Physics 313 Midterm test #2
November 9, 2022

Name (please print): Solutrons

This test is administered under the rules and regulations of the
honor system of the College of William & Mary.

Signature:

Final score:

* Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared
index card with reference information that you have prepared.



Problem 1 (40 points)
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Note: The magnetic moment for an clectron is i Zme and the Larmor frequency is wp = =,

(2) A spin 1/2 particle passes through a Stern-Gerlach apparatus that only transmits particles with §. = —£/2 and enters

the region of a uniform magnetic field pointing in the direction B = Bok. What is the energy of the particle?
If the z component of its spin is measured, what is its value as a function of time?
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{b) The Stern-Gerlach apparatus is now rotated to transmit particles in the state | + x}. The magnetic field is still in the z

direction B = BOE. If it takes particle time T to traverse the magnetic field-filled region, what is the probability of detecting it
in state with S, = £/2?
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(c) Finally, the magnetic field direction changes to be in the 2 — z plane B = %(Bof-i- Byk). Write down the Hamiltonian of
a particle in this magnetic field, and calculate the average energy for a particle in the state |- 2).
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can usc the index card with
reference information that you have prepared.



Problem 2 (40 points)
0 0<zg=1L

A particle of mass m in a potential well V(z} = { s elsewhere

is in the initial state ¢{z, ! = 0) = ¥{z).

{a) Prove that E, = "—’”‘,— are the energy values corresponding to the Hamiltonian eigenstates ¥, (z} = /2 sin (Z22),
mL By g T
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For questions (b,c) assume that the initial state of the particle is

W(z) _{ \/Ebln(L)'F%\/Eblll 21’: T\/_am "") 0=xr<L \ihu‘l%) = \\)“Uﬂ
0

clsewhere

(b) Write the time evolution of this state ¥(z, t).
(c) What is the average energy (E) of the particle in this state?

(d) Now at ¢ = 0 we are going to place the particle initially exactly in the center of the well, and approximate its initial

wave function as a delta function: ¥ (x) = d(x — L/2). What is the probability of measuring the particle in the state n (with the
energy ) fort > 07
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with
reference information that you have prepared.



Problem 3 (20 points)

Calculate the reflection probability for a particle of mass m moving with the energy £ > 0 from negative infinity in 4z
o ; . 0 =0
direction when it encounter a potential step V(r} = { Vo 20 shown below.
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Show all work to receive credit, and circle your final answers, This exam is closed bock, but you can use the index card with
reference information that you have prepared.



