
PHYS460, Test 1, Fall 2016

You must show work to get credit. There are integrals at the back of the book
that might be useful.

(1) (5 pts) Estimate the vibrational energies of the N2 molecule in Joule and Kelvin. Clearly
give the reasoning for your choice of parameters. I want numerical values.

(2) (5 pts) You have an electron in an infinite square well with length of 1.0 nm. The wave
function at t = 0 is Ψ(x, 0) = A[3eiα1ψ1(x) + 5eiα2ψ2(x) + 2eiα3ψ3(x)] where αn = nπ/10.
Compute the average energy in J; give a numerical value to 0.1%.

(3) (5 pts) Find all of the allowed energies and normalized eigenstates for the potential
V (x) = (1/2)mω2x2 for x > 0 and V (x) = ∞ for x < 0. (This represents a spring that can
be stretched but not compressed.) Hint: this requires careful thought but very little actual
computation.

(4) (5 pts) At t = 0, a particle in a harmonic potential has the wave function: Ψ(x, 0) =
A[2ψ6(x)+iψ7(x)+2ψ8(x)]. Compute the expectation value of both the a+ and a− operators
at t = 0.

(5) (10 pts) A particle of mass M experiences a potential where V (x) = ∞ for x < 0,
V (x) = −V0 for 0 < x < a and V (x) = 0 for a < x. (6 pts) Find the transcendental equation
that will give the bound state energies. (4 pts) There are combinations of V0 and a that do
not give any bound states. Determine the condition on V0 and a that means there will be at
least one bound state.

(6) (10 pts) You have a mass M in a potential which is V (x) = ∞ for x < 0 and V (x) = Fx
for x > 0 and F > 0. At t = 0, the wave function is Ψ(x, 0) = Ax exp(−x/L) where A and
L are positive constants. Compute the expectation value of the energy.

(7) (10 pts) A particle is in the infinite square well. At t = 0, the wave function is Ψ(x, 0) =
A[ψ1(x) + (2 − i)ψ3(x) + (1 + i)ψ5(x)]. (a) Compute A. (b) What is the smallest T where
Ψ(x, T ) = exp(iα)Ψ(x, 0)? (c) What is the value of α? (d) Does it matter what the value of
α is? Explain why you think it does/doesn’t matter.

(8) (0 pts) I couldn’t think up a new “funny” question for this test. Sorry! When I started
with the stupid question thing, I didn’t think ahead that I’d have to do it every time. I
mean, really!, I didn’t ask for this kind of pressure. What do you want from me? Blood?
No! Don’t answer that.


