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Example: Stark effect in H
1. Dipole energy:
H =—d-E
=—(—er)+Ez
= ebz

= ¢Ercos@

2. States:
‘nfm(0)> =R, (r)Yzm (9,¢)

3. Perturbation: (nfm®|H |ntm™)?



= w N

Matrix elements, n =2
Dipole energy: H'=¢eErcosf

States: ‘28m<0)> =R, (r)Y,,(0.9) =R, ()P, (cosf)e™
Perturbation: <2€m(0)‘H"2€m(0)>?
In groups — zero or non-zero?



Example: Stark effect in Hydrogen

1. Perturbation (n=2 subspace): need different /, need same m

(0 —-3¢Ea, 0 O ) 200
H' = —3eEa, 0 0 O 210
0 0 0 0 211
21,-1
2. States: \ Y 0 0 0,
E =+3eEa,,—3eEa,,0,0 .
l/j+> — %: 2OO>— 210>: i E"=3e&aq
w_)=-+%[]200)+|210) »
w,)=|211)
EV=_3e&a
l/j4>: 21’_1> > &




Degenerate perturbation theory

. Divergence of denominator!

. Comes about because of “wrong basis”

4

. If we can find a linear combination that makes H
diagonal, then we can use 15t order perturbation

theory and avoid the divergence.

. Diagonalize the perturbation Hamiltonian in the
degenerate subspace
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(=)= 3 2 <))

e LHS=RHS : the 3 element gives the first order
correction to the 3" state energy

0=E"-H!. =
Eél) = H/, = <3<0>| H'| 3<0>>



(2= 23 = (20~

 LHS=RHS : all the other elements give the first
order correction to the 39 state ket/wave
function by another state (say state 2)
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Degenerate example E}’ =FE;

1. First order equation:

(£ ") = (e~

2. LHS )
E”-E” 0 0 0
0 0 0 0
(H,-E)= 0 0 0 0
0 0 0 E"-E”




0) _ (0)
Degenerate example E}’ =FE;
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Degenerate example E” =E\"”
First order equation:

(Ho —EEO))‘ 2(1)> _ (Eél) _ H')‘Z(O) ?>

RHS p
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_Hgl Eél) _ng H£3 _H£4

(Eél) B H,) = _Hgl _ng Eél) — H§3 _H§4
_H:u _Hz,tz _H:B Eél) _ H:m




State 2 or state 37 Or linear combo?

0

1. Unpert. states... 1
20)=| 0 | [3)=

0

2. Or




Degenerate example E =E"

RHS
10.104

-1

~(0)

new

>ﬁ

(D ' / ,
E2 _Hll _H12 —H13
_H, E(l) _H’ _H/
21 2 22 23
_H' / (1) p
' ' ,
-H,, -H,, -H,,
' /
H, ,oo-H,,

3
_H1’4

!
_H24

!
_H34

(1) '
Ez - H44

O ™R O




0) _ 1(0)
degenerate example E)’ =E;

(Eél) —ng)OC—H£3,B =0
_ngoH'(Eél) _H;3)ﬁ =0

H,, H, oa | o &
{ H’, H’ ]( B ]_EE{ B ]

Diagonalize the perturbation Hamiltonian
in the degenerate subspace!



Example: Stark effect in Hydrogen

1. Perturbation (n=2 subspace): need different /, need same m

(0 3¢Ba, 0 0 ) 200
pre| —3¢Ba, 0 00 00 | 210
0 00 0 00 211
21,—1
2. States: \ Y 00 00 O )
E =+3eEa,,—3eEa,,0,0 .
l/j+> — %: 2OO>— 210>: i E"=3e&aq
w_)=-=[|200)+[210) »
w,)=|211)
EV=_3e&a
l/j4> — 21’_1> > &




Parity — even or odd?
1. Even parity means a function remains the same if r > —r
Odd parity means the function changes sign.

r— —r i
x—>—-x [ror -
y—>-y 0—->n7-0

< —> —Z k¢ — ¢ + 7T H Loy 7

N\

2. Example: Jaqy;, (6.9)Y,,.(6.9)=5,5,,,
Q



Parity — even or odd?

1. We can exploit parity! AT
cosf = 1/7171,0

r — —r
(X — —x
y—-y
\Z%_Z

N\

2. New integral:

9

r =
06 —->m—-0
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