PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #43

September 27, 1982

General Instructions

This Comprehensive Examination for Fall 1983 (#43) coﬁsists 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 compiete 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 bluebocok per
problem, and be certain that your assigned student Tetter (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 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. '
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A ciassical particle of mass m slides without friction /F
on the surface of a paraboloid of revolution given by ’;‘“ -
z = sz in cylindrical coordinates (p,¢,z}. The axis Bl

of symmetry is vertical, and a uniform gravitational
field 5 is directed downward. Define the potential
energy V so that V = 0 at z = 0.

(a) Find (but do not solve) a first-order differential equation for the

time variation of the height z of the particle.

(b) For nonzero values of the total energy £ and angular momentum L
{z~component), find the maximum and minimum values of z..

(¢} If the trajectory is a circle, and if the total energy is E,
calculate the value of z and the period t of the orbit.

A uniform bar of length 2£ is drilled and threaded at its midpoint and can

move without friction on a fixed thin vertical screw. The bar remains
horizontal at all times.

(a) If the screw pitch is such that the bar moves a vertical distance h
in one turn, find the linear acceleration a of the bar after it is

released from rest.

(b) Find the torque exerted by the screw on the bar in terms of the
acceleration a.

[Hint: Elementary methods are recommended. ]
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3.

Two containers, connected by a small valve, are submerged in a liquid
maintained at constant Kelvin temperature T. each container has volume V.
Initially the container on the right is evacuated and the container on the
Teft contains an ideal gas at pressure Py with mass m per molecule.

-7 }//’ ////’ ///
jdeal \__Yalve
gas
Y _
/V/T/
At time t = O the valve is opened so that its aperture area is A, and gas
can flow stowly between the containers. Derive an expression for the

pressure p in the left container, as a function of time. Assume that the
temperature remains constant throughout the system.

A hydrogen atom is placed in a crystal lattice environment which, in Teading
order, produces a weak quadrupole interaction ‘

2.2
AY = E~§_ P, (cos 8)
a

where a is a length constant characteristic of the atom-nearest-neighbor
distance. Calculate the energy shifts of states n =1, 2, 3 for this
interaction. (You may leave your results in terms of nonzero integrals,

and you may ignore spin.)
2 1, . [f&r
{cos®“ & - §J = 5 Yoq

Mo

Pz(cos 8) =
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5. Two parallel, infinitely long wires with equal currents i flowing along
and opposite to the z-direction are fixed at x = za, y = 0.

k] ‘yl
Co
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(7 (a) What is the magnitude and direction of the resultant magnetic field
i
B at point x,y?
( 8) (b) Determine the field at any point x,y and expand for x<<a, y<<a ,

keeping only terms through second. order in (x/a), {(y/a).

{ 5) (c) Determine whether the B field is locally uniform at x = y = 0. (This
means that the field gradient is zero at the point in question.)

[Hint: (1+x)“=1+nx+9—(ﬂz—}'i}—x2+...}
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It is interesting to develop thgmeffects of finite nuclear size on atomic
spectra. A nice way to do this is to consider mu-mesic atoms (the p
interacts only very weakly with nuclei, so it often forms hydrogen-like
atoms). Suppose a yu (mu = 207 me) is bound by the coulomb force to a
nitrogen nucleus QZ;4N.

Remember that for a hydrogen-like atom (with infinitely massive nucleus of

charge Z)
ir
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{a) As a starting point, assume the nucleus to be an infinitely massive
point, and calculate numerical values for the two Towest energy levels
of the mu-mesic atom. (Carry this, and all subsequent calculations,
to the nearest 0.1 keV.)

(b) Calculate the effect, on the first two levels, of the finite nuclear
mass, still considered as a point, also to the hearest 0.1 keV.

{¢) Now consider the nucleus to be a sphere of radius o = 3.4 x 10'13 cm,
with a uniform charge density, so the electrical potential is

b 2

V(r) = -VO + 5T r<rg
2

-.Z.g_..... r>0
r

Determine VO and b, and calculate the correction (to the nearest
0.1 keV) on the lowest energy level due to this charge distribution,
by treating the finjte size as a perturbation in first order.
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