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1. Let a|q and b|q. What is the Fourier transform mod q of the uniform
superposition of all 0 ≤ x < q such that a|x or b|x?

2. Prove that in the phase estimation procedure, if the eigenvalue is
λ = e2πiθ then with high probability, the phase estimation procedure
outputs a or a − 1 such that a−1

2m ≤ θ ≤ a
2m .

3. Let U be a unitary transformation implemented by a quantum circuit
and let |φi〉 be its eigenvectors with eigenvalues λj = e2πiθj . Define√

U to be the unitary transformation with the same eigenvectors but
whose eigenvalues are

√
λj . Show that you can use phase estimation

to implement an approximation to
√

U , which has eigenvectors |φj〉,
with eigenvalues µj = e2πiβj , where |θj/2 − βj | ≤ 1/2q, where q is the
number of qubits in the auxiliary register.


