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WRITTEN DEPARTMENTAL EXAMINATION - SPRING, 1989

PART 1

Each problem is worth 10 points.

Problem 1

An electric dipole of strength p is oricnted perpendicular to and at a distance 4 from an
infinite conducting plane. Calculate the force exerted on the plane by the dipole.

Problem 2

Give approximate numerical values for the following (be sure to give units):

a.  Escape velocity from the earth
b.  Ground state energy of muonium {u,,l_ atom]
(_l)n-l
c. -_—
Z n
d.  Spin of the deuteron
e. Lifetime of the neutron
f.  Specific heat of Cu at room temperature (assumed greater than Debye temperature)
g.  The orbital period of a planet (Saturn) which is 3 times as far from the sun as the earth
is.
Problem 3

A hydrogen atom is placed in a uniform electric field E (¢) in the z-direction. E(¢) is O for
t<0 and E(t)=E0e"” for t>0. The atom is initially in the ground state. Find the
probability for the atom to have made a transition to the 2S state as ¢t 5. Find the
probability for the atom to have made a transition to the 2P state as ¢t = . (Assume Ej is
small. How small should it be for the validity of your calculation?)



Problem 4

A magnetic cnrcun consists of a set of three straight parallel segments of length / and cross
sectional area a2, spaced from one another by /; these are then connected at their ends by an
additional four sumlar segments, as shown. Their material has a relative permeability p > 1.

Each of the three parallel legs is closely wound with a coil of n tumns. For purposes of this
problem, assume that all of the flux from each coil is confined entirely to the magnetic core.
From left to right in the diagram, we designate them as coils 1, 2, and 3. Neglect coil
resistance.

a. If a current /, is passed through coil 1, with /,=/,=0, calculale the magnetic field
induced in leg 3.

b.  If a voltage € is applied to coil 1 while coils 2 and 3 are open, what is the voltage across
coil 2?
c.  For the conditions of part a. calculate the total stored magnetic energy.
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Problem 5

Consider the low energy (~Kev) elastic scatiering of a neutron off a target nucleus at rest in
the laboratory frame. Let m, be the mass of the neutron and m, the mass of the nucleus, and
E,='%m V2 the kinetic energy of the neutron.

a.  Find the laboratory recoil energy of the nucleus as a function of 8 where 8 is the recoil
angle in the CM system.

b.  If the scattering is isotropic in the CM system, what is the energy distribution, N (Ey), for
the recoiling nucleus in the laboratory system? Sketch N (Eg).

Problem 6

A heat engine operates by extracting energy from a container of gas consisting of N atoms
with constant specific heat C per atom, initially at temperature T. The engine releases heat
into the atmosphere which is at temperature To<T. Find the maximum work which can be
extracted from the gas.



Problem 7

Consider an idealized vacuum diode with voltage drop V. The plate on the left is hot enough
to be an excellent electron emitter and the one on the right is an electron absorber. Compute
the 1=V characteristic of the device, assuming that the current is space-charge limited and
neglecting edge effects and thermal velocities.
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Problem 8

A spherical pendulum is constructed with a mass m and a massless string of length [ (see
figurc). The configuration of the pendulum is specified by the angles (6,9) of a spherical
coordinate system with the polar axis directed vertically down. Gravity points vertically down
and a uniform magnetic field B points vertically down. Assuming that the mass carries charge
O construct the Lagrangian and identify constants of the motion. If the mass is released from

rest at (6,¢)=(—72t— ,0) give the expression for the minimum value of 6 reached in the subsequent

motion. Evaluate 8, for large and small Q.
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Problem 9

A spin 1/2 particle interacts with a spatially uniform magnetic field with the Hamiltonian

H =-38B where @ are the Pauli-spin matrices.
a. Write out the time dependent Schroedinger equation for the two components of the
wavefunction (in the ¢, diagonal basis).
b. Now specialize to the casc of time independent B along the 7 axis. Assume the initial
state is an eigenstate of /-8, A =7 cos@ +£ sin. Find {8 ().
Problem 10
a.  What is the average energy & of a quantum oscillator of angular frequency ® in thermal
equilibrium at temperaturc T?
_m2
b.  What is the expectation value for the fluctuations L’f?ul?
7
c. In the Einstein model of a crystal each ion has 3 degrees of freedom with the same
frequency ®. Calculate the specific heat of the crystal.
Problem 11
We consider a quantum mechanical potential well of depth V in which a particle of mass m is
moving. ‘
a. For the onc dimensional case V==V, for |X1<a/2, V=0 for I1X1>a/2, find the
magnitude of V for which a bound state exists.
b. Do the same for the three dimensional case V =-V for r <a, V=0 for r >a.

For the three dimensional case find the differential cross section for scattering of a low

energy 2mr?‘a <« 1 particle.



Problem 12

Consider a system of N particles, each of which can be in onc of two quantum states: the
ground state with energy O, and an excited state with energy €. The system is at temperature
T, and €7 =1 (low temperatures).

Find the average number of paricles in the excited state assuming the particles are

a.
distinguishable.

b. Same as a. assuming the particles are indistinguishable (bosons).

c. In which case are there more particles in the excited state? Explain why.
Find the specific heat in both cases. Which one is larger at low temperatures?

Problem 13

The function f (x) is defined by the integral representation

-1
f&x)= o fexp(z +x/z)dz

over the contour shown (the unit circle).

Two points for each part.

a.
b.

c.

Find f (x) forx « 1,
Find the asymptotic form for f (x) with x > 1.

2
Write a contour integral for %xé

Using the result of ¢. find a second order differential equation for f (x).

The solution of this equation can be given in terms of a Bessel function. Using the
above results give this solution.

N
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Problem 14

Consider two halves of a string with tension T, mass density p, joined at the origin by a mass
M (neglect gravity). Determine the reflection and transmission coefficients for a transverse
wave of frequency ® incident from the left. Explain the limiting forms of your answer for
high and low frequency.

- T,ul ~ 'I,ul
. )=

Problem 15

The anti-matter photon rocket has been perfected. The mass of the fuel is converted with
100% efficiency into photons which are emitted isotropically into the hemisphere behind the
rocket.

a.  What velocity must the rocket attain if the crew wishes to reach a star 100 light years
distant in one year’s elapsed time in the rocket frame (neglect time for acceleration).
[3 points]

b.  If the rocket wishes to deliver a cargo of 100 tons, what mass of fuel must be bumed?
[7 points]

Problem 16
Consider a dielectric sphere (dielectric constant €) of radius a.

a. The sphere_’is immersed in a static electric field which at large distances is given by Ey?.
Calculate D and E inside the sphere.

b. A long wave length c/wa > 1 electromagnetic wave is incident on the sphere. Using the
results of a. calculate the total cross section for scattering.
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