PHYSICS DEPARTMEWT COMPREHENSIVE EXAMINATION 427

Aprit 2, 1977

General Instructions

This Comprehensive Examination for Spring 1977 {#27) consists of six
problems of equal weight {20 points each). Half of the problems are judged
to be at intermediate undergraduate level, the other half at graduate Tevel.
Hork carefully and show all your steps so that partial credit can be given
1iberally in case you do not complete a problem. Use ne scratch paper; do
all work in the blusbeok. using one biuebook per problem.

If something {s omitted from the statement of the problam or you feel
there are ambiguities, please get up and ask your guestion quietly and
privately. o as not to disturb the others. Put 21l materials, books, and
papers except pencil and blusbook, on the Floor.

Some information you may find useful:

b= 6.6 % 1070 joule-see
c= 3R E@g m/see

gg = 0.5 x %0';2 m

k= 1.38 2 107° joule/®K

g = 1.6 x 1077 coud
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1. {a) Deduce the selection rules for electric dipole tramsitions by an
{8) efectron in an infinitely deep one-dimensional square well.
{Hint: Explicit evaluation of inteorals s not necessary.)

{b) Consider an infinitely deep one-dimensional square well which extends
from 2 = o %— to x=% %a A particie in this well is periurbed by
the potential: Y =0 $f %<0

2
) o Jub 4%
B omeenoge G0 == §F X » 0,
{8) ol b

betermine the TFractional energy change, caused by this perturbatien,
of the ground state of the system. (m = mass of particle)

{e) Suppose atems were made up of electrons bourd in one-dimensional
{4) potentials. Discuss the shell structure and thus the resuiting
periodic table for these atoms.

2. The ¢ particle is produced by the collision betwsen negative K-mesons
and protons, according to the reaction
&“@@M&’«a@&i@%@”
Th@ rest masses are: m&f@ = 494 MeV; mgg@ = 428 MeV; mpcg = 938 MeV;
@ = (672 Mel.
{a) Compute the threshold lab kinetie ensrgy for production of 2 when
{15} 2 beam of X mesons 3 incident on a target of protons at rest im

the Tabuvatory.

(b) Assume that we have selected 2 particles with a kinetic energy of
(5) Y000 MeV. The @ 45 unstable with a Vifetime of 1.3 x 1677 see.
How Tong o track will these particles leave in the labovatory
detection a@p&v&ﬁug?
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3. Imagine a2 semi-infinite opaque screen comtaining thirty identical parallel
s1its which arve infinite in length and of width b. The distance betwsen
adjacent slits is irregular and random. Each sift is §1luwminated separately

{20} by 2 monochromatic plane wave of wavelength 2 incident normaelly upon it€.
The separate incident waves are completely incoherent with respect to each
other. Derive the expression for the Fraunhofer diffraction pattern
produced by the Tight passing through the s11ts as obsevrved on the other
side of the screen.

4, {a) Using classical thermodynamics, derive Stefen's law for the enevgy
{15) density of electromagretic radiation in 2 radiant cavity.
{Hint: Begin with the first law and the definition of entrepy.)

{b) Derive Stefan's law from the statistical mechanics of a photon gas,
assuming the ohetons to he bosons.

P
P

Mote: Im {a) or (b} vou nsed not evaluate the constant of proportionality
in Stefan’s law; merely show the tamperature dependence.
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%. An infinitely long g@é@ﬁghﬁ wire carries & current "i" in the +z divection.
It passes ﬁhr@mgh the xy plane at z=a, y=0. The regicon x < 0 (Region L) is
F41led with material of pevneabllity uyo The region x > 0 (1) 18 F31Ted
with waterial @f.pgmm@abiﬁity Mg {Hint: The magnetic Fields can be
expressed in terms of image currents.)

{4) {a) What are the velevant boundary conditiens which must be satisfied at
the yz plane?

(12) {b) Uhat ave the magaituds and Tecation of the reguired jwage currents?
{4} {e) In whet direction is there a force on the wire?
A

¥
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6. e are {nterssted in studying the rotational energy levels of a free
diatomic molecule. For the purpese of this problem, Jgnore the dynamic
behavior of the slectrons, and assume the @E@@t?@%ﬁ@ﬁ@m@wgy {s included
in an wispecified potential function which depends only on the separation
of the two nuclei.

{a} Start by writing down the quantum mechanical Hamiltonian which
{4} deseribes this diatomic molecule, and then express 1t n a Form which
separates the center of mess wotion from the relative motien. (Vou
need not derive a3l the steps, but do define nom-ubvious tewms.)

{b} Sepavate the relative Hamiltonian of part (a) into radial and angular
{8) parts and determing the rotational eigenvalue squation Tor the case
in which the molecule is treated as a prigid rod which rotates about
the center of mass.

SR {c} Caloulate the difference in enevgy betwesn the Towest two votational
{4) lavels in the hydregen molecule, %20 {The observed separation of the
% atoms ie 0.74 Angstroms.)

{4} {d) By comparing your answer of {e) with k7, estimete if the lowast level
is excited at roop temperature.
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