OSU PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #77

April 1 and 2. 1996

Comprehensive Examination for Spring 1996

PART [

General Instructions

This Comprehensive Examination for Spring 1996 (#77)
consists of eight problems of equal weight (20 points each). It has
four parts. The first part (Problems 1-2) is handed out at 9:00 am on
Monday, April 1, 1996, and lasts three hours. The second part
(Problems 3-4) will be handed out on the same day, at 1:30 pm, and
also lasts three hours. The third and fourth parts will be
administrated in the same way on Tuesday, April 2, 1996.

Work carefully, indicate your reasoning, 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, work each
problem in its own numbered bluebook. and be certain that your
chosen student letter (but not your name) is inside the back cover of
every booklet. Be sure to make note of your student letter for use in
the remaining parts of the examination.

If something is omitted from the statement of the problem or
you feel there are ambiguities, please get up and ask your question
quietly and privately, so as not to disturb the others. Put all
materials, books, and papers on the floor, except the exam, bluebooks
and the collection of formulae and data distributed with the exam.
Calculators are not allowed. Please return all bluebooks and formula
sheets at the end of the exam.

Use the last pages of your bluebooks for “scratch” work
separated by at least ome page from your solutions. “Scratch” work
will not be graded.



OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 1

Starting with the expression [ = F X p, for the angular
momentum of a point mass, m, having linear momentum, P,

determine an expression for the angular momentum of a sphere of
mass, M, and radius, R, whose mass density varies as shown below.
The sphere should be considered to be rotating about its diameter.
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OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 2

A solid is in equilibrium with an ideal monatomic vapor. The
energy required per atom to separate the solid into atoms is ¢.
Consider the solid to be described by the Einstein model for the
vibrations in a solid, that is, assume that each atom is represented by
a three-dimensional harmonic oscillator of frequency, ®. Find the
vapor pressure as a function of temperature.
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OSU Physics Depart. Comp. Exam #77. April 1-2, 1996 PROB 3

If we could make a quantum-mechanical solenoid that was infinitely
long with zero radius it would produce a magnetic vector potential

_2

=5
where ® is a constant. (This is sometimes called the Aharanov-Bohm
potential.) You are asked to investigate the solutions of Schrodinger’s
equation with this potential.

(a) Use the principle of minimal electromagnetic coupling to write
the Hamiltonian for this problem.

(b) Solve the time-independent Schrodinger equation using separa-
tion of variables ¥(p, ¢, 2) = R(p)Q(p)Z(z). What is Z(2)?

(e) Find Q{p).

(d) What is the differential equation for R(p)? Expand the general
solution to %(p, @, z) in terms of the (famous) solutions to this
eguation. '

(¢) What are the constants of motion?

Note that
V = ,,Q, + }—2— + z-(?w
=Pop T ¥pap " "0z
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OSU Physics Depart. Comp. Exam #77. April 1-2, 1996 PROB 4

A hollow conducting sphere of radius a contains a point charge Q attheradius b.

Calculate the force of attraction between the point charge and the sphere.




OSU Physics Department Comprehensive Exam #76 January 8-9, 1996 PROB g

Use method of images: place charge Q" outside sphere at radius D,

choose Q' and D so sphere is equipotential.
Symmetry => image charge on same axis as original charge

First find the distances from the geometry:
look at triangles formed by the center O,

the point on the surface (r=a, 6, ¢), and either:

QO : then r12 = g2 + b2 - 2ab cos 6;

c:n'Q':tb.cnrzzzr-‘:z2 +D2 _2aD cos 9

2
when D = a2/b , then 12 = a2 + a*b2 —2a3/b cos § = %Z r12,s0 ry = %m

a

b

total potential V(r=a, 0, ¢) = Q + Q  _ Q (1 +%~ ﬂ) = () when 9 _ .
dmeory  4meory  4meori r2 0
The electric field at Q due to the surface charges is the same as that dueto Q°,

and so is the forceon @: IF I = _led’l directed radially outward
dreo(D-b)?



OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 5

i
When compressed, a gas exhibits a change in temperaure given by 7' = (%0) T,, where Vj

and T, are the initial volume and temperature, and n is a constant. The gas is ideal, and the

process is quasi-static.

a. Find the work W done on the gas.

b. Find the change in energy AU of the gas.

c. Find the heat Q transferred to the gas through the walls by using the results of (a) and (b).

d. Find the heat Q transferred by integrating dQ = TdS.

e. From the results of (c) and (d), for what vaiue of n is Q = 07 Show that for this value of n
the path followed-in the compression process is that of an adiabat.
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OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 6

A small current loop of dipole moment m
moves with velocity v along the axisof a
large circular conducting loop of radius R.
The centers of the loops coincide at £ = 0.

The angle between m and v is 6.

If you must, assume v <<c for partial credit.

(a) (10 pts)  Prove that the total magnetic flux through the plane of the large loop is zero. -

(b) (10 pts)  Find the emf induced in the large loop, as a function of time 7, for the case 8 =0.

possible hint: for a dipole at rest, B(r} = :’"On; (t 2cos B+ B sin0)
- nr




OSU Physics Department Comprehensive Exam #77 April 1-2, 1996 PROB#

(2)  Actually the total magnetic flux through any closed surface is zero, which follows from
integrating V+B over a volume enclosed by the surface (there are no magnetic charges).

The plane under discussion is not a closed surface, but we can make it one by adding a
hemisphere at infinity. Since the dipole field falls off faster than 1/r2, its integral over the
surface at infinity vanishes, so we are left with the integral over the plane which has to be

Zere oo,

Simpler argument, not rigorous, part credit: Every flux line that passes through the plane

comes back again, so its contributions to the flux cancel.

(b) We know B for a magnetic dipole at rest at the origin, B{r) zilo’?; (f 2cosB+6sin6)
‘ r

We need the boosted B in the frame where the dipole is moving along the z-axis.
First we use the result of part (a) to show that
n p 2n

® = [daB' = Jdcp'({r'dr' By = decp‘I{r’ dr’ B’

Fortunately we only need the parallel component of B', since the motion is perpendicular to the
surface. The parallel component of B is independent of the frame.

Bi=B =2 (.2c0s0-02sin0)= E2% (200526 —sin28)= Ho™  opi2—r 2)
4rr3 4ntr3 agrd
_ Hom 2ri2—r1 2 _ Hom 272(z'—vt')2—r'1_2 - B
an (+ri2)d2 an (V2 z-ve)2+r 1 2)3/2
In the plane, 2’ =0, r'_]_2 = r’2, SO
2w ) 2_ 2 - 2 2_p2
r - ’ rl - ’
(bm“qu)l}!r‘ dri Fi()m (/va) r :__H’zm £d(r'2) (W ) r
an () 2+r2)5/2 R ((yvry2+r2)S/2

change variables, u = (Wt')2 +r2 du = d(r?),

oo g2 2,22
@ =5 i e Sl oo s e RHNT?
(R2+y2v2r2) ¥ RZ2v22312 (R24ytv2 )l
_ bom R2
2 (R2+yzv2[’2)3/2 ’
_ 4D 3uom 5 9. 1
Yemf=- g7 = T3 YV R202,0,2)502



OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 7

An important case of fluid flow is that known as irrotational
flow. In such cases, the velocity vector, V, can be expressed in terms

of the gradient of a potential function, D(7r,t),ie, V =-Vo.
Consider a cylindrical column of length, L, and radius, a, filled with a

compressible fluid. The walls of this cylinder are rigid, as are the
end faces of it. The situation is illustrated in the figure below.

For small-amplitude motion, ®(F,#) satisfies the wave equation,
with small oscillations being described by

O(7,1) = Re®(F)e ™'
Determine
(a) the form of (D(F,t), and

(b) the eigenfrequencies {Comnp} of the normal modes available to

such a system.
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OSU Physics Depart. Comp. Exam #77.  April 1-2, 1996 PROB 8

Consider a process in which an electron and a positron are
emitted collinearly in the +y and -y direction, respectively. Spins are
polarized to lie in the *z directions. The pair is emitted with zero

linear and spin-angular momentum and with total energy fw. With
the electron labeled 1 and the positron labeled 2:

(a) Write down a spin-coordinate, time-dependent product
wavefunction for the electron-positron pair which contains these
properties.

(b) What is the probability that measurement finds the
electron’s z component of spin equal to +h/27

(c) Suppose the measurement of the positron’s z component of
spin finds the value -H/2, what is the wavefunction for the pair
immediately after this measurement?

(d) What will measurement of the electron’s z component of
spin now find? "
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