OSU PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #74

March 27 and 28, 1995

Comprehensive examination for Spring 1995

PART |

General Instructions

This Comprehensive Examination for Spring 1995 consists of eight
problems of equal weight (20 points each). It has four parts. The first part
(Problems 1-2) is handed out at 9:00 am on Monday, March 27, and lasts three
hours. The second part (Problems 3-4) will be handed out at 1:30 pm on the same
day and will also last three hours. The third and fourth parts will be administered
on Tuesday, March 28. ‘

Work carefully, indicate your reasoning, and display your work clearly.
Even if you do not complete a problem, it might be possible to obtain partial credit ~
especially if your understanding is manifest. Use no scratch paper; do all work in
the bluebooks, work each problem 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. Be sure to make note of your student letter for use in the remaining parts
of the examination. |

If 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 distributed with the exam.

Calculators are not allowed. Please return 411 bluebooks and formula sheets at the
end of the exam. ‘

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



L. A quantum mechanieal system in contained in an infinitely long cylin-
der of radius a. The potential is

Vim=V p<a

Vip) =00 p>a.

(a) Solve Schrodinger's equation in eylindrical coordinates to find the
wave functions for this system. You will need the Laplacian.
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You might also find Bessel’s equation interesting. In its usual form it is
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{b) For what energies are bound-state solutions possible? Write an equa-
tion for these encrgies.
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9 Consider the diclectric stab shown below. having a width & in the
Pedirecrion, but nnlimited eoxtent in the - and s-directions. It has non-
zore permittivity € and permeability g, but no conductivity (i.e. o = 0).
Consider a transverse magnetic (TM) wave, for which

gz t) = Fa(y)eths=d

Lo be propagating in the +z-direction. There is no -dependence to the
elocttie and magnetic fields in this arrangement.

‘Total internal reflection aceurs at the dielectric-air interfaces at y =
+b/2. and so the systemn acts as a type of diclectric waveguide. Determine
the dispersion relation (w versus k) for this type of wave traveling in the
diclectrie. [You won't be able to give an analytic form for w = w(k).}

Y

e

Pl

i




# L

i(he-wt)

g, (y,2) = Ely) e
“%

. g A YR
@ va;vbu& Jlals - IE. = «-/ME‘.ZL:_}{_ [_—;&

Am B-LEa;( ) + ‘ £ L——«-ﬁ’.?— E [) =0 .
Tma ars Asticlion ' E& [1&) = Ea R \543, (memml.j ,acjymmxé'z:bu

T el — e, coudd bave ~<torz e fmﬁi«jmwfme_ el
a&’ht to el ) .

I Bl e Tt -y 4 (”Lgf“ B ) =o
@  Outaids G. plab:  3E,(y) o [ 4})5&(1&) =0

A
SbTioonn 4 {4% E}(%) = Ae ¥ i b1,
A

Ak L {67‘ +(_g_«: ._{2_7"> =G
c:?._

| @ ﬂmm&a@% W.Mma : (&) a}‘na:;tm.ﬁia 45_ E& (,z,c,q,@a:a fd@z_ ax 3:{1/1
, - 86/
EDCDSX%'/)\,ZAG_/S/ . @

—y
o Vvl mv}wﬂmf v D aciass
13 = {7/2’ /um fc 6{ /Cqswmxbmnm- ~

Hertiir . wk reed Lo céz,'t < %/f‘.w\ Mex weldl

i R ) -y

UXH:'}"@ =2 A B, - b%% - - ANE WD E
=3t Ly

i MJC‘M -T&’C P)x /1:&. Z}VJ’M ,gi{_ Jm MC.FH,‘:: &L&i’; "(,—'”“LAM



;}ﬁ: /g\ va\E:\me c‘

éxg=«%ﬁ_ﬁ — B)‘ :«-—f_g._" 8_1_5@,,_,&,:_ £ ,
_ Y © Sy w ¢ -
Pudling Ao S o By o provine
B -F— { YE:  _w O
' CIPEY ol
-
(Hea-#) Do 7 o
Dy (imacde)) ot Y= b E/E.kXEa sue Y2
(4 -)
ol A el _0,5,,,,_,.,( b?j (Msfu(_e ) at 16‘:1 6’/3_ /wlwoé\_ Ad
A _pak &P
Wt LT (_/3 )
-
-~ /6 (
g€y - LI sin K.L: _ k .
Mg_@:_&l [ K (2‘):‘ wf\ ﬁ?- (-—A /ge )
™ o
— @

foinde LHS sk RHs of @) by @ -

fY L fa/w (X% = iﬂ ’
.Mafs?-_ ~ k 3 m?c._?- -t

%guvﬁwm B‘M/ﬂ M%M% L and fo ﬂoa/wm
(i, amd m«aﬁfm,&mﬁ%m ﬁé&ﬂ.{ e




1. An electron is at rest in a uniform magnetic field in the z dircetion.
(‘The statement “at rest” means that you shonld calenlate the precession of
the electron’s spin in the magnetic field and ignore the electron’s orbit in
the ficld.) Assume that the interaction between the elecivon spin and the
field is given by the Hamiltonian,

V=-u B
whore
eh
=
# 2me

{a) Write Schrodinger’s equation for the spin wave function.

{b) Assume that at t = 0 the electron gpin is pointing in the 4 direction,
Find the spin wave function for the electron.

(¢} What happens to this wave function at subsequent times? Describe
its behavior in detail. With what period {or periods) does the electron spin
precess’
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d. Two Identical masses lie horizontaily on a frictionless surface, One
of the masses is attached by a spring to a fixed wall while the other 1ass,
exeept for its spring coupled to the first mass, vibrates froel ¥ Assuming the
rmasses and spring constanis to have unit valnes

{a) F'ind the equations of motion for the masses.

(b) Find the allowed frequencies of vibration. . for the system,

(¢} Find the normal mode corresponding 10 cach of the allowed frequen-
cies.

(d) If the “free” mass at the vight is inittally (¢ = 0) displaced from its
equilibrinm position by a distance § > 0, deseribe Lhe subsequient motion -
in time - of each of the masses.
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. The earth is an oblate sphevoid {its moment of mertia abovt the body
axis of symmetry [ is slightly larger than the moment of inertial about the
remaining prineipal body axes, [, = [, = . {The degree of agymmetry is
given by &7L & 0.003.)

Show that in the absence of external torgues the earth’s angular veloeity
veetor

2 = wyt, +wyty +w, o

whetre ¢, ¢, ¢, are the body-fixed axes, precesses about the body symmetry
axis ¢, with the {requency

where w, 18 the earth’s rotational velocity about the e, axis.
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7. A gas of molecules, each with a permanent dipole moment ¢, can
be cooled by reducing an applied uniform electric field under adiabatic con-
ditions. The number of molecules N, and the pressure are constant. A
static uniform electric field £, is applied when the system is in contact with
a thermal reservoir at some temperature. The system is then disconected
from the thermal reservoir and cooled adaibatially by reducing the field.
The diclectric susceptibility of the gas is

_ a N
X=X T Ty

, with yo ~ 0 for this case. Cpg is the heat capacity at constant pressure
and applied electric field. Its dependence upon F, can be determined {rom
the susceptibility.

{a) What is dU, the differential internal energy of the system?

(b} Find the thermodynamic potential A such that dA =TdS = dQ at
constant P, E, and N.

{c) Find another thermodynamic potential A’, which is a function of T,
P, E,and N.

(d) What are the twelve Maxwell relations deuvable from these two
potentials?

(e) Show that, when the external fleld is changed by dE, adiabatically,
the change in temperature is
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8. We are told that a new type of charge deteetor has been developed
in the following manner. A cirenlar disk of radins o has a uniform charge
density of o on its surface. A “point” mass i having a radius much smaller
than x, has a total charge g distributed ou its surface. The height 2 above
the center of the disk that this small sphore “sits at” is obviously determined
by the amount of charge on it. Derive an expression that tells s what g is
as o function of 2. Cheek the igure below for the confignration.

VA %‘







