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1 Evolution of a single spin-1/2 system in a constant magnetic field

Consider a single spin-1/2 particle in a magnetic field B = Bpz. Then

H = ~RBys,.
a) Determine a matrix representing the evolution operator for this system|

b) Suppose that the qubit is initially in the state {0) = |+2). Determine the state of the
system at any later time.

¢) Suppose that the qubit is initially in the state |1) = |~2). Determine the state of the
system at any later time.

d) Suppose that the qubit is initially in the state (|0) + |1)) /v/2. Determine the state of
the system at any later time. Describe the evolution of the state in terms of the Bloch
sphere.

e) Describe how this could be used to construct the gate &,.

f) Determine an expression for the angular frequency woof the evolution.
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2 Single qubit rotation about the z axis

Consider a single spin-1/2 particle in the situation described in the lecture,

a) How must w be chosen in relation to wy in order to create a rotation about the z axis.

b) How must the time of evolution be chosen in relation to w; so that the evolution maps
0) = |1)7

c) How must the time of evolution be chosen in relation to wy so that the evolution maps

0) = —= (I0) —¢[1))?
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