
PHYS460, Test 2, Fall 2016

You must show work to get credit!!!!!! Possible integrals you might need are in
the back cover of the book.

(1) (5 pts) The potential V (x, y, z) = −V0 exp(−(x2 + y2 + z2)/a2) has 12 bound states with
ℓ = 2. Sketch the radial part of the 5th eigenstate that has ℓ = 2. Quantitatively describe as
many independent features of this radial function as you can. (More features = more points)

(2) (5 pts) We’ve all experienced the strange propagation of odors. This is because odor
molecules obey a bizarre Hamiltonian. For two spatial dimensions, it can be simplified to:
Ĥ = p̂xp̂y/M . The initial wave function gives < x̂ >= x0, < p̂x >= px,0 and < ŷ >= y0,
< p̂y >= py,0. (a) Determine the expectation values of the position and momentum operators
for all later times. (b) From your observation, order the group average personal hygiene of
math, physics, chemistry, and biology majors from good to poor. Please don’t explain.

(3) (5 pts) Buckminsterfullerene, C60, has an average diameter of 7.1 Å. Treat this molecule
as an infinitely stiff, spherical mass shell and ignore the trivial center of mass motion. Un-
der these limitations, what kind of motion is left? Under these limitations, what is the
Hamiltonian for this molecule and what are the eigenergies? Give your answer in J and K.

(4) (5 pts) Two operators are represented by the matrices

A = ξ

 7 0 0
0 2 0
0 0 2

 B = η

 3 0 0
0 0 5i
0 −5i 0

 (1)

where ξ and η are real. (a) For each operator, specify whether it is Hermitian, anti-Hermitian,
or neither. (b) Do the operators commute? (c) Is it possible to find a complete set of states
that are simultaneously eigenstates of these two operators? Why?

(5) (10 pts) Fred, a well meaning quantum tardigrade of mass MF , can only move in 2D.
Fred is captured in the bound state of the potential V (x) = −αxδ(x)−αyδ(y) where αx and
αy are positive. (a) Determine the units of the α. (b) Determine Fred’s normalized wave
function. (c) What is the probability of finding Fred between x and x+dx? (d) What is the
probability of finding Fred between x and x+dx and between y and y+dy? (e) What is the
probability that Fred’s momentum is between px and px + dpx? (f) What is the probability
that Fred’s momentum is between px and px + dpx and between py and py + dpy?

(6) (10 pts) Fred’s situation has deteriorated so that it can only move in 1D. Fred is traveling
to the left from large positive x. The potential energy is V (x) = βδ(x) and V (x) = 0 for
x > 0 and V (x) = V0 > 0 for x < 0. (a) Set up the wave function that represents this
situation when E > V0. (b) Obtain all of the equations between the different parameters in
your wave function. (c) Solve for the parameters to obtain the reflection and transmission
probability.

(7) (10 pts) The operator Q̂ = b̂†b̂ where b̂ is an operator that can be non-hermitian. (a)
Show that Q̂ must be hermitian, must be non-hermitian, or could be either. Make sure
to show intermediate steps so I know that you’re not just bluffing. (b) If you write b̂ =∑

n,m |n > bnm < m| with |n > orthonormal states, give the expression for Qnm. (c) Show

that the real part of < Q̂ > is always greater than or equal to 0. (d) Show that the real part
of every eigenvalue of Q̂ is greater than or equal to 0.


