PHY 741 Quantum Mechanics
12-12:50 AM  MWF Olin 103

Plan for Lecture 25:

Chap. 17 in Shankar:
Time-Independent Perturbation Theory

1. Case of non-degenerate spectrum

2. Treatment of degenerate spectrum
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Methods for finding approximate solutions to the time-
independent Schrédinger equation

Bound states Continuum states
Variational methods Scattering theory

Perturbation theory
H | n> =k, n>

H=H"+eH'

In general, we approach the problem using the

complete basis set of H°:
Hl)‘nl)> — Ely) nl)>
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H|n>:En n>
H=H"+eH"

Assume: |n>=‘n°>+e‘n'>+ez‘n2>+...
E =E) +€E, +€’E> +...

Note: This methods depends on the non-degenerate

case: E #E  forn#m
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First order corrections
(HO+eH1)(|n°>+e|nl>+62|n2>+...)
=(Ef +eE +EE; +...)(|I’l0>+€|I’l1>+62|7’l2>+...)
Collecting terms according to their order:
€ H0|n°>:Ef|n0>
€ H°|n1>+Hl|n°>=Ef|n1>+Ei|n°>
(" [E1° ')+ (B | ) = " ') + a5 ] )

=E! =<n0|H1|n0>

First order corrections -- continued
Since the eigenstates |n°> for a complete set of states:
Assume |n1> =>cC, |m°>

m#n

(m"| )

E°—E°

-2




Second order corrections

€ Ho‘n2>+H"n‘>:E;"n2>+E;‘n'>+E: n0>
(| |y (1| = (5 ") (o [ ')+ | ")
:Ef=<n°‘H"n‘>=z<no‘H1‘:z>_<Z:‘H]‘n0>

| H 1)1 |H* | )

‘n2>:;M”;&ES*E’:)(E:?EIO)

(e )t ) e )
7Z‘mn> (B0 -E0) 75‘”% (E-£0)
Due to
normalization
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Example — Harmonic oscillator

Perturbation theory results:

9
2

E! :<n0‘%m92x2‘n0>:ha}2w

(o)
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Example: He atom
h 207 267 &
2 2
H(r,n)=-——Vi-——V) -——-—
2 I B
n n 207 267
H(nr) =2V -y 220
2 h n
eZ
H'(r,r,)=
I, x|
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What happens when the spectrum of H? has degeneracy?
(H° +eH1)(|n0>+6|n1>+62|n2>+...)
:(Ef +eE +E'E; +...)(|n0>+e|nl>+ez|n2>+...)

Collecting terms according to their order:

: H°|n°>=Ef|n°>
: H0|n1>+H1|n0>:E3|nl>+E:|n0>
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Since the eigenstates |n0> for a complete set of states:

Assume |n1> =>cC, |m0>

c, - LlA)

m’|H, |n’ 0
) 5] L

m#n

= problem when E°,=E0,,
=>solution — consider the degenerate states
separately




