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1 Time varying evolution

Consider the single qubit unitary operator

~

U(t) = oWtz /2
Suppose that the state of the qubit at ¢t = 0 is |¥g) . The at time ¢ its state will be

(1)) = U (1) [¥o)

a) Show that
Vi [(6) = A [(0)

where H is a Hermitian operator that is independent of . Determine an expression for
H.

The operator H is the Hamiltonian for the system and is an operator which represents the
energy of the system and is usually constructed from the energy for the analogous classical
system. Ior a classical magnetic dipole the energy in an external magnetic field is U = — - B,

For a classical system
o= 914
2m
where S is the spin angular momentum of the system. The translation into a quantum
operator involves the identification:

S;E — 50'1;

I

~

Sy — §U'y

Sz < 56’2

b) Starting with the classical energy write an expression for the general possible H in terms
of the Pauli operators and the external magnetic field components.

¢) Determine the field direction that results in the unitary evolution of this problem.

d) Determine an expression for w in terms of relevant parameters in this problem.
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2 Tensor products of gates
Consider
01 = &z ® &z
(72 =6, ® 5'y.
a) Express each of these in terms of matrices.

b) Show that each of these is unitary.

c¢) Determine a matrix expression for U = U;U, and show that it matches the expression
obtained via tensor product algebra.
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