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yechor oiom model
There are  some dvawbocks N Sommerﬁe)ds'

aoed modd s menfioned bdow:

. Sommerfad’s  model explains fine gructure of specival
iines  bydrgen s bud iF could ot - pregict  the
cj;redr number of obserued fine shudure of thege lines.

) Tphensity.. of the .spedval. line . cowld not be predicted.
) Distribution and ormngemenf of .gechron in atom  could

et .be. . exp‘mnad -
To. ouerome +bese dm.wbadcs,..;’d.”hew model called

-
vedor  ojom model 008 introduced; by infroducing hwo

L Dewn..concepts:. , 5 B
o) 5poce (puanhsohon and . 1 bb.spm of eledron

%) Spacé Quantigation:
Accordmg to Boht's *rbeorg, +he electron Mov@s in_a
civewar b orbit. slan “vadjus cof orbit vemwns fixed
ence e eledron has . only.’ one. degreg. of freedon

: .Ln cose of Sormmerfeids QJllphccU ﬁ_fhe eJed»ron

“w'poseesses fwo -degroes | of freedom. o
- The quanium numbers, _one. _corresponding 1o rad;us
vedor _n__and other . corresponding  fo. _ahgle ng are
euFficient to_describe the . eleciron orbit. o
’fm qeneral, the mohoh. of an. eiecrmn n ap ajomis

_Three_ dimengional - and HhereFore possesses +f>ree degrees

of Free,dom ' 0

. Hence_an_ndditonal quantum number, s requmed o

desmhg;s the adual.. smiﬁs off nifairs... ..

_AcLorqu 4D...classicol. . mecb% wben on. eJedma_moves

i threc. dimensional . orbit, it may have all _orientabons
_Qith _yesperk ip..a.fixed axs. To. vedpr adorn wmodel..

by 15 based on. _quodturo..iheory e orbis ave

,“.,‘stumg:) 0. .be. qunbi\sgi _in:smagnitude....and «. direckion. .

ooth.. o S SRR
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. Thus Ihe thivd conditfion quantees the orientalior "ﬁ
ca) orffE o “Three. digencion and ,dogs. -

of elliphcal 1 QDS
mﬁn_m@mﬂlz sommerBeld orbits in T3
uanhsadion Hhakes

ads 1o their g2e .and. shope...
- The dvoduciion of sud a SPcdn’aJ_q..

rhe oOrbit. vedor quanﬁs.gd . : :
foxy  Huvpnse, oLsp.ogg-,._q..umﬁsq_ﬁqo ) e ner !

od-direchion caith resped to. which He -

o cerain._prefern
orbiis oW veceive theiy orienfahons. such o diedim”
¢on. be. veceived by applying smolk esggxpgd“_”mggr_@)jg_j
______ space - quabnsation, Ha ol

Jegwon OTbit _con oply sef iself 1o _certin desuele
 §oshons oot respect o field duredion. This i
. olled _ephce quanfisaton. .. - -

et

By Spin of eledon: i _ e o :
Atcording ¥o: eledron. gpin hypothesis, .. dedvon revoives ik
aroand_nudeus not only in _orbit buk. oiso. about ite. - ¢
oW oS, -Corvesponding o 1his; Qechyon has  fwo ypes.
L of rohons called  orbiisd . motion and Spib Mohon. '
" Therchore, the iyl abqulor homenum. of alechon will A
be due o -orbita) motion and_spin. mobion of eledron. |
Atcording #mquabium heory, 1He Spid rnohon, like orbia)

mofion _ should, alsobe quantise..
Hence 0. NMew bo. known as spip quapum 0o

‘s aofroduced. -
g Awording 4o concept of:
and spin  mdhHons ove  ueddr quanfities , hence
motde) is calied as Vedor alom mode

.,..spnce“quarﬁ.isahon_ , orbital.
fhe ajom

(Juaniurn  numbers assoclated. with. Vedor ajoro modal -

J)ngmdpo) quanium ?D.umeYN(_‘.D),;?____,- : .
s quonfum no.belongs o the printipal erbik_ -




o wmch L\edron be)onqs
%k ; 04 8oy @F
Vonous shel)s oF eec’rron corr@spondmg fo_ different

The MOSImUm Do, of e)edrons V;S\Y'E’Sgn’r b .a shell
Lo‘n“h PYinOpal . _quanium. no__ L

2)| Orbita) _Quantunm Nupober CL):

R Tt defines the shape- of . orbital. ocw_pued by the

clectron and ihe orbral cmgulor momenturd of electron.

' Thevefore, it is also referred 10 a8 o.n,unar Quamum pa.

e Grenevilig; A=01.2 o D=l o Fis
R 'Tbe “orbite correspondmg to A= o, . efc. are defined

08 S,p.d,f efc; vesp. Each 1 value reters to mrg\j sub-shQU
: y\\bo,h n=), 1=0 £ Hys ig S-orbial .
|For p=2 lzp .21-1. % %emorehﬂo orblsz 1e.88p. The
o__rblmJ mcmmfum for e is d@g’g@___& 4
iy

In wow TEChARICS, (Jk"-]" ] BOS SER

he. WS Ia biam.  GhHE. p\a.r)lcs conshlm)
v | A TD TR 'chot the orbital. quam'um no..CL) )8 related 1o .azimutha
.sﬁuan’mm no . nq, of Sorpmerfeld . %eorg by le’ L=(Pg -1)

}P'wu__ml_mmbex_ cs3:

This quanium . r)UPObef accounss. For Sp_m of e)edrons
|abowd Hhér  owp gus. Its . mognifude s always . balf. IF
4 Qedron Spins  clodudise, 'rhen S= iy and if deciron Spins

£
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4y Tota) cm,qulor quanmwm .
~ This_quanfum . pumber. regfesejﬂs fhe resuﬁ—amL
ongular _momenmm of . the' eleciron, “dwe #D boh orbifal

B

and SpIn mo’noos
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where _pogitive 8ign 1 used u)bep_swlsw_gomj‘uej to L -

and qgghue ___gn ;s used wben 8. s anﬁpofaJle fDl
@@)@Yﬁﬂg, .

s poaye

)| N Mmagnefic Orbxfa) Guar)mm mmber Cm,o . S
& when an ajor s placed. n- 0 strong magnehc
| fied, Hnen’ CXCRONE With Sdme values of nand L differ v
their  behbavour.. To. occpunf for this, 0ne more quaMum NO...IDy.
|is. voiroduced, called as: -~ m0agned -~ ovbival quantum number. 'Tms\"
m, 99)5 produce,d e o sF(thg of . spechral.. \ines_In.. Q(e.soj)ce

‘ ? ot Joagmolic field of shvengh 1, Czeeman effect - A““d""g"oﬁ

me yuwe of spacd quantisadion., 4he ovieniotons of 4 . coldh.
yesped o the fleld  direcion 1.8- diredion of H are hrmed
and ave delermingd by fad thok rsjecton of L in field
drechon  0SSUMes OnlY yrsegrol. .values . This projediad Sof A
o fidd _direction 1S ccHed a8 magnetic ~ otbifa) quanfum ho..
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Consider fig, @ which sbows vedor 1 inclined

of an .angle © with the figd divechion:

Projection ™, = 1060 : .
Since ™, 16 o be 'mfeger and (056 capbe A0 PO

Quo) fo umits. We write . .pQYﬂ)'l“'@d values of .m, from +AL 4o
-X of umify ntervals. i g :
e, = +,1,.uf\.),..u.-,z),,,__,...1‘;,_9,_.“.._ TIE L E NS 4 P e I
\e. for eots value of. d, . m W L .
_Moagpehc Spin  Quantum Nurober gongd i o L
T+ i o vector vepresenfing. the spin anguwar

| momentum pogsessing 10 presence of mognelic fidd.

The numerical value of. mg is the projedion
bor ‘6. n the _field dixection.. e B
: By _opa)ogy with.M,, Mog..cap-have apy of the
(284D values . Trom._.:s_.H.ﬂ_—.s. excluding peYo.
: ' eSud f§=t_5 A peueY Zere..

¢

jon ﬁg_.gggjj&g_ﬁ.e)g_,._ts_s.\id)_.tbci“ —each . electron.

\—~

Mogr»eh' o .f.fotol....qn_guj_oy momenium .qumﬁuﬁm number ¢ mj)
’ ‘ T numerical value is the pigjection of the _tota)

ar;qu)o'r mormentum _vedorj i the field direction:. my=m; M
T Possible .values of m; are

\ (FlosGi, . s Fls (i

| . excluding zero foc o single. eledion .. R
| Thua..the _maohon_of_dectron_ip. ..pres.ence_o.E..a shong
lenel..gers . splifed. info ..
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Coup_lmg_ schemes - . . B
Theye are. several ways in which the different.
wectors of elechons may combine fo " give the vedors s
(epresenting the afom..as. a. whole..The method! of wmbination
depends op. Inferaddion. or 'coupling’ belween the compenent..

vetoys, since he .orbifo) and. spin. mMohons. of . elettron pmduc\nﬂ.,_f

I mognetic  fields _vesult in.mudual_perfurbafion.. . .

e Tt s -usuol to distinguish tuwo fypes o
combinaiion, . known. o Russell- Sounders - of. L-S- coupling and
33 coupl‘mg.. R LR

s ooiphome il B dea g o5l < iy
B e i S coupling s one which. occurs most £rQUGDHQ.,
and bence..is known . as the. normal coupling: .In his 4ype....

The severa gpin vechrs s of the elecfrons combine 1o form

o _vesuliapt vechor 8; the severa orbifa) veghors Lof eledwons

\kewise combine fo form .a. vesuliant. Uector..L ond then S andl

combine o make the vector T which represents  the tota)
aigular_momepium_ of the _afom.  The. process. may be-symbolial
: 2 et M

T8, 48k Spt ) UGt Ag ¥ ) SSkL= T
—— H ———F"“"
This sort of _coupling is. be. Toosr..najural one . when

the. interactions befween the individual . spins on ane hard
ond the Indiuidual orbifal  momento. on the other are very:

atronq. > - g E
The quiding.. principles in_dbis coupling dxe.
1) Al the three vedors L, S ond.J are quontised.
iy "L is always an Integer including 3erv ie.Lmay be o,1,58ek
W) S is_an infeger or haif infeaer_depending oD the oumber of

Sothons imuolved and o direction of gpin uectors. Thus , for

| ioshonce, for an akom contmwining o gingle eledron, S can

hove obly the udue % for o 1o olectron, S ayl
, Y 4

| Pave_either 1 or 0 depending on. whether Spin vetnrs ave
l povallel or antiparaliel. For a three elechon_sysiem, S is= -
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Two oledvons Three elechrons

be, 2,/

Syg B Y Qnd For a Pour eeo‘ron system, 8 may
Oy 0 E e 1D the same. veoson as. readﬂy 200y’ o
Fol\owmg T T RN LeRO -

Pour elechonae

R

it
..'-, e B
9’ i
A

i Fo\\ouas ’rhcd; ‘s is an m’reger Foron even 13_9 of

olechons cmd holf integor For on’ odd mmber oP elechons?

O 0) Hénce "3, the vedor sum. of L and ch mus+ ‘be an
K, integer (0,1,2,3 ). H. .S e on.infoqer . e . For ‘even

-electron. .systerns .and .. half__infeqer. 237225 9}63 'fi
By odd elochon_systems . .. Tt can be  proved oL i
_general.: the posgble numb@r of ualues , which I can
assWwne, 0&e,. i

(625 )

)F L>S o.nd

CaLsl)

e L @

=

PN _The Quathrg (e8+)) is . knoum as mthpll(ﬁ‘H L1 ot L Siade.
s T+ e sinply permified values of I for a given values of

L.y 2o+l In pmhcular, )F L=o, J cob have only.

one ‘value, J=8.. i 8

LS A gl wmcws be _pesifive, never. neqaﬂlue sinte it

= Yepresenis _the tota). cmguJﬂr_ mom.entum. of . alom.
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Ji: Jrgcoupliogs e e ‘ B
. Undex. certain circumnsiances, the interaction. -

befween the spin . and. orbit) vedors ip each eledon - -
may be shonger .than . that belween either the spin -
Jedoys or fhe orbitnl. vedors of the different electons.
TF +his 15 the cose, each eledron may be considered
sepevarely and ifs. confribwion fo .the tota)  angwar momenhay
of the afom may be obtained by . combinin -First its ‘
individual, spin _and orbifal vectors by relation j=1+s.

The vecor swo of ‘all the individua) j vedors of
elecions  gives fhe total angular momenturm J of ajom..This.

cort of coupling, tay be symbolically . represented as,
et RE CS,_tJQH—‘iC.S@—ﬂlg)n\—-4---.1‘]1—7(J‘,+J2+_j3+- o J :

: Tb_.ese‘_.@-o» tg pe,SOF ‘Louphn u}e limifing cases,
berween which: a whole. range . of. intermidiafe fypes mad ocurs. .
which makes _the. problem very difficult. of tegatment - - o
for most known €065, howseuer. the L5 coupling. is. effedive. * -

Pawi's exttusion. principle -

Somotimes, texmed also as equivalence principle .
Srokement: <X LT o : ;

Fuevy complerely defined quantum stafe .)nw@’ng_fgrp‘_
can be occupied by only ghe aelochtlif /ot " T
. In_other words, ifis impogsible for_hwo elechons
In an otom fo be Tdentica) as regavds ..all tbeir.gquanfum.
numbers_-e._one.oF .fwo in guch.o..case caill..be. excluded from

i

|eniering. \nfo. the _Congritusion .of the.olom._Hence Abe. pame.

13

*exclusion . principle.”] Raapacs: ks iR
The principle Moy be gated. in._gye gnofher .oy
o systems. .of.. quanium numbers . which are. deducible fiom each..
other by inferchange of fwo elechrons represent only.one. -
shore. Thus undersipod, the principle .enunojades the 2

|V No hoo dechen  ih dnafom can haove The

. Same St of Souf, _guantum hembeg .’

2 A
AR T RSP N 4 VIR LT TR O SO S L B AT
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_indjstinguishability of electrons which .have identical
quartum Numbevs. Hence the name * equivalence principle
Explanadion: |

' Tt is clear that the principle defines a cerfwp
mioioun  individudlify of the eledron in the atom. Among
the sevora) quanfum numbers associafed with the gectron,
four, n,1,m and, of n,1,jandm; canbe SHOWN *o be
shicy vequired 1o specify complerely the stare of any
paricway eedivon, the. former set being.used..in presence of
Q. giong. mognetic fiald. which- breaks. the coupling befween

__v,_LL_HQnd,;s, in. the eledron and the latter in . the_rest of cases.

e principle_was fitst infroduced by Powi o

) .exp\om...ceﬂn)n. _experimenta) fads, such as

_lay the occurrence .on‘d‘,.nonl-.occurmme,b? spedval lines in
oprical and X-vay  spedra.- it was .Found that for the miss'\ng

energy ofafes of ajome oll fhe four quantum pumbers of
the elechons ogreed and - i »

by the .complefe stheme of fhe successive formation of ajoms as
aranged hn periodic “toble . discovered by Boby, Sfoner and
~ofheve - suth an - mrmngemmt vequired:he agsociafion of

| _above siked four quanfum .numbers with. each dectron.

Naburally_then, the. principle finds 6 chief use i
he eluddation  of elechonic sfrudure and. alpmic spectra- T
has. olso be@fx..U.Q].l:j.__b_dpFUJ..__"\D_._d@ED",YB . the speual quoptum
poperty of term  muwhplicity. adually observued: It  has been
|venlised laber_that_the. prindple s .rouch more. universal and

| fundamenial, bold.'mg,_._Soo_d...far.._tb.eﬁ ,.toml':.b:{f_of- elechons in DY -

wolewde, mow,even fox the more. omprehensive  sysrem. of

! conduchion olechions that _belang. o .o mdal in. the bulk Stafe

on_the. one hand.. ond for_the constiblent parfides of nuceus
2 _the ultvamicroscopic ..gtake..ob.. the. ocr;b.@y; e - 4

i ._._V_.~._4__..?Ib_e_pxjndp\e,,__.’rhougb.._\,ju‘sﬁﬁ.ed__bg. ...mg._.n.w..qdabwm_

~{ echanice, bas not..yet.veceived. o ¥qOTOLE _theorefic) . proof. and
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for the present it . ust be Yegovded as som_@;fhina empirica)
added to and _reguating the vetior model_of_afom- B

Seletton Rudes s 00 HL. o LComliuln .
T+ is  eaperimentally . Found dbat_all the. .

possible combinations. of. permitied..energy Stafes of.an adom
do not acually..oppear.as..spectral lines. Seection. rules are”
cevtin principles, cdbich give .the yeason for suth o shfeof . -
affairs. £ g
. The first gelecion Twe. devised in connedion with. -
the older afom model referred o the azimuibal quanturm No.Ng
or k and it was Ak=1) a3 we have been seen. This was
formwated on an empirica basis , but was. lafer jushfied

theorehcally by, Rubfnowicz by .opplying -ihe. theorem .of

conseruation of momenum- do process of emission of on. elechroma

“|-'nehic  radiakion by an ajom: This  simple rwe, bowewey ,wog -

goop found inadequate - : o S
' - for ‘the. vedor ) _model, thvee seledion Tules have:

|oeen: devised’ one for L, antther for. 7. -and o ihird for s.-

a) The_soledion vulo for L ;

Most of observed spedval lines qmguwe_m’rransi’ri‘ar

beween stafes; w hih o single eledron jumps fom one -
orbit_to_opother and in guch coses, the sdaim tule is AL=L]
i-e. only those lines qr_g';__-_gbg,uenred for cobich the value of L

&Eﬁ?@g mbH i Ty e ; R 0 T
by The selechion twe for J: ) ' e |
_ Specival_lines avise only ..when drapsitions  fake plac

befween srates for ;which 43=11.0r. 0,0 =0 being bowever,

excluded.

o) The seledion wue.fox S: i i
T+ Y- given by 45=0, which means that stafes

with diffevent s Chence fferent mwtiplicifies) do not combine

W\fh one_another. Theory ond experimert, howewey, show
that this seledian vwe io-.adbered fo .less_and less shicy
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*_Qs*j',h_e a,torm(; Dg_mcnoaqpq Hence it is only on sl g |
Oppmaumme LuJQ_boLdmg_g]Qo_d_,m case of lmh{— DG ...

B 5 Al vt s .
o fhe . presence bupay mnonohc %old_,me_mbjimvmagﬁ@vcv

'Quam‘um _numbey m,_ DL’]ZbPT do@s no+ rhnhoo of. chapges AR

CﬂnS_QO uence

Elie J
PP _Tbe&g_.ﬁeJ echom mJ“““_w@m__ﬁrst_imuduced_o o a8 meeJ SR
: mpm(m__haqlc, in__afudy of ophical and  x- ray_specha_£ zeeman ..

offect . _lader, they toere n‘ﬁmnpd___b_g_q_r anrouSJy_deucb 7.

merbod . m_mam_meﬁhamcs_qnd_hmn&_theg__bow resiEiema - -

permanent.. theoretical basis L B
These wules furnish muyaluable holp in allocatim of

observed _gpechn)_gseries tn the proper:quonium. no.With

ey _oid, _‘_eDe_T%__LQAlQJ._d,LG.QIﬂm&_COD.be_CﬂDSMdﬁd both for .
the natural_complex mtho\oﬁ(md for zoeman  offect of

suth_lines

__,A___.Jmnsmnos mh.m_wnmwm mloq are qomghmeg_ﬂ__

'ohsemed, buk Intensities of cuth © farbidden lines’ aa theyare .

mﬂed,,_ane_usuﬂﬂﬁ__weah_m_mmpcmson_cmibib@_n ormal_Vines. .

"Thp T‘rﬁgnqlhj Rules - i

The \hf@DSJﬂJJLdeS__MV&__be en Q@,ms TR R

,Smplemenf the_selechion vwes, n_order to predict _also

the Inkensity 0f the lines that ocwur. These were originally,
ooemlm‘pd on_an _empirical basis in gudy of opical and -

x Yo saodm Lotey, a full theoretical rignunﬂm was owen o

O__owve__mechanical _basis..

Jhe__intensity rules are: £ o
a)-Those._ hrrmf;\’rmnc; oye sihrong. giuing rise o 'ntense

{

0es.,__in__ (i in.__some senge , the
liogs,

B)_tansitions. _ore eaker the moxe the rhnm»_e in dJr_pdmn

Ar—a ond__J s different. .

7e MR o — Rt brcioe -
e A O R 1 Ty R O T R T AR SR e (P
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& A Yonsifion 10 the decxeasing senge (L= e 15,

_,_A_Qefrp_us_panbus _str_oanY Thrm a ’D’QDSJDOD__m_JDcrea.Sg%
dopna e Clar L)) B - A

“oL) Tb&me_QF__opp_o,smg_mmiEd msxho _Qoes_nomuu_g.

_in_genera), either in X- voy__spedsa_or in_daublek spechm
__ile.m,u%o W ool teag dmeen &nn)_smie-,__lo__wmm E L)
 wouwd be hno wpnids. gnea)‘er thap in _the miHcl  stabe

___which s forbidden. e e &
_Rence  wo may duq’nnmuqh annmmg__asps :

A el A:r— e | - most _intenge line cal
ALE) o, A4J=0 . _less_intense. ca)
A= 4, AT = 1. .ieakey L
___________ st A= ks | O Qo weakest . Co and b)
= Bhebi i AT FRRLC a8 e €L
> o e
B 3 J |

Nn{re_

T Coik be C:homn mi—h th(anr;ejamjly_and__e.xpm)m@iaﬂg__&

LG total mhonq\’m of-all the lines: coming i ov__Starkiog-

Fromn_0by  given = sorm_of a m(uhpjet_ns proporion: _ta__

QI+, ; e s s

\,_Ihe__ Intetqu_ﬂQuLe____ PPN e TR e SRR
B lande dJQ(mrPJchi_a_ruJe_YﬁgordJDg he ntesocd 1o
,__,_e_,..'—-'—"“"‘——"“"‘

o i v e W

freq Juency_ behneon the difFerent  tevols conshituding. O ——

mu)‘hn\ef Tt e called_the  \abde Tnitual nde! _and smoieg -

WI\U; TORTGAT_behuoen non levdls with toiod—

angular. _torentn (T0) apd T resp. is Dmpomonaj_ib_(:r_ﬂL_

“There ore howoeuey, oDy Aoniohons. from jms_mtma_l_,

vule, chiofly In coses twhob fhe mupjmg_sm@n__ﬁmov&s___—

neither tho | -5 dupe ox l=7 type-. hot is iotermidiote. hot?
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