13 June 2025

Problem Solving Session - 1

Question 1: Recall the following
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(a) Write down the matrix for the controlled Z gate.

(b) In the following circuit, what should be “?” so that we can get a controlled Z gate from
a controlled X gate ?
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Question 2: Recall that H®"=H®...... ® H. This is the same as applying H individ-
—_————

n times

ually on each of the n registers.
1. What is H®3|010) ?
2. Let 1 €{0,1} and H |z1) = «|0) + #|1). Express a and 3 as a function of ;.

3. Let 21,29 € {0,1} and H®?|z122) = o |00) + apy [01) + 0 [10) + aq |11).Express
oo, o1, 19 and aqp as a function of 1 and xs.

4. Let @1,..., 2, € {0,1} and H" [2122...20) = D, cro1yn @y |y). For each y € {0,1}",
express oy, as a function of x,...,x, [Note: Your expression of o, must depend on
X1y, Ty aS well as Yy, ..., Y.



Question 3: Let L = {00,01,10,11} with the state 01 be marked. Let Oy be a phase
—|01) ifxy =01

|zy) otherwise

The following circuit implements a Grover search for the element 01 in L.

oracle that implements it. This means, Oy, |zy) = {

Write down the value of the state at all the slices from 1 through 7 with |00) being the
initial state.



