PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #46

October 1, 19883

General Instructions

This Comprehensive Examination for Fall 1983 (#46) consists of six
probiems of equal weight (20 points each}. Please check that you have all
of them.

Work carefully, indicate your reasoning briefly, and display your
work cleariy. Even if you do not cémplete a problem, it might be possible
to obtain partia1 credit--especially if your'understanding is manifest.
lise 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. o

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 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.



( 6)

( 6)

( 8)

A metallic box of very large conductivity
has width and height a in the x and y

directions, and length L in the z
direction. The box is filled with
material of permittivity e, permeability a

u. A radiation field is excited in the
- o TR s Y et
box such that EZ E0 sin 3 sin - e s

Hz = 0, where EO is a constant amplitude

and » is the angular fregquency.

(a) Find the value of » in terms of the parameters given. (Hint: Satisfy
wave eguation.) '

E, H» H .

(b) Find the other field components: E s > Hys Hy

(¢) Find the direction and magnitude of the (time)} average force on the faces
at x =0, y =0, z=0. (Hint: It turns out that the electromagnetic
- pressure is equal to the energy density.)

Calculated values of the energy Tevels of the hydrogen atom will depend on
whether the proton is considered to be a point charge or an extended charge
distribution. Consider a model in which the proton is represented as a
uniformly charged sphere of radius R = 1.0 X 10“15 m. Use first-order
perturbation theory to calculate the shift (in eV) of the ground state due
to the finite size of the proton. Note, for the 15 state with a point
proton, |

Y100 ~ (ﬂag)-r/z 71/20

where ag = 0.53 x 10"]0 m.



This problem concerns a fictitious two-dimensional crystal which is a
square lattice of n atoms and having side L (rigid boundaries). The
Jattice can carry displacement waves which are Tongitudinal, speed Cy»
and in-plane transverse waves, speed Cys but the atoms cannot move
perpendicular to the plane. Zero point energy is to be neglected.

(a) Use the Debye model in derivation of the spectral density, that is,
the number of modes, f{v) dv, with frequencies in the range v,dv,

(b) Derive an expression for the so-called “Debye temperature”, TG’
corresponding to the cut-off frequency of the spectral density
function.

Particles in a uniform beam of cross=sectional area A and intensity IO
experience scattering by a fixed repulsive center of force. The
relationship between scattering angle © and impact parameter b is found
to be

2,k

e/r =1~ /b /(ﬁ** b2)

where k is a constant and E is the particle energy.

(a) Derive an expression for the differential scattering cross-section
o(e).

(b} Evaluate the fraction of beam particles which are back-scattered
(i.e., with n/2 S 0 % m).



5. A point source S of monochromatic 1ight of wavelength A is on the axis of
a circular aperture of radius R >> A in an otherwise opague screen. S is
at distance d >> R from the center of the aperture, but the waves falling
on the aperture cannot be considered to be plane waves. The irradiance
is observed at points P also on the axis, beyond the screen at distances

z >> R, : [J

s R P
| d > z >
|
(15) (a) Find the values of z for which maxima and minima of irradiance will
be observed.
(5) (b) What will be the approximate values of irradiance at these points

relative to the irradiance when the screen is absent?

6. A particle of mass m moves in the field of a three-dimensional square-well

potential
Y., r < a,
V(r) = 0
g, r»>a
(10) (a) Find the transcendental equation to be solved for the bound state

energy levels of zero orbital angular momentum. (Hint: The
Schroedinger equation will be simpiified by the substitution ¢ = ¢/r.)

( 5) (b) Find the minimum magnitude of the well depth, V4, toO bind just one level
with E » 0.
( 5) {c}) Apply the result of part (b) to compute Vg (in MeV) for a model of

the deuteron in which the (spinless) nucleons interact through V(r),
where r is now the relative coordinate in the equivalent one-body

problem, and a = 4.3 x 10-15 m.
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