PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #50

January 12, 1985

" feneral Instructions

This Comprehensive Examination for Winter 1985 (#50) consists of six
_problems of equal weight (20 points each). Please check that you have all
of theﬁg

Work carefu]]y, 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 a}l work in the biuebooks, use one bluebook per
problem, and be certain that your assigned student letter (but not 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 guietly and
privately, so as not to disturb the others. Put all materials, books, and
papers except penciii(or pen) and bluebook, on the floor. The accompanying
booklet contains data and formulas which you ﬁgg_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.



PROBLEM #1.

A particle m moves on the frictionless inner surface of a horizontal cylinder
of radius R. In addition to the weight and wall reaction force, there is a
constant, horizontal force F acting on the particie as shown in the figure.
The magnitude of F is (mg/3). If the particle is projected from rest at the
position (R,0,0) (cylindrical coordinates) with initial velocity V; in the
z-direction.

a) Find the maximum angular rise of the particle.

b) Find the wall reaction force, N, at that position.
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PROBLEM #2.

A thin plastic circular disk of radius R has charge q uniformly distributed over

its surface. The disk is rotating with angular velocity w around an axis through

the center and perpendicutar to the plane of the disk.

a) Compute the magnetic field along the axis.

b) Calculate the magnetic dipole moment of the disk.

c) A second jdentical disk rotating with the same angular velocity w is placed
a distance L away from the first disk. The two disks have a common axis.
Calculate the magnetic energy of interaction of the two disks. {Assume
L »> R}.

One or more of the following integrals may be usefui:
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PROBLEM #3.

Recall that the fine structure splitting of energy levels of atoms is due to
"spin-orbit coupling." The interaction Hamiltonian is:
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H =

where L and S are the electron orbital and spin angular momenta, respectively.

Considering this interaction as a perturbation, derive an expression for the
energy shift of the 2293/2 state of hydrogen.
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Using your result, make an estimate (in eV) of this energy shift.



PROBLEM #4.

In developing the theory to explain the spectral distribution of cavity
(blackbody) radiation, Planck arrived at the average energy of the mode of
frequency v:

élz‘___lﬁme__
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a) Derive an expression for the number of modes per unit volume in the frequency
range dv at v. Find the energy density in the frequency range dv at v.

b) The relationship between energy density uT(v) and the rate of emission (or
absorption) by the cavity wall surface, RT(v) (watts/m?) is:
‘ _
RT(\)) - 4 uT(\))

Assume the sun emits as a blackbody at 6000K; the diameter of the sun is
roughly 10°% km.

Make a rough calculation of the total microwave power emitted by the sun
in a one MHz bandwidth at 3 cm. wavelength.

PROBLEM #5,
A square flake of mica of permittivity <, area w2, agnd thickness t << w s in
a vacuum in which there is a uniform electric field EQ. With the flake oriented

+
so the unit normal vector on one face is at angle a with respect to Eo’ find the
torque on the flake. ' ‘



PROBLEM #6.

Positronium is a bound state of an electron and a positron. The Hamiltonian
for the system in a magnetic field H can be written in the form '

SR
W o= HO + A(al-cz) + uBH(Glz-czz)

where HO contains kinetic energies and central force potentials, A is a constant
and

-

9170y = 01,09y *01yTpy F90;

where

_ o1 *'04) Y
x 1 0 %y i 0 z 0 -
are the Pauli spin matrices. The index 1 refers to the electron and the index 2

to the positron.

a) Find the value of A if in zero magnetic field the 1S and 1°S states are
separated by 2 x 10° MHz with the singlet state lower.

b) Discuss the principles which restrict the 1S and 1°S states to decay primarily
by two- and three-photon emission, respectively.

c) Find the energies of the states for non-vanishing magnetic field.
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