TIHTUT i WA

STRUCTURE OF ATOM

ELE

3H Teheh oh 318 oh oI5 30—

eI, WM qe =g i @Sl &
3o arfyyereron @ ufifea &1 weh;
AT, TWIRE T R o TH]

Oiscll o1 duiF T Hohl;

TH] o FeH AMARET Aed o
TETIU AN HI THH Tk
foga-gasia faferor =1 gfa
Td ik o Faied TG i 9ae
Tehl;

geRTel fag[q-gTe qe TRHIS
TIFZH] o AU T AU X Fehl;
< Sl He a2l BTgSierT AR

fagia =1 Afierad Y Teh;

TIHIY] &k ol FleH TS oh
w9 § qRefoa T "o,
ATRaTS: fagTd, ISeft 1 3TIasiA
fogid den g8 =1 SAferehad agehdl
a1 9uiF T g,
T[S o Soiaeieh foard fora
Tk

11084CH02

farfi=r aea’ o TTaTafieh g 9 W fafaear, 37ak uearurei &t
Tafter Geerm ¥ fifga fafagar @ gerfaa gidt &

ARATE Ta AT Seifenl 51 9igd W8l | B (400 .9,) A &
ST st gEdaIfaad fohan T ol 3eh1 fa=r o fof oeemo] 57 <6
ol GRS 9 B 81 S0k AR 91 & oaR favrse 9
Ifqd: ] I B ¥, T e fawfea = e s weRan
‘1Y’ (atom) YISX ek A1 © Seq= g3 €, fH atomio 1 21
‘T H1e TN 9t (uncutable) 31 ‘AT’ (non-divisible) B %I
qeel 3 fo=m sheel Feud W e 9 ST ST WrEifies qdeqon
L I G9E TR o1l Sgd 99 e ¥ foem fedt gamn o fomr t
& Jod W, W 187 st H SRRl A 3 W R Q9 3 9w
Y e

T 1808 | S leed M Teh fofew That sTeamash 3 ugalt
IR S SR W e 1 GCAY] Fogid w&qa feran S+eht fagra,
S “gTeest o1 wRaTy] fagia’ el Sl 7, WA i gsred &1 g
FUT (Theh-1) THI

Teed o wH] fagid ¥ FomH oh wem o frem, feer
e o a9 a0 Tfora-emud o 99 i Ahadrges e &
ST Hehl| Wfeh I8 S TANT o6 IROMAT i If0Td e o foawa @1
3N o fAU— = 7al TEHRS (ebonite) i WTH e B
(fur) o T oA W T e &1 Safa et 2l

TH Teheh 1 THH S YRR Yeroli @ 1R foman €, S 19
TS o @ q1 20 o YA o ARH H SR g fRT MY |
TIY g Tfud g3t o I B Foll (STermRmEfvess wul) o A
T, WA 9 <[ W o T T Ig ¥R Seed i UROT |
faopar et ot
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2.1 ITFUIHTIUSeh hUTl ehl WIS
T o fergq-foas onfs wawT & oftomal @ W
1 AT o 9N A IR SR U gg1 g qiomdi
Ft = B Y Ug AT HUT F FAER F aR §
B4 u8 g 1w e 1 W@ e fe wue e
Th-TR I Ffaewfta den foada smast -3 &l
T i €
2.1.1 S it @ISt
T 1830 ® WEehd e A <wien R afx feeh
foeram o foR wafed &1 Sl €, @ solRiEl ™
TR ggred 7 fagsia 3R faeqor (deposition) ﬁﬁ%l
3T s T aar, f5mes fawa o omg 129 wen |
27| 7 IR 9§ forq 1 ol Yepfd oF s o o
<A 2l

1850 & T H 3k oAk, fovigey e A
iferes &9 4 faffaa e, 5= were fawor
AfeTeRTd et ST ©, o fogd-fas 1 s1ema sTRy
foran g0 fost 2.1 (%) ® <witan wn B ke e
ARt e i o B ©, food U o @ uad
o foagq-faasH =1 faw 74 @ 6 3=9 fava =
Uferd feran S ehar 1 shiw w1 Afeshed § fafq=
i o <« 6 Trata gro fefa foran T 5@ R
9 Toleeiel W 3=d dieedl ] & TE, @ Afcent §
FHON 1 U o g RV Soiees (heffs) 9
YA TS (TAIS) hi % fo=]q w1 Jamg 3|
Bl A1 STh1 ohelre TeRvol steran Shefts feRtot wuT
Fed

frafa g7 =i

#oie © 3 O e
=

W
T 2.1 (&) TF Sl faer foagst Tfas

29

helfe U e o Fagaem & vare &1 sifafsm
Site & fog e o fog o tHie o 9 ot W
T qqed (Reh dewEe) @1 o fehar s )
& 3 Rl T o 8 § 9 o S aowise
%1 WA T EHTA & q1 &1 Teh =HebIel g o Sl
g [fa 2.1 (@)1 29 W& & R 1 g
Frreferfed 8-

ﬁahfq el
yfadra &
d !
e ®

Forg 2.1 (@ ) 955 THega U el [H07 faast Tfereh

(0] av‘%ﬁ's' ez (cathode rays) %a‘rs' T Ry
BT UAIS &1 3 79 il &

(i) 3 forvol @ femm =&t <dl, W 7ok S8R Hl
T den F5 ffvad TR ok el (TP
e idea) shi Suftefa § @ s gk g1 3
Teref 39 fRTon o 2o 4 =Hed B Seltate
et iferent Sheire fervor Aferert et 81 e, el
THETS o e qerel | oifd e € f5| W
oo wfadia g 2

(i) fogd IR g &= w1 srufafa § 3 favot
Heft feen o T W

(v) foge ofR gohia &= 1 suftefa o helie
fortoll &1 =ERR HUMERT HUT oh oTufed
IR & GHM Bl 2, S 7 fag s €
e fwol § smomafia w1 B9 @, 5=
FoTaRTT e ¢

(v) ehelie-FeReol (SoiagiM) o oetol ohefte feaptur
fetent o Teloeiel o TaTe Wd SEH Sufked 19
&I ghfd W AR =& F@|
SWek gRomEl ¥ 7 fepd feear @ fw

TeH Gt TRETEt & 9o Sew B R
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2.1.2 TGS R MO THAMN AU
fofee wdifaer foam QLS. ofmes 3 o1 1897 ® wheirg
feptor et 1 YA FEh SR SRl % 9 W
g @ik gata &, S T W o oeed o, @
T TR & fagd STEY (e) SR FAWN (m) &
o= ST &1 " (e 2.2) | e T &= &t
Tofeerf © ToeRi T Ue @ fafed EE BT A

(fem1 2.2) W <heirg fertor e © eod@ B TH

TR had gahia & i Suftafd A soaeq fog

C W hefie fopto-Hferh @ 2ot € foE ok

JaHRE & HI Jaadl oh FEEHgas dged 9

STl hl ST T W ST 99 T A9H =

S gl B T8 R 97 T & F1 erufefa | om

e 78 o€ W fag B 9@ TH@ B| oHET A 98 qeh

fen fo Shaa fog[ @R haa dawia &&l &1

Iufkerfd | ol o 194 UY ¥ fo=e™ &t °mn

frefafaa el w fei et 8-

(i) U W KOS 1 HH AfEE T W faga qu
<ehid &5 o WY = T 9% S © 3|
TR e atfees g 2

(ii) U H TAAE-HU & Fohl o © fomEem
atfereh Bl B

(i) TorE[q s1eran ot & 1 YR SRSl W
Sieedl 1Al FFEIhE & i Ydadl d@H o
TSRl 1 gel Uy ¥ foeer o S )

WA fagm

forqq & 1 YeIord a1 gawA & T gererar §
o fFdt U =1 3ulerfd ¥ geraei o foaged &1 o
% WE-HE WY ik SN IHh YU ¥ ufeEd,
e/m o HMH 1 LR T Foh—

e

=1.758820 x 10!! C kg! (2.1)

W& m_ TR B T kg § IR 3W W
ST A (C) W B TfF soEE HOTARE B g,
Id: TR W arEfersh (SRUT) e —e

2.1.3 TG U STMAIT

AR, TafeTs (1868-1953) o Solaeid W AT o
fauftor o fau w fafy Tom =61, S 9@ 9% wEm
(1906-14) HEer 2|

I=IH 9 foh geleed W STER -1.6 X 10°19C,
fagq emaw &1 FeTaE A1 1.602176 X107°C 2l
AT o e/m,_ ST o I | 37 GROMH i G
%ok AR H geadE (m) TAeif@ feam

e 1.602176 x 10°'°C

1.758820 x 10''C kg

m =
€ e/me

=9.1094%103 kg (2.2)

a7 2.2 sol92i & STEYT SR FHH & &9 ST F1 TR F FH ITH
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faferer =t a1 st o fafa

g fafy & & (atomizer) §NI 3= FE™ ok
®9 H 9 1 dai ! fagd 9 (condenser) o
IR H e § sufted B 9 fox ¥ e S )
T 91 & I FT AR MG R AIGRIHGHT A ok
BN W1 TN T SR o FRA i <X Rl HgeRT fafershe
T 1 &I o FSAHM I HIUT Hoh| hHeTh oh 37T
a1 H X-fRtorgst yenfed vk satia fwan T
et 3Tl qon det Jaf o Toug W Ao 5]l W faRe
&Y I g dA KT T g%l WAy emewm
X-foReoti gR1 Scq= SAfriioor At Ao g1 STIAmR
TN T SR I HI ST kT RAT AT S Gk
2, @i foran <1 gehar @ srern feem feman S Heha
213 3 W AT 3R =i W AN Sieedl HI LFurd
qN Yererdl R e e B1 9 T & 1 I W
fogIq & Jaedl o YTE i eAYEsk A Y fafas
3 g8 fred framen & & W faga emew (q) &
ufaTer gHen foed e, (e) w1 UM BIdl §, S7efq
q=ne,Tr|%Tn=l,2, 3...

AERE ©e (+)

I T IS

ferg 2.3 aaer ‘e’ @ @ for fafersT &7 4 &1 g%
SRV Fegh H MEE T FT 55 T BIARRT
TT: T, T &7 % HRO Sgqeifas

T I TAR I ST

2.1.4 Wi adqT < st @It

giafda ohete fetor Afaesr ® few T fogq
foqsi 9 vEfe +o w1 @ g, N e
TerTot oft a1 STl 81 37 AT ol o SAfere
smufefea & -

31

@) opee foreon o faudd, e w1 1 5eHH
hefre fereor Afas o Sufterd 19 1 yspfa ™
st Fea 21 3 wERer eEEiE e sEE
B 2

(i) HON o O 3R AU 1 UM I T T
st st 2, f5e99 3 3= = 2

(i) FS IAERME HUT foegd e ®I A HE H
T 2 B

(iv) Fahia qn forpq &= H 39 H R FaER
Tl U ohelts feRtuT g Ufera TR o
feradra 21
G B SR ok o EA BEeSH 4 Ww

I A1 T W wed 81 3@ Y@K SO H

qereRRYUT 3R THoh wAeru i YT T 1919 W g2 off

% U] W Uk Sgd SIEH U7 R ST

e &1 | T HOT 1 @il T 1932 | ek 3

SUfATTH W o< HUT o GeR T I 5o e o IR °

FO Afvd 9R ae fogq seA w0 frifma gul

IEIA T FHUN I S Hell T T HO o Fewqul

o7 wreft 2.1 # f&w g €

2.2 UIHATIT HISST

e 9T H ST T YA S 9T YO | I8 HIa gl

o ETeed o Afavea TR § M U1 U

CIcHIRCI] HAI-YHY] (sub-atomic) w1 Bl %I
SHTITvae: U ] @S o a5 AR

o fefafed ger T of -

() T o T T TIRT;

(i) Tl F TN AT Afdw o TETF HTER hi
qet;

(i) fafa= ot oF HaeM 9 faft= geR <R
STU[SA o S hl SATEA qel,

(iv) TRATVS gNI STeRifud steren Iafea fafite
foregq gokta fafweor =t 3cafa qen gfa &t
I
T AT ST o TR | T i AT

FE o fau fafa= o] died gwarfaa few T

T 399 9 & AisA g U o Tfacd sl e

TEl 1 S Ghtl T9H 9 Udh Hise L. 99T g

3R U SR TGRS g Fdlfad fohan a1 e

ferercor a1t fea T B —

2024-25



32

WA fagm

WROT 2,1 A KON ok 00

2.2.1 UIHU] kT ATHET HiSHA

T 1898 SISl oA A e foRan foh owemo] T
g ey en (B e 10-°m) @ @,
e e T B9 fodia @ 21 36 S
TR 39 YR o B € o SUd Tl feer g
e I &1 Sl € (Fo 2.4) | 39 wiga =1 fafa=
TR & T T T 7| IR @ YT (plum
pudding)] SR 3%"1 (raisin pudding) AT TS
(watermelon) Ai€d| 39 Aled - TIH] o YA
1 e AYel WIS o GHH WA T §, o
SR HHY: 9 AU oS H1 dlE IUred &1 3
Hied %1 TH HewqUl a0 I 7 o SoH wRAm] &
T U RA] R GHAF &9 G S g3 I T 2
T I8 Hied TH] Fi fagd SEEAG Rl T
e o, fohg o8 wifas o g oF 9Rems o6 da
TET T T e i E 1906 | Hifdent § A6 w1
fo Tetehdl W Igifas T wEifies = o fag
o R ¥ FEIa foRan 1@

eI ERI 1)

N\

<— ol

forT 2.4 @] F7 OTGT @i
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199 9t o TR Ay § faf= gwr 1 foeeon
%1 @S g3l faegd U=siH (Wilhem Roentgen,
1845-1923) = T 1895 H <wifan fk whelfre fara
Toft § Suferd usied 9 ThIH WS U
foht0l S Y ®, S hefie fohtor eft o Wt
@ gfadra (fluorescent) &Y ¥ wfasifa sca=
F HEA 21 Hfeh Teod &I A R w ufa
1 Td TS A, A: I 3% X- FRION w1 AW
fe, St ee ot yefed 1 W@ @ T R
WA & AU T O 9 U @sd 9§
THTH o HROT FAEl X-FoReol S et €1 X-
fortol foepq den gaeta & ¥ fasfua (deflect)
T e g oz feon o uwd § e w=
9  (penetrating power) et #1 T
HROT € o oeqel o erfafie stee H 3 R
FOIWE BW@ F T fETON w: w-eA
(wavelength) &gd <H Bl (0.1 nm) #R
YYA-TaHE FEER S ¥ (T 2.3.1)1

10 S (Henri Becqueral 1852 —1908)
3 <@ T gw o Tl # SesH wE S 2
=M 39 aREe %1 Aganfaeaar (radioactivity)
Fel da Sa fF T q deantfeed 9w
FEA 21 TH &9 H W Fh, fR T e
T weler et 7 faswfaa fean s99 @ yRr
H RN, o, B TA y HT ITSE W@ T
THE 4 R o RO § I TR e
HEY 3R IR THE WA SAHH Gt Sed St
%0 B 21 S Te Frehd freen &R oo @
diferem e B €, i & golHl o |y




TIA] HT G

et o w1 Afeam @ 9w ww@ TP
TARIAl o TWHM RS Y ol 01 el 2l
y fortol X-fortonl oF TmM 3=a Seil fafertor gt
2, TSl ypfa Seri et € oiR TSt &iE
FU) &l Bl WS gHAl S99 ®H o fRLon @,
3G 9’ B fROT (o U0 W 100 AT SAfEER)
qon wed ity y fReen &1 (a0 &0 " 1000
T etfue) e 2

2.2.2 TEIHRIS R ATTTEKIE UTHTI] HISH

e 3 3 faanfeai 4 (39 R &R e
AEeA) 7 §gd qaell @ &1 9= (gold foil) W
O Ul 1 SR 1| TWIHE & YETG O-H0T FHI0H
T ot T 2.5 o fe@mn wen R

A 1 el 9= (100 nm HRE) Hi AR AL
hich Teh feaiifoee | ¥ =9 Sl oTet 27T HUN
H OGS TN TH GAC U= I BRA U FATH
Ffasiftasiia (fluorescent) 5o TewhEs T 9 ShiA
TN TN e R ST 0T 36 BhiT W THTCI ®, Al
TRl 1 TRREILE (flash) =1 2t 21

YehIU STYANT oF UROMY HTRT uferd ol
ATHEE o TXETY] Hied o STUR Ut H SURed 9
o eh TLATY] 1 SIHM R IHN] T Teh THH €9
Y <1 g3 BT eV ST¢HT HON | ol 3a-1 Aferh
Bl € T o geau o U@ g9A foawo &t off €te ar
Y S| S 37U ot foh URil W TR o g Ol
1 i el B ST 3R ST fEen wgd %H o 9
] ST 3= J@n fh—
() STeRTY ST &0 9F i T § faafia gu

IERIREET R

e f

T g

(h) TGS HT FHI9T FIT
faT 2.5

33

(i) ¥gd HT TCH FHU B FHU ¥ faaifu gu)

(i) =&d & 9IS A1 (20000 H & 1) G 1 AR <A
ST TR 180° o <h10T H I3R! fa&quT g3l
T Y&TUT oF STTYR T TIHIS F TLAT] i T

& aR ¥ Frefafead frerd fepe—

@) T ok ST ARy T e B 7, Fifw
ATIRITT STHT HU1 TH T T ! IR FHL 9 2|

(i) Fo & el o Fu fGef@ g € 9
g sTew & STt Hiaehyo o (repulsive
force) o NI BN Y I Tal =ordl € T
AT o foam o faudia uaT] o 31eR eHasT
TAA &Y 9 S g el {1 HHee "gd wH
ST o 31X Hobfxd B =feq, TS et
EHT HUN 1 Aldehor R feTor g gl

(ii)  TEIHIE 7 TUMAT ek @R for Ak w1 TR,
TR oF e AR i gorll H 3Td HH (T0)
B 2| WY T B @ 1070m B €,
Sfeh AR i B @mE 105 m e Rl
3THR o TH AR Hl S 39 a1 o T 5T
Tepell © o @t e ol fehehe w1 g ffeT
S, T RAN] 1 B SIS 5 km BRT

o~ T = T T o=
@ O
D — i
RN
o @
(e -
(o (o2,
—O e
ﬁl?a'ﬁ:lﬂ a-h U] o-<h 0T

(@) 9 &1 W= 1 HewereHs oo

HIE & GHIH FINT 7 3@Mfeha 31 51 G &1 T gae! g W % (o) FUI &1 S8R (shot) F1

St €, df S9H @ SIfHHII HUT YT §U fa w6l i UR X WA €, el e &I faeiqur g S 2
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IR GeTon ST IO o SHR W EIHE
= UHTY] HT AMTRT Al T fhd1l 39 Aled
o TR
(i) ORHIY] T GATAST AT AR FTHHA Teh 37

3o &5 | Shisd 21 81 WA & 39 31 e1ey

AT I IR A A FE
(i) 9w oF IR AR oM JAR A, o=

THET (orbit) HET W1 €, ¥ 5gd doit ° I €|

I: WIHIE 1 WA Hied GHSA o

foreten-jeran &, oo g =i o g9 g @

AR TE TAHH Soiei o §HH B 8
(i) TR IR TR oG § T % frer e

Il o gRT oY WA €l
2.2,3 UIHIU] §E&AT qAqT FHATT H&AT
R T FTERT $Heh WIeHi oh HIUT Bl g1 @l
el TfUd B HRT €, W W SAEY Seleq oh
O % SR, Afer faudid fog &1 e 21 gqe
a1ef 7g @ fom e o Sufkerd dieiHi 1 S WA
e (z) o IUeR BN € Sfefq Wil w1 "en
TESISH AW H 1 SR Hifeaw § 11 g §, o:
TR TWATY] AT HHY: | Q91 11 | TRET]
I TN WA o Ty I SAeeMl Bl 9,
Hl HT FEA (THY] F&A Z) % aEX gl
ITEN— BIEGIoH N TfSIH WA H Seiael hi
T HEY: 1 qel 11 Bt 2

UYHTI] GEAT (Z) = UTHIU] o AR U

e & |9

= 3STEH Ty o
TSR Rl

& (2.3)

s 1 Y IHeh el oh RO Bl ©,
TR TR 1 FAAM Tl a9 FB 3T IHH ol
(S99 98 1 SoHM WEHE o S o ST
R BN ®) °F HRUT Bl &1 TH IEEH U HI
L (n) Fed 21 AR A Sufterd WAl oiX =gt
ﬁﬂﬁlﬁaﬁm(nucleons) Fed Tl ?{ﬁﬁ@lﬁfﬁ
Tl WA i TR 1 FHHM G (A) FEd T
TN W@ (A) = WEH &t TE&T (Z)+

e st @& (n) (2.4)

WA fagm

2.2.4 QUIATH® T WHATR®
foret ft TET] o HEeA W d@ O Wdlh (X) g
Terien S Tk ®, food o1 iR weh qd-one feran
ST B, S IREI] SeAHA WA (A) Bl 21 W SR €
AR oF ®Y H WA HEA (z) f@t S,
FA AX THATRSE T9F $HAE §e, Wy 9=
TRHTY] HEA o TATY] BiHT; IEEONA— 14 C qen N |
HEEATeR 98 WA el €, fSet T g (2)
UM Td 5o g (A) fae B #1 g vl o,
THIRTOT 2.4 % SER, Tg W © foh et |
3T T RO AHE | Iufeed fg=-fa= =gt &t
T 1 SRR o forw fRY @ eTEgier WA i |
99.985% BTEgIeH AT § ohael Tk e &Il 2,
o wifesm ('H) wed &1 99 gEgeH W) |
THENE B §- TFEIEm (2D,0.015% ), fa
| T e 1 =2 B § 3R rgfeam (Tritium,T),
e 1 e qen 2 =g e €1 2refeem gedt | o
HE W IR ST R | GHEIR T % e S S0 At
&; - e, TEH 6 Wl o e 6.7 99 8
A (2¢,¢,'40) B T; T wany, T 17
WAl o ST 18 T 20 =2 (BCL, ¥7Cl) B &
rEnteRt o fova § eifom weweyol o e @
o6 TSt oF TH™® U Soidel Sl 9El g
e gid €, < ifres & el o) g g Freifia
Bt 31 ek & Tt O W= w5 e w5
T9E 9gd A Bl €1 3 TR safafmaet o
qoft T Tk W STEER S B

ST 2.1

S9Br H WISl 2! qel Terrl i HeA
fRehed whifsu)

&'

T8 ©Br, Z = 35, A = 80, T 3T T
Ml 1 H@ = TodeHl % 9@l = Z = 35
Il T H&A = 80 — 35 = 45 (FHIHI 2.4)
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SATEI0T 2.2

TRt wielsT o soree, Wi qen =52l shi S
FHAI: 18, 16 T 16 B THH WIo Teiieh
fafem)

'

THIY] HE&A-YieH i §&A = 16

T8 T Few (S) B

=16+ 16 =32
TRl B @ % R T g T TH
SRR (EUTERT) ©, FEeRT STeRT soeR &
ST o STeR © = (18 - 16 = 2) THH! Tdleh
2g> 2l

e : AX Hopd ®1 TN FE ¥ Ted T8 Tl
A R 3 wielis SIEF WA ® St
YFIEE A1 O 1 A I8 S WA €,
iRt (2.3) W €, o

TRl i T = Selael i & = W] S
B B A winis ww eEA B, @ 9% fwifa
FifeT fF WAl #1 @ soleel S gen 9
siferr © o 6w Afg st B Q1 SherEd (B8R
3R A B, < TTRH (RUTE) B =R ot g
TN A-Z ¥ & Wl ¢, =9 e SeEE @
37 3T B

2.2.5 TE{HhIS HiEA % SN

S foR @Y S ek § TGS 1 AT wied
YA %1 T B2 ®9 o, fomqd fss 1 9 g
%1 e 3R Tl i gooh Uel 1 q¥e | T |
e GRAee W Fargra AR i on] e s @
At gar = € % 7' g o 9Ri eI fafvea e

35

o B T < wehdl B SRl my IR m, FEEE, r 37
ATl o S w3 R G ey feerier g
21 39 o o el *1 wemeli & aR H TE-TE T
FI ST Fhdr F, S YRR W ¥ A @ 2l

drnHed @R e Afed § @HFd § 98
gz fierar © for soiee i o =Rl iR ffyea
Feell o Ta wd §, 3Weh Afdie ToeR SR
Afeek o = Felm 99 (kq,q,/r?) BT, SE g,
SR g, STORT, r 39 SO & HeA Hi U SR k
ST R €1 el et TR 9 § Tecrehyor
o o THM Bl 81 T STel 1S fie ferelt e # i
h{dl % ar 3@3[ U (acceleration) B %n%m Ifg
e forelt e o feer o @ wifg wX w1 &1, @ o feem
qfiadq o RO ST @07 81 ATl 3Td: Tf9hia
Hied H wamell ¥ YA TS H T ol H A
ROT BT =TeT| Herqeel ok forg gk ia fagid &
STIER, @Rd STEfT ol i fora-gaswa fafeon
1 IS HA =M (Wl o |l A ghiey Te
BIdT, iR & ST T8l 8id) | sHfere foreft sham o
Iufeerd Sorae 9 fafwwor sdfea gl 39 fafeo
o foTu STt seleifen TIfd © U SR SH YRR el
(orbit) BT It STt OIS © 78 Ul =t © foh
s@agﬁaﬁqﬁaw (spiral)@ﬁ%ﬁqgﬂﬁﬁ
105 o, fohg amera o T Y eian 81 39 YRR
IS Serere okt I Rl FoRewd ekt qen faea-gema
g1 o STIER 9l fRan S, @ WIHE 1 W/
Tiea fRelt TXAT] o T &1 AT @l &Y 9Tl
21 39 I8 U Ghd ? T AR wensti & solae i
Tt | TATY] STl B S 7, o 9 TEl e solagl
1 s & TR AR feer oM o 82 %R0 e €
It SoreRAl i feoR oM S €, A STcteh S
o1l AT SR Seiael o ot FEoR S SRyl =t
T Tl i AITE i AR Wig o, e omae
T Hied &1 Th oY &9 U< |

TR & Y] Hied & Th O TR I
e € o 98 TAgEt #1 goeieh W % aR H
o ot auie & a1, s1fq THN I8 qa1 Tl =erd
foh SelergiA ATweh o =R @R fohd wenr foem © 3l

mlmZ )

H wmd §1 U8l o o Tecleh T St i (G- 2

ST Tl FT &7

*Fereed =ifreht Ygifaen foam &, St =ged o ‘7ifd o i’ W eneniid 21 =18 Toqe aeqeti ok ‘7ifd o i’ w1 awed €1
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2.3 9 oF UIHTU] Aige o faehm™
st g

Ufqelfass €9 § =7 o 91 Ao &1 ==

foramstl o STeEM § U URomH W WAt 1|

ULl 1 HCE oh HaY H STAME o I gEl

Hr IR A 34 IROmH 1 TN FHeh TIHE g

gfqarfed Aied § GuR fhan aR o6 W] died o

faerma & T fogedl =1 etem iy @ 2

() faga-gaer fafemo &1 g =eer e, fome
aref =g @ fop fafereor a@n qen o S o T
TR Y T

(i) OREIY] WA W HafHd YA 9o

TEel BH o[ gaenta fafentor o §a AR i ==

| TH] WFH ok YEfTen g S == e

2.4 9 =1 ST

2.3.1 Taga-geaama fafetor & aw

Uehfa
Ieet wt o "wem o sifqerifesl 3 A aege o
STEENTd TE Icdfsid 8 el fafertor &1 dferara &
e foram) 39 faferon =1 o fafswor et sar
Bl SR 78 S *1 R w1 R S fafw
fohed o B €1 o1d 98 el — wifq 3 € for i
fafercor fafe=r emgfaat eremn wimesal areft faea
a0 9 a4 B § TE Sl ST SFEROmaR
W Ui # S o6 S=iaet 9t o "7ed qo T e
off| et fafertor o el o1 Fegem wfchaa 9
STIF 1850 H T3 1870 oF ARH H S FAleh
Hagae 7 Ie fagia fasfaa fran fr faga g+
T S wUN gR Sea el B1 39 fagia
AT TeATTE o1 § 3 5o A oA IRt e m fagy
Jaskra fafeon & fawa § = qe w SH S
Hagdel (T 1870) = Hod Teel Taferd et o =
= femaneti @ik oot TR W faegq qen gashia &
% FGER I AR &Il 394 I8 gga e fh
ferga eTafyTa ol w1 wa wIia feran sl €, df TRl
g ©d g & S B €, 9% & fagd w
Wﬁ(waves)a?mﬁﬂaﬁﬁmé,ﬁ%
;?%@Eﬁw' T Irgen fag-deenta fafetor
|

WA fagm

w1 ot fafertor 1 U w9 7, G SR
ol gd ¥ € R QXA el § ST Fehfd o g |
THSA T IR HT T I H (FIST) TehT¥T hl H01
(EFI'\U'H?I'@, corpuscles) T &1 3T HMT STl A1
190 TTATET | YRTET T TR-Uhfd Ffquried gl

Teelt o Hereel 3 Sard T WehTer a SiereHE
fered e gae T aeRr | Heifed gt € (1 2.6),
T Agd-eIh d 4T 1 T 1 Yeptd et €l €,
Wi &1 T-l 9 IR Ui W TR

VA
N

e & s
Y/ iyl
qIHRE & AHh I e
ferT 2.6 fagq-gaia &7 & fagq a7 gaHig &7

| 4 e GHA a-154, ghd, i a9
A a1 g €, fhg 9 U g & oAqad
el 4 @97 w8l
@) <OEEE STEf wuil gN 3ca fagd de
a1 &5 Teh SE oh wiaed i €1 3 S i
o GO 1 TR o ot oo et 2 ferg- e
T 1 Th WA €9 o 2.6 | @@ m@m
(i) =AM el SA-am & fouda faga-gas
T 1 fepelt ATeam 1 eTEggeRar e Bt 3R
3 fafa o wfa & wewdt €

(ili) 3T I8 T 1= e Lnfud &1 91 ¢ o forga-
<Rt TefehoT e Wb ok id €, Torrent ae-Sed
T egfd T TR ¥ = e 71 3w 9
TR forgq-gaea Taen s € (fest 2.7)1
TezA o Fo-fre & o fom-fas Tm € g
I & feA-a1gfd (radiofrequency) &4,
(10°Hz o &), fSrEeht 3T JEmor | fohan
STl %; q&H T (microwave) &3, 102Hz &
o), foees swEm R § fEn sm @
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TIA] HT G

31X (infrared) &3, (10'3Hz o TRIS) , TSeaht
UGN TRH T T B € 94 W (ultraviolet)
&, 1016 Hz o o9, St g3 i fafer<or 1
9T B 1 SN 105 Hz o oS 9 & W
IR 99 (visible) ehTel ed 21 sheel et
a8 & 7, for et oife <@ (wgfe ) gl
€, 3 &l ! YEurH o forg fa9 wehR o
RECI NG CEp ey il

fere s ol @ <w & fery fafe
YR o TR T SYAN fRAr STl @1 =
fafereoli 1 emafa (v) den @@= () g0
=R fean S €1 g (v) 1 SI anies
AR B2d & W W BH § (Hz.s )| Sh!
TN 1 39 T&N o ®9 ° qRIfva fewan S
2, St forelt fog @ wfd dehe ToRd! B

T3 & HEH @6 % WO e e
T2 : ST AT HeR (m) H St &1 <k foreg-gareh i
fafereor § B a-20d #1 q gt &1 gHeh fow B
OS] 1 STeRdehdl eidl & ord: fost 2.7 ° fafa=
-l e ergtel areft - g Wt
ferga-gehia fafeol =1 fe@rn wn 2

frafa # |t whR o fagd-gaswig fafeo,
R St q-3od ot 8, Uk wuE T, e

(iv)

37

3.0x10°m s (2.997925 X 10° m s°) ¥ el &1 39
Tl %1 WeRTIT &t TIfA (speed of light) ed & 311 ¢
o @ guid € g (v) a-354 (L) a1 WehTe
T (c) i F=fafead T (2.5) gR Tefyd
3

cC=VA (2.5)

TN I gaH oh faw Tk g9d ¥, a-gen

(V) 1 SS9 feean s 81 ufd s oee H,
W—éﬁf H & i aT-GEAT (wave number)
%Ed €| SEh! e qUI-35d oh WSk ol ook

i m! Bl B, e HHI: W € Sl |
cm! (SIAES &) 2

2.3.2 faera-—gama fafetur &t wofta
Uhfa : wileh oAl Faied Tagia
forard= (diffraction) 921 SAfdHITT ** (interference)
S e WA el i faea-gesh i fafewo
I TN YRl N GHSEN ST Tehal €, AR b
el 1 199 vt & ifdew fomm (S aRuf
e’ FEa ) o form-gasra fagid 1 gerd
Y oft At F&F feran 1 wehen| 3 Yeyor Frefertad € —
() ™g e ¥ fafeor &1 SsH (Fivoren
fafewor black body radiation);

}024 :llo :}020 1'018 ][016 1914 1}0]2 }OIO 198 1106 1104 192 190
L(Hz)
Y feRot X-fwt | UV IR A T (M | AM|  oh e @@
Afear i
T T T T T | T T T T T Alm)

10" 10" 10 10 10° i 106 10 10 10° 10 10 10° 10°
..................... W W
l | | | | |
400 500 600 700 750
TRE A (FAER)

o 2.7 (%) fogq-gaepta (6o &1 Tiagq (@) 599 TagH| | Ta2q &1 T ol 91 97T 996 8idl &

* fepelt oToT o STHYE T oh HEA Wi faedw wed €

** T TAM Sgfa arelt < a6 faeret Tk T @@ St 2, fomen Gfem § v fig W fasiy, v @@ & 39 fag W
faeiisr =1 sfomiorda =1 |z = g Bl a7l w1 TH YR k1 GaSH SATTeRTUT e 2l
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IETEIUT 2.3

sitat sfean ear (feeett) =1 fafay Wt Rvm
1,368 KHz (fohall g<sl) i oT/gfd W g&mo
F{@ B IR (transmitter) §NI AT
for-gae fafeo &1 a-2= 9 i
Ig Torggd-geeh i Wegd & fohg & o Haifud 272
'l

g, A=

ﬁﬁcﬁaﬁﬁ ﬁm—ﬁaﬁq fafercor =1 am 3ﬁ'{
v I Bl fEE T 7E @ it s e W

oS
v

_ 3.00x10°ms™
1368 kHz

_ 3.00x10°ms™
~ 1368x10%s™
=219.3m

5 el T i aAfenafe w-3= 2

IETEATT 2.4
99 TR o -5 1 WE ST (400 nm)
¥ el (750 nm) T 1 37 TA-SA B S
(Hz) § e HITST (Inm = 10 " m)|

'

FEHRTO 2.5 o STTER, ST TehT9T H1 S
c _8.00x 10°ms !

V ——
A 400 x 10°m

=7.50 x 10" Hz
T YehTST i 39

e
y=C2300x10°ms™ _ ) o0 oy,

A 750x10°m
39T THRH H1 W Ag o €9 H 4.0% 10"
¥ 7.0x 10" Hz 9% 2

30T 2.5

5800 A° TI-3e4 orel el fafereor =i ()
T-HEA R (@) 3Mgf &1 T Hifs

ESIPEERIE]
'
(F) TO-F&A (V) i TOM
A=5800A=5800 % 10°® cm

= 5800 X 10° m

1_ 1
A 5800x10°m

T,:
=1.724x10°m™!
=1.724x10* cm ™!

(@) smgfda (v) &1 T

3x108ms!

5800)(10—10 =5.172x1014 o1
m

v =
A
(i) &Tg ! Fag o fafertor & TRTA W el H1
fshre (TeRTe-Toreld 9me) ;
(i) S H AMIHM o Wl oF &9 H HEHTERAT i
e ;
(iv) foeeR TEgiom o Ged o waEmET | <@ Ty
@ TaH|
3 Rt 3 i ® fof e ohaer fordh
fogie wen § & S of wehar 21 gt g Seid
TR AYET IS &l i S Feha |

g M A dielt o © fF T 1900 H fed
ik R Gad Ygel SUNE Seelfad HiwTehT faeho
1 s 39 AT hi Te| AT eH Tead 39 TR
i TS T YT H S I e T Rl

T ¢ foregd T W g ekt a-SeAt
o fafertor scafsa &t €1 s am W fafator &
g1 A TIH oF 999 9N § Bl © S& ard agr
S ® ot X <= (e yehter) stfush A o
I Bl €1 SEEY o forg St fonell il o) = i
923 § TH Fd €, T ST T Ted goehl Alel gl
21 -S89 Tgdl Sl 7, oH-9 98 e o
Bl ST 81 ST 3H 3R e femean s €, 99 'l
fiehe aTelt Tafertor &1 41 Fthe &1 a1 © 3 e
a9 agd Afrek Bl ®, de T el & Sl &1 SR
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TIA] HT G

a1 7% ? foF ot fafewo fordh fagm o = e
e g & qon g Tt qm W e fafesor sifus
g e €1 stefq T et g s fafe= @

39

faferzor &t o o1 -3 & BeH & w9 H T
FH & 3TH T T
TehTET oF AU FHGId oh STER TR IUe IR hi

et o faferwor = e gt o qra W ek s
21 1850 ok 37d % T T &1 g o fok faf= gea
g faftia awqq afg fafa= o ® @it & & fafa=
e o fafertor Scafsia it €1 shen tfafied e o
for Sa fordt a&q 1 ¥d8 W g (fogd gashia
faferzon) faferfia feran st 2 at fafefa s =1 ¥
qT U € wEtdd gl €, 9 | Sresiid gl ©

HaSe S el w1 S Gehll TS Wi A =9
Tl o ¥R W HameHs gRoms g fean R
fafenor o1 STaioo 3R ScosH qifersl (iR i
Rl & WAE]) ¥ SO BT B T8 AMAR TR
Jaeha fafwen ok Iferl o WA el Hl STEH-URH
F wd € w7 ae A7 fr fafwr e &
fafed (discrete) W § @ S Tehdl ¢l Hod wileh

TN FS AN UG & Sl 71 STYUi STALOT BT HROT
7g ¢ T Fremmer gere gl fafeor w5t srgof
{9 Bt 2

TH T eyl fie 1 & YR 1 ogfa &
fafereoll i T oM ScAfSa qen sraeifid s €,
HToERT (black body) Feeldl @ el 3@ fUe ¥
IS fefertor &1 sHftorent fafewor wed € ara
o U@ g e el el e seteh e SHioueht o
g T BIl 21 HTO0TERT ol Teh 331 Wifcieh Hiieher
e foom 7 o T R € [ 2.8 (%)) o w
oz o sTaen 31 S8 gR el BTl TRT H fog | e
FE Al HE St R et @t el el ¥ W
B Tt 3R o1 W 1T hY e gr Sfewiia e Sl
21 epfooret, fafereolt sfi
1 el Weuex Ff 2t
e e Inlfes eaucal
3T IREwT o | e
T W 2t 81 7 Ry
T 4 U ST ewe o
It St feraid wt ©

fax 28 (&) oo oot &= 9fEw 9@
STIRNYG I ol Hioeh 9 SARTd YhIRT it TET
(fafereor =1 o) den 3Tk TaeH | faaor shaa
I a9 W R w21 Ry T aeHe W, St
fafertor ot o ai-<ed o we@ o WY wedl ¢l TR
Th T-3o R e Afehad el 7, STk oIg qi-<eA
o 3R SgH W 98 S IE Bl ¢, S o 2.8 (@)
T fem@rn T 1 SEeh SAfe SH—S 1 wedl € Teh
%1 SFeS (maxima) oY TUT-<54 1 IR TR &
S 21 fafeeor Y diom v qeiEE o % fag

= T € o T 3R 279 oheaet fefaeR (discrete)
aEEt W el SedtSd (A i) #d €, 7 TR
3TeRd &9 H| fagq-gasa fafewon & &9 o el &t
S =" = 1 IS (A1 ST w6 €, 39
e 51 died (quantum) T &1 7o fafewor 5
T J9IeH H1 ol (E) 3Tb! 2GR (v ) & THwd
Bt 21 T8 TR (2.6) §N ek TRl Al -

E = hyv (2.6)

T,>T,

GIEKI

1000 2000
_— W—égai A (nm)

ferg 2.8 (@) WI-%4 diaar qay

sTuTfaekar feerish, h, &1 wiieh fRerieh gl
S B 3R SEHT T 6.626x10°% Js BI€T Bl

FATIHTT 1 ol Hifedl W e 8 § &l T8
21 HE ot =l difedl o foredl ot gRRE W Ee
Bl Wehdl & T Sk foiq W) o < IERE o |
o wgr B w9a e 81 Tt b1 we fefetad
Teed | W HiE ff 8 Hehdl © T 39 W oh dE
¥ ®E °E A&l 8l Fehal
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiise Hfwek ¥ fafvy=
il W IAfoa fafetor o daar-faaon &t smgfa
el TI-3 o e o &Y H oA H G|

e ik

(1858-1947)

TR wich Weh ST Sifcient SR
g1 I\ FL 1879 H Hf@
fervafaerem 9 Sgifas ifaest &
H.AEL. T U TS0 il 3 T
1888 ¥ dfer fovafaeme™ o
o= o formfeswa fRfsed (Institute of
theoretical Physics) ® Ry fga fe Tu
9ok g XU 7T Faien fagia o fo 3% w1 1918
o odifaet § el SRR W et TR @
IR FHI-TMGRT 3R AifdRT & o= a5 | of
TEqul ANTeH e

YahT9T-Tearelq uwra

T 1887 H TH. T2H 7 Uk 9gd &l fcraed T foman,

e oo et (Se— drefem, weiterd, difem,

SAIE) T TdE T U A el YhTIT STe T

St fos1 2.9 | fe@mn T ®, g e €1 59

U 1 WeRteT T wumE FEd 21 39 wEm 9

T IR 9 YRR &

(i) g I Tdg ¥ RIS o THAA & 39 Hag d
T feherd §, ereiq o1g 1 Tde 9 geee
FThTEA A TaE W YIS oF THIA o oid
Eﬁ'st FHI-3Aq0A (time lag) &l il

(i) TT=RIfEq Solaeil &1 @& YT i diear o
A 2t 8

(iii) TH g o fow wh Afenafirs =Han rgfa
et 2, 5 <geft 3TEf (threshold frequency)
HEd € IR SE8 v STgf R yehr-feeg g
TRR T B 21 v>v 3Taf R e see
1 D TS Sl Brl &1 TSt ot TR TehTSl
1 g o S o WY g 2l
ST ER YROTHI 1 Sqre qRaies difdent o

1Ml o STER TR =T i S Henl| 37 ol o 318K,

TehT¥l ohi TRT0T &1 ST T AEN TR i diodl =

WA fagm

iy RO A S
[rat £ frata e
=
e

farg 2.9 T faglq-g9ma & ST & g 390 T
frafq & & T 41g H GF G W T& [A0=q
g el gHET HT O ewwdt @1 4rg @
geFi frawTfad gid 21 9 U qgEe gRI i s
g, S 391 oS Feif T HI9T FAl B

ek et 1 TR v H, Frrehifad sl i HE
AR T8 Helfera TIfas Sl oh1 ST FehTeT 1 dieran
T &1 S Gehdt T Ty wE <@ e @ fw et
SRl R HE YehTel 1 digral T e et 8, Siferd
T SRl T TS Sl dterar W R T e 2
I o Taw, R o Zehe W Al ferelt oft ot
1 AT T 1 FehT¥T [v= (4.3 H4.6) X 1014 Hz] 3 Hel
T BTeT ST, < off I FHTITF Sl 1 Fhraq
&l el 8, W 9 & diel 11 1 HH el T T
v=5.14952x 10" Hz URf™Ed W <o 5 €,
wehTeT- o v fe@ré 3 1 wieferm g <k forg
el g (v, ) 5.0x101 Hz T

foregq-gata fafeior o e o Faren fagid
1 TN i g MR (1905) Tehrer-Torq g+ma
1 THSH | %A gUl

¥1q 1 Hag W THRT G5 oF ThIA Rl HN
(BISAT) o ST 1 ST THS ST Fehell €1 57 1S
T Zell STl I oI oF URHTY] oF golaeM o
THIAT 2, Al I8 T 1 TE] Y gL ael et
<1 21 B i Holl Torel @Aferen B, Sat € S
T SR 1 M 3R TR Seieei w1 Tifdst il
I Bl SAferk BT g8 WAl °, Fshifaa seiee™ o
TS o1l forfq-gaehia fafertor &t sTgfa o g
BT <Ife THTE AT IR I S hv® IR seeeE
1 kT e o foTq sfaeares =<ad St hy, (5™
FHEEAT, W, ft HEd ©) T H FR (hv - hy)
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T T G

AL MR
(1879-1955)

S ¥ S T o s
SRR e STEEA forwel o
HeH e SRRl o & T A
ST 21 (T A=A T e
)1 ¥ 1905 ¥, S 9 91 § TH
g e ofthe ¥ Todie! TeEs o, 79 fomm
SRR T, SIS T ST Wehrer-forge gore W 5y
S¥eh < Wi 3 et o faeRrd w1 agd gt
el 378 T 1921 H Yehr1-foggq Ue & AR &

fou ifeeht & Aiee [ERR @ SR TR T

FIEEASR 1 TS el § TFEARd 8 S g1 Sl
o T (conservation of energy) & | =
STIER0 ¥ U TTshifed seiae@ @i Tifast et
THIFTT 2.7 R & S R

hv = hv, + lmev2 2.7)

W&l m_ ST BT FHHM § SR v SHeRT o 2
Aq |, 3ifuer digar ot YT H WISl i HEAT
Afrs BFT IR wRoTTEEY freRfaa seEeE @
e off 39 T F gor § At gnnt, e vy
el o eRTl T YA foRaAr T R
Taema-wiaenta fafeor 1 §d SR

THTST i 0T THF ehid A SA(eh] oF T TTHSH
=1 feorfq Ie1 hT < T WE 3 HiomeR fafeo
3R YHTI-FaR 99E HT HdlvSHS @ HY, W
T TE € Feh9 1 a0 9 e, fad foed,
HATTHIOT 3 GRESAS T SRS HI ST Fehall off,
o T fRETd T8l oAl 59 S i 5 HT F TH
& SUE o o g A formn S fo gehret o o7 3fR
T A S 0 e € ereifq YRt 1 5 SRR
Bl B A oh SMEN W eH Ui & Toh Tehrer T =
U] o GHM RN HIA | 4 5o o @iy et

41

1 I B el €, 99 g7 wu S e Wi
YA ¢ ST TafehTor o1 H=or B 7, 9 T a0 S
o1 (SAfaRT iR foed) geiar 31 5= #iR fafew
%1 gaferd &st Fl 2@d §U I8 Hehoudl THheEH T3
off| ST oh1 3 THR HH § HIBT THI | ST
AT AN I, P GeW kO (SW-ToaRH)
TR Il g SRR WS A ©

IETEATT 2.6
5 x10'* Hz 3Mgfd arct fafreor & wsw o
RIS i Sl bl TUFT hifoTg|

&

T ®ie[ &I S (E) Frefafed g gr
& St B

E =hv

h =6.626 x10°*J s

v =5x10" s (fezn =)

E = (6.626 x10°* J s) x (5 x10'* 7
=3.313x10"°J

T A Bl HT Sell

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

30T 2.7

100 & &1 TF dod 400 nm Tt T-251
THAI YT IS Il &1 ded g U
Tohs IS BIEHl ot T&AT i UM ShifSU|

T

god 1 forRpd-wfer = 100 @ = 100 Js™

T T & %ol = E= hv = he/a

. 6.626x10°* Jsx3x10° ms™
400x10°m

ARU 2.2 FD ol & U wEwEET & W=

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2.25 3.7 4.8 4.3

2024-25



42

=4.969x10"°J
IS ®IAl i T&

100 J s™

m =2.012 % 1020571
. X

30T 2.8

S/ 300 nm T-354 1 faferr gifeay «rg
%! Hqe T ZHYA B, @ 1.68 x10°J mol Tt
TS ol TR ScArSd Bl B Hifedd o
e o fTehra o fau w9 @ w9 fohaa
Tl AEvaS BhN? fRdl g soieeE %
IS o fou siftreran -S54 @ B

A
300 nm FRH FT S (E) 39 THR & St 2—
hv =he /A
_6.626x10°* J sx3.0x10°m s
300x10°m

=6.626 x 10'°J
Teh O Bl i Sl
= 6.626 x10° J x 6.022 x10%° mol !
=3.99 x 10° J mol*

Hifea™ ¥ Th AT Seioe[l o Tehre o ferg
HEYTH =IATH Sl
=(3.99-1.68) 10° J mol "
=2.31 x 10° J mol "’
Th SOHR oF [T STEwdeh =[Iaq sl
_ 2.31x10°J mol™
"~ 6.022x10% electrons mol ™
=3.84x10"°J
THHT G -5 3G RN el
L
E
_ 6.626x10°'J sx3.0x10°m s
- 3.84x10°J

= 517nm (I8 B T & Y9 § Fafod 1)

e fomm

34lglul 2.9

forelt o1g 7 et 319 v, 7.0x10%s 121 A
v=1.0 x10" 7" agfa aren faferzor arg =t
Hde W THUC §, A ST A 1 TS
Fell ST O RIS

'
MM oh FHIHII o STIER TSt it

=1 meV2=h(v— v,)
= (6.626 x10°* J s)

(1.0x 10 s'-7.0 x10" s
=(6.626 x10°*J g)

(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 Saifea* g il & ok
fo gumor ;. wrETiUae e

YRIY I TG IE HEH 1 GHa W R wd @
S =78 Torel 21 Tk HreAm 9 g qeh W W TR
w1 FRTOT ST g UY W g W © el Syudfdd
(refract) KBS %I

S P e S S g e o
<@ T TR HH A-S8 1 o el quT-o5 i A
F o | Ifuss g S €, ifen Weme gt
WhTel W 99 T W welt qur-Sedt et a2
TS YehTYl h1 Teohor T wfzali o6t U Sfa@en o el
Trﬂ?ﬁ% ﬁl’ﬁlﬁﬂi{q [spectrum)m%l e,
et T-o=d Fag e gl ©, 1 foee ged
HU IR oY HH W< ol ST T R e
Hor faeh B ©1 Hhe T 1 Tohw, S g fe@rE &
2, o TR & WE 7.50 x10"Hz & A @ 9
AT 4 x10"*Hz o ol T T Bidl | 36 T i
Hdd @EP}I (continuous spectrum) HEd %— Had
safeT, SRt ST 41 el T H SR e @ 8 @ o
foreran 21 a1 T o Wiy off T € B €1 S SR
 ZRey o 2, 9 o T & v R 2 2
Fau for 3va gehmen fagd-gashia fafeton =1 T =gd

* ferelt Tored o faw fafes (discreat) @i o Gfdsy @i FEieEteRoT wEd €
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B amt g € (Fo 2.7)1 & fegq-garh i fafemo
%o o WY R TR e B, T 3R ] 3
TSl hT STIRITOT T Fehdl € TS S=d Sroll &R W T8
A 1 S el TR W Y STl sreeen § g g1 A
e KT Sl ATl ST Tl qerey Sfeee | wied
€, 1 o Tk g Seagd o fafi= & o fafewo
IR L B
IS qAT SAAINTUT WerT
Tt agrel W ISl STEeNyUl o 91% Scdferd fafehTor
TegH SeS T’ HEadl 81 AT ST0] A1 AP
fafeptor o erEeive W IS 8 WK 21 ScEsi
TR W w3 o fau fme wfaest 1 =e wh
e Tafertiom sieh Sotl <1 Wt @ SR e gioegl
SN STl ohl Frehiiar shdan €, o Scafera faferzon
# WI-3=A (A eAgfa) w1 Rl w1 feran s 2l
TR WY IS TFeH o BISUTHI
frifea sl oX@ eiar 81 ST U Haa fafesior st wfaeef

43

W STl S ®, d o fafeor # g -
SR T T B 54 G ST fafeor it S
o - TR Tl T S | et T R e
& ¥4 H Y= B 2

IS A1 STEIT TRz o ST hi TR
(spectroscopy]%ﬁ E| S HWR a1 % I
ThTST T TIH Tdd el ©, Fifeh SHH 39T TH
F o ¥ A qe gl a-osd sufted g 2
3ok faoid T sfereen | WATE 1 Scasi T
A W T q-3e | gadq ®9 9 9 Tl e
?, T ST ohoel o X<t ol Wehrel Seafeid
o 7, foTor o= ¥ wel T wd § U Seed &6
scgfera fafeeor waen o avshict @et & &9 H
Wi e © (e 2.10)1

Sl +eh Gl o 1P H WE-ScasH ey
1 gl e il 81 Yeieh el ol 3191 Tk a9

e 2.10 (%) GTAIENT IEST : BI5SIST WATTSH (A1 fodt 3R dwe) o S9fora Fiaeel §RT Seqioid FeT9l ! T
o0 © AR fafaad a-eql &1 e § g fHar Sl 81 o7d: 3eqsd WagH, S YUs a-asl #
BRI G= glal €, @i ‘3@ Wazd ' &el SIdl 8 [t (e SR & gfasyl 9§ agd i qen d war
gld 21 grciiter HIE U AT [l U GHT W T &1 SHfeid oraee 9 g Gehdl 8, fhg WA & 9yg d
T4l gya FHfeTa ST Bldl €, 59 4 WA 5 Seil-%R W Sd €, df Scdfoid gl 4 TagH 9 Bl 8
(@) GTHTUSNT SIEINOT: S GO GHII Hi Al glsgleT WA 4 et d@nfEs (slit) 3R AT fiew
o TSR ST 8, A 9 GhI H Fe @T-35A (S 2.10 % H Seqfoid gg o) 1 dtedr 1 79 g sa
21 78 ggfua @ o uh 3@ Wazy gl @ iR Seqsid Wagy &1 BIeurEid frifed glar @
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E1- S T Bl B THEfeh fagervon § A
TR ht SARTAEATR T ST THE T TE=
o forg S&ft yhR S § @ W ®, TN geR
e o T Al i weeEH o forn swem |
T S & G e o G o ISt TeeH whi
Eetl w1 g oo s ufasel wt Yanen 9
Tl ol TEaH oF foaw Ja g9 (1811-1899)
gagem R

Tdlfean (Rb), Hifqam (Cs), dfermm (11), <fezm
(In), TIfeTa8 (Ga), 3R whfeaw (Sc) 31k awi =1
TS 9 g2 o, 59 3ok @feil a1 TaeHt fageryor
foren o ol @ H Fifad (He) o &1 3ufefa off
TegHt fafy g A &t e eff

TESISH 1 W Wa=H

e grEger 19 H fergge fererst yenfea feman s €, @@
H, 319 foaifSid it S=a sl ATl B1ggieM qeIy) 3
&, S ffarer ergfi aren foga-gsenra fafewon sefsa
HT B BRSeH Weagd H warst i g SfvE e €,
fFe STk SR Reh! oh =8 | ST <l &1 SR 3
1885 AR Te10ll o STER W sarn foh A Tt
et i T-HeA (v) & ®9 H H = fRa S,
@ TSN TaeH i 3998 &1 st s Fefafed
T G SR ST Heha E—

v =109,677 (2—12—’1—12) cm ™1

el n ek i €, feht 9 3 =1 3 @ arfren
eIl ®, 19 n=3,4,5... g2

T A gN Aftra {@rst & SR 4o’ (Balmer
series) el Sl €| BEGIST THaH | oholel ST S0f)
1 Y@t fogd-geeh Teagd o 399 &5 e et
B e & TH SagHl deifeh sierd gt |
A for eRgeH Waen & @t gfte & @

(2.8)

frfafad = gr1 <@ s gedt 8-
v=109.677 = _ L oo
’ ”12 n; (2.9)

Wl n=1,2......8 3Mn,=n +1,n +2....

109,677 cm™ o A i TEgSH 1 Rgent
feerieh (Rydberg constant) #&d & n,=1,2, 3, 4

WA fagm

AR 5 arelt Yenet w1 Ui Sl wwen eEds
(Lyman), sTHY (Balmer), 917 (Pashen), Hhe
(Bracket) 921 %€ (Fund) S seard €

ROt 2.3 | eSS WagH w1 3 g @
¢ 1 Fot 2.11 H SRS WA T AEHA, TR S
Iy S o WeRHU Wi fe@mEn T el

HRUT 2.3 TIHIU] BTSN aht WeRH 3@

Sroft n, n, WerH &
QIEEE 1 2.3.... T
A D 3,4.... e
e 3 4,5.... ST
he 4 5.,6.... ST
LS 5 6,7.... 3T
(0~ — i el i nzZe
n=5
n=4
*VV U U7 | STEER)
n=3
R ol (S39)
n=2
EREE
A A0 (TR
YYVVY n=1

ferT 2.11 @IsgIS WA § sela2i & GHAv (T8l
fearg ¢ &
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TIA] HT G

TIESIH 1 Tl WeaeH gt Il o @1 Taey
F o o Hod S BT &1 IR qHTOpeH kT @
Teen atfuess Sfea 8 €, Wy @t W@ wWeeH &
T AU THH Bl 21 WS- (1) Tk awd 1 @l
ey TP ThR 1 BT 21 (i) Y&F a<d o @l
Tegn ¥ fafiad g 2

319 T8 T 31 © Toh Uk S 3 A0 1
HROT &1 Tehdl &7 T ThT Taiel 3 el o TRAretf
1 gl HLAT 9 BT €7 39 YhR o 99 o
I S TS 81 8H 3 <@ o 3wl o I
Y gH 3 qal oF WETeT @i Soldeitieh HLEAl i
qaeH o gfaen gl

2.4 EEQIST U] o foTq aR wise

BIESISH TXHTY] i HEAT U1 SHeh TUaH o HH
IEIOT 1 Tl HISTcHeh ATl Hied a5 ¥ 1913
T | IR Wih oh sl oh AR I STFLRON
w1 3gEn foram Fuft 9R fagid eyt Fied
FifAent & o, TN RATY] TL= qe Tl H HE
1l Rl dhETd 9§ GHAH H 39hT ST foman S
Tehell 81 SR 1 Aiew Frefafed g ® e
=
() TEENE WA § SoaeH, Ae o 9’ W
ffy=a o= oI St orel e veli | 5 gha
21 7 IR Ul ! €H hel A1 T afeee
T A ol &R Fed &1 3 HEd AgF F
TR R Hohdld &9 | oateerd gl 2|
(i) FEN T T i oll THT ok WY &l gRafda
Bt 2, Aefy g soiaeiq e Tl ') 9 3=
TR TR W TG ST, S e ST St b
STARIYUT KM AT T oh Iod TR TR
Y 9 T W M o 9] S R SHSH BIM
(TR 2.16) | Sl -qReAc Faq alen d el
g 1
(iii) AEh TR aTel J1 TRA STewensti oh HWehHU
& GHT ERifa efYen Scafed fafsor =i
frefafed w1 9 fEon 1 g 2-

h h

(2.10)

45

RUC RGN

(1885-1962)

2 odifrt SmifTk i a) J
T 1911 H HIUTei foeaforme™
Y NS i UMY TE0 | SHh
% I/ A A R I
TIHIE o Y T a8 foamn 99 1913 9 & FioTeid
o, el o Shevd @1 Fel 1920 & Sfe=ge 1w
ferfesa frfse o feemes o741 oM foves o
IR AR A WA FHell o wifaqel SwE o ferg
IR FE fHal 3% F1 1957 § 'Atoms for
Peace' THM e 3711 T 1922 § 9K i sdifqent o
el R | FHIfa fha =

W E, a2 E, %A1 f1e 3R 3= 1gma St
STt €1 39 THIHIU H1 ST Rl M Al
frram e ST 2

(v) SR T HIUNT Hom aeifed g §, < gg
TR stewen § 39 feAfafed Tt & ga
9T ST Gehdl B—

n=1,2_3...

nh
m,vr = — (2.11)
21

Wl ‘m,’ seiEH w1 FeEEE, v oA qen
39 el i Bn ? TS goee gEar B
3Td: Th 3oiae hael S&1 el § A Tehdl €,

S5 Iofta FeT &1 71 h/2n 1 UT [0 BRI
TheH A T HIUNT HAT Faifed el 21 S S
wHivita T o el TR Faifed T 6l Bl T
M W shial 8 dl afehTon ol STariiooT s1ere Scsid

RV GAT

5 YR S| (m) 3R @ 3 (v) T [UHE
ae G el B, S YRR 10T T (angular
momentum) & ST (I) 3R RV a7 () FHT
TS BT 81 m, TN A e o fa, S
ek o = 3R (r) B 1 gareR wa ° 5|
@ R

HINT ol = I x @
ﬁﬁﬁ]=mer2 3ﬁ?m=v/rﬁlﬁv¥:@$aﬂ%

3d: RV HoTl = mr?xv/r=myvr
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Bl 81 31 Heree o1 forga Skt fagid @i @

&l e 7S wRu ? T g fivea wa @ erH

B B AR T Tl srereenati w1 Sl o forer %

fawa o < T fasgd SRR ST Sifed @1 3Td: SH

ST Y hefeT | FHeATE S| 9R fHgid o $TER

TEgIeH A o fe—

(%) A & fau Tl steeensti &l n=1,2.3...
% GRI el fam TN €1 ST qUIfhl ki WA
Fdqled W& (principal quantum number)
w8 Sl ® (TS 2.6.2)1

(@) Tl sreenesi &1 et & ffafea w9 4
wef¥Ta e S 2-

r. =n’aq (2.12)
W a,=52.9 pm 9 JHR e TR STewe,

519 ‘S shen’ el S €, S B 52.9 pm B 2

IR BRGNS WA § Serared 36 el (n= 1)

H g ST R n o S o T - 1 HE S ¢ TR

Tl W, Soirg A | T SUreerd Bl )

(1) Tolaeia © Helferd e Aoy 07 TRl eTawer
+ sl 21 28 Freifafad 9 g A S -

el
n

Trlﬁ R, Eql ﬁ%ﬁﬁ f{ﬂ'{"ﬁ, (Rydberg constant)
FEd ¢l THEl HH 2.18 x 10-8J Bl 7l feaH
araeen, T8 qoreer e’ (ground state) Hft Fed

WEin=1,2.3... (2.13

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

1 .
1078 (57 )=-0.545 x 10718 J. g e 2.11 |

BISgIS WY i fafe=1 Tt sTeenat | Sefl-w
1 Setell i fa@mEn T {1 sl (S 'R ena!
FEl I

e gl A oh Y9E ¥ el Bl €, T
ol 1 A Y forn S @) e feafa ® solaed
&I T n = co 1 TR 1€ ¥ Felferd gran @
TN ST ETSGIST UTATI] Fecll 2| el e
YR R SThftd T & qe , kel § Sufterd giar

WA fagm

2, 9 ol 1SS Bl @ 3R Eeh! e T
STt B1 Wi (2.13) W 7 fom 6 HRon giar @
IR THHT A o Ht HIH ST MM n =0 F
oy W gEeh i i 9l B

ETESIST WHI] o FIq RuTeeh geiereien

St (E, ) T o atdf 77
TS TXHN] | g1 H9d el | oo oh AF |
U fog el @ (TR 2.13) | I kU fog
<l 22 39 o1 Tag 1 ot 7 ® fon wmnop
TAS 1 Toll TEeR e | w6 Soiee[ § %A
21 TR (rest) o § w6 SOl 98 SoieRH
Bl &, S TR ¥ od g0 W el SEeh! S i
I A T s 21 o & gaeRr o1ef e © R
THF (2.13) H n = W 9N, 599 E_= 0
W Bl @1 S € gl A1 o qE 3Tl @
(- n ¥ 2), 98 & E, &1 FRia a9 g
Sl B 3R T8 3Afueh RUMcHes Bl Sl €1 5 n
=1 @, I8 Sl 1 B G931 FHONcHE BIdl
? IR g8 e Wl eifues Tl el 21 eW W
‘qeTey aferEen’ weEd B

(91) TR W] § IR T golae o 9,
37 AT, T Shael Uk gele Bial 8, W A
AR < Torgid w1 @] feman ST Hehar 81 Sretond -
He* Li%*, Be?* TS| 39 YhR o A (BIESH
& g T wedd €) o Hefud wr
STTEIST BT HT Fr=Aferiad THieRo g/ &
EURET IR

~18 22
E =-2.18x10 [FJJ (2.14)
e o) Frefafead Seieor g e S 2—
52.9(n?)
r,= pm (2.15)

z
Sl z W] wen @1 gifdem iR wliferm
TATST ok fTT SRt A HE: 2 SR 3 ¥ W
Tl § = fafed € F 2 & 9o o @ o1 &
T AR SRUTcHe € STl € e 5o e 8 St
21 31 el 98 © foh goterg feh § gaargde s
B B
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() T wemetl § 7 i U Seiaei oh ol sl T
Fe ot gve 2, Taf e fau wh w@de
HieRor 71t el & T |1 oA &9 9 s
T AT o S o WY TeR 1 o Sedl @
AU A FelieH T & g o WY Ig el 2

2.4.1 TTESIS oF IWT WEEH H ST

IR o Hise &1 STAN ik @S 2.3.3 H Faig MY
TSN WRHTY] oF @1 TaeH i SATEA] AETHS €4
T 1 S Tehell 81 S o 1R (ii) o SR, e
Y I=9 & HeH G ® ®& H T wE W
fafepzor (=) o1 eraivo g €, Sefh fafenor
(St T IS SR o 394 9 =1 ham &t 3R
TR T T T T eIl €| I HenSA ok wie ok
Sl o A I 39 HHIHT gRI A1 <1 Fehal B

AE=E,-E (2.16)

FHHTOT 2.13 3T 2.16 &1 Wgd W
AE:(—i—?j—[—i—?j (ST&T n, T 1, AWT: STRIR

3R sifm wam 1 TRAE w9 §)

1 1 _18 1 1
AE =R, (n_f_?j =2.18x10 J(n—?—gj 217)

f

THIHTOT (2.18) T ST Hleh BRI oh STl
T ScHs W Weted g (v) o qeieh TR S
TR T

Vzﬂz&[L_LJ

h h \n? n?

~ 2.18x10%J (11
6.626x10**Js(n’> n’

2 2

=3.29x10" (L —LJHZ
ny, n;

(2.19)
T qE-HEA (), ) T8
_Ryf1 1)
_thnf n?J

(2.20)

_ 3.29><1015s_1£ 1 1 j

3x10°ms™ \n? n?

1

47

- 1.09677><107( L —izjml
o Iy 2.21)
ST WaH H n > n 3R HiRw o G W
M SFCH Bt © de1 Sl a1 STEeieo gl 2l
T AR IS TRH F n > n, T 7, AE FOMHH
Tl € a1 Sl e erel B
Gt 2.17 Tgent SO 2.9 o S €,
9 39 9 R ST YRR kel gN W
ToRam T o\ Sk 3TCTTe BEgIS URHIY] oF STaeiy ol
ol IS WA H YIS ol Wl T fawm
THAU o WA B €1 e egeiSe WHSH ok
Tt 31eagA | S Y9G GHH 2@ S Hehd © 3%
I8 T T W@ wrw B ¢ fRe SeHt Y
F1 diodl T8 ad W AR W © TR e wme
-5 A1 A ol T WieH SrEwita a1
IS e 2l
ITEITT 2,10
BIEGISH WA H n=>5 ol ¥ n=2 3o
el HoREUT o SN ScHfSId HiEH i A
IR qaT-=4 F Bel?

'
Hiifw ni=53ﬁT n.=2,

37d: 39 GHUU ¥ R Ui H Uk TEH @
WIS et gl

gHRr (2.17) 9

AE = 2.18x10‘18J{5i2—2i2}
=-458x10'°J

TE IS ST el

IS T g (1 ! IRATT oF €9 F o
TU) T YRR < Fehdl T

_AE
h

14
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_ 4.58x107°J
6.626x10™ Js

=6.91x10"* Hz

ISR 2.1
He' &1 Y9W el ¥ Hafed o sl IO
IS SR ST ok 9 et w1 e o ghi?

A
2.18x10'8J)z?
E, =—( > ) atom
n
He'& faT, n=1,Z2=2
-18 2
E - _(2.18x107°J)(2%) _ e G

12
G 2.15 G & H1 e & S 2

. - (0.0529 nm)n’®
" Z

Hfh n=1 3N 2=2

r - (0.0529 nm)1?

o 5 =0.02645 nm

2.42 dR AleA ot WG

T4H #IE °<E Tl F SEgion Waw] #1 9R Hisd

TIHIE oF AMHT Aied W dgal ol SRS RHTI]

qq THSR W 3 Pl (S¥— He', Li%*, Be™

3AME) o (@ TR 3R Ty w1 oAe oY

gehal o, dfeh IR #1 wiea ffafeaa fagst =t

AT T8l L Hh|

() URCHd TFEHT Gl g1 W TS Ie TaeH
o g&d §@ (g% (doublet), i qE-E
feerd 1 Y@t 1 =ren w1 ° fawd ®) 98
Hiee BIEge oh STEEl 31 YAV o TiaeH
F A HH H ATHY @I ST o g,

WA fagm

Siferam ey, fe et 3 sele B €, 9R
o1 Togid gaea & | SaeHt st o faured
(S gamE) = fagq & &1 suiefq o
TgHt @t o faured (Weh-99e) Tl T
FE H o fawa @
(i) Id , I8 TAST oh qHAS STE gR 379
M 1 FTIAT 1 AT &1 hL T
T VR H, ST IR s &l e | W@
1 G o A AN hl AT HL Th |

2.5 UXHIU] o e HifAchial AiSel aht 37X
R Hied &1 HIFA B 2AH H WA G THRT 6
fau eifren Sugs 3R WHRO Hied o faE o
wrE fru U 39 YR & Hied o fmio A 59 S
Hewaqul qeat o1 siferew AreE @1, o fefafed €
() S 1 54 ATER

(@) BESHa &1 A= &1 fagid

2.5.1 g9 AT gd HEOER

WG difden daten % sl 3 9 1924 ¥ wfauitea
oo o fafereor 1 e 53 &1 ot 5 =7aer Wik
FHEA AMEY, 3T FA § HU e T— S e oh
o7 BH =few) s 31 Ie ® TR | @ wie #

T 3 St
(1892-1987)

T sfifaer SRR o $ sl
9 ¥ 1910 o IE H H@H X
R 3fae™ verl yeH favaas o
R edl-gaRo & forg Skt
fafa g8l 39 o] fogm <k
9fq ST B9 WA = Tl '
1924 H 3511 Ui foreaferame™
9 SLug-H. & 3wy 9 H
T 1932 © AT TR Wi § § 1962 T o
IR favafaemea # o=r w

T 1929 ® 3= Hifden! # ieet [WEhR I8H T ok
FrTTa e =
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TIA] HT G

HoT T -4 Bid ©, SH e Seiee 1 ot Ham
3R q-2esd g =few) Sielt 3 59 doh % SR W
ol wered o o1 o fero ae-3ed (1) den Ha (p)
o o= fefafaa S99y Far—

st _h

mv p

&l m U1 1 GSAEE, v IEHT O AL p SHH
SR A e e P e e
S g 2 T TR TeieRiAl o S & faedd e §,
S @ T weror 81 39 fEgid o SMUR W SolaeH
T I s E AN ey
WS FhR i €, 9 YR Fremer gensel w1
Tl YRS T AT Fhfd W SMHG B1 iR
SRR Sie-hl § goiee GeHsell U Hewequl
SUFIT §, i 3TH ferdt sifagem owg #1150
@ T TSl Heh @l S Hehdl

g &IF 31 arg o1 ¢ R < el % STER
oIk Tfasiiel a5 § a0 % e B &1 FWER0
TG 1 AfYE FTHAM B oh HRU ITH Helfod
W-3ed gaN A el © Toh Sk qT S O T qa
TSTeRT SoAAM oA S eidl €, § Heiferd qr-geaf &b
TN g R Sl 71 yee § fRu v uftmm =9
ToTeRs &9 9 fag W 2l

(2.22)

ISR 2.12
0.1 kg F=99M 3R 10 ms™ a7 @ 7fd =T &
T 1 F1 R34 A gl

&'

T el eI (2.22) % 3TER

h  (6.626 x107°*Js)

" mv  (0.1kg)(10 ms™)

=6.626 x 10°*m (J = kg m”s™)

34lglul 2.13

Teh TR 1 FeAEM 9.1 x 10 kg B AR
TEHT TMAS et 3.0 x 102°0 B, @ wEen
-3 @ T

49
'
<fer st it = %va

oo [2XWW]U2

m

(2x3.0x10% kg m?s> )"
9.1x107°" kg

=812ms™

A= —
mv

6.626x10* Js
(9.1x10°" kg)(812ms ™)

=8967%x10°m
=896.7 nm

SR 2,14

3.6 A° TI-35 A Al Tk IS % FeAHH
! IUET SHIfST

&'

AL=3.6 A=3.6x10""m

I T A = GehRTST T o

h 6.626x10°%*Js
m=—=
Av  (8.6x10'°m)(3%x10° ms™)

=6.135% 10 >’ kg

2.5.2 EESIeN oht STffyerdaar faegia
7o 3R fafeht o et HeoeR o Hela®y Tsh SHA
Jifaes IR SR eEsHert 3 9 1927 H arfyeraar
ot fagia f&an soen o e, foadl soeei 1 @@l
o ot el A o1 Freftor e e e srHee 7

AxxAp, > -

an (2.23)
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31T Ax><A(va)2L R AXXAV, >
47 4mtm

Wl Ax w01 1 feufa § srfafemaar iR Ap,
(Ap) Germ (3teran o) H A 21 3Heh STER,
fopet getaree ot wened feufq eIk =renef am w1 e
Tk T HET TGS T T VR H, A g F
faresher wet fearfd o @ (Ax 1 ®), 991 Soiogq &
a1 H A= (Av,) Stfue gril el W, A9
o 1 o9 faepe WEt 96 € (Av, ®H ¥) @
T #1 feafd (Ax afusk) T = =it 59 JhR
Ifg goie 1 fefd stemn a1 | $w difqew @
forq ST, < gHer UROTH BT e ST € Wrw el
siffy=aa fogid &1 TH IIEA0 o G agd oTes
TE FH S Fehal &1 A oAfew fop X o foreh
Afafed TuH ¥ el w1 &1 qieE oH o fau
ATTY el ST &1 Fa W uRomq et e 2 S
1 A hl TEI-Hal A oF A STk HETST i
e W &Y Ths arcl Fafgd STl 1 ST HAT
BT SE YR Soiaed ot fRufa @1 faifa &3¢ 6
foTu oTraeR! Tk UY YAM HT STEvIRd Bnl, forEeR
3TN SR i fomretl A B2 Wi | 2| Teiae
1 feorfd T 3 o6 forw 34 36 vermet = fog-geehia
faferto gRI Teie el BT TRt WehTel <h1 Ri-<eA,
Tola &1 famiell § %4 g1 a1feq, TR T8 Y™ o6
TIH &I Tell 9gd AU Srft| TH ThRT i 3=

h

o (IFIJ Tl Wi Sl 9§ T W ST

o B URadd X <M e 3@ ufea 9 7w
o o1 fufa @ Jte-3ie fuifa & @, g
ZhUA 1 UfRAT o T9ET BH SHeh o7 o aR § 984
HH STHRN BT

tffyaaar fagia &1 we

gIgsient o AHY=ad I 1 Tk Hewaqul Mfgane
7g ® fop =8 fram fafvea anf =1 geiw g (trajecto-
ries) % 3TRdE 1 Ged & ¢l e fie &1 gay
qe1 T=-f9= Sl | 3Tt fRufa wa o 9 fauifa
o wman 21 A e foredt foeiw &1 W ww U 1

WA fagm

feafq wa o qon 39 W IF &0 1 FI @ dal hl
SR 8, A I8 el Fehd € foh W% o TRl wee
o firg w8l W e 31: g9 T8 fepd freprerd € T
foret fire =t feafd wa 3 @ U1 yev-ver fafvem
B ST 21 Sk o S8 et st e
o fou U a1 3Tt ferfa ua o &1 o feet
&1 Feelan o el oifisd €< ae w9e el 21 shferg
TR % YE-UY % o) H 96 S G99 T 2
gIgsia Af=dar fagia 1 9we shaa g&x
et %1 7fa o fere ; T fiei & fau 7@ yam
AT B 21 39 S T I8 TN ST Hehell 2
I} T el (10°kg) S99H ame fie W
siffe=aar fagia @ fean sme, @

AV.AX = h
4n.m
X -34
W, 6.626%X10" Js - 10 ms

4x3.1416x10° kg

T Av.Ax 1 HF AAMEH HH T 0T 2
TEfAT I8 el S bl ¢ T Toefium e o fUei
(I 399 =g fief) o fau faar @ 999 g
ffyeraand frdt aredfass aftoms &1 72 2|

THd WE 3ol o waH gad e o fag ar
UM 16T 3o e 81 UE tfveaand arsdfass
uRome &1 gl &1 SEewnd- TH 9.11 x 10°kg
S dTel Selae o ot grgsHent sifafy=dar fagia
o ITIER-

AV.AX =

4. m

_ 6.626x107* Js
4x3.1416x9.11x10% kg

=10*m?2s™

@R g 78 € T A soiee @ we
frgfa 108m =t s1ffyaaar 9% S &1 99 SR
FIA 2, d o § A=A Av 1 HH B

10*m?2s™
10%m

~10*ms™
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TIA] HT G

T Affs=aar gat sifuss € foh solag™ &l 9k
HefaT H T hIaT gTl T i (T STAERon i
SYTHTOTeR Tiferd Y Hoh| 3Td: 3@t 31el ag & TR
TSR it fafa ud gam & ufierg wew &t
UIfehar she | ufawernfua T R, ST U
AR fU T T T T W T@ar g i g
A o FieH it Aied | el 2

T gTESHe (1901-1976 )
R e 3 v et
& 1923 | Hifent ® deE.
1 IUMY I 1| 3= 79 Th
o Herg & o 1 =T | den
T o ! U9 37 | i IR ok
11 R fohamnl & B 1927 9 1941
% ity faw | siftest o wrheR @1 fgda favegs
o SR o AT 96 T STHA STTHUM o G99
T oh oIS I TAfSTTeH § Hifch! o Her Tolleh S
o1 e fed foman T S U SH-TH geariE
1 9 1932 § 5 Hifqent o eet bR 9gH fha
T

3alglul 2.15

Teh YA SUFH ISl 1 SUANT Hich feRet
A H SelaeH Hl 0.1 A 0 o Siqia STt
feerfa SR o fore oI 21 81 3weh A A

o sfdffed srffieaan s 2?2
&'
Ax. Ap=£ or Ax. mAV:L
4r 47
AV:L
4m.Ax.m

A= 6.626x107°* Js

4x3.14x0.1x10"°m x9.11x107 kg
=0.579x10' ms ' (1J =1 kgm’s?)
=5.79x10°m s’

51

3EEIT 2,16

T T T 71 HT A 40g T A 45m/s
21 K T T 206 AT S 27T AT S Fehal
B, o fearfa o erfafysaar =1 Tom swifs

'
T H 206 1 AT €, i
45><i=0.9ms‘1
100
THIHTOT 2.23 HT YA Heh

h
4tm

Ax =

5 6.626x10°* Js
4% 3.14x40gx10°" kg g' (0.9ms™)
=1.46x10° m

St g TR IR % A HT AT
10'® of 9 | SIH UEe SArn S gl € 9
Full o T Afafvedar fagia aRes Ao &t
g srefyel we feifa 7 e 2

;T AISA o fawerar & wrRoT
379 IR Hieed &1 fawetdr o HROT i 3779 THH Tohd
F1 9N Hied | UH AR FI T AR F1 5 w9
o Tifeek oh 9/ SR k= gaeer wae § ged
B T ST 81 59 Wied | oo o qii-o1e W
FE faer 7t fvan T 21 3@ v & g w/e qsft
Renfia feman ST Wehel B, W Soie 1 wEt feafa
AR & A— M T WY A Bl gESe o
ToagTa o IER, U@ H9d T8l 81 36 TN gEgH
TRATY] T SR Higel 7 ohael §9 o el HIeR Hi
TR KA1 ©, dfeeh ‘gEser SEdar fagid o
faadia o 2

TH YR ! TS HHSIA! oh RO 91 [ISA hi
3T YTl R AR] el foRA S HeRTl 37 TRHI]
TLEAT o 91§ UH =R i staveendr o, {9 ura
TH] Hed FoA o WI-h01 ol qel HTER 3R
‘grgsia SIffyEdar fagid’ o STIEY Bl TE Felied
IRt o 3T g W g3l
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2.6 UTHTUT SRl Al HAfAhd HigeT
S gd G ® aqerran T4 €, e o Cfd o e
o YR W fomfaa farama aifent g s aeel
(8- fiRd U WeeR, =y oM 8 UEl efY),
fSTeRT SAaeR U ST 2l €, T T 1 Toherarges
Ui feran <1 Hewar 7, fRg 19 39 sifd gew o
(S gorarHl, STuEtl @ik warEt) W ooy fwe
W ®, o 98 et g1 S 81 W' g R %Rl T8
2 fop Forma =) 559 9 W SRR Holl o
el RN 1 Hehodq qen = 2 &1 Suaf
FXdl 81 557 o el HFER i A H W@ faenfad
fogm =1 Faiew =frent (quantum machanics)
Fed

Faien AHT TH Sgifdes fogm ¢, fad =
1 gem gl 1 i 1 eremE foman St #, S
T AR H1 A 07 @ 1 AE el oeget
T o el w1 k= et €1 S Faien FirehT
Loyt wreqett (FSreh for aefar Tqor erfamg e €) ™
o] feren < €, q faama =t o ot S
& aRom 9 2 2l

T 1926 H o gEeEen 3R 3fd gifesk gr
ST~ 37CT el1eH i3t 1 foehrd foman a1 e ™
T slifesk g fawfaa ‘Faien aifast’ w & ==
Y, S AN R T o ford W e 2

FlcH FlfAHRT 1 A FHHROT sifes gW
wfifsd feman T sueh fow 3= | 1933 | difae
F1 Aee [EHR YIE A T g i, SR
Il R ST T ggred o 0T SR q 9l Sl
SRR I A W WAl €, Tl Sied g1 THR B
FH & fou 3=a nfvra 1 IRuga JF 21 STavaeh
21 39 GHiehtor w1 fafu=t fehml W o] e & 915
I gl o R H 39 I/ H1 Hansd ¥ gl

Y fepm (SIE— ek W] A 9], TSRl St
w9 o WY URafdd T8 gl ®) o fag sifesr
THIRI0 1 39 YRR forar S 2

Hy =Ey

EEls! T TOE HohReh (operator) % o=
‘el Ea’ wed B gifest 3 wamn 6 fwm =

WA fagm

FA ol oh Aok U TH TRRE Hl HY fo@n S
Tehel 21 ol Tehm ot et Sott, SEeh STETHIIoh
HO (ST SR ATR) 1 TS STl el aef
fehl o o= AHY TH Yiqehyol favwa ¥ gafia
21 39 0 % TA G E A1 y & TF W e &

BTSN UTHIU] AT TS |HIehIuT

Sa AifesR THHI0 hI RS T o foau ga
o Sl ©, 99 SHY SO o HYE Seli-&R 3R
3ok HITd TI-er (y) WS Bid 21 A Faifted Sofi-
TR qAT 37k A TT-HeH AfSsR-THR0 & T
% HoE®y I B g1 3R Saied-geei—
[ FEH-§& » (principal quantum num-
ber) forTstt Saien qen [ (azimuthal quantum num-
ber) T Feeh1d FAleH TE&A, m, (magnetic quan-
tum number)] g1 Ff<w fwan S 2, S gifesr
R0l o Wiehiaeh Bl © WKl Bl €1 S/a seierie
et Sl R o T@al €, @ SHeh G qU-her o
TARA H R W HE SMeR famEE g @)
TWI-HeH T T & €, fgewt o wam) o
TR o Tl W sl e B1 sHeR wig
difqer e1ef T T 21 e i S WAM
TS o TH TS T alT-The i IET]
*&&h ' (atomic orbitals) Fed Bl T YRR h Teh
TS TINNS oF qUT-%ed U SoaeHl e

e Afesr sifegan & sdifient

o SR 91 S §1 1910

o Sgifas odifqet o faz
foeafaerea @ @ TaEl &t

IITY YT S| Wik oh e

R T 1927 ¥ 3IwH e

foeafaerea & wis & 9]

FEGR g 9 1933 °

feeer 3R s w1 fifqei o

foiy & o HROT e BIgHT § 1936 H 99
A die Tu) HAfgan W S o S & 91
e 3= e o U 9 g & T qd, 9 SeReie
(Tafe) =t T, ST 3 TE A 9 W1 T 1933
4 3% fu . fous & oy G &9 9 Aifqes! o
e QR & FEfa fwan T
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Fedd 81 Teh W] § ferdt fog W gelei= uw wiH
* Wiwa 38 fag W |y” & e e g
TEESM T o fau Feien Afywr gRr um
RO BIEgIS TXHY] o TUaH o A4 ugqqetl i
FherdIges N (predict) T 2| $8eh Stfafier
e S D INEAE w1 ot e w¥ar €, S aR
Hied g TR &l &I S el |

AT FHIRTT h! TG-Seiae TLATIST TR TR
F W YA: FP HiSTEAT GHA AR | g3
T o fau gifes)R iR &1 Feed (exact)
TA T8 SO ST gehar o1l 39 hfeAE il Giehed
fafy o5 I9=mT g0 X foharm oMl X | MO A
R Ul =o€ fom ergeeT o eifdiie e At
% FHeF TEGSM TWHY] F FHehl O dagd Siuw
= et &1 57 e T e § ey oed o
HTT Bl B Fold: Heh 9 S 8 S € e
3T oF IYES] 2.6.4 qAT 2.6.5 | TeH foh Ig-Terae
THET o HeETeh] i ST n AR [ Fed gemst
W R el €, Seifeh eTggie TRHII] o el i
TSl el n FAEH FE W A w2

TIHIU] oF FleH AfAha Aise o Wi U
GTHTY] < FAIH AR IS TCATY-GTA] h1 8
o 3 < Ramge W sifesR gHiew o] w9
W B ®, WA oF Fdied At Higdd oh

53

et soiez 1 SaE ® Wl ®, @ € 98
Fed & o solaeiq 39 waw o sufted 21 dfw
ot e & fo 9gd & JUI-Wel 8 U €,
3d: TR § T AT hHeth eid &1 AT
%1 SeTRIeh |G, 37 ' T Soia hash qul-
el A1 hetehl TR € STHIRG B Uedsh heteh o
TAFA AT Toll AT et 81 Fereht oft heren |
2 Y e Toig El @ Gohd §1 Rt oig-geiA
TN § S o Sed g¢ % | fafy—= warel |
TR W WK ¥l o 9 goed W] o
Y% Toae o U T Hetsh al-herd ardl
2, S 39 whereh w1 Afeneifven g €, e
TAR SUTEd Bl ©1 TEIT] § Sl o aR
¥ Gl SHHIE ST hefeh qO-%ed y o
IUfterd it & T FeiieH Fitreht o g ¢ 9 3H
ST <Rl ATl el e 2 el 2

. ot o) # Rt foig W geiee o Sufterd B

i fehal 39 fog W Hareh T-Hed o i oh
T 2l €, 1 39 fog W |w?| <R vk
¥ (probability density) gl Sidl 2 T®
THI ¢FIHE il ¢ TeRdt urmmy o fafa=

fargell W |y?| % W @ Tk & W T
IH & T Ul AT €Ha &, &l W SeAa™
o UL W HATer eifaes g

ewqul we Frefafad €

1L

A H el 1 Sl Feted B § (e
Tk helel 9 a9 W € 8 Tehd ) | S
o feru—sTe TRAET § geiee s ¥ 99 B B
TSRl o TR ST T[N b ST Sl gl
Foll-&R 1 AR B ® SR AifEsH A’
GHIH0T o A Bl B B

forelt W] ¥ Sotee i wel feafq den @&t o
1 T WY TG AL Tl ST Tehal @ (Sresien
siffadar fagia) o1a: foret W] o Seiee o
v o1 G T el feran S Tk 21 gEiferg
B9 9] o fafv= fagstl W seae o gH &1
WIfeRaTl (probability) 1 Heheadl oh aR ¥ &1
T 21 THh SR § Y S e

fordt uwmToy ¥ SeleR o WN-We Y @t
“OTHTI] heTeh’ hEd &1 SW TH T-He gRI

2.6.1 ek 3T SEH GE&AT

fopelt TRmTy] o ¢ etk W9e eid §| U &9 |
T HUH § STeh R, AR R Aafa=rg =
YR W A fHa1 S Hehell 1 BIS SHR o Hefeh
%1 72 g ¢ foh ek o U9 SoieRi o I1T ST
Wiferan ifeer 81 SE YR, eTehfa IR arfafa=rd
I 94 € o g UIT S ) wifgeRar fRd Sl
feam =Y erven w foen o atfees @) Faien wEmst g
TRATY] Hereh | AT feRan ST Fehdl €1 Ueieh etk hi
T Fated Hemst n, 13T m, g <9I S 2
& e W& 'n', T IS Ulih Bl 2|
THHN T 12 3...... M & Tehell B T&A Falend &
Y ek o ST SN HTHT B qh SHh! Tl b o
o U =T 21 BRSNS IR 39 S FreRE (He, Liz
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amfe) o T =18 oTohet & heteh o SRR AT Soll ol
fefifta Far 81 g Feich G& W H (shell) 1 o
Tl Eerdl €1 n W1 A S o WY ST ekl i
e st Jedt €1 38 'n2' N & 9 €1 n o ffvea
T 7T A o faw 9t Fwareh T 1 TH R T
g1 3% Treferfiaa steri g <t s 8—

n =1 2 3 4

FWM=K L M N

e e GEA Ht g o |1¥ HET F SMHR
Fedl 81 T IR H, seie i | g feord 7 €
it TH HOMART SoFR w AR TiHE ¥ T
B o foTq Sl 1 STevdehal Bidl €, 31d: n o ag
W HeTh H1 SNl @i

Tevioita Saien | ‘I i Hes Fieq e,
e 0N o (orbital angular momentum) A1
sﬁ'ﬁf Fqeq e (subsidiary quantum number)
off hed 8| UE Herh o TAfoiid SRR i qRTi
FA Sl noh RE T AR o fq (S 0 @ n—-1 T
n A 8 G 21 37f n o f{U e A % faw 1ok
U 0,1,2,...(n—1) B Fohd Bl

IETENE— S n = 1 Bl €, dI L 1 sheled Tk HH
0 B € n=2 o fau [ o Hwa AF O <l
1 1 Ehd € n=2 o foIu [ o H9e W 0,1 3N 2 &

YAE HIY H Uk A AfYH IURNT (sub-
shells) @1 SU-&R (sub-levels) g &1 e q&a
I § STHIN HT G, o SR Bl 21 SereLoned—
Y& BN (n = 1) § hoel Tk SU-HIYT Bl ®, S 1
=0 % G Bl 2l 3 YRR (n=2) &I H qA
IT-FHW (1=0, 1)n=3 H a4 3U-H (1=0, 1, 2)
B Bl n o 3 °H ob fa off G forn st genan
21 Torelt i o SU-shiwl i feweia saten wem (1)
SN W&t d €1 1 o Tafe= 7l o Hd Su-ehiel
=1 frfafea fogl g0 <wan S 8-

1% 9M : 0 1

IY-HIY & foaT

HehaH (notation) sp d f g h...

RO 2.4 ® TS YA F91eH 9 o faQ 1R
e 9H 3 G IU-FKI9 o Hohdd €U T 2

WA fagm

&M, HeTh TS TRl Hg<d
‘eme’ e ‘emeren’ w1 e wEM R @) el (TS
AR A yfqaifed foran) Tifver o 9/l 3R T R
9 Bl €, T geisrei T shiar B ‘EEsee o
siffyeaa fagia’ o STER, Soiaed o 39 U &l
e FUoT ST SE9e €1 31d: SR 1 et
1E arEdtesh 31e TE 81 3ok e bl et off
AT R S TET S Hehell| 8 fIuid ek Th
Fied AMGERE GRoT 81 98 wE] | fedl
TR o - Y o G0 Hal €1 8 A
e WSl (n, 1, m) SR YERA fehan S wehell
21 THH T Tels o el T R o 219w
Ay w1 e Hifae 1o T e 8, W It

% o, st |y|® o i o1ef e, fRedt e
o feopslt fog W |y|* 39 fog W Wil se &1 H7F
1 €, Wi = |y|” Wi g St Wi
F AF Bl |y R TE SR e (W

A STaFd Hel Sl €) i [OHh I &
IH ST o UIT ST 1 ATTehel i e il 2|
(T | ST T H TH FR0 AR E TF |y #
T Ffem & Tk &9 ¥ TR & | F<el W €, W
T B2 3FH T99d | THeh UM &l RReR AMT 7
bl ®) | Torelt e 7 ffyera o o seiee o
T ST R et Wi |y|* SR T A stet
o HE U Sl ST W i S Gehell ©1 T
Y&R foret weed | Hefad seige faawor 1 aar
T Hod R

@Tzﬁ'q Heh FACH H&AT (magnetic or-
bital quantum number) ‘m ST ALA % T
Herhi ok ferm sifufaamg o IR & SHEH 3 21
forelt SU-h1e o fAU m, & 20+ 1 AH TS 1
T 1 39 YR fean s g

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

#d: [=0 b ¢ m, * Th & w@ihd q=
0 B R, A 20)+ 1= 1, TF s Ferk Bl 2
1=1 % T m=-1,0,+1 & ¥&a ¥ [2[1]+1=3p
FEH]| (=2 F AT m=-2,-1,0,+1 T +2 (I
d H&H) B HhAl | TRUNA € fF om, WA | 9
R | F I n ¥ WD e Ll
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TIA] HT G
AR 2.4 IU-RIIT Hehdd

n L SUHITT HeherT
1 0 1s
2 0 2s
2 1 2p
S 0 3s
S 1 3p
S 2 3d
4 0 4s
4 1 4p
4 2 4d
4 3 4f

et Ty § Yok ek nl SR m, I %
T gRI AR feman St 81 ord: aeien wee
n,=2,1=1, m=0 §N A0 FHereh TH Herh e ¢,
S g HE F p SURE § Fr 21 TRl W
difereht § SU-h1T SR SHY Gafed shemehl i Ge
w1 ey o g

kiG] ol1]2(3]4a |5
IU-HIY Gohad s|plalflg |n
HEThI hi AT 1|3 |5 |7 |9 |11

TR TSRO g : TRE W) e o o
fafed i Feieq Hemsl wl SEHT SSl, SHR 3N
sfufarare =1 oRwfia & o vgea R ST SR €,
ife Sg-SoR WEIRT § @ U Ya- e S
T 3 Felied e v el §1 3 e e g ([
@ qrE-T) e g @ i (fiH T o)
B <1 A e Wl gRI STHIT it o ST I8
T AN Fol-Tal ! SUET T Toba HLell B

G 1925 T Stst 3%@1‘@35 (George Uhlenback)
3R @'EB’IFT TMRe (Samuel Goudsmit) 3 Th

55

‘SARA-TEh T FAICH WEA' (m) FHEA 2 TH
TR A e W SIF 99 & TEHI Hl B, S
T o TR IR FERL FHed IHF YA 3T 3 W
TEHU H Tl TR R H- oA | a3k
TSMM o Sfafed I (intrinsic) Y07 IV HamT
B 1 SNSRI 1 I G Tk 9T (vector) TR
21 saeh foREl 97 gU o1el o 9w 1 srfufaeg w
THd ¢, f59 o gk Faren W@ m, % gW 9]
feRa ST Wehell €1 m_ 1 WM +1/2 A1 -1/2 B Hehall
21 T% TR 1 T YUl STEEATT (spin states) 9t
FEd 1 A AR WA A 1 (SFH J= I, spin up)
3R | (F=ret 95191, spin down) g1 YT S &1
fafer=t m, w1 ot < seER (T +1/2 SR g
~1/2) Toodia Y=ol o1l Fead B R wees | |
Y ffeeh Soiereq el B Tehd ®; S <M gl bl
foadia g=rehot g1 =feu)
U A €9 I8 e Tehd & fF IR Faien qem
freferfad SHehTEr 2t 28—
@) n 9P H A S | T HeTh 1 BN AR
FTH T qF Soll (Ui HT 7
() n® HH n TR A &I 1, HEH I AHA
A 21 Heleh YehN o SU-ShIW H (21 +1) HeETH
B €, Ui Uk SU-hRT B TH s heh (1=
0), @7 p F&F (1= 1) 3R 5d F&F (=2) &
Thd €1 | S e o dg- IOIE WA ok
etk shi Sl o o FuiRo wr B
(ili) m, & ok Afafarard 1 FRR e g1 1
feu T forelt A 6 faw m, & 21+ 1) W1 B
Tl TaN B W Y% IU-hI H HEh H
2t 21 3Hen 27ef 7 B fon herenl 1 HE@ ST
Afufe=ral o alishl o SR Bl 2l
(iv) TSR o FERYT o SAfE=TE 1 m aand 2

ISR 2,17
& FeH G&A1 (n = 3) | Wl Heweh! i
el H& N Bl 2?2

'
n=3% fag, [ % 0, 1 a2 2 99 999 =l
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THIT Tk 3s Hereh gial €, foees forg, n =3,
1=0 3R m,=0) T T; d 3p H&h & 7,
Sk fat m =3, 1=1 3R m, =-1,0, + 1)
2 1 TH YR Ui 3d wew T ¢, foen
fatn=3,1=2 3R m=-2,-1,0,+1,+2 @
gehdl 2| 3T wethl H T wEd
=1+3+5=9 H&H ® G&A =n’, 374q 3
=9 &Y H ITAN FHh O GHH HAH 9T
fFu S whd B

SETELOT 2,18
s.p.d.f Goha 1 GAN Fieh f=fafad seieq
TSl ol ek o aR H sl
(F) n=2,1=1 (@) n=41=0,
(M n=51=3 () n=31=2
&'
n l Heh
(+) 2 1 2p
(@) 4 0 4s
(m 5 3 5f
(=) 3 2 3d

2.6.2 UIHTUT heTehi oht STTRIaAT
forelt 9] o solaeid oF Theteh qUT-Theld STeET
1 ST Y 2 i 3tef & g 21 98 hee
T o RN (coordinates) &1 T e
gl 21 =rafy fafa= warel & fae ¢ (i @ @)
& T & B9 § GId qU-Thed @ 9= 8id 21
(o212 (F) 1sm=1,1=0)7n2s (n=2,1=0)
FEFH o TH THR o NG Hl A I 2]
S i Tt Ao i 3 s fr fee
fog W qT-%e &1 o (Ui y? ) 39 fag W
SIS o Tcel b1 WTehel shi seriar &1 [fest 2.12
(@)] H 1s A1 25 F&F oh AT 2o IR i
roh We o &9 W <A T 2| el 39 3@ Hehd
g o 1sdu 2s o oo 9= €| T€ <@ S Wehal ©

WA fagm

50
40
30
20
10
0
-10 —————

s 0 " o4 0.8
) )

r(nm

w(r)

o0
S

w(r)

160
(=)
120
40
0 04

rinm
(@)5000 300
4000 240
< 3000

N
= 2000

T 180
=

> 120
1000 60

0.4 0.8 0 0.4 0.8

r(nm) r(nm)

faxg 212 (F) Fe&E WI-%ed  yY(r) & IRE
(@) 1s UF 2s FE&ihl & 78 r & Hord & &Y
A Fierdl e i (r) H IRedd o sIRd|

% 1s weh o fou wifdehar sH@ A W Afeeman
2, S AIfeh W M W Tl S ¢ e R, 2s
FHeh o fau TIfFwdl 9@ Ugd oSt § I T8
e €, Y S URY e @1 S-S@ 1 HH
W%é@—é@@ﬁﬁﬁw (small maxima)
% Y 98 A: I o e qh Tedl €1 9 &,
STel I8 ekl S I € S ©, ‘e Idg’ A
‘Fre’ FEaldl 81 THId: ns HEF  (n —1) A
B ®, 1ofq g Fdien Hea n % @iy el #
e g Sl 31 S 9SSl §, 25 Herh o forg el
1 G T q1 3 ok oIu <1 Bt &1 377 o hefeh
o foq ot =€ sl YR wedl g1 3 qifehar T
UfRed e - Y o Sl W HHE S wehd 7 (T
2.13 &)1 2 foslf ® fagew (dots) 1 o 39 &7
A i wifgedl s <9I 2

HeThl i THfa &1 fafy= wempl & fog
feor wifishar =@ Al HHI-9ag 3@l (bound-
ary surface diagrams) g1 &TH! &l €1 ¥ YT
forar <1 9ol ©1 =9 feun o e s o faw
Teh Qﬂ"f gREHT-gag A tlﬁ"{% (contour surface)
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TIA] HT G

N S 2 2s

1s 2s
forg 2.13 (%) Is TF 2s WA Ferhl & g qifdehar
e SR 9537 1 e 39 &l o gelaeid
9T WA @ Gifkal-Taed #1 geilar gl

(@) 1s TF 2s FH&hl o @ REE-gag
ARG

1 ofd e s @, frae wfrewdr se [y
H feer 21 Tgifoss w9 #, foreht e & fog @@
% URHH-Hae e H9E g €, Ty et e e
Feedh o fau feer wifeedr s o shead d
IREA-TdE ARG & Hedh i AP oh T
o A W §, fores g1 freifa e a1 e |
T o UIC S 1 WIFhdl SR ST (Si9
90%) Tt Bl 15 Td 25 FHeteh! o fory qREm-Hae
TRl =i o 2.13(@) o =9en 7/ €1 39 U Hehd
g for T9 tw uRys em@ #& T s ¥, faew
TR UTT S w1 HIFhal 100% &7 39! S I8
2 for i o forcht fafvem < w oft oise@ & g
ST 1 p® Tkl Te9d Bl €, 9ol €1 SHeR1 °H
9gd %9 F A 7 gHfan Mved omeRr & W
IREHI-TdE SRl 1 S a2 7, e st
TG o T S i TR 100% @1l s Heh o

57

fau afem gdqe 1 oM@ el e €, fNee oy
o feres 2l

T famrett | =g el U 99 *1 wE K@ T
21 3H Tl 1 IIEE o 3{eY el o UIT ST i
wifaar 909 @It R

39 YN 151 25 e Teild SThfd o 2l
aredel | Gt s herh Teltd Faiata o e 81 T
off <@ T ® fF n 9@H oh WY s HEh H1 SHN
off 95 w1 ®, @7Ufq 45 > 35> 2s > 1s AR q&A
FATCH WA o 9 o WY SR Aned o X
St 21

fot 2.14 9 @ 2p werel (=1) o IREH-
e @ f@m U # 37 emaEt o Tifvs go fag
W T ® Tl s wherhl o fauda, IREiH - wag
NG TR TeT 81 | SHH! oT9ell Y% p- oh
T 9 B €, TR ‘uiferdl’ (lobes) el S@T €1 A
e W ToRA ol qt o <A AR feord #)1 STl gl
el T S T TRl HAl 7, 3W q W HiFRa
T He Y Tl @1 Al p TRl 1 STfa
AR 1 T GUH Bl B A Felh chadt Tl o
srfafemmal o eym | fa= e €, it 3 wiferat
Xy A 5 el &1 AR A= A w1 g €,
Ul 3= 2p, 2p, A 2p, GRI WA S T F&T
Tg Sea@ g € T m, & Wl (-1, 0 3T +1)
A Xy AR z &K o o HIE GaY &l 21 TR
T g% =g T vatw © o g m, o dF e
M Bd €, 37d: A9 p werk e, foeh a1et ey
H Tk TR & W9 e B s HETRl H WE, P
FHerehl o fou ot 7 Faten 9@ & a9gd o W
Hefeh! w1 AR SR He1 o&d 21 rd: fafd= p
TFHeTH] 1 SRR R S 4p > 3p > 2p FH § B
21 5Tk Afafiad s werhl oh THM, p HeTHl &
qifehdl- T e oft = O TeRd §1 el #
T n -2 g7 W 7, 319 3p Feh ok fog
=g e W, 4p o foru & oK e e oft T
%9 ¥ 2 2

*Afg iR s |y|” T & gE WA W TRl 21 a3 wae W |y| oft wmh e |yt iR |y| o fo afedm-aa

TH gAE B
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2p, 2py
- z
A N
P ’.\/ ) i~ /
/ >~
JE— / > x
/ y/ > 4

forT 2.14 @7 2p F&Hl & IRGE-Tag RG

1= 2 o TT et d ek HEam € 3R g
FeH @A (n) 1 I 3 Bl §, iR [ 1 qH n
— 1 9 3ifersk 7 B Wb €1 T m, o Ui WM B
T (=2,-1,0+ 1 3N +2) 3N 36 YR i d F&h
B €1 d Herhl o qREH-gde em@ T 2.15 #
feame o 2

ure dwEH H d . d, d.d T d, FE
W €1 TEA R d HeEeh| h1 AR Tk Sl Bl B
IR ufee d 2 Y fa= Bt 7, oifeR ot et b
Tl SUaT A Bl n > 3 dd d HeTH
(4d, 5d, ---) 1 THM SR el €, Aleh Sl qen
R 9= B €

a1 Arel (e S Tifsha-aae e g
1) ok 3Tl np 3R nd FHerhi o forg wiferehdr-ome
e e W I B €1 98 AWk ¥ ToRd g ael W
fAsR 2 €1 MW ok A, p, Faw H xy T Aed
T 21 d, Ferk H TE A ToRd g SR 2o e W
Xy 61 %! 9gd gU & AIgdl qof e 21 3% ‘I
e’ Yl Wl ® AR R0 Al H weA 19 &
€, 31Td p Hereh o oIy Wh, dherehi ok forg <1 e
3= o fer gl Wehm R Ivii e g €1 St @t et
HEAT (n -1), 3T9iq wivig Are 1 K fea e
(n-1-1) T T ERM

WA fagm

(m (¥1)

faT 2.15 ui9 3d F&#l & GREHE-Gd8 JIRE

2.6.3 heThl ehl STl

BIEEISH TLA] H ol ohi Holl ohold & Fied
e g Freffia eidt 1 31a: ergere WA § shefhi
H1 o1 frefatEad w9 § aed 8-

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

R 5= fot 2.16 o <wifan 7T B wTR 2s SR 2p
Hereh! 1 SMpiaEl F9= el €, e oft 57 S sherent
2s A1 2p W IUR(T Solae &1 el aeR grf|
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5 s[4 =
_?_)5
3s
2s 2p “2p
_2s
_ls _ls
(%) (@)

T 2.16 (%) BIESISH WY 3R (@) Tg-Seragi+l Wargsi
& F a2 FHIN & FIl-&R RG] T T
f BIESIT WA & ol THM G Fa120-9&T
gq fy=1-fir=r fzmrent aaren 9@ g+ | 9t ST
Sl GBIl 81 g~ 3ciaid WA § T ge
FeH G T F&H 1 Hoil 197 (57790 Fareq
& a1t FHewl & g = gt 21

THH o1l ol heTeh] ol THEIT (degenerate) chgl
ST R | ST Tl S T §, e WH | gs
et o Tl fefd o W g @1 T dere
3T (ground state) eIl &1 39 HeF § Iufeerd
Tl W g Hellfeeh Jeretal § STehitia @l @
BIESISF WY H 25, 2p A1 Sod hethl § UM
E@EE;T'*T 1 IS STEAT (excited state) T el
ST B

RIS 1Y o Tooid Teh oIg SeiereiA AT
o TG hi Sell ohad AU A FieH HE
(IRT) W& e, S hereh Faieq T (SY-h190)
W off freft et @1 srefq § T g Faien wen o
ms,p,d,f...ﬁwﬁfﬂ:f%ﬁ?ﬁélmﬁW
T Felieq G | Hefehi St ol 1 H s> p>d>f
Bl &1 So9 ol Tl o g R 31fush Bl ¢ heteh!

59

F Foll H IE HH ASES! Tehdl T IR §
45 <3d ¥R 6s<5d=4f<6p AN ST-HIT o
9= Seristl &1 RO Tg-Serae TATIST | SerargiHl
o 9 W giqertdor w1 Sufeerfa B gEgeT W] |
RO el 3T e 1feh o o= SRy ol
T fagd =T fRen €1 ag-sela waEt |
SeraR a4 oF Ste TR0l o STaTral TLATT]
UM b Sl 1 SO Wiaepdor off gl 21 59
YR Th Sg-Soide WAV H Solae 1 T
Hferdor sl qer § e TRt e fRarg €
qEMd: 9 HI9 § IURYd oaed o 3 o
TSRl § UiasRtn S T st wewegol ©
TEA AR A | G (Ze) 9 o hRUT Seiarl
T arreRdl S TR st 81 37eT hivh | Stk
SOl o HRUI Sed HIYT I ToldA NS o6
AT (Ze) 1 T TE TEGH 7L FT UM 7, Nl
AR SRl gIRT AT oh SR T TR e
o U1 9 STEAY 1 TE U T Sdll 39 Sk
TAFEMAl G Rl STaeHl w1 A @ wRIeTT
(shielding) &1 STl € iR ek 1 Fet o=, S
ORI R G BT €1 WA AR STA 2 e
(effective nuclear charge) shgcildl 2 Tl smckjdf
BRI IREEI0T o desg AR STeRT | gfg o |
Rl SR N Hegd fehan sehtu-sel ag =l 2?1
TR Ol H, AR IR el o de e fmen
1 Tl (AU FeFh F) WA G (2) o G
o 1Y w2 (et R 81) W 2
STRYU TH HferhuuT, B 3T foRad ehiet b
TR T IHH TR THefeh i T (T o
e €) W R H TSI F fAu- TMersR
3Thfd o TR, s Hefeh | IURYA ST p Hesh o
IR SolagM T ol H Al SoeHl il Aideh 9
ufReror Sifier geTet ik | e 21 36 URR, p herh
o Sufterd oM d el ot ger | fus afeem
FW T, TR A Tl Fegw Th & R H ) T ST
Th B HRT H MR 3THTd o HRU s THefeh Solae
p e T ki Jorl B IR p ek SO d e
SOl ohi ot | AT o U1 37k THY Sl shidl
B TR v - TR wh il (Y FEieH W) o
for ferisht atien We (1) sie o T T g Hegd
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fova Z 5 S €, 319fd p ek I GO § s heh
3R d I GO H p Ferh Mk O A gl ¥ wn
Tl € p HEH F ol Hi ol H s heth o
T 1 3R d Heeh & Toiee shi qorl | p et
& oz F S w7 € 3, T <o A %
afeer st e fae-fae sherht o for faer et 21
3: Th & RN (YA FalH &) o Holl &l
foie (splitting) B STl 8, 21effq S Weet <@ 1
ThT €, heieh T SURd Soiel bt Soll n 92l [ o |
W R w81 R ®9 ¥ on 3R 1R ekl
Fotiedt st Feiar st Sifer Bt ©, wfeR noaen 1%
TRt | b ToIq Wb Tt 5 1 (n + 1) o1 | fS7a
71 S werR w1 el ot A &1 HH BRI AR
hefehi o feTT (n+ 1) 1 AF §9H &, @ F9 n o 91
Sl hefh i Sell (0 BT |RON 2.5 H (n+ 1) FrA
feo Trn ® SR ot 2,16 § Tg-soiee AR % Sl
T T ¥ oA < g o1 7 off ® fon fendl foe s
o fafe= 37 hl (Sg-geir TRATE H) i Sy
f=-fir=1 et 81 Brcliich BRSeH WA | TR S
TAE B §1 oid § 7 s sfad e R W) gen
() F& 6 He THA ST Al HEh! hl HSG
T B STl 2 SR o fAu— TS WA % 25
Hefh i Holl, THIUEH o 25 HEh i qol | 3T
Bt IR ifeam ot gor o oiform Y St eifues g
& S A S @ SR

E,(H) > E, (L) > E, (Na) > E_(K).
2,64 UTATU] W SheTehl ohl ST SIET
fafi=1 qeATopet & hereRl | g Sithers W &
IMER W W[ B ‘ofithers faw’, usell erdesy
fag1d (Pauli's exclusion principle), @ o SfereRrdH
Fgehdl T19H (Hund's maximum multiplicity rule)
3R herehl i Uferes Seiiell W eeiia 2l
MRS ad
ST A sifthars vres Wt 3t B ‘frefor g
‘sherehl 1 IO B T 1 B— FEeh] 1 goraRAl
N W0 SN 39 W o6 ST{ER— ‘uRmiureh
AT TS U, Shaehl ehl STeht Sl o 9gd hll
¥ W ST 2

ECIPEIREIE]
FROM 2.5 (n + ) FE0 &F 308R W At Helt o q

hHeTehl Shl ST
n <t
HIR 1 n+l
HHA <hl HIH <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)ht
o1l 3s 9
%4 Bl
3s & 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 3p (n=3)
&l Selt 49
EX RS
4s 4 0 4+0=4 4s (n =4)
3d & 2 3+2=5 3d (n=3) 1
W‘f4p'@
FH B T
4p 4 1 4+1=5 4p (n =4)

TW VR H— TOHRMA Ted Tad ®H FHel arel
U et § S © SR SRl W o oIS 3= Sholl
A FHEHT I R T 3T Tg I g € FoF R
e 1 Sl FHE A9 e T R e 2R
faf= 9R & el W 3 aiEm fa= e 2
THfeTT TEn i ot Tk e T ® S welt Wt %
fora a2t =11 qenfy werRi 1 o @1 fFefataa aga
W, A ITh! W T HH ST ST B

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

39 %8 & o 2.17 7 k@i T fafy g7 9=
a1 <1 Tkl B o TR W YE HId €T AR H1
o Ferhl & WA T KT U T e FASTHT
ol o fau a® w9l et o faw
IR &9 Y T T I & fow wefeem o
HAISTRdl Tl o Tt 3d 3R 45 Hereh! o1 fashed
2 3R S o 39 oW 9 YaiAta R ST ek €,
TE TH 4s HEH W I W1 © UK hH hl
el W H T F AU FTHEers AniRein qEAT
fEW| Igd IR HeThl 1 Sl &« FHerd—Serar g

2024-25



o 2.17 Fe/l &1 ST FT F9

2 3 WA Y G | Soh—El Yed hemhi o
G o e W URedq off Wehal 21 98 B gu oAl
SIS T THV] FT Feraert G foe o fag
T TN AR § Ak U A T S fw e
YA B Hhd T
qrsel 3uasi— fagia
faf=1 Ferhl o R ST 916 Seiaeql it G&AT 3T9asH
i g et 2t €, 59 aifegan o siew aselt
Tk Weh AR 3 o ol 56 fagid o ST En—
fordt ummoy o Sufterd St @Al @t =Rl
FAEH HEATT Ueh WHM &I &1 Wehell| STl TS
fagid #1 39 YHR ot FHE S Fehal T
“heaet Y T U HeTeh W € Thd &
T golaRl oF WershuT faudta g =nfew)” soh
oo @ R <1 ToleeAl w1 A Faien @A, n,l qel

61

m, T 9 B Hehell 2, Afer ST%! =T FEien
e foe e =ifsu feet wae o soeeHl o
T=ell T9asH fagid g o T s fed
IY-h1Y H ST SeiaeAl ohi &HdT i AT hd |
e il B1 SSEW o foy, 1s | Ueh whefeh gl
21 39 YR 1s SU-HE H SeiagHl 1 feshay e
T Bl Fhdl Bl p AU d IU-HI § AeRad HE
FHI: 6 AT 10 B Gehell €, SAMS| TH T&T T TR
TN ST Hehell B—

T Faied GE& n arel shivl B Soeei=l st
W& 2n2 o S{Te Bl 2
S ol ITfUehdA agehdr ot fam
g 99 T & IT-HI9 ¥ Fafd Hetehl hl T ok
fore @ fohan ST 21 39 Ferhl i Foll SRR Bt
%I IR YT HEE (degenerate orbitals) wEd %I
Tz o 30 TR 2: Uk € SU-SRIIT ok heTehi A
TAGLAl BT AT a9 qek &I BT &, Sel deh
IH SU-RITT ok At HeTehl W Teh-Teh TAGE(T
3T Sl

Fiifer @ p, of= d e T fHaF B 2, I
p. d 3R feherehi § o Hul: W, Bod iR ed
TR o T W YRY BN e <@ T ¢ TR ey
R AR QW GEGE FeIh H1 i SR gufafa
o RO AR Bl § 2@ (TE 2.6.6) |
2.6.5 UTHIUST Al SCaREIMeh (a-=amd
TAST oF hHefehl W Soigeldl oh foaRor @l 3!
gﬁil'c‘jﬁﬁﬁ fa=ma (electronic configuration) gl
ST 21 S fafi= ] harhl § g o W W
q Hafya g o &1 w=m § @ S, @ fafte=
THST oF Solaeieh fo=ardl i T 9§ famar s
Hehdl 21

TN % goaeie famE w q ader 9
frefyd foran s wehar 81 9 8—
() s p° Ao Herad
(i) HEHR-3NE
o R I [ I I
s p d

Tedl Hohdd H IU-whIN I WG AR g 9
frefd foran a1 © 3K Su-sh1w | Sufkerd scieeH
FT HE & GHE a, b, C . TR o ®9 H T2
21 fafa= el & fou frefrd 99m Su-hie &1
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fa¥isa 3IHer WA IU-hIN o G & JdleH e
w1 faet fFar S B g Gohad § SU-FIY
Yo el hl Uk died g <Al Sl € 3R
SR o YF-WEehUT Il 1 S¥ A S SRU-=hl
H | Y @R F w1 Ged ¢ Tge Hohdd Wi
T & SER Hohd 1 o 7 § foh 30 =R aelien
geme w1 <ar S e €1

TIESISH WHY] | oherel Ueh &1 Seiediq eidl €, S
HaY ol ol Hefh § Wl ¢, T 1s hefh
FEA ¢ Td: TSN TTHIY] Hl Seieieh formg 1s!
B 21 THeH e qg € F e 1s e U U
TeA Bl €1 Eiferam (He) o1 U Soie@ ot 1s
Hefh W S Gehdl B 3d: Siferdd w1 SRl
fa=rg 152 21 21 S| ST S T 8- & sela
-3 Y faudid g | T 21 S Ferk I
2@ S Hehal B

H [t | He[ N |
ls ls

for| (Li) o1 60 ToidE ISl SfudsH
98I o &R 1s H&®H | &I S Fhdll 37d: T8
I HEHh 2s W Al B TE YRR AREH
SRl fa=amd 1s22s! Bl

2s HF § Th ol AN 1 Fehal 21 374:
e T %1 fa=rg 152252 a1 © (IR0 2.6
¥ qwll oh TR o Sl Ol i @) |

3TTEl B: Tl ° 2p Heh Ueh-Teh hich T o
Tl 27 3 Tl 1 SRk Ta=ITd 39 Yok Bl E—

TRA (B, 1522522pY),

FEA (C, 1522522p),

IS (N, 1522522p%),

SIS (O, 1522522pY),

T (F, 1522522p9),

931 (Ne, 1s22s522p9).

2p HEHI B T I GlerAr A W T
T Bt 81 3 awal o shen-Tem S <wiy 7 )

HIfead (Na, 1s22s22p°3s!) ¥ 3 (Ar,1s?2
2s22pf 32 3pf) Tk K AW T ok WA H
SR oI i UG Li @ Ne T o a<dl oh
FOM Bl ¢ F8T T shelel 7€ Biel § TR 376 3s Tl
3p HeH W A T 59 Ulha1 hi Tl fohan ST ehat
2, 99d TEd 1 9 o el geraAl i Fe (Ne)

u NP ]
Be ([N | [N [ [ [ |
B (N[N [T [ |
OO IRV o Y O I
I RV o R O I
olMN | [N [N T[]
FIN [N [NIN] 1]
Ne | N [ [N ] [NIN]N]
1s 2s 2p

T o 9 ¥ f&fua e sy difeaw o &1 a
% SR foorg 1 tH faen s owear @-
(Na, [Ne]3s), (Ar, [Ne] 3s23p°) | 01 €9 & R Il
o ToiFl 1 ‘IS Tolde’ HEd ¢, IR J SoteR,
S SeerdH YT GEied G o SR+ shivT |
W WA &, HASTRAT TAREIT HETd 2| S o
f?l'Q— Neﬁ%ﬁ%ﬁ,mﬁﬂgﬁgﬁNa@Ar
T el HAS Soieed 1 TR (K) ael shfeaad
(Ca) § 3d & &I o1 § 45 Hefh bl ol HA
B o IOl YW AR 5t seiaeia e 45 Herw
o W €

whieam ¥ URY & W TH F91 a0 @
1 €1 3d HeTh i sl 4p ek hi qoil § A e
o U TEH TR Ted T § | IRUTHEEEY 37T
TH dEi— WHTEIH (Sc), TR (Ti), SAfead (v),
I (Cr), HTHS (Mn), 3TRA (Fe), hisee (Co),
foheT (Ni), TR (Cu) 7N 5k (zn) & 9= 3d Ferhl
T gl SRR W 9 €1 BH I @t =fehd 8
Fehd € for Shifam qe iR o 3d ek =R qen
T ARl T SR HH: UrE SR TH SR B 2
THHT RO TE € T oMY T R R hern i
TRt B ®, At SRt ST A Bl B1 pB ps, b,
dw, f, f+ senfs fo=ma, 9 serk a1 a se I
W ¢, Afeek Torl B 1 31 HITHIH a1 Hiw |
b 3R o =i =t srerfierar faerd € (E0e 2.6.6) 1
M < % efgerg ot fierd €
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3d FHHH & WA & 9% AfA9H (Ga) ¥ 4p
hefhl 1 9T & B § IR fFed (Ko ® 0 e
21 T 18 Teeli— welfead (Rb) ¥ SHH (Xe) T
55, 4d A 5p heThi oh WA T & TG Bl €, S
4s, 3d 3R Ap FHerhl &1 oft| STk 9% Bs FeEH] Hh
G YR 2al B1 Wfse=m (Cs) 7o 3fem (Ba) W 2
etk § HUI: Th 3N T oA B ¢ SUh 9%
AT (La) § Wbl (Hg) a0 4f 3R 5d herhl o
TSR W S €| Wk SIS 6p, 7s 3N 3fdd: 5 fUd
6d FHeEHI 1 9 S | RT=E (U) & o5 ok
% T B € 3R % S B9 ¥ Ww feman s
21 9ROl 2.6 H TG qedl o TRl fare (T
fafeml gro feffa) fie o 2

A T8 T Tohd B b ofer & fa=ami =
SHE " F A g? STy W foue o
FEH H AR FORR % GHIH 3R SHeh!
AT L H AR T 1 & STER HHE1 Sl
21 ST & U B qel, S¥- < ;WA 9 i
TRAT] AR 9] FA S €2 IS a7 g Sl
aTeITq o BraT 82 He @ Ar S8« fepaneiier i
&l el &, Sateh geltsi S ad fshaneiiel Bid = o

63

TE o I Sl o= o TR W T S Fehdl
&1 STee o AT Wisd U el TRl Tl fena
ST Wehdl| 37d: YT WA fas™ & $E 9l &l
el JhR THeH o fau soieeie S & 9
SR g ef sTEvae 2

2.6.6 JUTEUUT URA Te g Su-ahrent

T TATRI

Torelt axa T ToTEel STT% Toiaeieh fa=amd Sl
A Sofl 9 Geiferd tereen et 1 safuenter wAToet
o golaRleh fom=amd 9 2.6.5 | fRU qaya fram
1 STTET Hd &1 TRy 9 aedll (S¥— Cu @M Cr
H, STl & Y- (4s T 3d) FT Hofel  wH
I BN &) Th SoAF HH el a1t STHIY s F
ffereh STl aTel SUHIYT H TR € Sl €, S9rd
T LI W SYHET oh Gt 329 el ol el
T &, St qUigfa A 7R 81 81d: Crdem Cu
% TAST ol fa=md ®HS: 3d°, 4s! ql
3d°, 4s' T, 7 foh 3dt, 42 A 3°, 452 TH TR
T § T 39 saeRie fa=mal o erfaftem et

Bl Bl
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e fomm

YR ALT YUIRT SU-HIT oF TATII o HIUT
TOTR ol STRGRA TRl oF TNl o ShRYT Ffeiaad
3

1. SoIERTAl Rt Tt faavor : 97 swelt-«ifq fafga
2 for mfafa wonfae eM et 21 qofa: R gu A
1efufia Suhrel H el 1 faao Tafid g 2|
3Td: & Ak TE B €| T & s § (TRt
3d) TRl i ST FHM el 8, W SHeh e
foawor fa=t 2 &1 Feraed 3 TH-S 1 emifers
®Y W HH IR Hd a1 Sela[ AHE g
Afereh warerdl 9 STshita 8l Wi €

2, fafm=a o=t : 97 Tl e @@ S g
2, 5@ WA Y A o (e 7= 99H
T §) Th SUHIY o HHYY Hewhi § SUrd e
&1 A gt 1o T fafma & 6t ygt W@
21 3 fafmm & wRo g oo, ‘fafma st
(exchange energy) Feardl 21 Guifaa fafmaf
1 Fe 79 Afushad gt €, 9 S9-hiw qoia; R
T STfYRA (half filled) B4 € (fo 2.18)1 T0eh
hereey faf e St sifershan el € qen g6l TR
zoriforea off sifushan g 21

A W foh 98 S S & 790 1 MR T,
TSTeh STTIR— WU Sl o hefehl | ST
TGl o TATHTS TR THH0T BT 2
3 Wl W, Aefyfd den YuigRa IR
T (i) STdfarR €9 § w8 qRfed, (i) 8
FcA(areh G0l Sl q (iii) 3= faf=m sl
o IO Bl B Tt il o foma § fawn
W Y STl Haet ¥ TR

soiee 4 g1 1 fafma

ferg 2,18 d° o= &q qwifea fafaa
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66 LI ERIE]
aa z 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
Tb 65 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 |2 6 2
Ho 67 2 2 6 2 6 10 2 6 10 11 2 6 2
Er 68 2 2 6 2 6 10 2 6 10 12 |2 6 2
Tm 69 2 2 6 2 6 10 2 6 10 13 |2 6 2
Yb 70 2 2 6 2 6 10 2 6 10 14 |2 6 2
Lu 71 2 2 6 2 6 10 2 6 10 14 |2 6 1 2
Hf 72 2 2 6 2 6 10 2 6 10 14 |2 6 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 |2 6 3 2
w 74 2 2 6 2 6 10 2 6 10 14 |2 6 4 2
Re 75 2 2 6 2 6 10 2 6 10 14 (2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 (2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 (2 6 7 2
Pt* 78 2 2 6 2 6 10 2 6 10 14 |2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 |2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 (2 6 10 2
) Tl 81 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 1 ;
"~ Pb 82 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 '
Bi 83 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1
Ra 88 2 2 6 2, 6 10 2 6 10 14 |2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 P 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
18] 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 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |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 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 |2 6 10 14 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 |2 6 10 14 2 6 10 1

112 A SHY MU TRAY-GEA o1l avd 1 €, W $Ih1 el o= w8l el f&an v 2

2024-25



T T G

9T

TRAT] qdl o TS 0T B €1 3 a7 o U8 s 9 €, S q9Efie R § 9n o §)1 ger g
Torgia, TS i Sieed = 91 1808 # Wiowifea feran, o STER Y] veiel o T8 Tad B %0 84 €, e
AR faiferd Tl feran S Tkl €1 ST rdrs) ok 3fd H YA g T HITO 81 T ok qxen) e
® T o8 A oA U (St WS 9o =[2H) G S Bl 1 §9 S7d-TRHIITdeh hUl i @IS ok 9%
A T Tl T HH o U 9gd § Y] Afed w&ga fohu )

T 1898 H AfHHA o el foh WA Tk GHM e foe[q a9 ol Tk el g 8, f5g w
T Sufeed B €1 o Hied, e T 1 Seue R WA W Th THH foafid 7 e o, 69y,
1909 # TEIHIS o HEwYUT OL-Fh0T o TehivI TR g1 Terd T gl TIwhie 3 ¥ feand fehren fof awmy
% % H Tgd SIS HR H1 UGN TR B € 3R 9 306 IR SR JAHR Sell § i H
Bl TIHIE A, S died ¥ M-S o, e ®9 9 Seed died ¥ Sgw o, W T8 W]
o1 Feerdr =T, 31 78 36 S0 1 A& el X 9 foh soiaed it § i T8l R S €2 59k St
g TTHTY] K1 Sl G, 27 ek o =Rl IR Selagiql o faauor 3iR St Soll o IR o 9
T 91 Hehl| WIHIE HIed i T HicTEdl &l § 1913 | 1 IR 7 TS W] o 3T died o
R foran den g7 weaifad foan for ifass oF 9RY oI JIR Fefl & seiagi™ Tfd 3l €1 hadt o el
1 € A B Fehal & a1 Toieh el shi Tiv=a ot it ©1 & = fofe= shefl § seieei= 1 Sl &1
TOMT St 3R Feleh el o TIu A iR selaiq 1 g0 1 Sieheld fehall| BTelilen 9k Hied eEgeH o
TIFH i FATesh TR HIAT o1, Afh I8 Tg-FeiaeT ITHTIST oF TIFHI i AT &1 Y T THA
U1 Fgd SIeS &1 TG 8 T AR Hied ¥ Seiaeid &l ATeh o 9N 3R U (fved JuhR el § T
T U AT H01 oh TG § T A1 A1 THH SHoh 0 S AN o aR W AL Wi T o1 Th Hel
U e 9 g @ SR 39 wel Wi G ¥ et TR HE ST Hehdl €, ST Teh € 9HG W gelae
1 TEl fefd @ik W&l 3 o el egsEe % Ay fagid’ o SER UE W9E e §1 36 UhR
BIESISH TRHTY] 1 dR Higed 7 chelel SAIa o el SIaeR 1 SU&T hidl B, sfceh grgaian sy
fagia =1 o fodir e 21

T 1926 ¥ T AIfEsR 4w gefreor i, 578 ¢ sifest wefieno’ et S €1 59k gr ffam
o geie o faauor SN et o STHd ol Tl w1 g R ST Hehdl €1 ¥ FHIS0 7 Shee 2 sivelt
% TI-H A e AL KT Gehou T i 2AF T @l 7, ek egaar o iffvdar fagia’ o ot
A B1 T 36 FHIHTOT 1 EIESISH THIT] § Seiaei oh To1q el fomal TR, A el o Hwe SHoll-&l
IR T G Ferl (S R Wl B ©) o SR H SRR 9w g2 1 A deifed Seil-&R IR STeh
- S i Feled HENS- GeA Fdien G n, feia Faien e 1, 3 gt J6ied 9@ m,
% R Te9H WK €, AifeoR GHIs o gl o IRUTHEEY U B €1 g diF Feled Ges o "l
R yfqee off sifes-aHiewor & g @ @a: I B 2| SRS WA i deien kg Aiged 39
Tagd & Gl TEqST H1 A w1 © R SHoh SAfdfiead e UE uftmetett &l off Twemar €, S 9K
Tied g T @l & ekl

TR o FAICH AAHF Heed o STTHR Sg-IF WAV o Seiaei- e il % i | aiel
T B 3 I Tk A7 AferF ST-HIT ok 54 T E Tohd € A 3 ST-HI H Tk A1 M(uF heqsh & Fohdl
g, fo T Toee Sufte BT 21 SRS iR SRS 9§ e (STewmed— He', Lio onfz) & freft
U U rer o T Farhi BT TEM S B €, WY Tg-IeiF T WHSH H Ferhi Bl Sl n 3R [ H
Ml R R 21 FRE et o fAT (n + 1) 1 W RS 9 S SEeRt S o Sadt €1 | g At
HIE I HEH! H (0 + 1) HF A 2, q ST FHeqsh I Hoil %9 erft, fgeh o n &1 94 %9 21 gt
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WA foagm

T § UH S el §9E B €, A1 STH Sl o Sgd e U soieei UISell o ervesi fagra (fRet
T] H feRel &1 SeleeiHl i WX FeicH-HEAT T 7 U TEl el Hehdl ©) 3N §E o SAfshad sgehdl
f7om (T IURNT & Hehl | goldel B A 96 dh YR el @Idl, 96 d% YIS Heh § Th-UHh
TR T S W) o UR W W W &1 AR $I Seiaiien GOl 3l foeil W S B

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 U™ 9R ¥ Tl &t T &1 IReher Hifeg|
(i) T T TRl o SeTHM 3R SAESl 1 Uieher it
(i) HIF oF T O H IR STl i G&AT 1 URehe Hifg)
(ii) 7 mg '"C® =Ml & (F) FA §&A qA (W) FA THAH T hifoU]
([ 1 ZFHM = 1.675 x 1077 kg A Q)
(iii) M AT SR I (STP) W 34 mg NH, ¥ Frfi &
() Fel G&A1 AR (@) F AT odqET)
T AR a9 H qiEds 9 @ S aREid 8 STam?
foreAferfaa fenl & Sufterd =i IR dieiHl &1 g saRy—
3¢, 150, 13Mg, 35Fe, 55Sr
= fw T T S (A) SR T Fe (z) e st el s fafee-
() Z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oy g Saferd del T w1 a1-3= (4) 580 nm 71 THHT G (v) IR
TE-G&A (v) 1 TRehard HifeT)
Hedeh UM IS 1 ol Td shifeTg-
(i) S 3 x 10" Hz gfa a1l YT¥T o GG &l
(i) TSEeRt w24 0.50 A @I
2.0 x 107 s hTeT Il FehTel T ot TT-34, 31gfa oIk qar-weAn i o Hifsw)
e wehTeT, Foraeht aT-25 4000 pm @1 3R S 1.J STl 2, o I 1 GEAT Sl

I 4 x 107 m TA-A Al Tk B2 2.13 eV HEwE dell 91g 1 9ae § ZHTd
g,

() I ® Sl (eV H) (i) SO 1 IS Hel 37 (idi) TN Seiei o A
1 IR&e HINT (1 eV= 1.6020 x 107°J)1

Tifeam WA o T % T 242 nm T-3e4 *1 fogd-gesa fafewon @i gt
B Hifeaq &1 @ et kJ mol ' § 1 s

25 dfe %1 Tk §ed 0.57 pm -5 Al 9ol T 1 THavi Fehel Seq=1 Ll 2
Tfd Hehe Il o IS i X A FHITd|

ferdlt oI1q 1 Tde W 6800 A TI-<4 el faferor eeM @ = o o el
ST i €1 H1g T LTl SR (v,) SR FREE (W,) T Bl
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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 SIS WA % n =4 S & 4 n =2 Fol &R § Tl S, Al fhE
TI-<EH T WehTY IeHfSId eI ?
IS Tl n = 5 Heh § SULd &1, df H WAV o 3 o fau faraet =1t ot
SATEYTRAl BM? S04 ST T qoil EEgieH TR & E el ¥ Sifs)
(3T Ted n= 1 H&F Y S &l (ke o fau fewaess 1 el 1)
e eTEge W] § AR Selae n = 6 ¥ g g § Sl €, af W Scafed
et F sAfshan S = gh?
(i) TTESSH o U9 Hefh § Fetud S -2.18 x 107° J atom™ 81 U= wEw
U gafyd el daqsy)
(ii) eSS T & Uigd SR Helh 1 5591 1 70 Fifer)
BTESISH WCHY] 1 ST S0 & St qe-oed drel WOl 1 -G 1 MU
Hife)
TSI TLATY] o SiaRei ohi Teell shel | U=l el deh of ST o ol STevaeh Sl
1 5ol | UM HIAY| S T8 Selai deredl Sfereel § diedr €, @ o ar-3ed &
WhTST ScATSTd BITM? (el whl qoey Sfereell Sl —2.18 x 107" ergs ©)|
TEGSH WA § TARME # S E, = (-2.18 x 107)/n%J 30 & S gl
n =2 FHE Y 3R &l U e Fehrer o fau Aewes S sl TUHT iU FehmT
H Gl oot -5 (em §) A1 BN, Fordent w56 Hehwor H feran < weh |
2.05x 10’ m s a7 ¥ Tfd X @ Fordlt golaiq o1 w-<= @ ghm?
TR 1 590 9.1 x 10 > kg €1 AfE 38kt st 1l 3.0 x 102 J @, df gdat
T-3e 1 MOAT HI
FreAfofaa & @ #H gr-sre s €, stufq frw soiai &1 a9H den 82
Na’, K', Mg”, Ca*, $*, Ar
(i) Frfafaa sl &1 soaie fa=m fafee —
(R) H (@) Na* (M O* (=) F
(ii) 7 <l I RAV-GEA SRy, f5eh Gad aedt selaetql &l frefafead w9 §
i S § -

() 3s' (@ 2p° d (M 3p°?
(iti) Frefafed fommd arel awAget & M SR —
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d'.

form f=9a9 n 91 g0 g e F1 ARG STTHA T2
T Telae R 3d werk | R 8ok T n, 1 3R m, o Ta @e i
el a1 o Ty 29 Solde SR 35 g B () SUH Wil i g wdEu)
(i) T H1 oIS fa=mg Tl
H;, H, 3R O; Tiefis & sufeerd seiaeii &1 Tea adeu)
(i) feret T ek F o= 3 B SHH U 1T 2m, & TG TE A2
(i) 3dF&H o ORI & T m, 3R | Flen Temns o A Sy
(iii) Trefefaa & @ A o weew gag & —
1p,2s,2p3:ﬁT3f
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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

2.43

s,p.d FeraA gW1 fAfafea seien Hemstl 9l Farhl 1 oy —

(%) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

T 24 gU aarey fop Frefafad seien gen & % ¥ 71 g9 T6l 2 —

(®) n=0, =0, m = 0 m =+ %
(@) n=1, =0, m = 0 m =-Y%
(M n=1 I=1 m = 0 m, =+ %
(7)) n=2, l=1, m = 0 m =-Y
(¥) n=3, [=3 m, =-3 m =+ %
() n=3, l=1, m, = 0, m =+ Y%
fordt wmm] ® frefafed F@ren gemnet a fhad soae Bl ?
(®) n=4,m=-% (@) n=3,1=0

g 3T foF TTESISA THN] &I 9 Heql i YR IH Hal § a9 gera= i
T-gelt a-3ed w1 qui U B 2

He' @A & n=4 ¥ n=2 O THA0 ¥ W qu-ed & ae el Hehaol
BIEgoH Waed | o BAm?

He'(g) - He™ (g) + e Wl o foIU STaveeh el bl TUMT SHITST| BTSSRI
1 qoIEY e | MFH Seil 2.18 x 107° J atom™ @I

I hTel TATY] 1 419 0.15 nm €, Al S i GRATIET 1 GEAT &1 T hife,
5= 20 cm Thet T oAGTE H TH-Th ileh SAaied fhar ST dehal B

e & 2 x10° WHIY] Tk HaR § oaieerd g1 g 59 =aee &1 & 2.4 cm €,
T T IR SF AT T VAT il

e ] #1 =9 2.6 A ® — (%) T w1 = pm # 9o (@) 1.6 cm
FT TaE H HaAR H AR IUREd XAV T HE& 1 TUMET Hife|

ferelt ot oh1 feR T oMot 2.5 x 10-1°C 21 398 SUfCerd gelaiAl i H&A1 &1 oM
Hifsul

fafeten o W@ & 9t 1 98 W SHhdl X-Fron gry ura wifaen forq-sme e
e ST #1 9t 1 gt W AR wWifesk faga emew —1.282 x 10°5C 7, df 3@H
Iufeerd Soiaeil &1 G&AT 1 UMD SHifsul

TIHIE o AN § G, wifedn @nfE 9l wHropeti 1 ddell T=i i o N gRI SHSR
I STl 21 A Uit onfE S/ ook WCATY] 1 Uaet g1t ol ST, af SoRie ot
¥ N SR T2

79Br @ "Br W% W 8, a(h 22 Br o Br A T8 €1 WA H R0 a5y
Tk 81 SoTHH HEAT a1t e | W i qer | 31.7% =2 3tfeeh &1 3! ]
gtk fafag)

37 SAUM G 9Tl Teh 3P W HUMEY] i Teh Sh1E 81 Af% T8 § gelagia whi qor
o =g 11.1% afuss 7, @1 e 1 wdiss 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 FoHM HE&A ITel Teh 3P TR G Y 3 3T <, 3R SO0 Tiae[ i gorl o 30.4% =g
sifer B 39 3EA &1 Ydleh fafau)

frfafea fafeol o6 ywri w1 2Tgfd o dgd U %9 § Hafied &g —

() HEhiEd 3o (oven) ¥ fafeo

(@) FaEd-Hehd § JUMT (amber) TehTT

(M) uwum A @ yra fafezo

(+1) el e @ wiafis ol

(F) X-fowvof

TS TSR 337.1 nm FT TI-35 T T FAH0T 3= F 21 A I wierq| &1 Se&
5.6 x 102 &, @ 9 <ok ! &\l i TUMT hifra)

437 T o1 T Gehd drel | W TR ST 81 9K 78 616 nm W et 9 fafhior-sast
F €, @

(F) IS HI G (@) 30 Ghe ¥ 39 fafertor g0 @ &1 T g (1) Feq & Sl qen
(91) Sufterd saled 1 GEA1 i TUET SIS (A 98 2J H1 Sell Scd=1 il 2) 1

el et o e AR W el ael Gehd 9gd HASIR el €1 A g g€ 600 nm %
fafehzor @ el 3.15 x 1078 9l <l €, Al Wgweh G I HIAl 61 G&AT 1 TUHT HITS)
IS sTaensti ® AU o SfeehTet 1 HIY WR: TR 1 Hohe UUH alel fafehul |id 1 ST

ok Tma STan 21 afe fafertor Wid &1 sl 2ns 3 T fafeor Sid o Se Scafsid wieHl i
H&N 2.5 x 10'° €, A1 Wid 1 Sl I TUMAT HITSQ

o il fgfor a-Sod ok Sreiion GehHo 589 IR 589.6nm W @I Sl 1 Hedh WehAUl
1 T 3R < SURSTa Taeenati o = ol o AT T MU HIToTy

Hfsra 9] 1 HEwe 1.9 eV 7, @

() Scafea fafwor &1 <eelt wn-<=4 (@) 2gelt smgfa 1 oA Hifsw 9k @ifssem oo w6
500nm %1 TI-<5 o G Tarhifi feman S, o Fehel gU It i Tiast S 31K o 1
UM SIS

Se Hifeam urg i fafe=t w-<saf o @i foskifta feran smar @, @ frefofaa oiom g
| E -

A (nm) 500 450 400

vx 10® (cm s™) 2.55 4.35 5.35

Teell q-35 it feeris shi TOMT i)

TeRTel foregq Ioa WorT H foeer o1 ¥ WieEaee 1 s 0.35V i deedl §RI Ueh! ST Hehal
219/ 256.7 nm o Tafehor 1S9 fohan S 2, f faoeRr o1g o forw wrfteer 1 1o sifsw)
Ifg 150pm WI-254 HT HEH TH TWH] Y THAA 2 N THH A Su1 g Lo
1.5 x10’ms ™ a7 ¥ =1e Fererdl € @ S® Sell & UM Sife, fSEd T e 9 sur g 2l

Y o7t T S HHHU n H W ARH B 2l FH n=3 § @H BT & 991 38 v = 3.29
x 10" (Hz) [ 1/3% - 1/n?% ¥ <0 1 Tl 81 A€ GHTT 1285 nm R Ifad 2l ¢, a@f
n o A 1 MO HIC qo1 THaFH F1 &5 Sl

IH SeES T o AU1-S8 T MUAT BT, S 1.3225 nm 51 a1t el § 3RY 3R 211.6
pm W A Bl B TH GHHT i GO T AW AR TeH w1 &5 W waRy
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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

WA foagm

2 IR gR AfTIfed 5 o el SAARR W o Yauaw i @i g2, fE S st $iR o
R o a1l w1 @it arafifa wfdfee o fore SuEm § @ S 21 59 geueel § Afg geee @
A 1.6 x 10°ms ™' 2, @ 79 Soie § Hafd 2 siell qur-osd &1 UM it

TS faada & gum =g faad gersel St g S g & o § ygea fear st 2
Ifg el 800pm T TI-3=d ot T, & =g ¥ Heifera safremerforer S &1 Torn R ifeTQ)

g S o Ho| el | gl 1 o 2.9 x 10°ms ™’ ®, 0l TEQ Helfud 3 sivell a1-354 1 MO
ifsul

Tk Wi, St 1000 V ok faweior § Tfq % @1 €, W Heiferd o 4.37 x 10° ms ™ 81 A€ 0.1 kg
ToAHM 1 Beh1 i 1% 3 a7 @ THH 8, A1 399 Gefe qur-35d shi MM shife)

Ife Uk e[ 1 fefd #1 4 0.002nm &1 YEdl 9 W St €, @ e o Gar § Syfveaa
T AT FHIC I TeiFe 1 G h/4n, x0.05 nm &, A &1 38 T &I Febter § g HfTe
BhM?

D: TR H1 FEH & A9 4 TE 21 3R T b dod HH § HeEAd Hifow| 1 399 9 feret

n=4,1=2, m=-2,m =-1/2
n=3,1=2, m=1,m=+1/2
n=4,1=1,m=0,m=+1/2
n=3,1=2 m=-2,m,=-1/2
n=3,1l=1m=-1,m =+1/2
. o n=4,1=1,m=0,m,=+1/2
S W] | 35 Seia B §1 THeR 2p ek W B Toiee, 3p ek § B goe a9 4p
ek H U Teiae B €1 3T W B W Soiee <Aad TAE AT ST S il €2
Frefafad & @ ®F o wereh STadEl ATHEE AN AT HT?
(@) 2s 3R 3s, (i) 4d 3T 4f qe0 (i) 3d 3 3p.
AL T Si ® 3p ek § SFHd Seioeq Bid 81 i Gl g AW ¥ 3ifues g Afesa
SERT IHS HEM?
T SFfHA ol i W @Ry (F) P (@) Si (1) Cr (¥) Fe (¥) Kr
(F) n=4 ¥ Gafa foha ST 872
1

(@) 39 I9FRT H fohad soree Sufeerm 2, fower fag Ms=-5 T n=4 gl
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