PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #35
January 5, 1980

General Instructions

This Comprehensive Examination for Winter 1980 (#35) 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 cleariy. 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 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 quietly 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 may find useful. Please
return it at the end of the exam.
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Consider the two equal masses (mass points) shown in the Z/\
figure to be connected by a rigid massless rod.

{a} If the system is rotating with constant angular '§1~ —
Fa
veiocity w = wk, determine the total anguiar 5
momentum of the system (magnitude and direction).
0

(b) Construct a solid sphere of radius R out of a
collection of such mass points and thus determine
the angular momentum of this sphere rotating
with angular velocity w. (Calculate the
magnitude of t and indicate why its
direction is parallel to .)

NN
TN

The region between two concentric, conducting spheres of radii a and b is
filled by an inhomogeneous dielectric with

g = aO/(k+mr).
A charge Q is placed on the center conductor. The outer conductor is

connected to ground.
0
/
y wﬁﬁﬁ:

Derive expressions for: =
e
(a) The displacement D at any point between the spheres;

(b) The capacitance between the two electrodes;

{c) The volume density of polarization charge at any radius r between the
spheres.



(2)

(2)

( 4)

(2)

(8)

(2b
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There are two, normalized stationary states wL and Vp which are, respectively,

the solutions for two, identical, unconnected potential wells placed
symmetrically about the origin (Figure A).

2 X

5

The Hamiltonian in either well is HO:

For the rest of this problem, assume these are the only 2 levels present and that

Hoby = Egvp o Hgvp = Egvp

Uy [Holvp> = <vplHyly > = 0.

a symmetric interaction, V, is now introduced which weakly connected the two
wells as in B.

(a) Why must the new Hamiltonian, H = HO + ¥V, be invariant under the parity

(b)

(c)

(e)

(f)

{reflection) operator P?

What is the effect of P on v and wR?

Find two, normalized states, which are eigenstates of P. Indicate their
eigenvalues (parity) and verify their normalization.

Why can there be no transitions between the states of part (c¢)?

Find the two energies of this system. Express your answers in terms of
Vi lfpley> s <w IVlw> and <y [Vivg>

if the particle is in the left well at time t = 0, what is probability
to be in the right well at time t?
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Consider a cubical box of edge L to contain an ideal quaﬁtum gas of N
indistinguishable particles at absolute temperature T. Conditions are
such that the gas can be characterized by Boltzmann statistics.

(a} Derive an expression for the partition function of this gas in terms
of volume (V) and temperature (T).

(b) Derive an expression for the chemical potential for this system.

A two-dimensional cavity is made up of concentric circles and radii as
shown below. The angle o is general and no dependence on a third dimension
is to be assumed for any functions. The straight sides of the cavity are
grounded and the potential on the curved sides is given by Va(e) and Vb(e).

(a) Give an expansion, in terms of separate functions of r and &, which
satisfies explicitly the boundary condition on the straight sides.

(b) Express the expansion coefficients in terms of definite integrals
involving the prescribed surface potentials.



Consider the scattering of non-relativistic electrons from a polarized,
static neutron.  Since the neutron has spin % it has a magnetic moment
ﬁ = 33, and the scattering is caused by the interactions of this moment
with the magnetic field of the passing electron,

Lo T

c 3
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Beam Direction » e ) >

(6)

(a) What is the quantum mechanical interaction "potentiai" |or Hamiltonian
operator for the electron-neutron interaction?

(b} An electron of energy‘ﬁszZ/Zm, incident in +y direction, is scattered
by an angle & in the xy plane. Whatare the energy and momentum of the
electron in the final state?

(c) Evaluate, in lowest order perturbation theory, the matrix element of
the interaction potential between initial and final states, <wfiviwi>.

(d) If, in the Born Approximation, the differential cross section is
do/dQ = al<¢fIVtw1>i2 )

what is the cross section for electron-neutron scattering?
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