Quantum Computation 2026
Noah Linden & Paul Skrzypczyk Revision problems

1. For the Pauli operators,! compute in the standard basis:?

(a) The Dirac form of each operator. 3

(b) The matrix of each operator.

2. Let |¢) = «|0) + B|1) be a normalised single qubit state.
(a) What are the possible outcomes, if the two qubit state |¥1) = |¢) ® |¢) is measured in
the computational basis, and what are their probabilities?

(b) What are the possible outcomes, if the two qubit state |¥2) = CNOT|¢) ® |¢) is mea-
sured in the computational basis, and what are their probabilities?

3. Let A be any operator that satisfies A? = I, where I is the identity operator, and let 0 be a real
parameter. Use the power series for the exponential to show that /4% = I cos 6 + iA sin 6.

4. (a) Let U and V be unitary operators. Show that UV and U?V? are both unitary.
(b) If H and G are Hermitian, is HG always Hermitian?

5. Give a table of values for the following functions f : B — Bi:45
filxixoxs) = x1 @ x2,  fa(xixoxs) = x1x2,  f3(x1x2x3) = x1X2 @ X2X3 D X3X7.

Which of these functions are balanced?
6. Let [p1) = [0), [¢2) = |1) and |¢3) = % be single qubit states. A source emits each state
with probability %
(a) Find the density operator p associated with this source, expressed both in Dirac form
and as a matrix in the standard basis.

(b) If Y is measured on the source, what are the possible outcomes, and what are their
corresponding probabilities?

IThe Pauli operators X, Y and Z on C? are defined by

Xlo) =11);  X[1) =]0)
Yjo) =i1); Y1) =—ilo)
zloy =10);  Z[1) =-[1).

2The standard basis for single qubit states means {|0), |1)}
3Dirac form means Lk ajkli) (k|

4B3 denotes the set of all 3-bit strings, and B; = {0,1}.

5@ means addition modulo 2
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