PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #44

January 8, 1983

General Instructions

This Comprehensive Examination for Winter 1983 (#44) 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. '

1f 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
book?et contains data and formulas which you may find useful. Please return
it at the end of the exam.



(20) 1.- A double harmonic oscillator is shown in the diagram. Determine the
normal frequencies (such that both masses vibrate with a single frequency).
At equilibrium the lengths of the springs are 2 and %ys respectively.
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( 5) 2. {a) An otherwise free particle of mass u is constrained to move on a
circle of radius a. Determine the wavefunctions and energies.

(15) (b} A weak potential V is introduced, which is produced by two like
sources at ¢ = 0 and ¢ = n, V = f(¢) + f(¢-7), such that

2
J f(s)de = 0. Determine the energy shift of the states of part (a)

0
and the corresponding lowest-order wave functions.
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It is to be investigated whether the spherically symmetrical field,
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might, in fact, be an electrostatic fieid.
m)-
(a) Could E be an electrostatic field? Explain.

{b) Determine the charge density o{r) and the total charge Q which produce
this field.

(c) Determine the electrostatic potential energy associjated with the
charge distribution

o{r) =

by calculating the work necessary to build spherical shells of charge,
bringing them in from « and then smearing them over the surface, until

the final radius is R.

A uniform board, having mass m and length L, leans against a vertical wall.
Under the influence of gravity it s1ips downward, beginning from rest with
an %nitiaT angle ¢ = eo. If there is no friction, what will be the value
of o when the top of the board loseés contact with the wali?
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(20)

5.

A steel tank, well insulated on the outside, has interior volume V]. The
tank contains air at pressure P] and temperature T1, and is attached to a
compressed-air 1ine which -supplies air at steady conditions P' and T'.
{Primed quantities refer to the air in the source line.) Initially the tank
is shut off from the air line by a valve; the valve is then opened just long
enough so that air flows into the tank until the final pressure is PZ' Find,
for the data given below, how many moles, Nos of air end up in the tank, and
what its final temperature, T2’ will be,

Assume that:

(1)

(2)

(3)

(4)

The tank wall exchanges heat with the air so rapidly that the wall and
the air in it are always at the same temperature.

Air may be considered a perfect gas whose specific heats Cp =7 and

CV = § cal/mole K° remain constant during the process.

In transport of this kind, the energy balance that applies {neglecting

small changes in KE, PE , and displaced pistons) is

grav
nz-(Uz-H') - n]-(U1—H‘) =Q,
where U = molar internal energy;
H' = molar enthalpy = U' + P'V', where V' = molar volume occupied
by air in line;
Q = heat added to the system fluid.
Initially the air has tank volume VI-: 20 m3, at P} = 1 bar and T] = 22°C.
The compressed-air line operates at P' = § bar and T' = 30°C.
The final air pressure in the tank is P2 = 3 bar.
Mass of steel tank, my = 103 kg.
Heat capacity. of steel, cg = 100 cal/kg K°.
Gas constant, R = 8.3 x 107° m3 bar/mole K°.



(20) 6. In the laboratory reference frame a relativistic particlie having rest mass
m. makes an inelastic collision with a stationary particie having rest
mass m,. Calculate thg initial kinetic energy T} of the first particle
if, following the collision, the particles have joined to form a composite
system having excitation energy AE. The excitation energy is defined as
follows: AE = Ecy —,(m] + ﬁé) c2, where E.y is the total energy in the
center-of-mass (center-of—momentum) reference frame.
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6. We Aast 1, (D B'y- 1 (U\-H')=Q
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