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 n and N on the Bloch sphere.

(b) iy

(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.
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a)j i % jOia Jlian jOig jlig which factorizes into the product of a
state of qubit A and a state of qubit B, so they are not entangled.

b) o 3JOi jli hOj hij 3 11, A2 A sothisisa 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% joic jlic jOip » 2 2 jOicjOip jlicjlio .

a)lff 0O f 1 thefunction ¥ x is notinvertible, so the single-qubit gate
jXi , jF x 1 would not be a unitary operation.

b)j i jOijli,j i jOoi jii jOi jli,j i jOi jFOi j1 F O i
JruinjfF 11 j1 F 1, 4i joi  jli jFOi j1 F O1i joi
juan o jF 1id j1 fF 1.

c)if F O F 1 thestatej 41/ jOi jJF Oi Jj1 F O 1 soameasurement
of the first qubit will always give the value O; while if ¥ O f 1 the state
J 4 /Z jLlijFO1 j1 F 01, soa measurement of the first qubit will
always give the value 1.



