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AT TE A S 5 AR e A # (400EY,) wEt %
sfgea =1 wwaem & T o) 39 T o fF o] =1 &
e WA 97 2 ¥ I STIER e F eman faneE ¥
sfaa: W wa wd ¥, e ofie fawfea = fem o owewm
T (atom) YIS e AT ¥ 300 g2 &, O atomio F1 314
‘9 F IH T (uncutable) I FAFTIR (non-divisible) 2T
TR 3 R FuE FOU W | 9 o T A T
T U FF T o7 Fgn 99a % 4 fean fE v & fa 1w
€1 = T, Wiy 1§90 A § Sl 4 W W e 9 e & gE
2 7

T 1808 ® WA =Teed HE U fafow @ e 7 weet
HR AR STHT T oA o1 SO fagia weaa faan s fagia,
ol “ereed @1 woan fagia’ &a = &, F wE] i wRie &
el 01 (Uehh-1) HHI

TH UHE I g9 I WAl Heon ¥ oy fEn @, S 104
Y] TF @0 a9 20 A wAe] % SRE W SeiAl g1 T MY o)
THH 77 e gen o TwmpEs w1 2R & o, @i gersE,
Tt T =R # fawfem fem =1 w31 M wnn s W
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() &= s o e § Aty &
ST & T W AT a9,

(iv) WEE A wEwifoa suEn Seafaa fafs
foem da%m fafem &1 Iafa qeon wHfa =
HHHAA |

2.1 AFUTATIUESR SRIT
Teed % 9 fAsia | wemE o wedw e,
Teer Hoes & fA99 e Fgfom-aquE & fem &
HECRET SARA i W GHhi| Wik g8 R g
< SIOTE W A W A fame Te1 IS %
feAu— &T= 579eT TAAES (cbonite) Wi 19T 372 T
(fur) % g Fred = foem #1 3eafe w6 #1 Tl
T, AT S AR W e a9 A
fore-warfa wosm # wgmar 78 facih 209 =< &
T 58 @e W g0 ohael ol Hi— 3ol adl HeA
F TR H A Fw
21,1 TEERH wT G
T 1830 ° wgehel U2 4 wet feoafk fad
foems & fog@ wefed &1 @6l €, @ seieeel 1
T @il Bl #, T afoEET seEl
™ 1Y 1 fAEEE S I (deposition) BT £
o4 Fw fan Fa, foaer fama ey (27 & ©
Tl | 39 UiomHl 9 fawyd 1 F0a i o o1 § oo
=erdl 2

T W faeE-fausA wfe wEm & i 8§
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AT TS0 &I Wfaeriia qun fauie e g
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i aur g FAfvTa wER S Rl (v
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HeTE fFT AT e 7 AL 1o, S
o o wEEl 9 Afe g €, = fa uiEw
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(i) o siR Sata @i 1 erqefeafa § 3 fa
e feen W M wE T

(iv) TR oK Gawra &5 w1 sufufa § Shes
e &1 SI9ER EWEeT 9T 6 379
SIaEN & |HHE B ¢, 5 78 fog wa
waie fHol | EOEhd w0 Ed g, o
gelael™ ed ¢

(v) e T Ao o TeeeE o TR e
sufter T #7 wgpfa w2 SFere-frwn (o)
& Ay T T2 wE €
Sl oo § we fred fwermr 2 fa

ToiA T WHE % Gl 9o A g

2.1.2 SCEE WRT ATAYT GoHHTT 2A9TH

fafzw wifas faam S5 afmeE 3 34 1897 ¥ g

TRty AfcTehT 61 STANT ®ieh SN SeiaeiAl & 09 Tl
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wrn (For 2.2) 1 9taEA | 7% @ fean e fage oin
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g 1 7 FefefEd o W A e -

(i) TV T HONEEI WA S A W e aen
W forrer e 2 #

(i) T F TEEA-FU F TOH T4 9 aued
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(i) ToRE A== gIEE &9 F yEO oRE W
Heedl WUA EEA A F1 FEed agr o
sereRl w1 g6l vd | faaerd a8 s
A Ew faER &9 e 9 7, 69 Selw

A v ¥ faufad de fag A W S fE

e § 2HAT 21 36 YRR T ae e &

ar fem s #, @ goEe fag ¢ W gdiE
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T TAIEE 99 W TSR B AT S W T €

7% 73 W fag B 9z 1
ferg 31 =1 WeleTdl = AT &5 ) YEerd §

T Tt us =1 Iufrufs o sei & fa=em & o

w1 WE-TE UM HI T SHeR WHW ¥ oA,

e/m T WM 1 FAufon # o

e
m_ = 1.758820 x 10! C kg!

2
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el m, TN B THEE kg H 3R T W
ST A (C) B 71 Hi TR WomEe o T,
F: SR W andfas (GRU) HEN —e 71

2.1.3 TEEHl UT ATE9T

Ay, TafeFa (1868-1053) 7 ToEH T AE9 &
fasior & ferw w fafu Jaw =1, St 9@ dg vEm
(1906-14) el 7|

g 2.2 solagia & A G 7oA @ Ar ST W IR w5 S



faferan @ 3 1 9 faf

7 fafs d 5 (atomizer) 51 S Fed F
w1 1 7% F1 95 F fog 993 (condenser) &
IW 1 w2 § S0 2R g fog g qem S
T 4 % A = A T e e
S %@ TR & A1 o T 1 A1 6 A fHfem
A F1 1 % FHAIE H A TH| FHEF H AL Rl
A 1 X-fovorgs wafed w3 smfa fe=n
el sl o W 91 & Hep 6 4w 49 W P
AEY IO G A9 W 3 g9 W FeRE wEw
X-ToFamit gy =01 aafersimeT |l SEAt M ST
T 3 ARG 9 F1 A5 H TR G S Heha
2. @i fem o & & sigen feoR ffan o s
219 941 W A i e WA dfesdl H g
A gl W TR S T a S oFa | M ®
T &5 Wl < W S SAEE 519 5 e
4 77 frepd freemen f 92w fomm s () =
fCET] ZHIN TR, A, (e) R 2 &, e
g=ne, W n=1,2 3.

i@ S

YeRA T F AR

HEEE e ()

fa7 2.3 a9 e’ 59 & few fAfesd &1 3 $F 47
SUHAT| HeH F TG 70 FT g5 W BB
o7 TECETET, T & o T A A
T T T
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o I/ =1 T 7 16022 x 10719C #1 A
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Rk g TOT AV C g SSHATT FHT Ak
STTEST T /u

—19 —31

FeEE e -1.6022x10 =1 9.10939x10 0.00054 0
= =19 —27

+1. x . x .

et p 1.6022x10 +1 1.67262x10 1.00727 1
9 -27

AL n 0 1.67493x10 1.00867 1

R % 7Y fou mn #) semond— w9 9fEn (plum
pudding}iﬁ?ﬁm [raisin pudding) A9 =TS
(watermelon) TE@l T0 Wed | WA & AR
F e woe W F FEE A T g, e
TEeR w09 i suEl =S # A Tufiem ¥ 2w
e F UF Hew U e 7w T i sad w
TN 9 WIEIY] W OHEE B9 § Fe1 g A A T #
Taf @F Hied WA 1 fEgy SEEAT Rl P
w1, fog A% AfFe & WA o 9o & T
ET WTE T AT i E 1906 F ifaemt § 6w
for T Agitw @ yEfE Se & fa
A OEFR | HEE T

YA e

~N

b SLHE

farm 2.4 THT #4095 Afee

1Al = % gE wuiw A fAfvs wmR F
T =i @iw g faved Ueem (Wilhem
Roentgen, 1845-1923) 7 91 1895 ¥ =311
S fwm = § Sufem e W T W
TE % AT T TR (luorescent) TEH H
ufadiftn o #X wEd 81 I s W

Freoi %1 wEfa w1 T T en, s wEE T
X- Tl =1 AW foo, i o9 o wefem 210
@ T F e ¥ afuE e A ug
THE 74 O ZHE & F0 e X-fem ==
BT &1 X-FR o aen gew A ¥ s
(deflect) &7 B & = fami & W § aifa
Fee SEAYH (penetrating power) Tl €l
T FwE & wme & e a9 =
fFit @1 S g ¥ T e s awn e
(wavelength) =gd +H T = (0.1 nm) i
Fi-daH TR TR § (EE 23.1)1

&l 997 (Henri Becqueral 1852 -1908)
F = e Fo o fafem F s W = T
TEH 30 e 1 e (radioact ivity)
Hgl G99l FqF T U6 g eanfeea
FEA B TH A W o g, e P wwE
Aun wel @ |4 fowte fFa = 90 v
=7 fFON, =, p A9 ¢y F TR @ T
TIRE P fF o fEron O 9 sEE A
WU EW 2l SR qE epd e oo @
Hifeem s T/ € WitE 3 T 6 A
oot o w1 EferEm 9w w E) o
TR o HE ETIE A9 O w0 ER R
y TRl X-foraon & =AM I=a S fafEmior B
€, Tt wefa ssm el # SR fa e
U T T NET A TEE FH o fET O,
=FE A% T (o WO OH 100 W)
e waE afrw v B F (e HU A 1000
T afeE) @ f)
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2.2.2 TATHIE &1 A9 UTHT] Wige
TAHE AR TR TaEidEl A (39 R SR s
qEEA) A =9gd 9@ 1 el 9= (gold foll) W
o~ FT ArEE F EOEE % g o -F S
e = fast 2.5 | fegarar w2

HH F Taer T (100 nm WEE) W TE
Feanifees =9 § 359 Sl a1 S©F FI H S
T TH A U % STEAR g wfaEeeie
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FHE ATH FU TH TR § THTA 2, d YR H
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waIfeE g0 fa v UK % 9 E watE
FO F [GE9 & o B

A =

THIE ST o U ETRT sTeiEE 9
9w °F T Wig@ F ATEN UN H 39T |
& s T ] S YL YR WU HAE
T F21 A T W STEF FON A T oAl e
T # 7 3 7=eE & UH 9eE faew 9 o | uw
AN I A0 4 T a9 2 oA H
F1 5 ot A1 S AR T R A FA M A
Eccle cuillec ol B
(i) @Afosi 3w %0 9F H U § Eey ge

T e Ty
(ii) ST FOU 1 FH AT 9gd B H F fF6fm

kel
(i) =& & 912 T (20000 ® 9 1) G F @A =

ST TN 180° = 0 H STeR] Taedoy g7

T U o ST UL TR A ] T O
% A § et e -

() TREI] S ey AR M (R g 2w

FFERTS 2Te®] 01 HH F T H 90 H IW 2
(i) Fo A vAEfE o U fagtrE wTW ¥ wE

Fad srvg & s oo 99 (repulsive

force) % U1 €Nl SEH T¥ WAl Wl @ R

e o T o Taiia wa < ey 9

uE BT W o gl Tl &) SE aw #A

T o #Y TWehiaa T ey, faes et

ST FHT b7 WfaRT S fEET e A
(iti) TETEE F T Hn e 5 A 2,

T o e STEad # ogerl B Acd w4

(FTU) B &1 9EE] R T @ 10 m

Tt &, wafE ACTE F R W 105 m

2l B ST S W S ol Hard g9 4| W

T W el € TF T Ao w1 e &

Tz fam w oS, & wer # S amem

5 km &7 1

w9y feu Mo g sl uforel % aeR W
TIFEE F T F WEHE AT =G FA T
HEE o IR
(i) WHEIY 1 HAEY A A geEe 1S Hfa

e 451 W Shfsd 911 WA 6 TH #AfG SeT 9

I EEE A AE



(i) 9% F AR AN FeERH JuwR ), o
HET (orbit) FeT el T, H wwd 71 A T €
Ad: WIBTE & WHY HEH HeHEA |
TS #, forad 5 =i & |ur 2 2
#it 7% Nfawe TeiEe % 996 2 F

(i) EeTE SR A SATH F AHTN o R 9
Tl & g A9 wa F

2.2,3 TRETY] HEAT AUT FEAAE HET

MG 1 HAEY SEE W & W g 2 S|

e ®Nfue & g 3, W T EY seeE &

A o5 S0, oifdd fagla fag @1 g 81 35

wief 9 @ b Awh W ITedd Wl #1 Hen e

" (7) ©h G0 EEl § AU Wil S He

FEEEA AAE W | AN Hisqw ° |1 =6 8, o

TR TH] FA FHEIT: | G [ EA0 O] 6

W # Hen (wam sen z) % aue gl

TEEE - FEEe o Hifegs TEm] H serEEl F

wEn FHE: | a9 11 A 8
UYHIYT YT (Z) = UTHI] <k AR H

Vet @t g

= JETEM YTAL o

B AR

HEAr (2.3)

a1 AT SEE WA % RO A E
i AT TR WA 9 T A TIEE w0
(Fsa Wedeh 1 7eA9M WIS o TS o endn
T T T) OBV B B TH SR w9 F
=12 (n) FTd E| A § Turtem WA s =2
Eﬁzrﬂleﬁx_-lm(nucleons) Fed B et F
T WA I A F ToANE WEAl (A) FEd &
TENH HET (A) = WEH ®H W= (2)+
A W W& (n) 2.4)
2.2.4 wutentts U wguiies
fardt &t T & HEeA & T & v (X) E
Titan w1 T 7, food o o wE e e
Sl 3, S T S G (A) B 1A AT A
T T B W W] e (z) feeh W €
Hum 4X T TR TerE wen, Wy e
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THTY] HAT o T B0T; FRETmE - e e N |
FHER g7 TH] Bid &, faeehl o wEm (7)
T TE FeEdH T (A) T e ) gE v,
FHHION 2.4 F AN, IF W ¥ 5wyt §
ST F1 FHEV AFE § I W9-Ta= =R &
e 1 TR & fem T A T T A
99.9859% FrEEls wHEmE d Fue uH W w2,
fore) difean (IH) ®ed &) 99 FEered wE] 4 9
T B ¥ TEEW (2D,0.015% ). T
| W T | =g B ¢ 37 Frgfean (Tritium,2T),
formnt | Wiz aen 2 =2 B €1 erefeam g A ww
A H YT S € W % e o7 Sam |
§; 90— wE, foEd ¢ Wl & areEn 6,7 adr 8
= (2¢, 20, 'i0) T € e gy, e 17
Tl 3 S 18 991 20 <2 (Bel, o)) 7

TR o favE H sfam ey A T E
o o & wamafas T sEEl w1 Hen g
il 21 A § wEmEfa T W =g W W
Y419 SEd W w1 o TEEte atatmast o
Tt R TF W e w9 F

FAEIT 2.1

SRy | W, TS a8 sEEAl S JE B
gfieFe Hifau|

Bl

751 %9Br. Z = 35. A = 80, T 35 ¥
Wizl &I & = el Rl 8 =2 =35
=2l @1 TE = 80— 35 =45 (HHIH 2.4)
AR 2.2

foRET WSty W goiae, W2 g =2l & e
HAT: 18, 16 AT 16 21 IO U4E WAl
fofam)

Bl

A TN # W = 16

T T TR (S) B
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A SSTHE W@l = YRl i S
+ 2Tl w1 W=

=16+16=32
=z T TerE T R, e e S wen
TR F Hen & AR Tt T
HOTE (FHOTARE) 7, T e e
AT 3 909K 2 = (18— 16 = 2) THFH TiE
et

T : X HRd F YA FE A TS A5 I
w & 5 7 wivie S T § s
YRR A B ¥ A A A v §
e (2.3) W R, fow

W F T = e w1 e = W] S
6 21 A o v wmE ® a9 e
Ffau & WeH F1 = oA S e ¥
e & A (SEA) S % 7, 9 TEE
(OT) B A e T A-Z A
S E, =8 TS S 8 A9 SEE @l

A =

firs felt w41 § 1f7 S £, @ H = (accel-
eration) B =g (AT% 42 fer 9 | & &
T fg T @ B, A o R ufeds o #mo e
T T WIET) | A7E: AWEE wEd H wensi A
IO TE T WE e # o whEwm g e
Heoeel & e gasta fEgi & ogEr, =@
wEfE T T faEm-gawE fafE oI
FT fEC (WA o W TH T T E #, i
3 orafeE 7 £ ¥)) afen fRd we ¥ sufem
oA O fafem seafam @mm 39 fafew & fom
FS TerIA i H T 270 | $H W FA (orbit)
50 s e | D ) i ) R s e (o - et i
1 ANA (spiral) F I AAE H I H 10%s
w1, g orma o U T T £ 3 TN a9k
Torei #1 T 1 favaea it o fagg-gase
TAGTd & 78R aviF fa S, o BIwE F T
oEa ford Trar o wenfae ®1 Smen 78 # u
21 Y YR Y@ wEG § [ AT wens U ol
I B AT Sl B W, a0 e el
1 A1k o =R S TR A7E o £ 7 47G seeeHl ®i
feoft WA ST B, G sTcaius weE el ATHE ST

2.2.5 TETHIE HiSHA o FiY

TIEE F AT Hew THEd & TE B FY
o, foredf fvrr 1 ot T @7 aE o TerR @
Foeh TRl 1 atE |iE T AT 9l g€ uEl T o i
Feldl 3R A9 & 99 Farm a9 (kq,q,/r) B
T, WE q, 9 g, SE, r S G 5 T F=
9N k AR (et #| e 9o TEE w9 5

W‘{E‘JTW |\G-m;T2J T;FWW%.GF{?H:,
§t m, SIUA, r 3 T % A @ g 8N
G T T T 31 9 gRdee O e
T 1 ] o S 2 A v e | v
& = A fAfvee Fane § gad 21 59 fagia 9 ey
w1 HEIA o A} G FE-HE T F S Gl &, S
WEIfT A ¥ U @il 21 HREEs s At
Hfee H WA W A YN Fer © T gele A

SRl o Wi TR HE RN § SRl hi
T T B Y B0

TEFIE & V] Wed F UH gE UHE §m
g ® 5 7@ T 1 seEE WA & oA o
=9 i 79 T F E, Fuiq THE 7T v T e
5 3 voeel Tifvs & W wiR e e fremm
% o T = wm R
2.3 9T & QIHTY] Hige o faemra

feefoF =0 § 70 & my fafFEm # s=
Tl & aemes § wr ofoma 8 Empsi e
HUAT T WA o Hew H AATIE G WS g2
e @R T = ufemdl I S EIwE g
wfamfes wiger § am fahan| =K & wE] Higer &
a4 &1 fagai =1 aew e @ 8

() Toea-<as fEfE & 5d 9een 2, o

*Feraea A A e §, W g2 o il o frEEi W anTiE §1 9 T aege o e o e S See B




o 77 ¥ for faferwor o agn &w <0 %

e w79 E
(if) A TR F Hatug yEifTE afm, e

TN 9% WA ©H | H T FFH T WA §

TeiifE Sl & W Fied 29 §1 (T 2.4)
2.3,1 Tag-ga=wra faferor =t @@

Yehfd
S e (T 1870) T Ted Teet sTetie e &
g @7 frnatl s @ W W forp a gaw
ol % STEER w Swen F I T e
ferg AT =1 1 S/ =it fan S 2, @ wEsi
o e g ig 4 ST E €, S o o e
A5 TN (waves) F T1 § HuEE W 7, A
Tor-gama T stgar faem-daawrg fafeon
wed Bl

Wl fafeT 1 U= =9 7, faws srw a0
T A ¥ o T we A e v o an ¥ wen
FOFT F T T W A (FRA) WY FHw
(T’Fﬁ'ﬁﬁ. corpusclc:ﬁ-) I g W S A1l
wae 1951 YAl § W L w-wphd whawikd g

eel A e J w6 5 W o S
for won a9 =Faen § Hafm wd € (75 2.6),
Ty FeE-=awm a1 F 1 W wE Sewt e E
FA 79 T8 FB A O W R w5

z

o 3 92

¥ o
1 faam
Eceapiieleced
fag 2.6 Figa-geata a1 & fagq oo ga19 83
w2 3 7% WA T-5, g, W aen
A A B E [ | U g & e
e & F97 w9 B
() TETEEE STEE HO g S fagd g
HAF &5 UF QAL °F wadd 2 €14 Tl an
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o | 1 9 ol w20 ¢ o
T H UF A w9 5 2.6 H @
(i) afr seEn sw-wm % Aol e
% fafa o 7 & @t F
(i) 379 T 7oA S e Td 7 9 ¢ 0 o
YomT i wE TR w oo §, feEm
at-ged 71w O gEe o A el B A U
e frers foem-gaewtg oo T € (e
2.7)1 WEA & fa=-fam g & fee-fae
M F EER-EEI & m—mﬁ (radiofre-
quency) &5, ( 105Hz = wmam) , e 3o
oo o e S %; A T (microwave)
B, 10¢Hz & o), Tag=1 3@ 28 o
1 ST % ; 31 (infrared) 9, ( 10'°Hz 3
=), T STEm TE ST W B # A
brcucl [ultraviolet) 331'3'1', 10'% Hz =F 48, =
g &1 fafon =1 u% 9w B ) @mem 100
Hz = 92 | 43 =i TURO 599 (visible)
TE FEd Fl Fow wE 9% 49 2, feg e
g T (T ) THEG E, I A w
yg=r & o favie wER & I =t orevTEa
BT
(iv) ToRE-gae@ fafe %1 <9 & fou fafa=
YEN % A ®1 swEm fEm wm f o
fafsaoi =1 amafe () @ -2 () B0
M 0 s &1 gfa () F Sl e
T 720 & W W FeH 7 (Hzs )| THE
TUN =1 39 ST o 1 W 1iedied T s
%, s foredi fag @ wfe e ot 21
TA-C % U WEE % W B =)
T TR T 9 (m) © R E T R
faferam § 217 ain-2=d 1 0 7 ¢ 59 fau s
AT &1 ATTRT BT 2 3d: fa 2.7 § fafa=
-3 AgE Sgtl 9 fHE-TaE yER &
foem- e fafEmi &1 @ ™ #)
fram & wvdft wor & fogg-sa=m fafEm,
=% 9 W5 F9 O 71, W A A, a9
30><10"1115‘[2fl9?925>c10‘“ms’]H?ETH'EH
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e =
187 0= 10” 1|L3‘E 1|[}'° 10™ 1|0" 10" 19“ 10° 1|0‘ 1t|}‘ 10°
‘ ’ U(Hz)
el I el 2
' J A(m)

400 500 600
TS A (D

o 2.7 (%) -7 T 91 @9 (@) 599 Sag1 S 1 T ol 1 5 g s #

TH T4 1 AT W1 T (speed of light) F&d € 2R
o fag 4 <wia §1 sl (1) T894 (0.) T T
& A1 () I FAEfeTEd g (2.5) 3R HatHE
w4 3-
c=vi (2.5)
T i wa * fan uw gEh afa, wn-wen
(") F T fem oW fowfE T weR d,
-2 w1 TEN R @-HEA (wave number)
wEd 1 TEH WAE qU-9% % HEA® B
A ! B §, AR WHEE: WA 2 S 9
em”! (SITEF @)
FEEAW 2.3
stm Tfem e (feeeh) 1 fafaw ol =0
1,368 KHz (fFat 725) =7 smefa = gwmm
HE ¥ WIHF (transmitter) g IEfE
fer o fafet @ ain-Sed s )
7Tz T9E-=aTa WA 9 49 9 gatd 27
m 2!
-, A= -
Wt o a0 forpa-gaa o & a9 s
v HERE 212U T Al S e $9 W

e
"

_3.00x10°ms™

T 1368 kHz

_3.00x10°ms"

~ 1368 x 107s”

=219.3m
=5 ifed w0 H afeates e 2l
IR0 2.4
U T & q01-2=4 3 0E AET (400 nm)
B/ A (750 nm) TF #1 T W37 71 A
(Hz) ¥ W= HIE (Inm = 10 “m)|

L)
T 2.5 F AR, AT gHE F A
¢ B00x10°ms

===

X 400 = 10*m

=7.50 % 10" Hz
T THW F A
Ly
=€ 300x10ms? _ ot
% 750x10°m

999 TeH ] U0H A o T H 4.0% 10"
A 7.0 x 10" Hz 7 21



TERAU 2.5
5800 A° TUI-35 =l idl fafew # (%)
TN-HEN AR (W) AR T T R

i
(%) TN-H@ () FH A
7. =5800A =5800 x 107 em
= 5800 x 10" m

1
5800x10" % m

~
r=—=
7
=1.724x10°m ™’
=1.724x10" em ™!
(@) g () H T

_c_ 3x10°ms’

L R L T S
% 580010 m el

2.3.2 Tagr-=E=a fafEor = =i
Yehfd : Wish =R adien Tagma
Teer* (diffraction) T SATGHI ** (interference)
F TN TEE A TSR S 9§, WA 5w
e = 103 A & difas faem (S unefE
i1’ el €) o FRE-ga= fogh &1 ga
7 «f =t T fFm =1 T
% 9 Frefefad 7 -
@ T iz 7 fafem = serm (Fiome fafem
black body radiation);
(i) T FI HaE | A O T W oses w
TR (UeRTeT-TaE) 9T ) ;
(i) S/l T AI9HM = We o B9 § S

RIECRET
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(iv) TeRToet ERSeA & ged 4 s 6 38

T |

IZ EIF 24 Il 9d T T 1900 ° e
wE FW TEH Ted Fiomwn fawm # w2
e B M I Al e o e -

& fest o e = oTm fewm W 2 W
T ¥ SEe % o 9 e A 7 2 & 9
4 g w2, 7@ TEE T TR e @l B 2
S-S AT A S F, SH-=H =@ A6 el g
AT F1 " T AT WA fE w9 2, 9 oo freen
Tt fafemn =1 4 THT ¥ WA ¥ A7 w6 99 95
A T &, 7@ 72 Fren 7 5w 21 T o €
am o gfn F Mmy-|y swtys &Gt 51 st
fe | 3= o0 ol 71 T e e | o
1 =8 A A SR e @ Al At a6
T g €1 U v ey 9 W 5w &1 e %
fafeeon %1 seafsm aun sEvifd w2, Fom
(black body) T 78 iz & Imfw fafem =
iRt fafetor wed ¥ Ffom 9 smfse fafw
w1 g9 (exact) AE famm (emafa S o &
4 Tafe &1 A1) 9% a9 | 5 = 8 e
T AT 9, T R ) diea an-9e &
T B & WY 9gd ¢ T8 Tk w-ae T it
2T &, THR GG WIS o [ HH TF 95T g2
T TR £, S e 2.8 | fammn o

TET % T TAETd o SN T STE giof
] HTwSE AN TR w1 W WEdl| B wE A
(discrete) AT § Sei Seafem (@1 seyifod) &
g, 9 % arfed ®9 °, SW e WA W@ 9
foe-gewm fafem & w9 9 = &1 o9 ==
IS = FeEsE (A7 SEiG) A §, 9 Wi g
FEH (quantum) A9 fem w1 fafFm & o
FIH T Hel (E) SHH AG (1) o HEIE B
T1 TH WEHE (2.6) B0 =TS THAT W3-

E=hv (2.6)

* fodl Wen % SEUE WO % UEA W faaed wEd R

* TE WA ST At 3 a0 e uw T w0 E e ffam § ve fag w fagiv, v 0 & =m g W
fasig &1 ArsvEE W ARy 9w E W B TH W F) WHee eAldeRduT deen g
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T,=T,

e

1000 2000 3000

P df’[-:{‘*ﬁ [nm)

forg 2.8 w-a=f digm way

o TiF
(1858-1947)
o I T THA S0 ST
41 S=ib W 1879 § =i
Tavafamrem @ Hgias difaw §

el 1 sty 7w = 5 61
1888 H AT TavalamIes & F=wge A% foriema
firfs (Institute of theoretical Physies) ®
frw frem fam o 39% gm0 fRu o FErEn
fagia % foru 3 o7 1918 § =it 7 Ao g
[ WA foRa T ST O] SR A
% w1 e § f wEEl A e
T % AR SEE A 6,626x10% Js T ¢

™ Toga & 99e, wiE Fom = 5t
w9 T Iewrew faferr & T w1 smEt
Ao WN-T7 T FoH & T § HARA F GF|
1 1887 H U, 72 A U wgd &1 feerwe vam fwan,
oo o wrgal (- Wefyem, Fefeam, Wi,
FEIR) 1 WAE W SWE AR e T SIeH 0
Sar fag 2.0 § femrn w0 2, geel e ¥ o=
W= T W TR W Fed € T T
TG G 36 R i

A =

() T F Hag ¥ YHGH o U 1 59 Wg |
TerEe e €, w1uid oY %1 Tae A sermA
A= Ten TAE T YERIS & eFIH & a4
FE T (time lag) Tzl

(i) Tremfmm o 1 Ten v w1 de o
TR w6

bEan|

.

o e O " P-ﬂ—gl
e,
TR
T ECIGRET

=
el

fe 2.9 7@ [Agq-9919 & 2357 & [0 39| UF
fAelq %5 § TF 1g FT AE FAE T OF eI
S @ ¥EE H e EE E Mg H
TeiTr e g € 3 U SgeE 5 i e
E o 3t s s AT ¥ e
(i) ¥ g & fora v sifenaforer —rem gt
%ﬁﬁ%ﬁfm’ﬂ%ﬁ ETFg’fﬂ (threshold frequency)
wa o fomd # swefa w war-foe woa
‘ﬂﬁiﬁ‘lﬁm%l 1'}|'ljaﬂhmﬁﬁﬂfﬁﬁ$ﬁa§ﬁ‘f
1 g Tlds S 1 &) A Fiell 9 v
w1 At 951 % WE g 7
Trart & waramt o2 T T S W 2 Fe S SAgEm,
WeRTOr T FeRTOT T H W WeRTel &P AteE 0T
fasi =7t 1 5 vl o, Fremios womet 1 Sen
T I8 Hafer faw S H1 SREN W F1 e
| ® 51 Heelt €1 Fafg T @ T ¥ fE fremtmm
=F TRl W Tae el de T AT 8w 2
TETETT  Teru, WISferrs % gone T AR frdt oft e
1 A I H TEE 1= (4.3 H 4.6) x 10" Hz] F2
TN I €, TG S E et U7 w1 B Ao H Th
1v=5.1 5.2 x 104 Hz Wfe@d T =/l o 2, d
wehII-erE vaE EEE <A 21 uefiem v & e
et A (1) 5.0x 101 Hz &1



foga-gaw e fafem & wne & Fen fagma
] ITAM A BT STEEE (1905) FFE-ToE vema
F1 WHgH W WEe 7U

AeEE ARE
(1879-1955)

AT H 1 g0 S i
T Ao AR v o A
e S SR A A T
W 1 (g A e e
F)1 T 1005 H, 79 T 71 A TH
=g T2 aftrd o a%Asl TeEE o, a4 f9vm
SRR, FIEHT T @y g e W g
T A T 7 AT o w5 gy it
o) 378 = 1921 H errer-Tae v =1 =en &

fer sifert % et JmE § Tt fee

O F1 TAE W U TS % 2w F
(Feil) o S 1 TR TS o TR | 9
T S S WiEA M ok W] % seied A
T T, A AT TerE ] F T A e
a1 B Wi = wel fae aifaes g, o @ s
Tl &1 s B gEy weRl W, Frenta geEeE #
Tt il for-goeta fafeem =61 smafe = Torw
2| S T T F A F S b @ #R e
1 frertea #2715 o smevas gaam 5=t o, (f5
wEEEA, W, ff e £) T q AW (- hoy)
FISEEEE H e Fel ¥ wEEte g S 2w
% W@ (conservation of energy) & frem =
TR 2.7 g S §

hv =hv, + lmrv“ (2.7)

W& m_ T I 5EIF ¥ SR v §heRl 37
wa o, wfuw dea 99 T o Bl SR EE
e 20l 3 ufommesy fenfag gemeHl #
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e ol T YA & qer H siaw e, T &
Gies e con e kevein il |
faem-wass fafeu @ ga =den
TERITT 7 01 THF TFia A SRR o WA SRS
= frafy e =1 91 wF T o 7Ea o fafwm
I - §E F WAMEE S F, Ty
AT e SitaEe = SWen F W WEay o,
& | i TAT o411 59 gfaen wi ge e & U
& 3T o1 T 9% O e S fF weRm S & SN
T B 1 WA % MR T TR U € T Wt i
U1 2F WHI SFEREE H 1 96 5o o |y et
= a=r= T =l €, 99 9% w0 S T wefiE
H 71 4 fafaor & g9 g £, 99 9 9 99
o7 (AT iR faeea) =9I B §=9 AR A
off| = F 28 wiER FW § FTE 99 e oS
oM S T, FTOWE T (SH-germE) R
30T 2.6

5x10" Hz =g 9@ fGfFw & tF A3
RIS i ol I T i)

L

TF FEME F w5 (B) FrafEfem o g
# S E

E=hw

h =6.626x10%Js

i =5x10" g7 {ﬁ'q'l k|

E = (6.626 x10™ J s) x (5x10" s7)
=3.313 x107%J

U Hiel BiZEl Hi s

o Li Na

K Mg Cu Ag

W, /eV 242 | 23

2.25 3.7 4.8 4.3




a8 T =

2.3.3 FEifea* geEEifTe: e W %

fow oot - wEIfoaE wEET
TETY I A IH WO & Y W A HE 8
o 1 T 71 T WA W T T T TS
1 T & g v @ g W § seEn aEfda
(refract) 7 =l 21

o & ¥ 9% vy w1 w5 e 6 A
@ T T HU aw-SE W aw et ao-as #
T E e A AfuE I A T, HEE e
ey § g v § el e el w
Bl ¥ wHE g 1 {0 ufpE w1 uw gmen

* e T & fon fafasm (discreat) 59 % Siedad ®1 FarEeTon wEd 6




ﬁ&ﬂﬁ%.ﬁﬁﬁﬂ%ﬂlspcﬂnunlﬁﬁ%lﬂﬁ
i, foms 708 wag wfvs o ¢, @ fawed
ferere wag Afoes g1 €1 WE I = g, S 7
fo@ré =@ ¢, & @iEeH #1 TWE 7.50 <10'°Hz &
T T H T 4«10 Hz F o W O w2
3H WW Had ?ﬁ’cjﬂ (continuous spectrum)
FEd &~ T gEfe, FEifE A o1 die O n
Hrem 11 7 1 # fierar E1 @ o my of wE
T ¥ A ST A TR 9 T, T of T A
wagn e 2 71 A fav & gva v fagp-en
fafsram = U wgA 2 W e @ (e 2.7)1 W
ferpA- s Tl 520 o w1 == e o 2,
& e sl @) T Sl STEvie] %1 T § U
T4 T T W UEE W 1 35 S W A S
e B TR A WE HH T el atas e
o e § oied €, 9 foen-dee We %
fafe=1 &l o fafem soafsm =0 €

(F)
yfaesi
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SeHSi A9T TSVl Hie]
TRl Te1ed 9 Fal HAGIITT o a% Ieafed fafd @
TH e TR HEeTl 8| GIHIY] S0 A1 37
fafem & sEvive W I § 9§ SeEs
o WA w5 fou fEE wfeesl womm wmer
Swar Tafedom w5t o= € 9 2 @i 9w gl
ST Soell =l TSR HA L &, dl Seafsd e
= - (7 amafe) w= i w1 e g

IV HgEH FoAsH Wied o WEITEE
frifea =1 90 21 2| 5 U= " Tafwon = ufaey
W =E 9 E, A A fatw W g w-a
e A 21 FS gRI SEEiia fafw # e
o[ TS5 TFE Had TagH § WL 9 & el
% =9 ¥ yefim wd £

FoAS AT ST TETA oF 5 S
[spcctroscopy}ﬁﬁ £ SE S amE TMT%E‘-W

farg 2.10 (&) WAV ST ; €ESIoT WA (F fHE HE ae) & gefed Wewel g7 seard 5 F g
fir & Tomet fafas an-derf &1 tanal § gaw G s 81 A, seaed SiE, W gus au-ae) &
EIZTET e I £, 1 v F @ € e e smer & afreel @ aga sifie e 5wy
& & sreilE 13 TF T R U TeE W 0@ & ufa e A o Fear €, g wAed & e A
T He Fefad e g £ WA A 9] e FE-ER W 9 E, 9 Senfad W ® T W B 8l
( @) groTOdta AUl WA "R GE @ GHia sRstad wa o fEdt ety (sli) s fer
T T T E, q WA THE F FE a5 (997 2,10 F F I0057 g% o) F7 A7 w1 79 g s
£ 9¢ gfan WegR o UF T S99 wiar & S Se WagH % Gl i g §
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F A A AT A W w-ie SufreE e g
FHeh Tauiia 9 sferen U qoavE &1 SeeH Siaen
o H AT W55 | Hed ®Y W weiiE TE we
7 &, foTer 919 © W TE T 3 TE ween w6
Seafsm fafeo s 9 susel @ed & =9 °
waffe gm & (s 2.10)1

TS S o S J - See aes
] Ta9T9 WEed B4 31 Uedeh dvd &1 Ul U vy
T-srael S g 8| aEEf e § o
% fom o R Ivam § o w9 2, e uER
stifersi = frem ogeat 1 Teere o forn SwEm o
T S # 1 S A o WHE 2 SeEe wags
Tae w1 Ay foem s Wit & wmned o
Tl B TEAAA o A9 U g (1811-1899) 7
Temyg e

wHifeaq (Rb). Tfa99 (Cs), G (T1), sfeam
(In), T (Ga). 317 w=EfEaq (Sc) anfy a= =7
A 7 g ofl, 59 FAF @i R WAl e
T mon o1 T 9 ey (He) 75w Sufrafa
e fafa g w &0 T 4
9 TELe T b farm fams wafen feem s 2,

A =

TH A 5 0 FEE S i’ (Balmer
series) FEl Il 21 BESIST WaH § SFae 36 497
1 TE aEQ-gasE e o 5y &5 U urd gl
%l Hied & U Wed Swfaw S et q
A fF TEgeE Waew w1 9 S7vEl # @
TAfcfEa g g 290 W g @

= (1 1) .
v=109,677 L? —n—z cim (2.9)
1 2

aﬁn,:l.z ........ %aﬂﬁl'!n._,=n,+1.nl+2 ......

109,677 ! & A9 I gEgeA # [
Trom (Rydberg constant) Exaid m=12234
(Lyman), THT (Balmer), 991 (Pashen), Sehe
(Bracket) 991 g (Fund) fvmaf seamd €1

AT 2.3 § TEgeE WEed w9 gf fras
TE ) foa 211 § FIESEA WHY] F AEHH, 9 SR
e Aforat o WeREi i few@rEn T A

U 2.3 WA BISSTA @i TdaeHT 1@

9Iuft n, n, ezt &
(alEsil 1 23 TRTHT
A 9 ki e
I a 4,5.... ST
T 4 5.6.... e
e 5 6.7.... Eicien|

@ H, @] faaifsn gt 3= sl Al FEgie
Wy &9 ¥, W fafaea smgfel aren feE-gaet
fafeor seafSa #w &1 zEeer W9 ° @Al #
&% A 2§, o S aifawRiel & A1 ¥
WA WA € CAAT T T 1885 W WETE UA o
AR W FA fF A7 e mal H an-gHen
(v) & &Y 4 T =4 T 910, 41 TReed Waen &
TYg-47 &I T w1 fetatEs g g e |
T B

l‘l m_l

= [ 1
v=109,677 |2—2-»n—2 c 2.8

WA n U g 3, Foe 9 3 W 3 ¥ s
Tl 8, A4 n=3, 4,5 .. ¥ I

TR 1 T TEH T 9T & T A
H1 QT H TEH T e 8 W e w5
wega i Sfedt g 7, W /9 T e o
T AET GAA T & - (1) WoIE oo o
T favm ¥EE F EE T (i) TEF 7 % @
Tigeq T oA e &

%4 qE T Iod1 £ TF Uw 99 = wEn w a
FHV &1 Tehel 22 F TR Fa ¥ Al & g
#1 gelaelioe Gra U gA 22 39 WRR o WeAl o
TR S WEd | BH AT 3ET {3 wel o s
¥ o o o & wEmEl # sewiE S
ThzA | gfa g8



EE RS

EREE

Fll ———p

TEE S (T )

YYYYY A
for 2.11 S5l WA ¥ FEeid & GHA (gl GHETT
FT oA, TET ST T 40T e 7E
2.4 EIESrs uTHTel & fo | nige
FEEIS TIH] KT HEA A9 T WA o A
TV T TEEA AAHS NS Ae" ar 7 5 1913
¥ =1 7afy 7 fagfa snyf saiey @ifsm 78 o,
iy GO SO 991 WE e 9Tl Rl aehdid

1 e S

( 1885-1962 )

S Al S G 91 A
1911 ® Fe favafaem
W v, T I TR | S
AR SR S SR AR e
TIHRIE o T Tk 9 o a9
1913 ¥ § FAETH =2, 78 3 FEawEs ®© T
1920 B gR==a2 AT Toeifzshe e+ & v
| 7o fovegs & am |R A WA S & g
FEm o AU semEE S e = 91 1957
‘Atoms for Peace’ S W g7l 99 1922 4 @R
1 wifreR] H el R T T R T

41

= H UUAM T e ST R W S £ a1

Atze frefafas sifee w enefe &

() TTEEEA TAN] ¥ seEeE, NS oF AW
ffea o 31K S aret JAwR 9eil & 8 wea
21 T T T 1 FH e A Rl s
o FAHG Tl W FEd &1 A HErd e o
AR AN TEEE B U oraieE g g

(ii) RN T SEEA d Se A9 & WY Ae ahata
Tl €, a9 B Teree e Tr e v
T TR WL T SO, 99 9% SeeaE S #
STV SHOT S Seiag o SeT T W
T 991 W T 3 oF 9% Tl ® Seded 2
(T 2.16) | F9i-7EkA Haq aler 9 T8
2 2

wivfra wam
foRd W %AW (m) 3 i = (v) 61 AR
i Tom g &, = WET 0T Ha (angular
momentum) SEe HH (1) S HAA 57 (@) 5
TS BT 81 m FSAAA AW e % fe, S
A= & =6 AR (1) 55 31 g e | =9
w2
FIOE o =T+ o
Wﬁf:mgﬁ ﬁlt-a:v/r"ﬂﬁuiﬁﬂ'ﬂiﬁﬂ%
a7 FIVE WA = mi® < v/r= myr
(i) Az 26 Tl & T arErna % HHwor
FOUEE SEviTYd HeEn Iodted Tt @
feAfefEn & 5 o o1 "% -
AE _E,-E,
‘h h
el E, 70 E, %% 757 3R 399 oA oo
sy §) g9 WHIFI 1 S T g
fram 1 o 3
(iv) T SO T IO W WY gE T s
o 20 Tt % T TENE S e o

V=

(2.1Q)

m.vr R 1.2.3
NFT=— n=123...
2

T
T T ToE ee 321wl § g0 e T,
fad siofta We &1 O hy/2n F1 Qe T g
T2 HwE E T e v w9 & ogma Th 21 an

(2.11)
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1 T sTERaed ® FAisl o foued & fGug

&1 ¢ forga AT WIET S| #1 o 39 o W

FHFIA T TUHE S0 G7 THga % FER TR

T B ferm—

(=) To=g[ = fo Turl dawensi & n=1,2.3...
% g T fEA T ¥ T YUl I WET
FEZH HE& (principal quantum number)
FE WA E (TE 2.6.2)1

(W) T steeenst = s« Fefaiad w0 §
W@ T s &-
r= n"aﬂ (2.12)
Wﬁa0=52,9pm3ﬂwqﬁwaﬁﬁﬂ.

5 ‘ar e’ 8 ST #, #1559 52.9 pm T ¥

HHRIE BEEMA WA § Seieei[ 561 sl (n= 1)

o U W 2| n R 94 o WY r F AF ded 81 T

=i U, gelagd T ¥ T SufeE w

(1) ToER O Hetyn Tas Hew 0 TR s
1 Ta €1 T Fefafea 37 g e s #-

1) -
E =—R, —-—J FEin=1,223.... (2.13)

2
Wt
Er R, = figal feris, (Rydberg constant)
FEd 31 T UA 2,18 x 1075 A #1 fewm
s1are, fom P aemy s’ (ground state) 5t Fed

i 1
¥, F 3 E,=-2.18x107%(77) =-2.18 x10"*J £

n=2 = W e & A SS E, = -2.18 %

1018 [21_;}=—D_545x 10180, g == 2,11 o
TESTeH T i fata= Tl semnet § we-wad
w1 SElel F EEE T E S e !
ERE R

@ geaR AYE e | §9 B 8, 0
S w1 A v fern W g1t fufs A seiwes
A A n= T A § warad o #
T JATATIG ETESIe UNATU] Heeldl 21 S gl
ATH B AEG T E AA , HA H IIET
¥, 09 Al w1 Seds gl § SR SEeR S e al
W E1 T (2.13) H WU oy oE @ e ©

A =

AR 3R I T B wed @ dW n= x
wau § T wfaE wi ana &
FIGIST NI & fow FHone el
== (E_) 1 & otd §7
BESIOF YEHIT] H #1 WA e § o oh A6 o
M fz T (o 213) 1 TR T s wm
=yl 27 =4 = faE #1219 77 & fF o g
TOEZA 1 Tl Lo e ® TS s ° FH
21 e (rest) &= # =0T 0@ 9% ToEA
2 &, S APEE e S W B g e R
= W feen s 21 i F s aed o R R
THF (2.13) § n=q @ 99, f998 E= 0
WE A 2 S A e A uE o 2
(- n ¥ 2), 99 & E, F1 0w 30 agq
W § SR FE A BT gl S € 9E n
=1 2, 79 Sl % 9 SaE A BTS2
R e e e B i 1 A B
‘e aTaEen’ el 7
(%) EEA W] H IUfEd UF e 4 FEE,
= AL, T Fae U TeEE 2 2, W
aR % g #1 @ fF o T ¥ ey
He* Li*, Be™ S011S1 59 Wb oF STPF1 ( TTE2H
% T TS wEem F) A HEhm v
e 1 S fefatEd SeeEon g
G!TTT&'v'ﬁ':I‘%

3%
EIJ=—2,18><IO'“(Z—,JJ

e (2.14)

oo 1 Freferfaa s gr fan smar 3
52.9(n%)

B= pm (2.15)

z
el z T wem g dfeem e wifem
TR & fom T T FA: 2 o 3§ I
TETT A EAfEt Fz s T s e s =
WA e FOIE ¥ W 2 e e % a S
2130 9 77 ¥ fF Tee AYE 9 eaEs 9
za 2
(%) = Fanedl # T F7d T ARl o 9 H1 T
T ot e 2 TR T fononw T
T 7E] 7T AT T €| IR w9 § A
T AR % T5 o WY TeE F O g §
T 2 FEEH T F qEH F WY T T2 2



2.4.1 FTESIEH & @& WEEH it SETE
TR T HEd w1 ST F @€ 2.3.3 ° 90 MY
FRSISA W] 2 f@l iy 1 e HEAE w9
T w1 TR £ 9 o S1efhEE (i) o s, e
T 3T WA A T FOFRT A TH FH W
fafFam (i) =1 =y o T, A A
(Fe) T SoA=A TEaR oF 9= 9 fre e oA
T T TH F W A 1 A s & A %
ol % S 1 g W g R W Ewa B

AE=E,-E, (2.18)
AT 2,13 ST 216 & Wrgd W
[ R, R "
‘55:[‘}';5" ‘[";-5{’] (SE n, 91 n, FHI: AR
¥.b i

AT oifam e w1 AW FW 1)
fL_Aa7

2
LR

TR (2, 18) T STEN FTeh R S STEe
q9T Ses U Hafea safd () F g fwma
T 2
- Ezﬂ[L_L\

h h

=2.18x10'%J

(a1
ot onf 217)

=iy

2 2
g LU

(2.18)

T6.626x10"Js|\n? n?)
(1 1

—-—|Hz
\n? nf]

2.18<10"%J [1 L"

=3.29 «10'"

(2.19)

(2.20)

_8.209%10%" (1 1
11?' nf

3x10°ms™*

\

. b
1 1
oy T
n, N

LER

= 1.09677 <107

(2.21)
SEviE Taen § no> n 3 #es 0 & o
UETT SeHE B & a9 e w e g 2

43

Tl S IS TERH T on > n, @4 €, AE RIS
T ® 7 T g e 2

HHiEI 2,17 TrZan wHis 2.0 % 5w E, 9y
IH | T S0 WA SARel g0 e e
off| THEF ST BRI U] 7R SR a4 Iae
T T U T T T favm e % S
T B T FEESH T S ST @3erae § W
HIE TR SH W Tehd © S 390 S T
T B 5| TR T T i A 39w W AR
w & fF wF guE @ @ gt At fEad
FIZ i W seE € 2

FATETW 2,10
TGS T K n=5 S T n=2
TS WA F AW Seafsd R # At
S -3 = g

&l

iR n!=53ﬂ'{ n.=2,

3Td: TH GEAY 9 G A9 H U TIEH T
e e #

HHEF (2.17) §

AE = 2.18x10."*’d[5i.,—2i2]
=_4.58x10'J

uF I A 2

TRIEA 1 AIGT (1 @l 9FEE 6 FY H @
W) TH W A S T

__4.58x10MJ
6.626x10 Js

=6.91x10" Hz

=
}h=ﬂ=w=434nm
v 6.91«10"Hz



44

T 2,11
He™ =1 Yo" =@l 9 Hatag el &0 e
IS A FERT fF 79 e 1 = 2o

ael

E, = !

n

(2.18x1015.7) 22 :
——————5 — — atom

n

He'&wfa®, n=1.2=2

(2.18x10 *)2%)
2 &
T 2.15 | w1 A A IW

v (0.0529 nm)n?

-8.72 x107'%J

E, =

: Z
HfF n=1 3R z=2
2
L, = 7[0‘0522 ol 0.02645 nm

2.4.2 € Wise H HAW

T I HE T R FEgS WH AR AiEe

T % A Htee B dw N TS T

e m “‘Tgf A (T:}H— He*. Li%*. Be®

TEfR) & T TR O i # osmen W

TFa o1, TR AR F Hise FeatEa fbge @

SR TR &Y FH

() R T A BT W TS T
¥ &R T (fEF (doublet), 19 TH-TH
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U WY SEYE §1 gt e o Aty getag
foreaper Tt feaf 910 3 (Ax %9 3), 79 ToRH %
a4 s (Av,) @fe wi e oE, 4w
THHRA A faaga T WA ¥ (Av, FHE) A
TeR ¥ feufa (ax sfaw) T T A T




46
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Afa gem AR w1 A w1 e R S g,
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wfauitEa e | 5EeF feu 3= T 1933 W Hifas
F1 AHA TEER W5H A T A T, | R
FAME B FAW M WS T H AR T A R
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ber) famell #@en W= | (azimuthal quantum num-

=fA Aifesn s & dfamt
o ST 91 F2H T 1910
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| U WY FE A2 Rl S TRl € (EEaEa
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TN, HEE U FAH N
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i = wfaifsa fon) ifser o =i AR O Jarn
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faviyitar =aizn GE TR FPFE F0E Gl
[orbilal angular momentum) =1 A0 FEZ e
(subsidiary quantum number) ft FEd B 7 HEF
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=0 % ®1 T OB T WH (n=2) W F A
IU-FW (1=0, 1)n=3 9 &9 II-FMW (1=0, 1, 2)
;M E y F oA T & fan o ter fewr 1 g
%1 Tl 191 2 SU-H1vil =1 ferei F=ies |e (1)
oM Wf¥E o €11 % fafe= Wl o Sra su-wii
%1 Frefefe fogl g gwfa s &

L& 7 : 0 1 2 3 Fi..

I9-FI9 F fau

W[uotation]sp 8.5 P

AN 2.4 T i T g w2 G o foe 15
HuE I S ATd TY-hT o Hehad fau o F)

AU 2.4 FA-THIYT Hehed

n 1 TUHTT HeheT
1 0 1s
2 0 25
2 1 2p
3 0 3s
3 1 3p
3 2 3d
3 0 45
4 1 4p
4 2 4
4 3 4f

Hhid HHE FEed WE (magnetic or-
bital quantum number] ‘m, TA=9 & w T
Hegeh| ob TATGW ATHTE=IE o 9 SRR <dl 21
et S9-=9 F AU mF 20+ 1 9F WA B A
THEl 1 59 UHR T S B
mo=-L-(-1),-(-2) .0, 1 .. (1-2), (- 1), 1

F: [=0 F AU m, T UF B FHT 2R
o TR, U 20N+ 1= 1, TF s HEF T 2
1=1 % foT m=-1.0.+1 & TFa ¥ [2[1]+1=3p



FHE|| =2 F AU n=-2-1,0,+1 75 +2 (04
d FHF) T T ¢ A om AW g WA
ﬁ'([ %F UM n 'HBT‘?‘IET%?L

Wwﬁmmw .l Sfl'{mf'[ﬂ'-ﬂ'ai
A= G ufeiea faran s &) o1 wEen Hena
n!=2.1=1,n1,=01;maﬁmmtma:wm%.
W G|t HIW F p ITHIW F e E FE A o0 @
Aifeil T SU-HIY T THY HAlee FHeh] &1 G
F1 Y = T g

[enik:ic] ol1 |2 13]a |5
FY-HIY HoheA s |pldlslg |h
Eascaleatksre)| 113|517 |9 [11

oA TR g : TRE T wae % e
Afafa=m +1 GG FH U W A S s E
TP ag-ge e A S T w5 o
T A Tl T v T g e i ()
T WE-UE) T F9 W G 6E @ TE-m)
A F1 T S g FEfE Sl & S 18
T SN FE-TH HI IUE H He HE 2

TH 1925 T 96 3@eHa® (George Uhlenback)
i '@Iad??ﬂ Ml (Samuel Goudsmil) ¥ TH
et FEEn wEnm w1 softufe wfaaes w7, S
‘TRA-TET FEm W' (m) TR T TE
T4 7 AW AR FEET FEd mHT YA A A"
S Tl F1 A U T gemg S 6
oA o AfafE A9 (intrinsic) T90 B0 Ho
W%IWWWF&W@W[WNM]U&T
2 T fRelt 3 70 o % me o sarfefeem o
wHd ¥, f5 A woET e Wen m, % 5W WE
o 1 HeRal B0 m, AR +1/2 A -1/2 7 A
%I Wsﬁﬁﬁ"! Gl _CIT P EER) :HEFE"JTQ_ (spin states) of
FEd B W A% T a9 i (mw,ﬁpinup]
#r | (ﬁwm.splndcwn)mmaﬁ%l
fafiT= m_ o o1t 3 e (T +1/2 3R R -
1/2) Taoi Toere =1e Feehd & Ha Hemm ° W
fardta w==em g =ifzu)
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e T B Ug W Wahd 3 1% 9 aeien HEy

1 L= e A e Rt

() n ¥ EEH A EE ETE HEE H AEE AR
FIET BE OF el TTHie el 2

(i) n" T F n ST-FHT A TN L FAR B
Apfa @@ 2| Ui WER G I9-F W
(20 +1) FHF B4 3, FUq Iieh I9-HIW H
TF s F4F (1=0), 9 p F4F (1= 1) 31 5d
FF (1=2) @ WA ¥ | FD W TF -
Toia2 TTATY] S el i Sl o Af TR
w7

(iii) m, FEF & AT F A B L
feu o fwelt w1 o faw m, % (20+ 1) 719 T
£ TR # Hen wohw Su-S § werE @i
BT 21 THE 394 q% § TF T w1 S 5
sifurfarrgl o o % TUa B 2

(iv) T F TR & SPTETE 5 m A #

A 2.17
T2 9 HET (n=3) 3 Tam FAH A
= HEm # E 87

&

n=3%F a0, L ¥ 0.1 30 2 79 T T
FAfeE OF 3s HEw 3 7, e fag, n=3,
1=0 & m,=0) ¥ ¥; T 3p F2F ¥ T,
ffer fAu (n=3. 1= 1 3 m=-10,+ 1)
R 71 3 YER UE 3d wEF 29 £, T
ft n=3.1=2 R m=-2-1.0.+1.+2 7
g&al 21 TAML FEHI HI Fel FEAT
=1+3+5=0 HEH HI @Al = n’, AU 3
=9 TAY FHT STAM FE 1 TAH WL W
fopu =1 994 21

IO 2,18
s.p.d.[ ToRTA H TAN Hieh HeAanEd Faed
T 9 HeE 5 9 7 Fant-

(F) n=2i=1 (T
(M n=5i=3 (D)

n=4.0=10.
n=31=2
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&
n 1 “hifeh
() 2 1 2p
(=) 4 0 4s
(M 5 3 5f
(=) 3 2 3d

2.6.2 UTHIUL whHershl =i STTR{aAT

Tl 9T ¥ TOEEA T HeE AOT-RO S
F AT AT9E HE Wfaw a7 w2 9 FEe
Eﬁﬂiﬁ? = =TT (coordinates) 3 TOGTE e 2T
T wEf fafa= s & for r (Af9s 4 5lt) & we
F w9 T W TO-wer o fae e ¥ (feaE 202
(F) Is(n=1.1=0)79 2s (n = 2,1 =0) FFFI &F 30
TET % A0 ) e W £

50
) a0
120 30
= T x
] ey
> 10
o 0
o 107
0 04 08 04 08
rinm) rinm)
(500 300
4000 240
o 3000 = 150
= 'l
= 2000 > 120
1000 0 7
0 0
(1] 4 0.8 i} o4 0.8
rinrm) r{nm}
farg 2,12 (%) Femg @n-wed wir) ¥ amg

(@) 15 U5 2s FEFH F [0 r & B & &Y

5 gifFad 7 R (r) 4 UfEdq & HE!

s difer faeeh 9o An 3 Farn s R

fog W w-wer w1 oA (Fuf] y?) 34 fag w
IO o WA W TR @ Evi @1 [ 2012
(W) ° 1s T 25 Fek o faw 2o ofed= # oo
% HeH % T4 H YA T 2| F6 9 3% T ¥
fe 1sae 25 % = o1 81 T8 S 1 weFa @ f
\s F9F & T Wigswa 29 7w T afawad g,

A =

S A § P TH W Hed A E) 3E SR, 2s
FH o 70 TRl e Ted Al 9§ 9 a9 e
£, forT @ W B $1 -3 o F WE agd 8
G- U =Y ifaan (small maxima) 3 TER
TE TH: Y o TR 9% Wedl 8| 9% &, el 4%
WA == I @ I @, ‘Hea " W A
Feedl &1 WNFTE: ns HEH % (n-1) 7 T §,
i g FEed HE n % WY Al F w98
W # T v 0, 25w & foru el w1 we
TH T 3s T 0 %1 Bl &1 AT °h FHEEh = (e
i o% TE WER wedl 81 3 widwa T aiea
STE Y % Ta § THE W1 Ted £ (FF 2.13 ®)1
7 oAt o R (dots) F 79 39 & ¥ gerRA
a9

(F)

1s 25
1s 2s

faT 213 (%) 1s U 25 WA FHi & 0 Grawa
T TR fagsT #1 7 I &7 1 gora
WG W % WEEd-Tae # g e
(@) 1s UF 2s F&H] & [ 9REH-H08

e
werFl F1 2Ea F fafa=s we & o for
ifereral JAe A |E-aaE Sl (boundary sur-
facediagrams]gmﬂﬁﬂﬁaﬁﬁﬁﬁﬁmm
Hedl 21 30 FEuy ° fmE wew & fou us U
- 491 ‘Tﬁ'ﬁ {conlour surface) =T SR

o w2, forem ufaea e |y s e e
2 fgits =1 A, felt waw ¥ fom @ w2




TOHIY, R HEA

ufedi-HeE oeE HEd B €, W fedl f2u oo
F4F & fom frem witsa o9 @ FEa A
ufElm-Tas A § H5E W AR o oT=
frewm |7 w19 #, fomer gr Fuifa &3 o1 e o
TR & 0 S T W ST S (59 0004)
ZE 21 15 Ts 2 THEhl o eI UiEA-HaE S 6
99 2.13(/) T <9 T {1 S P2 W § 1 gH U
g e w6 A N &, e e T
TifaeReT 100% 217 SHE 39 9% T R A e
ffvem off @ +ff oA & U 9H w1 g Wi
9T Bl #, Yol €1 S U 9gd &9 A 8 geen
fAfyag @FR = T 9fEiE-TaE S0l & 99 1"
1 %, o 3198 geiagA o UL S T WA 00%
BN s FHF o o o Tae 1 16 Med 2
former &7 W v 2

71 famat ¥ g7 Wen U= =9 =1 We 5
F1 TH T 1 9fT o #eT 3eEel % U S
WiTFA oo, T 7

TH VER 1s T 25 HEF WA AFE F F
aeE J Tl s e Teta gatata o e 81w of
T T R fF nwES T WY s HEF B AR O 97
m%.m4s>35>2s>lsﬁﬁ'§@mm
% WgA & WY TerEgH A ¥ 8 S 2

fad 2.14 ¥ @ 2p FEH (=1 F AEE-
e T e U €| 3A SNl A A e fag ™
i e A e i e B el e
TR T B T TH 219 YSIE p- o G A
TR ¥, 5% ‘Wil (lobes) F21 91 €1 AOTF A
T A 76 % A6 SR e §1 SR A wiel u
| I T T E, 39 a6 T O " el
I F &1 O p SR %1 TR 3 Sl U
A T B1 9w shaw uifeEl o sifsfase
ara W o= B €, it A wiemi oy @ o, sl
F i fAffe 7 W T €, T 3% 2p, 2p,
T 2p, §W IACT WAl | AR g7 SeerEdd € &
m, A (-1, 0 3T +1) T xy W, A F
e S Haw & 2 TN e ww R @ wia 2
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% A% m, o OF 999 91 BW ¥, & @9 p
e B, fo9eF 19 aTom ¥ UE W % waad B
¥l s TR Hl WE, p FEE ok forg 9 gEr sy
HET o WE4 % WY HEhl F SHHE SN FHeA
Fed §1 o TAafa= p FEE T ER T S
4p>3p>2pi?ﬂﬁ%ﬁ'%lmmsiﬁ%ﬁ
T M, p FEH & WEEA- T Fed A 7
B T 1 A= F OFEN - 250 & I T, AU
3p www & fom w4l w, 4p F fom I sie
T o off 55 #E ¥ T E

2p,

2,
_T)/
%’T} x
“ |
foam 2.14 @7 2p FoEl & TREE-GAE AT
| = 2 % ToT0 =erh, o 4 Feam & &R g
F2H W (n) F HE 3 B %, Wi | WA
— 1 % =i T ¥ T € T m, % U A T
F(-2,-1,0+1 3 +2) it 30 whW W d FEF
2 ¥ d el o uRHim-wae emE faa 215 o
feamg g 7
o d T B, d,, . da 2 T d TR
T ¥ TTE IR d FEF FT TFE T I TR T
sin e d2 #1 o= 2t 2, S o sasl B
Faf @uEt gd@t 21 on > 3 A d FEH
(4d., 5d, ) =T A ARFA Bl 2, T e A
T = e 2

oz Wiawa oA || TF A T A W TR 2 W I wa W y| o e e gt sl |y| % fem wfeim-me

TH THHE &
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() (=)

o 2,15 979 3d 41 % WEHA-FIE HHE

oo el (@1 5@ Wiasa- a9 wed
) F EEN np SN nd T = A WA
el 6 T I E €1 g€ AR § e 50 Ao W
A%t e 1 32 % fau, p wuE § xy O AEed
T 7| d, FEE § AGE F I g A 2 F8 W
xy 9 %1 9 T A e a9 B 81 TR i
g’ Fe WA & S wiviE e w7 g 1A 9 A
¥, 278l p HHHI o ToI0 U, d FaHT o forw <1 qur
=1 & fere sE W IO A TR 1At o
W& (n-1), A19iq FiE "z 1w e e
(n-1-1) =hT &1 AT

A =

2.6.3 THAHT F Fwid

FESe T H 3o S el cheo g a9
we g i gidt 21 o1 el &1 Sl FEfatad
Wﬁﬂ?gﬁ%:-—

ls <25 =2p <35 =3p=3d < 4s =4p
=4d=Af< e, (2.24)

3i 3% Ft 2,16 3 <9 T 31 TR g 3T 2p
Fefh! F1 SH I (9= 2l &, T o 27 5 wershi
2s M 2p H Sufedfd TerERA F TS AEL B
THA T a6 HeE T @HWT (degenerate) FET
ST 21 S Ugel |dE T4 8, SESiEd T H e
Feh W i Tl % W w2 98 dend
ST (ground state) FEMT 31 70 He T Sufted
e AMTF M eifys Taed O it wa §
TEEEA WA W 2s, 2p A I=9 FHF H IUCEE
EF'FEJ'-I FT IACAD ST (excited state) B @l
T E

5s Sp  8d EE o
=
EE
2s 2p “3p
25
1s 1s
(F) (@)

Forg 2.16 (%) FEaioT WO S (@) TE-soE s
% T FAF FIN F FA-F AGE! A G
T gTeeio WA & ey HH i - qE
27 firm-fa= el e o=w = W O I
T A BT & 9E- SR T A e
AT T AT FEE] B FA (7 e ey
=N A FeF & o 9= g



TSI T o fad Uk Wg geieE T
T TOE2A W Al wead AT HEd FEied HE
(FFTT) T % TR, Afess fgmiedt weien HeA (S9-FE )
R o fas et 71 saefg € T gen e HWen &
fﬁ'{s.p.cl‘_f...ﬁmfﬂﬁlﬁ %I SU-sivi o
=1 Sl o1 B TE-golTeE WAV H gl
o g H e & suftfd #1 FEeied w1
T S ST SN AT oF §ie SEu
TFAA o ST fEe €1 ag-Teeed e |
TEE AU T A= ST o aTena 1A o
IO W SRR S T | iRt Ot e 81 59
TEN U Wg-5eiagd T § s @l s
yfasror i qer  @ferh arsRe e TR €
TEFE: Al w0 H I SeeEd % TR %
el T wiwdn = i afus mee 2
T TR AE Y (Ze) T F HIW TEEA
o e e frand @edl 21 Sis i o Turted
TEEl B HAV ARG W OH SeEE AAE 5+
SO (Ze) T [0 TE HEGE TE HL w F, Fwewq
AGF T 5 AAE AR Wt
ST F FHAO T AE FANE T T T
AT el B A e w1 WA W ureyr
(shielding) e ST # IR 7% =1 o1 sArEw, s
TOF W R T E | YT e S 2, e
(effective nuclear chargde) shalT %I E:nites Eﬁﬁ?ﬁ){
BT OfEeT o SeEelE AR e o gy oF @
AR gerH SR Ty A sedv-ae Az o 2
T v o, A 7 e o At e
F T (A FAF Fo1) TAY] WA (7) F A
= WY He (A9 ATF B 21) S

A U i, S s R w5
AR 741 SHY SUMST wEe i A (T gee
e ) T R FE E s3I % feu- Tiemnr
F o FO, s BEF § TUCLYT TelaeM p FEE
T TeiERE 1 gE W AR e s A o
wize 1 WHE 765 | F T T W, p e
¥ Fufeer SeRE d A o1 OE B Afas wimsm
W E, A 4 W e U 4 B H §) SEeh e
U B R U EERR A % R s ek e
p HUH TR T gol H iR p HEE ToER d FEE
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FoiERH I g 1 AT o T e T i B
) T s B 5 T B (T e ) 5
fere, it srtiet WA (1) a5t o W SeTRH B e
fofn 7, e W ¥, A9 p HEE w G d s wEE
AR d = gerl ¥ p e ATEE § S e § 9
Tl Bl p BEF & oA H g H s FEE 5
FORR 1 S d %EE o oA H1 qoH H p T
F oM 1 Sl ®9 el ¢, Sl i A & v
wfzmer & W fa=-fa= wael & fau f= B 2
oa: UF € wW (P TN W) o FA W F
faeA (splitting) &1 910 &, 39 S/ vzl =aamn =7
| 2, T T SUE e F Sl n 9 [ A
T AL S 2 MR E W o ST R &
Seiistl w1 i Frel Sfeet €6 E, G n AWMU F
T A 5 A0 O e R E (n+ 1) e e
= 2 =www # S A I F o= el Az 9
e o o0 (n+1) =1 W9 5EE AL @ e o A
A FHUF F1 T = 00 GROT 2.5 F (n+ 1)
faom Ten % Sl o 2,16 W FE-soER T & S
7ol T 31 oA = A 9| A o E e e o
% faft=1 37 @Rt (Fg-Toe TR W) 1 Fe
fr=-frr 7 €1 Tl Teeee WA W T S
T Bt # F9 § FE = 3fea g fE w gen
(Z,) T T T HAA IT-H A FHF F FAG
U B ST E S8 % feru— gEeeH T % 2s
HHF i FoAll, HTTH F 2s FeF F go ° AfEE
Rt i wifeem 7 o <l i s s gei
7 F et of i wm oS-

E, (H) > E, (L) > E, (Na) > E, (K).
2.6,4 TTHT] H eI T WIT HAT
fafiq=1 A & el § goiag sihars fag &
R W W 2 AT T, Sl e
fagid (Pauli's exclusion principle), €8 & #Afasan
agehal HaH (Hund's maximum multiplicity rule)
S e F A e W oaefE

R RL B  E ol e e I S 1 B
‘el w1 AT g @t §- weeE @ el
§ S WA S A % STER- CwEnrsit @t
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LT 3TadT |, HE®| I ITah! Sl o dgd wH
T 9T A £

AT 2.5 (n + [) 2@ % amam wr == S o me
AT W ST

n =
U 1 n+l
i} R HT 1 =T
is 1 0 1+0=1
2s 2 0 240=2
2p 2 1 2+1=3 | 2p(n=2)=t
FA 38 W
FH FH
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 3p n=3
H FH 4sH
T i
4s 4 0 4+0=4 |4s(n=4)
3d 3 2 3+2=5 | 3d(n=3)=%}
Fl 4pH
ETRinil 3
4ap 4 1 44 1=5 4p (n=4)

TH W] H— FoiEg TEel Had w9 e el
TUETR FHAF A T & S SR A F A% I el
AT FEE T F

FE H HA ] dgdl wH, FAE AR T T
F1 FH T WER -

15. 25, 2p, 35, 3p. 45, 3c. 4p. 5s, 4d, 5p. 4f, 5.
6p, 75...

™ w9 = fow 2,17 § fom w fafy g A
o = WAl B TA9 W ¥ UF FH 50 A1 @
Taun el & 96 & H° <Yl 2
A= FHeel 1 91 A1 916l geiaAl & W FIFsA
fozia o frafe 2 &, 59 st & sewm uEel
AHF U AafAm A T en gw fagid & SgEn-

foreft oy  Sufeer 3 s A wmt
wEiey HEAd Ueh WHM @l Bl TeRdl g1 wEel
aAYere TG o 8 WRR el ST T i

forT 2.17 T4 T TH FFER

“erael A goIaEl TS Tk O 1E Wk £
T TRl & wuwur fauia g9 =fem” s
A9 ¥ foF = o w1 A9 F=Ew wed, nl g
m, TF HHA B T ¥, S 3751 TEE Fa@ed
HEn Tg= F =fEu) R Fee o werseEl o
TU-HYT T IUCEYT SeiaAl ST &HT i MO HH I
TEIF Tl E1 3CEW % A, 1s W U FEHE T
21 T0 UFW 1s TU-F ¥ 7oA 1 afuwan wen
[ B WEA Bl p TN d IT-FO H Aferran Hew
FI: 6 AT |0 B WEA F, TN T WY TH YR
ETAl s

TET el WEAT n 9Tel hI9T ° FolaeAl i
TEAT 2n* o 90T Bt E1
75 T9am U €1 FU-HIY A WalHd wEE B OE F
ferg @ feFan o €1 59 FEEl B Sl St e




21 5% oy e [degenerate orbitals) EEGR
77 99 59 UFR T: Uk &1 IU-RIY & Hhewhl o
TOEREl W WA A" a9 Tl e ¢, 9" g
IW I-HI9 F W FYHR T TH-TF g A
T ST

I A p, WH d qN TE [ FAF T T, 27
p. d AR e § g e 9, sed S sed
ToER S 9T W YR T TE S v € T oand
¢ S QL T FAHY FEF] F A 61 FEAfa
% HU A 2 2 W (W 2.6.6)|
2.6.5 WIHIUIAT @ Soiggiieh fa=amd
T % weE H gerel o faw @ s
i T8 (electronic configuration) 81
ST 1 Al fafa=t o] werhl 0 gereHl % o S
| Hatum gA fEE w wm ¥ T o, @ fatee
YIS & gt farar s § femn sn
T 2

TS % SeERE A w oAl wieR o
fefaa o =1 a1 81 9 8-

) &% PP i Hehad

(i) FHeH-AG

— C1T—11 CIT—T1T 1T 11
s P o

Ugel HWehad H IU-THW F WG ep TAE 9
frefis fom =11 £ 2 Su-=19 § wufrm sosei
1 G F GHF a, b, ¢ ......... TS F =Y H 90fd
F| fafq= wie & fou fefm w69m s9-5w 5
farviss ToeR T S9N o T YR w e TE
o1 Fomasrt fofan = €1 S5 Heped SU-H19 o W
FEF P TH ATF 5 YA L SR gorRH 5
HE-TEET I 4 S G 3 EV-UEE & L 9
A | w1 wh B TS Weha W o # g
Hehed w1 o9 T2 § fF T 9w Feen ened H
=g o HHa 2

TESISA YA ¥ el U B SoEe B €, S
AR FH G A HEF § o6 8, T 1s ST
FEA &1 31 TS T I el A 1s!
21 Bl 5 @l A % s 1s ew U UW
T T €1 A (He) =1 3 o off 1s
wHEF W A TG g1 oM@: FEEW | IeERAE
o= 152 710 €1 S S qaqr T 2 = e
TF-got 4 faufla wee 4 2 1 30 S g 4
9T = A E

57

H[ 4 | He[ N |
1s 1s

fafuzm (L =1 990 e Tee araees
THSIA oF ® 1s S § 7@l ol dehdl €1 ;9%
AT FEF 2s § 9@ 2| TH WER fafgmm @i
Sﬁﬁﬁﬁﬁﬁm 122! B

2< HEH § UF TeiA AN A GHA B AdG:
Aftferam T =1 fare 12 2 A & (AR 2.6
o ol oF T o TofeeiE ol @ SE) |

T W: Tl | 2p FHF UF-UF FHih T T
£1 370: T Tl 1 SerERlE A T N g i

A (B, 1522522pY),

FEA (C, 15225°2p7).

AEEA (N, 1522522p9),

SIS (0, 15%2522pY),

T (F. 157257207,

17 (Ne. 1522522p7).

2p FHH W GE F e T W S
FO B #1139 Al o FHe-Tas 3H W g S

wd -

u (B[] | I I |
Be [ N ] [N ]| | I I |
B [N ] [N ] [ 1 [ ]
e (N3] [ FT %1 |
TV N O
o [N ][] [NTTTt ]
FINJIN] [(NINT 1]
Ne [N ][] [N N[N ]

ls 2s 2p

HfETT (Na, 15°25°2p°3s') | AT (Ar,1s?
25 2p° 3s% 3pF) TH o WHT WAl b WHOE H
Folele fa=T9 &1 95id Li § Ne 9% o 7ol o
A BT 21 WE Sl el 98 A © o o/ 3s w0
3p FHF T 9@ T TH WEA F = A T
¥, 9T 9Eel o1 I oF ool SelgRdl w1 A (Ne)
= = 9™ ¥ e o =) @iz 9 o0E 9%
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& ol foerd w1 UQ fewn W oAl e—
(Na. [Nc]3s'). (Ar. [Nc] 3s°3p/) | I &9 & ¥ Hll
S FeAdd i deied S oF Telaiiae hiv § Wi
W &, Gl oiE theel £ SEEl o fau—
Ne ¥ SoiogH, %12 Toiag & 21 Na 9 Ar 9F Soioe
ST el E1 W (K) 99T Sfenas (Ca) H 3d
T T G W As FUF T T HY B o B
v 3R G geled S 4s FEE 0 9N 2

whiean A U FE W TF A9 A4 e
4 2| 3AFHHF F T ApFHEF FT GO § F9 TH
T@ - Thfedn (Sc), TEEAIA (Ti), =T (V).
HIFTA (Cr], HTIS (Mn), 37 (Fe). FEEE (Co).
TFE (N), FT (Cu) A T35 (Zn) ® 0141 3d Fei
4 g S S S 71 g9 98 <@l dfhd &
oFd & o H a9 F1R 0 3d Few U = A
A e HT WE w6 3 9F Tee B f
TEE WA TE € TR oY U§ WO we S
il 714 2, suld 591 w9l W9 2l T p P, .
d", £, fi+ =eafs famm, foaw wes I d e o g
T ¥, aifers Tarl A F) o wfEas 9o wE
d® FR ° T = e ool § (80T 2.6.6 )1
oM € T saE o e 2

3d FEH % TH F A% NI (Ga) W 4p
] T A IF T ¢ AR T (Kr) W
F| a7 |8 - wEfEad (Rb) W S (Xe) 7F
5s. 4d A9 5p A % 9 F1 T UGl Tt €, A
4s, 3d ST Ap FEH! H1 o7 THH A5 Gs HEFH B
T YRS 2 2| HifSEY (Cs) e A (Ba) ¥ 39
FoF U HAY: Th N 51 TeeE oM &l U 9%
FAT (La) T TR (Hg) T 4f 2T 5d Hemhi W

A =

TR 91 W §1 59 91 6p, 7s AR 2dd: 5 uE
6 FEFT HT W W@ T TR (U) F T F T
&9 Wl g ¢ S 3% w9 § W fea s
B BT 2.6 § 36 ael o o T (e
Tafeat gro fasifa) feg mo )

WA W FT e BAN? e R e R
HEAT | THEMR SIEER Hl GHFH SN SHE
AT T U FedelAT (916 i & S 0 S
2| ST % O o U, S W W W 9 gfves
o] ToeTRt 0] S 94 €7 HIE ded =g A
T AT B E2 He a2l Ar o1 dve faamiiel i
T B &, WAt Tl o avg Al 2E 2
Elc el ease ol e e irler A cu gl C T |
£ ZEeA % WHY] OiEe | T TR T R
= T 2T S T a5 Teget
Tefl VR e % O geEglte Hea A g
ST B Afa e )

2.6.6 guiwmyur gita ue aregfia su-wwri

ol

A S § el e g ¢ Al waE
= TerEit famar I 2.6.5 § fRu gee Tl
SR H E| g FD wl (FH- Cu 9 CrH,
Tl W TU-FI (4s TN 3d) F T ° FH AW
T ¥) UF T T T a9 IO s ¥ afes
TH TS STEW F WEEE 7 W 2, avE ™
T H ST % WA TS T A HAE W
=, S gugfE @ AdgfE ¥ 9 Craen Cu %
TS TerRitTE faaE wAE: 345, 4s' @e 34
4s! T, T R 3, 4 T 3L, 451 TE AT T
% o =7 serRitr fammel O sifafer wenfre 2 2
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i g stdofia R & s ¥ o Fefefaa m
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1, oAt W Tathe e T - it fafE i

# o T Tenfre W A E o T SAEAEAR AR
apvifin SRl § TermEl 1 fam wHag #m g
o A Sl el B 81w @ su F (781 3d) T 1 Ew 4 fafE

gl 1 Tl THE B T, T3 SR A T

921 219 2| TeEe ¥ Uh-gEL %1 i = 6
¥ I HE € el SeE ATaE gE S
TEEA § AT 2 96 6 2

2, fafma Z=t « 78 TEw 39E 79 SO ST T T T T T
%, 94 QA Al seeEi (e T T — =
#I9 §) UF IUEII o WA e § 9urked e ) FEIRI 2 2R 3 Sl

¥ ger Al T fafase 0 1 Al e ) 58
faf-mm = %rEw g5 =9, fafa F51' (exchange
energy) FeAwEl & Tt fafoed #1 gen =
AftFan eRT E, T9 - qUE: 9 A ae9E

{half filled) 216 & (=7 2.18) | =% Fereey fafmm T T T T T
Tl siferhes Bl & den gelt weRw Tt off sifieRan
T E

a9 TET fF 98 59 £3 % W W AR T, m

foTdeh SR~ W el o hefehl § Sare
THEEHT & TUTHYE HAHOT Wm0 8 2 '
o Y A, iyt w o SR ORI 5
e (i) =fesr &0 9 &0 ufuer, (i) &9 5 -

Fetas Ffasum S au (i41) =9 fafeEm s s

= F 2 2| fata e & fovm | faen ®
19 STl e H v ferg 2.18 d° fa=rg 2q Fifaa fafva
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a z 1s | 25 2p 8s 3p 3d 4s 4p 4d 4f |55 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 G 2 i T 2 6 10 2 B 1
Ba 56 2 2 6 2 8 10 2 6 10 2 6 2
La* 57 2 2 G 2 6 10 2 6 10 2 &6 1 2
Get 58 2 2 6 26 1D 2 6 10 2 2 86 2
Pr o9 2 2 6 2 & 1D 2 6 10 3 2 6 2
Nd 60 2 2 6 2 5 10 2 6 10 4 (2 & 2
Pm 61 2 2 5] 2 G0 2 6 Q00 2 6 2
Sm 62 2 2 G 2 & 10 2 & 10 & 2 6 2
Eu 63 2 2 6 e 6 10 2 6 10 7 2 6 2
Gd* B4 2 2 (51 2 N 2 B LT 2 & 1 2
Th B5 2 2 L] Ly Lk 2 6 10 9 2 B 2
Dy 66 & 2 L3 2 6 10 2 ] 0 10 |2 B 2
Ho 67 2 2 6 2 6 10 2 6 10 11 (2 6 2
Er 68 2 2 4] 2 6 10 2 6 100 13 |2 & 2
Tm 69 2 2 B 2 6 10 2 6 10 13 |2 &6 2
b 70 2 2 6 2 6 10 2 6 10 14 (2 86 2
Lu 71 2 2 G 2 (5] 10 2 i) 10 14 |2 &6 1 2
HI 72 2 2 G 2 (3] 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 B 10 2 6 10 14 (2 6 4 2
Re 75 2 2 G 2 G 10 2 G 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 & 1D 2 6 10 14 (2 &6 7 2
Pt* 78 2 2 éa 2 & 10 2 6 10 14 |2 & 9 1
Au* Ta 2 2 53 2 (5] 10 2 6 10 14 (2 & 10 1
Hg 80 2 2 i 2 B 10 2 6 10 14 |2 6 10 2
iy 81 2 2 4] 2 i 2 6 10 14 |2 6 10 21
Phb 83 2 2 ] 2 65 10 2 6 10 14 |2 6 10 20 2
Bi 83 2 2 & 2 6 10 2 8 10 1412 B 10 2: 3
Po 84 2 2 6 2 610 2 [+ 10 14 |2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 1412 6 10 2 B
Rn 86 2 2 (51 2 B 10 2 & 10 14 ' 8 10 = R
Fr 87 2 2 G 2 6 10 2 & 10 AF 2 8 A F N 1
Ra 88 2 2 G 2 & 10 2 8 100 13132 B 2D 2. 8 2
Ag H9 2 2 G 2 (4] 10 2 6 10 14 (2 &6 10 2: 8 1 2
‘Th 20 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa g1 2 2 6 = G 10 2 G 10 14 |2 6 10 2 AL 1 2
U 92 2 2 6 2 6 1D 2 6 10 14 (2 & 10 3 2 & 1 2
Np 93 2 2 & 2 (5] 10 2 5] 10 14 (2 6 10 4 2 6 1 2
Pu 24 2 20 6 2. 6 10 2 6 10 14 (2 6 10 6 T 2
Am a5 2 2 & 2 < E 2 6 1 14 |2 & 1007 2 6 2
Cm 96 2 2 & 2 6 10 2 6 1 14|92 8 007 2 6 1 2
Bl a7 2 2 & 2 6 10 2 6 10 14 |2 6 10 B 2 6 1 2
cf 98 2 2 I3 2 5] 10 2 6 10 14 (2 6 10 10| 2 6 2
Es a9 2 2 (5] 2 B 1D 2 6 10 14 (2 & 10 11 P 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 B 10 2 6 10 14 (2 6 10 13| 2 6 2
No 102 2 2 6 = & 1D 2 6 10 14 |2 6 10 14| 2 8 2
Lt 103 2 2 G 2 e 18 2 6 10 14 |2 6 40 14| 2 & 1 2
RI 104 2 2 6 2 G 10 2 6 10 14 |2 6 10 10| 2 6 2 2
Dix 105 2 2 (5] 2 & 10 2 6 10 14 |2 6 10 11 2 & 3 2
S 106 2 2 G 2 e 19 2 6 10" 142 6 19 12| 2, & & 2
Bh 107 2 2 G 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 & 2NE 2 5 10 2 6 10 14 (2 6 10 4|2 6 8 2
Rg** 111 2 2 & 2 6 10 2 6 10 14 |2 6 10 14| 2 6 10 1

112 T IHA AUF THEI-HEA A T T@ E, T IR P2 W ORE ¢

& 39 AW W 79 T T
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A =

HRIT

T 7 % AR AW e ¥ 7 A A US o um ¥ S womts e W am eR ¥ vem Ty
T, o o =iead A §9 1808 | wiauiiad a1, = e wem) v2e o 09 S e &0 B 2, T
it fafer 7= form o oo €1 2=imel v & o § v g 7w w5 e fR e fae
& 1 99 1N qel S (e, W e FIEE) BN A B £ $9 FE-E0EE 0 e o A
T FI HEA F T F fon gga 3§ WA wiEe v fer )

T 1898 T ofeE J Fer F WE] UF GEF GFE A a6 96l UF e w8, oE w
ToEe Suftem B €1 9 Aiew, feE A W T R WA W OF w9 T e T e, T,
1909 H WEIRIE o Hewqul o~ o UHIUH WE G e THg gen WRiE A 78 e ke B am
% % H 950 B2 AEN H1 AR AGE S 2 i sea o9 ar St gur S 7 afa w5
€1 wIHE Hiew, W dndee ¥ firew- e o, ffvan =9 9 Tiees uiee § SgaC o, Wy 98 WA
=1 et =ht, Bl T 59 = &) =Ed 6 S 9 fh seEe e | o 18 TR oW §2 T e
5 TEAIY] F1 AR WA, S14 AN A S el o fae ol ST Sl % an § e
TE 0 HeH1| WIRE Aled F1 3 wieAEal B G 1913 F Ao 90 A gEged WH] 6 H#e died 4
T aun 7w waten e B e % 9 o geren Sl § e afd € Few 3w Fu
=1 21 e 7w 2 au wers wen o Tl s € 2 An S fafee wal § @i w1 et =
T 1 SR U FaT % A0 A S s # gl 7 e R el 9] Aied sEee &
TiFEH ) HAMYEE T FA o, A 98 "g-seE WEvis F egHl & SmE T8 T I S5
T 950 WeS, Bl T @ T AR "iEd A e $1 A o Anl S U% v gaen A |
FAd gU FETIE F o B H HE T A1 T SHE 901 96 e o A # & e 4 U e
LG 0 e T s e e T e £l 1 M 2 B B s B S T i
1 wdi fofa st =@ = 5@ 2 sEHE % sfiraam fagin’ F e E g @ €1 5 T
TEESH A 1 AR WS 7 Seel 1692 o Aol S5 Hi U S 2, Ao weea sAresa
g & e e E

T 1926 H WA wifEsw § wF wHEm foan, o giee it we o @) sees g fiEw
¥ geraeia o faam Sl T | ora sl Sl w1 A e S T £ e SR 7 e | et
T T-F AR AEL A R HHEI F A § T §, Ao s % ¢ sifvsma fast’ 6 o
T #1 9E 2Y WUt i eEeE wA] § gerde o fou e R e, o) seeeE & dve sl
AR A T T (5 e 26 €)% AN H S W g2 | A Feied Sl -we S 9 S
TUT-TFEA W A FFEN Tene - YT N T o, ey F@en e L AR gase FEn T m,
*F M YEAH Wi &, Afeen GHIH 7 B o UHOTHSEY WY g €1 T4 4 ey gensl 5 g
W fiE ot AfEsT T % v A T W eN € TS W % FEEn A new w6
TAgH T Wl TEe(3l hi ANl Ul § SN S6h SR W U UESE] Hi |l HHSE €, 5 |
TiEE §A T T&T T Hh|

T FEY AT Bige o SEN Fg-geEea WHE & ToeA-aat 1 & R g s
TR B A T G A7 & I9-FI9 o =9 T T TR © A = S-S W W A S A 2 T
%, ol gl Sufeer 9 31 FIEgIo S SRS 99 P (IROW- He', Li” @) ¥ R
fom T Wi o W el 1 HHE S @il §, T qe-sered WEVET ¥ wul 1 e n MK 1 E
WH W R §) R SaE % T (n+ () F1 AW T9eA S0 S SaEl S 0 394 @ %9 il A
T8 A1 HEER] B (0 + 1) FA A, 9l IH G F1 S 9 200, e A n s a6 wE 2 e
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T § TH FE w0 WE T &, 99 3 SO o 994 %0 ¥ Sendd el & AEeA g (e
T # Rl 9 geaeEl B 9 FElen-HE F 9 A9 T8 2 TRl £) 31 EE o Afeshad gkl
T (U ST % e W OTeE W T 7 o WA TE e, T 9% WOw He H UE- U
ORI 7S AT) T SR W R W &) RISl % ot WA T faEn m sAnE 2

21

23

24

x5

27
28
29

211

(=
=

HHEH

(i) W U R H seEel sl He w1 dfemas i)
() TF T TEEEH % oA HN e & e witan
(i) HeF % UF Wiel H U seidgil 1 W@ H1 U Hifs
(i) 7mg "“CH =M T (F) T W AW (W) FA FHAA AW FHiA00
(712 ®1 5598E = 1.675 « 1077 kg AA @Ifsw)
(iit) #FE @9 H1 T (STP) ™ 34 mg NH, # WieHl =
() Tl WS IR (") Fel 5590 FaE)
%M@ #7 aM § ufad § #0039 dfatda @ e
Treafafen fesr A Suftem =M @R =2 =1 9= Tmer-
e, %0, Mg, 35Fe, Sisr
= T, T AT FEAEE (A) SR W] HE (Z) A WS 5 U v fafe
() Z=17, A=35.
(i) Z=92, A=233
(iii) Z= 4, A= 9
Tifgm o g SeEfoe el T 1 a-49 (1) 580 nm &1 TEE M (v) SR
TO-HEA (v) F Awer Fifaw)
Y UH [ Hl FAl a0 hiee-
(i) ¥ 3% 10" Hz AGM 91 Y9 & 97 21
(i) et T-3= 0.50 A &
2.0 x 107" s e el WHTI T BT aE-2, AEE i w-HE # T i)
v R, FTERT w-S9 4000 pm B S 1J S T, 5w i Hen )
T 4% 107 m - T TF B 2,13 eV FEFCH T 91 #1909 SR
g
(1) FEEFT I (VW) (il) TEEE H S S A (1) THEiE seEeE & A
= e FIU (1 eV= 1.6020 x 10 )
TfEam WA % e o T 242 nm w-S9 = - Tt v w6
21 mifesm #T @A e kJ mol ' w@ i)
25 =if2 1 U wed 0.57 1 m TS S die 11 K A W S S a
WA WS FIST & ST &1 a1 @ Hie
st g #1 T T 6800 A TS g fafEw =em 6 3 9 9 e
el e €1 U w SEel e (v,) @ FEwEE (W,) T Fifoa)
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215

216

w4 FRENE WA % n=4 Sl B8 n=2 F9 W H R o 2, al fee

=22 1 Y I E@n?

A% AN n= 5 F4F F IUEE T, T H T F AT % A e w9

AETIHT EN? AT I H e EEgeH WAN] & SEAA T § it

(@ TR n= 1 w9 eI T T % e s T e 2D

w4 EESH AW IR g n= 6 O Yol 9yl | W 2, @ o sered

(1) TESEHE % 99 FHF o Harad Fe -2.18 « 107 J atom | T WS FEE
o garad FHe =aEu)

(1) FESEA AW & UEE G R S e w5 e Fifw

FEEIS TN 1 A G § sl -9 A GHnm &7 aw-wE 1 v

e

EREISA WHM] § e o TEell ®w ¥ uiwEl sy a% o 5 % e sravas sl

H T | MO FA T TR A gy s ¥ e &, o fRE wn-ae

YERTYl SEAfE B2 (SeEE w1 derd et sl -2, 18 ¢ 107" ergs )1

FEEEA WA § TEEA F1 T E, = (-2.18 - 107%/n’ J 3M A I 2

n = 2% U seagH w1 g 7t Feed & fau s s s e wifea) v

w1 W A WO-T5 (em W) w0 w0, foRE YA T e A W wE

2.05 « 10" m s a7 9 7a % © fHdl gemeE w1 au-as = B

FoAA I FEHE 9.1 « 10 kg €1 A 91 7S S0 3.0 « 1090 B, a1 381

-2 HT T Fife

s § @ w9 gu-sm e #, i fEd el 6 gae e 97

Na". K'. Mg, Ca™, 8", Ar

(i) Tr=feafea s & et e fefer -

F) 0 (@) Na’ m o™ = F
(t) =9 T T TAV-HE e, e T Al seEenl 1 etaten w1 o
=9I S R -
(=) 3s' @ 2p’ am ) ap’e
(iii) Tr=feifad =i A wemEl = 9" ShE —
(F) [He] 2s' (@) [Ne] 3s° 3p° (M [Ar] 4s” 3d.

e Frr n AW BRI g e w1 wiftae erEa BRmY
T T fHE 3dFa H B T o o m ¥ Eva A A
forel T = WO W 29 TeERM S 35 TR €1 (1) T WEE St Hem aenu
(i) = T geEie o waE
H,. H, iR O, =iei # suftem somz 1 wen w5
(i) fost wHT] SR W1 on = 3 1 IES AL AR 2m, S wWE AT B
(i) 3dF4%F ¥ oA & fom m, ¢ | Farn Sens & 79 =
(iii) Fr=forfea & @ &4 6 weF ova & -
1p. 2s. 2p W3S

A =



230

240

241
242

s,p.d T F FrefefEn Fazn Tena ae Fawl # gann -

(#F) n=1,1=0

(@) n=3;1=1

(M) n=d;l=1

() n=4;1=3

FO 47 7w frefalen sEen gen 6 9 0 g o f -

(#F) n=0, 1=0, m o= 0 m =+ Y%
(™) n=1, =0, mo= & mo=- Y
(M n=1, =1, m o= 0, m, =+ Y
() n=2, =1, q (A1 m=-1%
(¥) n=3, =3 m =-3, m =+ Y
(") n=3, l=1, m = 0, m=+ %
(F) n=4, m=-'% (@) n=3.1=0

T TEEY TF TR WA | AR e w1 IR 59 w5 A e
F-ATel WS =l e g T

He' ¥0gd & n=4 ¥ n=2 a9 a7 9 9 qui-92 & s are H6av
RS Ty H @ Y

He' (g) = He™ (g) + ¢ Rieha o o0 STEas o1 &1 TSI TEge WhY
1 AR SR H SE e 2,18 « 107" J atom™ #

Af% FTeA TH] 1 ST 0.15 nm &, 9 F9 FeA WO R FE F1 T0A i,
% 20 cm Thol F1 OEE § Uh-UF Fich =aieed {1 =1 gear 21

FTEA F 2 x10° WA U FHaw ¥ FEited ¥ O 30 S §1 @4 2.4 om 1,
A1 FHET AW F S FT A R

i TTH] 1 =T 2.6 A ¥ — (%) TH% WA i =0 pm ® ¥en (E) 1.6 em
F1 wAE § HAR F WA IR WHOE F @ HOE i

foreit = =0 feem o AW 2.5 x 10 /5C ¥ 7o Sufte TeE T N MO
Fifam

faferka o W ° 9 # °98 W Fmhdl X-fH gr wra i - s urw
o = B A %1 98 W Ak wiE g @Em -1.282 x 10°6C €, °@ 3
e R e S

TIHE = T H A, WA AR A WAE w1 9w 6 o w5 e
o B s A R e e 5w e A A e o
| T A Ty

T Br a1 ©Br YiE U €, T o Br a4 SBr W 7T €1 e T w1 )
T §1 FHHM HEA ae e § WA w1 ger ® 31.7% 2 afes §1 gew 1w
Teter fefan)

37 M HE 961 TR 1 W EEY F U RE 1 A S 8 e ge
H = 11.1% aifaF 2, 1 @ & gt fefem)
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2.56

A =

56 SEAHTT HEAT 9 U S TOHAET F1 3 9T €, 3 SUH gerria ol qorl H 30.49% =g
A €1 T9 W AT (At

frreAferam i 5 YoM 1 A T wed 50 W S it —

(%) 9E#FEa =4 (oven) ¥ fafwrm

(@) JAEm-HFa o A (amber) TE

(1) TETE, e | ura A

(9) ==h fm 9 woEs T

(=) X-fwi

e w337, 1 nm 1 av-39 W U fafEn e s g1 Ak st wigEl #1 S
5.8 x 1024 1, @ 30 o =] W51 1 T FHifey)

et 1 o1 HEG: Foba Al ¥ WgE oA S #1 A0 98 616 nm T S | fafm-sonsia
w2, @

(F) TR & @M (F) 30 952 ¥ 70 5 gm m@ #1 E  (7) F@en ®:ow g
(W) Sufeerd adien 1 H@W 1 N0 witee, (3R FE 2J F1 e Iod= HEt 21

e e F que TR H fHed 96 HEd wgd wEer B ¢ 4R S HEEE 600 nm F
fafeer & 3 3.15 % 107°) 3 T €, W TgIF 59 MW wREE T F7 0 FHire)
Zeifora araens | Avis o SHid-eE S HIY WA SR A Hehe WM e fafwn dim a saEm
T Tl ST 21 A fafE Wi 1 e 2ns R e S wE o e St wemEl B
wE 2.5 % 10'° ¥, & @6 w1 T 1 @ F)

Terdl el faaford -2 faie Sisia dav 589 Y 589.6nm W AE S § | Ul Hehem
I A @ T S sTEEnsT % At S % el FOT0E F i)

Hfgg WA F FEEEE 1.9 eV E, &

(%) sfsm fafemm =1 et -2t (@) eel AT F1 T Fifew 3 w@iem o= 5
500nm I T-T5 % T faRifim e s, & fhet 5w F1 e S W1 5w
T I

wa Hifgaw o H fafa= w2l % we it e s 2 9 efatas ofom o
;e

% (nm) 500 450 400

vx 10°%(em s™) 2.55 4.35 5.36

TR T WA yEm | T g E R 1 SEER 0.35V i diedl g/ TR S He
%1 W@ 256.7 nm ¥ TR 1 FEn o s 2, @ foes o % e wrwer w1 T i
aft 150pm @@1-3=d @1 @A Um WA @ ahd@ 2 S THe SR wul gl selagia
1.5 x10°ms ™ 1 € 9t Fieher 2 0 39 Sl H1 0 S0, foed g Afgs @ den gan F1
T AU W TS TEE n T F AR A I T n=3 A WE EM E A T 0 =229
% 10" (Hz) [ 1/3° - 1/n%] 9 90 =1 ¥Fa1 §1 37 HWFAW 1285 nm T Wed g@ g, 9
n & W S T S0 8 T2 T & Fan)

T I HFAY o AT F] MOA FA(A, S 1.3225 nm B A w9 F @0 6 211.6
pm W AT B E1TH AT H A S A SR ey &1 A9 o S
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2.57

% FIeEl 5 vAien 551 O TRl SR ¥ TeeE qER i | g, 9 S e on e
TR o el w1 wfa et vfafae o fau 3wEe o s §) 58 genevl § A s &
A 1.6 x 10°ms™ ¥, 1 59 so@E § Haag 3 avell a-95 S A S

Teiai Toad o T =12 Taee gemaei 1 e F wE w feie F v R e 8
Afz IET 800pm = F-F5F & =, 6 ~gEiE | gatya afgensfor 90 1 T sifa

Hfe G % TN HY T TR 1 9 2.9 x 10'ms | #, & su0 gatue 2 afelt 3 2s w1 e
i)

TE T, S 1000 V F faveEi § 1 5 @ E, 0 et a7 4.87 x 107 ms ! 19 0.1 kg
ZEIYM 1 gl 1 TR 39 AT 9 iaee &, 6 e9d gatua qe-ged F1 1oE wife)

fy W ZeEE F1 frufd T+ 0.002nm F YSA T A ST, W 9 F Tem A affream
1 T HIAU| AR e FEAT h/ 4z, x0.05 nm €, @ 1 56 TH = e § RE HiE
ZrT7
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n=4,1=2, m=-2, m=-1/2

n=3.1=2m=1.,m,=+1/2

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

n=3,1=2, m=-2, m=-1/2

n=3,l=1, m==1,m=+1/2

i n=41=1m=0.m =+1/2

IS AT § 35 gogA B 31 26 2p FEF H @ gogH, Sp REE T 9 goEaH a4l 4p
FeF T W TR T T ST W B W TGN A WS A A6 ST B 7
faeiferfan § 9§ F 9 Heh SwuaEl TFERE AET S Fm?

(1) 2s @ 3s, (1) 4d SR Af T2 (1) 3d 3 3p.

Al A Si B 3p FaF d gHa ToieR B £ i W geeRE Arad @ e T s
ST AT N7

T sffod el ® TEn =R (%) P (") St (1) Cr () Fe (F) Kr

(F) n=4 § gafes e 3w 27
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