PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #38

January 10, 1981

General Instructions

This comprehensive Examination forﬁggii%g981 (#38) consists of six
problems of equal weight (20 points each). Please check that you have all
of them. : &

work carefully, indicate your reasoning 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
name) is on every booklet..

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 except pencil (or pen) and biuebook, on the floor. The accompany-
ing booklet contains data and formulas which you may find useful. Please
return it at the end of the exam.



Two particles of equal mass m are connected by a massless, rigid rod of

length £. The particles are constrained to move in a smooth
(frictionless) vertical circle of radius R near the earth's
surface.

(a) Write the Lagrangian equations of motion describing this
specific problem.

(b) Determine an expression Tor the period of small oscillations
from the equilibrium position.

(¢) Show that your result converges to that of the simple
pendulum for £ - 0,

Given that a free particle is described by the wave functien

p{x)} shown below, determine the ratio of the probability of finding
the particle in a momentum state of 2hk to that of finding it in

one of hk. Your answer should be given in terms of k and b alone.

A wix)

A ~b/2< x< + b/2

03 x< -b/2, x > +b/2

-b/2 0 +b/2 7 X



In a rather crude approximation, scattering of a neutron from
a nucleus can be described in terms of potential scattering
from a complex square-well potential

v - -VO - 1w6 r <R
T30 r >R

Recall that the scattering amplitude is

fF= ! E e'% sin 5, \ 4r(2¢ 1) ¥,° (0, ¢)

(a) What is the differential scattering cross section in terms
of the phase shifts 8p ?

(b) Integrate the result of part (a) to obtain the integrated
cross section in terms of 8p

(c) Set up equations from which the phase shifts §, for parts {(a)
and (b) can be determined for the square well. Identify para-
meters you have used. For this purpose use "p-multiplied" -
spherical Bessel functions Jﬂ(p) = pjﬁ{p), Ng(p) = pn£(p),
Hp{e) = ohylo).

(d) Now consider a particle of low energy so kR <<l in a very deep
potential well. Show that at most energies the scattering
is the same as that from a hard sphere of radius R
(V = + «» for r < R).



(20)

4,

5.

Light from a coherent monochromatic {wavelength %} source §
traverses the two paths shown in the figure, arriving at the
detector D. The media have refractive indices as indicated.
Show that the smallest angle ¢ at which a maximum in the in-
tensity at D occurs is given bydK?[, where A << L.

The gyromagnetic ratio of a current distribution is defined as
the magnitude of the ratio of its magnetic dipole moment to its
anguiar momentum G = | ﬁ]? . Calculate G for a sphere of mass
M, radius R and charge Q which is rotating at constant anguiar
velocity @ = ﬁﬁ about a fixed diameter. Assume that, while the
mass of the sphere is uniform throughout its voiume, the charge
is distributed uniformly on its surface. (Recall that the
moment of inertia for a sphere of radius R and mass M about

its diameter is given by I = 2/5 MRZ).



6. A particle is bound by a 3~dimensional harmonic oscillator potential

(c)

(e)

Vo= uwzrz .Y Uwz(xz + y2 + 22)

Find the degeneracies, parities, and energies (in units of %w)
of the ground: and First two excited states. How many
quantum states are there within these energies?

Determine the first-order energy shift in the first excited
enerqgy state from part (a) due to an electric-field per-
turbation AV = -ze E0

Now consider a perturbation of the system of part (a) of
the guadrupole form

2.2 2.2 2 2)

AV*umnPZ(COSS)=’/5,uwn(27.2—)( -y

Determine the degeneracies and energies in units of hu of
all the quantum states of part (a).

Are angular momentum and parity conserved by the perturbation
of part (c) ?

Sketch side by side the spectra of parts (a) and (c) to leading
order 1in nz,TabeTing each state with its degeneracy. ‘
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