Department of Physics
University of California, San Diego
La Jolla, California 92093-0319
Written Departmental Examination - Fall, 1991
PART 1

nstructions:

Each problem is worth 10 points. This part has 8 problems.



Problem 1 Describe briefly, with equations or sketches, as needed, the following famous

lem 2

lem

effects or experiments

a)  The Auger effect

b)  Bragg diffraction

¢)  Rutherford scattering

d) The Mdssbauer effect
€)  The Stern-Gerlach experiment

a)  Consider the function f(z) = Vz/(1 + z2). Sketch the analytic structure of
f(2) in the complex z-plane, identifying poles and branch cuts.

b)  Evaluate the integral

X
I—jdx1+’:(2

using a suitable contour in the complex plane.

The density of a sphere of radius a is
P(x) = poe-™.
There is no mass outside the sphere.
a)  Find the gravitational potential everywhere.

b)  Find the frequency of small oscillations for a particle near the center of the
sphere.



Problem 5§

Consider a string of mass m and length L, which is stretched under tension
T. One end of the string is fixed, and the other end is tied to a massless ring
which slides without friction on arod. You may ignore gravity.

sérc‘ny ing

’ rod.

a)  Find (derive) the equation of motion for the strin g
b)  What are the boundary conditions at the ends of the string?

©)  Find the normal mode frequencies for small oscillations about the
equilibrium position.

A parallel-plate capacitor has circular disk electrodes of radius a that are
separated by distance d (d << a). A resistor of resistance R connects the plates
along. their common axis.

Att =0, the capacitor is suddenly given charge Q. Derive an expression for
the Poynting vector S as a function of position between and outside the plates, for
tmes ¢ > 0. (Neglect all edge effects).
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Problem 6

Problem 7

A long rectangular bar at temperature T exerts a tension, t(€,T), when it is

extended an amount & beyond its natural length.

a)

b)

9)

d)

What is the thermodynamic relation between dS, T, dE, t(,T) and d&,
where S is the entropy and E is the internal energy of the bar?

What is the relationship between (9S/08)T and (9¥/0T)g, for a quasistatic

process?

Let t(§,T) = b&(1 - YT), where b and y are constants. What is the change in
internal energy when the bar is stretched from £ = 0 to § = & at constant

temperature?

What is the sign and magnitude of the heat, Q, necessary to maintain the bar
at constant temperature during this process?

Assume in a system of volume V at temperature T there are excitations

which obey Bose statistics with £ = bp3/2, where € is the energy and p is the

momentum. The number of excitations is not conserved.

a)

b)

Derive an expression for the temperature dependence of the heat capacity,
C, of the system. Express your answer in terms of Planck's constant and
T, leaving any integral in dimensionless form.

What would be the temperature dependence of C, if the system were in a
space of arbitrary dimension D?



roblem §

A beam of electrons is prepared with all of the electrons in the same spin
state. An experimentalist measures the spin in the z direction, and finds that its
average value is 0. Next, the average value of spin in the x direction is
measured, and found to be f 4. Predict the possible value(s) for a measurement
of the average spin along the y direction.
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Written Department Examination - Fall, 1991

PART II

Instructions:

Each problem is worth 10 points. This part has 8 problems.

Some_Information

1) Bose condensation temperature:

(n = density, m = mass)

2) Quadrupole tensor components for charges {qq} at positions ry = ( x;x, xg, xg‘):

Q= ; qm(3x‘i"x;.’l - r§8ij)



Answer the following:

a)  Describe how you would measure the gravitational constant G.

b)  Describe how you would measure the dielectric constant of an insulator.

¢)  Describe how you would measure the magnetization of a substance.

d)  The 4f electron shell of the trivalent rare earth ion Eu contains six electrons.
Using Hund's rules, calculate the spin S, orbital angular momentum L, and
total angular momentum J of the ground state.

e)  Describe the origin of the Van der Waals interaction and give a rough
derivation of its dependence on distance at large distances.

A particle is moving under the influence of a periodic impulse. The motion
is described by the equation

X= i A 8(t-n)x

n=-co

with A a given constant and &(t) the usual Dirac d-function; i.e., §=0fort=0

and  [5(dt = 1.
a)  Apply Floquet's Theorem to describe the nature of the motion.

b)  Atsome initial time x and  are given and finite. For what range of A
would the motion remain bounded as t — oo?



Problem 11\

~______-Amassmis attached to a spring with variable constant k(t) thus obeying:

m¥ = -k*(t)x

a)  Write down the Hamiltonian and Lagrangian for the system.

b)  Fort<tg, k =kg and the motion is given by x = Xo Sin Wt [wg =
ko/ml/2). Att=t, the spring constant suddenly changes from ko to k1.
What is the change in energy?

¢)  With the same initial conditions as in b) the spring constant for t > t,
changes "slowly" from kg to k1. What is the change in energy between the

initial and final motion? Give an approximate condition for how slowly the
spring constant must change for your result to be valid.

a)  Consider a ring of radius a on the x-y plane with a uniform electric
dipole density P per unit length pointing in the radial direction:

;
T
<
A
7 <X
x/

Calculate the electrostatic potential at position T, and the electric fields along
the x and z axis, for Irl >> a. Sketch the electric field lines in the x-z plane.

b)  Given a set of N point particles with no charge and magnetic moment m
per particle, describe an arrangement that will give rise to the electric field
calculated in (a) and zero magnetic field. Find p in terms of N, I, a,

and any other quantity needed. Assume N >> 1.



Problem 1

In hydrodynamics, the vorticity  is related to the flow v by = Vxv.
Taking Vov =0

a)  Calculate the flow field induced by a localized vortex o = Wo(x).

b)  Calculate the force of attraction F 1,2 between two vortices ), given that
3
Fi2=pg .[szml d'x,

with pg, the density.

Consider a system of spin 1/2 fermions in a box of volume V. Two
fermions of opposite spin can combine to form a boson of spin zero, with
binding energy €, > 0. The fermions have mass m and the bosons have
mass mp, (unrelated to m and ep). At infinite temperature there are Nt = N
= No/2 fermions of each spin and no bosons. Assume N1 =N, at all

temperatures, and that fermions and bosons behave as ideal gases.
a)  Whatis the state of the systemat T =(Q?

b)  Find equations that determine the number of fermions and bosons at
temperature T,

¢)  Find an equation that determines the critical temperature T of this system,

at which a phase transition occurs.

d) If T is the Bose condensation temperature for the system if all the
fermions have combined to form bosons (i.e., in the limit &, — o),
calculate the deviation (T - Teo)/Teo for ep/Teg >> 1.



e) Even if you did not solve for (d), answer on physical grounds: Is T larger
or smaller than T¢,? Is T an increasing or decreasing function of m/my,?

Justify your answers.

Problem 15\
\

The proton of a hydrogen atom in the ground state receives an impulse
which gives it a velocity v. The duration T of the impulse is assumed short in comparison

both with the electron periods and with a/v where a is the Bohr radius. Determine the
total probability of excitation and/or ionization of the atom under the influence of such a
"jolt".

o

The exam committee decided that the interaction Hamiltonian for an atom in an
external magnetic field B is

Hi=- ;Tc (L +38)B

where L and S are the electron angular momentum and spin, respectively. [NOTE
THAT THE HAMILTONIAN INVOLVES L + 38 AND NOTL +2S.] Theg
factor is defined by

(asimlHjlasjm) = - 50— grn B

where lgsjm> is a state with spin S2=s(s + )2, orbital angular momentum L2 =
2(2 + 1)2, total angular momentum J2 = j(j + 1)h2, and J,=mh, with J =L +8.

a) Whatis g for a state with s = 0?
b) Whatis g for a state with 2 =0?

¢)  Derive a general formula for g for a hydrogen atom, and thus determine g
for an atom in a 2P, state.
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