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1. a) Define an eigenvalue of a 2 × 2 matrix A.  (2 marks)

b) Define an eignvector of a 2 × 2 matrix.  (2 marks)

c) Let . What are the eigenvalues and eigenvectors of A?  (6 marks)

d) Contrast your answer to (c) with the situation for hermitian or unitary matrices. 

  (2 marks)

e) Let . Let B be defined by B4 = A. What is B?    (3 marks)

f) Show that if n is a 3D unit vector, then exp(iθn.σ) = cos(θ)I + isin(θ)n.σ. 

  (5 marks)

2. a) What is a state of a quantum system?  (2 marks)

b) How is the state space of a composite system related to the state spaces of its

components?  (2  marks)

c) What is the difference between a measurement and an observation?  (2 marks)

d) Define separable and entangled states. Given a state, how can you definitively

show that it is entangled?  (4 marks)

e) Let |ψ〉 be an entangled state of a composite system. Suppose a unitary trans-

formation U is applied to the first component subsystem. Show that the resulting

state is still entangled.  (3 marks)

f) Consider the 3-qubit state |G〉 = √(16/27)|001〉 + √(8/27)|010〉 + 1/3|100〉. The

first qubit of this state is measured in the standard basis. Write down the possible

outcomes, and whether they are separable or entangled.   (7 marks)
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3. a) Define the Toffoli gate .   (3 marks)

b) Show how a Cn-X gate can be constructed from a single X gate and a collection

of Toffoli gates.   (7 marks)

c) Define the quantum Fourier transform, and derive, giving an explanation of the

steps, the formula that gives its value for a basis vector.   (10 marks)

END OF EXAMINATION




