TTATU] <l ETAT

STRUCTURE OF ATOM

ELE

39 Thh o 31T o oI5 M-

goiae, WIS a1 =2 &1 el @
Ioh Sfarcreror | yifad & geh;
AT, WIHE T R o TLA]

Oiscll 1 dUF hi Honil;

T o FleH AR Aied o6
HETYUl AL hl THH Henll;
foga-gesra fafeor =1 g&fa
Td ek o Faiey fagia =1 gud
Tohl;

TeRTeT forgq-Tel qef TRATS o
TeH| oF TN 1 AU HT Tohl;
3 et TeT T BTgSHeRT ST
fagia & sAfqere &Y geht;
TXHIV] & I FCH TSl o
®Y ¥ gRenfid X e

AThaTs: fagTd, TSelt o1 ST9esH
Tagid den g€ 1 Afehad agehdl
7\ =1 9uiF T g
T[S o Selaeie faard faa
Tk

11084CHOZ

fafsr=r avat’ & Taraiies TAER ¥ ¥ fafaerar, 37ak Gareil &
AR averT ¥ Fifga fafagar @ verfad gt &

IR TE AT SRIfRl R 9gd T8 | & (400 $.9) TWEISH
I i YEArfad fohan T ol 37ehT fo=m o fof ] 59 <
o G T B &1 Sk STER Tl o AR e |
Ifqd: T I e §, T e fawifa = e s weRan|
‘T’ (atom) Ve ek A W Seq= g3 §, T atomio w1 31
‘q e 9 aTel (uncutable) 31 ‘ ATIT’ (non-divisible) g %I
et ¥ fouR Sheet shoudl W STeia 9 SR g1 e wler
I I F9E TR o1l Sgd 99 9 ¥ foem fRdt gmmn o foer u
& o W, Wy 180 wIarsdl H oRfTR! 37 W R U 5ot <1 g
Y e

T 1808 H S STeed A Teh folfew1 Thal STeAmeh o qgeft
AR AR SMUR T K4 1 T fgia w&qd fohan s+e fiagia,
58 “gTee = uRwTu] Taegta’ e S @, ] B wered 1 ge
FT (Thh-1) T

eeed o THY] fagid 9 geraH o weew o frm, fer
ered o T a0 fUra-3179d o o S Shaarges SAaTeA &
S Teh!| AR a8 T FAT o IRl i aftg wE | fawa @il
3N o T~ = 276l TEHRS (ebonite) i TTH @l Y
(fur) o @1 o W fagq e *1 Safa g 2l

TH Teheh 1 BHH S YRR Yeroli @ 1R feman €, S 19
ISt o S qe 20 o YIS o RN | SR g feRT T o
oY I wRnfud gaT foh AT B O (STTRANEE HO1) F A+
TS, W q <2 ¥ 99 B & I8 RO STeed hi HROT
faopar et ot
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2.1 TAUTATIUGR HUN <kl @IS
il PR e i S SR )
1 AT o 9N | 3R SRR W g1 g ufomt
&I F= HH W g 3T N o FdER o aR H
T 9% o 9 e ¥ W@ e R 9ue e
TH-TH ! Yfqerfia den fawda e Th-gm i
sTeRftid 3 B
2.1.1 TAGE ht @ISl
T 1830 ® uEeha e 3 <uiar R afx fed
foerem o faeE wefed &1 S 2, @ soREl W
IR e 1 fagsa ﬁ?ﬁsﬁw (deposition) W%I
I s T aar, fomes fawa o o 12e wen o
T2 9 IR ¥ foRq 1 oia Yepfa oF 9 § wa
Tl B

1850 & e T 3eh =ik, fagivent % A
Fifyrr w9 ¥ faifaq feeet, i Srere fewvor
AfeTenTd el Sl ®, W oot =1 sterr 3Ry
e 59 Tost 2.1 (%) o gwiian o0 €1 heire T
AferRT wE ® o B ¢, foEH ug % < e
e, f9= goteRIe &ed ?, ¥ia fohe gu &1 71 4
T fagq-fagsH ! 9% 79 3@ @ 3=9 faya =
Ufed feren ST Gehdl @1 hi= 1 Afereist | fafa=
TGl o T@ i Taiad g FEE fowen T TE geR
9 oIl T 3©d dicedl Af] & TE, @ Afciel H
HUI HI YN o g RUTHS oo (heis) ¥
YA 3ol (TAE) &1 T TRl 1 Jag 3TRH
Bl T S9! helre feRvul s1eren Shelre feRtor wmoT
Fed 2l

] ﬁahfftrﬁ i
e il g

T 2.1 (&) TF Sole o0 foagst i

29

helle T UHIE q Tt & are &1 sifafiaa
S o fau THie ¥ fox 9 THie & W9 ol W
T el (Y7eh "ewEe) &1 o fhan S 2l
9 3 fortol U oF fos ° 9 ok e aewEe
1 WA T THUC € T &1 Ueh THehiel Tog o Sl
g [fa 2.1 (@)]1 39 W & 9RO 1 9
Frreferfea 8-

frafa wq <t
e ) i g
=@

Ferg 2.1 (@ ) G55 CliegaH T helie-170 fagst e

(1) éwﬁ-s' ool (cathode rays) émﬁg T IRy
BIhY UAIE 1 SR T Ll B

(i) & fortol T fe@rg et <dff, W 37eh SHIRR i
T den o ffved whR & ugrel (Tpda
aon wiadie) 1 Suftefa o <@ <1 ek 81 3
Teref g7 oLl o <o 9 THeRd §1 Sefteis
ot Aiferent sheire fertor Fferent Brdt €1 e, wal
T we gfade aref 9 oifta g @ g W
ot wfadia & 2

(i) fogd IR gasr e i srqufafs § 3 favof
et fgom o T w2

(v) TR ot Joig & @t suftafd & Shefrs
TRt 1 ERR HUMEART ®O o STUfEd
SRR & THM el €, S 7 fag #war ® fm
wheffe feptonl o spumEftd wur B €,
TR e €|

(v) Srere-fauol (soiaRit) & @ e faeo
Afetent o gelodiel o Jare Wd SEH SuTEed 19
1 Yhfa W R 7+
I Rl @ e freed e ©

TR Gl TRETEt % 9o Sew B R
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2.1.2 SIS oAl AT THAMN AT
fafee sdifas foart S ofmEs = 91 1897 H whelie
fepeur IfereRt o1 SUENT ek 3R SRl o 9Y W
g oIk gasta &, St TF T o dded o, @
FToh TolHRF o IR ST (e) 3R SFHM (m) &
o= ST &t " (e 2.2) | e fag@ &= &t
Iuftefd ® goraei oTR o ¥ fadfaa gt fag A

(fem1 2.2) W <heiig fereor et @ ehd@ B 3e

YRR Had dadiE &9 &I sufefd § soaeq fog

C W helie Tl @ 2w #1 fagq e

JIhE &F HI JEad o FEgHgds dqed |

SAFRHI i STIUIfed 9 W I U W A9H AT

S wehdr &1 5E R 97 T & w1 suieafa | em

A9 TE 9 W fag B § <A 2| AFEA 3 T o

fon S PR SN e SeEE A w

Iufeafa H golaeil o T UY W fage™ &1 A

frefafea ol w e e 8-

@) U IR HOMER h1 HE Atk g W o
SR &5l o WY 3T TR g S € 39
TR farerer atfues g 21

(i) U H FTEAFE-H ok Tokl BH 9 fauem
ffures g 21

(iii) ToRIA 12/ Gahia &5 I Jaol SeidRIel T
Jieedl 1Al FFEIhE & Hi Jaadl dgH |
TSRl 1 got 99 ¥ T S S

here

ke TRl

e fagm

oI & 1 el a1 gahia &3 1 gereral §
Y et ws wt sufkefd o soiaei o fo=e™ &t Aen
FT TE-TE AT Fh IR IR 0T H oA,
e/m o WA 1 LR T Foh—

e

= 1.758820 x 10'! C kg (2.1)

W& m, TR T T kg § SR 39 W
S FAM (C) # B T e FOmERE 2 €,
IA: TAFA W Ao (SRUT) e —e @
2.1.3 TR UT AT
IR, fAfe (1868-1953) F Soiae W A& o
feicor o forg s fafy 9o #1, < 9o de wEn
(1906-14) HEeAl 2|

=M a5 geieR W eE -1.6 X 10-19C,
fagd &Y &1 FelTaH HH 1.602176 X10°°C €l
AT o e/m, ST o HH H 37 RO i HgH
Feh gARA H1 zeadE (m) TAeifa feam

e  1.602176 x 10 '°C
~ 1.758820 x 10''C kg

m =
€ e/ my

= 9.1094%10% kg

(2.2)

fer 2.2 soiagia o &Yl 3R SAHA o are SIUId @ 4401 X T ST
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Taferer =t aa1 st de fafy

z9 fafy o =9 (atomizer) §N 30 FE™ F
®9 | I 1 Jai ! fagg 93 (condenser)
IW H = § suftyd B @ fox 9 TR S 1
T &l o A HI AR A HT TR I H R ok
B @M T E ) o R T S Rt ARy faferehe
TS T S % FAHM 1 I Heh | HaETR TR HI
g H X-fRorgs wenfed &veh smaf@ foman T
et ot qon det S o "eug W Ao 5]l W faEh
ORI TN dA HI T g1 W @ e
X-FRTon gR1 3cq— SR el STl §RT STIAmr
TN T SAARIG e Y &I BT R Akt ST TR
%, @R fRan 1 wear 7 s1een feer fovan ST okl
213 3 R AEY IR W R AN Sleedl F 0
q Foerdl W e Far {1 9 T g # M W
foRIq &% YaeTa o S W1 e " T fHfes
3 gz T femen fF 91 W fagq smw (q) @
ufmTor EHeN faegq e, (e) w1 U edl §, S1efq
q=ne, @ n=1,2,3..

A = (+)

I B gL

ferg 2.3 aae ‘e’ W o fo fafesd &1 dd &1 g%
SUFRTT| Fegh H AEE T FT 55 TR BIARRT
a7: om0, fogq & & RO Agqeias

T I TAR T FeT

2.1.4 WEH 941 IS sht @it

ufafda rete fawor afasr o few T fagq
forrd & R Ui E W 7, A S
feroY oft el ST B 1 37 HFTETa KON o SYfTeTeT
smufafad -

31

() <heire foReon o faud, sFmaf o w1 g
hefte Tt Afetent o Sufted 19 &1 Ybfd ™
freft s B1 A W eFEfie T emE
g 2

(i) HON o Y IR FATH T SIE IH T R
et e B, foed 3 s g €

(i) F© YAERE FU1 foR[A A FT A IHE B
T = g

(iv) doshra don fagq &= ¥ 39 Ful * HRBR
TR S1E hels oYl gR Uferd oTeER ok
fauda 21
a8 BiET 3N ookl o AP BRSNS O 9

B A1 W W Hhed B 3@ YAEN U b

JrerhuT 3R THoh WeT0T ki gfte T 1919 H g o

9% W ] H Uk dgd ST RO kT AT

Tegd &1 TE| 39 07 1 @ T 1932 H ok 3

SAfTTH T oc UM o6 Y8R H Hil 59 UM o 9R 9

T Afeh qR Al fogd ST wu frifhE gu

IR 37 HUN ! ST Hel| 51 Jo HUIl o Hewequi

o7 ot 2.1 H fEw g ©

2.2 UIHTUT HISSA

e AT § FAIC T A | YT Yo | A8 T gel

o ETee o Afav™ W] § €M U1 U

e AT HI-YH] (sub-atomic) hIT B %I
STTHIUE KON 1 @IS o &% S ok

g frefafaa ger g of -

() TXEIY] o T T THSIRT;

() < o UK A difaer 9 TR SAeRR i
g

(i) faf= wEmpET % HaeW 9 fafv= yeR &
T[Sl o S i AT q°l,

(iv) TRETORT §RI STavNfud St Ifed fafvre
fore gaeeia fafewor &1 saafa qon yefa =i
TH
T ST FoN o T[S | foaer @t e

FE o fau fafa= @] gied y&afaa few )

Ty 3TH | B HISd gRI U oh Tl 1 sare

TE HT I WHI TAH 9 UH Aled Sl AHET g

AR O SR IS g TEded fohar @ geh

foraror strt e T 2 -
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e fagm

WROT 2,1 A HUN ok 0T

il fog TH 39T/ C qraE g /kg | gEmmE/u | AT
ST U/
- =19 =31
T e ~1.602176x10 -1 |9.109382x10 0.00054 0
s =19 =27
e p +1.602176x10 41 1.6726216x10 1.00727 1
i -27
AR n 0 0 1.674927x10 1.00867 1

2.2.1 UIHIU] ok ATHEA WS

T 1898 H SI.SI. oA o it foRan foh owemo] T
T STt e (s @ 10°m) g €,
e ereer w9 w9 9 faafa @ 1 56 W
TR 30 YRR feor w1 & foF o Teml feer SRy
el W € et € (Forst 2.4) | 39w i fofa=
TR & T T T T SIeIone— W e (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LAY EACRIEN!
1 g el WS o HEHE WA A §, o
TR HHI: W Al §iS 1 0@ Iufterd g1 39
Hisd H1 TH Hewqul &0l e 7 T 3od ] %1
AT R WA R G &9 F S g3 T T 2
Toft I8 Wied WA i fagq SEEAar H T
e o, forg o8 wfosa o gAm o aRomdt oh 9
TEf qrE T G 1 T 1906 § Hifqert § Tt Y
foregq wrerehar R dgifaew w6 gEif S & fog
o R ¥ FEIa foRan 1=

eI ERI G

ferT 2.4 TE] &7 GTHET Hied

195 |t o TR srefe § faf=1 gehR & feReon
%1 @ g3l faeed U=sH (Wilhem Roentgen,
1845-1923) 4 & 1895 H T3 foh whelie fehzor
Toit o SUfterd Ui § IHH W SR Ut
U0l S Y B, S heie TRt el o et
™ gfasr (fluorescent) wsre ¥ wfasifa sca=1
F Ghd T Hfeh AeoH #1371 gl
W1 g1 T8l o, 3: 3B 3% X- foRIon w1 AM
fen, St ome ot weferd B w@ @ T R
ToaRAl oh Sif¥eh BME e U UAE dsd |
TH o HRO YAET X-fRl S it ?1 X-
ool fagq den gawia &= 9 fasfia (deflect)
T e T oz el o uwwed § afq w=
eI (penetrating power) et ®1 FEl
FWU ? for aegell o onditer stemsd ® s feRvoi
FOIWA BA F o fETON w w-eA
(wavelength) =gd #%H el © (0.1 nm) 3R
FEd-JIRIT FIRR W § (TS 2.3.1)1

&1 993 (Henri Becqueral 1852 —~1908)
3 <@ for o o fafwon w1 S W R
I 3 REe %t eamfaeaar (radioactivity)
FE qel ga fF W@ @ HeAnfea o
FEAW 21 TH &4F H W Fh, R g e
qe wele diet 7 fasfaa fean s99 @ 7R
FH RN, o, B dA ¢ H IESH I@T T
TR 4 9 T oo fReol § QTR oA
AAY X TR THE WA FAHH a1 I Sl
FU1 e &1 S Te fred freen fF oo w
gifersm T B €, it 3 gelel o Wy
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et o w1 a1 9= ww@ §1 P R
TRl o THM SRUMCHS 69 ol 01 B 2
y TRl X-feoll & gum 3=a et fafeeor gidt
g, TSt gpfa SaeiA et @ eIk foreht ig
FH TRl Bl WEA &Eal od HH o FRON H:,
3Teh a% B fRTon (o0 UM W 100 T AfHeR)
o O™ SAfusk y RO & (o FO " 1000
T SAfR) e 2l

2.2.2 TEIHIE SR ATTHERIT U] HigH

TS 3R Uk fornfémi 4 (39 7R 3R arie
AEed) 7 9gd Udell @ &1 9= (gold foil) W
O~ U1 &1 SIDR | TIHBIE & FEG O-FH01 b1
N i fom 2.5 ¥ @ @ R

M 1 qaelt 9= (100 nm HIZE) T 3T e
Feh Teh ASAUfFd | 9 3=d el arel T HUT
H OGS TN TH UACH U= I BRA U FATHT
yfasifasiial (fluorescent) {5 ewrze T 9 BhiA
T T SE R ST 0T 3H BhIA W TR B, @l
TR 1 TRREIE (flash) St gt 21

YehIv STYART oF UMy HTRT U ol
AT o TXATY] Hiee oF ATER U< | U 9
o Yeh ILAIY] 1 RAHM R T | Th THE €9
Y <21 3 BT AMET| ACHT HOI o o1l a1 Aferh
Bl € o o goaw o U@ wHH T i of e ar
Y S| S 37U off foh Uxit | TohI o 1% Ol
1 TIfa efiedt 81 Sl 3Tk SRt e "gd %9 v 9
] ST 3=/ H <@ fh—
() STeRTer ST &1 9F i Tt 9 faafia gu

IERIREET R

e f

SEfcal el

(h) TGS HT FHI9T F91T

33

(i) g HT TH FHU B FHU ¥ faafa gu)

(iii) =Igd & &S H1 (20000 H H 1) G T 3R A2
ST T 180° o 10T H 3T TaI&T0T g3l
T Y& o SR T WIHIS o A i FCEAl

% 9R °§ frefateaa frrd fehme—

() OHIY] o SeT AR T e g €, it
AT STEHT 1 HH 1 Tl ol TR HT S B

() Fo & wERE o o fGef@ g g 9'
fagmur st g STty wfaswyu ad (repulsive
force)é]?W@Tﬂlsﬂ@ﬂ%’WW%ﬁF
Afrge o foam o fauid waT] o 318X LS
TAA &Y 9 s g & {1 eAE dgd wH
AT o T Hebfsd BT =feT, foed gAmEfiE
3T U o1 Fidertor 3R faeivor gan el

(ii)  EIHIE 7 VAT ek @R foh ek 1 o7,
TR oF el ST i gorl | 3Td & (10
B 21 WA B W 100m B E,
Sfeh AR s B @9 105 m e Rl
3THR o TH AR HT I3 3H a1 o T 5T
Gehel € T afx e =1 fopche =1 T e A
M, O TXATY] Y B S 5 km BRI

faafua o-or

(@) 9H i =1 1 FaEqds o

T 2.5 TXBIE o Y1 FANT %1 @ehd 71 9 G $T T qacit T W se®T (o) FOH H1 aSR (shot) F
St 8, at SGH @ SIS HT G g far w6l 1 UR FX W &, Sl o 1 fHeIqur g S 2
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IS GETOT ST IROMH| o SR W EIhie
= URHTY] HT AMTRT A T fhA1l 39 AlsA
o STTAR—

(i) TILAIY] ST G Tl STAhRTY FHE Tk 37

e & § ohigd a1 81 9] o 39 3 3feq

O 1 IS A A el
(i) 9w o IR AR oM JAR A, o=

THET (orbit) F w1 8, H agd deil ¥ IAd T

Iq: RIS 1 WAN] Aled GRAsd @

foreran-S[eran &, fore g =i o 9 g @

AR W& TqHH Seiei o §HH B 2
(i) TR 3R e o W SyeRTr o frer Sy

9l o gRI oY wd €l
2.2.3 UTHT] H§&AT dAT FIHT HE&TT
TR 1 GO SEeh WEH! o RN Bl g1 Sl
TEd TfUd B YT €, WA W A& SoAa[ b
BN % SR, Afer faadid fog 1 e 21 36
a1ef 71g © o ifyer o Sufter el 1 g wEn
TEA (2) & TR B T A T w1 wE
TESISH AMWE H 1 SR Hifegw § 11 B ©, o:
TTh] TLAIY] hHIh HETT: 1 qAT 11 BRI TIETY] i
I AT WH o fT SEY geleRHl 1w,
Wl I Ten (WHN] &N Z) o el gl
IR — BIEIoH Nl TIfSaH WA H Seiaei ohi
T HEW: | 99 11 el 2l

UYHTY] HEAT (Z) = URHI] o AT H

Wer @t wE
= 3ITEH wuTy o
W& (2.3)

RTEF T EFAERT I Yl o HNOT BT B,
TR Y T FHAE Gl a9 FS 3= IEA HOl
(99" Y& 1 SFEM WA o SS9 o ol
e Bl €) o RO Bl €1 3§ S R
T (n) Fed 71 s H Iufeerd WAl oK =g
Eﬁqﬁﬁm(nucleons)mgl ?{ﬁﬂaﬁﬁ
el GEA H1 WA F1 THHH H& (A) FEd
TEUM W& (A) = W &l W& (Z)+

=g @t w@m (n) (2.4)

e fagm

2.2.4 HHEATeR TS AU

foret ft TET] o TEEA W d@ o Wik (X) g
eI < R 7, food a1 @ik us gd-one foamn
S ©, S AT S W@ (A) Bl €1 o S A
SFIATH F T H AV Hen (z) ferelt g,
AU 4 X FAWTRe: TAF S Hel, g 9=
TRHTY] HEA o TCATY] BiMT; IEEOM— 14 C qen N |
e R o9 WA Bid &, et o] ge (2)
TAM T S e (A) T gt 81 g sl W,
THIHIN 2.4 & AR, Tg W ¢ fF gueenfiei ®
3T HT RO TS | Iufeed fo=-fa=1 =i &t
TE 81 30T o fou fh § BEgSH I &l H|
99.985% BTESISH TCHIIST H shelel Uk WIei Bidl €,
o wifeam ('H) Fed 21 99 eEgeH T § |
e B B ggeiiaw (2D,0.015% ), forad
1 T T 1 =52 B § iR 2rgfeam (Tritium,°T),
SR 1 WS den 2 g2 =i ¢ e gestt # o
A § I ST © | LR % F T S0 ot
&; S8— wreH, fad 6 WA % STl 6,7 e 8
A (126, '3¢,140) B €; FadH e, o 17
WAl o STl 18 [ 20 =2 (BCL ¥7Cl) B &

TreEentehi o foma # sifaw Hewogel o =% @
& T o TEEtTe T seel w §e gR
et e €, s At o Wil w1 gen g e
Bt 21 s o Tt o W =g w1 ge
YIS §gd A Bl €| 3Fd: TEEeh sAfutmenst o
Gt FEEeeh Tk |1 HeER Wi B

IAEIT 2,1
SOBr H WA, =J2Hl qell Seiail i HEAT
qfeherd i)

&'

78 ¥Br, Z = 35, A = 80, TN ST T
JIHl I T = ToiaeHl &t 9@ = Z = 35
Il i T&AT = 80 — 35 = 45 (FHIHI 2.4)
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SETEIUT 2.2
Rt wielr o Sotee, We qe =2l shi S
FUI: 18, 16 AT 16 BI THHRI YI Uk
fafau)

&
T G&A-HISH i & = 16
g a7 T (S) B
T SHTH & = WeHl i Fe&

+ 2l I Fe

=16+ 16 = 32
THARMA H G % W 6l 2l T TH
UM (RO €, freeht et seiaiql o
aTfererT o SR € = (18 - 16 = 2) THHT Fdish
2SRl

e : AX Hopd & TN wE ¥ Tgd I8 Tl
R o fr A Tl SEA ) € st
P A1 ROMEE B A 98 S W ®,
TRt (2.3) A @, e

TRl i T = SeiaeHl i G = T Tl
B T AR wiEie Tk o €, df 9w fwifa
Hifee foh WMl ST TN Toleel Sl GE 9
R & A1 w1 9fg ek © @ SherEd (HATEA)
3R HH T, T A (FHUEE) TR = St e
TN A-Z 9 & I €, =R ehgie S @l
e ST Bl

2.2.5 SIS HAiSsA o T

ST fF ST S geh ¥ RIS 1 ARTRE Hied
YrHee %1 Tk B2 ®9 o, forw s 1 9 g
1 TE IR A ! Tooh el 1 ale Gl T4 ol
e GRAEE TR TerEra Fitent* i on] feren s €
A g v ® fF 7' g & =9 e fafvea wened

35

% g fean S wehdl 81 @1 m TR m, FoH, 137
FHUEl & o H T SR G ey feeriE g
21 349 fagia @ wel &1 wHensti & ar ¥ el-Te 1o
* S Gehdl €, S 9@ 7oE 9 O @t 2

grusd 3R AiWeg digd o wuEd 9 9
gera foeran © f selaei ifies o =)l @i ffv=a
Feell H A #A T, T SAfafed o SR
mfwésaﬁa%ﬁw (kq,q,/1?) %ﬁ?ﬂ%aﬁ q,
3ﬁ?q2 W,rﬁmﬁqa{ﬁiﬂaﬁ'{k
e feerish €1 el et TR €9 H Techyo
91 % GUM Bl 81 Wy 5 g fog fore wmen o wifa
W%ﬁsﬂﬁw (acceleration)@ﬂﬂT%‘Ql i
g fret e o feer 3 @ ifa &2 @1 &, @ ot feen
TRE o RO ITH @1 BT |IeU| 37 AR
Hied H wensti ¥ IAd UEf HI W SR w1 A
O B e e & e qe et %
STIER, @Rd TERE Fol &l for-gasta fafe
HT IS HI MG (TS F A @ e T
BIdT, iR o e Tl 8id) | sHfere foreft sham o
Iufeer getaed 9 fafeor scafsa s g fafeo
o foTe o1l getaeieh T | T BT 39 YR el
(orbit) BIFY It ST | 7ol § I8 Ul =erd § T
Sﬁi@'ﬁ =l gffa g (spiral)“?l Sl ﬁt@?ﬁ i
10-8s @, fohg ame o q@r Tl e @1 39 R
IS ST ohi I SRl FoRewd ekt qen faeq-ges ™
fagid o STER vl fohan ST, o WIHE T TH]
Higa fRelt TXAT] o T 1 AR T8l HY Ul
21 Y I8 YD Tehd € T A henefi § gergeql @i
T & IRET] SRR B S §, 9 o’ T g seteRl
1 R o TR SR feer 9 o 82 %R0 e © fe
g gl 1 fe) 7M1 S ®, A rfus e
e TR 3R Sl o s fier deq s 9
T Tl Bl A T R Wi o, e efree
THIY] Hiedd 1 Tk o5 €9 Y 20|

TIHEIE oF TR Hieed H1 Th a0 TR I
T ¢ T e wAEt &1 soaie 9 o R |
Fo ot Iui &l HT, N Y I Udl Tel <ord
o Toiee e & 9/ 3R fore YR faemm € o)

mlmZ j

H ¥rd €1 TRl o i Ty §el i (G- 2

SThT Sl T B2

*fergrea ikt Ygifask fomm &, S =2 o ‘7ifd o fomi’ W emenfid ?1 98 Ty ogeti o ‘Tifa o frami’ s e g1
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2.3 §X oF UIHIU] Hise o faehmd
EAI A )
faerfas &9 § 51 o Wy fafeo &t s
forametl o oTeEM ¥ Ui URomHl § WRE[s TE
STU[SA ST GOl oh daY H A gaT U ga
Hid R 7 3 RO 1 ST Heh B"IhS g
Jiqared Aied ® uR R aR o 1] d9ied &
o & < fagedl =t oen wfem @ R
() foga-geshia fafeo 1 §q oraer g, frh
ol 77 ® for fafercor o0 den o1 <M o T
TR w2
(i) ORTY] WEH W Hafyd Y 9oy
e g fagd gas fafeo o §d Faer &1 ==
| TH] WFH ok YEfTE qRomHl S u= e
2.4 | & ST
2.3.1 Taea-gahta faferror st a1
Wehfa
IEel Wt o W o iifqenifeRl 3 A oege 9
STEPNYa Ud Icfsid g arel faferwon &1 wferaar 9
e TR 3 fafeon i e fafetor et s
21 S g W 1 IR i foh Fa fafwo
e o 2 €1 o1 78 9eft — «ifa 3 € fF sl
JHTE T G T B § TE SR M Sraeona
W MG © S fop S=iaelt 9t & 9o a9 e
off| Foita fafexor o fromi @1 wdyem afsraa &
FFIT 1850 H g3 1870 °h IRT H ST Flleh
Hagae 1 gg fagia fasfaa fran fF faga go=a
T @R HON g S et g1 39 g W
WA T % W S g A fean T & faeq
Jasa fafwwon & faua § o qeai & SHT S
Hagdel (T 1870) = e Teet Tafera foel o <=
3= femanatl iR el &R R ferqq qen gashia &=
o FEOER i AT &l 384 I8 g f f&
farge Safera ol st St wifid feran s €, d TRl
g ©d g &7 S B §, 98 &9 fagq
ﬂﬁﬂﬁ'ﬂﬂf’ﬁ(waves)@@ﬁﬂ?ﬁﬁ@ﬁ%,ﬁ%
ﬁ@ﬁaﬁmﬁm—wm
|

e fagm

TeRTeT ot fefertor =61 wh w9 7, fSrEen! S
o & ® ¥ o T F W T v & R A
A F F A () T
(El?ﬁlﬁn"lﬁ', corpuscles) T SF1 3T HMET STl ATl
199 TRl | YehTRT Wi TUI-Uh{d Afqariad &gl

el SR Hereel J Sarn foh WehTer a¥i St
ferga e g9 =aer § wetud g © (st 2.6),
eI -Gt T I T B GH Sted e 2,
Wl &1 I-l 8 I O W TR i)

V4

N 83_)[
f«‘a@ﬂl/m
Y/ T
JahI & TH I fem
fad 2.6  fagq-ga=ia @7 & fagq a1 gawi &7

2| 4 e GHA TT-35, g, Tid a4
A T B €, fhg d UH W & oAaad
el 4 @97 #d 2l
() SEHA SERE H gu S fagd den
ST & T TR % oleed 2§13 Qe
o TRl 1 e o ot e B 2 foga-geea
T 1 Th WA €9 o 2.6 | fg@mn
(i) =AM el SA-an o fouwda fagg-gasa
T k1 fepet TTeam 1 eTagaehal e it 31k
3 frafa & Tfa T Fend! 2|

(ili) 379 I8 T 1= e Lenfud &1 g1 ¢ ok ferega-
e fafertor ¢ YR % B €, et an-aed
T g Tk W ¥ i Ed 29 T A
fereRR fagq-gasa e o € (fo 2.7)1
TerzA o Fr-fret & o fo-fa m €1 g
I & %i‘@?:ﬁ—a@ﬁr (radiofrequency) &,
(10°Hz o TTT) , FoTEeRt SYART Y8R | fopan
STl %; H&H T (microwave) &3, 102Hz &
), foeee swm R § fEn S @
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31eX (infrared) &3, (10'3Hz o TRIS) , et
IUGN TRH I T B 7 WS (ultraviolet)
&4, 106 Hz o o1+, it T ot faferzor 1 wah
AT B €1 THT 10'5 Hz o e W &5 i
YR $99 (visible) FehT9T H&d 21 sheled et
¢ &7 T, T8 Tt oife <@ (Fgfed X)) gt
€, 315Y9 &5 ! Y= o fou favi WehR o
I3 T eI Bl 2

forra-gasta fafezor &t qoi o forw fafa=
YHN oF WEeh! 1 SYAN TR S g1 e
fafereoll ol gt (v) den @@= () g}
=R fvan s €1 e (v) 1 SI 9
A e<d & W W Tl € (Hz.s )| THH
TN I 39 &N o ®9 ° qRefya fewan S
3 W e f © v e TR 3

T o U oS o HEeh g =ieu)
TEI: TEh! T19 HieX (m) § 2t 81 <k foea-geea
fafertor o B -5 &1 90 Bl 81 36 forg B
k! T STEeaehdl Bl & om: fo 2.7 o fafu=
-l e engtel Al fae-fae geRR Wt
forga-gaeta fafewoi =1 fe@mn = 2

frafa  w+ft yoR o fagm-gawa fafe,
R ST ACT-3o P ot €, Th wuE T, e

(iv)

37

3.0x10°m s (2.997925 x 10° m s') | =erd &1 30
T Sl WeRTYT &kt 7T (speed of light) &d gk ¢
g 4 <uiid €1 e (v) Ta-<=d (L) 941 TRl ok
AT (c) i Fr=ferfaa Tieor (2.5) R Hafud
3
c=VvA (2.5)
il A o T g T, w-sen
(V) &1 STam fwar S @1 uid s o o,
a-{i-[_ﬁvq‘ S T hl GN-HE&T (wave number)
FEd T TEH AEF - & AEE k1 kT
Tfq m! Bl ], AR THIG: AR € o Jeeh
cm”! (SIAEE T&Y) 2

2.3.2 Tagra-Seenra fafetor &t ot
Uehfd : Wileh el adied fagia
IEEREK (diffraction) 921 SAfdHIIT ** (interference)
St 5w wrEifiTer fteeiet i fora-geehia fafwon
1 T ThTd g HESE S Fehdl €, Alh FO
Tero ki 19 Tarsdt & Hifen foeE (S uRufes
Fifcreht’ sheerdl €) o fagd-geea fagia w1 Fem
Q oft afir =&t feran S Tkl A Yeror frefertaa & —
@)™ e 9 fafeor 1 ScaasH (Fforem
fafertur black body radiation);

L(Hz)

A(m)

400

500
s A (FHER)

600

T 2.7 (& ) fog/q-ga 19 16601 %7 TWazq (@) 599 TWazq] R TIFgq &1 T Siel 91 97 5998/ gl &

* fopdt a1em o STHY™ X o e i faedw wed €

** T TAM Sgfa arelt < a6 faert Tk T @ It 7, frmen ffem § yae fag W fasiy, vo@w @ % s fag W
faeiis =1 s =1 @feer @ giar @1 T 1 39 YR h1 SIS SAfqeuT SHEdl Bl
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3ISTEIT 2.3
sita sfean e (fReeht) =1 fafay Wt e
1,368 KHz (fohell B<si) &l oTgfd W TR0
F3d 21 GORE (transmitter) ER ScATSd
for S e 1w T
Ig Torggd-geeh i WeagH o fohd & ¥ Haifed 272

A
T /1-3

H%Tcﬁaﬁﬁﬁgq—%\mﬁaf%rﬁﬂmaﬂéﬂaﬁt
v g Bl fRE 7w AEl S faeenfua w0 W
C
1%

5
_ 3.00 x 108ms™

1368 kHz

_ 3.00 x 108ms™
1368 x 10°s™!
=219.3m

g e € 1 Afenafies qw-=i 2

IR 2.4

99 TFH o qOT-<54 1 W ST (400 nm)

Y &l (750 nm) T €1 37 TI-<=A i S

(Hz) § 9 HINT (Inm = 10" m)!

'l

GUIRTOT 2.5 o STER, ST Wehtel i eTgfa
c _3.00x10°ms™

V =— =
A 400 x 10°m

=7.50 x 10'* Hz
A GeRTET i SAgfd

V_E_M =4.00 x 10" Hz

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

3Tl 2.5

5800 A° T-3e4 ol el fafertor &1 ()
T-HEA SR (@) Mg &1 T shifs

W fogm
Syl
(%) TO-F&A (V) I T
A=5800A=5800 x 10°® cm

= 5800 X 107 m

1_ 1
A 5800x10°m

v=

=1.724x10°m™!

=1.724x10* cm™
(@) = gfd (v) i T

_ 3x10°ms™

F - S _=5.172x10" s
. 5800x10"°m

V:

(ii) &g ! Fag W fafertor & TR W SaraRHl H
TR (geRTer-foggd 9+me) ;

(i) 3 H AYEM o Wl oF ®9 § SEATEIRAT
e

(iv) foIoet BEgeM oF d3d o Wt ¥ 3@ U
& weEH|
3 ufteremd it et ® o R sher forelt

g wen o € Sl of Tehar ©1 Gt Hewferd Seid

TG AT TSI Al i S Fehell |

g &AM A dieft 9 © TR T 1900 H Heg
Tl §R a9 Ugel U Soeliad HieT foento
T HIE W A FT T\ LT TH Tga! 9 UREA
1 TUH 1 T B T A T w2

TRY a5 fasgd WE H fagg geh @ aar-3=
o fafertor Scafsa &t €1 S=a a0 W fafetor s
ST WM A o g¥9 | W Bl § 96 ard Ser
ST ® o ¥ 3= (fren yehrer) stfush A o
I Bl €| SR o forg St fendll e 1 9% i
T2t H TH X €, T9 THHT T Teet Goohl el il
B S-S Y Tgdl S €, 8- 9% e o
B S 21 wE 39 IR TR fRan S €, 99 5ol
e aell fafertor =1 1 9% 8 S © SR S
A9 Sgd I B ®, a0 98 el g Sl €1 gheh
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o 7% ? o ot fafewor fordht faom @ = eifeen
g eid € qen g foRdt a9 W A fafewo sifuew
g e 1 stufq T et g safSia fafe= @
et o ferfereon et e eeqati o qrq W e e
211850 o 3id % 8 T & g1 o T fafa= et
g fffa sequ afs fafe= qal © w&t = @ ot fafa=
e | ffertor Scafsia st 81 gHen fdie e off

39

fafertor sl o 1 TI-S54 & e o €9 H T
FH & 3R T T

TR o qUT FHGId o STER TR SUUe IRUmHT i
ISR oAl &l i ST Hehl| el wlieh o 39
TRl o STUR W gase aikond ura fen fw
fafeneor o1 sraeioor IR Scas ferl (Hftoenr w1
Rl & WA ¥ ST BN 2| T8 AR T

for Sa fordt a&q &1 9a8 W g (fogd gai
faferzon) fafewfia feman < € o fafsrfta st &1 o
I U8 & WEfdd g 8, o W SrEwifia e €
T D T U B S €1 STqUl TSRO 1 HRT
7g ¢ o Femeer qere gl fafeor 6t srgof
9N et 2l

T T oyt fie St W UER H emgfa &
faferTon =h1 Tk HHH IETSa ae SrEgia i g,
FORT (black body) FE@r ¢ Ao W fig @
I fafertor i ittt fafertor wed € araa
H UE 1 e T el i s o ShioueR %
wgd THH Il 81 SHTO0ehT o1 Teh 371 ifcieh WfTehed
e 3% 99 U T B ¢ [fee 2.8 ()] for T
&% o ofeTal 3T S §R el sl TRl § 8% ¥ ot
S A S e e 1 R e B e
B Tl € IR &7 T TRl i <R gRI STl 81 et
21 o, fefereolt St
w1 Y feweR ot R
31 v s e
37T e o | A
e ¥ 2l 71 7 fRw e
g Ufd 3T ewel |
I Sl TR et ©

faz 28 (%) oo foai &= ufEw 9
STERNG S off| ookl ¥ IcHfSld Ukl i A
(faferor =t dorr) den 3T WaeH | famo sad
ITeh a9 R el e 21 fRE e ameee w, Sefa
fafertor =1 <ierdl TT-<e2 o s o WY wedt 21 TRt
T W24 W e ke Bl €, SHeh a1 qu-oed
% 3R FgH W e T I B ¢, S o 2.8 (W)
T fe@mn T 1 sEeh Afdfe S-S 1 wedl € oeh
1 SFeS (maxima) oY TUT-<54 1 IR TFARA 8
S €1 fafeor 6t diskr 1 qaiqEE o % ferg

ot faferwon o e o @y e *1 ARH-URH
FT Wd Bl Wik 3 Fg o TR faferor @i et o
fafaer (discrete) 9T | sier ST Gehdl 21 Herd whish
J A o T SiR o1 Sheret fafaeR (discrete)
e H el Sedted (A SERlifd) w €, 7 R
3TeRa &9 H| faga-gasa fafew o €9 5 el &t
TSR =Jqe A 1SS (A1 eI B §, 59
Wmm(quantum)WﬁWWIﬁmﬂT%
Teh FAIeH i Soll (E) 3Heh! TG (v ) o FHIgaw
eIl B1 38 WIS (2.6) g1 ek feman il &

E=hy (2.6)

T,>T,

drgar

1000 2000
— s> F-=mm)

ferT 2.8 (@) -3 digar qa

STuTaeRal feerish, h, &l wiieh fRerieh gl
ST @ SR SHRT UH 6.626x10°% Js BIdl B

FAT2IH0T T o Hifed | @S T 9§ &l T2
2 HE o = difedl & fedt ot 9RRE W Ee
Bl Wehdl B T SHoh foiq WGl o & IEIEH] ok |
o wel B w9a el @1 Sl b1 we fefetEd
T U 9 1 ff e Tehal @ W 39 9E % &
H T 9 T8I 8 Gkl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiie Hfwek 9 fafvy=
il W Idfoa fafeyor & daar-faaor &t smgfa
e T8 & B o ®Y § ANRA] FL Heh|

e s

(1858-1947)

e sk Wk S sAifcieh! SRR
g1 I\ FL 1879 H HF@
faafoemer @ Sgifas difawt o
T.AEN. T 3UY TS0 il F T
1888 H wfer foeafaame™ o
= ofe ferfewa RS (Institute of
theoretical Physics) ® e fga fe T
IToh BN U U Fien figid & faw 3% &9 1918
o ofifqent § ed R ¥ gEd e T
IR STl SR ARt o o & § off
el e

EEINEEEEREIC]

T 1887 H TH. B + Uk agd &1 for=ed yam feran,

e o et (S8 defirm, wdifeam, Wi,

TAIR) T Tae W IYI G A YT STeH W

St fot 2.9 o femmn o €, seiee fieer §1 3

e 1 wenteT T wumE FEd §1 59 v 9

e 9RO 39 YRR B

(i) g ! Fd8 ¥ GRRIYSI oh T &f 39 Hag |
TR feherd €, e1eiiq g ) Ide 9 solaeq
FTeehTE T2 Fde W YhTRIYS| oh Thi oh o
FIE THI-HAWA (time lag) T &Il

() TTepTEd SoeRil &1 &M TR i diod oh
G et 8

(iif) R ©Tg o forg ek sifienarfireh < et
2t 2, i deeht 3T (threshold frequency)
FEd € 3R 958 w9 219 R vl fargg gume
TR T B €1 v>v 3TaR R e e
F1 FD TS St Bl &1 TS el T HehTel
1 S o S o WY Fedl ¢l
IR HR RO T e URae Hifdent o

Tl oF STER TR 8T &1 ST \ehT| 39 Ml o6 oTER,

TehT¥l ohi TRT0T &1 ST w1 WIS TR i ol W

e fagm

W:;?ﬁ% 5Tq A

S A N
s O A _/
i & e

ferT 2.9 T forgjq-9919 & ST & [o7q 39| TH
frafq &7 4 T YIg &1 9% 98 | T [0=a
g arell gHET FT 0 ewhwdt @1 4G @
gl (1 &I &1 3 U g G fird st
g S 39T e il T H9T FAl B

freft et &1 g WA, iR SRl @1 we
AR T8 Helferd T S bl AT WehTel 1 dieran
T w1 S Gehdl 21 Ty e <@ T € f frenifid
TSRl o1 H& YTl i el T R st €, eifer
TSIl T TS ST dter W TR T e 2
Il o foaw, TR o ghe W AfE fandt oft e
1 AT 3T 1 THTT [V = (4.3 ¥ 4.6) x 1014 Hz] F3 Hel
Toh STeT ST, <t o IS Y1k Serareil ol Feehta
&l il 8, W 59 & el 11 1 A el s Tl
v=>5.195.2x 10" Hz TWRMM W e s €, o
wehTT- o v fe@ré o 1 wieferm wrg ok fore
Tgeft 3T (v ) 5.0x10' Hz B

forga-gaeta fafeior & wiis o Fareq faga
1 TN L U SAREH (1905) TehTer-forgq gomE
H gHSH H %A gUl

1 1 Fdg W YHE S F THIA hl HI
(BISA) o ST T SHTT THS ST Fehell €1 579 IS
AT Sl ATell Hied Hg o IXHY] o Soided |
TR 2, T8 TAFH ! TRAY] ¥ gL ael Fente
<1 21 RIS i ol Torel SAfeen B, Sat € Sl
T Seig ol S AR Fehifaa Seieei= w1 Tiast St
I & aferer BT S wreal , Frehifad soree
TSt o1l foq-geeha faferor st T o Fgardt
BIit| <ok T Al I Wi St hv @ IR gee
1 k1 e o foTq sfeaes =gad st hy, (59
FHEEAT, W, Tt HEd ©) Tl A FR (hv - hy)
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eae MR
(1879-1955)

SR o a1 gu safeR! sifaet
IR STead S favd o
e Hifeh! SRt | W Tk A
ST B (SR A=AfTh Tk e
)1 §1 1905 §, 59 & 91 § Th
T 9e ofthe o dehil s o, 9 fov
STTeTeh T, STSHT TIfd 3R gehrer-fagg g9 ™ 39
3ok A Su-= 3 et o forehrd w1 wga gefe
foram 3= B9 1921 H wehe1-Tagq 9w i SAre o
fau ifert § Aiee [WEhR @ gt feman

FIEEER I TS el TMIARd 8l Sl g1 il
o eyl (conservation of energy) & | w1
STIER ¥ g FTshifad solae@ @i Tifast it
TR 2.7 B & A

hv =hv, + émev2 2.7

STel m, TR T FAHM € 3 v THH o €
iq o, sifues dgar arel TR H Wil St W&
sferer BT SR afommeersy frehifaa seieeMl i
e off 39 7 & gorn § st enht, o vy
et o WehTel 1 ST TR T R
faea-waera fafetor @ ga sgar
WehTST 1 U1 HHH Fehid 3 Seh] oh WA STEHTY
1 Tearfa a1 Y <11 Tk T o 5@ HioorehT ferferton
3R ehTI-foeq 9uTd kT oSS SARAT i, W
Afqenrtor onfs IfereTen i S &1 S Wehdl off,
o TN FfRETd T8l ol 39 S i 5 L I Th
& S o1 foh 9% WM foran sy o wentet o @ 3R
T A S O B §— i FehTe 1 gd SHeeR
Bl 21 A o SMHR W eH U € foh qehrer T A
HU1 & GHM HIER Hdl &1 e 57 o @1l faferton

41

1 I TR el €, 99 T wu S e wei
A1 S| ST fAfHToT 1 T=L0l Bl 2, 99 U8 a8 S
o1 (SAfaRT iR foad) geriar 31 o7 iR fafewo
1 yaferd URIst i WA g I8 Gehou l ThHaH g
off| S h1 39 BT FH § HIBT GHI | ST
AT AN W, F GeH HU (S -gelaq) off
TR Il 8 HRR FEE F ©

IETEIT 2.6
5 x10" Hz 3Tgfd arel fafewor o & A
IS I Seil ! UM SIS

&

T W &1 el () FeAfafad aeteon g/
S 2

E =hy

h =6.626 x10%*J s

v =5x10" s (fe=m 7=

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

T WA BISHl HT el

=(3.313 x107'? J) x (6.022 x 10** mol™)
=199.51 kJ mol™

SETEXUT 2.7
100 afe &1 TF Fed 400 nm T T-25
THIU YehTel IS HIdl &1 ded g U
Tehg IS Bl ol H&AT i UMD hifd|
'

oed i fogd-wferd = 100 9 = 100 Js™
Teh HieH &l S5l = E = hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AR 2.2 FT oIgell o ¢ wEwaT & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2826 3.7 4.8 4.3
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=4.969x107°J
IS HIAl i T&

100 J s™

m =2.012 % 10203_1
o X

ITTEI 2.8

S 300 nm aT-<=4 = fafevor wifeaw Org
%1 W8 T HAA 7, @ 1.68 x10°J mol et
FS A TR Sfad B Bl Wfedw o
AR o fshra o fae &9 9 %9 feat
Soll AEAE BN? fREt gyt soiee o
IS o fou sifbreran qen-S=d @ B

A
300 nm HRH FT 9l (E) T4 THR 3 St 2—
hv =hec /)
_6.626x10°* J sx3.0x10°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 "

Hifesm ¥ T A seiaeHl o fshA o fog
STMERIH =LA Hel
=(3.99-1.68) 10° J mol "’
=2.31 x 10° J mol*
T SO oF AT STEvdeh =[Aaq el
_ 2.31x10°J mol™
~ 6.022x10% electrons mol™
=3.84x10"°J
THHT G TIT-354 39 TR SHfi—
aaste
E
6.626x10°%*J sx3.0x10°m s™
3.84x107"°J

= 517nm (I8 B T o Y | Hafdd 21)

@A fagm

33Ul 2.9

forelt g 1 <eelt oMafa v, 7.0x10 s 71 A
v=1.0 x10" 7" 3gfa =ren fafertor urg *i
Gde ¥ THUA €, A1 ScarSid Soie i TSt
Sell ST AT FHIfST

&
TS o FHIHIUT oh STIER TSt Sell
=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™ sAaieh el W o
T ymmoT @ URETiUaeR WaeT

WSl 1 T S HEAW i Wehfa W SR et ®
S =18 TJore! 1 Tk HIeAH 9 g qeh S W TR
#t FRTOT O g U9 W g S © e srudfdd
(refract) SN %I

o5 o 9§ W YT 1 fRT0T i TERA § e
<@ T foh HH GEI-S8 1 R el qUT-o5 i A
#1 o | s g S €, Eifen w9ty
T H 9v WE H gl q-<s ol 9@l el 2l
TS FehTST 1 Tortor A el 1 T Sf@en | el
Gﬂ'cﬁ% ﬁl’@l'{:ﬁ'a?{q (spectrum)ﬁﬁ %I o,
et T-o=d gag stk Bl 2, 1 fa=er gad
FY 3R GO HH - ol S 1 1 T
o Afueh BT €1 Whe T o YehTyl, S 8 fE@rg <
2, o WA & WH 7.50 x10"Hz o S @1 9
AT 4 x10"*Hz o el T dh Sidl 81 36 TeH
Hdd 115['0@13[ (continuous spectrum) HEd %— Hdd
gHfT, T ST 1 Aol T H SR e @ 8
Toerdn 21 1 @i o Wt o TE & Bl B ST SRl
o gey 1 €, a9 off UE € T @t < 21 AR
Fau foh 3va gehmen fagd-gashia fafeton 1w =gd

* ferelt ot o faw fafesd (discreat) @i o Gfdsy @l SO HEd €
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TIA] T G

B wmt g € (o 2.7) 1 S fegq-gahia fafemo
%o o WY ST fRA R 7, o TR SR 1] 5
Fofl T ST FX Tohd T T 3= Soll TR W TG
S &1 S ol &R W I SRR e | B 21
e HH ol Al Afueh T qerey e | eled
g, @ o fogq-gasia Tagn & fafu= & § fafeo
IR Y B
S qLT STAYNTUT Wkt
foreht w1l | Sl TR0 oh 918 Scdford fafehTur st
TargH  Segel T’ HEaTdl &1 qHTI] STU] AT A1
faferor oF SEETo W IS @ S 81 ScdsH
TR W & o fau fed gfaeet 1 W™e Hih
stere fafeifomg sieh St < St @ SR oW gfased
SN STl b1 Frshiird shdan €, d Scafora fafentor
1 T-<=d (A Aga) wi Repie T femn s 2l
STORINE0] TaeH ST WaH o HIeHThE
frifea w1 oX@ eiar 81 S U Haa fafeeor i gfased

43

W S S B, df 9% fafw w1 g w-gsd w5
ST HT A &1 FA R ST fafehaor i wa
e TI-52 Tk el Fad Ted § el T ht L@
& ®9 ¥ Y= B 2l

IS A1 TR0 TAH o ST h TIHd!
(spectroscopy) F&d 2 %WWW%E’W
WIS 1 TeZH Had eidl €, Fih SHH 339 WehI9l
H ol ¥ O qen qeft qer-ded sufted g )
THeh Toiia T afereen § WATIET 1SSt TR
A W T qT-e | T ®9 9 9 6l
2, Wq ST9 had faeiy 3= arel ehTer Sedtor
Bl €, Toep o= o el T Ed €1 W ey &
Icfoa fafetor ween § Iusic W@iel & 9 H
¥ g & (s 2.10)1

T T o 17T § T@1-Scei W
1 a9 He<d B 81 Ysh qed 1 3191 T a9

T 2.10 (&) TRHTUANT ST : BESIST WATSH (1 4l iR a) @ SHferd Ylaqel GRT ScafSTd JehTeT i ThH
450 © AR (Al w-aeal w1 J@ien d g (e el 81 37 Seqsid Wagd, S e avi-asql @l
BISHITHTT Q= Bl &, %1 ‘3@ Tazd’ #el Sl 81 fhdt (fied SR o gfieel § wga sifer gear § gy
gld 21 greiites HIE Tk AT [l Uh GHT W T & SHieid sraeer 4 gl "ehal 8, g warsi & GqE 9
Tt G ST ST gt €, 5 4 WA e Seif-wR WO &, d Scqford Yol § WA 9 gl g
(@) WHTENT ETNT: S TS GHT HI S7alord Rl WA @ fohdt d@mfes (slit) ik ey fisw
T TSR ST 8, A 9IS Yl ° e ax-asAl (S e 2.10 % 9 Seqford g€ eff) &1 diedr &1 a79rE g sar
21 78 ggfua wagn 4 uh 3@ Wazy gl @ R e Wagd &1 BIerEid ifed glar &
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@1~ Scqs T Bl 21 et fageron o awem)
T i AfenefiTR Y@ ST WHET S Tee
o forg S&ft yhR S § W Wt ®, TN geR
S o e A= i 9earH o foe swEn |
Y S & T < o TR o ISt T i
Eretl w1 g oo sea ufasel w1 YEren 9
Tl TEaH oF foaw Ja g9 (1811-1899)
wagerq T

wdlfean (Rb), Sifam (Cs), dferam (11), Feam
(In), TIfer@™ (Ga), 3R whfgaw (Sc) 3Nk a1
TS 9 gg off, 59 3eh @Sl a1 TareH! faveror
e e ol @ H Sifem (He) 7 o1 Sufeerfa o
ezt fafyr g s@ &1 e R

BIESISH oAl (G WagH

ST gregier T H fag fast yerfed faran s 2, @@
H, 1] foiifsr Biet 3= Sell aTel BTeg ST WA <
€, S ferferer et e forga-geenta fafrwor sefsa
F 2| TESSH Seaed | et #i wE ST e §,
S8 ST SMTTEhIeRT o 19 & ST Sl &1 &R A T
1885 H UM YeTuli o6 STER TR o foh afs et
{@stl &l W-HeT (v) o €9 H H Fad fha T,
3 TEE TR F T T ) e

T G AT ST Hhal §—
v=109,677 [z—lz—n—lzj cm=1 2.9)

el n ek quifr €, et o 3 =1 3 9 arfren
e ®, AUfd n=3,4,5... €l &

9 3 51 Af01q {@rst ol ‘aR 4o’ (Balmer
seﬂes]ww%lgﬁ?;ﬁﬁmﬁwgﬁﬁ“ﬁ
1 T fore-seeh T & 99 &5 ° W gl
Bl e & Th Wagdl aufe Serd figat A
Farn fF TRgeH Waen =1 wdt gfve & W@

frefafad g gm @i s wehdt &
v=100.677 L _L oo
= ) n12 ng (2.9)

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

109,677 cn! o A Wi BEgeH H1 Rgant
e (Rydberg constant)%ﬁ % n=1234

e fagm

AR 5 Tt et w1 9fa afml wEe: e
(Lyman), 9THY (Balmer), 917 (Pashen), Jhe
(Bracket) 92 %€ (Fund) STl seard 21

RO 2.3 H eEgeH TaA w1 A A fmr
€ 1 f 2.11 ¥ STESISH WA Y AEHA, TR SR
IR S o WeRHo 1 femrn T R

HRUT 2.3 UIHIU] BTSN ht WeH 1@

Sroft n, n, et &7
QIEEE 1 D5 T
AT 2 3.4.... T
9 3 4.,5.... S
ECT 4 5.,6.... CCRE|
T 5 6,7.... ST
E=———— & ——————————— nzZy
n=>5
n=4
+VV U SOTt | STEER)
n=3
TR AT (3T
n=2
EREE
AEHA S (T
YVYVVY n=1

ferT 2.11 gEeio WaT] & 3929 & qHal (T8l
fraré 7F &
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TIA] T G

TISSISH &1 a ey et aall o @ Wy
FI gor H Fed el el ¢ AR e w6
Tagn fush wfed g 8, wq 9t Y@ et o
FT AA THH B 21 G- (i) Tk axd 1 @l
ey foei™ YR 1 BT 1 (i) Y& e o @l
Teen o frafad gt 21

I T8 Y S © Toh Uk SI9 3 ARI0N 1
ST B Hehdl &7 1 kT Heiel S ool oh qRATILS
1 SoAa(Teh G W Bl €2 39 YR o Tl ok
I S T 81 8H A0 <& o 1 gl o I
Y gH 3 q oF WETsT @i Soiaeitieh GXEAl ohi
qasH o gfaen g
2.4 ETESISH UTHTY] & T &K dtse
TIESISH TXHTY] i G191 ek TIaH o |
AN HT TEEA HEATHS AR e’ d9R 7 99 1913
T il IR ik oF Foll o FAIHTUT i TR
w1 39En foram FEfy SR f9gid oyt waied
IRt &1 o, T IXAT] SEE qen Sal H s
TTAl 1 TEhETd ©9 § THSH H 38T ST foham S
ehel ©1 SR o1 Hise fefafad Al 7 s
T
() TEENH AN | SolaeH, AfYE o IR T

fafeara forean IR Sl oot IR welf o S| Hehd

21 37 IR U hl TH heq A T Feee

T AT ol TR Fed 71 A HEM AR ok

IR SR Gehea &9 | Hafed g 2
(i) el H Soiae i ol 9HI o WY @l qRafad

Il 7, TNf hiE SR e Toml W) 9 3=

TR TR W e S, STd 98 SATa9Ih el hl

STERIEU] HOT AT ST oh Sod LR &R

q 19 T W M o 91§ el &1 IS 80T

(THIRTT 2.16) | Feli-dRaEd Haq aldeh § &l

g 1
(i) AEF ST STCh & TR STerwenst o HehHul

% gUg STaNNfyd t¥er Sadferd fafewor

frefafed w1 o fon <1 g 2-

_AE _E,-E
h h

(2.10)

45

e AR

(1885-1962)

2w odifet SHifTk e I’ F
T 1911 H HUTei fovaforeme™
T diTaEl. it U TE0 R I
% I A THE IR IR
TEIHIE o WY TH Y {9 1913 H o AT
o, et o Sfewd @1 7=l 1920 § sfe=ge iw
feremfesa frfsed o feers o711 vem fovags o
€ IR A TEAY FeA o AUl STAM o faw
3?\'311'{5'13!'3? FE foanl 3% ¥ 1957 ¥ 'Atoms for
Peace' HM W 3711 T 1922 § 9K 1 sdifqent o
e AR | FHEIG fohan

Sl E, 921 E, %eeT: f7 3R 33 o1qwa e
et 1 39 TR I ST T ST Bl
T et S 2

(iv) SooR 1 HIvNT Ho eeifed s ®, <1 g3
Tt sraeen § 39 frefafad s o gr
Tt S Hehdl B

nh
m,yvr=— n=1,23... 2.11)
27

S ‘m, sHRE w1 FeE, v oA qen
39 el &1 e 7 e o gEa 2
3Td: Th Soiae hael S-&1 hell W S0 Tehall €,

S+ I |aw 1 7F h/2n 1 Ul 0T BRI
TheH A § KNG HAT Fifed gl 81 e s
vl T o fohdl T Fifed T 6l BEHL T
M YIS 3l € dl fafertor sh1 STamiioor sy Scdsid

RV HaT

519 YR §o9H (m) 3R aes a7 (v) 1 PEHa
Yaes Ha Bl ®, SH YRR Hiviig HeT (angular
momentum) S T (1) 3R IV T () T
TUAEE BT 81 m, TN a1 e o fa, S
TfTeR o6 9 SR (1) 552 1 JaeR weT J 5|
@ R

IV GAT = Ix o
Hifeh I=m r2 AR w=v/r &l v g av 2

3d: HIvT HoiT = mr?xv/r=myvr
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Bl 81 31 Hereel o1 Torga Skt figid @i @

T e 7€ wRU ® Tk P ffvea s & ema

B 81 SR T T srowenel ot Setietl ok fereret o

faoa o < T faegd SRR ST Sifee €1 3Td: SH

ST T hefsT | FHeAT S| 9R fHgid o $TER

IEgISTH AT ok fore—

() Seiee ok fog womdt seensti i n=1,2.3...
% SN T fRA T R T YUl i qER
Fdied WA (principal quantum number)
FE A 7 (TS 2.6.2)1

(@) Tl sreenesi &1 st & ffafed w9 4
¥ feran St @8-

r. =n’aq (2.12)
Sl a,=52.9 pm 9 YHR TSl TR e,

5 “aIR e’ el S 2, 1 B 52.9 pm @i 21

HIYRUGAT BEGISH WA § e Sl el (n= 1)

o U1 S Bl n S 9@H % 91 r Rl 9 oedl 21 T

sl W, gl A ¥ R suferd B B

(1) TOERH W Gefed o Teweyol o7 TR STee
1 o1l g1 38 FreAfeaa g gru fean wiman 8-

1
n

S R, EDl ﬁ?sﬂ"'f Teerian, (Rydberg constant)
Fed 81 THHI WM 2.18 x 10'8J Bal Bl Freaw
STTET, o9 ‘o etewen’ (ground state) o} shed

e n=1,23.... (2.13)

. 1
2, % S E,=-2.18x1078 (137) =-2.18 X10"5J &
n=2 adl TE sEe o fau s E, =-2.18 x

1 .
1078 (57 )=-0.545 x 10718 J. gl fes 2.11 #

TIEgIS WA i fafe=1 Temht orereensti ® Seil-&i
1 Soatl 1 @ T 21 gEeh! (e W emaE’
Tl S 2l

Sa TOERA TR o YW § G Bl ©, ad
Folt 1 A I forn S @)1 e feafa o sl
& W& n = co 1 TFA 3fereen § Hafad il ©
TN AT ETEGIN UTHIU] FHEAdl 1 5ol Seiaeia
ek gRT AR il € 9 n el § Sufterd gl

e fagm

2, T Soll 1 SeES Bl © 3R hh! el 1
S &1 TR (2.13) W 3 fag 6 wRor e @
IR TR A ol w1 Hael ST FAM n = oo T
ey § gEeh Tl i gwiin B

TIEGIS UTHIU] o AT U oiaeieh

it (E,) o o ot 22
BIESISH THTY] | T 999 el § geide o AH |
v fag il @ (i 2.13) 1 98 % fag
Tt €2 39 o1 Tog 1 e e ® fop wwwnop
AT 1 SHoll R T H Todd Soided 9 Y
21 TR (rest) 1o § TG TR 9 SeRH
eIl ®, S e W od S0 W B SERT Sotl hl
I O ot St 21 i 6 sgent ol 9w € R
THHT (2.13) H n = W 9, 599 E_= 0
W Bl 21 S € geldRi A % U 3Tl @
(SR— n ¥ ©), ¥ & E, & FRua 99 aga
S B AR 98 iUk SRUMcHes Bl Sl ©1 S n
=1 B, q9 Sl b1 qF a9 3T HOMHS BIal
2 @R T' wen wad arfue el Bt 21 eW =
‘qerey STaE’ wEd

(%) TGS TRAY] | SUEd Th geiaeq o THM,
3 AT, TS ohelet Tk getee Bial 8, W St
AR o5 Torgia =1 @] feman ST Hehal B ST@one—
He* Li?*, Be®* 3| 39 YhR o A (BIESSH
o T T wedd ©) W Hetkd e
sraEenetl i Hed frefated g g <
ST Hﬁﬁ% :

-18 Z_2
E,=-2.18x10 [n2]J (2.14)
o w1 f=fafead e g fean Siar 8—
52.9(n?)
- = pm (2.15)

z
Sl 7z wEv] gen @ dferm ik ofiferem
TRAETET o foTT SEehT A HHE: 2 SR 3?1 SWIe
iRt o I fafsa ® &6 Z & sig & W Sl 1
M 31fueh e e Sl @ qen e &9 &1 S
21 3Tkt 31 98 © fop goier e § gadrgesh s
g 1
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QEAY] i HEH

() 2 FHeqstl § i Fd g geiaeHl o ol &bl UM
#E ff w9 ®, T e foy T Wl
GeiteRor 71 el fen T 81 ot &9 9 i
T ORI o S o WY el 1 AT Sadl ©
A YA FeH Wl o 9GH o WY I8 el B

2.4.1 EISEI ok I@T WeeH hi ST

IR F Hied H1 ITAN Ik @S 2.3.3 H Fam T
BTEGIST ATV oF 1@ WaH i AT HHHE &9
T 1 S Hehell 81 S o AR (ii) o SR, e
Y I=9 YA FICH T H Hel H T FH W
fafertor (i) 1 SFeRivol il €, Sefeh fafmor
(SSTT) =T IS e o 3=a W T el &1 2R
TR 1 T T W rdl €| ] hensd o |ie oh
TS o 3 I 3H WHIHIOT g G S Hehel B

AE=E -E, (2.16)
FHTHTOT 2.13 3T 2.16 w1 Agd W

R R . .
AE=[—n—§] —[—n—‘;j (STl n, e n, Ee: STRAT
: ,

1

3R sifom e &1 =T FW )

1 1
AE=R,|— ——
H[? n?

1

2
A

. 1
J: 2.18x10 ISJ[ﬁ— ](2.17)

THISHT (2.18) T TN shich HIEH o R0l
T SeHs W Wafed g (v) 1 qeish TR S
T 2

~2.18x10"%J (1 1
6.626x10%Js

-3.29x10" (%—L)HZ

2
n, g

2
i Ty

(2.19)
TG qE-HeA () T8
Ry(1 1)
hc(nf anJ

3.20x10%s' (1 1
3x10°ms™

7, = l/ =
V= (2.20)

T2 2
n. n

1

47

1 1} .
5~ 5 (M
oy oy (2.21)

W@R’qﬁnpqaﬁmﬁ?ﬁﬁ
MG U il © al Sl sl STEeToT Bl €l
T AR IS WaH § > n 861 ®, AE RS
B ® q1 Sl g Bl €

TefierTor 2.17 Rgant wefietor 2.9 & S @,
59 SU 99 W Suasy YA efiehsl gh Wiw
R T 1| 9ok STl BISgIS UXHTT] oh STaRIool
oIl IS WA | YIS WaH W@l T fowm
GHUU & W Bl B hE BRGNS WER
Tz e | g G9e GHHAU 2@ S Ghd © 317
I8 e e W@y et €1 fore weHt
# o 39 a1 W AR w2 ouw ww e
T-<ed A g ol fohae wie Sfewifia =
IS e 2l

IEEITT 2,10

BIESISH U] H n=5 G H n=2 3wl

ol HHHU oh SN ScAfSTd B i g

IR -3 T BL?

=1.09677 x107 (

'
Hifm ni=53ﬁ1 n.=2,

37d: 39 GHHU 9 R AU H Teh TEH W@
W et 2

TR (2.17) 9

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

T IS o 2

TISH i 3Tghd (Ssi 1 IRAT oF €9 § o
BU) 39 YR & S Fehell B—

AE
v=—
h
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_ 4.58x1071°J
6.626x10 Js

=6.91x10'* Hz

ISR 2,11
He™ &l 999 el 9 Gafed el bl 0T
HIfST| 3R FdeU o 59 e o1 B = erft?

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

12
IR0 2.15 § HE i A < S 2
r - (0.0529 nm)n?
" Z
IfF n=1 3N z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 ST WigA ol HHT

30 IS Glg Tl T TS W] w1 9R) Higd

TIHIE o AR Aled ¥ a8 o1l TIEge T

A THh W I SRl (SE— He', Li2*, Be®*

TAME) o W@ T R wfde ®i e oY

Hehal o, Wb aR a1 Afed F=faraa fagst =t

AT T8l L Th

(i) TRhd THeaeH! Th-Ihl gRI U< Tege TaeH
T & G [f5F (doublet), 3 IE-TH
feera < T@Td] 1 e w3 ° fawd w1 9w
TiEd BEgIe oh STaal 3T WA o Ty
F A HH H TR W ST o T,

e fagm

Biferem sy, fSaw oheel 31 gl el §, 9R
1 fagia gasia & o ezt et o faqes
(S worE) @1 fagq @ Wt sufeefa o
TegHt @t o faured (Weh-9ae) &l T
wE H o fawa @
(i) Id H, I8 TEST oh qHEH STE g 37
M HT AT B RS eI HL Gh
T VR H, SR I FEnet w1 A | W
T T o H&A AN I AT HL Hohl
2.5 UTHIU] o e HifAehia HSe ahi 31X
AR Hied Hi HFAl Dl A H WW@d gL WA oh
fau stfues SUge IR WURTT Wied o fas™ o
yarE for MU 39 YR & Hied o o A 59 W
Hewaqul qet o1 siferek AeE @, o fefafed €

(%) 54 1 50 FTER
(@) BTESHaT &1 STffe=dar &1 fagra

2.5.1 g9 AT §d HAER

WG fifer o < sl = w1 1924 ® wfauifea
foman fon faferor =t e %7 1 ff 57 =R =i
FHEAT TGN, A FA § H q T— I W@ ok
07 BF =fey) st 21 7e ® TR S| @ wie &

o 3 sl
(1892-1987)

TR ik SRR e < Sl
4 ¥ 1910 o IE § H@H TN
R 3fae™ venl g favaas o
A ed-vano & fog SRt
g g1 S5 9. faam &
Hfd IT! Tfa WA & T T
1924 ¥ 3511 Ui foeaforame™
q SLug-H. & 3wy 9 H
T 1932 © AT ST W § T 1962 T o
iR favafaeme § o= R

T 1929 ¥ 3% ifqert # Hoc [RERR YH FL
Frrfa e =
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oIt W -4 B ©, S TNE Seigrid o1 i o
AR -2 g =R Sivelt § 39 eh o SR W
ot a1l o ol o fa -3 (1) qen Ho (p)
& o9 frefafaa a9y sarn—

po v _h

mv p

&l m U 1 SHEM, v SEHI o AR p IHH
Fam B 2 sifvell o 39 o= i gfte W g o g,
el FE 3@ 1 TR gt o YS o1 foed e €,
S @ T e B1 36 TEgid o STER W geleH
Geureft kT ToA T T, S Seid Al oF TR S AR
W IE YRR G 7, fo JehR aremor gewsett s
Tl GRS 1 a1 Yepfd W M ©1 SmefTeR
SRR wie-kr H goeR geEeei Uw Hewul
TR B, s sod et erfaged o%g w1 150
ARG TAT ST Hh @ S Gkl T

TE oA < AT o € TR % sl o 3TER
Yo el o W R oh IR0 B &1 TR
TG F1 AfYE FTHAM BH oh HRU ITY Helfud
-2 gl H el ¢ Toh Seoh o SI9 Tl 1 e
fSTeRT So7AM S w1 2l ©, ¥ Taifed aT-seat i
T R e S 21 yel o e T aftorm g
ToTeRs &9 9 fag W 2l

(2.22)

ISTEITT 2,12
0.1 kg So7MM 3R 10 ms ' a7 ¥ 7 3 W&
T WS KT - F e

&

T STl FHIHRO (2.22) & IER

h  (6.626x10 **Js)

~mv  (0.1kg)(10 ms™!)

=6.626 x 10" m (J = kg m>s™)

IS 2,13
Teh Soa H1 FAEE 9.1 x 10 2°kg B AR
A TS Sl 3.0 x 100 ®, d@ gHH
- 7 e

49
'

¥ T i = o myv?

v (2><777%FIWJ1/2

m

(2x3.0x10Pkg m*s> )"’
9.1x10°" kg

=812ms™

L
mv
6.626x10** Js

(9.1x10°"kg)(812ms™")

=8967%x10°m
=896.7nm

ST 2,14
3.6 A° -3 T At Teh Wi o oM
! IOMET HIfST

&

L=3.6 A=3.6x10""m

RIS T T = YehT¥T 1 AT

h 6.626x103*Js
m=— =
Av  (83.6x10°m)(B3x10° ms™)

—29

=6.135% 10 kg

2.5.2 EgSHeE Rt STffveraar fagia
ToA 31 faferor o et SRR o Hera®y Uk S
iferen AR SR grEsHeT 4 T 1927 H arfiyerdar
o1 fagia fEam ek oraR, frdl soiee@ &t @el
feorfa 3Tk w&Y A o1 Feior W W e srwe 2

h
AXXAp, > —
Py an

(2.23)
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3o AxxA(mvx]zl R AX XAV, > h
4n 4nm

W&l Ax w01 i feufd § srfafemaar iR Ap,
(Ap) T (S1eran ) H stfefedar €1 T8 STER,
ol goterei 1 wene feerfa afie gened o w1 fuftor
Tk 1Y HET TGS T TR VR H, I g R
faeerer @el fearfd I & (Ax %9 ), 99 Soige oh
a1 H sfHfEar (Av)) sfad Bl gl @, afg
o 1 o faerpa WEt 9 € (Av, ®H ¥) @
T 1 fearfa (Ax ifusk) = =it el 39 R
IfE sotee i feorfq stuen an W $w wifds @
forq S, it gHer R BHE e ST € WrE B
sty f9sid i T IT@I o g agd TeSH
TE TH S Fehal &1 WA oAifoy fop X o foreht
Hfafed Tom 9 fordt s &1 WeE " % foa
MY T a1 81 el Wi TR el el el s
1 WK & WE-TE WA oh eIy TR SIS i
e ¥ ¥ THE Al Fafgd STRT 1 ST ATl
BT ST YR Soiae i feafq =1 fuifa 6 &
Y 39! TH UW YHH w1 eIl B, e
MR AR 1 fameti @ B qrieh! § 811 see[
=1 ferfd T e o fore & 58 wehTen =1 ferge-gaeh
fafertor g1 Yew ST 21| W WehTel hi qi-aed
Seiae i faeT | %A BT =1feq, W TH ThRT o
TIH &I Sell 9gd Y Bhf| TH YRRl i 3=

. h y y .
o [Iij AT I S § THTUA W SHhT

ot § gfedd & < fedde 59 ufean 9@ &d
o o1 fafa @ Jte-3ie fM9ifa & @, g
THTA 1 UfhRAT o ITEI &H Ik o7 o R H 9gd
FH AHHR B
rtfyaraar fagia =1 wg<a

B oh A=l fem &1 T Aewyet fafearet
7 & fop =& fram fafvea ont =1 weiw 997 (trajecto-
ries) o fEdda 1 Wed wial ol frdt fie 1 yay
Ty fg=-fa= s W suet frafa wd an 9 fauifa
foran St 21 Afg e foret fawi e W fig =5t

e fagm

fetfq @& a7 qon 39 W 39 &0 HE H @ dal
SR 2, @l I8 a1 Fehd © T 9= o fRd wme
¥ fie wel W M 31d: eq e Frehd frererd € fo
foret fire =t frafd w9 @ U1 yeu-ver fafved
B I 71 ik soeeH S R sta-amrea fie
o fau wsw Wi 3wt feafq wa o @1 fufiRo fedr
&1 geneldr o foRdt difsd e 9% W &l €1 safa
TR o EU-UY % aX H o1 S G99 TRl 2
glgsia Hfe=ar fagid =1 gure sheel gad
fiei =t 7fa o forw @; Tya fiei & fau a5 g
A= Tl T $9 ST Y I8 GHA ST Gehall B
I} Tk el (10°kg) SEHH ale fie W
stfeedar fagia @] feen Se,

h
4n.m

6.626x10°" J's
4x3.1416x107° kg

AV.AX =

~10%m?s™

AV.AX =

WS Av.Ax 1 HH SEE H9 To 70T 2
TEfeTY 7€ el S ehl © foh fiefium 7R o fUet
(o 359 &2 fei) & fou foar w0 w79 dag
rffyeaand frdt arsdfaess aftoms &t =&t |

A WH TeieeH o 99 Y& T & fore ur
UM 16T 3o e 21 e Hie=dand aredfash
Romg %1 g ¥ SSEond - Tw 9.11 x 10°'kg
SHAM aTC] Selee oF 1T, gIgsiar SAr=raar fagid
o ITIAR—

h
4mt.m

AV.AX =

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

=10*m?2s™

o ATy W § TR Al soee s wd
fegfa 108m =t s1fAfy=aar 9 S 1 999 S
FHIA B, A o H AMREAd Av ®T HH BRI

10" m?s™

10° ~10*ms™
m
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TIA] T G

g ffvead gat afers 2 T seiee &1 AR
HeqaTl H T hIar gl T i (T STAERon i
SAYTITOTR e Y W1 ara:  guent el g § TR
T ot fafa we wWaw o ufiyrg wuw @t
UTIfehar he | Ufawenfua T R, ST U
TR fIU T o T He W T 1 W E
THIY] o FaleH Fieh! Hied § Bl B

AT FIgSEert (1901-1976 )
TR BTESHeRt o R forvafere
9 1923 ® ifdent & dros e,
T UMY YT 1| I8 a6 Th
o Her o o T1e = § e
19 o8 1 U7 37 | el 9 ok
el R & W 1927 1941

g
Tk ity T o wifaest o WheR @) fgd favags
o N 9 AV 99 R ST U % J9 &)
TG & 9% 5= TafTTSH | iRl o Herd wiish GeIH
o1 FeeTes Ifa foRan T d T - Tearie
91 9 1932 § S Hifqent o Fieiel UEhR 9 fRa
T

3AMEXTT 2,15

T GEAIM STFH Bl Rl STIRT hich fohd!
T § S & 0.1 A g & Sida et
fearfa S o foT yge &1n 21 59k S WA
¥ siafifeq sffeaaar = €7

T

Ax. Ap=4£ or Ax. mAV=4£
T T

h

Av =
4. Ax. m

A= 6.626x10°* Js

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

51

3ATEIUT 2.16

T TIe i 718 1 SATH 40g T T 45m/s
21 A T AT 206 TN F T T ST Gl
7, < feafa o sfafysaar =) o sifso

'
T H 206 i AT €, fefq
45><i=0.9ms‘l
100
TR0 2.23 T STAT Hieh

_ h
4tm

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

S gEdt QAT AIfH o AT HT AT
10'® 9 R 21 S Ut SqrEn S gl ® 9
o % feru siffve fagr IS W
1 srefyl i feifa 72 s 2

T HisA ol Tamear oF R
319 9R Hied i fTHerdl o SR I 3T THE Hehdl
&1 R Hied | T TS H Tk TERME FU1 & €9
o TR oF IR SR Ffved gameer wanst | wEa
B AT ST 1 39 Wi § SoiaeiA o all-aieio] T
FE faer 7 fman T 21 39w w gl W/ asft
uRenfra fohan < "ehen €, S solaeA i Tel feufa
AR T - A TH WU A Tl FESAe o
TagTa o STER, Ta H9d &l 21 36 oK et
THIY] T IR AISd 7 hadl 4 o qel SAER hi
G e €, dfeh ‘wrgaant’ sifafddr fagid &
fawdia o 21

9 YR 1 TE HHASE! oh HRT G- HEd hl
3T T[S W AR T foRA S HeRTl 3T TAI]
HCE o aR | U9 faari &t stavasd o, 99 ura
A Higd FoH & qT-HUl a6l el HAGER AR
‘grgsent SAffyaar fagid’ o SIIEy &1 TE Fien
IRt o6 ST g §9G g3l
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2.6 UYATY] Rl e Ak ATS
<1 gd @ H SqetrEn T €, ged o (fd o
o YR W fowfaa feama it grr T usret
(- G BT e, weept ofd gU Tel 31,
fSTTohT STEER U1 SIGT GBIl §, T I 1 TheIaTgesh
uia fFan ST Rt 7, fhg @ T afq gem i
(- ol sTupetl iR wmme) W o fRa
ST 8, o FE foaher & S 81 UH € 1 R0l 98
2 fr FoRuma A 559 9 W STTRAE FU
T HAER hi Hehoudl qel A=A fa9 1 Suar
Hdl 81 554 o el ATER i A H W@ T
fogm =1 Fatew aifrent (quantum machanics)
Fed
Afq gem aegett w1 faal &1 ST fowan S §, S
T R FH A F O @A | AE T e w
T o el o1 Ffye e 21 S/ Faied Fiteht
Loy areqett (FSrek forg oot o1 erfemg e €) ™
o] fofen i €, qe Feraa it o uftomet S|
& g 9 B9 2

T 1926 H o TEae SR 3 gifes g
AT ST FAIH AT 1 Tererrd feman e 78l ™
W Aifesr g1 faskfaa ‘@ien Aifpt’ o & ==t
T, S AW i A o foErl W e 2

FaieH AMRT H1 Ja THRWE HifesR g/
wiaaed e o suek forg 5 9 1933 ® ifaert
FT T [ERR YSE T T Jg qHieRn, SR
Il GRT SarT T ugre o HUr AR T A qeR
e H SIF Wl 8, HIH Sl 21 SHH BA
FH o fau s=a ford &1 aftuga IH g1 STavas
21 39 Wi i fafa= ferml ® o] 6 & 96
I gl oF IR H A9 AW ST westi | U@

Y g (S— Tk TR A e, fgent St
g o WY uiEfdd TE e 8) o fou fifgs
TR0 1 39 GHR forar Sl 2

Hy =Ey
el H s T i (operator) 2, 5@
‘efreeifEa’ wed B gifesy 3 wamEn ff e =5

e fagm

A Sl oh ek U TH GhReh i Sy for@r S
kel 21 ol fehma 1 et Sooll, STk STTRAIES
FHU (Seiaeiq R e T TIfast St et e
el o ofte ARl T gfasuur fave | wafed
21 39 GHIH0 % T W E 91 y % WM WK e &

EIESIS UIHTU] qT NS |HiehIuT

o SAfESR THHI0 F TR WA o foru g
o S ©, 79 SHY TOeR o HWE SHel-&l 3R
Ik T T-e (y) T eid 21 A Faifed Sofi-
TR QAT I FA TA-TFed AfESR-THH o 7o
& ToRa®d Wd B §l 3R 9 Faien-gemsti-
[f&4 #&EH-T& n (principal quantum num-
ber) farett Faien 9= l(azimuthal quantum num-
ber) T Jaeh1d FTeH FEA, m, (magnetic quan-
tum number)]mﬁﬁgﬁl?mw%,ﬁ ISR
G0 o Wihideh 8 § W Bl 8| 5a Seisrid
et ol W) o @l ®, O SHh W aT-Thel |
A % dl H WEl SFeN fawme e ©l
T Teh T ®e 8, et am o) o
e o Tl W R s @1 gEe e
dqifqer etef T e 21 eEgeE i SEe §AM
e o UH U Soaed aul-Hod @i IRET]
*edh ' (atomic orbitals]zﬁﬁ %I T YHR Teh
AR TR o -%ad T SadeHl &

fe AR sifigan o Aifeh!
o SR 91 S H 1910
¥ dgifas difent § fam
forafoemes @ o wa.El &t
S T Y| Ak ok e
R T 1927 H IoH Al
fovafaere™ ¥ e & 9]
FEGR Farem g 1933 §
feeer 3R Asht &1 Hifear o
foRly ST oF RO dfe St T 1936 ¥ araH
A die Tu) AR W S o ST % A
V9 3 ST % U W g fI T 9, 3 Seels
(Tafe) =t T, ST 3 e 9 7 W1 H 1933
¥ % fLuum. feus & @1 934 w9 9 it §
e SRR ¥ TG foRa T
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Fedd &1 T ] | foret fog W golei™ o oM
F Wb 39 fag W |y® % T ed 2
BESSA AN o fau F@ied Fifh! gR 9w
RO STEgIeH THV] oF Taed o 9t Teqsti i
FherdIgah Nt (predict) Sid €| $8eh SAfafer
e 39 HO TEAR w1 i AN w7, S A
Hied g1 T &l ki ST Hehl |

ATESR FHIRIT ] Tg-Felded A T &AL
FH R UH: hD HiSAEA GH M 1 TSl
TSN o fu gifesy TRt &1 a2 (exact)
A @I A S gehdl o1l $9 Hfcds &l Af-idhed
fafy oF I9FRT g X fohall 711 X | MO HH
W Ul werd € foh eTEgeT oh Sifdie e ArEt
% hHeTh TSN WA % HEh U wgd AU
=1 et &1 59 g faera e o ety s ok
FWU B T Held: Heh FD B 8 S &1
3TN o UGS 2.6.4 AT 2.6.5 | TeH foh Sg-saiae
AR o Hemehl i ST n SR [ Fied e
W R L 8, Tafh TS AT o shethi i
Sl heel n FEed HEM W W W 2

UIHIU] o FEieH AR Wed o THE AT

YTHTY] <1 FAIEH Ffeh1T HiSel TCHTI[-HT=H] T 58

o & S wemEt R gifest i an] R 9

W Tl €, WA % FeieH AR Hied o

eyl @ Frefafea &

| TR § gereRiAl i Sl Faited e @ (37
T hael $9 fae oM € € gehd ) | ST
o feru—sfa AR o e e ¥ &Y 2 2

2. SoTERiHI oh TR S8 U o RO Fifed SR
Foll-TR T AR B ® SR SifESR
eI % A B e 2

3. el W] ¥ ot ot wel feufa den W&t o
1 Teh T 1 TRl a1 S Hehal @ (STga
sTfeaa fasia) ofa: frdt T o s &
vl i Gifeea wa T feRan < g 71 gHEifen
&9 W] o fafv= foget W seree o o i
HIfekal (probability) 1 Fhea o aR ¥ 91q
% T 38k SN 9 T T_

4. Tordlt oTmTO] ® oG oF AT-The Y Rl
“URHTO] ek’ HEd &1 59 T T-Fe 5N

53

et seiael %1 =aren &1 Sl @, A B9 9
Fed € foF Toi9e U wask o Sufted €1 i
forell Seterg o ToTq wgd © TR-ho 8 Fehd &,
Id: TRATY] W T UCAY] ek eid &1 AT
%1 SRR e, 37 T Seiae hardh auT-
el A1 HeThl R g SR 1 Uedsh herh |
T 1 SHoll T erdt 21 Rt off etk o
2 Y 31 o el T Tehd 2 TRl wg- g
] | el o 9ed gu %A | fafy=t wemeht |
TAHRA W W ¥ o: 9% oA WA H
YAF SR oh [l Uk hefsh aiT-Hed gidl
2, S 39 war H sAfenafoer g ¢, frad
TS SURYA Bl 1 AT | SeleRi[ o AR
T O AFHIE SHh helsh qT-held y |
Iuferd il © qo1 Sen ikt o g} Y 9 39
ST <l AT el HHe B el g

5. forelt oemm) o forelt fog R SRl o Sufierd B
%1 Tifehdl SH foig X et TT-herd o o oh
T Bt 2, St 56 foig W |y?| s e
¥ (probability density) el SIrdl 21 7@
THEN o B ¢ feRel uRmmoy o fafu=

fargell W |y?| o W & Tk & WY elT
IE & T Ul AT G &, &l UT Sela
o U S i AT 3tferen i

2.6.1 haTeh 3T SF=AEH HE&AT

et wam] ¥ etk W9 B ©| ONCHR ®9 o
T HEh | IToh SN, AHa AR Afufer=mg ok
YR W AR a1 ST Tahell 21 BIE 3HR & Helh
&1 31¢f 78 ¢ o s & U9 Seleid o 9T S Wi
wiferehar stfuer 81 SE R, Sfhfa iR stfufer=my
Ig I 2 T golaei aIe i ki wifgeRar fedt gad
feom =t a7den e faen W eiferen €1 Faien wemst g
AT Shereh] T Sl a1 S Tehdl €1 Y e i
T e @St n, 1SR m, R ST S €
& 9dien WA 'n', Th HHH Ul Bl ¢
TR T 12 3...... M B Teohell T1 A FeH TE&A
Y ek o MR 3N T 8% e SHeA! Soll o &k
o 91 =Tl 1 BESeH 3R 39 S e (He', Li
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MfE) o foTq o 21ehet &1 hafeh oh 3TERR T Soll ohl
fifia e &1 g Fdich Gen 9 I (shell) 1 o
Tl STl Bl n 1 W d@T o WY STIAG ekl hi
e off St 71 39 'n? gR & St €1 n o fAfeed
T 7T A o faw 9t weareh T 1 TH R S
&1 3% frefofaa sreri grr <witan s 8-

n =1 2 3 4

M=K L M N

T Fd1eH WA it g o T HeT 1 AHR
Feal 21 T IR H, seied e 9 R feord 79 €
< T R o R R R
B o feTu Soll 1 STevaehdl Bidl €, 31d: n o s
Y Hesh I Sell agitl

Tty sraien W& ‘1 FHeTh FoeH GE&,
THeeh HIvNE ol (orbital angular momentum) a1
g9 FaieH GE (subsidiary quantum number)
off ed €| 98 et o Hfeid SRR 1w
FA R N T AR & AU 1 F 0 W n— 1 d%
n OF 8 ehd 71 FAfq n % KT T 9 ok forw 1
AE 0,1,2,...(n—1) & Hehd 2|

ISR~ 5 =1 Bl €, A 1 1 Shed Tk TH
0B 8 n=2 % faq | & Gwa 7H 0 q
| 1 Ehd € n=2 o foIu [ o H9a 7 0,1 3N 2 =l

YAF HIY H Uk A Yk IURNT (sub-
shells) 1 SU-&R (sub-levels) Bd 2| fHedl q&a
I W STRITN 1 G n o SR Bl 21 SEELoned—
& HI (n=1) § el T IU-HRI BT 2, 1
=0 @ W B 2l S YhR (n=2) HIW H q
IT-&HNT (1=0, )n=3 H 44 34-HF (1=0, 1, 2)
B &1 n o o 9l o forg ot e feran s weRdn
21 Tl 191 o SU-hIvl o1 fewiela seien §e (1)
SN TS Y 21 1 o fafe= 9Hl o S S9-shiel
1 frefafed fogl g sofan s 8-

1% 9M : 0 1

IU-FHE & o

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

greft 2.4 H S TE g F9ien g o fau [
Hue A SR WA IU-hIN o Hehad 5T T &

e fagm

T, HAeh TS T HEg
‘smen’ Al ‘hereh’ w1 el wEE el @)1 wen (T
TR A yfqaifed forar) Tfe o 9ri 3R T gaeR
9o B 7, T goee I e 81 erEsaa o
siffeaaar fagia’ & ST9R, Seiaed oh 39 9 &
el THefRor e SrHe B ;S whi sheme
IS ot 3¢l el ¥ ek Afkded i el off
TERT GRT SR TR ST Fehdl| 38k foUdd etk Teh
FieH FHE RoT B a8 WA | fRd T
TR o - W 1 FUH I 21 38 A
e NS (n, 1, m) SR YR fohan ST wehen
2| THH UM Tl o egTieh] W R et €1 5
dAl y 1 RIS difaen 1ol TET e B, WY -
o ot 19l |y|* B “fifoer st @i 8, Rt Ty
= forelt fog W |y|* 39 fag W Wifoewar =7 1 7
@1, Tk B |y|” W S S e
F WH e B |y R wE wR e (W
TG 39 el Wl §) H [UHAR Selaeq o
IM I o UIT S HT Wkl 1 o5 Ll 2
(Tl W AT O H TF HR0 T8 © o |y
o e o T & @ g & § kel T ©, w1y
T B2 3FH T99d | 9k UF i o) 9M1 =
Teha ®) | Teret 5 7 e o o seiee o
T ST R et WiFhd |y|” SR H A st
o UG OMFEE i SIgeh W 1 S Fehdl 21 36
Y&R fordt wereh | Hefad goige faawor 1 aar
T G 2

W'q Heh FEH W& (magnetic or-
bital quantum number) ‘m ¥H<ET AA %
werehl & fafom sfafara o R S 3 2
forelt Su-sh1er o faU m, & 20+ 1 9 w99 €1 A
W T YR e s g

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

dA: (=0 o AU m, 1 TH B ©kd 94
0 B ¥, AU 2(0)+ 1= 1, Th s Hewh Bl &l
1=1 % T m=-1,0,+1 & ¥&a ¢ [2[1]+1=3p
Heh]| (=2 F AT m=-2,-1,0,+1 T +2 (I
d &) B Fehdl &) TROMG & foF om & AH | W@
AN | o M n W IS B &
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TIA] T G
WRUMN 2.4 SU-RIIT Hehe

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

et TRy o Yok ek nl IR m, I %
e gRI gRefd feman S 21 era: aeen st
n,=2,1=1, m=0 5N I FHerh THT FHareh Bl ¢,
S TR HE ok p YRR H FAT 1 TRl & S &N
difereht W IU-hI9T SR SHY Heilea hemehl &1 G
o1 Hee Tz T 8-

kiG] ol1 12134 |5
YT Gehdd s |pldlrlg |n
el i TE 13|57 |9 |11

TR URIhRUT g : ol WA herh o fog
fafed <l seien Wemel wl SR Sell, TR 3R
sfufarrg &1 TR w5 H TR R ST S
iR Sg-Sotaei TRl H < T {@-Trl hi el
FT1 H 3 Felien Tt v T § T g el ik (F
T TE-T) 7 g W@ B (@9 e ae-uw)
B <1 T e Tt gRI STHIT it o ST I8
T AN Fol-L 1 U o1 Hobd Ll 2

G 1925 T Sitst 3‘%@?&%‘ (George Uhlenback)
#R @'E[PHFT e (Samuel Goudsmit) 3 Teh

55

‘TAF-TRT FEleH W@ (m) HEA T Th
TR 310 318 W 3l 99 & TEHU il §, Sl
T o IR IR FERL Fed THF YA 3T I W
TR HIA B TR VR B Tolae[ o STE 3R
T o AfRe I (intrinsic) 9<sh Ul RO Gl
@W%IWWWWWWW@t@)T@T
21 3ok Ferel T gU 3181 o Wrder 31 et e
Ted €, 5 ¥yl Feled W@ m, % 3N 9%
fohan S Tehal €1 m_ 1 +1/2 A1 -1/2 & Fehel
%I s%‘séaaﬁaﬁﬁmw W(Spin states) ot
FEd €1 W IR R I AR 1 (S9A T=HT, spin up)
3R | (f=ret 9=k o1, spin down) TN <9I St ©
fafi=t m_ w1 a1 3 e (T +1/2 SR 5
~1/2) faudia w1 a1 FEan €1 et e §
Y eiferen soieR el 81 Wehd ®; S <Ml Solgeil
foad y=reRor B =feul

Teq o TH 98 e Tehd € foh IR Fien gemy

frefafEa STEERIEr St 8-
@) n 9 I H A Sl 81 TE HEh T SHR SN
FHIHT B doh o1l Tuifd L 2l

() n® Y H n SI-H B T 1, HEH H1 R
AN €| Y&h FehR o SU-hT | (21 +1) hewh
B €, NUiq Uk SU-hINT § Tk s ek (1=
0), & p e (1= 1) 3R 5d F&& (1= 2) &
Thd €| | FD oS dF 9§~ TOIF WA h
Hereh i Soll ol o e wea 2

(i) m, Few % A= F TRRE B L L H
feu T forelt A 6 faw m, & (21+ 1) 99 B
21 Ta € W Yo SU-%Iv H HeR| &
2idt 21 gHe 27ef = ® fon heren! 1 @ e
sifafa=mrel o qierl o aueat Bt Bl

(iv) oI o JERYT o AT T m T T

IETETUT 2,17
& J@led 9@ (n = 3) ¥ HafHd ekl &l
el G 1 et 272

'
n=3 7% fag, [ o 0, 1 991 2 A §¥a 2l
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UL Tk 3s HeTwh &l 7, foreh fe, n=3,
=0 3R m,=0) M ¥; 9 3p Fawh T 2,
e felt n=3,1=1 3R m, =-1,0, + 1)
e B1 36 YR Ui 3d %eh B €, TSeh
fau n=3,1=2 3R m=-2.-1,0,+ 1, +2 &
gHAl 21 IAAC FHAH B T GEA
=1+3+5=9 T & G&A = n’, 374q 3
=9 HaY & ITAN Heh ff A dF I
fohT w1 wehd B

SETELOT 2,18
s.p.d f Gehd" T FAN ek (T=TaREd Faieq
et arel Heeh o 9R H aasi—
(%) n=21=1 (®@) n=41=0,
(M) n=51=3 (¥) n=3l=2
k3l
n l h&ch

() 2 1 2p

(@) 4 0 4s

(m 5 3 5f

(=) 3 2 3d

2.6.2 UTHTU] SheTehl ohi ATehiaal
foRelt X1 | Solae o &R qUT-had S1a v
1 T M i Hifaer 31ef &l gl €1 98 e
sﬁaahézﬁi‘w (coordinates]aﬂTrﬁﬁﬁ'qW
g 71 Fafy fafa= warei & fau r (Tifaew @ 5@)
o HeH o B9 § FId qU-%e e 9= g B
(a1 2.12 (F) Ism=1,1=0)7n 2s (n=2,1=0)
Hefeh! oh 3@ THN oh 3T i oo hidl 2l

S Hifqes Tt g @ 3 waren T fadt
fog W qT-%ed &1 9 (Ui y? ) 39 fag W
TR o @ 1 WAkl & gwidr g1 [fE 2.12
(@)] H 1s T 2s HeTh oh g WQQFTTﬁH?fWEIﬁ
roh ®od o ®9 W A T 71 el 319 3@ Hehd
g T 1sau 2s o oo 91 | I€ <@ S Wehal @

e fagm

(E)mo “
10 30
= < 2
> 80 =
40 0
0 — 105
0 0.4 0.8 0.4 08
r(nm) rinm)
(5000, 300
4000 240
T 30001 < 180
S 2000 - S 120
1000 60
0 0
04 08 0 0.4 0.8
r(nm) r(nm)
fag2.12 (F) Fe&E WI-%ed  yY(r) & IREG

(@) 1s UF 2s &bl & o718 r & HorT & &Y
o gieRdr A i (r) H TRedq o sIRd|

% 1s weeh o fou wifdesar sH@ T W eAfashan
2, S AR | T W SR S | gEd S, 2s
Hefeh oh faw UIfFeRdl oM@ 98d oSt § ¥ T6
el ®, R 9g YR Ta1 71 S9-Si9 r 1 ’E
m%a@—éﬁww Afeehad (small maxima)
% ¥ 98 A: Y[ o R dF wed €1 9% &,
el 78 Wfashdl S ¥ & ST €, ‘Hed gag’ A;
‘e’ el B GHEE: ns e o (n -1) A
B €, S1ufq g=F FeH & n o @I el &1
T 93 Wl 81 T IRl |, 25 ek o forg et
1 GEA Tk 91 3s ok forw 31 Bt &1 A1 o Heweh!
o fou off 78 el wehR @t 21 wifeshar s
RedA A - 19 o YRl A THe W ghd 2 (FA
2.13 &)1 2 fosll # fagewi (dots) 1 o 39 &7
A gelee Wied sHw et 2

FHefhl i THfa &1 fafy= werrl & fag
feor yifishar @ Al HHI-¥ag $TR@l (bound-
ary surface diagrams) -1 HTH! ¥ 81 ¥ YR
e <1 gehan B1 39 Tequ o ferdt sherh o fag
Wﬁﬁqﬁﬂﬁm—wm qﬁ"{% (contour surface)
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1s 2s

ford 2.13 (%) 1s UF 2s WA F&H] & foTQ Gifrewar
T SIRG (o537 1 T 3T &7 H seaerT
UT S & Wifehar-sAed &1 gial gl
(@) 1s T 2s FH&H & @ IRAH-gag
IRG

1 ofEa foe s @, foa yfrewa s [yl
oM feer 21 Hgifaes & §, foredl weem o fau t
% IREH-Hde e E9e B §, Tg TRt ¥y g
Fesdh o fou feerR Wifaear s o shead d
IRE-Td8 AR@ & HeHh hlI TR oh 3T
fregor A W 7, ook gr1 Freffa e an s o
TR oF UIT S 1 Iehdl Ikl SATHeR (S
90%) Bt 81 15 Td 25 Herehi o fora afieior-gag
Rl 1 fo 2.13(@) o < T @1 S I gehd
g 5 =9 tm uiys em@ = T o e §, o
TSR U ST T IRl 100% &7 THHT W I8
2 for iy @ forht fafewa g0 W off saiee™ & g
ST HT h WAl 19 Bl 8, 9ol & SHHT °H
9gd &H F A Bl iy M=Ea R % W
aRei-gae sl 1 S w9e T2 2, fien sfet
TSR o UTT S i TRl 10006 &1l s HeTh oh

57

feru oftefim Tde 1 M@ Teld B B, e oy
o s 21

< formiati # 7 Tl Tk o« 1 TE @ <ar
21 39 Tt 1 IR o YT g o U1 ST
IRl 90% @It g1

TH YhR 15T 25 Heleh TMelld pia o 2
aredd | Wl s etk Tiela qEfafd o 8 § 1
off <@ 7 @ T n 9 & WU s FHEh H BN
off 9g S €, 7fq 45 > 35 > 25 > 1s IR &
FATH W& o 9 o WY SAHR AN 9
ST B

o 2.14 5@ 2p w&hl 1 =1) o GREHE-
e @ feam T € 3 el | Tifasw qa fag
W B € Tl s Heehl oh Tawia, IREw- wag
N TR T 810 €1 SHHT T4l Yeish p- oh
T 9 B B, 5= ‘wiferi’ (lobes) w1 ST @1 A
TR @ oI A1t q o IHT IR e #1 Sl A
et Tk IR i T HIA €, 39 q R WA
e o Y[ Bl Bl |l p wheTeRl w1 STepfd
AR il Tk GHH Bl 21 A Helh chad qferdl &
srfafa=rai o ew o =1 B €, it 3 wferat
Xy A z A& F AR M= A S gt
UL S= 2p, 2p, AT 2p, BRI ST ST 1 F&T
I SeaieHa & T m, 1 9 (-1, 0 3R +1)
A Xy AR 5 el o dre B Hao TEl 2| TR
e =8 a1g e vt @ % 9fF m, & 99 gaa
M B ®, 31: A p etk B, fieh a1er amaw
¥ T% W o @a9d ©Id &1 s FEHl H WE, p
FHehi oh fau ot & FaieH 9@ o g8 oh 91
HeThl 1 MR SR FHofl g &1 31a: fafq= p
Hefeh] w1 3R 3 Fsll 4p > 3p > 2p HH U B
215Uk Nfaliad s werhl oh THM, p HeTHl &
WIfshdl- e el i I W TeRd €1 el @i
@ n-2 g/ § Wl 2, $1iq 3p Hesh & fag
fort e T, 4p ¥ eI A SR TR o T
%9 ¥ B Bl

*afz wiawar w7 |y|* @ G g e W el 1 @ 3w W |y| o wrd e |y)” e |y| % fag afei-ae

TH gaH B
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fora 2.14 7 2p Ferwl & IRTE-Tag IRG

1= 2 o o0 ek, d e heddl ¢ 3K &
FAICH W&AT (n) 1 M 3 €l €, il [ &1 JMF n
— 1 9 sifues T 8 "ehar 21 399 m, % W T B
2 (-2,-1,0+ 1 3R +2) 37N 39 TN Ui d Hah
B &1 d Herhl o TREH-gde @ T 2.15 #
feame o 2

9l d Herhl Hl d, . d,, d. dy T d, FE
Sl 81 Uee TR d ekl i STH(d Tk SE el @
R ufee d2 Wt i Bt B, e et el
FSl gUET A 21 n > 3 a4 d HEH
(4d, 5d, ) 1 FHFA AR el €, elfeh ol qel
R 9= e €

=g el (Ui 5ia wfasha-o9@ ®er I
ﬁ)a?WnpﬁTndWW$mm—W
T a9 W I B €1 I8 A% ¥ ToRd gU 9 W
fasft e €1 33w % AU, p waw H xy 7@ Aed
T 21 d, Few | AAE ° TR g SN 2- 8 W
Xy G 1 95d ET & Aed ad g 21 3= R
e’ el Sl & 3R v el w1 gea 19 & S
8, NG p Hereh! o fIT Tk, d merhl o forg & e
31 o foy 56t YR hivf e B &1 Sl ot et
W& (n -1), 3¥9iq wivia g 1 X freg g
(n-1-1) ST T ERA

e fagm

faT 2.15 9r9 3d F&H & TREHE-GI8 IRG

2.6.3 HAh! i HAIT

TIESISH U] H Selae i ol ohad J&A FdieH
e g Tl eidt €1 31a: eTggisT W] | harehi
H1 el fEfeiEad wH § Sed 8-

1s < 2s =2p < 3s = 3p = 3d < 4s = 4p
=4d=4f< ... (2.24)
AR 3= T 2.16 | < 0 B TTditeh 25 3 2p
HeTeh| i SThiaa f9= it ©, TR ot 57 ST hereh!
2s A1 2p H Suftufd goiaeld &1 o sweR EH
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TIA] T G

e T ma | [as ad
_3_,;
3s
2s 2p “2p
_25
_ls _ls
(%) (9)

o7 2.16 (%) BIESIA WA 3R (W) ag-gelagit warail
& FT T FII o Feil-TR SRG| AT T
fo grEgtorT WA & foTe aM &I Faieq-q&
8q fu=-1u=7 f577en Fareq & g+ W 41 3767
Sl Ga gidt 81 ag-geiaeid wEre J qar geT
Fa1cH GEAT T HETH! 1 oIl 197 57190 Faied
& aret FHewl @ oy =1 gt 21

THH o1l ol el hl THYEIT (degenerate) shgl
ST €1 SHE T S T €, eIgg e WH § g
et o Tl feufd o W gl €1 T dene
3T (ground state]WFﬁ%l TH heh § SURer
TSR e g Helifersh Yereral § AR @dl @
BIEgISF WY H 25, 2p A1 3=d Hewhl § UM
3@3@77{ 1 TSI ST (excited state) 4 wel
ST B

RISSIST 1Y o Toodid Toh og geierei oA
% IAFE HI Tl ohodl I HEA FaleH HeAl
(1) W Y Y, afeh wHered Fdeq & (SY-HI9)
W off fasit et 21 ereiq § T e Feiew wen o
Ws,p,d,f...aﬁwﬁfﬂ:f%ﬁ?ﬁglwqﬂw
T JIcH &A1 | Hefehi bl Sisll &1 H s> p>d>f
BT 81 34 el T W e AT Afersk Bl 71 Hereht

59

F H H TE HH dSES] hdl ¢ I B
45 <3d ¥R 6s<5d=4f<6p AN ST-HIT o
T Seristl 1 RO Ig-SAATRA AT | Sl
o ITE W gfqeRdor w1 Sufefa B egiee WA |
SRUTETT Seieeia 3R eFmEfiTa e o s e
THA TR o foman 21 ag-soleela wATget |
SAFH qAT R ok T SHYT o STATal TLA] |
Iqfkerd Teh Seie[ o1 gER © Wiashur off g 21 59
YhR Ueh Sg-Fiae TRAY] § Sl ol T
HieRtoT 1 qor | atfueh st s fRa €
HHr=rd: aed e o Sufeed Soieei o A h
TSR W iaehtu S e sifees wewegel B
TEL AR Ah H G (Ze) 9T o HRUT Serarel
o SRyl 3= feRand wgdl €1 e7eT il W Sufterd
SeraRl oh RO ATEd hIYT I Serded ANHe oh
HEAT (Ze) T T TE TEHH T HT UM T, G
STANRER Serael gRI A1 oh HATeRT T ST¥TH ATaRu
o SHI0T 3H 3TEY 1 YHE qU Te1 u8dll 39 STk
TRl I Al Seiagl 1 AiHE W uRweror
(shielding) el STl & 3R e 1 el aen, s
ToiR R TS B €1 WATelt AR AT Z e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI URR&IUT o AMES[E AW STeR | ghg o a1y
e IS gN HegH el sTeRdu-e =g S 2l
T WK H, Ah SR TeeE & e e R
1 TSl (AU Hefh FS) WA G (2) o 93
o I T (e St R &) S 2
STFHYU TS Ufashyl, IF AT foRATT T o6
TR A SH SUFEerd wherh shi 3Tepfa (e gomgH
Iofeerd §) R fR it &1 S & foau- TR
3ThTd o R, s ek | UL Soiaz™ p herh
IUfEd SolaeM i g B SRl SolaeHl o AIfYs |
TfREeroT 3tk T ek W LT €1 6 YRR, p heteh
T YR SolagM d &l i gorl § 3Tfueh aRee
FW §, 9% Tl Ferh Tk € W H €1 U STl
T & B Y TR SAHR o FROT s FHeh oA
p eI A 1 ol | 3R p helh oA d e
SOl ohi ot | AW o U 31feeh T9d Sedid shidl
T TR v H- R T w1 (Y= ien we) &
for ferisht aticn We (1) e o T TR 5N Hedd
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foFen Z_, Wie S €, 1o p FEh hI GO | s hEh
3R d I GO | p herh ek 9 e gaar ¥ a
Tl € p HEh & SoidF hi ol H s helh o
TR 1 3R d Heh o IRM i ol | p e
o ToiHRM T il HH B 7, T < e o
e 1 wen f-fee ekl o faw R gk 1
37: Th o BRI (YA FIeH T&) o Holl Tl h
g (splitting) B ST €, 37eiq ST Ueet sIdr=m S
TR €, hefeh T SUNEId SeagHl shi Soll n 1 [ o Wi
W R B ORI €9 ¥ on SR | W Hewhl
Tt st FeRar st Sifer B ©, wifeh n e 1%
TRt A o foTT U et o B1 (n + 1) 1 A TS
77 B etk T Tl ot S & HE B AR
Hefehi o T (n + 1) o1 AF 99H &1, d F79 n o A9
Sl hefh i Sell 7 BRI |RON 2.5 H (n + 1) FrA
T T © @R fo 2,16 H Sg-geEeH THOREt & Sl
< T ¥ &AM % 4 o1 e o § fon fenelt s s
% et 37 i (Sig-Toe TEE ) H St
fo-for 2Rt &1 BTelilen BTSSRI § THh! Sy
T 2Rl €1 3 § T aqe Sfea g e den
(Z.,) 9% o W THAH Y-SRI ol HER i HT
FH Sl STl 2| ST % AT TS WA o 25
Hefh i SHoll, THIUEH o 25 HEh Hi gol H 3TfEwh
Bt 3R Hifeam ot qor | oiferm st Sl iferk grftl
T M f W @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTO] W h&Tehl oAl WRT AT
faf\r= eaTupstl o6 hehi ¥ selae AThars: a9 o
ITER R W B ‘SAThars ', dSel sTqasH
f&51d (Pauli's exclusion principle), o Afeshan
Fgehdl 1M (Hund's maximum multiplicity rule)
3R Ferhi w1 U Seistl W eIfRa 2
3TMwaTS: I
ST o o effthars sk ot 3t B ‘Frmfor g
‘perehl w1 IO B 1 21 B— Hereh! BT SolRAl
g W SN 39 FRM R SHR- OOl @
AT STSEAT U, hafehl ehl ekl Sioll o ogd shil
T T A #1

EGIPERERIE]
| 2.5 (n + ) 0 o 3R WX St Sl oh At

HeTohl hi SR
n <hl
HYE 1 n+l
| <hl A <hl HIH
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 R
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3p(n=3
& Hort 49
FH e
4s 4 0 4+0=4 4s (n=4)
3d & 2 3+2=5 3d (n =3) %!
Fol 4p |
%4 et €
4p 4 1 4+1=5 | 4p(n=4)

TW IR H— TR Tee G99 & Hel ael
IUCT hefeh T S & 3N Ieh! W o 9% S=el Sl
A HEh! 1 WA T 3T Tg I goh € o fomd
hefeh 1 Sl YIS AR AN T R w7 1R
faf=1 WehR o shemehl W gHepT TRAT = B @)
THfeT TE i ot Tk o T ® S weft wEh o
fore w2t g1 qenfy whemehl i el o1 H=fafaa agar
W, Al SR W ST HT HA A STA T
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, bp, 4f, bd,
6p, 7s...

T %A i fox 2.17 © @i T fafy gr ==
el 1 Hehel B1 G S ¥ Y& HA g dRX HI
TS9N hefehl o WA 1 HH <A B STed HAISThdl
ol o fau I8 A 9l TEmet o faw
IMENU €9 H T 21 S0 & forw qRefyem o
HASTehdl SeieR o TeTq 3d 3R 45 Hefeh! ol fershed
% R St fon 39 e o g feRan ST HeRar €,
TE TR 4s HEH W YA ST € YUK hH i
ol WA T P AU FHES Anieeie AT
el Sgd IR Hefeh! T ol &R THAa—erdr g
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faT 2.17 F&HT &1 TF T F9

2 3R TCHTY] T G § gkl Tl YRed herhi &
A % HA § UREdd o Hehdl €1 98 8 g ot
IHIK A TATY hi sl Gea fored s fag
T IR OnfeEie ® afg 9w as wn e R s
YIS B Fehd B
qTSeit 3TuasiA fagia
fafr= wereRl § R S a6t SogeHl St T STqeSH
fagia gr it g 8, o iifigen o sicwnin T=elt
ATeh Tk atTen A f<on o 56 fagid o sTgamr—
forelt uRmToy # Sufterd &t goEEAl Wt O
FATEN HEATT Tk T &l &1 Weheli| TSell ST9esi
fgid &l 39 YR St el S Fehdl 2
“Shaet BT SR T Hgeh o 1@ Wehd ¢
3 Sl ok UerehuT fauda g enfgw” saeh
a1 g o 1 goleiAl w1 A aeien e, n,l qen

61

m, TF U B Tl &, TR SThT TR FalieH
e fa= g =ifeul fedt wee o soldREl |
TRl SfuesH fagia g e wn frEser fee
IY-HIE | ST Seiael i &Hdl i TE hd |
TETIH BT T I ok A, 1s H Th Herk g
2139 TR 1s ST-H19 | siaei i tfushad gen
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
HHL: 6 T 10 B Wehdll €, T 39 TET 36 THR
BT ST Fehdl B—

T Fled & n 9t RIvT B Sl ot
W& 22 F SRS Bl 2
TS Rl STf¥ehad dgahdr ot f=m
7 F1am T € SU-HI9 U Gefod Herhl i 9 ok
T <m] feman S 21 57 Herehl w1 Soll Se et
%I IR YT HEE (degenerate orbitals)ﬁﬁ%l
I% 79 30 TR 2: Uk €T SU-TRIYT ok heTehi A
TGl BT T q9 Ak TE gl €, 5
IH IU-HITT o Tl heteRl W Teh-Teh Foiagi |
3T Sl

T A p, 9fF d o1 T fHaF B 2, I
p. d 3R fenerenl § oA Huwl: A9, 934 AR Aed
TR % W W URY BN 98 <@ T © R e
R SRR R TAG Fefhi kT Tfae SART THAT
o HROT 3T Tl T 3 (TS 2.6.6)
2.6.5 UTHTUIA T FOIaE((eh faw=amd
T[S oF Rl H ol oh Ol I IR
Wﬁﬁﬁ fa=m @ (electronic configuration) @l
ST &1 A fafie= wa] et  goeel o R SH
q Hafya g o &1 s=m ¥ @ s, @ oty
TEST o Selaeieh fa=ardl i T 9 fomr s
Gehell Bl

RATIRT o Tolaeieh fo=mE & & e |
frefia fopen s wehar 21 9 8-
() s p° A Tehad
(i) HETR-IG
o S o C I T 1T 11
s p d
Ted! Hohad § SU-hIY hI Gd 31eR fog @
Frefta feren Sl © 3R Su-hiwr | Sufterd geleaHl
aﬁﬂ;@Taﬁﬂaﬁa,b,c ......... W&%Wﬁ@ﬁﬁ
g1 faf= =l o fau fefia wo@ s &
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favisd 3Tk WA Y- ok WHA &I FieH T&l
w1 faet R S 21 g Gohdd o Y- R
Yo% heleh hl Ueh Wi gRI <Al S € SN
TR o YF-TEH B P Y d 3 SHU-F=0
H | S R Y 9 S Hehdl €1 98l Hobdd Wi
o | TR Tohed 1 o1 I8 € T 398 IR Faien
GEstl shi 9T S Gkl B

BIESIST THIY] | heiel Ueh €1 el el &, S
Tl FH Sl ol etk | S €, o 1s wee
ed B 37d: SIESISH ULAIY] o Selari(eh fa=ard 1s!
B 21 sheh o1ef g B fR 3Uh 1s wesh B U
TS BT €1 Efers ™ (He) 1 <8U Soiagq ot 1s
ek W S Hehdl B oFd: BIfraH Wl Soigiih
o 15> BT €1 SIE1 SO SaqrEn T 8- | el
Toh-TER U Tl Tehr 7 B €1 39 et ona d
<@ T ekl B

H [t | He[ N |
ls ls

Afor| (Li) o1 I SolaeiE ISl 3TueSiA
fogId o &R 1s Heh | &I S Fohdll 37d: 98
I HEh 2s W Al B TE YRR AlREH
ORI fa=md 1s22s! gl

2s HaH H Tk Toiae IR 31 TWehar 81 o7a:
A ] 1 o= 152252 Bl @ (WROl 2.6
H Tl o GCAIIE o gk [oa-ardl i <) |

TS B: Tl H 2p HeTh Th-Teh Hich T o
21 37q: 37 <l 1 Seieieh ToaTd 39 Yeh Bidl ©—

ARA (B, 1522522pY),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

931 (Ne, 1522522p9).

2p HEHI Bl T HI GleRAr A W SRR
U et 81 3 qwdl o shen-fes S Wiy MY €

Hifead (Na, 1s22s22p°3s!) ¥ 3 (Ar, 152
2s22pf 3s23pf) Ok K AW TN ok WHS o
SRl fomame &1 U§fd Li 9 Ne @ o i o
THM el 81 T8l 3 Sheet 98 Bl ® foh o1 3s 9
3p e T WA B TH WA b1 T o ST Hehel
2, 990 U8l I IS o el TRl i S (Ne)

u (N
Be [N [ [N [ [ | |
B[N [N [P ] [ ]
c [N L[] |
I RV o R A I
o N [[N] [N ]
FAIN [N [NINT 1]
Ne | N [ [N ] [N]IN[N]
1s 2s 2p

T o W ° fefa feen s Sifeam 9 o a
o gt fo=rg @l U§ fo@n ST wehar -
(Na, [Ne]3sY), (Ar, [Ne] 3s23p°)| U1 &9 § R eI
o TRl ‘IS T’ FEd T, IR A golaR,
T SeTAH HET G9ied G o SHaS ek hivT |
W A &, GASTRT TAGLT FHEelTd & | ST 5
fFI'Q— Neﬁsﬁaﬂ?,mgﬁaﬂ?%ﬁTNaﬁAr
Toh TR HAS Soiee 81 WeREE (K) 92 shfewad
(Ca) § 3d & &I IO H 45 Hefh hl Sell A
B oh HRO YU AR 5 selaea wuen: 45 FHaw
o o B

heqy ¥ YRY & W Th 91 a0 K@
%1 21 3AHEF i Holl 4p Heh 1 gorl § HH BH
o HROT 3EH AR Tedt WA | IROTHEEY 3T
TH qedi— WhTedH (Sc), LM (Ti), sHfea™ (V),
HITHFE (Cr), HTHIS (Mn), 3TEE (Fe), Hiaee (Co),
fohet (Ni), T (Cu) 72 51 (Zn) © di= 3d e
T golag SR R S €1 89 T8 @ dfhd @l
Herd B fop ITHa9 9o SR § 3d e | =R ae
T ARl 1 SR HEI: U AR TH TAFA Bl B
TR RO AT T fF MY T R R werk A
TR B €, Sreid ST Sell A B 1 p ps, o,
dw, £, f+ senfs fo=ma, 5 sereh a1 af smel N
W ¢, ffeeh Tl B €1 3T: IfEm qen shiw |
b 3R o =i <1 wrerfierar ferdt € (EUs 2.6.6) 1
o ¥ fF e1verg ot figerd B
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3d ekl o WA % W% e m (Ga) ¥ 4p
Heh! 1 9 TE Bl € 3R fomeed (Kr) T g2 2
21 T 18 Teeli— ®ellfead (Rb) ¥ A (Xe) T
55, 4d A 5p heThi oh WA T & TG Bl €, S
4s, 3d 3R Ap Hefhi &1 off| SHoh 91K Bs HeEH] h
G YR Bial 1 Efsem (Cs) 72 9fem (Ba) W 2H
Herh | HEY: T 3N & ol Bid 8| SHoh 9%
AT (La) § Wbl (Hg) G Af 3 5d ekl o
TR R W €1 3HoR 9% 6p, 7s IR Fdqq: 5 fTd
6d HEH! H1 W A 7| RFHAFE (U) & 9% F qd
4 TR B ® SR 3% W ®Y ¥ W fohan S
21 TR 2.6 § T el o SeieRieh Torar (TeHt
fafemt gro freifta) faw m €

AT Ig Y9 Thd 7 ok oMfer 39 fa=ami =1
SR W F o g7 STy e fou ok
AT W [UETR AUER i EEH IR SHe!
R A | S a1 &1 STER AT S
21 3TN & U o weAl, S— < A A G Al
AT ety 310 & S €2 RIS axd e SAerE
3Teg I Tl €2 He A1 Ar 919 awa fepamsfiar =i
Tl B §, Sk eelei Sy aw Al 8 B 3

63

Ta o I S o= o SR W U S gehdl
T STee & THIY] Hied ¥ g TSR TE fha
ST Hehdll 374: MYk WA faaM o % 9eqst &l
el JhR §HeH o fau soieeie W & 9l
SR BT 31 eTev T 2

2.6.6 YUT&UUT gfia Ud Tefufia Su-hion

T TATRI

Tohelt T T ToTEd T Soiaeieh [a-aTd SHeh!
ZAAH Sl | Feiferd e gt 71 safuehier st
o SadRITeh o= AW 2.6.5 H U qorqa famt
1 TR Fd &1 R FS awal (S€— Cu de Cr
H, W&l § SU-HIT (45T 3d) HT SHetteq § &4
AT BT §) TF TG FH ol a1 STR s °
aferen Sotl ol SUhITT | TN € Sl €, o9
Y TYMAIAL W IYHITT o At I=d Sell a1 HeTh
9T 81, S qUigRa A1 S1EgRa 811 81@: Crdem Cu
% AN Saaeieh fa=amd ®HST: 3dP, 4s! qAl
3d°, 4s' B, 71 foh 34, 42 A 3, 452 TH TR
T ® TR 5 st Tl o erfafiem zenfac
B 7
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@A fagm

STEfgRa T QUG SU-RIST o TTII o SHIRUT
UIGRA e STEIYRA ST oF TR o ShR fEfead
5

1. Gl Rl Tt foavor : 97 welt-«ifa fafga
2 for Twfafq wenfae gem e 21 qoia: W gy
37efqfia ST | setagiql 1 foawor gafha e 21
3Td: 4 Ak Tl B € T & s ¥ (TRt
3d) ToreRiAl ®1 Sl THE B ®, WY @ e
foaor fir=1 i 21 HoRa®y 3 Th-gm 1 s
®Y 4 F9 U I § 1 Tolaed AR SN
aAferer Yereral § STehTia B S B

2. Tafma el : g% TR 99e a9 S Bl
2, 59 A WA Y A gerRA (fSop T 991
B ) Uk SURIY oh THYY Herehi § Sufterd g
F1 A gt 1o T fafm e 5t ygt W@
g Tu fafma & wro gaa s, ‘fafma st
(exchange energy) Heard 21 Guifaa fafmaf
T T T4 AfHAH B 7, S IU-h e YOI W
T YA (half filled) B4 € (fo 2.18)1 30
Toreey fafme et afushad Bl © qe 3 TR
T oft tfereham eian 2

39 2@ foh 7E S €5 o 199 &1 AR T,
9ok TTHR— WU Sl o shelehl H SHaTe
T o JATHTS TAMIG T=IehUT B B
I R W, FAAYRA qo YoigRa SURRT
Tonfaea (i) STfereh ®9 W w9 9RAfeE, (i) ®9
hcAfaeh GiaehyuT Sell qe (iii) 3= faf=m Sei
o &R0 2 71 fafa et & famg o faer
Y 39 STTel weed | el

TR 4 g 1 fafme

ferT 2.18 d° fa=r 29 Gt fafa
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6s 6p 6d 7s

5s 5p 5d 5f

4p 4d 4f

3p 3d| 4s

3s

ARUN 2.6 dcl o TSR fa=amd

< 10

© >~ 0

© © ©

10
10
10
10
10
10

AN

2s 2p

—ANM T O

A ANANANANANANAAN

© © ©

AN

1s

AANANANANANANANAAN

aa

MO O~ 0O
—

— 2 %)
NAMMOZ0KZ

11
12
13
14
15
16
17

Na
Mg
Si
P

18
19
20
21
22
23
24
25
26

Ti
Cr*
Mn

27
28

Fe
Co
Ni

29
30
31
32
33
34
35

Cu*
Zn
Ga
Ge
As
Se
Br

Kr
Rb
Sr
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10
10
10
10
10
10

6
6
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10
10

6

2
2
2
2

39
40
41
42
43
44
45
46
47
48
49
50
Bl
52
53
54

Zr
Nb*
Mo*
Tc
Ru*
Rh*
Pd*
Ag*
Cd
Sn
Sb
Te
Xe
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66 WA fagm
aa v/ 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
Ciz 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
Th 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 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 9 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 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 %
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
Cf 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 %
No 102 % 2 6 2 6 10 % 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 % 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 % 2 6 2 6 10 % 6 10 14 |2 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 % 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 %,
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 % 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 %, 2 6 2 6 10 % 6 10 14 |2 6 10 14| 2 6 7 %
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 Afueh TAN-HESA I I 1 ©, W TThT oo fa=arg wei € fean w2
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.

TRATY] qdl oF TS AT B €1 A a7 o U8 s 9 €, S q9Ete e § 9n o #)1 ge A
fegia, f5 S Sfeed = & 1808 o wfauifea feren, o SER W] gerel o 8 Fad B %01 e €, 5=
AR faenfsra =& foran S gepan 21 S=Hadt st & 3fd o A g 98 gHifora g e fom wan) faae
? 9o 9% I g Holl (Seiae, T 9o =) SR S Il B1 § 3T TRAvIgeh HUN i @ISt o 9%
LAY 1 HEEAT i T 6 o {0 9gd ¥ TA9] Hied T fee T

T 1898 W SfHHA + el foh TRAIY] Ush GHM oA g a9l el Teh e gl €, 5| ®
TSR UMM B €1 9% Hisd, fSTHW W] 1 SoAHE W WEIY] R Teh GHH fodfid 9E @ o, 6
1909 H XIS o HEw@qul oL-h01 o Feh10H FANT g TTerd Tog gl Wi A = feawd fehren fof awmg
% % H 9gd SIS MHR H1 ¥AERI TR Bl € 3R T 6 IRl 3R JaHR Fell o T Hd
&l WEIE Higd, S grAce O fHerd-Sera o1, Hfved &9 9 Seed diged ¥ e o, Wy 98 URA]
1 feoran &1, 19fq 78 58 o1 1 <A T R qrE o o e o 9 T R S €2 9ok st
g TRAN] T SolFi-h T, Feiiq AfH o IR AR ool o fIaor 3R S9! Soll & oK ¥ $9
TE a1 HehT| WIHIE Hed i T HfcAedl hl T 1913 H i IR 7 TESeHA W] & 9 Hied
R fopan den g% wearfad foran for fuss o wIRY @R gEIR ®ell o soiee id #%d 81 shadl o9 well
o1 & Aficd B Fehal © 91 Yeh hell i iy Soil eidl 81 9 A fafe= wefi # seioei= 1 o i
T ST SR Feeh hefl o feft e SIR goaiA 1 S0 1 Teha ferdl gTeliler S Aigel esgie oh
TIFH i GG TIR HIAT o1, TAfh I8 Tg-SeiareT TLHTYST o6 THFH i RS &1 Y Tl ST
FHRUT Fgd Se & TG B T AR Hied § gelaeid &l AT o 9N 3R Uw (fved guhr e | T
T gU AT F1 oF TG H TET TA7 A1 THH STk T S AN o aR H T G T o1 T hal
s ffeea oy g @ iR 39 vy 1 g @ qeft aRifi| 7 ST Wkl €, 59 T 899I W g
1 Fet fefa iR W&t an 9 Bl eEsa o srffiedd fagid’ % SER TH G9e T8l 81 39 YN
BIESISH TRHTY] 1 9 Hige 7 shecl Siai o el STaeR 1 SULl shidl 8, sfceh grgaia Tffveraan
fargra =1 oft foier s 21

T 1926 H oA AfESR 3 T gefisheor o, i ¢ sifesk qeiertor’ shet wirar 81 g8eh g fifem
o golae(q o foawor SR weATpeH | ST Hd Sl Tl b1 ui a1 S Teohdl 1 78 THIHROT A hod < el
& T ATl S AU HT Heheudl I A W @Al €, sk gz o * Affvedar fagia’ o oft
A 21 ST 36 THIHOT 1 EESISH TWHIY] § Soieei o foq el foman T, o el o H9e Soll-&l
R H T Bl (S U Wl € €) o 9R H SRR Wt €21 A Feifed Sei-%R I Sk |
TA-Te i 4 Follen TeAshi— g Fieh HeA n, e Fien 9e [, 3R ki FieH 9@l m,
% gR TEEM W €, SifESH gl % gel o URUITEEY W eid €1 diF adien gemet o gl
W yfaere ff SifEsR-gHiw0 o 5 W Wa: W B &1 TGS WA HT FoieH ATFHE Hiedd SHh
Tagd & Gt TEGSH w1 oA w1 © SR SHoh Sifdfiad P UE ufteeAret &l off Tuemr €, S 9
Tied g T &l & il

T o FAH AMAH HISel o STTHR Tg-3eiaid TAII! o Sereiq-Toaeor &1 &g HRM # diel
T B A I Tk A1 Ak ST-HIE ok 9 §Y B Teohd € AT T SU-HIN § Tk A1 311k Herh B Tehd
2, T seieei Sufterd gian 21 eEgisH 3R BEeeH w4 Feml (Ssrwond— He', Lit afe) § fod
U U rer o T Ferhi R THE S B ¢, WY Tg-IeiF WHSH § Fershi Bl il n R [ H
ol W R B1 e weres & fAT (n + 1) 1 W RS w9 e sHeRt St off Sa € e et At
HIE I HEH! B (n + 1) AF GHH 8, A ST ek &1 ot HA eit, 5geh faw n o1 99 %7 21 g
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@A fagm

WA | UH ¥ herh 9 Bl €, A1 S0 Soll oh 9gd %A W goie ISl oh eTvesi fagid (fRe
] H foRl < ol i AR FEIH-HEA 1 UH GHH el 8 Gehdl §) 1R g o AfIhdd Sgdhdl
T\ (TH SRR o HEhl H soiaeHl & A 99 96 YRY T8l S, 59 9% JH hadh H Th-Th
TS T M W) & AHUN W N S 2| WA 1 geiaities T gt fommi @ amenfia 21

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

AT

(i) UH UM IR ¥ Tl &1 T &1 uReed Hifeu)
(i) T T TRl o SeaHM 3R A S Uiieher it
(i) HIF o T O o SR TSl sl &A1 1 URehe HifeTd)
(i) 7 mg "“CH =M & (F) Fa &A1 T (@) FA FAAE A HiTCl
(R HT AT = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ Frfi i
(%) Fel TEA AR (W) Fel FHHE AR
T 3R a9 H uftedd 9 @ 3w aiEfdd g sem?
forerfefias e § suftera =i ok el @ ge aaE-
'3C, 130, 13 Mg, 30Fe, 53Sr
e X TTT AT A (A) 3R TRAN] T (2) =Tl WA 1 ot gt fefan—
() z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam Ty gRT IS el JohTer 1 a1-324 (A) 580 nm 21 3HHT IR (v) IR
TE-H&A (v) 1 IRk HiSQ)
TAF UQ WIS I o1l Ad HIeT-
(i) S 3 x 10" Hz gfa a1t YT & §4 &
(ii) forrert a@1-<=4 0.50 A =
2.0 x 107'° s FTeT ITell JehTeT T 1 T-454, g IR TM-F&A 1 T FHifee)
T FehTeT, TSkt <54 4000 pm @1 SR S 1.J Sl <, o HIZH 1 & FarEy)

IR 4 x 107 m TI-34 Gl Th HieH 2.13 eV HEther diel ¢1g 1 Jde o Zshd
E

(i) HRM & S (eV H) (i) Seas I Tiast HeT S (iii) TR Seiei o af
1 e HINT (1 eV= 1.6020 x 107°J)1

Tifgam AT o I % T 242 nm -4 1 faga-gesta fafso waia i
21 Hifeaq &1 @A et kJ mol ' & Fd SHife

25 @i 1 Tk §ed 0.57 pm G-354 orel diel T 1 Theol o9l Sca il |
Tfq Yehe e o IS i X A HifeU|

et o1q 1 Tde W 6800 A TI-3=4 A1l fafwor eem @ = o 91 seldeH
SRS B9 21 o1g T el T (v,) SR wEwed (W,) I ST
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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

el BESNH WAV % n=4 ol & ¥ n=2 S &R A seigeH o ®, 9 fhe
TE-25 T YeRTY IS B2
I Teiee[ n = 5 HYH H I B, T H TV o 3T o fau forat st i
SAETIHA BM? S ST HT oMl BRGSH WA F AE Tedt ¥ i)
(3T Teft n= 1 F&F U SoH &I (ThleM o T fewaes =1 el 1)
e SIEge TEY] § SR Selae n = 6 9 g STa § Sl €, al U Seafed
TEsti &1 fshan de = B ?
(i) TTESSH o YUY Hefh § Fetud FeT -2.18 x 107° J atom™ 81 W=E wEw
U gafyd el aaqgy)
(i) BTESISM W] o Urd SR ek i {591 T TUAT HITSQ)
BIESISH LAY 1 ST S0t o Aferehad -5 oTel Weh|OT 1 qR01-HE&AT 1 O
Eainiy
BIESIST TWATY] § SiaR i Tgell shel | el el deh of ST o folt STreavah Sl
I S | T FIU S T Sl dere ot | diedl 7, al fhg qwr-3sd
TRTYT SRS BIM? (S hl doreel STaeell Sl —2.18 x 107" ergs ?)1
TEGeA WA B TARME # T E = (-2.18 x 107/ J W & S 2
n =2 HE Y sea[ &l T Te e o fau saeasd Ssi i UM ST T
1 T wal -5 (cm W) &1 B, e ST 36 GHAO | fRA S e
2.05x 10" m s o § 7fq X @ fordl soiee[ o1 aT-sd @ ghm?
TR 1 $eAUM 9.1 x 10 > kg €1 AfE 3Eeh! st =1l 3.0 x 102 J @, df gHaht
TS 1 MO HTS
Frefafed & @ #F g9-era T €, sufq fre sosel =1 999 g 22
Na', K', Mg™, Ca®, S*, Ar
(i) Fr=fafaa swAl #1 o o= fafar —
() H (@) Na* (m O™ (=) F
(i) =7 T HI WAN-GEN TRy, SR Tead aed sede s FEfated w9 |
i s @ —

(%) 3s' (@ 2p® dem (M) 3p°?
(iii) Fr=fafaa fa=mat aret wamet & W FaRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d".

g 110 n 71 g g Had 1 AR STgAd B2
T Toiae fhH 3d Few | 71 38k fU n, 1 3R m, & "9 w9 )
et T o T H 29 Tolde SR 35 =g B () 39H Wil i Hen waEul
(i) T HT SRS fa=rg FaEu
H;, H, 3R O}, Tfefist ® Sufter seiaeii %! Se sarsu)
(i) forEh A ek Hon= 3 T IHF AT LR 2m, & HIG 7A P B2
(i) 3dF&F & TR b AT m, 3R | FAeH T@ABH o TH TqRT
(iii) Frefeied & 9 % 9 %o 999 § —
1p, 2s, 2p SR 3f
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70

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 Gendd g1 FrAfafed salen Henst aret ekl Sl SRy —

(F) n=1,1=0

(@) n=3;1=1

M n=4;1=2

() n=4;1=3

HWU W g TRy fo Frefefan Foien e o % ¥ °F gad 1@ 7 -

(®) n=0, =0, m = 0 m =+ Y%
(@) n=1, =0, m = 0 m =-1Y%
(M n=1 =1, m = 0, m =+ Y%
() n=2 =1 m = 0 m, =-Y
(¥) n=3 =3 m, =-3 m =+ %
("¥) n=3, =1, m = O, m =+ Y
Fatl e A Frefelfid e s A e s A
(®) n=4,m=-% (@) n=3,1=0

g 3T foF SRS WAV Ft dR we i uRkfy 39 wan ® wfaue soiee @
T-srelt qer-3ed w1 qof ure B 2

He' @WRA & n=4 9 n=2 9 THAT § I qU-oed 3 S ool G0
BIZSIe Tagd | 941 ghm?

He'(g) - He™ (g) + e Wfha o foTU oTawareh il ! TUMT hifSIT| BEGISH TLHTT]
T qoRY T H A Feit 2.18 x 107° J atom™ €l

I HTS TATY] 1 =418 0.15 nm B, A S e AT H1 T 1 AT Hifel,
5= 20 cm Thel 1 oASE § Th-Ush hieh SAaieed fehal S Hehall 2

e o 2 x10° WA Tk Hak § afterd 71 A 39 Sqewe &1 @ 2.4 cm B,
T e TTATY] o A T UM HifeU)

sk oA 1 A9 2.6 A & — () s o) &1 =0 pm ® den (@) 1.6 cm
FT TAE § HIR § MR IUREAq TATST i H@&A 1 T0ET HifS)

ferlt =t =h1 feeR fog oMot 2.5 x 10-1°C 21 39 Sufterd seiagl 1 G&A &1 oAl
HifsT)

frferra & gam & dot 1 95 R SHHd Xl g ara @i faeq-emy g
fopa ST ?1 9 1 98 W AR wifdss fogg emew —1.282 x 10-15C ¥, df s
IUfeera golaeil i @& 1 UM Hifral

BRI A WA P S S S 4 S e
1 S }1 Al Tegffam onf S gooh W) Y el 9= o S, | Swis i
¥ F SR T2

JoBr Tl °Br Wdi® W1 €, e 5o Br 9N ©°Br W TE ¢ e # HROT Sy
T 81 TSN A o a7 B W Y gorl § 31.7% 2 ek 71 U1 TRA]
Ttk faf@g)

37 SAUM WA 9Tl Ueh 319 W SUMEY] &1 Teh SohTE 21 A% ST W geiagie i ol
T =2 11.1% aifus €, @ 15 o1 gt fafem)
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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 FoHM & FTel Teh 3P WSS i 3 SHE €, 3R S0 Tiaeq i ol § 30.4% =2
Fiferer €1 39 3P 1 Yo foAfay)

frafafea fafewon o yRi &1 eTgfd & 9ed U %1 | Hafeed Hifag —

() HEHEd 3o (oven) T faferor

(@) IaEa-Hehd ¥ JUMET (amber) YT

(M) TETE. e 9 e faferzo

(o) el ook @ wigies fmol

(F) X-fortoi

AEES R 337.1 nm 1 -5 T Tk im0l 3= il &1 9fE Scafsd wieHl &1 den
5.6 x 1024 1, A 39 TR &1 &Hdl & TUMET HifSQ

et T i e Hohd siet | W R S 21 9K 98 616 nm R Yo 9 fafmio-sasH
F 2,

(F) IESH HI TG (@) 30 he H 39 fafhor g0 @ &1 T 0 (1) FaeH HI Sl o
(%) Sufterd Fared 1 W@ B MOE FAC (AR TE 20 B FI IO B )

it Jeronl & g qRi @ oM arel Gohd agd HAEWR B 81 3% e 9g=s 600 nm o
fafertor ¥ et 3.15 x 107'°0 W HTaT 7, A TYFF 5N I Bl Bl GEAT i TAT FIfoTQ)
IS STeRensti | STufst o SfiaeRTel Sl AT Y: SN 1 Hohe WM et fafertor §id &1 S9am

F¥eh T s 21 A fafreor 9 o1 F1et 2ns @R wfed fafwor 9id o SR Seafsa e &1
& 2.5 x 10'° 2, @ G 1 S 1 MUET TS

o el fgrfor ae-3ed fiten stemie ¥HH0 589 3R 589.6nm W @ Al €1 T HhHI
w1 rgfa 3R T IS feeensti o ofte Sl o AT 1 U HifS

W A % FHEEA 1.9 eV 7, @

(%) Sl fafeeo &t et w-3=4 (@) el i *1 T Fifsw 3z @fsan o w5
500nm %1 TI-34 o T Torhifoid feman SQ, o Ferel €U wieseiae i s S A o
UMD HIfST)

o Hifeam urg i fafe= @<= o @i fasifta feran wmar @, @ frefofaa oftom g
| E -

A (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

el T-3d Wil feerish Y MO i)

TerTel fareq Ira worT H foeer o1 ¥ WieEaae w1 s 0.35V i deedl §RI UehT ST Hehdl
21 9@ 256.7 nm % Tafemor 1 Swn foran St 2, faeer o1g o forg sweither st o i)

e 150pm -84 1 HIEH TH WA ¥ THTA ¢ AR SHh AL ol g gelwH
1.5 x10’ms™ 97 ¥ 9 Fehordl © o 9@ Sl 1 MM Hife, feod g i @ dun gen 1
Y S T IS HHAT n Hel W AR B €1 W n=3 W @eH ear © 94 36 v = 3.29

x 10" (Hz) [ 1/3% - 1/n% ¥ <90 <1 9% 21 I G690 1285 nm R If&a e 2, a@t
n o HME I UM AT q1 TIFH 1 & FqrEul

IH IS THHU o G- 1 MO BT, S 1.3225 nm 541 ot el ¥ a9 31k 211.6
pm W GATK Bl Bl T HHHAU i JUN k1 AW AR TH T &5 o =@y
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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 AfAfed 51 o el SAARR W ot YaHan i @i g2, T S st o e
TR o w1 eifa smafida gfafee o ferw swEm # amn S #1039 genee | A solae @
3 1.6 x 10° ms™ 2, 9 39 SoieA W Gafdd 2 sell auT-osd &1 Mo Hife)

TiEA foada o gam =g faad gersell #1 srope #1 g & Fufon § yge e st 2
If% Z=f 800pm 1 TI-3=4 oft ST, @ =2 ¥ e sifoeneaforg S 1 oM FAfTC)

IS S o Jo| e | gela[ 1 o 2.9 x 10°ms ' 7, A1 SEY Fafud 2 sifvel a5 s oA
HifsTl

T W2, S 1000 V ok fasarat § 7ifd o< @1 8, ¥ Fafud o7 4.37 x 10° ms™ €1 9% 0.1 kg
S 1 Eleh! 1 Tg 3H o1 § WM €, @ Y afud qT-<s4 i Ol shifer)

I Wk gereeE 1 fefd sl 1 0.002nm 1 Ygal | A St 2, i el & Han § sttt
T U KIS A SeieR 1 o h/4n, x0.05 nm &, T 1 36 HH i Fhre § HE HfTE
Ff?

T: SATA 1 FeH T&A A G TE 1 TR Foll o Ggd A H oraieerd wital = 3 o Tt
F TS g 27

=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 Sl Bid B1 THoh 2p heh W ®: Soia, 3p e W ©: o adl 4p
el W U e eld B T W I 91 Selad a9l AiTRTT e e il 872
frefoafad & @ ®F @ FHeh STyt AT SIae ST9d Hm?

(i) 2s 3R 3s, (i) 4d AR Af o0 (iii) 3d 3N 3p.

AL T Si ¥ 3p etk | YA ol BId 1 i TN Selaq AW 9 ifersh goe ifeh
ST STIHS HTM?

31 S el 1 "N &y (%) P (@) Si (1) Cr () Fe (¥) Kr

(%) n=4 9 Gafud foraT STRET 2?2

(@) 39 ITFN ¥ fohad seieg™ Suferd &M, foweh fo ms=—% T n=4 %I

S 3 3 3 =3
LI | I TR
W Wb W s

o ok W=
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