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1. Delayed measurement with Clifford only circuits

For universal quantum circuits, it is possible to defer all measurements to the end

without loss of generality. Show that this is not true for circuits that involve only

Clifford gates.

2. Unitarity of the order-finding operator

For integers x, N and L with x < N ≤ 2L−1 and gcd(x,N) = 1, consider the following

operation,

U =

2L−1∑
y=0

| f(y)〉 〈y | , (1)

Where f(y) = x × y modN for 0 ≤ y < N and f(y) = y otherwise. Show that U is

unitary.

3. Eigenstates of the order-finding operator

(a) Show that the following states are eigenstates of U ,

|us〉 =
1√
r

r−1∑
k=0

exp

[
−2πisk

r

] ∣∣∣xk modN
〉
. (2)

Here 0 ≤ s ≤ r− 1, where r is the smallest integer such that xr = 1 modN . Show

also that the corresponding eigenvalues are us = exp(2πis/r).

(b) There are also many states with eigenvalue 1. What are these?
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