se "1
S165CHNZ

&vall

(Structure of Atom)

azjyng}n.pj}é%&waaungdﬂléﬂu&w
L ASAW Y Jlr bl e 5l Syl (Sl

foﬂyrd?‘lucc. L (- 3400) Ura Bty sl Biais i
Lo S oi £ BB susto e wde
r“Um/i iuyd"u(‘ww’u‘aﬁ‘iﬁf&_-L S
(jvé.g, e L-Fb'/ﬂfa.(a tomm])-y ;'Iizﬂfdb’ffluj Z.uruw
ey |//-’.z ~(un- dewsxble)fjd'bl | (un- cutable}gﬂf L,L'G‘t ot
wfe fed en G POV WE S Gy s
WP b Uty u""’qufL,‘MJr‘:Uﬂa.ny Pelisd
SIS, L1808 & = ..w.}ﬂfwuw T
AL b1 ,.,)-Ju’lw)i :fy,)iéui ;Juuwwé
G d¥)- .»_tLpLLu,f&_;L[(n
d‘“”u:’bélﬂJJ (Dalton's Atomic Theory) ‘_,}J(j'i{u"l,
Kb L Sl 35 S I6 L B Fo 6L
KT Gt g b L Jir t{,/u"_»u,JuuL_,qu’/ﬁd
S Jru.-fm. bt e fL a1 st
Jy‘lLu;r;wa ’f_&yc.uxudtfulr"u‘db/lu‘l
A et e el ful-& L I Sury s m WL ae
F= u'/fﬂhuL'/fui/'ﬁ' (dﬂ (sub-atomic particles) ub)dri(}

_L_Mﬁu;ﬂﬁéwmm_gw’u

: g [ e
--:—-\_,HL"IJ Iul--v o &8 (U0
i VI s ."- \.«” gl =)L I_I_,;E_"| ®
o 5
|

o
i | .
ul}_' [ el pm ) (VA
e
_u".-
g ; "
VA A e CEPEIT A (=l »
- b o R
[ = B - amy
CU=Ar ekl sl Ig=C)r
g
-l ar.
- 7 —
v [ & .
AR (5 I J _.-"‘L_)_'Oz"lg_,"\:—' ®
b i
-
LB ’
| LTl {
U U olee [ M e bl z L3 .
e |
7
-
g A &
e YT AL I W b ol [ ®
PRt ot N | R
wf Bz il 5 IR0 I ) .

o o
i~ Gosl bacl

T b
L,-!"#G?LIU-D-IL,‘-:,-":I| EL-'I o



Vg

(Cathode Ray Discharge —s 6}?‘5{_15);"-(
LIt b6 s ot G Tubes)
G et st e Tih L2 Skt
Ind L:’:ﬁé J:L}F% Zm o Lf-:‘a J}‘E
8o ot urd -t 20 Blectrodes) 33291 /% it
£(Voltage) j”n:&}..::zf. I3y ﬂ:-:,;’ J/‘n)gl:'i‘fcwg’j
SR 5L S SEr e (T s
53/*’._@; - - Eﬁb V' 2r 25 £ (Evacuation)
;.:‘“_ Eb L8 Eaaslies Jde Ll &JJ/'}J; (Electrodes)
3PS kS e Ui arfe S gS s
=770 48 (Anode) 352131281 Fe_(Cathode) 157
L2 jﬁ‘-"g (Cathode Rays) U~ * 3;5-(%*;!-;5 z_
Szl 3L g Lst¥ (Cathode Ray Particles) e /3
Sl L G ar S L s Ll
ealdis L) by .T.:.’fé‘ L 55 l_fq.:/(f_,bf.g

-

v
2o K G L e st ca
Ul B e by 2o Lz eg Fer By
,[2.1rb1¢}/ﬁ](‘437uf€£;1ﬁu’~“-’-r

-

lﬂ};’ = J Yol £ (Phosphorescent material)

®

w38 ol ey 5SSl e 2.1(0) JSB

32

c)g;stbsa’il&.;‘ 2.1

(Discovery of sub-Atomic Particles)

S sen Sl b1 ds Ut Gaey o2
~=f|.vJ‘uii’»;.fﬂo”/”'g“c-biuJﬁﬁuﬂmfpd'uf?éﬁ
LyS

2dnfoc Ul fuled dia L s
%Lgl_iiéﬁl}f@g; i i1 Lk
e Sl et S o5 Lo A
LTl UL o 0 U 5 2 eGP
FL e pn Ll ULE 2t 28 S o
el S NITT

(Discovery of Electrorn};'.:’_l;z:Juf/igf 1.1
Loa SWE LS 7o g AL sso
e Qe ds = JFL Blectrotyte) s )
e bl bl AL L P tr W 3Ly 14
ol 134 L Ul blostDepostti g 352
oLy SR n T 6L B840

- J{!‘S} (Particulate Nature].:u/lj Jb.‘ JJJ.’ i éD
I4

6 Il o 5
&_

e

|-¢||||IJ
ek
a8 S oy 5 448 Ll 2.1(a) K8
I FU s £ 8o 8o £ LS Sam s 1850
e 8 ...axf a;f)ﬂ{ AtV i.c;..?'/é{ W b



33

erde edS el 0 2.1.2
(Charge to Mass Ratio of Lllcclron]

s G”J:Lu/lﬁ_q__q_‘ulm.wdﬁwd 1897
(Mass of u“—*.:{JL‘)’}g' d’ (e) (Electrical Charge)
i uﬁ"éé J —u{t}’}g. J‘:":Jé'{me) electrons)
3241/ W16 (Cathode Ray Tube) ol < 57
L L ...g Ylas u:"».J/_L.@ C}'Ji Gl ()’Jbbi',ul
Sof L =1 & g8 AL (6 AUl un $of
L8l Y, Ao (895 st Perpendicuian
e 3FN L TS m L et
S A2 Py L alie i
Chie ok 3 i bl Ul s
SUIt S Ul - Galdre ot 215y
W g 2l U S g;ﬁ’,, e LS
2 LIt G # oo Srnn Ll
SEB I S z_n/,;s EIN T
.Jif-fc; ELiJZ;_IK.:.«UEru.‘.' dﬁxr;{ulg&bb"w (34
:4‘:_/&5’:;5)'”5__»4&‘-'
JC-,;!? J”{ e S Ss46 J&;_L;r d"L e ()

SUE = ut.tfu‘-'b La- | Jx ‘fx 02k J Jz"fﬁ Soe

=3Ld

Y BL LIl fu

S er St FPe 1t g
oS

e SIS D F LT Fp e 2,
Lertf) e B Ve udun £ £
cp E L e L Utz (Latii
Ufﬁﬂxi"ufvféﬁ’éfbg‘vfﬁg&ﬂ?’t}f
bl ()Lfﬁg(a.:.;)uj/(’!iwcu:;r‘j;
-UEGEL'#JGL{JUHL

U Sz Sutes®eds o
2Pl

SIAures 3t S S L e @
e it Ll &S et e b B LAY H
b § &7 <. (Negiatively Charged Particles)
ol U 3 e P e F LA e
LA L BIn g S et

(Eleefodesti S UL S (AN U5 @)

(Cathode Ray Tube) sl s 554 sl sk £

G e

AT S G5 p o cmd (§ e 5 )y G 5 O 2.2, S



L

Ut §abisaid tole =d g B S Rays)
SRS,

ced S elisosd Lol ooy & UF2 W

S e B Thrr i i3

R
Ay Anede e lodtbdiLens
..Q_?ﬁua.ua-'r‘;-

JJBJZ;J_?@A‘&J&&{MA&fw,lgé'—:if: (ii)

_t Z_x(Multiplesk 3zl 1
Luvﬁgi‘ff)’ Kels ol U ol $u b o"bw (iv)

b L L S Lagienl it 1L

S PodlfTedbl e rnltfe or
iy o .;?Jl-y;‘l:)(l: S’{Proton}uh{ =lusl l..;‘;@;'/
J/ajsﬁ::uffﬂ-gf;r(’yh"uﬂ 19190556 Sess
ARy, Ly b L NSTA Sk £ r":n.u’é,-e
eliy- bl bl o (Electrically Neutral)
U1 UL =3 & (1982) (Chadwick) b3l
elioynk J’Z ._«g u([Baryllium]r(Jz/;z c_‘J_ - i 1%
Julﬁ{ el Peslss J_'.p’",; PRy - _J;La::j g
Feld il U TE st (Pl s IR =) =
UL A1 S e U3 ol UL L § (Neutron) gl
-8tz

(Milikan's Oil Drop Method) .ﬂ)ﬁ;{ J-"" 1 UQ'

S st A PL AL AL KL b
Gul "-‘:4 g 215 (Atomiser) s 7L I S 7 o %
Lt ol Syl J (Electrical Condensor) A4
L u:ﬁ’qul_k’#};: st Jabcé.ﬁé Lye .j_.ﬂf
Lﬁ)})uﬂ:&ﬁ‘(&?gJﬁyL{ééxi
(Micrometer Eye :R/‘;_{,/? L n_«g‘}f > _lf_lrr?nl.xi

34

P U sk G 61 Einteraction) )
—Eurasls f"[Deflectlon)
sl SEIB Pkl ey e d S )
€U —(Strength = F S e e L5 )
e F 3o L 39 Sfie =i &
e Pooy AL Sl eI o Led
St Sl S A s 2 Tt ey 2o
uE':/: Ju??Ju?lyJ-:bWs (jz.’ s L/'/b_y.; ] d
NECHATL IR B "

= 11 1
(2.1) m—= 1.758820 x 10" C kg

PO A e eSS ASE me o
Ll J’vv"'?l.f{-e. D" wa.lg Sr L A
ce-etug S g L Nt Lsas

61&&4{@'%' 2:1.3

(Charge on the Electron)

. (1868-1953) (R.A. Milikan]u-a'f.(_.i-;i'
.'ﬂ,).ﬁﬁ.fpl”fa;g 3L 1291(1906-1914)
-< t’U-:'/ (Oil Drop Experiment) - fn Ay Jf 2 g
(-16x1079C) & G4 € A S L U
-1.602176x107'°C_# uﬁ;ﬁ?uﬁfJ@J%J,: .
Fhobor 3 LGS Lo emeed S o

:fd/rsb"{é_ujbiafre/mf

e _ 1.602176x 10 '°C
1.758820 x 10"'C kg™

=9.1094 103! kg

m. =

e

e/m

e

(2.2)
C:’&J}JUI}JC.JJ[UE!{ 2.1.4
(Discovery of Protons and Neutrons)
et s Qe L L Ut ot s 3 ke
(Canal S 2 QUet Seitn Sl o



35

& Slfiz L L Ui ettt b
1 L el £ §als GH GS e
/LI (stability)
L4 LRk Flued “ujuf(j,b‘.ﬂﬂdfb .
_.I:/':J: B Jﬁ)ﬁ.ﬂ"z_/s: KJ{‘/L'
J&gJ.:rublé fjﬁc.igfeﬁuﬁlﬁ °
it S oo
Lw!fwu,ayg,@a}uégim .
_bebJ&.Lfﬂjfs'[Origin]Igi
[Distribution)(f” L =5k Gl St ﬁ!.@
I Ly F MG L0 Seotn§
S ms(o f (Stability) 651 £ ﬁl Y
M B iz 2Ll LY tSiAES
_.UE‘;.:/éf.:.uﬁh:a:/zf&b)"m-*«:"J” 4

B 2.2
(Thomson Model of Atom)

NI SREET (ST L r Mg R
S s (10%m :",;;Jr/J i) e U (Spherical)
CAUTUE VIO - b (2 b UL Bl 2
S d;ﬁ L}:: (J?up el S Ut L snery
Lo L oset BHIn(2.4 )L n
(Raisin £ % /- «(Plum Pudding) £ % 29T 1
ed (UU)”L ! -.d;L[Watermelon]Jz’/“‘l; Pudding)

.:/r.:u,j' «

e ur}?r

eI

Lf.k_; Jc}d/é_f,_‘_i_. Sus -G 1y @ Piece)
[Chamber];_{g-é.fr}”aa/&u:)-’.@ u‘g‘éu'
-L?ﬁd}/(d)l/cf‘l'r Jifs(u:"bﬁ xe in JJJ:I;C
L (Collision) l’:L-;J.c... ui:ftj"fi_ {J)/U“L :J'Ec)"
Ju:):;d: (ﬁ.uﬁ E',J_L_g Ul __L.J;‘_,Plo C'/JL? (54 23
(P U E11L (Retardation) bl 0 S /2.
(U e (P o el e
J 5332’32'._5{-.‘-:1;,;31':;‘:_ l::rﬁwgp{ us/k’“fq;./“iﬂ
SusB AL Shin e L1031 (Polarity)
2L Jjg SHEEL e iy d::; =Sz
g 12 Srk J@J? (34 7, U!)'-’“.J/__Lfyl,ffca i u‘g‘
(Integral multiple) —*° (§14 5 Kelosl Oz 2

(n=123....0%) g=ne :f@-’-q_ ds

(Hkoss Gl

Y. 4

o 4 Y=

R
e ATl 5 S J 57 piley, ST P had 2.3 )5
(B pAS e B A S pe S S e
T RC TIPS SuRt MPIRRE PR v W I8
S J # (Viscous Drag Force) o ¢ 425

o B S G S S

(Atomic Models) J3L (5~ 2.2

Ll e e fEL L ol 55
ST Tl S A p P

J3le g IS 0l 2.4 Ji..« Mf'ﬁl d'/{ u’;;:__ b fu"c“_- (Sub-atomic Particles)



¥

36

V‘.f?LE d/&'15L5J,L{§ 2.1

wed e | wed | @ed | wrded | ©opded oo |
0 0.00054 | 9.109382 x 10 -1 -1.602176 X 10" | e A
1 1.00727 | 1.6726216x10*7 +1 +1.602176 x 10" by
1 1.00867 | 1.674927 %1077 0 0 n @

_(2.3.15’9)

(1852-1908) (Henri Becqueral) f 4% (§
LAl Te 17 Ut (Blements) Lol L Woslza L
d)ﬁob‘:”[Phenomenon)/(E’ Sl Ut L/rf:/li.l 4
LM‘}"C—UQV”/"V: PIINY) (h § (Radioactivity)
e I w&rwwbﬁJﬁffmu’,,_w
r‘}b’d-{Rutherford] St Gl bt vl
4 Ju*dv’} 5L $eldatien ot -0 S
K O | R,
r{k}'-:.«bj-a ,.J/.L_-'{yf,szd_ uy"lwg. 33“' (amu)
s uii}‘?lz e lsi- Oy .fr'../uf ;f-’gc L (Helium)
e lind Bl P2 -pou 2t LIS
FLAS U xSy S U2
£ =l U (Neutral) § Bz - Et s (017
(Penetratmg ) L) ..fulf L,C'r u“d"J
(- dyr H,L. ../.r:L du’) J._.Fu e J“f Power)
J...; Lk b 0T U L B L U
(71000 S b3-0) U262 44 517 100

- ' -
(Rutherford's ddeﬁvﬁ (r‘:'KL)’Ju 2%
Nuclear Model of Atom)

Lyl /gﬁu"yzu»fﬁl;é: df.esi[Rulhcrford]iu.’m
iy (Hans Geiger and Ernest Marsden )/ 4L
),‘;“i’ K 3290 ..J;La::,’ J..:,Uj -0/ uhn % LA Z
{o-Particles Scattering Experiment) 7,5@' e li-o

= UWS 25

LTSt E S K b e £ S Tl
Se peb g a.r...«r(ui/'aF)C
23b O or ol e S (Sl ilan S 3L
5 6E S A Uiy b oo oy e
L fE L il ST eolin S (Neutrality)
J"/C)/L;u:IQO&QJ[COnsistenth-@T(ﬂ;. E-:L:'
FIL L =68 Quf QL F S U Gt urd

litde U

(Rays) U2 7B Ut T8 L a5
- K;lr lr"/.ﬂ): KL/?U" il (12« u'r =
J_(1845-1923) (Wilhalm Roentgen) Fo

(Cathode s o 36521 2 U 21895
Gor g 2621 It 21 = ¢\ Ut Ray Tube)
sl -.-z:"-ul’f...!s'i.u:t Lo e 1
CEC /( Lz (Fluoresce nce) u"J “J)ﬁ uf (Fluorescent)
il £ = 5§ (Radiations) L s#15 o B e

g”o"l»u»iL;rwcw-xu*“a.m‘w”r}m:
g s Uy 18 2 EE x S oaleey e o
(Dense Metal s/ dlm _gfu/?f__..:: o dy:
==L E.J/crc.- Wi Z.ll;f (Targets) J{; £ «Anode)
U sl bf,szu.‘."'_;/.;. u;i,yu":bi‘,’vwl (-jx: 0 od P
(Penetrating =30 s EIPRCRA J«:E ,r?;:... el
L _‘Lﬁ!db;“f guf@d'fa‘c.,?; 'd;(-,rshlé.gﬂ Power)
bl en Bl e b UL L2 S K
& st (~0.1nm) -t (e § (Wave Length) &
s Gn =0 (Electromagnetic) (=& __4



37

S Ul Pt erd Ui Jﬁ—tgrf

.J/l,_fl:’/mgli’v‘:f_pif

J/';L Z,'/“” U);.:‘}ca Ol i_yrelss casnls ()
L

-S%G/";’c-w.’s'ii-f{‘/@ff-gd/&bi—a (i)

Lol e :/Ls'!/l)f( 1 (J=20,000) (Fbinz (iii)
_Isz (Deflection) &1, 216 180 L /3}'“; ST
J;JQ&&L»J%ILL;’;M{J_L_% J:J{li‘r‘g;ﬂ

:‘.{_’jérf;&dj,?,p

b O alii-oe 2 ol e Q6 Zusli Ut ()
_Ef;?;é_.ﬁa}"‘

CE Py PG okt Ll 2 (i)
Ky lysa.._-aJ(Repulsive force) u.:-;gl)dj:\_{l
bﬁﬁlg;ﬁ@.{g(}.}&jgﬁl.{é VK/;U;LQ)'
edy Bt B e B g UL
bt Fr kAL A en Lt St b
- L:g/ff-,ﬁ"'nl(‘j:i/c.«bj -unﬁfw.l‘_:.:-ﬁwda‘:

il uﬁéflyf/;ﬂ;c:. ..".«Ldf;éi(zj_uﬁ 59 (i)
e b nl ASLAIA S 5o s
- E’:’:K’J»
B i ¥ e 100m L P S d
Qs,;;p(aﬁ,iwufﬂqif“f&»lr’&n_.f_m-wm
AT GA g ES Py pid 3L Je
skl BB ke 6T
QU618 5o o § Elsl o plo il i
AL i1y g Ui
A pE L A LB et )
S22l g Genn L e (nFpyp it
~bort ¥ (Nucleus) u:'bi/é b

=3

cbsa L Qtinend 0 o Bl L

Lj%i’f) O £_ ..g L (=les) v de s ...g' 8
A SN LGk £ &yt 115, (100nm-
0 -0 L;}rf'_.é-g. (e € 034 y{HE'S M-J)f’df’b
e "mg;_t.}:t;df”-ﬁufﬁ;;,sﬁw?;_wf&,:_g

BlEelsa Y ’_,_.,..‘-v LY
%Y _».hJ,g,_quy;

ag e LSV IST5, 400, LA

f—? s i-a

G oIl

P
L)
L]

o
-

Intfi

(e)
A

¥ -0l

o
\v“:l
[ ]
S

(o) (o)
Y, Y vy

y
ol
5]
- —
"‘/ P

o
Y] 5—(1&,-/“”

N

wi-al
St gl 6 iy 5 5 B

S ol bea e ST o izl 575,453, 2.8 S8
F o U YE 5 3,0 5 &g o dny Sl o 2
Gy o S Sl o 88 S S 20 Al

et Sl sp e g€ S s Sl IS
L G S e L GO L FER
{_.;;“".‘:‘g{d/ﬁlbg/::ci.ru’:gj'::f&ﬁr‘édjbé
LEL";L?"LJ:-*'-"J-‘—W”UBQ-&J%&{-;Jﬁbubfﬂ(t'
WLLE S e e AL f
=Tl Solidit T 5 JH.J/O;; o



Ve

(Isobars and Isutopcs].,._.«;fﬁ:b@r‘,fi 2.2.4
S8 L 1Y (Composition)ed 76 o1 5™
S Sl Pree te Wb LS (x) =t
Jﬂi'gi-)/uf/%-.-"l? u(é} 1(4) wa:.fu‘flg i-frd:/[:

“GX S bl 234

Fe b UL GTERE Fios G T
-..5/"’0:,-':;- TN sl gC ,._q»b/: dlf'nf. l:':h..il‘:"'wd'il
2w i &.‘f‘:ﬂuji.ﬁ uL—.,fwu"f-lé cﬁcff-Fd;i
ufuﬁz._/»_uj 9.'—Ll':'([Isc;tc*pu%ts]’._vfI .;:'L/Tq_g
L JP T e by (G L2.42004)
J?LJL‘?'-:.;:_LQ:J:U;_&E?JUJFA’:MKJ ‘_ﬁ{a
L d:i})‘j:'% J Q_‘/}fugs: Gy ‘}-f d’-yﬂ: ﬁ/ﬁ o
(Erg 9 Ty e b bay L1032 Uk U9£199.985%
L.;jr‘lfé.fudf,wéi' Jngiic)’wl’g e el (1H)
sl bxr 1 Kl sl sy KT U Sty Lx
U0 99 »1(1D,0.015% ) (Deuterium){ﬁ‘ii &
[Tritium)(f ATED U L2 sl by LT
e bl S f et g I T g
BT LS A N SRR ey
Ll |76 A AL Udtie S PRI L
U172 C)’-‘filic,pﬁl'ﬁC- 8GO b
-(FCLYCD r i b2 L2018 AL
o U L I TR
e S ST 0SS ol eSS0l S Ay
o S5 (SO0 Gor ol e Som JaS
1 St st % Ll Sl 5 e
el Utee by S e qui Sl S A=
g 2SS P AL UL STl

38

)y | 1 Lﬁ"b;::i{_ by l,f«—_ UsA ‘f-'gc (i)
ot 2L (Orbit) b g UFL e
e B UNEIn LS L S T
sle t‘/':bbx'?(yzrgﬁéi du”ic. %.:f;':b"-‘
- LﬁJlJu[. Uy ﬁxgul/igl

H62 3L 33 3 Ge Akl P D )
By

& b
Y. g..“:,»fmg,f‘l-l 99 3

(Atomic Number and Mass Number)
Loy gt v Bar§ o de st v
o l_.r(..:.wt‘ﬁ__ .J/L:,?-g Jn’:-n?ﬂ Ju!tm; Ly
A IR P NI Y,
(Atomic 14 @UU-; Ju:ﬁfs.{: 1Y u’:-'f:f =
48 S x| 4 WL dﬁ*-{. C}ﬁ $b+L(Z) Number)
4.;,'!;4.11.,6@(55,«;‘-_1:L&Ju;e,{J .f*;
é.ulﬁ:}”.:«bb» 3,:..;,5‘1 121 Fu,-_-,:;l_.dﬁfj}:'i ol
JJL—‘LJI,VJ"Juﬁﬁsgc:lﬂ"b(uﬁﬁg!ufﬁ-l,g{éi
ek f'«’-f (=35 sl ﬁ! c)’-yi{y I _(z s ﬁ') - (3:’:
—e 1 Tee Lol Sus A
@pe=d S Uty Lﬁf&& ﬁ-‘»l_g
st SUIHIE i P L
e b p Uit bl uod ¢ 5
lv-< 3:«’;,;» Ju:}f}:ﬁ sl u;t‘s{ ::‘:,J/Ju':(x
sl Ustay 22y U o e Gl W S
- TJ(Nucleons} c)nl.r&' £ ubf/“-ﬁ':r/u}!}:é
(Mass Number)s4 J{Kﬁlﬁfﬁjgfuﬂ(gﬁ
24
(Ape§Y =25, Udtszr b Sudie
(2.4)

(2.3)



39

Ul SUs 42 2255
(Drawbacks of Rutherford Model)

J(Fd_F/ J}Ldlf{r Kw’mcu‘ é oy e TS e
KC;ruusru rgffca.:.b)’d}‘lb)fid_iﬁ S 4
S~ Al & e e eSS
;;_;‘I...-.P"L b rby e bl O {uﬁ'«?pglf*{ (&
A8 en L et Zb e S35 /L
my o m Uy p 26 e (GEES) /T
{Jﬁuib/(}»lf_.uliguyuﬁ u;'.’{rq_,[{
U E;JL{JJJJUZ. U4/l (Theory) :/ﬁ; e L
_.»-_3% S AL B 361 e
Lo QS g5 ales b J3 QU5 0 o5 d
L/Jf?u* Usle S0 7 W .f"i:c S U
(kq,q,/r° ):(_JJ:(LJL/JJL Jbgc;:’u'/‘a’)/id.b
Lunie bert ok Seamlg Uit &S b
u-);,,b L;L"LJ‘(L— .J-W’K._.«"‘.f Eusla hold Kub-w
Kd)’_.mu el pnl f#b,:.:mus/ﬂi
u‘u.f/a_ bl Ul AU w(r_wﬁr‘;ud
C-QBJ&J{JJ!'M{«J;J]J@'LJL: f)df
Ui 3 S e KU e G b i A U
STt L uy.[,f:?uffgl..l.“ldﬂva_
&-‘bbi'*u"/ i (Maxwell) J’ rf’.r.:. [«J/(‘FC/‘U L
A Ll s L ( Electromagnetlc Theory) _,/J:J
L;Lpg‘,wfwu; g"’;w L skl anlis
- Gl o xl db JL u:’\_)f Ul n..'c."lp:){,‘r'lg i)
A2 Lt St KL (ot S
=7 QT2 L LBl ke ST
A e e b tFd Sl Poe
e Sang .J_J/Gu*lo s Pl b

=3

2.1+
_2._'._..&...-(2 VW.‘;"J‘J;T/{@M o7 Ub’:{dof o BT

S
WD

2Br ,Z=35 A =80
& u&ﬁﬁﬁfz‘.’
JD-;’.JU;'L}/*' ;lﬁJuﬁ}aiw Z =35
;u,-JJ US= 80 - 35 = 45
(2.4214)

2.2 k-

Ju;'l}ﬁﬂluf{?:/ru;/{alu’f[Specles]Cc;J
;.._xw._fvfc:’_q_ 16911661874 2145

-é/lb

S
_+{S]}k¢ﬂ:‘-16ﬁ‘é-zkiﬁbu"d/u;b{wuél
)j%{(fif:)lﬂ:’.Ju;E}{+)|A;Ju;'1}!f:
=16+ 16 = 32

S Ui §ustey Bl e S5 LI
« (2 ole 8 )y o L3
e G L NI B E L €

18- 16 =2

28" o il

CISE pbredt o & S X ety
j-L.J'(})LLJI\_oj\-ﬂié.('JJLV
(f'fdﬂca. =r3(2.8) e lils 3’4. ('l J’p’
eLTdF Lihaag Ut =s5 L
e IS UNAT ST TS EE o T
s S Ui (T8 ALy Ted) ol
s/l LrJ’pfck.b dirJ“bc.{A AR

S S > 5 (Macroscopic Bodies)abus) 08

G oR P u..ﬂ CS'H“FC'JHFCBWI‘“'JL‘JUAJI

RES s

—2 S5 S il




W

(Wave Nature ;/JJAJJC@!J-?U&&: 2.31
of Electromagnetic Radiation)

Mo B S U o U b Sao 5
bl W O L1 a1 B W atlor K U362 B s e
L:L.%'da.ﬁ J'/CLJ“I infgfﬁ.f;.kl:/pb’}w‘%
2SN e S e P
e usd5®ie e S EA u ar
s L a7 K P Gy P o G
91 21850 b Ji ke €96 st (ul7 -3 2
&'::_. CHVE] Lﬁ@;%uﬁbymlzﬁfuwgf%ﬁ‘ dnz.’
L Ls E,;/'.g;}idurg‘_ﬂw’ulg 18708/ 716 sy
$'et £ L (Heinrich Hearts) Jr S0 2 4ol 2
;r;rﬁédjgfgébhﬁluﬂbw JJ: f?-_i_r‘:: Jf:,;,!.l_r*
Lol

X &7 5(1870) (James Maxwell) ) e i
2wy e ot Jju‘?yyﬂ L rl2loil Ll i U
LuﬁiJa?bsﬁi’_{:‘{“bs/g‘JJ{)’égiw
LI L elind il a7
ur L vilg ulgu"‘-bb"wsl gA(A]temating]J:@?Q{
2 En iRt P Uy -t Zn S
JAL[Electromagnetic Waves]pﬁjd’?ﬁ‘-ﬁz
_L,gglk'([Electromagnetic Radiation)ﬁ,laﬁlgf-tbbi’*

sle L b u“fﬁ;f{_ AL,
Lozl §e ilifdhe \LESY
(U3) 23 For S Bl (D &L -t
JL%J ¢ U Lfk"u:f»':'_‘a. J /Jc.. (Corpuscles)
_.d; b J(.ZD (Wave Nature) u:..«)z’u%

SESb L e fht o fis
2.6 B0 o S e st §e S0 0t
AUlg e oafie SUL Gﬁf;&/ﬁ@&.ﬂm

40

L s bdmd ot S Kby St
IS AN T o s § (Stability)
LTI L e g S P G SE S
bt (B33 e S S UI DN S E S
uL[Stationary].:ﬂ’L«:’/uJI}gU)fi gﬁb;r.".: uﬁ/;ﬁ'_
Lu,ﬁn}gmwf%_a{;ﬁz_xafvwi?-ﬁ-a.w
AL E A A0 B e
S PAALS Ui

JI}QI thl:r fagc-,,, LSz _.g J.‘JJ”L ER
u!‘i}gb,ff_ u"-f'b:c' (f@d_,i:t,; u.?’}:w;;gé Ll
oz G RIS U e LAY

:«L;L-%Llji.u:abd/dﬂ,fféﬁi 2.3
(Developments Leading to the
Bohr's Model of Atom)

LML AL e AL ey bt
L:—-&VJuklﬁi:,UL’i.éDéfc;:Jibcﬂd.&/
. (Neils Bohr) 4 JJ"';.{_ J_l:-g'..-:.l.;b“'.:ﬁf. ufz._Jl:
ﬁl_.l,bg FAS s £ 303 ‘L/JWIIZ;C-QI
:u;,_b_fuldu!zL.:,Gl,i%;ui‘J:@'Jd;L/;xé
-(Dual Characten) b/ 1 §E L2150 s )
(Particlel 3.3 (Wave) bt Pl o Aot
Qe QLU U ¥
u’;é[:&f“y;. (Atomic Spectra]_:e-,*(j::-! (i)
SN (2.455) SIS 5ot f:n‘.:.»u,uf
(Quantised Electronic Energy Levels)
-%—51:1?&5‘5/;"’/5
ﬁf{*f“d/wlf&bﬁ'dﬁ’“&f%a—/
L)fz.a}ﬁ:ﬁ Lol el f e Ll S
Ly



41

St in e S net LAF I, w
‘_,ef:;gﬂ =l f-,:"‘):l’r;. e ...g;? W u.‘."j
(Electromagnetic._@,l’u'?b&{}.c,_q; ot
L b (2.7 ) Uf&.’ﬁspectrum}
Sedpied estte urt ¥ I u
sle bl JTL10° Hes B u"";f/'gé; Ut
g }/?L <« bl “L‘rd: .':._L_/‘s- Je1 g
sl b JEL_ JTL10% Hz# <5 (Microvave)
E[Infrared]éﬂ/”;lcq‘:_ twr JE1 U2 (Radar) /5L
LSS e LU TL10 Hz?
L 10"Hz2 & (Ultraviolet) _*;b!ﬁhd‘:_ Gz U
10°Hz- 12 LKA § brnle UL UT
(fu L;/;..J)b[‘lcﬂc"_ TP B:?;.’,._QJ&JTL
L o T4 S t’lk"/ (Visible Region)
Luidr g (g e Fhue T
gl nknetT ol Loed

JLK Jf:'.aﬁ’;.f_.ﬂ L)}Lﬁf@bﬁlu’%&ﬁz (iv)
_gngJlﬁ"l
(A) et ) (S P S L2

1024 1 022 1 OZD 1 01E 1 015 1 0111

1 iH B — 1L S [ TV A |-

|
(a) Sty 8 UV]} IR

T - P — T

10" 10" 107 0™ mj*___‘j i“_l‘_(_)_f_ 10 )

.s.z.J’J/

|
400 500

(R Lt

=3
Ly S el s

AL Lrlg e i bile e s A )
2 Loty e 57 O
O St dn d)/,_; .;-_,rJL_:,ﬁm JE‘/J’UJJJJ
D AT 2 N T
Zz

M

:J?d!yg/.

Y/

:.jSJ exdw]

O gpr ormabliie 3 30 S ol mblids Gp Skl 2.6 S
JL&‘WJ)J‘HJL?{“J"“‘E:FJ)LQ;U*1
Urt Opgen $3ge8 oAl g3 4 (S s Jse

_u:a "\-——.;f'( u';‘LﬂJll
U’fw Ljdf ctlloy L US/;-’ JJ£ Jal LJ’A‘J J}I,T (ii)

[’):‘./::e sl &ﬁ u.'."”;..".usﬁ‘j [Mcdlum]#%’fp‘w’
_QEGC/QGJ{Vacuum]

v(Hz)
4 [FM[ | AM UAvhit
Ak
- | /8| - | . Am)
10° 10° 10°  10° 10° 10°

. _| |
600 700 750

_ep a Uy b1 3,015 b S s e b e () b ST Ll bliie By (a) 2.7 S8



rL‘L/; Jﬁ.?a. (Hz,8™) 7 6151 S 5%
<3y

Ao S Uy S Al JC/’JI-E/"JM L
_wa;fgﬂp@uf:.garé.:uf?q:.

ST el b 361 S S B0 S S
ﬁ@fwufﬂ’ e m & d6d Juu« P
dotfone X Lfd:”tff wdm}"}uu’afr:'
Ju vt 27 Bz e dUSIUEE L Ui
d}a.:_./ﬂ.fi‘wdf(}w/fﬁd/&laﬂd’kb&
Ut sl

B e tr Sy d im0 o
ﬁ:) 3.0x10° ms’' ff %‘U]f’c. J%Lg JLE
Je § 65, (2997925 % 10" ms') AL L =5
e e G et e G0
(= ;./».fd%ﬁz 5 lslse(e) A Ju’su;l (A

(2.5) c=va

Je1 o b re Bt [Spéctroﬂcopy](é:ﬂ Byl
S (wave number )4 ,@lxc"_ yn] _ﬁ P
el 5 g dsbade S a o ST by
IS er P SU o g g o
Je b r'i& Lo ~m™ f&ﬁ «« (Reciprocal)
e 361512)e em™ (K160

_ebylfﬁy:ﬁ;_,lé“dglsamhdlﬁ1 *
éa.ij.ﬂg1}l-uw.-ﬁ1if_w.a.-cnl:,pcyﬂigJ.lll_,’.cp[combmat{on]:b-.ﬂL.Jlfdjjgjjag_u@‘ﬁjdlmhdmdﬁ1ﬂtt
s Ui e ool Kl s onl 157 e g gn Mg an )3 S g (A0 2L 3 el o il




43

5 /:JU: L).J L‘zf;lx lfd/"L;Fu??,; WL L =72 (i)
< # fb(Line Spectra)zt f’é S (i)

e LIl Sk

Fotninf oo S Se /70, S
S L i UG T e (S

VALK L S 2 foal o
[Max-.ft}:, Jg)é";; = w22l ;_,ng/r{_ I._f
S5tz 20 E 2 TS U4 19002 Planck)
:,:-_,L.,_f'_.g,-

Pt B B3 S S 1P
by a7 znmie Gkt b S brdtd
- t'ﬁui.;ﬂ)éfi_%(u'-&’[;b[; L{IJ;JK
((}%f (}f).,-/&fa:_ki EJv s, f{?{_ bl Lo e
IR LT E St g L Sty
e 74 A AT
B foe Qe Frln S e bl ez
A;,n_ug[}wgdhidu Lnlib Fe bl L] r-/'i e
< ._ka‘ b/u"l_ug JJM’FJ:;‘L Costaslian =70
S At Gera st g e 7o n oL L oS
df)é’;.- r‘lﬁ.‘(‘zfﬁ-pﬁ :‘Jﬁ,{;},; C S~ Y x}/
e b e 7 s A S EBIE o Ty P

dfd’:{ =7 o ._.Ei‘-'gf@(:j"’,: L2 5771850
QS BIAEE 2 LG 2 21 (e (5 e Ul 52
C il e 5l oI
y:J@L}J!,bi:blgtl;(jﬂd/'{;{_ﬂg_I:U}ii_:j
bose S0 ¥ Sl bl o o -
Dr L Jrel ...._l:/l‘gii. (lcfaﬂx J.T.r;{l J';Lf_.
(deal “omor Ju” oy —(Jf Lnt .,,;‘Lgu“;ti U

2.5 k-
L3 J?Jl-:b’u:';f} (b) 31 2% 4 (a) :-z_,ﬁ >
< 5800 A LKL L

S
e (V)24 (@)

A=5800A=5800 x 10°* cm

=5800 x 10"°m
Veie___ L
A 5800x10° m
=1.724x10°m™

=1.724x10" cm™
tr? S ) )
¢ _ 3x10°ms”’

s AT =5.172x10" s

v

,}’ﬂf(.ﬁ'q; SR cuﬁuﬂwﬁx 2.3.2
(Particle Nature of

Electromagnetic Radiation:
Planck's Quantum Theory)
**J‘.’lj)ﬂ (Diffraction)* 21 <% JLf”f:
AL &P Oz eolss «§ o9 (Interference)
&l n LZ«‘u'?—é- Gﬁ]f' S&inLlep
Sy P stz = uinat < b
:xd/gﬁﬁWJ/L(QJMQW;EL{J’)a_M‘E
-Cfﬁ %Jufwusu":c-
f-—ay) GJ’JLLJILH bl rlz.'rf @)
(L
y)cxa;ugu;w?r‘gé_&zcw-_i’[sm (i)
(Photo Electric Effect /(.



i T>T,
T,
-I:!'] B
[l ;
l ] ] I
1000 2000 3000

——> o) LA
QJ)M—E;-‘J)L 2.8JS-:‘

I S E0L LﬁﬂJéDGEfUL-?M-‘-‘
e g £ I Fe Uy
) E e P NS LB S Uy
L st G 3 S o (L s §
Flh - Qe xS K 2§ S L = (Occilators)
(Discrete Us/lié* s 7 32 e ULl ﬁ',f_u/{fg
6 Lt gt 2 S o | 86 SH17 S quantities)
L B B S e P
I BB AT NI B SRATT:
L G b K{Quantum}ﬁﬁg 56? - |
ehbese LW G duid A
‘c.glp Jﬁlﬁ;lﬁ

(2.6) E = hv

(Plank's Constant}.lﬁ";*"..fl}: ) N gt g
6.626x10% J's e B nle b1

e rlipedzion L 2 5L F
Lo JP IS S UL L st
_th..waLfyus.;)ﬁﬁwLﬁ

44

U8 Qdor 5l B US 7l oS iS58 pled 4> body)
S o P S e ol ) 2 S e ol
fﬁ:@'uﬁa}z’b-a L34S § L) pramor ol ¢ I LS
Sk S b GUAS L L Prl b tn
E vl bf L e fL_p Ja.&jf._gi:,;ﬂlﬁ'
B U';JJ’:? théf‘j:(.q_.uf'ﬂ JP(,.-'»[/» (j:':)f+
Ay ste B e Unitgs St < e P
doigiad ufbﬁr)'»kQ-q-Jw-fiw-‘ VLS
C Gl e Pl L e ST QLS SELTK
MBIy et St 0T Sz
3});‘%.!@ = ?_.y!&“-:u";s d.b.f_ I:‘/Z;,;LEIJU;VC

- l;‘/n..-«.wc- U‘:’f‘f‘

o ol (2)2.8 325

2l PR S A G b Pl
L bl nlloyeloni nd s \_g..‘aﬁi‘;’ w7
L e b 3 AL S ST Sp St e S L
< QbxMaximum)s e SEU 1 Gy sy
S oo Finty 2oL il pltrdb A
e Whutes

o b 3l L el B 2 S AL U
P J“"".‘_-/‘UKJ} S ((Maxima) 5 JL;'H ¥ (Curve)
el Ufeia JUt df\fd:'i!(:- s ﬁ'-{—ﬂ?
LS AL NIILIHSIS



45

X Lﬁﬁ.f/@c, (P/’Z. Ele2 Jd‘%;fulf'ch, i/d/..:'.-tm
iﬂ:nLu‘-{L‘i’Jawi 2 d/u’» ‘J/ﬁfuj i
by 5 L}.Lf-f—’ L})f Sl L_):"/::..a le=
_L;__,_l, ey J(:%; ey Ju}l}_al L wiib
-& L (Brightness)

(i)

(i)

/ﬁ:d)d’;—(fﬂ’& r"Jﬁuﬁ_Aiawﬁ (iii)

Vo r(u: 26@’ (threshold frequency) U"'I/
vve (b 21 3, o j e e
e/ AL SIS D2 n oy
G o S U6 013 578 U9
e t‘r‘:l.-aldv&;ulddﬁf/d/
% Sl HL}’J’LFL{ JUL« V/..J’é.)/"
NNt Juwiuwaﬁ Fodifeo

L&y

:fuﬂ/ﬁ'Ll-Lruﬂu‘bwlgﬂ:-aﬁf}_ﬁ’ d/uy
Sk &t P G SISz
wﬂz.-_ ,Afif_.C: i ui;g_s'?’ AU v £l
il bl S 7 G QiSSP s
(=sf) iz o“u’fe_b[u = (4.3 10 4.6) x 10" Hz]

y;dfgf..n;wi,u"urﬂ’?._.tm (‘u;l/w

v

Lﬁig}‘;}y‘/uﬂ’gﬁﬁ »‘t':"dwc.fladl/ﬂ!

<« dbdh/ub (’Lyw (v=>5.11t05.2 x 10" Hz)

f[/ﬂ}id:ulp)fla’.é_bgc_:dw/ﬂ df

L

-« 5.0x10" Hz (threshold frequency)

Sl Dy o e S e el o

e 13 S T gl 8 o gy i 0l Dlnibs
ot IS el e Jsh Slab on
oS O (o e S e )
Cadlsl o pasie ] i Oellis Adea
eS > 4o 8 «(Special Relativity)
7 ipl Galz ol (Brownian motion)
Gl o 190528 058l o |F o
Sy e (Berne) Op oy S i) S
S sb p e (swiss patent office) =31 i
NS S ) S olad g a0 Gl
oS IS eley (S G s er 1921 )

S ol o g

=3 dp

.fq.c. l:l:lp L-»(JLA’L L.rz_./'/x ur”/{ﬁfbb(
Fd L e o ALW/LJ/@J

PP J; o) dL'J’. rl/‘é/ulﬁ:f. u.a’L JMJ,.J,L- v
LA s e G Led s

E= 0. hu, 2hu, Shy.....nhy
&
;;:E;"“’m dLm
B TZIEA
S/ A

/.-:‘;’r!i’s

u/'
el ceN o S oS s I 1 G, Lo 2.9 S
et e 55 ooy S d S o e
gm‘cajrnﬁ:..c_h..gu;_buh;,»ﬁj
Ao ,u@a).nﬁéﬁ,Ju;t-Quc,
S S U U LS Ll S0 )b
2 S Wley S Sy

(1858-1947) uﬂgu—?
s Slab e Sl (EBYY Sea
sy fes g 1879 J
S4B oo (Munich University)
1888_ 5 Vol oy 815 pailnrde
ol e s o) e
A oS5 ) e ST
S 4l (81 SO s 19185 LM LSS 4
St & el S sl Ly 8 olal
Upld e S ol 4 (Thermodynamics)
LSOl al g e

(Photoelectric [:'Hi‘(‘f}j"j o 2

o U’;’_.J:JJM..{H Hertz) 7/ 6!@’1887
(y_mfu/»ba_ BT Lo 4 a o f
TSI DB U EL8 5y G sfe
) _iag-ﬁ&lé/u*z.gyfb:fv_f

G CL Lo U e b3



46

u:zﬁu({w.w"gr{;eiu}mj: 2.2

Ag Cu Mg K

Na Li =2

4.3 4.8 3.7 225

2.3 2.42 Ww,/ev

/;Jr’:j‘"d’ﬁ;f J/"d/j;?dgﬁcig J;,:»L,‘p,ul;_gbf J—'l?
! []nterference}jf;if cdslj:/\_ﬁ‘!‘(:; :,/':5
dﬁ:)Jl_f&C/.:f}uj Jﬂl&'fdﬁ[Diffractionl_:’l |
Usd S WS TG puos ke ST P
les K'&jﬂ‘.rﬁiﬁé (_?{df:‘b 'u("u)ui»:gfg.:fbinf
ISR LN enZ NS foetn Sif
L2 Sl Live SIS P LS IL
lat'/(g_}fdﬂ‘g;.wl.&-bﬁfd@"?z - J.Llnl’l KJ{?)’,;
e S G al e QIS K UG (Fnlisg T
= L:l/r;l.qgi (u;ffl} ijf ;’L. (3:2‘ (Propagation)
J"L{,}Jitﬁw;}ﬂga.uu:‘j,_(_i!/?uﬂfrl)
ﬁ;tfu’luﬁ»!cé%yu’:;ﬂzLﬁ,b—f"‘l»l;_ﬂub
VR TR (:L”f/?::_lﬁ.ﬁf (P L)/(:w
& «(Microscopic particles)els} Lgm‘ff:i
_(_,EL):L?;J Kﬂ/”d./:)&!)i_jglsfuﬁgl

2.6 .k

2 9SS Ur L usesl Lt

e 5 x10* Hz " EAS U

S

_?..leg d//;lg:.:aJLf[E]Jtl;JUE;’bg
E = hv

¢ V=5x10"s" (_inly)
=y
h=6.626x10"*J s
E =(6.626 x10™ Js) x (5 x10"s™)
=3.313 x10™%J

SeifUrgil usts

&£ U2 P (s L Kl o (1905) Fu4T
LSl §Hdu i 2L FGT B A
S dpeut

Se P U V2 BL FL G008 el
<2 ! (Photons)gt 2 % e Ll W3 (F LT K el
et A L 1L 2o 26 Q07 36
sle L?_:/”deuyiglétl?ﬁhdb»d:ﬁ/% b Ssdes ¥
B9 S -c blors b oL 55 B B P 260
L bl b F303uks 5 G 1 6
8kt U S ki ¢ §1 G007 §7 S i
£ 3§ g o G o S o e
;3l_¢.L53L/2:. hv JEF}JL-)B;’LHLI/{E{_.T_ b
2)e vy §ei3kn i fL LSk
JM?) (L,E' Té f (Work Function)Ws ‘u:ﬁ .J.-
7 S i35 (v =hv) 34§ (e1d = (2.2
Ll AL U Lo § Suda b bl By
= Qe 2.7) i JUIS7 S e s

(2.7) hv=hy, +%n‘t,\-’2

S ntbvale e Suim v
UL B s ook L1 Fo e F T S
PPL o A ed 1o G B o
e LBl s aslion j&diﬁ‘l LW J:.-ﬁ;s/
~& &:{Gﬂfv:‘ﬁu“,} E"-‘:Eﬁufk):}l A
Lz yd/p)_p/j_ i QJI,L;;L-.J_. _-,/g Jb} dftﬁ.f
IV AR Wy P ) S 1y

« A < [y | A
Mo G RS § b coplids

c*"-n'»é—(n.SjL-dr-ﬁ;—(‘Lis—‘_,—(J-ielgL-(x..‘},-Jiafn..n',f..:...;...abl ] i ¥




47 ]

b & 3 .
AL E UGS+ 2.3.3
(Evidence for the Quantized

Electronic Energy Levels:
Atomic Spectra)

- aJﬁBd-U)‘{.-/‘;’{ &ﬁJﬁ.‘g-’J‘JEJ L{Lﬁ)
ol fire me firdlaGut &Ly
& l_.;!il.fe,glf‘/;, -.:-_.lex._:/g. = J"l%.l}:, L.;:?'
d;!}@- A (Prism) (7 chbﬁ.p d/ujsuga"u?.f




o

e LASHRIL b Q1 b1 g
< Cl Jﬂj’{CGntinuum].u"\_p foS- .J_fug
Pl e Wi L6 b U PR
fuf"dfxcﬁg‘lkfa.alaﬁléé g.ﬁgé»’éaﬂﬁcfp:’
e AU b

{Spcctroscopy]ék; b b K b dh«i'}, G171
J"y‘e- Gl Uk g9 S Lot K55 inq. g
e U ur JH L ot b1 Bl G
I U (Gas Phasel/b J{fﬁjﬂ JJL/J(_E
L i betie {padtos e 3120
uquJC"JJbu‘}‘?J/~.ﬁlT/(rU;uj:Uﬁffb/
-t APl genLd ot LI T6 8
.fr‘: Ut ek (1 (Line Spectrajouk (P ub
Low 6L b IAE Sresit S O3 vl
_(2.10‘,53).;_&55;;5&

(Line b G Fut s £ wsb 3120
[,f € 4% 5 - - Jlai QJ:‘_»’ emission spectra)
b;h’u"’f“;‘f ._zl’d‘-i...::_. fve ._aJ’JIJIJy(Unique)
ianA.z:a,/_»uf/vr,hf/J,fdw
LS T L uBL S
KoL b QAL ot L gr & Je1
SIWTLS A eon e 4B L L Fpbrd [
(Robert Bunsen}u’"..,/l.r = u’ﬁlp J/...«JL«
ol"a_wﬂ’e:féf_’muuu(wij‘(wn 1899)
-gdw-aj_i..au ol b

<(Caesium' Cs]g‘-;&;"{Rubidium's Rb](-:é:u

(Gallium' £= (Indium' In)ﬂ)t‘! (Thallium'T1)~"

=3Ls = 1 268 2% (Scandium’ Sc)(f 45 sl Ga)
u:z’..)’..g f:f‘-C‘:‘,fK(Minerals}.::-Qw' (O[S
#ﬁ’-lfl{:f@ (Spectroscopic Methods)
%’FF; /HC;:, u‘-{..:isg;,- J f:;z,wg [OVls J(Helium'He}
-J:fc;.us?./l"

48

& el Jdhtrdtnl S erdf B de de
d}brl?dzc,r J/ (}%Jﬂf’r’l;.f/-c‘_ JYJ})Q)LJJ
Ld(;/:CWJJJ};w&JhLO:’MUV
yd é:l'"_fi (Coloured Bands) u:‘ ‘fr/ H._/’/
Sl -yt L spectrum) b o Jb JEA
Indf e crcnlic o br P 6 G
e (fa. — Z*,y‘d}’ Fu’z“'_ﬁj[\/iolet] ;-J'{ls.??u:'_
aabfl L'ﬁ::;bké’«é- G S mlie or

= (7.50x10" Hz 1309 ) = (Violet)e et é,f;
J'J’f...ofbél_,:. dwr F(4x10"hz ) L

g JFJ'V_UJ 2L (Continous Spectrum) b
UAGIl sl e bl Lt & s B
ez B b (6L G P L T
(L5 Go o b Sk -e FUA I
¢_.:L‘&wnﬂwjzg_(zjf)q_,a»w’{ug
M St i SIS S e
= é":{(ﬂigh Energy State)=/b ‘,{:5! Gk JJtl?
B P I5 agt P Y al  R -
J'!,x(uﬂbJthﬁf"Eme(?; LB bl
Jaz et ZT b Lt e iusl 1l £ 3T

-;.L!u"":.u#wimfw

b il 33) 21
(Emission and Absorption spectrum)

e Si QI oSk 5L E S
Ul mi_a bl (Emission Spectrum) st gL
P e dun & ok $617 5 U T
ug‘éﬁ L./(Lg_:, _:g,)alflug_quU?([Excited]
(Irradiated](d:_{; Cbﬁ'}. L/.f('/@( [Sample];_.)’;
&b Qeiiat o vz e Bk S b G019l S
SV erdrd e ln i npliet)/
s L"tg_l.;f/};hj;



49

gﬁdf (v) JJAJ}@JJ”:\.{ IJ;ngﬁfku:{hJ;'{b‘a‘
(Visible Linels#3 (L kP i\ e b B Ut
ZQ.?LﬂdLEZ.Lf;E;i}.?JJW

1

1
v=1 o | e
(2.8) 09,6 (2 — ] cm™’

1% e SIS L3 2 < (Integer) 1.4 g_gnu@
=345 (S Dt

A AL b L gl = I

Kbt b L c)’wff{. gt L‘Ug'([Balmer Series)

(b) ;
BLE T

IS pn b S

=3

ib oo 5 oy i

(Line Spectrum of Hydrogen)

AHy e bl ok G iy Sl Sk u{.»
SZ e AL §i13sle ot (Dissociation) JI 1K
(Discrete Frequencies]dm-ﬁjge 33 s rﬁ:-f S i’}
Lo b Pas i\ o &b L 2 Je ¥
Ul L.z'/::’.l,;);_)’.‘.@:i[‘té J’_a. (% J'}‘.y{. u)l"]"fi(
QL7 1885 (Balmer) AL - ié,u; urt Ll

i

Z;ff(,bb&yr 0%

_ﬁ)ﬁiﬂ
f/!‘d)‘é’d)’ R

) ST o el S (i o3 S ) Usa) o gy ls Jita 7154 o) (2) 2.10 S

$8 S redse Jatds b il r b AUl WS sdode e s Jgb 3 e 0 sasis gl o8 Uil
ot 5 Ogat) or gl ot oS S Pl s ) L oa UGS b o g o U fols o oa SIS, sl B
um1:=.=L:.<..,.wJ.~..;.'-'l:- Ln:...‘..a_‘l.;'lJ_f_bfﬁfc,jauabt&lﬁr@ﬁ.x}l_,.ﬂ;lcﬁﬁ”;- -t S olad sy

2 e en i B ol Ul oS Thlie U pakd O et 8 el

"&WM@-LMJ.A@MQ

J,J.'lc,a‘_fb*_gjfau‘;;»ﬂxuwuwﬁ;wﬂ@.__,:-_wh_JU..s:ulJa..J'l(b] mt s S b ahyy s

ol S (Transmitted Light) oda) sdd Lo & o» Jl> as;‘f == (Prism) »j 2 ;4 (Slit) & 4> SL) 5

o el Ml 1pa LSS ISG) Lep S am oS er Ilbe S i S92 i e (@) g

J:CJ"“UJ’ _rsi d(Intensity)

cerUpp 5SS 53 b )5 o Un i e



W

IS WA U Py
LSty :_u St 86171 B id (Fixed)
[Statlonaryuu Lv d:ﬁ‘ (Orbits) sl & o - ¥
(Allowed Energy JJ [ dU:’ oit | States)

Jﬁ)}fﬂﬁi v ﬁju.«- L.U{J/ State)

- H_..:f“b.-/'u"' {Concentrical]y]

J::l”:'..g}’:h_ s l._.ié (‘,ﬁux}&f ZQ.GJ,U.?

.-L‘l—?f)ﬁb =] n, n, ‘,LJ-'
Ry 2.3, ... 1 O
¢ 3.4, ... 2 A
Lap 45, ... 3 oL
AP 5,6, ... 4 Y
AP o 5 B4
O e e n=
n=5
- . n=4
+mr(,5;u}|)_»i'u€ L
\'n =3
QPNE!
) A i Py
35 .
’I
2
(el bt
YYYYY e

[’[‘ransiticm-a] 135 5T O e s o alile2.11 Jii-
el o9 A e I S e e o S05)
(._r.:"aq:'Ss t:'LéfJ é‘"‘“"‘"‘

50

Q’A".Jf& Mﬁ%&/ﬁd‘bﬁnbu@yﬂt

u/,u u’"":’ =t sl L yir AR b

[‘VL uybu)'su-l: I_LL- & (Johannes Rydburg)
U Ee L Yk e e sonn L L

2.9) 7=109,677 (_1___12_] _—
1 2
n|=1|2 ........ :
n2 =n1 + l'n] +2t ......

A Ly L Pk 109,677 et L
e n=12345 s k-G Lup o (i
c)?_& f(Balmerl/L f[Lymanbff..,.g"/ﬂL s gx:ﬁﬂkf
2‘.-[1-51:‘" (P fund]ﬁéﬂflﬁracket}-b{,:f(Paschen)
Lo d LoabPuly 2.3 e -t
gL

by sl Mﬁﬁ(ﬁ'd’u“b L,"/"L"L?
Clo Lot oae ool nalJ J-bdbi L AN e
PN M&’rwwu“"bfua g
i b L e tn O b B
Wt sl le'f -l dlp uL[Regularlty]fﬁb L
i wagdib("u‘_.tfﬂfd/u:ﬂb._f/ul Ut
Hootz £ Pt Irng S e st (A4 §
£ U}JLVLJU/Z /r’:j""uﬁﬂ’f_a. HJ:/"JL),

-u'cz"f'/f SET L WS Ptz

Jitﬁiééﬁlcﬂuf; 2.4
(Bohr's Model for Hydrogen Atom)

LUl J"a &7 55 (1913)(Neils Bohr) /2 K
Jusu'ﬁdﬂﬁqu‘iwm_éufﬁ‘ ok
(Quantizaﬂon)u“/ VL Sei vk g
«c-u*’u W e oy PN Elo_ Je16,9L
%LLEJUM'/L};’(L?/L @;ﬂ&l.«{ﬁl,'f/g
L/tjé’“;’ J,{L/;z’ __i L ﬁf&:;f% - Eglg “L-rJlZ:‘:"f

e~ L:‘%{Postulates].:fuj/a”dj_lf":



51

3§46 é? b/oneS7le Qv d £ e
Jae d!..:i.i,r’..‘f.. A € I _w(Integral Multiple)

(Neils Bohr)zs UJ;'
(1885-1962)

el & B oy 0
Tl 55 S S o 191108
= (University of Copenhagen)
Jolh Jlo B 5 0 gl s S A - S ol 2y 55715
) @ S 35585 G ) el e e
8 (S5 08 STy Kb 255 0y oo 1913
Sl el el r 1920 )5 s 4 ok
e o WS sl S ST IS s
& S ezl ol p S UG il J p g s 5 Sl
"Atoms S et oo 1957 LS A8 i Con (S5
1922 55 py S il (w2l J S 4y for Pence”
_'qu;rbdu;,};\f;at._aﬂbl_pi

=3 dA

O L = SeiS it m
e e b E G g o
e N 2§ SeiFes o e St 2
o = Mo JES e S
_(2.6..:JJL/').4.Gﬁfy}léétl??‘a.t'/:x@uf

Y- /P Y1l AN

Bt = (51 32T L BIAI K Ll TN
Jé’d/»a_éf:;wf.f&w dLJ'JU/‘a!-L/u-’
ol G, st S s Pt P
_VEB}AE'L%MU?:}:J/QJ_ U
25 pye§i S Derve) HIGUISUFL JF
&5 Ul B ol U a2 BF e S e
:&WZ.H..}’Z./!Z.%U’%J’L (fff{ J;.Lv
=123, u".J_.laL.»ﬁ[u;de:C“Jul/ﬂl (a
/" fhf:’,;)’} (Integral Numbers) sl é‘
u_'f’.J_k‘/(Prmc:pal Quantum Numbers)
_(2.6.2‘3?)
Bl e B AL Bl UPedE )
= 1y,
i el J}/‘J?_.A J! @ = 52,9 pm iz
426 _c 52.9 pm Ifr_LM/ﬂ'_w?ﬂﬁ
e l:'LvLLu‘JI,aJlul/-aiJ('fu 5| e
_g;.bbﬁ/dira.t'blﬂfnﬁdf (n= 1.(
_b&:..lf.l:&mc.. Jfb/xdfglg’g#dz_/”

=S Bl

dh;.c"m'a;{ (Linear Momentum) \_J/]; ub C)U;
EAIFIN LA S P o p J 6w il
@ JBJJL!UJ!IK(I) (Moment of Inertia) ,.dJ/f
J m, ._f..c_ ._«/’wlw g[Angu]ar Velocity)
Gl B id r‘))’Z: J&;;? cj_. L U/ﬂlﬁ

= E-J/r-f'/};; &L

(Angular Momentum)a@zkwf{j!:}') =Ixw

I=m,r* 0= V/F(,&-JDJGE)VUL?.)
eI QL= mr® x v /T =mvr

« AE J/ C A6 6P alen Z Uil 357 i)
Lnlilbl e Y b (Transition) ™71/ w2
e b LA S E1 s
AE_E,-E,

h h

SU §17t 261 & < Ey 1 E, Ul
Z u’*;g/’L y I |’lc-“.:u‘l:f‘,_...f Ul Q_L.;L‘l?
- dtgdl.;{.”l’ﬁgxl?

2o 3 e 5 L7 e ke L K2 i)
e P2 5L @11 e blafly 2

(2.10) W=

m, vr——-n.i n=12.3
2

(2.11) =

KJIAJJFJ)’JGJJJijLL .:‘_-_{JL'JI/J"glm vz
e ST S P id
(E S el Ut usite U8 S ) LT A



w

}‘gJJF+43p§- d/diﬁf‘fyw&:‘uf{lliilabv
L e ertr § n = enl &M iz G017
_L.L::/S:U?}r (Stability)
Pk Free B FgUsT G, s
He g L Jo_e b L2 A
2) b Ui TL £ MU IR, Be™
Sude O#F (Wt 2l & s $=
O Sl a 58 e a ks ouir U1

(2.14) E, =—2.18x10'”’(£2 ]J
n
pE b b e Ut B idl
(2.15) _ B2, 9(n? ]

Z
uﬁd/g_)’!&iu:’ll‘fhjﬁfﬂla:ﬁflzub?
zLe blr by e o bloll oirg 320 Pl
-..M’Jﬂladlpr' d/o}l,)ﬁlj.d d’dUJﬁ'Lfi Lok

EA B S ok Jon AP

-gf!rl.wkc‘_,gr"ntzﬁv

-l KUJJL’J Ju:’faia.J/,u‘/?uf Ule @l (e)
- ..,J:L-»../mﬁL oo S
IR Srke UJU/ Juf/'u| s J)l’df/sa. Sl
< by 3ol el 3Ll 2 Bl d/ ._..A/ %

i dffﬁv;;urw/(ﬂ:ém
g ) J.J_;J’abi cﬁuﬂ 2.4.1

(Explanation of Line Spectrum of
Hydrogen)

L2335 L Lopler L ficPni
o fdﬂﬁf'w_.f L)/JW"I JJL/J’ (< {,ngk
¥ (Jei9) Elei L2 27 G f_;u,
.»_,;ui/([,@? SRRy f.»~_ byt iS5
(oD Lt B SI7 ;uz:/(ffﬁ <
_»C?'J'Juéi e Ml s Enle it 21 f;;_ RO
(Energy Gap]ydlliul,-‘»&: Usili U - )
e bl b 216/

52

-{;bLL;u;u "/'Q Ju:w;./u
._f’bd}ﬁ'JJI Jb(ﬁlc._—m_aja.ulfa! (c)
a_dlau/Lbf_.u..uLfJ:;uy,_Ldll!J

(2.13)

J):, Juﬂ yil ‘;ﬁ' ﬁ‘l.":(.lﬁ:‘“ l—fﬁ) Ry u‘-ﬁ'
LA R) e &i:, - 2.18x107%J
:r.‘.‘_(jL'lpd/(c‘:_ :}Llf(f, (Ground State)

E =-2.18x% 10-“‘{%,] =-2.18x10"%J
NP NS VA )

E, =—2.18>c10'“7’[2L2

SHEASE I AN LRI o
et LGNS L s RS

S s ¥ () BT S L L Py
& L u e lerte SUTS A2 fatPas
FUse A et (213 2bl)e
oF o L SIS LI I e K el
e G Ut e o3 § 5T rest
Gl = gf"b:c A (free) +13T LT A o el
FEAZ 3258 807l £ i tw g Lo
— é;n = JS(2.13) _aisl/.a 4 e dbl;-;
fgcﬁﬁul/-als _OIC)’J fc.qusfl!r
G E e bl by ﬂ,n::_.fc;f)‘a "% t‘r/.,g}.ﬁ
& Fole O (%% U2 (Absolute Value) 2.5 7>
$ren=1.4 JJU;L}:‘M‘{:JL ——a Jle Jﬂ
(e d-{:ﬁfibfc- P

gL

U/ﬂfdwm_me;,ﬂziw{*uifar_»

ko/ﬂfJf'zn-mc,uljﬂuwﬂw-;_w
ZE P\ BT U1 b S i
LLu*n,fu.Jsic.t'yu-”:u u’-f'é'U/'ah..? W

S dw H/deuuﬂa_ dee Bl dw e ble

En=-RH[J:—2J n=123,...

)=-0.545%10"J

e e Jl
(Ground State) 2o 231 /e_|




53

L ;_é JJ»#;.{FI:'*&?I S J;r d"’b s ($x WA
CHE A SPUL Ll nB ol st dp e’
_%%J!J;JU,JE}J:

PN I

(2.16) AE=E, - E,

.;.J'_HJ (2.16)41(2.13) = lsls
i | Ry Ry
GRT 2 ng sl i) AE {‘n—g}(‘g)
- 276 Unita (Final) § 58 1sl (Initial)

AE=R, [iz-in=2'.18 xlO”‘aJ[iz—_i)
n n .

y Ty nj
2.17)
s S (v) 5% e A L d
e Pt i 2as
Vi L& ﬁ(}— = 1]
hhin? n?
: 2.18x10"%J (1 1
2.18) = 6.626x10 " Js [E R EJ
(2.19) =3.29x10" (nilz . %] Hz
S LP J (V)46 431
(2.20) V= % = %{% - %]
_ 3.29x10%s™ [L _iJ
3x10°ms™ |n? n}?
(2.21) =1.09677 x 107 {iz—in m™’
none

(Paranthesis) o ;’:ul ng > gﬂgw-"{! ._gu,-"dl 45 |
{5/3)-‘4. ot e i J H;JJ]‘L. < (Term) uf:lﬂ!_.: o~
;sla‘:..&} AE ¢« 1y >m:uf:.;fg{&&!ﬁh..5)’
e Gunt b erd
I P -_ﬁig;’.’q_ u‘-i"’myu'l (2.17) =l
[empirically]J}H?LJTLJUWI:G@:M! JL;.,,.L}'}
e s ek (2.9 bls) £ Derive) C’fi‘;
F:-l uﬁuf} AR AW »—&"’L}fﬁi e bk
l,&ﬂiir_. (Transition) dy”;?l}u":‘?Lf(Lb ngs
Sl i S et S U Py S o L:CLa_'
FEB L AL e Fefe gy



En ot JE
-f;)’i,pful. -1
Jﬂldffr'x K77, -2

(Dual Behaviour of Matl_cr]ﬁ)yp{nﬂ 2:5.1

2 £3_(De Brogliekble S5 13U 1924
[;)/_;14,51 (ul'j})’.;.,w (_;&:;L.}L tf/)’JCbﬁlfL,(u:f;
_Jf‘ll.p Ujf;lb‘g_}f_::ﬂﬁ iju;u :;‘f*‘&bslaﬁfﬁ=§-‘l¢
Lrdnic tn Fe il butict Se KU
brJtnle b bn FeS 7 §UIAIL LS F
Sl _{f i Lﬁ;:_{jfi e [Analogy]ajl/;j' -UA‘(
."‘jjd:jgjﬂvulfﬂi(p] _"/”;JL;"‘J)’ () E,r‘d)’i 043

M

(2.22) A=l
; oo
s K 1p s < S d/JIch. :‘:‘/Jwi ’mut‘&:
Sretemuie Mo ddu e o7
,__Lft_{a,gb-"» ¥ (Diffraction) 21 ﬁc)!}?l e
VIRV SR Sy NS Iy TS
AL UPS e e B St
e b YURIK e ) o A ()

(1892-1987) 13 5y

de S, &5 a5y
wls lade el 3 21 Broglie)

(Louis

elog g JBy,2 519108
K b o ot (S ple b 5
STl alls Lo LS anlllas
il 658 (O e D
e o e gl S e
(Paris University) 2w sss e & Ol o Jod s
(Dr. 53 5 @8 ju ol ;01924 -
Ll Gn paaSm e de 01938205 5 Jol>-Se)
e S obads SUES e iy wou ((1962)

_g?g;rmuf_,sts'ai:.:,bﬁlgzgdﬁn_:aj

b4

e bl (2.15) e lils B id KL
. _(0.0529 nm)n’®
“ Z
== 2%6{1
. _ (0.0529 nm)1*

- > =0.02645 nm

1340 JJiL/;J{ 2.4.2

(Limitations of Bohr's Model)
e Ji é.lf"(z: L sdmta Jil fﬁ:f;ﬁui’l‘. 62
JED T8 P Y sl I P 5 ol I L ot
eolos S UM L (5 Be A He (L
B Bt Gosl Bl Ul PP Kt L S

:Ez/,u.‘."}yl.éd

Lol Sk LA b Pk e W
F4 (b}"‘su{ﬁ».(ﬁmoublet]wﬁj) E;(KL:Q':
oL Tl e S U § J
2ol p(_:aﬁi/":ﬂfcsl patle O gﬁuf@ «JiL
S (B e ES
Seer 5 o B 6 oa p o Zse 292
(Stark e (4 | Zeeman Effectit (o2
N9 Jsﬁ.{}b}% S bz § Effect)
S S o on S (splitting)

Se s Sl 5Lyt dd " Sus,
_.Ef-),u‘.'.‘;.::-? (2 g,(g_,';.‘.’ilﬂ
im gx&.b[&ﬁa.ﬁé.:{:lfuf uﬁy/_./u

SIUES IR SEDF. ¥ PRSI A )

ﬁ.é)::whb:d/u;{"lé

crSInEe VL Fi a5

(Towards Quantum Mechanical
Model of the Atom)

erbrmbi LI st B L U S U s
uﬁ:;ﬁ%ﬁf»-f;ffffi./ﬁg‘_J,%Ld:f;s!



(Heisenberg's sl (f"rﬁ (.Jj."j } 2.5.2
Uncertainty Principle)

(Werner Heisenberg) _Jj:'] P b = bz bfl
Ul (Uncertainty Principle) ! G 4 41927
e UkbUl-e K S Ul 2
Jf:kw;:gﬁyxslrﬂ'#wu‘fjl (df;gh.p';r
“o Pt/ (simultancousty) s s <(UTL)
ok 2 L(2.23) el e I W GQLJ

-«
(2.23) Ax x Ap, E"{?
su. T

a2t % .4 R

e h
%_xm* 2 e L

(Av, ) Apg e G w2 P £ s Ax Ul
Dl et D T s
J ‘(‘L. 74 &X)i“_ ('}L”';VL Jﬁ) J,._'w 1rg
Ak G-t 1 My 1 S GF 200 S 0129
e bf Mv e (AL Bl S

S

s L Jo1 ot P e g o B 2 G
AL LI L B e JT e
- G‘ﬁ b d/ J’i > (Magnification)

L (de Bmg]je)ﬁz-ﬁj ,J/{_ (et l:/(..*.u.',:
- BBl et dt s Al dnd /7O
sledwu§uNur ik ity bl b
4./»»!@!}91_&% Jufd!:—‘:wlaj(!ulf(a.
brdb i (o dnfenedfo) anidids
Hoe b tipmre P e sLavfy

-@L/:ﬂ?;;ﬁl}ééﬁ'ﬁ,{f Gl bl




bl

Ll ph S EG AT S isuf

J’i./,w };fiu’l {rul)?)wc/_:’s.‘;;/»

LIS ke S ek LS

Kot d LnPficss F1ds 5ot

el Ul B S ep S Fe v e «

Jﬁ:mrbitrary]d;gﬁlu{[Simultaneously)
é:ﬁ. ul}?l ‘_{Iﬁi 1 cﬁb d,r}”m;lzi (Precision)

e TN

B e S 21K U e £ S

L}l‘ UL(J.!I‘L- le % é. L (Microscopie Objects)
J_i,pﬁa_i..c".. J!ﬁ%d’ﬁ'é& (Macro Obijects)

_.r_'-l:Clalf‘wc_JV
Ju’)c;bb(xc_fl.fJU#!KJﬂFf’ﬁf
Yo e L (10°kg) L/ S L g‘_iume’
AV.AX = 4::“
PPN 1k (g | Q. O

4 3.1416 10°kg
A W O b et b § bvasx $an
I G—J'E&-;tr'f&ft/f é-uffr"f— V-
st s FE e AL
Ho e L oss ($008 28 P L b S
ﬁd@(msuuuﬁ;w&& AV.AX (13 St
_./J‘_f W L Lo b L B O

L e Sii el £ « 9.11 10"kg
A%
Av.AX =
4n.m

X 6.626 107 Js
4 3.1416 9.11 10 kg

= 10_‘11125

56

s ENL (i &x)fndw}/frw Ko
E g S P L L Sk s
_Jﬂgiyéﬁldﬁ:%;!‘jdlsi_ﬁyb
Wi S e rd 5L Jie L U Sf*’rx
« AHE 3y Sk GI_TIE B Lo
‘aﬁu;..u;? uﬁ;é_ﬂi;ttﬁ{u)-“a lfl.ﬁfcf_ﬁé.t
Cﬁ"é.;;!uﬂ/;‘:'wg.?qmszu_[fb élf-';? ...;Tf
S T L LSS Er FL_Loun
L6 Ser§ak, Py STy T
e L G L Ly und =t
L tSe G Zreitd L8 S
& (Dimension)s Z ul}@! JLE L,(..".«l:i.'."J iw
b4 G 55 LS DI s )i
sl KA Lt P G L sl bl
6 e L3 u/':bbi‘g_}/k L?;J:-' J.:‘?"L ZidL
o Qﬁ' K(ﬁ; dh b Jd‘ﬁ"/{a dxs/""-{;?_:
Ll ol gL Fos ) st st & 12
LA G e uiErdp =31 e
Giclo bl uLbe Aaml S L
Fat B h E B Bm £ S L &
L
S shps
(Significance of Uncertainty Principle]
< E ALK IAL e L (Heisenberg) 7 7
:r’:’b;l‘;ﬁluﬁ‘bc}f& L ebse ] (ﬂ::lui}gl:-f ==
L3 K .4? - l’-‘/fyﬁ; :’/J;j:’r J{Trajcctorics]
Yera 5Ll el fep e Wit
& Wiy A S e
(Uil QZG,JJI{. ;:'s,jgffﬁ(}*‘o‘{,u:"ffm

P WL P |
Copat) S pee



57 ST

Qb diws ST S5l g e Slarabs o s R e 1923 & (1901-1976) 3,555
BB s e g Bl 0y ASn s (Gottingen) S S e ) S sl b S ) S
o ) 8 52 (Leipzig) 85 5 1941 oo 1927 05 e )8 S0 S5 08 gl S 2 g o o0
~2) N S g e A S B O S E e Lory iy S Sl

S L plail bl olak 01932 S 8550 6 g lase S

SHET e Ko SN ek
dgﬁ-;ﬁ_a}s m/sJl saoged Sl 3/ (i S e bt/ A L G5 § 10°m

r'l;“i Uﬂ;“‘:" Gﬁlﬁ’étjb’i JL?JJ JQ.% :Lf)f Av frﬁ
‘/-Lﬁ"-"ug‘jgf“‘ﬂ —10.4?25_1 =10"ms"
10" m

S in a,fw(uf:‘)uuuiﬂfq_ wl 512
SPowe Festde | T WU -G U s 1P S S U0
: § Je1uk .:..-w‘ﬂl..ﬁjfb Juwlru'»ﬁ U

45 2 _09ms
00 Z @126t/ #e = bl )L (Probability)
Lnl S22l ditﬁﬂ; be'r(L (l-‘-’..q. KG«'GJL;VL(L;‘ Lﬁé.:é
= h -3 e (e
4mm Av
_ 6.626 x 10™ Js 2.15
4 3.14 40g 107 kgg'(0.9ms") .
S P K L 26 L00A A
bao 100 L e B Hdaglp LS L2 o
r‘ﬁlcg-éc:a'fié-*/.fé-élfgd,h;ﬂ/lr:?-f- UH_@,&VJJJF_Q?LL.’%‘:JWTUva‘Vﬁ

o S ML L o8 SUBg 1 G e d L
..l‘.’/?'{? Jp

P : h h
(Reasons for the <\w! £ L L ~_,,.‘( Jole 2y Axﬁ\p:a or AXmAv = g
Failure of the Bohr Model) A h
V=
" 5 4m AX
VUil st L GRS Uil A s
g 6.626 107 Js
. “l b — - b Av =
)/£ r‘"kﬁ_r‘;.LLgLLu)oyaj'lfu&lfuﬂfg’ug ¥ 4 314 0.1 10‘1°mx9.11x10“3‘kg
M & r
= B SIS o e VoS TP Unla $51 =0.579 10° ms' (1J =1 kgm® s?)

Sl e 20 S L M S g bl S S BU =579 10° m s’



L

s O eols oiladle SL il Bl
& (Erwin Schrodinger) 55 .
Ly e Sk LB 0 1910
(Universily of S wn
A S 53_@1_,&_ = Vienna)
S S8 40 e 1927 .S ol
LN S e S
Ol e =3 S (Max Planck)
Kisise 201933 & 5
S gl (53U 43 0y 4SpST s S o S
o bl oy algbl] 0 1936 )5 o S
3y 5 Sbgtdm & N385 o
LT L3 gy 0y S Lo W cw b ey
il Ju 7 0y 590 £ dx (Dublin-Ireland)
< (P.A.M. Dirac) 21,3 mpleelaz e e 1933
SAS g i) b5 S Slmebs 3 4 o705 gl

b e
Ay 503
(1857-1961)

é. Sl ($ o /ff;:;:fl:i/ Sk JJQ?FI:(
L:?fu:u’-;-.lw,,_tfmﬁaru‘uwflgasﬁ
(Duality)dss os3 J Sest el Uy £ 20 g
RN T
FSILNL Lure BT o el
-f_u.‘?gu.‘.'u?m
S ede Ll o) L L st
il B b dn LR 0 (07
(Operatorz¢T b/l A U fv=Ev  di
ffni A, Ve tik/ (Hamiltonian) 2 Ape
-JL“: _,ﬁ_{f J‘Q_J J:@;:.. _:.MJStn?erwJ/
§78 (B e ds e Gos F§ e
{Attractive/“vj'f’gj.l:aﬂg:u,r:{xjj,lu;?l Alegleny
Ehrenis o i L e 72 U1 sl Potential)
SES Kbl -uf JE Repulsive Potential)~

_‘;;.LZJ.-;;

58

Wy P N ENT NPy 1 €99
- -U¥ r;‘”ugjn;[:’.z ol PG E’ui}gf{ =3y (F
O e FF R £ U1 G £ S
ok 5ok e o5 e B 4 Bl 50 1S o) g B0
S ol s pie S 8,5 80 Sl eoa U501 s 87
f}’"ﬁi Ul Sk S5l caus TNty
sﬁj)_(_FL}.?Z”)J[JL/“AZ/VL/S)U;JQ|;LA£
cles2 u:};‘i 2l UE::UJJ/‘.’Ju‘/IJ)J S ..:J'*lrJﬁl
I A N T o AT

K uﬂ’ = J.’?g £ (Quantum Mechanics }u’a—-"o

(Quantum J.;Lu’a-“pﬁ/{ﬁl 2.6

Mechanical Model of Atom)
UG By o 1L 7L Jii 2 ok I
[;f‘,/"d,a/;;: e sl st i.(iféu:m ‘/;-.f 37 L“)fd_.f
LA elisr i bPe 3ok AL Q¥
FEERFE o Lo\ S g ¥
&1 G G K U o2 e Qlowe pHE = U1
SRR S Ry R
.:._ﬁ;im.{_L;usﬁn&g&;ﬂhib’f&m
2L S e G L3141 B Jﬂfﬁrx;ﬂlﬁ)
_{_glkrﬁﬁfs;&{m;l{ﬁ)/_ﬁ:u’lﬁgﬂ
KGIEPISE S Sl Jgﬁ..{u‘::g’(’ff
Eb L bt NI UL S LA UM b2
l.nf;J,; “Lﬁfuﬂﬁé.a/ffwfl;"uli =7, =
Qi £ e b PIuUKOWIE
S Lzt n S éL’:w?(ug(H,{uﬁf’u

-@Lﬁdﬂba
,ffi}/:; Jasl sl Jj-f% /03 J<1926 )/Ja»?‘}f:(
(E:F:(J!(fulgﬁ u?_j,) E/J/.Lﬁ L/rgaifaﬁ.{‘ci.
_‘a.d*{alxrﬁéci/f@ffzuf/éfc—ﬂ



59

I SF Pl | Pk (Sh2.6.4 412.6.3 ﬁ
QD pnwe S P UtIS Pedbr £
Ut A Lstnotiet SHOK IS szl

AU VL
U2 e om S sl Jﬁf-lsdﬂ.ﬁ@ ("v!Kﬁl
d‘zli}- f’b’iy'/d: ﬁf-q_ [:5/'4:.. S L :.lsL-f/ﬁ?s/‘{

1t o Ler? I S

SIS e e SIS Uit U 1
A L Bl G b S O
B pinZ iic J—"ic

IS U Gar § Uk 30 3 G 2
L e g Fisf e el K36
- ! (Allowed Solutions) J’ A

(Exact Position) (> d"‘."{wr}gf.ﬂw ALl 3
(Simultaneously) =3 - (¥ o 0 d'g J Ul
el (Ut s L) Ep L o
r',-""g,r.‘.ﬂa"l.fﬁ = E L CUAI
J/r‘;rzuf{)ZT.?TfL:ﬁ’tagJLD:L?g
Lo L Ly b8 B e (1]
gL S Ue

v J6 I Lot fi s g e
Yok 5L J6 4L e
Ve AP s et
cepdld S LE e S S
P 1§ o L ot P e
Sustt S U et g 7 o &
A1t P s SE S s 1
whie U Pl L e B G072 i §
il A o1 QA L2 e e B
U s St i dn e d Qpiet P
Palid £ il BPFGL
WL et S Pz tn S

=sdi

(Hydrogen Atom s 53355 35 o) or 3yl
and the Schrodinger Equation)
MJO;:c“_ (:Eb JJ?..‘;!:L-* ';J;‘C“J_Lr‘b:’cﬁui/l‘u...e
f e LU ot b Sl B
J6 s ) e e ) L= o 5
22 1 -fl;’;_% tve b (& (Wave Function)
S LL sl WL G S P S J L
[Azimuthal](fb..‘:e"n/:}fbflfdi;)u‘?g% JU.L;;.
S o fi &UL")?}J;‘.Q. (m,uv I}Ylfg‘fb&;jl w f“‘b’/
S L g L Plog b L0 35
J6AEL Mo 17 U1 9 et U2 Ao BoF
jyp.“ﬁ‘}w,;. %;L)”(v"ufz_;g Z
W L g b S e S
- u:’u"d‘bjf.& Jsle @{{Coordinates]
(e b WM Lt P U9 P\ | o
<1t & (Atomic Orbitals) JIEISFE oy
L Zn e LI Ll 2 el g
B F hsans Lt Z b
et B B NJBI L L
FiPa sy AL Yk b E AL Figus
G gt &Sk Bl b
,LG?F//J.?}LJ?L,q:f.:?LEqu"q‘?E.)/Lf{:ﬁLB:

L Gt & sl /5»/’:: uss G2 A
Bifene 2l L3 e Jiss
uRb P S e S SR L E
- ﬂ@g&:{l&'&/&h’;":{mppmximate Methods)
S b il e el T s Suried s
é é./ Wk Vel :LF‘;F Z u:i.?f 3 patle cf’:ufy
ULERS Ny &P N Py )
rl/“:.,.x JJL/".. by 29 Jf:aé 5_.'.-'4'& Cj.lg
UNLUB LT TS eyt Lo Sd, P



n =1
—e bw Ul AL Pl A L 3Ll
..K/Z'_lg 194 ﬁﬁa:_l.:};. u’»‘{é Ui/igfd u,ﬁU‘_/”
Lome u’-’b;uﬁbj.l?cﬁfui/b'ginﬁﬁ Z‘./Jl.f J/JJ.J./
PN AL 3 nd Seln o QLT L
Bl Qb7
(Azimuthal Quantum'l' 34 St er
(Orbital Angulare/7e Susts P Number)
(Subsidiary Quantum .4 (ﬁ}(&_: tMomentum)
-< L‘Ur‘rf:Number]
Jrz S u.gd’n_q_;. l:‘)’u.J'/"'!(debfl.z J.gb.a,:
(1) 0 &> L,(cﬂruj Q‘Cﬁq;ﬁ nJI&é_ R
g_g_'.u:’.fJ f‘_:-J—LJJGJ!fU}'—g u(n J/ﬁ-:‘:_ (3!:'_5
1=0, 1,2, ..., (-1):JF
n=2..‘40._§/°;jgff?‘¢. n= ];ﬁ;,; 2 e
S8 1 Cn=s g1 moil Sl L
~Ur241<0
SubJd o L s bi e 1L LK i
% (Principal Sheluuﬁ.édai; L tw J’y 4Level)
j%{;}bﬁ JL’."-'_{_ JM’ Gsbr L nslasd JLEJ_'.)
) eilbra I = 02 b Js"‘_-.ﬁ.,g 32U (n=1)
Wi nil= o,nf&m el = 2)&&./»‘,7_
(WS ln(=0,1, 0k -J:ssa(n g S S
JI-‘L CloLs()ss u}ffafub-?:”ﬁiiﬂ LA
Uk J__;.?Jﬁﬁul_'_ii.bé) el u”‘;j__;f;‘

_ufi.{gé/;w:.-
#81:0 12345 ..
&
el J‘:L;;j s p d f g h..

Jil L/,f”!fﬂ{ Loy L 2.4 e
- g};—(dﬁf-rf"d-éi}d/:l;’;ﬂ)fjl (Permissible) 4

60

Sebd et e gt ozl
= 4 L,(Ja-'-?ﬁ!::'?. &;f 5P S B Jul
i bor P/ Poa pieid
¥l Loy Bl ml g s
el Gl J@@:’J’g‘zf{ L)@
(Probability =30 JE1E_ S | S
u.‘."f-l._,g,;:-_ 3;:‘..:;{3;3:‘::;:1{_ 'l Ul density)
N AN T Ne T T
bz LuPiuge PSS E

e nlic —JPI

f.}(blﬁ:ld’%ﬂ 2.6.1

(Orbitals and Quantum Numbers)

g G e o §u TS P U e
3 F P L g Ut fol ) (Qualitatively)
ekl R (Ll 213 L (Orientation)
(it Lr L ko re ek
IS 63 E e LA mbi !
(it BLusrdmterdisy
Pl 25 L st G 2 Pl (- il s B
et musl 1 en g 2l e SWeES Pl
-l

Fr B S s Gt Len Uy
UIEio Sy AN P2 A Jiyn = 12310
LU Sasi o) it T i | b u.‘.; RN
1 S Kl QTS P (o B oe L2t Het)
-

U'EJn-.»?_t/aéwﬁJ{Shell)&:;?f’rfJﬁ;
W il bt LA AT S Pilos £ el Lol
,gﬁﬁ!ﬁ;frﬁéjﬁ&xd:uan_+J@ J/;Lb.a.rﬁ
e e s s, Mt s SE Kl



61

-& m;= OLJ/JJ?C?JH}IQJ_ Zi1=0g
my=-2, -1, 0,41 & Z1=2 Flsfi2(0)+1=2)
e 1A m St e kL2 241)=5
- J%Ji&'a.n;jd’hﬂuj L}bu(.wi

e L U § mpstten oz Ut el
n=21=1m=2WFIL c to V72 5L
BT ol P e oot
o S Pl e Jb:lﬁ-&s..wg Sipr e
-..f._t‘);-;lé;:ﬁ.ru,bfnd:

Jjé..éCI
AL

5 |4(3]2]|1]|O0

h gl fld]lp]|s

R

111917 |5]|3]|1

{ﬁfuﬁ, Ll SRS P L 8" el 0,5
J[Orientatlon}&‘}uf rJl:f? JU‘F ‘(. I m) 2Ll
U e Ee L Jengs L L S
ot Fli o Fo st v 39 2 o
e P b A Gl p KL L Sl
2k (U %}%'f-a-/:)-g:? b#%3:) (Doublet)

=3JAE

J‘Lbygi_.:2.4 L,.'!Af'

J?J:.} 1 n
7
1s 0 1
2s 0 2
2p 1 2
3s 0 3
3p 1 3
3d 2z 3
4s 0 4
4p 1 4
4d 2 4
4f 3 4

(Magnetic Orbital Quantum]/,} (E’l)/f.rio’-:bw
(Standard Set ofds el Unfes Tl m,
306§ P 8L coordinate Axes)
L"/{?J,j el 4 oL L (Spatial Orientation)
(Lt sre BId LS F -
Qb St g iz + 18 m,
m; ==1 -({-1), - ({-2)... 0,1... I-2), (-1), 1

el S Puted it
e S Proe A EILSE PO L il e Lt STF Pl 2
HFISL €L g o o ES e ¢ s B Lo L 2 L u:‘fb‘&?rxi SEA
aﬁ-lbgjjlf_;rﬁﬁ@ ALl PG LS F gpﬁ?aﬂlﬁhﬂ_dié_jffggﬁﬁwabﬂﬁ;
/5':;..Ljd};ﬁréUI/’-ETIJEJJUJIQEJ@J,gu;c_.(mjnlf 1) 3L ui;:(ufuffléd’w-g.yc- JL@J&: c)'f'g'
elyi2 g & ES R AL FEL P 112 SEC K Sy - L GBI L yoéetie
e PP b AR AL Ly 12 ale A3 UB 1y 12 0PI o el B, 5
B _{itspace) S e n SL I AL A D tn S JBINL e \ LIt Fe
éul/‘iglu'.fz&.xé.:/ﬁ(_‘a.ﬂ@ttﬁﬁjgfdluﬁﬁfﬁi.;{ugg?%u;mdg |w|2._f£°z_/,;4.
= LA L BLSEA_ AUl AL i Jint 1y L EUBIJL L b 2|

e 7t/ (Probable Distribution) (‘:3 dbong A Jl L




b

L » Jﬁd;_gi J;-;.. tﬁfb@ﬁj&;l‘mf (i

SSs S5 dngoiers N8 me

JFA:’“L,(&JU/{_ .,J-b’(u'f_‘a. Jm‘ f&jé;iﬁ

3 AU LA S U pu
--f—&cizu(

"?-y‘*&.ﬁb(d:'d/w}g'ms (iv

2.17 .

oS o lie n=s AP
S

L g, 1, 20 f i Ln=3
J“"Jl3pcf‘§n(m[ =008ln=3,1= O)kal."js
el un(m=-1,0, +1 5in=3, 1=1)
m,=-2,-1,0, +1+, sin=3, 1=2) f13d
_Lun+2)

1+3+5= 92JiﬁJ{JJ’5lédi

ﬁ-&ﬁ[’ Jﬂ tfré:/ dh*:’“l;( Z:':;J: i@fﬂ)ﬁdﬁ
JWTJ&Jlnz =3%=0

2.18 .
pﬁ:(Jui,gyF Lni S fu?ﬂi'ﬁdrp'rs
- o Sulsel

@n=2,1=1,0bln=4, [=0,
feln=50.1=3;[d] n=3Tk= 2

JS

Jkﬂ 1 n
2p 1 2 (a
4s 0 4 (b
5f 3 5 (c
3d 2 8 (d

62

u'iuﬁJa/:‘(q;u:)u:}:ai LB ) (Triplets)
f.f_v/zfﬁgrd’dﬂ BAapiz et w6
.J_.)/lﬁIQiJLC' :';:J")?JJ
sl (George Uhlenbeck) & /%! &l 41925
u?f}(ﬁ’“;:?', ...p i (Samuel Goudsmit]._*./l;fgdﬂ
by 4L (B) 4 St Biz Sy £ bonrSou
USSP 0 10D Lt
e fﬁz th_’..'tf"._.}f L@/“E:jé v )
5 A L 2Lt Sa it o
(Intrinsie Spin Angular Quantum e f’u’ Quats
:Krf".pj_l:v JL:U ol I{;}F}gl../_l'_. W Lf{ Number)
e ol SFLLFES e Mo
;ﬁfg{l s uﬁ{ﬁ» l-Ut Q‘Cﬁ (Orientations)
G'ﬁﬂ—l/znf + 1&:;_,:1;?» JJD‘{_ Cl Vel m sk
s JJJ?( (Spin States}ﬁj{acjflu d/c)i}gl:, D1
! ({ch).’,’l) T Ur le d}@%.)ii [_)3/;'5};.»1’[“.;
D S5 m PNl (LD
A1 L (Opposite Spin) T (—e sl + %
Lo L F A e Ut Pl 2
_%15tx_veﬁ;/»_gu@_ﬂJw’ﬁ?luﬁww
r‘"*!,;..:.lal.u’l S o sl ﬁ:ﬁg, bl otb
ng.f
e eI P S S L n
e eSS SIS S B S
L/r_.JL;JJ'ﬁJ'JI-w LVfJJIIJJﬁHm (ii
Li-(2.6.207% &C)r_u, PSP
cfd’-f‘ug;;fd""ﬂ(gh 1 L()._{;Ljf‘)fi;
Pabhas = 0Foped 1= 0o sl
TR L 1fwd L5 2
- L“/d-’-'aﬁt'?t;&ﬂ



63

25(..3)6/»4..1.;. Jb (:;ﬁ H/:. Sha et Llme
a;.&lgx/ﬁféﬁ Ot H::,d/f'% =0 Ued L o
,;(Maxima)b‘,}?i.:‘?:_g-:‘:_ CE_J)/CA/"% l:-ﬂ’;":/gnf
% L:;d-_ﬁ rr/??, o iy p B rml L ::E?
TSIV R Y Y Yy
t‘lk'(:’i_i/.l:[wodel Surface}u:’bvﬂw"_ t'lgyf)‘);f
39— 1)L Pl -ns S tn b, o y{jy“_‘a
LLuranﬁﬁlﬁg‘u::iﬁgfjjfﬁfugax
J?}“_L L Sl og t uﬂg/aj_r‘;. far Lo1 AL
_u*fZ;Tz,)wmfm:; LSS*J)’E »...gf:l»;"
12.13 %) U LB Uk B 2 sl U U
Ut B it um/?iju!,.;_ D:Lg Wl

-g.a),;:u;f:)c(d?lulﬁgluf EJf..‘:Z’C’/J{Dots

(a)

(b)

ls 2s
SNy B Jlaoml S ) w228 5918 (a) 2.13 S
Sl 2 S OLEN e Bt ecils” 570 b
2s 4i'1s (b) ,:At_g)f,ah.la:{;.bu{ ,_1!.4;,1\_;

o St s 53 I S )
£ Zaalel L £ P
/"ﬁ'fJJ‘A (Bondary Surface Diagrams}rlgli
VEL L PuLpASI S L S e &4

=3

JES S 2.6.2

(Shapes of Atomic Orbitals)

FEYLv S Sad LoD fas”
J6 Qb L e SUTIE i, Lo U
:aLkLir'AJLlsé{;p'ﬁglbfc; ufraf_ﬁ &Jfﬁﬂt‘_a‘;
LB (e P L JSLr L
92s(n=2, 1= 0)slls (n= 1, 1= 04 [2.12@) ]
Lol L
66 by B G L unuFe by
ARV 2 tob IS Bin
F288)e VI 2,12 {b]f/;"";; #L NG
B2 Mo 4l1s S LhH S (L L

_‘_,_r:“._ﬂr‘;[curves]
50
160
(a) 2
120
= = i
O] =
7 10
40 0
0T =L T y T '1[‘0 ' » e :
0 0.4 0.8 0.4 08
rAnm) rinm)
[b)sooo 300
4000 240
< 3000 = 180
= 2000 s 120
1000 60
0 0+ T T ¥
0 0.4 08 0 0.4 0.8
rinm) rnm)

2s ;4 1s(b) S SYr) el L)l (a)2.12 SIS

ST dedld o S5 S OSI J S Ja)l
_):;:L(W'—’{r] T by b S el

0 Uerd £ Pit1s S T Pei,

u’f(zd_‘?d?.ulna. dﬂ[Maximum)a)L)a. - Lﬁ"‘k

hﬁmthagbﬂﬁjgflﬂ 24 [tp]z_cadﬁz_wﬁwuchdhf\}scak}j:_“llpjg .:,_iL‘:fJL;;:-—lfl)iclg_NL;p‘_g:;jgt *

-_~*lIdentical)




85 e 5,03 & 7 )1 2p o 2014 S

Jﬁfbfré_i S Ut 2_.;".3.7:(:._/» LiLobes
oG B 5 LobesZ uiE- it S Bt
\_«go{’;. D L_)yfz.ﬁslyfx rLobesJ/‘L I:gb l:Lf.f.’.J./
= 2p, slap, op Sd NL Ut e §F
1,0, 1,180 5 m, Sy W o b
Gt _oh e iy 03\ G5 r O gt 2, Y, Xy
L gt R E Smy Bl S 3K
(Mutually Perpendicular) s+ ' 7t ‘W Sl p
S Potp 2oL i b LIS s
Sl poittd e twr 3Lt (AL o (013
ap> 3p > 2pie LAV IS AL i J03 ¢
SS6 1 FL L Prpt P ot ses
cjb‘i&kﬁﬁa.u"%sgﬁulkéﬁﬁﬁﬁwﬂﬁ‘
J/G"f‘q_ va Sre(n-2)s U(;;‘;L' t'J}i;. ,u.:’/"
1515 §(Radial Node) 35 $Badd L P 3p
,u@:f.TC/bJD;luééélp

S bbby bl Pul-defited L1=2

wlicn- l;le.fﬁ."g.C‘ﬁﬁ31ﬁf‘;|(d//(;:’[
(2.-1,0, 1 2t Lo AmBld L= 23wy

64

(Contour i-’u'm L é/u';i'ﬂ: o LI Jx(Space)
J"";’:{jJ |W|2 &CFJF’F{ 1/"‘4"_. ch gijurface)
‘g]?_ug L";C:f Jgu'fddjiig [{&Ii ;}bd:‘!_f_ N
L .J/‘d/*:ﬁa/dbt"’ljbpr”i LM ne s L
21z bt SIS P B 0 ki
et P\ Lot e QAL B
rﬁ!if&;ﬁigﬁié 2501 - 90%Eestasl s
G Sy FO s L s 21500 F
Lty LM A o BT Sk,
o= ‘_;ﬁ'%f;‘;_:,__,,lﬁ § v 1 €5 100%JE1§
;ﬁi:.: a{ﬂ J |W|2 .-QCVJ%I,; éﬁﬁ{Flnite]d‘t};
Lo S L ool 3E S Pt (n
LSl B B TS S 6 et
L& s 100616 2L &
JC»- KU~ <« (Sphere) o/',\.g S |'l/:€|5 i’d;‘jr‘jl:
- (w74 pl“’ C}’d’afi: \.gf a); u‘:;bjln_ia u’-'{k
LA b\ Lt e b B
-<90%
Jﬁ d,/ﬁd/&;lmzs»usfugz.{: r’ﬁé J1
(Spherically J{L‘i'" £ ¥ Lf:/'/d’*'ui—s rl/” rg_}"’):-«/.‘.'-
£ A & uﬂfﬁ-uj L v Symmetric)
S Bt U BUBIE L L ol
S L Pus AL 3t in Se (ke
"“DU/J;; &EZslas> 3s> 28> ISZJ/@V‘; Card o
PR TRI O O (R
2.14&(0@:"5&;}5;[1: Ne- L Flopet
£ Origintear U*% U2 U LB ol -e U5 2
S L B U Sk St & P s Ul e
Lobes? < L“m_)'.'.b,;uf‘?» J*Ji-p.g/;,GJJf-uf
ShUMm L d}"""ﬁ:.u}rd/%c, Uf—f'%,:_g_}f z_lJv:(
Ut et B 2 S S B e JPI g &



65

(d) (c)

&
#

Ha
(e)

o K5 e (6, 90 S L)) 3d 2,15 S
J-'{é A2 Uy Ll Pl L state)
LI ﬁ:fwr’-yfg_g. b lot: J’x‘?"up;:. e

nd . = ol
S I bl b Ut P Esia e L2phas S
- UF (Excited State)el

BT RN 1Y 8¢
L E A L Srseb L S0iSu
_‘L/ﬂﬁyf{(ﬁu&j)w uﬁfub el u"',.ﬂ.‘é-/‘j}
Ji-_p‘/ fcdcpcsé-é L& J,IJ)/J{; Lﬁé—) ugfﬁ

=3

CUkiy L £ Put-a-Lusn Joi-dby L il
- VWbt 151K

M gredyed, ed Ut Ebesptd Pl-dbl
Jnu%“?_gu:ﬁd'&ﬂ-d;gég-‘?_r%@r“c,@
Ko dn e o L FS day gL Bas
L L Put-du-g dnls 038 Pur-aug
S3d U ad, 5d, e nlie 3256 n
Gt e B U S0 Et G 52

e poJG BN S st L 39 B sd
LJ""{’:‘{; [s}ﬁﬁ”cd‘lﬁjcﬁlﬁ’dﬁléi ‘_,I'g";fndﬂlnp
L Pilp b L St Evipton 2 s (14
il & ol Qg e $ 39 LS5 xyed
SURxydboF a2 e oz p $
u{?i.ﬂf(fmigular Nodes) Hépug - LS
ug“id_/. &;pr‘_ﬁ}‘{__ Jb d)c;.bfp’"d/ﬂ&l:;!}m
LA S U 39 Qi sind & Pord o s B
JL:U.’J’G%{_ algd:r;- (n - ll)lﬁu(Jﬁ_dqﬁT
J’-Q‘bd’i?dﬁﬁ{n —1— 1)sl3S

(Energies of Orbitals ]U”UU;JJ'A"A 2.6.3

be:’U';; oy Jﬁbt);(;t’;l)rb";g' Lls fb"" Sk
Sy for ot I Padid Ulee Aot e 2

e Owﬁ:,_;»bdﬁj.yp
1s<25=2p<3s=3p=3d<ds=4p=4d =4 <
(2.23)

S S 2paies Ll FIG 216 0

Ul de b 2 Joizs2 oLk EoE
Sl ot J"“‘J'prd':qe A G1dead
-t &k (Degeneratep-b e (b ULE Je17 2
plic o K;l?.l,l'& % Sle1s Ut ﬁlu}-};,’fl{ u_[;'
(Ground n-*-»f.‘}’i Jﬁilj&b:i% 6/}'1 b fgy



4

L B E L 1z Lt B
SV TN Rt SR ]
L UNDL L b og b Gt ks L L
-t Aok S B AL UL i
;L/fb;"u"uyft 8] Luff"j!._ﬁs._:}d/n
e by ol AU L Sl (20 Lol 2 e
w)/g' A JJerufv?uw dussl
(% LS s 2ot et £ oK
LL2BLUNDE L bt sl sz
l-c JL:TJ/J: e 21 d/(Screening).._.fl?d:D?
u?l/alﬁ J«'—’df&&;”u]&nﬁ u}/aIL J?Ju)l
Lr(u}j&..f}i uifafgu"{f Jt gu..«l?f;. u"’b;:b/
(Effective (sl JLK}.’. Ve C/JL? b (Net) & l;_f
dej.u-la. ~% (Zq-€) < L"i,l-:'( Nuclear Charge)
ot Ll UL L sl unL
AT I S L U K
U L,'Jg‘y;/u_.‘a. bye 3ot AL 3ol & Cile J_.ng
(Jt’;d/&J'fﬁﬂ)St'?Jfftwﬂﬁo"/{g’ﬂlu"xf
Gl S e JTE AL 501 L@ s U
_(cg-élfx

{uﬁJJ’”yl Jial ugfff[- s =8'M' UM
VW OF LA W T ANy 9o
Pl ;,f'{;' KUJJU‘C[! t}'ﬂacc_.;s Ji_r ds)/
Sudn et/ lrplintd oL fu
Ui e u’”b; J"J'p o s B
.lewu‘ d_// J)b/!'a‘l.}u“é_l.@f'é': J"'ﬂdr__.rl_?

_»JJ%U@/ LSS LS
L f’"g u"é_LVL J"ﬂpcu/-ali J"'ﬂsz::.
E Pide L Pt posl g L Srmskie}
cpmt LTSS L s b
CPd il d &Ko nes Lt o

66
I s e e 3d
g& 8p 3d 4s
3p
_35
2s 2p “2p
_25
-ls -ls
(a) (b)

S 428" S ol e 1, M () 41,505 U 5 1 2016 IS
J,&-tﬂa’é’dw SN S IS S
IS e & S oy LS e
sy ¢ Sred 5 Upte WS i e ik
QLS WSl g S ) g 8 S ea oS iy
o DS S 0 ga) AN T S e
) o Siles OIS ST o) gy e 0157

ot e T S0 el S

JJ’UTJ»& ﬁfj::; £ %}..Q..JUJ: Uy
L8369 s spedeti Fu L iS5 s 117
< ETt S i duiS Polmuy O i¥di &
/?/._Q_a,é: B6s<5d; 4f <6p;:'4s<3d{ 2L Jf"
A L SO U g
- (Mutual Repulsion]é} ('L LJL/)JZ. uﬁl/‘ial
a)-"uJLpJ/BL?YJ!X{LJ/U?JJ/‘J("’JMAL
d/dl/z_“_ by 5L J'{:ayﬁ,.rb =5l
AL J RKJJJ:)L-‘»Z. J’ful 0 /-al e sl
P uﬂ/'gfrl/a.._/:u:?r‘u: ALl A L



67

(Aulbau Principle) \_‘,!;.-#‘ 3l 1
S "o ¥ (Aufbau) 3u STEI UL UL IZ
JI-6E KU Ve e DLy
¢~ (Ground State]d—:"ljf’f(jr}:f R=ENU)% KU
-t Lo e At s 8 007 e 3P P
SAu sl J*f'u'f% e e At
QeFusks Gl ot P or Ut Pl B0
Sei ez r & P 5120t S L
a_;u’d‘wéwm et b ALl

("._&V,ulf_. d)’/‘// Z,;b;‘k/rdwu’ L,p';l
s SIS T g & 2o B P TL
_xééiéu}i}-?rru"{gﬂﬁgwﬂ

S S n SudeiS Pt itnde s
‘et Pl
5p 4d <55 «4p «3d «4s «3p «3s 2p 25 <15
.. ¢7s Bp Bd Af

e Febna LpL o 212,50,
A./L Sl JJU;/ F L/C);’d’_- g
g LE:“_L/ "Ud{sff@fe_ JL‘: h.,,;?;,,(a‘..lg
ol

,Wa@;rw[uﬁ%nﬁ;gé_lmgc,g
g L o BV Fur $1 DL el o

Ll 2ot 1 len L assizd Sl A o™
L/...fl:rlul,«wé 48y e § fiflig - B
b tag e JJ; S 7S e o) b
- bl

{JJJKL./Q}/LJ}’JLEL ;)/Ur/"UL:JM
et e A Q03 PuT U UPL 5 e et
4)/J'JFL}#[JQ*_RVU‘-MF¢_ dbdl._«rl.—(
.?JML;{J-J'#JJ ( /'/U-.:d/u”w/d/é_/
Laox ﬁy‘w;u{/!.ﬁ az ur:!dfuug
-8 Cﬁﬁdﬁufﬁf:ﬁ.b@)ku{:

=3

FL 3 (1) 24 uﬁj’_-xu‘b‘ Zen lf l“,"us'-;.{{_;j
S 035 e e S tp e i) s G- b
e il S lld ) g € s iy oo S 45
Bt SR Pote 8 on ity el sl
adeiS ot pst (S ok ) S f bl St17
Ay AN N PN AT IRV AN
. il Jf‘duﬁ,‘fxﬁéé J}‘J’-&fgm J._,?
Lo § 867 § P 2 P oD
S 03 S SF et L =S (Splitting)
W8k -e Sy b S inee G Vil &
uLf_fiL-)gc:. b45E J()Lﬂ";l/hﬂn(uf‘:i?JJL‘ﬂc_.
S+ S S Jo o e KBS S Lonosh
S5 oS B e U S S oS Ll 6
0 S ) e F UL 80 + 1) S ) 52 5
St o S oSTUL g U5 (5 A o o5 LG
d/‘?r,:fufz.leﬁ;,u‘; 6/ S kB (1 + 2.5
Al Colfed, g &2 bl GHL Ut
TS5 2L Ao Lo £ s 35
<t G ILE TS R (H1 Pl Bt B i
VIS Pt S UL S P WU, 5T
£ #L J& oot J!I ﬂrjlr J,..;Lbiuf (Zeg) 246 U’:»I
Seid Poias Z € Joi S Pores £ 1Pl
ZTC/LU‘{J){‘L.M.E)L#}!’JU;J" "Jslﬁc.a)‘l',.?r;.

“E, (H) > E, (L) > E, (Na) > E, (K):. 5>

LAESUI AL 2.6.4

(Filling of Orbitals in Atom)
AL U 5 S # KMt Pl el il
(Exclusion Jr"l ﬁé:[Pauli] d‘L. J,:?‘c‘:_ I:&
(Maximume2# 2 Z (Hund) Principle)

(Relative Energies) u:fﬂ;yg&;us!Mu]tiplicity]
- 6744_166'/_,



i f S G S J4)2.17 Kb

s eslie 0l d/u;l}gigﬁ L,J'-?L Hﬂ}rb’[g)é;
e 561'2112
(Hund's Rule of 88 § A & Lislai A}
Maximum Multiplicity)
$iLize L i APt s,
i 2 Ul Soign S P £
(dp) LU e gk 6 1-(Ur 24P
Sy S sn L u;l/’"..j!u'.' &J'L—béJJNL
Ll ENTe LS Eond N
c:.c}i;g!»ljufﬁfi.lgf; ulf'gl'_gln.{llﬂ Sl
nlnlf

depd e Zn Sl bl pof B
ME &g th o L I P

68

(n +1) e u(d'%ﬂa;l/i ALy B (%% -‘2.5U|u.g

;?‘J_L./;:U/K_JGG
J;’l!(n-l-ﬂ u‘sd/l J.:’L{n J"J!
1+0=1 0 1 1s
2+0=2 0 2 2s
S2pim=9 | 2+1=3| 1 2 | 2p
A e F0r7
3s(n=23) 3+0=23 0 3 3s
Capt=9 | 531=4 1 3 3p
.I_-Lau__%ﬁ’dti?
4s (n=4) 4+0=4 0] 4 4s
JSd[n=3] 3+2=5 2 3 3d
.J:LE‘».:?_‘)UE:I?
4p(n=4) 4+1=5 1 4 4p

(Pauli Exclusion Principle] J 32! &=\ S JU
A Told SUiAdné b fut For i
(1926) (Wolfgang Pauli)Jl £ € s U 51
LJriyioe Qennide Ut Fiene L
L Bl ST KU A0 S 3T o L1 e
(Fe Yok Ff2 1 /Ut 1L 8y 0o UL
g L gt g Liie
UI-‘e Giltn L e i LIRS UL
emined: AEWEL U H i Se ory
bee A Kiju(/fif%’[d:'dgu,? Gﬁﬁ ubgLZJﬁJ
J,E’;J'M’-JUQ'/&'?fL'féuuf Hol Lo gy
(PIEEL LS L, § 068
K5y bl Jeooe (ot it Lo
Lozt Ldisd vie oy S
&3 dasipee §n2sidolie nisdui i,
(wPD10.516 503 3o e ek S U 2 S
e Fe V1o ¥ S LTUAG1e



69

e b B3 Pt St & il
H He [NV ]

1s 1s
1sepdUmE1d e L (Lil(—‘?j
el LSy e e §l ot P
e F 3w e bk Pl 2s SE P
"Lgl_éjniﬁdr}gu,l,gu{: Hol2s 152"
= ﬁér}{?l.ﬁ/tﬁ) 15°25% J’@E’ﬁl(}ae) f/_;
(260 ol
Guf (B, 1s22s%2p") gl 2r 7 &
L_-;’f‘fl' ‘(N.1s225%22p?) 47t (C, 1522522 p?)
U il (F, 1s%2522p%) ¢f# (0,1s%2522p%)
OL4 sz -l 64 Gk Pl 2p U (Ne, 152252259)
Wiz Ju S P o tlon FA.L o
- Fednty

u [N [ ] | l N |
Be [N | [N | | | I |
B [N ] [N ] A I |
c [N ][] BT 11 |
N [ N[N T T 1]
o [ MN]J[N] [NT T 1 |
F AN [N [N T 1
Ne [N ] [N ] [N TN TN
ls 2s 2p

ST (Na,1s22s?2p°3s") £iv 2t

£ Ly U""TJ!}?QI F (Ar,15’25°2p"3s'3p°)
AL NN S e Kk R s
e Bl bl AS1- U e o f 1 3p 13s
/‘?J/:W‘Jd/u:}f/igli.b b A u:’}u%ﬁ
K.E._«Jﬁﬂ;, Eiv 2oy b = b Z(Ne) s

R e

eV, Lunlsfdel Enl gy s 1
n.".»,ryﬁ.f_’ &;iLﬂf_./fz_.;; Il ?_.:f;./f&ﬂ,f
ur %/J’” lwr@"'e/"fc—a?surisymmetrylf@é-'

_(2.6.7uﬁ~;_£~[;)

Foliguk 265
(Electronic Configuration of Atoms)

[Elcctronicy&btglrr‘;r{}ldf'f}g!ufJ}u'é:ﬁ’._g
%.Ffusxﬁ’ ok f'/"'-:‘_ &MConfiguaration]
Jer z_tggﬂ‘dﬂru%l;.af?&wiu’-:u{ufws
e ol QLT SEGHEL g

Cﬁb _Lfa. u;?'{/!’s:JL(»gl(ﬁJl}EjIL uﬁ;l_if’f
:{J}bidﬁ'—.‘é.
7 oS PPA° ()
AEB P

—1 = | [ 1 | | [ 1
s P d

&bl gﬁwayw&fmﬁijucff}&i
Spd S ni e | ot PG Tl
@ J-?._EJ:;_M,‘.’JC, by Al Jlg f‘j{ L:(L,f/l:
Lo Blised £5 St Ldusd
LAGEd s (7 mg tp bl
M & s LN L e b U625
AL L) L Esa s L
S ok bt B L K e bl
e b B P U 2 3L U
2 e bn A § e f‘:' sk
-ls/ﬁf-f-cjﬁ (LWJUJ?LJ{J)“?-L“%J? Sl
Lutfe Hd 15 e SO E P
S 1o 6 He) e LU Pl 1s
y’gl,.,;srfl,;«? 1 e ﬁﬂjl_.a. l:c/fffgj"jils
o o Ju.ff..ﬂﬁ‘cx_/n..gu!}giuh:f{_ &l




L
L v g oL re UB LSy Lt
L& e 0 LF L ) 4
Ut Lesst2.6lue (U
YU 1Los 82 b SO ST e gy
VAL Pl fan S5
E&%la@)wg;ﬁééi.fyusJu'w
)’Jﬁfu.l,}c_.»_l_auf.:;ﬂlré.lgJ}bidfk-c“_/ﬂf{
Ul U oed Sz s JEUL UL
i ot 8 ST 1 g Sl s S
21522 (Halogens) 78 Ut U (Reactive)
T2 58 YD in L Uity Ju
Stz $T KU I EIE Pt L on £
J:Jufubl.-{. - :JLJJ”JK)“A?"&JIJ'/@/‘
AL S s Sl LS S

i‘a.dn/"’:.';f.

r&'!ﬁ&ia.ﬁé./fﬂﬁ!i.m_%d; 2.6.6
(Stability of Completely Filled and:
Half Filled Subshell)
507 881 S (o S e s S
2.6.5ﬁﬁ&¢?!£gklﬁug;-§_ O il
ok Fp L Jo L Ul o & s
Uzt § (3d slas) t_fd’,s UzCrlCu &8« L A1#
KL J07 e 12 Lo bn GGt
U2 tote Ut G L Joidnts B4
ﬂ,&ﬁd”"ﬂrﬁé S L Sttt L
ALY L crncud UL g
- -7 8das® .3d"as? f 8d'%4s' .l 3d°4s'
e 2L e ﬁg‘}'}.ﬁ’u'f-.f..fnr’:l’”

70

< (Na,[Nel3s') Cl:i_; W b Ut uﬁdl}gl
Lﬁ;ﬁ{;ﬁﬁ?uﬁgla;_uﬁ (Ar,[Ne)3s*3 p°)
J?.UI/{ngJ}IUELML'ﬂ/igI[CDI'E]J)/‘L/EZ.)?J:‘,E.
LSELIDLu A e ne
il 21k (Valence Electron)e/l£) -"f’ﬂ;,{.? b
Nassl gt A1t U Ne 2 o as sy
aty o o e S e Ut Fare
= Frzatdeid Foras Bl Ut [Ca](é&isl[l{)
R I

S S8 bl S b Ll (Sl
L1l e tnlsfifl e = Poapdois
{Cr](—f}):{wﬁi &3 ¢(Ti) (—J‘%:(s::) STAEYLSS
(Cu) 26 (Ni) F (o) 2 <(Fe) 0T e(Mn) /_-J:"
g L L AL S L o3abl zn £
A 1015 U Jrsdt L6 S S ez
s8dult Flasg D2 Qb pel oS ot
,;J:byfdg.g.?:-é;g.ki.ﬂuf}glgnhlw Sl
< by m Slene A2 Tnle ne f
", F,d°d 0%, p* (B e s )
F ol B AL AT L2 s
S e gl S
- Lk L Finne.6.75%)

£ i L L.bﬁ [Saturation]m%(& L}"‘;' 3d
vt M (Ko /7 e b Ls Pt A K Pl ap e (Ga)
L1 S5 F X&)l L« (RD) ks -
AL A5 JulsBpasiadss s~ # 18
AU kalélp»iSdféLsré’fd; ez f b
(Ba)(f-z 43 (Caesium, Cs) é{-d‘_ (ETLSJ@ JVP‘JISS
At L sl Lo Pt S
o A Ut sd. arf He) /7y < (La)
(Life Period]a?g»ﬁ/t’( Ga [U}ﬁ.{tjx ettt



71 ._—:,»‘L/Jfll

ez Pl B3t ne foidnizne fJF

J&*ﬁsdigﬂ‘jiiL;GH_./?’M»TLKH_/?’J;
m O P
: S (LS s 500 S 09 S92
[HARREEEN

G52 e AV ne foid e bod 3PS

12 LD Pl L ure Sed FSB UL
e G Gobr SIS U U (Bd k) E G5 ULE

m 2 /:-J'..g E‘;I.Y e J,g___,ﬁ? (Saptial Distribution) {{:‘v 1.%*

; ok r AL e (n G LT ILE

T T T T T -UELﬂkJ’.lﬁ/uiﬂ/c_. =s
Lty UL mslim 95 L as f‘..’..o (U g dsla _2

atblend 5 L30/4) lae A1 S8 It stsgar J Pulab L Jé&,;_g@f;«?{

WL NE) A OBV S99 4 AT B WP
(Exchange Jtl?J}? (jt (P81 d_ s (b o JLJ{/’U’IM
Jys S| B PS Y DYV Juﬂ:l_f.'f.ﬁ:. Jﬂ‘f Energy)
T T T T T ;;iégl-(z.lsﬁ)x;»f&ﬂy:yf’_wdfijf__ecq_
e lbfe sl a0 S Ui dnmlie o QT
m sl S wb i g S0 S £ S LI T
4

3

Uz Zse ot P Geiissiaz 011 Gl L
AN B St Senen PE
T T T T T :ugg,lrﬂsé/r@‘lx_)'gﬁ&'jLﬁ;ﬂ.ﬁﬂjulz’_ﬂ
el d 5L 19 ok o3t B 1) J617 B A B ) £ ¢ Bt
t u:“’:;uf_-,tg»w’u’_;n’:,uﬁpcgjgiJu?,bt_»-[}t!?

it

ol el S 57 K5 @° 2018 S




72

6s 6p 6d 7s

W =E

,ﬂV&.bd@

5s 5p 5d5f

— NN~~~ — SN NN

A

ap ad 4f

SN N OO COCOoOO0OoCOO
e B B e R

Lo B T o SR B B PR o o o ' o 8 ot e R o e B B e’ B B’ e B B et B g Bl B |

121 e 2.6Us

d
3p 3d| 4s

4"

3s

SNONDNONDOD| O0O00A0OOo0CO0oO00000ODOODO0
s |t b e e e
FOMTNOOOD0 00D OUVOLOL| ROV PRLOEOOUOoLOoORONOOOO0 Qe

SN NN NN NN AN NN NS

2p

2s

SO N0 C0CVOVEOVLLDLOLYLOLULR| CLVDLDOLOUOLLULLODOYUOOOE0WDOoO

I NI IO TN NN NN NN NN N0 I NN NN NN

1s

ANAAANAAN] AN NN NN NN AN

Element Z

Li

Rt el Bt bl OB R d B ~Bmi Eeioll th S Wt B f i oo oo BB R f - it o B
v| mBe o @ ﬁnewlmn R T T BB rWNrmW&-Mnnbe O
AMUZO0LZ| 252h0anld0BErCSE 08| 00 2RdEEl ~NESEREEd0SG0nE u”




=LA

73

Element Z 1s| 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d5f | 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 b 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

Thb 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 (5] 2 (5] 10 2 G 10 12 |2 & 2

Tm 69 2 2 6 2 6 10 2 6 10 13 |2 6 2

Yb 70 2 2 6 2 6 10 2 6 10 14 |2 6 2

Lu 71 2 2 6 2 6 10 2 6 10 14 |2 6 1 2

Hf 72 2 2 6 2 6 10 2 6 10 14 |2 6 2 2

Ta 73 2 2 6 2 6 10 2 6 10 14 (2 6 3 2

W 74 2 2 6 2 6 10 2 6 .10 14 |2 6 4 2

Re 75 2 2 6 2 6 10 2 6 10 14 [2 6 5 2

Os 76 2 2 6 2 6 10 2 G104 | 2 6 g6 2

Ir 77 2 2 6 2 6 10 2 6 WBl0 14 |'2 "By 7 2

Pt* 78 2 2 6 2 6 10 2 6 10 14 (2 6 9 2

Au* 79 2 2 6 2 6 10 2 6. 10 14 |2 "6 "10 2

Hg 80 2 2 6 2 &3 10 2 6 10 14 |2 6 10 2

Tl 81 2 2 6 2 6 10 2 6 10 14,1 2% &' 10 2 1

Pb 82 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2

Bi 83 2 2 6 2 6 10 2 6 10 14 [2 6 10 2 3

FPo 84 2 2 6 2 G 10 2 6 ST 14E1°2 6. 10 2 4

At 85 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 5

Rn 86 2 2 6 2 o9 10 2 6 10 14 |2 6 10 2 6

Fr 87 2 2 6 2 6 10 2 6 10 14 [2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 [2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 53 10 2 53 10 14 |2 6 10 2 2 6 1 2
u 92 2 2 6 2 6 10 2 6 10 14 |2 €6 103 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 |2 6 104 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 106 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 107 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 (2 6 107 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 108 2 6 1 2
cf 98 2 2 (5] 2 6 10 2 6 10 14 (2 6 1010 |2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 (2 6 1011 |2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 1012 |2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 (2 6 1013 |2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 1014 |2 6 2
) Ey 103 2 2 6 2 6 10 2 6 10 14 [2 6 1014 |2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 (2 6 1010 (2 & 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 1011 [2 &6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 (2 6 1012 (2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 1013 [2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 1014 |2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 (2 6 1014 [2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 1014 (2 &6 B8 2
Rg** 111 2 2 5] 2 5] 10 2 G 10 14 |2 6 1014 [2 6 10 1
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