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| RECAP oF BOHR AND  SCHRODINGER  MODELS

! = Ehe,):g'j levels arp dfscrete in both and  are given b the same romala
| Ea= - mee' 1
| 322 t%e > mMm*
= -Ry /a2
‘ — Radii of  different orbits are discgbe in the Bohr model and given ag
r, = 471'601&:' nz I
™, e
= a,n* |
— T the Scl«rb'o(ivvar moded Her, i’ no defirte rav(fug} onlj He
most prolmb(e rml\‘ugj or the mean radius. The mock Frblonb(e vadius
mabhec e Gohy preoh'c(ﬂ'on F in the ase of the ja'ou,ha( stzte .

— Furﬂ\ermorc/ the radial Wavefunction. s a fundion not aﬂ:j of He

Prio\a’P(e 7uaﬁ;ww humber ’n,’ ‘»«t odSo 0( -Hw, Aiﬁ\/\lo\lf mo?v\uiwwv o)“afvd’%
rumbers B o/ and m, - has  the SFA‘H@—L Astribnbion of the dechin in
He Sckvb'olivver mdel s =& CoMf;{ex/ amd  vanes with n £

'WlL.

HoWever, He erergy level¢ p(efenél, mld onv n and are A%eneral’e
in £ and m ( L=0,1, -.n1 ; —LsmLsZ)

L

~ . o — ——— -

FINE _STRUCTURE _OF THE ENERAY LEVELS

= Certam lines in the spectrwm of Wdrogen when observed with a
Very ‘vgl\, resolubion abpear as doablefs.

= eﬂ- Ur\e Lﬂ-—o(, and H-o¢ l\'hegl oorrgsPohAA:nj ‘br ’?1,-17’2.—-‘1 anA

n= 22 transhone ave not Sl'@(d’( but &(amfj <paced Asublete
there (s m exflamfl'm for Hue i the Sd\rb'ob‘nder’s model.

The -.(;Cf’\faﬂuhﬂﬁr ez?uab'dn takKes int>  accomdt all dechostatic  nteradtions.
and no  correchion s expecked o~ i,

Howeter  since we  are JgaLU with moving  charges ( orbihing elechons)
We should take (b accowd the mﬂndv‘f_‘ inferachiom  also.

Since the J{Fferehce in e ene@j leveds corfespo'rdx}g to the Adowblet

5‘7“1‘"} (s small AE/E o 10*  we can e bhe magnehz
inkerachion Fertw‘bhl/elj
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;l“* We ﬁ'rst ca'&wlai'e ’Hte, ry\ajnd'\'c 'ﬁ@‘[ expel’l'el/lcel bﬂ the elaton é{Me o

‘a\e/ Mc'cus-
T the rat frame of the dedhom the nudeus appears 1o vevolve aroumd
Hhe or i, “"’_/’ ‘H.erekv cvmd’fnﬁ & Magr\u"fc Fl'elp(/ giver b He EBot-Savart law
B = Mo ¢ ga(./,_'-x h
r JA®
We assume here that the orbit ic Arﬁ'm({'e and circwar (e in the
Bohr  des cr('ph}sﬁl net as I the §CL\Y6'014'»3@( ﬂ(egcn'yh'm)

For & nucdeuc of (,nge, Ze, and a  revolation ﬁ?quewy w and,
radius of the orbit ¥ , the magnehc freld  will be  given by

ol r

X
2 . AP x T 4t

R S

OB = Me 7w [ AP T 4
YTt zmw At r3

where the (M‘c\qraj, s _owe the entre orbil in time O <t <2

o
E = & Ze -\7)( r
4r r3
> = M Ze L in the ref fiame
r m r3 of the elechron.

When this guantity is transtrmed from the electrn frome of ref
back 4o the nudear frame of reference we geb am addetioal
fackor of Vo due b the fad that the ref frvmes are non-mehal

in the .‘normﬁt’ or CoM or
or nudear Yef frame -
we ignore the nunor di¥f

bcl’vv‘\‘lrv‘ CoM and nuclear Frameg.

> ' B‘nudzr A‘E Ze _Z;
gwr m 13



|
g Tke P)’et’ehce of & mcgcfheat?k‘ -ﬁda( ak ff\e S(('C of the elechron odorne,
Ases ot dmyge, the \é}iajj o the dednn ('wwgkd’l'o field  Aves
| mo wWork em a charge)
> For the interacion b be mon-zero, thee must be o current lovp
L or a ijxdﬂ'c Aipote ak the site of the electon.
Wz Sude a maqnetic ah‘role Wac  proposed for the electom frllorthny
‘ the €X?en'md\fs of  Serm amd Gedach by Uhlenbeck and  Goundemit -

pi The W\oﬂh&h& il:'?o'fe rm.omAf:zf’ oF any current 'D‘b";,if given bj/
/u, = L

which the case of 4 ciradar PAA traced ky a dnagea( particle
# CAn be writen ac (for wunifern  ciraar meotion )

Moo= 9@ . Tr* W SPECIAL CASE
21 if ILl= 1h and g=e
— me
= £ L |ul= ek e
2m 2me
is called the Bohr Magneton
e

w| Uklenbeck mmd  Gondemit proposed that the eechom hac a ':sp(n"
MJ\IJAM momentim.  (infrinsic fo  the efeobm} unvelated +o its P"‘H\’ in
any - any external reference) amd  a  resulbant spin madn@hz Aipote
Mmoment :

| /&‘C:.ﬂeg

2m,
B ois laker fomd that this is  incorred in magnitude and  chowld

| be  wntten as

— - i _ reh
Mg = =4 __29__ S Jfl where 9=z for relabivishe

m, jl congistency . as given by
| Dimce theory

—

Me
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The (nterachion enerqy of the spin wzjneh'c moment and the
/magneb'o freld due +o the nndeus cmn now be caladahioned:

z i = R
= + e 2. m 2 L
Me 4T Zm, r3
= 4 e Ze® LS (24 for hydrrgen)

4 2mZ re
T*m's is called te _cfﬁ\— orbit inkerachomn Aue o the ~pperance of 1<
We vecddl that  hoth L avl: & we quah/fr.gf‘g{ ard  we raust Azke
tis s accound in calalating LS. Let I = T+S be the net
Mjhla.r momendum.  af the  elechon  (orbital + SP{,\)

then T < T+ = J-T= LL+ 35§+ 2L.E
| S
Hence J{J+1) K [E(LH)'ﬁzf s(s+ihh+ 2L-5 J#
Te . % [3(3+) = L) - s(s)] l
2

tws L-S i a’uam‘lk&l
The neb  interachion is

Moy = oo 2e®  %* [3)- L) - s(sw)] |
4T ZmfFr3 2
. rhitad
in  which = Vz and L s &c:abﬂw‘al omertum. as 3[%
HYe  Brhr- Sckré'a(iv\jer model.
for  brenity the above expression [s Writtew as

Hir = _A__ D (j40-L£(+1)-s(se]
3

leady  His dakec multiple , disorete velues.



Note. now, Hmf e W assumed ‘Emf the elechrn s f)rfm«rf'hf
in the eedwelaby -ﬁ'dcﬁ of the  hudeu <, described. the Sch r}‘fa&'ut? er
eq uabior,  md I Aure ky the Wavefundhion

B = R, Y, (8,4)

b Vol oan eneryy Aenfunchion | as also  am argular Momendumn.
e(jén ﬁ/v\ol’\‘tm with e{ﬂa‘vw&e; E,., LUL+1) tlf} ’mz_ﬁ Yéicfpcz"iufy{y
V js NOT aw et}lahncwm’:ﬁm of
2uk L a‘}qz' Hink Ae_sch'bl‘hj the 'm‘gheh‘c £f9fn~afbl‘t infeyachon .

The magnitude of  Hip s henee caedated ag

(M) = Al T(T+1) - L (L) - S(st1) | <JF3>

where <hr(3> = <\Pn(,h l T:,} l \l/o\ﬁ»>

I can be shown Hat

k- A <_|> = (ZOL)4 NLcre o= 62
r* s n® L (241) (L+1) (4me0) ck

| If we instead tpok  Yr2 b simply have dhe value (am?)73]
then A < 1A > s _(_Z‘_gt_)_4 mc”
re n3

T‘wc de SP['A—o'rbit in{'erad1'o1~ GLWQ.S 'u\e eher:qj leh:LS L_’y

> <HM>M = (Z“)lr me” [J (1) — L(4+1) - S(SH)]
n> L (0+1) (£41)
Where  yrdr A MM J = ks or A+s  for £ 3

= S 'flh"f.'-’a
— s vesulle in two energy levels . }-’- '/z, %o

— Er{im‘h; the  dovblels  dbserved th the spechra.




Magnitede  of Hhe  corredtion . (M,

Z:i . oL-= __(__ , n = 2
137

(Mik) o~ 107F QY

f)h‘mu:ﬂ Ho( lihe ok £C4-28 nm

2, ZP 302 2p 2s 2ps,
pva ZP Y2

s 15

17 Ja 2018 @)

cpliting ~ 0-01L nm '.
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The fine ctructure correchion. o the ehergy levels of R leads B
the Spli’d’ihg of States with B#e came L value int twp skake
Aekermined lvj 'Huir\j values ]z L¢'y 22 . Br L=0 j:"/e_ s He
"“lj Poss'abi-“@- Thus the fine Strudure Eherqy levels are MM‘qw,{ﬂ
Ackevmaned Lj ey n, L, | Values.
TMs  correcKm (s due o He W\ﬂjh-e*\'c’ or Spin—orbit cou(;{(»j
The corvechon due W Spin  orbit conpling is  of order

H (zo)*

n® L (a+d) (£1)

There s amther correchen  of e same order . h‘melj the relahin'sh,
correckion. 4o 4he  Kindic ehergy of the elechrm.

The relakivistte  Kinehe energy (s given by

KE = me? —m,c?
= szCz+ mZct ]~ moc?
T
Zm  gwm3c*

The covrecha. o the eledhim ehc‘fjﬂ level i
AHYe{_ e <1Pn-!.m[ P’f { LPM.n> ' —'—-

8m>c 2
T cohanlode <F4> We note that
[Pt = =fmE-v)]®

Pty = hm? [{E} - ZmE V) + <V2>}

= 4ML[E+ZEE<JF>+(E')Z<%¢>]

ZHT€ 0 ZHT éa

el IO |

gmgc2

= = (za)t m,e* '[ — - i]
2+

n3

pl—




= . . \ Jam 2018 (@
The et correchon to  order Y
AH = AH LY)) i ﬁHre,L
= - (-270;)7*» me?

Thas
A ﬁY'.S‘k order velobvishc

£l
4n

the net correckion. v ovder (Zd)q whidi indudes the gpin-orbik

mass correcdon s défehdleht anlj on
n omd J Tt does ot defeut on L.
23, e ——
n=2 Reo,4 P J_ 2 \\\
g Jolta L20—— N . el i
\ e \ z
§ fautiid - 2 j= i t=o04
Bohr /gchrb‘ with So. with relahvichy
E“"jj correcHon correchion



— — B 18T 2018 B
Te L€ coupling is the iteraction of the clechon cin 1k Hhe mognohc
fild of the wddews  eon by Yo dechmn on accomd of s o arbidal
alion

However,  dmdlar o the elechon  spin, the prtn too has 2 spin and
We must taKe intd  account  the  interadhion  between the probon gpin Mmagnah.
movmenk amd  the orbital moment -
b Tt\e. Pn‘l'm Sfih hfmj l’rxonuJ' /EP = ’))r _e—__ EP
Maloaiblki B the elechm 2,0
bt with o 7 pre-fador 7, = P8 2:79
the 33roM3hd'\‘c Yok'o

o The Majnah‘c fl'dd with pdidh  Hws Spin  moment Thberacks
is the same as the one ot is respnsible for the
fine structure ie eledhron - spin-wrbit ooup(f.-j withowt He Thommas fm‘ar

Bn (L) 28 I
wr) m, 3

—

B HM 'H"e/ l‘nl'cl"ad'fan. HPSO = —-/l:F Borb
4]

= = M Ze* L5, ()
(Nalk Z=1 {or p Hﬂ&ggm) ot Mpme l"ic_.
sl o, 2ehe g, (eas)
‘ M?Mc YzC"

We have inclmlci g0 far onb one Pﬁrl" of the eﬂ"cd') We Lmue, neot
incuded the effedk of the interackion of the nudear Lyrohn) spin with
be dedwn gin. T cledabe Bt we firsk need e wmagnehr fiuld
due o the poton spin momenr at e sthe of Hhe dechm:

gl [ERT A A

—

md  the inkerachon energy (S Hes = -/—i.e' gp_m
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P Mg ke LT3 (§0) - S5 - (5 s?m%
4m ’MCM.PC P2 =

The ﬂenu’aL expre sSion. for the it n energy due B the hudear (pron) spin
magnekc ol':fm moment  wold  reauive the cdedabion o0 H annd Hg
tx(?eotﬁhom values

Pso

of &\CSC, e HPSo term can be colculated aholcjoug tv e Hgo Fine.
stvuchre  calculstion  dene  earlier  (whidh itroduced. the | quantune humber).

I a Sinulor manner, yeb andther a)\jklﬁ Momerbm  guartwm  humber (s
Tvon heeJeA'-

| = 7. Et’ - _L:+§[,+§e
vvdn has  the -f\um“\ar propevties
| FP2e= f(f0®  FEE-

wheve f = jt Y2 (two values) Further :
Thus  the Hpso and Hge  interachimg taaether lead o SP“H‘IV\g of levels.
The  hyperfine sF\\lhhj is the mogt inporbant  for e S—O=ny—stater—as
=ttt 3raqu state of He H abom. due B its  astronomical Yelevance .
For the gnund  stabe ([ or any L=0 state) the Hpo term  Vanishes
since L=0. In the second contribuhion Heo . o“‘j te - funchon
term ic  non-zero, the first tErm avernges ot to zero.

! S AEHFS = <HSS> = _/i‘:‘ 7)){62 | y ér_( <1Sl$r'$e$1s>
4T mem, C 3

P
since Br the gowd shate L=0  F*= 5Pt S + 25Se

Epfa = _g' [FlFe) = sp (sprt) - Se (sex1) ]

= j\z_?_ [f(]cﬂ)- %}

4
‘TLMS BEjpg = e 4’ met M 3'&3 {Hfﬂ)—z]

- ‘f'r ‘H\e. JY‘buw( Sbtte .




Rr the gm%j staky  Huc W'D:Kg_ onw t»

ke Mg, = Sgxifel 1s, L=0, f=1 — f=0

This  Afference aorreglpahls t vz 1420 Mz  or k= 2lem . Thic bransthn,
& one of He hogt \»\Purhad“ [ines in e Mﬁbp‘yjic.d context -

r L0 theg HFs splithing worky ol

A i - _)'_r)_g od,q' mc?-ﬁ 1

mp 2n? (f+L)(4+3)
LAMB SHIFT AND  THE DPARWIN TERM

Yd’ ancther set of  correchong a.{:l;ij t each of the

¥ FS & HFe
corvections  are -Fpmw(

The * Darwin Yerm agrresPavu(S t  the ziH'tr‘(oekreJm.j for  L=0 Sstakeg

amd. qives & {n = @)% wme? _ L
J 7 ¢ Zn3
whle the lambp Sift 15 due b e effects
(Hy) = oSme® [ Koty 4 L
4n* r(jed) (441 )

COMPLETE  PINE  STRUCTWRE AND DIRAC THEORY

o e R 2 S .

2 : 1L
n no gt bn




— - o S—

|

—

| o
| -

Swadeshi




