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Question 1

The Pauli matrices arc defined as follows:
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(a) Consider the two quantum states:

1
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Compute the following:

(i) )@l

13 marks]
(i) (]|

3 marks|
(iit) (0z ® D)([¥)B¥))

[4 marks]
(iv) (05 ® 02)(I)BY))

[4 marks]

(b) Suppose we wanted to measure the operator 7 - & on a qubit that is |
initially in the state |0).
(i) What are the corresponding measurement operators’

12 marks|

(ii) What is the probabilty of obtaining the result +1, in terms of
spherical polar angles ¢ and ¢7

6 marks]




(iii) What is the state after measurement’

5 marks|

Question 2

(a) Consider Grover's search algorithm and assume we have M target
states out of a total IV states. The black box O takes:

Olz) = —|z) if z is a target state;
B |z) otherwise.

Now suppose we find a target state with probability 1 after one iteration
of the algorithm. What can be said about the ratio %‘r?

8 marks]

(b) Now consider a modification to Grover's algorithm so that the oracle
now performs: |

Olz) = e|z) if 7 is a target state;
B |z) otherwise.

Show that if the following transformation is used:

¢ = H® [(1—€*10)(0] — 1)) H®"O,

instead of the standard Grover iteration, you can always choose ¢ such
that the algorithm finds a target state with probability 1 after one
iteration, for any state with —% sufficiently large. For what values of %
is there such a ¢

[18 marks|




Question 3

(a) What is the density matrix if you have a qubit which is in state:
1
|0) with probability

3)
_1 1
_Q_l[)) 4 —\é—gll) with probability 3
1 3 1
_.é_l()) — %—mll) with probability 3

i

.

8 marks}

(b) In the teleportation protocol, show that the probability distribution
for the values of the two qubits that Alice sends to Bob is independent
of the state ¢ of the qubit being transmitted.

[12 marks]




(c) Work out the details of the following quantum circuit which moves a,
state from qubit one (1) to qubit three (3). Given the possible states,
0 or 1, in qubits one and two, summarize all the possible scenarios in
a table which looks like the template given below:

) HHAA
=

- I
10) H HL Xz %)

Qubit 1 [ Qubit 2 | State of qubit 3 | Correction step | Final state
0 0
- 0 1
1 0
1 1

[17 marks]




