PHYSINS DEPARTMENT COMPREHENSIVE EXAMINATION #1322
Januyary 6, 1879

Genaral Instructions

This Comprehersive Examination fovr Winter 1979 {#32) consists of six
problems of equal welght {20 points each}. Ha1f of the material is judged
te be al intermedisle undergraduste Jevel, the other half at graduate level.
Work sarefully and show a3 clearly as possible all your steps so that
partial credit can be given Iiberally in case you do not compiete a probiem
or make errors. Use no scratch paper; do alt work in the bluebook, using
one biuebosk per probliem.

I? something is omitted ¥rom the statement of the problem ov you feel
there are ampiguitiss, please gebt up and ask your guestion quietly and
privately, sc as not to ¢isturb the others. Put all meterials, books, and
papars except pencil and bluebook. on the floor.
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The vibrations in a diatomic wolecule may be vrepresented by a Hamiitonian
of the form

oo = e (N + 1/2) + g

¥ib

where N = §,1,2,...». Assume we have a single atom ab & tenperature T,
and that this vibrational wotion Is completely independeni of all other

motions.

(a} 4hat is the value of the probability that the atom will be in a siate
with N = n?

(b} Sketch {roughly) the orobability in part {(a) as 2 function of mefkT
for n = @ and for n = &

{c] What 1s the value of <Hvﬁb>g where <A» is the average value of A a%
thevmal eoullibriom?

.. ) - e a12.
{d} uhat i3 the value of ‘EHvﬁb <Hv€b>3 »?

{e)

Fvatuate your resulis for parts {c) and (d} in the classical Vimit.



2. An electrampgnetic wave of angular Trequency o and wave number & s
propegating unatienuated in the x direction beiuwsen perfectly conducting
plates iying in the plangs 2z = 0 and 2 = &, The space bstween the plates
is a vacuum. The wave s plane polarized, with the electric Field vector
E in the y divsction.

[ 7/ 4 g

&k

= ar |
A A

-m% /}{

{a} Write down Muowell's aoustions Tor the B and E fields between the
nlates and the bhoundary conditions which apply at the plates.

{2Y Prove that the B and E vectors are independent of y.

{z) Derive a differantial equation which determines the dependence of
the magnitude of E on z.

{d} Solve the equatien of {c) and write down explicit solutions in
> t
space and timg for a1l non-vanishing components of E and B.
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A dielectric spherw of vadiue R with dielectric copstant ¥ has a permanent
polarization 55 which is Uﬂ%%ﬁrm in divection and magn%twde” This gives
rise to an electric Tield &, Batevming the elsciric Tield E both inside
and cutside the sphere.

A guantum mechenicsl system that has enevrgy elgenstates is represented by the
Hamiltonian matrix

jfE‘g s \
Hm%ﬁ £ b}
% aw b“ wz /

where & and b are "small® in the senss that jaj, [b] << Eys Epe

{a)} Use ordinary stationavy-state prréurbation theory to find the energy
algenvaiues to second ovder.

{b} Find the exact elganvalues.

{c} Compare the results from {2} and (b} by expanding the exact solution
in a powevr series and keaping the second order terms. Do the two
sotutions agree? I7 not, expialn carefully what the difficulty is.
How would one gvercase this yroblem in & practical calculation?



5.

(a}

{b)

{e)

A perfect 9as at prassuve P and femparature T is in 2 compartment
separated from & vacuum by 2 thin wall containing a ¢iveular aperture
of radius B, which {¢ smell compared Lo the mean Tree path L of the
gas. Starting with the Haxwell Boltzmann distribution law for the
molecules reaching the apariurve

Py P4 . i
da{v) = const exp [ -mv"/2i7 1 dw%évydvg

derive the rate of Flow 1 of the gas through the aperture. Show that
it i3 of the Torm

i = rtpP
and evaluate the constants ¢, ¢, and p.

Suppose that instead of 2 vacuuwm, the other side of the thin wall is
a compartment in which there is the same gas held at a temperature Tb”
which is different from the tewperaturs Ya in the First compariment.
petermine the stesdy-state retle of pressures in the two compaviments
P%jﬁ@n

Fsbimate the mean frae path L for a noble gas like argon using & model

for the interaction betwsen the atoms in which the atoms are hara

spheres of radius "a" with attractive forces of range slightly larger tham "a®
(ﬂneoslg £ 0 whep the separation v between atoms obevs v - 2a > a)..

Estimate the value of "+"Vfrom the axperimental value of the density'd"of
cryataliine avgon, which has a face centered lattice with four atoms

in 2 cubic unit cell.



6. {a} A solencid of radius R has M turns wound wniformly over a length L
and a cwrrvent [, Derive the magnetic field B on the axis of the
solensid and exterior o it at a distance ¢ from one end.

T | B=7?

ra

s ] egge |

(b} A toroid of tength L and cross-section area A contains a megnaetic
material with a peymeability o >¥ Vg Assume that L »» &Efz, A coil
of N turns of wire wrepped areund the toroid has a current Y. There
is an air gap is the torpid with a uniform width w, where w << L.
Derive an expression for the B field in the gap as a funchion of ¢
which 15 accurate o) First order in w/l.
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