Physics GR6038 Professor Christ
Midterm Examination (practice) 3/23/2026

Answer two of the following three (3) questions.

1. A neutron with spin 5 and magnetic moment ji = 525 moves slowly along the z axis

with velocity v. At t = 0 the neutron passes the point z = 0 and suddenly enters a
region of varying magnetic field:
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(a) If the neutron’s spin is initially in the +& direction before it enters the region
of non-zero field, find the neutron’s quantum state (expressed in terms of the s,
eigenstates | & 1/2),) and its spin direction at a later time ¢. [20 points]

(b) If the neutron’s spin is initially in the +Z direction before it enters the region of
non-zero magnetic field, how far must the neutron travel to have it’s spin direction

reversed? [13 points]
2. A particle of mass m moving in one di- "

mension is initially in the ground state of .

a square well of depth —V; and width L. —= = )
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for t > 0. The distance A can be assumed to be small which allows the use of time-
dependent perturbation theory and the simplification of the matrix element which
causes the excitation of the initial ground state. In the limit of large time, this time-
varying potential will excite the initial state into a positive energy final state, allowing
the initially bound particle to escape to infinity.

(a) Find the excitation rate of the initial state into each possible final state to lowest
order in A. [23 points]

(b) What positive energies can be found in the final state at large time? [10 points]
You may assume that /2mVy > h/L to simplify the discussion of the bound state and

that Aw > Vj so that Vf can be ignored when discussing the properties of the final
states.



3. Consider a system of N, identical, spinless bosons, moving in a three-dimensional

1 2

simple harmonic potential V (7) = tmw?7 2.

(a)

2

What is the ground state, the ground state energy and the ground state degener-

acy for the system? [5 points]
If these bosons interact through a 2-body potential V (7, 7) = Ad(F] — 73), find
the shift in this ground state energy to first order in . [15 points]

Repeat your answer to part a) for the case that the bosons have spin 1. [7 points|

For this spin-1 case, assume that the bosons interact through a 2-body potential
V (71, T9) = A8} - §20(7y — 73) where §; is the spin angular momentum operator for
the " boson. If A < 0 find the first-order ground state energy and degeneracy.
[Hint: It may be useful to begin by expressing the potential as a product of two
creation and two anihilation operators written in the correct order but then to
change the ordering to create combinations of these operators which equal the
total spin angular momentum.| [7 points]



