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Potpourri 2

1. A narrow beam of length L and mass per unit length p has
both ends firmly clamped so that their displacements and spatial
derivatives vanish. When the beam is bent, the total energy stored

2
in the beam (neglecting gravity) is equal to U = -’25 fOL (-%%) dz,
where s(z) is the transverse displacement (assumed to be small)
and k is a constant.

la. Find the differential equation satisfied by s(z,t) for small
displacements.

1b. Find the eigenfrequencies v,,. Give the transcendental equa-
tion of which the v, are solutions. Give an explicit formula for v,
in the limit of large n.

2. A mass m is suspended by a rod of length I. The mass carries
charge g and is in a uniform magnetic field B and a uniform grav-
itational field g, both pointing downward. The rod is completely
rigid, and can assume any position (6, #) as long as 5 < 8§ < 7. If
the mass is released from rest at § = Z, what is the minimum value
of 6 reached in the subsequent motion? You may assume Q2] << g,
where () = 9"%

3. Consider a one-dimensional simple harmonic oscillator whose
classical frequency is wp. Let |n) be the nth excited state of the
oscillator.

3a. Derive expressions for (n'|z|n) and (n'|p|n).

3b. Suppose that for ¢ < 0 the oscillator is in the ground state.
At t = 0 the oscillator is subjected to a spatially uniform harmoni-
cally varying force —Fycos(wt), with w # wp. Obtain an expression
for the expectation value (z) as a function of time to lowest nonva-
nishing order.



4. The Einstein model of lattice vibrations of a solid consisting of
N atoms represents the solid by 3N harmonic oscillators, each with
frequency wy. Answer the following questions about this model.

4a. Find the mean energy of the system as a function of temper-
ature.

4b. Find the heat capacity of the system, and evaluate it in the
high temperature limit. Discuss this result in terms of the equipar-
tition theorem.

4c. To model anharmonic effects, one assumes that the frequency
wp is a function of the volume V. Assuming this to be true, find the

pressure as a function of (a—“’ﬂ) .
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