Department of Physics Comprehensive Examination No. 83

March 30 and 31, 1998

This Comprehensive Examination for Spring 1998 consists of eight problems each
worth 20 points. The problems are grouped into four sessions, each of which lasts for three
hours. Session One (problems 1 and 2) begins at 9:00 AM Monday 30 March. Session
Two (problems 3 and 4) begins at 1:30PM Monday 30 March. Session Three (problems 5
and 6) begins at 9:00 AM Tuesday 30 March. Session Four (problems 7 and 8) begins at
1:30PM Tuesday 30 March.

Work carefully, indicate your reasoning, and display your work clearly. Even if
you do not complete a problem, it is possible to obtain partial credit, especially if you
demonstrate conceptual understanding. Do all work in the bluebooks, work each problem
in its own numbered bluebook, and be certain that your chosen student letter, but not your
name, is on the inside of the back cover of every bluebook. Be sure to remember your
student letter for use in the remaining sessions of the examination.

If something is omitted from the statement of the problem or you feel there is an
ambiguity, please ask your question quietly and privately, so as not to disturb the others.
Only your bluebooks and the examination should be on the table before you. Any other
items should be stored on the floor. Calculators are not allowed. Please return all
bluebooks and formula sheets at the end of the exam.

Use the last pages of your notebooks for scratch work separated by at least one
page from your solutions. Scratch work will not be graded.



OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 1

A turnstile antenna consists of two center-fed dipoles of length I which are perpendicular and
carry the complex current density J(7,7)= Te ™ () [S(y)% +id(x)p] for _% <x< % and

M%Sys%_

a. Find the fields E and B propagating in the z direction in the long wavelength (1 >> L) and
far zone (» >> 1) approximations. What is the polarization of the radiated wave?

b. Find the fields E and B propagating in the xy plane in the long wavelength and far zone
approximations. What is the polarization of the radiated wave?

¢. Compare the power radiated per steradian in the x direction to that radiated in the z
direction.
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 2

A two-dimensional isotropic harmonic oscillator with mass m and resonance frequency ® has
the Hamiltonian
2 2 ‘
H=-P-3‘--+—mm2x2 +--3—5~+-mu)2y2.
2m 2 2m 2
A small perturbation W = bxy is applied to the system, where b is a real, positive constant.
Determine the energy corrections to the ground energy level and the second excited energy
level (i.e., the third level overall). In each case, find the corrections to the first nonvanishing

order.
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 3

Consider an ensemble of classical one-dimensional oscillators.

(a) Let the displacement x of an oscillator as a function of time ¢ be given by

x = x,cos(®¢ + @) . Assume that the phase angle ¢ is equally likely to assume any value in its
range 0 < ¢ <2n . For any fixed time ¢, find the probablility P(x)dx that x lies between x and
x +dx . Express P(x) interms of x, and x.

(b) Consider the classical phase space for such an ensemble of one-dimensional oscillators, their
energy being known to lie between E and E+ dE. Determine P(x)dx in terms of E and x.

(c) Show that the result obtained in part (b) is the same as that obtained in part (a).
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 4

A smooth straight rod is attached to a rotating vertical crank, so that it rotates

in the horizontal plane. The angular speed is & =const. The distance of the free end from

the axis of rotation is R.

A bead m can slide on the rod without friction.

e Find the motion of the bead if it is initially held at a distance 7 from the rotation axis
(towards the free end) and then released at 1=0. )
What is the bead’s trajectory in the stationary system?

e How much time it will take the bead to slide off the free end?
What is the speed of the bead in the stationary system immediately after it slides off
the rod?

e What is the maximum possible value of this speed?

¥

__..‘.._._.h_.
P

B

&TQ.,.J




OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem S

The molar latent heat of transformation in going from phase 1 to phase 2 at temperature 7' and
pressure p is A. Determine how the latent heat varies with temperature, that is, determine the

total derivative, o Express your answer in terms of A and the molar specific heat at constant

pressure ¢, the coefficient of expansion o, and the molar volume v of €ach phase at the original
temperature T and pressure p.
dp A

Note the Clausius-Clapeyron equation states that —— = ———— |
peyiohed aT ~ T(v, - )
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 6

Consider a quantum mechanical system with a three-dimensional state space. In the basis
defined by three orthonormal kets |1}, {2}, and [3} an observable Q is represented by the

matrix

2 0 0
0= qLO 0 iJ,
0 - O
where g is a real, positive constant. The Hamiltonian H of the system has three distinct
eigenvalues E, = a, E, = 2a, and E, = 3a (a is a real, positive constant) with

corresponding eigenstates |£; y =11}, |E,) =2}, and | E;) =13). Attime ¢ = 0, the state of

the system is

1 1 1
0) = =10+ —={2)+ =3},
|W( )/ ﬁ{! ng ! JEI J

a) What is the matrix representation of the Hamiltonian H in the basis defined by i,
12, and [3)?

b) Find the expectation value { £} and the r.m.s. deviation AH at time 7= 0.

¢) At time ¢, (where £, > 0) the observable O is measured. What are the possible results

of that measurement and the corresponding probabilities?

~ d) For the particular case when the result of the above measurement of ¢ is the lowest

value possible, find the state of the system for times ¢ > £,
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 7

The behavior of an ion in a RF-driven quadrupole mass spectrometer or a quadrupole ion trap
can be analyzed by determining the potential and electric field for the electrostatic case. An
approximation to this structure consists of four parallel, infinitely long, very thin wires with the
applied potentials indicated in the figure below. '

+ Va
O
R
o R
-V, Vo
O
1-\/&

a. Find the electrostatic potential ®(p) for p < R in both polar and cartesian coordinates.

b. What is the electric field in cartesian coordinates?

c. A quadrupole mass spectrometer functions by applying a time-varying potential ¥,e to the
wires which effects the trajectory of a positively-charged ion moving approximately along the
axis of the structure. Describe physically how the potential you calculated could allow a +1 ion
of mass m, to travel along the axis while allowing another +1 ion of mass m, to wander out
between the wires.
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OSU Physics Comprehensive Exam No. 83 30-31 March 1998 Problem 8

Two spheres with radii R and r (R>r), made of the same material of a uniform density,
are glued together by a firm glue so that their surfaces are in contact. The mass of the glue
is negligibly small. This two-sphere object rolls without slipping on a plane inclined at an
angle B to the horizontal.
Assuming that /R is larger than this minimum value, find the frequency of small
oscillations of the object about its equilibrium position.

Hints: Use the line going through the points where the spheres touch the plane as the
axis of instantaneous rotation. Note that the point where the line passing through the
centers of the two spheres intersects the plane remains fixed. )

The two-sphere system on the inclined plane in the equilibrium position ~ side view.
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