
SP425

Nondegenerate Perturbation Theory

Suppose we have a simple harmonic oscillator that has a delta-function barrier in

the middle: V (x) =
1

2
mω2x2 + αδ(x).

(α is a constant that describes the strength of the delta-function. It is positive
for a barrier. It has dimensions of energy times length.)

(a) What is your estimate of the ground state energy? Do first order perturbation
theory plus second order theory, keeping the first two non-zero terms in the
second-order expansion.

(b) What is your estimate of the ground state wave function? Do first order
perturbation theory, keeping the first two non-zero terms in the expansion.

(c) Qualitatively, how is the first excited state (ψ1(x)) affected by the perturba-
tion?

E1
n = 〈ψ0
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(c) ψ0
1(0) = 0. Therefore ψ1 (and all ψn with odd n) is completely unaffected by

this perturbation.


