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CLASSICAL MECHANICS
(Do 4 of these problems) Two Hours

In search of more living space, an intelligent race

plans to redistribute their planet's mass into a giant
ring, centered on their star and spinning with angular
frequency (. Theirlleading physicist argues that this
design is stable., Evaluate this claim. (Drawing pictures

is usually a clearer method of explanation.)

A cylinder of radius R is filled to é height Jo with
water. Then it is set spinning with angular frequency .
Find the curve described by the surface of the water, and
the height 4 of the water at the axis of the cylinder.

ey

a) In the early 1960's physicists at UCSD proposed a cable
be lowered from a synchronous satellite (whose orbital
period equaled 24 hours, in the plane of the equator)
all the way to the surface. Then packages could be put

in orbit simply by running them up the cable on a

pulley system, or something similar. Find the thickness

of the cable as a function of height.

b) We dig a straight tunnel through the earth at an angle

less than 90° to vertical, say between London and Moscow.
A train then slides without friction back and forth between

the cities. If the train moves freely, find the period

of its motion.

A particle of mass m moves in a one-dimensional harmonic

potential well V(x) = % kx?,

with time. What is the adiabatic invariant I(k) for this

The parameter k varies slowly

system?'
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5. A uniform rod in a uniform graviational field slides with its
ends on a smooth vertical circle of radius a as shown in the
figure, If the rod subtends an angle of 26 < 180° at the
center of the circle, find the frequenéy of small oscillations
of the rod (small o). '
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e
L
|
L
6, Which of the following coordinate transfoimations is canonical?
. 1 . i
a) Q = g?cos?2p P = q%sin2p
) Q= -p2, P =-q2
Vc) Q = ?/;fz(pz + qz), P = tan“l %
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QUANTUM MECHANICS I1
(Do 2 of these 4 problems, One hour)

A particle moves above a table (surface in the xy plane) in
the gravitational potential mgz. Thfough use of the
uncertainty principle, estimate the quantum mechanical ground
state energy of the particle, and its average distance

above the table, Estimate this average distance for an

electron,

a8)  What are the spectroscopic terms (LSJ) of the lowver
energy states of the sodium atom (Z = 11),

b) For a positive spin orbit coefficient, calculate
the relative fine structure splitting and sketch the

. energy level diagram,

Describe in general physical terms under what conditions the
following approximation methods for scattering would be used,
and what throwing away higher order terms will neglect. E
a) Born Approximation : o a
b) Phase Shifts and Partial Waves

c) Resonance Approximation

a) Eikonal Approximation

e) ‘WKB

Derive the expression for the Hamiltonian in the presence of a

“weak uniform magnetic field to leading order.
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‘

QUANTUM MECHANICS I

(Do 4 of these 5 problems. 3 hours,)

1. An electron moves in a crossed, (D.C,) static electric and
magnetic field. Find the quantum‘mechanical energy levels
of the electron. Take the electric field along the z axis,
and the magnetic field along the x axis.

2, Given the following wave function,
y(x,9,0) = roe~Cr posesinzﬁehziw
Calculate:
a) The = component of angular momentum.,
b) The total angular momentum,
c) The potential, V(r).
d) The energy if V(r) —¥:0
r -
g
- 3. An irreducible tensor operator T(k,q) under the rotation group%{
can be coupled with a representation of the group to form =a g

new representation
+ . PO N . . E . . 4 . .
|33 g3m) 2 TG m) [dgny ¥ dgmym,ldqdodm)
mym,

a) .Asapart of verifying that this new state is a representation,
evaiuate '

' 3 2 /
?Z!Jlasz> :

. . . -2 2
" == — ~ -
b) Using the identity J_J+ J JZ ﬁJz

show that the norm of these states "(jm!jm)' is independent
of m.
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Consider the ground state of the one dimensional harmonic

oscillator with the Hamiltonian

2.2 4

H = + g omeTxT 4 A X

B

Use a variational method with the variable parameter ¢

to bound the ground state energy.

iﬁ =
L@ 9 2 Q, n 0
f 2n -~ % =
X" e

—e 1(3)(H) - (211--15,;ﬁ;

2nq2n+l

. Given:

A spin: one particle is initially in the state SZ = +h

a) What are the possible results of a measurement of S, ?

b) With what probability would they occur?
c) What is the expectation value of 8 7

a) If the measurement of S giveslsx = +f,

what would a successive measure of Sx give? Of Sz?

1].:1’2,."
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GENERAL PHYSICS

(Do

10 of 18 problems) Two Hours

A surface of metallic potassium is illuminated with mono-
chromatic of various wavelengths. In each case, the potential

L .‘jhf

i// finode

?$ﬂ%'§rﬂkwm€bv

SO -

difference is found for which
no electrons reach the anode,
Two pieces of data are given:

Wavelength () 2000 5000.>

Potential difference-volts £.11 0.

Find the wvalue of Planck's constant,

The "saturation" field that can be obtained from magnetizing
iron is about 20,000 gauss. Assuming that this field is
produced by the alignment of a few electron spins per atom,
estimate the spin-magnetic moment of the electron.

The flux of energy from

the sun at the earth is about 2

calories per square centimeter per minute on an area
perpendicular to the direction of incidence. Under the

assumption (a very poor

one, to be sure) that the incident

radiation is monochromatic, estimate the amplitude of both

B and &.

Hydrogen in the ground sitate is in a 2s /zstate. The spin
of the proton is 1/2 and the hyperfine gtructure splitting

is ahout 1420 Mh . The

proton magnetic dipole moment is

about 2.8 nuclea? magnetons. Estimate the effective magunetic
fleld within the atom at the point whére the proton exists.

41

Making use of the equivalence principle (gravitation equivalent

to accelerated frame) derive an expression for the gravitational

red shift. Is thils measurable near the earths surface?

Hydrogen gas in a laboratory discharge tube shows a discrete
spectrum. At the same temperature and pressure, but in a
masslive system such as a star, it shows more nearly a black

body radiation spectrum,

Explain,

o
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- 10,

11,

12,

13.

14,

Can a spin~% system have
if

(a) Parity is conéerved?

(b) Parity is not conser
holds? .

Why?

Can a gamma ray convert i
(1) free space (i1) an al
In which medlium is the me
The decay of a po meson (

o]

O o_ O

Pége 2

a permanent electric dipole moment

ved but time reversal invariance

nto'an electron~positron palr in
uminum plate (ii1) a lead plate?
an free path for conversion shorter?

spin-parity = 1)

p" = ntr s allowed, but

p M is not

Why?

Can a ot hyperon (spin-pa
quadrupole moment? Why.

1T a medium has a non~1lin
velocity of propagation o
amplitude of the pulse, w
for which the amplitude a
shaped initially? Draw a

Energy 1is delivered to a
Immediately, about a foot

rity 21 ) have a static electric

ear characteristic such that the
f a pulse increases with the

hat will happen to a disturbance
g a function of position is bell
picture. :

clear 150 watt incandescent bulb.
away, your hand feels the heat.

Now quickly touch the lamp. It still feels cold. Explain

this. Explain how the ha
filled and not highly eva

X~rays exhibit all the ph
magnetic waves-reflection
diffraction, interference
show these phenomena with

Snap your finger. Notice
being against your thumb
the other fingers extende
snap your finger again.
in the two cases,

nd is heated. Why is the bulb gas
cuated? :

enomena associated with electro-
, refraction, polarizatilon,

.  How would you undertake to
x~-rays?

that one finger quickly moves from
to contact with the palm. Keeping
d (and not curled against the palm),
Explain the difference in.the sound
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0

15, a) Define the term isofoge
B) In the past few decades, an enormous amount of research
on methods of separating isotopes has been done. Explain
briefly why it is difficult to separate isotopes,
c) Name one technique used in practice for separating isotopes.
d) Why is theve such intense interest in the development of
efficient methods for isotope separation?
16, In holography making,‘the object to film distance is

normally a meter or less. Because phase and not intengity
are being recorded, how do the important geometrical
factors contribute to the succegsful hologram?

‘becwn S:p ?f‘f‘f‘ex—- g\

:jiﬁjLEl%1 4%2. \%4hﬁhv

\ M’&_ﬂ@&v'ecb

17. Explain what data you would need to unambiguously verify to
the layman that the earth rotates. .

18, Two ldentical clear-glass, ilncandescent, carbon-filament s
lamps are energized, one on AC current and the other on

DC current,

N——— ) B conminiitan If now a2 strong horseshoe
Miﬂ‘ 1-5 magnet 1s brought around

each lamp, what happens to
the filament in each case?
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4.

ELECTRICITY AND MAGNETISM

(Do 4 of the 6 problems) Two Hours
A sguare of copper is released near the earth's surface.
A constant magnetic field B is parallel to the earth's
surface and normal to the plane of the square at all times,
The square has side 1ength.L, constant resistance R and
mass m., Gravitational acceleration g is constant. ¥ind

the square's vertical velocity v as a function of time.

Plasma effects occur both in conventional plasmas and
solids, Consider propagation of sound in a metal of n atoms
per unit volume, assuming the conduction electrons are

free and degenerate with Fermi temperature‘TF Find the

.
L

velocity of sound in this metal,

A coaxial cavity with perfectly conducting walls and end
plates is excited in its lowest mode. In terms of W, the
energy stored in the electromagnetic field, determine the
time~averaged pressure exerted by the field on the side

walls and end walls.

|

Consider a cylindrical capacitor which has been charged and

then disconnnected from the voltage source, (sece Fig. 1).

— *

rﬁ’,%"’ b, 7 -1‘ C;?

b — D ontey
Mowmrntry & 2 0o
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4, (Continued) _ .

This capacitor is put into a large dish containing a liquid
of dielectric constant K. The liquid rises up into the
space between the plates of the capacitor until an equilibrium

height is reached. (see Fig. 2).
—E

(a) Derive an eguation which could be solved to find the
equilibrium height (h) of the liquid, Neglect capilarry
action. From the solution of this eQuation it can be shown
that the increase in gravitational’potential energy at
equilibrium is less than the decrease in electrical potential.
Explain without calculation the physical origin of this

difference,

(b) If the voltage source remains connected when the
~capacitor is put into the dish give the physical basis,
without calculation, for the changes from part (a) required
in the analysis. '
5. An anisotropic, non-magnetic medium is placed in a large

electrostatic field E, acting in the z-direction. This

makes the dielectric tensor anisotropic:
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5. (Continued)
€4 0 0
e 0 ep O, e T ey
0 0 €o
a) Obtain the general real solution for a wave propagating

through this, now anisotropic, medium in the x-direction.

b) A linearly polarized wave of frequency w and with
polarization vector g = (0, 1//2, 1//2) is incident at
x = 0. Find an expression for the distance x at
~which the polarization vector will be at right angles

to its original direction.

6. Consider this situation, with long (effectively infinite)
currents I and I interacting with a ecylindrical conductor of
radius a and condoctivity o. I and I’ are parallel, 1 is
somehow fixed at the center of the conductor and doesn't move.
I'can move, and is a distance r fxrom I (r > a).

a) Find the force ¥ on I’ as a function-of r. Consider o
infinite. Explore F(r) as a function I/I°.
b) Find the energy of the system as a function of r, with
o infinite. '
) If the answer to (b) can bhe infinite, for some r, what
bhysical fact.removes the effect? Estimate the maximunm

energy.

pmen 4

£
®

G
4
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MATHEMATICAL PHYSICS
(Do 4 of these 5 problems) Two Hours

Problem: o B
Evaluate r ~¢E;— dx

Yo Ll x

Show your path of integration in the complex plane.

Solve the eguation

dy _ -ax
G T Y xe + C
where ¢ is a constant and y(o) = 1,

Consider a perfectly flexible homogeneous string of linear

mass density p and length L, rotating with constant angular

velocity ( around a vertical'akié“through one end of the

strong,

a) Neglecting gravity, use Hamilfon's principle to show
that the equation describing small transverse vibrations
of the string (in a plane through the axis of rotation,

rotating together with the string) is

2 | 2_2‘_a_g),._2_aum

TIRACEREN o
. 0

wvhere u(x,t) .denotes the deviation .from the unperturbed

position at distance x from the axis of rotation and time t.

Show- that the appropriate boundary conditions are

u(o,t) ==0 ' (2)
u(L,t) = finite
b) Use the method of separation of variables to find the
normal modes of the string. _
c)- JFind the solution corresponding to the following initial
conditions 3 A a
u{x,0) = ox" 0 = x <L

ut(x,O) = 0,
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4, The Bernoulli Numbers are defined by
B B B
XX = 2 Ly 242 j
e” -1 0! 1! 21
Find

(a) A general relation between the B, which allows you

to evaluate them,.
(b)Y Display BO, Bl’ BZ’ BS‘

5, An infinite solid has temperature distribution T(x,t).
Nothing depends on y or z. Find T(x,t) if T(x,0) = §(x),



L
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THERMODYNAMICS AND STATISTICAL MECHANICS

(Do.4 of 6 problems) Two Hours

A gas of N particles is contained in a cylihder of cross
sectional area A, but of infinite height. The gravitational
potential can be taken as mgz for all z. Fach molecule is
rigid (i.e., it cannot vibrate) and may rotate. Each

molecule has.a nondegenerate electronic ground state and a
three-fold degenerate first excited'state at energy eo

above the ground state. (All other electronic states can

be neglected.,) What is the entropy of the system assuming

that kKT is large compared to the_splitting of the translational

and rotational states?

Consider a gas of N indistinguishable, non-interacting,

diatomic molecules.

a) Calculate the total partition function including

" translation, vibration, and rotation. Assume kT large
compavred to energy spaciﬁg of rotaticonal and translational
states, but small comﬁared to energy spacing of

- vibrational states.

b) Calculate mean energy E, mean pressure p, and molar

specific heat at constant volume,
Two. boxes both at temperature T containing molecules of
spin 4 and magnetic moment i are joined by a small tube.

The respective volumes of the

boxes are Vl agd V2. The _ Iﬂmmm' promsmancsns
molecules are free to move from M ‘ Aj%

. : y ] »
one box to the other, The I/ Lﬁb
total number of molecules is /

N. There is a constant magnetic b7 %gg@
field of strength B in box 2 and ' :

no magnetic field in box 1. N‘?L l’é‘/ - ﬁ/
o
. Ga
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3. (Continﬁed)

Page 2,

1) Calculate the partition functions foxr box 1 and box 2

assuming Nl molgcules in box 1 and N2 molecules in

box 2,

b) State the criterion for equilibrium between the two

hoxes,

c) Calculate the ratio of the number of molecules in the

two boxes in equilibrium at temperature T,

4. A bhot star can lose light particles easier than heavy ones.

Make this argument quantitative and apply it to 1light electrons

vs., heavy protons. How long would the solar "wind" be composed

solely of electrons, and what mechanism would make the wind

evolve in composition toward the charge~neutral one we have

today?

5. A plug of mass M rests on top of a column of ideal gas with

cross sectional area A and length LO. The ratio of specific

heats of the gas is CP/Cv = v.

. /146?’5, Ph&g
s g

| fl s A
o

G. Derive the equation
V() - (2
oV g 3T

What is the period of
small adiabatic oscillations
of the plug?

b) Prove that Cv of an ideal gas is a function of T only.







