PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #54

JaN. 10, 1987

Comprehensive Examination for Winter 1987

General Instructions

This Comprehensive Examination for Winter 1987 (#54) consists of eight
problems of equal weight (20 points each). It has two parts. The first part
(Problems 1-4) is handed out at 9:00 am (duration: 3 hours) and the second part
(Problems $-8) at 1:00 pm (duration: 3 hours).

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 secrateh
paper; do all work in the bluebooks, use one bluebock per problem, and be certain

that your assigned student letter (but nmot your name) is on every booklet,

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, boecks, and papers except pencil
(or pen) and bluebook, on the £loor. The accompanying booklet contains data and

formulas which you may find useful. Please return it at the end of the exam.

Use the last pages of your bluebooks for "scratch” work separated by at

least one empty page from your solution. "Scratch" work will not be graded.



Physics Department Comprehensive Exam #54, Jan. 10, 1987.
PART 1.

PROBLEM #1.

A "flyball governor" is a device used to control the speed of an engine. It
consists (rf. figure) of two balls each of mass m, zttached by means of four
hinged arms, each of length L, to sleeves which slide on a vertical rod. The
upper sleeve is fastened to the rod; the lower sleeve of mass M is free to slide
up and down the rod as the balls move out from ox toward the rod. The rod-ball
system rotates with constant angular velocity, w, about the vertical rod.

a) Set up the Lagrangian equation of motion neglecting the weight of the arms
and vertical rod. Find the effective potential and discuss the motion.

b) Determine the value of the height z of the lower sleeve above its lowest

point as a function of w for steady rotation of the balls, and find the
frequency of small oscillations of z about this steady state value.

A flyball governor.

PROBLEM #2.

Two physics students are in a space ship which meves with speed v in the positive
x-direction of an inertial frame of reference (Assume v = 0.5¢c). Student A is at
%' = -L and student B at x’ = +L, respectively. Student A sends a light signal
to student B. As soon as B receives the signal he sends it back to A.

a) Congstruct a space-time diagram of these events.

b) According to an observer C at x = 0 in the intertial frame of reference,
when does B receive the signal and when does A get the reply? [set t=t'=0
when the origins of the two coordinate systems coincide]

¢) Observer C uses the interval At [for signal to travel A-B-A] to determine
the distance Ax between A and B. Compare his measurement with a similar
measurement by students A and B.
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PROBLEM #3 .

A spherical shell of radius R having a uniform charge density o is spinning
around an axis with angular velocity w. Find the following quantities:

a)

b)

c)

)

e)

. -+
the exact vector potentials A(r,f,$) both inside and outside the sphere. The
polar axis is along the axis of rotation,

the exact magnetic fields, 3(r,9,¢) inside and outgide the sphere,

the magnetic moment, M, of the rotating shell,

e
the first non-zero term in a magnetic multipole expansion of A(x,9,4) for
r >R,

the gyromagnetic ratio of the system, assuming & uniform mass density.

Possibly useful integrals:

zdx - (axa + by + c)¥i
(ax® + bx + c)k a

xdx - 2{ax -2bH) (ax + b)%

(ax + b))k 3a?
[ i
dx - 2{ax + b)
(ax + b)) a
PROBLEM #& ., =

Find the distribution of magnetization current corresponding to 2 uniformly
magnetized sphere with magnetization M. Find also the density of magnetic poles
corresponding to a uniform magnetization.
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Physics Department Comprehensive Exam #3534, Jan. 10, 1987.

PART T1.

PROBLEM #35,

Calculate v, the ratio of the heat capacity at constant pressure to the heat
capacity at constant volume using classical concepts for:

(a) an ideal monatomic gas,

(b) an ideal diatomic gas.

Specify the physical assumptions made in the model used for your calculation.

Real monatomic gases such as He, Ne, etc. agree well with (a) over a large

temperature range. However, as shown below, the experimental value for vy vs.

for the diatomic gas H, does not agree at all with (b) if based on a simple
classical model.

Explain In 230 words or less.
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Experimental values of y for
hydrogen as a function of temperature. The
lemperature is plotted on a logarithmic sczle.
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PROBLEM #6 .

The groundstate of the hydrogen atom is split into two hyperfine states (F=0 and
F=1) by the electron spin-nuclear spin interaction. The atom is placed in a
constant magnetic field, The perturbation matrix is

with V,, = VOI* (* = complex conjugate). If at t=0 the hydrogen atom is in the
F=0 state, determine the amplitudes for finding it in either the F=0 or F=1
state, respectively, at any later time.

PROBLEM #7.

A quantum mechanical particle of mass @ moves in a potential V(x) = mgx.

<E> >

a) Evaluate %E and %E <p>,

b) Solve the Schroedinger equation for the state function ¢ in pomentum space

[H{p,x)¢(p) = E¢(p)1].

What energy values are allowed?

PROBLEM #8,

Correlate and discuss your knowledge of the effects of atomic electrons on
nuclear transitions and measurements. Specifically, what would be the direction
and approximate magnitude of the digagreements between two experimental nuclear
physicists, one of whom made measurements on normal atoms as we know them, while
his colleague could make measurements only on nuclei which possessed no atomic
electrons, but were the same in all other respects. Consider observations on
nuclear decay schemes and life-times and measurements of nuclear charge, size,
mass, and moments. Discussiong should not be too wordy. Make brief statements,
and support them when needed by pertinent calculations and sketches.
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