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PROBLEM 4: Isotropic Harmonic Oscillator

The Hamiltonian of a one-dimensional harmonic oscillator is

1 1
H= %Pﬁ + 5??1&)3)(2 .

The harmonic oscillator wave function is often written as
12
(€)= ApgHp(€)e 3%, n=0,12--
where A, = normalization constant, [1,(¢) is a Hermite polynomial and
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/9!{ What are the energy and the parity of the eigenstate associated with quaptum number
n? (2 points)

Let us now consider a 3-dimensional isotropic harmonic oscillator with the following Hamil-
tonian

= H,+H,+H,

1, r
= —(Pl+ Bl + P+

X2+ Y4 7Y,
5 mw?( X+ Y* + Z7)

The wave function is given by
T PR Ry  Varfy ALY
Wiy 11 2) = o (2, ()0, (2)

/}{) Find the energy, parity, and degeneracy of the lowest three distinct groups of energy
levels, (3 points)

(¢} What is the degeneracy of the energy levels with the same quantum number
n=n, +ny, +n,7 (2 points) :

(d :‘ The 3-dimensional harmonic oscillator can also be solved in spherical coordinates. Apply
- your knowledge of angular dependence for various states to find the angular momentum
quantum number (£) for the lowest two encrgy levels studied in part (b). (3 points)
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