PHYSICS DEPARTMENT OOMPREHMENSIVE EXAMINATION #29

January 14, 1878

General Instructions

This Comprehensive Examination consisis of six probliems of eoual weight
{20 potats each). Half of the subject matter is judged to be at intermediaie
undergraduate Tevel, the obher half 2% graduate leval. Werk cavefully and
show a1l youvr steps so that partizl credit can be glven Tiberaliy in case
you do got complede a probiem. Use no scraich papar; do a1l work in the
biuvehook, using one blusbsok per probism.

I something is omitted from the statement of the probliem or you feel
there ave ambiguities, piease geb up and ask your question guietly and .
privately, so as not to disturb the others. Pub all materials, books,
and papers sxcept penci? and biuehook, on the finer. '

Some information you may find useful:
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2.

Determine the splitting of the n = 3 states of a spinless hydrogen atom,
caused by an electric field in the z direction. Describe the number of
energy levels, the degeneracy of each level, and the £.m quantum
nwnbers of the unperturbed states that go into each level.

Stértﬁng with the equations for the angular momentum raising and ?owev%nq
operators

Jfdm R AT T W ERF I [dom e 1o

caleulate the Clebseh-Gordon coefficients for the case where angular
moimenta jg = 1 and 52 = 3 are coupled together to make fotal angular
momentum J = %,



3 R stestched uniform string of density p and length L 1s terminated
at the end x = L by & ring of negligible mass wbich slides without
friction on a vertical rod.

{a) Determine the boundary condition at » = L.

(h) If the end x = 0 18 tied, or Fixed, find the novmal modes of vibration.

(¢) Determine the boundary condition at x = L ¥ the ving s no loager
massless, but has a mass M. Heglect gravity.

{d) Set up the condition that detarmines the normal modes for part {c).
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Hhen 2 ¢ meson {plon, m = 273 My 9 = -2) is trapped in the potentixl
of an atom, 1% can form a hydrogen-iike state 1¥ the chavrge Ze of the
nucTeus 1s not too large, in which its orbital radius is small compared
to the radius of the electrons of the atom, snd large compared o the
slze of the nucleus. In such 2 case, the potential sxperisnced by the
meson is -Ze/r. Since the wave-Ffunction does not ovarlap the nucleus
strongly, the preobability that the meson is within the nucleus s small,
and there will be an avpreciable time before the picn interacts with the
nucleus, at which point there is a nuclear disintegration.

{a) Evaluate the parameters describing the ground state of a mesonic
atom formed by a 7143 nueleus and a =~ meson.

(b} Calculate the energy of radiation corresponding to a typical
transition to the ground state of this mesonic zlom.

{¢) Assuming that the nucleus is a spheve of radius 2.3 x 1é43 e,
caleulate the probabiltity that the ground state pion is in the
npucieus at any instant, and estimate the 1ife-tims, {.e., the
Tength of time in the ground staie before vesction with the nucleus.
{You may assume that iT the pion enters the nucieus a nuclear
reaction will occur.)
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(b

A beam of particles is scattered by a {ixed impensirable sphere of
radius R. The %pﬁare is smooth, f.2., 1t can exert only a radial
force. Determine the relation betwsen a given impact paremeter
and the corresponding scattering angle. (Plsase justify all steps.
Don’t guess.)

A cloud chamber photograph shows the track of an incident particle
which makes a collision and is scattersd Zhrough an angle of 96°.
The track of the target particle makes an angle B with the
divection of the incident particle. Assuming that the collision
was elastic, and that the target particle was fnitially at rest,
deternine the ratio m1/m2 of the two masses.
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energy is given by

A particle s on a2 table In & uniform grav%tétiona1 field, The

2
" L
E o= mge + T o

whera £ = 0 at the table. Claseically the minimum energy i3 £ = 0,
Assume that the particie moves in a small ranne Az above 2z = 0.
Take the average height to be Z = 52/2, and take

Ap gﬁﬁiZAzo Write E as a function of Z, and find the value Eﬁ?ﬁ
for which £ is a minfman,

In part (&) the complete expression for the potential energy is
given by
V(z) =mgz if 2> @, and V{z} = » §§ 2 < 0.
Write out the time-independent Schroedingey esguation for this problem;
and determine the assymtotic forms of the wave Funciion as 2 + o
and as 2 < 1,

Sketch the pe%enﬁ?a? @n&r@y function da§cr§h@§_in part {b}; and,
on the same dﬁagﬁams sketch the ground ztate wave Tunction.

- Justify your sketgh of the wave Function.
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