5265CH12

(”.‘.t

(ATOMS)

(INTRODUCTION) Ji/l¥ 12.1
418977, st o 361 (FL (atomiic hypothesis) & A1 e\ E§aa ) 521
el LB 5L (1856-1940) Wiz Ub ;,y:}’zfl{ e dre o
(negatively charged constituents)d(/“LlZloﬁZy/.lgd}uﬁ EDS T A
Ge I B LG 1 L ndentican flerd £ skl 22 (s 2
SIS FL U Pre Sivtntile wdd Ut (1l U1 & n(Neutral
St s e dudd (BN S Uit e im L FigE L S
e et

LAt 236 Qe L S U1y 7 Ut 1808 o .2 Jil g 65
Lot LU PSS 0 W@,!‘é b b g bty Zz_/g
(Plum pudding)— & H6 et erbole /AR il cur o n B
s Wkl e L Lol 1l u,’i:udg_t“,@/dﬁl.(/fu“’ff)
PNOT Ldjwwﬁ‘a&nﬁf@‘;wﬁﬂ/ . lg;émuﬂ}?tuﬁ(":mni I



3§ 1871-1937) 3195187
U Ul e s vl
oMo g L I gk E
Sl S U,
L WAAL S 3R - el
L Pl P T a5
& LsS 5br ¥ (emanation) s
b 7 o st oble)
Uss® 12 L =5l (isotope)
d:" J.w; - &M(thoron)
S JEN € =5 < (metal foil)
61l =3l o F1 U
£ % Uy Ui S
Ve oiny )

*

_
-
)
N
a
N
)
2]
L]
1
=i
D
("]
L

il (wai U¥)(condensed matter)ssl s4* Jfff LA
U B Pt e Lot G e e
AU S U U e bl - G et Sl Filb e b
S wifusisy Lol JA IR, X U
Qs b e Ut J(/Z;J_Jué/.ém_ug sl 2 3L
b G Arudgde B Gt be urdut iz 2t
A R EIE bt 32 SIS ATE S S 7
[P & o btask ol b sl sttt U e e o
UL I Fuiine e s SUsiS PR b e
Py

L SG Tl AL G ) Fo G U Lsp L Sumn )
L LI 2t ab L PP e M b A K 2 AL
ngdé_oﬁr};’u’!_‘g tnys&uugf‘vg,%uwéxﬁutuﬁaa
—e At L Lk L Ul okl J(i! g
b1 d_(1825-1898)(Johann Jakob Balmer) /| 21 21885
LBz ntloe Farf\ (8 13L U\ b bEmpirical FLiT
2 AUSUE A B Pa ol e L S IR s Sl
LIS L o S e sl

H‘_,JU»@ AL Va2 2 1871-1937) (Ernst Rutherford)isss el

U}“’;’u:1906-&J}""&UﬁJ_/(c«@f:.jVé:QUJLMG/GL/V/K%AZ’»{‘&%U
ol g 5 R L6 Uil e sied L S S
[Ernst ¢/ il e lsl[Hans Geiger (1882—1945)]?@.,4}&1911‘&
L A Fionl £ 2002 S e &SN Marsden (1899-1970)]
Jé/ll'éia,_fﬁu"_‘aé@(&uﬁ 12200 S f(FSSA NS SHE
AL S pid (e b UGB DU bl Fle eolos
D te e 5% e Fp i o sl K S oy e

509

LSBT e B L SIS

<2 SE NI R T b PG B A e A s



“l).f"b’

|| I_

Srn Il e P - LU S Gt A S S fen o
P18 (b sz I A 5 sy L 2D
AL S S e Nt & TIPS Fro$is S Jw{ﬁut/‘i@l
B BN ENE R ANy e
Jfl.&l?/x:rf' K500l E5 00501122
(ALPHA-PARTICLE SATTERING AND RUTHERFORD'S
NUCLEAR MODEL OF ATOM)

e UA L\ FA L h A S K1, LS E L eIt 1011
< "MBisl e LIS 2.1 Led
F Gt fels5.5 Mevds sl
WS B 66 Ait12. 28 s G Ol
Loty alsnpbe BB Blg e

S BVt et L e s
L A S S 2.1 x 107 m
ilied 5L K3t Ll 2 €l
B tid L slor K K3y
Lé'&g/‘gﬁg}%}/g—uﬁ‘;ogé_aw’;n}# LS

Yty

tLﬁ?b{)é/)éd}/}fd%‘j’_é%ﬁ&&%j ;:Zangiuhguwégf“1/g—7f~/&"i!t{cg}/h—ﬁ12. lgﬁ

L FEL B G S5 2w S0 (TWE U Pl

P TRV
10 Smi
I R 10 m J,gfd‘.d/é.r

e
[ / /;f}u},)
"- i b
Ebifets et
: >

° —_— O :
slE=ls [ I: )9 [ —

\ 022ZnS
o
%,u;zvgp{\/

= 8000k P Slndfe %
‘;-musy‘ﬂm (Ls?) sl

(’/@;"fl}&,fuéqht—/ﬁlz.zf

510



d N
T} 103 \-
) \'\
3
- 102 e
—eo| -
10
0 20 40 60 80 100 120 140 160 180

(d:d/?)é'/lg“fﬂ)

20t FTLE 50l LG S v L(dots) 12 3

LHoe e\ f b t12.2 248 s &

J;Jfgfi”"d/jﬁgiﬁ/é’u“(solid curvefbﬁ)f:’ -4
ettt e SH B

u(:,!u‘—a&n/"'“”?/?ug;!)._iﬁ;uﬁcﬁﬁﬁ}i.ﬂa;_,g
Foe Vb U123 85 AZ L6
f J)/m gl By UL Us T (dots) b
& qu.f?':d}"d"{ é’.;/‘”u’!(solid curve Lj;’u’};’)
=(dense) i< (small) P LIt 1L s S
e inf:(positively charged) s4* @/.l:a
e 1 Lo 2 e S e liiea
= - c«’u’—aéb-t}f u:‘/")bajé)’/c u/{uu/‘a
= 80001 Pl & st A sl s 1°014%
d/ﬁ J.’.‘, b 5/).’/)/-‘&@? vac 03lJ <90°%1
e Pl LE eSS foimaS
“’/.l{:«g{d/ﬁi/’é‘gﬁcnyo;’;-io;’v@diug
S Fre B Sl S =36 e
St Sees foe L sbedasi-athd T

13 el Kl ot P Oy Lo b TE s Eme (Flz
—e bl LI A6 Py L in’ﬁ/}mcgﬁ 51 L(f? Ut L (hypothesis) & }
Lt e s St e S SIS L i
:ﬁujifa@uﬁu;/ua/w;/@:mﬁiul}g!_ug?_n/?&w{;wul}?w
< 10" m f;/"’;'//v Ku‘-&fngﬁ_é_jéb;’u/_q’? Z_/'/:J//;/'%L@/r;/‘l,«
261070 m 7L YU 6 51 G L (kinetic theory) £ (7 £ 107 m
¥ U760 § el X126 0345 17 100,000 10000 & # € 71 1 £ ‘ﬂgx
L J«‘{:’;iﬁfum?aﬁal; ufjiiu'}?'f‘am,')’”“&u’!.( &gl 1-11.6.2
IoiSe Tl o Ut £dbo Sal 3K 16t 100000 10,0008
?‘L l:’lg";./,,/“ci gff(k 0/3 _,g - J?_Z/fu{&gc, U; Jolm & ug =3
ca;dl‘;&G»)i‘&%fz(u&iglu’i!_‘glz;/}pcgr;ugzugclul@(}“/./ﬁcfﬁlbgup

511

-iufuf/‘w&L?J,Qw'u;mugan(éosz
CClgl:’/‘éi/oW‘J’U}"L&l{g}:‘:d:(%"Z:L;’/)ﬂdfngJ}(@tgx’éfLUjUf 12.3%



g/o)gjc,ugo/;'uﬁLnL/f:,uﬁ@I‘LV@Q(J},‘L&%@JLV.Q/-‘L
OK UL e o B L S L e 5
2SI e d P bt e daedbingt gy FEL e libl o
C1 6z =70 LI v sul 165 12U e 2l 6 PS L Lo
e SN e i Bt S P e Sl 50, P %
i o nlos s B s 7K AL U P e b gl S
Sl 2 S 109K e 386 3F - Frolenl U5
"y

:Lajﬁd;ﬁ(fo;’.uﬁ

1 (2e)(ze)
p-_— =i (12.1)

- dre, re
-k JL}'LD Lll:[u‘:{:. IEYRRYe er/;«}.‘LJJU (}Lf/} g‘f:ﬁy,; 0s5—arUWE
. 7 o S . L
Srue Ja:’(}bJ{on’—ar‘g Cyessse u':Kkul‘L Lfﬂfb{,/é kacﬁéﬁu/;—aug_‘a

_‘L@/dnd,@t‘@o//}l/ﬁ

(Alpha-particle trajectory).lts6s,5-112.2.1

8t L b (impact parameter) 1z - F& ol ol 3 B 25 L n5-a ]
J. .~,us_a.(12.4)ﬁ§.ysd;/Kgf/B/dj CTL s JpL u&:ﬂ%-ﬁ;.
LAoiee Qe i bus e S bl

(12.4&9)‘4&}%%5&?1.&’@@;/@@6@ /
U (e Gt PO S Ut o5
LA IR Fe D b 7L 5 20ss-anr )
J (Head on collision (e ) pu?&,ydgg_c;_ e
to et i U sieante b PR -t e
& L Aip-pd e %_(p=r) (rebounds back) <
(0 200t e e bl s 3P Fhia
Ul Gr R S S s S w3,
L:Cn?g;;:;w,’,ﬁ«_gmpwwg e ﬂ,/.;u;gfuu‘-aé'fg. 3/64,CL“JJ_~,|,

® QJ”'J:".:JM

Feelii—a ui‘uu,»_//i v""i’.bjﬂ 12.4J‘é
gL S st i F ks

4‘5..‘«

512



|| L

fll

VQKL//(}J""MLEULU(//VL ﬁg}:‘:ulﬁﬁlf/}/}/éuﬂ_%]é/uﬁﬁyug%{d/ﬁ’f‘a

- /’/iwj

L w105 m kﬁ/ﬁ.w)uﬁ”ga AL i L 2 Je
1B ) TGS 1070 m s L e S
o UL 12 (s ar b S (B S e GBS
/35.243 Kiul 9] %;LJL&;@» {ufé’,&'»éu’l‘a/;) Jb‘céjrufmuﬁ/';
—ebbl7 x 10° m Aid b 15 % 10 mbk P

SR e = 10 e Sl Pl LB
Luﬁb/Z@;rﬁ.pzbf 10°k /”L/ﬁﬂéufgic/ﬁﬂtﬁuéul}?!
v B id K e L i St 107 K B 39 L G BB id K
uv-+bfloo@/’"vﬁ36/'»dﬂ£u:;,:105 x7x10°m=7x10" m
_Jn/m)g)afdc;@/ruﬁjé

_4_3n,;gju:»2,»wiﬁ_/w s wgw&g@.wm

§ oz e u':ga €oss-adl7.7 Me\w,j"qht—)?ig:m.zd@'
BT uPb;Jta 23S = (16| (distance of closest approach) 42
_L/JL?M&;’

Y L LBt S LT U P6E S
‘.ﬁdiiu’w’@j“c E, AR 2Ly &TJ(WJ-‘L&W/ Jusf Eé*fd/rlbﬂ«}}&
Ui L& fss-aSre G-l g, Q35T el e & SJH L
3438486, B0I81_ $ 80987 S0ss-ad b T, Q0TS
e Pl e 12,12 U 5% Ul

sl L PR L L L sl g BEL s osso SED

_uj‘émﬁ/ E = E_I.:ng/étl?(?&}'.‘gd.lﬂﬁ
1 (2e)(Ze) 2Ze*
C4ng, d  4ne,d

e tbbd o6 17 S U

513




2z
4ng K

6( Jg 1.2 x 107" Jl7.7 Meva?J/(}"’! Seliiad_lsd_x L £ ¥ 3/}

=9.0x 10" N mﬁ/c%ﬁf_‘a

t(z
i

LnZeo16x10" cLU g

_(2)(9.0x10°Nm” /C*){1.6 x10 '"C)*Z
1.2x107"%J
=384 x 10" Zm

@87"

d

uny-dxa~snopnu

/snaonu/Aydured /3 oe ured Ayd-ygoesanno-mmm/ /:dng

o~ r’;fr/{r‘:/g 91

LUz = 79‘¢:ﬁu%~lKchg:L£@

1 fm = 105 m () d (Au) = 3.0 x 10™* m = 30 fm
Léaégmag;-‘a 3.0 x 107" m/ﬁﬂKﬂLLy;w
(discrepancy) P& Ul-c6fm H it Ve Ly bl U LA
SeE B IL s Bidl L s rdibf i e onf
AT S ELEEL u»‘gz‘LLm;_a“iu’v-c‘-tnu;51:4/)39¢6<¢5
—e WSt e e ISR TV

(Electron orbits). Ly 112.2.2

S fuf,u?/?»b Seci Pt SCeldE KUt P K716 5305
£ e ikt tibedStiBen L Pet/Hu S
wgygmuﬂ}?tLnL/th.@+//Jikuuﬁ?iuﬁ Uil (@J)Jizrt%l;f
(F) 232 55 ind £ L Fo Ut usa L e 3OE 5§ 5 bl

L Ll bt el e (Ul

F.=F,
m? 1 e

T 1 (12.2)
:‘a;ﬁjut/@gfu%qudém‘;w

82
gar— (12:3)

(]
WAL AT PN A SR

e” 1, e’
U—- K ——mu® —

drz, 2 8nz,r

514



515

11.3J¢&

S A1 i L e terre F3F 0T (b e EE 0)

3LLEdW?
32 )2
E-K+U=——--"%
Bre,r  4dng,r
I 62
Sneor (12.4)

Jiwede e inw,&cw{éub"?!f%_,ibf{w_g‘_ FleIFS )
SRS o L B
sl U g Ll AN LS Pasd LS e ot = F 12,86
Pdl Ml LS Pty Lioe Ko 01718.6 evd LS
TN
SIS
-13.6eV=-136x1.6x 10" J=-2.2x10""J

:+bnfb¢(12.4)c«')V“AJ’

eQ

=-22x10"%J

Sneg,r

N Py
e’ (9x10° Nm*/C*)1.6 x10 "C)®
8néE (2)(-2.2 x107' J)

r=-

=53x10" m
CE Sz n s S ibe (12.3)e bl w2, m=9.1 x 10 kg
e Pt

€  -2.2x10° m/s.

Jadna,mr

b
(ATOMIC SPECTRA)_:24(5“112.3

0=

_‘ct‘/@/l}u}?‘afn%bgf/bf“’u’kfuygwW/{rguél‘ad/@llf‘u: 12. 1.2 e
eSS fuhic e stree e it Het Bl L
SO L U L SESASBS oA S St Flo b K 12
A @/l;aj./s&ﬁujgw%’_‘éw?'};%%u: B e Ll p 2



SAL L S TS A 12,5 Ao ——

¥ (emission line spectrum)ble,)ub : E E E E E
LB £ Sesef A g 55 8 8 8 .
AL - ¥ (fingerprint J'F
Je1e b L A Qi G
LG L LA Sl S L i L
Y R (ORI bBGIA S L Pasit\12.5F
2 eibre JJPUAL =5
(absorption spectrum)=b VKol L T8 L2 | Ut b FEIHL oL
_‘at'Un’(
(Spectral series) ,Uf ‘f.} 12.3.1
s ity Koo\ S UL G §E b2 3L A5 P (2 S A
A b Laslenf e trntnlie S e i sl
BL U o b L b Paip FLEUEE 8 (b s St B
srklre (12,5 tr e &bty bbb
JEIL it Linpler Kbt 21 1885 b ] g EE g
AL 1 arify A, S (1825-1898) A iz Z g 575 g 8
—_(12.6f° e kA A L, 3 A isible region)i_ ik
Ho s slBUtd 1, +23656.3 nm JJ 613 1s J sl e i
H, H,  Hy  Hy H

H, Zageinmut &b & J P67 ds ol & e bl
Sl b H Lt slasainm g Jbebs|Fee b
faﬁd/w,wLnr)&{;y’up&;ﬂ;u@#% Clly &U}’zﬁﬁ_‘f;,lo}

W6 G Tl Ll £ g b ontei e Qb dor
2. R( : —L] (12.5)

27 2
o/;;)5:4‘3éc/,3 % (é;éﬁ’/d/m}l‘c L“M/W_J//.f/ﬁ‘a WJR{%/J}”:XUQZ
~L¢3MU}’(UY‘/G/E¢"V~:~+ 1.097 x 10" m™ Jﬁd/R-+GCn

A b GIAIL P 2.6

516



gL ISP L Az nesUt(12.5) e bls

l—1.097’ x 107 [1 —i] m '

i 2z 32

=1.522x 106 m™

\ = 656.3 nm
L L = o FLTU S Pl dks T L L nm g
u:f»5’;,&/5/75#@;-4‘_@,»(4qu:&/g,_c,&nww?x= 364.6nm
DT AR g PR P NS

LR L UL S s el E NS L b P
:u“rz_lgué/;wauﬂnsug-@LM&:‘“)’%MJ/&J%%

1 1 1

I:R E i n=2.34.. (12.6)
AL

1 1 1

7=R T n=4,5,6 (12.7)
st

1 1 1

;:R 22 n=>5,6,7... (12.8)
L

1 1 1

FZR =T n=6,7,8... (12.9)

Wb o Rl g 3 e e B G At
Qﬁ&-gﬁﬁ@w&uﬁy&ﬁiﬁﬂ(12.5):«151/‘

c=rvh

1 v
—=— 1
A ¢ *

e Qlr(12.5)=blad U1

1

v=Rc[ : ——2] (12.10)
AR "uﬁuifo/:)& ”"A"/‘U/V»”JTJLVQ‘J)//?E')/VRJ/
517



“l).f"b’

|| I_

~JELL b U berleB (12.9) blat (12.5) e sl

IS 2 e L S e B raTEL U12.96 12505 5L+
Fo S Qs e i FUTEl o LS ek LT
G LTt we ] S e

(BOHR MODEL OF THE HYDROGEN ATOM)_J3(, 74 K(’ilu%ujf; 12.4

ui%;anz./q;}/,uw“@df/vgzﬁzu;wgu"/',uwsu(":;,,,/z,{g,g;,,,
d}‘l‘;j:u:u?/ﬂuj”uwg‘%V/%J&‘C)Jr@uk—@rﬂg%ﬁ%%

u%f_ufﬁ,@e%m(’sq_/sigiu%;u(wd/y-ugwu}w
S L 9L HE i Sl et
an“/,},@i/id’j/‘gémjb/://uﬁo/’bugﬁiugfuz&kgﬂ-‘am
o AL AL E oGS (e S e
AU AL e b I ST Grnsinst
e S spira$ & e Ut D1 b dn U SusS
Etbop e 7 el o a B b St oz A
TS ekl Ui 2 S Qe L F e b
S Sttt o Gl L b st
e Sl o sl g Sl oo LTy
ek e S OAL St e K S St
SIS e sl sl #féfﬁéaﬁ@ﬁfﬁ:%g
eSS e (ol ble P /Gt 6 3

_ur kL L Seslad

g
%?u?@‘éuﬁV/:@(4/}J;Ur;xL/CQlk’zd/g!(d%’Z%c’/'vp:1 27
RSP e

(1885 - 1962) 74 345 St UF
(Niels Henrik David Bohr
LUl E U et U
Sy P P bl IR
L5 A & U eolos
1y U':i’:ﬁ YUt
AL aile AL 1y G
Sl Ft LS eoln S S

(complementarydﬂldm{./)}’

-ézi principle)

-
®
®
(51
\
[
(o]
)]
)
N
N
\ow
&=
&
%

518



|| L

519

NI E s 2 S BT AL L Es e Ga 12,06
-éﬁﬁd/’&l’(é’%}f({@/@éﬁé

5.3 x 10_“m)/(LUU’}/?HJ?J:ﬁ‘d?}/jf%bgfw&[?(lclzajt‘,:d’
ue’u?;w_‘a 2.2 x 10° m/s JGJJU%’LML/@J//J/LLL}SJEJ
:‘a;ﬁ Ku’}glLML/&/])/'%L

v 22x10°ms '

” = =

onr 2n(5.3 x 107! m)

=6.6 x 10'° Hz
e L s S 2 O L Fiste 5u k¥
K5t b e Sl ik S ﬂi&uuw’" Kus /Jib (Fy
_e 6.6 x 10'® Hz 0§07
£ I UA AU AU L U E (1885-1962) 14 Uy
o F S b Fer § 10128 st UL SEeld b L2 ) ﬁf9/g¢k@
LT L PP gBlgb i siemn L SN L 3 B SV e U
L g Feteo Gu S L it S 1918 e Py g1y
S fud- Cﬁlglfuﬁw%m{ UHL L uh’»n%.,ywﬁL/@»u} Sl
bt Gl KL L e bl w3 sl LS s
A EH el AL 3o 2 6L S 2SI QI B S b L
Ut WU ALt S (postulates) sl
LA SIS At unta ¥ AL IG5 H K
FFELL Gl e p NS Pt utr b SIS
o $FS e QI L M8 Siste Fun 2 Py UL
urdl”
U e ke Ht e vy Ao S 8 )
hUW e by S S u é’i}/:’/{ % cxd 7 JL}IJ 10001 >SS u’:‘k
7 QKB S 1P e K k(= 6.6 x 107 J 5)
Sl ()



L= nh/2x (12.11)
A e A QL s SF L FelF T e b AL i)
 ed 36Tt Ul §b2 T A e eSS
QI P bbb I e b Lo e (o Pt s S0 Gt
e LI st b U1oe Gl L GAIL P ISeT
hy=E -E, (12.12)
E, > E, sie QeI g 01 E, i (UiSe b §I6T E, Ul
()‘*ug 6198 (eneray states)U#b Gt i (12.4);«bv‘“i£(bllu’~u)yg.g
Krog bt id Kol ;',DVJ’UQ_‘L e duld Lo S
S —$8H w6t Seh & eIl Qs Z g L6 _L>
e btbbLe e dlie dedUei—s

L = mvur
i f7E eI (Ll S e B2 1 L1555 o 6 ¥ LAY
S Se S hy2n
nh
L = = —
it mvllln 2"“ (12. 13)

J.lg d/d_/c/’/ié ul}’-?uuﬁ/u n' v, J)’LL/’;JA KL’ L, <k Z‘i‘ignulﬂ
5y ﬁ’}(gfla CPP=21Y éla“é k1,23, 0L 0 d/nc Ui s 2 £ “_‘L
¥ TJ (principal quantum number)

Iéa,‘;f:'/u: ro 0, e (12.13) e /sl
e

Ufl N
Jadns,mr,
U S e QB soind Lt ito, S0 bAL (1218 2 blae

b = 1e 1

" nane, (hi2n) (12.14)
[\ h 241150

"l m o) T2 (12.15)

(12. 15):«'}&‘-4“.3{”’: &;.,;/Lndtgu&u Joslant f§. 3/5:[1;(12. 14) e sl
e LW A (n=) g S 3sstl S

520



521

2
h7g,

7 me’

r]:

LUl Sl 8 e bsle b B idy

2
a _ h7g,
0=

2 (12.16)
nme

a, =5.29 x 10™ m e tw f ey 158 el 2 emen
e n? Bodl Unlde FLb (= (12.15) = bls

538 Pt 12,4 oIS It U G AP a2
= Gl

E - [ e? Y mY 22 e

" _LSH&'OJ anj L?J L‘LTEE;‘OJ
b

me*
E, = _W (12.17)
:+Vnwb:4£/q/ﬁd;ﬁ
1%

E, = - 218100 75 (12.18)

n
lev = 1.6 x 107 J & db Srbuten e el Uz F UL eiss
:‘agttgu”guz.lspuv“iw
13.6

E, = o eV (12.19)

Ioelokz e ufgr:u'/"?'f‘éwKyw*u/&u?f&uv}?una/wu:/uvg
L BB (bt PPN PR LI DL FiPaid ote
Gkl Ly

d/’b/u&l}?!f%lﬂ;@h&’,h/;u:é_/&"’&‘uz.19)¢l;ub(12.17).>!,u
U Lslelliptical)§r g b Yoot LTSl eI I 82 uns Lot En
U b 2 & S P U $rze L = 3 St S b i)
Sobrask S S b S U & (1868-1951) (Arnold Sommerfeld) 2k~ T
Ut Freen S Lol S b




(2275 ) SN LB DI oI L]

(ORBIT VS STATE (ORBITAL PICTURE) OF ELECTRON IN ATOM)

Hee S LISl WS sl 2 U3l ﬁzér":uﬁu”{;u”{u:_,wia L2
Y BB SUIT L e LU e fla Ut d SeolonSes b $FILi b
e L, K/zia—b.}"(g)@c-”/}‘”jpgl{db'%)/l JOIE S L L s it S
Ses LA UANI YT L e\ U PN 8 S TP I e
A
GGt et (I IL co p s ot 2 5 A 5 SRR L BL gt P
G S gl S LAL U3 2 e 0 §UTF
L oL = A SN ST 3% £ 2D e a1 U314
Loty LBt b fo LS o S e Sl S0
Z D10 F6 - 2L (orbital) g4 e b bl F6 J D1 fie B - 2 S S
e Gl
-uﬁcffd o Jgugwéu!ﬁhui»ﬁf%dn/,g.w
(‘”f/ oSt Ui tas S S0ii §o o pie eond S UFTOI D JilE s
L L uF s e 30 e o S U S S 2 e Brlnos
_‘Lufwz;,“iéufT/uk!u!/}‘g!/?/‘L&n‘d’b’i nt~
NI AL e 60/ S g TS o sl £ U Tt Py
S LSd Lo Ltil g tug-c bbbl e AL JBIL Lo | L

- i

L sl b@x@d}!wguﬁgzﬁ;ﬁi Ciz-§ 10kgKi12.5 )¢
£ U}?.,/.lgé é’f) K@@Ex/ JL)UL/:JZ,J/LM L/J/::_‘LSOOkm}SJJ 9
P WL g e b ) P I Pasit e b I A1

:‘au’gGJVz‘;(lz.S)abvw
nh

mpr = —

T 2’“

522



|| L

EE [eV)JL’Of

A

-0.85
-1.51

-3.40

-13.6

A

/

2heT 3 (589 K;_/l",«LnLé/%d/’b‘ r,=8x10°m ,m=10 kg Uz
T = 7200 sfﬁ -

2T, 7 o
s :d/}’f v, /L’/..AJ’

T
rus (”W/uL’L/y
n=(2xr) x [Tr:h}
({é/u’“u}

10

n=(2wx8x 10° m)* x .
(7200 s x 6.684 x 107 J s)

= 5.3 x 10*°
..AL:!M ﬁfg"/.z_“.uf’lu_‘al”/.upo/.;ﬁ ﬁféﬁ wd/g./yfq/.»,y
RSl R EL 9 HS A

(Energy levels) J]b’élﬂ? 12.4.1

GG NS i 0 ®« o
i /uwut/?ﬂ_,zc‘-dnu,w(u:d’d'zr__/)fr../deﬁr.,g

n= & L Pluns Free Lrinlie cre u’:j{ﬁﬁ% el 1/ I
UJjud/;@“iJ’fLLL}Mbﬁz"’}é&u’*//&jbd/Eét’;éZ:n =231
fground =b 52 2o & = o e J Gorosts Btz it
/'/“C/’ng{é wu'/‘?'uﬁu%‘- Jét';d}&é-v!‘q-&ﬂz(state)
S = NelbUlca, Boid i id e tw (S Db
LS L MBS 1P i e -13.6 evelUrF
Qi Be1d $K T8 1 P ger 13 6ev U o5 ks L

_+_'@Tﬂdﬁc'—/;’&Lf“d/d/ﬁfwfﬁgtfdﬁﬁL‘L
e iev) GO LU LMo AP S S deg e o)

===
o
W AGl
(Kz

20

Jrbuidl s gies e 0GR Bad sl oMl I Ui e

R A SO ol 1 bl 36 gt Ul Berv 9 Bl
S S SRS, ST i *
Jd'/ig’ﬁzjb&;u:(b:’d@ﬁf!vg-ba -3.40 eV E, (}L’l}’rﬁiin =2 (12. lQ)&'JL"“LU:(eXCited state)

t/gféc/'hs.e Vel L& SEKT L/ﬁuﬁyud’v"}jju@n/‘j%uﬁw@gg,gf‘gb.,ib/gw-‘a
:()ijladt’?o;/}b}’b}b&”)-cu-dnﬁ

523

| E,-E =-3.40 ¢V- (-13. -10. {03
(g I Ul E,-E,=-3.40 cV-(-13.6) eV 102cV96,VdL,,5,4£



< (n = DS UWFIPIALE, - E, = 12.09 ¢V A E, = -1.51 eViLA
LI b1 S 01512.00 evid- £ LS =g J’:&/d/»
uu»ziJ{/u,u‘gC@@éuug»u:&w/&tl?ﬁf&w,guﬁ?';uﬂbﬂw-u‘f
SBIUER S b 31 B 1P i 28 et Tl kI s
e BB Bei 6 LS e 1S et

et 5 00U et (12,190 brd £ UL LS FIP L
(ascending =77 G & B3 UL b enoe AV 6o § QU2 (12,818
U Gl (1 = o)l $1Tbl e et BB U /B orden)
(r = sl L Ut 4/}5J‘(w§5 I a e QI 1 0 evit
e Ml o Poie bl br 3Lt 28 S 2 walin e Ut U ol
_ug‘&lggnﬁ.{)‘)
J;ﬁuL}Zﬁ'uz)Jifs,lZE

(THE LINE SPECTRA OF THE HYDROGEN ATOM)
L‘f’%&'»:c‘- n, 2. ﬁ/(&:cc)b&t'?wé&wfabgyz&lb/ﬁ&:’;gﬁ.:éidfl.é:/zﬁf
553348 3017 e b (transition) e (n < n) n s (KUt b G017 Bl
SU S e gt3 LK o,
hi = E, -E, (12.20)
e eyl S12.16) b L E SE,

Y
i

ne 1y

me*

R =

Yo 853.‘12 (12.21)

11
ny n’ b

me?

(12.22) Mr =W

nin, =2 ﬂ/ﬁuﬁ & V-« U}"/G.f/.fjg}.& _.,gbé ﬁ’u%}/fg%:(l2.21)c«’}b‘
bov JE Ut PP 2.10ebe FE L L&A igin = 3.4, 5....
e P Uese U T i e

< E = 0eVe Ul bl T HI Ut Ui e G S QeSS E = 0ev
-‘L.L‘-@LA;U.‘H2.8y;flq,?“at%(continuum)yug{uijbét'?/v;'

524



f:'i 71’/4"4 )

(FRANCK - HERTZ EXPERIMENT)

S ¥ bl IS 15 UAI S B QL AU (U3 2 sl fU k1914
WSO §o L bl Ui Seiu e £ il et L ufeids
STRTIERS u%!.,e‘ag’j'a:s, 51532t S CH osa Za p & ol U e 22
S gl (Lo i G putend §rid 36 gt §eiSU - uiidns S o igis
s Jika.9 evitIS AU L e a0 ev 3t #S0Ide e s S5 0n s AL
(EE S ™ G Gt O i St S5 9 IS 0ol G b

S S SuiS S Blbl l mFre

E. E.-49eV A=253 nm
4.9 eV %A% NS NS

() (b)

e JJP KCLJth@A}-[(b)fjfugfuéwtcﬂuo?zi/ LA LS D P
he _ 6.625x107% x3x10"

r=— 5 = 253 nm
E 49x1.6x10

L eiibre b7 e b IS LUt b QAL o, S A 3 B 2 3L Pl il
JI19250% 06 jd L5 S b Qe S P L pn Lot Aot il Qe AUt Uil e

b

me’

8:=2h'c

R (12.23)

<t lairui”;u”/ﬁd/uﬁ”*”ﬁuf(12.23]¢13u(7/7
R=1.03x 10" m”'
Lo Lrrenl (109T510m ) 58S Soe L AGAiT
LSS FTEE Ul fas
Ussads £ 2L L3650 - ttgnﬂwwij},;ww,wguj» LT

e el e =304 By =2 L b P o b
525



U bl P\ Gl f o Ui
L st 2§ G Subre
n,=4,5,6,... sin,=3:n,=2,3.4,... sin, =1
ca@;ui}ﬁ’" _SL T A sl i, =45 sl
J’:iqj,uff/.:u?gyig:u‘fméﬁi/&tﬁum;é
WAL el I I
gL b2 F
I 8 st b B A
2l Mo Q03 e o I FIB G
@/l;ue’}wfiuug_ﬁ d?_ugz_n@/l;ue’}mug
SP et/ utd it a o Ln
LJW{};;égmvgﬁ%@%/ﬁyﬂgﬁg:éu?
/K/;“iziz’_/@fuﬁcf’wu?&‘!@w.xjfu%v
KL u»/.;/ﬁ!g’. V- L"M.,J,{!Ji?cc“.
= U (raretied) §§ S LIS L

ETAAA KL T S LA L b b LA i
i UL St s S unS s e

|| I_

E (VoL
n=5 5 N
n=4 e “d|
0
X I Wy
-0.85 o
-15 n=3 li ,.l)" "/ %—Q
' (N
rlleV) ;
=2 AL
~3.40 % .
A4
o Ll R R N e
Abge

‘@Ln%;uyﬁuyﬂiJJU»JL’!?‘#&%12.9‘,}‘(’*

z

¢

WLJ)"@W/WV.“&W Fwa L S el bR 2
_KL;(inKaw&zut 1922-(,(&17'!,&,7_';(‘,&47}7()%[

LBk LIRSl b T s Z S Siinz.6J6

me’
8:2h*

=136eV=21.76 x10"J

ey
& U}"/G—f/.f/d’
he  me’ |1 1

A 8 h* Y nf

if

SIPL 1B bt L et

edlbre sfyng=lan =2,34,5..

fq;”alg(?.ug&‘//

2 9'cl

526



|| L

- he

l 21.76 x 10 1-"(1—l\ "
i L_l an

_ 6.625x10" " x3x10%xn  0.9134 n}

_ x10 “m
21.76x10 ® x{n? —1) {n; —1)
2
_ 91?;.4 ny &
(n; 1)

12.6 J&

by dn, =2.3.4.5.
Ay, = 9514 A ), = 1218 A, %, = 1028 A, 0, =974.3A

wU)JL’AdeJﬁQ/})L/z;fLLLﬂ:{12.6

(DE BROGLIE’S EXPLANATION OF BOHR’S
SECOND POSTULATE OF QUANTISATION)

(ljf;’/» 18] Ubiiﬁ’uﬁajug}c - u!,y’@cc;gﬂc’:‘;’ A P f»:"%'L/z}f
)t T LK AL 18 an S Jﬂi;‘f‘aug KU

2ol gss oS e A Qi (n =1, 2.3 Ul L, = ;_" S

. - . ¢ Yy . h
ngzfdsu,zj_jséﬁy,‘Lz_u/,usd)uuagfuﬁ/uwwdmgJ o

W 19230 0104

U B U3l S e U e AL 8 e LSS A
\ SASUI ALt 1927 ol p2 Bl Nyt e See G STE /S
\ % mﬁfb;‘?‘ui'zudf’ﬁiu’“/u'/)‘g'fu(‘fi&ﬁ)é.’;'/.dﬁ’é}"&.;@w‘j&@fn&f@b
’ ‘ A S usd b U5 6os Lo b Ut S o5 Lo Sy 8
L U8 e b Xt (Pl A AL 651 L E 4 -Osee
Q () wetie Seb PSS s G & 10
‘ 4 szl st g Us 9L P s Bl d b Sss Aot LI U
< JO E L stz 10 ng"}’u'?nggd*;Qﬂ (f'uﬁdﬂﬁvgﬂnwgu’!-ug;:g}:@qj (f”ui
LAl b sieon WE AL TR e o d Al o e pe pme o p KL S35
s TSI e b 5 G ST UL sl AIE LA S
527 L1 Bidz Dl e Qon prmrsSuisienir SPLART



A i

LUl 2n, KA UV 2 5L Slea ST 7 S
27r, =nh, n=1,2,3.. (12.24)

L Uten = 48§ 4005 AUt i Ln =agt12.108
Fee1 1..4_9/&))”;!/.65 (u!}’-’?!LnL/:f/ui/u n" ok U 2w, =40

RS 5 z - h. .
&L Je$5ulebu e sbbed el Utz b =g
f ;
et (22412l k= i e mw, eSS fen
mu,r, = nh ( 27r, = nh
D~ - mu,,

102180 FS 7 F L L e an Qi Z P pd e 12 Fies,
s Sl §Uite QUistunlas S L 1P i by St & oA Uf 12,500
LWL I Qo L N E 02 el P2 1§30 fUt-e
SEGAS 2 i sz S F1pertos S8l 1
WO Y oI G
JECS TN S u’:@w}?@ P ) o3 L B3
eS8 o e § Uit e o S s (Hydrogenic) s =51 GH P e
{JJ?L ug.gfu.;"é CLidl v _ip o}//-};;&(/bﬁié_l; Lnllb b Sl
e S r UL
SPE I WS Ul =3l F P S0 UAL 2y @)
AU e s Fe UL L et nu i
P Fn P YK I s BL sz 2 P AV £ ot FHELS
Ui bt e it e s I e 1
i Lot b it S e AL
LAENRE N g SIS S sl un B JEU e
urded

%u‘}gwbdﬁu' u’:(kugécl.l?&;'+ Ze}?ujﬁ'uﬁl(Hydrogenic)L';&lxdgd?uﬁfy*
Ll S f“duﬁ(ﬂ essefel ff*”,}c;’f_{ :(‘itu’-ujguwfw Ul-c s bzt n
e \ Ao e sl s U S 528



e $UnIL o FS b d 5L Uil tsas b E R A N Ele )
"KL' e oS ol Ju]ﬁ G’t)d/u»,vju!uﬁ =t Jsl J?:‘L t‘/&fu.f%'
Jmé:/}’LL &nn/;:} d/u:u.;m{Lb b (juju: YR P d’wfgf‘t-ta
§ent 23 It e L s st B S L S ale QL 7 U] b
_éfuﬁ}wL})d/uL&/fd/c«ﬁJfL
d)ﬂ(fdfc ’C“J.L u;ﬁ.i l[(Complex)ag;:] g.:a:"‘/ﬁc"_ t‘/'/u?yr‘j‘jfbg d/ (I’:Uﬁ'W/:}{
Fos Stz bt/ e, A 3y e WL L st G
ety

szuﬂ

(LASER LIGHT)

gt e St e Anigr EnPoe e i LB Errbed e Ao L
16612 N S S S U S -Gt o A S uen wim e Sy St Uil

&gyénd)g‘;“a ﬁﬂfuﬁurﬁéu!_u‘;%/ﬂé;)ﬁi}

e AN G T MG rret sl L G i e Sl O
(Light Amplification by —<— gﬁl}‘( J LASERJZ.‘L Eye [f); AN
d/ Gi;/ ai_/}L O™ 5” L & =¥ stimulated Emission of Radiation)
Qmﬁ;uﬁufw(ﬁi &)b@;!u”t/,‘alﬂtz e et 1960-( I
YU o KB Pzl U Qpatptoc P U1 ¥ Ule
0 I 2 U L SF 2t ST £0.5 mwetont (i o

AN AAAA AAAAAAAS AL AN

®) Frur

SV gt d LSS $si i F ot SR Ll i g & s S L (pornters)
G E S weld) e il £ L6l dn g §h 7
Usdil¥c b2 TE I PG G P is\ ol (et bt SEURRL Us e 3o\ L5
AL otbnle by e $7 en S AL byl fe il AefuSId o1 b2 A0S
up{(jwbﬂ&bgéu:j/ﬂ_c‘; t’nul/,,(@,}‘;;u;b K&g/;:ufou‘&.jzuﬂ_‘ct‘lgl}‘ﬂ"’/.cd}fofi‘/’l/ K 1>
el SSEARE L 1o o f8 B 2 B Bl B S 1 (tosl Je B

e BT pe

?/t;LNIc«ﬁJ(J(}%/ ang,cl}l."l& ...g;‘a 9//6/@(}3/ J[g/ﬁvg/;/;l%t(b:lNuﬁj}l, Vgﬁ
L5 80oesfd LS 25 e 1t et NS T st Zl e e NPT i LS

G



-0

e FrrSbupienstd BL Fulnt b il

UL i By St K b L E Sbe i UPIE oy MBL P
(AN i uﬁ)/,i-/’vé@ﬂénu’@.‘ﬁuéu,{u:;&u’@; &Té/{lkﬁﬁﬂ/ﬂ/)ﬁw
S Pl u((bi »g(a)iu"ﬁe Jfk‘n oo i S pire u"-éfaffg S FLnd a2 T R
btk (b)cidy

"

Sols J@/tg Enled gt Jlsle tw uf,u?;/g?u J/./?Mf("ii -1
_‘a(}mb&‘f

L perg IS IS I p AL 2

PN ep Lty 206U e onls § et N b 3
St L st b Ep st R o AL 1Ly
g S

SUt@r bt et L feolos§es L AL ML S0 -a
/u)i}?g/%c;/lz_n!_/dihféuf“;jf,f‘a(’?/éﬁzif‘géfuﬁ
el (L sl bt S NP 2N 25
S e S s E AL U L2, (o)

S Piotlonsotle by LS T b 52 it 2T L 45 s
LK N L S e bt b Pl b Ty L (L 18
—e b el

SPL BEEL L Lo (S SIS it -6
_‘gﬁﬁlg%lﬁéu'égz}v’béu&m

i

n=2,3, 4,..5\-’=RC[1—2——2J ,-L"L’Lf‘-'}

530



n=6,7 8.:v= Rc[ 5 ——-2] A
J“Z“ALL/yu}Jf(ﬁ“liu,‘izu,t.;%b&}éfé@uéu'ziukl
A Ui ()t 3L GF P iV

Il WL e Hull
(Ut 2 d(l/ﬁ) U2l (?u’f"‘u'}?' Lo fi' S L ()
SR STS LRI sl t I
Jﬂz)+ﬂd;x§vgg%:a@yf&,uééu’-@wmﬂf (b)
_g.t‘llyg,wﬁ/u’l}ﬁc“.wéignuW: L= r21_.';1 ‘fﬁ_(‘l,/"d/é_.l}”'b’/
e Ml L2 I b She A (©
I b sz (L iac i S $013 Bl
SL FAL U IS UP L SIS 6 TR e bl
:ab-t‘l'p&:(u);,«;’.KuB’;’LnG/l}bj‘_q_&n
hi=E, -E,
Solee b/ i LT STe 6 b E 21605 7 o1
e bl ULt Bl s nt I e e
E +hr = E,;
Bad S Pt E L L I 7ot
Ut /.Lw,;.éf":u@,/;;g_gé/éwzu,,ui

ro= (ﬁﬁ' {i]z 4ne,
" _Lm.ﬂ.zn e
Lagmﬁfl/(f{éb!?f
__me"
8n’gh’®

EH =

=-13.6 cV/n*

d/n_§.—13.6 evétl?&lpfuﬁfiucﬁujﬂ_e«_@m(&‘,g{&w L

531 ‘U:U’“J"“"@W‘U’(b:’-wuij?a’lb‘cui"bd’w:(n >1) 2854

-8



L i L Lok oo i 2 3L e U3 Ustle oo
_giafTid s

o be h . 4 - . - »
Usiaok (WL pstee b A= —— JUPEUIPNSE 2o 2 1)

ZeBlbre U S SYSES Juw‘-jui“ﬁqfﬁt Jeolond
—e bl VL bt Cha Pt

Ul Aot (P Wy Uil s L s ifl S 20K il oo
d%ﬂffwﬂg-ﬁclggdfféi< »"&uﬁzu-bu'/“?'»@”ﬂw-({
¥ b S loa S U B S i nl o Ut

:«6’1}5‘}5'

3F-Gasb e s SIS LN Ut st
Jﬁbba‘?—J/. Z uu}-?@;/@/%ut,u dﬁLKL;’mf,«z:c"_ (?/;:;c/l;il
e T adt

LIS S S (51 S AV S 7l Qs
e QUats . £ Usa$ 28t st e Sttt e S
e B BEIEA e MU il

/w_u;’uf..@l‘r?c_ 1 L}.;‘;(ﬁr“/}‘gd/uu:dﬂé yIps ﬁ IS
LI PG Lt iUz A o e K P
~enli P b

12 3L L I Skt 2 e B BT
F5 e d S B b ben it & 6L =57 505
SIS oD S L S(embiere el
dmuu.f&sma/g.ﬁ@. 8;«“ JL Gl c«;’.@/. ‘ﬁjié—u'f?u]: 5
OIS Il L i S ot Ll nd 10
-CCtgguf/?ukiu!}?!

89

-10

=2,

-3

-4

532



s & BN S I PL I FLId —5
e b e R Pl e Mo WL AA UL a3
& Lottt P8l )t b A 2 TLESHE
A =M L Bz Qo £ o A8 L Soe o e G117
EI P, T2 L2 N P e (ot e (simeten)ove
I T A T A OV
;,«JL»'di)?;,«;lKul/”-'?ML/Jbbuﬁju’%uﬁJﬁL/;i,u’uéx.iéigf uf,»u -6
;W‘fb’/;"/.-‘a (:’f)"u; W0/ U WIS ans /NP T e
_Er et Lo T Udnd & st W eginen-1 <)L
GIZ UM AL = by i U AL = b E K IS -7
i g b Qe AW B St D B2 S Uit ool
e ey b ERME AN F e G156 fe Ui L
e 2 S T EAL I3k S & S el S
ol fUREL R I b i e Gyuipf i o
e b
-w%»?ufow”ug Mﬂﬁ%%c«bﬁfé’d“ (i)
TICAL b TN A e b L e Ui )
ﬁ.é/ugfﬂi;,fg_kgwkZt’ui}zflwé_m“_/;mc)wg
Pl ene et f I 85 uif B Fpp SUslL L F
NGt Y FlacPd s d Tt I el S
BRSNS Vol SN AR

:ég?d;puﬂcuﬁu’:@éy;gmmwﬂéugﬂ 12.1
a}k]."/;ﬂ)“a ~~~~~~~~~~~~~~~~~~ c;'//l/u%'u.‘.'dﬁtb}/u:'//l/ Kfziuﬁ TV (a)
533 (Ferl 84



(U5 N L )= &SP 3L 2 1 290
QLD W R TSP 1T T A— (©
S RO IR - g B 11T S S @
(Ui Ui - dedy ol e
ui»/dfl.ﬁ/;’/u)_‘aJn:a;{/"ugjdﬁcﬁoﬁ@/gpqiéﬁluﬁ .................. (©)
(U3l
£ e SR AR S Sy fEn -l LTI P
éf«'gf;,ﬁ(‘a&ﬂ(ﬂ%aﬂialguc’:éc14K4f)/ﬁf§)<9agfng)
S Lend
?‘awg)}b{;quu‘ggq = gé};#f’
S e Jrdiicae 2.3 VG i Sooted St Juiingt 1]
Kl I Bl It A
ULt o U1e-13.6 evdtell B8 FIPg
150
J#n = ac e oot Ific s f‘&%ﬁ&bd;&l’z(”ilm/ﬁggvg
_gf;(ﬁﬁﬁ/;w‘)?(u%}‘%&)/d’& F
SJe S DIt ibn = 12304 I LI n & S5 e
2Lt UtUib)- 2Ol
sin = 2.e 5.3x107" m SIGLuHIdsste oLl FiIP it
et B Il Usiun = 3
L“tgwb&l“iﬁé./d/y{‘gﬁujﬂgﬁzuvgmﬂ/ﬁu%l12.5 eVl
(L untbibe I b
ML i 15 % 10" m Lo /L 8w ot (Wase Sl il
-‘at/ufﬁ/_}bbéuijfjvéJlgdjuJ 3x 10" m/s
(eSSt =6.0x 10 kg)

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

12.10

534



535

Far
ﬂ‘/&/'ufl.éJﬁtb}ﬂu;!djtu’”&?@,r’;u!_é,,’,!ﬁé.wwa:s,?wf
St b
2L ST B Pl e limale s e G S bl @
SEIL bt fara S ES 3 2 5E INsdmud§S 3
trnsientdn
it 5 SJBIE E f er P TS S 2 5L I By o)
?ngwgfnw@ It }”uﬁr [_%L,;U N sl
Ul Qe £ iderad s e LI LN (©
?‘aﬂozbﬁly/cjuf]fu"gt.‘a&nqﬁét;lﬂg,(g,l/;’—a&n/"'""'/?
UGl SR 50 S LSS (@
Se i 16501 B (multiple scattering) )
b oL P Hopn L o FT SN L sy s D o1 s
SIS ER YV Ké‘/.:ﬁ’w-‘an S e L1070 P
K/Lwé/u%L(":rcﬁu;gg,ganaﬁrﬂmw:g‘f*‘@;u/uw{
2T
uﬁ&@tﬁ"!&n@;(}?‘abﬂﬁffuﬁdf‘n—ladf“nﬁlu@iﬂzug_.).
LA gtuod e b L5628 neg Soerdfid L
e SIS WL S
u‘ﬂ’;{ﬁ;’/ﬁf-ta Cﬁé/g;féuﬁj{kﬁuﬁ/uuﬂffcﬁﬁlvgu%ug%;}&lf
Ju?‘aufuxﬁ‘z%%Quﬁ#&»&y’mﬂég{_!ﬁuuﬁ?%mgﬁ’}cﬂv
L& E L™ e fa S S F 1l iy
&VJJ!@sz%:_;514{.:Jsg/)u';!é_u/l-ugga?ui’_,«w’l%!’uﬁ;/;
AT sl e B s e B S E e Az TAS
L (<107 m) Ap L e E QU E S S s 3
~Unslrg#

12.11

12.12

12.13

12.14



B SN G FELe G Sl cnm, eud51 @
e P n L B A3 Pt @ SL U5 )
Ut G ot B Bt 2 uged st e et U1 S
S e Srlord e aile Fn de U S b/ G culy
e S P S LSS P S s T
LU}ﬂ’;!ftafyui’Jl%?w&!/;u’ﬂ/‘u(ﬂ}f-lzénﬁlﬁ(ﬁ%u'wfgﬁ;’
LTS (e esstm, nL > F ge/,! m, hS YU .
ce bz nl B B SIS E J 4 S
—c 3.4 evéti?fJu%?!Vguﬁgjbd’&&iJﬁilu@}gl, 12.15
VSISt (@)
e YBeIEAu LIt leyt m)
Sk 2 e S U2 U 2iir Vel i 1L 2L (013530 (©
N7
e YIF GG LK e STl Bt = g—:)&ﬂ KWKy ) 12,16
IS s Lt ffh o b GEISL LIRS
SN
207m, [ F iU L) muonic hydrogen atom)ﬁmmgg&,;,g 12.17
sl B ik 6 (e b0 U s S sy Teost ol § L6l
_ESedi G S

536



	Chap04
	Chap04A

