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PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #45

April 2, 1983

General Instructions

| This Comprehensive Examination for Spring 1983 (#45) consists of six

_prob1ems of equal weight (20 points each). Please check that you have all
. of them. '

Work carefully, indicate your réasoning briefly, 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, use one bluebook per
problem, and be certain that your assigned student letter (but not your
hame) is on every booklet.

1¥ something is omitted from the statement of the prablem or you feel
there are ambiguities, please get up and ask your question guietly and
privately, so as not to disturb the others. Put all materials, books, and
papers except pencil (or pen) and bluebook, on the floor. The accompanying

" booklet contains data and formulas which you may find useful. Please return

it at the end of the exam.
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(20) 1. (:)quantum mechanical system of reduced mass m is subject to the one-
g:)dimens*ionz;ﬂ rectangular potential well V(x) = [+o x 20
oo | -V O<x<a
v{x) 0 x2Za
0+ g > X
~ o

a) Calculate No’ the smallest value of VO which aliows the system to
have three (but not more) bound states.

(Hint: Consider the solutions of the Schridinger egquations inside and
outside a. Solve graphically the conditions for "good behavior®.)
b) Estimate Eground’ the energy of the lowest of the three bound states,
- if Vo = wo.
¢} Estimate the kinetic energy of the system when it is in the ground
state, ' '

(20) 2. A disk of mass m and radius r rolls without slipping on the inside of a
cyiinder of radius R in a plane perpendicular to the axi§ of the cylinder
as shown. If it has just enough energy to roll to the top of the

cylinder, what will the normal force on it be at the bottom?
lg



3. A thick, uniform, flexible rope of mass M and Tength £ hangs from a
fixed point of support {at y = 0, x = £) with its lower end free. It
can swing in a plane about its equilibrium position with small-amplitude
harmonic motion at frequency.w, assuming the tension in any part of the
rope remains the same at it was in the equilibrium position, when that

~part is displaced horizontally. | '
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(15) _ _a)' Analyze the horizohta1 forces on an element dx of the rope for small

displacements {sine=tane, cos#~1) from the equilibrium positioh,
‘write the equation‘of motion of the element's horizontal hewmanic.
harmonic motion {not the angular motion) and .show that the equation
of motion can be written

cyt o= Y
y ax and

: 1 e, w? : .
d(g“]:‘ L 0 , provided thaty L= oyt gy’ where m is

dx\, 9 ‘
dy' dy the mass of the rope below the
“element.
| 2 S
( 5) b) Show that & J L dx vanishes with a variation of the shape y{x) by

0
the nature of the end-point conditions.
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Positronium is a bound state of an electron and a positron. Ifts 1 s
state can be described by a perturbing Hamiltonian

8 ¢

mc ‘S1z 7S

" . —>
HU = Asp -5y 22>
where the electron spin is 31 and the positron spin is ?2. The first
term in H' gives the fine structure (or hyperfine structure; in posi-
tronium they are the same), and the secpnd termﬁdescribes the Zeeman

effect due to a static external magnetic field B along the z-axis.

a) Identify the good (or nearly good) quantum numbers -in the limits
of very Tow and very high magnetic fields.

b) Calculate the energies of the four eigenstates of‘Hf, in terms of
A, B, and fundamental constants. \

¢) Make a rough plot of the energies of the four states, as a function
of magnetic field. It is known that A > 0. Label each state with
its quantum numbers in the Tow-field and high-field Timits.

d) Positronium decays by annihilation. Briefly describe the dominant
decay modes of the singlet and trip1et states of 1 s positronium
(at zero magnetic field).
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A long grounded conducting cylindrical shell of radius a is oriented along
the z axis. It contains: a dielectric with permitivity e, for z> 0,

g, for z<0, and a point charge at o', z'> 0,8 within the cylinder.

Obtain an expression for the electrostatic potential V gverywhere.

"The electrostatic Green's function for the inside of a grounded cylinder
of radius a is |

2 ekmn(z<—z>)
) 2’

z

mn k 2

mn Jm+1 (x

mn

. ‘ im{e-8")
Jo (kmnp ) 9 (kmnp) e

= _ﬂlﬂ E : 1
where k. = — and J (an) 0 (an are the roots ofithe Bessel Functions)]

The sensitivity of physical measurements is Timited by noise due to
thermal fluctuations. Consider an L. C circuit in thermal equilibrium
at absolute temperatyre 7.

(-]

o
i

The circuit behaves as a-harmonica11y osciliating system. If the zero-
point energy is neglected, the energy eigenvalues are given by En = rifiw,
where n =0, 1, 2, . . . and w is the classical frequency.

a) Evaluate the partition funbtion and from it obtain the average noise
energy <E> stored in the system. Then calculate the rms noise voltage
V across the terminals at a general temperature T.

") Find the rms noise voltage in the classical Timit kT>>Fm. .Obtain an

~order of magnitude for this voltage if L = 1 ph and € = 1 pf, with
T = 300° K. '
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