OSU PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION#73

Jan. 5 and 6. 1993

Comprehensive examination for Winter 1995

PART HE- =44 7

General Instructions

GENELdE Mot iansie

This Comprehensive Examination for Winter 1995 (#73) consists of eight
problems of equal weight (20 points each). It has four parts. The first two parts
(Problems 1-4) were administered in two three-hour periods on Thursday, Jan. 5.
The third part (Problems 5-6) is handed out at 9:00 am on Friday, Jan. 6, and will
also last three hours. The last part (Problems 7-8) will be handed out at 1:30 pm on
the same day and will also last three hours.

Work carefully, indicate your reasoning, and display your work clearly.
Even if you do not complete 8 problem, it might be possible 10 obtain partial credit —
especially if your understanding is manifest. Use 10 scratch paper; do all work in
the bluebooks, work each‘orob‘iem in its own numbered bluebook, and be certain

that your chosen student letter (but not your name) is inside the back cover of every
booklet.

1f 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 on the floor, except the
exam, bluebooks and the collection of formulas and data disuibuted with the exam.

Calculators are not allowed. Please return all bluebooks and formula sheets at the
end of the exarm.

Use the last pages of your bluebooks for "scratch” work separated by at
least one empty page from your solutions. "Scratch” work will not be graded.






1. Two identical, non-interacting particles are contained within a one-
dimensional box of length L, e 052 < L.

a)} The most general two-particle wave functions for this system that arc
allowed by the laws of quantum mechanics are cailed {m,n >gand |m,n >4
where § and A refer to states that are symmetric or antisymmcttic under
the permutation of particle coordinates, and m and n are quantum numbers.
Write out these wave functions in detail.

b) Calculate the difference in the expected value of the square of the
interparticle distance in the ant-isymmetric and symmetric states. i.e. find

A=< d >4 — < d°>s
where
dz = (m1 -.’L‘2)2.

You may leave your answer in the form of an integral. Show that if m # 1,
A =0

¢) What is the physical interpretation of the fact that & = 07



2. A Faraday disk generator consisting of a metal disk of conductivity
o is rotated with constant angular velocity w in a uniform B field. Power
is delivered to a load resistor. This type of generator delivers high current
at a low potential. Assume-that the contacts are frictionless and that the

connecting wires are perfect conductors. The inner radius of the disk is a,
the outer radius is b, and the thickness is d. The shaft does not contribute
to the generator.

a) Find the potential across R as a function of w, o, a, b, and R.

b) In the open circuit case, .. R = oo, calculate the volume charge
density p and the total volume charge. '

¢) In the open circuit case, calculate the surface charge density every-
where.

d) In the open circuit case, calculate the surface current density and find
the magnetic field just inside the conductor.

e) With a load resistor present, find the torque required to generate a
steady current [.



3. A plastic rod initialiy of length L = Lo, is at temperature T = Tp and
under no compression (f = 0).

An approximate equation of state for the rod near Tp and Lg is

f#A{%{l*a(T—To)]"l}'

where f is the compression force, with o and A constants assumed to be inde-
pendent of f, L and T.

If an external compressive force is suddenly {adiabaticaily) applied along the
length of the rod compressing it by a small but finite amount AL, show that
the final temperature of the rod Ty is given by

T; =Toexp {%‘S—AL}

where cy, is the specific heat at constant length, which is assumed independent
of Land T.



4. Consider Jupiter to revolve around the Sun in a circular orbit. It turns
out that there is a condition of unstable equilibrium at points in Jupiter's
orbit, 60° ahcad of and 60° behind the planet, see the figure. Consider the
gravitational potential to be the sum of the following two terms; the first
representing that due to the Sun and the second representing that due to
Jupiter; ~(1 - u)/rs, and ~ /7. This is equivalent to choosing units such
that G(Ms + M;) = 1. s and 7y are the distances measured from the
Sun and Jupiter, respectively. Let the unit of distance be taken to be the
separation between the Sun and Jupiter, and let the unit of time be taken

such that the angular velocity of the mutual orbit of the Sun and Jupiter in
an inertial frame is unity.

*ho

Ly

a) Find the equations of motion in the rotating frame.

b) Consider the situation of Do motion in the rotating frame, and show
that the “effective” potential is a maximum at the positions in Jupiter’s
orbit. indicated above.

¢) Describe the action of velocity dependent forces ever present in the
rotating frame when motion occurs there.



5. A gquantumn mechanical particle of mass m and charge e moves under

the influence of a constant, uniform magnetic field B = Bz. The appropriate
Hamiltonian is

7= IR
| H= 3 (p C:A}
where B =V x A.

a) Choose a gauge such that A points in the (negative) @ dircction.
Prove that

[pe, H} = [p2, H] = 0.
b) Prove that with the above assumptions the wave functions have the
form
o= ei(k:c:c-{-kzz)f(y)_
¢} Derive a formula for the eigenenergies.
d) What effect will a gauge transformation have on these solutions?

6. For an extremely relativistic (¢, = hck), highly degencrate (g >>
kgT) electron gas confined to a volume V, find the energy per particle
E/N, where N is the number of electrons.



7. In order to travel to the stars, someone suggests building a rocket
that will use photons as fuel. The proposal is to visit the neighbérhood of a
distant star and then return to Earth. The system is designed to achieve a
time-dilation factor of -y during the constant cruising velocity phases of the

trip. Show that the fraction (f) of the initial mass (m,) that can constitute
the payload is given by

== -

The graph below indicates the phases of the trip as measured by somecne
remaining on the Earth.

—,



8. A small antenna located between two perfectly conducting surfaces can radiate a guided
electromagnetic field.

a) Consider an antenna which consists of two short and very thin linear conductors of length L

separated by the distance d, as shown in the picture. These conductors carry time harmonic

currents 7(¢) = Ie ™" in opposite directions.

I(t) I(t)

W é.__....-—

Z
~ d

What is the current density representing this radiating system?
What is the first nonzero muitipole moment for this radiating source?

b) Now consider positioning a similar antenna midway between two infinite, perfectly
conducting planes as depicted below. The anenna is small compared to the gap between the
surfaces of the waveguide, that is a >> L,d. However, the antenna is of infinite extent in the y
direction.

N

Determine the electric or magnetic field propagating in the Z direction for the first allowed
mode of this waveguide. The first allowed mode is defined as that for which propagation
commences at the lowest frequency.
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