UTHTY] Tl WA

STRUCTURE OF ATOM

EEE)

TH Theh o 318 oh oI5 39—

goTae, WIS qel =2 i @Sl 6
ITeh e | uRkfaa 8t Toh;
ATHEA, WIHIE T dR oh T

oigell ol U Y Tohl;

TH] o FAIeH AMART Aed o
TETIUl AN I THH Hehl;
forgd-<eaehia fafertor =1 gid
Td Wi o Jaied fagia 1 aud
T,

GRSl TaRq-sa qe Jergst o
el o LT hT U hi Fohil;
< Sl Gy e BIgeier ST
fagia =1 sifaered & won;
THTY] ek hl FAICH GEART
w9 § qRwifd X geh;
AThars: fagId, T=elt 1 3TaesH
fagia qen gg 1 erferehad gl
fq =1 a7 & g,

TES o SelaRie fa=ard foa
bl

11084CH02

faf=7 @il o TaTafieh EgR 9 Ue (afaear, 37ah earupeil &t
Taftes Qrerr ¥ ffea fafasar @ verfaa gt g

AN Ta A JRIRT 511 98d 98l 9§ 2 (400 $.9,) TS o
I ! YwdTfad fohan T ol 37ehT fo=R o fof o] 57 o
ol GTEAIAS 91 B 21 S0k AR g1 & R fasrsy 9@
dd: WA W e 2, fE eIt fawifsa € fean st oweman
‘T’ (atom) Ve Wk I W Scq= §37 §, T atomio w1 e
‘T HE W a1l (uncutable) 31 ‘AT’ (non-divisible) %ﬁ?ﬂ%l
el 3 foem eheel shedl W SNHa 9 SR SeRT Wi qiieron
I I GG TR o7l 9gd 99d a9 4 foem fRdt gmmn o foer T
& Fed W@, WY 18 vt § Akt A 3 W R W 9t 3 9w
T T

T 1808 S STeed e Teh folfe¥] ¥hal STeATIeh 3 Ugalt
AR A=ATeh SMER W %4 o1 Wam] fogia weqa foman s+t fagr,
o8 “greest ot wRwToy fagia’ et S @, WA i aere 1 e
FT (Thb-1) T

eee o THY] fagid 9 geaaH o weew o frm, fer
ered o T a0 UTa-3779d o 7o Fi Sohaargeis SATe Fi
ST R T| Al 9% g JA oh IRl w1 9t e § fawa il
Wéﬁfﬁq— 7] 31%@?13? (ebonite) i WH ST B
(fur) = T forme R fagq e &1 Scafd gl 2

TH Teheh 1 BHA S YRR Yeroli @ 1R femen €, S 194
TSt o S d 20 o IS o RN | SR g feRw Y 9
oY I wenfud gaT foh wRmm] B HON (SATHIfvas &) W A
TFEM, T de <2 ¥ 9 B0 §1 I8 HROT Teed i uRom 9
faopal ot off
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2.1 AAUTHTIUSSh <hUTl eht WIS
Tt o foga-foas enfs = o aftomat 9 o)
1 TN o 9R H 3N e 9 gg1 g qRomdi
FI T B F g AR HUN o R & 9 °
T 9% qo a9 sam ¥ W e R gue emaw
TH-E I Yfaehfud qer faudia sTeer Th-g5R !
ahftia L B

2.1.1 TAGEIT hi WIS

T 1830 ® uEeha g A <uiar fF afx fEd
foeem W fog@ walfed 1 ST €, @ SoRISl W
TR Ugred 1 fagsa #AR faeqor (deposition) %ﬁﬁT%l
3T s e aar, fomes fawa 9 o9 12ef wen o
T 7 IR foRq 1 ol Yepfd oF 9 o wa
<erdl &1

1850 & HeA T 37eh oeliien, fagivey e =
ifyrer w9 9 faffaa Afeemed, 5= e faor
AfeTeRTd eher Sl ®, W ferge-fargrst o1 e1emr 3Ry
foranl 58 fo1 2.1 (%) o <ifen @ B heie femaom
ARt &= &1 S F €, Y ug o § uad
H fagm-fous =t faw = @ @ 3=v fav@ =
Uferd fepan ST a1 B1 whie i Afeset o fafa=
i o e o Tata g i@ fomen @ 5w R
9 Soaeiel W 3=d dieedl o] & TS, @ Afcent §
FUT H YN o §N BOTHS SoieRiE (hUe) @
¥HIHS Soiaele (TAIS) i T fo=]q sl Jamg 3|
B TN STR1 ohelrg TeRvul steran Sheirs feRtoT wuT
Fed 2l

fratq 77 =i
Sheie O Il ® e
_% E_

g 2.1 (&) TF Feie o g Fias

29

helle @ UHIE qeh Tagrem & ware 1 sifalea
S o fau THie § fog 9 THie & 99 Toff W
T wered (76 gewEs) &1 o ke S 2l
Sa 3 ol tHre o fog ¥ 9 ToRa S gowise
1 WA T TR B q1 &1 Teh THeb el T & Sl
g [fa 2.1 (@)]1 39 W& & 9RO 1 wR
Frreferfed 8-

frafa 9 <t
| e g

=@

1

e
forg 2.1 (@ ) Gl TSR o ehelie- 5307 @i Tfereh

(1) %ﬂ_iﬁ_s’ fortoi (cathode rays) éwﬁ-s' T RY
BIY UAIS &1 SR T Ll B

(i) ¥ fortol @ fe@r &t <dff, W 37oh AR Wl
I den o ffved wR & ugel (TpdE
e wiadie) 1 Suftefd o <@ s ek 81 3
Teref g7 oLl o <o ©§ THeRd ©1 Sefteis
1 Afereht oheits fertor Aferent it 81 e, wai
TR Ue fadie qeref o iftd e € | W
oo vl B 2

(i) Topq iR gaanra &l ot erquferfa o 3 frvol
et feom o T B

(iv) ﬁ'ﬂﬂﬁ?ﬂﬁaﬂ'ﬂﬁaﬁw\waﬁ%ﬁﬁg
ol 1 oFder HUTAfed N o erdferd
SRR & THM el €, S 7 fag w2 fw
hefie feptol o pumafd %o B €, fR
TR e €|

(v) helle-FRTo (SoiaeiM) o &t ohefts faRaom
AfeTeht o Seloaiel o YaTe Ud SEH SUTked 19
Ft hfa W R T H
SWed IRomAl ¥ g frepd foan @ fw

TR el WHETEt o Hel U e 2
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2.1.2 SHEE R STAYT FeIUE U
fafee «difas foart S ofmg = 99 1897 ® whelle
fepeur AfeTeRt o1 SUFNT ek 3R SRl o 9Y W
e 3IR g9t &, S T T o oged o, AN
WW%WW@)@TW(mJ@E
= T &t A (Fat 2.2) | o fog &= &t
sufearfa o soiaeld ot vy ¥ faafad g fag A

(fost 2.2) W <helig fomeor e & ohad €1 e

YhR hael oI & i Iuredfd o scigeM fog

C W helie ool @ 2o 81 fagq ek

JaHE &F HI JEAd o FEgHYds dged |

TSR i U qY TR SH U W aqE @l

ST gehdl ¢ S R 9% 3 & % erufefa § e

A9 TE 96 W fag B ¥ <HUQ 2| AWET 7 € ae

S el A 0 el e A

Iufeafad H golael o 3T Uy 9 foge™ & @mn

frefafea ol w e o 8-

() U TR FHOMER HT HE AfEE BH W TR ae
wehid & % WY = Rl 9g S ® 3|
TR Tarerer atfues g 21

(i) U H FEAFE-H ok Tohl BH O fauem
affures g 2l

(iii) ToRIA 1o/ Gahia &5 I YAl oISl T
Jieedl 1Al FrAhE & hi Ydadl dgH |
TSRl 1 gel U9 9 foeer S S 2

R IE R CRIE

ORI & 1 Yeord a1 gawTd & 1 gereral §
o fordt T 1 Suftafa o ol o fa=em &1 @
1 FE-TE] WY Hieh 3N IEh YHU U oiHE,
e/m_ o " 1 U0 T Heh—

e
m

=1.758820 x 10! C kg! (2.1)

W& m_ TR B A kg § IR 3@ W
AT et (C) § 21 Hfeh selaR RUTERT e
IA: ST W Ao (SRUT) 3AEY —e @

2.1.3 TARMAI UT AT
IR, fAfAHT (1868-1953) F Soiae W TE9 o
fruftor & fou w fafu TR #1, S 9@ &g v@m
(1906-14) Heaw |

IR R foh SR W SR ~1.6 X 1071°C,
fagq smew &1 FHHaE UE 1.602176 x10°19C #1
ATHHT o e/m, ST o HHE § 37 GROMHT 1 99
ik gAF w1 geadd (m) fAeifa feam

e 1.602176 x 10 '°C

1.758820 x 10''C kg '

m =
€ e/ mg

=9.1094x10% kg 2.2)

ferT 2.2 soiagia o &Y 3R SAHA o dre STUId 1 60T X T STHIT
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faferer =t 9o &t o fafy

39 fafy § =9 (atomizer) §N S FBE h
®9 § qd I 9 * foEq ¥9f (condenser)
IR H e W sufted B 9 fox ¥ NN W @)
T Jal o A HI AR A P AERIHERI e ok
BN @M T E SR) o R 1 ST Rl ARy fAfereh
TS T S o FoAHM 1 HIIT k| TR h 3 I
a1 i X-fortorgs yarfed ek TEfa fwar @
et oAl qon det dai o wog W Ao §]l W TRy
AR I TN dA HI T g1 W @ smem
X-TohToTl R 3cq SATURITOT Al A 51 SO
TN T SAEfIG I i &l T fRAT AT S Tk
%, @fd fhan 1 wear 7 stean feor fowan ST okt
213 I W AEY N W W AN dicedl hl Yom
T georan W R Fw@ T 9 w1 I F# I W
foRIq &1 YaeTal o S W1 e A T fafsh
3 gz frohd fremen & 9 W faga emew (q) @
TRHTOT EH g A, (e) 1 ONH Bl ©, e
q=ne,ﬁﬁn=l,2,3...

ferg 2.3 sawr ‘e’ w9 & forg fafers @1 da &1 §g
Y]] FHeyeh | A qT FT g7 T FHEABRT
aT: T, fogq &1 & HROT Sgqeifas

T I TARTIIT FeT

2.1.4 WIS aeAT <A sht G

ufafda shefe fwor Afasr o few mu fagq
B e e
et off sher ST @1 39 ey ol o stfirererr
smfafed &-

31

() e TR o faudd, R 01 &1 §H9H
whefte Tetor Aferent o Sufterd 19 &1 ghfd W
freft st B1 3 wemo eFEfE g ema
B 2

(i) HON o Y I FHTH T SIE 3H T R
et e B, foed 3 s g 2

(iii) F© YAERE FH1 foRQ AER I A THE ok
T B g

(iv) Feshra den fagq &= ¥ 39 FUl * HRR
TR 31E Shelle TRt g Uferd oHeRR %
fauda 21
G Bl 3R ekl U9 EA TR d Ww

I A1 T W ®ed B 3@ YERK H

YUl 3R THoh TeTuT i gfte T 1919 H &S o

9% ¥ 7] § Uk dgd SIEF RO k1 STEwISI

Tegd i TE| 39 U I WiV T 1932 H “efaw A

SATATH T oc UM o6 U8R § Hil 9 UM o R 9

Fo s ¥R 9 fagq saEH w1 i gul

IR Z7 HUN ol =S Hel1| 51 Jo HUI o Hewequl

ToT wReft 2.1 ¥ fRw T )

2.2 UIHUT HISSA

d AT § §AC T YA | T Yo | I8 919 gl

o eTeed o Afa9™T W] § eFIcHe qe oS

AR o HI-YHY] (sub-atomic) W%ﬁ%l
SFAHUEe O T WIS o o1g ARl b

g freafataa ger g of -

() TREI] o T T TISIRT;

() e o O A Hifder @ W HEeR i
g

(i) fafa= o o SUem 9 faft= geR 6
T[Sl o S i AT q°l,

(iv) TRETORT g1 SAAvNfud seran Scdferd fafdme
o gosta fafweor &t 3cafa den w&fa =i
Tl
T STERT HN o TRA[S | foaaor i S

FH o fau fafa= o] oied ywafaa fea )

gy 371 | B HISA g U o T &l same

TE I ST Il TTH ¥ Th Aled LS. AFET 5N

3R Y I TIHIE gRI FEAIfad fohan T ekt

foraror strt e T 2 -

2022-23



32

R IE R CRIE

|ROT 2.1 T HON ok T

2,2,1 UTATI] kT ATHAT HisH

T 1898 H SI.91. oA A eIt foRan foh owem] T
T @R e (51 eFsm 10°m) e g,
e emEy g9 w9 9 fodia ®d 21 5@ I
T 39 WK feord B € fF 559 T fer Sgq
Sere e 8 Wt € (T 2.4) | 39 it w1 fafu=
TR & T T T T SIeIone- wm YET (plum
pudding)] KSR T (raisin pudding) el S
(watermelon) Hied| 39 Al i T o e
1 e AYel WS o GHA WAl T 2, o
TR HH: WIH Al oS H1 @ Iufted g1 39
Hiee 1 Teh WEwqUl v I8 ¢ R SO Wy 6
AT QU RA] R G &9 H s g3 A T 2
Tafy 7€ Higd WA i foe ST T
o, forg o8 wfos o wAm o aRomHl oF 9T
T arE T ot R E 1906 | Hifawt § TG w5
foregq =retshal R dgifaew ©d yEife S & fog
o AR ¥ FEa foman 1@

eI ERI 1)

fard 2.4 TET] &1 91997 qiedd

2022-23

195 ®t o TR erefe ¥ fafa=1 yeR &1 feReon
%1 @ gl faeew U=siH (Wilhem Roentgen,
1845-1923) = & 1895 W Tuiien o eheiig fervor
Toit | SUfterd Ui ¥ T W Soleed U
U0l S Y ®, S ohedie TRt et & Wt
@ gfasra (fluorescent) &Y ¥ wfasifa sca—=1
F GHA 21 itk T2od &I T Rl w1 wfa
W1 qaT Gl A, oT: 3B 3% X- foRIon 1AM
fe, St ome ot wefed 21 W@ <@ T fR
ToaRMl ok SIf¥® WMd e U UAE dsd |
THU % HRO YAl X-fRl S Bt ?1 X-
fortol foerq den gasia & 9 fasifua (deflect)
T e T o Tl % uwd § e w=
Jef  (penetrating power) et ®1 Tl
FN ® for aeqel o onidier etemed ® & feReon
FOIWE B F o fETON w wo-3eA
(wavelength) <gd | Bt ® (0.1 nm) 3R
JEA-gIHIT FIER W § (T 2.3.1)]

&1 g% (Henri Becqueral 1852 —~1908)
3 <@ for o o fafRon w1 S W w2
I 38 ufEeT i Weanfaeaar (radioactivity)
FE qel ga fF @ @ HeAnfea o
FEAW 21 T &4F H W Fh, R g e
e wele et 4 fasfaa fean 399 @@ TR
HI RN, o, B TA y HT SESH @ T
THE J e fh o fRol § Qs e
AAY R IR THE WA FAHH a1 S Sl
FU1 e &1 S Te frewd freen &R oo %o
Aferem Tfuss B €, FifF & ot & T




TA] HT G

et o, 1 Eifeam T 9w ww@ 2P Rl
TRl o THM SRUMCHS 69 ol %0 Bl 2l
y fortol X-fheoll & gum 3=a o1 fafeeor gidt
g, foal wpfa Saeia g @ o fe #iE
F1 & Tl 95 el g wH o feRwon w6,
39k A B RN (o O § 100 A AE)
T Y ek y RO & (o HO 1000
T SAfR) e 2l

2.2,2 TEIWIE SR AT TIATI] WS

THIE AR Uk ot 4 (39 TR 8k s
Aed) ¥ 9gd daeil | &1 9= (gold foil) W
O~ TN &1 SIBR 1| TIHRIE & FTHG o-H01 ThT0
AN i o 2.5 ° @ @ R

M 1 qaelt I (100 nm HI2E) T 3T e
ek Teh AeAUfFa | 9 3=d el arel T HUT
H OGS TN TH UACH U= hI BRA U FATHL
gfa<ifasiial (fluorescent) TS o®Ee T 91 hid
TG T S R ST 0T 59 BhIT W TR B, Al
WYl 1 THLEONIE (flash) Sca= Bl B

YehIU STYANT oF UROMY HTRT eufer ol
AT oF THY] Hied o SI9R Tt § Sufked am
o Jodeh IRHTY] 1 SeAHE X IEEY] W T GH €9
Y o g3 BT A1TEW| T N | ol ga-1 e
Bt 2 Toh o goqu o UH TEE faa &1 ot @y R
T S| 3¢ 79T ot fof ot W <A o 91g HOl
1 i el 81 SOl 3R ST faen agd %u S g
] ST 3=H 3@ fh—
(i) STeRTY ST & 9F i Tt 9 faafia gu

IERIREET R

e

SSEfcol el

(F) TIGBIE & FHI9T F9IT
faT 2.5

33

(i) g HT TH FHU B FHv ¥ fadifyg gu)

(iii) =gd & &S HU1 (20000 H W 1) 6D T 3R A2
ST TSR 180° o h1VT § ST Ta&q0T g3l
T Y& o SR T WIHIS A A hi G=l

% 91§ fefataa fed feme—

() OCHIY] o SET AR T e g ©, it
HATUERTIT STEHT 01 HH 1 Tl ol TR HT S B

() Fo & wERE o o fGefm@ B g 9.
fagqur e1a9a B STAfees Uiqeyur oo (repulsive
force) o HRUI I SO 98 a1 weidl € T
AT ok foam o fauia wam] o 31eR e
TAA &9 9 s g T {1 eAEY 9gd A
ST o ST Hebfsd B =feT, FSed eIk
EWHT HUN o1 Fidertor AR faeivor gan 2|

(i) YEXHIE A UM e f@mn foh AR 1 S,
TRHI] o el ST hi ol H 3T hH (F0)
2 ¥ WHW) 1 B e 10°m B €,
Sfh AR i B @9 105 m e Rl
SRR o TH 3R A1 &S 36 9 o TR S
Tehel & o 97 ek o1 fohehe ot Tig e =
M, A TTATY] Y T ST 5 km 2R

-l T a9 TR T aeh T=h
© ©
65} >
DO
U
(o) (o ~
(e 4
(o) (o =2
o faafm
ﬁaﬁﬁ a-h U1 o-°h 0T

(@) 91 i =1 1 TS o

TEIE o JHIA FINT 7 3@0Tha 91 5a 97 &1 T gaat 787 W % (o) FUI &1 S8R (shot) FT

STt 8, dt SGH @ ST FUT GUIfAT §U T TH Hl R FX W €, Sl Fo H [Feiqr gl S g
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IUIeRT GeTUT ST IO o SHR W IR

F URHTY] HT AMIRT Al TKA fhA1l 39 Aled

h STTEN-

(i) TIXAIY] ST G Tl SAHRTY FHE Th 37
3T & § Shisd eIl €1 T ok 39 3fd 3tew
AN & TR + i’ Fal

(i) 9w o IR AR oM JAR A, o=
THETT (orbit) FEl <A1 €, ¥ 5gd deft A €l
Iq: WIHIE 1 WA HAied GRAsd @
foretan-Sjeran &, forem gt =i o g g @
3R 7§ T T o T B

(i) TSR R AR oG SMehT o feer dEq
Tl % g oY T@d €

2.2.3 UTAT] §E&AT qUT FEHTT HEAT

F T ORIk FISHl & HROT Bl B S

e TNfYd B g1 T, W W AEY TR

O o e, AR forqdia o 1 erar 81 gEen

aref 71g ® o ifyer o Sufter el 1 g WA

TEA (2) o TR BRI € A WMl w "

TESISH AMWE H 1 SR |ifedw ¥ 11 B ©, o:

STRT TXATY] hHh ShHST: 1 QT 11 BT GRHT] <l

A T W 6 AU IHH SRl S HE,

Wl I FE (WHV] &N Z) o el gl

IR — BIEIoH ol Tifead WA § Seiaeil i

G HHY: 1 qel 11 Bt B
URHTI] GEAT (Z) = UKHIU] o A9k

WAl st W&

= IS Tl §

TSR ht

& (2.3)
TR 1 HAERT SHH WAl o HRT B €,

TR A T FHHAM WA a1 FS T ST Hol

(S99 u&® 1 SHHE WeH o SHH o TRl

e’ BT €) o RO erdl ©1 39 SIEH HUT

R (n) Fed 21 AR H Sufeerd WAt iR =gt

1 FfeAAT= (nucleons) Fed g1 Jfaaeiqi w1

ol AT i TR 1 FFHM G& (A) FEd T

THUT W& (A) = WM ki & (Z)+

= s €@ (n) (2.4)

R IE R CRIE

2.2.4 UATHe T GHATRH
fordt ot TRE] & T H T S W (X) R
Tura < R 7, forqd a1 iR ueh qd-or famn
ST ®, S UHY] S WS (A) Bl €1 o S Al
AT oF ®q § WHN] G (z) foEt S,
A A X THETRE 99 AE § &, /g 9=
HIY] W o TRAY] Bl Seeened- 1C q°n IN |
TR 9% WA B ©, et W) 9@ (2)
TAM T S @ (A) T Bl 81 g vl ),
TN 2.4 & AR, IE W ¢ foF gueenfiehi ®
3T T TR ATAe H Iafeerd f=-Ta= =gl &t
T 1 ST o fory AT & RIS WA i W
99.985% BTESISH THIIST § ohelel Weh Wi &iel 2,
o wifeam ('H) Fed 21 99 eEgeE T § |
LR e ¥ SgEIEm (2D,0.015% ), fad
| T e 1 =2 B € SR gigfeam (Tritium,°T),
S 1 ei qen 2 =2 B ) e gest o o
A | A S B | GEeeR] o e o Sl o
&; S9— wheH, fSad 6 WAl & st 6,7 9 8
=LA (12¢, 3¢, 40) B €; FdH e, fad 17
WA o ST 18 dM 20 =g (B¢l ¥7Cl) B &
gt o faua § sifqn gewqol @ 77 €
o T o TEEtTeR O seael w Se gR
e g €, S ifres o et w1 s g fawifa
Bt 71 ATk & @t IO W A w e w
TS Wgd A Bl B 3d: THEeh sitatmene
il wEeeeh Tk W SRR S B

IR 2.1

S0Br #H Il =2l q getarl i HEA
e ifS)

Kyl

78 ¥Br, Z = 35, A = 80, TR I T
el i §& = SAaHl i §& = Z =35
I ! T&AT = 80 — 35 = 45 (FHIHI 2.4)
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SATEIUT 2.2

fereft whefter  Toe, TeH qon =i 1 T
FHA: 18, 16 T 16 T THH YIH Tk
fafem)

&

THY] F&A-TIeH i §&A = 16

T el TR (S) ©

=16+ 16=32
AR H G % S T 2l T8 TH
FHORA (EERT) ©, FEe e o o
MY o SIeR € = (18 - 16 = 2) THh! Fdleh
2SRl

e : AX Hohd H TN HH ¥ e T8 Tl
WA R I el SeEF WA ® st
AT A1 HOMEE €| A I8 I WA €, @
iRt (2.3) A @, e

TRl i H&AT = Teigei i WA = TRHIY] FE&A
B ¢ A Eieis T N B, @ 9% feifa
HifoT foh Wl St G SoleRl Hi G 9
R & A1 HH Afg ek © @ herEd (HAEA)
3R A 7, A TR (F0E) BT =2 &6t G
TN A-Z ¥ < S 7, = SiEie SeE w
el T @l

2.2.5 TS{HhIS HiSA o Y

ST fF ST S geh § TGS 1 ARTRE Hied
UrAed &1 T B ®9 o, s aifus w1 9 g
%1 e IR TSI ! Booh el o1 a¥e Gl T4 o
e GiRvee W Teremd iR @ on] foman s @
At I = © TR wE gd o WR SR e wanet

mlmZ j

Y a1 UEl o o Tecrehyul §el i (G'r—z

35

o g fean S wehdl 81 ST m, 3TR my, FoH, 137
FAUEl & o H T SR G ey feeriE g
21 39 fagia O el *1 waneil o 9N o &Gl T
1 S Gehdl ©, S YR 99§ Hel @il 2l

grHee R A Hied | GHEda 9 TE
e feran € o soiee ifwes o =)l R e
Feaell H A #A T, T Afafed Toee $iR
fae o " Fom 99 (kq,q,/r?) B R, SR g,
S g, 3TEY, r 37 SERN o T H QU SR k
SAIfcrRel fEeish €1 Sheii™ ot TR &9 § Toeehon
o1 o THM Bl 81 TRy 5 g fug e wmen o wifq
W%ﬁéﬂﬁw (acceleration)%ﬁTﬂT%‘Ql Ifg
g fret e o feer 3 @ nifa 2 @1 &, @ ot faen
TRE o HRUT ITH @01 BT AIeU| 8Td: Aehi™
Aied d wanstl ¥ YAd Ul FI TWE SR w1 A
@ BT 1Tl Hedee o fagd geskia fagid &
3TIER, @RA ST ol & fora-gaena fafewm
T IS I AT (TET oF e T gafey e
BIAT, IR o SERM Tl 8d) | sHfeT fohet e o
Sufeerd soiae 9 fafeor scfsa & s@ fafeor
o foTe o1t getaele T 9 9T BT 39 YhR el
(orbit) BIEt Bl ST | oIS ¥ € qal <erd & T
Serae Sl Wit 9 (spiral)@ﬂf%ﬁqg?ﬁﬁ
10¢s ot fohq area o T <€l el 81 39 YR
IS SRR hi T ol FoRawd ekt qen foaeq-ges ™
fa51d o SITER A fohan ST, @ Il 1 T
Tiga fRelt TXAT] o T &1 AT @l HT T
21 3T I8 YD Tehd € T AR wenafi § gorael i
T o qRAT] SRl g S €, @ i TEl g gt
! T o TR SR feer 7 o 22 %R0 e © fe
g geloil ol feeR WMl a1 8, a1 STefush o
e TR 3R et o s frer deq srRdor 9
T TRl i IR T AR i o, fee eftree
A Hisd T Ueh off &9 Ul |

TIRE & TWY] Hied Hl Th o0 4R I
7 © b 78 TAISH 1 geieieh HlEl o R |
o ot guiA &l HLT, i T F7 Ul el e
o Toiae e & =R R ford g faemm & sl
TR Sl 1 82

*fergrra iRt Ygifaek fom 7, S =32 o ‘7ifd o framl’ w e 21 98 @ aeqeit & ‘nfd o Frami’ w5 gued 21
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2.3 SR oF UIHIU] AiseT o faehmd
it geyfa

e ®9 § @ & Wy fafeon w1 s

forametl o ST W Ui URomH W e ud

STU[ST ST a1 oF daY H AAh ga U gel

Hie 9R 7 37 9ROl T ITAN Hh TIHE FN

Jiqared Aied ® uR TR aR o6 W] Aied o

o & < fagedt =1 eem gfe W@ R

() foga-gehia i 1 §a sraer g, fm
e 7g € T fafertor @ qen o1 4 o o
TR Y B

(i) ORETY] WEH W Hafyd Y 9iony)|

e g fagd gas fafeo o §d Faer &1 ==

| TH] WFH ok YEfTE qRomdl i ==t e

2.4 9 1 STE

2.3.1 fagra-geawra fafeor & @

Wehtd
IEel Wt o wem § sifaenifenl 3 TRA oege o
STERNTG TS Icdfsid 8 arel faferton &1 dferaa &
e R &1 fafeon ot et fafewo wer s
21 S TE W 1 RN w1 foh T fafemo
fohed o B1d €1 31d 98 Well — wifq 3 € foh s
JHTE TN T B § TE SR M SFeeRoma
W MG © S fop S=iael 9t & we qh o e
off| Foita fafexor o fomi @1 gduem wferaar o
ST 1850 H T3 1870 °h IR H SH Fleh
e 3 7 Fagia fatad e fF fp SoE
T AP HON g I et &1 39 fHgia w6
TR e a5 g 729 3 foam =t 7 farga
Jasg fafewon o fawa § = qeaf &t SEt 5=
Hergael (T 1870) A Fad weet Yafvra et o ot
=11 femanatl 1R Toel WR IR foreqq qen ekl &
% FGER I AR &Il 394 I8 gga e &
o, ST ol 1 S/ IR FoelT ST, A1 TR
fagd & g & S B €, 7 &7 fagq
ﬂﬁaﬂﬂﬂ@ﬁ(waves)émﬁﬂﬁﬁﬁm%,ﬁ%
?ﬁ%@aﬁw‘ W rear Taem-gemta fafeor
|

R IE R CRIE

wehTe1 ot fafereor o1 U w9 B, fSEe! SR
7o 79 @ ¥ SR W T R % AR
A F F F T (=) T =
(HTOTRTT, corpuscles) T SFT §AT HET ST M|
195 YT H Tehtel hi TI-Uhid Ffadr<d gl

B IR Hegael J S foh WehTer q <erEH
fereg e gaeta oTaeR | Heitd el € (For 2.6),
R -G T HI T B GH e et 2,
Wi &1 F-l %9 IR Ui W faER

z

N 833[
ﬁgﬂlw
Y/ =R
Eq)
JahI & TH fe
fad 2.6  fagq-ga®ia @7 & fagq a1 gawr &9

e | 4 e GHA TI-554, 3ghd, T a9
A a1t gl €, fbg @ Tk g @ Aad
adl d 9T Fd Bl
() <OEEE AR wUl §N Ica fagq ae
JeH & Teh T ok wadd 2id 21 3 A aX
o TRl 1 fwn o off wiere 2R 2 faa -
T 1 Th WA €9 o 2.6 H fg@men mm
(i) =AM el SA-am o fouda fagg-gas
T k1 fepet TTeam 1 STEgdeRal e Bidt 3fR
3 frafa o nfa T Tt €

(i) 379 IF T T WE T B g @ TR T
e faferto ¢ YR % BN €, et aar-aed
T Ef Tw SR W f9 B ¥ % T W
firetert. ferge-gaehia Tagd o 2 (ot 2.7)1
erzA o -t & o f-fa m 81 g
I & i‘%ﬁ—a@ﬁ (radiofrequency) &,
(106Hz o TT9T) , forgeRt SUART Y8R § fopan
iG]l %; H&H T (microwave) 3\}5[ 102Hz
), e S9EM R H R 9T
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TA] HT G

31EE (infrared) &3, (10'3Hz o T1S) , et
IUGN TRH T T B q° W (ultraviolet)
&, 106 Hz o o1+, it T ot faferzor =1 wah
AT B E1 SHT 10'5 Hz o e W &5 i
YR 99 (visible) TehTel sed 21 shelel el
¢ &7 2, T8 Tt offe <@ (Fgfea oY) Tt
€, 159 &5 i TEErH o forg T WehR ok
I3 T eI Bl 2

(v) foga-ga=wia fafeo w1 o & fau fafa=
YHN o5 WEh 1 IUAN TR ST g1 e
fafereoli w1 emgfa (v) den @<= () g0
wIRGE fran s €1 emgfa (v) 1 SI 9
B e<d & W W g™ € (Hz.s )| THH
TN I 39 &N o ®9 ° gRefia fewan S
2, St fonelt fog @ Wi Wehe ToRdT B

T3 & HEd ddrE % HEe 'N =meu
A S9! A9 WX (m) B & 81 <k fen-gewa
fafertor § BT -5 &1 90 Bl 81 359 foy B
ki 1 STevdehal gl & oma: fom 2.7 & fafu=
-l e srgtel Al - g Wt
forga-gaeta fafeo =1 @ = )

fafa 5 |t vhR o fagq-gasa fafeo,
R IR A0T-3o P ot €, Tk wuE T, e

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eTd 21 36
T %1 WeRTIT St TTF (speed of light) F&d € 31 ¢
g 4 <uiid €1 e (v) T-S8d (L) 91 TRl ok
AT () ! Fr=fafaa g (2.5) g7 gefid &
5
c=vVA (2.5)
TN I IaH oF T T g0 TR, TOT-FE
(V) &1 STam fwan S @1 9id g e ¥,
?R"'T—%af T =&l a-HET (wave number)
%ed &1 THH HAEeh qUI-<s4 o W Sl gk
g m! BT ®, AR Q= : TAR B el JEs
cm! (SI 95 &) 7l

2.3.2 Taga-Sesnra fafewtor &t ot
Wehfd : wileh ol adied Tagia
IEEREN (diffraction) 9T =AM ** (interference)
St 5w Wi fteeiet i foeq-geaena fafaor
1 T A g GHHE S Ghdl €, Alh H
TeTo i 19 wrsdt & Aifqes fomE (S uRufes
e’ el ) o Tore-dae 1 TGl i Temd
G off aftra & foran ST Femenl 3 Yeqor frAferaa -
() ™\ fic ¥ fafeor =1 e (Hitoren
fafer¥ul black body radiation);

}0 }o ? }o 11018 10" 10 10 }0 19 110‘3 {o 19 19
L(Hz)
Y -feReot X-forwt | UV IR R T | FM) | AM| e e qa
e ot
T T T T T T T T T T T Alm)
10 10" 10" 10 10° i 10° 10" 10 10° 10° 10" 10 10
..................... 1
l l l l l |
400 500 600 700 750

TR A (FFHIR)

o 2.7 (%) fogq-gaep1a (e &1 9 (@) 599 T9gH| | Tagq 1 T ol 91 977 9983 8l &

* fopdt o1em & STHU X oF g i faedw wed €

** T GAM gfd arell < a6 fiaert Tk T @ St 2, fmen Sfem § yow fig W fasiy, v @@ & s fag W
faetis =1 <o =1 wfeer = giar 81 Ul 1 39 YRR 1 G SAfqeuT SEdl Bl
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30T 2.3

a7t gfean e (feeeht) =1 fafay ardt =W
1,368 KHz (fohell B<si) &l oTgfd W JER0
F3@ 2| GORE (transmitter) SR @RS
foe-gesa fafeto &1 -2t | i)
g Torjd-geeh i W o fohd & ¥ Haifeq 272

T
-, A=

el o Fraf # g fofseon =01 3 s
v g 81 fEE 7Y w1 wfaefid e ™

A=

C

v
_ 3.00x10°ms™"
1368 kHz
_3.00x10°ms™"
1368 x 10%s™!
=219.3m

g ea a0+ sifqenafoe aer-o= Bl

ISR 2.4
T WA o -S54 1 WH ST (400 nm)
Y &l (750 nm) T €1 37 T-<=A B S
(Hz) ¥ Yohe HIfST (Inm = 10 " m)!

'

TR 2.5 o STTER, ST Wehtel 1 eTgfa
c _ 3.00 x 10°ms !

V =
A 400 x 10°m

=7.50 X 10" Hz
A GehTeT ohi 3Tgfd

-1
V=E=3.OO><IOSIIIS =4.00% 10" Hz

A 750x10°m
399 TaEH 1 TWH Agd o €9 H 4.0% 10"
T 7.0x 10" Hz d% @I

30T 2.5

5800 A° TUI-3ed orel el fefertor i ()
T-HEA SR (@) Mg 1 T Shife)

W fogm
T
() T-HE&A (V) i TUA
A=5800A=5800 x 10°® cm

= 5800 X 107 m

1_ 1
A 5800x107°m

T/z
=1.724x10°m™!
=1.724x10* cm ™

(@) = gfd (v) i T

3x10°ms™

5800x107'° =5.172%x10" s!
m

V=£=
A
(i) g ! Gag W fafrtor & THTE W SaraRHl H
TR (eRTer-fogd 9ome) ;
(i) M ° qYEE oF T oh ®Y H SO Bl
RIECLEE
(iv) fomiTent BTEgIeM oF §]H # T[S H <@ T
& WeH|
3 gfieea 3| ot © fh e ot fret
foeiw o | € el o "ehar B @i wufaa Heid
TEUT YA IAfSid &l i Sl Hehdil

Tg oA < ot o1 € R 9 1900 W Hem
i §R a9 el U Seeliad HioehT foento
T HIE W AR FT TS| LT TH gl 39 UREe
1 TUH 1 T B T A e w2

T e foregd T W fergd ekt a-SeAt
o fafertor ScafSa et &1 S=a a0 W fafwor
o1 9N TFH o g9 AN § gl € W dr Sgre
S ® ql ot o &= (fen yehrer) stfush " o
I Bl €| SEET o fory St feondll iR b1 9% i
T2 H TH FX €, T THHT T Teel Toohl el il
B S-S Y gdl S €, S9-oH 9% A o
Bl Sl €1 9E 39 SR TR feRan S @, a9 3o
e areft fafertor 1 31 The @l S @ 3R 5
19 wgd Afueh el ], a9 7€ Aol € Sl ¢ SR
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a1 =g 2 for et fafeor fandht fawmm @ o eifuss
g B ® den g foRelt A W A fafwor sifus
e e B erefq T eegent gr Sedfsia fafa=

39

faferor 1 el 1 -3 & Wl % ®9 H T
FH & 3R T g
TR o T FAGIa o SMUR W I TRoTE i

et ok fafentoll st e segen o arg W FrelR
211850 o 3id a% € T4 & g1 o Tk fafa= st
g fAfHa a&qu afg fafa= i = W&t = @ = fafa=
e | et Scafsia st 81 3Heh 2t 78 ot

HAloSe A 7TEl i ST Gehl| Held Wik o TH
TRl o SUR W gases aikond wra fean s
fafeneor o1 sraioer IR Scos Sfel (Hitoenr i
R o WE]) ¥ IO B T T8 AR g

for Sa fordt a%q &1 9ag8 W g (fogq g
faferzor) faferfia feran tran € @t fafenRa ot &1 9o
AT UE & Wi gl ], o W S e €
T 9T U g S €1 37qul TS 1 HRT
g ¢ o Femer R gl fafeo @t st
Y9I el 2l

T UE Ry fie S e WhR Wi ergfa o
fafenoll i Teh THH ScafSia qen STeia L €,
?FSUW (black body) hgcildl % g 39 fus g
I fefertor i ittt faferor wed € araa
H UH h1E e T el i sish o Shitueht %
g GHM BIl &1 HI0TehT 1 Teh 3Te1 ifcieh Hfetehed
gen % 7 U T B € [fo 2.8 ()] e wh
o5 & o1amen o7 %E R T B a1 ° IR ¥ wewm
FH aedt HiE ot R0 TET i il el 9 wEfld
Bl @ell & SR o7 W 1 1 R gRI et 81 i
1 pfoorent, faferzolt St
Ft Y feuR oFt BRi
¥ g SAfdfe HiooTeRT
79 URAWT oF WY A
e ¥ 2t ¥ T R e
T H 9 SRl aAma |
I Sl TorERd L ©

ferd 2.8 (&%) P oot 39+ 9fEw @
STERNYG S offl FHiehl ¥ IHfod Wl i A
(fafemeor =t o) den U1 aeH | faaor shaa
Iqek a9 W Rk w @1 Ry T ameE w), safsa
fafertor ot o qi-ed o de o WY wedl ¢ feRe
T W24 W e Ahad Bl €, STk a1 q-oed
% 3R TgH W IE T I Bl ¢, S o 2.8 (W)
 feamn T 81 soeh il S-S 1T Sedl © o
1 SIS (maxima) oY TU1-354 1 IR TR &
ST 21 fafeeor it dioar 1 qeigeE e o fan

Jaeta faferzon o Sfersi o W FST 1 ARH-URH
I Ted 21 Wik 7 e W foh fafentor B oot o
fafaea (discrete) A H el S Hehal ¢ B Wl
ﬁwﬁﬁmaﬁ?ﬂaﬁaﬁﬁiﬁ(discrete)
e § Sl SfSd (A SFeRifE) i §, 7 T
3TeRa &9 H| fagg-gasa fafw & &9 # o1 &t
S a0 == 1 S (A1 SR g €, 39
WWW(quantum]WﬁWWlﬁwa?
Teh FAICH i Soll (E) SHeh! TG (v ) o THITIw
Bt ©1 38 TR (2.6) §N e TRl Sl g

E=hyv (2.6)

T,>T,

g

1000 2000
_— ﬁT"T*%urf A (nm)

forg 2.8 (@) WI-3A diaar gay

STuIaehal feeieh, h, &1 wiieh TEerieh el
S B 3R ST T 6.626x10°% Js BIdT Bl

FAEHLO 1 gl Wi | @S BH 9 i T
21 e o safea difed & frdt ff TR W @e
Bl TWehdl B W SHoh oI Wil o < UEIEEl o |
o @el e w9d T ?1 e 1 ue frefated
T W 9 g off e Tehdl @ W 39 WEl % o
H FIE AH @l 8 gl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiie Hfwek 9 fafy=
Al R I@toa fafertor o daar-faaor &t smgfa
e TS5 % Ho o ®Y § AN FL Heh|

e s

(1858-1947)

N ik Wk S k! SRR
g1 I=iH 1 1879 H HH@
farvafaamem @ S difast §
T.AEN. T UMY TS0 il F T
1888 H afer fovafommea &
sfe=e oifw ferifeswa fRfed (Institute of
theoretical Physics) ® e fgs fohe mu
7ok 5N XU T Faien fagia o fow 5= 9 1918
o ofifqent § Aeel R ¥ GEAIG TR T
I SHI-TIART SR ifaeht o o & | o
TEw@qul AR

YehTIT-Taeq U

T 1887 T TH. T2H 7 Uk 9gd &l focraed Jan foa,

o o agetl (S8 weferem, wdfeay, difem,

TIE) T Tae W IYFeR TG ATl FhT¥T Sl W

St fot 2.9 H fe@mn T €, el fieer 21 39

U 1 WeRteT T e #Ed B0 39 wE 9

e 9RO 39 YRR B

(i) g ! Fq8 ¥ YhRTYSI oh T &f 36 Hag |
T faherd €, ereifq o1g 1 Tae 9 g
FTehTE T e W YRGS oh ThiA oh o
FIE III-AATA (time lag) &l Bl

(i) TrehIfaa Solaeil &1 & YT &I e &
FUAE et 8l

(iii) TIF ©1q o T T Afenefes =Han g
Bt €, forl <geht &g (threshold frequency)
FEd € IR 958 w1 e1gfa R ehmer-forgg v
Qﬁﬁﬂﬁm%lv>vowﬁmﬁw@ﬁsﬁ3@ﬁf
1 S TS St Bl 21 TIerst ol T FehTel
1 G o S o WY Fedl 2l
IR TR AR T e YRR ekl o

Tl oF STTER W T 1 S Wehl| 39 Tl oF STER,

WehT¥T ohi TRTOT ST STt 1 W JhIT i digdl W

R IE R CRIE

T
T oTq W
(S FRr N
L NS - _/
i) /> et et
e LUl Lo
ECail

ferd 2.9 TH19T faeq-9919 & 78999 & 07T 3Tl T
fralq w& 4 T 91g 1 9% 9ag W T& [=d
gl arelt g Hi o ewE g1 g @
goiFi [nTfad gid 81 9 T qgEe grI i s
& S ST Waw F BT A9 FA &

freft et &1 R WA, iR SRl W we
3R S8 Helferd TSt ST shi oA FehTel 1 dieral
T &1 S TRl 21 FEfa wE @ T @ fw frekifaa
TRl o1 HEAT YTl i dieidl T R et €, eiferd
TSIl 1 TS ST dterd W R e et 2
Il o forw, W o ghe R Al ferdlt oft diera
1 AT T 1 FhT¥ [v= (4.3 §4.6) X 1014 Hz] S Hel
Toh STeT ST, <t oY i Y1k Soiaeil ol Fshrem
&l el 8, W 9 & el 11 1 HH el S T
v=5.195.2x 10" Hz TRMH W e < €, o
TRl forge v fe@ré 3@ €1 wieferm g <k fore
Tgeft 3T (v, ) 5.0x10' Hz B

foeq-gas T fafior o e o6 Faen fagid
1 TN i T MR (1905) TehRI-ToRq g+
F THSH | %A gUl

g I Fde W YhE Y F THIA Hl HOIN
(BIEAT) o YT 1 ST THS ST Fehell €1 579 S
T Fell STl WieH ¢ o UEI] ok Soided o
THAA 7, 1 I TAFA hI WA F G e R
<1 &1 I 1 Sl TSt tfereR g, Saet gl Sl
TE SeieR i S SR Fehifad Seieei= w1 Tiast it
3ot 2 e BT SR Wl H, Fehifaa s
TSt Sotl Toefq-gaehia fafentor t STgf o eI
BIit| Hffeh ThT A Wi 1 el hy @ SR seiaRH
1 k1 e o foTu sfaeares =<[iad st hy, (5™
FEEAT, W, f HEd ©) T H FR (hv - hy)
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aTeee BRI
(1879-1955)

SR o a1 gu sTafeR! sifaet
S STea ST fawel o6
e AifderT SRRt o ¥ TH AH
ST B 1 (TR A=A T A
&)1 99 1905 %, 519 o 51 H TH
T 9o oftrm o qehiel erEs o, 99 faw
STTeTsh e, STSHT T 3R gehrer-fagg gue o =Y
ek A Sie-= 3 ifent o forehrd w1 aga gufe
e 3= | 1921 § Yoo 9+ &1 e &

fau it § e [ERR @ gt faman @

IIEIER T TS STl | T e Sl €1 Sl
& G (conservation of energy) & | =
STIER ¥ U FTshifad golae@ &t Tifast et
TR 2.7 B & S

hv = hv, + %mev2 (2.7)

W&l m, STER T FHHM 7 IR v SHeHT O g
q o, Afuer dadr ot YT | WISl i H&A
AAfrr B SR ufoTmEEEy sk soieerl
e ft 39 T &t o B At e, fSad &
el o YeRTel ST YA feRam TR 7
Taea-<asra fafetor &1 §a saer

WhTST 1 U1 THH Fehfd 3 ST o WA STEHTH
1 fearfa U1 2 <t U Wl 9 Hitoreet fafwzon
3R yehTT-foRq 9uTd 1 oSS ARAT T, W
AfqeRtor oNfE IfiereTen i A &1 S Fehl off,
o T FfRETd @l oAl 39 S i 5 H F Th
& SUE o1 o o e e Sy fo wehret o &1 3fR
T A S 0 B © — S T 1 g SRR
BIl B WA ok SMUR W eH U € foh qehrer T
01 & GHM IR Hdl €| e g4 o @il fafenon

41

1 I TR Bl €, 99 T R S e wei
A1 S| ST fAfRTor 1 G0l 2l 2, 9 I8 a0 S
o1 (At R faed) gwiar 21 o7 @R fafwwo
1 gaferd &Rst Fl 3@d §U I8 Hehoudl UHeEH 3
off| ST h1 3 THR FH § HIBT GHI | ST
Y M W, FO GeH w1 (S -golaq) off
TR Il o SRR YEi¥E Hd ©

IS 2.6

5 x10"* Hz 3Mgfd amel fafeor o & A
RIS &1 Fell i TUMET SHifT|

&'

TH Wi &i Seil (B) Fefafad geisor grm
S 2

E =hvy

h =6.626 x10°>*J s

v =5x10" s7! (fezn =)

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

T A Bl 1 ol

= (3.313 x10'? J) x (6.022 x 10** mol ™)
=199.51 kJ mol ™!

I 2.7

100 i 1 T Fed 400 nm el T-<= 1
THaUll o191 ScEfSd idl B e gl 9fd
Uehg IAfTd BISH! i AT i TUFT FHifSTT|
&

oed i fogd-wfedd = 100 9 = 100 Js™
TH I &1 Sl = E= hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AW 2.2 FD Aigelt o {0 wEEET & WA

Ik Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

228 3.7 4.8 4.3
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=4.969x107°J

SRS FIeHl i T&AT

100J s™

Teo oy T
. X

IETEATT 2.8

Sfe 300 nm W-<=4 1 faferor wifeaw org
%1 g T ZHAA 2, d 1.68 x10°J mol et
TS o goeR Sfad B 71 difedw o
s o fThraq o fau w9 @ w9 fohaa
ol SAavISE Br? fREt YR Solae o
IS o foau siftrRan - @ Bh?

&
300 nm HEH H1 FS (E) 79 TR & S 28—

hv=hc/A\

6.626x10° J sx3.0x10°m s
300x10°m
=6.626 x 10'°J
Teh | Bl i Soll
=6.626 x10 "7 J x 6.022 x10>® mol "
=3.99 x 10° J mol*
Hifeam ¥ T A seiaeql o s o fag
SELHh IATH Sl
=(3.99-1.68) 10° J mol'
=2.31 x 10° J mol*
Teh oo oF folu STawdeh =[Adq Sl
2.31x10°J mol™
~ 6.022x10% electrons mol ™
=3.84x107"%J
T WA -84 30 YRR BIi—
amle
E
_ 6.626x10*J sx3.0x10°m s’
- 3.84x107°J

= 517nm (IE B T o Y § Fafdd 21)

wreE fomm

IERIUT 2.9

forelt g 1 el eMafa v, 7.0x10% s 1 AR
v=1.0 x10"° s7" sTgfa aren fafezor =g =t
Tde W THUA €, Al SIS Ss i T
Ssll ST TOAT FHifST

Kyl
M2 o HHIHT o IR IS Sl

=1 meV2=h(v— v,)
= (6.626 x10°* J s)
(1.0x 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™ sASITeh ol @A ok
faT gwroT @ wETUaes W
WhST T T SE HIEAH i Wehfd W R s ®
SR 7% TRl T Tk e W T q W R FhTT
1 FRTOT ST g U9 W g S © e srudfdd
(refract) Bl STl %I
isd o § 9% YT &1 foRtor &1 o § 9%
<@ T T o H <= i O el <5 i
#1 ol | s geh W €, Fiifen W gty
W H g9 O W qefi q-ow At q@l @
TS FehTel 1 Tehor T wfeali ot Uk Sf@en | el
Skl % forg ;ﬁaa:cr (spectrum) TEd %I o I,
freen qa-o gag 1 Bt 2, o fager el
F0 N oY HH WIS ol ST T T T
Hord AT eIl ©1 e 11 1 Wehiw, St Y fewE <
2, o T &1 W 7.50 x10"Hz & T @1 9
AT 4 x10"*Hz o el T T Bidl 81 36 TeH &
Hdd @3@3{ (continuous spectrum) W@I %— Hdd
THfAT, iR ST A el W1 H SR e el o
fireran €1 o= i o Wi oft UE € B B S S
¥ SR S €, 7 o T & v R < ¥ AR
Fau foh 39 gohmn fagd-gaehia fafeton o1 T sga

* forelt Tored o fow fafes (discreat) @i o Sfdey @l FEiETEROT HEd
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TA] HT G

Bie wmt g € (o 2.7) 1 S forgq-garhia fafemo
T4 o WY AR oA el B, df T 1R S1] 3
Foll ShT TSN T Tehd € Te Sod Soll T W TG
S &1 I ol W W Y S sreee | g6 g1 A
e T Sl Al AfHen TRl ey e § efed
g, @ o fogq-gasa ez & fafu= &5 & fafemo
IR L B
IS qAT AT WerT
Tonelt agTel | il ST o W18 e ToA{oh<oT
T Seal TR’ HEaTdl B 1 qTHTY] STU] AT A1
fafertor o srEwiMY W SHfed @ WK €1 SodsiH
R W & o fau fed gfaeet = W=a wh
tore faferfora ek oot <t St @ SR < gfaget
SN STl bl TToehTiEr shda €, d Scafera fafentor
I -3 (A ) 1 fewre e fon s R
TR T 3T WaH o HIeUThE
frifea =t @ a1 81 <& Uk gad fafeor w1 giags

43

W STl S, @ o8 TRl w1 e qu-oud @
STIIOT R AT &1 57 G STeifoa fafehor skt Tt
A T-<5 =TS Had S H et T i e
& ®9 ¥ Y= Bt 2l

IS A1 TN TAH o STe2I h TFIH
(spectroscopy]sh?ﬁ &1 S| SW Ta TPJIT%E'W
ThTST 1 TIFH HAqd 2l &, i STH 39 Yk
H A ¥ q Gl a-ged sufed et gl
3Heh Toiia T erereen ® TRATOLST 1 Scasi Weey
A W ST qT-3eA | T ®9 W 9 6l e
2, W 379 ohoe oy aT-<5 Aol YeRTel Sedted
Bl 2, Toop e o el T Td 81 UE Seed &
Icfea fafeeor Taen o 9usdict W@ei & &9 §
W e © (e 2.10)1

SeTaRI ek TCEl o ST | @T-3cdsH waed
&1 fa9 e gl 81 Yoeh a1 3191 U fae

feor 2.10 (&) TTHTUENT ST : BESIS WA (1 gl iR @) @ Sferd Giieel GRI ScaforT JeT9T %1 T
o0 @ AR (Al @-35 &1 3@ 7 ger B Sh &1 37d: Seqsi TagH, S erd a-ael
GBI G 8T &, %1 ‘3@ Wazq’ el Sal 1 et Ffved SR & qfaqel o agd a1 e @
gid &1 BTl HIs T WA %Gl Uh HT W T & FHierd e 9 gl wehdl €, fohg warpsi & gqg 7
gut G ST ST gt €, S 4 AT e Seil-wR WS €, A Scaford YT 9 Wagd I gl 2l
(@) WHTANT ETNT: 5 G FHT Hl STl eEgier WA @ fohdt d@nfes (slit) ik ey fiew
T TIRT SIAT 8, @ 91 G § e a-a=a (5 A 2.10 % F Scafid g off) @ diegar &1 e g S
81 78 wgfaq @ o e i@ wWagq gl 8 SR Scqs WagH w1 Bl e gl @
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- Scs T Bl B 1 TErEte fageron o qwem)
TagH 1 STICEIfvTs W@ ST ST 1 Je=H
o foIy &t yhR S § o S ®, TN geR
S o e A= 1 9eaH o fow sEn |
T S € G e o WA o ISt TagH i
el w1 gened faem oaa ufase i e @
Tl @l TEaH oh fow Ja g9 (1811-1899)
wagem R

wdlfgan (Rb), §ifs@m (Cs), dfermm (11), Feam
(In), A9 (Ga), IR Whfeaw (Sc) ofs o *1
TS 9 gE off, S 3ok @Sl a1 TagHT faveryor
o T om @ | e (He) 9 1 Sufeufa ot
et fafy g 3@ & T ef

BIEGISH oAl IET WeaeH

e ergeieT T o ferge foee verfea ferean St €, 7
H, 21] foiifor it 3= Ssll arel BTeg ST WA <
€, S ferferer el aren forga-geenta fafertor Seatsa
F ¢ TS Teaed § et #i wE ST e §,
S8 SToh SRRl o 19 & ST STl &1 &FR A T
1885 H WA YeToli o6 STMER R o o afs Tegdt
W@t & TE-HEA (v) & ®9H H e fwaA S,
A BTedi iR F e A T ) e
T GRS T Gehell &

v =109,677 [ 1 i) em™! 2.9)

22 2
&l n ek gt €, TSt 9 3 =1 3 @ erfren

e ®, AUfd n=3,4,5... €l &
wtﬁmaﬁmi@aﬁﬁ‘w Zuft’ (Balmer
seﬂeS]WW%lg@WWﬁWS@fﬁﬁﬁ
1 T fored-geeh i Tae & 99 &5 ° W gl
2l Wied & uH vl dte serw et |
arn fF TRgeH Waen & |l gt + @

frefafed 93 g <oid < gedt 2
v=109,677 > 1 cm™!
’ n12 Tl; (2.9)

aﬁm:l,g ........ %3ﬁ1n2=n1+1,n1+2 ......

109,677 cm™ o A i TEgSH 1 gent
e (Rydberg constant)aﬁﬁ 2 n=1234

R IE R CRIE

SR 5 At Yene w1 W Sfel wEw: @EiE
(Lyman), 9THY (Balmer), 917 (Pashen), e
(Bracket) 1 %€ (Fund) AT ShEerdl %I

gRU 2.3 | TGS Waed &t 3 gfvEr K@
7€ E1 fo 2.11 ¥ SRS WA Y AEHA, TR SR
e ST o Wehwol W fe@rEn w2l

HRUT 2,3 TTHIU] BTSN aht Wee 1@l

Sruft n, n, WeHr &
A 1 2.3.... Q&Y
Ejtnd 2 3.4.... 3
RINE] 3 4,5.... Seren)
Ahe 4 5,6.... CCren)
TS 5 6,7.... STITH
Op--—-—-———-—-———-——--——--—- nzg
B
yyy e s S
TR S ()
n=2
EREE
AEEHA S (TR
YVVYVY n=1

ferT 2.11 i WA 4 selagid & 9 (Tal
THEAU F EEH, S SR 9 S
fraré 7F &
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TA] HT G

BTSN o1 T Taeq geft a<all o 3@ Taey
F1 gor H Gad Tl el €1 9 a1 3@
Tagn fush wfed g 8, wq 9ot Y@ wegAl o
FT A THH B B - (i) Tk axd 1 L@l
Tegn foei YR 1 BT 1 (i) YIS e o @l
Teen o frafiad gt 21

379 78 WY 331 © foh Weh SR 3 RI0l R
THROT B Tehdl 87 1 TehT Gaiel g el o TRAroetf
1 Selaifeh WO W Bl €2 39 YN o YAl oh
IW A TG 21 B A @ o 37 e o S
Y BH 31 T oh RIS i Soiariieh |Lal ol
e | gfaen gl

2.4 TSI UHI] o few |) aise
TIESISH TXHTY] i G191 9k TaH o FH=I
AN T TEEA HETHS AT Hied 9k 7 99 1913
T &Il IR Wik o ol oh FAIIHIUN i AR
w1 SyEn foeam Fuft SR fagia eyt FEied
IRt & o, TN IXAT] WEE qe Tal H e
TTAl 1 TEhETd ©9 ° U § 3T ST fohan
kel ©1 SR o1 Hisw Fefafad Sfapeldl © e
ra
() TEGNE WA § o, e o 9’ W
fafeara forean iR il et IR R weli | S| Hehd
21 37 AR Ul ! EH heq A1 T syeee
I IHd Sl TR Fed &1 A FHerd Afasw b
IR SR Gehela &9 | oFafed el 2|
(i) el o Soiae i el THA o WY TR uRkafad
B €, Al I ol e TR 'R W S=
TR TR R T S, 5 98 ATa9IeH Shell hl
STERIU] AT AL SR oh Iod LR 'R
Y 79 TR W A o a5 el w1 I SR
(THIRTT 2.16) | Holi-9REd Faq alieh § Tal
g /1
(i) AEF SO STCH & TR SToenstl & GehRHU
& THY STEENd S1ger Scafed fafwier
frefefea &9 o f&ar s " 2-

,_AE _E,-E,
h h

(2.10)

45

R IE¥

(1885-1962)

2w ofifrt Seifk i I) F
T 1911 H HUTeiA foeaforame™
T dITaEl. it U e H| ST
% I N THEE IR IR
TEIHIE o WY TH T foaqman 99 1913 H o ST
oie, et o Sfewd @1 7=l 1920 H sfe=ge sifh
feremfesa frfsred o feems o) vem fovags
A€ AR A T HeA o AUl ST o faw
IEEYE® w1 fRaTl 3% ¥ 1957 H 'Atoms for
Peace' THM W 3711 T 1922 § 9 i ifqent &
e AR | FHEIG fohan

Wl E, 99 E, %Ee: 79 3R 3= o7gma st
et 1 39 TR S ST T AT Rl
T e ST 2

(iv) SoioR o1 UG Horm =Eifed s ®, <1 g3
Tt TR ¥ 39 fefafed S o gr
Tt S Hehdl B

nh
myr=— n=1,2.3..... 2.11)
2n

Sl ‘m,’ seiwe F R, v A qen
39 Fell &1 e 7 e solae gHa
3T: Ush AT oherel I hedl | ¥ Gehell €,

S =h1vfta Hem o1 A h/2n 1 QUi T[0Tk BRI
ThH HY § HIUNT HAT Feifed el 21 S Sl
IV For oF fohell Wk Falfed A il BIghT T
T YT AT € i Taferior 1 e steran Segei

RV HaT

519 R §o9H (m) 3R aes a7 (v) 1 OEwa
faer am gl 8, SE WehR U™ AT (angular
momentum) S T (1) 3R R0 o () T
THEE B 81 m, TN S See o fa, S
TfTeR o 9 IR (1) 552 1 JaeR wa | |
@ R

IV FaAT =[x o
Hifeh I=m r2 AR 0 =v/r SEl v Fgs o 2

3d: HIvT HoTT = mr?xv/r=myvr
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Il © 1 o1: N o1 T Seen g fagia =8l on]

TE e TE wRU ® TR fvea wer g ema

BId 81 SR T T STl ot S o foreer o

fawa 4 < T faegd SRR I Sfee €1 3Td: 59

ST T heTeT | HHeA S| 9R fagid o $TER

TEGIST WA < feft—

(%) Soiee o fau Tomft sterensti &1 n=1,2.3...
% gRI e fRal T ¥ T YUl i WER
Fdied W& (principal quantum number)
w8 A 7 (TS 2.6.2)1

(@) Tl eTeenedi & st & ffafea &9
W fepan S 2-

r. =n’q, (2.12)
Glﬁa0=52.9pm3'ﬁwqg?'ﬁw3ﬁw,

5 “aIR e’ el Sl €, 1 B 52.9 pm @il 21

YR BRGNS WA § Seiareid 36 el (n= 1)

H g ST &1 n o S o W - 1 A Fedl ¢ TR

IR H, soide s ¥ R SYfeerd B )

(1) TR | Hefyd e Hewequl 01 TRl STl
#1 ol 31 T Frefofed g1 g faan s 8-

1
s
n

EH R, £l ﬁ?:ﬁ"'f e, (Rydberg constant)
Fed €| TEHI WM 2.18 x 10-'8J Bl g1 fraw
srereer, TS ‘dereer staeen’ (ground state) ot weEd

W®in=1,2,3.... (2.13)

: 1
&, I el E,=-2.18X10% (737) =-2.18 X105 J €1
n=2 oell T e & fag S E, =-2.18 x

1 .
1078 (57 )=-0.545 x 10718, B e 2.11 H

TIEgIS W] i fafe= TRt eremenet o Sefl-wll
1 et 1 fe@mEn T g1 gEeh! ‘SN &R emaE’
el Sl 2

Sa TR TR o YWE 4 Yo Bl 2, qd
Folt 1 A T forn S #) e feaf o soie
& W& n = co o1 TE el | Helled il ©
TN SR ETEEIN UTATU] el 2| STel ol
ek gRT AR €Il € 9 5 hen W Sureerd gl

R IE R CRIE

2, 9 Soll 1 ScES Bl © 3R gEeh! el e
S &1 TR (2.13) W 3R fag SE SRl g @
3R THERT I ol w1 TR SR FHM n =0 F
oY § gEeh T i 9 B

FESISH U] & T muTees et
it (E,) o1 o aref 272

BIESISH Y] | T 999 Hall § gerae o AF |
01 fag il @ (T 2.13) | I %0 fag
<y 2?7 3@ R fog 1 ored 9% ¢ fop wmmg) o
AT 1 Holl (R 7L H Toad soide ° Y
21 TR (rest) 1o § @Gy TR 98 SoeRA
Bl ®, S TR W od g0 W el SEehT o i
I W ot St 21 i § sgen ol 9w © R
THEHT (2.13) H n = W W, 599 E.= 0
W Bl 21 S & seleeid A o ure STl @
(SR— n¥ed ), 99 & E, # FRua 9 qea
STl € SR g8 3ifeen ok Bl Sl g1 5 n
=1 B, q9 Sl 1 9 Heod 31 HOMcHs Bial
2 @R % wen wag Afue w@rf e 21 eW 3o
‘qeTEY 3TerEen’ hed B

(¥1) TTESISH WAT] H IURd Toh Seiegiq o HAH,
I AL, T ohelel Teh gl Bl 8, W At
R % Tagid 1 @] foman ST Hehdr 81 Seonsd -
He* Li?*, Be®* 3| 39 YhR o 3T (BTESSH
o T TNl wedd €) 9 Helkd e
sreenstl sl ey, fAfafEad THeRr g <t
ST Hﬁﬁ% :

2
E,=-2.18x107"* (Z—QJJ
n

(2.14)

e w1 Frefafed T g e S 8—

52.9(n”)
=, —pm (2.15)

Z
Sl 7z wEv] gen ® dferm ik ofifeEm
AR o foTy SEeht |7 HHET: 2 @R 3?1 S
iRl @ 7e fafga @ for 2 o 9@ & @ St
M 3tfueh e e Sl @ qen B & g1 Sl
21 gent 31 7 € T golag ifues @ qeargde e
BT 2l
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T T G

(¥) T heqsll § T(d Hd G Seiaeil oh o hl UM
Fe ot daa 2, Teft gueh fau uw wdw
GeiteRo =1l el e e 81 quieHes &9 9 s
W AT o 9GS W1 e w1 o 9gdl @
T A FeH WAl o 9 o WY T8 Tl B

2.4.1 EISEISA oh I@T W shi ST

TR o Hise $1 SYAN Hhich @ 2.3.3 H Fq 7T
BIESIS W] oF @1 TaeH i ARl AEHS &Y
T T ST Tehell T IR F AFE (i) o THER, e
Y 3= g J9ICH &N H1 el § T HH W
fafertor (i) 1 SreRiiool gl €, Sefes fafewo
(SS11) =T IS SR o Sed § f7 e & 2R
TR 1 T S T BT 81 S HENSA o o o
TS o 3R I 39 FHIHLOT g T S Heha 2

AE=E,-E (2.16)
FHTHTOT 2.13 3T 2.16 &1 SAgd W
R R .
AE:(-ﬂ—?J—[—n—?j (STl n, e n, SHET: STRIR
f i
3R Sifq e 1 TERE w €)
~ 1 1) w11

f

AT (2.18) T STANT H¥ch THI2H oh STITT
N SeHs W Wafed g (v) 1 qeieha o S
ekl

V_E_&{L_L)

2 2
n, n;

1

_2.18x10"J (1 1 (2.18)
6.626x10**Jds\n? n?
=3.29x1015£i2—i2JHz
. n
i (2.19)
T qE-HEA () a8
__v_Ry(1 1)

_ 3.29x101581( 1 1 j

3x10°ms™ \n? n?

1

47

1 1

-1
2 2
oy Iy j 2.21)

Wmﬁnpqﬁmﬁfﬁﬁ
A oA Bt © del Sl o1 STEeiyl gl 2l
T AR IS WaeH § > n B R, AE HUTHS
B B q1 Soll g Bl 2

et 2.17 gt wefistor 2.9 & w@ €,

9 39 9 W ST YA el g Wi
Toham T o\ Sk 3TCTTa BIEgIST URHIY] oF STaIyul
ol IS WA H YIS WaRH W@l T fowm
GHAY o G eI B hE eEeieH st o
T 7R § e G9e GHH 3@ o T § 31
I HE Tt W@ g Bt 21 TR et Y
H1 o 39 ad W R w7 R ot wEe
- A g Wl fhad wie steRifia
Scaféa e 2l

3ETEITT 2,10

BISGISH A H n=5 el ¥ n=2 3faee

Al HeHHU oh SN ST hieH Wi S

IR T T Fl?

=1.09677 x 107(

T
Fiifh nl.=53ﬁT n.=2,

37 39 GHHU 9 aFR AU H Teh TSH @
o Bt 2l

TR (2.17) @

AE = 2.18><1018J[5i2—2i2}
=-4.58x1071°J

T IS el 2

e ) et (sl R & w1 o
BU) @ YhR & T Fehdl &

_AE
h

14
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_ 4.58x107°J
6.626x10™ J's

=6.91x10'* Hz

ISR 2,11
He® 1 999 el 9 Gafed Soll bl 0T
HIfSw 31 Fdeu fF 39 e 1 B = erft?

BA
2.18x10'8J)z>
E, _ - 5 ) atom”’
n
He'ssfauw, n=1,2=2
-18 2
E - _(2.18x107°9)(2°) _ G

12
HHIRLOT 2.15 9§ e w1 B € S 2
.- (0.0529 nm)n?

n Z

I n=1 3R z=2

.- (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 X AiSA H HETQ

30 HIE Glg el o BESeH WA *1 SR Hied

TIHIE o AR Aled W dgaX o1l SRS URHTI[

Al THh W I S (SE— He', Li2*, Be®*

TAME) o W T R wfde % e 9

Hhal o, Wfeh 9R a1 Afed f=fafaa fagst i

AT &I hY Hehl|

() TSk TEH doh-ih] 511 W BTegieH S
T g&H G (5% (doublet), 3T IE-9H
feorg <1 @md] 1 AN wE ° fawe w1 TE
TEA BIEgIe oh STaal 3T T[S o Tiaed
F A FH H AN @I SR o o,

R IE R CRIE

Eiferem weamy, fSraw sheet &1 gefeei[ B §, 4R
1 Tagia gasig & § T Wareii o faured
(S worE) w1 fagq e st sufefd o
TagHt @t o faured (Weh-9ae) &l T
FE H o fawa @
(i) T H, I8 WAV & THETE STE g ST
TAM FHT AT H RS Tl F GH
TR VR H, IR "R Gisti w1 oA o @
T T o &I AN I AT HL Honl

2.5 UTHIU] o Felieq AifAehid Higet aht TR
R Hied H1 HFAl Dl M § WA gL WA K
fau eifuss SUgs IR GeRY Aied o fokm %
T fRT MU 39 YRR o Hiew o o H 5 I
Heworqul et o1 ek arEH T, o ffafea -

(F) 4 1 gd HTER
(@) BESHe w1 efafyedar 1 fagid

2.5.1 g Rl §d HAER

WG fifeeh o= T sl 4§ 1924 H widwied
foran fo fafeheor 1 T 57 &1 off 50 =9eR wRRé
FHET AEY, 1A FA H HT q° T I W& F
o1 B =1l st o1ef 97 € foR fSE ae Wi @

o 2 i
(1892-1987)

TR i SRR e < el
= ¥ 1910 o IE § H@H X
R 3fae™ venl yem favaas o
A eA-waRo % fog st
g g1 38 9. faam &
9fd ITe! ¥fa SFA 8 T 91
1924 ¥ 311 Ui foeafomme™
q SLug-H. & 3wy 9 H
T 1932 § 9T SRR Wi § T 1962 T o
IR favafaeme # o m=r R

T 1929 § 3= wifqent § ool [EhR YSH L ok
Frrfa o =
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TA] HT G

o T T-3e B €, S e Selaeia w1 ot Hom
R -3 BT =fE) sivell 3 39 deh o SMUR W
foret gered o 1 o faw q@n-<ed (1) qen wa (p)
o o9 fefafaa gay Far—

po v _h

mv p

SEl m U H SIEM, v STHT A R p SHHI
Fam B 2 sl o 3 o=l i gfte wE g o g,
e 98 <@l T o gl o 4§ ol faade gl @,
S a1 AR #1139 fHgid o STUR W gt
QA T T HT T, S TS o T S SRR
T IH YR ME §, F9 YR Hremor geusstt w1
Tl GRS 1 a1 Yepfd W SMemia ©1 SmyfTeR
SR wiE-hrE H goeR geueeil Uw Hewul
TR, FiTh @@ fopdt sifagen @%g #1150
AR TAT ST FHeh @ S Gkl B

TE oA < AT o1 € foh % sifvelt o 3TER
e TIfaeiiel o W qX oh IeT0l B B 1 IR
TG F1 SATYE FTEAM BH oh HRY IAY Faud
- gl H el € Tk ok o S Tl T el
ST So7AM o wH el €, T Feiferd qr-geaf 1
T R el Sl 21 yel W Ky T aftors g
ToTeRs &9 9 fag W 2l

(2.22)

IIEI 2,12
0.1 kg %eq9M 3R 10 ms™' a7 ¥ Tfd X &I
Tk 1T 1 <= @ B

&

T el i (2.22) % SR

h _ (6.626 x10°*Js)

~mv  (0.1kg)(10 ms))

=6.626 x 10°*m (J = kg m*s™)

ST 2,13
T Soa 1 FAEHE 9.1 x 10 kg B AR
A TMasl e 3.0 x 102°J 7, @ gHH
- 7 gm?

49
&
4 i w = m?

v [ZXWWJI/Z

m

(2x3.0x10kg m*s> )"’
9.1x10°" kg

=812ms™*

=
mv

6.626x10** Js
(9.1x10°"kg)(812ms ')

=8967x10"°m
=896.7nm

IMEAOT 2,14
3.6 A° TUI-354 o oTcl Ueh I o SodH
i TTUMET il

&

L=3.6 A=3.6x10""m

RIS T a7 = YehTST h1 o

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

=6.135x 10 >’ kg

2,52 EESAeT Rt Afyeraar fagia
T AR TafeRur o 3e SRR o hoRa®y T A
ifereh ST R ergeient 5 & 1927 § stffyeraar
1 Toegia <o sooh o1qen, fordl goisg i wel
fearfa 3R @&t a1 o FHeftor weh @ e e 2l

AxxAp, > 1L

an (2.23)
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a1erEn Ax><A(mvx]2l R AX XAV, > h
4n 4nm

GﬁAXWaﬁﬁﬂﬁﬁﬂﬁﬁaﬁﬁTSﬁ'{Apx
(Ap) AT (F1era ) H SAfTefaadr €1 THF TR,
ot Seterei= w1 =ened feafa 3t gene am w1 fuio
T T FHT IS T W TR H, IR Teiaq H
fareeper wet fearfd o € (Ax 1 ®), q91 Soiogq &
a1 | sffEar (Av) sife Brfl g @, afg
o 1 o faepe WE 9 € (Av, FH ¥) @
Tore w1 feufd (Ax stfae) T 8f 2hitl 30 JohR
IfE soiee i Tefq stuen a1 W %w difds 9
forq =md, A sHer RomH TR P ST & ww B
sTHfyaad f9gid 1 T 3] oF g/ agd Tost
TE THL S Fehal 1 WA oAfoQ fop wiex o foreht
sfafed MM 9 fordlt rTsl 1 Wl 9o o ferg
AITY Y Sl &1 T W GRomH el T B e
1 TEE I WE-FEl WA ok o1y SATeh] IS i
e @ 4 ThEE ared fafgd STl 1 ST T
B 6 YhR Toiae &t fufa & fuifa w@ &
T 3TeR! U UH UHE 1 SrEveshar entl, e
YR 3ot i famreti ¥ S Wl | 811 seiaei
=1 feerfas 30 01 o forw & o8 et =1 ferg-<aenta
fafertor gRI WeTw 3T BT YR FehTRT Y TRI-5,
o F o e, T T T
IS &I Sell 9gd Y BRM| TH YhRT 6l S=d

h

o [IFXJ AT I S | THUT W STh!

ot § gfedd & <m fEde 39wk 9@ '™
Toigeq &t feafa at Sie-dte fuifd 2 o, g
THTA T Ul o ITE TH 3Gk o oF aR H 984
FH SHHR B
stffyaraar fagia &1 wg<=

FTESert o STfv=dar fom &1 T wewagul fafeared
e ¢ for 7e from fafvea ant =1 wew u (trajecto-
ries) % SAf&de 1 Ged il 2| fret e =1 weu
Tt f=-f=1 sl W 3Tt feafq wa a9 fauifa
foran Tan €1 4fg ed frd fowm e W ww fUg @

R IE R CRIE

feafq o qon 39 W 3T &0 1 FI W@ FqaAl hi
ST 1, @ F8 ol HWehd € b a1 oh fohdl g9
4 firg el W e 31a: g0 98 oy femed ©
foret e =1 feafq wa a1 9@ 391 erg-vy fafvem
B S €1 R T S fRd sta- e fie
o fou w1 3Tt ferfa ud 9 &1 feior fedt
&7 Frenefan o foret aifd 8 qe w7 81 gferg
TR o YHU-UY oF ) § o1d ST G9e el 2

BEeAar SI=dar fagid &1 uaE shad e
fiel &1 7fd & fou ¢; v fiei & fau a8 g9
A= B 21 39 ST Y I8 THAT ST Hehel 2

g T e (10°kg) S8HM ama fie W
st fagia arp feran s, o

h
4n.m

AV.AX =

6.626x10°%* Js
4x3.1416x10° kg

-28 2.1

AV.AX = =~107"m"s

W Av.Ax 1 HH SEF H9 T 709 2
THfT 718 el S Hehell © foh fiefium e & fiet
(o 359 =2 fUel) & fau foaar w3 999 gag
afAfyaqand fedt arafaes afom =) =T gl

THN TH o[ o T9H ga¥ fie o foe ure
o T St el 1 UE srffeand aredfesh
uRomg 1 g §) SSewnd - TH 9.11 x 10°'kg
SHAM a1C] Seiae oh TaTT gTgsier] SAff=aan fasid
o IIAR—

AV.AX =

4n.m

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

=10"m?s™

T sty ' 6 ot soeel @ wed
fegfa 108m =t 1fAfy=aar 9 S 1 999 S
FHIA S, @ o H AMREdd Av T HE BRI

10*m?s™

To° ~10*ms™
m
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TA] HT G

g ATyl st 2Aees € T Seiee i @R
HeE T T Al g7 A i T STaERon i
STYTATOTeR ifeid Y Hoh| 3Td: @At 31 o & foh
TR o fegfa U@ 9aw & ufiyg ®99 &l
IRl heM | Ufaeerntad s &R, ST U
FoleRTA faU U T wd HaT U Taer 1 v E
THIY] o FalH FAieh! Hied § Bl 2

3ATEIUT 2,16

T TIie i 718 1 SFUH 40g T T 45m/s
21 3 T T 206 AT S 3T T S Hehal
7, <t feafa o sifafysaar =1 o sifsm)

'
Tfa o 29 1 erffyEda ?, stefq

51

AT FTgSAert (1901-1976 )
R S 3 e fevafererer
9 1923 | ifdent & drosEh,
T UMY YT h1| I=IH q9 Teh
o Her o o T i | qen
9 o i 99 B el IR ok

T S oA & B 1927 9 1941
T i T o wifdent o WheR @ fgd favags
o SR o THIY] S T STHA STEUH o GART )
TG o 9% = TS | ifder] o Her wiish GEIH
%1 e 1A foRan T & T STH-9H Jelariat
91 9 1932 § S Hifqent o el kR 98 feha
el

3ETEATT 2,15

Teh GEHSIT ST Wl kT STANT hich ferdt
] H e[ i 0.1 A g8 & Sidid ST
feorfa ST o foTq e 21 €1 39k & A

¥ afafifed sifafadar = 22
'
Ax. Ap=£ or Ax. mAv:L
4 4
Av = i
47n.Ax.m

6.626x107%* Js

Av =

4x3.14x0.1x10"°m x9.11x107' kg
=0.579x10' m's ' (1J = 1 kg m*s ™)
=5.79x10°m s

45 x i=o.9ms'1
100

TR0 2.23 hT STAT Hich

h
4tm

Ax =

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

S gEd QAT I oh ST T AT
10'® df AT B1 ST UEt Sl < g1 § 9
FUif % foru e fosi RS A
g srefyel e i T2 e 2

T HisA i TamreTar oF SRl
379 9 Aige &1 fawerdr oF HRUT &1 A9 U Hehd
&1 IR Aied | T 9 HI Tk SERE w01 & &9
o e o I/ IR fAfved gameeRr warsti | gua
T3 WM Sl 21 39 Higed H 3eiagi= o ql-aIeiol |
FE foar T8 fovan T 21 5@ UU I g0 e
uRefir fopan < wehen €, S solae i wEl feufa
AR TS - A TH WY A el EESen o
Tagia o SITEN, & §9d T8l 81 56 YN BEgeH
THIY] T SR Higd 7 Shadl 9 o el HagR &l
ARG XA 7, Sfeeh ‘wTgeent AT fagid o
fawdia o 21

Y YR 1 TE HHASE! o HRT G- TS h
3T T[S W AR T foRhA S WeRTl 3T TLAI]
e o aR H U9 fauri &t stavasd o, 918 ara
A Hige FoA o G-l Al qel SAEer 3R
‘TReHaT AT fagia’ & e Bl TE Jdied
IRt o6 I g 9 gall
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2.6 UTATYT SRl FAeH HAfAhT ISt
S e ge H Saern T §, =ged & ‘fa & e
o MR W fowfaa feama it gr T uemeff
(S9— fRd 8T WeeR, weeR o 8¢ Uel offR),
ST SAEER U1 ST 2Idl €, T 7 1 Therargds
T fohan S wehar ®, fohg v 3@ eifa gew sl
(Sr— g, el ok wEmE) W @ e
ST €, il 71e Tt 81 <1 81 UHl @ 1 RO 98
2 fr foRama At 59 T § SR FHU o
e RN i TehodaT qen TH¥=adr o =) Suam
Tl 81 %4 o el HIER i A o W@ farehfad
fo@ &1 @Eien AfFa (quantum machanics)
Fed 2l
Afq gem aeget w1 Mfaal &1 STeEEA fowan S §, S
T SR H1 SHT o O 9 1 T T gt i
T o el ot Ffyed st €1 S Saien ARt i
Tofet Segett (freh fere ot 77 e1fa= e ®) W
o] fofan < €, q feraea =it o wfom s9
&) gftoms 9 B 2

T 1926 H T gESe SR 3 sifesw g
AT - ST FaleA AAhT 1 forerrd fepan e 28l ™
T sifest g/ faerfaa ‘Feien Aitaent’ W & ==
O, S T R T oh forl 9 SR 2

Faieq AR H1 Ja THRW SfEsR gm
wfearfea femen o gHek forg = @ 1933 W wifdeht
1 Aidd SR Y fmar T I "o, S}
Sl g ST T U % RO SR qT dret qed
HIER I A W WAl €, HIhI Sied 81 SHR e
FH o fou s=a Tforq <1 aRuea 9 B STavash
21 3@ g w1 fafy= femal ® on w3 o 9"
I gl o aR W 39 AW i Heed § gl

T R (SH— Tk AT A1 370, TSRt Sl
T o WY ufEfid @A ?) % fe sifesr
TSI 1 T YRR o Sl 2

Hvy =Ey
el H T T Hhieh (operator) 2, 5@
‘it wed §1 AifesR = saman & fam #)

R IE R CRIE

oA Sl oh ok U TH GhReh il hd for@n S
kel B ol fehmr &1 et Sotl, ST STaaeHTIeh
FHU (3o SR o) T TSt St el qen
Tif\yent oF o= STRET TE fqewuul fawe ¥ Fafud
21 39 GHI0 % T © E 91 y % W WK e &

EIESIS UTATI] QAT NS AHIahToT

TE HAfSSR THHIU hI RS TET] o folu ga
e Sl ©, 9 SHH SoeRi o H9E Seli-&R 3R
Ik WA TA-he (y) T el 21 A Faifed Sofi-
TR qAT Ik HIA TT-hel AfESR-THR & g
& HAEET @ B §l 3R A Fien-geaei-
[f&4 $EH-E& n (principal quantum num-
ber) forTstt saien g l(azimuthal quantum num-
ber) T Jelehd FaTH HEA, m, (magnetic quan-
tum number)]mﬁﬁgﬁv_ﬂw%,ﬁ Aifesr
G0 & Wil 8ol W UK €idl €| S/a Seierei
et Sl WX & @ ®, @ Uk G - H
THRA % a8 H WEl SFeN fawme e ©l
TI-HeH Teh T ®er €, fgeht 7w o
gelae o el W fadR @ ®1 zEe wiE
difqer e1ef T e 21 eEgeE 3R SEeh AN
TSt o UH TH soded aUT-Thed &l IRAT]
%k’ (atomic orbitals]aﬁ_c\l %'I TH JahX ED Teh
Solaei TAYiS oF RT-Wed U&h Saaeil &

e Sifesr sifegan o sdifdent

o S 911 S T 1910

§ dgifas difaent § fag
fovafaere™ @ @ TaEl &t

SR T 1| WAk ok hed

R T 1927 H IoH dfed

fovafaere™ & wis & 9]

FER T ' 1933 |

feeer 3R STt 1 Hifear o

foiy & o HROT A BIEHT T 1936 | aA9H
ATz e Tu) SR T ST o SATHAT o 1%
S 3= o= % U% 9 g A T e, 3 steels
(Tafe) =e T, SRl o 998 | 9 W@ 8T 1933
¥ 3% Ml um. feuw & 9 999 &9 9 difqent §
e SRR § T fma T
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TA] HT G

FHEAd &1 Tk ] | forelt fog W gelei™ oy ST
F Wl 39 fag W |y % T e 2
TSN W] o fau Faied AAHT g7 W
RO BTEgeH THV] o Wagd & gt Teqstl &
Theldgds Hfe (predict) Y0 €1 38 ifafiaa
g 39 HO TREA H1 i AN I 7, S an
Hied g TIR &l ki ST Hehl |

ATESR FHIRIIT 1 Tg-Feioed LAV T AN
FH W UE: hD HiSAEAT GH Tl &1 Sg-gor
TV o fu gifes)k iR &1 Feed (exact)
g @l A S gehdl o1l 39 HicdE &l Ai-iehed
faftr = ST g X foran T SRR | MU
W qal ot € T erEeier o stfafied e wramet
% HeF TGS T o hefhRl o wgd SAfusw
=1 et &1 57 g Tt e o ety S o
HROT Bl &1 THold: helh $o DI e S &1 3
3TN o IUWST 2.6.4 AT 2.6.5 H UG foh ag-Saiae
WA o HeEeh] i SSU n AN [ Fed gemel
W 4R w8, el TS THIY] o heEmehi i
TSl el n wEed HEA WA w2

TIHIU] o FEied ATk W o U@ 0T

LAY T FAIH AAR T HiSed TH-TAT Fl I8

o & S wemet W gifest gt oan) w3 9

W Tl €, WA % dEied A Hied o

Tewqul e frefafed €

1. T § geieri Y S Feifed gt € (@ef
T ohel $© fae 7 € 8 gehd ) | ST
o feru—sfa WA ¥ e e ¥ &Y B €

2. el oh R S Tl ok Rl Felied Selerieh
Foll-&R 1 Afede i € SR sifesR @@
eI % A B B 2l

3. el W] ¥ s w1 wal ferfa den 9@ o
1 Teh G191 1 el a1 S Hehal & (@Tgari
st fagia) ora: fordt wam] o soieeq &
vl I gitfeea S T foran s geRar 71 sEifer
79 WA & fafv= fogeti W s & g9 &t
IfeRdl (probability) T Heheadl o R | a1d
T 21 THeh AR W A9 S e

4. Torelt TRHTO] W TR o W-E Yl
“UTHTO] ek’ hEd &1 59 Th T-He 5N

53

et SO ®1 Smen # S 2, 9 89 U
FEd € T o9 SH wersk § Sufterd 71 i
S T % T A e B
Td: TCAIY] | hE THIY] herh B &1 e
1 SR |, 37 Uk 3ol hateh qul-
el A1 ekl T € STHTRG 81 Wedsh heteh o
T 1 Holl v ert 21 Rt off hereh o
T Y e oo el T Tehd € Tehdl ag- g
T | Tl o 9ed gu %9 | fafy=T weeht |
TR W WA F| o: 9% goeA WA |
YIF IR oh (A0 Uk helsh qT-Wheld aidl
2, S 39 FEEw H AT e S, foeH
TS SURA Bl 1 WA | Sl o 9
T gl S SHeh Sl -y |
Sutkerd Bit & e e At o g Y W T
FFHM F U HEA HHE B A 2

5. fordlt oemm] © foreht fog W SRl o Sufeerd B
%1 WIfaehdl 39 fog W H&eh T-Had o o o
T B €, S 39 fag W |y?| <hr e
¥ (probability density) g1 Sirdl I
THI ¢FIHE il ¢ Teret uRmmy o fafa=

fagelt W |y’| & W @ i 3 wWE eiw
IE & T Ul AT §9e &, &l UT Sela
o U W i AT 3tfere i

2.6.1 SheTeh 3T FleH HEAT

ot TTAT] o W werh H9d B B | OIS ®9 o
T HEH] H Ieh SHR, MR R Afufe=rg =
IMUR T 3 el S ehall €1 SIS 3MHR o Haleh
=1 319 =€ © Toh e o6 I 3ol o UIY ST
iRl 21fer €1 SEl YR, SMehia 3R rfafa=rd
Ig 9 € fR soldei 9T S 1 Wi fRdt gEt
feam 1 erven we foen o atfies €1 Faien wEEt g
AT Shereh] B X TRl S Hehdl 8| Ueieh heteh i
9 Fdien gemaAt n,laﬁ'{ mlmw’mw%
& Faied W& 'n', T A Jolih Bl 2
TR T 12 3...... M B Tohell T G&A Faleq &
T HeTsh o MR SR HIHT €S ek STh! Sofl & &}
T 91 Serdl 21 BRSNS 3R 39 S e (He, Lit
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a7fE) o foTu I8 3Tohe] B heTeh oF SR a2 Sl hi
fefifta an &1 g @eied S& 9 i (shell) 1 o
Tl STl Bl n b1 W 96 o WY ST Hehl whi
e off Sedt 71 39 'n? gR & St €1 n ok fAfeee
ST T A o faQ At Fareh ] 1 TH BT T
g1 3= Frefafaa seri g gwien s 8-

n =1 2 3 4

M=K L M N

T Fd1eH T ft a8+ o T e T HR
TEd €1 TR VR H, goieri At ¥ g feod B €
<feh Tk FHUMARI TeiaR 1 SAER TR § R
B o T o 1 Sfageshl €idl €, 31: n o s
H Heh DI el Fe

Tyt siew W&t ‘1'%l whedh Feq 9eT,
HehH HIUINT Gl (orbital angular momentum) a1
g9 Faieq wE (subsidiary quantum number)
ofi ed €| 98 e o SIfaHid SR 1 gRefa
FA Sl noh e MU AR s flq (S 0 @ n—- 1 T
n OF 8 "ehd 71 3FAfq n % KT T 9 ok forw 1
AE 0,1,2,...(n—1) & Hehd B

ISR 19 n =1 Bl ¢, A 1 1 Shded Tk T
0 B €, n=2 o fau [ o §wg HF O <l
| Bl Eehd © n=2 o foIu [ o §9a |77 0,1 3R 2 Bl

YAF HIY H Uk A AfYF IURNT (sub-
shells) A1 39-&X (sub-levels) B %I fordy qHA
I W STRIN H1 G ;o SR Bl 1 SersLoned—
T H (n=1) § hael T IU-HT A 2, 5 1
=0 % UM edl 21 T TR (n=2) H9H
IT-&HRT (1=0, )n=3 ¥ d4 34-F (1=0, 1, 2)
B &1 1 o 34 9l o forg ot e feran s wenan
21 Torell =191 o SU-hiwl o1 fewieia seied e (1)
SN UEETd Y 21 Lo Tae= 9Hl o §a S9-shiel
1 frfafea fogt g0 <wfan s 8-

1o AF : 0 1

IU-FHN & g

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

groft 2.4 B <t TE g F9ien gEA & fau 1
Hue A S WA S-S o Hehed 5T 7Y

R IE R CRIE

T, Kk T FAR Wg
‘e’ A ‘heren’ T e WEE R € e (TS
TR A yiquifed foman) Tifve o 9/l 3R T gaeR
9o B 2, T s T e 8 grEsea o
siffeaaar fagia’ & STUR, Soiaed o 39 99 &
el THeiRoT e STHeE B 31d: S i hemsd
IS ot el el €| eh Afded i welt off
AR gRT <RI TE ST Fehdll g6k foaiid etk Th
FeH T RN B Te WAY] W fRd T
TFRE o - W 1 90 I 21 39 A
FeleH HEAA (n, 1, m,) SR G0 Thal S Hehell
B SEHT | Selar oh Tewnierl W TR e 21 oM
qAl y 1 RIS difaes oref el e ®, WY a-ther

o o, St |y 1 wifoer 1ok e 2, fomet v
o forelt forg W |y|” 3§ foig W wifrendr s 1 aF
A €, Wi T |y|” W gohTS ST W
F AH A B |y R TE B e (W

AT STIId FHE I 7)) HT [UARA SAFA B
IH A o T S 1 ARl hl =2k el B
(el 8 ST T 1 TF RO 7€ T |y
o e ® T & 9 g & § Skel T §, g
TH B A 999 H $Hh HH i R AM 5
a1 ®) | Teret e 7 e s o seiee o
T ST G IR [y|* SR W S st
o HUE UGS I SIS IS 1 S Fehdl &1 W
YR fordt wefeh | Hofad goigei faawor &1 aar
T G R

@Tﬁ'&[ h&Th FGqeH & (magnetic or-
bital quantum number) ‘m; ¥H<ET AX % 9T
wherhl o Tafae sifafe=mg & R § SR < 2
forelt Su-1 o fAU m, & 20+ 1 9H T4 21 39
T R T YRR & s -

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

o (=0 o oI m w1 T & wiEd w9
0 BN, AU 2(0)+ 1= 1, Th s Hewh Bl
1=1 % T m=-1,0,+1 & ¥&a ¢ [2[1]+1=3p
FEF]| =2 & AT m=-2,-1,0,+1 T +2 (4=
d &) B Gohdl | TROE & R om, & AH | W
R | &F I n W WD e Ll

2022-23



TA] HT G
TR 2.4 SU-HII Hehdd

n 1 SUHITT HehalT
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

fordt ] § Y& HEE nyl ﬁ?ml'ql'*ﬁéﬁ
T=e gRI gt femen S €1 e Faen gemnst
n,=2,1=1, m=0 5N I FHerh TH FHerh el ¢,
S g HIW F p YR H A 2| TRl S @
it o SU-shier 3R SUH Helfod wHerehl &1 g
1 Gee e e 2

LT O ol1 |23 4 |5
IY-HIYT Gohdd s pld|flg |n
Heh! hi & 113 |57 ]9 [11

TR WEERUT /g : fohdl W] ek o fau
fafeq O sicq Femel 1 SEeh! Sell, HR 3N
sAfufarre &1 TR O § TR R ST S ©,
TR Sg-Soide TRl T < T @1-TRT hi e
w1 H 3 Faien el v T & T g9 Y 5w (F
T o) 9o g B (@5 e o)
B <1 A e TSt g STHIT et o ST I8
T AN Fol-Tl 1 SUT T Toba HLl B

T 1925 o st BBF‘F@EF (George Uhlenback)
3R ﬁ'ﬁm MRS (Samuel Goudsmit) el Teh

55

‘TSRl FEleH @' (m) e T Th
TR T e W Sk o € TEehUl il §, Sl
T & R IR FaRY Hed IHF YA 3T 3 W
TR HA B TR VR B ToiaeE A STE 3R
T o AfRe eS| (intrinsic) 9<sh vl IO T
%ﬁﬁT%lS@RﬁﬂﬂWW@W(vector)ﬂﬁT
21 3ok Ferell I gU 3181 o wrder §1 erfufa
Ted €, T § UeekUl F6len W@ m % 5N 9%
fohan S Tehal T m_ 1 9 +1/2 a1 -1/2 & Fehel
%I s%séagﬁﬁﬁw WTQ(spin states) ot
FEd €1 W IR R IR 1 (S90 Teh60T, spin up)
3R | (Fr=ret 9=, spin down) gR1 9T S &1
fafi=t m_ w1 a1t 3 el (T +1/2 S a0
~1/2) faudia g ot Feend §1 fhd wers 8
Y efereh gt 7 @ Wehd €; 39 <A oAl
faudia g=rshoT 21 =feul

T ¥ 30 I8 e Thd ¢ 1 FRI Fa1ed e

frefafaa sEERIEr 28 8-
@) n 9 I w1 A Bl S| TE HEh T SHR SN
FHIHBT B doh o1l Tuid L =1

() n® Y H n SI-H A S| 1, HEH I T
AN €| Y&h FehR o SU-hI9T | (20 +1) hewh
B T, 7efiq Yk ST H Tk s HeF (1=
0), & p e (1= 1) 3R 5d F&F (1= 2) &
Thd €| | FP €S d 9§~ TOIF WA %
Hereh 1 Sl ol o e e ?

(i) m, FeH & A F T=RE B@ L L H
feu Tu forelt w9 o faw m, o 21+ 1) AA B
21 Ta € W Y SU-%I9 | HE| @
Bt 21 HehT 27ef e B Toh herenl 1 @ ST
sfafer=rai o qiiehl o SR B B

(iv) SR o TRl o AT &1 m_ ST 2l

ISR 2,17
& Foled 9@ (n = 3) | Hafd Heehl i
el H@ 1 Bl 22

'
n=3 7% fag, (o 0, 1 du1 2 AF §¥d &l
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WWSS$W@W%,WW,n=3,
[=0 3R m,=0) ¥ §; T 3p H&® T €,
S ft n =3, 1=1 3R m, =-1,0, + 1)
e B1 36 YR uie 3d ek B €, fSen
ftn=31=2 3R m=-2,-1,0,+1,+2 &
gHAl 21 IAfAU FHaRl BT A GE&A
=1+3+5=9 e & G&A = n’, 314q 3
=9 WaY & ITAN Hieh i TAHE TH I
fopT w1 wehd |

IETEIOT 2,18
s.p.d f Gehd" T FAN ek =fafEd Faieq
et arel ®eeh oh aR H adi—
(®) n=21=1 (@) n=41=0,
(M n=51=3 (A n=31=2
&
n l h&h

(=) 2 1 2p

(@) 4 0 4s

(M 5 3 5f

(=) 3 2 3d

2.6.2 UTATU] hefehl ohi Tehiaar
ol TXATY] o Slaeid oF et qUT-Theld STeET i
1 T 9H i Aifqer 212l &l e =1 T8 e
ﬁ%ﬁé’»w (coordinates)ﬂﬂﬂﬁlﬂﬁ'ﬂw
g1 71 T fafa= werhi o fag r (T 9 <)
& W % B9 § FI qU-He e 9= g B
(o212 (F) Ism=1,1=0)7n2s (n=2,1=0)
FHeTH] o 3H YR o W | e Hdl 2|

ST i Tt dem @iH 3 s fo e
fog W TT-%ed &1 o (i y? ) 39 fag W
ST o S 1 ARl & awar g1 [fE 2.12
(@)] H 1s T 2s HeTh oh g \IJQQO“?IﬁH?ﬁTﬁ
roh Hod o ®9 W A T B | e 39 3@ Hehd
g fF 1s de 25 % 9% 91 &1 I8 <@ S Gehel &

R IE R CRIE

160
(%) 40
o 30
= S 2
> 80 <
10
40 .
0+ Pm—— A0 —r
0 04 08 0.4 0.8
r(nm) r(nm)
(& 5000 300
4000 240
T 3000 < 180
o o~
> 2000 > 120
1000 60
0 0
04 08 0 0.4 0.8
r(nm) r(nm)

fag 212 (F) Fe&HE WT-%ad  yY(r) & IRG
(@) 1s TF 2s F&HI & [o78 r & HorT & &Y
o gifsar w7 2 (r) H dRedq & SRl

% 1s e o foTu wifdehar =M@ Afe W Afhan
2, S Afer ¥ TS TR S S §1 e SN, 2s
Fefeh oh faq TIfaRd B@ 98e oSt 9 I d6
el 2, R 9g YR Tl 71 9S-S9 r 1 AE
W%é@—é’@@ﬁﬁﬂ AfYehad (small maxima)
o T I8 H: Y[ o e d wedl ¢ 9% &,
&1 g Wfehdl S I 8 W €, ‘e Hag A
‘e’ el B WHEE: ns H&H o (n -1) A
e €, S1ufq g FdeH & n % @i el &1
T 5 Sl 1 T VAl H, 2s Ferh o fag Aret
1 GEA Tk qU1 3s ok forg &1 Bt &1 3171 o shefeh!
o foru ot =% st YR sedl @1 3 qifhar S
Rede AEe - 1Y o TR H gug W1 gehd 2 (Foa
2.13 &)1 34 Tl ¥ fogati (dots) 1 =M 39 &
A gelee Wiewd sHe gt 2

Fefhl Hi THfa &t fafg= werepl & fag
feer Wifaerd Mc 9Tl HHI-Hdg 3Tl (bound-
ary surface diagrams)ﬁﬂ[wgﬁﬁ@mﬁ
e <1 gehen B1 39 Teur o ferdt sherh o fag
Teh Q’Fﬁ gRd-gag A ‘Tﬁ'q_'% (contour surface)
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TA] HT G

5 | 5 : -
1s 2s

forg 2,13 (%) 1s TF 2s WA FETH] & ¢ Jriehar
T SIRG (o537 7 T 3T &7 H eiaeT
9y W & GiEa-gae & qeiar &l
(@) 1s TF 2s FH&H & @ IRATH-Gag
R

1 ofEa e s @, frae wfrwd s [y
o feer 81 gifaer &9 o, forelt here o fog @
% IREH-Hde STE F9e B &, W fehdt 5y 7y
FHesh o foau feerR Wifaear sM@* o shead 9
IRE-Ode @ & HeAH Bl ST oF 3T
fregor A W ®, forer g1 Feffa & an e
TSR oF UIT S 1 Iehdl IR SATHeR (S
90%) Tt Bl 15 Td 25 Hemehi o fory qREH-Hae
@l 1 fo 2.13(@) | 39 T 21 ST IS Wehd
e T e e
TR UMW ST 1 WITIhdl 100% B127 THhT S| T8
2 for iy @ forcht fafyea g W ot 3o o T
S HT h WAl 9 Bl 8, 9ol & SqHT °H
9gd &H F A @l iy Med seR & ™
IREH-Hde SRl i S G9e TE ¢, en 3iet
TSR o U S i Wl 100% @Il s Hed o5

57

feru it wde 1 @ Melg B ®, e g
o s 2

< formati # 7 el T I 1 TE @ <
21 39 Tt 1 IR o 3T el & qIT ST i
Il 909 BT R

TH YHT 1s U1 25 H&Teh TMeAld SH{d o 2
aredd § Wl s hereh Tieita FHiafd o 8 1 U
off <@ 7 @ R n S % WY s FHEh Hl SRR
off 9g Sl €, $1Uiq 45 > 35 > 25 > 1s IR &I
FAICH WA o F@H oh WY TAHRA AME | B
ST B

o 2.14 1 2p F&Rl 1=1) o IREH-
Tag @ @ T E) 3 el | T g fag
Wm%ﬁs$W$Wﬁ,m—w
N TR TET 8d €1 SHehT STUel Yeish p- o
| mﬁﬁ%ﬁ%‘uﬁﬁ’ (lobes]aﬁ'[\_fﬂ?ﬂélﬁ
TR @ oA A dd o SHT 3R feord €)1 St <At
iferal Tk IR Rl TE HI ©, 39 q R WAk
¥ ®e Y Bl §1 Al p heTRl 1 ST
R ST Tk GHH Bl B A el cheet Il o
srfaferral o emym | fa= e €, it 3wt
Xy A z FA& &1 AR HEw A S gwA €,
Tl = 2p, 2p, A 2p, TR AN W | TG
I SealeHd & T m, & 9Hf (-1, 0 3R +1)
A Xy AR , &l o ot wIE G T 21 TR
fau g% =g T yatw ? R dfF m, & 99 99w
M B ¥, 31: @ p etk B, feh ter e
¥ T% W o @a9d 84 &1 s FEFRl H WE, p
FHehi oh fau ot & Faien 9E&A o d9gd oh |
THEThl T MR SR FHofl 9gd &1 1a: fafa= p
THeTeh] 1 SR 3 SsT 4p > 3p > 2p ®H U B
21 sUoh ANfaliedd s werhl o THM, p Hewhl &
W~ ¥ Herd o I 9 TeRd €1 Sl &
@ n-2 g/ § Wl €, $1iq 3p weh & fau
fort e W, 4p % few @ SR TEE e s
%9 ¥ B Bl

*fs Wit o [y T & g e Wwrlh 3 @ sE wae W |y| oft wrh e |y ek |y| o fau afei-ae

TH gHE B
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2p; 2p,

N

ferd 2.14 @7 2p F&hl & IRHT-Tas IRG

1= 2 o o0 ek, d e headl € 3N &
FAIH WEAT (n) 1 | 3 Bl €, it [ &1 | n
~ 1 9 sifues 7 8 wehar 21 399 m, o W HE B
2 (=2,-1,0+ 1 3R +2) 37N 39 YN U9 d Hah
B &1 d Herhl o TREH-gde @ Tee 2.15 #
feame o 2

qie d ekl Hl d, . d,, d. do T d, FE
S 1 TEA TR d FEH FI AHM TH TG B B
IR ufee d 2 Y o Bt 2, WifeR et et
FSl SUaT Bd 21 n > 3 a4 d HEH
(4d, 5d, ---) 1 FHMA SHTE Bl &, Ak sl qen
R 9= 2 €

=g el (1Uiq 5ia Wfaesha-o9@ ®er I
1) o el np 3R nd FHeeh! b 1T FiHehd—=e
T a9 W I B €1 T8 A Y ToRd §T e T
fasit e €1 3eTeW ok foY, p wa H xy 79 Aed
TA 21 d, FEE ° AAE 9 TR g N 2- 8 W
xy T &I 953 BU T ASA a9 24 1 TR FHiE
e’ el Sl & AR I el 1 wea 19 & St
8, NG p HeTeh! o I Tk, d Hmerhl o forq & e
311 & fore 56t geh s ivia e eid €1 St @t e
& (n -1), 3toiq wivig g 1 7 e A9
(n-1-1) =T AT ERM

R IE R CRIE

(T (%)

a
%

(®)

farT 2.15 4i9 3d FHee! & IRAH-Tag ARG

2.6.3 hHaThl ht HAd

TR W] H Teai &l el had & Fdied
e g Teiia erdl ©1 31a: eTggis WA § shefehi
e e e e

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

AR 3= To1 2.16 H <9I 70 21 TR 25 3 2p
SHeTeh| i ST T it ©, TohT ot 57 Sl hereh!
2s A1 2p ¥ Suftufd soiaeld &1 ol aweR B
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TA] HT G

e e [ 3
_:;I;
3s
2s 2p “2p
_25
_ls _ls
(&) (9)

T 2.16 (%) ETESoH WA 3R (@) ¥g-3eiazil TAei
& P TR DI o Foll-&R ARG/ 7 IITT
foF grEgtorT WA & [T THM &7 Faeq-q&in
gq fy=7-fir=r fgmrent aaren 9@ g | 9 36T
Sl AT gidt 81 Fg-geiaeia WS J Ga geT
FA1H GEAT A6 FHEThl &1 il 197 157791 Fareq
& a1t Ferwl & oy fa=1 gldt 21

T Sl oIl heIehl ol THAIT (degenerate) shgl
S €1 STE T S| T €, eEg T WA W 1
et god Tl fefd o W g €1 T dere
3T (ground state)ﬂ%?ﬂ?ﬁ%l SH‘OI'TWﬁB"‘?IﬁQﬁ
Tl e g Helifeeh Yeerdl ¥ AR @l @
TESSH T § 2s, 2p a1 Sod Hehl H IURT
Q@EE:T'FT &l IATSTd T (excited state) T el
ST B

RIEEIST 1Y o Tooid Teh oI geiergia AT
% IAFE HI Sl ohadl U A Fied HeAl
(SRITT) W& 7T, dfceh heteh FaieH & (SY-h1T)
W off fasft St 21 ereiq § T e Feien wem o
faus, p, d, f... ® SC 9= Bt 21 frel off
A& FolicH & H hEehi i ol & HH s> p>d> f
Bl &1 So Tl Tl W U8 R 31fuh Bl ¢ hetehi

59

F1 S H AT HY ASEZ] Whdl © I
45 < 3d 3R 6s<5d=4f<6p ANl IT-H |
=1 Sertstl 1 RO Tg-SAaA TATST H SerariHl
o TE § Yiqerdor 1 Sufeerfa 21 gEgieT ] o
SRUTETTT Seieei 3 EFTEfiTa e o s ey
ThTH g == TR €1 9g-selae et §
SAFH AT R ok o SHYT o STATal TLE] o
ST T TR 1 SE § Wiaehsr off gl €1 59
YhR Ueh Sg-3iae WA § Seideid ol T
Siertor &1 qor | etfueh SRt s A €
YH=d: el e § Sufied Soieei o o7l o
TSR W Hiaehtu S e st Hewergel
TH SR A9k | GAERT (Ze) 9@ o HROT Sl
o srrendur S forard st &1 S7e hiv | Sufeerd
Serael oh RO ATed WhIST W Teleed ANYE ok
AN (Ze) i T TE HegH &l HT WAl 7, g
SRR el gII AR o €HTAS W STIf¥Teh STeRoT
o U1 39 Y 1 YHE QU T gl 39 Saeh
TSl G Rl Todell 1 ATe § qRIereT
(shielding) @1 STl & 3R f¥eh 1 el ¥an, S
TOF TR T BT €1 WATE AR 36w Z e
(effective nuclear charge) shacildl %I S IGIECT 3@3@'@
BN U&7 o desE AR STeRt | gfg oh §r
I TS GRI Heqd fRal STRYv-ae 9 S g
T IR H, THF SR s o o ST
T Sl (AT HeR Holl) WA GEAT (2) o qGH
o WY W (3N e o 8) Wt 2l
SHYY TF Wfaehuul, JF A=A fohad ST o
TR T 3HY Iufeerd hefeh ht Tpfa (FSa seiaeq
Iofterd ®) R fsk it E1 S & fou- TR
3TRTd o NI, s Hefeh | UL Seioz™ p hefh
IUEeTd SO I ol W STedl geiegHl o AR 9
ufRerr sifien e alich W el 81 SE YR, p ek
T YR TolagM d el i qorl § STy afeor
FW €, 9% A qeft e Tk & B H €1 3 STl
Th € R T TR 3Thfd & HR0T s e Sl
p eI R 1 ol | 3R p Heweh SRR d e
SOl ohi ot | AW o U1 31feeh 99 Sl il
T W v H- R TH FW (T Fiew TEl) &
for ferisht aticw e (1) e o T T g HegH
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fohen Z_, /e S €, 319 p ek I JE H s hEh
R d I GO | p hereh ek 9 eifien gaar ¥ a
Tl € p HEH & SoidE Hi ol H s e o
TR 1 3R d Helh o SR i ol | p e
& Tome %1 Sl W S 3, 3 < A & o
TREET T HET -fa mereRt o ferg i @ @1
37: Th & DRI (YT FaIeH &) o ol &l i
faare (splitting) @1 STl €, @7 Sl veel sarn ST
TR €, hefeh W SUNEId Selagl shi Sl n 1 1 o Wi
W R B ORI €9 W on SR | W HehT i
St st FeRar st Sifeer B €, wfeh n e 1%
TRt | o foIT W et 7w 1 (n + 1) 1 A TS
=1 2T herr w1 et ot Ia € A e Al <
Hefehi o T (n + 1) o1 AW 99H &1, d f79 n o AW
Sl hefh i Sell 7 BRI WRON 2.5 H (n + 1) FrH
T T © SR 5 2.16 H Sg-geR ARt & Sl
T T B A & 4 o1 e o § fon ferelt et s
% et 37 i (Sig-Toe TEE ) # St
fo-for 2t &1 2Tl SRS WA § TRt St
TAM Bl B 3id § T S Stad e foh W] wen
() 9% o W T SU-HF Al HER i HAC
A Bl S &1 SR o fAu— BIESST WHIY % 25
HeTh i o, THUTH o 25 HEh i ol | TEh
Bt 3R Wifeam ot qorl | oiferrm st Sl tferk it
e M f S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTU] W heTehl ohl T ST
faf\r= RaTgstl o wefenl | Soige Sihars, o o
ITER R W B ‘SAfhars T, wSelt sqes
fH51d (Pauli's exclusion principle), € o 3Tfaehad
Fgehdl M (Hund's maximum multiplicity rule)
3R herehl i Aufersh SHetistl W e 2
IMraTs, Tram
ST A | ¢ sfhare’ wes 1 eref & ‘i g
‘epeten] 1 IO’ B T 319 ©— heteRl ol geleRiql
BN 90 M 39 R % SgER— “ORHTleTl @t
TACTE STTERAT U, heTehl ohl ekt Soll o 9Ggd hdl
H 9 S R

ECIPEIREEIE]
WROT 2.5 (n + [) 790 o MU WX St Sioll o AT

hHEThl hi ST
n
HUH 1 n+l
HE (R °IF | AT {E
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)=h1
et 3s 9
F9 B ?
3s & 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 3p (n=3)
&l Sol 49
& Bl §
4s 4 0 4+0=4 4s (n=4)
3d 3 2 3+2=5 | 3d(n=3)!
S 4p©
%4 e ©
4p 4 1 4+1=5 |4p((n=4

TR TR H- TR TEd T HT el ard
IUCTSH et | Sd & 31T Sl Wi o aE S=d Sl
A el sl WA €1 3T Tg 9 Yo € T TR
etk 1 sl GHE A4k ey T 9wt € 2
faf=1 WehR o shemehl W gHepT TRAT T B €
THfAT U@ i ot TR e T © S wel Wt o
T Wt 811 qenfy FHerRl w1 e w1 FEfarad aed
W, AUl ST W S T HH AT ITA B

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

T8 %1 &I o 2.17 # fewi 7 fafu g 9=
fohal S Hehell B1 o SW U IE i gY d I
fe9m herehl o WA 1 A Al €1 STed WSt
TRl o fau a8 wu g wEmEt o fau
IR &Y ¥ TEl 71 I o forw wRfermm o
STl Selei oh o1t 3d 3R 4.5 herehl 1 Terehed
% IR S 6 59 9 9 qaiHit foRan S wehd g,
€ oo 4s HeTh W U WAl © SUUS ShH eh
e TR B A & A FHEAS ANRIE AT
e Sgd IR Herehl 1 Foll &R THerdr—Serar g
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forT 2,17 &1 Bl T &1 FH

2 31 THTY] hT HTE | Besh—H1 THed et o
A F U H URedT off Ghdl g1 T@ e gu ot
IR SHH LAY T Soiel Sea foe & feg
T IR Arieyie ® At 97 e wn o R sed
IS & T T
Uit 3TuasiA fagia
fafa=1 smerehl o SR M aTel Zolael o1 & TS
fagia gr it g 8, T iifigen o sicwnin T=elt
T T St 3 T om 58 fagia o ergEn-
g |
FaEH HEAT Ueh T & &f Tehdi| TSall STTasH
fgid &1 39 YR St el S Fehdl T
“TFael A A Tk weieh W 1§ Wehd 8
T gl o YerehuT faudia g g s
e € o Q1 golaeAl 1 A aeien e, n,l qen

61

m, TF 99 B Thdl &, R STRT TR Faie
e f9=1 g =ifew) fordl weh & ol o
el fuesy gl gN e e s fRe
Y- H UM SefsrziAl i &FHdT hl TUHT 3 H
eI T T SR ok A, 1s H Th Heyk g
21 39 R 15 ST-HI9 | giaeii shi feshad ge
T Bl Whdl Bl p T d SU-HI H Afeehad HeA
FHI: 6 TAT 10 B Gohell T, TAMI T T&T 39 THR
FeT S Hehdl B—

T F1ed GE& n aTet Shivl B Soae=l i
W& 22 % STe’ Bt 2
2E 1 Afuhan sgehar o1 Fam
7 F1om UF & SU-Fe W Gafd serehl sl T o6
fru <m] feman S &1 57 FHerehl 1 ol Se et
%I I TS FHeh (degenerate orbitals) wEd %I
e f7 50 TR S: U & SU-hI9T oF wegTehl o
TGl BT IO 9 ek EI BT §, We aeh
3@ IU-HIVT oF W HeTehl § Teh-Ueh g
3T S

AT @ p, 9fF d o T _fH&F o ¢, o7
p. d 3R f el § 0o huel: =Y, B39 3R 3
TR & W W URY BN 98 @ 7§ f e
R SR T W TOY FeTh! H1 TG SThT qHART
o Rl Afesk Bl € W (TE 2.6.6) 1
2,6.5 UTHTULRT oAl Tlaieh (o-=aTd
TAISN o el H SeleRql o foaaol Wi SR
FTHEE(eh Ta=IE (electronic configuration) gl
S &1 A fafe= wA] et § goeel o W STH
Y Hafyag 7o a9 &1 =\ ° @ 9w, a fate=
TEST o Solaeieh fa=ardl i T ¥ famr s
el 2l

TRATIRT o goleieh fo=mE Rl & alieh d
frefa fFen <1 9%ar 21 3 8-
() S p° Ao HehdA
(i) FHeTH-ING
e Y o I C T T T T 1
s p d

Teod Hohdd H SU-hI9T I T AR g 9
frefta feman STl © IR SU-shiw o Sufeerd setsel
1 A HI GHIF a, b, C .ovneeee. TS oF ®9 H T
21 fafs= il o foq fefiq o= Su-ie &0
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favied 3Tk W Y-V o WA GBI FieH &
1 faeet fhan S B1 g Gehad W SU-HIT
Yok hesh shi Ueh Sl g <Al Sl B SR
TR o YF-TEH0 B P oY d R U=
H | S R " T S Hehdl €1 98l Wobdd Wi
o | T GoheA 1 o9 I8 € fF o 9w Faen
TSt i g9l S Gehdl B

BIESISTH TWHIY] | ohelel Ueh &1 Seieei Bidl ©, il
Tl HH Sl ol etk | S €, T 1s were
Hed §| o7 BEGISH AT & el +ieh T 1s!
21 213Ukt o1 a7 ? Tk 1s wuw W
TS BT €1 Efera ™ (He) 1 TOU soiagq ot 1s
Heeh W S Hehdl @1 o7d: ElfoEd w1 ST
o 152 Bi €1 S| SO «aqrdn T 8- & gl
Teh-SW 9 ool geh o ° B 1 39 etk 3@ d
@ T Fehdl B

H[ ] He[ N ]

1s 1s

wfeEm (Li) 1 90 SR uSell SAues
fogid oF FROT 1s FeF ° &I o Gehall 3Td: T8
AT HEH 2s W Al B TE YRR AT
AR fa=ma 1s22s! Al

2s HEHh H Tk Toiae 3R 3T TWehdl 81 37a:
Afferm o] 1 fa=re 1s22s? g1 @ (HROh 2.6
o aeell o AR & e o S <E) |

T B: T H 2p HeTh Teh-Teh Hieh R
21 37d: 37 <l o1 Scigieh To4Td 39 YehK BIdl E—

TRA (B, 1522522pY),

FEA (C, 1522522p7),

S (N, 1522522p9),

SIS (0, 1522522pY),

TASAH (F, 1522522p9),

9371 (Ne, 1s22522p9).

2p HETHRI H A HI FfepA AT W AR
U Bl €1 37 qdl oh sher-Tes SAn w7 )

HfeTm (Na, 1s22s22pf3s!) ¥ A (Ar,1s?
2s22pf 32 3pf) Ok K AWM qE oF WS o
SR fa=ama 1 95fd Li ¥ Ne 9% o awl o
FOM Bl ©1 T8l S sheiel T Biel § b 379 3s Tl
3p e T S | TH WA 1 T b ST Hehell
2, 99 UE < HITH o hA Al I (T (Ne)

P VR I e R N
Be [N [ [N [ [ | |
B [N [N [P ] [ ]
c [N L[] |
N[N N LT
o N [[N| [N ]
FINJIN] [NIN] T
Ne | N [ [N ]| [NIN]N]
1s 2s 2p

T o 1§ fefia fean s Sifeam 9 o o
& gowRifTe foomrg & tW faen ST wehar -
(Na, [Ne]3s), (Ar, [Ne] 3s*3p®)| U1 €9 & R Il
o Tl ‘IS T’ FEd B, 3N A goleR,
T SeTAH HET Fied & o SAae e hivT |
W AQ §, HASTHAT AT HEATd & | ST 6
fwz— Neﬁséagﬁ,aﬁgséaaﬁ%aﬁ?Na@Ar
T TR HAS SoieR 8 IR (K) 92 shiewad
(Ca) § 3d & &I T H 45 Heh hl el HA
B oh HROT Y AR 5 selagla wue: 45 FHarw
o = B

Whiead ¥ URY & W Th F91 AT e
21 21 3dFEF B FS1 4p FH&F F1 qo § HH eH
o RO TEH AT Tedt WA €| IROTHEEY 3T
TH qodi— WhiedH (Sc), LM (Ti), sHfea™ (V),
I (Cr), HTHIS (Mn), ST (Fe), e (Co),
fohet (Ni), T (Cu) 92 51 (Zn) o di= 3d e
H oo SR R ST €1 80 98 @R Afhd &l
Tehd € Toh hifHam qen iR § 3d ek § =R’ a0
T SRl 1 SR HEN: UiH AN TH TR B 2
TR FRO T8 ¢ fF MY uH R R wew Afuw
Tl B ®, AT ST ST A Bl Bl ps ps, b,
dw, £, f+ senfs fomam, i ek a1 @t omg a1
N T, Afeek Torft B T 31: HIHEE a1 Hiw |
o 3R o fa=rdi w1 grerfierar ferdt © (WS 2.6.6) 1
o < foh ervarg off fien €
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3d el o WH % WK W™ (Ga) ¥ 4p
Hefhi T TRAT YE BT € IR =T (Kr) | I &
21 ST 18 qoli— ®eTEan (Rb) ¥ A (Xe) T
5s, 4d 91 5p e o T 1 & YHid el €, 5
4s, 3d 3R Ap HeThi &1 oft| SHeh 9% Bs HEH] H
P YR Bl 21 WS (Cs) qen 9fem (Ba) ® 3@
Fed H HI: Th 3R I oM B 21 3Tk 915
AT (La) § Wehd (Hg) T 4f 3R 5d herehl o
TR W S €| 3Heh 91 6p, 7's 3R Aad: 5 fd
6d HEH! HI W S 21 RFAFE (U) & 9% & qd
T TR B § SR 3% M w9 9w R S
21 GROM 2.6 W T el o gelarien Torre (SeeHt
fafemi gro fawifa) faw o €

AT IE IS Thd 7 foh oMfer 37 fa=ami =1
S W F A g7 STy e fouE ok
AT | (EEh HOER ol W 3R ST
R I | ST a1 ol BT STTER AT e
2| I ok TOIT o g, SH— & A1 & W arfen
AT ety 310 & S €2 IS qed oG SterE
37T A BIaT 82 He q Ar 519 a<d feopameiier =i
T R &, Sk Tl SY aw Rt B B 3

63

9 o IW SAaeh o= o 3R W U < Fehdl
T STee & THIY] Hied ¥ g1 TSR TE R
ST Hehdlll 3Tq: MYk WA faaM o & Jeqst &l
et YR 99 o foau soeRite @@ w91
SR BT 31 eTevae B

2.6.6 YUT&UUT gRa U Teiufia Su-hron

T T

et T 1 TOTE STaE] Soiaeieh [a-ard SHeh!
AT ol 9 Felferd STereen it 21 SAferenter wHTIst
o eI fo=rd WrT 2.6.5 U gy e
1 TR Hd &1 R FS awall (S¥— Cu qe Cr
T, ST 3 Y-SRI (4s AT 3d) I Solieqt § w7
A FI1 }) TF TelFe FH SHoll a1 STRTE s 9
feren SoTl ol SUhITT | TGN € Sl €, o9
Y TG W IYHI o6 Tl 359 Fell dTct HeTh
T &, S qUigRa A1 e7gRa 811 81@: Cr dem Cu
% GANH Soaie fa=amd ®asl: 3dP, 4s! qA
3d°, 4s! B, 7 foh 3¢, 42 A 3, 452 TH TR
T ® TR 31 ot fommal o erfdite st
Bl B
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WEE faam

3TN AGT YUIIRT SU-HITT oF TATTI o SHIUT
UIGRA e TR ST oF TS oF ShRl fEfead
5

1. BRI okt Tutha Taawor : 97 wef-wifa fafka
¢ for Twfafq wenfae yem e 21 ofd: R g
a7efqfa STeRITl | setaeiql 1 foawor gafha e 21
Iq: 3 eAferen Tl B €| U & Suskiw H (el
3d) TRl 1 Sl THM el 8, W SHeh e
foaor fir=1 2 §1 HoRa®y 3 ThH-SW H uferh
®U Y YRR B § 99 SeleE A1 g
Afereh waera @ it 8 Wi

2. Taftma st : I TR 99e q9 S Bl
2, SE QWA Y A o (e T=0 HE
Td T) Th STRIY o THEN Herehi H SUEd g
21 A gereRq ero T Tt % w1yt @
g 79 fafma o wro gaa o, ‘fatwE st
(exchange energy) Heard 2| Guifaa fafma
T T q9 AfHAH Bl 7, ST SY-RI Yol T
T YA (half filled) T4 € (Fof 2.18)1 39
ThereEy fafmg Sl AR gl € 7 SE TR
Tonfyed ot stfuehad g 21

9 W o 98 S €2 o R T SR R,
9ok TTHR— WU Sl ok shefehl W WHaTe
TR o JATHWS TAMIR TIehUT B B
3T ¥Rl H, TYRA qen YuigRa Suehien el
Tenfae (i) emuferss w9 9 %0 ufifem, (i) F9
Hefareh GiaehtuT Sell qel (iii) 3= fafam sei
o Rl gl 2| fafma st o fowa o fawm
Y 39 STTel waned | el

TR 4 g0 1 faf

ferT 2.18 d° fa=rrq 8q gwifaa fafra
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6s 6p 6d 7s

5s 5p 5d 5f

— QM

4p 4d 4f

10
10
10

3p 3d| 4s

3s

ARUN 2.6 Al o TSR fa=amd

< 0

©

10
10

2s 2p

—ANM I O

A ANANANANANAN

1s

AANANANANANANAN
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12
13
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16
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Na
Mg
Si
P

18
19
20
21

K
Ca
Sc

22
23
24
25
26
27
28
29
30

Ti

31
32
33
34
35
40
41
42
43
44
45
46
47
48

Cr*
Mn
. Fe
Co
Ni
Cu*
Zn
Ga
Ge
As
Se
Br
Nb*
Mo*
Tc
Ru*
Rh*
Pd*
Ag*
Cd

49
50
51

In
Sn
Sb

10
10
10

6
6
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66 LGICERCRIE]
axd VA 1s | 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
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 2 6 2 6 10 2 6 10 14 (2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 (2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 (2 6 10 2
. Tl 81 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 1 .
Pb 82 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2, 6 10 14 (2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 (2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 (2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 (2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 (2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 (2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 ©6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 10 1

=112 9 3G AfUH TAN-HSA Il I F4 ¢, R TThT T fo=mg et e fean w2
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9T

TRATY] qell o TS A1 B €1 A a7 o U8 oI 9 €, S a9t e | 9n o @)1 ge A
g, fr S Slee 3 & 1808 W Widwifea o, o STTER W] el o TH Held B 01 B §, T2
AR faenfsa =& foran S epen 21 S=Hae vt & 3fd | wAT g g% YA € e foh awe) faun
? T 9 < g1 Holl (Telag, Wi qe =) SR S Bl €1 9 319 Uil i @iel o o1g
LA T AT il TR FH o A€ 9gd § Y] Afed T&qd foht )

T 1898 H oG 3 el foh WY Uk GHM UFTHS g STE o6l Tk Tien g §, e W
TS SUfterd B € 9 Hied, fEY wHT] 1 FoHHE R WHY] R T M faafid e T o, 9
1909 H T&THIS o HE@YUl OL-K01 o FehIviH TART g0 TTeid g gl WXwie o Ie freepd fehren foh qwAmo
% % H 9gd SIS MHR H1 YAERIG AR Bl € 3R T 30 IRl 3R JaHR Fell o T
Bl TIHIE Aied, S GrAee 9 fiera-serar o, ffvea 9 9 Seed died ¥ S8 o, Wy 98 W]
1 Teoran &1, 19 98 59 o1 1 <A Tl R qrE T g i o 9 T iR S €2 36ek Steren
g TTHTY] h1 AR eh T, S7eife ek o =Rl @I Selagiql o faauor iR St Sell & IR o 9
&I I Feh1l WIHIS AiSd &I 37 hicaedl i ¥ 1913 | i IR 7 eSS Y] o 30 Aled |
R fopan den g8 weated fohan for iy oF wIRY oI gRR well o solagl™ T il €1 hael o el
o1 € A B Tkl & A1 Tish hell shi Fiv=a Seil et €1 &R 3 fafi= el § seigei= 1 Soil &1
T %1 SR Yedeh el o fore ifiyer SN ol &1 it o1 3Thor fhal gielifh IR Hied SRgsH &
TFH 1 GATTelsh TIL HIdT o, Afh T8 Tg-Ferae TTATIST o TIFH ohi AT T8l hL T THH
RO g SIS &1 T4 B 711 9R Aied H Seiged i Aldeh oF =N 3R Tk MREd gaeR el | i
T U AT H1 oF T9 H T T A1 THH SHok X S AN o SR H AL G T4 o1 T Haq
ek e v el @ @R 39 Uy %1 g @Xe el IRwifia A S ekl €, Wl Uk € WHA W gelsA
1 Fet fefa 3R @&t an 9 2l oS % ‘e fagid’ % SER TH E9e TEl €1 39 YR
BIESISH TWHY] 1 &R HiSe 7 shelel Sela(T o el SIaeR &1 SUal Hidl 8, dfceh grEsiaT iy
fagra &1 oft forier e 21

T 1926 H e AfESR 3 T wefehtor fean, e ¢ sifesk wefierton’ shet Sl 81 6ok g foifem
o golaela o faauor SR wATyet | STHq Sl WRI o1 9 feman ST Hehdl 81 98 GHIHL0 | Sheet Sl
& AU ATl <EL AU HT HeheUl 1 A W @l €, Sfeeh ez o * eAffyedar fagia’ o o
A 21 S 36 THIHT 1 EESISH WA § Soiae o foq el foman T, af Seleei o H9e Soll-&
AR H T Bl (S T Ferd € €) o 9R H SRR Wt g2 A deifed Sel-&R IR Sk |
T-Te S 4 Folen Tesdi— YA Fien WEA n, e Fien He [, 3R gkl FieH §@l m,
% gR TEEM W €, SfESH qHR % gel o URUITEEY W eid €1 4 diF Fdied gemet o g
W yiaerer ff SifesR-GHiwo o 7 W Wa: W B §| TGS W] H1 F6ieH ATFH Hed SHh
Tegh o qeft UEQSH 1 SAEA wAl € IR ek Afdie i UHt ufeeiet s off Hwma 7, St 9K
Tied §R T &l & il

QHY] o Felie FIfAhT Tiee o STTAR S-S THIIRT & SoiaeiH-faaRur &l e HIei § siel
T 1 A 19 Tk A7 Sl SU-hIS o o gU Bl Tehd @ 9l 37 SU-HIS § Teh A1 AUk herh e Wehd
2, fod soieei Sufted gan 21 eEeieH o BEeH g feml (Seewnd— He', Lit anfe) & frdt
T T Fie ok T Ferhl F GHA Sl Bl 8, W Tg-Sola WATS T Farhl HT Sl n AR 1%
oMl W R 1 fRE ek o fAT (n + 1) 1 A fSa W e SEet e oft Sadt € %w eni A
SHIE < HERI BT (0 + ) TH THH B, d 9 Helh 1 SNl wA elt, TGk faw n w1 A1 w9 21 R
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WA foagm

WA | UH e herh W9 Bl €, G901 30 Soll o 9gd W H goie UISel oh ervesid fagid (fRet
WA H Toreel <1 el i WRI FeleH-HE 1 WM GHA el €l Gehdl §) AR TS oh Aehad Sghal
9 (T TR o HeH B gAaREl P A q9 qF YRY TEl e, 5o q% YAF Heh H Th-Uh
T | 3 W) ok HR W M W &1 THIS 1 gelari-eh Sl Sl el W a2l

2.1

2.2

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

HEH

(i) UH UM IR ¥ Tl &1 T &1 giehed Hifeg)
(i) T T TRl o SeIHM 3R STENl 1 Uieher i)
(i) HIF o T Aicd | SR TGl i G&AT 1 URehe HifeTg|
(i) 7 mg"“CH =Ml & (F) Fa@ & qA (W) Fa FHAE T HIS
([ 1 §FE = 1.675 x 1077 kg HF ifSQ)
(iii) FM% T SR I (STP) R 34 mg NH, ¥ Frf &
(F) Fo F&A 3R (W) FA FHAA TqET
T 3R a9 H qfeds ¥ @ S aiafid g Sem?
forerfeian e § Softerd =gl @R we B gEn aaEe-
5. 150, %M. Hre. Hor
et T T TR ST (A) SR TH] WS (2) S wErged e e fafen-
() Z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Gifeam oIty gRI ScdfSra diet Tehtel 1 a1-254 (A) 580 nm 71 TEHT MR (v) 3R
TE-HE&A (v) 1 dReha Sl
Y% UQ HIEH HT oIl Aq HIfeTT-
(i) S 3 x 10" Hz 3Mgfa a1t YbT¥T o T &l
(i) @t w34 0.50 A =
2.0 x 107'° s HTe ITell YT X 1 T1-4e4, Mg IR -G 1 T Hifer)
T kTSl TSRt aT-254 4000 pm &1 3R S 1.J STl <, o I 1 TEAT Sl

I 4 x 107 m TAI-<4 Gl Tk HieH 2.13 eV ke ol o1q 1 9de ¥ 2k
g, @

(i) HRMA & S (eV H) (ii) Seas 1 Tfast Fs A (iii) TR Sia o af
1 fRehe™ HINT (1 eV= 1.6020 x 107°J)I

Gifeam wATY] o A o fAT 242 nm -S54 T for-gaenta fafsmor vt e
21 Fifeqw &1 3= Foit kJ mol ' ® T Hife)

25 dfe 1 Tk §ed 0.57 pm -S54 a1t Gel T1 1 ThHav FehTeT Seq=1 HLdl 2
Jfq Tehe a1l o ISH i I A DIfT)

forell omg 1 T W 6800 A TI-<4 Al fafentor e ¥ I 9 A geie
ST i €1 ¥1g BT Leelt S (v,) SR BREE (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 BTEEISH WA % n=4 ol &R ¥ n =2 S &R A seigeH S ®, @ e
T-25 T YR ST B?
I TeiaeM n = 5 HeYw | I 81, A H TV o 3 o fau forat st i
YIS BM? S ST HT ol FRGSH WA & A Toed ¥ i)
(3MET Teft n= 1 F&F U S & FIheN o T fewaes 1 el 1)
e 3o TRATY] H SUfd Sl n = 6 9 Uol el § Wl §, df W St
@R F Sfehay WEen 1 g?
(i) TTESSH o YUY Hefh § Fetud F -2.18 x 107° J atom™ 81 W= wEeh
W Tafd el adzul
(i) TTESISH A o Urad SR ek hi 51 Hi TuE Sifsm)
BIESISH TRATY] T ST S0t o fereham qT-<54 ol Teh|UT 1 q1-FE&AT 1 O
i)
BTESISH TR H Tiaei i Uecll %hel ¥ Ur=dl hel 9o o S ok folu STavash Sl
1 5ol | U1 BT ST e ol dereet steen | wiear €, af fhg a-3=d w1
TSl SCHTSI B2 (Sl shi qorel 7ee Sei —2.18 x 107! ergs ®)I
TEGeH WA § T # S E = (-2.18 x 10™)/n? J g0 & S 2l
n =2 Fey | SF Hi T 16 Fehter o g sTewaeh Ssil i MU SIS | TehmeT
F Gl oot -5 (em ®) 0 B0, Fordent W 39 WHAvr H fRar s weh |
2.05><1O7ms’léﬂ@7ﬁmﬁﬁﬁﬁmmw—ﬁwm?
TR 1 59 9.1 x 10 kg €1 AfE gHakT Tt =1t 3.0 x 102 J @, ol 58eh
Ta-25 Y MU Y
frefafed & 9 9 g9-sm wiefs 7, stefq frd soeel +1 Tam g 72
Na*, K', Mg™, Ca*, 8*, Ar
(i) fr=fafea s &1 soeite fo=me fafaw —
(sh) H (@) Na’ m 0* (=) F
(i) 37 < DI WH-FEA Fa5y, T5Her qad ded solaeMl &l Hefafead €9 |
Tuian s € —

(%) 3s' @ 2p° da (M 3p°?
(iii) Fr=fafaa famat ae et o 9 TR —
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d'.

T 7100 n AF g g Hharh 1 ARG STTAT B2
T Toiae fRH 3d Ferk | 71 38k T n, 1 31k m, & T9a 76 Gy
et & WA § 29 TSR SR 35 = € (i) SOH WAl w1 e waEu)
(i) T T SRS fa=g FaEu|
H;, H, 3R O Tfefis ® 3ufterd geiaei %! ¥ saEu)
(i) fE WA heh H o= 3 T IHF AT LR 2m, & HIT AH F0 B2
(i) 3dF&F & AR b AT m, 3R | FAeH FEASH o TH TR
(i) Frefafaa § @ #F 9 wew 999 € —
1p,2s,2p3ﬁ'{3f
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2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

s,p.d Hendd g1 FrAfcfed salen Semsti et ekl &l SRy —

(F) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

HRU < U AT T FEfaiEa Feied Se & %A ¥ 0F w9 T -

(%) n=0, =0, m = 0 m=+ %
(@) n=1, =0, m = 0 m =-Y%
(M n=1, =1 m = 0 m =+ Y
M n=2 - m= 0. me=-t%
(¥) n=3, =3 m, =-3 m =+ %
() n=3, =1, m, = O, m =+ Y%
forelt T # frefafeaa Faieq wenst ardt fhad s g2
(F) n=4,m =% (@) n=3,1=0

Ig MU foh SRS WHIY] T IR Hal i IRY 39 Ha § TAHE Seide &1
st qer-3ed w1 gol o eI 7

He' ¥RA & n=4 9 n=2 97 GHAT 4 Ta G0-388 o SUa el HHH0
TIESoH Waeq | 1 gAm?

He' (g) > He* (@) + e Ufohal oF foTU Tawaeh Seil i TUAT ShifSTUl SRS URHTY]
HT T I W I Soll 2.18 x 107° J atom” R

I T TRATY] 1 S48 0.15 nm €, Al S e WAET 1 §&A1 T T Hife,
5= 20 cm Thel T TTE H TH-Uh Hileh SAaied a1 ST Hehal 2

e o 2 x10° WA Teh HaR § et 21 A 59 oo 1 e 2.4 cm ¢,
T hTeA TRETY] o AT &1 AT FHifSC

sk AT 1 A9 2.6 A & — (%) s W) &1 B pm ® @en (@) 1.6 cm
FT s | HAR H AR IUMEAd AT i F&AT i TUMET Hife)

fordht 1 1 feeR o 18 2.5 x 1071°C 71 38 SUfer Seiei 1 F& &1 oM
FifsT)

frfersh o 98 & 91 T 3 W THAA X-FRon gr1 9 wifer foggq-smeer ww
e ST 21 9 T o5 R A Wit fagq emEw —1.282 x 105C ¥, qt 39d
IR S ST T&AT HT MM HifSU

TIHIE o T 8 WA, wifeTd e it qeerope st gaelt Ixit i o SO gl aHeR
1 S #1 Al CogffEm onfk S ook Ty St vl g off S, o SoRie qiomst
¥ N R T2

JoBr Tl Br ¥di® W1 €, e 55 Br 9 SBr W T 81 Wy # FHRO S@sy
Tk 81 SAAM HE&A o awdl | WS i qorl § 31.7% 2 Sl &1 $Uh1 THTT
Tdier faf@u)

37 SEAHM TEA 9Tl Ueh 39 TR FUMA9 i Tk 3T 81 7S 1@ § geiagi i gor
T =2 11.1% aifus €, @ 5 o1 gt fafam)
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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 ST HEAT ITCl Tk ST W A6 h1 3 IHE 7, 3R T g w1 qor | 30.4% =2
afferer 21 39 E 1 Fdie fafay)

frefafaa fafeon o gwri i g o dgd T %9 § HFafeed &g —

(F) HEhiEd e (oven) ¥ fafewTor

(@) AMEE-Hohd | AT (amber) ThTeT

(1) THTHE e ¥ g faferzo

(+1) el ok @ wigien fheol

(F) X-fortoi

LS osR 337.1 nm 1 -84 W T fAfhTor S wedl 1 AR IS B i @
5.6 x 1024 1, A1 $9 TSR 1 &GHAl I TET FHifSC

et T 1 Hra: Hohd Siet | W fRan W 21 9K 98 616 nm R Yeor 9 fafnor-saasH
F E, A

(%) IS *I AEfd (@) 30 Hehe | 39 fafertor g0 @@ =1 T g0 (1) Flen &t el qe0
(9) Sufterd Faleq 1 G&A1 Hi TUAT I (AR 78 2J HT Soll Scq=1 w4l )1

et e W e AR W e ael Wehd 9gd AR eld €1 AfE HiEH GgEh 600 nm %
fafertor & et 3.15 x 107'°0 W H<aT 7, Al GYFF 5N W G F1 &A1 1 TUMT HifeC)
ST afereenatl o STU[el o Sfarehlal o1 |19 U™: ST =41 ¥ohe d el fafeh<or | a1 STarT

Fe foran Sl 71 AfE fafehtor 9 &1 1l 2ns 3R Tfed fafRon 9ia & aF Scrsd ®ierl &1
&M 2.5 x 10'° 7, a1 Hid 1 1t &1 7M1 HISAC

o e T qe-ed fen sremioe HH0r 589 3R 589.6nm W @ S €1 Tk HhH0I
1 STgfa R T Sfoid Sfeersti o ot Sl o 3a¥ 1 TUAT HITS

Hifsam T 1 HEEE 1.9 eV 7, d

() Scafsa fafetor %1 geft w34 (@) eelt gl &1 T Hifsw) 3 difvan oo w5
500nm %! TI-54 o T TRl feman S, o Fierel gU WieEetae 1 Tias S 31 3 &1
TUAT SIS

va ifead u1g i fafe= @-<sAt o @ fasifta fan wmar 8, @ frefofaa oo g
| E -

A (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

TEell TI-3A e feerieh &Y oM wifeT)

TehTe! ToR[q goma g o feer oTg | Wiesead i Sas 0.35V i dicedl gRI Ukl ST Fehdl
21 S 256.7 nm o TeIferTor 1 U= fohan S 8, df feer g o folq shrfther &t o shifsy)

Fff 150pm WI-<H w1 BREH TH WAT] W THAA B AR U I ol g Solaq
1.5 x10’ms ™ 7 ¥ 9 Fehordl © o @ Sl i MM Hifse, food g AT @ e gen 2
WY ST R IS THAY n Fel § ART BT T HA n=3 H GH B € 991 T8 v = 3.29

x 10" (Hz) [ 1/3% - 1/n?% ¥ <000 1 Fal 81 A€ GHFT 1285 nm R Ifad =iar &, a@t
n o AF &I UM HISC 1 TIaH HT & FqEu

IH IS HHHT oG-S5 R MO BT, S 1.3225 nm 51 a1t el 9§ a9 3R 211.6
pm W GATK Bl Bl TH HWHHAU i UM 1 AW AR TAH 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

WEE faam

2 Sl g WfAUiEd $o7 o qed SAUER ¥ Soide geuee w1 @i g, T S evpett iR ot
W o w1l i @it arafia giafee o forg SwET W o S #1379 gensel § A seiai @
3 1.6 x 10° ms™' €, o TH Soige § Had © Sl <54 i UM it

TR fgadT & Tam =g foad geassft i stoet #1 g & fuio § v fman s 2
If% 78l 800pm 1 -5 off S, Al =2 & et Afeneifirh o 1 ToMT Hifsul

e S o FoH e | e[ 1 o 2.9 x 10°ms ™ ®, 1 TEQ Heltud 2 sl ai-54 &1 MO
HifsT)

T W2, S 1000 V ok fawarat § 7ifd o6t @1 8, @ Fefud o7 4.37 x 10° ms ™ €1 4% 0.1 kg
S| 1 Elehl 1 g 3H o1 W TiHE €, @ HE Wafud q-<sd i TOET it

¢ ok et 1 fefd 1 4 0.002nm 1 Yodl W W Sl €, o goreri o Gor § Syfeaar
T U RIS AfE Teiei 1 W h/4n, x0.05 nm &, T 1 36 HF i e ¥ g wiag
B2

T: SATRA 1 FeH H&A A G ME 1 SR Foll o 9gd hA H oaieerd w0 5 o feme
F TS T 22

4,1=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 Tela[ Bid Bl THoh 2p helh W ©: Sola, 3p ek W ©: oA 9l 4p
el § U e Bld €1 ST U A 91 Selage Aqd G9TEl AR SE S9e hidl 77
frefafed § @ ®F W Fah STE TEE STEY ST FHT?

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

AL T Si ¥ 3p Hereh W YA Sola [ Bid 1 i TN Selaq AWk  Afersh FHe AR
SERT SHAHA HAM?

T SIgHd SeleeMl @i 9@ daRy (&) P (@) Si () Cr (F) Fe (¥) Kr

(%) n=4 9 gafed frad Iuher €2

(@) 39 USRI H foha gerae sufted =i, former ferg ms=—% T n=4 %

S 3 3 3 =3
| | R | I
W W s W

SR
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