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| § Time evolution of spin expectation values

Consider an ensemble of spin-1/2 particles, each subject to the magnetic field B = Bx%.
Denocte the resulting Hamiltonian

Determine equations for the time evolution of (S

Answ; Far“ (Sx) '
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Phaion  Interfoence  Expoimonts
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2 Photon states in a Mach-Zehnder interferometer

A Mach-Zehnder interferometer consists of an arrangement of two beam splitters, B; and By,
two mirrors, My and Mp, and two detectors, Dy and D1, as illustrated below. Note that the
reflective side of By is down and right and that of Bj is up and left. Ignore the thickness of

the glass in the beam-splitters and assume that they reflect 50% of the beam and transmit
50%.
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The orthonormal input states {|0),|1)} are indicated in the figure. The effects of B; and B,
can be described by the operators

i 1 1 /1 -1
0= {0 0= i+ m ok e o5 (17
- 1 1 1 1
s, = {10 01+ 10 al-m o+ g} o 2= (2 ])

where the matrices indicate representations in the basis {|0),|1}}. The following questions
all assume that a single photon initially in the state |0) is incident upon the apparatus.

a) Suppose that neither beam splitter is in place. Determine the probabilities with which
the photon will arrive at each detector.

b) Suppose that only Bj is in place. Determine the probabilities with which the photon
will arrive at each detector.

c¢) Suppose that both beam splitters are in place. Determine the state of the photon
immediately after By and the probabilities with which it will arrive at each detector.
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