DEPARTMENT OF PHYSICS
University of California, San Diego
La Jolla, California 92093-0319

Written Departmental Examination - Spring, 1989-90
PART 1

Instructions

Each problem is worth 10 points. You are to work problems 1-8 plus either
problem 9 or problem 10.

Problem 1

A power brake invented by Lord Kelvin consists of a strong, flexible belt wrapped once
around a spinning flywheel. One end of the belt is fixed to an overhead support; the other end
carries a weight, W. The coefficient of kinetic friction between the belt and the wheel is py. The

radius of the wheel is R, and its angular velocity is .

a) Find the tension in the belt as a function of the angle of
contact, 6.
b) Find the net friction torque on the flywheel.

c) Find the power dissipated by friction. =




An object moving with velocity v < ¢ is photographed by a stationary, distant camera.
The object has rest length Lg, and the angle between the direction of motion and the direction to the
camera is « (see figure).
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Camera

ind the length of the object in the photograph.

’roblem_3

A point charge Qf magnitude Q is placed at a distance, a, from a conducting plate, and b,
m a second, perpendicular plate (see figure).



A waveguide consists of two infinite, perfectly conducting plates separated in the

y—direction by a distance a (see diagram).

a)

b)

z

y=0 y=a
Find the form of the electric field for a TE mode (E// %) propagating in the z—direction,
with frequency ®.
For w = 5mc/2a, find the k, values that propagate.

-
What is the surface current on the conductor in terms of w, k and Eg?

lem

Consider a two-level system with energy states € and € + A (A 20). Compute the partition
function and the free energy.

Derive an expression for the specific heat, C(T). Sketch your result.

Some glassy systems may be modeled as a set of two level systems with a distribution,
P(A), of "barrier heights" A. [The distribution of energies, €, is irrelevant.]
The free energy is then the sum of contributions from all the individual two-level systems.

If P(A) is broad and flat on the scale of kT, what is the temperature dependence of the
specific heat of such a "glass" at low: temperatures?



v g

thermally isolated at a temperature, T, in a gravitational field of strength, g, and has a
total heat capacity, C. The ball is initially at a height, h, above its rest position, as shown.
Then the ball is released, and a new equilibrium is reached. (Assume that Mgh » kT.)

a) What is the increase, AT, in the temperature of the system?

b) What is the change in entropy of the system?

) What is the probability, P, that the ball will spontaneously return to its original
position?

d)  Evaluate P for AT/T « 1, Mgh = 10° ergs, and T = 300°K.



A charged particle of mass m and charge q moves in a harmonic oscillator potential
Vx)=1/2 kx? in one dimension. In addition, a constant electric field E= Ep - )2. acts on the
particle where X is the unit vector along the x-direction. What are the quantum mechanical energy
levels and stationary wavefunctions of the particle?



(A) Vo"
0 e e >
< 8 —> < a > X
1) Draw qualitatively the wavefunctions of the first two energy eigenstates when the

ground state energy is much smaller than Vj,.

) Show that in the limit b — oo one of the two lowest energy eigenvalues will approach the

ground state energy Ep of the potental in Fig. (B) from below, and the other eigenvalue
will approach Ey from above. :

) Calculate the energy levels and wavefunctions approximately in the limit

2mV
E < Vo, —';%—°b2<<1



Define the following properties of a solid, and explain how each can be measured: o
(a) electrical resistivity; (b) magnetic susceptibility; (c) specific heat; (d) thermal conductivity.

Problem 10

Evaluate the following integrals:

o0
(a) / e”**x? dx. For what range of 8 is your answer valid?
0

ikz
(b) f dz&5. Here the contour is a (counterclockwise) unit circle around the origin.
z
[+

How would the answer depend on the radius of the circle?

o0
(c) / e™ %' dx. How does the answer to this part relate to (a)?
0

(d) / exp{—(x? + a/x?)} xdx. Give an approximate answer valid for o > 1.
0

(e) f exp{—(2% + o/2?)} 2dz, where the contour is the unit circle given in part (b). If

you can’t evaluate this integral exactly, give an approximate answer for a < 1.



Written Departmental Examination - Spring, 1989-90
PART 1I

Instructions

Each problem is worth 10 points. You are to work problems 11-18 plus either
problem 19 or problem 20.

roblem 11

1) Write down the Hamiltonian for a non-relativistic electron that moves in the magnetic

field B = Z—B[iﬁ, where By and L are constants.
)) Obtain three constants of the motion for the electron.

) Suppose that the electron initially is ejected from the origin with velocity v = vox.
Sketch the projection on the (x,y)-plane of the.subsequent orbit. Also determine an

integral expression for y = y(x). What can you say about z = z(x)?

oblem 12

Consider a simple model of a swing, consisting of a pendulum whose length { can be

L |

N
N




Consider a gas of microscopic conducting spheres of radius a and density ng. An electro-

magnetic wave, with k = ky and ka « 1, is incident on a half-space of such spheres (y > 0).
Assume the electric field of the wave is oriented in the 2 direction.

a) Consider the scattering from a single sphere, and calculate the radiated power into solid
angle dQ2.
b) Using your result from a), find the extinction length for propagation of the

electromagnetic wave through the medium.

Problem 14

Consider a non-relativistic charged particle with charge q following a linear trajectory and
interacting with a plasma with (complex) dielectric constant e ().

a) Find the (Fourier transformed) electrostatic potential ¢(k,w).

b) Write down an integral expression for the rate at which the particle loses energy to the
plasma.

Problem 15

A system of N(N > 1) non-interacting classical particles of mass m are in a con-
tainer of volume V. Assuming that the particles are distributed in phase space via the
microcanonical ensemble with energy E: '

a) Up to a normalization constant, find the probability that particle 1 has momentum
within a small box of size d3p, around p:-

b) Find the limiting form of this distribution as N — 0o, and thereby identify the tem-
perature as a function of E and N.
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Vlaxwell-Boltzmann statistics) and an adsorbed gas on a substrate.

) Calculate the chemical potential of the free gas, assuming temperature T, mass m and
mean pressure p.

) Calculate the chemical potential of the adsorbed atoms, assuming that the energy of the
adsorbed atom is € =_p)2/2m - €9, wherc_;; is the momentum in the plane.

) By equating the two chemical potentials, find the mean number of adsorbed atoms per
unit area as a function of pand T.

’roblem 17

Consider the scattering of a spin- % particle by the spin-orbit potential

L-S + hermitian conjugate.

[f the initial particle has its spin polarized along the momentum direction, find the
fferential cross-section for spin flip scattering, where the spin of the outgoing particle is
iti-parallel to the final momentum. Use the Born approximation.

Consider a quantum system with two energy levels separated by the energy difference, AE.

ttime t =0, we turn on a time-dependent perturbation which connects these two states via matrix
ements

(1Ivi2y=(21v] 1) = %l (yreal).

Using lowest order perturbation theory, find the probability that, given the system
in the ground state at t = (), the system will be in the excited state at time t.

By solving the time-dependent Schrodinger equation, find the exact answer for this



Problem 19

The diffusion equation

ou

— =aV?U+U 1

S =2V + )
provides a crude model to describe the flow of neutron density U(t,x,y,z) in a block of
uranium. Here, « is the diffusion constant, and B governs the rate at which free neutrons

are created through collision.

a) Use separation of variables to obtain a solution in a cube of size D : 0 < x,y,2z < D,
given an arbitrary distribution U(0,x,y,2) = ®(x,y,z) and the boundary condition
that U = 0 on the surface of the cube for all t > 0. ‘

b) Use the solution of part a) to determine the critical size, D., of such a cube such that
U will grow exponentially with time if D > D..



(b)
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measured by appropriately suspending a flexible, massless, wire carrying a current, i,
under tension, T. Show that there is a relationship between i,T, q and p, for which the
trajectory of the charged particle is the same as the shape of the wire, and derive this
expression.

Using such a suspended wire, describe how you would measure the focal length of

a solenoid, which acts as a magnetic lens, on a beam of particles of momentum p, (initially
parallel to the x direction), and charge, q. Describe how and where you would constrain
the wire and provide the tension, and what you would measure to determine the focal
length. (Notes: For this part, you must think of how you would physically set up and
carry out the measurement. You do not have to have answered (a) correctly. It will help to
refer to the figure.) ' :

focusing | element

B field | region

Y
x
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