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CUSPEA EXAMINATION (1980)

CLASSICAL PHYSICS

(4 hours)

A. Mechanics

Solve 2 of the following 3 problems.

A1, Two uniform cylinders are spinning independently about
their axes, which are parallel. One has radius &, and
mass M;; the other R, and AL, Initially they rotate in
the same sense with angular speeds {2, and €2, respec-
tively. They are then displaced until they touch along

a common tangent.

fig. 1

After a steady state is reached, what is the final angular
velocity of each cylinder»

A 2. A particle moves in a circular orbit of radius r under

e 1 e
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A3.

B1.

the influence of an attractive central force. Show that

this orbit is stable if
r Of

fn=>=757%3r],
where f(r) is the magnitude of the force as a function
of distance r from the center.
Three particles of equal mass m move without friction
in one dimension. Two of the particles are each con-
nected to the third by a massless spring of spring con-
stant %2. Find the normal modes of oscillation and

their corresponding frequencies.
k

@WL@L&L@

fig. 2
B. Electromagnetism

Solve 2 of the following 3 problems.

A parallel plate capacitor(perfectly conducting plates)
with plate separation d is filled with two layers of
material (1) and (2). The first has dielectric constant
£;, conductivity oy, the second e,, oy, and their thick-
nesses are d, and d, respectively. d, + d;-=d. A potential

V is placed across the capacitor.

AL T — s
(2 3‘\‘“\\\\\ ~ 02,43

fig. 3



a) Neglecting edge effects, what is the electric ficld
in material (1) and (2)?

b) What is the current flowing through the capacitor?

¢) What is the total surface charge density on the inter-
face between (1) and (2)7?

d) What is the “free” or “real” surface charge density
on the interface between (1) and (2)7 Explain

carefully what is meant by the “free” or “real” charge

density.

B 2. Consider a closed circuit of

wire formed into a coil of n H

i

turns with radius a, resistance R ~
coil

R and self-inductance L. The

coil rotates in a uniform mag- fig. 4

netic field H about a diameter perpendicular to the
field.

a) Find the current in the coil as a function of & for
rotation at a constant angular velocity w. He;e B(t) =
wt is the angle between the plane of the coil andH.

b) Find the externally applied torque required to main-
tain this uniform rotation (In both parts you should
assume that all transient effects have died away.)

B3. A cylinder of length L and radius R carries a uniform

current I parallel to its axis.

Darticle | — o
= ()=,
o I -

beam

fig. 5
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Cl.

a) Find the direction and magnitude of the magnetic
field everywhere inside the cylinder. (Ignore end
effects.)

b) A beam of particles, each with momentum p parallel
to the cylinder axis and each with positive charge
g, impinges on its end from the left. Show that after
passing through the cylinder the particle beam is
focused to a point. (Make a “thin lens”approximation
by assuming that the cylinder is much shorter
than the focal length. Neglect the slowing down
and scattering of the beam particles by the material

of the cylinder.) Compute the focal length,

C. Thermodynamics
Solve 1 of the following 2 problems.

Consider two ways to mix two perfect gases. In the
first, an adiabatically isolated container is divided into
two chambers with a pure gas A4 in the left hand side
and pure gas B in the right. The mixing is accom-

plished by opening a hole in the dividing wall.

. gas A gas. B
Cross Section
n4 moles ng'moles
V'é)l:VA Vol =Vp
fig. 6

In the second case the chamber is divided by two rigid,

perfectly selective membranes, the membrane on the left

4 e



is perfectly permeable to gas A but impermeable to gas B.
The membrane on the right is just the reverse. The two
membranes are connected by rods to the outside and the
whole chamber is connected to a heat reservoir at tempe-
rature 7. The gases can be mixed in this case by pulling the
lefthand membrane to the left and the right hand to the
right.

k};-rh{éable‘ " B permeable”

"Cross Section gas 4 gas B o

fig. 7

a) Find the change in c¢ntropy of the container and its
contents for the second process.

b) Find the change in entropy of the container and its
contents for the first process.

¢) What is the change in entropy of the heat reservoir
in part a)?

C2. A Carnot cycle is operated with a liquid-gas inter-

face. The vapgr pressure is p;, temperature 7, volume

PV-L.-...-— . " -
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V. The cycle is operated according to the following p-V
diagram.

The cycle goes isothermally from 1 to 2, evaporating n
moles of liquid. This is followed by reversible cooling
from 2 to 3. Then there is an isothermal contraction
from 3 to 4,recondensing n moles of Jiquid, and finally
a reversible heating from 4 to 1 completes the .cycle.

a) Observe that V,—V,=V,—V, where V,=volume of
n moles of gas, V,=volume of n moles of liquid.
Calculate the efficiency in terms of L"sp, V,—V,, and
L, ==latent heat of vaporization of a mole of liquid.
Treat Ap and A7 as small.

b) Recognizing that any two Carnot engines operating
between 7 and 7-AT must have the same efficiency
(why?) and that this efficiency is a function of 7
and A7 alone, use the result of part (a) to obtain
an expression for dp,/d7 in terms of V,—V,, n, L,
and 7.

D. Optics
Solve 1 of the following 2 problems.

D1. Consider the modified Young’s double-slit arrangement:

P‘ I'Pz P‘
u H
Q l o
"-.. - - - L. - - - - -
| 0
L
5t 521 D 33
fig. 9



