Physics 237, Spring 2008
Midterm Exam
Thursday, March 20, 2008

e Answer all questions, using the paper provided. Begin each problem on a sepa-
rate sheet. The pages will be separated for grading, so clearly label the problem
number and put your name on EACH PAGE.

® One 85 by 11 inch cheat sheet (front and back) allowed. No other books,
calculators or notes allowed.

e SHOW ALL WORK.

e Potentially useful information:
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1. (25 points total) Short answer.
(a) (2 points) What are the units of A?

(b) (8 points) Give an example of a physical phenomenon that led to the
development of quantum mechanics. Specify at least one classical prediction
for the system that was wrong, and identify the actual result (corresponding to
the prediction) that quantum mechanics explained.

(c) (9 points) Give an example of a potential that gives rise to the following.
i. No bound states — continuum energies only.
ii. Bound states (quantized energies) only — no continuum.
iii. Both bound and continuum states.

(d) (6 points)

i. Let ¥ be the solution to the one (space) dimensional Schrodinger equa-
tion. What units must it have?

i. Now let ¥ be the solution to the three dimensional Schrédinger equa-
tion. What units must it have?

2. (20 points total) Consider the following potential: V(z) = 0 for z < 0 and
V(z) = oo for > 0, i.e. there is an impenetrable wall at z = 0. Consider a
particle of mass m and energy E incident from z < 0. ”

(a) (10 points) Find the solution to the Schrodinger equation for this par-
ticle. You may leave the overall normalization (i.e., one complex constant)
arbitrary.

(b) (10 points) Find the reflection and transmission coefficients at the wall.

3. (25 points total) Shortly after Schrodinger came up with his nonrelativistic
equation, Dirac tried to do the same thing for relativistic quantum mechanics.
The difference is that the energy-momentum relation to be satisfied is

P2 +mict = B2
where c is the speed of light.
(a) (15 points) Using the energy and momentum operators, find an equation
for the wave function ¥ (in one space dimension) that satisfies the relativistic

energy-momentum relation. Just consider a free particle; do not put in a po-
tential.

(b) (10 points) Separate the equation into two separate equations for the
space and time dependence. (Hint: keep the m2c? term with the space depen-
dent part.)



4. (10 points total) Consider an electron of mass m in a one-dimensional box
of width a, with infinite square well potential V(z) = 0 for |z| < a/2 and
V(z) = oo for |z| > a/2.

(a) (3 points) If the electron has momentum p, what it its de Broglie
wavelength?

(b) (7 points) Without actually solving the Schrodinger equation, find the
energy levels of the electron by requiring that half-integral numbers of de Broglie
wavelengths fit into the box.

5. (20 points total) Consider the simple harmonic oscillator with potential V (z) =
(C/2)z?. The ground state wave function is

U(z,t) = Agexp (—u?/2) exp (—iEt/h)

where u = /az, E = g‘-\/g, |4o> = y/a/n,and  a = VCm/h.
(a) (7 points) Calculate the expectation value of z2.
(b) (7 points) Calculate the expectation value of p2.

(¢) (6 points) Using these expectation values, show that the sum of the
expectation values of the kinetic and potential energies is equal to the total
energy.
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