PHY 612 / CS 5112 / EE 539
Introduction to Quantum Information Science and Quantum
Technologies

Mid-term Exam

15 March 2023 TIME ALLOWED: 1.5 HOURS

“Your mind is like water. When it is agitated it becomes difficult to see,
but when you let it settle; the answer becomes clear.” - Oogway

INSTRUCTIONS TO CANDIDATES

1. This examination paper contains five (5) questions.

2. Answer all questions. The marks for each question are indicated at the
beginning of each question.

3. Add your ID and name to the answer booklets and label the booklets
properly if you use more than one.

4. This exam is open class notes. You may not consult your assignments,
book, or any other resources, online or otherwise.

5. Please write down systematically the steps in the workings.
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Question 1. (10 marks)
In a hardware implementation, single qubit rotations about z and y are
available, but one needs to construct a rotation through # about the z axis.
Propose and explain how an engineer can construct the operator,

U(0) = exp(—ib5./2)

using the concatenation of the x and y rotation operators? Verify your
answer.

Question 2. (10 marks)
Find the quantum Fourier transform of the three-qubit state,

6) = (1) + 13)+ 15) + 7))

where the j in |j) represents the integer associated with the 3 bit binary
string?

Question 3. (10 marks)
Two types of GHZ states are given below:

) = \if<|ooo> T [111)),

]g>_ |000 1111)).

[ intend to distinguish between the states |g*) and |g~) by merely measuring
the first qubit in the { |0), |1) }, i.e., Zeeman basis. What kind of a quantum
circuit can be deployed to achieve this measurement?

Question 4. (10 marks)
A probabilistic teleportation circuit is shown in Figure 1. The circuit uses a
|W3) state, which is entangled and comprises 3 qubits. The unknown state
is |¢) and |W3) takes the form:

|W3) = (|001> +1010) + |100)).
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Figure 1: Quantum circuit for probabilistic teleportation.

The three detectors measure in the Zeeman basis, and the second qubit from
the top bears the teleported state |1). Explain, using state progression, how
the teleportation works and identify the success probability. What transfor-
mation would be needed to convert [i)) to |¢).

Question 5. (10 marks)
The Deutsch algorithm is implemented through the circuit of the form,

0) U, U,

1) oy

Figure 2: Quantum circuit for the Deutsch algorithm.
where Uy is the Hadamard gate and U ¢ is defined such that

Uy lz) ly) = |2} |f(x) @ y).
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If the Hadamard gate is erroneous and performs the transformations:

Uy |0) = cosf|0) + sind |1)
Uy [1) = sind |0) — cosf|1),

where 6 is slightly different from 7 /4, what is the probability that the oracle-
based algorithm correctly determines f to be balanced?

END OF PAPER
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