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Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Mathematical Exercises

1. Consider the following set of operators
n
x̂, d̂, d̂2, ı̂

o
which are defined on page 157 of

the notes. Verify the algebra rules for operators holds for this set. Do all of these
operators commute with one another? Do any pair of these operators commute? Are
any of these operators linear operators?

2. The following set of operators, defined as 2×2 matrices,

1̂ =

"
1 0
0 1

#
, σ̂1 =

"
0 1
1 0

#
, σ̂2 =

"
0 −i
i 0

#
, σ̂3 =

"
1 0
0 −1

#
,

are called the Pauli spin matrices (1̂ is called the unit or identity matrix). These are
often used when talking about spin systems such as electrons or protons in ESR and
NMR respectively. Verify the following properties of these operators. (It might be
helpful to use Mathematica)

(a) σ̂2i = 1̂

(b) [σ̂i, σ̂j ] = 2i²ijkσ̂k, ²ijk is the Levi-Civita symbol:

²ijk =
+1 (ijk) = (123) , (312) , or (231)
−1 (ijk) = (132) , (213) , or (321)
0 else

(c) The Pauli matrices are Hermitian, σ̂i = σ̂†i . That is, the matrices are equal
to the conjugate transpose of themselves. Mathematica are Conjugate and
Transpose.

(d) Tr[σ̂j] = 0 and |σ̂j| = −1. Mathematica are Det and Tr.

Exercises

3. Redo section 11.1.1 of the notes for a particle in a 2D box.

4. Sketch the energy level diagram for a particle in a rectangle a < b. Qualitatively
compare the energy level diagrams for a¿ b and for a ' b.

5. Considering a particle in a 2D box of sides a and b, how should a and b be related in
order for E1,3 = E2,1.



6. Evaluate hxyzi for the ground state of a particle in a cube.
7. Using the fact that the Hamiltonian operator is a linear operator operate on

Ψ =
X
n

anψn,

where the ψn satisfy Ĥψn = Enψn, with the Hamiltonian.

8. Determine [x̂, p̂x]. (Hint: the best way to do this is to evaluate x̂(p̂xf(x))− p̂x(x̂f(x))
and since f(x) is any arbitrary function we have x̂p̂x − p̂xx̂ = [x̂, p̂x].)

9. Using the previous exercise and Eqs. (11.34)—(11.36) verify the basic commutatorh
L̂y, L̂z

i
= ih̄L̂x.

Conceptual Problems

10. Sketch the energy level diagram for a particle in a 3D box where a = b < c.

11. Explain in words, the superposition principle as it applies to quantum mechanics.

12. Draw a picture of the following (unormalized) wavefunctions for a particle in a box:
ψ+ = ϕ1+ϕ3 and ψ− = ϕ1−ϕ3, where ϕ1 and ϕ3 are the eigenfunctions of the particle
in a box.

Computer Problems

13. Use Mathematica to plot ψnx,ny (x, y) and
¯̄̄
ψnx,ny (x, y)

¯̄̄2
for a particle in a square

box. Make plots for the nine lowest energy states. What do these plots represent? You
can make a superposition (often called a wavepacket) wavefunction that represents a
case where the particle is fairly localized in one corner of the box by

Ψ = ψ12 + ψ21 + ψ22.

Try to come up with three other wavepackets (using these same three eigenfunctions)
that localize the particle in each of the three remaining corners of the box.

14. A particle in a box is prepared with the wavefunction ψ =
P
n
1
n2
ϕn. The ϕn are the

eigenfunctions for the particle in a box. Plot ψ and |ψ|2 (sum the first 20 terms or so).
15. Download the Mathematica notebook for a particle in a 3D box from the PChem

website. This program produces a density plot of
¯̄̄
ψnxnynz

¯̄̄2
for a particle in a cube.

Get a feel for the different wavefunctions. You can use the 3D viewpoint selector the
get different views. (Remember the ground state is ψ111 not ψ000).
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