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1 CNOT gates from controlled-Z gates
Recall that a CNOT gate can be represented as

Cs, =10) (0l ® [ + 1) (1| ® 6.
A controlled-Z can be represented as
Cs, = 10) (0] @ + 1) (1] ® 5.

a) Represent each of these in terms of matrices in the computational basis|

b) Show how to construct the CNOT using a controlled-Z and single qubit operations.
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2 Evolution under J-coupling

Consider the J coupling Hamiltonian as presented in lecture.

a) Determine a matrix expression for

U(t) — e—iﬁjt/h_
b) Evaluate the expression for t = 1/2J.

c) Evaluate the expression for ¢t = 1/J.

d) Consider U(1/2J) and suggest two single bit rotations, each about the z axis such that
the result is the controlled-Z gate.
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