
QSIT 2010 - Questions 3

19. Oktober 2011

1. Rotating Wave Approximation
A two level system with transition frequency Ω is driven by a laser with
frequency ω, phase φ and amplitude ε. The corresponding Hamiltonian
is

H(t) =
h̄Ω

2
σz + h̄ε cos(ωt+ φ)σx.

(a) Show that in the rotating frame and after applying the rotating
wave approximation the effective (static) Hamiltonian is given by

Heff = ∆σz + Ωxσx + Ωyσy,

where the detuning ∆ = Ω− ω, Ωx = ε cosφ and Ωy = ε sinφ.

(b) Choose values for ∆, ε and φ and a time t that lead to an equally
weighted superposition state, a state on the equator of the Bloch
sphere. What values lead to state on the equator of the Bloch sphere
that points in a direction orthogonal to the former state.

2. CNOT operation

(a) Verify the unitarity of the CNOT operation given by the transfor-
mation

CNOT:

|00〉 → |00〉
|01〉 → |01〉
|10〉 → |11〉
|11〉 → |10〉,

where A in |AB〉 is the control qubit and B the target.

(b) Determine the matrix for the CNOT operation, where B is the
control qubit.
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