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Problem 1: Bloch sphere and qubit dynamics

1. Let us consider the Hamiltonian, H = hwox, which can be regarded as
the tunnel-only coupled charge qubit Hamiltonian. Find the solution
of the time-dependent Schrodinger equation, AL |W(t)) = H |U(t)) i.e.
|W(t)) = e /" |W(t = 0)) with the initial condition |¥ (¢ = 0)) = |0).
Find the probability | (¥ (t = 0)|¥(t)) |2.

Hint: Use the relation, (") = gqcos(a)+i(nxox+nyoy+nzoz)sin(a).

2. Show that the unitary operator,
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moves the quantum state parametrized on the Bloch sphere by the
angles (01, ¢1) into the quantum state (6a, ¢2). With (01, ¢1) = (0, )
and (62, ¢2) = (m,0) plot and visualize each step on the Bloch sphere.
Hint: write HR,(a)H in terms of identity and Pauli matrices.



