B1 ST YRt S S Gl § 9
ol o T sAffvedar fagia aRygs Ao &t
F1g srefqol T faeifa T war 2

AT HieA hl TaHAar oF o
379 SR Hieed &1 fawetdr o HROT i 3779 THH Tehd
g1 IR Higet ¥ Uh T i Tk AR H01 o &Y
o e o I/ IR fAfved gameer wast | gua
B T ST 8| 59 Wied H Sela= o qii-o1efol W
FE faer 7 fvan T 21 3@ g w g w/e qsft
uRkenfra fohan < Hehen €, S sola 1 wel feufa
AR W& AT— HI Tk WY A6 Bl gESeT o
Tagia o oER, o G9e T B1 36 YR BEeSH
THIY] 1 aR Higd 7 had 9 o el HagR &l
AT XA 7, Sfeeh ‘wTgeent A fagid o
fauda ot 21

T YR 1 T&S HHSNI oh HRUT IR ASH hi
3T T[S W AR T foRA S WeRTl 3T TLAI]
HEAT o 91 H UY o=l 1 stavarena of, fg g
A Higd Fod o qI-HU dfd qel R 3R
‘grgsent iy fagia’ o SI%9 Bl T Faied
IRt o6 I g 9 a1l
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2.6 UTHTUT SRl FAieH HAfAhid HigeT
ST gd G H SqetrEn T €, ged o (fd o
o TR W fowfaa faama it gr st uemeff
(S9— fRd 8T WeeR, weRt o 8¢ Uel offR),
fSTTohT STEER U1 SIGT BT §, T I 1 TheIaTgesh
Ui fan ST gt 7, fhg w9 =@ oifq gaw i
(S gerarHl, STt SR wRarEt) W ooy fwe
ST €, i 718 farthet 81 a1 §1 UHT @ Rl RO 98
2 f foRuma ! 559 T § STIREE FHU oh
e SIER i HehouHT qef ff=rdar faw =) Suan
FXA T 54 ok el FIRR Hl A H W@ faskiaa
fogm =1 Faten afrent (quantum machanics)
Fed €l
1fq ge aegett 1 faat &1 steE foman < €, S
T R FH1 A F O @A 1 AE T e w
Tt ok frrei st fafye et 81 St saieq it i
Ty gl (Feh forw qafta o erfemg B ) W
o] foan < €, qe Feraed it o wfom s9
& 9o Wi e 2l

T 1926 H o gSe SR 3T sifesw g
ST 3T FalleH AR o1 forenrd feman | =&l ™
B sifesk g/ faenfaa ‘Faien Aifaent’ w— & ==
Y, S TN R T o ol 9T e 2

Faieq AR F1 Ja THRW fESR gm
wiqafed e o suek forg 5 9 1933 ® ifqert
T oA R YSE fHa1 T g8 gHieRwn, |}
Sl g ST T U o RO SR q ATt qed
SRR H1 SF § Wl 7, FIH! SIfed S| 3ThT 7
FH o foau 3=a 7o w1 aiued I e STavas
21 39 g i fafa= fermEl ® o] 6 & 9"
< Bell oh IR H A9 3N i e H qed|

W R (SH— Tk AT A1 370, SRt Sl
Tag % o uREfdd T2 e @) o fau sifes
FHehI0 i TH YR e S 2—

Hy =Ey

el H s TE SR (operator) 2, 5@
‘it wed §1 AifesR = saman & fem #t

R IE I CRIE

oA Sl oh Aok U TH GhReh il Sy for@n o
kel 21 TRt fehma &t et Sotl, ST STaaeHIes
FHU (S SR feR) T TSt St el qen
Tifgent oF o9 STREU TE Ufdehuul fava ¥ gafud
21 39 THI0 % T © E 91 ¢ % WM WK e &

EISGIS UTHTY] q&AT TSR WHihTuT

T4 SAfESR THHRTO F TR AN o forw ga
e Sl ©, a9 SHH Soeei o H9E Sel-&R 3R
Ik WA - (y) T el 21 A Faifed Sofi-
T q1 37eh | TT-HheH HfSSR-HHIHIT o6 B
& HOEIEY W F ¢l TR dM JeieH-Hemsii—
[f&4 #EH-T& »n (principal quantum num-
ber) farett Feiey & l(azimuthal quantum num-
ber) T Jaeh1d FleH TE&A, m, (magnetic quan-
tumnumber)lmﬁﬁgﬁ?mw%,ﬁ sgifest
G0 & Wihideh 8 © W Bl | 5d Seieria
e Sl TR ° @l ¢, @ ST "I TT-Fed o
TARM o a8 H WS SRR fammE g 2l
TI-He Teh T ®er €, fget am wam) o
Telae o fdenel W fadt wwar ®1 zEe wiE
difqer eref T e 21 wEgeE iR SE% @AM
oS o T8 T g qW-hed &l I
*&&h ' (atomic orbitals]sﬂﬁ %I T YHR Teh
TR TS o - T ol (e

e Aifesr sifegan & sdifdent

o SR 91 S §1 1910

H gifoes difqt & form
fovafaerea @ @ TaEl &t

S T Y| Ak ok hed

W G 1927 H IoH dfed

fovafaere™ & wis & 9]

FEIR Fe T 1933 |

feeer 3R Asht 1 Hifear o

foiy & o HROT A BIEHT T 1936 H 99
A die Tu) e W S o ST & 9
S 3= 7= % U% 9 g A T e, 3§ el
(Safer) =t T, el 9 T Wi 9 @1 H 1933
o 5% My T fete o e wge &9 9 ifieht o
o qERR ¥ TG foRa T
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FeAd &1 T ] | fore fog W geleei™ o sIH
* Wi 38 fag W |y® % wEe e 2
TSN W] o fau Fied AfAHT g7 urw
TROTH TTEgeH THV] o Waed % gt Teqst &
FheldIgash N (predict) Y €1 $&eh Afdier
Tg 31 F qREeet w1 ff e w3 ®, S AR
Hied g T &I ki ST Hehl |

ATESR FHIHTIT ! Tg-Feloed T[S T AN
FH T U FD RIS E A 2| Tg-gelari
TS o fau Aifgsk Tt &1 Fened (exact)
A @I A S gehdl o1l $9 Hfcds &l Af-idhed
fafy o5 I9FRT g0 X fohall 7M1 S | MO HH
W Ul =o€ TR eregeT o SAfdiien v wAnget
o HEF TEGSH WA o FHEH § dgd AU
i1 et &1 57 g faera e o o s o
RO Bl €1 Theld: ek 9 B 8 W 21 Y
3TN o IUWST 2.6.4 AT 2.6.5 H UG foh ag-Sarae
THET o Hereh] i SSU n SR [ Fied e
W R Fxcdlt 7, TR RS WA o HeEhl F1
TSl hael n wEEd el W AW w2

UTAT] o FeleH AfAha IS o UHE &0

YTHTY] <1 FAIEH Ffeh1T Aieel TLHTI-HTEH1 1 98

o & S wmEt W gifest iR an) w9

W Tl €, WA % Feied AR Hied o

el demn frefated §-

| THET § Seiei H e aaied et § (St
T hael $o fae oM € 8 gehd ) | ST
o feru—sfa AT o e e ¥ &Y B €

2. SolERHI oh TR S T % RO SEfed e
Foll-TR 1 AR T IR AIfESR
eI % A B e 2l

3. Trdl W] ¥ soered St wal feerfa den 98t o
1 Tk T 1 ARl R S Hehal @ (@Tgeant
sTffeeda fagia) ora: frdt wam o soieeq &
w1 o gifem T T e s Tk 21 sEiferg
79 W] ok faf= foge W seiee & g &1
WIfaekal (probability) 1 Heheadl o aR ¥ 1
% E1 38k SR § 9 A TR

4. Torelt TXuToy ® SelERIT o AUT-Ted Y
“URHTO] ek’ hEA &1 59 Th T-Fe 5N

53

et ToeRA 1 STen # Sl 2, 9 8W g
Fed € T o9 3H werek § Sufterd ?1 i
fendit goierei o foTT wIgd © aT-Whetd & Hehd &,
3F: TATY] W S UTATY] ek B §| IRATIE
%1 SRR e, 37 T Soiae hardh auTl-
el A1 ekl TR g SMeIRd 1 Uedsh sheteh |
TS 1 SHoll v erdt 21 Rt off hereh o
2 Y 31 e el T Tehd 2 TRl ag- gt
] | el o 9ed gU %A | fafy=r weeht |
TAHRA W W F| o: 9% oA WA |
Y% SR oh (AT Uk halsh qiT-%held gidl
2, S U ek 1 fenafves el €, for
TSR SURA Bl 1 WA | SR o aR
T O TFHIE SHh heleh -held y |
3ufterd Bt € qen FeH AR & g ¥ H =9
SRR 1 WIS HA G 8 a2

5. fordlt oemm) o fopelt foig R SRl o6 Sufeerd B
%1 Wil 39 fog W F&eh T-Had o o o
FAAR Bl ¥, Srefie 39 fiig W |y?| <R wfremar
¥ (probability density) el Sidl IR
THEN AT gl ¢ ferdlt wwwmoy o fafie

fargell W |y?| o W @ Tk & W eiT
IE AT T Ul AT G9e &, &l U Sela
& UIT W St WA 3tfeeh g

2.6.1 haTeh 3T FGeq H&AT

et wam] ¥ % etk W9 B ©| ONCHR ®9 o
T herhl | Ieh MR, Ml IR rfafa=mg &
YR T 3T a1 S Wbl €1 BIS AR o hafh
%1 21¢f I8 ® fop ek oF UMY SoieRi o U1 ST
ifehen 21fer €1 SEl YR, eMehia 3R arfafa=ra
Ig I 2 T Sl are ST ki wifgeRar et gadt
feam Y erven ws foen o etfies €1 Faien wEmet g
AT Shereh] T SR TRl S Hehdl 81 eieh heteh i
T Sren @St n, 1SR m, GRI ST S €
& e W& 'n', Toh A Ulieh Bl 2|
TR T 12 3...... M B Teohell T G Faleq &
Y heeh oh R 3 HIH! 88 qh SHb! ol o &
T 91 werl 21 BRSNS 3R 39 S e (He, Li
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a7fE) o foTu I8 31ehe B et oF SR a2 Sl hi
fefifia an &1 g Fdic G& | H (shell) 1 o
Tl STl Bl n T HH dGH o WY ST Herhl whi
e off Sedt 71 38 'n? gR & St €1 n o fAfeed
T T A o faw @it Fwaeh ] 1 TH R S
&1 3% frefofaa sreri grr <witan s 8-

n =1 2 3 4

M=K L M N

& F1eH WeA ft g+ o T e T HR
Tl 81 T YR H, seied i ¥ ¥ feord 7 €
<t T RO TeiaeA wI FERE AR ¥ R
B o foTT Sl 1 STEvdehal Bidl €, 31d: n o g
H Hesh I Soll agil

Tty sraien W& ‘1 HeTh FeH G,
THeeh HIvNE o (orbital angular momentum) a1
g Faieq wE& (subsidiary quantum number)
off ed €| 98 et o Hfeid ehR 1 R
FA R n o T AR & fAC [ F 0 W n— 1 d%
n OF 8 "ehd 71 FAfq n % KT T A ok forw 1
A 0,1,2,...(n—1) B Gohd Bl

ISR 51 =1 Bl €, A 1 1 b Tk OH
0B 8 n=2 % faq | & Gwa AH O q
| 1 Ehd € n =2 o foIu [ o H9e 7 0,1 3N 2 Bl

YAF HIY H Uk A fYEw IURNT (sub-
shells) 1 Y- (sub-levels) Bd 2| THdl q&
I W STRIN H1 G ;o SR Bl 1 SEELoned—
e HI (n=1) § el TH IU-H B 2, N 1
=0 % 9T TN T TH YRR (n=2) W F q
IT-&T (1=0, )n=3 H 449 34-F (1=0, 1, 2)
B Bl p o 3 HA oh fa off G formn S genan
21 Tl 11 o SU-shiwil 1 feweia seien W (1)
TN YRS i €1 1 ok fafer= Al o | Su-shiel
1 frefafed fagl g swofan s 8-

1% 9M : 0 1

IU-FHN & g

HehaH (notation) s p df g h...

Rl 2.4 B < TE g F9ien gE&A o fau [
Huel W 3 G SY-HITN oh Hehed 4T 7T B

R IE I CRIE

AT, HeTh TS TRl Hg<d
‘me’ e ‘eheren’ T e WEM R €1 e (TS
AR A yfqaifed foran) Tifes o 9/l 3R T gaeR
9o B 2, T geee Tfa e 21 ‘BrEea o
siffeaaa fagia’ & ST9R, Soieed o 39 9 &
&l THeiRor T STHeE B 3d: | i hemed
H1E arEdtesh 31¢ TE 81 3ok e i et off
TART R 3T AT ST Hehall| 5k AU etk Uh
FeH FHE RN T Te WA W fRd T
TR o Q- W FUH I 21 39 A
FieH NS (n, 1, m) SR YRR fohan S wehet
B SEHT A Seler oh Tewnierl T ek e 21 o
Ay B sifae eref T g ], Wy W

o o, st |y[* B e o1ef g €, Rt ey
o fopslt fog W |y|” 39 fog W wifererdl s+ &1 79
=1 €, Wi e |y|” Wi T St wiresr
F WH A B |y R wE B e (W

AT STIId FHET I &) H [UARA AR R
IM I o UIT S 6T Gl Sl o5 L 2
(el W ST T B TF HRU 7€ T |y
H Fifem & Tk & ¥ TR 8 | eel @l €, W
T IS 3FH T99d | Uk HH 1 RKeR AqM1 7
Teha ®) | Torelt e 7 e s o soiee o
T ST Y e AR |y| SR W S st
o HE UGS i SIS WIS 1 S Fehdl &1 W
YR fordt wereh | Hefad soige™ faawor &1 aar
A e B

W'q Heh FEH HE&T (magnetic or-
bital quantum number) ‘m ¥H<ET AH EUG
werehl & fafom sfafara & R S 3 2
ferelt Su-1 o fAU m, & 20+ 1 9 F99 21 39
T T YR e S 2

m =-L-(-1),-(1-2)....0,1....(1-2), (- 1), 1

HA: (=0 ° AU m, 1 TH & W@iFd A1
0 BN ¥, FA| 2(0)+ 1= 1, Th s Hewh Bl &
1=1 % T m=-1,0,+1 B ¥&a ¢ [2[1]+1=3p
Heh]| (=2 F AT m=-2,-1,0,+1 T +2 (I
d &) B HhAl | TROE & foF om, %k AH | W@
AR | % AE o W W@ B B
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TR 2.4 SU-RIIT Hehdd

n l SR FehaT
1 0 1s
2 0] 2s
2 1 2p
S (0] 3s
3 1 3p
3 2 3d
4 0 4s
4 1 4p
4 2 4d
4 3 af

fereit o] H Yok FEF nl 3R m, T
e gRI gt femen S @1 e1a: Faien gemnst
n,=2,1=1, m=0 §N A0 FHerh TH Harh e ¢,
S TR W F p STEW F A 1w @ @
At ® Su-sh1er 3R SUH Hefed wHerehl &1 g
w1 Fery fem w3

L1 9 ol1 |2 [3]4 |5
Y9 Gehdd s |pldalflg |n
HeTh] I W& 1 (35|79 |11

TR UeIshUT s : el TRAM shefh oF oy
fafeq <l oeien WEmel wl SR Sell, TR 3R
sfufarrg &1 TR w0 H TR R ST S €,
Tifeh Tg-Soeg TCHIBT H S 7T - Se hi e
wE H Y FieH HeATd v e € e g Y i (2
T qE-) 9 9 W B (@ @ o)
B <1 T e Tl gRI STHIT it o ST I8
T AN Fol-Tal ! SUT T Toba HLl B

G 1925 T St 3%@'—@%" (George Uhlenback)
#R @'E[?:WT e (Samuel Goudsmit) 3 Teh

55

‘TSIl FEleH T (m) e T Th
TR 310 318 W 3l 99 € TEhUT il §, S
T & R IR FERL Hed IHF YA 3T 3 W
TR HIA B TR VR B Toige[ W STE iR
TAH oh AT EE| (intrinsic) 9dsh Ul HIOT T
@W%IWWWE@TWWW&tOﬂT@T
21 3ok Ferel ¥ gU 181 o wrder 31 eifafa
Ted €, 9 § eeku F6len W@ m % 5N 9%
foham S Tehal €1 m_ 1 HH +1/2 A1 -1/2 & el
%I ﬁséagﬁaﬁﬁw ST (spin states) ot
FEd €1 W IR RS IR 1 (S94 T=h0T, spin up)
3R | (Fr=rel 5=, spin down) §RT ST S B
faf=t m_ w1 a1t 3 el (T +1/2 SR gE
~1/2) faudia w=e ot Feemd § o w8
¥ aifien goee T B whd €; 3T I geraRAl
foudia =R g =)

e 4 g9 I e Hehd ¢ T =R sEeH HE

frAfafad SeEr dt 8-
@) n 9 I H G Bl S| TE HETh T HR S
FHIHT B doh o1l Tuifd L =l

() n® W H n SI-H A S| 1, HEH I i
AN €| Y&h FehR o SU-hIT | (21 +1) heTh
B €, Ufiq Uk SU-hIT H TH s heh (1=
0), & p e (1= 1) 3R 5d H&F (1= 2) &
Thd €| | FD oS dF 9§~ TOF WA h
ek 1 Soll w1 o e s 2

(i) m, FeH & A= F TR B E L H
feu T forelt A o6 faw m, & (21+ 1) 99 B
21 Ta € W Y SU-%Iv | hee| &
Bit 21 Hen 27¢f 7 B Ton hereni 1 @A ST
srfafa=mal o qiiehl o SR Bl B

(iv) SR o TRl o AT &l m_ s 2l

IETETUT 2.17
& Jled 9@ (n = 3) ¥ Hafd ekl &l
el G F et 272

'
n=3 7% g, [ o 0, 1 a1 2 AF §¥a 2l
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UL Tk 3s HeETw Bl 7, fres faw, n=3,
=0 3R m,=0) B ¥; 9 3p Fawh T 2,
fSeh felt n=3,1=1 3R m, =-1,0, + 1)
e B1 36 YR Ui 3d %eh B €, e
faun=3,1=2 3R m=-2.-1,0,+ 1, +2 &
ghdal 21 3AfAU wHewl w1 A qE=A
=1+3+5=9 T & G&A =n’, 37Aq 3
=9 WaY & ITAN Heh o TAE TF 9=
fohT w1 wehd B

SETELOT 2,18
s.p.d.f Gehd" T YAM ek =fafEd Faiey
s diet el o 9 H Sdgi—
(F) n=21=1 (|) n=41=0,
(M) n=51=3 () n=31=2
&
n l h&ch

(=) 2 1 2p

(@) 4 0 4s

(m 5 3 5f

(=) 3 2 3d

2.6.2 UTHTUL HEThI ohi STTRIaar

Topelt ITHTo] W gelaRgia oh e Aol AUl
T T SATTH i difqer 212 &l e 81 € o
sﬁaaﬁ o feeTent (coordinates) bl DGR ISE]
g 71 Fafy fafa= warei & faw o (Tifaew @ @)
% HeH o B9 § FId aU-%e e 9= g B
(a5 2.12 (F) I1sm=1,1=0)7n 2s (n=2,1=0)
Hefehl oh 3@ TN o ARG i oo Hidl 2]

S Hifqes Tt g @i 3 waren T fadt
fog W qTT-%ed &1 o (Ui y? ) 39 fag W
TAFTT o T 1 WTRehdl 1 switan @1 [fE 2.12
(@)] H 1s A1 2s HeTh oh g WQQFTTﬁa?f'*T?ﬁ
roh ®od o ®9 W <A T 7| e 9 3@ Hehd
g T 1sau 2s o o 9= | T€ <@ S Wehal @

R IE I CRIE

160
() 40
o 30
= € 2
> 80 <
s
10
40 0
0 T T T T T T '100 T T T
0 0.4 08 0.4 0.8
r(nm) rinm)
(& 5000 300
4000 240
T 3000 < 180
3] o~
> 2000 > 120
1000 60
0 0 —_—
04 08 0 0.4 0.8
r(nm) r(nm)

fag 212 (F) Fe&E WI-%ed  yY(r) & IRE
(@) 1s UF 25 Fe&Pl & (o718 r & HorT & &Y
o gierdr A i (r) H TRedq o sIRd|

% 1s e o fou wifdehar sM@ Afe W Afeehan
2, Sl AR | QT T e S 2 e R, 28
Heeh oh faw UIfFeRdl oM@ 98a oSt § ¥ T6
Tedl 8, Tt aga1 9RY Bl §1 S@-S9 r %1 °H
W%é@—éﬁww Afeehad (small maxima)
% Y 98 YA: Y o e qh Tedl €1 9 &,
el 78 Wfashdl S ¥4 B 5l €, ‘e gag’ @
‘e’ Syl B WHEIE: ns e o (n -1) S
B €, S1ufq g e & n o @I el &1
T 95 Wl 81 T IR |, 25 ek o forg et
1 GEA Tk qU1 3s ok forg <1 2t &1 317 o shefeh
o fou off 78 sl wehR "gdt 21 3 wifshar s
RedA A - 1Y o TR H gug W gehd 2 (Fo=
2.13 %) 1 37 foolf | fogett (dots) 1 =My 39 &5
o gelee Wiewdr sHe i 2

FHefhl i THfa i fafg= werl & fag
feer Wifehar o aTet HH-9ag @l (bound-
ary surface diagrams) R %! ¥l &1 9 YR
foman S wehar 21 39 fowaur | fodt e & fou
Teh Q’Fﬁ gREdHT-gag A ‘TFT‘I% (contour surface)
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) 2s
1s 2s

ford 2.13 (%) 1s UF 2s THTY H&h! & foq Fifrasar
T SIRG (o337 7 T 3T &7 7 seiaeT
UT §H @ G- & gelar g
(@) 1s TF 2s FH&Hl & [o7q TRAH-Ta8
IRG

=1 sTfEd forn st 2, o whrema ae [y|”
o feer #1 Ugifaer &9 o, forelt shern o fog 0@
% IREH-Hde STE F9e B 8, W fomet f{y 7y
FHeeh o fou feerR Wifgear =M@ o shead d
IRE-Td8 AR@ & Hed hl STHfA oh 3T
fregor A 9 7, fores g1 freifa e a1 e &
TR oF UIT S 1 WIehdl okl SAfueR (S
90%) Tt 81 15 Td 25 Herehi o forg qREm-Hae
sl i fet 2.13(@) o <9ien 7/ 81 319 U9 Hehd
g o =9 um uiys @« @ o ®, foew
TAHH UMW ST 1 WIfIhdl 100% B1?7 ST S| T8
2 for iy @ forcht fafeea g W ot soeeH o T
ST T h Wkl 19 Bl 8, 9ol & SqHT °H
9gd &H F A B gfae Mea R & ™
IRE-Hde SRl i S G5 TE ¢, fer eiee
TAHH o 9T S i WITIehdl 100% &l s HeTH oh

57

o afiean waqe 1 s@ Tield g €, e g
o s 21

< formati # 7 el Th 9 1 aE @ <
21 39 Tt 1 IR & 31T ol & qIT ST i
Il 909 Bt 2

TH YR 1s U1 25 HeTeh TeAld 3Hhid o 2
areqd § Gl s hereh Tieita gatafd o 8 § 1
off <@ T ® TR n 9@ oF WY s ek @ SR
off 9 Sl @, @1iq 45 > 35 > 25 > 1s IR &
FATH WA o 9 oh WY SAd AN ¥ R
ST B

o 2.14 5 dF 2p F&Hl 1=1) o IREH-
g oM@ feam T € 3 el | Tifew qa g
T B ® el s HerRl o foudd, IREH- Hag
@ AR TET 8 €1 SHhT T4l Yedish p- o
T 9 B €, TR ‘uiferdl’ (lobes) el S@Tl €1 3
YR T oA a1l 9 o SH1 3R feerd €)1 STt <t
el Tk S T Taef Al F, 3W qo W HigeRan
¥ ®eld Y Bl §1 Al p HeTRl &1 ST
AR Soll Tk G B 81 A Heeh chae A o
sttt o ew o =1 B €, it 3 wiferat
Xy A z A& F AR = A S Hewdr
Tl 3= 2p, 2p, A 2p, SR I W T TG
TIg SeaieHa & T m, & 9 (<1, 0 3R +1)
AU xy AR , el o o= wIE G T 21 TR
fo = == T Wi € fF SfF m, % @\
M B ®, o1d: A p etk g, fSen 21e1 aag
o TH T o oAd9d e &1 s hewhl Hi W&, p
Fehi o fou ot g=7 Faien 9@ & dagd o 91y
THeThl 1 MR SR FHofl =g &1 3r: fafq= p
Hefeh] 1 3R 3 Fsll 4p > 3p > 2p ®H U B
215Uk Nfafied s wethl o THM, p Hewhl &
WIfhdl- e el i I | ToRd g1 el &1
@ n-2 5/ § Wl 2, $1iq 3p Hesh & fag
550 91 T, 4p & AU I R o e ot s
%9 ¥ T 2

*Afe Wi e |y|” T D gE W W el 21 a3 wae W |y| oft wrh g |yt v |y| o fo uftdm-wa

TH gaH B
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forT 2.14 @7 2p F&H & IRAH-Tag STRG

1= 2 o o0 ek, d e hedl ¢ 3K g&
FeH &I (n) 1 9 3 Bl &, i [ 1 91 n
~ 1 9 sifues T 8 "ehar 21 399 m, o W T B
T (=2,-1,0+ 1 3R +2) 3N T TR 9= d FH&h
B &1 d Herhl o qREH-gde @ T 2.15 #
feame o 2

9l d ekl Hl d, . d,,. d.dy T d, FE
Sl €1 TE R d HeEeh] h1 AR Tk Sl Bl @
R wfee d 2 Wt i Bt 2, wifeR et shatel
FSl gUaT Bd 21 n > 3 ad d e
(4d, 5d, ) 1 FHFA R eidl €, wifeh ol qel
R 9= 2 €

=g el (1Uiq 59 wiesha-a9@ ®er I
é)@Wnp@Tnda?W$fﬂqm—W
T a9 W I B €1 T8 A U ToRd §T e T
s 3l €1 S ko, p, Farw W xy 7 Aed
T 21 d, FeE | AAE 9 TR g SN 2- 981 W
Xy G 1 95d EU & Aed ad B | 3R R
e’ el a1 & 3R o el w1 wea 19 6 S
8, NG p HeTeh! o foIT Tk, d merhl o forg & e
31 o foTy 56t Wb vl Hig B &1 Sl el et
& (n -1), 3toiq vl g 1 K e 9
(n-1-1) =T AT BT

R IE I CRIE

faT 2.15 99 3d F&H & TRAH-GIE IRG

2.6.3 hHaThl eht ST

FESS W] H Selaid &1 el had & Fdied
e g Teifia eidt ©1 31a: eTggiet WA § shefehi
H1 el fEfatEd w § Sed 8-

1s < 2s =2p < 3s = 3p = 3d < 4s = 4p
=4d=4f< ..., (2.24)

3R 5= fot 2.16 o <wifan 0 B) Bl 25 R 2p
SHeTeh| i SThiaa f9= it , TR oft 57 Sl hereh!
2s A1 2p H Suftufd goiaeld &1 ol SR B
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3w sa | [4s =
_55
3s
2s 2p “2p
_25
_ls _1s
(%) (9)

o7 2.16 (%) BRSIST WA 3R (@) Tg-FerH WA
& FT T BV & FHil-TR STRG| S Y
o @TEgisTT WA % foTg FHIT G FIeH-HEA
8q fr=1-fy=7 fgmreft Fareq 9@ &g W 9t 3961
Sl GH gidt 81 wg-gelaeia WIS J Ta 5T
FIeH G T F&HI 1 Hoil 197 157790 Fareq
& a1t Fewl & oy =1 gt 21

THH o1l ol heTeh] ol THEIT (degenerate) chgl
ST &1 S U8 S T 7, BESe WA | 1s
etk Tad TRl feufq o 9 B 81 U8 dereer
3T (ground state)WFﬁ%l 3T Hheh § Suer
SIS e g Helifesh Yereral | AreRfid @dl @
BIEgISF WY H 25, 2p A1 3=d Hethl § UM
3@3@77[ 1 IATST STeET (excited state) 4 wel
S 2

BIESIST WA o Tooid Teh oI geiereiA AT
% IAFE HI Tl ohodl U HEA Fied HeEAl
(IT) W& T, dfceh Hereh FoeH 9= (ST-HIT)
W off fasft St 21 ereiq § T gEa Feien wen o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T JdIcH &A1 | Heehl bl sl 1 H s> p>d> f
Bl &1 So9 Tl Tl | I8 R 31fush Bl ¢ heteh

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
T STietl 1 HRUT Tg-Seioe TCHTYET § Seiaeil
o 9 H Uit Y SUCfd 71 wTegeM WA H
SRUTERTG Seleri 3 e A1feh o o= eyl
ThTH g S TR €1 ag-selaei et ®
TS A AT o e SR o STefrel T o
Iqfkerd Teh Seiee o1 R © Wiaeuor off g 21 5H
YhR Ueh Sg-3iae WA § Seided 1 T
HieRtor 1 qor | atfueh SRt s A €
Yrd: 9l 9§ Iy ol o 3
TSR W Hiaentu S fohen eifieh Hewegel )
TEA AR Ah | G (Ze) 9 o hRUT Seiarel
o SRt 3= TR wedl €1 39Sy Sivh § Sufer
TARA % HRO SEA HIN HT TR AAE h
A (Ze) T W TRe TegE &l FI UM T, i
AR SRl gIRT ATk oh SIS T 3T 3TTeRoT
o SHI0T 36 3TE¥ 1 IHE qU T&1 g<dll 36 STaie
AT R SRl ToAFAl BT AT ufiweruT
(shielding) el STl & 3R e 1 el a9, S
TolFel TR YIS A €1 WATet AR 31aT Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI IRI&UT o desE AR SNl | gfg o |
el S gN HegH fRal sTeRdu-oe =g S 2l
TR vl o, AR 3R g & die e T
1 S (AT Heh o) Y] HEAT (2) o S
o WY T (37T ek Huesk &) W
STMRYU e iR, M1 ST foRATT SiIRT o6
TR T IHH YR THefeh i Ahfd (o soaem
Iofeerd 7) R fR et E1 S & fou- TR
3TPfd o TRV, s Hefeh | IURYA Tl p Hegsh o
SUfeerd goieM T gl H SEd SeiagHl o AT 9
ufRerr sifuen guEt alich W el 81 SE YR, p ek
o 3uflerd ol d ekl shi qor | sife ufe
FW §, 9% qeft Ferh Tk & B H €1 T STl
T B I H MR 3TR{d o HROT s FHaeh eiae
p eI Soiri shi ol | 3R p hereh SoEgH d heh
T T orl | ek o I Sifueh THg o il
T TR v} B R T w1 (YET Hien wE) &
o feieht sFfizd Wt (1) =g o T Seidg g Hegd
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foFen Z,, sie S €, 319 p ek I GO H s hEh
3R d I GO | p wereh ek 9 i gaar ¥ w
Tl Bl p ek o SOl hi gorll H s ek &
TaZH 1 AR d Heh & T i ol | p heTh
¥ Tom %) T T B 3, TR S A &
e 1 wen f-fae ekl o few R 2R R
37: Th & DRI (P FaleH &) oF ol &l i
fqae (splitting) &1 ST €, 1efiq ST Eel SR S
hT €, HeTeh T SURd Soiel ot Sl n 92l 1 % |
W R el 21 R ®9 W p @R 1 W wemeh @i
Tt st FeiRar st Sifeet B ©, wifeh n e 1%
TRt A o6 foIT U et 5w 1 (12 + 1) 1 A TS
71 B etk T Tl off I € % BRI AR
hefhi o feTT (2 +1) 1 AF HA &1, @ F9 n o 91
Al hEeh i el 1 BRI FROT 2.5 | (n +1) FE4
T T € @R o 2.16 H Sg-geE ARt & Sl
T T B A < A o1 7 o ® fon fendli foeiw
o fafe= 37 HRI (Sg-3eir AT H) i SSie
-1 et €1 Brciiieh BREeM WA | SR S
T Rl €1 3fd § 7 aqen Sfea g R e den
(Z,) S o | FHHA IU-hE el Hafehl shi FHlig
U Bl S &1 @ o feIu— BIESIS WA o 2s
Hefh i Holl, THIUFH o 25 HEh Hi qol H 3TfEew
Bt 1R Wifeam 6t qor | <iferm st ol iferk it
T A S off S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTU] W heTehl ohl AT ST
faf\r= ReTgstl o wefenl | Soigeld Sihars, o o
ITER R W B ‘3ffhers FEw’, qeelt srges
fSId (Pauli's exclusion principle), 38 o Afehad
gehdl 919 (Hund's maximum multiplicity rule)
3R Ferhi w1 U Seistl W ARG T
3MweTs ad

ST AT o stfhars’ o W eref g ‘fmfor g
‘herhl 1 IO B T 31 B— FEeh] 1 TRl
g 90 I 39 fRM % SgER— ‘uvmmurett st
AT STSTT U, hafehl ehl ekl Sioll o igd thil
T T AT B

WA faae
WRUT 2.5 (n + ) TE0 & 309X U Sgdt el o @y

HeThl hi ST
n <hl
HAR 1 n+l
|HH <hl A <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)sh!
ol 3s §
ER A
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3p((n=3
& Sel 49
e
4s 4 0 4+0=4 4s (n=4)
3d & 2 3+2=5 3d (n =3) st
Felt 4p ™
%4 e ©
4p 4 1 4+1=5 | 4p(n=4)

TW R H— IO Tee G99 & Hel ard
IUCT hefeh § S & 3N Ieh! M o 9% 5=l Sl
A e 1 WA € 3T Tg I gob € o TR
hefeh 1 ol YS! AR AT R R w7 3R
faf=1 WehR o shemehl T gHepT TR =T B @)
THfAT TE i ot Tk e T © S wel WAt o
fore @@t 1 qenfy Sewen! i St o1 FAfarad g
W, 1iq STh! SN ST 1 A ST STAT B
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f,
5d, 6p, 7s...

3w & fox 2.17 ® femiE T fafy gr o
el S Hehel 31 U SN U IYE I gY d I
fE9m herehl o WA W1 A STl €1 STed WarStehdl
ol o fau a® e 9l TEme o fag
IR &Y ¥ TEl 71 S0 o forg wReform o
HAISTehdl Sl oh foIq 3d 3T 4 Hefeh! 1 Terhey
? R St fon 39 o W gaiqmEiTd feman ST Hear €,
TE TR 4s HEH W I ST € SUUK hH h
e TR A & A FHEAS ANRIE AT
e Sgd IR Hereh! 1 Foll &R THerd—Serar g
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T 2.17 w&/l &1 ST FT F9

¢ IR T T WA § goh—H] R Hardhl o
A % HH W URed o ehar €1 F8 B g ot
S A Y] KT el S e o faw
T ITART ARSI € Afk U AR T i fw e
YIS B Fehd B
Uit 3TuasiA fagia
fafsr= el T SR ST 6! goRT Y T SasH
AT T ot J f&n o 39 fagia & STER—
ferdlt wraTy o Sufter & goEREl Wt SRl
FET WS Teh WA TET &1 Hehell| TSeA STqars
fagia 1 39 YR ot el S Gehar T
“Iaet A FAR T FEEF F T T L
T SolaRiHl oF WelshUT faudita M el sUsh
@ & % 3 goret %1 i Fren werd, .l e

61

m, T 99 & Tl &, AR STRT TR Faied
Hen f9=1 g =ifew) fordt weh & soaeHl o
et SfuasH fagia g e wn frEmer fee
IY-HIT H ST SeiaeAl ohi &Hdl i TUET hd |
TE el B1 SN & o, 1s H Tk Hersh gl
21 3 WhR 1s SU-hI9 T Selaql ! Afershan we
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHI: 6 AT 10 B Gehell €, S| TH T&T T ThR
TN ST Hehel B—

& e W& n T iyl § g
W& 22 F SIS Bl 2
TS Rl STTIhdd Sgahdl ohl fad
g 799 T & IU-HI9 ¥ Fafd Herehl hl T ok
T <m] feman S 21 57 FHerhi w1 Foll Se et
%I IR YT HEH (degenerate orbitals)ﬁﬁ%l
7% 1 39 TR €: Uk € SU-SRIVT F heTehRt o
TGl T IT A9 Ak €l e ], W9 A
I IU-HIVT oF AT FHeTR! § Th-Uh soagiT
3T W@l

T @ p, 9fF d o1 T fHaF 8 2, I
p. d 3R fenerenl § F0HA H9l: =Y, B39 3R 3
TR & W W YRY BN 98 @ 7§ fm e
R TR T R TAYY Fefeh! F1 LN 37T Tafafa
o RO 3T Tl T 3W (TS 2.6.6)
2.6.5 UIHTULRAT oA SCTREIeh Ta=amd
THST oF Hehl W Soigeldl o fIaRor @l 3!
Eﬁai‘jﬁiﬁ fa=ma (electronic configuration) &gl
ST €| A T ] herehi § st o W S
q wafyd g o &1 w=m § @ S, @ fatee
THST o Solaeieh fo=ardl i ot ¥ famr s
Gehell Bl

AT o goaieh fo=mE Rl & alieh d
freftd fran s wehar 81 & 8-
() S p° Ao Hepad
(i) HERH-ING
s [ o o — I I ——
s p d
Tedl Hohad § SU-hIY I Td 3R fog 9
frefa fepan S @ 3R Su-shiwr o Sufterd gl
aﬁﬂwaﬁﬁﬂﬁ?a,b,c ......... TS o &9 ¥ M
g1 fafi= =l o fau fefia wo@ s &
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favisd 3Tk W Y- o WA Y& FieH &
w1 faet fFa1 S B g Gohad W SU-FIT h
Yo el hl Uk died g <A Sl § 3R
TR o HF-TIHUT Rl T S A 3 SRSl
H | 9 dR W g S gEd g1 U8 Hehdd Wi
o | T GoheH 1 o9 I8 € fF o 9w Faren
TSt shi 9T S Gehdl B

BIESISH TWHIY] | helel Ueh &1 ol Bidl ©, il
Tl FH Sl oIl etk | S €, S 1s wee
ed B 37d: TIESISH LAY o Felari(eh fa=md 1s!
B 21 sheht @1ef qg B T 3Ueh 1s wesh B U
TR BIal 1 Eferan (He) o1 O gaisei off 1s
®eh W S Hehdl @1 o7d: Elferdd w1 SoleRitTe
fa=Irg 152 BT €1 S| U S T - < selaeH
TH-TR Y fawlid 7= # 2 €1 39 Feh o o
@ T Fehdl B

H He [N ]
ls ls

e (Li) o1 90 SR USelt TS
fogId & &R 1s Heh | &I S Fhdll 37d: T8
TSl Hefh 2s H SNl 81 TH YHR oAlfoRm
ORI fa=ma 1s22s! gl

2s FHF § TH soige N 1 Fehal 21 374:
Affera A 1 = 152252 el © (WO 2.6
H Tl o TEATIE o gl [oarel i <) |

TS B: Tl H 2p HeTh Uh-Teh Hich T I
S| 37: 39 Tl 1 SR fa=IE 39 YR Bl 6—

TR (B, 1s22s22p'),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522p°).

2p HEHI B T I GlerAr AT W T
AT Bl B T dwell o hen-fae e guify T E)

Hifead (Na, 1s22s22p°3s!) ¥ 3 (Ar,1s2
2s22pf 3s23pf) Tk K AW T o WA o
SeiaRIeh fomare &1 9Efd Li 9 Ne @ o ol o
FOM Bl ¢ T8l T shelel 7€ Biel § foh 379 3s Tl
3p e T WA | TH A 1 T o ST Hehell
2, 99 U8l < IS o el TSRl 1 3 (Ne)

u (N ]
Be [N [N [ [ | |
B[N [N [P [ ]
c [Ny ] L[] |
N[N IN] LT
oMN | [N [Nt [T ]
FINJIN] [NIN] T
Ne | N [ [N ] [NIN]N]
1s 2s 2p

T o 1§ fefya fen sy difeam 9 o a%
o gewRifTe fo=mrg @ UW faen ST wehar -
(Na, [Ne]3s), (Ar, [Ne] 3s23p®) | 01 €9 & R Il
o TRl ' ThiS Sola’ FEd B, 3N A goleRi,
T SeTAH HET G9ieH G o SHaS ek hivT |
W WA &, WAISTehal TG HEeTd 21 ST &h
fli— Ne o SoieH, Hig ol & 3R Na ¥ Ar
Toh TR HANS SoieR € IR (K) 92 shfewad
(Ca) § 3d & &I IO H 45 Hefh hl Sell hA
B oh HRO Y AR 5 selaela wue: 45 FHaw
o o B

whiedy ¥ URY & W TH F91 A0 e
<A1 €1 3 HeTh i STl 4p ek H1 ol § HH e
o U1 THH TR Ted WX B | URuTHEeEY ST
T Teeli— WhigaH (Sc), T (Ti), aRfesm (v),
I (Cr), HTHIST (Mn), 3T (Fe), e (Co),
fohet (Ni), SR (Cuw) e TSk (Zzn) ¥ =l 3d hemehi
T golagH SR R S 1 89 T8 @ dfhd @l
Tehd € foh hifHam qen iR § 3d ek § =R a0
T AT 1 SR HEI: U AR TH TAFA Bl B
TR RO T8 ¢ fF oMY U R R wew Afuw
TRt B ®, AT SRt ST W Bl B1 pB ps, b,
dio, f. f4 et fomm, fomm weres = @t e =1
W ¢, Afeeh Tl B €1 3T: I qen siw |
P 3R o Tl w1 wrerftrehe firetdl € (WS 2.6.6) 1
o ¥ fF evarg ot faer ©
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TIA] HT G

3d ekl oh WA % WK W™ (Ga) ¥ 4p
Heeh! 1 9 P& Bl € 3R Fomee (Kr) T g0 2l
21 3T 18 Teeli— ®ellfead (Rb) ¥ A (Xe) T
5s, 4d TN 5p e o T 1 T& Ygid el €, 5
4s, 3d 3R Ap HeThi &1 oft| STk 9% Bs HEH] H
G YR Bial B1 WM (Cs) 7o 9fem (Ba) W 2H
Heeh W HAY: T 3R T Tl B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3N 5d ekl o
T WS €| Uk 1% 6p, 7s N IFdd: 5 fTS
6d FHEHT HI W @ 21 RFAFE (U) & 9% & qd
1 TR B § SR 3% W ®Y ¥ W e S
21 GROM 2.6 T T dwail o gelaRien fomre (SeeHt
faferi g fwifa) feo o €

AT IT IS Thd 7 foh oMfer 39 fa=ami =1
S W F o g7 ST e fou ok
AT H [EER e hl GHeH X SUH!
R I | Ao a1 €1 STER AT ST
21 IR & U 5w g, S@— < ;A 9 i
TRATY] st 9] A S €2 IS avd €1 1
37T A BIaT 82 He 92 Ar 519 a<d fopamefiear &=t
Tl B §, i gl Sy awd Rl Bl - &

63

e o IW S o= o TR W U S Fehdl
T STee & THI] Hied ¥ g TSR TE R
ST Hehdll 37q: MYk WA faa™ o6 % Jeqst &l
el JhR §HeH o fau soieeie W & 9
SRR BT A 3Treveeh €

2.6.6 YUT&UUT gfka U Teiufia Su-hion

T T

el 7 T qoTEd STaET Soiaiieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt #1 furenier warogei
o SadRIeh fo= AW 2.6.5 H U qarqa famt
1 TR Fd &1 R FS awal (S8~ Cu e Cr
o, &l < ST-HI (4s T 3d) &1 Feisti § +4
SO BT §) TF TG FH ol A STRW s §
Ao Sl aTel SUHIY W LM & Sl 8, a9
Y TYFIALT | IYHIY o6 Tl 329 Fell dTal HeTh
9T 81, S qUigRa A STEgRa 811 81@: Crdem Cu
% AN Saaeieh fa=amd ®asT: 3dP, 4s! qA
3d°, 4s' B, 7 foh 34, 42 A 3, 452 TH =T
T ® TR 31 ot fammal o erfdfte wenfaa
B 7
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A fagm

3TEYRT qAT YUIRA SU-2hIFN oF TATFI oF SHIOT
UIGRA e STEIYRA ST oF Tl o ShRul fefead
=

1. Gl Rl Tt faavor : 97 weit-«ifq fafga
 for wmfaf wenfre gem #T @) ofa: W g
ST ITRTN o el 1 faawer wAfaq B 2
3Td: 4 Ak T B € TE & s § (TRt
3d) Torel &1 el GHE B 7, WY sEe e
foaor =1 2 §1 HoRa®y 3 TH-SW H uferh
®Y 9 U IR HLd € a1 Sele[ AHE g
Afereh yarerdl ¥ STehita 8l Wi €

2. Tafma et : g% T 99e a9 S g
2, 5@ QT Y ek soie (F9er Y=o SHE
B0 ) U SURIY oh THYY Herehl § Sufterd g
E1 A gt 1o T fafme e w5t ygi W@
g 79 fafma o wro gaa S, ‘ot st
(exchange energy) Heard 21 Guifaa fafmaf
T T q9 AfHAH Bl 7, ST IY-RIW YoIT; T
T FfYRA (half filled) B4 € (fo 2.18)1 30k
TerEaEy fafe St stferhad il © qen sEt TR
e oft atfuehan e 2

3T W fF TE ol €5 o R 1 SR €,
15 STTHR— | Hell o hetehl W SHaETe
TG o JATHTS TAMIGR T=IehUT B 2
I R W, AAYRA qo YoigRa YRR H
T (i) TMUfeer €9 9 67 IREd, (i) 4
Shclfareh GiaehsuT Sell qel (iii) 3= faf=m ssi
o &R 2?1 fafa et o fama o far
Y 39 STTel hefet | ueH|

TR 4 g 1 fafme

ferT 2.18 d° fa=rq 29 @it fafma
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6s 6p 6d 7s

5s 5p 5d 5f

NN IO

4p 4d 4f

3p 3d| 4s

ARUN 2.6 dcl o TSR fa=amrd

3s

NN OO

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

FANIFINO O OOV OVDOOOVOOOIOV OOOVOVDOWVOVOVOVOVOVOOOVOYWOLOLOWOWOLLOVWOWWOO

VFAAAAAAAAAAAAAAAAAANIAAANAAAAAANAANAaAAANANANNANNNNNNNNANAaA

2s 2p

—FANANIFTIDO[ OOV OVDOOVODODOOODOOODODOOOOOV VOOVOVOVOVOVOVOVOVOOVOVOOOYOWYWOVYOWWYWWOVWOV

S AN AAAAN AAAAAAAAAAAAAAAAAANAAAA AN AaQ

1s

AANAAAAAAN AAAAAAAAAAAAAAAAAAAAAAAAAAAN AN

2
2
2
2
2

ad

QAT i HCEH

NIFIOOONDVDOIOO| FANNFIOONDOIOANNFHFIDONDNIOO| F—ANHFOONODNIO~ANNIFIOONDHNO =AM
]l AA A A A A A A A AAAAAANAANANANAN DD MONEFFFFFTFFHFIOWIOLWNIO

* P ® % x ox
-0 ol =20 ) LB ovowm Bl 0w ow=0 o Q9% B85 TwT o9 o 3
T8N0 zo0eS| 255002 xS3E 0583588 S8 285 ERG~NESCEREFTESGRE K2
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66 WA foagm
aa VA 1s | 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
Tb 65 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 |2 6 2
Ho 67 2 2 6 2 6 10 2 6 10 11 (2 6 2
Er 68 2 2 6 2 6 10 2 6 10 12 (2 6 2
Tm 69 2 2 6 2 6 10 2 6 10 13 (2 6 2
Yb 70 2 2 6 2 6 10 2 6 10 14 (2 6 2
Lu 71 2 2 6 2 6 10 2 6 10 14 (2 6 1 2
Hf 72 2 2 6 2 6 10 2 6 10 14 (2 6 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 (2 6 3 2
w 74 2 2 6 2 6 10 2 6 10 14 (2 6 4 2
Re 75 2 2 6 2 6 10 2 6 10 14 (2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 (2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 (2 6 7 2
Pt* 78 2 2 6 2 6 10 2 6 10 14 (2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 (2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 |2 6 10 2
. Tl 81 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 1 .
Pb 82 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 |2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

#112 T 3G Afuh TA-HSA Il I 4 ¢, R TThT Tk fo=mg et e e e 2
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QAT i HCEH

|9

TRATY] qdll oF TS AT B €1 A a7 o U8 s 9 €, S a9t R | 9n o @)1 gem g
fgia, f5r S Sieed 3 1 1808 W Widwifea o, o SHR wA] el o TH Heldl B 01 B §, T
AR faenfea = foran S epen 21 S=Hael vt & 3fd | wA g g8 wHI 2 e foh awen) faans
? T o < g1 Holl (Telag, Wi 9o =I2H) SR S Bl €1 S 319 - Uil i @ie o o1%
LAY T HEEAT i T HI o A0 9gd § WA9] Hied T Ry T

T 1898 W SfHEA H el foh URAIY] Ush GHM e g &9l oiell Teh Tien el 8, 5| ™
TSR UMM B €1 97 Hisd, SEW W] 1 SoME W WY W Tk GHH fodid JE @ o, 69
1909 H XIS o Hew@qul o-H01 o Feh10H FAT g1 Terd foeg 83711 TeXwhie o 98 feepd frrehren for o
% % H Tgd SIS MHR H1 YAERE TR Bl € 3R 9 30 IR 3R JaR Sell § T Fd
Bl TIHIE Aied, S GrAee 9 fierar-Sorar o, ffvea 9 9 S died ¥ S8 o, Wy 98 W]
1 feoran 1, 19fq 78 59 o1 1 <A T R qrE o o e o 9 T iR S €2 gHeh St
g TRAN] 1 SRR T, Fiq Afw & IR AR el o a0 3R ! Soff & sR § §9
TE 1 HehT| WIHIE HIESd HI T HicAedl &l 1 1913 | 1 IR 7 TESeH WA] o 370 Hied o
R fopan den g8 weafad foran fon i oF wIRY oI g R el o goiagl™ Tifd il 21 hadl o el
o1 € A B Tkl 8 A1 Teh hell shi FHi¥=a Soil it ¢ aR 3 fafi= el § seigei= 1 Soil &1
T ST SR Yedeh el o ferw e S Soiaeq &1 g 1 3Tehold T3l 2ol IR Hied SRgisH &
TIFH i GG TR HIAT o1, AR I8 Tg-FeraeT ITHTIST oF TIFH i AT &1 T T THHT
FHRUT Fgd Seg & TG & T AR Hied § Selae &l AT o 9R 3R Uw f¥Ed JuhR ke # T
T U AT F1 oF TG H TET TA1 11 THH STk T Y AN & aR H T G T4 o1 T Haq
s ffiea 9y g ® R 39 vy 1 g @wE asft aRefia /e S wehdl €, S6 U € 9Hd W gee
1 Tel fefd @ik W&l 3 W e egsnet % ¢ Afiyeddr fagid’ o SER UE W9 T §1 36 YR
BIESISH TCHTY] 1 &R HISe = chelel Seiaiq o Sled STaeR o1 SUal hidl 8, diceh ggsia iy
fagra &1 oft forie e 21

T 1926 H e ATESR 3 T wefieheor o, g ¢ sifesk wefiertor’ shet < 81 g6eh g foifem
o golaela o fIauor iR wATet | STHq Sl SRi o1 9 foman ST Hehal 81 98 GHIHL0 7 Shaet sl
% AT del Qe AL HI FeheUdl i A | @l €, Sfceh ggsien ob * SAffyeaar fagia’ o ot
T 81 ST 36 THIHOT %1 EESISH THIY] § Soiae o foq el fonan T, af el o H9e Soll-&l
R H T Bl (S U Eed B €) o 9R H SRR W g2 A deifed Sel- & IR Sk |
T-Te S 4 Folen Temsli— g Fien WeA n, e Fien §e |, 3R gkl FieH 9@l m,
% gNI Te9H S €, AfeoR il & gl o URUMHEIEY W €id €1 59 oA aeied st o aml
R yfqey ot sifest-aiieor & g @ T@a: I B 2| SRS YHIY] S deie Fiehid Higed @eh
Tagd & Gl TEgSH H1 AT w1 © SR SHoh Sifdfiead o UE uftmeAtet &l off Twemar €, S 9K
Tisd §R T &l & il

T o FAEH AR Hieel o STTHR Tg-Seiaeid WA o e~ foeol &1 &g el | drer
T B A I Tk A1 Ak ST-HIT ok 54 T B Tohd € AU T ST-HIT H Tk A1 M(UF hersh & Fohdl
2, T soieei Sufted gan 21 eEgieH 3 gEeeH < feml (Seewnd— He', Li anfe) § fedt
U MU wrer o T Ferhi KT THE S B €, WY Tg-IeiF WHEH H Ferhi k1 Sl n R [ H
ol W fef B1 foRe et o fAT (n + 1) 1 A AT 9 B SEes! Sei o Sat € % e At
2 T HEHI BT (n + 1) OF GEH B, A SH HEH Hi Holl Y &, feh fow n w1 79 w8 @) e
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A fagm

WA H UH ¥ Herh THG Bl €, G901 S0 Soll o wgd W H goie UISel oh eivesid fagia (fRet
wAT] B Rl 1 ol R TRl FeleH-G@A 1 7 GHH T & ehdl €) 1R g o sifushan sgshdl
1 (T USRI F FHerhl | golagHl 1 I q9 q% URY TEl ST, S dh YAt heh § Th-Th
TR | 3 W) ok R W M W &1 THI[SA 1 gelari-eh Sl Sl el W a2l

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

A

(i) UH UM IR ¥ Tl &t T &1 Iieher Hifeg|
(i) T T TRl o SeIHM 3R STENl 1 Uieher it
(i) HIF o T O | SR STl i &A1 1 URehe HifeTd)
(i) 7 mg"“CH =Ml & (F) Fa & A (W) F& SFAE A HIS
(R HT =T = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ Frfi
() el Gl 3R (W) hel FeAHH Ty
TE SR A H qfedd ¥ 1 S ufiatda 8 Sam?
forerfefias e § sufterd =i SR wer @ gEn aaEe
'3C, 130, 13 Mg, 50Fe, 53Sr
e X TTU AT A (A) 3R TRATY] G (2) STt WA 1 quf wefteh ferfae—
() Zz=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oIty gRI ScAfSa diet Jeh1el 1 -84 (A) 580 nm 71 TEH! MR (v) 1R
TE-H&A (v) 1 IR HiQ)
TAF UQ W hI Sl Aq HIfeTT-
(i) S 3 x 10" Hz 3Mgfa a1t Y191 o TG &l
(ii) forreRt q@1-<=4 0.50 A =
2.0 x 107'° s HTeT ITcil YT X 1 1454, Mg IR TT-G& ST T Hifer
T FeRTeT, TSRt a-<54 4000 pm @ SR S 1J Sl <, o Bl 1 HEA SarEy)|

IR 4 x 107 m TI-<4 Gl Tk HieH 2.13 eV G ol o1g 1 9de 9§ 2k
g, @

(i) HRMA & S (eV H) (i) SoEs I Tiast HeT AN (iii) TR Seiar o &
1 gRehe™ HINT (1 eV= 1.6020 x 107°J)I

Tifeam WA o A o fAT 242 nm -S54 T for-gaewta fafsmon waie e
21 Fifeqw &) = Folt kJ mol ' H T Hife)

25 S 1 Tk §ed 0.57 pm -S54 arel diel T 1 Thul GehTer Sea= i 2|
Tfq Yehe e o IS i X A HifoUl

ol o 1 TaE W 6800 A TI-<=4 Al fafertor e ¥ I 9 A geie
3R 2 §1 o1g 1 <8l A (v,) IR FEEE (W,) [ F:ifu)
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24
2.25
2.26

2.27
2.28

e BTESINH WAV % n=4 o1 & ¥ n=2 S &R A selgeH o ®, 9 fhe
T35 T GRTY IS B?
I TeiaeA n = 5 HeYw H UL 81, A H TV o 3 o fau forat =1 =t
ETIHA BM? A ST HT ol FRGSH WA F A Tt ¥ Hify)
(I Tef n= 1 F&F Y S &I (TheM o U fewaes 1 el 1)
9 BIEge W] § SR Solae n = 6 @ g STawen § Sl €, al Ui Seafed
TEstl i o de = B ?
(i) TTESSH o 9UH Hefh § Fetud F -2.18 x 107° J atom™ 81 W= wEh
U gafyd el dasy)
(ii) TSN T o Urad SR Hefh hi 5 H M Sifeu)
BIESISH LAY T ST S0t o fereha™ qiiT-<54 el WehHUT 1 qR01-FE&AT 1 0T
Eainiy
BIESIST TWATY] § SiaRi ol Teell shel | U=l el deh of I o ot STraveeh Sl
I S H MO FIAU S TE ST Te g § diedl 7, @ fhg qir-aed
RSl SCHTST BIM? (Sl shi qoreel Tael Sef —2.18 x 107! ergs ®)I
TEGeH WA § TARME # e E, = (-2.18 x 107/ J 30 & S 2l
n =2 FHE Y 3AFRA & T e e o fau Aewesh S i TOHT hifTT FehmT
1 T Tal -5 (cm W) 41 €, ST 9T 39 HwA0 | feman S Heh|
2.05x 10" m s o ¥ 7fq X @ fordl soieeq o1 a-osd @ Bhm?
TR T 59 9.1 x 10 kg €1 IfE HkT Tfast St 3.0 x 102 J @, ol 3Teh
-3 T MOAT i
frafafed & 9 &9 gu-smart wiieis 7, stefq fead soeeEl +1 Tam g 72
Na', K', Mg™, Ca™, S*, Ar
(i) fr=fafEa s @1 soie fo=me fafaw —
() H (@) Na* (m O™ (=) F
(i) =7 T HI WEN-TEA TRy, TR Ty aed sede & FEfated 9 |
i smar € —

(%) 3s' @ 2p® dem (M) 3p°?
(iii) Frfafaa fa=ma are wamEt & W TRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d".

9 9100 n AF g g Hard 1 AR STgAd B2
Th Toiae fhH 3d Herk | 71 38k T n, [ 31k m, & T9a 7 i)
et T o5 T H 29 Tolde SR 35 =g B () I9H Wi %l Hen saEu)
(i) T H1 SRS fa=mg smrEu
H;, H, 3R O}, Tfefis ¥ Sufterd seiaeii %! ¥ean sarsu)
(i) foret T HEk F1on= 3 B IHFR AT 1R 2m, & TW AE F B2
(i) 3dF&F & TR ok AT m, 3R | FeH T@ABH o TH TR
(iii) Frfafed § @ $9 9 e 999 —
1p, 2s, 2p S 3f
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2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

s,p.d Gehad R f=fafad saien emst arel Fefehl i Jasy —

(F) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

HROT 34 g ey foh fefafaa seien 9@ & ®F 9 91 9d T@él -

(%) n=0, =0, m = O m =+ %
(@ n=1, =0, m = 0, m =- Y%
(M n=1 =1 m = 0 m =+ Y%
() n=2 I[=1 m = 0 m =-Y%
(¥) n=3 =3 m, =-3 m =+ %
() n=3, =1, m = O, m =+ %
B L e P o
(F) n=4,m=-% (@) n=3,1=0

g IIMST foF SRS THM] Y 9R Hell i YR IH Hal § a9 g hi
T-sret qr-3ed w1 qof qure e R

He' @A & n=4 9 n=2 9 THA0 ¥ W@ q0-2ed & aa arell Sl
BIZgIe Tagd | 1 Bhm?

He'(g) - He™ (g) + e Wi o foIU STaveeh o1l bl TUMT TS| BTSSR
T TR T H A Felt 2.18 x 107° J atom™ €l

I HTe TRAT] 1 =419 0.15 nm T, Al 7 e WAET 1 G 1 AT Hife,
5= 20 cm Thet T oA H TH-Ueh Hleh SAdiEd a1 ST Hehal 2

e o 2 x10° WA Tk Ha’ § it 21 A 39 SIewe #1 @aE 2.4 cm
T HTE YTATY] S SATH hi TUMET i

e 7] 61 A 2.6 A ® — (%) e w1 =0 pm @ 9o (@) 1.6 cm
FT TAE § HIR § AR UG TATIST i H& i T0MET Hifsw

fereht ot oh1 feeR T oMot 2.5 x 1071°C 21 39H SUfkerd gelagiAl i W& &1 oM
HifsT)

frferra & Fam & 9ot 1 95 R SHHd Xl g ara Wi faeq-smaw g
fopa A1 B1 9 1 98 W AfE wifdsk foge omEe —1.282 x 10-15C ¥, df sEH
IUfEd SiaRil &1 F&AT i AT SHifsTul

T S T A, W S A A # e T o w5 A
1 S {1 Al Cogffam onfk S ek Ty &t vl gl oft S, o SoRie qiomst
¥ N SR T2

JoBr Tl °Br ¥diH W €, e 50 Br 9o $Br W T &1 Herd # HRO S@sy
T 81 THAM HE&A O awd B W it qorl B 31.7% I Afuish &1 3Uh1 THT]
Tdter faf@u)

37 SSAHM TEA 91l Teh 3M1FH TR FUMA9l 1 Tk 3T &1 AfE 31 § gelagi 1 gor
T =2 11.1% aifus €, @ 5 o1 gt fafe)
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2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

56 STAAM HEAT ITel Tk ST W HFORT h1 3 IHE ¢, 3R T e w1 qor | 30.4% =2
siferer €1 39 P 1 Yo fofey)

freafafea fafeon o gl &1 eTgfd & 9ed gT %7 | Hafked Hifg —

(F) HEHEd 3o (oven) T faferor

(@) A@EE-Hohd | AUHENT (amber) FhTeT

(M) TETE. e ¥ e fafezo

(o) el ok @ wigfes fmol

(F) X-fortoi

e SR 337.1 nm 1 -5 W T faferior S it 21 A St wie w1 Hen
5.6 x 1024 1, A 39 TSR 1 &GHA1 I TUET FHifSC

et T i T ohd Siet | wE fRan S 219K 98 616 nm R Yeor 9 fafmo-sasH
w7, @

(F) IS HI TG (@) 30 he ¥ 39 faferwor g0 @ &1 T g (1) Flen & Sl qen
(%) Sufterd Faren w1 W@ B MO FIGC (IR TE 20 B S SO A )|

Tt Yeronl & T a)i @ oM ool Gohd 9gd HASR 8 §1 9f% e 999 600 nm
fafetor @ el 3.15 x 107'°J Ul <al ©, o Gk NI U Il 1 T&AT F1 AT HIFoTQ)
IS STeensti | STU[sti o SfaehTel 1 AT UR: TISHT A1 Hohe T arel fafshion Jid &1 3Tam

Feh T s 21 A faferor Wi o1 e 2ns SR wifed fafwor 9id o SR Seafsa wie w1
H& 2.5 x 10'° 7, @ G 1 S 1 T KIS

o et fgrfor ae-ed fen Sfemie HHH0 589 3R 589.6nm W @ A €1 Th HHA
1 argfa 3R T SfSrd Sfeeenati o ot Sl o 3a¥ 1 Ul SIS

Wi A %1 FHEE 1.9 eV 7,

() Scafsa fafetor 1 geft -S4 (@) Teelt sl &1 o FifSw) 3 difvan o w5
500nm %! TI- o G fashifir feman S, o ferel gU WieEeta 1 Tias S 31 o &1
TUAT SIS

e Hifeam urg i fafe=t wn-<s o @i foskiftra feran wmar @, @ frefofaa oiom g
| E -

% (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

TEell q1-35 it feerie shi TOMT iU

TeRTel faeq uma worT H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI Ueh! ST Hehal
219/ 256.7 nm % Tafehor 1 ST fohan S 2, faoer o1g & forw wrfther i 1o shifsw)

Ifg 150pm WI-<=4 1 GEH Th WHY] U THTAN T SN THH AW SOl g golsA
1.5 x10"ms ' a7 ¥ STeX feheral € o SH Sl ! UM shifey, Ted o e 9 o1 gan 2|
WY STt R IS THAU n Fel Y ART B T HA n=3 H THA B € 99 T8 v = 3.29

x 10" (Hz) [ 1/3% - 1/n% ¥ <90 <1 9% 21 I §HT0 1285 nm R If&a & 2, a@t
n o HME &I T HISC a9 T T &5 FqEu

IH IS THHU oG-S5 R MO BT, S 1.3225 nm 541 ot el § a1 3R 211.6
pm W G Bl 21 TH HHHAU I 00 H1 AW SR WaeH H &3 off wawy
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2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

2.66
2.67

A fagm

2 FIE gR AIfEd 5 o el SAARR W ot YaHaw i @i g2, T S st o
R o a1l k1 @it arafifa wfdfee o fore SuEn & @ S 1 56 geueel § Afg goee @
M 1.6 x 10° ms™ 2, 9 39 SoieA W Gafdd 2 sell auT-osd &1 Ul Hife)

TieA foada & gam =g faada gersell #1 srpe #1 g & Feion § yge e St 2
7% ==l 800pm 1 TI-354 oft ST, A =2 ¥ Gaferq siferenafone: o &1 ToMT FHifS)

IS S o FoH el | gl 1 o 2.9 x 10°ms ™' ®, 1 TEE Helfud 2 sivel! ai1-54 &1 MO
HifsT)

T 2, S 1000 V ok fawarat § 7ifd o< @1 8, @ Fefud o7 4.37 x 10° ms™ €1 9% 0.1 kg
S 1 Eleh! 1 Tg 3H o1 W TiGHE €, @ Y Fafud qa-<sd i MOl shifeu)

I Wk geree[ 1 fefd sl 1 0.002nm 1 Ysal 9 A St B, @ Selsr o W § St
T U KIS AfE Teiri 1 W h/4n, x0.05 nm &, T 1 39 HH i e ¥ HiE wfeg
a2

T: SATRA 1 FeH T A G TE 1 SR ol o 9gd hA H oaieerd w5 o fepedt
T Sl T 7?2

=2, m=-2,m =-1/2

=2, m=1,m =+1/2

, =1, m=0,m,=+1/2

=2, m=-2,m =-1/2

=1, m=-1,m =+1/2

. n=4,1=1,m=0,m =+1/2

S TR § 35 Tl BId B1 THoh 2p helh W ®: Soiad, 3p ek | ©: o a1 4p
etk | Y goiae B Bl TAH W i W1 Yoo Aad WS AR e S il ©2
freafeafaa & @ S 9@ e STt TR STEY 9 H4m?

(i) 2s 3R 3s, (i) 4d AL 4f o0 (iii) 3d 3N 3p.

AL T Si ¥ 3p Heweh | YA Tola Bid 1 i TN Seiaq AW 9 fersh goe AR
AT STIHT HM?

3 ofma sl &1 Wen FasEg (F) P (@) Si () Cr (9) Fe (¥) Kr

(%) n=4 9 Gafud foraT ITRET 272

(@) 39 ITFFT ¥ fhad seree Iufeem g, foweh fag ms=—%®r’n=4 2l

= 3 3 3 =3
LI [ | B
W W b W s

o ok -
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