
Assessment 0 for 41076: Methods in Quantum
Computing

This is an optional problem set for students who want to refresh their knowledge of elementary
quantum computing and linear algebra.

1. Do the following expressions correspond to normalized quantum states?
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a We cannot add numbers such as NI toKet objects like 107 Therefore this is Not
a quantum state I 107 1311 would
correspond to a quantum state because

At NET 3 1

b This is a quantum state because
1111 131411141112 4 it t.ttIt is a state on two qubits which could be
also expressed as

1007 11077 41107 12141
in binary notation

c This vector is not normalized therefore not

10.312 10.712 In a state



2. Suppose that we perform a measurement in computational basis on the state 1
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3
2 |1i.

What states can we measure and what would be the probabilities for each measurement?
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When we measure in the computational
basis we can detect states 107 and 11
The computational basis is also known
as the Z basis and the measurements
will correspond to Z's eigenvalues
107 I outcome
117 1 outcome
The probabilities are t t for detecting
10 and 11212 4 for detecting n



3. Consider the matrix X =

✓
0 1
1 0

◆
. Which of the following statements are true?

(a) X is an identity.

(b) X is symmetric.

(c) X is diagonal.

(d) X is positive semi-definite.

(e) X is unitary.

(f) X is hermitian.
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a The 2 2 identity matrix is 1 89 not t

b Yes because X 981 8
C No we have non zero non diagonal terms
d Positive semi definity matrix has all
eigenvalues larger or equal to 0 andreal The eigenvalues of X are 1 and1 Because of I it is not positive
semi definite

e we can use the fact that a matrix is
unitary if and only if its eigenvalues
all have magnitude 1 which X has or
we can notice that X Xt X Xx 11
therefore it is unitary

f Every symmetric matrix is Hermitian
X satisfies Xt X



4. Write the operator X ⌦ I as a 4⇥ 4 matrix in a computational basis.

5. Let A =
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1 1
1 0

◆
.

(a) Compute A2

(b) What are A’s eigenvalues?
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78011
10871 1180110110 01 1141
00870 loafer t

170 00 4111 071
A A A If 1 Each of this 4 terms correspond

to a non zero matrix elementA 71 17.11 O o 1 0
def CA 111 0 xox 9.9.91C A L A 1 0

1 12 1 0 19188
A IF We could also examine how

I

The eigenvalues
States

are II 70111007 110
XO 1107 in a

XO H 1207 100
Xox H 171 101

The third approach is to write 19 and
1 1891 and perform the tensor product
All approaches lead to the same answer


