Phys 321
Spring 2023

Quantum Theory I: Class Exam 1
2 March 2023

Name: SoLuTion Total: /50

} ‘ Instructions

¢ There are 6 questions on 10 pages,
¢ Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

Charge of an electron e=—1.60x10"C
Planck’s constant k= 6,63 x 1073 Js h=1.05x 107**Js
Mass of electron me = 9.11 x 107 kg = 511 x 10%eV/c?
Mass of proton m, = 1.673 x 1072 kg = 938.3 x 10° eV /c?
Mass of neutron  my, = 1675 x 10727 kg = 939.6 x 10° eV/c?

Spherical coordinates i = sin 8 cos ¢pX + sin 8 sin ¢F - cos #%
Spin 1/2 state |+7) = cos (8/2) [+£) -+ € sin (8/2) |- 2)
Spin 1/2 state |~7) = sin (6/2) |+2) — & cos (0/2) |-2)

Euler relation ' = cosa 4 sino

_ . Rf0 1\ & R{O =\ L, &
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Question 1

A spin-1/2 particle is subjected to an SG # apparatus, where fi = == + Lz, and emerges
E iy T
in the output for which S, = —h/2.

Sp = +h/2
o
SGn ?
SGg
Sp = —h/2

a) The particle is subsequently subjected to an SG ¢ apparatus. List the measurement
outcomes and the probabilities with which they occur, given that the particle does
emerge with S, = —//2 from the first measurement.
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Question 1 continued ...
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b} Suppose that, prior to the SG 7 apparatus on the left, the state of the particle was |[+§).
Will the measurement outcome from the SG 4 apparatus on the right be Sy = +A/2
with certainty? Would your answer be any different if the SG # apparatus on the left
were not present? Explain your answers.
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Question 2
A spin-1/2 particle is in the state

) =2 [+2) - 5 (-2).
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a) Determine the direction, fi, such that a measurement of S, will yield S, = +A/2 with

certainty.
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b) Determine the state of the system, expressed in terms of {|+2},|—2)}, such that a
measurement of S, will yield S, = —k/2 with certainty.
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Question 3

Consider a collection of spin-1/2 particles. Each particle is subjected to a SG & measurement.
a) Using
& _ P R
Su =g HR) (-l = 5 |-} (-5,

verify that the matrix representation of S, in the {|+2),|—2)} basis is
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Question 3 continued ...



(+5 ’

4
b) Suppose that 2/5 of the particles are in a subcollectié with the state |+#) and 3/5
of the particles are in a subcollection with the state Determine the expectation

value of S; for each subcollection and also the expectation value of S, for the entire
collection.
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Question 4

Consider the hypothetical observable for a spin-1/2 system
A= 4|+8) (+&] +6|-2) (—2|

It is fairly straightforward to show that

Is it possible that a measurement of the associated quantity could yield A = 57 Explain your
answer,
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Question 5

Various components of spin can be measured for a spin-1/2 particle. Consider S, and S,
Someone claims that there might be a state of the particle such that it will yield one measure-
ment outcome for S, with certainty and also one, possibly different, measurement outcome
for 5, with certainty. FExplain how you could use quantum theory (not an experiment) to
decide whether this statement is true or not?
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Question 6

A spin-1/2 particle emerges from an SG & apparatus in the S, = +4/2 output and subse-
quently passes through two magnetic field regions in succession. The evolution operator for

the first region is
A 01
n=(3 o)

N 1 /1 -1
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a) Determine the state of the particle after it has passed through both regions.
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Question 6 continued ..,



b) The paxrticle is subjected to an SG £ apparatus after passing through the second region.
Determine the probability with which the measurement outcome is S, = +h/2.
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