
Quantum Theory: Assignment Prof. M. Fleischhauer SS 2023
8. Assignment Submission: 14.06.23, 12 PM

Note: Please upload your assignment in the olat course under ”Übungsaufgaben”. Only the
problems marked by a � have to be submitted.

Problem 25. Radial component of the momentum (6 points)�

Show that for the operators of distance to the origin r̂ and the radial component of the momentum
p̂r hold:

[r̂, p̂r] = iℏ (1)

[p̂r,
ˆ⃗
L2] = 0. (2)

Problem 26. Quantum dot (8 points)�

A spherical semiconductor quantum dot can be described as a free electron in a spherical symmetric
potential

V (r) =

{
0 for r ≤ R

∞ for r > R
. (3)

Determine the stationary states of the single-particle Schrödinger equation in the potential V (r)
and the corresponding energies. What is the degree of degeneracy of the eigenstates?

Problem 27. Spherical harmonic oscillator
Consider the three-dimensional isotropic harmonic oscillator

V (r) =
1

2
mω2r2. (4)

Determine the eigenvalues and functions (without normalization) in spherical coordinates. Use the
ansatz

ϕE(r⃗) =
ul(r)

r
Y m
l (ϑ, φ). (5)

Introduce normalized coordinates y = r/b and E = ϵℏω, where b2 = ℏ/mω, and use

ul = yl+1v(ρ) exp

(
−y2

2

)
, ρ = y2, (6)

which results from the asymptotic behaviour of stationary wave functions. For v(ρ) you should
obtain the associated Laguerre polynomials.


