
Answers to the Exam Quantum Information, 11 November 2019
each item gives 2 points for a fully correct answer, grade = total �9=24� 1

1. (a) Orthogonal states are vectors n̂ and �n̂ on the Bloch sphere.
(b) 
 � i�y .
(c) the universal not gate would have to perform a complex conjugation,
which is not a unitary operation, so it is not a valid quantum gate.

2. a) h j� i �
P
npnjh j nij2 � 0.

b) d�=dt �
P
npn�jd	n=dtih	nj�j	nihd	n=dtj� � ��i=��

P
npn�Hj	nih	nj�

j	nih	njH� � ��i=���H;��.
c) ��t� � e�iHt=���0�eiHt=� so �2�t�� ��t� � e�iHt=���2�0�� ��0��eiHt=� and
�2�0� � ��0� � eiHt=���2�t� � ��t��e�iHt=�; hence �2�t� � ��t� a �2�0� �
��0�.

3. a) j	i � 1
2

�
j0iA � j1iA

��
j0iB � j1iB

�
which factorizes into the product of a

state of qubit A and a state of qubit B, so they are not entangled.
b) �A � 1

2

�
j0i � j1i

��
h0j � h1j

�
� 1

2

�
1 1
1 1

�
, �2

A � �A, so this is a pure state.
c) first act on qubit C with a Hadamard gate then perform a cnot operation
with qubit C as the control and qubit D as the target:
j�i, 2�1=2�j0iC � j1iC�j0iD , 2�1=2�j0iCj0iD � j1iCj1iD�.

4. a) If f�0� � f�1� the function f�x� is not invertible, so the single-qubit gate
jxi, jf�x�i would not be a unitary operation.
b) j	1i � j0ij1i, j	2i � �j0i�j1i��j0i�j1i�, j	3i � j0i�jf�0�i�j1�f�0�i��
j1i�jf�1�i � j1 � f�1�i�, j	4i � �j0i � j1i��jf�0�i � j1 � f�0�i� � �j0i �
j1i��jf�1�i � j1� f�1�i�.
c) if f�0� � f�1� the state j	4i / j0i�jf�0�i� j1�f�0�i� so a measurement
of the first qubit will always give the value 0; while if f�0� � f�1� the state
j	4i / j1i�jf�0�i � j1 � f�0�i�, so a measurement of the first qubit will
always give the value 1.


