Practice questions for the Comprehensive Exam - Day 1

QI (a) If neutrons from a cosmic-ray ir?t.eraction one light-year from -
earth were to reach here with a probability of 1/e or greater, what, mug:
their minimum energy be? (b) If they then decay, what is the maximyy
angle to the flight path at which their decay electrons could be produceq ;
(c) What is the maximum angle for the decay neutrinos? (d) At the angk;
calculated in (c), what is the maximum energy of the neutrino?



Problem 1.9. A bead of mass m
loop of radius a. The loop lies
vertical diameter with constant

. slides without friction on a circular
In a vertical plane and rotates about a
angular velocity w (Figure 1.5).

Figure 1.5.

a) For angular velocity w greater than some critical angular velocity
we, the bead can undergo small oscillations about some stable equilib-
rium point §p. Find w. and p(w).

b) Obtain the equations of motion for the small oscillations about
0o as a function of w and find the period of the oscillations.



Problem 3.10.  An isolated hydrogen atom has a hyperfine inter-
action between the proton and electron spins (S; and S;, respectively)
of the form JS; - S;. The two spins have magnetic moments aS; and
fS3, and the system is in a uniform static magnetic field B. Consider
only the orbital ground state.

a) Find the exact energy eigenvalues of this system and sketch the
hyperfine splitting spectrum as a function of magnetic field.

b) Calculate the eigenstates associated with each level.



Problem 3.6. a) A spin 1/2 electron is in a uniform magnetic field
Bo = Boz. At time ¢ = 0 the spin is pointing in the z-direction, i.e.,
(S=(t = 0)) = /2. Calculate the expectation value (S(t)) at time ¢.

b) An additional magnetic field B; = 1B[cos(wt)% + sin(wt)y] is
now applied. If an electron in the combined field By + B; has spin
pointing along +Z at time ¢t = 0, what is the probability that it will
have flipped to —z at time ¢?
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Questions for the Comprehensive Exam Fall 2013

3. Quantum Mechanics: Scattering

Consider the scattering of a spinless particle of mass m from a diatomic molecule. The incoming
particle travels along the z-axis. Assume that the molecule is much heavier than the scattering
particle and that there is no recoil. The two atoms in the molecule are aligned along the y-axis
and localized at y = +b and y = -b. The potential the particle feels in the presence of the
molecule can be modeled by the following potential: ,

V(3) = al8(y - b)3(x)5(z) + 8(y +b)5(x)8(2))
(a) Calculate the scattering amplitude in the first Born approximation. :
(b) Calculate the differential cross section from (a) (Express the result in terms of the scattering
angles). '
(c) Calculate the total cross section. Do the integrals exactly. You might find the following
integrals helpful:

asinx

_‘.02” dalcos(xsin a) =nm(l+J,(2x)), j:' da(sina)J,(xsina) = ~
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6. Quantum Mechanics

A particle in a spherically symmetrical potential is known to be in an eigenstate of L? and L, with
eigenvalues #’/(/ +1) and mh , respectively, denoted by |/m). L is the angular momentum

operator, whose components obey the usual commutation algebra. Prove that the expectation
values involving L, and L, obey

(L)=(L,)

0, <Li>=<Li>=l(l+12)_m2h2 .
in the eigenstate |/m). ‘



9. Three matrices M., M,, M, each with 256 row
to obey the comfnutatlon rules [M,, M,} = iM, (with cyclic permutations
of z, ¥, 2). The eigenvalues of one matrix, say M,, are 42, each once; +3%

each 8 times; +1, each 28 times; 44, each 56 times; 0,70 times. State the
256 eigenvalues of the matrix M? = 2 M: 4+ M2

s and columns, are known




Part b) 3¢, Consider the one-dimensional Schrédinger equation with

V(z) = {% w?x? for z > 0,

+o0 for z < 0.
Find the energy eigenvalues.





