










Physics Qual - Statistical Mechanics
(

Fall 2017)

I. Consider a harmonic oscillator with frequency ω.

a) Find the volume in classical phase space, Γ0(E), with energy less than
E.

b) Find the number of quantum mechanical states, Ω0(E), with energy less
than E.

c) Show that for large E Γ0(E) ≈ cΩ0(E). Determine the constant c.

II. Consider a gas made out of diatomic Nitrogen molecules. How does
the specific heat behave as a function of temperature, and to what extent is
the classical prediction incorrect? Would the same reasoning and formulas
apply to a gas of ammonia molecules, and if not explain why.

III. Can the theory of a free Fermi gas be used to describe a neutron star?
Describe the most important physical parameters that would enter into such
a physical description, and how the results would differ from those obtained
in a classical statistical mechanics treatment. Write down the relevant
equation of state and discuss how it differs from the one appropriate for
free bosons. Would a relativistic treatment make any difference?
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1. In this problem we will consider perturbations of two dimensional harmonic oscillator. The
unperturbed Hamiltonean is

H0 =
p2x
2m

+
p2y
2m

+
mω2

2
(x2 + y2) .

(a) First, consider a perturbation
V2 = δ2mω

2(x+ y)2 ,

and find exact eigenststate and eigenenergies of the system with the Hamiltonean H0 +V2.
(Hint: The best way to solve this problem is by diagonalizing the Hamiltonean.)

(b) Now consider a perturbed system with the Hamiltonean H0 + V4, where

V4 = δ4(x+ y)4 ,

Using the first order perturbation theory, find the correction to the energy of the ground
state. Using the first order degenerate perturbation theory find corrections to the ener-
gies of the (doubly degenerate) first excited level. (Hint: Once again, a smart choice of
coordinates will simplify the problem. The integrals on the title page could be useful.)

(c) Assume that at time t = 0 the system is in the ground state of the Hamiltonean H0. At
time t = 0 the perturbation V4(t) = δ4(x + y)4 cos(ω′t) is turned on (assume that ω′ is
not close to ω). Write down the formula for the probability of transition to higher energy
levels. Show that the probability of transition to states at the first excited energy level is
zero. Show that only for one of the three degenerate states at the second excited energy
level the probability of transition non-zero.
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2. Using variational method with the trial wave function

ψ =

{
(x− a)2(x+ a)2, |x| ≤ a
0, |x| ≥ a

calculate the upper bound for ground state energy of the harmonic oscillator and compare your
result to h̄ω/2
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3. Consider a composite system made up of two spin 1/2 objects. For t < 0, the Hamiltonean
does not depend on spin and can be taken to be zero by suitably adjusting the energy scale.
For t > 0, the Hamiltonean is given by

H =

(
4∆

h̄2

)
~S1 · ~S2 .

Suppose the system is in |+−〉 state for t ≤ 0. Find, as a function of time, the probability of
being found in each of the following states |+ +〉, |+−〉, | −+〉, | − −〉 by

(a) Solving the system exactly.

(b) Solving the problem by assuming validity of first order time-dependent perturbation theory
with H as a perturbation switched on at t = 0. Under what condition does (b) give the
correct results?
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4. Determine the transmission coefficient for a rectangular barrier shown in the Figure (both when
E > U0 and when E < U0).
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1. A charge Q is placed at the position (a, 0, 0), while the plane x = 0 is held at the potential V = V0e
−(y2+z2)/b2 .

Find the potential everywhere. Find the charge distribution on the plane.

2. An infinite wire passes through the origin and lies along the z-axis. An observer is at a point (x, 0, 0). Initially,

there is no current through the wire. At t = 0 a uniform current I = I0 starts to flow and does not change further

with time.

Find the magnetic field seen by the observer as a function of time. Do not ignore the speed of light.

3. A charge q is at (0, 0, b + a cos(ωt), while another charge q is at (0, 0,−b− a cos(ωt). Find the differential power

distribution to lowest order in the frequency.

4. A time dependent dipole p = p0 cos(ωt) sits at the origin. Find the scalar and vector potentials everywhere.


