Physics Qualifying Examination October 3, 1983
' 10 - 12

ELECTRICITY AND MAGNETISM

Open Book: Jackson only. Closed Notes
Show all work
Two Hours

1. An infinite cylindrical dielectric with dielectric constant £
is introduced in to a previously uniform electric field with
its axis perpendicular to E_. Find the potential and
electric fields both inside”~and ouside the dielectric,

Hint: Investigate powers of the cylindrical coordinate o.

2. An infinite plane of charge at x = 0 is oscillated in the z
direction with frequency w and maximum current density Jg -
a, Solve for the vector potential everywhere,

b, What are the E and B fields?
c. What is the time averaged Poynting rate?

3. An infinite solencid is aligned along the z axis carrying
current I through N turns/meter, It is moving in the x
direction with velocity v with respect to the laboratory.
a. Using the Lorentz transformation find the electric and

magnetic fields inside the solenoid seen by the

laboratory observer.

b. Compare the result to the Lorentz force and see if the
magnetic flux inside the solenoid is changed.

¢.  Show that the vector potential X = -14 % x B gives the
correct magnetic field in the rest frame of the
solencid.

d. Lorentz transform the four-vector potential to the
laboratory frame.

2.  Compute the laboratory E and B fields inside the
solenoid from the transformed four-vector potential.
Compare to part (a).



Physics Qualifying Examination October 4 , 1983

10 - 1
QUANTUM MECHANICS
Closed Book
One 8 14 x 11" page of notes allowed
Show all steps.,
Points
20 1. Given the matrix element
1
i} <n|x|m> = (Egl)‘é form=n + 1
1
=y (%) 72 for m = n-1
= 0 otherwise,
Use i) to calculate <n[x3|r>.
20 2. Suppose a parameter a occurs in the Hamiltonian H. (It might

be, e.q., the width or depth of the potential.) Show that
for a stationary, normalized state that

da

30 3. a) The deuteron is a bound state of a proton and neutron.
Construct wave functions

¢J=1,MJ=1
L,S
for L = 0, § =
L = =
L =1, 8 =

using attached tables.



30

aj

b)

Using ¢ from a) calculate the magnetic moment of the

deuteron

J=1,M_=l
po= <d J

where p_= 2(u M_ + koM )+ %@:%Lpo for each of the 3

‘above possibilitfes. P

By = = L.91 1

n o = 2,79 By

(where By is a nuclear magneton).

The deuteron has u = .84 Mo What combination of the 3
states listed , consistent with the usual strong inter-
action conservation laws, would fit the experimental

value.

Given the Dirac equation

2

[E - (ca*p+B mc™ + V)¢ = 0

Writing ¢ = (i) where ¢ abd x each have 2 components

express y in terms of 4.

0 g 1 0o
Recall a = (G 0) B = (O ~l) where 1 is the 2 x 2

identity matrix.
Given the Dirac current
l=cd aw

use the result of a) and find the non-relativistic

reduction for j. Recall 959; + 9404 = 2éij 1.
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Physics Qualifying Exam October 3,

4.

CLASSICAL MECHANICS

Closed book and notes
Do all problems

In a closed system of varticles, when is:
a) 2 conservad?
b) [ conserved?

c) o conserved?

What is the velocity of a 3 MeV electron?

What is the nominal supply voltage to a TTL integrated.
circuit?

-

A

1983
2 - 5 p.m,

A Solid sphere of mass M and radius R is released at the top

of a frictionless incline (height=h). The level part of the

track has coefficients of static and kinetic friction i

and

1 respectively., If the sphere is purely rolling by pdint

A, how high up the second frictionless incline will it ao?



5. Given a particle. of mass M in an attractive force field

-~

§(r)=-5—3-r
r
a) If it is in a circular orbit of radius R, and is then

"nudged" a small amount, what will be the frequency of
the small oscillations about R? (Give the answer in
terms of the constants of motion.)

b) For any arbitrary initial conditions, what will be the
exact equation of the orbit (i.e., r(9)). Hint: you
may find the relations

dr _ dr ds

3t - 35 It and u =

|-

useful. -

S A A
il

(FRMTmNLEss>

rm PuLLEys

EB
Mo-Sses kj

6. What is the tension in the string holding the above system to
the ceiling?
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190 -
THERMODYNAMICS AND STATISTICAL MECHANICS

Allowed material: P, K. Pathria, Statistical Mechanics

Solve all 4 problems

Points
20 1.
25 2.
25 3.

The Helmholtz potential F is sometimes referred to as

the available work at constant temperature, or the
Helmhlotz free energy. Using a concrete example,
show that F indeed has this meaning,

Assume that there is only one acoustic phonon branch
with the dispersion relation given by

where v, is the sound velocity. Develop the Debye
Eheory of heat capacity on this model in two
dimensions. How does the heat capacity Cy depend on
temperature for very low T? Discuss the difference
between this model and the three dimensional case.

A certain ion has the ground state with S = 0. The
lowest excited state is an § = 1 state that lies an
energy A above the ground state. Calculate the
paramagnetic susceptibility of N such ions imbedded
in the lattice of a non-magnetic host crystal.
Assume that the ions do not interact with each
other. Alsc assume that kT >> guBH and A >> ngH.

12

1983



Points

30

4.

Consider a system that consists of N distinguishable
noninteracting particles, and suppose that each
particle has only two eigenstates with energies s

and -¢ (so > 0)

O.
a} If there is no restriction on tne total energy of
the system, how many microstates are there?

b) If the total energy of the system is fixed at E,
how many microstates are there? Get the answer
in terms of N, E, and £

c) Find the temperature of the system as a function
of E using the concepts of microcanonical

ensemble,

d) Find the range of E for which a thermodynamic
equilibrium is possible, Discuss the physical

significance of your answer.

@) Now use the concepts of canonical ensemble, and
find the entropy and the internal energy of the

system,

£f) Find the specific heat of the system.
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2:00 - 3:00
-MATHEMATICAL PHYSICS

One textbook plus class notes permitted

Do all problems

20 1. Evaluate the lire integral and state any restrictions on the

points
parameters a, b:

f xa(x + elb)-ldx
0

2. Consider the function defined for -= < x ¢ o¢

{ Lo x> for x > 0,

£(x) = ‘
- 14 x? for x < 0.
10 a, In the sense of distribution theory, calculate f'(x),
points
£"(x) and f"'(x) (state which test function space you
are using).
10 L. What are the Fourier transforms of £(x) and "' (%)Y (in
points
the sense of distribution theory, of course) and how are
they related?
3 c. Can you find an ordinary differential equation for which
points
f(x) is a Green's function (fundamental solution)?
15 3. Solve the integral equation (and state what kind it is, etc.)
points
1
y(s) = N [ sin n(t - s) y(t) dt.

0



10
points

20
points

Math Physics

Page 2

This problem consists of several parts, which can be solved

separately.

You may start with any part you wish, but must

describe the exact assumptions you make or ready-made results

(e.g., from notes) you use. Credit will be given for

educated guesses,

calculations.

a.

Using Hamilton's principle, show that the equation

if time is running out to do all the

governing the small transverse vibration of a heavy

string of constant linear density, around its vertical

equilibrium position is:

where g is the acceleration of gravity, and the

(1)

coordinate x is measured upward from the lower end of

the string of length L., From the variational principle

(or by physical reasoning) find the boundary conditions

u(0,t) = P, u(L,t) = P,

Use the method of separation of variables to solve for

Eg. (1) the following boundary-value problem

u{0,t) finite,

I

u(L,t) 0.

(2)



Math Physics ) Page 3

{Use a substitution z = a?xaxB to reduce the Sturm-tiouville
problem to one for the Bessel function Jg(z), and denote the

successive zeroces of this function by Hop = W the first

n r

three roots are 2.4, 5.6, and 8.7; the normalization integral

you may need is

' 2 2
é [35¢u, 221% az = @a%/2)[3,(n )] :

10 c. In terms of the eigenfuhctions Xy found in point b)
points
write down the fundamental solution {Green's function)
for the Cauchy problem for Eqg. (1l).

15 d. Either using the result obtained in ¢), or directly,
points

solve Eg., (1) with boundary conditions (2), and the

following initial conditions:

u(x,0) = 0,
X
U (%,0) = vI,(2u, = ) (3)
L
35 5. Describe the symmetry group of a molecule consisting of one

points
atom of mass M and three identical atoms of mass m, situated

at the vertices of a triangular pyramid the three identical
atoms forming an equilateral triangle. What does the
symmetry tell you about the possible normal modes of such a

molecule?



