
Assignment #2
Physics 322

Due: Thursday 06 February 2020

Please answer all questions with complete solutions. All questions are of equal value.

1. We discussed in class that we can represent the eigenstates |`,m〉 as unit vec-
tors. Find the matrix form of the following operators for ` = 2, and verify that
they do what they’re supposed to by acting them on the appropriate eigenstates.

(a) L2

(b) L+

(c) L−
(d) Lx
(e) Ly

2. The action of L± on the angular momentum eigenstates is

L±|`,m〉 = ~
√
`(`+ 1)−m(m± 1) |`,m± 1〉

From this relationship (and our discussion in class), verify that this constrains
the values of ` and m in the expected fashion, i.e. −` ≤ m ≤ `.

3. In class, we have seen with the angular momentum for a spherically-symmetric
system. In many cases, we can consider systems whose symmetry is different.
This exercise deals with a particle of mass m in a cylindrically-symmetric po-
tential V (ρ) that is both independent of z and φ. Cylindrical coordinates are
ρ, φ, z, with x = ρ cosφ, and y = ρ sinφ.

(a) Starting from the usual expression for the Hamiltonian, H = − ~2
2m
∇2+V (ρ),

show thatH commutes with Pz and Lz. The Laplacian in cylindrical coordinates
is

∇2 =
∂2

∂ρ2
+

1

ρ

∂

∂ρ
+

1

ρ2
∂2

∂φ2
+

∂2

∂z2

and the usual associations are made between operators and their corresponding
coordinate-representation differential operators.

It’s probably easiest to insert the differential form of the angular momentum
operators in the commutator, and make use equality of mixed partial derivatives.

(b) Your answer in (a) shows that {H,Lz, Pz} form a CSCO, and thus the
complete wavefunction is a simultaneous solution of the eigenvalue equations

H|n, l, k〉 = E|n, l, k〉 , Lz|n, l, k〉 = l~|n, l, k〉 , Pz|n, l, k〉 = k~|n, l, k〉

Argue that the eigenfunctions will have the form ψn,l,k(ρ, φ, z) = f(ρ)eilφeikz .


