PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #36
March 29, 1980

General Instructions

This Comprehensive Examination for Spring 1980 {#36) consists of six
problems of equal weight (20 points each). Please check that you have all
of them. ' :

Work carefully, indicate your reasoning briefly and display your
work clearly. Even if you do not complete a problem, it might be possible
to obtain partial credit--especially if your understanding is manifest.
Use no scratch paper; do all work in the bluebooks, use ohe bluebook per
problem, and be certain that your assigned student letter (but not your
name} is 6n every booklet.

‘If something is omitted from the statement of the problem or you feel
there are ambiquities, please get up and ask your question quiet?y and
privately, so as not to disturb the others. Put all materials, books, and
papers except pencil (or pen) and bluebook, on the floor. The accompany-
ing booklet contains data and formulas which you ﬂgx_find useful. Please
return it at the end of the exam.



1. Given, a one-dimensional simple harmonic oscillator in which only the
first three eigenstates need be considered. A perturbation then acts
such that the total potential energy curve has the following form
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where l-Cx 21« E., E, and E, (the unperturbed energies),
270 0’ "1 2
and where x, << a (the length parameter).
(10) ( 1) Determine {up to 2nd order) the shift in the ground state energy.
(10} (i1) Calculate the Towest order correction to the ground state wave

function.
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Consider a two-dimensional monatomic gas, i.e., one whose molecules can
move freely in a plane but are confined within an area A. Assume that the
molecules obey Boltzmann statistics and that the molecules are point
particles which exert no force on one another except when they collide.

(a) Find the partition function.

(b) Find the velocity distribution function.

(c) Use the results from (b) to calculate the force per unit length
(i.e., the "pressure") which the gas exerts on its two-dimensional
container. Express this pressure in terms of the temperature to
get the equation of state.

{d) Calculate the molar specific heat of the gas at constant volume.

Do not guess the results from the three-dimensional case--you must work

them out from first principles.
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A parallel plate capacitor has the region between its plates completely
filled with a dielectric slab of dielectric constant "K" and density "p".
The plates are separated by a distance "d" and each has width "w" and

1

length "L". The capacitor is initially connected to a battery of voltage "UO .

(a) If the battery is disconnected and the dielectric slab is partially
withdrawn a distance "y" along the L dimension {see diagram), what
is the potential difference between the plates?

(b) What is the magnitude and direction of the force on the dielectric when
it is displaced by this length y? (You may ignore fringing effects.)

(¢} If the dielectric is released from rest after being withdrawn a distance
y << L, describé its ensuing motion. In particular, if the motion is
periodic, what is the period?
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4. Given the one-dimensional potential:

2
%%ﬁ L azxz + ﬁiﬁ%ll ] x>0
Vix) = X .
o x <0

one would expect soiutions to the Schroedinger equation which are similar
to the ordinary harmonic oscilliator.

(15} (a} Show* that the energy levels for this potential are given by
aaﬁz
En = 5 [ 4n + 23 + 3 ]

for 8 real and positive. (*Explain the reason for any assumptions
made in deriving this result.) '

{(2) (b} 8y making an appropriate redefinition of «, compare the answer of
part (a) to the ordinary harmonic oscillator with regard to level
spacing and ground-state energies.

{3) (c) For g = 0 this potential is the half-harmonic oscillator. Compare
the 8 = 0 levels with the usual harmonic oscillator and explain why
certain states are "missing”.

\..\ N
(20) 5. In this problem you are asked to derive the equation of state [i.e.,

p¥ = f(T)] for a system of N non-interacting bosons. You are given the
information that the grand partition function

Q=7 N Zy» where % 1is the partition function,

I\

. ¢ 2 log @ - 3 log Q
and that N = { 3 log z )B,V = z{ 3z )B,V

For non-interacting bosons it is also true that

%¥.s log Q = -y Tog [ 1-z exp ('Bei) ] , where i labels the single particle
i .

states.
HINTS: (1) The Tlevels can be assumed to be densely packed.
(2) Integrands should be expanded and then integrated.



{6)

6.

A spherical electrode of radius a is surrounded by a concentric spherical
electrode of radius b, while the intervening space is filled with a medium
whose conductivity is inversely proportional to the distance from the
center of the system, i.e., o = K/v. The outer sphere is maintained at
potential b9 and the total current [ flows between the electrodes.

(a} Use conservation of current to find the permittivity of the conducting
medium as a function of r.

(b} Find the potential at a distance r {b > r > a) from the center.
Express your result in terms of K and I.

(¢} Find the bound polarization charge density in the medium.
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