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Problem 1.

Let v1, ...,vr be an orthonormal basis for a subspace W of Cn. Write down the orthogonal
projection onto W (call it Π), using ket-bra notation.

What about orthogonal projection onto W⊥?

Problem 2.

Describe the possible outputs of the following programs, with the probabilities that they
occur. (If the program outputs multiple times during its execution, show each full output
sequence and the probability that output sequence occurs.)

(a) System is C2, with initial state C |e0〉. The unitary U is represented by 1√
2

[
1 1
1 −1

]
.

Apply U to the current state.

Is the current state contained in C |e0〉?

(b) System is C2, with initial state C |e0〉.
Is the current state contained in C |e0 + e1〉?
Is the current state contained in C |e0〉?

(c) System is C3, with initial state C |e0 + 2e1 + e2〉.
Is the current state contained in C |e0〉?
Is the current state contained in C |e1〉?
Is the current state contained in C |e2〉?

Problem 3.

Using H and NOT gates, write a 1-qubit quantum circuit which maps inputs to outputs as
follows

|0〉 7→ |0〉
|1〉 7→ − |1〉 .

The gate which has this behavior is called the Z gate.
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