UTATU] <l W

STRUCTURE OF ATOM

ELE

TH Ueheh oF 3149 o oI5 3MT—

goiaRe, WIS qel =2 i @S &
3o arfyyereron @ afitfea & weh;
ATHEA, WIHIE T dR oh T
Hiedl &1 duA hl Tohl;

T o FleH AR Aied o6
TETYUl AN HI THH TR
foga-gesta fafertor &1 gfa
Td ek o Faied fagid 1 9ud
Tohl;

TeRTeT forgd-Tel a2 SRSt o
el o &I Rl U hY Gohil;
2 Sl Gelel q BrEsiHerT STefadd
Tagia =1 s1iivemed T Teh;
THY] ek hl FAEH G 6
®Y ° gRenfoa & e,
AThaTS: fagTd, TI=Selt o1 ST9esH
Tagia qen g2 &1 Afiehan agehd
T\ =1 auiF T T

A o geterieh T fo
|

Taheh 2

fafy=r awai’ & Taratie FagrR ¥ vey fafaear, s7a uwarrei &t
sTaRe Q=T ¥ fFifga fafagar @ verfad gt 81

IR TS AT <RI g1 9gd T | € (400 £ TEt o
I i YETfad fohan T ol 3ehT fo=m o fof ] 9 o6
ol GTEAIHS 91 B &1 S0k AR g1 & oaR fasrse 9@
Ifqd: TE] I e §, T e fawifea == femen s weman
‘T’ (atom) SR Tk AT H Icq g3 2, i atomio w1 37
‘T HE M 9rel (uncutable) 31 AT’ (non-divisible) @HT%I
TE ¥ fouR sheet shoudl W STeia 9 SR gt e wler
I I F9E TR o1l 9gd 99 e ¥ foem fRdt g o fo o
& =ord @, W 180 vt § SRt 3 3 W R @ ol 1 I
Y e

T 1808 H S ST AT Teh fofewl Thal LA o qoalt
TR oA SR TR §o o1 CHTY] Tl eqa fohan Sent faga,
59 “STees T uwmmy fagia’ e S €, § W] i used w6
el 0T (Teheh-1) A

TH Teheh 1 THA S YT Yeroli © oR fopan &, S 194t
ISt o Sfd de 20 o IS o SIRY | SR g feRw Y 9
Y TE TIyd g foh WA Wl B i H, tufq selel,
WA qen =g o fawifsi fhan ST HeRal ®1 T8 UM Sleed &
YN § fooerel oter offl 39 wWA SRl o | fefated
T TR off -
() ORHIY] o STTIREIUE HUN T WISl oh o Tk T Hl

TR
(i) hfoek qen THEtE— I N o TR W T a7 H G 9

o= =t qor;
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(i) fafa= W o FaeE 9 faft= geRr o
STUST oF S hi AT T,

(iv) TRETIRT GN STeRNfud el Icdfed fafitse
forpq gaa fafeeor %1 saafa qen yefa =i
Y

2.1 TAUIHTIUE: <RHUT

T o W] f9gId 9 SomE o Wi o e,
feeR Wered o6 1w qen agiforar-o1qu o 1 &t
YEAdYdeh AT Ht S Tl Al T8 HS G
o ROl &I a9t & § fawd w1l 3T F
W—ﬁﬂﬂw@ﬂﬁi(ebonite)ﬁw Sl T
(fur) & @11 forge W foge 1 S it @1 @=fy
3 IR § fagq-gasha aREe &l §He §9d
g, ey sog WY dR R wRamEt qon STupe w1
foRIq-Thfa me | WerE 8l faelt 20e wt o
faf = YR o 3T STEURHAUE® U i @ T,
oy 39 We ° g9 had ] HUN— TAa au qieH
% 9R ¥ 9 S
2.1.1 A ht @ISl
T 1830 W Wzehd hue A swim R af fed
faoram o o waifed &1 Wit €, A1 soREl W
R e 1 fagsia ﬁ?ﬁﬁw (deposition) ﬁﬁ%l
3 o fem aa, fer fawa o ey 12af e |
| 37 aRomA 9 fagd w1 wvita yRfd oF ar |
e 1

o o foga-fousH onft w@m o wfom 9
TCATY] i G & 9N A R SHHR 9 g8l 3
ftomef S ==t w W g SAafd wUif o eER
o IR ¥ g9 I8 g W =H | W@ g TR 'me
3T TSHh-E Tl Yfenftia qen fomdia et Th-gm
1 3T e Bl

S T % B3 9 W ST o,
et Hae 3 oniferen w9 9 Fraifad Afermret, fo=
ehete fertur wifetend et < €, o foegq-fags
1 3TIA IR fopaml 38 ot 2.1 (&) o 3wifan
21 ohefrs fertor Afcrsht sie &1 o1 et €, Toem erg
% 31 et 7he (9 goteRie wed §) Hia fhe gu
e 21 el o faga-foes &1 fa® e <« o s=u

A fomm

fawa W Ufera fopan S wewar €1 fafy= i o <
fratam g fFEfa fovan T 39 YR 99 geael W
I=q dicedl @] &1 TE, @ AR H HUN i 9-T
N HUTCHS TS (hUig) U oFcHE RIS
(TE) 1 Wh TIgq 1 YaT8 3R & TN STh

s ToRTol stuen helie Tavor woT Fed 2|
frafa 77 =i
Foie © ITI ® e
e [

T 2.1 (%) T SIS (307 fagsiq qeer

helie | UHre a% Tagaem o vamg 1 fafier
S o fou e § fog don e & 19 el W
T el (9 Teree) #1 o9 fHan S 2
9 3 frtl e o fog § 9 ot S aewEe
1 TR T TR qUT el Uk Tk i g 5 Sl
2 (IV § off T € e ?), fot 2.1 (@)1 39 W@

% Romm Gay § frefofan §—
frata g9
|||
%ﬁ@@ 1 N
T ®
Ll

ferg 2.1 (@) 95 THegaHR U belig- o fagf et

(1) éwﬁtcr foroi (cathode rays) ﬁ%ﬁg T IR
TR UAIE 1 SR T HLdt B

(i) o fRtol T fe@mE ==l 3, W $7oh SATER hl
i den F ffved wehR & wrel (Tpeda qen
wiaeied) st Sutkfa & <@ s Hehar 21 3 wred
T8 THU HT F9Hd 21 TefetsT o Aferent
kel foRor Afereh it ¢ Al aet, i epd
e Wi uerel @ @iftd e €, W e wfad
B &



TIATT] T G

(i) o TR gaenta & ot erufarfa o 3 fervol
et feom o T A B

(v) fogd iR dowkia &= i suftafd ® helie
fRToll o1 SRR HOTERE HwUI o eTdfaa
SRR o q9H Bl €, W 9% fag @
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(iii) ToRIq 1o/ Gahia &5 i YAl SeraRIel T
Jieedl 1Al FFIhE & HI Yaadl @ o
TSRl 1 Het 9y ¥ foeer S S
e haet foR &7 ol S €, 99 gl

A Uy ¥ foufad gt foig A W Sheie fo

wheie feol o momafia wo B @, R
TR FeEd ¢
(v) cheie foeor HAfeten o soeRiel o e TE
IURErd 19 &1 Fehfd T helie-fron (seieei)
o @ fR T w2
SwWied ool @ 7 freed frekera @ Ofw
TaR el WHEEt o Hel W e 2
2.1.2 TG R AT TN AT

fofee wdifaen foam S ofmes = &1 1897 ® wheire
TeRTuT AfeTehT o1 SN Hieh 3TN Tl o 9 ae
Tsh T ok ofeed foRd iR gakia & @] ek
T ST (¢) 3R S=WM (m) o o= ST
o (Fest 2.2) 1 oo 3 7 ok T o foge eIk
Jahta &l i ARl H Teraedl o 3TIH 9Y 9
foraer &1 " frefafag ol o fd s 8-
(i) T T HOMER HT AE AR gH TR R aen
ekt &l o WY = TR &g Sl @ 59
YR o sifues B B
(i) HU H FTTEA-FU &k okl s A fomem
fere B 2

Afetent W T &1 S YR e oholel Gaehid &
o] fFa W@ ?, 99 goeE fag ¢ Wkl
fepRo-Hferht @ 2ohad 21 TR iR geehig & &1
JeIeTdl o AEHMHI- Jeieh Hqe | S &5 ol STgarefd
o eruiferd 9ol T SeieRAl i aTaE A ST Hehdl 2
76 7% W f9g B ¥ Zoan B

foRq & 1 Yo A gawid & F g §
W fordt Th 1 sufeufa o saael o fa=em &1 @
# WE-TE WY Hieh AR SHh Ul W e,
e/m_ o W 1 FER0 FT Heh—

e
m

= 1.758820 10! C kg* 2.1)

W& m, Tl F M kg H SR 39 W
SR e (C) H 71 <ffF Teie Fomefi 2 €
3 TARA T arEdfas (R0 AEY —e 7l

2.1.3 TAERMAI UT AT

R, fafes (1868-1953) 7 Soiae W AT o

fauftor & forw wh fafu TR *1, S 9 o8 @
(1906-14) e 2l

o 2.2 392 & & IR §oT9A @ &9 STUN T [TURU HIT BT SYHI
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faferamt @ o1 @ o3 fafa

g fafy o & (atomizer) SN 3@ FE™ h
®Y H 9 1 dai ! fagq @93 (condenser) o
TR H @ § sufterd B ¥ 5% ¥ TR S @)
1 4 % A W SR T e 6
BN @1 TN T SRl o A Y <X Rl HgeRT fafersee
TS 1 &I o FSAHM I AU Hoh| hHeETh oh 37T
g 1 X-fRorgs yarfed #¥en emafia fwan
et 3T qon dt Jaf o g W de 9] W TRy
AN I g TS H O R R TR smew
X-foror gR1 I AU et ST gR S9N
TN 3 SR I HI ST R RAT AT S Gk
2, @i foran <1 gehar @ stern feer faman S Hehan
213 a3 W AAY 3R =i W AN dieedl HT LFur
TN Yeerdl R e R B 9 T & B A W
fogIq & Jaed o YTE i eAYEs A Y ffaew
3 g fr=d feten fF 9 W fagq e & (g) #
aferor gHem foRy S, (e) T U BT €, S
q=ne,ﬁ%‘?n=1,2, oo

AR @ (+)

T w IS

fers 2.3 37rde1 ‘e’ Wy @ fae fafasT &1 da #1 g5
3YHIVT FHei  MAEA I B g8 T FREFRT

T TocIH T, [ &7 o R e el
I AR T

3= T fF 3elseE W e -1.6 10°9C,
forege 3marer 1 Tefi=a| WM 1.6022 10°C B oifees
& e/m_ S o I ¥ 37 IROTH Hl HIH Hoh
SR W1 5o (m) Teifa femam

o __e __ 16022x10 %
e - - —
e/me  1.758820 x 101 ¢ kg1
= 9.109410 kg

(2.2)

A fomm

2.1.4 WA q9T =Yg & @i

ufafda srete fawor afaswr o few Tw faeq

foaelt 9 oAy woi w1 @ gg, TSR R

ferTol oft a1 T @1 37 YFTERTd ol o eafirereron

frefafea € -

() <here Tl o fauwld, eM@EfE U cheig
foptor Aferen o Sufted 9 &1 whfa W AR
FTd &1 F WURO YAEi T A g g

(i) U o TEY SR FHAE FT IE ST 9 T
fauRk ot 2, food 3 S B 2

(iii) FO TAERE FH1 fogq Ae F TA THE
o 2

(iv) Jaia den fog@ & § 39 F01 1 FEER
TR 31 heig fortur o faw Ufera seER
o faoda 2
Tl B SN gehl ¥F S BRSNS § UIw

I O TH WE Hed &1 39 YAEE Hu

JIFRTOT SR AT kT Yt T 1919 H g offl A o

THY] § ek g S hUT T S Heqd i

TS| 39 U1 i @ISl T 1932 | wefask 7 dlfead

TR oc HUN o JER § hi| 9 W o R 4 D

31fereh WR ATt faera SSEA s frifia gul 3=iF &

T Sl ST FoTl 37 7 HUI oh Hewequl 07 TRON

2.1 ® faw u &)

2.2 UIHTUT HISSA

i 9 H A T Y W W e @ ag ged

fen o Sleed o Afavsa TEN] § oA qe

EruicColic: G | HAI-YHY] (sub-atomic) T

B 21 37 afyTa e o faeRor i e w

& foau fafv= T wiea ywarfaa fee Tu) @iy

T W T AlSA W HUN oh TAIE i AT Tel

I S "Wehll T W Hiew S, oiEEd iR erw

IR R Y&t foRT U 9, S 39 YRR B

2,2,1 UTATU] kT ATHEAT HiSA

T 1898 H i3I AT - Yt fohan foh wem] W
TE EfE e (B oS 10°m) e R,
e ey 991 w9 4 faafa wd 21 36 SW
TR 30 YR Teord B € for SHe Tl feer e
e Wiwd 81 STl € (Fst 2.4) | 39 wiga =i fafe=
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Rt fog | wwoemwc | TUE T Femm | o
STTAST FEAM/u
. -19 31
EGCoR e -1.6022x10 -1 9.10939x10 0.00054 0
< —19 =27
HretT P +1.6022x10 +1 1.67262x10 1.00727 1
= 21
Ak n 0 0 1.67493x10 1.00867 1

W@WWW%IW@—WE@’T(pIum
pudding)]iﬁﬁ‘i[%"'[ (raisin pudding) 3@ TS
(watermelon) Hiedl| 39 HiSd i T o e
1 e AYel WS o GHA WA T e, o
TR SHUT: I HYEl SISl 1 w8 SUed 21 29
Hied %1 Th Hequl &1 I 7 T 3o ]
TeAUH X WAI] R G €9 Y S 3 G T4 B
Tfd I8 Hied WA Hi fagq SIEHa & T
Far o, forg @1e wfosy & g o ufomdt o 9
T qrE T ATEE i E 1906 | Hifaent § Th w5
forg wehal R dgifaew wd gEite St & fog
e qERR G R T

YT Tl

N

<— TR

ferT 2.4 AT &1 Y597 "I

195 W& o T s H fafd= geR &t
fewon =t @ gl faew U=sH (Wilhem
Roentgen, 1845-1923) 4 &1 1895 | ¥ f
e fapor oft & Sufeerd e @ T W
Toft o 9 W At (fluorescent) w=ie |
TR S R FRd F1 iR TeoH K A

foreon T gRfd w1 T T on, ST S=iA TR
X- fertol w1 A =, S ens ot wefe 21w
@ T TR ol oh SAfus W@ At oTg
e 8 ¥ THIA & HRO gret X-fhol 3=
Bt €1 X-fohol feg qen gehia & o faeifu
(deflect) & =idt &1 =9 foroni o uered o afa
=4 99 (penetrating power) et #l
T RO ® for agetll o oTdieh StemEA § wA
foheoll 1 SUAR BT B1 3 fRwoN 1 qw-ged
(wavelength) <gd H B (0.1 nm) R
FEA-gha TOER T € (T 2.3.1)1

%’lﬁaﬁﬂﬁ (Henri Becqueral 1852 -1908)
3 @ for o o fafwn w1 S W w2
I 38 ufEeT i Wgamfaeaar (radioactivity)
FE qel ga fF @ @ Heanfea o
HEAM 21 TH &9 H W Tl R g e
o wele At 3 fasfaa fFam 99 @ yaRr
HI THON, o, B T y H IESH @ T
THEE R fE oo Rl § Qs e
AT SR WR TS TRETY] SeAEH oTel So Sl
H0 B 21 Sl Te Frehd freRen TR oo
Aferem Tfe B €, wife  soeq & ™
et o w01 Eifeam 9 yeH ww@ 21 B vl
TRl o TWHM RUNCHS 6 ol 0 B 2l
y feol X-forl & wmm 3=a St fafwor =i
g, Tt gepfa Saeia et @ @ik okt wig
HU & A1 9E Ha S99 ®H o fRIOn @,
3T @& B fRTOT (o ®ON W 100 AT SAfEER)
o wag eAfus y RO & (o FO F 1000
TN k) B T




30

2.2.2 TEIHIE SR ATTHERIT U] WS

THIE 3R Uk ot 4 (39 1R ek e
AEed) 7 9gd WM &I gdelt 9= (gold foil) W
O~ Ul 1 SR | TWIHIE & FHG O-H0T Feh1oH
T ot T 2.5 ° fe@mn w2

" &1 gdet T (100 nm HRE) W TH
feaifoea | 9 =9 el drel T HUN hl STell
TN TE Udel Ul oF oYU gaTeR) wfasiftaeii
(fluorescent) WW@WW@W%I ST
IS 3CH] HU 34 ThiT ¥ THAA €, A Gh1T HI
TELEIUEI (flash) 3= el 2

b
—® T s
faafad o-or a-h 0l

(@) 91 &I T &1 FaEqeqs =

g 2.5 TREIS & FHI0A FINT H7 I@Tha (91 5q
T &1 TFH g gE W H (o) FUI FHT
FIBR (shot) H1 Sl &, al STH & STIHHII HIT
gYIfed §Y faT qei &1 R &Y S &, el
Fo 1 &9 g S 21

A fomm

YehIv STYART oF UMy HTRT eFuferd ol
ATHEA F TRHTY] Hied o STIER Tdl | Iufeerd aH
o Jodeh O] 1 ST X I W TH §HE €9
Y a1 g BT A1feT 3T HUI | et 3ot Afersh
Bt © fF 9 g % U8 g9H faawo 9 o e ar
T SN 3= 3{9er off fF Uit § T o 91g i
1 Tl el @1 STt 3R SRt fEun wgd & v §
T S =i @ fh—

() oIfeRier sTew wU WH HT Uet ¥ fasfid g

IEEIREEISRIL
(ii) 37T KON T A 31 98 FH HU1 H faeifd

T
(iii) ogd & & Hr (20000 H H 1) D T 3R AR

ST ST 180° o IV | 3T faeiuur gam

T Y& o SR W GIEHIS o A hi HEA
% R H fefateaa fend feme—

() ORE] ok ST AfreHTer T e wian €, Hifw

ATIERTST ST K01 T T T= ! IR T 9 2|
() P & wERE o wu faefm 8 g 9'

fagrur s1ava € STt faeyor o (repulsive

force) o HRUI NI SO F€ a1 werdl € T

AT o foam o fauia oam] o 31e eFae

TAH €9 Y e g T T UAEe g %A

ST o ST Hebfsd BT =feT, fed e

ITEWHT U o1 Yidertor AR faeivor gan el
(iii) TEIHIES J UM ek @@ fo e 1 ST,

THN] o FA AFGH &I qol H IAd HA

(TUF) B €1 TRA] T A S 100m

Tl €, St AR i B S 1075 m

eIt 21 SR o TH A 1 A W o

M ST Hehal © ff Ak s &1 fhehe &1

g fSraaT o S, o wRE] e e

5 km Bl

IR KU T Yeo SR UROmH % SMER W
TIHE A AN &1 AHHRE Aed T qd R 9
e o TR
(i) TIXAIY] ST G T SR FTHE Th 37

3TCY &5 T ohigd ol WRATY] o 39 Ifd e9 o

H TIHE A AIH FE
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(i) 9w o IR AR o JAR Al 5=
THEIT (orbit) Fel Wl €, § o1gd I 9 I T
Iq: WIHIE 1 AT HAied ARASdA @
foreren-jeran 2, fore g =i o @ g @
3R W' TaHH SeeRi o §HH B 2

(i) TR 3R e o W Ry o fEer g
Tl o gRT oY wd 2

2.2.3 UTATY] §E&AT qUT FHT HEAT

TF T HAEY IEh TSl o HROT Bl €1 S

Teol T & o] 2, UH W SO TR

AEY o S, Afeh faqdia fog 1 8l 81 s

aref 7g @ for ifrer o Sufterd wieiHl 1 G W

TS (2) & TR B T AU UeHl wT HEn

BRSNS iwes § 1 3R Wifedw § 11 Bl ®, o1:

TThRT URATY] hHTh ShHST: | A 11 BT URHT] <k

ITEA T W o AU IHH soRAl i HE,

el I F@ (WHN] &N Z) o el gl

IIEION— BIEGe qel Wifeam W] o Seiaeil i

T HEY: 1 qel 11 Bt B
TRHIU] HE&AT (Z) = UXHIO] o AC9E |

W & dE@m

= ST Ty |

TSl Rl

qEn (2.3)
TRHF HT HAERT ST Yl o HNU BT B,

TR A 1 FHAM Ul a1 B 379 IS ol

(99" Y% 1 SFEE W o S99 o ol

TR BT 8) oF RN Bl @1 $H SIEH HU hI

R (n) FEd 1 AR § IURCT WAl 3R =it

ED| qﬁﬁ\?ﬁ:{? (nucleons) F&d 2l :‘{ﬁﬁaﬁ Eql

Tl TEAT H WA i 5ATH T (A) Fed

TEUM W& (A) = WA &l TE&T (Z)+

=g W W& (n) 2.4)

2.2.4 QUEATHeh TS |AOTRE

frdt off WM % T & @ % Udie (X) §N
eI < R 7, fod a1 @ik ush gd-ore foamn
ST €, S AT S G (A) Bl €1 o1 S &
e % &Y § WHY @A (2) fadl W €,
FAq AX GHANR T9H g9AH g e, /g 9=

31

TRATY] HEAT o AT BN SEeond— 4 C e N |
TRk o W] B €, TSR WA §e (2)
U Td 5oAEH e (A) fa B #1 g vl A,
THIH 2.4 % IUR, 98 T ¢ for geeentien o
IR 1 RO AMiHeh § Iufeer fo=-fa=t =i =t
e 81 30T o fou foh & BEgst T i ol
99.985% BTEEISH AT W sheel U Y2 el &,
5 wifeam ('H) F8d 21 99 eEgeE T § |
et B B Egeifiaw (2D,0.015% ), ford
| T der 1 =52 B € 3R 2efeam (Tritium,3T),
S 1 el qen 2 =2 B €1 oefeam gedt o ot
A § IR Sl R | LR % e S S0 ot
&; SH— e, fSad 6 dieHl o st 6,7 e 8
=M (12¢,12C, 40) B T; FeAr wA, faed 17
WAl o ST 18 qe1 20 =2 (BCL, ¥7Cl) B

TEentient o T § sifaw Heweryel @ =% §
foF TS & qEEE O SoleRHl S §E& )
i g €, < s § gl =1 S g feifa
Bt 71 AR & Tt o W =g w5 e w5
9@ Wgd B 21 3d: THETes sifafmene |
ot T Tk W STeRR S B

ST 2.1

S0Br H WIS, =gl qel SRl i W&
TR hifeg)

&l

78 ¥Br, Z = 35, A = 80, TRAT I T
el 1 T&N = TARA & §&N =Z =35
Il 1 T = 80 - 35 = 45 (FHIHIT 2.4)
ISR 2.2

foreht Tiefist H soraei, Wefd aen =gl o1 Hen
FUI: 18, 16 A 16 BI THHRI YIo Fellh
fafeu)

&l

T G&A-YeHl i T = 16

e a7 WeHl (S) B
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=16 + 16 = 32

AR H G % SUa Tl 2l 98 TH
RO (SRUTERT) §, TSreent STt seisei o
e o oUeR € = (18 — 16 = 2) THHT Tdileh

g

e : AX Hopd 1 TAM FH § Ted T8 Tl
¥ o fr A Tl SEH ) € st
AT A1 KU ©| A I8 ST WA ¥, A
TRt (2.3) | R, e

Tl S W&l = Selael sl T& = TRHTY] S
B ¢ Al Tieis T o B, @ 9' feifa
HifoT foh WMl St G@N Soleel st G 9
sy © @ e (FAEH) SIR %1 2, @ UARE
(EUTEF) BT 2T bt S B A-Z ¥
S ®, e Tl S B 1ee S Bl

2.2.5 TETHhIE HisA ok <Y

WIHE &1 AR Hiee GRESH 61 Th S &9
o, forqe feres 1 9 T 1 e IR gl A
Booh Tl 1 TE Wl A o1 91 F | A o TR
ToiR 3R MR & o Fard 99 (kq,q,/r%) B
%,T?I%'qu 3:ﬁ'{q2 W,rﬁﬁ?ﬁ%qwaﬁgﬁ
IR k AR Feorish 31 Sheid et TR &9 o
TEETHE & (G.m;T2J & H9E B 2, Sl m
R m, TEEM, r 37 FEEA % A B G R
G ey fEerie Bl 81 v IRAgd R e
ifh1* T TR R ST € ot wat = ¢ R e i
o =R @R fAfeea el # wod 21 39 fagia 9 wel
1 st o R W LT U R ST Fehell €, S
yEfiTE "o 9 Ol @ 21 diHed SR AR
Tigel § THM ¥ 98 T4l =ordl © b selee it
o =R AR Ty smenet o fa s ®, Wy o6 g

A fomm

%W?ﬁﬁﬁm%,ﬁ%ﬁm(accel—
eration) M1 =fet (afg fie feer o 9 fordt weam
o fa 2 @@, @ ot fRen ufted= o wRo sud
WU B AIeN) | 3Tq: AiWRd Hied | wanst
TAd TEl hI WE TodRA w1 ff ©RO BT =fEu)
Hogael o fogd gaw™ fagia & R, ©Rd
seferd won il foR-gesa fafeor &1 Sy
HT <AMET (T o T U ST T B 7, Hiifen
3 safe el B €)1 sy et e o sufeerm
s 9 fafevor scafsa e s9 fafewor o fau
Tl SRR T | U BRI 36 YR el (orbit)
BT B ST TTOFRT § 98 Ul =il @ 1o Soieer
i Gifa (spiral) F gU AR H qg“%r—} H 10%s
T, fehq arede ® UE @ B 1 3@ YR AR
TOIaR ohi TG 1 Faaa A1fent qen faga-gasi™
g1 o STHER vl fohan ST, @ WCIEE T T
Tiga fRelt TXAT] o T S AR &l &Y urar
2 39 78 YD Thd T ok A% FHenet ¥ solaei w1
Tl | TAT0] SR B S ®, o Tel e serel
1 eh o TR AR feer 1 o 82 Af% ot i
R e R I | G o o o o e 12 Ol
TRl o s TEeR agd oYUl 9 goERHl W
ek i 3R @i o, fSad A7E T Hied &
T &Y &9 9 Srml

TS & ] Hied & Th O TR I
T ¢ foh a2 wAgE %1 soiaieh el o aR o
Fo ff ool &l w8, 1Uiq THd gg vl el s
2 T A geleel e & = I ford g foemm
g 3R T o1l 9 72
2.3 9 oF UIHIU] HiSH oF (aehrd

wt geyfa
tfaerfas €9 H 53 o Wy fafeo &1 ==
foranstl o ST © W URoTE ¥ W Ul
STU[ST ST A oF Fay H AAMHH FEA U gE
Fie IR 7 37 IRl HT ITAM ek TIHS N
yfaqsd Ared H§ UR fwan ar & 9] Ated &
foenma & ) fogedl =1 erem v @ R
() Torm-seera ot &1 g =eer g, fSEew

*Ferrgerd =fen Agifass faam 2, S =12 & ‘ifd & froml’ W eneifa 21 98 Toet asgail & ‘i & ol =) guerd 2




T 1 G

a1 g8 2 for fafeeor o qen %01 A1 o T
TRRE w2

(ii) ORHIY] WEH W Hafyd Y 9oy, et
AT I8 HH ©F § i S Fh! o qwamogst o
TR S & R F@ied 2 Bl (TS 2.4)

2.3.1 Taea-gamra faferor &t a1

Uehtd

ST Hegere (T 1870) 7 9o Teet Saferd faet &
e o feraneti iR Tt TR W fagd aen ga
&5l o ATER i AR il 3T I8 g & &
o ST 0 ) < A R T, @ TR
forgd v ek &5 S 2id €, S o e e
&5 I (Waves)ﬁwﬁﬂﬁ'ﬁﬁﬁﬁ%,ﬁ%
ig@mhm stgan fagra-<aaa fafetor

|

TehTeT fafehtor 1w &9 7, forqent STeRr ot
e ¥ ® 3R Qe il U SUhT Tehid o IR | THgH
I HINE H T B Y W () WRIS R HON
(‘ch'fﬂﬁlﬂ'i, corpuscles) T &1 3T HA Il ATl
ohael 1990 YT § eIl i aUT-Yepfd gfauifed ggl

TEel! IR Hegdel J S o Yehrer q <erEmE
fereg e gaeta oraeRr | Heitd el € (Fo 2.6),
I SRR d T HT T F GH e B |,
TR &1 I-l 8 IR Ui W TR

z

' e 4 T
4
y/ =
Eal
IR & AH fe
fax 2.6  fagq-ga®id @7 & foagq a=n gawrT &7

| 4 52k GEMA -3, g, Tfd a8
37y aet gl €, fhg @ Tk g @ oAaed

ol & 9T #Xd 2l
() <EHH SR wOT gW 3o R den
FAHT & Tk T ok e g &1 3 JE Al
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o R0l 1 e o ot e B 2 foga -
T 1 Tk WA &9 o7 2.6 9 @m0

(i) = steren SiA-awW oF fouda fora-gawa
T 1 TRt HerEm Y STavEehal €l el 3R
3 frafa ® wifg o Hewdt B

(i) 19 7€ AL STl qRE wfud € bl & R ferg-
T-3ed o g wh SR W e g 81 A T
w1 freret foeq-gasa S o ¢ (fam
2.7)1 THH & fyA-fa= &= & fy=-fa=
T 2l REISESUI & fea-2mgfa (radiofre-
quency) &3, (106Hz o 7)) , FSTdent Sqam
JEROT | foRar Srar %; q&H T (microwave)
&3, 10°Hz o o), fSaeht Swam R o
fepe STl ©; 31ee (infrared) &1, (10'3Hz %
) , et ST T G W e © e
TS (ultraviolet) &ﬁ 106 Hz FPT‘*ZI"T,TTﬁ
i =1 fafeo 1w 9w i €1 e 100
Hz o A€ § &7 i HHRUGA 99 (visible)
TR hed g1 chadl JEl 98 & ¥, fE end
i 3@ (Fgfad wY) Gohdl 7, 35T &l hl
T o fou fowe R o I3 St SAravahd
B 21

(v) for@-gaswia fafeo & qoi o foau fafa=
YR o S| HT SYAN foRAr ST @l =
fafertoll 1 emgfa (v) den @-e= () g
wIRfr fepan <man 21 emgf (v) &1 SI W
T e<d & M W Td T (Hz.s )| THH
TN I 39 &N o ®9 ° qRefoa fean S
2, St forelt fog @ wfd dehe ToRd! B

T-3d & A ddrE % e ' =meul
T ST A9 HeX (m) | et €1 <k foreg-geh i
fafertor o B T-354 %1 a0 Bl &1 3o Ty B
TTeh] h1 STERFehdl Bl © ofd: fu 2.7 § fafa=
T-<eAl e sngtel Al fae-fae weRR W@t
forga-gaeta fafewol 1 famn = 2

frafa o 9t yoR & for@-gawa fafe,
e ST -5 pw off B, Th qEE T, 37
3.0 10°m s (2.997925 10°m s) ¥ =ed &




34 WA faae

,}02‘1 11022 1|02|] 1 Pm 11016 1(-])14 1[012 ?010 1?8 1PB 1|04 1([}2 1 00

| V(Hz)
yEcau X-fReof | UV IR & T |FM| | AM it feat o
pERIs

T [ [ | [ [ I r A(m)

10" 10" 10™ 10" 10° ii10° 10* 10® 10° 10° 10 10°  10°

400 500 600 700 750
e 3, ()

fora 2.7 (&) fagq-gaia e &1 @agq (@)

ECRIIG 1 WeRTYT ehl TTFd (speed oflight)ao_b"@l ‘% 3
c foz @ zuia €1 emafa (v) -3 (L) 9o wehr
% AT (¢) i F=fafad g (2.5) g7 Gefd
W B
c=vVA (2.5)
T Y A o foe T g i, w-wer
(V) &1 SqEm T S 21 ufd g ofer 9§,
W—é@t S &A1 hl dUT-EEAT (wave number)
Fed €| 3UH AEH TWI-354 o HAHH 1 Fh
Hfq m! Bl 8, ek WHA: FAN B e Heieh
cm! (SI e &) 2
IETEIT 2.3
e gfean et (feeedt) @1 fafay Wt ©ed
1,368 KHz (Tohall <si) &1 3Tgfd W FER0
F@ 21 GORE (transmitter) ER Ao
forgq-gashia fafero =t qu-< | i)
Ig Toregd-geeh ™ W o fohd & o Haifud 272

'
T, A= »

el ¢ fafa o forq-gaeta fafszor =1 o e
v a8 K T AE 1 gfeeentia v W

A=

| o

(&
v

TV WAz Y WaZd 1 TF oI § 97 §9IE Bl &

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

g el T &1 STfenaioe au-o= B

3IMEXUT 2.4

Y9 T o -2 %1 TE ST (400 nm)
Y & (750 nm) T €1 T T-<=A i gl
(Hz) § T ST (Inm = 10 m)|

T

FHRTOT 2.5 o STTER, ST Teh19T H1 S
c _ 3.00 x 10°ms !

~% 400x10°m
=7.50 10" Hz
A Rl hi SAgfd
-1
¢ _3.00x10°ms _ 4.00 10" Hz

% 750x10°m
399 TaeH & WE AgFd o €9 H 4.0 10"
¥ 7.0 10" Hz 7% 2|



T 1 G

30T 2.5

5800 A° TUI-<& arel el fafertor &1 ()
TA-HEA SR (@) A 1 T it

'
(%) T-T&A (V) I TOAT

L=5800A =5800 x 108 cm
=5800 x 10°m

1 1
5800x107'° m

=1.724x10°m™!

=1.724x10%* cm™
(@) & gfd () I T

_c_ 3x10®ms™
A 5800x107'°m

2.3.2 faRIa-—gasra fafeor st woita
Uhfd : Wik ohl adied Tagia
ICERRK (diffraction) 9 SAfqeh<0l ** (interference)
St o Wi feeien i fae-gesh i fafw
H T hld g HESE S Fehdl €, oAlh FO
Jerull w1 19 vl o Aifaer famm (S aRufEs
Aifqent’ el 8) o foga-gus fasid &1 g
g off affra =& fohar s gerar 21
3 Yeror FeferiEd §—

() Ty e @ fafeor &1 s (FHivornt fafewwo
black body radiation);

(ii) g ! Hag | Tafehior o THTA W ATl i
TR (TeRTel-foregd 9me) ;

(il) S H AMIHM F Weld oh &9 H HSHIEIRAT S
RIECGER

=5.172x10" s™

14
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(iv) TomITeR BTESIe o §]Y H T[S H <@ T

& weEH|

g &AF 3 areft o © R o 1900 ® fed
ik R a9 Tgd Hitore faewier &1 #iE 3w
e 1 TE| I8 Frefatad -

g Tl o T 1 TWE TR S R, a9
I8 faegd W Al w-3ef o fafeor sl
eI &1 IIEN01 o oy e fohell iR 1 B i WSt
T TH T §, 99 SHRT U1 U8l gkl oldd Bl 2l
SIH-SIY A9 Sgdl Sl €, oH-od T 3tfueh et e
A1 81 59 39 3R A T s €, a9 39y e
et faferor 1 1 S 8 S © SR W 19 S5
Aferes a1 8, 79 7Te el g Sl ¢ 39T 1o € T
a0 # gig o WY-wy IS fafeor w1 smgfa
75 ¥ =4 it <t @1 forgge- gerhia T | o
1 7 e Al SR Aen W i sgfa ot &9
o graT 81 Teh U oTeyl TUg S 8 YhR i g ok
fafereoll w1 ScafSa den STereifid il ©, iR
(black body) dm 59 fie 9@ swafSa fafewr =i
FHTuTaRT fafeor ed 21 S 9 scafsa fafewon
T gened (exact)mﬁﬁm (ﬂﬁﬁfﬁ'{?ﬁﬁﬁﬂa?
aa fafercor &1 s@) 39k ar W et s 21 fu
T A W, Iedrsd ffewor Y e de-osd %
%H B % Ui 9gdl ¢ T8 Teh ai-<oA R atfuehan
Bt B, SHeh o1E AU-25d o SN HH e W o8 Al
& B 2, S o 2.8 § @ w2

Y191 o 1 Fagld o SR W SWiga aftomsf
1 HAIoSeh ST el i S Hehdl| TR i 3
THeh foru gemen fof W] SR e7u] sheet fefeer
(discrete) ATAST H SHoll Icqterd (AT STALNEA) HLd
g, 9 fF offerd ®9 |, SO e HA S el
for-gera  fafertor o €9 H el 1 o9 =Eaw
HE 1SS (A1 SFW0T) Bl ®, SH Wi g
aqiey (quantum) - fer mm fafewor o Th
F1eH Hi Sell (E) IHHT 3G (v ) oF T Bt
21 28 T (2.6) EN ek TR Sl B

E=hv (2.6)

* fepdll ST oh S qUT o ged i faadd wed 2

* Toh WA gfa areft a0 Ao TE T @ < €, fme fafaw § vow fag W fasiy, s@s w0 % 39 iy W
foetisy =1 sfemforda =1 |feer @ a1 Ol 1 39 YRR 1 GASH SAfaeuT SEdnl Bl




36

T,>T,

i
[

T T
l l l l
1000 2000

SN T-254 4 (nm)

forT 2.8 T-35 digar g4

3000

e lleh
(1858-1947)
T efich Tk ST SAifeent SR
g I=|IA T 1879 W HHE@
favafaaem @ dgifas Gfart o
TS HT U TR FT| A T,
1888 H wfer fowafornem o she=ge 1w faanfesha
firfS (Institute of theoretical Physics) ®
freere frgaa fope o) 39ek g fRu U Faiew
fagia & forw 3 &1 1918 ® ifdent | Feid THR
T gt R Sl Se-Tfaent i ifdert
o 3 &l ° ft meequl AreH =

aTuIfashar feerieh, h, & wiieh Teerier el
S © SR ST A 6.62610% Js BT T

39 fagid & oIuR, @i Hiwee 9 fafv=

il W Idfoa fafeyor & daar-famo &t smgfa
AU T- & o % B9 H A H ek
LEINBEEEREIC]
T 1887 T TH. TH 7 U 9gd &l or=ed Jan fopa,
e o ugel (S8- e, wdtead, difwem,
TAMR) T Tde T IUIH AT AT Feh1T STeH W
St fot 2.9 | fe@rn T 7, goee e €1 5|
TR i WeRteT T wwTe wEd 1 TW wE 9
e 9RO 39 YRR B—

A fomm

(i) T ! TqE ° YRGS o T & 39 a8 d
ToraR feherd €, 21 g 1 wag 9 selee
FTShTEA qel e W YhIIYS o THIH o o
ﬁs‘ GaI-37d0d (time lag) Tl B

(i) Fremfaa Solae i &t & YT &I e o

A 2t 81

ThTRT

“H:%MW‘M Mg, Hae
o
IEEG . /
o ~
Tt frafa et
1=
EEai

ferg 2.9 1T fagq-g4ra @& 3799 & T 3T TH
fFatq &7 9 T 91g H1 GIF Ga8 W T [Hvaq
g arell g #1 o et g1 e @
gl 1 gid &1 4 T 9= 5R1 A s
& S ST ST il @1 A9 Al §
(iii) TR ¥1q o T T Afenafies =Han g
B 2, i gt S (threshold frequency)
hed & AR ST o ST T yehrer- o g
TRRT T B 1 vy STER R e e
1 S TS St Brdl 2| Tt ol TR TehTel
1 G o S o WY Fedl |
ISR TR RO T e URAes Hifdeht o
i o6 STUR W 721 1 511 kT | 39 a9 o SR,
TehTET ohi TRT0T ST ST T HIET Y11 i digdl W
el el $1 TR Wil W, Fereifiae seR W we
3R T8 Helferd TS Sl oh1 oA WehT¥l i dieran
T H1 S Gehdl 1 TRy wEn 3@ wn @ f frewta
TRl o1 T YTl 1 el R 9 et &, eifer
T SRl R TSt et derar T s T2 et 7
Il o forw, W o gehe R Al ferelt ot diera
T AT T T GHIT [v = (4.3 §4.6) 104 Hz] F%
Hel Toh STl S, Tl +ff ShiE TehTi¥Teh Seiaeiql ahl FTshIeH
&l B €, W S & el T 1 Y el 1 Wb
v=>5.195.2 10" Hz W@ W e S 2, o
wehTel- o v fa@rg a1 21 weferm eng o fer
Tgelt g (v,) 5.0101 Hz 1



T 1 G

forera-gasta fafeior & wiis & Faeq faga
T ITAN I T AL (1905) YehTel-Toreq goma
I g H WA gUl

e ML
(1879-1955)

St a1 gu smfent sifqewt
IR STeae STEEIA fawa & <
TE ifceh! iRl W W T A
ST &1 (TR AAIfTeh STk g2
o)1 ¥ 1905 H, 59 9 94 H Th
g 9 onftrg o dehfie! e o, a9 fomm
SR, SIS T AR FehTer-fege gee W =9
STeh < Tl A fifcreht o Tt wh1 agd gt
R 3% 91 1921  YehTer-faregq uea i =A@ &

fau ifqent o Aiee TSR ¥ wEt fehar

¥Tq 1 Tag W YR G o THAT I HO1
(BIEAT) o T 1 ST THS ST Fehell €1 57 IS
T el STCN WA g oh UTATY] o IoaH 9
THAA 7, Al TE T hI THIY H qLd e R
T B 1 B i ol Torerl i gRt, Sat €t Sl
e TS 1 3 IR Fremifa seiaeiq 6t Tfast Sl
3at &1 sAferen B e vl H, fremifaa gete[
TSt Sotl foreq-gaehial fafentor st STgi o HTaw
Bi| <ok ZohT ATl RIS i STl hve 3R geie
1 Tsshifd e o Torq streeares =ad St hy, (S
wEEE, W, ff Fed §) I H FR (hv- hy)
IR T TS STl | CHIARA 8 St ©1 Sl
o T (conservation of energy) o =M &1

37

e ft 39 9 &t o B At g, fSad + e
e o WeRTST <1 STANT fehan o 21
Taem-vewta faferor =t ga =R

WehTST 1 U1 THH Fehfd 3 SAeh] o A STEHTH
=1 feefd U o2 <1 T W& a3 HivorwT fafeo
3R THTeI-aeq 9Td kT Hdloeeh SR Y, W
HfqeRTur S IRErEIsT i S i S Wehall o,
o WY JfFaTd 8l o1l 9 3 1 T S R Th
& U™ o T g "F o Se fR gy o %o sl
T S S O B B — el TR W gd Faer
BI1 1 FANT o STHR W g9 UM § foh geRrer ¥ A
U1 o U SR Hdl 21 5 g4 o @1 fafmwon
1 I B el €, 99 T wu S e wei
T 21 e TafehTor o1 H=R/OT Bl €, 9 T o 59
o1 (SAfFRROT SR foad) @i €1 =7 iR fafemso
&I yafad eet &l 3@d g I8 Hehoudl UhaH
off| T i 39 ThR B | HIHT THT @1 ST
AT AN T, pB GeW kO (SE-golaRH) o
TH Al 5 SRR YR B ©

5 x10'"* Hz 3Tgfd arel fafeor o6 & A
RIS i il ! UM ST

&
Th Hie i S (E) fefatad w6 g
& St 8-

FTEOT H g FTohfad seieeld &1 wfas Sl E=h
THIHTT 2.7 gRT < S B h =6.626 10°* J s
v hy émevz 2.7) = BIO™ g iR R,
. E = (6.626 10°* J s) (5 10" s
&t m_ geidei 1 FAAM © 3R v THHRT 97 T 5313 10 4 0 0
3fd H, erfue o ot YT § Wi S e _% 5 o8 ot
Afrr BRT 3R wRoTTEEY frERIfaa soiaer @ A el
AR 2.2 FD gl o AU wEweE % uH
&g Li Na K Mg Cu Ag
W, /eV 2.42 2.3 2.25 3.7 4.8 4.3
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= (3.313 10 J) 10%® mol™)

=199.51 kJ mol™*

(6.022

30T 2.7

100 & &1 TF Fed 400 nm JTe -84 &1
THIU YT IAFTd HIal ¢l ded g Ufd
Tehs IS Bl ol H&AT i UMD hifeTd|

T
dod 1 forRpd-wfer = 100 9 = 100 Js™
T FleH &l ol = E = hy = he/A
_6.626x10°* Jsx3x10° ms™
400x10°m

=4.969x10°J
IS HIAl i T&

100 J s™
4.969x10°J

=2.012x10%s™

340l 2.8

W& 300 nm T-<54 1 faferto difeqn o
%1 Fg T ZHAA 7, 1 1.68 x10°J mol 'Tifast
TS o e ScEfd Bl B WifeuH ok
SR o fTehraq o fo 0 @ &9 foha
TS STavEsk BhN? fRE YRR SO ok
IS o forq sifereran - e B2

'
300 nm FIEH &1 9 (E) 39 FHR & St 28—
hv=hc/A
_6.626x10°* J sx3.0x10°m s
4 300x10°m
=6.626 x 107J

T A WA hi el

= 6.626 X107 J x 6.022 x10”° mol "
=3.99 x 10° J mol*

Hiferm ¥ T A SoiaeHl o sk o fag
SMEeHh AAH el

=(3.99-1.68) 10° J mol '

A fomm

=2.31x 10° J mol’

Teh 3o oh [T STewash =[Adq el

_ 2.31x10°J mol’

"~ 6.022x10% electrons mol™
=3.84x10"J

THHT A -3 39 JRR B

_hc

" E

_ 6.626x10%*J sx3.0x10®m s™!
- 3.84x107°J
=517nm (F€ B T o Fhel § Fefed 21)

S

IETEATT 2.9

ferdlt o1g 7 Seelt o1afd v, 7.0x10% s 21 AR
v =1.0 x10" s 3Tgfa aren fafeor erg =t
HaE § THUAN ©, O ScErSTd TR i TS
Sl ST TUET TSI

&
32 o HHIHL oF STTHR Tdsl et
=0 mv*=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) (3.0 x10"*s™)
=1.988 x10°J
2.3.3 ddifea* gAaEi-eh SHell @l o
fom gumor ;. wrETfUae et
YRTST T TG IH HIEAH 1 Uia W AR e @
SR 7Ig oA €1 Tk HIeAH W G % ST W TR
F1 R0 3T g v ¥ g W © Ae Sruafdd
(refract) SN %I
TioH o 9 9%E YRRl i foR0T ol ToIRA § T8
@ T R q-<ed i T ol a-osd
T BT o W A g Sl €, iR WIewo
TS TN W 999 W § qeft qr-geA At aat
BIl €1 T YT i fehor i ufgal = weh e

* fepelt e o o fafae (discreat) Wi o Widse i aiETeRTUT ®ed &



T 1 G

ﬁﬁmﬁﬁﬁ%,ﬁﬁ@@(spectmm)m%lw
1, fment w-<od wag stfues gt 8, 1 forerer
Fod %Y R WaH wH qU-o5d arel AT T
forere g @i B €1 WS T 1 YR, S gH
@ 3@ €, o WaeH 1 WH 7.50 x10'*Hz
AT T W WL 4 x10'Hz o el U1 qeh Bl 2l
ES @ITEJ:[ 1 Tad @Tﬁf‘? (continuous spectrum)
Fed - Fad gafae, s S a1 A w1 H 81k
Fren T gl 1 fierar 71 e T o Wy off wE @
Bl B1 ST SR H RO Sl €, a9 off qEn @
T far <1 €1 g FEn R v v foeg- e
fafertor =1 ok wgd i 9 g € (e 2.7)1 S
- aewta fafeor s & a1 o= foman oheell €,
Tl TRA] ST STU] TH Sl 1 SO0l T Wehdl € TS
=9 el TR W IEE S &1 ST el TR W STt
I W B €1 A W hH Sl ol sty Tl
qore] 7eeen ¥ died €, df o fagq-gaswia W &
faf= e o fafero Scafa = 2

39

IS qAT STAINTUT WeaT
foret agel @ Sl ST o W] et fafehTor
Tz ‘ISt Tl HEEdl €1 TCHTY] STU] AT ST
fafertor o srEeiMY W SHfed @ WK g1 SedsiH
TR W A & fau fed yfaest & w™e
rere Tafertiorg sieh Sotl <1 Wt @ SR e gideel
SN STl b1 TTShTTEd Lal €, d Scaferd fafentor
1 T-<sd (1 Ag) Hi Repie T femn S 2l

STORNEU] ST ST TaH o HIUThI
frifea w1 X BT 81 S8 U Head fafehior sl ghaeet
W S W R, 9 At s g aur-gs @
ST T A T KA N AT feIfshor T wa
A T35 Tk el Fad Ty § el T ht e
o &7 ¥ yEiE e 2l

IS A1 STV TAH o 3T o TFIfH
(spectroscopy)_ch?ﬁ B SIEl S &4 TR, xI
ThTST T TIFH T4 Bl 8, i SHY T3 TR

ﬁh_vq?ﬂ

ferT 2.10 (&) THIUENT Se@siq : gIEgior WATST (F1 fohdt 3Rk aw) o Sford Giieel gRT Scafsid J9T i T
foem | AR T q-a5al &1 3@ien § ygw fHa S 81 o S Tag, S ge ai-asl &1
BT Q= Bl &, %1 ‘3@ Wazq’ el Sl 81 et Fived SR & qhiee @ agd o1 e 4 awEr
gid &1 grciieh s Uk WA el Uk GHT W U & Sferd e d g Gehdl €, g wArpsi & gqg °
Tt Gorg ST ST gt €, S 4 GHI] e oW WS 8, df Scaloid Y 9 Wagd e g 2l
(@) GTHTUSNT EINGOT: 5o T FH 1 SgAIa grEeiod W] @ el @iy (slit) 3R Y e
T TIRT A1 €, d 91 g § e ax-asal (S o 2.10 % H Scfid g8 off) @ diegar &1 e g S
21 78 g Wagn o e @ TWaq BT & R oSl TIaq & BIrsid fild g @
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F e ¥ T q gl w-eed sufted Bt B
3ok faoid T srereen | WATET w1 Scasi T
o S e § Wad ®9 9 YK T s
2, T STH oheel o aRT-<eAT STl WehTel St
B 8, TSeh o= el T T®d &1 U8 Teed i
scafoa fafeeor Taen o ausict @R & &9 §
Wi e © (e 2.10) 1

SRR LAl o 31T § T-3cdei Tiaey
1 a9 He<d Bl 81 Ysh qxd 1 319 T faw
@13 TiagH Bl 81 THEfe faverot § wmy
TagH 1 SATIeeIfores T ST AT 1 Je=H
& fau st woR 3w § o S 7, fE R
stferat o FeT Ogs i TeEr o ferg suEm |
M S €1 A e o ATV oSSt Teagd i
@etl w1 g fam oea ufasel w1 Y@nel 9
Tl @l TeaH o fow Ja g9 (1811-1899)
gagerg  fwam

wdlfead (Rb), €ifsaw (Cs), Sfe=m (T1), sfeaw
(In), TIfe@m (Ga), 3R whfgaw (Sc) & a1
TS 79 gg off, S 3ok @Sl a1 SaeH! faveror
e = o @ H SifeEd (He) 7 1 Iufterfa o
et fafy g A &1 T e
TSN ol (ET Waed
v TTEeeE 1M o fagq fawsH yenfed fowan S 2,
a9 H, 19 foaifsm e 3o ol ol erEglsH
W] 34 ¥, S fafaem engfEl aren fagd-geea
fafertor Scafsia & €1 eEgieT Teen o @
#% Al Bl €, 9= ek enfashrel & AW W
S Sl ®1 SR Y WA 1885 W WA Yo o
YR W aarn o afs Tt @i & w-gen
(v) & &9 0 4 aq fohan ST, @ eEgee Wy &
-4 HI T@nst &1 fefafad g gR e S
ekl B—

v =109,677 ( 1 i) em™! 2.8)

22 2
Sl n T quites €, FSrEest 7 3 @ 3 9 erfues
BT ®, AUfq n=3,4,5... €l &

A fomm

39 Y3 R aford W@ns i S 2’ (Balmer
series) Fel AT &1 BESISH TUeeH H oherel 36T Uit
I W@ foe-gaha Waed o 399 &9 § I el
2| Wied & uw vl dwt Serw feat |
Farn foe eRgeF TWaen & @t gfte & @

frfafed 9 gm w1 wehdt 8-
T 100677 £ L oom:
) n12 n; (2.9)

Trlﬁnl=1,2 ........ %3ﬁTn2=nl+l,nl+2 ......

109,677 cm! & M I BRSNS w1 e
T (Rydberg constant) HEd % n=1234
X 5 el YEnet ® Ut AfvrEl wEe: A
(Lyman), 9 (Balmer), 9RT1 (Pashen), e
(Bracket) T %8 (Fund) Sfor wedrdl %I

RO 2.3 § BRSO Weed %1 A St e
¢ E1 fo 2.11 o STESISH WA 1 wEHA, 9 AR
e ST o Gehmul W fe@rEn T 2l

ARU 2,3 TTU] BTSN wht W I@Td

groft n, n, et &
A 1 2.3... | TR
TR 2 3.4.... ]

RINE] 3 45.... 3TaH
EET 4 5.6.... ST
we 5 6.7.... ST

BTSN o1 T ey geft a<all o @ Taey
I gor H Gad el el €1 9 e b Y
TagH Afush wfed g 8, W 9t Y@ wegAl o
T AU THA Bl 2| Sh— (1) ek axd 1 @l
Teen TR YR 1 BIAT 1 (i) FI% ol o @l
e o fafida i 2

3 T8 Y 31 © Toh Wk S T IO 1
1 € Wehell &7 1 TRl Helel 5 el o AL
%1 TR HLEAT 9 BT €7 39 YW o UI oh
IR A FTEG 21 T A @ FF = yeA o 39
Y e o q oF RE[SH 1 gelaiTe WCa i
gz | gfaen gl




NI

S
1
o

EEEE

Fl —

AEHA SR (RIS

YYVVY n=1

e 2.11 BI3SISH WA 3924 & GHH0T (76l GHH0
T A, G SR G AT fearg TE gl

2.4 EISSIS UTHIY] o Tag &) Afse
BIESISH TTATY] 1 TLE1 qN SHeh TaeH o |
T T TSl AETHS e e 9 7 |1 1913
o 1| F=fy 78 fagia snyfTe Faien At &1 o,
qonfy TRTY] TS a1 T § T SIdl i dehdd

i@ A

(1885-1962)

2w difqest omifTe fer ar |
T 1911 ¥ HIUTeiH faeafoemea
Y diea Y. w1 U TR0 | SHH
% S WS IEEE S erie
TIHIE o |1e Th o foaamn |9
1913 W 9 RIUTETE w2, ST o Sowd @1 et
1920 # ghe=ge it forminfesa frfea & fven
| g fovas o 918 R A 9XAIY] Sl oh wtage
I o foe ScRyee s fRan 3= W 1957 |
'Atoms for Peace' ¥ WTwl g7l ¥ 1922 H AR

1 ifeh! W Aol R | gEIt e T

41

®9 Y TN T ST ST TRA ST Fehdl €1 S

Hied frfafad s w snenfia 8-

() TEGE WA § SoaeH, e o 9’ W
fafeara foean IR il ot JarRR weli | S| Heh
21 37 IR Ul hl TH heq AT T Sfeeeq
T AT Sl TR Fed 21 A HEME IR ok
IR SR Gehea &9 | oFafed et 2

(ii) el H SoiaR i el 99T o W1 L uRafdd
=t €, qenfa 1 seiRit e Tl 'R 9 3=
TR TR W T SO, 5 98 SATa9Ieh Shell bl
STARIYUT HUM AT T o Iod T TR
Y 7 TR W A o d1% el w1 IS BN
(THIRTT 2.16) | Hli-9REd Haq aiieh | Tal
g 1

ol gam
59 YR geq9 (m) R W am (v) 1 oHw
ae G Bl 7, SE YR HIUF G (angular
momentum) SE@ 3T (1) R ST AT () H
OIS B €1 m_ FeIHE el e & fae, S
ek o =R 3R (r) B 1 JarRR Fa ° 5|
W@ I
IV GAT =[x o
Hlfh [= m 12 AR o =v/r S&l v Waw a1
37d: HIVHT GaAT = mr’xv/r=myvr
(ili) AE S ST aTel I TR STaensti o HWhHUI
% guF Eifyd SAYdr scafed fafeor =t
frfefea &9 o fean s wenar 2-
_AE _E,-E,
e
el E, 9 E, %A: f19 31 3= o1qwa St
et €| 39 T i ST T AT T
T et S 21
(iv) TS IoIaH 1 IV T SF g8 TR STarwen
H 3 IR0 o R WAl ST Hehdl T

1% (2.10)

m,yvr — n=1,2.3.... (2.11)

37: U TSR Sharel 381 el W oH ekl €,
S wIviE Haw 1 7 h/2n &1 qUlieh T0Th SRTI
7€t R0 ¢ Tor b Tfvea wer € o Ed B ®1 aR
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1 T sraeenst i Seiel & fame & fawa o

& T foeqa SRR ! Sfeet 21 3Td: SH ST i

FHametl § TS S| AR fAgid & SHER sREen

T o fau—

(F) TR o fou Tl steeneti i n=1,2,3...
% §R o fRal T ¥ T YUl I wEm
Fdied W& (principal quantum number)
w8 S ® (TS 2.6.2)1

(@) Tl ereenesi &1 st & ffafed w9
Wi fepan ST 2-

r. =n*a, (2.12)
ST a, =52.9 pm 39 THR T8l TR STewe,

5 “aIR e’ el S 2, BeAn 52.9 pm @ 21

HIRUTTAT BIEgIe W] | S 39t Heall (n= 1)

H QM S €1 n o S o | ol O Sl 81 T

el W, goiee e @ R sufted g @)

() Tere W Haftd Hed Hewegul o T st
F1 Folt 71 T FreAfafed g3 g faa smr g

1 o
En=—RH(Fj Sein=12.3... (2.13)

EH R, ED ﬁ@‘@lﬁ feerien, (Rydberg constant)
FEd B TEHRI WA 2.18 10-8J BT Bl fedH
arareen, T8 qereer e’ (ground state) ot Fed

: 1
2, # S E,=-2.18 107 (777) =-2.18 10J B
n=2 del TR e & fau S E, = -2.18

1 .
10%J (57 )= -0.545 1078J. g ot 2.11 |

BIEgIS WY i fafe=1 Tt steenat | Sefl-w
1 et 1 fe@mn T 2 gEh! (e ' e’
e Sl 2

Sa TOE TR o YuE § Yo Bl 2, qd
Foft w1 7 I forn S 21 uE feafa o setet
Y& & n = co 1 TR ST | Heiferd gl €
TN AT ETEGIS UTHIU] FEAd &1 5Tl Seiaeia
R R TR BiaT & qe n kel § Sufterd Bial
2, 9 S 1 ScESi Bl § SN SEeh! Sl e @
S &1 TR (2.13) H 3R fag 6 SR e @

A fomm

ﬁiwﬁvﬁwﬁaﬁﬂ?ﬁ A dAM n = oo b
a4 § THer i i <9 e

TESIS WA & foIU HUTeeh geagiiieh
et (E,) ot o ot €2
BIESSH TWAN] | &1 H9d el | oo oh AF H
v fog B & (W 2.13) | T8 =0 g
Turten 2 38 H0 fog #1 oref 7w ? fom )
TATIH T Soll (R 3Taeen H Tds sl ° T
21 fEer (rest) 1o § @A IO 98 SoRH
21 ®, S AR W Sd T W BN SEeRT Holl
I HF forn S 1 i o gwen vl 9% € T
THHT (2.13) B n = W@ W, 5894 E.= 0
W B 21 S € Sele A o I S @
(M- n ¥ ?), 99 & E, &1 fue A 9@
S B 3R T8 3Afueh R Bidl Sl €1 5 n
=1 B, q6 o1l ol qF Had 31k RS Bl
? IR 7€ wen waw offush el e €1 9 3
‘o STEE’ HEd B
(1) TTEge W] H Iufeerd U Sl o 99,
I 3T, TS ohelel Wk Seie Bial 8, W o
R < Togid o @] feman ST Hehdr 81 Saretoned -
He* Li?*, Be* S| 39 YR o P! (BRGNS
o THM i wedn §) § Gafkd e
SrerEqiel i el (EfefEd THeRTor g a
S HR T

2
E,=-2.18x10"" (Z—ZJJ
n

(2.14)

e o1 Frefoafaa e g feon smar 2—

52.9(n”)
I, = pm (2.15)

z

SEl 2z wEv] wen ®1 giferm i wifem
TRHETE o fely SEhT 7 HEY: 2 SR 3§ SHe
iRl @ 7 fafsa @ for 2 & a5+ & @ St
M 31fush e 2l a1 @ qen B &9 81 S
21 5Eeh @1l 78 ¢ fop golea Afven 9 edrqde s
BT 2l
() = heqstl | T Td gU Serareqi o ol i T

Fe ot g 2, weft ek fau uw wdw

GeiteRor =1l el fen e 81 qoncHes &9 9 s

W YA o 9@ o W1 e i 9T 9gdl 8

T YA FeH WAl o 9 o WY T8 Tl B




LAY T HEHA

2.4.1 BTSN ok IET WaEH hi ST

IR o HiSA 1 IUAN Hich @S 2.3.3 H sag T
TIESISH TLT] oF @1 TIGH &1 AT ATEHE &9
o w1 S Tehell &1 S o 1R (i) o TER, e
U 3=9 & F@leq G& hI Hel H T HH W
faferzor (i) o1 eremiivor giar €, St fafeon
(St T SIS Zolae o 3= 9 1 han &l 3R
TSR 1 T i T Erdl 21 & Hefetl o s oh

Sl o 3N i 39 HHIHTOT gRI T =1 Wkl @1
AE=E,-E (2.16)
GHIHTOT 2.13 ST 2.16 H1 AgT W

R R .

AE=[—n—?J—(—n—§‘j (ST n, T 1, FET: SRR

f i

3R @ifm wan = WERE w9 §)

1 1 1 1
AE=R,|—-—[=2.18x10"®J| = - —
) e

ng
FHHRTT (2.18) 1 STAN Hich HI2 ok TN
T Sees 9 efed g (v) ol geeieh fehen S
Hehdl B

_ 2.18X10718J i_i (218)
6.626x10**Js\n? n?
=3.29x1015(i2—i2JHz
. n
o (2.19)
A TI-EeA (3, ) I°
_ R, 1 1
¢ he n? nf (2.20)

2 2
n, ng

1

_8.29x10%s' (1 1
3x10°ms™

= 1.09677><107{ 12 —%J -
0, 0y 2.21)
ST WH H n> n R wiew H G
TG YFTHS BT © a9 Sell 1 STl B 2
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T AR IS WA § n > n, BT 7, AE FOTHH
BT € q1 et g et B
GiteRTor 2.17 Tigent wefietor 2.9 o s &, fo

I THY T I YRR SAiehel g urw fehen
off| Tk STl TIESISI TRHTY] o ST Tl Scsi
TFH | YoIh WeeHl W1 T o W o Hid
Bt 21 S BRSSH WANE o Seagd st § &
G GhHUT 3@ ST Fehd & 3R 3T e el @]
e Bt &1 Terdlt St Y@ s died 39 o W R
F ® o wh gue - A el et R
T Sraeiftd o1 3RS B 2

IEEITT 2.10

BEESH WAV | n=5 ERA W n=2 37wl

o HeHHU oh SN ScAfSTd B i g
SR qT-2=d o B

‘A
Fifh ni=53ﬁ'{ n.=2,

37 Y GHHU 9 aFR AU H Teh TIFH W@
T Bl 2

TR (2.17) @

AE = 2.18><10‘18J[5i2—2i2}
=-4.58x1071°J

T8 IS ST

IS T g (FS1 ! IRATT oF €9 F o
TY) TH TR & ST Hehdl e—

AE
v=—
h

_ 4.58x107°J
6.626x107 Js

= 6.9110" Hz

¢ _3.0x10°ms™

A=—=—"—"——— =434 nm
1% 6.91x10“Hz
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IETEIOT 2,11
He' &1 999 el 9 Gfed ol bl 0T
FHITT| 3R 2T 5 50 hen 1 B =0 gnii?

T

1

E - _(2.18x 10'%J)z*

n n2

atom

He's faT, n=1,Z2=2
(2.18 10 8J)(22)
12
TR 2.15 9§ e wi B @ S 2

.- (0.0529 nm)n?>
n /

IfF n=1 3R z=2

8.72 10 '®J

E,

.- (0.0529 nm)1>

- > =0.02645 nm

2.42 ST Higer ekt HAETG

A 1T TeE el R eEST W] %1 9R Hied

TIHIE o AR Hied ¥ dgal o1l TS IR

dqUq TSR S 3 Al (S@— He, Li>, Be®

3AME) o W T N TfFe % e 9

Hehal o, Wb aR 1 Hied fAfared fagst =i

AT T8l HL HH|

() uftpa Tt qF-ihl gR U SEge TaeH
H g G [f§% (doublet), SAiq IrE-uH
feera < T@Md] 1 e w3 § fawd w19
Hied TGS oh Tl T THIIET oF TaeH
F A FH H AN @I IR & o,
Siferem o], fSraw sheet < Seieei[ Bl €, 9
o1 fagia gasia e § T Wi o faured
(S gere) = faggq & 1 sufeafa o
TegHt et o faured (Weh-9ae) &l T
FE H off fawa @

(i) o7 o, 9% ST % qEETE STl §RI ST
FAM HT AT FH RS TE FL Gh

A fomm

T IR H, ST W HHeT 1 A o
T T o &I AN I AT HL Hoh
2.5 UTHIY] ok FieH HITAhT AISH hi AR
R Hied &1 HFA B 2AH H WA gL THET 6
e erfush Suge iR GURY Afed o fo
I fFU MU 39 YRR o Hiewd o o H 5
eyt qet 1 stferek FeE @I, 3§ fefafad €

() 5o 1 gd HIER
(@) eresHa 1 siffyaad w1 fagra

@@ 2 st
(1892-1987)

I ifaeh SR e X S
4 ¥ 1910 & YE H Hah TR
R sfaer Tg yorg favaas &
A fed-waror & fag SRt
fgfe g8 Uk 9’ fa9m &
Ufq 3T B S ' T 9
1924 ¥ 3= 99 fovafoaes ¥ Shwg-H. &t
UMY U il T 1932 9 ST ST Wfd | T
1962 T & IR fovafoamed § o= ®I

T 1929 ¥ 3% wifqet § Foel R Y= F
Frrfa feran =

2.5.1 g Rl gd HABR
WG i o= 3 S 7 9 1924 § wfaifed
foan o fafertor 1 e 53 &1 ot 5 =7aer wfia
FHE AfeT, AUl 57 § HOT q T— A TE R
07 BF =fey) s 1 7e B T | awe wie w0
ol Ue q-<¢d B §, SHY qE oo 1 off Ham
3R -2 g =R el 5 39 deh o MU’ W
ot Tl o w1 o T a-3ed (1) e Ho (p)
& g fr=afafad gy adarn—
h h
mv  p
&l m U H THATH, v SEHI O X p IHH
Tam B T sifvell o 3 foemi w6 gfte W g A g,
V4 I8 <@ T R seiael % O @ e B B,
S a1 @ 21 g9 fagid o STER W g

(2.22)




LAY T HEHA

Geeel Bt T 1 T, S gEl o T S SRR
W IH YR MG 7, F99 YRR HremRor geusstt w1
Tl R k1 a1 Ypid W Smenia ©1 myfreR
Jefeh Tyl | gold geusell Uk eyl
SUR B, iteh zEd forel erfagen @& #1150
ARG TAT ST FHh @l S TRl 2

€ oA < AT o € foh 2 siftell o 3TER
ok Tiaeitel oed W qX oh @& B &1 WIHRO
TGl 1 AfYE FTHAM BH oh HRU IAY He(ud
- gl H el ¢ Toh Seeh AR SI9 O T wal
e So7AM o5 w4 el €, T Heiferd qr-seaf
A R e S €1 geAl o fKu T afters g
ToTeRs &9 9 fag W 2l

IS 2,12
0.1 kg So7MM 3R 10 ms ' a7 ¥ Tfd < W&
T W HI - T Bh?

'

T Sifrelt FHIRRO (2.22) o STHER

h (6.626 10 %*Js)

mv  (0.1kg)(10 ms ')

=6.626 10>*m (J = kg m” s7)

3ATEIUT 2,13

T TR 1 FAEH 9.1 10 kg B AR
3EH] TAS S 3.0 100 ®, 9 SHeR
TI-<E 1 Bhm?

'
¥ e 3 = omyv?

(ZXWE%—WI?C]I/Z
V= ——

m

(2x3.0x10Pkg m?s2 )"’
9.1x107°" kg

=812ms™

45

L
mv
6.626 x103*Js

(9-1x10°" kg)(812ms™)

=8967x10"°m
=896.7 nm

ISR 2,14
3.6 A° TUI-354 TaE acl Tk B2 o S
T TUAT HifST|

A
L=3.6 A=3.6x10""m
RIS T o = YehT9T Rl o

h 6.626x10"5%Js
m=—m =

Ao (3.6x10710m)(3x108 ms™))

= 6.135 10 kg

2.5.2 BIESHeR Rt TfAfyeraar fagia
T2 3R fafwTr o 3el SRR o HeRa®d THh STH
ifeeh ST TR ergaient 5 & 1927 § stffyeraar
=1 Tagia fam sueh o17uR, fhet soiaee &t wal
feorfa 3TR &) A o1 Freioor W @ e e 71

h
AXxAp, =2 — (2.23)
47
h h
reEr AX xA(mv,) > — &R AXx AV, >
47 4ntm

W&l Ax w0 1 feafd § siffesdar @R Ap,
(Ap) FaT (Steran ) § Sifefeddl €1 TH STHR,
ot goterei w1 =enef feerfq afw gened o w1 frafo
T 1 FHTT TS BN W TR H, IR geia[ HY
faeepea wet fearfd @ ® (Ax %W @), q9 3ol &
a1 4 e (Av) At Bl gEd W, afg
o 1 o faerpa WEl 9 € (Av, FH ¥) @
geraR i fefd (Ax @iferss) F €t =it 39 g
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IfE soiee i feorfq stuen an W % wifgs @™
forq ST, < gHer RO BT e ST € Wrw el
sTfeadar fagid 1 T S0 oF §N 9gd 3Test
TE HHA S Fehal 1 T wA(SQ foh Hiew o Tt
sifafed Tom o fFdt ®re &1 GeE T & fau
JM9Y BT 1 81 9 Yo Gy @l 78t e S
H1 TR i FEI-TeEl YA o A SAIeh! HETST i
HieTE 9 FH Th1S ol TAigd STHI0T h1 YA HET
B 3E YR Toided i frufa w1 fuifa w3 o6
T 3Rl Th UH YA Y SEvFshar g, ferEen
AT SAa i fommet @ S Akl § 11 3ol
1 Fearfd 1 v o6 forg 2 3 et = forgga-geent
faferor gRI Weie ST BT YR WehTST Y AR5,
oA 1 TS | E T, T T T
T 1 ol 9gd Y B TH YeRTT F1 3=

h

T (P=xj AT Il Seiai- | ThU- W SHh!

ot § gfedd &2 < fedde 39 e 9@ 'd
e F fefa @ Sr-drw FeifE 9 S, W
THTA T UfhAT o ITA FH STk o oF aR H 98
FH SHHI B
fAfyaraar fagia &1 &<
BTeSHer o STHfvEdar M &1 T Hewagul fafeared
7g & fop e fram fafv=a anf =1 989 99 (trajecto-
ries) & SAfda 1 Wed wdl ol fRd fie =1 yau
Ty f=-fa=1 S W syt frufa w9 9 fauifa
o e 21 4fE &d frell foem & W ww fUg &
fearfa w5 3 9o S8 W 39 &0 F1F H T Fadl i
SFHT 1, 9 T8 ol FWehd & T 9% oh TR g9
4 firg el W e 314: s0 98 e fremed ©
fort e =1 feufq wa a1 9 391 geO-vy fAfvem
g S €1 R ToeeE S fRE sta- e e
o foTu weh 1t 3Tt ferfa ua o &1 e fedt
&7 Zrenefe o TRt aifsd &< qo dd e 81 gfeg
TR o FEU-UY % 9X H o S G99 Tl 2
BEeHe AfY=dal fagia 1 uaE shad g&d
el =1 wfa o forg @; Ty fiel & fou 78 yae
AT T T ST S0 Y I8 G ST Fehal §—

A fomm

I} T el (10°kg) S80H ama fie W
sffaaa fagia any feen s, at

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

4x3.1416x107° kg

WS Av.Ax 1 9 &ARIH 60 TH W09 2
TfAT J% el S Gehdl ¢ foh el ster & e
(o 359 2 fUef) & fou foar w0 w99 dag
srfafyedand fdt arcfaes aftomy =) & gl

T T Terae o 99 g&d i o fag o<
HH TR ATk gl €1 e siffieand st
Rome w1 et &1 S Wk 9.11 109'kg
A aTel S o foe esHert 1= fagia
o ITTER—

AV.AX =
47.m

A 6.626x107°* Js
4x3.1416x9.11x107! kg

=10"*m?2s™

T AU I7 © TR AfE soeRd &1 we
fegfa 108m =t IfAfY=aar 9 SHH 1 999 I
FHA B, @ o W eAffEdd Ao B

T grEaeTt ((1901-1976 )
R e T faa e
T E 1923 H fifeept H demEl,
| =t 3wfy 9 11 3= q9 T
o Her o o w1 i | qen
1 o T U9 & H e IR o

. e S foRaT & B 1927 9§ 1941
% i faw | %ﬁﬁaﬁésmﬁe—m@%ﬁﬂﬁwaﬂg
o SR o THIY] S T STHA SEEM o GAR )
TG o 9% 5= TAeTTSH | Ao o Her Wik GEI
o1 feres ifd foman T 3 U SH-TH geariE!
o1 T 1932 H 32 Hifereh! & Aot TEhR g foman

R




LAY T HEHA

10*m?®s™

10°m

St g sifereR @ R soieei 1 AR waet |
Tl STl A HAA ohi FoEe STeRINOT 1 STHTHIOT
Tife X W1 or:  gem o1 ug § TR s
@t Rafa w& Womm & aRgg &aT w0 wrfaeRar
I | UfaeATiud ST SO, S Ueh $oiaE 19U
T TE Ta FOT W T@ar ¢ T & /) ok
Falen ikt Aieet ¥ Bl 2

10*ms™

IETETUT 2,15

Teh YA ST WIS h1 START hieh ferdlt
TN | Seige Hi 0.1 A U o SAdid ST
feerfa ST o6 foTe e @1 €1 39 o Wi

o efaffed stffyemar == 2?2
&
Ax. Ap=£ or Ax. mAV=£
4r 47
Av = L
4n.Ax.m

Ave 6.626x107%* Js
4x3.14x0.1x10°m x9.11x107 kg

=0.57910' ms™ (1J = 1 kg m*s™)

= 5.7910° m s’

33TEIUT 2,16

T TIeh hi 7§ 1 SEHHMA 40g a1 7T 45m/s
21 T T Y 206 FeefdT 3T T S TRl
7, o feafa o sifafe=aar =1 om wifs

'A
T § 206 i stffyeaa €, srerfq
45 x i=0.9ms"1
100
THIHTOT 2.23 T SYANT Heh

h
4tm

AX =

47

_ 6.626x10>* Js
4x 3.14x40gx10% kg g7' (0.9ms™)

=1.46x10° m

S GEd qLA] A o S T T
10'® of 9T ¥ G Tt SR ST Rl ® 9
Foll o fau ff=aa fagia oy o= =t
¢ srefqol dmn fifa =&t s 2

T HisA i TaheTar oF ROl
9 dX HiSd i fIwharar o IO hl 3T T9 Gehd
21 91 Higel | Tk e i Teh AN H1 o &Y
o Tifeer oF IR IR Ff=a gaeer wenet § gea
T AAT ST €1 39 Higel § ol o alil-eefol T
¢ foer T foran T ¥ W vy R @@ e af
uRerir fopan < Wepe €, S soige i WEl feufd
AN T - THI TH ¥ @ Bl ETESEE o
Toregia o @R, UE §9e & 21 38 YN BEgSH
Y] 1 IR Aed 7 A 54 o el FaeR &
FARE Al B, Sfeh grgser’ Sy fagid o
faudia ot 21

Y YR 1 Te HHSAE! o HRT R TS hi
3T qEATISTl R AR @1 fRA S WeRTl 3Td: WA
T o SR | U foari &1 efevgehar off, {59 ure
TRTY] Hiee Fo7 o qT-h0T el Sred SRR i &4
o T SR ‘e sl fagia’ o ey @il
TH SleH FifAen! o6 I G §9a g2l

2.6 UTHTU] SRl SieH HifAehid HigeT
<1 gd G ® sqetrEn T €, ged o (fd ok e
o TUR W fowfaa feama it gr s uemeff
(S9— R4 8T WeeR, W o 8¢ Uel offR),
fSTTohT STEER U1 SIGT BT §, T I 1 TheIaTgash
Ui fan ST gt 7, fhg w9 =@ sifq gew o
(SHE— gerarHl, STt SR wErEt) Woen fwe
ST €, il 718 fathet 81 a1 §1 UHl @ Rl RO 98
2 for favgmma Fifehl 559 ®9 W ST HO b
e STIER i HehouHl qefl fT¥=rar faw =) Suen
FXA T 54 ok el FIER Hl A H W@ faskfaa
fogm =1 sartew afrent (quantum machanics)
Fed 2l
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FieH AR TH Sgiias faam &, foead ==
Afq gem aegett w1 Tfaal &1 ST fowan S #, S
T 3R FH1 A F 07 @A 2| AE T e w
Tt ok Tl skt ffyer et 81 Stel saied Fiteht i
Ty gl (Freh forg qafta 7o erfem & ©) W
o] fofan i €, qe Feraa it o uftomt s9
& 9o o B 2l

T 1926 H o TgeHe SR 3 gifesr g
AT ST FaleA AAehT 1 forerrd fepan am =8l ™
T sifest g/ fasfaa ‘Faien wiftaent’ W & ==
O, S A R T ok foERl W e ?

Faieq AR H1 ga T sifesR gm
wfearea foan e sues forg 5 w1 1933 ® ifert
1 Ao TSR YIE T T g i, SR
S GRT ST T ue o HU SR X S I
SRR I A W WAl €, I Sied 81 SHH g
FH o fou 3=a niforg 1 aftuga I BT Savash
21 3 FHfienu i fafe= fehml W o] w3 o S
I gl o 9R H MY AW FT FHeed § ue|

T fehm (S8 ek W] A 3], TSRt St
g o WY UREfdd T8 g ®) o fag gifesr
eI i TH e e Sar g—

ﬁ\u:E\y

S H Tch T HhReh (operator) % forg
‘e’ #ed &1 difgsr 3 s & feam a5
T ol o Aotk U 3@ GhReE hl il fo@n S
Tehel B fordit frehm 1 el Soll, ST STTHRAITS
FHU (S R few) T TSt ot Setdrel qe
Afenl oF = SN Ud Sfqedor faseg 9 gefa
21 39 T % gl ¥ E 91 ¢ % 9F W 8 2

BTSEIS UTHTO] qem sNfEst wfieRoT

9 HAifeSR THHRI0 H TGS WAV ok folw ga
o Sl ©, 99 SHH SR o HHE Sei-&R 3R
3ok T A-The (y) W B €1 3 Fafed S
TR qAT 37k HIA TT-held fSsR-FHR o &
& IR W B €l TR M deied-Hesti—
= FAEH-F&AT n (principal quantum num-
ber) TRt Feien G l(azimuthal quantum num-

A fomm

el sifesr siiftean & ifdent
o S 91 3 T 1910
§ Hgifaes difewt § oz
foeafomme @ @ T3Sl &t
U YT T| Ah ok He
W E 1927 H IR dfed
forafaeem ¥ =i & 91
FETR daren w1 1933 §
feeer 3R St w1 et o
oy FE o R e Bigsht 91 1936 F arad
Hifezan e Tu) SHAfega T ST o STHAT o 1%
S 3= o= % U% 9 g XA T e, 9§ sl
(Tafe) = T, ST 3 TE 9 7 W1 6 1933
¥ 3% ML um. feus & @1 999 &9 9 difqent §
et QR § TG fRa T2

ber) HWWWH@T m, (magnetic quan-
tum number)]mﬁﬁgmwgﬁ ISR
HHiRT0T o Wiehfash Bl @ WK Bidl €1 5 SeieRe
ot Sl W # @ ®, @ SHoh G -t |
T o al § WEl SEeN fawwe el ©l
T Teh T ®er €, fget o wam) o
T o el W AR wedr B gEe e
difqer 1 &1 B 21 TESeA R SEes ¥HN
TSt o T§ TH Solded aUT-Thed &l IRET]
*e&h ' (atomic orbitals)aﬁﬁ %\‘I 39 YR h Teh
TR T % q-held Uk goel fem
HEA &1 Tk J] | Ferelt forg W gt oy ST
F Wl 39 fag W |y % wE e 2l
BESSH WA o fau F@ied Ffhl g 9T
oY gEgIS WA o TaH & Gt Teee &
WI"@EEIT{[&H (predict)%?ﬁ%l 3’8@5 Srfafea
e 39 D RS 1w A wd €, S AR
Hied g T &I ki ST Hehl |

SITESR HHIHTO h1 og-FetariH TRATIEA T A
FH W YA FP HiSAEAT GEA A | TE-Fea A
TS o fau Aifest TRt &1 I (exact)
g @ A S gehdl o1l $9 Hfcds &l Af-idhed
fafyr o ST g R foRan T SRR W MO
W qdl s € foh eregiee o erfafie e wArpet
o ek BIESSH T oF ekl § gd ST




LAY T HEHA

=1 e €1 g e faerar e o e sed %
HROT Bl &1 Theld: Heeh F9 B 8 W[ 21 e
3T oF IUWST 2.6.4 TN 2.6.5 H TeH foh ag-saiae
THET o Heehl i St n SR [ wEed gerns
W R L @, el BESSH T ok shethl i
TSl el n FElEH HeN W AW w2

T o FIeH ACIhE ASA o W@ T8I0
QLATY] S FAICH AAR T HiSel TH-HEAT 1 I8
o @ i weEt W sifest et an w3 9
W eIl €, WA o FeieH AR Hisd o
Tewaqul were Frefertad 8-

1. A ¥ TR A S e A 2 (s
Tk ohelel D TR WM €1 8l Tehd ©) | SEel
o feru—ste TRAmEt # o e 9 S B €

2. TERHT o R S O o ShROT el g
SE-TR 1 A Bl § IR difgsR @
GHiehT0T o 3TTHA Bl Bid

3. Tt awATy] o Soraed i Wl feefa qen wet o
1 Tk ¥ T ST A ST Hehal @ (BTESAe
st fasia) o1a: fohet o # soee o
T 1 G i el feman ST Tk 21 gHiteny
79 W] ok fafe= fogeti W e o 8 &t
YIfaekar (probability) 1 Heead o aR ¥ a1
F T 3@ AN § 3T M |

4. Torelt TRATO] W 3OERE oF WU-HEM Wl
‘U] heTh’ FEd ¢ 99 UH q-THeH 5N
et goae 1 oen ® Sl ©, 9 €9 98
wed © foh Teiae U wuw o suite 21 Wi
fopell Setere o foTq wgd © TRT-he 81 Tehd €,
T: WA § ¥ I herh e &1 THTIE
1 Aok T, 3 ' Ueh Sefohgi hafeh -
el A hereh] T € SHE 81 Welh shereh o
T 1 Holl v ert ¢ TRt off merem o
T Y Ak ToEg el © Wehd 2 TRl sg-goier
T H Sl o 9gd g HA W A9 HEeh! o
TR W W Bl oFd: W goe W] |
YT oo oh AL Ueh heleh alT-Wheld Bial
2, S 39 wEE F ArqenaiTE B ¢, fod
TR SURA Bl 1 AT | Sl o AR
4 Gl SHRIE SHoh el qU-%ed |
IUfeerd eidl © qof Sen Al o gh 9 39
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ST <l AT el o B a2

5. fordlt oo ® el fog W soraeM o 3ufted B
%1 WifIehdl 39 fog W H&eh T-Held & o o
TR 2 ¥, 1 39 g W | | <R vk
¥ (probability density) el SITdl I
TN HTe Bl 1 feRet wwmmey o fafie

fargell W | ?| % W @ T & WY olT
I & T UdT AT AHE &, &l W SeIa=
o+ UIT S Skl HWTEAT 3tfreR g

2.6.1 Theleh 3TN o=iEH HEM
fepredt TRamy] | ¢ etk G9 eId 1 oA ®9 |
T ekl | Ieh SR, SMHia IR Afafe=ma &
IMUN T 3 a1 S ehall €1 BIS 3MHR o Hah
%1 21¢f Ig ® foh ek o Y SoieRi o 91T ST
Wifehan ifeer €1 SEl YR, SMehia iR arfafa=ra
IE oA © Toh gt a1T S w1 wifdehar femet gadt
fean =1 a7 U fewn | sifues ¥ Feien wemst g
TCHTY] hefehi W SR fohal ST TWehell B 1 Ueleh Sheeh i
T Fien wEmst n, L3R m, W W S 2
& Fdied W& 'n', Toh A qUlieh Bl ¢
THHT A 12 3...... S &l Hehell 81 & F12H &
Y HeF & R R FTHT 8 dh IHH! S & aR
o U1 =Tl 21 BESH SR 39 S9 el (Her, Li%
3MfR) o faIL 9% oTehel &1 e oh SThR AT el
1 fauifia <1 ?1 g Faied GEa § S (shell)
F1 ot T TAd Bl n H A S oh WY STHd
Hereh! 1 G Wt Tl 1 38 'n? g fean s 2
n o ff¥=a fRu 0 7Mo% fow gt weren oy
Teh I A B | S FIEfeiad 21ar gy e S
=
n =1 2 3 4
FM=K L M N
T FeH &t 9 o WY HE Hl SRR
Il 1 T IR |, Teide s § R ford 7 2
<JfF T FHOMAT TAERH 1 HAEfd e ¥
B o ToIT Sl 1 ATevTehal Bidl §, 31d: n o g4
H Heh DI el Fe
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T, heTh TS SRl e

‘me’ e ‘eheren’ T e WHE R €1 wen (TN
TR A yfqaifed foman) Tifves o 9/l 3R T AR
9 B €, T severei i shear @1 EEsEa o
siffeaaa fagia’ & ST9R, Soieed o 39 9 &
&l THefRor T STEeE B 31d: | i shemed
H1E arEtesh 31e TE 81 3ok e i et off
TART R 39T T ST Hehall| Tk fauRid ik Uh
FeH FHE RN T qe WA H fRd T
TR o qU-ed o 90 I 21 39 A
FieH HEMSH (n, L m) ST YR feman < Heha
21 THH T SelsH o el T R e 21 9w
Al y 1 RIS difaes 7ol & e 7, WY -
% ot veliq | [P B e s @i 2, R T
o forell fag w0 | |° 3 foig W ifrenan s o1 A
@ 2, Wfaewar st | P uf ot s wfaea
F WH A B | [ SR uE wR e (W
ARG 3T HEl Wl ©) H [UARA SAFE o
3G 3FAT & AT S 1 Gl 1 e F3l 2
(Tl FW AT T B TF FROM AT R F | [
o T o T & @ g & § Skel e §, Iy
T B 3 999 § 39k U i fer 9 o
a1 ®) | Toret feq 7 = o o seiee ok
T S Y e A | [ SR T s st
o HUE UGS I SIS I 1 S Fehdl &1 W
YR fordt wereh o Hefad goiged faawor &1 aar
A G 2

fawivita Faien @& T &1 FHaw HIVE Fo
(orbital angular momentum) =1 9 Fareq gE
(subsidiary quantum number) ot shed %I T2 h&h
o ffaria emeRr i aRwfa st 81 n o & Mg
T % fIC 1% 0 9 n—1 9% n 9 8 9Hd B
31fq n o T T 9H & faw 196 A6 0,1,2,....(n—1)
& Hahd 2l

SN S n=1 B, I 1 1 bl Th AH
0 B B n=2 o fau | & H9a 99 0 q
| B 9Hd € n=2 o fIT 1 & G 91 0,1 2R 2 2

Y% HRT W TEH A SAHE STRRT (sub-
shells) AT 39-&X (sub-levels) B %I fordt A

A fomm

IS W STRITN 1 G n o SR BT 21 SEreeoned—
T F (n=1) § %l T II-FIY 81 8, S 1
=0 o GTd Tal 21 S YER (n=2) HIW F I
IT-HR (1=0, )n=3 | 9 3T-&F (1=0, 1, 2)
B &1 n o 3= gAl o fou ot tEn feran ST g
21 forell 11 o SU-hIel o1 fewelta @eien W& (1)
SN TS Y €1 [ o Tafe= 9Hl o Sa S9-shiel
1 frefafed fogl g sofan s 8-

1% 9F : 0 1 2 3 4 5 ..

IU-HP o fau

HehaH (notation) s p d f g h...

greft 2.4 B S TE A FIeH HE&A o fow 1k
Huel W 3 G SY-HI9N oh Fohdd 4T T B

ARON 2.4 SU-RIIT Hehad

n 1 SUHIST HehelT
1 0 1s
2 0 2s
2 1 2p
3 0] 3s
8 1 3p
3 2 3d
4 0 4s
4 1 4p
4 2 4d
4 3 af

@kaﬁ'&r HeTeh HICH HEAT (magnetic or-
bital quantum number) ‘m’ ¥H<ET A % W
Hereh] o Torferm saffer=rg o o) § e <4t 2l
forelt Su-rer & T m o 20+ 1 99 T 71 3
A T 39 TR fEEn S 2
m =-L-(1-1,-(-2)...0,1....(1-2), 1-1),

HA: =0 o AT m, 1 TH & wipd 99
0 TAI T, AAG 20)+ 1 =1, Th s Heh Bl &l
=1 % T m=-1,0,+1 & THA 2 [2[1]+1=3p



LAY T HEHA

HEh]| [ =2 o fAT ml=—2,—1,0,+1117=f+2(1f|'?[
d &) T Tl 3| TROE B R om Sk AH | W
R | &F UM n WU B L

fordt T ¥ Y&E HEE nl SﬁTmlﬂﬁa?
T=e g TR femen e €1 3 Faed gemns
n=2,1=1, m=0 BN I0Tq hereh TH F&Th Bl ¢,
S g RO % p YR § F1 T el S @
difersht § SU-h1 SR SHY Gaferd shemehl %1 Gea
1 way e g

|1 HH ol1|2]3]a |5
IU-HII Gohad s |plalrlg |n
Hehl hi T& 1|35 |7 |9 |11

TR TRl g : R WA e % fg
fafed 1 Foien Femsl wl SEH i, TR 3N
sfufarrg &1 Rt w5 | e R ST S €,
Afeh Sg-geiRH TR H < T Y-S i e
FC U 3 Tl demt wiE 76 8 T g W i (3
T aE-u) Je g @ e (9w ae-ue)
B 21 A Feien G gR SEA St oF Felel Te
T 3R Seli-T 1 Surf 1 Hehd L Bl

71925 T Sisl Wﬁm (George Uhlenback)
31ﬁ? @'331?{ TRe (Samuel Goudsmit) 3 Teh
‘SRI-TEH FleH T@' (m) HEA ¢ Th
TR T Y W S 99 & TEHT HIl §, 9
T & IR SR FFRt hIed THT Yedl T e W
TR B B| TR VS H— Sola[ W e $iR
S o AfARE IS (intrinsic) T8R0T ShI0NT FaT
BIA1 81 SR T ST FaT Teh G (vector) TR
21 35k fordlt 97 BT o1et o 9w 91 sifufa=g w
TR 8, 59§ yosho Fien @ m, % g 9]
fohan ST Wkl &1 m_ &1 OH +1/2 A1 -1/2 & Hehall
%I s%séagﬁﬁaﬁm R 1y (spin states) ot
%7 §1 W AR WA 9 1 (F9 T=HI, spin up)
3R | (F=ret 95101, spin down) R 39T S &1
fafert m 9 =t < geii (T +1/2 SR H -
1/2) faudid T=ev e wean ¢ ot wees § 9
Y fereh ool Tl 8l Wehd €; 59 < SeleRAl
foradia =kl g1 =R
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G99 H 89 9% % HHhd © o 91 e H@A

frefafaa SEERIEr 3 8-
@) n ¥ Y H A Bl 8| TE HEH HT HR S
FIHT B Tk ol MuiRd L 2l

() n® Y H n SY-HY B | 1, HEFH Bl
Mpfd ol €1 Uedh YR @ SU-hiI9T |
(21+1) F&H T T, A TAF ST-H1 |
T s e (1= 0), A p ek (1= 1) 3R 5d
Feh (1=2) 8 Thd 21 | FS oF dF 8-
TS UXHTY] o hefh hi ol a1 ot Fefor
T 2

(i) m, Ferw o Afafa=ard 1y B 711w
feu T et 7 & fw m, & (21+ 1) 99 B[
21 o B HEN Y% S-SRIl § HER| i
eIt 81 5ehT 37ef 7Te € Toh herehl i HEA Sk
sAfuferral o alishi o SR Bl 2l

(iv) SO % TEHTT o SAFAfTATg BT m S R

IS 2.17
& Fled 9@ (n=3) ¥ FafHd heehl &l
el WA 1 et 272

&

n=3 % fIq, 1 o 0, 1 9o 2 W §9d 2|
W@SS%WW%,WW,n=3,
=0 3R m,=0) T ¥; 9 3p Fah B &,
Sk faT (n=3,1=1 3 m =-1,0, + 1)
B €1 THl YR Ui 3d Hew B ©, ook
fatn=31=2 M m=-2-1,0,+1,+2 &
ghdal 21 AT HeTRl B A FEA
=1+3+5=9 H&H Hl & =n’, 37Aq 3
= 9 FaY H1 ITAN Heh O UM AH 9T
fohT 5 9d o

JETELOT 2,18
s,p,djﬂwaﬂmmﬁﬂﬁi:@ﬁw
A3 a1l e oF aR H aasi—

() n=21=1 (@) n=41=0,
(M n=51=3 (&) n=3l1=2
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&
n l h&lch
(F) 2 1 2p
(@) 4 0 4s
(M) 5 3 5f
(=) 3 2 3d

2.6.2 UTATU] heTehl ohi SThidar

forelt T | Tolael o et aR-Theld STefdl y
1 S S w1 Gifaes el T g 21 T Shew
scdekjﬂ EREENIED] (coordinates) <hl TOTdT WA gl
21 Tty fafe= seren o forg ¢ (s 9 glt) o wer
& 9§ GG - @ 9= 8 21 [fe 2.12
(F) 1s(n=1,1=0) T 2s (n =2, 1 = 0) FH&THI ok 3

Weh R o ST o ek Ll 2]
)@ ] ig
_ 120 304
= < 21
) s 2
40 0
0 +—————— A
0 04 08 04 08
r(nm) r(nm)
(&) 5000 - 300 -
4000 A 240 -
T 30001 = 180 1
S 20004 S 120 A
1000 60
0- 0 T ——
04 08 0 0.4 0.8
r(nm) r(nm)

fag 212 (F) Fe&F ®I-%ad  y(r) & RG
(@) 1s TF 25 F&HI & 78 r & FeTT b &Y

? gifedr e 2 (r) H IREdd @ Rl

S fifqen fom e @ A warn T T
fog W T-%ed #1 o (AU y?) 39 fog W
TR o B T WIReRAT W1 g9 21 [fas 2.12
(@) H 1s T 25 &k oh fIq 2o qiadd &l r
o Hor o Y < T 21 el 39 2@ Wehd ©
o 1s @2 25 & oo T &1 98 @1 S ehal @ B
1s &7k oh ToU WIfiehdl Scd AR TX STferehad €,

e fagm

S AR W R T W SR S R SE R, 2s
hefeh o TTT UIRIehdl B 9eel oSt § Y4 deh Hedl
2, Th 9@ RY Bl 81 SH-SI9 1 1 §F 95§,
Crelrs) Teh o AfYhad (small maxima)a? TRHEq
I : YA % ke q Sedl ©1 9% &, el 9
Wil T I 8 I 7, CAigd dde’ a1 ‘e’
FEA 2| GG ns F&F & (n 1) A B T,
31 & Fled G n oh WY Al i HEAl 96
ST ®1 S wRl H, 25 Ferh o forw At H gEn
Teh q1 3s ok fIu <1 el &1 oI o werhi o fog
ff 78 T FHR et g1 F WiHehdl Sed qied
O A o T § WS S Gehd & (T 2.13 )|
T fosfl & T3t (dots) &1 ¥ 39 &3 # scleed
Wik S eIt 2l

Sk
1s 2s
1s 2s
ford 2.13 (%) 1s TF 2s WHTT] FHefahl o foTq Gifremar
T SIRG o537 7 T 3T &7 H seaerT
uT S @ GifEa-EAe & qvilar 8l
(@) 1s TF 2s Hefhl & for@ IRAH-gag
IRG
eI i AHid i fafa=T werent o fag feer
IfIehal S aTel HH-Hag SRt (boundary sur-
face diagrams)mwgﬁ@@mﬁww

TR Bl 39 FreTm § R wae o fou T o
REHHI-Hag a1 IRYSS (contour surface) ! SRfEd

fern St €, R gorehen s y|” w1 A feR
2 Sgifaw w9 W, fad waw & fau @@




T 1 G

IRE-Tde SNE T99 B €, g e f{u g
el o foau feer wifyerar sMw* 9 shad o
TRAA-Tde R@ & FHeF h1 AP oh T
freqo o W €, feer g freif em o emae |
TR o UIT S 1 WTehdl Shith! 3Tfen (S8 90% )
B Bl 15 To 25 hemehl o forg qReie-dae @i =i
o 2.13(@) o <9 TN 1 219 U Hehd € R wm wE
ey S i A A & e g S
Wfhal 100% @12 TR SW 78 € foF i o foredt
= 3 W off soeA & 9T S & S Wi
FEe Bl B, Wel € SHeRl 7 Sgd S i 7 Bl $Eiery
Ff=a SR o UH RHMI-Hag ST@l &l S Hag
& 7, TSIk 31eT g o OIT ST ki WIfeRdT 100%
Bl s Hemeh o oIy IREH Tde 1 3@ el B ¢,
fSreer b o A 2

2 foestl § 98 el Tk o1 1 Te fa@m &
21 39 Tt ot a3 ol & q1T ST
Wfashd 909 eIl

T YHN 1s A 2s H&H TAd AHa o 2
aree | Wl s heren Tieid SEihtd o g ¢ e f
G T ? 709G o WY s HeE H SRR W 9
ST €, 191 45 > 35 > 25 > 1s 3R &7 Faieq T
o WG o WY geleg A ¥ R El W

fos 2.14 § 1 2p FeThl (1=1) & IREH-
g IR fe@m e §) 37 s | e got fig W
W%W”SHFWQEWH,W—WW
AR &l Bl &1 SThT Ul Gsh p- o & A
B €, f5= ‘wiferl’ (lobes) &1 Sl €1 & e o
TS ATl qel o S SR g €1 STl Sl aiferal T
TR ! w9 FHd B, 3U d T A Fhdl S B
I B B A p FHeERl HY ABA IR Fel TH
U Bt 81 3 etk oherel iferdl oh Stfafeaa o
aaE | o= B ®, s 3 et xy Aoz ore
=1 iR ffée 7 ST ewdt €, s@fe 5% 2p, 2p,
qAq 2p, G TIMAT S B| TEH A8 Seoi@H € b
m, 1AM (-1, 0 3R +1) G0 xy 3R 7 37 o
are hIE Hay T 81 TR fou 7 9% W@ v @
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fer dfer m, o & T9a A eW ¥, om: dF p
Fefeh gl fSTeh 3187 9| ¥ U TR o daad s
&1 s HeThl i e, p Hewhl o forg ot g Fien
TE & dgd o WY Heehl 1 HAHR S FHoll
a5d Bl ord: faf=1 p HeeRl 1 AHR AN S
4p>3p>2p FA U T €| 3 AR s Herh
o HAM, p H&HI o WiFRd- T Had o I
T ToRd B Sl B WA n- 2 57 S 9w €, e
3p EW&WW%@F, 4p é?fﬁqffﬁ'{
T o off T w9 | B R

2p, 2p,
2 z
A A
S — > x : > X
4
/ - y/
y
2p,
z
1

y/(/ Y~

faT 2.14 7 2p Fel & IRGH-TAE IRG

1= 2 o foTq ek, d ek el ¢ IR ge
FAlH W& (n) 1 |4 3 il 8, i [ %1 941 n
~ 1 9 3ifersk 78 &1 Wehal 81 599 m, o Wie WM B
T (2,-1,0+ 1 3R +2) 3R 36 YR Ui d F&F
B4 B d FHEH o IREH-TaE e oy 2.15 |
feame U €

U d HER A d_ vd,d, ds T d, FeE
w%m%ﬁaﬂdamﬁﬁmﬁr@w%ﬁf%
SR red d 2w fa B €, e oiet ekl i
i auar gd 81 n > 3 9@ d wETH
(4d, 5d, ) 1 FHF SHITE Bl &, TR STl ae
R =1 81 2

*Afz Wi T | | U @ gg WA W Rl 21 A 3 wae W | | off Tt @ | P s | | o fa wftd-wa

TH GAA B
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forT 2.15 i 3d Fe&el & TRAH-gag RE

g el (st 1@ Wiaed-o9d e I
1) o 3T np 3R nd HeTh! o TeT TR
e e W I B €1 98 AWk ¥ TeRd g ael W
fAsit e €1 ST <k o, p, waw H xy T Aed
T 2 d, e § AE W oA g R 2o e W
Xy 61 1 95d gT I Aed ad B 21 3= ‘Ui
e’ el Sl © AR i el sl ge 19 € S
8, AU p el o ToIQ Th, d Herehl o forq & qen
1 o AU gt YR Fvia e B &) S i FA
W& (n -1), 3Aiq HUig g 13X freg g
(n-1-1) T AT BN

A fomm

2.6.3 THAI i HAIT

TIESISH WA H Solaei i ol ohad J&A JdieH
T g frwifia eIt €1 o7 herhi ot Soll fefetfad
Wﬁaﬁ?ﬁ%:—

1s < 2s = 2p < 3s = 3p = 3d < 4s = 4p
=4d=4f< oo (2.24)
3R 5= fot 2.16 o wiian 70 B) Tl 25 N 2p
HETh| 1 ST 9= it &, Tohe ot 57 3l hegeh!
2s A1 2p ﬁmﬁﬁﬁﬁwﬁwﬁl
THM o0l A HeJehl hl THEIT (degenerate) <hel
ST €1 STH TE S T €, TS WA H ]
Heren oy Rl feofq o W B ¢ T dereer
3TAXAT (ground state)Wl?ﬁ%l w%ﬁﬁ?ﬁlﬁmﬁ
TR T g Geliferh Yereral & R @ @
TESISF WY | 2s, 2p A1 3od ekl § UM
3@3@77-[ Sl AT TaweT (excited state) T el
S B

3s 3p 84 |[4s 3d
_55
3s
2s  2p “2p
_2s
_ls _ls
() (@)

T 2.16 (%) BT ATy 3R (@) ag-geraei wargel
& P T BV & F-TR ARG A FTT
foF grEgtorT WHY] & fou THM &7 Faeq-qein
gq fy=1-fir=r fgmrent aaren 9@ g | 9 ST
il Gar gidl 81 wg-goidel WS § guE 5T
FA1H GEI qT6 FHETHl BT Foil 197 5790 Fareq
& aet el @ g 9= glat 81



T 1 G

BISSIST AT o Toodid Teh o geierei oA
% TR HI Tl chad I G FleH HE
(i) W E TR, afcek fgmelt Fenen e (I9-hi0)
W off frsft St 21 ereiq § T e Faren wen &%
faus, p, d, f... B Q9= et &1 ST-kIe o
T FerisTl 1 HROT Tg-SATRA TLETIRT | Sl
o ITE W Yfqerdor &1 Sufefa B gEgeT WA o
SRUTETTT Seieei= 3R eFmEfiE e o sfte SRy
THTH g S T @1 9g-selaeia et ®
ST qAT I o o STRY o STATal TLHTT] |
SUTEerd Ueh el 1 S | Ffashdor off g 21 59
YN Ush SE-Solae WA H gelae 1 e
SR 1 o § atfueh SRt s A €
HHrrd: aed e o Sufeed Soleei o S h
TSR W et S fohen sifees Hewegel B
THA AR AW § 6 (Ze) T o HROT SeAwRAl
o eRvoT 3= TRt sedt €1 S7eT hieh o Suferd
SeraRl oh RO ded ShINT I Serdd ANHH oh
A (Ze) I T TE TegH & L UMM T, g
STARe Solgel gl AIMMe o oHERT WX ST
AT oF R0 36 STER &1 I9E qU 781 qedll 39
AR Seiael g aRI Selarel ol IHeh | TRTeToT
(shielding) el STl & 3R e 1 ped A&, S
SOl W IS Al 8 WATe ARt 1maT Z, e
(effective nuclear charge)%?ﬂ?ﬂ%l AR S@ﬁ@'ﬁxf
BRI IRR&I0T o AES[E AW o™ | gig o a1
el S g HegH fhan sTeRdu-9e =g S 2l
TR VR W, AR SR TS & o ST R
1 Sl (AU FEF sl ) AT HE&A (2) o Fe
o | T (req fus R =) S )

STHYY TF Wik, I A=A fopad it o
TR T STH SUMEd hereh whi 3Thfd (e some
Sufeerd §) W Rk FTd €1 ST & fau- Tetshi
3ThTd o R, s Heh | UMY SAFH p Herh §
IUREed TR 1 ol | STedl Solegl ol AR |
ufiRerr sifues et ek W el B1 SE YR, p herh
T IR SeloeM d hEehi i gor | 3fieh aRea
FW &, 9% qeft Ferh TR € W H ) 3T e
T & I | TR 3R o HROT s Hefeh el
p eI TR i el | SR p ek IR d e
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SOl ohi ot | AW o U 3Tfeeh TH Sl shidl
T TR v} H- R T w1 (YO Hiew E) %
for ferisht aticw e (1) g o QY TR g Hegd
foFen Z, = ST 2, 19 p ek H qO | s hEh
3R d T o | p herh Mk O e gl ¥ w
Tl € p HEh o SoldM I ol H s heTh o
T i 3R d Hemeh o Sl shi ol H p hewh
% SR 1 Tl B 2, S| S A &
e 1 wen f-fae ekl o few R 2R 1
37: Th & DRI (YT FaleH &) o sl &l i
g (splitting) &1 ST €, 37eiq ST Ueet sIqrRm S
TR €, hefeh W SUNKeTd Solarl ol St n G | o T
W R el 21 R ®9 W n @R | W hemeh i
St st FeRar st Sifeer Bk €, Wi n e 1%
TRt A o foIw sk Wt T R (n+ 1) b1 9H TS
=1 Er Ferr w1 et ot Ia € FH el Al
FeThi o ToTT (n + 1) 1 °7F 99F &, @ f1 n & 9
Il ek i el 0 BRI AR 2.5 | (n+ 1) frm
T T © SR o 2.16 H Sg-gem ARt & Sl
T T B A < A o1 7 o ® fon fendli feeiw
% oo 3 H (TE-emRH W ) % S
fo-for 2Rt &1 BTeiilcn STegioT W § TRt Seig
T Rl €1 3fd W 7 aqen Sfea g R e de
(Z,,) 9G1 o WY GHA SU-HRI el Hafehl i FMg
FH Sl STl § SRV F e Fgee WA % 2
ek i o, THATH o6 25 HEeh i Jor | 3TEh
BNt 3R Wifeaw ot e | Ao st Sl Ak il
T M f S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).

2.6.4 UTHTU] W heTehl Rl AT SET
faf\r= RaTpsti o wefenl | Soige Sihars, o o
ITEAR R WK B ‘3fihers ', qeelt srges
f&51d (Pauli's exclusion principle), 8 o Afeshan
Fgehdl T19H (Hund's maximum multiplicity rule)
3R Ferhi w1 U Seistl W HIRE T
IMMwars,

ST AT o sffhars’ o 1 eref g ‘fmfor g
‘herehl w1 IO B 1 212 B— Hereh! BT goteRAl
g U Sl W fRW % AgER- ‘ueAnpetl @t
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AT STSTAT U, haTehl ehl ekl Sioll o gd shil
U 9T T 2

|RUT 2.5 (n + ) oW & MR W agdt St o Wy

HeTh i SHaTAT
n &l
HIF 1 n+1
HHE | Rl HIE | AT °HIE
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)h1
ot 3s 9
*9 Bl §
3s 3 0 3+0=3 | 3s(n=3)
3p 8 1 3+1=4 3p (n =3)
& ol 45T
F e §
4s 4 0 4+0=4 | 4s(n=4)
3d 3 2 3+2=5 | 3d(n=3)1
Sl 4p ¥
EX RS
4p 4 1 4+1=5 4p (n=4)

T VR H— TORM e F9H HH Sl A
IUeT Hereh W S ¢ S STl 9 o o1E 3= Sl
a1l SheTehl i O 2

SHeTR Tl Soll ol I@dl ShH, AT SR TR STH
1 HH TH GHR B—
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, bp, 4f, 5d,
6p, 7s...

3@ FH & fo 2.17 ¥ TR T oty g7 ar
a1 <1 Tkl B 99 TR W YE Hd gC AR K1
fE9m herhl oh W 1 HA T 2
QIS TS fegia
fafa=1 el o R STH o1 Selael ol & 3TqaS
fogia gru Fafea et 2, T siifgen o siles i arsett
AT Tk SR A fean onl 3w fagia & STaR—

et ooy § Sufter @) gorEgrl @t o
FAEH WA Ueh HHM &l &1 Wehel &1 WSelt
qest fagia il 39 YR off el ST Hehdl ©—

A fomm

e 2.17 e/l & KT FT F9

“rae N AR TH Hedh § 1§ Hahd ¢l
T Al o WershUT Taudia g9 e’ saen
1ef ® T < TRl 1 A9 Feied @A, n,l qen
m, TF T & Gehdl €, TR SThT TR FaleH
Feq fa= e =ifeu) fret wees o soeeAl 9§
el fuesy gl gr o e s fd
IU-HI9T | IR SASl ki &THAT i TN HiA |
HEFe Bl €| IS0 o T, 1s § Ueh hefeh Bidl
21 38 YhR 1s SU-hI9 T e[l o1 Aferhan Ge
T B Hhdl 81 p 91 d SU-HIL § AHTH FE
HUI: 6 AT 10 B Wehell €, S| TH &Y T YohR
BN ST Gkl B—

A FEIEH WEAT n AT hivT H gt
W@ 2n? & ST Bt 2
TS T FfUhaw Sgehar o1 fraw
7% 7o T € Y- § Hefd FHerhl i A
foTQ o] feman ST 21 59 herenl w1 ol e et




T 1 G

%I I TS Hefh (degenerate orbitals)ﬁﬁ%l
7g 1979 39 TR T: Teh &1 SU-ShITT oh hHalehl |
TGl S TTAT a9 deh &l el €, W9 deh
39 IU-HITT o A HeThl T Th-Teh TASST T
T W@

i f p, 9 d 991 914 £ FeE 2§, 34
p. d 3R £ el § T U9l =Y, B39 R 3
TR o W W YRY B T <@ T ¢ TR e
T SR T R FUG FEIh! H TG SHhT FHART
o HNU A Tl § 2@ (TE 2.6.6) |
2.6.5 UTHIULRT o ToIaEieh (o=
TRATURT o Hefhl § TolagHl oh fIaROT Sl ST
Wﬁ% fa=I a0 (electronic configuration) gl
S &1 A fafe= wA] et o soeeHl o W SH
 qafya 7o fad & eam ° @ § i, a fate=
TR o Selgeleh fa=amal i ST 9 forar s
Hehell 2l

AR o golaeieh fo=mE & § ok d
frefd foran s wehar 21 & B—
() s p° d e Hehad
(i) HEH-3NG
1 [T 11 C T T T 11
s p d

Tedd Hehad H SU-hIY i Gd 3R fog 9
Frefd foran Sl © 3R Su-hiwr | Sufkerd geleiql
ﬁmﬁﬂﬂﬁﬁa,b,c ......... W%Wﬁ?ﬂﬁ
g1 faf= =il o fou fefua goe su-w &0
favsa 3Tk T IU-SHI oF A T FGIeH HEAl
1 feraert foran ST €1 W Gehde SU-h e o Joish
HeTeh 1 Ueh sied gNI g9l Sl € 3R el oh
YF-T=hUT I 1 S T 3 SRU-T=hUT R | S
TR G <o ST Fehal €1 T Hohad i go H T
Hohde 1 o9 € € Toh 309 91 Faien Gemsti i
T S Hehell €1

BIESISH TRHY] H helel Ueh &1 Sl eial €, S
Gl HH ol a1l Heh W o 8, S 1s weeh
T § 37 TESISH YT h TSI =g 1!
B 21 3hH e I8 ? o Tk 1s wew W Th
TS Bl 21 e (He) 1 30U o +Ff 1s
FeF H S Ghdl 81 3Td: BNCEH 1 SR
o 1% BI €1 STH1 SO S T e | Selee
Toh-TR U Faold g=ehr § B €1 SE ek om@ 9
<@l T Fehdl €l
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H[ 4] He[ N ]

1s 1s

faferm (L) &1 T e TSl sTqasH
fHSId o HROT 1s ek | &l o1 FWehel B 37q:
T HEH 2s W Al B TW FHN feAroRm e
SR fa=mg 1s22s! BRI

2s ek T T Soide X T Wkl T ST
Affer wH] 1 o 15225 Bal @ (FROM 2.6
H qdl o WHE o el Tl i <@) |

3T B: Tl H 2p THeTeh Th-Teh hieh W Sl
Tl 37d: 3 a7l 1 gl foraTd 39 YRR Bidl 8-

EILE] (B, 1s22s22p!),

FEA (C, 1522522p?),

:ﬂ'@ﬁ?ﬂ (N, 1s22s22p°),

AfedIH (O, 1s%2s22p%),

TS (F, 1522522p9),

931 (Ne, 1522522p9).

2p FHEHI H TH HT YA Fs1T W ST
T Bl 1 5 el oh shen-Tes 39 YR <Y S
Tehd B

u (N
Be [N | [N | [ | [ |
B LN [N L] [ |
O VR o IV O O
NN JIN L ]
o[N|[N] [Nt [T ]
FINJIN] [NIN] T
Ne [N [ [N] [NIN]N]
1s 2s 2p

ifeaq (Na, 1s22s22p°3s!) ¥ 34 (Ar,1s?
2s522pf3s23pf) qH oF AWt Tl ok W H
slaRish faamd &t 9gfd Li @ Ne d% o d<al o
FHM BNl Bl e SHe’ shael 98 Bl ¢ foh 31e 3s qe
3p F&H T S 21 T YiHA 1 Tl Teman ST Hehal
2, S9rd Ee T HI ok hel oAl i A (Ne)
T o 9 ¥ Frefa fean s gifeay 9 o a@
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& goeRifTe fo=mrg @ UW famn S wehar -
(Na, [Ne]3s!), (Ar, [Ne] 3s23pf)| q0 &9 & R &I
o SRl i ‘IS Seiee’ weEd €, 3N o TeieeH,
S =aaH &I FieH W&l o Seideia el H W
S €, HANSThdl o HEd g1 SR & fou—
Ne H ScieRi, SIS Toe € 31X Na ¥ Ar o SR
ST el €1 dIefiEM (K) de shfed@ ™ (Ca) | 3d
ek I GO H 45 &R hi ol HH oM o HRU
g 3R fedia ol HHY: 45 FeR § S B

wWhieay ¥ URY W W TH T Aeq07 @
A1 81 3d HEF HT ol 4p FeIh HI gl § HH BH
o RO TN AT Teed WA €| IROTHEEY 3T
TH qedi— Whiead (Sc), A= (Ti), anfead (V),
BT (Cr), HHS (Mn), 3= (Fe), e (Co),
ket (Ni), TR (Cu) 71 51 (Zn) o di= 3d hemh
T goiee TR R S &1 89 98 <@L Hfhd &
Hohd B foF ITHaq 9 HIRW ¥ 3d e o =R aefl
T ARl 1 SR HEI: U AR TH T B 2
TR RO TE T fF MY T R W wark A
TR B B, 1l ST STl A eIt §1 pdpf, o,
do, f7, o gete fomme, foe e = @t oned =1 ¢
W T, Afoer Tomlt B 21 31 HIHEH a1 HIW |
b 3R o for=rel = wiefiendn fierdl § (WUE 2.6.6) 1
o ¥ fF everg ot fgerd B

3d HEHI o WH o 1% ifEd (Ga) ¥ 4p
Hefhi hT TRAT YE BT € IR o= (Kr) | I e
21 ST 18 Teeli— ®eleaqd (Rb) ¥ A (Xe) T
55, 4d A9 5p HeTh| o T 1 T&1 THid Bl €, 5
4s, 3d 3R 4p HeTh! H1 il THh aIE Gs FHEHI HI
T YR Bl 1 WS (Cs) 72 9 (Ba) W 29
Ferh H HE: Th R I ola B 21 STk oI5
AITH (La) § Wil (Hg) T 4f 3R 5d herel o

A fomm

T W S €1 39k 1% 6p, 7s R SFdd: 5 fTS
6d e H T @ 7RI (U) & 9% F qd
1 TR B ® SR 3% W ®Y ¥ W e S
21 GROft 2.6 W T el o gelaRieh fore (SeeHt
faferti gro fawffa) feg e )

AT I IS Thd 7 Tk oMfer 53 fa=ami =1
S W FN AW 87 egfR WA fome o
AT W [EEAR e i GHeH X SU!
R I | ST I oh1 BT STTER AT ST
21 IR & ToIU Fw T, S— | ;A G Al
AT TRy 310 Il S €2 WIS v erg ST
g A Bl €2 He A1 Ar 59 awdl fepamstier =i
&l B €, Safsh Tele S aw Rl 8 a— 5
9 o I G =1 o TR T U S gehdl
&1 SIeed o T Higel U TR TRl Tal TR
ST Hehdlll 3Tq: MYk WA faaM o % 9ot &l
el JhR §HeH o faq soieeie 9 & o
ST B At STevEe 2l
2.6.6 JUT&UUT URd Ua 1eiafia Su-hivn

CaRESND

fordl a1 T 3TN TR fa=ard 39t
A Sl 9 Geiferd Teren et 1 saferenter weATust
o oI o AT 2.6.5 H XU qavqa et o1
IO F &1 W FD a (S¥W— Cu d Cr ¥,
STEl &1 SU-hI (45T 3d) T Seliel H w7 AR
T 2) TH TR FH el Gl STR s A
TSl el SURIY W TMARG B Sl §, 99 g
T § SYHIT o Tt I=9 ol alel Hafh W
g, S quigf@ =1 ALqRd @il o@: Cr aem Cu &
A goiaRien fa=ama wEe: 3d°, 4s' qAT 3d1°,
4s! B, T foF 3d, 452 TA 3, 45?1 TH TR 771
2 foh =7 gorariten ol o stfafiea enferc e 21
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TEYRA AT YUIYRA SU-ShITI o TATIIS o SHIUT
oy e SR ST o Tl <k R P
3

1. TG o1 HAHA faawor : 97 Jei-wif fafea
2 & wmfafq wenfoe wem w3 €1 gofa: | ge =
aTefqita STeRIel # setaeiql o1 foaor Tafia g 2|
a7 3 @rfereh Tl B €1 Uk € Sushie # (R 3d)
=1 B €| HIeTEy A TH-TW I AR ®9 H
FH qfRfed w9 Solae AR R S
Yererdl § STehftd 8 S €

2, fafma s=1l ;a7 womieRi gag 9 3= =ial
2, 9@ A Y i seee (F9er T 99
BN €) Teh STRIV oh FHYY herhl § S eid B
3 geleR 7o T fafa e & gt W@ ®1 3
fafm= = sRo ga e, ‘fafma S’ (exchange
energy) Feamdl 21 Hifad fafai = gen @@
sAfehad gt €, & S-hre quid: W A1 erefgRa
(half filled) 1 & (Fo1 2.18) | 38k Fereerey fafma
Foll rfershed B € 9 SE TehR TN oft rfersham
Bl 2

9 2@ foF T8 ol S o T T U B,
fSren STTAN— WA el oF heTehi § SaTe
TAGEAL o TATHHE TG ThuT 81 B
31 TRl H, YYRa den YU SURRT W
i (i) suferes €9 9 ®9 9RfEq, (i) $9
Fcifoch Gfaehyol Sell qeM (i) 3=a faf=H s
o R0 Bl B fatma St o fawe o foar o
3T STl heamstl o Tet|

Soiee 4 g 1 fafma

ferT 2.18 d° fa=rrq @q gunfaa fafrwa
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6s 6p 6d 7s

5s 5p 5d 5f

Lo\ e B [ R(e)

4p 4d 4f

3p 3d| 4s

3s

ARUT 2.6 Al o gl eR fa=md

—FANMIO LW O N

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

FANIFINO O OOV OVOOOVOOVOVOV| OOOVOVOWOVOOVYWOOVYWWYWUOVWUOWWYWWOWUOWOWWOWOLOWOWOO

2s 2p

HFANITFINDNO| OOV OV OVOOVOVOVDOVOVOVDOOVODOOOVOOYO OOOVOVOOOVOVOVYOWOUOVWYOWYWYWWYOWWYWWYWWOWYWWY OOV

FAAAAAAN A AAAAAAAAAAAAAAAANAANI A AN

1s

AANAAAAAAN/ AAAAAAAAAAAANAAAAANAAAAANANAANAANAANN AN ANANNAAN

2
2
2
2
2
2
2
2
2
2
2

axd

He

NI ONDVDOO| FANNIFIOOONDOIO AN OO O H NN ONDDOANNITFOOONDOOO—-ANM
— FrH A A A A A ANAANANANAANANANANANN NN NIFFHFAAFFFEFLSSF IO IO IO

* % % % % % %
- 0 o| © ) HTEovomrRgl 0oLy 28 oS STwWY 220 Q©
SEn0zo0eS| 252 B0 xS3E 0523208 S8 2B ERG-NESCEREFTEERE K
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LAY T HEHA
aa 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
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 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 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
Risk 78 2 2 6 2 6 10 2 6 10 14 | 2 (S (©) 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 8
Po 84 2 2 6 2 6 10 2 6 10 14 | 2 6 10 2 4
At 85 % 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 %
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
Cf 98 2 2 6 2 6 10 2 6 10 14 | 2 6 10 10 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 | 2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 | 2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 | 2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 1 %
Rf 104 2 2 6 2 6 10 2 6 10 14 | 2 6 10 10 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 | 2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 | 2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 | 2 6 10 13 2 6 5) 2
Hs 108 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

112 q STH 3TfUeh TRA-G&A o1l a<d T1d &, W STh! gfe 7 g8 T iR 3ok A off 99 & 2
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A fomm

9T

TRATY] qdl o TS AT B €1 A a7 o U8 s 9 €, S q9Ete e § 9n o) #1 gem A
fgia, fr S Sieed 3 & 1808 W Widwifea o, o SHR wAr] el & TH Held B 01 B §, T
AR faenfsa = foran S gehen 21 S=Hael vt & 3fd | wA g g8 YA g e foh qeen) faans
? T 9 < g1 Hol (Telag, Wi qo =I2H) SR S Bl €1 S 319 - il i @iel o o1%
AT T HEEAT i T HIH o6 fAC a9gd | W] Hied YA fRT M

T 1898 H AU o el foh WA Tk GHM e foeq a9 orell T el g 8, f59 ™
TSR ST B €1 9% Hisd, SHW WEI] 1 SoME W WY R Teh GHH fodfid 9E T o, 69
1909 ¥ TEIHIE o HEwIIUl OL-H0T o Fehivi T g Tord Fag 83Tl WIwhie 3 I8 freh fenren foh o]
% % H 9gd SIS MHR H1 ¥AERI TR Bl € 3R T 0 IRl 3R JAhR well § T Hd
&l WEIE Higd, S gRAed O fHerd-Sera o1, Hfved &9 ¥ Seed diedd ¥ dedl o, Wy 98 TRA]
1 Teoran &1, 19 98 58 o1 1 <A T R qrE o o i o 9 e iR S €2 9ok Staren
Ig TRAN] 1 SolFRih T, Fiq Afw & IR AR el o a0 3R S9! Sl & aR § §9
T 1 HehT| WIHRIE HIed Hi 51 HicAEAl &l 1 1913 | 1 R 7 TS WAT] 6 3704 died o
R fopan den g8 weafad foran for i oF wIRY oI g R well o soiag T il 21 hadl o el
o1 € A B Tkl 8 A1 Tish hel shi FHiv=a St gt ©1 o) 3 fafir= shefl § seigei= ot Sl &1
T ST IR Yedeh el o forw Aifyer oK ol 1 i o1 3Thold &l 2ol IR Hied gRgisH &
T i GAlTges TI 6 o, Wlhd I8 ag-Seraeid WA o TaeHl i Al 781w 9Tl SHehl
HRUT Fgd Se &1 G & T AR Hied § gelae & AT o 9R 3R U f¥Ed JuehR el | Tfd
T U A F1 oF T9 H TET T A1 THH STk T Y AN o 9N H T G T4 o1 T Hal
s ffi=a 9 g ® R 36 uY 1 gf @@ asft qRefua /e S wehdl €, S U € 9Hd W gee
1 Tet fefa iR W&t an 7 Bl ewse % ‘e fagid’ % SER TH E9e TEél €1 39 YR
BIESISH TRHTY] T R Aigel 7 ohelel SAIa o el SFaeR &1 SUeT hidl B, Sfceh grgaian iy
i =1 oft foRier e 21

T 1926 H e AIfESR 3 T wefiereor fean, e ¢ sifesk wefierton’ shet S 81 6ok gy foifem
o golaei o faauor SR wArget | S1Aq Sl Wi 1 9 foman ST Hehdl 81 98 GHRLl 7 Sheet 3 st
o -1 ATl e L0 hi Heheudl i LM Tl 7, diesh egea o sfivedar fagia’ o ot
T B1 ST 36 THIHOT 1 EESISH THIY] § Soiaei o foq el foman T, ol Seleei o Hwe Soll-&l
R H 1 Bl (S I Herd B €) o 9R W SRR Wt g2 A weifed Sel- & IR Sk |
T S T Feled HEAS— YeA Fen FeA n, feia Faren e |, 3R gI J6ied §El m,
% gN TedH S €, ek il & gl o URUMHEEY W €id €1 39 diF aeied Semnsti o /el
R yfqee off gifest-aienor & g @ Td: I B 2| SESISH YRHIY] S deie Fiehid Higed S@eh
Tagd & Gl TEqS w1 AT w1 ¢ SR SHok Sifdfiad o UE uftmeAtel &l off Twemar €, S 9K
Tied §R T &l & il

TR o FAICH AAHT HSed oh STTHR Sg-IAF THIVST o Seiaei- a1 % e | dier
T B F I Teh A1 3Afeh ST-HIT o 54 T B Tohd & AU T ST-HITN H Tk A1 MU heqsh & Fohd
2, Tod soieei Sufted ean 21 eEeieH 3R gEeeH w9 femal (Seewng— He', Lit anfe) o fedt
XU U rer o T Farhi KT 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 SEeR! Sei i SaAt € % e At
SHIE < HERI H1 (n + [) TH T B, d U Helh H1 So1l wA eit, TGk faw n w1 71 w9 21 R
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TRA] § TH S Helh G99 B €, A1 STH Soll o 9gd HH H Soieeid TSl o ervesd fagia (e
RAT] B Rl 1 el R WRI FeleH-GEA 1 A GHH T & Hehdl @) AR g2 o SAfershan sgehdl
9 (T TR o Heh B ARl S JTHA 9 qF YRY TEl o1, 5o qF YAF ek H Th-Uh
TS T M W) % FUR W N S | WA 1 geraiiie G gt fomml o anenfa 21

2.1

2.2

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

AT

(i) UH UM IR ¥ il &t T &1 gieher S|
(i) T T TRl o SeTHM 3R SESl w1 Uiieer il
(i) HIF o TH O H IURIT SAael i G&AT 1 URehe Hiftad)
(i) 7 mg "“CH =Ml &I (F) Fa I&1 A (W) FA §FAE @ HITSQ
(FI2H 1 5=HH = 1.675 x 107 kg TH wifsw)
(iii) M AT SR I (STP) W 34 mg NH, ¥ T =1
(%) F@ TN N (@) FA FATH A
TE SR A H qfedd ¥ 1 S ufietdd 8 Sam?
foreiferfiaa i § Safterd = iR Wl 1 Gen Tam-
'3C, 180, 13Mg, 3Fe, 33Sr
et T T TR ST (A) SR T W (2) S wErge e e fafen-
() Z=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam Sy gRT Iferd diet Tt 1 a-3=F (A) 580 nm 71 THHT SR (v) IR
TE-HE&AT (v) 1 dRehad HifaUl
e UH IS 1 ol Fd shifeg-
(i) S 3 10" Hz 3gfd amet YT & 9Td &l
(i) gt w34 0.50 A =
2.0 107 s 1ol ATl WehTeT @ &1 q1-<e4, 3gfa SR aT-H@ 1 UM Hife)
T kTl ForehT aT-25 4000 pm @1 3R S 1.J STl 2, o I 1 GEA SRy
I 4 x 107 m -4 Gl T HieH 2.13 eV G ol ¢1g 1 9de ¥ 2k
g,
() IS H el (eV H) (i) ScES 1 TSt el 3T (iii) THTIT et o am
1 qReRe HINT (1 eV= 1.6020 1077 J)I
Tifeam T o A o fIT 242 nm -S54 1 foR-gaewta fafsmon wai g
21 Wifeaw 1 3= o kJ mol ' H T wHifey|
25 dfe 1 Tk §ed 0.57 @ m -5 a1t Gel T %1 THav JehTeT Scq=1 HLdT 2
Yid ¥ehe S oh ScES w1 < FG HISTU
fordlt oI1q 1 Tde W 6800 A TI-354 1l fafsror geM @ = o I el
3R B &1 o1g 1 <8l I (v,) SR FEEH (W,) [0 Hif)
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24
2.25
2.26

2.27
2.28

el BRSNS TWHV[ % n=4 o &R ¥ n =2 S &R W seigeH S ®, 9 e
T-25 1GR9 SRS B?
I TR n = 5 HeF | IURAT &, A H WA & T & fae fhat w1 &t
SETIHA BM? S ST HT ol FEGSH WA & A Tt ¥ R
(I THed n= 1 F&F § S H Hwer & fau e e el 2l)
e eSS W] SN Seiee n = 6 W ol el § W §, A 9w Scdtea
et H SAfshan G = gh?
(i) TESISH o 99 Heeh Y Gafud Seil —2.18 x 107'°J atom™* €1 Ui=e Hereh
q gafyd el aasy|
(ii) BTESISM THTY] o IS o hemh ki T5od1 i AT HiferU
BTESISH TCHTY] 1 T S0 & SAferehad qu-Sed ol WehHol h1 -G S MU
Hife)
BIESISH W] § Toai i Ugell Fel Y Uradl el dh o ST o oIt 2Tawaeh Sl
1 S | MO RIS ST 7@ SR dere ST el 7, A fhe aw-<ed
WeRTT ICHTSTA BIM? (Sl i qoreel S7aee Soil —2.18 x 107! ergs ®)|
FEgeA WA B TERE # T E, = (-2.18 x 107%)/n* J W & S 2l
n =2 FHE Y SAFA & U e e o fau sAewesh s i MM hifTT FermT
1 oY dal q-<ed (cm W) 1 €, TSR 9T 59 HwHor | feman S Heh|
2.05x 10" m s a7 ¥ Tfq X ® Fore gl o1 @n-<= @ gem?
TR 1 UM 9.1 x 10 kg €1 A€ gHahT Tfast 1 3.0 x 102°J @, dl 58eh
TS 1 MO HIS
frefafea & @ #F g9-era T €, srafq fFw sosel w1 99H g ©2
Na', K', Mg™*, Ca™, S*, Ar
(i) Tr=fafed s @1 soite fo=me fafaw —
() H- (@) Na* (m o* (=) F
(i) 39 a I WHY-HE qarsy, e qad aed seaeH sl Hefatead €9 |
qertan S ® -

(%) 3s' (@ 2p® da (M 3p°?
(iii) Frfafaa fa=ral aret wamet & AW FaRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (M [Ar] 45 3d".

9 110 n W1 g g Ha® I AfTE TIAd B2
T Tolae Rl 3d Herk | ?1 8ok T n, 1 31k m, % d9a 9w §ifsw)
el e & wRA] § 29 TS SR 35 =2 € (i) 39H Wl ®1 TEN TdEu)
(i) T 1 SARIMS a9 TRl
H;, H, 3R O, Tfefist ¥ 3ufterd seiaeii %1 Hen sareu)
(i) ToREh TR ke BT n= 3 B SHH AU L3R 2m, % FWa W @ B
(i) 3dF&F & TR b AT m, 3R | FeH TEAEH o TH TR
(iii) Frefefea & 9 ®F 9 Heh 99 § —
1p,2s,2p3‘ﬁ13f

A fomm



T 1 G

2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

2.43

s,p.d Gohad g1 TAfafed saien demet o weahi ol FaRy —

(#) n=1,1=0

(@) n=3;1=1

(M n=4;1=2

(9) n=4;1=3

RO <d gY SRy foh Fefeiad Faicn §e o ®H ¥ 76 §99 6§ -

(%) n=0, =0, m = O, m, =+0
(@ n=1, =0, m, = O, m, = - []
(M n=1 =1 m, = O, m, =+ 0
(&) n=2, =1, m = 0 m,=-0
(¥) n=3 =3, m, =-3, m_ =+ [
() n=3, =1, m, = 0, m, =+ [0
fordt Twam] o Frefafaa Faten gemst o fhad seee™ 87
() n=4,m =-1 (@) n=3,1=0

g JWMEY T SRge WAV Ft R we i uRkfy 39 Fwan H nfaue soiee @
F-gmelt q-3ed w1 qol ok et 2

He' TRA & n=4 9 n=2 a7 THAT § I qU-2ed 3 S oren Gehwo
BIEg TaeH H &1 B2

He'(g) - He* (g) + e Wfha o foIu oTawseh el bl UMD TS| BTSSR
T TOTE T W I ot 2.18 x 107 J atom™ R

I T TRATY] %1 =419 0.15 nm €, Tl S e WAET i §E&A1 i T Hifeg,
51 20 cm Thet 1 o | TH-Ush Hlch oAdied fohal ST Hehal 2

e % 2 10° WA Tk HaR § oFaieed &1 4% 39 e &1 e 2.4 cm ¥,
T TeH GTHI] F SATH T UM HifST

fSieh TAIT] 1 A9 2.6 A € — (&) e W) &1 5= pm ¥ @en (@) 1.6 cm
FHT FaE | HAR H AR IUFEAd AT i HE&A 1 TUMET Hifsa|

fergit o1 1 feoR forggq o181 2.5 10-16C 71 50 Sufterd TeideiAl i T& Y 01
sl

fafers o g8 o 4 1 % R FHRA X-FRl gR1 g < - smee g
foma Sma1 21 9d # o9k W Ak wWaw faga emew —1.282 1075C €, @ s9H
SUfeerd Seiaeil o1 H&AT 1 UMD SHifsTul

TIHIE o FAN G, wifeTn ofe 9 et i qaell Ixit =i o SO R SHeR
1 St 81 Al Tgfifam onfs S ook Ty &t vael gl oft S, o SoRie gt
o 1 S B2

7eBr Tl °Br Wdi® W1 €, SR S0 Br 9N °Br W T &1 Heyd # FHRO Sy
Tk 81 SoHAHM &A1 A avd H WS i gerl § 31.7% 2 ek &1 5HhT TRA
Tt fafag)

37 ST WA 9Tl Teh 3P W UMEY i Teh Sh1E B A7% 18 § geiegia whi qorT
o =g 11.1% afuss 8, @ o1eF &1 v fafau)
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2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

A fomm

56 S TEA1 ICl Uk 3TEH W EAEE F1 3 THE §, 31K 390 Seideid Sl qorl § 30.4% g2
sferer €1 39 3P 1 Yo Tty

frfafaa fafeon o YRl &1 eTgfa o 9gd g %H | Fafked sif g —

(F) HEHhiEd 3TeH (oven) ¥ fafsror

(@) IaEa-Hehd ¥ UMM (amber) TERTIT

(1) THTAE e § g faferzo

(o) el TR @ wiwihen Tl

() X-forzoi

LS s 337.1 nm 1 q-35 W T TAfHT0r Scq=1 el 21 A IS B i H@mM
5.6 10% T, T T <SR &I &HAA I TN FHifSC

et T i T Hohd siet | W fRan S 21 9K 98 616 nm R e 9 fafmior-sasH
w7,

(F) IS HI G (@) 30 Ghe ¥ 39 fafertor g0 T &1 T g (1) Fleq &I Sl qen
(%) SUfEerd FaieH i @ I TUET HISC (AR 78 2J 1 el S Bl )|

T oo & e R § e ol Wohd 9gd AR e 1 afE B g€k 600 nm %
faferto @ % 3.15 107'°J W a1 €, @ TGFFR SR W Bl Rl H@AT HT T Hife)
IS STeensti ® STufsti o SfaehTel 1 A U TS 1 Tehe T aTel fafehior id 1 ST

For foran S 21 AfE fafereor 9 1 7t 2ns 3R wfed fafwor 9ia & a0e Scfsd wierl i
&M 2.5 10° 7, A Hid &1 F F1 TOA HifS

o et T ae-2ed feh stemiioe HehHur 589 3R 589.6nm W @ Al €1 sk HehH0l
w1 Tgfa iR T SxfSia Sfeeensti o ofte Sl o 3 1 Ul HITS

Wi WA 1 FEEH 1.9 eV 7,

() Scafsa fafewtor %1 geft w34 (@) eelt sl &1 o Fifsw) 3 difaen o #5
500nm 1 -5 o Qe Tohifi fehan e, o Fehel §U HSigeiag 1 TSt St 3R & B
UL HIFST)

o wifeam o i fafe= @n-<s o @iy fasifta feran wmar @, @ frefofaa ofom g
| E -

A (nm) 500 450 400

v 10° (cm s™) 2.55 4.35 5.35

Fecht TI-35 il feerie w1 Mo it

TeRTel foelq Ia AT H fHeeR o1 ¥ Wiesaae & 3@ 0.35V i dieedl §RI Ueh! ST Hehal
B1 519 256.7 nm o Tfertor 1 Su fohan s 8, df feer w1 o fofq shrfther &t o shifsry)

€ 150pm -84 1 HIEH TH WA ¥ THTA ¢ AN @R AL o A gelwH
1.5 10'ms™ o7 ¥ STl feherdl & a1 59 Fofl 1 ToMT Hife, fad o8 Tifgss @ s gan 2
M ST T IS HHHAU n Hel W IR B €1 e n=3 W @eH ear © 94 36 v = 3.29

10" (Hz) [ 1/3% - 1/n?% 9§ <3 S "l 21 4% GHAU 1285 nm W Ufea &rn =, @t
n o HME hI TUAT HIFST a1 TR 61 &5 Jqisy)

IH IS HHHT o G- 1 MO BT, S 1.3225 nm B0 a1l el § $IRY 3R 211.6
pm W GHK Bl Bl TH HHAU i N 1 AW AR TRH T &5 ff =gy
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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

2 el BN WA 54 o Wel SRR | e YRRl w1 @it g8, o Sa e o o=
R o qR1ell 1 erfa syafifa gfafee o fore SuEm & o S 21 59 geEsel § afg goee @
A 1.6 10°ms’' 2, 9 39 oA § Fafd © ool qu-osd & MO HifT

T faada o Tam =g faada geaselt w1 sopet w1 G & Fufon § wge e S 2
Ifg =&l 800pm 1 qCI-<e4 off S, d =124 | Heiferq sifeneiiores a1 &t ToMT shifery)

e S oF YUH & § Seie %1 o 2.9 10°ms” ®, o SHE Hefid 2 sivell qun-<ed i Mo
it

T W, St 1000 V & favaiat o wfd %% w1 2, 9 Hefd 97 4.37 10° ms™ 81 A€ 0.1 kg
ST 1 Bkl 1 7S 39 A7 F TlAAE 2, o 398 Gefud w-<=4 Y Mo i)

¢ Tk geiee &1 feerfd & 4 0.002nm T g W W S ©, A gl o Han o At
1 IO FITT) AR SR T HIT h/4n, 0.05 nm €, T 1 38 A 1 e | g wfars
B2

T: SASA 1 FAeH T A & TE BN SR Foll o 9gd hA U oAaieed w1 5 o fomet
F S g 272

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 TRE] § 35 Sela[ Bid B1 THoh 2p helh W ©: Solaed, 3p e | ©: T a1 4p
el § U e Bl €1 ST U A 1 Selag[ IAad Gl AR e SEE w772
Frefafad & @ ®F o wereh STl AHEE SAEY S HT?

(i) 2s 3R 3s, (ii) 4d 3R 4f T4 (i) 3d 3N 3p.

AL T Si ¥ 3p Hereh | YA Sola[ Bid 1 i W1 Selaq e § Siferh gAe AR
SR ST HLM?

37 A ol i e 9y (F) P (@) Si (1) Cr (W) Fe (¥) Kr

(%) n=4 9 gafd frad Suhier €72

(@) 39 I9&RT ¥ foRad seree Sufeerm i, fowen fag ms=—é T n=4 T

S 3 3 3 3
1l
W W b~ W

2B e
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