
Lecture 15-10/30

Topics : "all the multi-hor" stuff ....e

- hypofine interaction
- atomes wi fields :

-> magnetic (i. e . niteraction with ruge dipoles)
-> electric (change of transitions)

what is the "quantization axi ? How is it determined ?

① What is it ?

-> Angular morn ,
has two quantum numbers ,

one connected to

its shough : I' 1(7-1) , one to its profiction lo the z-axis It + m,
This z-axis is the "quantization axis" (i . e ., the direction

along which the profiction is quantized . (

② How to choose ?

Since the physics is detomimid by what is meawable , ultimately,
the quantization axis has to be the measurement direction. (If
we measure scarles ,

i
. e . Scalar products

,
we can choose the most

convenient direction .

③ What happens when there are scoval important directions ?

-> Make a judgement call ... Often in the came
,
we look at

the oxtreme cases in both directions and interpolate/
diagonalize



- Landi ge-factors
J = 2 + 5 gives good 9, numbers (Dirac)
I for zero or low magnetic fild)
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for , G . " or It 0 orj=0 : one BE
-

(three tohel shifts : sen=0, I1 ,
otherwise wor !

Hypeface structure + magn . Gild
H = ahE .J -G,-1 - B

i, = - GsMo
;
M1 =- SIMNE

whild :

I, m: are good g. numbers

I is quantization axis
-Hy =- (M, +M=) - B is perbubation

↓
reglect ....
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Dfild : quantize along B !
I

, mi , J , m, are good q, numbers

=D H = ah en
,
M
, g , Ms MoB-g =

MIMN B
me

largest !
generation: Lang is
diagonalize I !

analytic solution only fo (+2 (I I or j=2)
i
. e. 2 If stales

Example : "Breil-Rabi formula
"

diafram

from Wolfam : for I : It it



⑪) Akorus in DC dectic fulls
is consideration of parity
"parity"- effect underspace niversion :

Een -
· Define a parity operator : 4 : I it = --

witle + = is

luse just <- coord-same for yit
=(5) = x 15) ED /) = r (E))
= = (r) = - FX (r) = - F + (i) =

- x +(r)

-Dir> is eignfunction of I with eigenvalue
-

.

use space niversion (ii) twice will give identify !
1 Fil = 1 => engnvaless (i) = = 1

behavior stute operator

"odd parity" (2) = - 1a) ↑ = -

"ever parity" ↑(2) = 1x > ↑Ar = I

E
,

- odd I"polar") vectors
-

1 = r = P even - axial" vechors

"pseudo-" vectors

· spherical harmonics :

I /Yem) = 1-1)
<
/Yem)

=D selection rules :

<I l = 0
I

allowed
u

Hrausilia



=D selection rules :

<I l = 0 "allowed
u

Hrausilia from Is) to

↓
1)urt uibrachia El

= O "Forbidden

coupling' interactic operator , e . g .
er

.

parity selection rules :
#1C) = PaK) , (B) = ps/) Pa , Ps

= = /

<P1(c) = (B(ππ/) = PoP <Blawomepal6>
/p

- "allowed" only for Pa--Ps
Isame for any odd coupling operator)
even coupling operator : "allowed " for Pat Ps

(A
., ] = 0 Hoc

2

, fan , it , leven)
=D engine functions of undisturbed) atonic

Hamiltonian all old or even ? (as a basis)
same if magnetic fild is present : 3 even

,
-

I ever

(ii) Static DC fild
Perturbation theory :

rate energy levels :
E = EE

sE" = e E(n)=(u) = 0 (H(n) = EnteM



sE"= (eE) En Emes12 (10 in gaeal)En - Em

warg

aE2

1) = (n) +eE Die grandchi Starkeffe
e

Ien)

-D (n) nt eiqneful of i
Nelecbous : E - E

: (samel

- polarizability :
i = - e(u') = (n') =

= 2e"I
Kennel

E + OLEY-
me Ea Em

= ad E

-quadratic Stark effect :

sE =
- Er

- Degreate energy levels
E =0 ii general :
u

Example :

U = h :

E
,

O ⑧ eE(z)
, n

O 11007 ②

O Ez O O ⑧ 1211) ②

Ha ⑧ 0 E 0 0 121-17 ⑤
2

E 1210) ④~Elz] O 0 zeE(z75I
O 0 O cElz)on 2

IE 1200) ⑤

all "0" 2/sent0 , or st=0 diagonalize ...



Er :
- (1210) = 12001) - eigenstal

with Ez ICE(z)

w/(z) = 1 (210) =1200) / ↓
linear wit!

= Lear Stark effect
I see effect H. Freidic)

scolfel : calculation changes if Elquan
(iii)strong filds : Fidd ionizatio

su E = E E
~ ezE = Her

& I

Br
= z

----win&~- --
-

Z2
Kof = Unfort Uce=- - - eEz

Iz /

- Uma for z = FEE
for (H)= Umax Her

:

I atomic Hamilto
3
.
2 . 100 VFion= e *

I a

(a * = er-dus)



This estinate is correct to 20 %

reglected : - effect of E on A

- tunneling ...
(iv) Oscillating dechic fild

asuce cuse where H'=-dEE caut
,
but where

hi is potentially very far away from any
transition monance (Ib no bausition recessarily

Assume multiple (32) shake : 147 : Zane " (n)

as = it <k(H'ln) ame "Want

- solve for = <4/er14)

Isimilar calc, as for classical dipole in capto 1)
= d(v

, t) = < 10) E cert with

& (v) = 2 !g)Was - ~

Al polarizability


