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STRUCTURE OF ATOM

ELE

39 Thdh o 319 o oI5 M-

goiae, WIS qel =2 i @Sl 1§
Ioh Sfarcreror © yRfad & geh;
AT, TWIRE TF R o IH]

qisell &1 U T Tehil;

T o FdleH A Aled o
TETYUl AL hI THH TR
foga-gesta fafrwor &1 gsfa
Td sk o Faiey fagia =1 gud
Tohl;

gehTel fag[q-JTa qe TR
TYFH] o AU BT UM R Fehl;
< St Fel e BIgSier ST
fagia & sAfyerea &Y Teh;
THI] & ! FeH TS o6
w0 & R B wE;
AThars TaGId, qSell 1 3TaesH
Togid den g€ 1 SAferehad agehdl
7\ =1 9uiF & g

TE[S o Selaie fa=ard foa

Tk

11084CH02

fafy= el o TaTafih FAER W Yo (Afaerar, 37a Garosi &t
Tafter Grer ¥ ffga fafagar @ gerfad gidt g

IR TS AT SRIRT R 9gd 98 | & (400 $.9.) TWEISH
I i YwdTfad fohan T ol 37k fo=m o fof o] 57 o
ol GTEAIHS 91 B 21 3ok STHER g1 & R fasrsy 9@
Ifqd: ] T e g, T e fawfea == e s weman
‘T’ (atom) Ve Wk A W Seq= §37 §, T atomio w1 31l
‘T HE TN el (uncutable) A1 ‘AT’ (non-divisible) %ﬁT%I
TEt ¥ fouR Sheet shoudl W MG & 1R g1 Wi qlerr
I I GG TR o1l 9gd 99d a4 foem fRdt gmmn o foer T
& Tord @, W 180 wrarsdt § SRt 7 3 W R 9 =t < g
Y T

T 1808 H S Sleed e Teh fofe¥] Thal STeATash o gal
AR AR SMUR W %4 o1 W] fogia weqa foman s+t fagi,
S “gTeet o1 uRwTY] faegia’ e S 8, WA i u<ied 1 g
FT (Thb-1) T

eeed o TY] fagid 9 geraH o ' o frm, fer
Heed o6 a9 a0 Tfora-3Turd o 99 i Ahciargad e &
ST Teh!| AR a8 T FART o IRoTEl i aftg wE | fawd @il
IR & feu— i LA TAATES (ebonite) i TTH AT W
(fur) o T forg W fergq e &1 Safq @it 2l

TH Teheh 1 BHH S YRR Yeroli @ 1R femen €, S 19
ISt o S qe 20 o IS o SIRY | SR g feRw T
oY I wRnfud gaT foh mm] B HON (SATwRAfvEs HON) W A
TolFe, Tie qe =g ¥ 9 B0 &1 I8 RO Teed i uRom ¥
faopal et ot
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TIA] HT G

2.1 ITFUIHTIUSh ShUTl ehl WIS
i o foga-foasi enfs @ o aftomat 9 o
1 AT o 9R A 3N e 9 gg1 g qRomdi
1 == I Y U8 A HUN & HGER & aR o
T I8 o a9 w=E | @ e R e sy
TH-E I Yfaehfua qen fauda T Th-g&R i
AR e B
2.1.1 TAGE ht @ISl
T 1830 ® uEeha e 3 <uiar fF afx fed
foeem W fogq warfed &1 STt €, @ SolRiSl ™
R e 1 fagsa ﬁ?ﬁ&iw (deposition) %ﬁ?ﬂél
I s Fram aare, fomes fawa o o 124 wen |
T2 | 9 IR ¥ forq 1 it Yepfa oF 9 o wa
wordl &1

1850 & WA | e oAk, faeiert thae |
e w9 ¢ faffaa afeereti, i< Reire faor
FfeAenTd el S 7, § faga-fosiT o1 etegem oy
foranl 58 fo=1 2.1 (%) o < @ ?) hedie femaom
et wig T S B 2, fSOE U ok S T
H foagq-fous =t faw = @ @ 3= fava =
Uferd foman S ehar 21 shiw w1 Afeshed § fafa=
el o T@ i Taiad g FEE feren T 38 geR
9 ToleRiel W 3=d dieedl 1] & TE, @ Afcrent §
FUI H N o §R BOTHS SoieRiE (hUe) 9
YA Foaele (TAIS) i 0% foR]q w1 Jam8 3|
Bl TN Th! heire Taut e1een Rt feRtor moT
Fed 2l

frata 77 =i
hls GE I | | I\/_:® Q_"ﬁg

T 2.1 (&) TF Sole far fags o

29

helle @ UHIE q% FaRuny & yamg =1 sifafi
S o fau THie ¥ fog 9 THie & 99 Toff W
THed wered (Y7 "ewEe) &1 o R s 2l
Sa 3 Rl U o 8% § 9 ToRa e aewise
1 T W THAA 8 qU &l Teh THeh I g o Il
2 [fe 2.1 (@)1 39 99m % 9RO w1 WRW
Frreferfed 8-

frafa wq i
. ) i o
Te®,

fer 2.1 (@ ) G55 ST U SHeie- 101 fagsi+ AfeeT

(1) Hefre TRl (cathode rays) Fele 9 IRy
BIhY TAIS 1 SR T Ll B

(i) & fortol T fe@rg 7t <cff, W 3ok SRR Wl
T den o ffved yeR & ugel (Tpa
aen wiadie) 1 Suftefa & <@ <1 @k 21 4
Teref g7 oLl o <o © =Hehd ©1 Seiteis
et iferent Sheire fervor Aferert gidt 81 e, el
TpeEie we fadiet qaref o iftd e € o w
IRER ISEUS RS

(i) o[ TR gaanra & 1 erufearfa o 3 frvol
et feom o T B

(v) fagd ok gewia &= =+ suftafs & e
foReoll o1 oTeRR FHUmCfe wOi oF sTufer
HIER & THM el €, S 7 fag w2 fw
whefig Tl momafia o Bd B, TS
TR FE €|

(v) cheie-fHeonl (siee) & el helie oo
AfeTent o Teloiel o YaTe Wd SEH SuTked 19
i hfa W R &+
S gRomal @ ge fred faoa @ fw

TeRH Gl TRETEt & 9ol Sew B B
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2.1.2 SHEE R STAYT FHUE U
fafeer difaer fomrt AL afedq 3 97 1897 ¥ Shalre
fepgur AfeTeRt o1 SUENT ek 3R SRl o 9Y W
fore oIk gaehia &9, S Tk g & oead o, @]
ok AR o T STAT (e) 3R FFHH (m)
o= ST " (e 2.2) | o fog &= &t
Iuftefd ® e oTR Y ¥ faufad gt fag A

(fest 2.2) R helig fomor Afce & zohad €1 e

YR ohdcl Gk & i Sufeafd ® soee fog

C W heffe fHor-Aferht @ 2o € for 3R

JaHRE &F HI Jgad o FEgHYes dged 9

TRl 1 Ui Y W SE TY W A9 oA

S wehdr 8| 5H R 97 T & w1 euiefa | em

e 7g U W fag B 9 o €| oieEA 4 98 ok

L O T T T AR S B

Iufeafad H solael o 3T Uy 9 foge™ &1 Am

frefafea ol w fei et 8-

(@) U IR HOMER hHT HE SAfEek BH W TR aen
SR &5l o WY 3T TR wg S € 59
R feraer atfues g 2

(i) U H FTHAF-HU ok ookl dH G fadeH
Afere =iar 21

(iii) ToRIA s1ereM GaRia &5 I YAl oISl T
Jieedl 1Al FFIhE & HI Ydordl dgH |
TSRl 1 gl Ud § oo g S R

wreE fagm

oI &1 1 e a1 gawTd &3 i gererar §
o fordt T 1 3uftafd o el o fa=em &1 @
1 TE-TE] WY ek AN IEh UHU W e,
e/m o HH %1 LR HT Foh—

e

= 1.758820 x 10'! C kg (2.1)

W& m, TR B A kg § SR 3W W
&9 Ferd (C) | 21 ik seia HUmEfiE B €,
3A: ST W ATEdfersh (SRUT) 3AEY —e @

2.1.3 TAGRET U ATAIT

IR, Tl (1868-1953) F Soiae W TE9 o
freicor o forg s fafy dam #1, <1 a4 de wE@m
(1906-14) HEam 2l

I T 5 SeeRiT W S -1.6 X 10-19C,
fagq 3Teer 1 Ff=a9 WF 1.602176 x10°19C #1
ATHHA o e/m_ 31U o A ¥ 37 qROmH 1 G
ek gAF H 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 solagiv o Y1 3R SAHA o dre U W 60T XA T STHIT
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fafore 1 ¥ % 4% fafa

z9 fafy # &3 (atomizer) §N 3= FB™ &
w9 H qd I g ! foaEq ¥9f (condenser)
IR H = § sufeed SR @ fox 9§ TR S R
T 91 & 1 FT AR TG R AIGHIHIGH A ok
B @M T T SRf oh R T ST ki ARy faferehe
TS T S % FAHM I HI k| TR h 3 I
g X-fRorgs wenfed &ven smaf@ foman
et oAl qon dt dai o Woug W Ao gl W TRy
ORI g dA HI T ga W R smem
XXt R 3cq SATURITOT Al A G SO
TN T STAfIG I i &l T fRAT AT S TR
%, @i fRan 1 wear 7 stean feor foan ST ook
213 I W AEY IR e W AN Sicedl hl Yor
T georr W R Fw T 9 w1 I # A W
EEsEERENrICRECicaR el ek AR LI |
A 7 ke frepren fo 8 W fagq S (q)
TR THeN o @, () T U Bl €, Ui
q=ne, @ n=1,2,3...

ferg 2.3 aaer ‘e’ W @ for fafersd &7 4 #1 g%
ST Fegh H MAEE T FT 55 T BIARRT
aT: TecAIH Y, fogq &7 & HRU Agqeiae

T I TAR T FeT

2.1.4 WEM adr < &l @it

ufafda shefe freo Afasr o fow U fagq
foqsit @ vaft +o = @ g, N e
et oft a1 St 21 39 ey w ol o stfirererr
aferfiad € -

31

() el foReon o faud, sAmafi o 1 gemm
hefre fertor Afas o Sufterd 719 1 wepfa W
freft s B1 A weRe eFEfe T emE
g 2

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

(iii) F© YAERE FH1 foRQ AE F A THE oK
T B g

(iv) deshra don fagq &= ¥ 39 Ful *1 HRBR
TR 1E hele Yol g Uferd oHeRR &
fauda 21
G Bl 3R ekl €9 EA SRS 4 Ww

B A1 T W ®ed 81 3@ YK H

TR Ul 3R THoR WeTuT 1 gfte T 1919 H &% o

IR H W] § TH R ST HUT BT ST

Tegd &1 TE| 39 0T 1 T T 1932 | ek 3

ATTTH T oc UM o6 TR | Hi| 59 UEH o R 9

FT Afeh qR Al foagd ST wu fritha gw

IR Z7 HUN bl =S Hel| 57 Jol U o Heweqol

o7 |t 2.1 ® faw g 2

2.2 UIHTUT HISST

T 9T H AT T YT S 9T Yeon § I8 HId gl

o eTee o Ifaea W] § M a1 U

e AT HI-YHY] (sub-atomic) W%ﬁ%l
STEAHIUEe KON 1 WIS o o1g ARl b

g freafatad ger g of -

() TXEI] o T T TIRT;

() e o O A Hifder @ WA FeeR i
g

(i) fafa= s o SUem 9 faft= geR R
STULSTl o S i AT T,

(iv) TRETORT gRI SAAvNfud steran Scdferd fafdme
foeqq gota fafereor &t 3cafa den w&fa =i
TH
T ST FN o TRE[S | foaeor i S

FH o fau fafa= o] died gwafaa fea )

gy 371 ¥ B HISH g U o T s s

TE HT S WHI TAH W TH Aled Sl ATHEA §N

AR O IR IS g T f&har @ g e

foraror aTmt ez T 2 -
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wreE fagm

WROT 2,1 A HUN ok 00

2.2.1 UIHTU] Rl LHEAT HISA

T 1898 H SI.S1. oA A it foRan foh owemo] T
T At e (= @ 10°m) g €,
e eree w9 w9 9 faafia @ 21 38 W
TR 39 TR o B € foF SHE Tl feer S
el W €l et € (Forst 2.4) | 39 Wit i fafi=
TR & T T T T SeRome— m YRET (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LA o e
1 e el WS % GWH " T €, foe
TR HH: WIH Al oS 1 0@ Iufterd g1 39
Hisd %1 Th Hewqul a0 7 7 o 398 TRAm] &
AT QU RA] R GAF &9 F s g3 A T 2
T I8 Aied AN FHi foagd SIEAA H T
X o, forg I8 wfosg o YAFT o 9RomHEl oF 9
TEI qrE T ofEEE 1 E 1906 H Hifawt § A4t w1
foregq wrerehal R dgifaew wd yEife S & fog
o R ¥ TEIa foman 1@

eI ERI G

feard 2.4 THET] &1 91997 Hed

2020-21

195 |t o TR srefw ¥ fafe= geR &1 feRton
%1 @ gel faeed U= (Wilhem Roentgen,
1845-1923) = T 1895 W Tuiian o eheiig fervmr
Toit d SUfterd Ui @ ThUH W Soleed Ut
U0l S Y ®, S ohelie fohtor eft o Wt
@ gfasra (fluorescent) wsred ¥ wfasifa sca=
F GHA 21 ik Teod &I T fHEn # ufa
W1 qaT &l o, oT: 3B 3% X- foRIon 1AM
fe, St ome ot wefed 21 W@ @ T R
ToaRMl oh Sif¥e BMd e U1 UAE dsd §
TH % SR gAE X-fRl S Bt ?1 X-
ool fagq den gawia &= 9 fasfia (deflect)
T e T oz fen % uwd § e w=
e (penetrating power) et ®1 F@l
FNU ® for aeqell o ordlte etemed ® 1 feRvol
F OIWA B F o fETON w; w-eA
(wavelength) sgd %H Bt ® (0.1 nm) 3R
FEA-FIHIT FIRR W § (TS 2.3.1)

&1 g% (Henri Becqueral 1852 —1908)
3 <@ for o o fafwon w1 SEsH wE w #
3B 30 ufEeT i eanfaeaar (radioactivity)
FE qel ga fF @ @ HeAnfea o
FEAW 21 TH &4F H W Fh, R g e
qe weler et 4 fasfaa fean s99 @@ TR
F RN, o, B dU ¢ H IESH I@T T
TR 3 9 T o fFon & QIR oA
AAY R IR THE WA FAHH T I Sl
FU e ¥l S Te frewd freen &R oo w
Aferem i B €, FifF & ot & ™




TIA] HT G

et o U1 e @ = ww@ § P
TRl o TWHM SRUNCHS 69 ol 0 Bl 2l
y foreol X-feoll & gum 3=a e fafewor gt
g, fo et wpfa Saeia et @ eIk foreht wig
HUT e BN WS SHAT HaW wH o RN 6,
3Geh A% B fRTon (o HOM W 100 T AfueR)
o g ek y RO & (a0 FO " 1000
T SAfR) e 2l

2.2.2 TEIHIE SR ATTHERIT U] HigHA

TS 3R Uk ot 4 (9 7R ek e
AEeA) 7 9gd Udel @ &1 9= (gold foil) W
O~ U1 T SIBR | TIHBIE & FTETG o-H01 THT0
AN i o 2.5 | @ @ R

M 1 qaett 9= (100 nm HIZE) T 3T e
ek Teh ASAfFd B 9 3=d el arel T HUT
H OGS TN TH GACH U= I BRA U FATHL
yfasifasiial (fluorescent) S ewTEe T 9 BhiA
T T S R ST HOT 56 ShiT W THTC1 B, Al
TR 1 TRREIE (flash) ST 2idt 21

YehIv STYART o UMy HTRT eFufer o
AT oF THY] Hied o IUR Tt § Iufked 9
o Ueh TLATY] 1 SHM T THN] T T THH €9
Y < g3 BT ANEW| T HON A Sl 3a-1 i
2t © Toh o goqu oUW wHE faar &1 ot @Y ar
Y S| % 37U off foh Uxit | T o g Ol
1 TIfa el 8 Sl 31k SRt e wgd % v °
] S| 3=/H @ fh—
() STeRTY ST &1 9F i T 9 faafia gu

IERIREET R

—

SEfcal el

(h) TGS & FHI9T F9T

33

(i) g HT TCH FHU B FHv ¥ faaifug gu)

(iii) =Igd & &S HU (20000 H ¥ 1) G T 3R A2
ST TR 180° o h1VT H IhT Ta&d0T g3l
T Y& o STHR O WIHIS A AT hi Gl

& ar | Frfafea freed feeme—

() OHIY] o SET AR T e g ©, iR
AT STEHT 1 HH 1 Toll i TR HT S B

() P & wERE o w0 fGef@ 2 g 9.
fagmur st g STt dfaendo a9 (repulsive
force)é]?W%ﬁTﬂlsﬂ'@ﬂ%’WW%ﬁF
Afrge o foam o faudia oRaTo] o 31eR eHae
TAF &Y 9 s g & {1 eAEY dagd wH
T o 37T Hebfad 1 =feq, foed gamEfiE
3T U o1 Fidertor AR faeivor gan el

(i) YEXHIE A UM e f@mn foh AR 1 S,
TR oF e ST i gorl | 3Td THH (FT0)
B 1 WH] B A 100m B €,
Safeh AR i B @9 105 m e Rl
3MHR o TH AR HI 3 3H a1 o T 5T
ohel € T afx =ifes =1 fopehe =1 i e =
ST, A TXATY] Y B S 5 km BRI

faafua o-=or

(@) 94 i = 1 TS o

T 2.5 UGS & TF19 GaNT &7 @i 931 519 G &1 T gaeit 96 T S76FT (o) &0 #1 dI8R (shot) FT
St 8, at SgH @ ST FUT FUIfAT §U o TN H R X W &, el F H1 [Feiqor g s 2
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IR GeTuT S IO o SHR W IR
= URHTY] HT AIRT Al UK fhA1l 39 Aled
h STIE-

(i) IXAIY] ST G qeAl ST SHHAM Teh 3Tfd
e & H ohigd Bl 1 IXHTY] o 39 31fd 31eq
AN & TIRE F TIfTw’ Fal

(i) 9w o IR AR oo JAR Al o=
R (orbit) F& w1 &, | agd dsil ¥ IA B
Id: RIS 1 WA Aled GRAsd @
foreran-S[eran &, forem g =i o o= g @
R 7E M T o T B €

(i) TR IR TR oG § ST % frer dEq
Tl % g oY wd 2

2.2,3 UTHIU] AT qAT GHAT H&AT

TE T G Ik FISHl % RN Brdl 1 S

TE TfUd B YT €, WA W A& SoAa[ ok

O o aeR, ifer faqdia fag w1 eiar 81 g'en

a1ef 71g © o ifyer o Sufter dieiAl 1 g wE

TEA (2) o TR BRI € AR WMl ®T HEm

TESSH AMWE H 1 SR Hifeqw § 11 g §, o:

STRT TXATT] ShHTeh ShHTT: 1 QT 11 BT URHT] <

ITA T WH % fAu SHH golRAl @ EeE,

el I TE (WHN] &N Z) o a¥el gl

IR — TIES q HTSaT TH] | Serael ohi

G HHY: 1 qel 11 Bt B
UYHTY] WEAT (Z) = URI] o AT H

e & |

= 3ITEH Ty o
ERCeicd)

& (2.3)

TR 1SS SHH WA o SR B €,
TR e T FHAM WeH a1 FS T S Hol
(S99 g@® 1 SHHE Wed o SHM o TRl
e Bl €) o RO Bl g1 3@ S Rl h
R (n) Fed 1 ATR | Sufeerd WAl iR =gt
Eﬁqﬁﬂm(nucleons)mgl ?{W\%ﬁaﬁ
Tl AT I TR 1 FHHM GE (A) FEd T
FEHN W& (A) = WE & §E& (2)+

e[ ht @& (n) (2.4)

wreE fagm

2.2.4 QUG T 9HHTR®
foret ft TE] & TEeA W d@ o Wik (X) g
eI < R 7, ford a1 iR uek qd-or famn
S ©, S A SSFHE WEAl (A) Bl €1 o S A
SAITTE % T H A wen (z) fadt s g,
HU 4 X FAWTRe: THF SoME Hel, W 9=
TRHTY] HEA o CATY] BiHT; IEENA— 14 C qen N |
eI R oI WA B &, TSt T ge (2)
TAM T S e (A) T gt ®1 g vl ),
THIHIN 2.4 % AR, Tg W ¢ fF gueenfiei ®
3T HT RO ATAE | Iufeed f9=-fo= =gt &t
T T ST o fon R & gregiet W]
99.985% BTESISH THIIST § shelel Weh Wi &iell ¢,
o wifeam ('H) Fed 21 99 eEgeH T ¥ |
e B B EgEiiaw (2D,0.015% ), forad
1 T T 1 =52 B § iR rgfeam (Tritium,°T),
e 1 Wiei qen 2 =g B 21 greferm gedt o o
A A A S B | el o e o Sl o
&; S9— whreH, fSd 6 WAl % St 6,7 9 8
=LA (12¢, 3¢, 140) B €; FadH e, e 17
WAl o T 18 [N 20 =g (B¢l ¥7Cl) B &
Treentehi o foma § sifaw Hewgel @ =% @
o T o TEEtTe T seel w §e gR
i g €, S ifwes o et w1 s g fawifa
Bt 21 s o Tt o W e w1 ge
Y9 Sgd HH B 1 3T TEEieh sifafwansti o
it wEeeh Tk W SRR S B

ITEIT 2,1
SOBr H WA, =JHl 1 SeiaRHl hl Gl i
qfehet i)

&'A

Z& ¥Br, Z = 35, A = 80, TS I T
JIHl S G&A = ToiaRHl &t 9= = Z = 35
Il i T&AT = 80 — 35 = 45 (FHIHI 2.4)

2020-21
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SETRIUT 2.2
TRt wielsT o sorae, W qen =52l i S
HEI: 18, 16 AA 16 Bl THHI YIS Uk
fafeu)

'
TH] G&A-HISH i T& = 16
IE qed GeHL (S) 7l
T SHATH G&AT = YeHl i &

+ 2l I g

=16+ 16 =32
TR H G % W T 2l T TH
RO (SRUTETT) €, fSrent et soseil o
MY o SIe € = (18 — 16 = 2) THehT Talsh
2SRl

e : AX Hopd & TN FE ¥ Ted T8 T
R o fr I wiefis SSEH ) § stemn
T A1 KU ©| A I8 ST WA 7, A
TR (2.3) W= €, forad

TRl i T = SeaRHl ohi T&AT = YA HE&
B Bl A winie o €, @ 98 fwifa
FHife foF Wl &1 T&N SolaeHl & e 9
feres © 1 1 IS 31faes ® i sherd (&)
3R A 7, A T (F0ME) BT =2 St g
TN A-Z 9§ 9l 2, 9 Tl SedE @
37 3T &I

2.2.5 TE{HhIS HigA o S

ST fF ST S geh ¥ WIS 1 ARThRE Hied
YA %1 Tk B2 ®9 o, forqw s 61 9 g
1 e IR T hl Booh el o1 a¥e el T4 o
e GRAEe TR TerEra Fitent* i on] feren s €
A g wera @ 7' g % =R @R fafvea wee

35

% g fean S wehal 81 ST m, 3R my, FoH, 137
ATl o |9 w3 G ey feerien gl
21 39 fagia O el *1 wansil o 9N o Tel-T&l T
1 S Gehdl ©, S YR 9§ Hel @il 2l

grusd 3R TiWhg digd o wHEd 9 98
gera foeran © f selaeiq ifae o =) @R ffv=a
wHenet § A A T, THR oifafem soleR IR
T & o Hem a9 (kq,q,/rd) B S, S q,
3ﬁ'{q2 W,rﬁ%ﬁ%qwaﬁaﬁﬁ?k
ST FeeRis €1 el et TR 9 § Tecrehyor
o1 o TUM Bl 81 Wy 5 hiE fug e wman o fq
W%ﬁ%ﬂﬁw (acceleration)mﬂﬂ%m RIS
e foret wmen o feer 3 9 ifa &2 @1 &, o off faen
TREe o HRUT ITH @01 BT A1feU| 31d: Aeht™
Hied | wensti ¥ IAd TS HI WE Tl w1 ot
@ BT 1Tl Hedee o fagq geskia fagid &
STIER, @Rd STEfRT &l i for@a-gaswa fafeo
HT IS HT MM (T o W W@ gwie T
B, TR o ST F&l BId) | sty fonddt e
Sufeer gelae 9 fafeor scafsa g z@ fafewo
o foT o1l gefaeieh T 9 T 21T 39 YhR el
(orbit) Bl BIdl ST | oSt § =18 qaT werd ¢ o
séagﬁaﬁﬂﬁaw (spiral)@ﬂf%ﬁqgﬂﬁﬁ
108s o, fohq ora o wEn Tl ear 21 39 YRR
IS SR hi I SRl FoRewd ekt qen foaeq-ges ™
fagTd o SITER v fhan ST, @ Il 1 T
Tiga fRelt TXAT] o T S AT &l &Y T
21 3T I8 YD Tehd € T AR henafi § gerael i
T & TR SRR B S €, @ o e 9 gt
1 AR o TR SR feer 9 o 82 %R e © fe
g gl 1 for 7 S ©, @ Tfus e
I TR 3R St o s feer deq s o
T SoaeHl ! AE w1 AR Giw o, feg afree
THIY] Hiedd 1 Tk o5 €9 U &0

TIHIE o W] Hied H Th a0 TR
7 © Toh 78 TAIS 1 goieeieh |l o AR |
Fo ot gui &l wdr, ST S9E F% Ul el e
o Tole e o =R IR ford YR faemm & 3l

mlmZ j

H ¥rd €1 T2l & o TRy §el i (G- 2

STRT Sl T 272

*Ferceerd =TT Agifaes foam 2, i =12 & ‘i & frei’ W enuiid 21 9 Toel asgat & ‘Tfd & e’ =1 guerd 2
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2.3 SR o UIHIU] Hise o faehma
= A
faeifas €9 H 53 o Wy fafeo &1 ==
foramstl o ST W U URomH W e ud
T[Sl 1 WCEl °oh HaY H STAH o W gal
Hi IR 7 34 IR w1 ST HLh CIES GN
gfqared Aied ® uR fhan aR o6 W] died o
o & < fagedt =1 een gfte W R
() foga-geshia fafeo &1 §q raer g, fom
ol 7% B fon fafercor o den o1 < ok T
TR Y T
(i) ORETY] WEH W Hafyd YA 9iond|
ee g fagd gasa fafeo o §d Faer &1 ==
| IH] WFH ok YEfTE qRomdl e == @ve
2.4 § I S
2.3.1 Taea-gaasta faferor st &=
Wehfa
IEel Wt o wem o sifenifesl 3 TRA aeqge W
sTaeifod wd Sfsia g Al faferton 1 afsraar 9
s fhan 37 fafeon i e fafwtor ser s
21 S TE W 1 RN w1 fm Foa fafeo
fohed o Bid €1 o1 98 well — wifq 3 € foh s
JHTE T G T B E e SR M SFeeRomaR
W MG © S fop S=iaelt 9t & w2 a6 7 e
off| Foita fafexor o fomi @1 gduem wfsraar o
SEIT 1850 H g3 1870 °h IR H STH ek
Hogae + ge fagia fasfaa fran for faga gewm
T AP HON g S et &1 39 fHgia W
TR e a5 H 2 729 3 foam @t 7 forgq.
Jasa fafewo o fava § o qeai & ST S
Hagdel (T 1870) = o Teet Maferd et & o=
=11 femamatl 1R Toel WR R foreqq qen geehi &
o FEAER hi AT &l 384 I8 gaa g f&
farg A ol w1 S wfid fohan s €, A TR
fagd @ gt & S B €, 78 &7 fagq
ﬂﬁﬁﬂ'ﬂﬁ@ﬁ(waves)%@ﬁﬂ?ﬁﬁ%ﬁ%’,ﬁ%
?ﬁg@aﬁwaﬁmﬁm—wm
|

wreE fagm

TeRTeT ot fafertor =1 Tk w9 7, fSrEen! S
oo qd @ % SR T W T % A
GO I R T T g H (RJSA) THTT HI HI
(Wﬁ’ﬁh‘l’i, corpuscles) T &F1 3T HMT STl A1
199 TRl | YehTRT T TT-Uh{d Afquiiad gel

el SR Hereel J Sar o Wehte a3 Qe
ferga e gk g =aer § Gt gt € (Fost 2.6),
eIy SEA-gae T T I T B GH Sted e 2,
dAfer g0 el 2 Fm T W faEr S

V4

N 83_)[
fagﬂl/m
Y/ HE
JahI & TH 1 fem
fad 2.6  fagq-ga=ig @7 & fagq a1 gawi &7

2| 4 e GHA FI-554, gl T a9
A a1t Bid €, fhg d Tk g@R @ oleaq
el & @97 #d Bl
() SEHA ERE wON g S fagd den
JeH & Teh T ok @add 2id ¢ 3 A aw
o ROl 1 fowm o off oiere 2R 2 fa -
T 1 Th WA €9 o 2.6 H @@ m=m
(i) =AM AYEr SA-am o fouda faga-gas
T k1 fepelt ATeam 1 STagaehal TE Bidt 3fR
3 frafa & Tfd T gedt 2

(ili) 379 T T T e TG & g1 ¢ o g
oo 9 TeIfehTul g WehR o €I €, TSTeht aarr-gead
T g Tk TR W f B 3 T Ay
frereRR faeq-gaia Taen s € (fo 2.7)1
TerzA o F-fre & o fom-fa= am 21 g
I & %i‘@?ﬁ—a@ﬁ[ (radiofrequency) &,
(10°Hz o TT) , TSrEeRt SHART Y8R § fopan
STl %; H&H T (microwave) &7, 102Hz &
o), e S9EM R H R S o©;
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TIA] HT G

31eX (infrared) &3, (10'3Hz o TR1S) , et
IUGN TRH T B € 94 WS (ultraviolet)
&, 106 Hz o ST+, it ¥ ot fafezor o1 wah
AT Bl 1 T 10'5 Hz o 9ig 9 &%
YR S99 (visible) TN Hed €1 heel e
¢ &7 T, T8 Tt offe <@ (Hgfed +T) Tt
g, 915Y9 &5 ! YEEr o fou fawi WehR o
I3 T eI Bl 2

fore ST fafo ) <9 % ferw fafr
YHN oF W 1 IHEN TR S gl
fafereoll w1 emgfa (v) @en @<= () g0
wIRE fran s €1 emgfa (v) 1 SI 9
A e<d & W W gl € (Hz.s )| THH
TN 1 39 T&A o ®9 ° qRefya fean S
2, St forelt fog @ wfd dehe ToRdT B

TO-<E o U oelE o U g =Ieu
T ST A9 HeR (m) H St 81 <k foregg-gareh i
fafertor o B W-3e4 1 a0 Bl &1 Theh Ty B
A=eh! 1 STEeaehdl gl & ora: fast 2.7 o fafy=
-l e engfeal Al fae-fae weRR
forga-gamta fafwo =1 fe@mn = 2

frafa 5 |t whR o fagd-gaswa fafeo,
R ST q-3o o ot 8, Tk wuE T, e

(iv)

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eid 21 30
T Sl WeRTST &Rt 7T (speed of light) &d g3 ¢
g 4 <uiid €1 e (v) Ta-S=d (L) 941 Tl ok
AT (c) i Fr=farfaa T (2.5) R Hafyd
F
c=VA (2.5)
T 1 adH o e T gl i, qer-gen
(V) &1 STam fwan S @1 9fd g oerE ¥,
?1'{."'[—%93? H & i aT-GEAT (wave number)
FEd F| THHRT HEH -9 o HEH HT Ik
AU m! BT 7, AR Q= TAT B STl JEs
em (SI 9 &) 2l

2.3.2 faRIa-—<Sasta fafeor &t woita
Uehfd : wiich okl odied fagia
o= (diffraction) 921 SAfdHIIT ** (interference)
St o wrEifTer fteeiet i faeq-geaenta fafmor
1 T ThTd g HEAE S Gehdl €, Alh HO
Tt 1 194 Tt o Sifask foe (S aRafEs
Jifcent’ el 8) & foer-geha fagid i ggrm
F oft afirq Tt feran S wehan A Yeror fefertea §—
() m™m fic ¥ fafeor =1 IeH  (Hitoren
fafertur black body radiation);

L(Hz)
Y —femeot X-fwt | UV IR G T FM | AM| o e aa
Ffear q@i
T T T T T T T T T T T T A(m)
10 10" 10" 10 10° ‘i 10° 10" 10 10° 10° 10" 10 10
................... W W
l l l l l |
400 500 600 700 750

TR A (FFHR)

forg 2.7 (&) fogq-gaep1a (6o &1 Tagw (@) 599 T9gH| | Tagq 1 T o 91 977 998 8idl &

* fopdlt a1em o STHT X oF g i faedw wed €

** T TAM Sgfa arelt < a6 faert Tk T @ St 2, fmen Sfem § yos fig W fasiy, v @@ & 39 fag W
faetis =1 sfsforda =1 wfeer @ giar 81 N 1 39 YR 1 GASH SAfqeuT HEdl Bl
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3ISTEITT 2.3
sita sfean e (fReeht) =1 fafay wRdt v
1,368 KHz (fohell B<si) &l eTgfd W JER0
FI@ 21 GORE (transmitter) ER ScATSd
for SR e = a-S T
Ig Torgga-gereh i Wegd o fohd & o Haifud 272

'
-, A=

ST ¢ Frafq ® ford-gesra fafewor &1 3 i)
v g g1 T T W o gfaeenfua e W
C
14

A=

_ 3.00 x 10°ms™
1368 kHz

_ 3.00 x 10°ms™
1368 x 10°s™!
=219.3m

g el ¥ 1 Afrenafies - 2

IS 2.4
99 TFH o T84 1 W ST (400 nm)
Y ol (750 nm) T €1 37 T-<=AT b g
(Hz) ¥ Yohe HIfST (Inm = 10" m)!

'

GO 2.5 o STER, ST WehTel &1 ST
c _8.00x 10°ms !

V [—j—
A 400 x 10°m

=7.50 x 10'* Hz
A GehRTRT ohi 3Tgfd

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

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

30T 2.5

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

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

= 5800 X 107 m

1_ 1
A 5800x10°m

T/:
=1.724x10°m™!
=1.724x10* cm™

(@) i (v) I T

3x108ms!
5800x%107° m

v=%= =5.172x10% s

(ii) Tg ! Fag W fafrtor o TR W el HI
TR (geRTer-fogd 9+me);

(i) 3 H AYEM o W o 9 H SHEHTRGT
Tied;

(iv) fomIuet BEge™ o d3yd o WAt ¥ 3@ T
& weH|
3 ufteremd i et @ o fenm shear feedt

g A § € Sl o Gehal 1 Gt Herferd Seid

TR AYET IS &l i Sl Feha |

g ©AF A dielt o © R T 1900 H e
ik g1 TaY U SWI Seeliad FHivrent foehior
1 s 3F AT hi Te| T eH Teat 39 TR
1 GHFH 1 YT B T 3 e e )

T ¢ foregd T W ferge gkt a-SeAt
o fafetor ScafSa et &1 S=a amm W fafwor
g1 AN TeH o g9 WM W el € WE 19 serEl
ST ® o X 3= (fren yehrer) stfush A o
I Bl €| SR o forg St fenell e 1 % i
T2t H TH FXA €, T THHT T Teel Goohl el il
21 SH-SI9 a9 TGdl Sl ®, JH-o =8 A o
B ST B1 W 3H SR TRA R = ®, a9 el
e aelt fafertor =1 1 9% 8 S © SR S
A9 SEd i Bl §, qa 98 el g Sl €1 gheh
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o 77 ? foF ot fafewor fordht faom @ = eifen
g e € qen g foRdt a9 R A fafewor sifuew
e e B ererfq T aegen grn SeafSia fafae
et o Taferton =t e sreqeti o ara W e e
211850 o 3id 7% € T & o1 o Tk fafa= st
g fAfHa a&qu afg fafy= i w= @& = i o fafe=
e | et Scafsia st 81 3Heh it 78 ot
for <9 fordlt &g =1 wdg W gk (fag gt
faferzon) faferfia feran tran 2 at fafenfa e &1 9o
AT UE & WEfdd g ], o W0 e g €
T T U B ST €1 STqUl TSSO 1 HRT
7g ¢ T Fremmer gere gl fafeo w5t st
Y9I el 2l

T U@ ARy fie S e YRR i orgfa o
fafentoll i Teh THH SeAfSta qen STEia i €,
FOTRT (black body) FE@M ¢ de1 39 fig @
I fefertor i ittt faferor wed € araa
H UE h1E e T el i s o Shitueht o
g G Bl 81 HO0TehT 1 Tk 371 ek dfiehe
e 3% 99 U T B ¢ [fee 2.8 ()] o T
fo5% o STcTeN &1 HIE R Rl BTl a1 H 8% | wew
I aett wiE ot RO T T sfiad ARl ¥ W
Bl el € 3R o1 W 7T shi SeR gr Sfewiita i St
| pfoorent, faferzolt St
Ft Y feweR o BRi
| g SAfdfea Hiooent
7Y RS oF WY A
e ¥ 2t ¥ 7% fR My
T H T SRl aAwa |
I Sl TR e ©

for 28 (%) P f9adl 394 uRaw 9
STERNG S offl ool ¥ IHfod Wl i A
(faferzor =) o) den S Teaed § fomor shae
39k a9 W R w81 Ry T amee W, s
fafertor ot o ai-<ed o " o WY wedl ¢l TR
T W24 W e Afshad el €, S8k oI q-ged
% 3R FgH W IE T Y Bl ¢, S o 2.8 (W)
T fe@mn T 1 sEeh Afdfe S-S 1 wedl € oeh
1 SFe (maxima) oY TUT-<54 1 IR TFARA 8
S €1 fafeor 6t diskr 1 qaEigEE o % ferg

39

faferor 1 el 1 -9 o W o €9 H T
FH & 3R T g

TR o T FGIa oF SMYR W I TROTH i
TSt oA el i ST Tkl Hed Wik 4 T
Tl o ¥R W HameHe giom i fean R
fafeneor o1 sraioor IR Scas ferl (Hfooenr w1
ARl & WA ¥ T BN T T8 AR T
Jaaig faferwon o el o @y e w1 ARH-TRH
F ®d € w3 g A T fafer el &
fafaer (discrete) 9T | sier ST Gehdl B Hod whidh
J A o aE) iR 270 Sheret fafaeR (discrete)
aEE H el Sedted (A SEwiia) #%d €, 7 TR
3erd &9 H| faga-gaesa oo & &9 1 Se1 &t
TSR =Jqm A T SedsiA (A eI B §, 59
WWW(quantum)WﬁWWlWﬂ%
Teh FAICH i Soll (E) 3Heh! TG (v ) o THIIAw
Bt B1 39 TR (2.6) g1 ek feman e B
E=hy (2.6)

T,>T,

drgar

1000 2000
— s> F-=mm)

ferT 2.8 (@) T-3=4 digar qa

sTuTfaeRal feerish, h, &1 wiieh feerieh gl
ST @ SR SHRT H 6.626x10°% Js BIdl B

FAT2IH0T T I Hifed W @S T & &l T2
2 HE o = difedl o frdt ot 9rRE W Ee
Bl Wehdl B W SHoh oI Wl o < UEREl o |
o wel B w9a el @1 Sl b1 we e
= W 9 1S off 8 Tehdl @ W 37 WEl % o
o T 9H T8I 8 Gkl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, @i Hfwek ¥ fafy=
W Idfoa fafexor & daa-faaor #t smgfa
1S TET-<5 & HoH o &I T AR L TRl

e s

(1858-1947)

o ik Weh S k! SRR
g1 I\ T 1879 H Hf@
favafaeme @ Sgifas fawt o
W.TAEL. T UMY TS0 il F T
1888 H wfer forvafommem &
sfeage e femifesa fRfSe (Institute of
theoretical Physics) ® e fga foe mu
3o g U T e fgia & faw 3% 99 1918
o ofifqent § ee R ¥ gEIa e T
I SR SR ARt o o &= § oft
el e

LEINEEECREIC]

T 1887 H TH. BH A Tk 9gd Bl fo=ed g fopan,

e o et (S8— defirm, wdifeam, d@ifvam,

TAIR) T Tae W IYI A AT YT ST W

S fos 2.9 § fe@mn T 7, soEe e ) 39

U 1 WemteT TR wumE #Ed 21 39 wEm 9

e 9RO 39 YRR B

(i) g ! Fde ¥ RIS oh T &f 36 Hag |
TR feherd €, e1eifq g ) Ide 9 solaeq
FTeehTE T2 e W YhTRIYS oh Thi oh o
FIT THI-HAWA (time lag) & BIal

(i) Tr=RIfaa Solaeil &1 W& YT i diear o
G et 8

(iif) IR ©1g o foIw ek stfenerfires =Faw strefa
Bt 2, i <geft 39 (threshold frequency)
FEd € IR 958 w4 e1gfa R ehmer-fagg v
TR T B 21 v>v 3Taf R e see
1 FS TS Hetl Bl 21 Tt ol T TehTeT
1 G o S o WYl Fedl 2l
I GR TR 1 oA1ed IRYe Hifdeht o

el o SR W T2 1 ST Gkt | 39 1wl o SR,

TehTIT T TR0 T Fsll T A YhWT hi drodl |

wreE fagm

“‘iﬁ 5
forea :
wrlﬁ(P ﬁBﬁFTEF?;T

%2.9Wﬁgq—yw$wwwakmm/w
frafq & & T 41g H 9F G W TH [A=d
g arell g HT 0 ewvdt 81 g @
gl (i &I &1 3 U g g1 fird 5
g S It AT Foil w1 AT F @

foref et 1 IR vl W, ForewTfea seeRAl 9 e
3R S8 Helferd TSt ST shi oA FehTel 1 dieran
Y oY W Gehdl 71 Tl Tor <@ T € T frenfua
TRl 1 T YTl i el T 9 et €, eifer
T SRl 1 TS Sl dterar W s e e 2
I o forw, WM o g W Al fepedt off diera
1 AT T 1 ThT9T [V = (4.3 ¥ 4.6) x 104 Hz] 3 Hel
Toh STeTl ST, < S IS Y1k Serargil ol FTehTas
&l eral 8, W 9 & diel 11 1 HH el S Tehm
v=5.1¥5.2x 10" Hz Tef@Ed W el S 2, d
TehT9T-feoreggq e fR@rE 2ar 21 dieferam urg o forg
Tgeft 3T (v ) 5.0x10% Hz B

foeq-ga T fafeior o e o6 Faren fagi
T TN i g R (1905) TehRI-Tomq g+
1 THSH | %A gul

g I Fde W YRE G F THIA Hl HUI
(BISAT) o YT o1 ST THS ST Fehell €1 579 IS
T Fell ATl WiSH ¢ oh UXEY] ok Solded o
THAA 7, Tl I TAFH hI THIY] F X e R
<1 21 B i Holl ToreT SAfeen B, Sat € Sl
T Selg i S 3R Fehifaa Seieei= w1 Tiast it
3t & sifereR BT S vl o, FsRIfed sereei i
TSt o1l Torefq-gaehia fafertor &t sTgia o eI
BiT| <ok T Al I i St hy @ IR geeeE
1 kT e o foTq sfaeares =<ad st hy, (5™
FHEEAT, W, ft HEd ©) Tl H FR (hv - hy)
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eae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
R Tee S fawa o
e et aefehi § 9 Th 7=
S Tl (SER AR e =g
9)1 99 1905 %, 519 o 51 H TH
T 9o ofthe o dehiel e o, 99 fowm
SATeTeh e, STSHT T 3R yehrer-fagg w9 o 35U
7ok A Siu-= = it o forehrd w1 =g gfe
el 38 99 1921 H Yehm1-fogyq ue & AR o
fau difert § Aied [WERR § gt faman

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

hv =hv, + émev2 2.7

el m,_ Seieei 1 FHM € 3R v SEeH 9 ¢
3iq o, sifues dadr arel TR | Il St GE
siferer B &R aRommeesy freniia soeel i
e off 39 JA & ger § At gnht, e w5y
el F WehTel T STEM TR T R
faea-waera fafetor @1 ga =gaEr
WhTST 1 U1 HHH Fehfd 3 SAThT o AHA STHHT
1 Teafa a1 Y <11 Tk T o 5@ HioorehT ferfenton
3R YehTI-foreq 9uTd k1 oSS ARAT i, W
HAfTHIOT 3 GREAS HT RSN HT S Fehell o,
o T FfRIETd a1 oAl 39 S i 5 H F Th
& Su o1 fop 9 WM feran sy o wentet o o 3R
AT A S o1 B B 37elfa YRl 1 5 SAURR
B 81 WA o YR T 89 U ¢ foh Wehter @ A
H01 & GHM IR Hdl €| el 54 ok @1t fafenon

41

1 I TR el €, 99 T wu S9 e wei
A 1 ST TafehTor o1 H=or g 7, 9 g T S
o1 (SAfqeRTor R faeda) <eriar 21 %o @R fafeon
1 Fafad URIST &l <@d g I8 Heheddl Thad T8
off| ST h1 3 THR HH § HIBT GHI | ST
AT AN W, F GeH w1 (S -golaq) off
TR Il 80 HRR FElE F ©

IETEIT 2.6
5 x10" Hz 3Tgfd ame fafeor o & A
RIS 1 Seil 1 UM SIS

&

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

E =hy

h =6.626 x10°*J s

v =5x10" s (fam 7=

E = (6.626 x10°* J s) x (5 x10'* 7
=3.313x10"°4J

Teh HIA Il i Soll

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

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

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

_6.626x10* Jsx3x10° ms™
400x10°m

AR 2.2 FT At o {0 wEEET & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

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

100 J s™

Zoeoxio=g 2lL2x10ts
. X

ITTEI 2.8

S 300 nm a2 = fafevor wifeaw Og
%1 a8 T ZHAA 7, @ 1.68 x10°J mol et
TS o TR ScAfSd B4 Bl Hifead o
A o T o fau w9 @ w9 fha
Foll AEvAE BN? fRE Y soiee o
IS o foau siftrran a-<=d @ Bhi?

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

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

Hifesm ¥ T A SoiaeHl o sk o foag
STETIH =LAAH Hol
=(3.99-1.68) 10° J mol "’
=2.31 x 10° J mol*
Teh ol o folg STaedeh =[Adq el
_ 2.31x10°J mol™
~ 6.022x10% electrons mol™
=3.84x10"°J
TR GG TIT-354 39 TR Sfi—
aaste
E
6.626x10°%*J sx3.0x10°m s™
3.84x107'°J

= 517nm (I8 B T o Y § Hafed 21)

@A fagm

ITTEITT 2.9

forelt g 1 el eMafa v, 7.0x10% s 1 AR
v=1.0 x10" 7" agfa aren faferzor &g =t
Gde ¥ THUA ¢, Al ScArId Seiai{ i TS
Sl St IO I

&
SR oh FHIHIU o STAR Tast Seil

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

2.3.3 gdifeda* sAai-ieh el & ok
fau yuror @ urmTfeaes WeRT

WRST T T S HEAW i Wehfd W AR e ®
e =18 ToRd! B1 Uk W1 ¥ g de W W TR
#t FRTOT ST g U9 W g S © e srudfdd
(refract) SN %I

o5 o ¥ WHe YT 1 fRT0T i TERA W e
@1 T TR HH -5 ) qU del a-o8d i al
#1 ol | eifuss g S €, Fifen w9t
T H 99 WE H gl q-<s ol 9@l et €l
TS YehTel 1 Tehor T wfeali ot U Sfa@en o el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T-o=d gag sifues Bl ©, 1 foa=e ged
FH N G HH W94 ol 1 T feee
o Afueh BT €1 WhS T o Yeh1yl, S B4 fE@rg <
2, % TegH 1 W 7.50 x10"*Hz o S W ¥
AT 4 x10"*Hz o el T T Bidl 81 36 TeH i
Hdd Fﬁ«?}l (continuous spectrum) HEd %— Hdd
gEfT, wRifer ST 41 el T H SR e @ 8w o
fireran €1 o= 1 o Wy oft wE € B B S ST
H g5e o €, a9 off TEn & Seed e < ?1 AR
Fau foh 3va gehmen fagd-gahia fafeton 1w =ga

* ferelt Tored o faw fafes (discreat) @i o Gfdsy @l FETETEROT wEd €
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TIA] HT G

e wmt g € (o 2.7)1 @ fegq-garhia fafemo
T4 o WY AR TR el 7, df T 1R S1] 3
Froll kT STEIITOT T Tehd € T Sod Soll T W TG
A 1 S el TR OW Y STl srEeen § g g1 A
e A Sl arel 3tferen Tl derey staeen | wied
g, @ o fogq-gasia ez & fafu= &5 & fafemo
I Y
IS qT STAINTUT WeaT
fonelt agTel © il ST o W18 IcHtoId Tofoh<oT
T Seg T’ el 1 TLHTI] ST0] AT ST
fafehzor & sraeime W A 8 S| 21 SeEsi
TR W i o fau feel wfaeet w1 ™a wh
tore faferfora ik Set <t St @ SR < gfagef
STefea ot shi Frrshifa e 8, df Scafra fafszon
1 T-<=d (A Ag) i Repie T fern s 2l
STORINEU] ST ICASF WaH o HIeUThE
frifea =t @ a1 81 </« Uk gad fafeor w1 giaes

43

W STl Sl ®, 98 fafhir # g aw-asd &
STIIOT R AT F1 oA G STenfoa fafshor 1 wma
e T-<5f =TT Had e o et T w1 e
& &7 ¥ 7 e 2l

IS A1 TN TAH o STe2I h TSI
(spectroscopy) F&d &1 S SR Faq= W%\'W
ThTST kT TIFH Hqd Bl 7, ik STH 39T Yk
H ol ¥ O qen qeft qe-ded sufterd gt )
THeh Toiia T erereen ® TXATOIST 1 Scasi Wed
A W T A=A | T ®9 9 9 6l
2, Wq 379 Shae gty a-3=Af aren yeRre Scafe
B €, fSieh ofte o ehrel T Ted €1 W eRH
Icfo fafetor Teen o aqsiet W@iel & &9 §
WS B € (Fe 2.10)1

SRR LAl o 31T § El-Scdsi Tiaey
%1 forQiy Hew Bl 81 Yok a1 ST U fawiy

T 2.10 (&) TTHTUENT ST : BRI WATSH (7 4l iR aw) @ Sferd Ghiqel R ScafSTT JHIT H1 T
198 @ TR fafed @-35 1 3@ d gere fHa S &1 37d: Seqsi TIagH, S e a-ae]
GBI Gg= 8T &, %1 ‘3@ Wazq’ el Sal 81 et Ffver SR & qfaqel  agd ik e @
gid &1 greiife HIs T WA 9 Uh GHg W O & 9o e d g 9okl €, fohg warpei & gqg o
gt G STy ST gt €, S 4 QEI] e Seil-TR WS €, d Scaford T 9 Wagd I g 2
(@) WHUANT ETNT: 5 G FHT Hl STl grEgier WA @ fahdt s (slit) ik 6y fisw
T TIRT SIAT 8, @ 91 gl § e @-a=a (5 o 2,10 % F Scafid g8 off) @t digar &1 s g S
21 78 qgfua wagq 4wk 3@ Wazy gl € iR Seaid Wagd &1 BIeEd ifed glar &

2020-21



44

@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH Y SARTATEAITR [T ST WA T TE=
o fory S&ft yhR S § W@ W ®, TN geR
S o e A= &l 9earH o fow s |
T S €1 A a7 o WA o ISt Tagh i
el w1 gened foem o ufase i Ene 9
Tl &l TEaH oF fow Yo g9 (1811-1899)
gagem R

wdlfean (Rb), §ifsam (Cs), dfermm (11), feam
(In), TIfer@m (Ga), IR whfgaw (Sc) 31k a1
TS 79 gg off, S 3o @Sl a1 TaeH! faveron
e T ol @ H S (He) 7 &1 Sufterfa o
werzH! fafyr g s w1 T eff

BIESISH ol 1@ WagH

< gregre T H farg fawst yenfed foran s 2, @@
H, 31] foiifor it 3= Ssll aTel BTeg ST WA <
&, S ferferer el aren ferga-geenta faferwor seafsa
F 2| TESSH Teaed | el #i wE St e §,
S8 STeh STTThIeh! o 19 & ST STl &1 &R A T
1885 H W Yol oF STER W aam@n o afs Teedt
@eTl & TWI-H&A (v) % ®9H | e foha1 T,
A i A e AT ] ] e

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

el n ek quifr €, TSt 9 3 =1 3 @ erfren
e ®, AUfd n=3,4,5... €l &

39 3 51 Af01q @nstl i ‘arR 9o’ (Balmer
senes)ww%w@m@ﬁagqﬁaﬁms@%ﬁ
1 T foed-geeh i Tae & 99 &5 ° W gl
Bl e & TH SagHl deieh Sierd gt |
Farn fF eRgeH Waed & |edt gfve w @

frfafad 9o g <o S Hendt 2
v=109,677 — -1 om
= ’ n12 ng (2.9)

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

109,677 cn! o A Wi TTEgeH &1 Rgant
Terien (Rydberg constant)%ﬁ % n=12,34

wreE fagm

AR 5 areft Yenst w1 Wi Sl www eEda
(Lyman), 9THY (Balmer), 917 (Pashen), e
(Bracket) 92 %€ (Fund) STl seard 2

gRo 2.3 ¥ eEge TagA w1 A g k@
€ g1 fo 2.11 o STESISH WA S wEHA, 9 AR
IR S o HeRHo 1 femrn T R

HRUT 2,3 UTHIU] BTSN aht WeEH 3@l

Sroft n, n, WeHr a7
QIEEE 1 2.3.... T
AT 2 3,4.... e
RINE 3 45.... SR
Ahe 4 5,6.... ST
TS 5 6,7.... ST
op - ------ nzZy
n=>5
n=4
*VV TR S0t |( STeER)
n=3
TR AT (39
n=2
EREE
AEHA S (T
YYVVY n=1

ferT 2.11 BIEgieT WA § 392 & GHAI (TeT
GFAU F EEA, ST SN 9 A
fraré 7F &
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TIA] HT G

TISSISH o1 ET Taeq gft awall oF @ Teey
FI gor H Fed Tl el €1 TR e 1 3@
Ty Afuew wfed giar €, g it Y@ Waed %
FT AA THH B 1 - (i) Ik axd 1 @l
Tegn foei™ YR 1 BT 1 (i) Y& ad o @l
Teen o frafad gt 21

379 78 Y9 331 © foh Weh SR 37 RI0l R
HROT B Tehdl 87 1 ST Gaiel 3 el o TRAropetf
1 Selaifeh W W BT €2 39 YN o YAl b
IW A TG 81 B A W o 37 e o S
Y gH 3 qal o WATet i Soldeitieh dXEl i
g9z # gfaen gl

2.4 TSI UIHI] o feu |) \ise
BIEGIS URATY] hT G I Sk TeH o G
AU HT TEEA HHATHS AT e 9 3 99 1913
T | S ik oh ol b IR0 i STALRIT
w1 3yan foram Fuft aR fagid emyfe F@ied
IRt &1 o, qenfd IXAm] SEE qe Tl H e
TTAl 1 TEhETd ©9 § THH H ST SUANT fohan
Tehell 81 9R o1 Aiew Frefafead Sl ® e
T
() TEENE WA § SolaeH, e o 9’ W
fafeara foean IR il ot kR weli H S| Hehr
21 31 IR T h1 W hel A1 T STee
T AT Sl &R Fed &1 A FHed AfaE
IR SR Gehsa &9 | oFafed gl 2|
(ii) el o Soiae i el THA o WY TR gRafad
eIt 8, TN i sorri e Tt ') @ =
TR TR R T S, 5 98 SATa9Ieh Shell hl
STARIYUT HUM AT ToF o Iod TR TR
q 19 T W T & 918 sl 1 Scds ail
(THRTT 2.16) | Hli-9REd Faq alieh | el
g /1
(i) AEF S aTC & TR STeenstl & GeRHU
& THY ITERNd Ster Scafed fafwwer
frefefea w9 o fean s " 2-

_AE _E,-E
h h

(2.10)

45

RUSHCIEY

(1885-1962)

2w ofifert SeifTk i a) A
T 1911 H UTei foeaforame™
Y diU= S, &1 3 T&0 | SEH
% I N ARG I I
TEIHIE o WY TH 9 foaqman 99 1913 H o BT
oie, et o Sfevd @1 7=l 1920 H sfe=ge ih
PR fhised o fRwe o1 vod favegs
€ AR A TAY Fe o AUl STAM o faw
WI%'?&:F Frd feranl 3% ¥ 1957 ¥ 'Atoms for
Peace' HM W 371 T 1922 § 9 ! wifqent o
e AR | FHEIG fohan

Sl E, a9 E, %A f1e 3R 3= o7gma St
et €| 39 THIHIU 1 S Rl M Al
frem e S )

(iv) TSR 1 UG Hom eeifed s ®, <1 g8
Tl oTeee H 39 f=fafad wHiet o gN
<1 ST Tehel -

nh
myvr=— n=1,23..... 2.11)
27

Sl ‘m,’ SR w1 SemE, v A qen
39 Feql &1 e 7 e solae gHa )
3Td: Uh Soiae ohaiel S-81 hell § A Tehal €,

S+ I Haw &1 7F h/2n 1 Ul 0T BRI
TheH HY § HIUNT HA Fifed el 81 S s
vl T o el T Faifed T 6l Bl T
M W shial € dl fafehTon sl STargiiooy S1efe Sedsid

RV HaT

519 YR §o9H (m) 3R aes a7 (v) 1 OFwa
Yaes Ha Bl ®, SH YR hivid Ta (angular
momentum) S T (1) 3R FHI0HT T () T
TFEE BT 81 m, TN A e o fa, S
ek o =R 3R (r) B 1 gareR Fan ° 5|
@ R

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

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

Tl e T€ wRU ® Tk g ffvea wer & emma

B 81 9 T T st 1 St ok foreer o

fawa o < T faegd SRR ST! Sfee @1 3T SH

ST T hefeT | HHeAr S| 9R fagid o $TER

TEGIST WA < feft—

(%) Soie o fou womft sterensti &1 n=1,2.3...
o SN T fRA T R T YUl i qER
Fdied W& (principal quantum number)
w8 A 7 (TS 2.6.2)1

(@) Tt sTaeenedi i st @ fr=fafed €9 9§
wef¥Ta e S 2-

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

5 “9IR e’ shel Sl €, 1 B 52.9 pm @ 21

IR BEGISH WA § Serareid 36 el (n= 1)

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

sl W, gl A ¥ X suferd B B

(1) T W Fefed Tod Heweyul o1 TR sTee
1 Sl 21 38 FreAfoad g gry fan s &

1
n

Eid} R, i Reart feerir, (Rydberg constant)
Fed 21 THH! WM 2.18 x 10'8J Bl Bl Freaw
STTET, S ‘Joreer steren’ (ground state) ot sed

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

. 1
2, % S E,=-2.18x1078 ({77) =-2.18 X10"5J &
n=2 adl T sEe o fau s E, =-2.18 x

1 .
1078 (57 )=-0.545 x 10718 gl fes 2,11

TISgIS WY i fafe=1 Tt sreenat | Sefl-wl
1 Soatl 1 fe@mEn T g1 gEeh! ‘SN R emaE’
HEl Sl 2l

e TR E o YuE 4 Yo Bl 2, qd
Foit 1 A I forn S @1 uE feafa | seieea
& W& n = co 1 TR 3fereen § Hafad il ©
TN AT ETEGIS UTHIU] FHEAdl 81 5ol Seiaeia
ek gRT ARt il € 9o 5 hen W Sufterd gl

wreE fagm

2, T9 Soll 1 SeESi Bl © 3R heh! el e
S &1 TR (2.13) W 3R fag 6 Rl e @
SR THERT I o w1 TR ST FM n=o0 h
ey § gEeh T i g9 B

TESS W] & fIU RuTere geiagiieh

it (E,) a1 o ot 272
TSN THTY] H T 999 el § geraed o AF °
v Tog Bl 8 (T 2.13) | 7€ k01 g =
Turten 2 38 H0 foag #1 oref 7w ? fom Ay
TG 1 SHoll [ER 3T H T&ad soiae ° Y
21 TR (rest) 1o § TG 3ol 98 SoieRH
eIl ®, S TR W od g0 W el SEehT Se i
T uH o St 21 i § sgen ol 9w © R
THHT (2.13) H n = W 9, 599 E_= 0
T B 21 S B SR A o U S ©
(SR— n ¥ ), 99 & E, % fRua 9 qea
Sl ® SR Fg 3Afeeh HoTcHsh Bl STl 81 W n
=1 B, q9 Sl 1 A a9 3T HOMHS BIar
2 @R ' wen wag atfue w@rf e 21 eW 3o
‘qeTey ST’ wed B

(%) eTEgISH WA | SUEd Th gisE o THM,
I AT, T ohelel Teh gl Bl B, W At
R % Tagid 1 @] feman ST Hehdr 71 Sreonsd -
He* Li?*, Be®* S| 39 YhR o 3T (BTESSH
o T TN wedd €) W HelHd T
sraenstl i Heid frefetea g g
ST Hﬁﬁ% :

-18 Z_2
E,=-2.18x10 [nQJJ (2.14)
e w1 f=fafead e gro fean sar 8—
52.9(n?)
- = pm (2.15)

z
Sl 7z wEv] gen @ dferm ik ofifam
TRAET % foIU SR A HHY: 2 S 3 B1 ST
iRt o I fafsa ® & Z & sig & W Sl
M 31fush e € Sl @ qen B &9 &1 S
21 58 @1l Ig ¢ fon goieq i 9 qgdigdes s
g /1
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QEAIY] i HCEH

() 2 FHensti § i A §T geiaeHi o o ohi UM
#E ff w9 ¥, T @ foy T 9l
GeiteRor 71l el fen e 81 o &9 9 s
T ORI o S o 1Y el 1 AT wgdl ©
A YA FeH WAl o §e o WY I8 el B

2.4.1 EISEINA ok I@T e shi ST

TR o Hise $1 SYAN Hich @ 2.3.3 H Fd T
TSN WY o @1 TaeH i AR AHHS €9
T 1 S Hehell 81 S o 1R (ii) o SR, e
Y 3= g J@ICH &N H1 el § T HH W
fafepzor (=) o1 SrEivo g €, Sefeh fafenor
(SST1) T IS SR o Sed | T el & 2R
TSR 1 T T W Il €| ] hensd o |ie oh
TS o 3R I 36 FHIHLOT g T S Heha 2

AE=E,-E (2.16)
FHTHTOT 2.13 3T 2.16 &1 SAgd W

R R .
AE{—H—?] —[—n—‘;j (STl n, 9o n, SHET: STRATR
: ,

1

3R sifem e 1 TREE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

2
A

B 1
J: 2.18x10 ISJ[? - ][2.17)

THISHT (2.18) T YA shich HIEH o R0l
TN SeHs W Wefed g (v) o1 qeieh o S
T 2

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

-3.29x10" (iz—iJHz

2
ny ng

2
i Ty

(2.19)
TG qE-HEA () T8
Ryf1 1)
hc(nf anJ

3.20x10%s' (1 1
3x10°ms™

7, -_— l/ -_—
Ve (2.20)

2 2
n. n;

1

47

1 1)
2 )
P (2.21)

Wﬁi@?ﬁnpq%ﬁmﬁﬁﬁ
M U il © al Sl sl STEeTOT Bl €
T AR IS aH § > n 861 R, AE HUTCHS
B B q1 Soll g Bl 2

wefiertor 2.17 Rgert gl 2.9 & S €,
59 ST 999 W Suas YA Sieel gN Wiw
foRar T o1l ek STl BISgIST URHTT] o STEIyol
oIl IS WA | YIS WaH W@l T foum
GHUU & WA B B hE BEGSH WHIRT %
T 7R H e G9e HHAT 3@ o THd § SR
I e Tt W@ urw Bt ) fRd weedt Y
FH1 dord 39 ad W AR w7 Rt wEe
T3 A g ool feRad Whie SteNfd
IS B 2l

IEEITT 2.10

BIESISH WA H n=>5 3T § n=2 3wl
I HHHU oh SN SRS hieH Wi S
IR -3 @ T2

=1.09677 x107 (

'
Hifw ni=53ﬁ'{ n,=2,

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

TR (2.17) @

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

T IS el 2

IS i ST (Sel &I IRATT o &9 9 o
BU) 39 YR & ST Fehell B—

AE
vV=—
h
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_ 4.58x107°J
6.626x10 Js

=6.91x10'* Hz

IETEIOT 2,11
He® &1 999 el 9 Gafed Sell bl 0T
FIT) IR =T & 59 han o1 B = gnft?

BA
2.18x10'8J)z>
E, = 5 ) atom ™'
n
He'svfauw, n=1,2=2
-18 2
g, =-218X10 J2)_ g 75510129

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

" Z

IfF n=1 3N z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.42 9 AleA Ht HHQ

30 I Gig Tl fF BESeH WA &1 SR Hed

TIHIE o AR Aled W dgaX o1l SRS AT

T THh W I el (SE— He', Li2*, Be®*

TEE) o W WA 3R a1 oare &

Hhdl o, Afeh 9 &1 Afed f=fafaa fagst &t

AT T8l HL FHh

() Repd Tieedl dehiehl g W BIEg ST SeRH
T & G [f5F (doublet), e IE-9H
feora <1 @d] 1 AN wE ° fawe w©I e
TiEd BIEgIe oh STalTal 3T THIV[ST o Tiaed
F A FH H ATHY @I SR o o,

wreE fagm

Eiferem oy, fSraw oheet 31 gefee[ e §, 4R
o1 fagid gashia & o Tagdt Tt & faaeq
(S worE) @1 fagq e st suftefd o
et @t o faured (Weh-9are) &l T
wE H O fawa @
(i) ofd H, 9% TS % qEETER STEHl §RI ST
FAM HT AT B RS Tl HL Gh|
TR IR H, ST AR st v e o @
T WA o H&A AN I AT HL Honl

2.5 UTHIU] o Felieq AfAehtd Aiset ot 3T
9N Aled 1 S H AW H Wd g WA 6
fau eifuss Sugad iR GeRY Aied & fak &
3 fRT T 39 YER o Hied o o § 59 9
wewaqUl qetl w1 SAfush AR T, 3 ffafed 8-

(%) 54 1 §d FTER
(@) BTESar &1 STffe=dar o1 fagra

2.5.1 G Rl gd HAER

i fifqen S 2 sl 3 T 1924 o gfaifd
foran o fafereor &1 @ o 1 ot g0 Feer v
FHET G, 1A FA H HT q T— I W& h
07 BH =fey) s 31 7e B T @ @ wie w0

o 2 sl
(1892-1987)

TR i SRR e < St
4 ¥ 1910 o IE § H@H X
R 3fae™ verl yem favaas o
A Wedl-TaRo & forg Skt
g g1 ST 9. faam &
9fd IT! ¥fa SNA 8 Tl 91
1924 ¥ 311 Ui foreaforame™
q SLug-H. & IWY 9 H
T 1932 © AT STEhRR W § T 1962 T o
IR favafaemea # o=r R

T 1929 3% wifqent § Heel [EHR YSH L ok
FrTfa e =
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TIA] HT G

o Ue a2 B €, SHY aE geleid il Wt WA
3R -3 B =R sivelt 5 39 deh o SR W
ot uel o o1 o fo -3 (1) qen Ho (p)
& o9 fefafaa gday sdarn—

po v _h

mv p

SEl m U 1 GHEM, v SHRT O R p SR
AT 1 2 Sifrelt o 3 fa=mi 1 gty g7 ad g,
e FE @1 1 TR gl o YS w1 foed e €,
S @ w1 oeror 81 39 TEgid o SMUR W SoieeH
S e o 0 S e i B e
W IE YRR UG 7, ST Jahr 1o gewset shi
TOF TR KT T UG R oM@ #1 emyf
It Sie-rE § goe geusell U Hewagul
SR B, Hife 399 R sifagen w%g # 150
ARG T TS HIh @1 S ekl T

Tg eAF 31 g o1 ¢ R < el % SER
Yol Tasiiel oRg W @ o @0 8§ HER
g3l 1 IUE FTHAH T oh RO 399 Haud
-2 gl H el © Toh ok AT S Tl ST vl
TE =l T, WY el 3 3T STTIHII N,
fSTeRT So7AM S5 w2l €, T Feiferd qRr-<eaf i
AN gRI Yge Sar @1 g9 H ¥y T afem 59
ToTeeR ®9 9 fag W B

(2.22)

ITEIOT 2,12
0.1 kg %79 3R 10 ms™ o1 ¥ g T &
T WS H1 G-I F e

&

3 el FHIRT (2.22) o SER

h _ (6.626 x10°*Js)

~mv  (0.1kg)(10 ms™!)

=6.626 X 10°°*m (J = kg m*s™)

IS 2,13
T SoaH H1 FAEE 9.1 x 10 P°kg B AR
A TS Sl 3.0 x 100 ®, A gHH
- 7 e

49
'
<fer Tfest Sott = éva

v (2><777%FIWJ1/2

m

(2x3.0x10% kg m*s> )"
9.1x10° kg

=812ms™

A= h
mv
6.626x103*Js

(9.1x10°"kg)(812ms ™)

=8967%x10°m
=896.7nm

SR 2,14
3.6 A° T34 ©eE del Teh HI2H o FeAHM
! TOET HIfST

&

L=3.6 A=3.6x10""m

RIS T a7 = YRSl h1 o

h 6.626x102*Js
m=—-=
Av  (83.6x10°m)(B3x10° ms™)

—29

=6.135% 10 kg

2.5.2 BgSeErl Rt Tfyeaar fagia
3 AR TafeRur o 2et HEER o HoRa®y Tdh A
Jifaes Ik R eEsert 3 9 1927 H arffyeraar
=1 fagia feam ook orgaR, frdl soiee@ =t @el
feorfa 3TR =&Y A o1 Feior W e e sEYe 2

h
AXXAp, > —
Px 4n

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

wiel Ax w1 i feufd § sifafemaar iR Ap,
(Ap) T (F1era ) H AfTefaadr €1 THF TR,
ot seieeia & =endd feafa sk gened am w1 fufo
Tk 1Y HET TG T TR VR H, I g w1
faeepe wet fearfd 9@ ® (Ax W @), d 3oeR[ &
a1 | sfHfEar (Av) sife Brfl gud @, af]
TF w1 9 fIegd ¥ 96 © (Av, FH ®) @
TR ot feufa (Ax @ifter) o e 3| 36 TR
IfE soiee i feorfq stuen a1 W $w wifds @
forq <d, @ sHer wRom gHe P ST & ww B
sTfyaam f9gid 1 T 3] oF §R agd Tost
TE TH S Fehal &1 WA oAifoq fop wiex o foreht
Afafed T @ fordl ®r &1 deE 7 % fag
AITY YN Sl &1 T W GRomH Wl e 2 e
1 WK WE-E WA ok o1y SA9eh] TS i
e ¥ ¥ SHE Al Fafgd STRT T ST HIA
BN 3T YRR Toiae & ferfa i fuifa @ &
T amaeR! U UH WM 1 rEveshar el fwen
YR St i famreti ¥ S Ul | 81 geiae
o1 fearfd T 3 o6 fow 34 39 vermen = foega-geoehia
fafertor gRI WeTe ST BT YR FehTRT Y aRI-E,
SeiaeA i faHiel | &H M 96T, T UH Yehmel oh
TISH &I Tell 9gd Y BRf| TH ThRT 6l 3=

. h y y N
o [Iij ST Il S | THU W SHhT

ot § gfeds & < fedde 39 ufean 9@ 'd
o A Rl A S-dE i A
THTA T UfhAT o ITA BH STeh o7 oF aR H a8
FH SRR B
rtfYeraar fagia =t "<

BTESHert o STHfv=Tar fom &1 T wewagul fafgared
7 & fop =e fram fafvea ond =1 wei" 997 (trajecto-
ries) o fEdda o1 Ged %Ll gl frdt fie =1 yay
Ty fg=-fa= s W sHet frufa w@ an 9 fauifa
foman Tan €1 4fg ed frdlt fowm e W ww fUg @

wreE fagm

feafq wa o qon 39 W 39 &0 HE FI W@ dal hi
SRR 81, 9l 98 ol Tehd @ fop 9= o fRel wHg
¥ firg el W & 31a: 80 98 frod fremed €
foret fire =t feafd wa 9 @ Ut wev-ver fafveq
B I 71 ik soeeH S Rt ey fig
o fou U a1 3Tt ferfa ua o &1 feor fedt
&7 Frenefen o Tt aifsd &< qo dud e 81 gaferg
TR o WEU-UY o SR | o e g Tl 2l

BeAar STEdar fagid &1 uaE shad g
et =t 7fa & forg ?; v fief o fou o8 gumE
AT T 21 39 SR H TS U ST Tehell T

g Tk el (10°kg) S8HH ama fie W
stffeedar fagra o fean e,

h

4n.m

6.626x10°* Js
4x3.1416x107° kg

AV.AX =

~10%®m?s™

AV.AX =

W Av.Ax 1 HH SEE %9 TH 70T 2|
THfeIT 718 el S Hehell © foh fiefium e & fiet
(o 359 =2 fUef) & fou faar w3 w79 dag
rffyeraand frdl aredfaess aftom &1 &t =il

TH WE selaeH o 99 & e & fore ara
T HIET Ak gl 81 U srffieand arstae
uRomg %1 g §) SSewnd - TH 9.11 x 109'kg
SHAM aTC] Selae oh ToTg glgser] SAffy=aan fagid
o TR

h
4t.m

AV.AX =

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

=10*m?2s™

o ATgE We © TR Al soeeE W wel
fegfa 108m =t s1fafy=aar 9 S 1 99 S
FHI S, A o H AMREAd Av ®T HH BRI

10*m?s™

10° ~10*ms™
m
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TIA] HT G

g ffv=ad gat aifers ® foF soieed &1 AR
HeqsTl H T hIar gT T i FoEd STALROM hi
SAYTITOTR e Y Weh| ara:  guent aref g ® TR
T ot Teafa wa Ham o uReg wew @t
UTIfehar sheM | Ufakernfua T R, ST Uw
TR TIU T o T He W T 21 W E
THIY] o FalH A Hied § Bl 2

AT FIgSert (1901-1976 )
R e i freaferarer
9 1923 ® ifdent & dros e,
T IUITY YT 1| IBIH a9 Th
o Herd o o T =i | qen
A o 1 U T H et IR F
e oA & B 1927 | 1941
e it T o sifiest o wrheR W@ fgda favegs
o SN 9 TR 99 R ST SEUE & J9r &)
TG & 9% 5= TAfTsH | ifdeR] o Her wiish GEIH
o1 freres ifd foman T 3 U SH-TH geariE!
91 9 1932 § S Hifqent o et EhR 98H foha
T

3AMEXTT 2,15

T GEAIM ITFH WISl hl STANT hieh fhdl
T § S & 0.1 A g & Sida SHet
fearfa S o fow w211 1 59k S WA
¥ siafifeq e = €2

T

Ax. Ap=4£ or Ax. mAV=4£
T T

h

Av =
4. Ax. m

Ay e 6.626x107°* Js

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

51

3ATEIUT 2.16

T TIe i 718 1 SATH 40g T T 45m/s
21 3 T AT 206 T F ST TG S TRl
7, < feafa o sifafssaar =1 o sifsa

'
T H 206 i AT €, tef
45><i=0.9ms'1
100
TR0 2.23 T STAT Heh

_ h
4tm

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

S gEdt QT A oh ST T S
10'® 9 AT B1 ST YRt S < g1 § a9
ol o T Affvedar fagia aRegs Ao &t
F1g srefqof T fawifa T war 2

T HisA it TawreTar o SRl
319 SR Hised &1 fawetdr o HROT i 3779 THH Tehd
&1 IR Higet ¥ Uh T i Tk TERIE H1 ok &Y
o e o I/l IR fAfved gameer wansti | gua
B T ST 8| 56 Wied H oo o qii-o1efol W
FE faer 7t fvan T 21 3@ v w g w/e qsft
uRkenfra fohan < wehen €, S solaeA 1 TE feufa
AR W& AT— HI TH WY A6 Bl gESeT o
fagTa o SITER, & 94 T8l 81 56 TN BEgeH
THIY] 1 aR Higd 7 had 9 o el HAeR &l
ARG XA 7, Sfeeh ‘gTgeen AT fagid o
faudia ot 21

T YR 1 T&s FHSN b HRUT IR ASAH hi
3T T[S W AR] T foRA S WeRTl 3T TLAI]
HEAT o 91 H UY o=l 1 stavarena of, fg g
A Higd T4 o dI-HU dd el R 3R
‘grgsent iy fagia’ o SI%9 Bl T Faied
IRt o6 I g §9G g3l
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2.6 UYHTUT SRl FAeH HAfAhid HigeT
<1 gd G H SqetrEn T €, ged o (fd o e
o fUR W fowmfaa feama it gr s uemeff
(S9— fRd 8T WeeR, weRt @ 8¢ UEl offR),
fSTeRT SAaeR U TG 2Idl 2, T 7 1 Therargds
quia feran <1 weRar 7, fRg 19 39 eifa gem o
(S getarHl, STt @ik wRarEt) Woeny fwe
ST 8, o Fe Tl & S 81 Gl g 1 ROl 98
2 fr forama ! 559 T W STTREE FHU o
el RN T HehoTal qeN S o 1 Sual
HTdl 81 o7 o el HFER i A | @R i
fogm =1 Fatew afrent (quantum machanics)
Fed 2l
1fq ge aegett 1 faat 1 stee foman < €, S
T 3R FH A F O @A | AE T e w
T o el o1 Ffye st €1 S seien ARt i
Ty g (Feh forg qafa o eifmg B ) W
o] foan i €, qe Feraea Fifent o wfomt s9
2 gftom 9 B 2

T 1926 H o gESe SR 3 sifesw g
ST 3T FalleH AR o1 farenmd feman | =&l ™
W dAifssy gR1 faskfaa ‘s@ien At ™ & ==t
FH, S a1 o forERl woeenii| 2

Faieq AR H1 Ja THRw sifesR gm
gfearfea femen o sHek fore = @ 1933 W wifaeht
T oA R YSE a1 T g8 gHieRwn, | ]
Sl g ST T U o RO SR qT ATt qed
HIER I A W WAl €, HIhI Sed g1 HH e
FH o fou S=a forq k1 aiue 9 B STavash
21 39 g i i fermEl ® o 6 & 9"
< Bell oh IR H AT 3N i e °H TRl

W b (SFH— Tk AT A1 370, SRt Sl
Tag % G uREfdd T2 e @) o fau sifes
GHfiHI0T 1 TH TR for@r S 2—

Hy =Ey

el H s TE GahRe (operator) 2, 5@
‘i’ wed §1 AifesR = saman & fam =t

wreE fagm

oA Sl oh Aok U TH GhReh il Sy for@n o
kel 21 TRl fepm &t et Sl ST STaaeHIeh
FHU (T IR ) T TSt St el qen
Tifyent oF o= STREU TE Ufdehuul fava ¥ gafud
21 39 THi0 % T © E 91 ¢ % WM WK e &

EISGIS UTHTY] q&AT TSR WHiehTuT

T4 SAfESR THRTO F TR THN] o forw ga
e Sl ©, a0 SHH Soeei o H9d Sel-&R 3R
Ik HTA - (y) T el 21 A Faifed Sofi-
TR qAT 3ok FIA TUT-Her AfSsH-FHIH o g
& HAEET E B §l 3R A Feq-gemai-
[f&4 FEH-T& n (principal quantum num-
ber) farett Feiey & l(azimuthal quantum num-
ber) T Jaeh1d FleH TE&AT, m, (magnetic quan-
tumnumber)lmﬁﬁQﬁWTW%,ﬁ sfifest
G o Wihideh 8 § W Bl 8| 5d Seieria
et Sof W) o war ®, @ SHk T T-Thed
TARM o a8 H TS TRl fammE wd 2l
TI-He Teh T & €, fgeht aF wam) o
AR o fadonel @ fAslk war @1 sHe wiE
difger o1ef T e 21 wEgeE R SE% gAM
TSl & TH U Soaed aul-Hod @i IRET]
*e&h ' (atomic orbitals]sﬂﬁ %I T YHR Teh
AR TR o T-%ad T&h SaaeHl &

e Aifesr sifegan & sdifdent

o SRR 91 SweiH §1 1910

¥ dgifoes it & form
fovafaerea @ @ TaEl &t

S T Y| Ak ok hed

W G 1927 H IoH dfed

fovafaere™ & wis & 9]

FEIR Fe T 1933 |

feeer 3R Asht &1 Hifear o

foiy & o HROT A BIEHT T 1936 H aA9H
A dlie Tu) HAfga W S o S % 9
S 3= e % U8 9 g A T e, § el
(Safer) =t T, el 9 T Wi 9 @1 H 1933
o 5% Ny T, feten o w1 wge &9 9 ifeht o
e qERR ¥ TG foRa T
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TIA] HT G

FedAd &1 T ] | foret fog W geleei™ o sTH
* Wi 38 fag W |y® % wEEe e 2
gESeH WA o fau F@ied ARl § 9T
RO eSS THV] o Waed & 9t Teqstl &
TheldIgash Nt (predict) Y €1 $&eh Afaier
g 31 F qREeet w1 ff e w3 ®, S AR
Hied g T &l &I I Fehl|

ATESR FHIHTIT ] T-Feloed T[S T AN
FH T UE: FD RIS E A 2| Tg-gelari
TS o fu AifgsR gt &1 Fened (exact)
A Rl A S gehdl o1l 39 Hfcds &l Af-idhed
fafy oF I9ART g X fohall ToM| S | MO HH
W Ul werd € foh ereeeT o SAfdiien v wArgEt
o HEF TEGSH WA o FHEH § dgd AU
i1 et &1 378 g faeran e o ot s o
HROT Bl €1 held: e 9 DI 8 W 21 Y
3TN o IUWST 2.6.4 AT 2.6.5 H UG foh ag-Sarae
WA o Hereh] i SSU n SR [ Fed e
W R Fclt 7, TR BTRGISH WHIY o HeETh! F1
TSl hael n wEEd HEA W AW w2

TTHTY] o FEIEH AfAhT Al o UHE 8T

YA <1 FAIEH Ffeh1T AiSel TLHTI-FT=T1 1 98

o & S wemE W gifest gt an) w3 9

W Tl €, WA % FeieH AR Hied o

Tewqul e frefated §-

| THET § SeiRil H e aaited et § (St
T hadl P faee A & & Fehd ) | ST
o feru—sfe AR o e e ¥ &Y B €

2. SoTERHI oh TR S U & RO Flfed e
Foll-TR k1 AR T IR AIfESR @
eI % A B B 2l

3. el W] ¥ s w1 wel feerfa den 98 o
1 Tk T 1 TRl R S Hehal @ (@Tgan
sTffeeaa fagia) ora: fordt wam] o soieeq o
w1 % grfeea T T e s TR ?1 sEiferg
79 W] ok faf= foge W seiee & g &1
WIfaekaTl (probability) 1 Heeqdl o aR § 1
% E1 38k SR § 9 A TR

4. Torelt TXuToy W SelERiT o AUT-Ted Y
“URHT0] ek’ HEd &1 59 Th T-Fe 5N

53

et soeRA #1 STen # S 2, 9 8W g
Fed € T o9 3H werek § Sufted 71 i
foreht gl o foTT oIgd | q-We & ¥ahd €,
3Ff: TATY] W S UXATY] ek B §| IRATIE
%1 SRR e, 37 T Seiae hardh auTl-
el A1 Herhl R E SMeIRd 1 Uedsh sheth |
TS 1 Soll v erdt 21 Rt off hereh o
2 Y 31 e el T Tehd 2 TRl ag- g
] | el o 9¢d gU %A | fafy=r weeht |
TR W W ¥ o: §g g WA |
YAF ISR oh AT Ueh halsh quT-%held gial
2, S S ek 1 fenafves g €, fored
TS SURA Bl 81 WA | SR o AR
T Ol FHIE SHh helsh T-held y |
Iufterd Bt € qen FdeH AR & g ¥ W T
SRR T W HA G 8 a2

5. foreht oemm] © forelt fog R SRl o Sufeerd B
%1 Wifaehdl 39 fog W F&eh T-Had o o o
T B 2, St 3 fag R [y s e
Hd (probability density) el Sidrl 21 T
THYN ¥ B ) feRel uRmmoy o fafu=

fargell W |y’| o W @ ek & W eiT
IE T T Ul AT G9e &, STET U Sela
& T W St AT 3tfeeh g

2.6.1 haTeh 3T F=aleq H&AT

et wam] ¥ % etk W9 B ©| ONCHR ®9 o
T herhl | Ieh MR, Ml IR afafa=mg &
YR T 3T a1 S Wbl €1 BIS AR o hafh
%1 21¢f I8 ® fop ek oF UMY SoieRi o U1 ST
ifeRen 21fer €1 SEl YR, SMehia 3R arfafa=rd
Ig I 2 T Sl are ST ki wifgeRar et gadt
feam =Y erven we foen o aifuss €1 Faien wemet g
AT Shereh] T SR TRl S Hehdl 81 eieh heteh i
T e @St n, 1SR m, GRI ST S €
T e W& 'n', Toh IS qUlieh Bl 2|
TR T 12 3...... M B Teohell T G Faleq T
Y ek oh R 3 HIH! 88 qh SHb! ol oh &
T 91 werl 21 BEgeH 3R 39 S e (He, Li
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7fE) o foIT I8 3Tehe €Y eTeh oF SR a2 Sl i
ffifta e &1 g Feich G& | H (shell) 1 o
Tl STl Bl n T HH dGH oF WY ST Herhl whi
e off Sedt 71 39 'n? gR & St €1 n o fAfeee
ST T A o faw it Faeh ] 1 TH R S
&1 3% frefofaa sreri grr <tan s 28—

n =1 2 3 4

M=K L M N

& F1eH HEA ft 98- o T T 1 HR
Fedl 1 T IR H, seied i ¥ ¥ feord w9 €
<t T RO Teiae R FERE AR ¥ R
B o foTT Sl 1 STEvdehal Bidl €, 31d: n o ag
H Hesh HI Soll agitl

Tty sraien W& ‘1 F HeTh FoeH GE&,
THeTeh HIvNE o (orbital angular momentum) a1
g Faien wE (subsidiary quantum number)
off ed €| 98 herh o Hfeid fehR 1 R
FA R N R T AR & AU 1 F 0 W n— 1 d%
n OH 8 "ehd 71 FAfq n % KT T I ok forg 1
AH 0,1,2,...(n—1) B Gohd Bl

ISR 5 =1 Bl €, A 1 1 b Tk TH
08 8 n=2 % faq | & Gwa 7H 0 q
| B Ehd € n=2 o foIu [ o H9a 7 0,1 3N 2 =i

YE W H TH A AfYUE SR (sub-
shells) 1 SU-&R (sub-levels) B 21 fordl q&a
IS W STRIN H1 G ;o SR Bl 1 SeLoned—
e HI (n=1) § el TH IU-H B 2, 5 1
=0 % 9T TN T TH YRR (n=2) HE F q
IT-&RT (1=0, )n=3 H 44 34-HF (1=0, 1, 2)
B Bl p o 3 HA ob fa off G fomn St genan
21 Tl 191 o SU-shivll o1 fewieia seien e (1)
SN YRS e €1 1 ok fafe= |l o6 | Sq-shiel
1 frefafed fogl g sofan s 8-

1% 9M : 0 1

IY-hIY & faT

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

greft 2.4 H < TE g F9ien gEA o fau [
Huel W 3R G Y-S oh Hehed 4T T B

wreE fagm

AT, HeTh TS TRl Hg<d
‘men’ A ‘eheren’ T e wEM R €1 e (TS
AR A yfquifed foran) Tifer o 9/l 3R T gaeR
9o B 2, Ford geee Tfa a2 ‘BrEsa o
siffeaaar fagia’ & SI9R, Soiaed o 39 9 &
el THeiRor T STEeE B ;| w1 hemed o
H1E arEdtesh 31e TE 81 3ok e i et off
AR gRT <RI TET T Fehdll 36k foudia etk Th
FeH T RN T Ae WA A fRdt T
TR o - W FUH I 21 3 A
FieH NS (n, 1, m) SR YRR fohan < wehet
B SEHT | Seler oh Tewnierl T TR e 21 o
Ay 1 B sifae eref T g ], Wy wWI-er

o i, 1l |y|* 1 e e B 8, foRet vy
o forell forg W |y|” 3 foig W wifrendr s =1 A
A €, Wi A |y|? Wi T St wiesr
F WH A B |y R TE B e (W

AT SIId FE S §) H [UARA AR B
IM I o T S HT Gl Sl T HLa 2
(el 7 ST T BT TF RV T8 T |y
o e o T & @ g & § Skel T, Ty
T Bl 3P T99d | Uk HH 1 RKeR AM1 1
a1 ®) | Teret e 7 e s o seiee o
T ST Y e AR || SR W S st
o HOE UGS I SIS I 1 S Fehdl &1 W
YR fordh wereh o Hefad soige faawor 1 aar
A e B

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

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

HA: [=0 AU m, 1 TH & WiFd A1
0 T ®, AA 2(0)+ 1= 1, Th s el el 2
1=1 % T m=-1,0,+1 & ¥&a ¢ [2[1]+1=3p
Heh]| (=2 F AT m=-2,-1,0,+1 T +2 (I
d &) B HhAl | TROE & fF om, %k AH | W@
AR | % HE o W W@ B B

2020-21



TIA] HT G
TR 2.4 SU-RIIT Hehdd

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

fereit oA H Yk FEF nl 3R m, T R
e gRI gt femen e €1 era: Faren e
n,=2,1=1, m=0 5N A0 FHerh TH FHerh el ¢,
S TR W F p STEW A @ W @
At ® Su-shier 3R ST Hefud wHerehl &1 g
w1 Fery o @

EakiiG] ol1 2134 |5
YY1 Gohdd s pldlrlg |n
HeThl hi T 13|57 |9 |11

TR WRIhUT ‘g : ol WA herh o fog
fafed <l oeien WEmel wl SR Sell, TR 3R
sfufarre &1 TR w0 § e BRI ST S €,
TR Tg-Soiag IRAIIR § 39 U E-ae i e
wE H Y FieH HeATd v i ) e g Y i (2
T TE-a) 7 g W@ B (@9 e e-Tw)
B <1 A e Tt gRI STHIT it o ST I8
T AN Fol-Tal ! SUT T Toba HLl B

T 1925 T St 3%@'—@%" (George Uhlenback)
#R @'E[PHFT e (Samuel Goudsmit) 3 Th

55

‘TSIl FEleH T (m) HEARN T Th
TR 310 318 W 3l 99 € TEhUT il §, S
T & R IR FERL Hed IHF YA 3T 3 W
TR HIA B TR TR T Sola[ H 6 SR
T o AfRe EE| (intrinsic) 9<sh Il RO G
@W%IWWWE@TWWW@tOﬂT@T
21 3ok Ferel ¥ gU 181 o wrder 31 eifafa
Ted €, 1 § eeku F6len T@ m % 5N 9%
foham S Tehal €1 m_ 1 HH +1/2 A1 -1/2 & el
%I ﬁséagﬁaﬁﬁw ST (spin states) ot
FEd €1 W R RS IR 1 (S94 T=HT, spin up)
3R | (Fr=rel 5=, spin down) §RT ST S B
fafi=t m 7 a1t 3 el (T +1/2 SR gE
~1/2) faudia w=ew ot Feem § fhd w8
T Afrer goae T B TR €; T I SoeRAl
foudia =R g =ifew)

T H g9 7% HE Tohd ¢ [ IRl Feled @A

frefafad SHEIEr 3@t 8-
@) n ¥ I H A Bl 81 TE HETh 1 HR SN
FHIHT B doh o1l Tuid L =l

() n® Y H n SI-H A S| 1, HEH I i
AN €1 Y&h FehR o SU-hI1 | (21 +1) heTh
B €, Uiq Uk SU-hT H UH s hewh (1=
0), & p e (1= 1) 3R 5d H&F (1= 2) &
Thd €| | FD oS dF 9§~ IOF WA
ek 1 Sl w1 o i we ?)

(it) m, Few & A= F TR B L H
feu T forelt A 6 faw m, & 21+ 1) W9 B
21 Ta € W Y SU-%Iv H hee| &
Bt 21 Heh 27ef 7 ® Ton herenl 1w ST
sfafer=mai o qiiehl o SR B 2

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

ISTETTT 2.17
& Jdaled 9@ (n = 3) ¥ Hafd ekl &l
el WA 1 et 872

B
n=3 7% fag, [ o 0, 1 du1 2 AF §¥a 2l
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UL Tk 3s HeETw Bl 7, fres faw, n=3,
=0 3R m,=0) M ¥; 9 3p Fawh T 2,
e felt n =3, 1=1 3R m, =-1,0, + 1)
e B1 36 YR Ui 3d %eeh B €, s
faun=3,1=2 3R m=-2.-1,0,+ 1, +2 &
ghdal 21 3EfAU Hewl w1 A g
=1+3+5=9 T & G&A =n’, 37Aq 3
=9 HaY & ITAN Heh o T TF 9=
fohT w1 wehd B

SETEIOT 2,18
s.p.d f Gehd" T FAM ek T=faEd Faieq
s dret el o 9 H Sdgi—
(F) n=21=1 (|) n=41=0,
(M) n=51=3 (A) n=31=2
&
n l h&ch

(=) 2 1 2p

(@) 4 0 4s

(m 5 3 5f

(=) 3 2 3d

2.6.2 UTHTU] SheTehl ohi ITTehfaal

TRt TR | Solaei oh &k qUT-Hhad S1a v
T 3T SATH i Aifqer 212 &l e 81 T8 ahored
Sﬁa@'ﬁa?ﬁﬁﬂ?ﬁ (coordinates]aﬂWW
g1 71 =afy fafa= warei & faw - (Tifaew @ @)
o HeH % B9 § FId aU-%e e 9= g B
(a1 2.12 (F) Ism=1,1=0)7n 2s (n=2,1=0)
THeTshl o TH YhT oh TN hi e Hdl 2]

S Hifqes Tt g @i 3 waren T fadt
fog W qT-%ed &1 o0 (Ui y? ) 39 fag W
TAFTT o T 1 WIRehdl 1 switan @1 [fas 2.12
(@)] H 1s q1 2s HeTh oh g \IJQQ'TTTT:{H?&TEI?I
roh ®od o ®9 W A T 71 e 19 3@ Hehd
g o 1sa 2s o o 9= ©| T€ <@ S Wehal @

wreE fagm
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(%)'® “
10 30
T o S
EO =
40 "
0 P A —F—————
0 0.4 08 04 08
r(nm) rinm)
(5000 300
4000 4 240
T 3000 < 180
S 2000 S 120
1000 4 60
0 0
04 08 0 0.4 0.8
r(nm) r(nm)
fag 212 (F) Fe&E WI-%ed  yY(r) & IRE

(@) 1s UF 2s Fe&/Hl & 78 r & HorT & &Y
A Gl A i (r) H TRedq o sIRa|

% 1s e o foTu wifehar sH@ e W Afeehan
2, Sl ek | T TR e S 2 e AR, 2s
FHeeh oh AL YIFeRdl o 98a oSt § ¥ T6
e €, fhY =g URY e @1 S9-S9 r &1 qH
m%é@—éﬁww Afyehad (small maxima)
% Y 98 YA: Y[ o e qoh Tedl €1 9 &,
el 78 Wfashdl S ¥4 B 5l €, ‘Aed gag' @
‘e’ Syl B GHEIE: ns e o (n -1) e
B €, S1ufq g FdeH & n o @i el &1
T 95 Wl 81 T R |, 25 Hereh o forg et
1 GEA Tk qU1 3s ok foru <1 2t &1 3171 o shefeh
o fou off 78 el wehR Tt 21 3 wifshar s
RedA AET - 1Y o IR H gug W1 gehd 2 (Fo=
2.13 &)1 2 Tl # fagsw (dots) 1 o7 30 &
o gelee Wiewd sHe et 2

FHehl i THfa i fafg= werpl & fag
feer Wil o aTet HH-9ag @l (bound-
ary surface diagrams) R %! ¥l &1 ¥ YER@
e <1 gehan B1 39 Trequ o ferdt ek o fag
Teh Q’Fﬁ gRdT-gag A ‘TFT‘I% (contour surface)
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TIA] HT G

1s 2s

ford 2.13 (%) 1s UF 2s THY F&h! & foq Fifresar
T SIRG (o537 7 T 39 &7 7 seiaeT
UT §H @ G- & geilar g
(@) 1s TF 2s FH&Hl & o7 TREAH-Ta8
IRG

=1 sfEd forn st 2, fo whrera we [y|” w5
o feer #1 Ugifaer &9 o, forelt sherer o forg 0@
% IREH-Hde STE F9el B &, W femet f5y 7y
Feedh o fou feerR Wifgeal =@ o Shead 9
IRE-Td8 AR@ & Hed HI TR oh 3T
fregor A 9 ®, fores g1 feifa & an s
TR oF UIT S W1 WIehdl ikl SAfueR (S
90%) Tt Bl 15 Td 25 hemehi o fory qREm-Hae
sl =i fet 2.13(@) o <9itan 7/ @1 319 U Hehd
g o =9 um uiys @« T e ®, fow
TAFH UMW ST o1 WIfIhdl 100% B1?7 ST S| T8
2 for iy @ forcht fafeea g W ot soee o T
ST & h WAehdl 19 Bl 8, 9ol & SqHT °H
9gd &H F A Bl iy Med R & ™
IRE-Hde SRl i S G9E TE ¢, fSen #iet
TAHIH o 9T SIH i Il 100% &l s HeTH oh

57

o aftean T 1 e@ Tield g €, e g
o s 21

< formati # 7 el Th 9 1 aE @ <
21 39 Tt 1 IR & ST ol & qIT S i
EURET I

TH YT 1s U1 25 HeTeh TeAld SHid o 2
aredd § Gl s hereh Tieita gaiafd o 8 § 1
off <@ T ® TR n 9@ oF WY s ek @ SR
off 9 S 8, @1iq 45 > 35 > 25 > 1s IR &
FATH WA o 9 oh WY SAd AN ¥
ST B

o 2.14 5 dF 2p w&HRl 1=1) o IREH-
g @ femm T € 3 sl | Tifasw qa g
T B ® el s HerRl o foudd, IREH- Hag
N AR T 814 €1 SHehT T4l Yeish p- oh
T WM B €, TR ‘uiferdl’ (lobes) el S@T €1 A
YR @ oA a1t 9 o SHT 3R feora €)1 STt <t
iferat Tk S T Taef el F, 3 qo W HIiRan
e ®e Y Bl §1 Al p heTRl &1 ST
AR ol Tk T Bl 81 A Hefeh shad A o
srfafemal o emym | fa= e €, =i 3 wiferat
Xy A z A& F AR Fdw A S Hedr
UL 3= 2p, 2p, A 2p, TR I W T TG
T% SeaEd © R om, & A (-1, 0 3R +1)
A Xy AR 5 &l o o= wIE G T 21 TR
T =% a1% e Tatw ® % 9fe m, & 99 gva
M B ®, o1: @ p etk B, feh ater e
o TH T o od9d e &1 s hewhl Hi W&, p
Fehi o fou ot g=7 Faien 9@ & dagd o 91y
THeThl T MR SR FHofl agd &1 3r: fafq= p
Hefeh] 1 3R 3 Fsll 4p > 3p > 2p ®H U B
215Uk Nfafiad s wethl o THM, p Herhl &
Wfehdl- e el i I | ToRd g1 el &1
@ n-2 g/ § Wl 2, $1fq 3p wesh & fag
9 9 ©h, 4p & foau 3 iR =g om ot &
%9 ¥ e 2

*fe wfrra s |y|” T D gE W W wEh 21 a3 wae W |y| oft wmh g |yt v |y| o fo aftdm-aa

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

1= 2 o foTU ek, d e hedl ¢ 3K g&
FeH &I (n) 1 9 3 B &, i [ 1 9H n
~ 1 9 sifues T 8 wehar 21 399 m, % W HE B
T (=2,-1,0+ 1 3R +2) 3N 3 TR 9= d H&h
B &1 d Herhl o TREH-gde @ T 2.15 #
feame o 2

9 d Hehl Hl d, . d,, d. dy T d, FE
Wl €1 TEA R d HeEh] h1 SR Tk Sl Bl B
R wfee d2 Y i Bt 2, e et shatel w6
FSl gUaT Bd 81 n > 3 ad d HEH
(4d, 5d, ) ! FHA R Bl €, eifeh Holl qel
e 9= 2 €

=g el (1Uiq 5ia wiesha-o9@ ®e I
é)@Wnp@Tnda?W$mm—W
T a9 W I B E1 T8 A U ToRd §T e W
s el €1 MW ok o, p, Faw W xy T Aed
T 21 d, FEE | AE ° TR g SN 2- 81 W
Xy G 1 95d EC & "ed dad B | 3% R
e’ el Sl & 3R o el 1 gea 19§ S
8, NG p Herehi o foIT Tk, d merhl o forg & e
31 o foy 56t Wb vl Hig B &1 St el et
& (n -1), 3toiq wioig g 1 i1 fie 9
(n-1-1) =T AT BT

wreE fagm

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

2.6.3 HAAHI i HAT

TR W] H Seaid &1 el had J&i Fdied
e g Teifia eidt ©1 31a: eTggiet WA § shefehi
H1 el fEfatEad wH § Sed 8-

1s < 2s =2p < 3s = 3p = 3d < 4s = 4p
=4d=A4f< ... (2.24)

3R 5= fot 2.16 o <wifan 70 B) Bl 25 R 2p
SHeTeh| i SThiaa f9= it , TR oft 57 Sl hereh!
2s A1 2p H Suftufd goiaeld &1 ol SR B
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5w sa |4 =
_55
3s
2s 2p “2p
_25
_ls _1s
(%) (9)

o7 2.16 (%) BESIS WA 3R (@) Tg-FerH WA
& FT T BV & FHl-TR STRG| S Y
o @TEgiSTT WA % foTg FHIT G FIH-HE
8q f=1-fy=7 fgmreft Fareq 9@ &g W o 391
Sl TE BT 81 Tg-Feiael TATS § ThT 5
FaeT &I AT HeH! H1 FHil 197 G Feq
T ad werhl & g = gidl g1

THH o1l ol heTehl ol THEIT (degenerate) chgl
ST &1 S U8 S T 7, BESSE WA | Jg
etk Tad TRl feufq o W B g1 U8 dereer
3T (ground state)WFﬁ%l TH ek § Sufer
SIS e g Halifee Yeerdl § AR @dl @
BIEgISM WY B 25, 2p A1 359 Hethl § UM
3@3@77[ 1 IATST STET (excited state) 4 wel
S 2

BIESIST WA o Tooia Toh oI seiereiA AT
% IAFE HI Tl ohodl U A FieH HeEAl
(IT) W & T, dfceh THereh FoeH 9= (ST-HIT)
W off fasft St 21 ereiq § T gEa Feien wem o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T FAIcH WA | Heehl bl ol 1 H s> p>d> f
B &1 So9 Tl Tl | I8 AR 31fush Bl ¢ heteh!

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
=1 Seristl &1 HROT Tg-SraA TATIST | Serargil
o 9 H UfeRtT Y AT 71 wTeger WA |
SRV Seleri 3 eI A1feh o o= Syl
ThTH g S TR €1 ag-selae et ®
TSR A e o e TR o STelel I o
Iqfkerd Teh SeieRe 1 R © Wiaeuor off g 21 59
YhN Ueh Sg-3iag WA § Seided 1 T
HiqeRtoT 1 o | atfueh SRt s A €
Ymd: el 9§ I ol o 3
TSR W Hiaehtu S e sifereh wewegel )
TEA AR Ah | G (Ze) 9 o HRUT Seiarel
o SRy 3= TR wedl €1 SieT hivh § Sufter
TR o HRO SEA FIN BT TR AEAE h
A (Ze) T W e TegT &l HT UM T, i
AT SeiaRAl gIRT AR ok €T T I3 3TmeRoT
o SHIUT 3H 3TEY 1 YA qU T2 g<dll 36 STaikeh
AT R SRl ToAHAl BT AR § ufwerur
(shielding) &1 STl & 3R e 1 el o=, S
TolFE T YHTE Al €1 WATe AR 31aT Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI IRI&I0T o des AR STeNT | gfg o |
el S gN HegH fhal sTeRdu-e =g S 2l
TR vl o, AR 3R g & die o= T
1 S (AT Heh o) Y] HEA (2) o S
o WY T (37T ek FHumeTsh &) W
STRYU e iR, JMI ST foRATT SIRT o6
STHR T U U hefeh i Apid (9 oA
Iofterd 7) R fR et E1 S & fou- TR
STHIT oF HRU, s HEh H IURYT TARM p HEH H
Ut goieM T gl B SEd SoiagHl o AT 9
ufRerr sifien e alich W el 81 SE YR, p ek
o Sufterd SomeM d el ot gorl | s afeem
FW §, 9% qeft Ferh Tk & B H €1 T STl
Tk & I | TR 3R o HRT s FHeh ol
p eI Soiri shi ol | 3R p hereh SoEgH d heh
TR T orl | ek o I Sifieh THg ol il
T W v H- TR TH FW (I Hiew Tel) &
o feieht sFfied Wt (1) <@ o W Seidg g Hedd
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foran Z,, ¥ ST €, 319 p heh H GO H s HER
3R d T GoF | p herh ek O e gagar ¥ wen
Tl € p e & SoidE Hi ol H s helh o
TR 1 3R d HeMh o SR i ol H p e
& o F1 S w7 € 3, T <n A % 9
e 1 wen f-fae ekl o fow R 2Rl R
37: Th & DRI (P FaleH &) oF sl &l i
g (splitting) B ST €, 37eiq ST Weet sIdr= S
<ohT €, heTeh T SURd Soil o1 Soll n 92l [ o |
W R @ B ORI €9 ¥ on SR | W HehT i
Tt st FeiRar st Sifeer B ©, wfeh n e 1o
TRt A o6 foIT U et o 1 (n + 1) 1 A TS
=1 EF Ferr w1 e ot Ia € HH e Al <
Hefehi o T (n + 1) o1 AF 99H &1, d 79 n o A9
el hefh i Sell 7 BT WRON 2.5 H (n + 1) FrA
T T © @R o 2.16 H Sg-geeR ARt & Sl
T T B A < A o1 7 o ® fon fendll fegi
% et 37 il (oS AR ) e
f-for it &1 BTelilcn STegisM W] H THeh! Sy
T Rl €1 3 § T aqen Sfea g R e wen
() 91 o W T Y-SR del HER i HAC
T B STl €1 SR o fel— eTEest WA o 2s
Hefh i SHoll, THIUEH o 25 HEh Hi gol H 3T
Bt 3R Wifeam 6t gor | <iferrm st ol siferk gft
T M f S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTU] W heTehl Rl T ST
faf\r=1 ReTpsTi o wefenl | Soige Sihars, o o
ITER R W B ‘3fhers ', qeelt srges
&8I (Pauli's exclusion principle), o Afeshan
Fgehdl T1IH (Hund's maximum multiplicity rule)
3R Ferhi 1 AU Seistl W HIRE T
3MwaTs: g
ST o o effthars sk ot 3t B ‘Fermfor g
‘perehl w1 0T B 1 212 B— Hereh! BT geteRAl
g 90 I 39 R % SgER-— ‘uvEmurett @t
AT STSTT U, haJehl ehl ekl Sioll o ogd thil
T T AT B

LGIPERERIE]
WU 2.5 (n + [) 0 o 3R WX St Sl oF At

HeTohl hi ST
n <hl
HYE 1 n+l
qA <hl A <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)sh!
ol 3s §
ER R
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3pn=3)
& Sel 49
FH e
4s 4 0 4+0=4 4s (n =4)
3d & 2 3+2=5 3d (n =3) %!
%ﬁ4p@
%4 el €
4p 4 1 4+1=5 | 4p(n=4)

TH VR H— IO Tee G99 HH Hel ard
ST etk W S € SR SRl W o oIS 3= Sholl
a HEh! 1 WA € 3T Tg I g € o TR
ek i Sl g A 3TEe R sk et © IR
faf= YR o sherenl W @R qiEr fa= e 2
THfAT TE i ot TR e T © S wel WAt o
fere @@t 21 qenfy wereh! i St o1 Afarad g
W, 1 STh! SN ST 1 A ST STAT B

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

T8 %0 &I o 2.17 # fewi % fafy g o=
el S Hehel B1 U SN U Y& i gY d I
fE9m herehl o WA 1 A Sl €1 STed Warstehdl
ol o fau a® w9l TEme o fag
IRV €9 T T T S ok forg weforem o
STl Selaei oh oIt 3d 3R 4.5 herehl 1 ferehed
? R St fon 39 o W g feman ST geRar €,
TE TR 4s HEH W I ST € SUUK hH h
e TR H A & A FHEAS ANRIE AT
e Sgd IR Hereh! T Foll &R THerdr—Serar g
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T 2.17 w&/l &1 ST FT F9

& 3TN A T T Tesh—H URedd Hameh
G oh ohH W Ufedq o Wehal €1 U8 B gu ol
S A LAY KT SeisRl S e o faw
T TR AR § AfE 7 AR T i fE e
YATE & T T
Uit 3TuasiA fagia
fafer et § SR 6l goERH] 1 HE STEsH
fagia gr e et =, o siifgen o siieh i aselt
A9 T o F fean o 39 fagia & STER—
ferdlt wrwToy o Sufter & goEREl Wt SRl
FIET WA Teh WA TET &1 Hehell| TSeA STqars
fagid 1 39 YR off Fel < Tkl T
“Saet A TR TH FEF F T T B
T Sl oF WeIshUT faudia g =few)” sHe
@ & f 3 goRt %1 i Fren werd, n,l e

61

m, T 99 & Tl &, R STRT TR Faie
Hen f9=1 g =ifew) fordt weh & soaeHl o
TRl SfuesH fagia g e wn frEser fee
IY-HIT H ST Seiael hi &Hdl i AT hd |
TEMF el §1 IS & oA, 1s H Tk hersh gl
21 39 TR 15 ST-HI9 | goiai shi feshad ge
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHI: 6 AT 10 B Gehell €, S| TH T&T T TR
TN ST Hehel B—

& Fdled & n 9t hIvT ¥ Sl ot
WG 22 o SRS Bl 2
TS Rl STT¥hdT dgahdl okl fad
g 99 T & IU-HI9 ¥ Fafd el hl T ok
e <m] feman S 21 57 FHerehi w1 Foll e et
%I IR IHYY HEh (degenerate orbitals)ﬁﬁ%l
7% f1 39 TR € Tk € SU-RIVT F wegehRt o
TGl HT T a9 ak €l e ], W9 A
3@ IU-HIVT oF AT FHeTh! § Toh-Uh 3G
3T S

T A p, 9fF d T T fHaF B ¢, I
p. d 3R fwmerenl § HA Huel: WY, B39 3R 3
TR & W W YRS BN 98 @ 7§ f e
R 3R T W TAYY Fefh! F1 LN ST Tufafa
o HROT A Tl T 3W (TS 2.6.6) 1
2.6.5 UXHTULRAT oA SCTAREIeh Ta=amd
THST oF Hehl W Soigeldl o fIaRor @l 3!
Eﬁai‘jﬁiﬁ fa=ma (electronic configuration) &gl
ST €| A T ] herehi § st o W S
q wafyd g o &1 e § @ e, @ fatee
THST o olaeieh fa=ardl i T ¥ famr s
Gehell Bl

RATIRT o goeieh fo=mE & & alieh d
freftd foran s wehar 21 & B—
() S p° Ao Hehad
(i) HERH-IG
o S o C T T 1T 11
s p d
Tedl Hohad § SU-hIY Hi Gd 1R Tog 9
frefa fepan Sar @ 3R Su-shiwr | Sufterd gl
aﬁﬂwaﬁﬁﬂﬁ?a,b,c ......... TS o &9 H T
g1 faf= =l o fau fefia 0@ s &

2020-21



62

favisd 3Tk WA Y-V o WA Y& FieH &
1 faet fFar S B g Gehad W SU-FIY
Y% heleh @l Ueh Wi gl <Al S € SR
TR o HF-TEhUT 1 T S A 3 SRSl
H | S R W 9 ST Hehdl €1 98l Hobdd Wi
o | T GoheH 1 o9 I8 € fF 09 =9 Faren
GEstl shi 9T S Gehdl B

BIESISH THIY] | ohelel Ueh &1 Soigei Bidl ©, il
Tl FH Sl oIl ket H S €, S 1s wee
ed B 3Td: TIESISH LAY o Felari(eh fa=md 1s!
B 21 sheht o1ef qg © TR 3Ueh 1s wesh B U
TR BIal 1 Eferan (He) o1 O gaiaei off 1s
®eh W S Hehdl @1 o7d: Elfedd w1 SoleRitTe
o 1% B 81 91 SO Sarn T4 8- | SelaeH
TH-TR Y famlid 7= # 2 €1 39 Feh omE o
@ T ekl Bl

H|[ 2| He[ N |

ls ls

wfem (Li) &1 90 Sl USell SAues
fogId & &R 1s Heh | &I S Fehdll 37d: 98
T HEH 2s W Al Bl TE YRR AlEH
ORI fa=mE 1s22s! gl

2s HaH H Tk Teiae 3R 31 Tehar 81 o7:
A T 1 = 152252 el © (TR 2.6
H Tl o TEATIE o goeRieh [oarel i <) |

3T B: Tl H 2p Heh Uh-Teh hich T o
S| 37: 39 Tl 1 SR a9 39 YR ol 6—

FRA (B, 1522522pY),

FEA (C, 1522522p?),

AEISH (N, 1522522p%),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522 p°).

2p HEH B T HI Gk AT W T
T Bt 1 3 axdl o shen-Tes S gwiw MY €

HIfead (Na, 1s22s22p°3s!) ¥ 3 (Ar,1s?
2s22pf 3s23pf) Ok K AW T o WS o
SRl fomare &1 9Efd Li 9 Ne @ o ol o
FOM Bl ©1 T8l T shelel 7€ Biel § b 379 3s Tl
3p e T WA | TH A 1 T o ST Hehel
2, 99 9Bl < IS o el Tl 1 3 (Ne)

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

T o W ° fefya fean s difeam 9 o a%
& gt fo=rg @ UW faen ST wehar -
(Na, [Ne]3sY), (Ar, [Ne] 3s23p®)| U1 &9 § R 0
o SRl ‘IS T’ FEd B, 3N A goleR,
I ITEa YT FEieH HEAT o SHaEieh v |
W T 2, GASTehal SIa( Sheelld &1 SS8L0l o
1%111— Neﬁ%ﬁﬁgﬁ,aﬂgsﬁﬂ?ﬁ%ﬁ'{NaﬁAr
T TSR HANS Soie €1 IR (K) 92 shfewad
(Ca) § 3d & &I T H 45 Heh hl el hA
B oh HRO Y AR 5 selagla wue: 45 FHaw
o W B

whiedy ¥ URY w3 W TH F91 A0 fe@rg
<A1 €1 3 HeTh i STl 4p ek H1 ol § HH e
o N1 THH TR Ted WX B | URuTHEEEY ST
TH qodi— WhiedH (Sc), =M (Ti), sHfea™ (V),
HITHFE (Cr), HTHIS (Mn), STEE (Fe), Hiaee (Co),
fohet (Ni), T (Cu) 72 51 (Zn) © di= 3d e
T golagH SR R S 1 89 T8 @ Afhd @l
Hohd B fop ITqa e i § 3d e d =R ae
T AT h1 SR HEI: U AR TH TAFA Bl B
TR RO T8 ¢ fF oMY wH [ R Ferw A
TR B ®, AT ST ST W Bl B1 pB ps, b,
dw, £, f+ senfs fo=ma, 5 serek a1 @ se
W ¢, Afeeh Tl B €1 3T: HIfEm qen siw |
b 3R o o=l st grerfierar ferdt © (EUs 2.6.6) 1
o ¥ fF evarg ot faer ©
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TIA] HT G

3d Hehl o WA % WK W™ (Ga) ¥ 4p
Heh! H1 G TE Bl € 3R Fomee (Kr) T g0 2
21 T 18 Teeli— ®ellfead (Rb) ¥ S (Xe) T
55, 4d TN 5p HeTH| o T 1 & Ygid el €, 5
4s, 3d 3R Ap HeThi &1 oft| STk 9% Bs HeEH] h
G YR Eial B1 Wfsem (Cs) 72 9fem (Ba) W 2H
Heeh W HAY: Th IR § Tele B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3 5d ekl o
T WS €| Uk 1% 6p, 7s N IFdd: 5 fTS
6d HEHT HI W S 21 RAFE (U) & 9% & qd
T TR B ® SR 3% W ®Y ¥ W e S
21 TRt 2.6 W T awall o gelaRien fomre (SeeHt
fafrli g fwifta) feo o €

AT I IS Thd 7 foh oMfer 39 fa=ami =1
S W F o g7 STy e foue ok
AT H [EER aeR hl GHeH X SU!
R I | ST I 1 €1 SER AT S
21 IR & U o weA, S— | AW 9 Al
TRATY] AR 9] A S €2 IS avd €1 ST
37T A BIaT 82 He 92 Ar 519 a<d fepameiier ot
&l B €, et geliei S aee framliel 8 8- 5

63

Ta o IW e o= o TR W U S Fehdl
T STee & THIY] Hied ¥ g TSR TE R
ST Hehdlll 37q: MYk WA faa™ o % Jeqst i
el G §HeH o fau soieeie W & 9l
SR BT 31 eTev T 2

2.6.6 YUT&UUT gRa U Tefufia Su-hion

T T

Tohelt a0 T qoTEd STaEl Soiaieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt #1 furenier warogei
o godRIeh T 9N 2.6.5 H U qorqa famt
1 TR Fd &1 R FS awal (S¥8— Cu d Cr
H, W&l 1 SU-HIE (45T 3d) HT Seteqi H &9
SO BT §) TF TG FH ol AT STRW s H
Ao Sl aTel SUHIY W TAMIAG 8 Sl 8, a9
Y TYMIALT W IYHIY o Tl 329 Fell dTcl HeTh
T 81, S qUigRa A1 STegRa 811 81@: Crdem Cu
o AN Saaie fa=amd ®asT: 3dP, 4s! qA
3d°, 4s' T, 7 foh 3dt, 42 A 3c°, 452 TH =T
T ® TR 37 ot fammal o erfafte st
B 7
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@A fagm

U AAT YUIIRT SU-HIT oF TATTI o SHIUT
UIGRA e STEIYRA ST oF Tl o ShRul fefead
3

1. Gl Rl Tt faavor ; 97 weit-«ifa fafga
 for wmfafa wenfoe gem w81 qofa: g
37efqfia STRITH | setagiql 1 faawor gafha e 2
37d: A oifush Tl B B1 Uk € SuRiw A (TRl
3d) Toreil &1 el qoE B ®, WY sEe e
foaor =1 2 %1 HoRa®y 3 ThH-SW H uferh
®Y ¥ U IR Hd € a1 Sela[ AHE g
ffereh yarera § SMhita 8l Wi €

2. Tafma =t : g% Tomieor 99e a9 S g
2, 59 WA Y A e (FSeh T=H0 HE
2 ) U SURIY oh GHYY Herehl W Sufterd g
E1 A gl 1o T fafme e w5t ygi W@
g 79 fafma o wro gaa S, ‘fafwa st
(exchange energy) Fgard 21 Guifaa fafmaf
T T T4 AfIHTH Bl 7, ST IY-HIW YOIT:
T YA (half filled) B4 € (fof 2.18)1 30
TerEaEy fafe St stferad il € qen sEt TR
e oft atfuehan e 2

Y W fF T8 Sl &5 o R 1 SR €,
15 STTHR— TH Hell oF Shefehl W SHETe
TG o JATHTS TAMIR ToIehUT B B
A vl H, ARG qen QUigRa Sushiel
T (i) TMUfeer €9 9 67 IREd, (i) 9
HcAfareh GiaehsuT Sell qel (iii) 3= faf=m ssi
o &R 2 21 fafta et & fama o faer
Y 39 STTel hefeT | geH|

TR 4 g 1 fafme

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

5s 5p 5d 5f

4p 4d 4f

3p 3d| 4s

3s

ARUN 2.6 dcl o TSR fa=amrd

< 10

© >~ 0

© © ©

10
10
10
10
10
10

AANAN

2s 2p

A ANANANANAN

© © ©

AN

1s

AANANANANANAN

N OO

10
11
12
13
14
15
16
17

axq
Na
Mg
Si
P

— 2 5]
SMMOZ0Z

QEAIY] i HCEH

18
19
20
21
22
23
24
25
26

Ti
Cr*
Mn

27
28

, Fe
Co
Ni
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66 WA foagm
aa V4 1s | 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
Tb 65 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 |2 6 2
Ho 67 2 2 6 2 6 10 2 6 10 11 (2 6 2
Er 68 2 2 6 2 6 10 2 6 10 12 (2 6 2
Tm 69 2 2 6 2 6 10 2 6 10 13 (2 6 2
Yb 70 2 2 6 2 6 10 2 6 10 14 (2 6 2
Lu 71 2 2 6 2 6 10 2 6 10 14 (2 6 1 2
Hf 72 2 2 6 2 6 10 2 6 10 14 (2 6 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 (2 6 3 2
w 74 2 2 6 2 6 10 2 6 10 14 (2 6 4 2
Re 75 2 2 6 2 6 10 2 6 10 14 (2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 (2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 (2 6 7 2
Pt* 78 2 2 6 2 6 10 2 6 10 14 (2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 (2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 (2 6 10 2
. Tl 81 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 1 .
Pb 82 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 |2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

112 T 3G Afueh TA-HSA Il I 4 ©, W TThT T fo=mg =@t e e e 2
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R

TRATY] qdl oF TS AT B €1 A a7 % U8 s 9 €, S q9Ete fme | 9n o @)1 gem g
fgia, fr S Sieed 3 1 1808 W Widwifed o, o STFaR wA] el & TH Held B 01 B §, T
AR faenfea =& foran S gepen 21 S=Hae vt & 3fd | wAT g g% YA 2 e foh awen) faan
? T o A g1 Hol (Telag, WIS qe =I2H) SR S Bl €1 S 319 Uil i @ie o o1%
AT T HEEAT i T HI o ¢ 9gd § WA0] Hied T Ry T

T 1898 H ATHHA o el foh WA Uk GHM e TR 69 orell T el g §, f99 W
TSR UMM B €1 9% Hisd, SEW TEI] 1 SoME W WEIY] W Tk GHH fodid JE T o, 69
1909 H XIS o Hew@qul o-h01 o Feh10H FAT g1 Terd fog g3 TeXwhie o 98 fepd frrehren for o
% % H Tgd SIS MHR H1 YAERE TR Bl € 3R 9 30 IR SR AR &ell § T Hd
Bl TIHIE Aied, S GiHee 9 fiera-Serar o, ffvea 9 9 S died ¥ S8 o, Wy 98 W]
1 feoran &1, 19fq 98 59 o1 1 <A T R qrE o o i o 9 e iR S €2 sHek staren
g TRANY] 1 SolFRih T, Fiq Afw o IR AR el o a0 3R 3! Sl & aR § §9
TE 1 HehT| WIHIE HISd i T HicAedl &l 1 1913 | Hd R 7 TESeE WA o 3704 died o
T foran qen ge wEdfed foRan o fass o 9Ri iR gareR wail § Toee@ T & € had 8 Hel
o1 € A B Tkl 8 A1 Tieh hell shi FHIv=a Soil gt €1 o) 3 fafir= shefl & seiaei= ot Soit &1
T ST SR Yedeh el o ferw e S soiaeq 1 it o1 3Thord f&hal 2ol IR Hied gRgisH &
T i GAlges TI 6 o, Ak I8 ag-Seraeid WA o TaeHl i el T8l L Il SHehl
FHRUT Fgd Se & G & T AR Hied § gelae & AT o 9R 3R Uw f¥ed JuhR e # T
T gU AT F1 oF 9 H GET T 11 THH STk T Y AN & 9N H AL G T4 o1 T wal
s ffi=a o g ® oI 39 Uy 1 gf @@ asft qRefia /e S wehdl €, 56 U € 90T W gee
1 Tel fefd @ik W&l 3 W e egsnet % erfiyeddr fagid’ o SER UE W9 T ?1 36 YR
BIEGISH TWATY] 1 R Hisd A hddl Seiagid o el IaeR i SUel Hidl 8, dfcsh grgsien stffy=ea
fagra =1 oft foRier s 21

T 1926 H e AfESR 3 T wefeheor o, o ¢ sifesk wefiertor’ shet Sl 81 6ok gy foifem
o golaela o faauor SN wATet | o1Hq Sl Wi o1 90 foman ST Hehal 81 98 GHIHT0 7 Shaet < Sl
% T ol Qe AL HI Feheddl i eFH | Wl €, sfceh grgsien ob  SAffyeaar fagia’ o ot
A 21 ST 36 THIHOT 1 EESISH TWHIT] § Soieei o foq el foman T, o el o Hwe Soll-&l
R H T Bl (S I Ferd B €) o 9R W SRR W g2 3 aeifed Sel- & IR Sk |
TI-FeH S T Feled HEAsi— YeA Fen Fe n, feiia Faren e |, 3R gaE J6ied W@ m,
% gN Te9H S €, ek il & gl o URUMHEIEY W €id €1 39 diF aeied Semnstl o Jml
R yfqey off sifes-aiienor & g @ Td: U B B | SESISH YY) S deien diehid Higed @
Tagd & Gl TEqel w1 AT w1 ¢ SR SHoh Sifdfiad o UE uftmeAtel &l off Twemar €, S 9K
Tied §R T &l & il

T o FAEH AR AiSel o STTHR Tg-Seiai1 AT o Teiargi-foeol &1 & el | drer
T B A I Tk A1 3Afeh ST-HIT o 54 T B Tohd € AU T ST-HITN H Tk A1 M(UF hersh & Hohdl
2, T soieei Sufted ean 21 eEgieH S gEeH w9 Feml (Seewnd— He', Li anfe) § fedt
U U rer o Tt Ferhi R THE S B €, WY Tg-Ieia WHVEH H Ferhi k1 Sl n 3R [ H
ol W e B1 foRe et o fAT (n + 1) 1 A AT 9 B SEe! e i Sat € % el At
SHIE < HERI BT (n + ) TH T B, df U Heih 1 Sl wA eit, TGk fauw n w1 7= w9 21 fEE
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WA | UH ¥ herh THG Bl €, G901 S0 Soll o wgd W H goie UISel oh eivesi fagia (fRet
wAT] B Rl 1 ol R TRl FeleH-G@A 1 HH GHH T & ehdl €) 1R g€ o sAfushan sgshdl
1 (T USRI F FHerhl | golagHl h1 I q9 % URY TEl ST, S I Ydh hesh § Th-Th
T | 3 W) ok R T W W &1 THI[SA 1 gelari-eh Sl Sl el W a2l

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

A

(i) UH UM IR ¥ Tl &t T &1 Iieher Hifeg)
(i) T T TRl o SeIHM 3R STENl 1 Uieher it
(i) W99 o T O H IR STl i & 1 URehe HifeTd)
(i) 7 mg"“CH =Ml & (F) Fa & qA (@) F& SFAE T HIAC
(R & I = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ FrfAi
() el Gl 3R (W) el FeAH Sy
TE SR A H qfedd ¥ 1 S ufietdd 8 Sam?
foretfefias e § suftera =i @ik Wer @ gE aaEe-
'3C, 130, 13 Mg, 30Fe, 53Sr
e X TU AT FHAA (A) 3R TRA] G (2) STt WA 1 quf wefteh ferfan—
() z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oivd R ST dict FehTer &1 -5 (1) 580 nm T1 THHT M (v) 3R
TE-H&A (v) 1 IR HifQ)
ek U IS 1 Sl T hiTe-
(i) S 3 x 10" Hz 3Mgfa aTct YT¥T o T &l
(ii) forrert a@1-<=4 0.50 A =
2.0 x 107'° s FTe ITell YR X 1 T-454, g SR M- T T Hifer
T oY, TSRt 254 4000 pm & SR S 1J Sl <, o Bl i HEA SarEy)|

IR 4 x 107 m TI-<4 Gl Tk HieH 2.13 eV G ol o1q 1 9de 9§ 2k
g, @@

(i) HRM & e (eV H) (i) Soas I Tiast Hsi AN (iii) TR Seiar o af
%1 gRehe™ HINT (1 eV= 1.6020 x 107°J)I

Tifeam T o A o fAT 242 nm -S54 T for-gaewta fafsmor wai g
21 Fifeqw &) 3= Folt kJ mol ' H T Hife)

25 S 1 Tk ed 0.57 p m -S54 arel diel T 1 Thul GehTer Sea= il 2l
Tfq Yehe FA1eT o IS i X A HIfoUl

forell o 1 TaE W 6800 A TI-S54 Al fafertor eer ¥ I 9 A geie
3R Bd §1 o1g 1 @l A (v,) SR FEEH (W,) F1d Hif
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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

el BTESNH WAV % n=4 ol & ¥ n=2 S &R A selgeH S ®, 9 fhe
T35 T YR IS B?
I SeiaeA n = 5 HYw H UL 81, A H TV o 3 o fau forat =1 =t
SETIHA BM? S ST HT ol FRGSH WA F A T ¥ Ry
(I TR n= 1 F&F Y S & (TheN o fau fewaes s el 1)
9 BIEge W] § SR Solae n = 6 9 g STawen § Sl €, al U Seafed
TEstt i fshan de # g ?
(i) TTESSH o YUY Hefh § Fetud Fs -2.18 x 107° J atom™ 81 W= wEH
U gafyd el aaqsy)
(ii) TSN A o Urad SR Hefh hi 5 H TvE Sife)
BIESISH LAY 1 ST S0t o fereham aiiT-<54 el WehHUT 1 qR1-FE&AT 1 O
Eaisiy
FTESISH TR H Tiaei i Uecll el ¥ Ur=dl el 9o o S ok folU STavash Sl
I S | T FIU S TE ST T e ¥ diedl 7, @ R qwr-<ed
RSl SCHTST BIM? (Sl shi qorel fae Sei —2.18 x 107! ergs ®)I
TEGSH WA § TARMA # e E, = (-2.18 x 10™)/n J W & S 2
n =2 FHE Y SAaA &l 0 e e o fau Aewesh S i TOHT hifTT FermT
1 T Tal -5 (cm W) 41 €, TSR ST 59 HwHor | feman S Heh|
2.05x 10" m s o § 7fq X @ fordl soieei[ o1 a-<=d @ ghm?
TR 1 59 9.1 x 10 kg €1 A% gHakT Tt o1t 3.0 x 102 J @, ol 38eh
T3 T MOAT i
frafafed & & &9 g9-smar vl 7, stefq fe soeeAl +1 Tam g 72
Na', K', Mg™, Ca®, S*, Ar
(i) fr=fafEa s @1 soite fo=me fafaw —
() H (@) Na* (m O™ (=) F
(i) =7 T HI WAEN-GEA TRy, TR Ty wed sede s FEfated 9 |
i s € —

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

g 7100 n A1 g g % 1 AR STgAd B2
T Toiae fhH 3d Fersk | 71 38k T n, 1 31k m, & T9a 7 i)
et T o T ® 29 Toide SR 35 =g B () I9H Wil %l Hen saEu)
(i) T H1 SRS fa=mg sarEu
H;, H, 3R O}, Tfefis ® Sufterd seiaeii %! Sean sarsu)
(i) fE A Shew Hon= 3 T IHF AT LR 2m, & TG AH F B2
(i) 3dF&F & TR b AT m, 3R | FAEH T@ABH o °H TR
(iii) Frfafed § @ $19 9 e 999 —
1p, 2s, 2p S 3f
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2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

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

(F) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

HWU A g TRy fo Frefefaa Feien e o % ¥ °F gad 7@ 7 -

(F) n=0. =0, m = 0 m =+ %
(@) n=1, =0, m = 0 m =- Y%
(M n=1 l=1 m = 0 m =+ Y%
(& n=2 =1 m = 0 m =-1%
(¥) n=3 =3 m =-3 m =+ %
() n=3, l=1, m, = 0, m =+ %
ot T AR e WS A R T A
(F) n=4,m =% (@) n=3,1=0

g IPMSY foF SRS THM] I R Hel hi IR IH Hal § a9 S hi
TSt qer-3ed w1 qof qure e R

He' @A & n=4 9 n=2 9 THT0 ¥ W@ a0-ed & aa el Sehaol
BIEge Tagd | 1 Bhm?

He'(g) - He™ (g) + e Wik o foTu Aaveeh o1l bl TUMT TS| BIESIS U1
T TR T H T Foft 2,18 x 107° J atom™ 2l

I HTe TATY] 1 =418 0.15 nm T, Al 7 e RAET %1 T 1 AT Hife,
5= 20 cm Thet T oA H TH-Th Hieh SAaiEd el ST Hehal B

e o 2 x10° WA Tk Ha’ § afeerd 1 4K 39 =Iewe &1 @aE 2.4 cm T,
T HTE YTATY] o SATH hi TUMET HifSQ

e 7] 1 A 2.6 A ® — (%) e w1 =0 pm @ 9o (@) 1.6 cm
FT TAE § HIR § AR LG TATIST i H& i T0MET Hifsw

ferlt =Rt oh1 feeR T oMot 2.5 x 1071°C 21 39H SUfkerd gelagiAl i &A1 &1 oM
HifsT)

faferra & 9am & dot 1 95 R SHHd Xl g ara @i faeq-smaw g
fopa ST B1 9 T 98 W AR wifdsk fogd omew —1.282 x 10-15C ¥, df s@H
IUfeerd SAaRl &1 F&AT i AT HifsTul

T S T A, W S A A # e T o w5 A
1 St B1 Al Cogffam onfk S ook T 1 vl gl oft S, o SeRie gt
¥ F SR T2

JoBr el Br ¥di® W €, e 59 Br 9o $Br W T &1 Heyd # HRO Sy
T 81 THAM HE&A o awdl | WS i qorl B 31.7% 2 SAfeish &1 3Uh1 THTT
Tdter fafag)

37 SSAHM TEA 91l Teh 3MFH TR F U9 1 Tk 3T 81 AfE 31PF § gelagi i gor
T =2 11.1% aifus €, @ 5 o1 gt fafa)
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2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

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

freafafea fafeon o gl &1 eTgfd & 9ed T %1 | Hafked Hifag —

(F) HEHEd 3o (oven) T fafero

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

(M) TETE. e ¥ e fafezo

(o) el ok @ wigies fmwol

(F) X-fortoi

e SR 337.1 nm H -5 W T faferior S st 21 A ScHfS wie w1 Hen
5.6 x 1024 1, A1 39 TSR 1 &GHA1 I TUE FHifSC

et T i mErE: ohd siet | W TR S 21 9K 98 616 nm R e 9 fafmor- s
F 7, @

(%) IS &I g (@) 30 Tohe | =0 fafwto g0 @@ &1 T 0 (1) Fien &1 el qon
(%) Sufterd Faren w1 W@ B MM FIGC (IR TE 20 B S ST A ) |

Tt Jeronl & g a)i @ oM a1el Gohd 9gd HAWR 8 §1 9f% wIeH §9=% 600 nm
fafertor @ el 3.15 x 107'°J U<l <aTl ®, o GGk R U Il ki & FT T HIFAQ)
SIS STeensti | STU[sti o Sfaehtel 1 A UR: TS 11 Tohe T arel fafshion Jid o1 Iuam

F¥eh TR s 21 A faferor Wi o1 *1e 2ns 3R wfea fafwor 9 o SR Seafsa wie &1
H& 2.5 x 10'° 7, @ G 1 ST 1 AT FHifSU

o et fgrfor ae-2ed fen steioe HH0 589 3R 589.6nm W @ Al €1 T HHHTI
1 Tgfa 3R T SfSrd sfereernsti o ofte Sl o AT 1 Ul SIS

Wi A %1 FHEEH 1.9 eV 7,

() Scafsa fafewo 1 geft w34 (@) eelt s &1 o Fifsw) 3 difvan o w5
500nm 1 -4 o Qe Rifi feran smu, i fehel EU hieigeiagiq 1 TIfdst Sisil AR o i
UMD IS

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

) (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

Teell q1-3o wte feerier shi oMl iU

TerTel farelq Uma worT H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI UehT ST Hehdl
219/ 256.7 nm % Tafehor 1 Swa fohan S 2, faoeRr o1g o forw hrfther 1 Tor shifsw)

e 150pm -S54 1 HIEH TH WA ¥ THTA ¢ AR @R A o A golwH
1.5 x10"ms ' a7 ¥ STeX eheral € o SH Sl ! UM shifey, Ted o s 9 o1 gan 2|
Y STt T IS HHA 1 He W AN B 21 F n=3 H @A Bl © a9 T8 v = 3.29
x 10" (Hz) [ 1/3% - 1/n% @ <30 <1 el 21 4f% A0 1285 nm W Ufed gar 2,
n o HME &I T HISAC a1 T 1 &5 FqEu|

IH IS THHT o qI-<=4 R MO BT, S 1.3225 nm 51 ot el § a9 3R 211.6
pm W G Bl 21 TH HHHAU I 00 H1 AW SR WaeH H &3 off wany

2020-21

71



72

2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

2.66
2.67

@A fagm

2 FIE gR AIfEd 5 o el SAARR W ot YaHaw i @i g2, T S st o
R o a1l 1 @it arafifa wfdfee o fore ST & @ S 1 56 geueel § Afg geee W
3 1.6 x 10° ms™ 2, 9 39 Sl W GafHd 2 sell auT-osd &1 Tl Hife)

TEA foada & gam =g faada gersell #1 srpe #1 g & Frufor § yge e st 2
If% o=l 800pm 1 TI-354 oft ST, A =2 & Gaferq siferenafones o &1 ToM1 HifS)

e S o FoH el H e[ 1 o 2.9 x 10°ms ' ®, 1 TEQ Helfud 2 sivel! ai1-54 &1 MOl
HifsTl

T 2, S 1000 V ok fawarat § 7ifd o< @1 8, @ Fefud o7 4.37 x 10° ms™ €1 9% 0.1 kg
S 1 Elehl 1 g 3H o1 W TiHE €, @ Y afud q-<sd i T shifsu)

I Wk gerae[ 1 fefd sl 1+ 0.002nm 1 Ysal o A St B, o Selsr o W § Sty
T U RIS AfE Teiarei 1 W h/4n, x0.05 nm &, T 1 39 HH i e ¥ HiE wfag
B2

T: SATA 1 FeH H&A A G TE 1 SR ol o 9gd hA H oaieerd w3 o fenet
T Sl T 7?2

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

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

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

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

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

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

S TR § 35 gl BId 1 THoh 2p helh W ©: Sola, 3p e W ©: o a1 4p
etk W Uie e B 1 0 W hi W1 Sola ad WIS AR SS9 S LAl €2
frefofaa & @ ®F 9@ e STt TRTRT AT 9 wm?

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

AL Si ¥ 3p etk | YA ola [ BId 1 i TN Seiaq e  fersh goel AR
ST $TIHS HIM?

T SFfA el i Wem 9asy (F) P (@) Si (1) Cr (¥) Fe (¥) Kr

(%) n=4 9 Gafud foraT STRreT 272

(@) 39 ITFFT ¥ fhad seree Sufeem =i, foweh fa ms=—%®r’n=4 2l

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

o ok W -
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