Physics 313 Midterm test #1
October 11, 2023

Name (please print): SDKWH ong

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 vour final answers. This exam is closed book, but you can use a prepared
index card with reference information that vou have prepared,



Problem 1{40 points)
A spin 1/2 particle (for example, an electron) is prepared in the quantum state |a} = sina| + 2} — icosal — z).
() If a particle in this state is sent through a Stern-Gerlach apparatus that separates particles according to their 5. spin compo-
nent, what are the probabilities that a particle will be measured by detectors 21 and D27
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(b) Now we have rotated the SG apparatus by 90° such that it measures S.. spin component, as shown. What are the probabilities
that a particle will be measured by detectors D1 and D27
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{c) Finally, we stack two SG apparati as shown. What are the probabilities that a particle will be measured by detectors D1 and
D27
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(d) Find the expectation values of spin component operators S, f:’, S'ain the state |a).
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Problem 2 (30 points)

The operator F, acting on a spin-1 particle, in the z-basis is described by the following matrix: F = (
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Someone suggested that the following three states are the eigenstates of this operator:
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where NV; are the normalization constants,

(a) Determine values of A; so that | f;} are appropriately normalized.

(b) Check which of these states are the proper eigenstates (there may be one, two or all three). For all proper eigenstates find
their eigenvalues.

(c) In part (a) you should have discovered that |f;) is the eigenstate of £. What is the probability that S, is measured for a
particle in the state | f; }, it will yield the value —/i?

(d)Circle all the vectors that also gescribe state | f,} in the z-basis:
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared index card
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Problem 3 (30 points)
(a) Two operators, acting on spin-1/2 particle states are described by the following matrices in z-basis:

5 10 = 01
i (Y wan (5, )

Calculate their commutator ' = |4, BJ.
(b) Calculate the uncertainties AA and A B for the | + x} eigenstate of 5. Check to see if the uncertainty relation
AAAB > 2||[C‘}| is valid.

Reminder: the uncertainty of an operator is defined as AA = [ (A?) — (A)?
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Potentially useful information
Spin-1/2 particle

S,=

Eigenstates for the spin operators:

9= Q) 9= Q) 1 0 9= 5 (ero0- () -0- ()

Spin-1 particle
Se=h (

Eigenstates of the 5. operator (in the z-basis):

1 0 0
Ly ={o];|oy={1];11,-13= |0
0 0 1

The commutator of two operators is defined as [A, B] = AB — BA.
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Potentially useful mathematical expressions

fei=-1i-(-f)=1; 1/i = —i;

ig _ SR — (pi® -t /9. o ip L —idy fnys,

e cosg+ising; cosgd = (e +e7°)/2; sing = (e e %) /24,
2

|e"” =]

c052¢ = cos? ¢ — sin” ¢; sin2¢ = 2sin pcos ¢



