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STRUCTURE OF ATOM

ELE

Y Teheh oh 378 oh dIE A0—

SoiaRe, U1 o1 =2 i @Sl T8
3eh STfiyereron 9 uffed & goh;
AT, TWIHE TI aR o TAT]

Oieel 1 duiF i Hohl;

TATY] o FAIeH AR Aied oh
YUl AT hI A Fehl;
forga-gaa fafetor =1 gfd
g Wi o Faieq fagid &l aud
14_31%_‘3[;

geRTel fag[q-gra qem ST o
TIFH] o AN T AU R Fehl;
T Sielt el el BTgoHen] AT
fagia =i AfTeTaa T Tehil;

TIATY] hefeh hi FAICH TSN oh
w9 H qRefid T weh;
Afhars: fagld, TSelt o1 T9asH
fagia den ge o1 ifeshan sgehdl
7| 1 9o T G,

AT o et fa=amd faa

Tk

Teheh 2

farf=1 @l o ETafieh EgR W Yo (afaear, 37ak uearupsil et
siafer wrerT ¥ fifga faferear @ geifaa gt 81

ARA To A IRIeh] g1 9gd 98cl | &1 (400 $.9,) T[S oh
ST 1 yEdTfad fohan 7o ol 39eh1 fa=r o fof o] 57 o
ol GTEARAS 9 B 21 S0k AR I & oaR faese 9@
qq: TN W@ e €, TN @ik fawtea @ feen SR
‘T’ (atom) TS ek IO § Seq g3 €, FEH atomio T 31
‘T e S ol (uncutable) 31 ‘ ATIST’ (non-divisible) %ﬁ?ﬂ%l
Bl 3 fIER Shaet St W G o SR 3R Wi e
FH I H9E R o1l Sigd 999 o ¥ foem fedt gmmn o foe v
@ T @, W 1870 TSl § SRl A 37 W R W 5ot 3 9w
T e

T 1808 | S Sleed e Teh fofe¥ That STeATaeh o ugalt
TR AR SMUR W %4 1 T fagia weqa foman s+t fagi,
S “STeest o uRaTY faegia’ e S 2, T i usied 1 qa
01 (Theh-1) HMII

TTeed o T fagid § g e o Wi o M, feer
e o 9o e -1 o 1 o1 Shaarges e &
ST Hent| ek I8 e AR o6 GRUMHI oh! A101G &3 | fawa @l
3 & fAU— HTE AUa TS (ebonite) 1 WTH STefal HT
(fur) o T oA R fog e &1 Safq et 21

TG Usheh &1 B 37 U Y&l § SARY TR &, s 194
STaTedt o 37 e 20 o VIATes] o STRN § SRl g1 fRT U 9
T I TAIUT g3 Toh TRATY] BIE HUN (STARANTSE HoN) H A
TS, T qe <2 ¥ 59 B €1 I RO e i HRom
foeepar atem o



TAT] I G

2.1 TAUTHTIUGER ShHUTT skl EIST
i % FrER-fe S SR A RO W e
1 T o 9 H SR SRR U gE | 5 ol
I == HH W U AN HUN oF I8N o aR |
3 9% 7@ fe = ¥ @ e iR e ey
TH-TH ! Yfqenfta den fawdia e - i
seRfid w4 B
2.1.1 TAGEE Rt @I
T 1830 H HEha e 7 wwin & Ay feRd
foerm o fagq wafed &1 S €, A seieiel W
R ued 1 faEsH SﬁTﬁﬁ'CI'UT (deposition) %ﬁ?ﬂ%l
3T Fo fem aa, fwer fasa o sma 12eF e o
&1 37 IRl § T T Ui Yepfd o a1 |
<Ierdl 2

1850 & HeA § 3 oliieh, fogiveny e =
ifyer w9 9 feifaa Fferemet, 5= wars fawvor
AfeTenTd el STl B, § g -foras &1 s1ema aTRy
forem 5@ o1 2.1 (%) W <wien T 21 ke feRaom
Afersht ™ w1 S B ©, fod o oF & uae
T fogq-faasH =1 faw 74 @ @ 3=9 favya w
Uferq fra ST Wehal 21 = &1 Afaskie § fafe=
el o < o Tatas g e foran T 5@ R
9 SISl W Iod dlcedl @] i TS, df Afcrent H
HUN H W H N RS TS (hUig) W
YA SoaeiS (TAE) i & fagd 1 Yo 3R
Bl TN 3! heire Tl ereren shete feRvor ROt
Fed B

ITI | %@E?
Ly

Jfeed

%a‘@@a

T 2.1 (F) TF Sele far foagstT o
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el 9 TS e Toer o Yarg 1 sifafier
Sta & foau e o fog dun e & 19 ol W
T ISl (e Gohreg) 1 o9 foman S 2
W& 3 fotol e o fog o 9 o i gewTse
%1 WA T HAA & q T Teh FHehiel Tog o Sl
2 [ 2.1 (@)]1 38 WM o GO %1 N9
Frefafaa 8-

frafa w9 =i
| i g

FAEO

LY

0

]

g 2.1 (@ ) 955 THega o ehelie-h0r fagsi i

(i) Fere foreo (cathode rays) FUe ¥ Y
BT UAIS &1 AN 79 w3l 2

(i) I forvol T fe@m =& <, W $7oh AR i
T qen pw e gHR & gl (TR
den wfadi) =1 Suferfa o @ S wehar 1 A
Teref g7 oLl o Zohie © THehd 1 Seftets
st Aferert hefe fertor Aot it 81 A, wel
T we ik aref | iftd e € | W
oot wfadit gt 2

(i) oI TR gaanta &= 1 erqufeefa & 3 fanvol
eft feom o T L B

(iv) Togd iR Joshia &= 1 sufeafa & ohefre
fortoll 1 ERR HUMART &l o6 STUfed
SRR & GHM el €, S 7 fag wa ¢ e
e ol § momEf| %0 Bd @, e
FoTaR(T FEd <

(v) Sheie-TReull (SeieRii) o @ oheile femor
fetent o gelaiel o uered wel SHH Sufkerd 19
F1 gpfa W R T |
Sk IRoml @ T freed e @ fw

T gl ST o gel T e B




30

2.1.2 TG R AV THAN AT
fafee sdifass foart AL, ofmET 3 97 1897 | Hhelig
et AfcTehT 1 YA Hloh 3R Soigel o 99 W
forg 3R gahra &, St TF T o Taad o, A6
ok T b T ST (e) STR FoWH (m) o
i o * T (o 2.2) 1 o for & &t
Suftarfa ¥ goiae ome Uy § fo=afea gt fog A

(fet 2.2) R <helig fopor At 9 e €1 gl

YR Had gakid &5 i Iufeafd H soaed fog

C R whelig fro-Afas @ ek € fagq ik

JahT &F HI Yol ok HEUHgdS Hqed o

SOl 1 AU 9 W S U W A9H AT

S Gehal €1 TS W T g &l i erquteefa § e

9 7€ 9 W fag B 9 THd €1 ofEE 3 T aoh

fen foh Shaet foRq @R haa gasig & @i

Suferfa o golaell o ST Uy 9 fa=ed i Amn

frefafed ol w e et 8-

(i) U T HOTER 1 HH AHE s W o aen
R 1T &5 o WY = el 5 S ® 39
YR forerer erfuss g 21

(i) HI H FATA-FH &F Tohl gH O fouem
atferer Brel 2

(iif) o s1eren qahd &5 H Yaodl soaRel W
Fleedl ALE FrEIhI &F Hi Yaodl 9¢H |
TSl 1 Oe 99 ¥ faeer o S )

Here

hefre ool

A fagm

forq &= T YeIran A gaART & T geerar §
o frdt w1 3uftufd o oMl o fagem &1 @
1 HE-TE WY Hioh AN SHeh YUl W eimE,
e/m o HH 1 FER0r HT Heh—

e

=1.758820 x 10'! C kg! 2.1)

W&l m, TR w1 T kg H SR 39 W
ST e (C) | 21 < e Fomefi 2 €
3 THRA T arEdfas (R0 e —e 7l
2.1.3 TASMAI UT AT
ART, Tl (1868-1953) A SoieH W 36 o
frefeor & forw wh fafy TR *1, S A o8 w@m
(1906-14) HeeTdl 2|

I8 I o St W 3MET ~1.6 x 10°19C,
forgq e 1 TSI HH 1.602176 x 10-9C 2|
T o e/m_ ST o W H 37 qRUMH i HH
Feh FARMA H seAAE (m) Fuifa feam

e 1602176 x 10 °C
~ 1.758820 x 10''C kg

m =
€ e/ mg

=9.1094x10°' kg

(2.2)

forT 2.2 solagi & &Y SR §oAHA & d1e AU H R0 B H STHI
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Taferer =t 91 &t og fafy

g fafy § &3 (atomizer) gN IO FEW F
®9 H I &1 Jai H1 fagq 9T (condenser) o
IR 1 e ¥ Iufeed 3R 9 35 9 &R W@ 2
Tl o A T SR T T g R b
BN W1 TN T S o A #1 R R AeR e
I 1 911 o FAHM ! I Heh| FeEFh S AR HI
91 i X-fortorgs yanfed sk afa fewan T
Tt STl 9o 9t S o "ug W 99 941 W
&R SO Il 9 &1 3 gal R fagg emew
X-fRon gr1 Icq= SRS aret ST §RI STOTE
TN T SAARE I FT Q1 BT RAT UehT ST ekl
®, ©Ifd foman 1 Gehen & sferen feer foham ST Wema
21 3 95 W ME 3R W W AN Siedl S g
T Jeeaar R AR L@ B I H & w1 A W
forgd & YaIedn % YTE i LAY A R fAferena
3 75 fpd fremen fF 9% W fagq e () w7
oREToT THen fagd e, (e) 1 O e €, e
q=ne,Tr|%5fn=1,2,3...

forT 2.3 saer ‘e’ w97 & fog fafas &1 da & gs
3YHI| ek | THA do7 FT g7 R HEBRT

q: TecAIH Y, fagq &7 & FRUT Ao

T I ARG FT

2.1.4 Qe agr < &l @il

ufafda Shefie frwor Afaem o few wTu famq
fous @ wAEfea w v ® @9 g, N e
TeRot «ft et ST €1 37 WA Hoi ok stfereTT
srfettiad § -
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() oheire Fereonl o foadia, YT o1 &1 Seamm
hefe Tty Ffeten o Sufeerd 19 &1 ghfd T
el @ B1 A WeR eAE e g e
B 2

(i) U o AW TR FHAE FT UM 3T T W
R o 2, foee 3 S e €

(iii) FO YAERE FH faYA A HT A THE F
otk B €

(iv) Fashia qen fagq &= H 37 HU1 1 FaER
TR S1e hels fohtur g Ufera oFeR &
fawda 21
T DI SR gohl ¥ ST BRSS9 WIw

B 1 TH WS Hed &1 36 CFEE S @

TR S ghh T0T i e T 1919 § g2 o

I H WA G Tk SR S FUT T ST

Tegd ®1 TE| 39 0T HI @i T 1932 H Jefaw A

SATTIH T oc TN oF YER | Hl| 6 Ui o IR 9

Fo s R A foRq 3TE w0 it gul

3= & U 1 GG Fe1l 37 qel Ul oh Hewaqul

o7 W 2.1 ® fRw g ©

2.2 OIHATU] HISA

e W H FAIC T AR | YT YN | T8 A gal

o eleed o Afa9T WAV § eFIHS U1 U

S CHIECI] 3TI-TLH] (sub-atomic) hUT B %'I
STARATTE FHON 1 WS o 918 AR

g frefafed ger g of -

() TAI] o TR h1 ST

(i) e o TN A difas 9 WEtE SHeER Hi
g

(i) fafe= weT & wasA 9 fafv= ger o
T[Sl o S i AT a9,

(iv) TRETIRT gNI STERNuG SAYEl It fafime
forpq Jasia fafereor &1 sa@afa qen yefa =i
TH
T ST hoT o TRATIST | forawur &t sAren

FH & fou fafy= wom] giea yedfad fee )

gy 371 | B HISA gN UM o T sl s

TS I ST FHIl T ¥ Th Aled LS. ATHET §H

3R U I WIS gR wEAIfad fehan T ekt

foraRor s fean T -
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A fagm

ARl 2.1 G N & [T

SLC fog | wwoemm e | IO FEU FomE |
3T I /u

. —19 =31

ERCEAR] e ~1.602176x10 -1 9.109382x10 0.00054 0
- -19 —-27

Wl p +1.602176x10 +1 1.67216x10 1.00727 1
- —27

5 AR n 0 0 1.674927x10 1.00867 1

2.2,1 UTATI] kT ATHAT HiSA

T 1898 H SISl &ifAEH A wafaa foRan foh o] U
A SrEfe e (= @ 10°m) g €,
e e @AM ®9 9 faafia @ 21 389 W
TR 30 YRR feor B € ff S99 Torl fer S
e w81 Sl € (ot 2.4) | 39 wiga =i fafe=
TR & A8 T U 7| SIRIone- i e (plum
pudding)] KSR e (raisin pudding) 31216 S
(watermelon) AlSd| $9 Aled i A AR
w1 e NYel WS & GHA WA T R, T
TSR HHI: I Al §iS 1 e Sufted &1 39
Hied 1 Th Hewqul @ I 8 foh s wmn
ToAUH R GCAI] R G ®9 Y S g3 T T4 )
TR I8 Aied WA Hi o IIEHAA Fl TR
FHIA o, fohg I8 Afasa o JAFT oF IROMH oh 9
T g T AfeE 1 T 1906 H ifawt § i 1
forga =l R dgifaw wd yEife Ste & fag
e QR ¥ G e w7

YFeHE e

forT 2.4 TE] T 9T @i

199 9= o g A"fer | fafe= R w1 forton
F1 @ gl faeew U= (Wilhem Roentgen,
1845-1923) 7 &1 1895 § <uiian ff shelre faraor
Tt H Suferd usrel 9 eehiH W OSolee U
foRtol S0 H €, S hiE fRo el o oY
W gfadiw (fluorescent) 9 H Jfaeif Sca—=
# THd 2 Gl T=oi il 3 Rl w1 wepfa
F1 UA TS A, T: I 3o X- fRTON w1 AW
fen, St et ot wEfem B0 U@ <@ Tl T
TRl oh SIfU% W@ e U e dsd |
TH S HRO FHE X-fRl S Bt ?1 X-
forol fagq den gewia &= § faafia (deflect)
T et B oz feeon o uwd A efa S
g9 (penetrating power) @t 21 Tl
FRo1 € o oegell & eviafek stemEd § T feRvon
FOIWE BA T o OfEON T qw-3ed
(wavelength) dgd %H B (0.1 nm) 3R
TYA-FEhT R S & (T 2.3.1)1

T éw (Henri Becqueral 1852 -1908)
3 @ for 3o T fafwn w1 IS W R
M 39 IREe 1 Yeanfaear (radioactivity)
Fe ql Fa fF W@ aw Heanfea o
FEAM B T AT R W Fh, R T wwwE
o wele et 4 fasfaa fwam s99 @ waRr
H1 RN, oo, B AA ¢ FT SHSH @ T
THEE 4 R fF o RN § S 3R oA
EYT 3R TR ThTE WA S0 ol $e9 Soll
%0 B 21 S T8 Frehd b oo @
Aferam Tfwe B €, wife  soe & ™




T 1 G

et o w1 feam @ 3= wW@ B R
AR o THM RUTHE 3TE¥T ol HU1 B Bl
y TRl X-foreorl & gum S=a S fafezor gt
g, TS wpla ST et € @i fome wE
FHU T B WA &EAT 9 HH o fRON H,
I9h a] B fRTT (o HO H 100 T SAR)
qon wed SAfusk y TRl & (o FHO F 1000
T k) eI R

2.2,2 TEIWIE SR ATHHT TIHTI] WS

TS 3R 3Tk fonfémi 4 (39 iR iR ere
AeA) 7 9gd qaell @ &1 9= (gold foil) W
0Tl ! BN 1| I o FEG oL—H01 TehIvH
e  fest 2.5 o @ T R

M &1 qaqelt 9= (100 nm HEE) i 3R AL
FTch Teh ASAUfFd B 9 Iod el arel T HUT
H OGS TN TH YAl U= I BRd U g
fagifasiial (fluorescent) S gowEe 9 99 A
TN T ST RIS ST 0T 56 BhiT § THC B,
TR i TRREIfE (flash) Se= 2t 21

iU STYAM o RO wRT eTUfad o
AT oF THY] Higd o I 9R It ¥ Iufed 9
% Ydeh TR 1 TEHM T AN R TH F0H €9
Y ofeT g3 T AMEW| 3T oIl | ot gat Tfereh
Bt 2 Toh o o o U@ waE e &1 o @Y R
HT S| 3= 379en off for o=t § <ohUA o o1g ol
1 Tl e B STl R ST fEwn 9gd %1 Hor g
I_A ST 3= <@ fh—
() oIS STowT HU G w1 Uxt 9 faefad gy

IESIREETS R

A

N / ),
o—ahIT /T T e - / .

(%) GRS HT FHI0 FI1T
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(i) g HH H HU S Hv ¥ faaifaa gu

(iii) gd & &S w1 (20000 H ¥ 1) 1D HT 3R w2
STeI AT 180° oF IV | ST fa&dur ga|
T &IUT oh SR T TIBIS  THIY] i F& T

% IR H frefafea freed feame—

() REIY] o SET SAfeehiel T e g §, it
AMIRTIT STHT HU1 TH T T ! IR HL 9 2|

() 5 & wERE o w0 fGef@ e g 9
e eTew € ST TRyl 9 (repulsive
force)éﬁwmlmqﬁww%ﬁ?
AT o foaR o fausia oRaTo] o 18T &HEe
TAA ®Y G de1 g & T UAE 95 %A
T o 3T Hebfad 21 =feq, fored gamEifia
3T RO o1 Flaertor 3R faeqo gan el

(i) YGRS = UM e f@mn foh R 1 3T,
T oF el ST i Gorl | 3Td HH (7o)
B 21 WA B e 100m BR R,
SR AR i B e 1075 m ekt Rl
SR oF 3H R HT TS 36 o d = S
ehall € fop @i ifes =1 fopehe w1 Tig e =0
ST, WA St 5 SIS 5 km @RT

ol T k& AR el e
| (o ®
i >
O __ @ taw
U = --“'(;_’ru =l
— —(“_:_ = ‘: @ :
(= )
(o) o=
5) R

/
ﬁ@!ﬁiﬁ o-h U]

(@) 91 &I T T TS o

o7 2.5 WYHIS & THIU G917 &7 3@ed fa39) 59 919 $1 TF g 7 W % (o) FOI HT GI8R (shot) FT
Srdt 8, @ SGH @ TS H FHIEd g faT i 1 UR FX W €, el o I f5eIqur g e g
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IR F&UT 3R GO o SER W EIHE
= YA HT AR AiSd YA fRATl TH AleA
o STTAR—

(i) ORI HT GRS AT AR FEEH THh 37

e & H Shid il €1 T ok 39 31 eteu

M ! TIHE A AIfasw’ *el
(i) TF oF IR IR TAHRM JuR Tel, 9=

THETT (orbit) el W €,  agd dsil & o T

Iq: TIHIS w1 AN Hed GRASA 9

firetar-Seran €, e g ifsh o o g @

AR T' aHA TR % §HH B B
(i) TS R TR oTaE B SR o feer dEq

el o gRI &Y wd 2l
2.2,3 UTHIU] AT qAT GHAT HE&AT
TRYF T AT IUH WEH o HRUT Bl g1 S
gl T B YT €, W W SAEy e[ oh
O o ae, Wifeh faqda fag w1 giar 81 gHe
a1 =g ¢ o ifyer o Sufter gieiql 1 g wE
e (2) % IR BRI T oreiq WMl w1 wen
BESSH e H 1 3R wifesm § 11 g 2, o
TTRT TLAIY] AT SHERT: 1 A 11 TRMI AT
3EEH ST WA o faw sH9 seieeHl w6 He,
T 1 F@N (WHN] &N Z) o e gl
SR — BIEGS q Hifeam W] | Seiaeil &l
@& HEI: 1 qel 11 Bt B

UYATY] §EAT () = UTATU] o AT H

Wl @t W&

= 3T gm0y

T @

& (2.3)
ek 1 HAET SHeh WAl o N Bl ¥,
TR TR T THAE WMl qe FD 3T I HUl
(S99 J&® 1 SHAM e o SAM o ol
TR Bl 8) o RO Bl €1 I9 I O Rl
R (n) HEd T AR F U WAl 3R =i
aﬁm(nucleons)%ﬁgl :‘ﬂ%ﬁ%ﬁﬁ
Fl U I WA T FHAE G (A) FEd 2

TEUM W& (A) = W &t & (2)+
=g Tt W& (n) (2.4)

A fagm

2.2.4 QUEATHh T QUATRH
fordt ot AT & T H T F Y (X) 5N
Tt T Tk €, foed 9 iR uw qe-or feran
S €, S AT S W (A) Bl €1 o1 S &l
e o ®Y W WA e (2) foel S e,
FAfq AX WHATRSE M SAE §e, Wy 9=
THIY] HEA o AT BT; IEENY— 4 C qen N |
TR 9% T B €, et W) e (2)
THM T g S (A) T gt 81 g vl |,
THIHT 2.4 & IR, I8 = ¢ foF goeente o
TR 1 HRT AT § Iureed fa=-fa= =gl &t
e 1SS o fory AT & gEgiei WA i ol
99.985% ETESISI AT W sherel T WeiH el €,
o wifeaw ('H) Fed &1 99 FEGNE W H
THENTH B T SIEIREH (2D,0.015% ), foraw
| TR e | =2 B ¢ SR grgfeam (Tritium,2T),
e 1 Wi den 2 =g B 21 e gedt # o
TG | qrE S § 1 el o e 1 SR off
&; S8— &, fad 6 WA o STl 6,7 9 8
LA (12¢,12C,0) B T; FerdA waAn, foad 17
AT o ST 18 [ 20 =2 (3CL, ¥ Cl) B &
grEnfeht o foma & sifad Hewogol = =% @
foF TR o TEEiTR T Seel R He g)
e gid &, St ifewes & wieiqi w1 s g i
Tt 71 ATk § T TN W A H e w
TS SEd hH Bl 1 37 TEEteh srfmenet o
el HEee Th W SRR S 2

SETEI0T 2.1
S0Br | ISl =l qe gelRl 1 HeA H
Rerer wifsl

'

&l ©Br, Z = 35, A = 80, T 3T &
Ml 1 HE&A = Sl @l 9 & = Z = 35
Al 1 WA = 80 — 35 = 45 (HHIHIT 2.4)




TAT] I G

SATEXT 2.2
TRt TSt & s, We aen =2 i S
HAUI: 18, 16 T 16 B THH YIH i
fafeu)
'
T G-l i 9 = 16
T qeel T (S) B
T SEAM T = WMl &l 9
+ =EH ®T e
=16+ 16 =32
TR H G@ % e T8 2 U8 TH

RO (EOTER) ©, FaeT sTewT o %
e o TR @ = (18 - 16 = 2) THH! Tdleh

2SRl

e : AX Hopd 1 TAN H § T8 T8 T
o for 3 vl s ) € st
YATE A RUMEA © 1 A I8 S TRA] €, A
et (2.3) W €, e

Tl i W&AT = Seigei ol T = TR FE&
B 21 AR TS TR oA ®, @ F® feif@
Hife fF WA ST W@ Soldel sl 9@ 9
e & 1 9 AfE sfues © Al ke (HAE)
3R A 2, A TP (FOTE) B =2 st S
TN A-Z ¥ & Wl €, =R T S 8
S7eEn AP Bl

2.2.5 IETHIS HIEdA oF T

ST fF ST S ok € WIS T ATaEE Hied
YrAee w1 T Bie w9 o, g aifus & aii g
1 e R Tl i gooh Tel 1 q¥e | T |
e GRAEe R Teeera Fifent™ o on] feman s €
A I = © R TE gd o wR SR e wenett

ﬁsm%maaaaﬁmaaﬁ[&%j
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o GRI fea <1 wehal 1 ST&T m, 3R m, 5FAM, 37
AUl % S & g0 IR G TTecshuvl feeRis gt
21 39 Tagid O el +1 wHaneil o 9N o Tel-TE T
F ST GHA ¢, S YRR 99§ B @ el

greed iR Afuea tied § guEda 9 Ig
gera T € f selaei ifies o =RY o ffyea
FHepsti § fq wQ §, Tk SAfafied TerR 3R
Ak o S pelld T (kq,q,/r?) B, S q,
SR g, MO, r 3T TEW o HA H W R k
SITcieRe FEeRish €1 el =it T &9 Teceh o
9 % THM Bl B1 T S 1 fie foped e o 7fq
Ll % qr sHH o (acceleration) A ifeq| afs
fire foret sran o feor o @ fa &< @1 &1, o oft faom
e o RO 399 @01 BT =1feT| 31d: A
Hied # wansll ¥ YAA UGl HI WE orRd 1 o
=T B e e % R g et
STER, @A TEf| w01 w1 fog@-gasna fafeom
T IS BT AMEC (T o W T gy T
BIdT, iR o AT &1 BId) | 3Hfere feredt ham o
Iufeerd getaeld 9 fafevor scafsa s za fafewo
o foTu o1l getaeieh T ¥ T BT 39 WhR el
(orbit) BT Bl STt | oIS | e Iar et § foh
Wﬁﬁqﬁﬁw [spiral)@ﬂrﬂiﬁﬁq@'—}ﬁ
10-8s i, forq arede § UEn Tl el 81 39 WhR
I ZelaeA ot T 1 Fove Akt qen fagq-gas
fagid & STER vl fhan T, @ IR T TR
Tied foRell AT o T ST AT @l Y ura
21 9119 I8 U8 Gahd ? T A hensti § solai i
T | ] SRRt 81 S €, o i el e el
1 Tk o =R SR feer oM od €2 %R0 e €
I SRl o TR HMT ST €, a1 STcieeh e
o1l R 3R getargii o ool e S TRt oiet
T ol ol T i 3R Wig o, oo ormaq
T Higd H1 Th o5 ®9 Y &

IS o WA Hed & Th a7 TR I
e € b 9% TgEt #1 soieeieh WO % AR o
FB o JUH &I RN, AU THH IT Al &I e
o ToieRe ATaer o =R 3R ford Yepr foemm © 3R
THT Soll T 7?2

e =fen Agifass faam 2, st =2 & ‘i & e’ W sneiia 21 =7 Tl awqet o ‘T o freei’ o wwerd 21
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2.3 9 ok UIHIU] Hisd ok faehtd
= g
fqefas &9 § 573 & @y fafeor &1 ==
foranstl o oTeme § W UROTH 9§ W Ul
3T ST GO oh Fag W AAMHH FI U gE
Hid IR A 3 RO T ST FHh WIS §R
giaaid Afed H GUR foRanl ar & T Aled o
forenra & T foged =1 eten i @ 2
() Toga-gesra i 1 §q raer g, freh
a1l g8 B for fafereor o qen %01 < o T
TR w2
(i) ORTY] T W Hafyd YHifes 9iony)|
el g fagd gas fafetor o §d Faer &1 ==
FH| IATY] T o AT IR & == gve
2.4 ® & ST
2.3.1 faga-geata fafetor =t @@
Uehtd
el Tt o Hem | ifqeifasi 7 we awge 9
STaeifoa Td Sfsid g Al fafetorn 1 afsraar &
st T g7 fafeon i e fafwtor ser s
21 S=H T8 S &1 S w5 for Fodg fafwon
fhad o 2 €1 o1 78 eft — «ifa 9. € R s
fafercor fafe=r egfaal steen atneest @t foga
HaHE TN ° W4 B4 € g€ et eyl
YRS W Ml € 5 fof S=iae 9t o 7em
T A Tt off| et fafewor o framl &1 gevem
Hichaar | 3T=3 1850 H g3 1870 o 3RY H e
Foreh Hemad o Ig fagia fawfaa ke & faem
<R IF T AT HUN gRI 39 et 71 39 fagia
T TR e o8 § 30 529 3 e == e
R ganta fafeon o fawg & o aet &1 S
STy Hegae (T 1870) o Ted gl Sy fief &
e e feraneti ST Tt TR W fagq den e
&5l o IIER i AR il ST I8 god & fw
faregq s Fof 1 <t fia feran < €, df TR
fogd T geehia €7 S B €, 9€ & fagd w
ﬂﬁﬂﬂ'ﬂﬂﬁﬁ(waves)%wﬁﬂérﬁﬁ@ﬁ%,ﬁ%
?ﬁgﬂﬁﬂﬁﬂﬂﬁmﬁm—wm
|

A fagm

wehTeT ot fafertor o1 weh w2, frdent SHeR
ool gd @ @ R QXA el 9 ST Whfd o aR |
THEH T R & T G H (FST) TR I HON
(EI-TFU'IEFI'i, corpuscles) T &1 3T UM STl o1
19371 STATEET | YehTeT hi TI-Uhfd fadmsd el

el R Herdael A ST foh Wehel ki Qe
T den geea =aeR § wafud et € (F 2.6),
Wfeh &1 I8l %9 FEET ol R faem S

ﬁgﬁ{

TR HF TTH

fod 2.6 fagq-gasig @7 & fagq a1 gawrg &7

k| 3 g2 GHA RT-3, srgh, AT aer

s T B & g 3 T TR % aa

aell d &9 #Xd 8l

() SAEEE SERE HON FR IO fagq den
JAH & Tk T o doad B &1 F JA
o GeRoT 1 X o oft oiered e 2 farga-gEeRE
T 1 Tk WA €9 o7 2.6 § fg@mn

(i) =@ AT FA-oN % fawia faga-gawa
T o1 Tl TTeam Y STEvTeRal TE Bl 3K
3 frafa ® wifd o Hewdt B

(ili) 3T I8 T e e Lt &1 9ot 2 ok ferga-
ST fafereT R % B §, o -3t
7 o Tk TR W f B R 3 T Wy
ety foreq-gaenta Segd s € (fot 2.7)1
TereA & f=-fr el o f- ot m 21 s
EEIUIE S %&Rﬁ—m&r (radiofrequency) &,
(10°Hz o &) , forgent 39am yamor § foea
iG] %; G&H T (microwave) &7, 102Hz &
o), e ST R ¥ fem s @



T 1 G

3T (infrared) &, (10'2Hz o THIT) , foreat
TN TRH H H B[ 74 WS (ultraviolet)
&, 106 Hz o oIS, S g2 =1 fafensor =61 weh
AT BT €1 AT 105 Hz % 9ig W &7 Wi
HHRU 99 (visible) TehTe1 ed 2| sheael Fel
e &7 2, 58 eart o <@ (wgfe %) Tehdl
¥, 39 &5 %1 Y= o fou faviy whR %
I Y STeRTRA Bl 2

(v) forp@-gaeia fafeo #i o & fau fafe=
YHR o HEehI 1 IUEM TR S 2l e
faferol &1 et (v) dean @-o=d (L) g
=@ fman S €1 Sata (v) ®1 SI AR
B e<d & W W Tl ¢ (Hz.s)| THH
T HT I &A1 o w9 H gRenfoa fwan S
7, o forelt fag @ wfa e TRt ©

TE-3 % U oddE % UEe eN @iEu
YT : S9hT A9 WX (m) | el €1 <k - geeh
fafertor 4 B T-35d 1 a0 Bl 81 3Weh forw B
i 1 AEvashd gl € of: fost 2.7  fafy=
- e Mg et f=-faE geRR
foga-gesta fafeot =i fam = 2

frafa 5 |t yr & fogd-gaswia fafeo,
R TR -3 pw o B, T qEE T, areifq

37

3.0x 10°m s (2.997925 x 10°m s™') ¥ =eid 81 36
Tfd =1 WeRTT <Rt WA (speed of light) HEd % #R ¢
g 9 <uifd €1 S (v) T-S5 () 91 TR ok
AT (c) skl Fr=fafed g (2.5) gR1 Sefed i
-

c=vA (2.5)

T H A ok forT ww gEd ufer, wa-gen

(V) &1 ST fea S @1 ufd shE @ o,

ﬁ'{"‘T—%\uf H & Kl aT-HEAT (wave number)

FEd Bl TR AEH -3 o HEH HT kY

i m B €, e W : WA € Sl Hiseh
em! (SIHEE &) B

2.3.2 Tagq-<esra fafewor &t woita
Uehfd : wWileh oAl aied Tagia
ICECE (diffraction) 9T SATTHIOT ** (interference)
St o Wi aREee i T -k fafwmo
T AT Yepi N HHSET ST Ghdl ®, I ho
Jerunt i 198 vraeal o “ifae famm (S araRes
Afeerl’ el B) o Torga-<aen1a fagid 1 W&
g ot afira T2 foran s wehan 3 Yaror fr=fafed ©—
() ™m fie 4 fafem =1 Sasl (FivomE
faferTer black body radiation);

L(Hz)

A(m)

400 500

600

s A ()

700 750

ford 2.7 (&) [gq-gashia [ &1 Tagq (@) 599 Tagq| [ Ta2q &1 T ol 91 9T 39985 8il &

* fopel oM o SHUE 9 % e &l faEdT wEd 2

** Tk G MR Al & q fiery ww TE W It ¥, fome fifom ¥ ydw fag W faeiy, v w0 % s@ Ay W
faei w1 semforda =0 @feer @ Bia 81 9 1 39 YHR H1 HASH SATGRIOT HEdl Bl
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IR 2.3

sita sfean e (feeedt) =1 fafay wRdt weA
1,368 KHz (fohell B2si) @i Sgfd W GHR0
@ ¥l TORE (transmitter) §N Icdod
forR-gasi fafero =1 -2 | Hifer
TE Toreg-geeh 1 Teed & fohd & o Haifud 272

'
-, A =§

et o frafd # fre e Fafeon a1 o oin
v g Bl fRE T A i wfaeenfia v W

A=

C

v
_3.00 x10°ms™
~ 1368 kHz
_3.00x10°ms™
~ 1368 x 10°s™
=219.3m

7z e T & Afenafe w-3 2

ISR 2.4
99 TFH o -5 1 W ST (400 nm)
Y ol (750 nm) T €1 I qT-<eA b gl
(Hz) § ¥ohe HiNT (Inm = 10" m)!

&l

TN 2.5 & AR, ST FhTET 1 Mg
c _ 3.00 x 10°ms ™

A 400 x 10°m

=7.50 x 10"*Hz
AT YehTRT i A

-1
y=C_800:10°ms™ _, 0 oty

A 750x10°m
99 TH 1 W 3G o €9 H 4.0x 10"
T 7.0 x 10" Hz T 21

ISTEITT 2.5
5800 A° T-<=4 ardl diet fafswor #1 (%)
T-HE& AR (@) g 1 T By

A fagm

&'
(%) qE-T&A (V) &I TOAET

L=5800A =5800 x 10°® cm
=5800 x 10°m

1 1
L 5800x1071°m

V=

=1.724x10°m™

=1.724x10* cm™
(@) A gfd (v) i T

c 3x10°ms™

= = 2800100 o> 172x10" s™
X m

\%

(i) g ! Fag ¥ fafer3or o i | serael &
TR (eRTer-fogd 9eme) ;

(il) M H AqIHE oF e o w9 H SEIRAT
RIECGER

(iv) ToeioeR gEge o d3d o T § 3@ MU
& Wy
€ YREed S wdl € o R oheet femelt

forere wen o € Sl o ehal 1 @i Fuiferd et

QT ST IS ! bl S Fehdl |

g M 1 dreft o ® 5 = 1900 H Heg
i g e UEd ST SealEd ST foento
1 IS I AR HI TE| AT X Teol 39 TRE
HT G T FA HE o T = e R

TR ey e W o T gaenta ai-Set
o Tafertor Scafsa &Lt ©1 3= a9 W fafetor &
IS I W o 9¥F 9N H el € W« a9 §er
ST € e T 3= (Ffren wehrer) sifre W o
I B 21 S8R & fou 5 R @i #1 v &
92t H TR HA €, T THRT 71 UEA Tooh! oAl Bl
21 SI-S9 19 Sgdl Wl €, S99-99 9 Afush o
Bl S B1 S 39 iR A fepen W €, 99 3w
ffeher el ferfertor 1 T1 Whe &1 S @ 31 5
a9 Sgd 3t el ®, a9 98 el g S €1 gheh




TAT] I G

1ol 71g © o ot fafersor fereht fagw A w arfuen
e e € qen g feret a9 W e fafeor sifen
e e 71 ereiq T aegen gR seafsta fafu=

39

fafezor Y o 1 qET-<e4 & Wer o ®9 H W
T o Th T T
TehRTST o T Fagid o SMYR R SWe URomHi w6

el ok fafentotl ot dieran sl o arg W FIeR
211850 o 37d Tk € A1 &1 g1 o for fafa= e
g fafifq aeqy afs fafa= o = &t & o ot fafa=
e o fafwor Scafstd wedt §1 THen Sifdfad a8 off
for @ forelt a%g =1 98 W gwrT (faga gas™
farferton) fafenfia feran e € o faferita oot &1 o
G UQ & WaEfdd Bl ®, o | SEiiG e ©
qM F 9T U B a1 21 37qUl SFSNTOr 1 HRT
g ® fop FramgaR aemor aeqd fafeeor &1 erqol
feriTe Bt 2|

TF T eyl fie 1 & YR 1 oIgfa &
fafereoll =1 T qoM IEfSa qen srEeifia i €,
HTOERT (black body) FEemdl & qe1 W fie @
IS fafertor w1 Tt Tafertor wed 2| e
o e h1E T el el e ik I ShitureRT o
ogd T BIdT 2| HTO0ERT ol Teh 331 il HiveheH
gen T o Tk 1 B € [ 2.8 ()] o T
&% o STeen 3T ®E gR T8l sianl a1 | fox 9 wow
F aelt wiE ot TR T ) ofad el | et
B Tt € AR o1 T TRl 1 LeR g STeRiif e Sl
21 pturh, ferfereolt it
F1 oTee Aeu off =R
21 3Gk e Hitorent
1Y URAYT o WY A
e | gl 21 7' fiy e
g § Ui ShE & o
I Sl Toraa L ©

ferd 28 (&) Pkl oot 39+ afEw @
STERNa S offl ookl ¥ IS Wb i A
(faferzor ot Tierm) qen U1 T | fomon shad
3Tk a9 R FR s #1 Re T ameE W, Sl
fafertor ot o ai-<ed o we@ o WY wedl ¢l TR
Toh -5 W T SAfshan el €, STk o qul-oed
% 3R SgH W I8 T Y Bl ¢, 9 o 2.8 (W)
¥ fe@rn T 21 gEeh Stfafiea S-S a1 sedl € ash
1 SFeS (maxima) oY TU1-<54 &1 IR TR 8
S €1 fafor 6t diomr %1 qaigEE o o ferg

HAlTSer oA el i S Hebl| Hed lish o 39
T o YR W HameHe gRkemg ur fean R
faferor o1 sraeioer IR Scosi fersl (Hfooepr i
Ol & WE) ¥ T TN 2| FE AMAR T
Jata fafeor o S o6 e el 1 SRHA-TH
F wd €| @ik 3 7 A7 fr fafwor el &
fafae (discrete) 9T | s ST Gehdl 21 TR wish
J A o T SR 219 Sheret fafaed (discrete)
el H el Sedted (A SEiia) w%d €, 7 R
3eRa &9 H| fog-gasa fafeto o €9 9 St &t
7 =q A 1 SedsiA (A SR B §, 59
WWW(quantum)WﬁWWlﬁﬁﬂW@
T FICH Hi Foll (E) SHh! TG (v ) o g
B 21 3 Wi (2.6) gN SR TR Sl 2

E=hv (2.6)

T>T,

— g

1000 2000

— 5 ¥l om)
forT 2.8 (@) W-3%4 digar qae

STIIaeRal feerish, h, i wiieh fee/iar &al
t kkgS/ Bm dkelu 6.626x103* Js Bidl B

FAEIHIO 1 Jor WG | @S 81 ° &1 T
2w off s difedl o fordt ot 9RRE W @
Bl Wehdl B W SHoh T W) o 1 UERE o e
o wel B W9 el @1 el w1 we fefafea
e | W HE f 8 Hehal € U 57 W ok &=
o &I A @1 8 Fehdll
E = 0, hv, 2hv, 3hv, ... nhv...

3000




40

39 fagid o IUR, wis FHiwe ¥ fafy=
il W It fafeor & daar-famon =1 smgfd
FYT -5 & HoH o ®I H AR HL G|

. W wlleh

(1858-1947)

e ik Teh ST Sfcieh! oTTeR
g1 3= w1879 ¥ Hf@
foyafoamem o dgifaew difaew &
i R, F S T w A

\ 1888 H dfer favafoame™ o
heae e forifesa fRfsea (Institute of
theoretical Physics) ® f1ve fgaa fee T
3k g1 fRu U Ferien foagia o ferw 3% 99 1918
A ofifqst o Ao [WERR 9 gefa fRar
IR ST R Aifaeht o o= e | off
TEwqUl AEH

TehToT-Tae awra

T 1887 W TH. TH 7 T 9gd &1 foraed Jan foa,

e oo agell (S8— deiem, wfeaw, difem,

TAIMR) ST Tde W SYIH ST ST Feh1eT ST |

St fot 2.9 H fem@mn T ©, soiael fieer §1 39

REEAT i WeRteT T wwTE wEd B T @ 9

W IR 39 WehR B

(i) g ! TqE ¥ YHRIYS o THIAA & 39 Hag
TaE Feherd ®, 21 UTg 1 Tae 9 geiee
FTShTeA Qe ¥de W YhITYS o ThIH o o
His TII-AA (time lag):lgqf Bl

(i) frmifaa oMl =1 W@ Y &t died &
T B 2

(iii) T g o T T Afvenefing =am gt
Bt €, forl <geft 39 (threshold frequency)
FEd € 3R foo0 w1 eafa W k- e yome
TR T B 7 v>voe~:nqﬁm¢ﬁwﬁqagﬁagﬁ
F FS A S B 7| TS Hell T YT
1 AR o TG o WY Tl 2l
IR TR YR 1 e IRafies Hifaeht o

Trami o SMYR R &1 i 51 Fenl| 37 ol o6 319K,

RTINSt TR0 T sl T AN JRMET 1 Aol T

A fagm

e
) -
fererg - :
o N
gt IREIRCT]
AN
EEsy

forT 2.9 T191 fagq-g9ma &S24 & g 3YaUII T
frafq ®& 4 T 4I1q F1 9% Ga§ W T& [A=q
rgfy arcit g Ht fERor evd 81 ey d
st (eIl gl 81 3 U qgees G i i
g St ST TfasT el T " Hal &

fieie et #1 TR vl ), Fereif weER 1 W
3R STH Gaiferd TSt Sl 1 S YehTel S direran
T T S Gl 1 T TE @ T @ fw frektaa
TSRl o1 T WIS s ditera W e et B, e
T gal i T St drerar W FeR @l e 2l
IR0 ok feTw, WY o Tohe W AT ferelt ot diera
1 AT T 1 TR [v= (4.3 9 4.6) x 10'* Hz] 3wl
Tk STl ST, <t off i Geh1ITeh Soiaril ol Frehta
&l ern ®, W 59 & diel 1 1 HH e s Tl
y=5.195.2 x 10" Hz W™ W <o 5 €,
TehTT- T v fe@ré 3 21 wieferm g o for
el 3T (v,) 5.0x1014 Hz T

foeq-gasta fafeor & @i o Faied fagid
T TN Y T SRR (1905) ThTel-Torq g+
F g H 9%A gUl

¥q 1 FaE W YR S F THAA hl HUN
(BISHT) o Gl ST T THS ST Fehell &1 ST 1S
AT el ATl Hie €1 o T oF Soided 9
THYA €, I T 1 THY] W qLa ael Tt
T B| BIEH 1 Holl TSt Aferes B, Sa & Sl
o€ IS i M 3R Frehiiea seteeiq & Tiiast Sl
St 9 sk @i e vl W, i gomRE w
TSt it forgfq-gah 1 Tafeh¥oT St ST o FRIAw
Bf| <ffeR T At I T STl by SR Seta
1 frepifid s o o stawares gam St hy (5@
wEEEA, W, ff Fed €) T ¥ FR (hv- hy)



TCTE MR
(1879-1955)

SR § a1 gu st sifqent
AR SToed S foreel o &
e ifceh! IRTRT & ¥ TH T
W 1 (W AR ST =g
o)1 ¥ 1905 ¥, 99 & 91 § ThH
a9 9e offFq o dehdiehl Wee o, a9 favm
ST, SIS i 3R Fehrer-forga worre R sU
Sk iF Wi 3 et o faeRr w1 sgd genfa
TR 3% §9 1921 H TohrI-Tagq 99E i SR ok
forg sifaert o Aisel R @ FEAIRE feman T

ISR T TSt Sell H THIARd e Sl B Sl
o &I (conservation of energy) & | =1
STIER0 id U T=hIfd Sl i Tfast Sl
TH{RTOT 2.7 BT S A

hv =hv, + %mev2 2.7

SET m_ TR T FAHM § SR v SEeRT o B
d |, sifuss dgar a1l YR H HiEHEl i 9Em
aiferer B ok aRoTeEET freREd geEe
e ot 39 & &t ger o sifve grn, e %y
Yo o YeRT K1 STAN TR T B
Taea-—<oena fafetor &1 ga =IaEr

ThTST ST U1 THH Fehfd 3 SACHT o THA STEH
1 Tearfa a1 Y <1 Tk T o 56 HioorenT Terferton
3R yehTI-fore[q quTd 1 GaTSS ARAT i, W
fqeRtor oTfE Ifereen S1 AT i S Fehd! of,
o T FfRETd T8l ol 39 S i 5 i F Th
& U™ o o 7 7 forn Sy for wehret o o7 3fR
T S S O B - 37 TR 1 g SRR
B €1 T ok STUR TR eH U € foh qehTer o’
HU1 & THH HER Hdl €| e 57 & | faferon

41

1 = T el €, 99 F' wu S e w=id
A | STa TafehToT 1 H=0T Bl ©, 79 T AT Sl
o1 (AfaRT R faeed=) geian 21 =7 iR fafewo
1 gaferd sl &l 2@d BT I8 Hehoudl TheH T3
off| S 1 U TR HH § HIB! THT oM Sl
AT N I, FS YeH wU (SH-SoiggH) o
TR A 5 SEER Yai¥T id &

30T 2.6

5 x10' Hz 3Tgfa ot fafeor & T A
I 1 Fell i TUAT SHifSTQ|

&l

T ®ieH &1 S (E) Fefafea g g/
& Sl B

E=hy

h =6.626 x10°*J s

v = 5x10"* s7! (fam )

E = (6.626 x10°* J s) x (5 x10'* s7)
=3.313x10"°4J

T A HIHl i el

=(3.313 x107'? J) x (6.022 x 10%®> mol™)
=199.51 kJ mol™

SIMEL0T 2.7

100 92 &1 T ded 400 nm et TET-5 &
ThaUll YeRTel ST YAl ©1 W R Wi
Tohs IMSId Bl sl T&T i AT HifST|

&

ood i fogd-vfsk = 100 9 = 100 Js™

T& ®IeH &l St = E = hy = he/A

_ 6.626x10°* Jsx3x10° ms™
400x10°m

ARUT 2.2 FT Ol F AU wEEET & WA

arq Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2.25 3.7 4.8 4.3
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=4.969x10"°J
IGSTd IRl ST HE&

100 J s™

m =2.012 x 1020571
. X

30T 2.8

SfE 300 nm TI-<A w1 Tt ifeaw omg
1 T8 T THAA 7, @l 1.68 x10°J mol et
TS oIl SR Scated B §1 Gifedd o
SR o fTahtaq o fau &80 ° &1 foat
Foll STEvEs enit? fRdl eI soee o
IS o foru siferkad qen-<=d @ Bl

&
300 nm A 1 F91 (E) T TR 3 S 8—

hv =hc /2

_6.626x10* Jsx3.0x10°m s
300x10°m
=6.626 x 10'7J
Teh | Bl i Soll
=6.626 x10™"° J x 6.022 x10>° mol ™’
=3.99 x 10° J mol
Aifeay ¥ T A a1l o s o fag
eI =AdH Sl
=(3.99-1.68) 10° J mol"
=2.31 x 10° J mol™*
Teh SO oF foIT STEedeh =[Idq el
_ 2.31x10°J mol™
"~ 6.022x10% electrons mol ™
=3.84x107°J
THHT G TIT-354 39 YR ehfi—
st
E
_ 6.626x10°'J 5x3.0x10°m s’
- 3.84x107°J

=517nm (I8 & T & Y9 4 Fafod 21)

A fagm

ISTEITT 2.9
fendlt o1g 1 el 3R v, 7.0x101s ' 81 AR
v=1.0 x10"° 7! argfa aren fafwwo &g >t
Tde § THUAN €, dl ScAfSTd Seie i TS
Sl 1 UM o)

Kyl
S o FHIHIU oh STTER TS st

=1 mev2=h(v— v,)
= (6.626 x10°*J s)
(1.0 x 10" s - 7.0 x10"* s7™")
= (6.626 x10™°* J s)
(10.0 x10"s"'- 7.0 x10"s™)
=(6.626 x10°* J s) x (3.0 x10"s™)
=1.988x10"°J
2.3.3 ddifea* g eh SHell @l o
faw guror ;. wrETfUae et
TR 1 T W HEEH T GHfa W R e @
S =78 ol B1 Tk HreAs ¥ T deh T W TR
w1 TR ST g1 U9 W g St § St Srudfiid
(refract) SN %I
ien o § 9% TR i foR 1 TORA | 9%
@) T TR HH -8 Y qU Sal aT-25 i a
FI o | s g St 2, il Weme gt
TRl § 99 W H gl q-Su et a gt 8
TS Yol 1 Toh01 TA Tiedi o1 Tk §@en § thel
Sl % fog @aajzr (spectrum) wed %I e W,
et ar-oed g stfues Bt 7, 1 foaer wed
H0 AR oY HH RIS ol ST T T e
Her Uk Bl ¢ Whe T 1 YR, S g @ <
2, o e & WH 7.50 x10"Hz % ST @1 9
WAL 4 x10"*Hz o ol T qeh Bl 81 36 Targd ol
Hdd @Tﬁ'ﬂl (continuous spectrum) wed %— Hdd
ghfert, ifer S O Hel T H I Fen et W H
firetan €1 o= Tl o = off UE € Bl B S ST
T SZe ST €, e o U € e R < #1 AR
fau fF 99 vt fae-geia fafeon &1 & 55

* fepelt o o forw fafes (discreat) wHi o fdey i FEETEROT wed 2



TAT] I G

B 9 B ® (T 2.7) 1 <o fereg g fafereo
T o WY ST T el B, T 1R 310] 3
Foll ShT STEINTOT T Tehd € Td oo Foll & W g
S &1 I Sl W W A Sl e | g gl A
e HY Sl ATl Afueh TRl dey e § oied
g, @ 3 foga-gae g g & fafv= & & fafe
I F B
ST qAT TAVNTUT TeT
ot w19l O Sl SAARI0T oF 9] Scdford faferTor s
T Segl T’ HEeAdl 1 qLHTI] ST0] AT ST
fafertor o srawioy W SN 8 WK B Soasi
TR W A & fay fedt gfasst &1 ™
teren fafereiom sieh Seil < Wt @ SR S giieel
AN Sl o1 TSR il €, d Scatsia ferferon
1 T-<=d (A1 Aga) & Repid w1 femn s 2l
STARMY0] T IS THaeH o HIRUTh

friifea 1 qE i1 ©1 519 Teh Had fafemtor 1 afest
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W STl Sl 7, @ o Tl 1 5 au-as &
TSI T A T KA R ST fafshaor ki w
o -S54 eI T SEH W el A1 R e
% ®9 H Y= g 2l

IS A ST TagH o 3TE ohi TeifH
(spectroscopy)ﬁh%ﬁ Bl S\ SW &q TPJT%?Q’TI
YT 1 TaH Had el €, Fifeh SHH 39 Tl
H A ¥ T q g q-oed sufed et g
7ok faudia T stercen o WAL 1 oS Weeh
A W T q-eA | T ®9 9 98 e wman
?, T STY cheel TRy aRT-<oAT ol WehTel Sedteta
Bl 8, Toeh o= o el T ®d &1 U Teed
scafea fafetor waen ¥ suehiel W@msh & &9 o
W g @ (Fs 2.10)1

TR TLET o STeaA H TET-Sedeid Teey
o1 T e Bl 81 Yoeh a1 3791 T faw

forT 2.10 (%) WAITNT IEST : BTESIST WATTSH (1 fodt 3R dwe) & S9foia Flassl gRT Seqford FeT9T &1 T
o0 © AR feifeed ae-3=al &1 @i § g e Sl €1 3 Seqsid Tag, S gL ai-35al &l
BRI GG=A g1 €, 1 ‘3@ Waen’ el 5 81 fhdt FAfEa SR & Wlaqel 9 agd sifd qe § wEr
gid &1 griifs $IE T WA [5G Uk GHT T TF & Sford st 9 g wehdr 8, fhg wapen & gyg 4
Tt Gy FHfeTa ST Bldl €, 5 4 WA 5 SHoll-wR W S 8, df Scdferd FehTel & Wazd e gl g
(@) THUAT SIENT: T TS FoH79T 1 S7gaiferd greglod WAy & fwgl i@ifog (slit) 3k fex fisw
T TSR S @, @ 91 gH F Fo w-s=qt (S faT 2.10 F F 3caferd g8 o) #t digar &1 1 gl sar
21 7% ggfeq wagn off U @ Waeq gl @ iR el Wagh &1 B frifed giar &
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TE1- 3 TagH Bl 81 TEEfTeh faver o § oA
TFH T A IeeIoT Tt ST TRATST i TeaH
& foru @ wR S o @ Wi ®, N9 weR
el o e A= i 9e= o fae s9En |
AT S & A < o WA oSSt Tagd i
et w1 gened fiee o ufasel i f@net 9
Tl TeaHd ok foTw o g9 (1811-1899)
weged o

welfgam (Rb), Sifqam (Cs), Sferaw (11), 2feam
(In), Mo (Ga), IR hfead (Sc) enfs axai *1
WISl 79 e off, 5Td 3ok @Sl ol TaeH! favers o
e T em @ H e (He) T &1 Sufedfa ot
et fafy g o &1 TE e

BIESISH ol W WaH

e erEgrer 1 H ferg forast yenfea fepan s 2, @@
H, 379 Toaifor it 3=a Sell arel S1egieH aeT] 3
&, <t faferer srfl aren forga-geesta fafenton safsa
F 2| TS TEeH | et # wE Sfwt B §,
i SToh SMfeTehehl o M § STHT STl 1 SR 3 T
1885 T TAIfiTer Y&Tol o SR R aaren foh afs St
T@Rd  T-TE (v) o ®9 H H e fRar S,
S e sz A A A1 v ) e
T 5 S ST Thel B

2 32 (2.8)

el n T quiier §, TSt 9 3 =1 3 9 etferm
Bl €, Ui n=3,4,5... el &l

39 93 g afta @rst & 9 9o’ (Balmer
seﬂeS)WW%IE@WWﬁWQﬁTW
1 YEd for[-gash i Tiagd & 39 &9 ° 9w gl
B e & TH W omie wierw gt J
AT fF TGN WaeH & |l gfvEl #t @
frafafed 33 gr1 <@l S Fahdt &

- (1 1)
v=109,677 Ln—f—g cm™ 2.9)

v=109,677 ( 1 i) em™!

TTI%anl=1,2 ........ %Sﬁ'{n2=nl+1,nl+2 ......

109,677 cm™! o TH hI TESSH H Rgant
feertieh (Rydberg constant) %&d & n=12234

A fagm

3R 5 arelt YEnet w1 ute SfvEl wuer: @
(Lyman), STHY (Balmer), 9RT1 (Pashen), e
(Bracket) T %% (Fund) ST et %I

RO 2.3 § SRS Weed ®i 3 At e
€ E fot 2.11 T SRS WA Y AEHA, TR 3K
e ot o weRwol w1 fe@rEn w2l

WU 2.3 UIHIU] ETESIS aht WG 1@

Sroft n, n, et &
SIFUE 1 2.3.... T
M 2 3.4.... 79
R 3 45 ... 3T
ehe 4 5.6 AT
e 5 6.7 S EEER|
U= o v el e sl e Ag=t-g
n=5
ﬁ“ﬁl’ﬂr'lﬂ:;\‘
+‘h( T e
e Aol ()
h A )
EEEE
e Al ()
YYVYYY n=1

e 2.11 @Isgio AT § 3iagia o GeHHI (T8l
fraré ¢ &



TEW] G

BIESISM o1 @l TWaed gt a<all o @ ey
F1 go H Fed Wl Bl T AR e 1 i@
Taen sifue Sfeat g 8, g Tft Yo wegHt &
FD AU FHF BIA B - () Tk axd sl @l
Tz fo9 YR &1 BIa1 @1 (i) Y% q<d o @
Teen | frafiaar gt 2

3 FE Y 31 © Toh Tk S T 0N 1 M
HROT 81 Tehdl 87 1 ThT Taiel 3 awall o TRATuedf
H1 AR AT 9§ BIaT 87 39 YhKW o UI o
IW A T T EH ST & R 37 g9l o S
¥ B4 T q oh TWAIS i SoleRlh HCadl i
qaeE o gfaen gl

2.4 EESISH UTHI] o g &l dige

BIESIST TXHIY] i HE T S8k THaeH o |

AL Y TEeA HETHE AT e’ 9R 7 99 1913

T | S h oh ol oh FAIHIT i AT

F1 3TN TR @y IR fagia snyfie w@ien

FART &1 o, qeNfd TXATY] HEE qe Tl | +e

Al i TehETd ®Y F THSH H 9T STAM T s

bl €| SR o1 Hisw fefafad sl el

T

() TS Y] H golee, TfaE % 9R wWE
ffera i oIk St ot IR it H 59 Fehr
R1 37 IR Ul 1 BH hel A1 T syeee
I SIAT ol TR Fed ¢ A FHand faw
IR AR Hehsd ®Y § eieed gl gl

(i) HeN T T H ol THA o WY &l uRafda
B B, qenfy i el e Tl W) 9 3=
TR TR W 9 ST, 519 98 393 3ol ol
TR FHOM AL TAFLA oh Iod TR TR
¥ 9 TR W A & 9] Tell 1 IS g
(TR 2.16) | Seli-TRaET Haq aldeh | &l
B 1

(i) Ag P STqX dTeft S T TaEeqeq o HehHul
% Y STENifyg Stuan Scafea fafwwor =i
frfefaa 9 o f&an s ek 2-

_AE _E,-E,
h h

(2.10)
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7 e AR

(1885-1962)

2w ifqewt o He ar |
T 1911 ¥ FIUTRA faeafaame™
9 el T 39 T80 1| 36k
% 3= S EEE @i ere
TEIHIS oF 121 T Y foamnl |9 1913 H 3 HiUTeH
e, Stef o Sfeed @1 =T 1920 H sfesge sifw
ferafeswa frfsea o feems o1 vom fovags o
€ IR 7 WA He o AUl A o faw
SEEYES w1 fRall 3% ¥ 1957 ¥ 'Atoms for
Peace’ FHM W 37T T 1922 H &R I Hifaent |
e QR FrEIfd fohan T

W E, 9o E, HA: T 3R 3= o1qHa e
et €1 T GO Sl ST T AT
Trem et S 21

(v) TR w1 FO wET R e E A
Tt ofeen H 38 frefafed g & g
Tt S ekl 8-

nh
mevr:2— n=1,2,3..... (2.11)

T

Gﬁ‘me'sﬁﬂgﬁaﬂm, ‘v' o g ‘r’

39 el w1 e @ foay o gEa 2

3Td: eh AR ohelel S shedl | S Tehell €,
TS wIvia Hem &1 91 h/2n &1 qUlieh 0T BRI
T 31 § HIvfg Hav FEifed B 21 Sa gl
IV ol oh ol Tk Falfed A &l DEHT O
M YIS 3l € d faferTor sh1 STeRioor Sfea Scdsi

Eauieiec

519 7R 5o (m) 3R ek a7 (v) 1 PEHA
g Form 2l 7, ST YRR HIviA T (angular
momentum) SE& 30 (1) 3TR HIUHA T () T
OIS B €| m FAHE a1t e & fae, S
ek o IR 3R (r) oo 1 JameR Fa § 5|
@ 2

HIONT AT =[x
Wﬁl:mﬁﬁ 3ﬁ'€m=v/rﬁ%’fui‘f@$a‘1%

3T RO HaT = mr®xv/r=myr
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BT 81 o1 Heree o Terg Sk g fagid @8t @

&l eran 7€ wRu ® T oo fHivea e € o

B 81 SR ot Tl el ot Setietl o fereret o

fowa & < T fasga SRRt ST! Sifee @1 3T SH

3T T HeElSA | GHRE S| GR f9§1d o STIER

BIEgIST AT ok foru—

(%) ToRA o fou Tl saeensi i n=1,2.3...
% GRI R fRaT TN 21T Rl W WA
FdqeH W& (principal quantum number)
FEN 9@ 2 (TS 2.6.2)1

(@) TR srawenet i st & fr=fafed wu o
Wi feman S 2-
r o =n’a, (2.12)
ST a, =52.9 pm 39 THR TEeH TR e,

519 “9R men’ el S 2, #t Bedn 52.9 pm B 21

HIYROGA e IHN] | Seoiae 36t el (n=1)

H 9 W1 €1 n S 9@ o 1 1 A dedl 81 SR

I H, selag s ¥ R Sfeerd B 21

(1) TR Tl Fed HeTaqul U7 T STaen
=1 o 21 39 FreAfefad g grr e s 8-

e
n

Eidl R, Eal et feerian, (Rydberg constant)
Fed Bl TR WA 2.18 x 10-'8J el g1 fread
araeer, T8 ‘qereer staen’ (ground state) ot Fad

Wein=12.3.. (2.13)

. 1
2, %1 Tl E,=-2.18 x1078 (777) =-2.18 x101J 21
n=2 oelt TRl sEe o fau S E, = -2.18 x

1 .
1078 (57 )= -0.545 x 107'%J. g fo 2,11 °

BIESISH TXA] i faf— Tomeh staenstt § Set-w
1 Fotetl 1 @ T 2 gHen! (Se ®R e’
HEN Sl 2

Sa SR A o YA ¥ Yo Bl §, 99
ol 1 HH I T S @) uE feafa o soreeH
&I H&T n=oo 1 TN srereen § Haferd &l @
TN ST ETEEIS UTATU] el &1 S S
Ty R SRt T & qe , el H Sufterd g

A fagm

2, q9 Soll 1 SeES Bl © 3R Thh! el Fre
STt 21 TR (2.13) § k0T Tog 6 Hor giar @
IR 3T I ol HI G SN M n= o0 F
oo W gEeh T i gwiin B

BEEISH WA o fog swuneres seteRifen

et (E,) o0 @@ ored 87
BISSISH TRHTY] H T 999 el § goraed o AF H
U fog B 2 (W 2.13) 1 I 0 fag
Tl €2 39 1 Tog @1 e e ® fop wwmngp
TSR 1 Sroll LR TTE | T Soigeq ° %A
Bl TR (rest) 1o § w0 TR 98 oo
g 8, S AfE W ord g W el ST Sl B
I | fern s 1 v H ggent oref 9w @ fo
THH (2.13) B n=o W N, 584 E= 0
WIS Bl 21 S 8 geleid A1 % U STl @
(S¥— n ¥ 8), o9 & E, &1 fRua W aed
ST ® SR FE Afueh HTcHsh Bl STl 81 9 n
=1 @, 99 o1 1 AF Fad AUk RUTHS Bl
2 3R 7' wen wag sty w@rh B 21 g9 =
‘qeTeY 3YerEeN’ hEd B

(%) TEgSH 1] | Sufterd Uk e o q9H,
I AT, TS oherel ek SoteRie Bial 8, W ot
IR % FaGIq 1 AT feman ST Tehal 21 SN
He* Li?*, Be?* SIS | 39 WhR o 3T (BIESRH
& HuH Tl e ®) o Hefid e
srerEenatl sl ey frefeiEa g g
TTITW% :

2
E,=-2.18x10"" [Z—QJJ
n

(2.14)

o

= &1 FrfaiEd T g1 & Sian 2—

52.9(n”)
rn = pl’l’l (2.15)

zZ
Sl z W] wen @1 gifeem iR efiform
TRATET o fTT SUeRT A HE: 2 SN 3 {1 Wk
efeRton § e fafed & for 2 o a5+ o W el 6
M 31fueh R el STl @ qen e &9 81 ol
21 3Rt 31 I8 © fop gt e § gadrgesh s
g 2l




TAT] I G

(¥) 3 Hensll ¥ Tid I U Seraeil o ol i 0T
FE f gva 2, iy oo fau S
eitehToT 21l el & T {1 qoieHes &9 9 e
W AT % 95 o W1 I 1 T 9gdl B
A A T el o G o WY I8 Tl B
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1 1} B

o |m

oy Iy 2.21)
Wﬁﬂ?}[ﬁngniaﬁ'{ﬁwﬁﬁﬂg

T oFTeTE It © q Sl 1 STEuhuul B B

= 1.09677><107£

2.4.1 BTSN oh IET WaEH hi ST

TR o Hied H ITAR Feh GE 2.3.3 § Fa T
BIESIST THIY] oF @1 TH i ATAT AETHE €9
o ot ST Hehdl 1 IR o SR (ii) o STER, e
W 39 Y& J@eH W&l hi Hel ° T wH W
faferor (Stt) &1 SreRivel gl €, Sefe fafeo
(Sett) 1 IS Zelae o 3= 9 11 Fhan &t 3R
TAR T T T TR Brl ¢ I HenSA ok «ie ok
S o 3R i 36 HHIHTOT R T = ek @)

AE=E,-E (2.16)
GHIHTOT 2.13 AT 2.16 H1 Sgd W

R R .
AE=[—n—§j-(—n—§‘j (STl n, T n, SHET: STRATR
2 :

1

IR Sifem wan B WA w §)

1 1 _18 1 1

f

THEHTT (2.18) 1 ST Hich TS oh TN
T Sces W Hafed S (v) o1 qeieh fohen S
Herdl B

AE R,(1 1
"TTh TRl TR

~ 218x10%J (11
6.626x10**Js\n? n;

2 2

=3.29x1015[1 Lsz

2.19)

T W-HEeA () T°

_ v Ry(1 1)

V=_=_ —_———
C

ne\?

©3.29x10%s7 (1 1
3x10®ms™

(2.20)

2 2
n. ng

1

T 3R IS WaeH | n > n, BT, AE FOTHR
BIT € A Sl o el B

geferTor 2.17 gt Tt 2.9 & S €,
59 39 99 R ST YRS kel g W
TR T ol Sk STCTaT BIEgIST URHTY] o STaSIyoT
Jo IS WA § TS WaeH W T faviy
THAU o G eI B hE BRSISH WS %
Tt 7R T %S G99 HHAY 3@ S T § 3%
# dod 39 aa W) AR wdt ? R uw ww e
T34 1 g ool ferad ie Srewifyd
Seafsd e 2

3ATEYT 2,10

BRSNS TH] H n=5 3R W n=2 3Tl
I GHAT & SN SeArSTd I i A
IR TA-<A o B2

'
Hifem ni=53ﬁ'{ n,=2,

37d: 39 GHHU ¥ IR 0T H Ueh TeH @
I Bl Bl

TR (2.17) 9

AE = 2.18><10’18J[5—12—2i2}
=—4.58x10°J

T IS ST B

T HT TG (H1l ! TRATT oF €9 9 T
BU) TE WhR & ST Wehdl e—

AE
v =—
h
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_ 4.58x107°J
6.626x10°* Js

=6.91x10" Hz

_c_ 3.0x10°ms™

S =434 nm
v~ 6.91x10"“Hz

ISR 2.1
He' 1 99 el ¥ Tafod ol i UM
HITST| 1R ST o 56 e i B 0 g

'
2.18x107'8J)Z?
E, = —( . 2 : atom™’
n
He'&faw, n=1,Z2=2
-18 2
E, = 218x107R7 _ g 75, 1010y

12
iRt 2.15 W e H1 e & S 2l
. - (0.0529 nm)n’

n z

JfeF n=1 3R z=2

. - (0.0529 nm)1®

" 5 =0.02645 nm

2.42 SR WA okl AT

7O HIE Weg el h eRSST WH] %1 §R Higd

TGS o AR Aled ¥ g A1l RIS 1]

U1 T SW 3 Al (S¥— He', Li>*, Be®

3AME) o W@ T AN Tl i e &Y

Hehdl o1, Wik aR 1 Aiea fefaraa fagst &t

AT &I hL Hhl|

() ufspd Taedt dohihl gRI U Seg e ey
o & G [f5® (doublet), 1o qE-99
feera < @] * e w6 ° fawd w1 aE
TiEd TR oh Tl T THIVST oF Taed
#I e w0 ermd @i ST & fo,

A fagm

Eiferem ], fSraw sheret 1 Seie[ e €, 9
o1 fagid gaia & o TeeH d@ret o faared
(S gwm@E) = fagq &= & sufufq o
TFH @Al o faures (Weh-99d) &l T
| ot fawa @1
() Fd H, T8 Warsti o U STl gR 1]
TAM H1 AT FHT A A& FL GHI
e s s T 5 6 e
T WA o A AN I AT HT Hon |

2.5 UTHTU] ok ST AT AISA i 3T
AN A I A Hl oA H WA gL IS 6
fau stfuw Suga iR FuRe Bied o faww &%
v fRT U 39 YR o Hied & o o 59 9
HEqUl qei W e AnEE e, 9 fFefate §-

(%) 54 FI 5d FGER
(@) BTgsiat 1 SAf=Eadr w1 faga

2.5.1 g Rl §d TGN

Wi ofifeer o= § vl 4 9 1924 § wiaiea
fopan fo faferor &t e %7 1 +ft a8 =R T=iie
FHEA AW, A FA H H0T a2 T— IA W& h
o1 B =few) 39e 21ef 7 ® foh g wE wie &

T e
(1892-1987)

e iR SR e < sl
7 99 1910 o IE § F@H TN
R zfaer® venl gem favaas o
A e-sEroT & fag 3Rt
g g1 39 9. faam
ufa St B9 S e T E
1924 ® 351 Ui favafasmea
o SLug-H. &t IUWY 9 F
T 1932 © AT STEHRR W § T 1962 T o
Ui fovafaeme o s @I

T 1929 § 3% difdent § Heel [WEHR Y HL ok
grtAd foRan




TAT] I G

ol Wel 324 B ®, SE dE Selo 1 off Ham
3R TaT-3ef =T =few) Sielt 3 39 aeh % YR W
ferdlt uerel o 1 o foTq -2 (1) e Ha (p)
& dre fAfafed 99y aamn—

ae b

mv p

&l m U 1 FHEM, v SHH O R p IHHI
Tam ?1 2 sifelt o 3 fomm w1 gty g ad g8,
e TE 2@ T o geil o G o1 faerd g g,
S AT T T B 39 THSIa o SMHR WSl
sl A1 A e A 38 e
W 3H YRR A ¥, T R e geneet wt
T YHW HT T YHEA W a7l smyfin
It wg-wEl B soiee gedeell U wewyel
YR €, Hifh Tl fendt sifagen o) Wi 150
ARG T TS HIoh @1 W okl T

Tg M 3 A 9§ fF 2 Sl & SR
Tereh Tiasiel a%g W a1 o el B g1 WERo
TGSl 1 AR FATH BH o HRO 3T Helfud
-2 3o A el € TR S a S Tl T
fSTeRT 59 915 ®H Bl 7, W Heiferd d-SeAf b
A gR TE=E S ?1 ye H fRw T ufomm 58
TS w9 9 fag w2

(2.22)

IEEATT 2,12

0.1 kg 599 3R 10 ms™' 37 @ 7fd wT &
T % HT G- 7 E?

'

3 St g (2.22) & STER

h  (6.626 x10>*Js)

~mv  (0.1kg)(10 ms™)

=6.626x 10 m (J=kgm’s?)

IIEAT 2,13

Tk T 1 59F 9.1 x 10 2°kg 21 IR
T TS S 3.0 x 102°J €, o SEeh
T o B
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Tl

<Jfe e it = %mv2

[ZXWW]UQ
v=| ——M

m

(2x3.0x10Pkg m?s )"’
9.1x107°" kg

=812ms™!

A=——
mv

_ 6.626x10*Js
~(9.1x10™ kg)(812ms™)

=8967 %10 m
=896.7nm

I 2,14
3.6 A° TI-354 W@ aT] U e oh SHAH
I TOMT SifST

&l

L=3.6 A=3.6x10""m

I &1 o = YehTeT T AT

h 6.626 x103*Js
m=— m =
Av (83.6x10°m)(83x10® ms™)

=6.135x 10 P kg

2.5.2 BIESHeA Rt TfAiveaar fagia
T 3R fafRTol o I FTRR & Foa®d T SHA
iferes AeAfeh TR eEortent 3 9 1927 W arffyeraar
o1 Tagia f<om s9er ogaR, fodl soise™ &t wel
feerfa 3fi @&t o o1 Fuftor T WY w e e 2

Axx Ap, > -

an (2.23)
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37e7aT AX><A(mVX)2L 3R AX XAV, >
4 4dtm

Wl Ax w0 i feafd § arffesaar SR Ap,
(Ap) TR (31era o) § SAfefaaar ¥1 36 STER,
forelt soiee =1 Fend feefa ik gene am =1 fuio
Tk T HIAT SIS B1 W TR H, IR gelaeq wY
foeepel wel Teorfd 9@ B (Ax &9 ), q9 SoioH
a1 H e (Av,) sAfee g e W@, A
TeiF H o faaga WE 9 € (Av, FH B) @
TR @ feafa (Ax @Ifues) aa =21 gt 39 YR
IfE goree i fefa stean a1 W %o wifds @™
forq <, < g5er RO BURT e ST € e el
e sl 1 T 33— & g 9gd IT=s!
TE T S Fehal &1 WM ofifeq fop WX o foreht
sfafed TR 9 fordt Sr 1 AR R % fag
HTTY T Sl &1 79 Y IR Het 8t 2 hiS
1 WeE I WE-WEl A ok foTy SUeh] IS i
HieE 9 hH Th1S ol Tafgd STHIT T YA HET
BT T YR Toiae &t feufa &t fuifa w@ &
AU oUehl T UW UM T savashar g, fgen
SIYMH T i fomed ¥ S Aehl | 81l 3ol
1 Feafts ST et o o &9 T8y o fereg- gk
faferor gRI WeTw AT BT YYSR WehTSl R qR-oEd|
TeiR 1 formall @ 0 € =fe, Wy UH Wbt o
I &I Sell 9gd Ay BRM| TH YT o1 3=

. h . . .
HaT (p=xj Tl Il S | THUT W STH!

ot o uftedy & 3w fregde 39 ufean 9@ '
soige &t feafa af Se-dt fuffa X o, =g
THTA 1 fshAT o IR BH Ik o o 9N H a4
HY TEEHR B
rtfY=raar fagia =r ug~a

BIESar o AMY=dar fam &1 T gewqui Higared
e ® o 71e Tram fafvsa =nt =1 yev g (trajecto-
ries) o 3TRqa 1 Ged & ¢ et fie &1 yay
Ty f=-fa= =1 W st frufa g 9 9 fauifa
foran st 21 afE &Y forelt fodiy &or W w fie #1

A fagm

fearfa w3 qen 3@ W 39 &0 FE H © Tl Bl
S 81, 9 98 odl Wehd & T °1% oh fohdl g9
o fie el W e 21: g9 I f=p feprerd € T
fordt e =1 feafa wa 9 9 391 y8u-vy fAfy=a
B S 1 <R TeeeE Sg R st e
& fou w1 3Ee! feafa wd o w1 e fedt
&o1 Frenefan o fepdll ifisd &g aeh G9a el 81 gy
TARA o FET-UY & aR W 9 K G T 2

Bgsient A=Al fagia &1 uaE shaa gad
ot =t fa & forg 2; o et & forw 7@ g
A= EreT 1 39 ST W TS U ST Tehdll

g T Ao (10°kg) F9H am@ fis W
sty fagia o e S,

AV.AX = h
4n.m
-34
AV AX = 6.626x10™7" Js ~ 10 m?2s"!

" 4x3.1416x10° kg

Y Av.Ax 1 HH FARIF FH TS 0T 2
TEfAY I8 el S Hehal € Tor frefium emer o fUet
(= 3uw w2 fiei) o fou four w1 999 des
srfafyerand ferdt areafaess aftomg =) =Y g

THU T 3ot o 9H gad fie & fag ur
oA TR Atk el 21 UE srffEaand st
RO T B #1 SEEng— TH 9.11 x 10°kg
S dlel 3o o foe grgsHent Affy=aan fagia
o ITTER—

AV.AX =

T.1m

~ 6.626x107°* Js
4x3.1416x9.11x107°" kg

=10"*m?2s!

T ey T8 © T afg soeeH w1 we
feafa 108m 1 Ff=da % =1 1 999 S
FHI S, @A H ANREAd Av FT HH B

10*m?s™

10° ~10*ms™
m



TAT] I G

g Sffraad 3o sifuss @ fF solee™ & aR
Hefsti § T HIAT G A i FoRErd STaERON 6
YTHIOTeR Tiferd Y Teh| 3Td: gEent 31el o & TR
T i ferfa U@ @awm & ufiyg e =
yifgerar e | ufawernfua Em R, ST U
T 9T T W9 e WA UT W@t § uE
T % FeleH Fifeh! Hied | Bl B

T gTESHeT (1901-1976 )
R e T faateEer
T 91 1923 ® fifeept ® drue e,
I UMY YT 1| I=IH q9 Th
o Herg o o T i | qe
o o9 1 9 B H A IRk

- e S Tohal & B 1927 9 1941
Tk ol T o sifaest o wrheR @) fgd favags
o SN o WHIY] 90 TR SHA STEHM o FAR o)
T o S8 S TSTeH § et & By il TeH
o1 Tserer =fd fowan o 3 U SH-A veariEt
91 9 1932 § 5 wlifqent o el qEhR 9 foRa
el

IETEIT 2,15

Teh YEHsEl SUGa TSI 1 SUANT hich foRdll
U] § Seieed i 0.1 A 38 o SFaia IHehT
feerf ST = o W 21 €1 e = A

o fafifeq stffveaa == 2?2
&l
Ax. Ap=£ or Ax. mAV=£
4n 4
Av = L
4. Ax.m

e 6.626x107%* Js
4x3.14x0.1x10"°m x9.11x10 kg
=0.579x10" ms ' (1J = 1kgm’s™)
=5.79x10°ms™
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SATEXUT 2,16

T TIIeh i 718 1 SATH 40g T TMd 45m/s
21 3 IR BT 206 AL S e T ST TRl
7, < feafa o srfafyeaar =1 o sifsT

&'
T A 206 1 A= €, el
45 x i=0.9ms‘1
100
THERTOT 2.23 T STATT Hh

h
4dtm

_ 6.626x107* Js
4x 3.14x40gx10 kg g'(0.9ms™)

=1.46x10° m

S TR A AR F A hT T
10'® o 9T ¥ SIE1 TR S ST T § Y
Full o fau ff=an fagia aRes am= =
H1g srefquf dm faeffa =& s 2

T Aed i fawhear o ot
379 R HigH i faherar oh HROT i AT GHS Hehd
21 9K Higd ¥ Tk Seioe i Teh ST 01 o &Y
o Ty o I/ SR fAfved Jameer wanstt | guan
B3 WM Sl 21 39 Higed H Solaei™ o qRi-a1eio |
w1 foar & fFan T 21 59 vy g0 e adf
Renfr foran < Hehen €, <& Solaea 1 Tl feorfa
AR T - A T WU T Bl e o
Tagia o SITEN, UE §9e &l 81 39 YR R
T HT IR HiSd 7 had 3 o el AIER Hi
IAIEN Hel 7, Sfeeh ‘greetent’ iffdar fagid &
fawda ot 2

TH YR i TES HHASIE oh HRIT G- HEA hl
3T TS W AR] Tl foRA S WehTl 3T TAI]
HEA o 91§ TH fa=ri &t stavasd o, 8 ura
TRAW] Higd T ok dA-HU A el TR R
‘greser Siffyeaar fagia’ o o EY 7| TH Faen
T oF ST g §9G g3l
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2.6 UTHTUL okl galeH difAchtd AT
ST gd e ¥ SqeE T ©, e o Cfd & Fremt
o TR R fowfaa favema =it g/ e ugef
(8- fiRd U R, =kl oM §U Wl 31R),
fSTTeRT SRR U1 TG BT §, T IR 1 Fherdgds
Ui fFa ST gl 7, g w9 5@ stfq gew o
(S8 golagl, STupetl @ik wamEt) W an fwe
S 8, o € foawer g S @1 TH 8 1 Rl 98
2 o foramg =ikt %9 ®9 ¥ STTREH HO o
T HIER i Gehoudl ae TH¥=adr f-am &1 Suan
Il 81 o4 ok el HGER i S | W@ farenfad
foqm =1 saten Afeht (quantum machanics)
FEd B
a1fa gew segenl s it 1 erera foman S €, S
T R FH1 Al ok 07 @t 1 9w el aeget
Tfq o el o e St 81 S Saied AT
Tofet aegatt (fook fere ot o7 eafamg =i €) ™
o] TR s §, a9 fergma aifent o aftommt S
& it 9 B 2

T 1926 H o gEeHe SR 3 gifesw g
S-S Fien Fifsren! 1 faerr fman T a8f W
T sifesk g fawfaa ‘saieq =i’ w € ==t
FH, S a1 T o forERl W oenenia 2

Flen AR H T THRWD SR gR
wheartea feran e sHeh forg 5= W 1933 ® ifeert
FT Tod [EHR YSH R 7@ I8 g, S ]
el gRI Sa, T ugred o Ul SR a o el
SRR i A W WAl ©, Il Sed 81 SHhT gl
FH & fou 3= g 1 aRuee I g STavas
21 39 gt w1 i feEl ® o 56 & 9"
U< &l o aR H MY AW HT Heeh § uei|

W e (SH— T T 91 370, SRt St
T o WY uRatdd el et §) o fau sifesR
GHIHTOT 1 T TN for@n S 2—

Hy =Ey

i H T T §Rek (operator) 2, s
‘e’ wed 71 gifesr o s fo fwm =1

A fagm

HA o1l o oA W T HhRh i oy fo@n
Tehell 21 fordit fehm1 1 e Sooll, ST STTTRAIER
FHON (SeieRi 3T AR i T ol soral qe
fep! o o9 STREU TE fqeruul fava ¥ wafud
21 T8 THIHLU o B W E 991 y o §F WW B &

ETSSIS UTHTUL AT NS wetertar

Ta AfESR FHIHIO F TGS WAV o fow &
foran ST ©, a9 SEYH Soiee o GHE S-&R 3R
Sk T WA-he (y) T B €1 A Faifed Sofi-
TR qAT Ik HIA T-held ASsR-FHR o T
& oRaed W B €1 3% A Faren-gensti-
=T FAEH-GEAT 7 (principal quantum num-
ber) fsRTeT s/eq W&AT [ (azimuthal quantum num-
ber) qU1 Jah1d FI<H GEA, m, (magnetic quan-
tum number)]mﬁﬁﬁo—mw%,ﬁ AifEs
TR0l & Wil 1 W Wi Bidl 81 e Soieriq
et St TR o Tl €, df SHoh TG RI-TFeld |
THA o a H WEl M fowmE e @
TA-TheT Teh T ®ed €, et 7w §
e[ o fewdl W M ST 21 sHeE
fifaer eref & g1 21 TEGIM IR Uk THH
TSNS o TH TH 3Ade aUT-Tad @i ‘U]
$eh ' (atomic orbitals)m %I 39 ThX ED Teh
AT TIRNST o T-held U garaei-t e

e Aifesr sifegan o et
o IR 1 Sl T 1910
o gifaer sdifqent & ferrm
foafaerea @ @ T3Sl &t
I Y | Ah F Fed |
T ¥ 1927 ¥ 3= e
forvafaeme™ 4 wiis o o] |
FEIR G g 1933 H
fgeer oI st w1 Hfife &
foriyr & o RO e Bt 9 1936 H 99
A olie Tu) A TS o ST o WS
e 3 2 o U 9 g & T qe, 3 Sieels
(o) =t MY, &l o T 9ol 9% @1 G 1933
o 3= Mo wn. feus & oo 99 &9 9 difht o
e [ERR 9 T fRar T




TAT] I G

FeAd T T ] | fohdt fog W gotereiq e SH
F Wi 39 fag W |y % e e 2
TIEgIoM WM o fou Faien afast g1y
RO BEgSH TA] o TaeH o 9 qgqet &l
Yherdgesh UNfe (predict) Fd €1 38 stfafta
e 39 o YRETE w1 W e Sl €, S an
e R TR &I ki ST Hehll

SFESR FHIHIIT I STg-Sefag™ THIIEH T ]
FH W YA FT HiSEAl G S 1 §g-3eaq
RN o fou gifes TRt &1 Fened (exact)
T 72l fean s "ehar ol 39 wieAE i wWiehed
fafy o ITM g7 X fovam TN FRgR | O w
TR Ul =erdl € foh ergge & stfafted e aAmget
% HeF TESSH WA o Hehl 9 dgd 3ifHw
=1 7 €1 3 g fgerar ifes § otee Wed
HTUN Bl B1 Hold: hefh 6w B e Wd 21 31
3T o SUGEl 2.6.4 AT 2.6.5 | TRH foF ag-3aiae
T o ekl 1 ST n SR | FEed e
TR R Tt €, Seifeh SESIST TCHTY] o Shefehi hi
Sl eheel n deied e W IR T @)

TTHTY] o FAIEH AfAha A o UHE A8l
qLHTY] ] FAIeH FlfAh1F Hieed THTI-GHLAT 1 I8
o & St Tt W sifesR e o
W el €, WY % FeieH FimE Hied o
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freht soeRA 1 SAren %1 S @, @ gH U
Fed & T solaei Su wew o sufee 21 dfw
fopell Seterg o foTu wgd @ TR-he 81 Fehd &,
A: TEI] W hE AT e Bl S| AT
1 TR T, 37 T Toiaei hafeh al-
el A1 hereh] T €t Seia €1 Wk sheteh o
T 1 Holl v ert 21 ferelt off hereh o
2 Y e e TEl W Tehdl 2| TRl sig-geiee
] H Sl o 9ed gu %9 H fafe=T wemht |
TR W WK Bl A: §F IO WA
Y SR oh 60 Ueh haleh qT-Wheld gidl
2, S 39 T & AlqenatE e ¢, foe
TR IURd Bl 81 WA | Selei[ o AR
4 gl SR STk ek qu-wed ¢ |
Iurkerd el € T FaleH AR o g v 9 TH
SR 1 FTa HEA G9a 8 I B

. Toreht wrmm) 7 Rt foig W eiee™ o Sufterd e

St Wfashal 39 fog W FHafeh TT-He o 9 &
TR Eft €, 79 39 foig W || v fmar
" (probability density) el il HIEH
FHI YA i ¢ TRt vy o fafa=

fargell W |y’| o W | Tfusk & R iR
IH & T TaT TN 6HE &, &l W Seiae ™
& U W R HATer ifae g

wewqUl el frefafed 8-

L.

AR | el S ST deifed el © (@7
T hadl %o faei oM € € gehd ) | ST
o feTu—sta WA § el AT ¥ WY e
TeleRHAl o T SIE YU ok RO aifed Seterifeh
Foll-&RI 1 e B ® SR ifest
i o A T B B

forelt TXATY] ¥ Soieei Wi wel fefa qen wet o
1 Toh WY A TEl TR S Wehell € (@RS
SAffredar fagia) s1a: fdt 9] o Seree o
9 o1 G o el feman S wehar 21 gHiferg
7 TR9] ok faf= fogei W soee o g &t
Tifaskal (probability) &1 Heheud o aR | 91d
T 81 Tk AN § A9 S e

foreft wRuT W g o WAl ¥ W
“UTATU] HeTh' HEd &1 5F Th T-He 5N

2.6.1 HeTeh 3T FAEH HEAT

ot TRamy] o ¢ ek G9G B 1 OIS ®9 |
T HEH H Seh G, HA AR A=y =
YR T 3R a1 S Tkl ©1 BIS 3R o Hafh
=1 31¢f 78 ¢ o fYer o I19 gl o IIY ST
wiferdr sifer 81 36 YR, STehfa SR stfafam=me
I A 2 T Sl aIe ST w1 wifeRan femedt et
feen = 19 U fewn § stfuek 21 Feien Hemsti g
TRATY] SHefehl W SR oAl ST FWehell 81 U heth i
T Faten HemsH n, 13 m, GRI S9N S
& 9died W& 1, Th ¥ qUlieh Bl 2|
THHT UM 12 3...... AR € Gohel T TS 1A G
Y e o R SN BT 8S o SHH! o1l o &k
T Uq1 STl 1 BREH SR 39 S R (Her, Liz
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aMfE) o feTq 28 oTohct €1 hefeh oh SRR el Soll ohl
i et 21 T weien WA 9 i (shell) F1
Tl St §1 n 1 WM SgH % W1 STIAG Hemeh] i
e o st B1 39 'n2' g S €1 n ok ffvea
XU ¢ A o fau 9t etk wRuT] 1 U R S
Bl 3% Frefefieaa s1eri g st s 2—

n =1 2 3 4

M=K L M N

T Jaleq HEA ol 9@+ oF WY e Hl SAHR
Tl B T TRl H, gelagi ek ¥ T feord B 2
feh T HUMARTT TR wi e ifew | R
B oF ToTT il 1 STevdehdl Bidl €, 31: n o a4
H Heh DI el de

Tatyiiar Faien WE&AT 1" Hereh Jdieq &,
HIH RV T (orbital angular momentum) a1
i Feien gen (subsidiary quantum number)
i Ed S| TE Heh o o e 1 gRwfea
FA Bl noh R M A o fIC [ oh 0 § n—1 d
n WF 8 Wehd €1 31Uiq n o T T 9+ ok faw (o
UE 0,1,2,...(n—1) & Hehd B

IEENE— S n=1 Bl €, o | 1 sherel Tk T
0O B € n=2 & ¢ [ & §99 99 O q°
| 81 Whd € n=2 o feTq [ & §9a 9 0,1 3R 2 Bl

TAF HIY H TH A 3w IURIN (sub-
shells) 91 39-&X (sub-levels) B %I fordy =T
IR § STRINN H1 & 5, o SR Bl 21 SSELoned—
TEA HIW (n=1) § ol T IT-HI¥ &1 8, S 1
=0 % M B 2l S YHR (n=2) W H
IY-HF (1=0, )n=3 H fF SU-F (1=0, 1, 2)
B &1 n % o7 HH % fore oft G foren s weRn
21 freh =9t o Su-whie &1 ferrefia Feien gen (1)
TN YE¥1a Y €1 1 oh fafe= |l o | Sq-shiel
=1 Frefataa foel g/ geien s 8-

1o AF : 0 1 2 3 4 5.

IU-HT &+ fau

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

AR 2.4 ° X TE A F9eH 9= fAQ [
H9g A 3R Hd SU-HIN  Gohdd XU T B

A fagm

HAT, ek T FAeh! Ha
‘spen’ aen ‘heren’ w1 Y wAE TR ¢ e (TSR
TR A yfquifea fowan) T o 9ril SR T gsR
T B ¢, T Soee i T § ‘gEeaT o
siffeaaar fagia’ & AUR, Soiae o 39 U &
HET FURoT T SEYE B 3d: 9 T et @
g arEdfoss e TE 81 3ok e 1 et of
AT R 3R AL S Hehalll Thh fAURia Heh TH
FicH FRE GROT B gE W] § fRE
TAF o T-eH I 90 HI 21 39 O
FeleH WA (n, I, m) GR YSRI foman S Hehe
B ST A Selarg o Tewmierl T R e 21 o9
Ay o g ifaes s1ef @Y e ©, W -

% of, 1l ||’ 1 e sef & 2, e ey
o fordl foig W |y|* 3@ fog W wifteran we 1 M
A €, TR B |y 9 3T s wiasa
F AF B 2l |y R T SR s (W

ARG 3T HEl Sl ©) H [UARA T
IE A o T S 1 FTdehal i ek w2
(el 7 ST T 1 TF RO T8 T |y
o Ffem & Tk & 9 T & | kel @l €, W
TF BIS ¥ 999 H 3Hh 9 1 R AqM 5
e ®) | forelt 7 e e o setee o
T ST e TR || SR T A sy
o FHE O ! g W 1 S Hehell 81 39
TFR fordt were o Hofad goigeia faawor &1 uar
T HHE 2

@Hrﬂ'&[ h&h IGeH & (magnetic or-
bital quantum number) ‘m’ G AX & T
Ferehi o Tfgy sifafe=rg & aR o SHHR I /)
forelt Su-wer & fAT m & 20+ 1 79 T99 B1
A T 39 TR @ S 8-

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

HA: 1= & AT m, F1 T & SHd A1
0 BN, AU 2(0) + 1= 1, Th s Hewh Bl
=1 % fTT m=-1,0,+1 B W& & [2[1]+1=3p
FEF|| (=2 F A m=-2,-1,0,+1 T +2 (4=
d &) T Thal 2| TRONA € R om o WH | @
3R | & A n ¥ W B 2



n l FUHIYT Fehe
il 0 1s
2 0 2s
2 ] 2p
3 0 3s
3 1 3p
3 2 3d
4 0 4s
4 1 4p
4 2 ad
4 3 4Af

WWTU\IT}I‘WEW nl Sﬁ'{mlrﬂzﬁ'@h‘
= gR1 IR feman S €1 37 ey g
n=2,1=1, m=0 5N I Hereh T Fereh Bl 3,
S TR KW H p SN F B B Rl & SN
Alfereht B SU-hI9 3R SHY Heiferd Herehl i e
w1 Hewr fean mn 8-

Ealkisl ol1 |23 a4 |5
U9 Hehdd s |p|ld|f |g |h
Egacafcalksteyil 1|3 |57 ]9 |11

TAARH UeIhUT g : el T ek & g
fafga i welen GEmSl i SHR! S, SRR 3R
affferare 1 oRwift e o wgea foRan ST SR B,
TR g-SoaRe TR H < T 3@-TaRT hi e
F T Y Fefien Hemt v T 1 T g e i (
W TH-I) 1 S W B ((fF W ae-e)
Bt 21 i ol TS gRT STIH Sfl o ST 7%
T R Soli-TRI 1 UM 1 THeohd BT B

11925 T Sitst 3%@71%135 (George Uhlenback)
3R 'ﬁ'ﬁeﬂﬁ TRE (Samuel Goudsmit) Bl Th

55

‘AT FeH G (m) FEA 1 Th
TR A e W Sl 99 € TEHU il §, Sl
T o 9N AR FFRL e THY JeAT T 1§ W
TR FA T T VR B ToaE o STE R
T o AT EE| (intrinsic) T hIvHT HaT
W%IWWWW@WWCGM)T@T
21 3ok fondll = gU 18T o wrdey 91 erfafee ©
THd &, 59 & Tk FEied W@ m, % 3N 9%
foRaT ST Fehd B1 m_ 1A +1/2 A1 -1/2 & Gl
%IﬁsﬁﬁﬁaﬁﬁWW(spmstatesﬂﬁ
Fed €1 oW dR WA @ 1 (ST4 TR, spin up)
3ﬁ?¢ (ﬁﬂﬂTW,spindown)W@ﬁQﬁlﬁ%l
faf= m_ w9 a1 < Tee (TH +1/2 3R @
~1/2) Toodia Fe=rehvl ol e 21 et whern | |
Y fereh ool el 8l Wehd ©; 59 <l SeleAl
faudia g=rshor g =nfeul
o9 o g9 98 HE Hehd & T WK Fa1H H@aT
Frefafad SHeRIREr 2t 8—
(@) n ¥ I A Y S S| TS hETh i TR R
HTHT B qh o1l (Feia o 2l
(i) n® HEH n ST-H A S 1, Hek HI R
AT &1 Teieh YhR o IU-HIW T (21 +1) HEH
2§, ST Tk IT-h | TF s HEF (1=
0), & p H&F (1= 1) 3R 5d H&F (1=2) &
THhd Bl | S € % Tg- SOl WA h
ek i el 1 ot e e 2
(iti) m, hETh o e HT U B B 1
feu 7 foeft 7 o forg m, o (21+ 1) 9H =
21 Zaf & wen g SU-%I9 | we H
Bt 21 3heh 21ef =g ® fon et 1 W e
o=l o aliehl oF SIe Bl 2l
(iv) SoiFH o JERY o AfAfa=rd ST m S 2

ISTEIUT 2,17
& F&eH 9 &A1 (n = 3) | Hafea Haeh! i
el & T et 872

&'
n=3 %% faT, 1 & 0, 1 91 2 TF §¥a =l
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WW@SS%WW%,WW'n:S,
=0 31k m,=0) B §; 1 3p Haw W T,
Sk ft n=3,1=1 3 m =-1,0, + 1)
B 21 3 YR Ui 3d e e ¢, foreh
ftn=3,1=2 3R m=-2-1,0,+1,+2 &
Thdal ¢ TUTAY HeTHl w1 A HE&Al
=1 +3+5=9 FHEH Hl & =n’, 37Aq 3>
=9 TAY HT STAN Hh ft GAH A W
forT 51 9 7

IETEIOT 2,18
s.p.d.f Wehd" 1 YA ¥eh efafaa Faieq
el a1t Fereh oh SN H SdEt-
(F) n=21=1 (F) n=41=0,
(M n=51=3 () n=31=2
&
n l h&ch
(&) 2 1 2p
(@) 4 0 4s
() 5 3 5f
(=) 3 2 3d

2.6.2 UIATU] ehefehl ehl 3TTehfaal
forelt TRy H et oh et aUT-Whald STl
1 T T9H 12 Hifgew 31ef 7Y gia1 21 =8 shaa
Eﬁﬁgﬁao‘ﬁiﬂm (coordinates)aﬂTrfUlﬁﬁ'qw
T 71 Fafa fafa= wemhl o faw ¢ (faw 9 )
% HeH % ®Y § WA qU-%er @ 91 g 21
(o= 2.12 (F) Is(n=1,1=0)7=12s (n=2,1=0)
FEFRT o TH THR o RG ] T HL 2]
S slifeen famet we o A s o fad
fog W TI-%ed &1 o (e y? ) 3§ fag W
TEEH % @ &1 WAl &1 gwid B [fE 2.12
(@)] H 1s T 2s H&Th oh AT 2 o qfeda i
roh Held o &Y | A WA 21 U8l A 3@ HWehd
2 T 1s q1 25 o o 91 B € <@ S Gehell ©

A fagm
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160 1
() 40
120 30
= -
= 80 t:; 20
_ [
40 5
0 A -10
0 04 08 0.4 0.8
rinm) fnm)
(_@)SUE)G 300
4000 240
= 3000 = 180
a o
= 2000 = 120
1000 1 60
0 0
0 0.4 8 0 04 0.8
r(nm) rinm)
fag2.12 (F) Fe&E WT-%ed () & IREG

(@) 1s TF 25 F&H! o [T r o FHoTd & &7
o gifear T 2 (r) 7 IRadT @& SIRE|

o 1s Fereh o foru wifereRan s e W ifeeran
2, S AR QA TR Sl W € gud AR, 2s
Fedk oh faw YIfFedl =M@ T8a oSt 9 I aR
e €, T ag1 URY el B S9-S" r % 9
W%a@—a@@ﬁﬂ 3If¥had (small maxima)
o ITE I8 TH: I o e q Tl 81 9% &,
&1 e Wfehdr S I B S ©, e wag’ A
‘Ars’ el B WHEFIA: ns H&H o (n-1) 7S
T €, Stufq &7 Fd1eH =& n o i el &1
T 9% Sl B1 S R H, 2s Feh ok forg el
1 GEA T 91 3s o foIQ &1 Bt 21 3101 o shefeh!
o fau off 98 sl YR a&dt B A giiehar ue
IR MY - 319 % T § gHg = Gehd € (T
2.13 &)1 & fooll # fags (dots) 1 o 39 &
o geleel Wi s g9 2

FHeh! HI AHfd w fafa= werepl & fou
frer yifgeral oMcd Il WHI-Hae ARG (bound-
ary surface diagrams]mwwaﬁ'@‘iﬁﬂ
e ST wehan 21 3@ fwunr o fonell ware o fag
@Q’@Wﬁaﬁm—wmuﬁw (contour surface)




T 1 G

(=)

(@)

1ls 2s

fag 2.13 (%) 1s TF 2s AT FHerahl & [o1q Frfhar
T IRG fei537f T T 39 &7 H eaeiT
UT WA @ FIEA-sAeE & Seiar gl
(@) 1s TF 2s H&Hl & ¢ IRAHT-Ta8
G

=1 sfEa fora <t 2, Form whrhar e |y|”
M feer 21 Ggifas w9 o, frd ware & fow @
3 IREIH-TaE @ H9a B €, Wg et f{u g
FHesh o fau feer WifgeRar s9@* A shad o
TREH-9dg 3@ & He’h h1 MHfA oh 3T
Frreuor 7MW ®, fes g feifa & = s o
TSR oh WY S 1 WIehdl Ik SAfueR (Si®
90%) Bt Bl 1sTd 2 hefehi o forq giEm-Has
Il i fort 2.13(@) ® <wian T }1 Y I8 Hehd
B I e e I e e
TG UL ST T Wl 100% ©1? THHT S T8
2 for e © forht fafeea gt W ot so9eH o T
ST Y B Wfehdl STEvd Bl 8, 9ol & SHeRT 7
9gd &A H A T THfae M=Ed TR % W™
YR HI-HaE SREl & S F9E T2 ¢, fen 3iee
TR o T S i TR 100% BNl s HEH oh
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ferq aftefian wdqe o1 S@ Tield Bian €, e g
o Afves 21

31 fomet o =18 Tien U 99 1 TE K@i <
21 39 Tl 1 IREHT o e SR o IIT ST 1
W 909, BT R

TH YR 1s q 25 HaTh M i o 2
e § Gt s— et Tieltd Taiata o 8 g1 UE
off 3@ 7§ T nagd oh WY s Hereh 1 AHR
ff og a1 €, i 4s > 3s > 25 > 1s 3R g&A
FCH WA o 94 o | TaaRd AT ¥ g E
STt 21

ot 2.14 9§ @ 2p weTRl (=1) o IREH-
Tag oM@ @ T T 3wt § Wifrw g fag
m%ﬁm%aﬁsawaﬁasﬁuﬂﬁ,vﬁﬁm—w
IRG TMeATHR e eld &1 5Tkl Tel Y%k p- &
T mﬁﬁ%ﬁ%‘qﬁ?ﬁ’ (lobes)Eh%TGl'lﬁT%I B
TR | o o 9 o JMT IR feerd 1 et gt
et T I i TR R ®, I aA W AR
el ®e YA Bl 1 @l p TRl 1 STl
3R Fell Tk A B 21 3 H&h sheel el o
sttt o oo o T e €, it 3 wifert
Xy A z A& H1 AR e A W1 wwHar €,
THfeTT S 2p, 2p, T 2p, GRI SN ST 1 7=
TE SeaEd € T m, & wE (-1, 0 3 +1)
ol xy 3N 5 &N o o= His Gay & 81 TAR
T =g ag ve Tatw € R 9fE m, & 9 e
M B §, 31@: A p etk B, feh 31e1 |
T T% W & @a9d BId &1 s HEFRl H WE, p
FHeehl on fau ot g7 Fared T&A1 o 9¢d oh @
HeThl 1 AHR AR STl =gd 2| o fafa= p
HeTeh! o1 SRR 3R ST 4p > 3p > 2p HH H B
B STk e s herehl oh THM, p HeH! o
Wfehdl- e e W I W TRd B el i
&N n-2 g0 & 9l ®, s1fq 3p week & fag
=g e T, 4p o fou S oK e e off T
%9 H B 2

*afz wifaewar w9 |y wF & g W W e ¥ @ s wae W |y| of womh @ |y’ ek |y| % feg ofiwim-wa

T gaH B
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2p, 2p;

z z

A

— /‘\/ P /
S —Sx S 5
>4

/\, y,/ T
y

faT 2.14 @ 2p FePl & IRGHI-TAE IRG

1= 2 o U ek, d FHeh FHeadl ¢ 3R g&T
FAIH W& (n) 1 A 3 il €, s [ %1 91 n
~ 1 9 sifues T 8 Wehat 21 39H m, % Ui 9 e
T (=2,-1,0+ 1 3N +2) 3 3@ YR G4 d H&F
B &1 d HeeRl o UREH-Hae @ T 2.15 °
fe@m T €|

i d ekl d,, d,, d, do 3 d, &
w%%ﬁwam@ﬁw@ﬁr@ﬁ%ﬁﬁ%
3R ufee d 2 Y o B 2, SifeRd et shatel b
FSf gUaT A Bl n >3 9@ d HEH
(4d, 5d, ) 1 GHF TRl Bl §, SR i qen
R =1 B 2

= el (S1Uiq 19 wfaeha-o9@ wer I
ﬁ)%ﬂmnpaﬁ?ndmﬂaﬁémm—m
He d R I T ¢ T8 AT ¥ ToRd gL ad R
s e 81 3e1E % A, p waw | xy 79 Aed
T 21 d, e § T9EF 9 TR Y SR 2- S W
xy A S 95d g I Aot ddt e &1 TR i
e’ el a1 & AR i el w1 Gen (9§ S
2, NG p | o 10 Th, d Herehl ok forq & qen
o= o T 3t YR Sivitg e €d 21 el ot et
W& (n -1), JAiq HUHT g 17 Frew g
(n-1-1) kT IRT ERM

A fagm

(1) (=)

farT 2.15 9i9 3d F&hi & IRAH-Tag RG

2.6.3 THEAHI Hi HAT

BIESISH W] H Seiae i el had J&A e
e gr i Bt 1 37 BrEeiST WA | sheehi
oo e F9 § Tad 3

1s < 2s =2p < 3s=3p=3d< 4s =4p
=4d=4f< .o, (2.24)
3R 5% o1 2.16 | <wiian T B B 25 R 2p
SHeTh! i ARl 9= Bt &, TR it 7 AT hegen!
2s A1 2p W Sufeufq oo &1 S O] gl




TAT] I G

3s 3p 3d 4s L
5
N
3s
2s 2p “2p

1s ls

(%)

T 2.16 (%) @IS 9RATY 3R (@) g-Feiaei WArgei
& F ST FHIVN & Hol-TR SIRG| &4 T
1 gIEgiSIT WHTY & T 99 ged Faeq-gE
89 f=-fir=r fgorel aaren & g+ W ot 39t
ol G gt 81 ag-geiaeid wETE § qa et
Fa1cH GEA FT HEhl B HoAl 197 7o Feq
T& a1 FHardl & forw 9= gt 8l

T ol ol FHeeh! hl THYEIT (degenerate) el
ST &1 S IS S T R, BEGeE WA A 1s
Feh Gog Tl feufd o T e 81 U8 qend
T (ground state)mﬁﬁ%l TH heh § Sufked
SR I g Hellfeeh oeral § epitd T&dl @
BTSN WAV § 25, 2p A1 359 wehl § Iufked
Sﬁﬂ%j’*f 1IN 3T (excited state) 4 &el
STt 2

BISGISH WHTY] o Tooid Toh =g Seiereia AT
% AR HT ol ohodl I A FdleH HeAl
() W& =, dfcsh werh Faed G&a (I4-HT)
W off freR it B1 ereiq § T gET Feien wem &%
faus, p, d, f... ® SC o= Bt &1 forelt off w=
A JdIcH G&A § Hehl 1 sl 1 A s> p> d>
f Bl Bl I e W W 98 SR eAfeh el B
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e i el 1 Ig hH ASEY] Hehdl € I &
45 <3d 3R 6s<5d=4f<6p IAM| IT-HEN §
=1 StieT 1 HRUT TG-S WA | Seraril
o TH | Wiqerdor shi SUrfd 21 TGS WA o
SRUTARI Sele SN e e o die SRy
wehaT g o= TR 1 ag-seleet et |
TeiaRRA QeI AT o o STTRH o STaran W] o
SqTEerd Teh SeieR 1 R § Wiaehur off gl 21 59
YR T Fg-Selag WA H ga kI e
SRRt 5t ot | atfueh SRt e TR €
T a0 i H SuftYd Soleed o 3T oh
TSR § Wit S T et weweyul ©
THO AR I § AT (Ze) 9@ o HROT SoraR Ml
T et == TRard aadl 81 et Sl § Suferd
Sl o HRUT TR BN BT FAFH AT h
AT (Ze) I T TE WEYH &l L UM €, g
MaAe SOl g AT o oFEe R STifvR
STERUT oF RO TH STET 1 J9E T &1 TSl 36
SR Rl 5N SR gereril shi Aifeh ¥ wiwgror
(shielding) e Wl € 3R ek 1 et &A@, S
TR R TS BT 81 WATel A a9 Z e
(effective nuclear charge) shaildl %I 3Rk smct-;Tdi
BRI IR0 o AEsE AR e | gfg o |
9 SR 5N Hegd fehan sehdv-se 9 = )
TR T H, AR IR geiae o |e e TR
FT S (A HEF o) WA T (2 F T
o WY e (N fush R ©l) W R
STRY TS TfeRuul, ] ST foRA i o
STFHR AT ITH YR Hefeh i T (T SoiaeH
Sufeerd ?) W Rk et 2 Seen & fau- e
3MFIT o HRI, s Feh | SURA Toide™ p FHerh o
Ut SelaeM i gl B ARl SolaeMl o1 AT |
IRy Afeer el aleh § Sl 81 36 YR, p e
T IR SO d heErehl i gor § sAfen aiea
FW €, TR F Tl Fereh TF @ B H ) 59k Fele
T & HET H TSR THA o HRU s FHeh T
p e SelaRi i ol U 31N p heleh o d e
Sl ot ol | AT oF U1 31fHeh TH Sl hidl
B TR v B Rl u% w1 (Y Fien Ten) &
feru feiett sfefien W (1) W o WY iR §R Hegd
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foran Z, e ST €, 19 p hek H IO H s HEh
3R d H gerl W p wereh e § i gedl o s
Tl Bl p ek & T i qorl H s HEH o
T 1 SR d e o IOEEH i ol H p heTh
o TR 1 Sell B 7, TS| <o e & ofd
e 1 wEn fr-Re el & fon B 2 R
3 Tk B HRT (T JdieH @) F Foll TRl H
e (splitting) &1 ST §, e1efiq S Weet @ S
o1 €, HeTeh § SUMLId Seisrl 1 Sl n 9l 19 WAl
W R T 21 R B9 W n 3R | W e
Fofiati w1 A Tt et it €, AR n qen [ o
TRl | o ToTT Tk Tt R 1 (n+ 1) 1 A R
=1 BT etk Rt St off Sa € W BRI Al <
Ferhi o fAT (n+1) &1 99 TAA &, @ =1 0 6 AH
AT Hefeh i el 7 gRTT AR 2.5 ® (n+ 1) Fram
T Trn ® SR ot 216§ wg-soiee WHREt o Sl
29 T 21 2 <A A o e of © o forelt e s
o fafr=T 39 el (Sg-soiaed WAt H) H1 He
F-fr= 2Rt €1 BTciiieh STEiST WA | Teh! Sy
T B 1 ofd § T S Sfad € iR wAm) g
(Z,) 91 % WY FAF SU-HRI et HEh 1 HoMT
T Bl S &1 SR o feIu— BIESIST WHIT & 25
ek i Soll, ST h 25 HEh hi gordl H THh
BT 3R Wifeas st qorl | e shi Sofl ek 2rftl
T HH S F S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTATU] W SheTehl ohl ORI ST
fafe=1 TAmET o ekl | SeieeM ATwars oM &
IEN WM I B Sfhers fm’, aeel erdesiH
f9gid (Pauli's exclusion principle), g8 o aferhan
ggehdl M (Hund's maximum multiplicity rule)
3R herehl i ufersh Sefell W e 2
IMraTs, Faw
ST o H ¢ eihars v 1 ot B ‘Frwfor gk
‘Sherhl 1 IO B o1 372 B— HeER] 1 TRl
B W SN 39 U % SR ‘urHmisht Wt
TACTE JTATAT U, HETehl Rl Ieh! Holl oh T T
H W ST 2

WA o
AR 2.5 (n + ) o0 o MaR W dgdt el & Wy

hHEThI h ST
n =hl
HUF 1 n+l
HH <Rl HIA <Rl HIH
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p =207
el 38 9
w9 B #
3s 5 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 3p (n=3)
&I Hell 48T
4z 4 0 4+0=4 45 (n=4)
3d 3 2 3+2=5 3d (n =3) =t
W-’-ipf’f
FH R B
4p 4 1 4+1=5 |4p(n=4)

TR VR H- TR UEd HaW HY el at
U HEH W S X ITh] 9 o o8 =4 Sl
A FHERl FI WA T T T8 W gk € b R
HeTeh i Sl FHE ATWeh ey T e et @ 2R
fafr=1 YR oF ekl W THeRT GRAT fa= B B
i TEn i ot Tk e T 7 S geft wmEt %
fa 9et 21 qenfy ekl i S 1 FEfAfEd Sga
FH, 1iq IR W S FT FHH T ITA T

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 4f, 5d,
6p, 7s...

9 %9 & fad 2.17 # k@i T fafy g7 9=
a1 < Tkl B Ho9 TR W Y& A gC AR 1
fEon herehl o WA 1 HA T €1 STed FarSthal
TARMA o fau a® wH gt el o fau
SRV ®Y ¥ TEl T ST ok forg wiefomm o
HIISTohdl Teiei o fIT 3d 3R 45 F&eh] &1 forhey
2 3R St foh 50 o W qaiqEiTa TR ST Hear €,
€ TS 4s HEH W U WA © ST hH
Fol T 1 WA o fAU FHEAS AN <90 A
=fEWl Sgd IR Ferehl T Foll wR HeTdr—erar g




o 2.17 &e/l &1 ST FT FH

2 R TH] T HEA H geshi—H1 UHed e o
A % U § URedd ol Ghdl g1 T@ e gu ot
IWIK HH TN 1 s Geam fered o6 fag
T ST AR R B Al AR AR v W R se
YA B Fohd T
qrSeil 3TuaSi— fegid
fafer= el ° R M Tt 3SRl ol W& 3TaSH
i g it Bt =, For eiifegen o e a=ett
ATeh Tk o= 1 fa on 39 fogia & sgan—
ferett Ty ¥ Sufted 2 ORI W o
FleH GEATY Tk WA &l &1 Wehell| TS STIaiH
fHgid & 29 YHR o Fer S Gehdl 2
“Sheael Al TSI Ueh heleh W {8 Hahd 2
T goaHl o UershuT Taudia g enfew)” sHen
e € o <1 gl &1 A Feien W@, n,l qen
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m, T TAM B Hehel 2, Afer STe! TERUT e
Hen fu= g =ifen) fedt were & soldeEl |
qISell 3TueeH fagia gr e wan fEser e
SU-hIT H TUMCA AR h1 & hT O AT H
e Bl ©1 3T & 9, 1s | Tk weeh ol
21 39 YR 1s SU-HI9 § gl 1 ifeehan g
T B Hehdl Bl p AT d IU-HIN W SAfeehan HE@m
HEY: 6 91 10 B Fehdl B, AN TH FEY 39 T
e S TRl B—

T Faied W& n aTel SRl B Soeer=l st
HET 2n2 & ST Bt 2
TS ohl STf¥hdd agahar ol f=ad
7 799 t € SU-hiv 9 G el WA h
foTT o] e S @1 39 Ferhl HY ol SRR Bt
%I I THY herh’ (degenerate orbitals) wed %I
g 9 39 TN B: Ueh &1 SU-hITT o helehl |
TSI Rl LT a6 dek TEI BT €, 9 qeh
3T IU-RIFT & AT HeThl ¥ Th-Ueh ST
1T Ul

ik f p, I d 91 919 £ FaF B 8, 3
p. d 3R fherenl § o HH: =Y, Tod IR Aed
TR o W W YRY B € <@l T ¢ TR e
T SR T W FUYI REH] FT TAc STh! AT
o HROT A a1 € W (TS 2.6.6) |
2.6.5 UTHIUIAT T FolaEieh fa-=ard
THST o HeETehl H Seieql o foaeol i SR
Eail?jﬁﬁﬁ fa=ma (electronic configuration) &l
S B 1 A fafa=1 ] shereh] o goiel o W STH
 qaftm 7@ fad & e ¥ @ =, @ fafte=
AN o golaRie fa=ml &t o | fomar S
Hendl 2

TR o goaeie forE W adeh 9
frefra e <1 9%aT 81 & T
(i) s* p°® d ... Hehdd
(i) FHeTH-3ING
— C T 11 C T T T T 1
S p d
Tl Gohad H SU-INT I G R g 9
Frefua foran Siar @ 3R Su-hw | Sufted goleal
T H& HI GHIF a, b, C ovnneee. TS o &9 H <
21 fafy= =l & fou fefm 999 ST-% &
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fa¥igA 39k |1 Y- o A Y& FIeH TE&A
w1 fameR fman S 81 T Hohed § IU-hIE R
Y% Heh H Th afed g SUMAT S B 3R
TR o YF-T=H0T H 1S9 qR 3R SRU-Y=R
H | S IR Y TwE ST Hhdl §1 98 Gobdd Wi
o & S Hohd 1 o9 7 & foh 309 =R eien
HE 1 <A S Hehal @1

BIESIST TCAT] | oherel Weh €1 goiare Biel €, S
T %Y ol ol hefh § Wil €, T 1s et
HEd B 37: BESISH TTHIY] h AR ieh foramd 1s!
T 21 3T o1 ' ® T 3O 1s FEw U T
T Bl €1 Efera ™ (He) 1 TEU Soiaeq ot 1s
Feeh W S Gehdl g1 oTd: EedH 1 gt
o= 12 BT 81 SIE1 SR S/ T 8- & SeieH
Th-TR Y fIad ek | B €1 39 et o
@ S ehal Bl

H IIIII IIIII

o™ (Li) ah—r GIESK sﬁw R ISGICGECET]
fogId & &R 1s Heh | &1 o Hehdll Td: I8
A Heh 2s W S ¢ 3H YRR AlREH el
SolRieh fa=amd@ 1s22s! ghm|

2s HEH W Th Soig AN 7 Fehal B 374:
Sftferm ] 1 fore 152252 Bl 8 (Wl 2.6
T aal o WAV o seeRie fa=mEl w 3@)|

3T B: Tl H 2p HeTh Th-Teh Hich T I
21 37d: T <l o1 ScigIh [oITd 39 YehR BIdl e—

EILE] (B, 1s22s22p?),

HEA (C, 15225229,

AESA (N, 1522522p7),

SIS (0, 1522522pY),

TR (F, 1522522p5),

921 (Ne, 1522522pF).

2p HAHI B WA FHI GhepA A W T
T el 81 3 qedl o shen-Tes S g9y MY )

Tifeaw (Na, 1s%2s22p°3s?) T A (Ar,1s?
2s522pf 3s23pP) Tk o AW TW@I o TS H
TRl fa=md =1 Ugfd Li @ Ne d% o awi &
HOM Bl B FET SR herel TE Bl © T 31 3s ae
3p F&H W S B| 39 UHA 1 T a1 ST Fehell
2, 99 Teel T IS o el el 1 I (Ne)

I I VA o I e O I
Be [N [ [N] [ | [ |
B (N[N [P ] [ ]
c N[ ] [ ]r] |
NN N Tt
o [N [N][N]t[2]
FINITIN] NN ]
Ne | N | [N ] [N]IN]N]
ls 2s 2p

< o AW 9 fefug feen Smu) difesy 9 e 9
& g foard o W9 fomn ST gdar e
(Na, [Ne]3s!), (Ar, [Ne] 3s23p%)| 0T €9 & ¥R I
o TolagHl ! ‘hiE Solaei’ Fed €, IR A Soree,
T SeEra Y& SaieH WEAT o SR ek Shigl o
W A &, HATehdl TG heeld &1 ST 5
fFI'Q— Neﬁ%@ﬂgﬁ,aﬁggﬁﬂﬁ?%ﬁ'{Na@Ar
Tk TR HAS goee B TeREH (K) qe shiewsm
(Ca) § 3d &k ! o | 4s Heh Dl el HY
BH o R Yo R f5dia soieei HA: 45 Herh
o S B

Whisqd ¥ URY w3 W TH 991 @& @
A1 21 3d FHEF H1 FHoll 4p HEF HT g § HH B
% HROT THY TR T WA B IRUTHEEY S
T Teeli— Whieam (Sc), TEHEH (Ti), aRfead (v),
HITHFH (Cr), HHIST (Mn), 3R (Fe), Sl (Co),
et (Ni), I (Cu) 921 51 (Zn) § U= 3d Hemhi
T golae[ SR R I &1 eH T8 @R Ffehd 8l
Hhd ¢ fF HIfTad den &R § 3d F&ed § =R a0
F SRl H1 SR FHHY: Ui 3N 79 e B B
THHT RV AT 7 TR oMY T R W FaSw A
Tl B B, Sl SRt ST W et 1 pPpt, o,
dw, f, f+ geans fomamd, 9 heer a1 @ ofg A R
R T, Afeer ol g 21 314: S qen I g
b 3 o T ol Wefienan fietdl € (W08 2.6.6) 1
e € T erverg ot firerd B




T 1 G

3d FEH] o G o &% Af@q (Ga) ¥ 4p
HeTeh! 1 T TE Bl ? AR e (Kr) W 90 gl
21 TS 18 qodli— ®efSa™ (Rb) @ SHM (Xe)
5s,4dﬁ%5p$%ﬁ#ﬂﬁﬁaﬁm%ﬁ}%,ﬁ
4s, 3d FX 4p HeTh 1 off| SHoh 9IS 6s FHEH] H
G YR Bl B ST (Cs) 92 9fEd (Ba) o 39
etk H HAY: Tk IR < Soiog B 2| I 9%
AT (La) § TRl (Hg) T 4f 3R 5d hereni o
TR W S €1 ok 1% 6p, 7's 3N 3faq: 5 fud
6d HEFH! I 9 S 2| [T (U) & oI5 o
FH TR B § 3R 3% $M ®9 9 9w feme s
21 H ROt 2.6 § 1 qedl oh gererRie fa=rd (TeH)
fafemi gro frwifa) feu o @)

AT T8 B Thd & fop R o7 fomamai =
S § F eE B2 syfie wWred fosm o
A § UEER FgER Wl GHEE 3 SHeR!
AT HH H AT ek {2 bl &1 SR HqHET Sl
21 I o T W wEl, S€— & W ¥ i
T THeTsRY 30 A S €, IS a1 ST
3Teg I Bl 22 He 9 Ar 94 axa fepamsfiiet =i
Tl B €, Sl Tl S T i 8 8- 3
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Te o S SASeh o= oh 3R W T <1 Fehdl
T STeeT % T Hied ¥ g TR0 T foRa
ST FeRdl| 3T4: MY WA 99 o *3 TBqstl &
Il YR @FeM oF fau Soieeieh 9% &1 g
SR BT 31 STevTE B

2.6.6 guiwUUT gRa U srefafa su-when

T T

el a7 1 TOIE STTEAT ST TTh T STh(
AT Sl W T ST B 81 Aferhier wemeH
o solagie fom=amd 9T 2.6.5 ® U qava frmi
1 STERT H3d &1 T D qeell (S¥— Cu el Cr
o, W&l & SU-HI9 (45T 3d) T Henet d w4
I 21 €) Teh oA A Soll ol SYRIY s W
w1 Sell aTel SUHIST § TIAIGRA B Sl ©, F9d
TH T W SUHIT o Gt 3=a ol Tt HeTsh
9T 81, S qUigRd =1 $1EqRd 2| 37d: Craem Cu
% GASH SoiaiHe fo=me ®Ae: 3d°, 4s! qAq
3d1°, 4s! T, 71 foh 3d, 452 A1 39, 452 TH =T
T 2 T 3 soieRite fa=amal o stfaftea zenfae
Bl 21
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A fagm

YR AAT YUIRT ST~V oF TATTA o HIUT
g 4l STIGRA SRR T < R R
3

1, SR Rt HHTHA Taawor ; I8 weit-wifa fafza
2 for Tmfafa Tenfae oM 3t 21 qofa: R gu A
YT ST el 1 faawer wAfaq B 2
a7d: A ek Tl B €)1 U € s § (TRl
3d) STl 1 el FEH el ©, Wy 9k fem
foazor fir=1 e 21 Weee 3 Teh-gH 1 SifEs
® ¥ HH R I © qe SeleH A1 g
firshs Yeerd § TR 8 S 2

2. Tafma st : 9% TR 99E 96 3= g
2, 54 3 A 2 9 AT oA (FSor w=ee 99F
4 ¥) Th IUHI % GAYY Hehl § sureerd g
21 A gereR o T Tt % w1yt @
Bl 39 fatma & &ro qea o, ‘ot s’
(exchange energy) Fgard ¢ Gifaa fafmaf
T T q9 SAfUHTH Bl 7, ST SY-FIW UI: W
71 sfufkd (half filled) 1 & (fo 2.18)1 38k
heTEaey T St tfreha eidl € qel SEt WehR
Toriforea off sifeehan g 21

A 2 T TE S € o I w1 SR €,
TG STIHR— WHI Het o sheiehi W SHaTel
TGl oh TATHWS THMICT TelshUT B 2
1 TR H, YR don quiga a6
T (i) STUferw &9 9 &1 iR, (i) &9
Shifereh FfqRUYT el qen (i) 3= fafe s
o HROT Bl 2 Tt ot o fo & fasar
Y 3T el H 9e|

TaRA 4 31 1 fafma

ferT 2.18 d° fa=rrq @q gunfaa fafea
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66 A fagm
i Z 1s | 2s 2p | 8s 3p 3d 4s 4p Ad Af |5s 5p 5d 5f | 6s 6p 6d | 7Ts
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 8 10 2 6 1 2
Ce* 58 | 2 2 6 2 6 10 2 B8 10 2 |2 6 2
Pr 59 | =2 2 6 2 6 10 2 B8 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 8 10 2 8 10 7 |2 6 1 2
Th 65 | 2 2 6 2 6 10 2 6 10 9 |2 6 2
Dy 66 | 2 2 6 2 6 10 2 B8 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 & 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 9 2 6 2 6 10 2 & 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 B 10 14 7 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 & 2 6 10 2 6 10 14 |2 6 7 2
Pt* 78 | 2 2 6 2 6 10 2 B8 10 14|2 6 9 1
Au* 79 | 2 2 6 2 6 10 2 B8 10 14 |2 6 10 1
Hg 80 2 2 6 2 6 10 2 5] 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 & 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 P) 2 6 2 6 10 2 6 10 14 |2 6 102 |2 6 1 2
u 92 | =2 2 6 2 6 10 2 6 10 14 |2 6 103 |2 6 1 2
Np 93 | =2 2 6 2 6 10 2 B8 10 14 |2 6 104 |2 6 1 2
Pu 94 | 2 2 6 2 6 10 2 6 10 14|2 6 106 |2 6 2
Am 95 | 2 2 6 2 6 10 2 6 10 14 (2 6 107 |2 6 2
Cm 96 | 2 2 6 2 & 10 2 6 10 14 |2 6 107 |2 6 1 2
Bk 97 | 2 2 6 2 6 10 2 6 10 14 |2 6 108 |2 6 1 2
cf 98 | 2 2 6 2 6 10 2 6 10 14|2 6 1010]|2 6 2
Es 99 | 2 2 6 2 6 10 2 6 10 14 |2 6 1011|2 6 2
Fm 100 | 2 g 6 2 6 10 2 6 10 14 |2 6 10 12| 2 6 2
Md 101 9 2 6 2 6 10 2 6 10 142 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 10142 6 1 2
Rf 104 | 2 2 6 2 6 10 2 6 10 14 |2 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 10122 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 B 10 14|2 6 10 14|2 8 10 1

112 qN STH 3T THI-G&A oTel O 31 €, W 1 saaeieh g =i & f&an mn 2
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QrI9T

TCHTY] TRl o ToATCAsh W Bl €1 Y qd oUW B WM §, S qHEties fRan § 96T ofd €1 oM WA
forgia, TS i Sieed = & 1808 § Hiauifea foran, o SFTER w1y il o G Tl B %1 84 €, e
IR fawfor =&t fohan <1 wehan 21 S vt o 3fd W wE g 98 Y e e fon ] faeee
® T o8 i oA HU (ST, WS a1 =[2H) SR ST Bl B 37 319 GRAvIeh ol ki @ISt o oS
TRHIY] 1 TLAT i T HA o fIC 980 ¥ W] Hied Yd fha U

T 1898 T SfFHA 3 el o WA Uk GHM e g ey oiell Tk e gl 8, e ®
Toe UM B €1 9% Hied, fSEE W] 1 S R WA R Tk THH foaikd JE T o, 69
1909 H IS o AUl OL-0T o FhIUH FAN G T o5 g7l TXwie 7 8 Feht fepren foh oA
o ohg W oEd SIS R 1 YR AHF el © 3R g 6ok =R SR kR el ¥ i shid
g WIS Hied, S Anwee o fHerd-serar o, Hived 9 9 Seed died ¥ o8 o, Wy T8 WH]
1 feora &1, 31l 7% 59 o1a 1 SAren T H U {6 ol e § = T iR S €2 55k ster
Ig TRAY] 1 AR T, i AAF & =R AR Al o (R0l SR St el o 9k ° F9
T 1 Hehl| IR Hied &1 7 HfcAedl ol T 1913 | A a) 7 TGS W] o6 94 Hied
R Foran qen g8 Wi foman fop e o =RT SR JRehR el § selaeiq T il ¢ had $ well
o1 €1 SAficd 81 Fehal © A1 Weh hell i = Soil it 81 9 A fafe= wefi o seigei &1 o i
TOMT 1 TR Feieh el o forg ek iR gelaei &1 g0 1 Sieheld fehall BTelilen IR Hieel eEgeH o
TFH ! HaATYash T HIAT o1, Afchd I8 Tg-FeraeT THTIST o TIFH] i TS &1 L I SHehT
R F8A SIes &f TG 81 Tl IR Hied ¥ geiggid & AT o 9N 3R U (fved JuehR el ¥ g
T EU SAERTT HU1 o ®Y H WA T o1 THH STk a1 SU A0l o aR | el Gre T A1l Teh e
U FHive 99 B € R 39 U 1 0 a¥e vt TR HE S Hehel ©, S Ush € WHA W el
1 wel feefa 3l W&l 3 1 B eEsder o AfiEaar fagid’ & STER UH E9e T 81 59 YR
BIEGISH TRATY] 1 SR A 7 ohelel Sciaei oh 38l SIFeR shi SULT Hdl €, dfesh egsien Affyeaar
fagia &1 ot foRie e 2

T 1926 § e ISR 3 T wefisheor o, o * gifesw wefisheor’ et S €1 39eh gr Ffem
T geteR( o ToaXoT SR TATlSH | STHA STl SR o1 a0 fehal ST Hehdl €1 98 HHIshioT 7 sherel § St
o GUI-HT A JEL AT 1 GehoUdl Sl A W Tl €, Sfosh egsent o  siffvean fagia’ o o
TG B| ST 36 FHIHT 1 BIESISH AT § el o To1q a1 Tehall T, il Setarei o e Srotl-al
SR G T B (S O B B §) o 9N W ST Wt g2 3 Faifed Ssi-&H SR Sk |
T S A Feled T - ged e G n, fKeia Faien e 1, 3R et J6ied §E@ m,
% BN TE9H S §, AfEeR GHIHI0 o g oh IRUIHEEY U eid €1 § oA Faied Gee o HEl
W idey ot SifesR-THieRol o el W Tid: W el €| TGS AT 1 FeieH iR Hige SHeh
Tz o G TEQl i AR YAl § SN SHeh eAfafed o UE qReeet i off gHem ®, S W)
Hied gR1 T &l & Wehl|

TREM] o FFed AHE ASH o STTUR 9§30 THIIS o Seiaei- Tl i e Hhiw | del
T 1 A HIY Tk A1 Al IT-HIM o o4 g E Tehd © A1 37 SU-HILN | Tk A1 AeH Heh e Tehd
2, {7 oo Sufterd B 81 SRS iR s 9Y feml (STmny— He', Lio o) § foreh
f&U T Fiw & TR FeRl F TEE S A §, W TE-IoR WANEH § herhl F1 Hll n I L
Al TR R R Rt ek o fAIT (n + 1) 1 A ST S e SHeRT St ot SaAl €1 B Al
T T HEHI H (n + ) T GHH B, A U Ferh HI Sl w9 e, Tgeh U n # 7H9 H9 21 R
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A fagm

AT H UH e hereh G9E B §, 91 S0 Soll o aad %A W Solae qIsell o qes tagia (T
T § fRE 1 oAl 1 ARl FIeH-HEA H HH HUF € 8§ Gohdl ©) 3R S % SAfshdn sgehdl
M (T SUHRRT o Heehl | soiaeHl Hl A a9 a6 URY @l S, 59 9% Y% Hhah H Th-Th
TS | 37 W) ok UR W N S &1 WA H1 goiaieh G g1 fomri o aeniid 2|

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

TEH

() U UM 9R § Tl &t G&N &1 Iieher Hifg)
(i) T O TRl o M SR STESl 1 UReher it
(i) T & TH Hid § IURRA Sl ol &A1 &1 UReherd il
(i) 7 mg "C H =M =1 (F) Fa F& a0 (W) FA §FAE @ HIC
(FILA 1 599H = 1.675 x 107 kg HH ifSw)
(iii) WEH @9 SR I (STP) W 34 mg NH, H Tl &t
(%) Fo TS SR (W) F FHAH TqGT
T AR a9 § qRedd | A ST aiafdd e Sm?
foretferfaa e § Sufer =il iR T %1 Wen SaE
'5C, 130, 13Mg, Fe, S5Sr
e fRT T ] THEE (A) SR TRA] HE&AT (Z) STt ARt w1 gl g fofan—
() Z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4. A= 9.
Tifeam Ty g I Hiel Tt 1 T-3=4 (A) 580 nm T | THHRT YR (v) 3R
TE-F&A (v) I IRHe HifQ)
JdF TH M 1 ol A HifT-
(i) S 3x 10" Hz 3MgFd a1t YHT¥T o GG Bl
(i) @t w34 0.50 A =
2.0 x 107" s Tt Tl TehTeT T T T-<4, g IR TT-F&A 1 T Hifere)
U genrel, TRt aXn-<54 4000 pm @1 SR S 1.J Sl %, o Bl 1 & Sy
A 4 x 107 m -4 o1ell Th B 2.13 eV HEwer arel g 1 §ag o Zhdl
g, @
(i) HRMA & e (eV H) (i) S I TSt T AN (i) TR Siar o af
1 GRehe HINT (1 eV= 1.6020 x 107°J)1
Tifeam wHm] o T o fAT 242 nm -3 1 foga-gewg fafwon ot e
B Gifeqw 1 3@ Soit kJ mol ' H 1 whife)
25 e 1 Tk &ed 0.57 p m T-354 ol Hel 31 1 THav Fehel Sea=1 Ll B
Jfq Wehe Tl o IS i T AT il
ol o1 T TdE R 6800 A TI-T=4 Al fafertor e o I 9 A g
SRS B 21 e1g T <@l ST (v,) SR wEwe (W,) I S
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

222

2.23

2.24
2.25
2.26

2.27
2.28

e BTESISH WA % n=4 ol & ¥ n=2 S &R | seeH S ?, 9 g
T-<EH T RIS ScHfSId BTl?
IR T n = 5 Hefh H IR B, O H WAV o A o fau fohat i ot
ST B2 AU ST i ol EZEIST WA o 3 el @ it
(3T TR n= 1 F&F Y Sl &l (FhleM o fau fewaes =1 el 1)
S BEgISH AT H SUfSd SoideH n = 6 U ol e | Sl €, df W Scafer
@stl 1 Afwhan g Fa g
(i) TTESISH oh YUH Hefh O Hard el -2.18 x 107'% J atom™ 81 U= wEw
o gafd el sy
(ii) TTEESH WA o Urgd SR Heh hi A HI UM HifS)
FIESISH TCHTY] 1 SR 0t § Siferehad qT-35d ol TRl K1 AI-GEAT HY T
i)
BTESIS TRATY] H SIa2 hi Ugell el W Tiadl el o of oI o Ty STevads Sl
F1 e H U1 HITY) 9 e o dereet srawen | diedr €, df fhg w-3=d
TehTYT ScafSTd BRM? (TR 1 Ty 3Tael Sl —2.18 x 107! ergs )1
TEGNH AN H Tl &1 Sl E, = (-2.18 x 10"%)/n* J W § A T
n =2 FHe 9 TARM hl T e ke ok feTw staedes i 1 TUMET FHIfSC Fehrel
I Gag ool q-25 (em W) o B, freent S 5 Hehmor | feRan S weh |
2.05 x 10" m s™ a7 © Tfq *Y @ TR geiee 1 a-<sd @ m?
TR 1 SFAM 9.1 x 10 kg €1 A THeh! s =1t 3.0 x 102 J @, df gHeht
T-S5 Y MO S
frafafaa & @ S99 go-er wheis ?, stufq fF soeeAl +1 99m g 72
Na*, K*, Mg*, Ca®, S”, Ar
(i) Tr=fafea swAl &1 o fa=ama fafae —
(%) H (@) Na* (M 0™ (=) F
(ii) S T HI RAV-TEN TqRT, R Ta TRl soeeHl # fefafed w9 §
eI s @ —

(%) 3s' @ 2p® da (M) 3p°?
(iii) Fr=fafeaa fo=mdl aret wemget & M FaRy —
(%) [He] 2s' (@) [Ne] 3s” 3p° (M [Ar] 4s® 3d'.

fre a9 n AH R g e w1 ST oTgHd ghm?
T ol fRH 3d Feash § 1 38k f n, 1 $R m, & T9a 79 )
el a0 & WA | 29 Teee SR 35 ggH T (i) 39H WieH R TE FdEu
(ii) T 1 SoERIER fa=me SaEul
H;, H, 3R O Tfelist & Sufeerd seiael &1 we sarEu)
(i) fore T ek T n= 3 B S AT 1R 2m, & TS HE B2
(i) 3dF&F & oMl & T m, 3R | Foled Femst & 7 T
(iii) Frefafad & o ®H 9 weeh 999§ —
1p,2s,2p3ﬁ'{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 HepeH g1 fFrAfead e Hemsl ol warehi I Ty —

(#) n=1,1=0

(@) n=3;1=1

(M n=41=2

() n=4;1=3

HNU W gU ARy T Frefofaa seied e o #F ¥ °F g9d T8 8 —

(®) n=0, =0, m = 0 m =+ %
(@) n=1, =0, m = 0, m =-Y%
M n=1, L= m = 0 m =+%
(& n=2, =1 m = 0 m =-Y%
(¥) n=3, =3 m, =-3, m o=+%
(&) n=3, l=1, m, = 0, m =+ %
forelt g # frefafea Feien wenst ot fhad seree g2
(F) n=4,m=-"% (@) n=3,1=0

g IYMEY foF TGS W] FT IR Ha w1 IR 39 Hew | A soiaeA @
T-Selt -Sod w1 ol Uk B R

He' ®WeRA & n=4 ¥ n=2 IF THAT ¥ Y q0-3e4 o Sa oell Wl
BIZSIoM Taed | 1 BRm?

He'(g) - He> (g) + e fha o folu Arawdesh o1l bl TUMT HITST| BTSN URHTI]
I TCTE SN § ST Tl 2.18 x 107'° J atom™ R

I HTe TH] 1 418 0.15 nm B, Al S e AT 1 T 1 AT HifeTT,
= 20 cm Thet Y oAGE H TH-Th Hich Adieed a1 ST Hehal B

e o 2 x10° THIY] Teh HaR § efted 81 4 36 ool %1 @aE 2.4 cm ®,
T e TTATY] F A 1 UM HifoU)

e o] w199 2.6 A ® — (%) % wumwp &1 5501 pm # 9o (@) 1.6 cm
FI TaE H HAR H AR IR AV i HE&A T TUMET Hitsa|

ferlt ot oh1 feor foege oMmeen 2.5 x 1071°C 21 39 Sufeerd gelagl 1 @& S Mo
Hifsu)

fafetan o w@m & dot 1 9] W THAd! X-FRon gR1 ara wifen fed-emae arw
e Sn 21 9 # 9% R AR Wik TRy oW -1.282 x 10'¢C 7, qf 39d
IUfeerd SlaeAl i G&AT i TUMT HIfSTT|

TCUHIE o WA H G, wife e Wi weArged w1 qaett =it &l o O gRI SHar
1 ST 21 A Uit onfE S ook WA 1 Uaet g1t o S, af SRie ot
T & SR Thm?

79Br @ "°Br W% W 8, Wa(h 52 Br 9 $Br A T8 €1 WA H HRYT a5y
T 81 SHAM & O qwd H W it qorl B 31.7% 2 Afesh &1 3Hh1 WA
Tdter fafau)

37 SoAHM G 91l Ush M9 W Ul i T ST 81 AfE 31 § gelagiA &t qorl
T = 11.1% fuss 8, @ e 1 v fafau)
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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 SEAAM GEAT STel Teh SAFA R G i 3 T €, 3R THH Seiaeia &1 gol | 30.4% =2
sifirer 81 39 A 1 Tdies foAfEu)

frfafed fafeion o YRl i 3Tgfa o agd U H | SFafeerd ifse —

(F) WEHET e (oven) ¥ fafewwor

(@) IaEE-Gohd | AUMET (amber) THTIT

(M) ThTE. Aea 9 g fafeo

(o) el TR @ wiafien Tl

(=) X-forzot

TEISH o5 337.1 nm 1 -5 W T ARt Sca=1 el 1 A SIS B i '
5.6 x 1024 &, @ 9 <ok ! &HdT i TUMT SHifaUl

31 19 ! W Fopd Siel W YR e Sl €1 9% 7€ 616 nm R Yeerdl § fafento-seas
FH ®,

(F) IESH &A@ (@) 30 Hhe | 39 fafertor g0 @ =1 T U (1) Fed & Hell a0
(9) SufEerd Fien w1 @A H A FIWC (AR T8 2J FT A S B 21

Tl Yeroll & e 9’ @ oM a1t Gohd 9gd AR 8 €1 9% W ¥gEd 600 nm
fafehtor @ et 3.15 x 1078 9l <l €, A TGk G W Bl Bl H@A i TOAT HifeQ)
3T STeensti ® STU[sti o Sfeaentel 1 A URI: TS 1 Hohe T arel fafehior Sid o1 ST

Fon foran ST =1 AfE fafsror 9 &1 et 2ns 3R wfed fafwor 9iq & Se scafsd sl &1
&A1 2.5 x 10'° 2, @ G 1 S 1 TUET HifSU)

Hor® el fgafor qe-3ed ften sfesioe HwH0 589 3R 589.6nm W @I ST €1 Teieh HhHTI
1 gl R < SIS srereensti o ofte Sl o a1 TUHT HIfS

Hfsrom o] 1 HEwE 1.9 eV 7, @

(%) Sears fafenor =t gell @<= (@) <@elt e i oM wifsw) Tfg Hifsem o S
500nm 1 W% % el faarifora fafan ST, o el U wieigaiaa &1 wifasl ol 3k am &
AT SHIfST)

o wifead u1g w1 fafe= @<t o @y fasifia fman s @, @ Frefoted 9o g
T E -

A (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

el - Wil Teerish i TUAT SHifS)

TehTel ToR[q gma WA o feer o1 | WieRede ®1 IS 0.35V i diceedl gRI Tk ST Hahdl
21 519 256.7 nm o TRt 1 U= fohan s 8, df feer ©1g o fofq shrfther &1 o shifsy)
IfE 150pm -S54 H WA ThH WA § THAA © AR gEeh A ool g3 TR
1.5 x10"ms " a7 ¥ e Fereral © @ S® el &1 MM Sifoe, fSEE g e 9 sur gen gl

e Soft T IS HHAU n FY Y XY B 81 FY n=3 § @A BT & 991 78 v = 3.29
x 10" (Hz) [ 1/3% - 1/n? ¥ <9 1 Gl 21 I HHH0 1285 nm R Ifaa & =, @
n o OH I AT HIG 9 TFH HT &5 FaEul

IH IS GHHT o G- 1 MO I, S 1.3225 nm 591 a1t el § R4 31 211.6
pm W FHE Bl &1 TH HHAT HI 00 w1 AW AR Wy H &5 ot aqEu
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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

R St g R 557 % e SRR W sei YaneRt w1 @ gf, e e e ok o
TR o Ul Wi Al Sratiia gldte o T SuE § o W €1 39 gawesll # Afg gere @
A 1.6 x 10° ms ™' 2, d 39 SoieH 4 Fafid 2 siell a-25d w1 M it

T faada o TAM =2 faoda gauselt ®1 Tupet w5t WA o fuRer § v fea s ?)
If% =l 800pm ®T TWI-3=4 ot S, & =ggi ¥ Heiferd sifyemerfors 3 1 o S ife)

Mg 9 o WUH el | g 1 o 2.9 x 10°ms ™ ®, Ol TEA Helfed 2 sl ai1-a54 i MO
Fifsa)

T i, S 1000 V o fawaial ® i X @1 8, 9 aiferd 97 4.37 x 10° ms ™ 814 0.1 kg
TS 1 Elehl i 1S T o1 W TMaHH 8, o THY Heq qu-54 1 TUMT whifey

I T Torei 1 fefd 1 4 0.002nm 1 Yrea 9 Ardt S ®, o e o e § Sty
T T HIT A TeiF HT I h/4n_ x0.05 nm &, T T 38 WM i Fhrer | g Hfeg
Bf?

T: TAR HI FeH H@ e < TE BI TR ol o Ggd %A W e hifeq) = s o fendt
H ol GuE 7?2

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

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

l_l,ml_O,ms_+1/2

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

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

n=4,1=1, m=0, m—+1/2

aﬁﬁlﬁmﬁ%sﬁwéﬁ%lsﬂév'Zp helh § S: TOHM, 3p HEH § B: TOHRM a1 4p
Herh W Ul geiee B ©1 T @ M W Selde aH YHe ki STE STe il €2
frefafaa § @ ®F @ weh STyl T SEY Sy HaT?

(i) 2s 3R 3s, (ii) 4d 3T 4f T (iii) 3d 3N 3p.

AL T Si ® 3p ek § SFH Sea Bid §1 i W gl AWk W 3ffueh gurel Afenta
3MATT ST FHIM?

37 egfa SoieAl %1 W@ 9aRy (F) P (@) Si (1) Cr (¥) Fe (¥) Kr

(F) n=4 ¥ Gafia fohae STy 872

(@) 39 I9FRT ¥ fohad seieg Suferd g, foweh fog ms=—% T n=4 2

Il
LW Wk W e

n
n
n
n
n

O U s 0P




