Problem 5: Simple Harmonic Oscillator with External Perturbations

Consider a one-dimensional simple harmonic oscillator of mass m with a natural angular
frequency w. If there is no external perturbation, the Hamiltonian for this system is
h2 62 m 9 o 1
(a) [2 pts] Consider the case where there is an external potential on the oscillator of the
form Vi(z) = y1z. Calculate the exact eigenenergies of Hy + V).

Describe the difference between the new eigenstates of this total Hamiltonian and the
eigenstates of Hy.

(Hint: The new Hamiltonian can be transformed back into a harmonic oscillator of
frequency w plus an extra term).

(b) [4 pts] Using perturbation theory to the first non-zero order, calculate the perturbed
eigenenergies of Hy + V1. How do these compare with the exact solutions from (a)?

(¢) [1 pts] Now consider the case where there is an external potential on the oscillator of
the form Va(z) = v2x%. Calculate the exact eigenenergies of Hg + V5.
Describe the new eigenstates of this total Hamiltonian, comparing them with the

eigenstates of Hy.

(d) [3 pts] Using perturbation theory to the first non-zero order, calculate the perturbed
eigenenergies of Hy + V3. How do these compare with the exact solutions from (¢)?
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