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1. Qubit States

(a) Which of the following states are valid qubit states
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For the valid qubit states, calculate θ and ϕ, i.e. |Ψ〉 = cos(θ/2) |0〉+eiϕ sin(θ/2) |1〉
(b) Which of the matrices describe valid qubit states(
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Are the states pure or mixtures? Calculate sx = 〈σx〉, sy = 〈σy〉, sz = 〈σz〉

2. Qubit Hamiltonian

Consider the following general qubit Hamiltonian

H = Aσz +Dσx =

(
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)
Calculate the eigenstates and eigenenergies of this Hamiltonian.

What is the transformation from the initial states |0〉 , |1〉 to the eigenstates of the
Hamiltonian? Interpret your result as a rotation in the Bloch sphere.



3. Rabi’s Formula In the lecture we discussed the dynamics of a qubit in the presence
of an oscillatory driving field.
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(a) Show that in a rotating frame the Schrödinger equation has the following form

i
d

dt

(
b1(t)
b0(t)

)
=

1

2

(
−∆ω ω1

ω1 ∆ω

)(
b1(t)
b0(t)

)
where ∆ω = ω0 − ω and ~ω1 = A

(b) Calculate the probability of being in the excited state |1〉 under the assumption
that at time zero t = 0 the system is in the ground state |Ψ(0)〉 = |0〉
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(c) Calculate the time average of the probability of being in the excited state
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(d) Plot the Rabi frequency (frequency of the oscillation of P1(t)) as a function of
the field amplitude A.


