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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
ndcos; csin; darccos; darcsino which are de…ned asdcosf(x) = cos f(x), csinf(x) = sin f(x); darccosf(x) = arccos f(x) and darcsinf(x) =

arcsin f(x) (n.b., arccos is the inverse cosine and arcsin is the inverse sine). 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?

Exercises

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

3. Sketch the energy level diagram for a particle is a rectangle a < b: Qualitatively
compare the energy level diagrams for a¿ b and for a ' b:

4. Considering the above two exercises, how should a and b be related in order for E1;4 =
E2;1

5. 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]:)

6. Using the previous exercise and Eqs. (11.34)–(11.36) verify the basic commutatorh
L̂x; L̂y

i
= i¹hL̂z:

Conceptual Problems

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

8. Draw a picture of the following (unormalized) wavefunctions for a particle in a box:
Ã+ = '1+'2 and Ã¡ = '1¡'2; where '1 and '2 are the eigenfunctions of the particle
in a box.

9. Compare and contrast the wavefunctions, quantum numbers, and energy levels for a
particle in a box of length a = 2¼ and a particle on a ring.

10. Consider the inversion operator in one dimension: {̂f(x) = f(¡x): Does {̂ commute
with x̂? How about with d̂



Computer Problems

11. Use Mathematica to plot
¯̄̄
Ãnx;ny (x; y)

¯̄̄2
for a particle in a square box. Make plots

for the nine lowest energy states. What do these plots represent?

12. A particle in a box is prepared with the wavefunction Ã =
P
n
1
n
'n: Where the 'n are

the eigenfunctions for the particle in a box. Plot Ã and jÃj2 (sum the …rst 10 terms or
so).
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