_-l.._.-

PQN\M‘EQJHOM ’H‘iLOT\j

or how do e « & Siwple Uroola |
+ Adeorenbe complex wtkeroodo wy

So $ar We haw (4 eougiclored several
vectleer oves - &iwpl.ﬁ.}ed c;,uam&uw\ gy steis

—  12olated 2pin Y a wenaumh'& Leld
— (tdfiuite St poteudlal  well /Sveps [bacrier
(mQ-\‘muau\M Ov S?MCOJ )
—  Sim ‘;Le L‘\DX‘VV-OVH' e osce llator
- H\ddreru ato w

th all  Hase cores we Mwere Ghble o
olotal exact goludious {or  elgenrtates
awel ehorg vy elgen vadices

However — for w2t  even SUgHL: WLO e

€0 wiplica decl %s{-em ol tnderachon

s amea.aL 12 W proedicol .

Mgdead, (& ®  wove  couveniewt e
Lired wodeld e Sgg*euu AL g edr od
Haur Wideal ™ OuLA el e e

e correrpo vding ) eigou Veedon $
caleulate Hee ey adHouas 4*&::51 clug
<h9 M r dl’%}’%&%



-—2 -

[ Tiwe - 't\ul‘Peuleﬁ Al Perhr Lo.el-‘.o-a -\'!morj

A (-}
Tdea) Qas;’rew. : Bl = E(\: iw>
we  Kwow \Wwow 40 Solve iV
AN A N
Uvknown sas&-em! H= We+ %S
— M

Swmall ?mbaHou
N= “Swall nes " ludicater

h crucial  amuwption: the  wew  elgeusgdates fValuw
are dwwst  \ike ta  old  owes
(perturioedion {2 Swall)d

Hin> = BEind>  — weed & Hiud EBu, >

>z o>+ A 2 el ) ..

O h
€n= E:\”-I- NEL e W e

Lehs  substibte Al twbo Ha 36 | kaeping up
4o ou\:i e Sired order of smallnet A

Gm- (“amSH)(\noﬂ 2 Cm koY )

(v

+ AE,

(o)

= = (.Eh

H,,\n..> + A Y_ S\r\ o>+ = cy C\°n<°>]=

) (o>t 2 2 e Lked )
kin

= Eh\h.D t N [ C“ \ned +E¢2 e’ \\:..>l

SHie> + 2 e 57 1k> = B et BY = e’ tked

@ Chu Kfn



.——‘S-—-

To Sind M girs&-ordu' eneryy correction  we
dale e wner peo duct with {ny\

P S
Lne\ngd siuee  <Mn\kyd= o
for any hek

11}

(hof SHine> = g

B 2 duo) §W ine>

The &est-order correchion ®ellicleutr For i wave
Jameki ou we take e lumer procduct With <imgl

P

(wheve WMo p )

=0
Mol SHInd + = €0 € (motked = %u,) + B0y smlk
kfh [ L8 L
awsk Sl
(Mol SHine> + c\:,'f Em = Gf: Cu’
oy Wl SHing> Mz h
e
\:o)_ E‘::n
T¢ weeessary, oue  cawm go 4o higher- order
corcecions |, Calw\a,dq‘;% NIy gecond - oreley
e«hutaa . correcd ou {s alu,'.’re common €
g\ SH (ne> =0
A 2
ED. = \ <hel §H \ma«}
0
MmN El:o)_ ewt\
SimHe exqmplf,: a Spin-2ero wwolecule (w o

waguedic Leld. 2
Assuwmi \Lz g rouwnol vibrational fate
= $H = -—/T-E‘-.-. wo g

at
1} ~ A Zeewman,
E b CRmisHt wmds CRul wol \Rwd = T ws * W edect

A A
Ho"' “rob-



_.._L[,_.

Note duat  dor  fe  case of  B=(0,0,8)
. [8H,L¢]= [SH,L‘I'-‘ [&H,“;l:o, so Yo squa
eigeugiakes 1em> can be uiedh.

B=0 — a0

— ::a 2~1 Magv.d\‘a el Lideds
a)w‘ "—_"' *Q-U- ae%emacﬂ

—_— e
—— M \

MO\’e Cow p\e)c exaw P\e . lets doke o |zme
closer {ook atr the \Aﬂcbma en  atowm
Az

. = A 2
/ r
S

( - P » Here we wre  wou- relodivisdic exprags{ou
NE e for  due  eleedron  RineHe ensrgy
O X-8f ~ Go fleV MW
V- w & . W Js 10 e

Qo fle (0% 10 Ply
~ ‘O-?. Swall eflect 5 but
wot wza\iqeab\e

0K

Ralabivighe correchiowns

— 3 s
— K:—Q c)w;:)z* (PCI)’- = )‘hc‘z ~~ Pa/z/aa * 7‘. ;,;’Eg:

Ng, 2 nn
- S@iu ~orbi b wkeracion M A S-L

tuifive  ox planation: YT eleestrou Creakes
wmayuedie Qeld dhak odlects ke S@hn state
amel

wee  Virsa

O

— Dacwin  term ( adLects ouly S - electrons )



.._5‘_--

Becarse of ISQch- ochit wheractioun , weitteer spiua g

wo orbital L auaalam weowteut-a txtee Opetwl-ers
Comwu e with

Ho wever e ‘\'0'\'09\ avgular woweukuus  dasy

fot &5 dotal au%u.lam a0 pra b e
3= 8+L

A A A
La S—Sa— Ay A e LAY 3 S
J= (g+l)= S+L+x 28 L => S.-L = 5

Dhia\wd (un bertutbed ) Fu@utu sdates
w b e L s RV .
\ ='h Wg =2 \ w 2 s !é" d J“d >

3‘ s im> = ‘det‘iﬂ)lhtsd‘wp
Jg\szdmp tw \V\Qsd w: D

We ean wow  wse he perdur bation -:l-ho.orcl do
Calcul ake A0 @%ra#-—ow correct ous +o

kao\roa—eu energy \evele  — Lo  strucdure
—_— N & = ...l-_ , -
COvrrecHows T m T &f Z mel-u re

Ewer elmma eo rrectio n for  all reladivistie
3 e &g correchows

AE“"‘.: I .} i~ : ‘ d¢¢¢M$ ou[u ou
“ n J'l"z 4w 'A‘J Coot E)
Zeewmay etdeck sd

“““ﬁ“a W 3-&



O

—_ —

E ven Liver corcechions
Lawb ghiet — Swmall shi &t w €20 (8) electre
ewaj due 4o ?.uawi'uw %Cﬁcd‘m\&é el
+le e—w Hield  Cvacuum)

Owe o  preods o e-w  field  Guoud vatoy

_Ba\;e\r&’-‘-m Sdructurve - arigeg \oecn.u_ae o
¢ whreraechion ok electdrou and Wucleq
aungular woweuta ( heuse wog nedie  wouauts )

A 'n"l__A
HH%S = A-HF : T' g (for {:O Case )
P N unclea 2pin operastor
IX‘ Hhic case A 3 wno |on3.er' Comurntes  with
He aud 3[—-\;3 , B0 people wie dodal

awau\,\u B VILO Lee U Wy
T2 3+T
e -
2B yee Mrnuclei "EFS ~ 10" 2By

So how \Mauﬂ ?.ua,w('uw i bers do we pheed

'\“QS&I F‘\i'\'\p>



n=

[Y
[}
[y
]

Coulomb

5P€dTOSCOPi e

T=Y2

j(:: Wi

ST\ v- ol O

-
o

224\

T e
Sn 1”2 i‘;:’}
2l
\ ;‘.,.l/z
2 ¥ F=i
v M2 —
~ — F=o
Fine Lamb  Hyperfine
Structure Shift Splitting
hotation
9 ,ﬁ], Q_o 2\/2
S\Iz R >
. _‘_-3/
29?” => %=l =159 \/2
=5 92,028, :



