
CMSC491 Introduction to Quantum Computation, VCU

Fall 2015, Assignment 3

Due: Thursday, September 10 at start of class

Total marks: 20 marks + 10% bonus for typing your solutions in LaTeX.

1 Exercises

1. (8 marks)

(a) (2 marks) Write down a matrix which is not Hermitian.

(b) (3 marks) Let A ∈ L(Cd) be Hermitian. Prove that if for all |ψ〉 ∈ Cd, 〈ψ|A|ψ〉 ≥ 0, then A has
only non-negative eigenvalues. (Hint: Take the spectral decomposition of A, and recall that since
A is Hermitian, its eigenvectors are orthonormal. Now, evaluate 〈ψ|A|ψ〉 by setting |ψ〉 as the
eigenvectors of A.)

(c) (3 marks) Let A ∈ L(Cd) be Hermitian. Prove that if A has only non-negative eigenvalues, then
for all |ψ〉 ∈ Cd, 〈ψ|A|ψ〉 ≥ 0. (Hint: Since the eigenvectors {|λi〉} of A are orthonormal, any
state |ψ〉 in Cd can be written as |ψ〉 =

∑
i αi|λi〉 for some {αi} ⊆ Cd.)

2. (4 marks)

(a) (4 marks) Let |ψ〉 = |−〉 ∈ C2. Suppose we measure in the Z basis B = {|0〉〈0|, |1〉〈1|}.
What are the probabilities for each possible measurement outcome, and the corresponding post-
measurement states?

3. (8 marks) Let

|φ〉 = 1

2
(|00〉(α|0〉+ β|1〉) + |01〉(α|1〉+ β|0〉) + |10〉(α|0〉 − β|1〉) + |11〉(α|1〉 − β|0〉))

be the state of the teleportation protocol after Step 2, i.e. immediately before the measurement. Model
the standard basis measurement on qubits 1 and 2 by B = {|ij〉〈ij| ⊗ I} for i, j ∈ {0, 1}, where the
identity matrix acts on qubit 3.

(a) (4 marks) Show that the probability of obtaining outcome ij for any i, j ∈ {0, 1} is 1/4. (Hint:
Try not to do the proof on a case-by-case basis for each possible i, j.)

(b) (4 marks) Suppose that we instead perform projective measurement

B = {(|00〉〈00|+ |01〉〈01|)⊗ I, (|10〉〈10|+ |11〉〈11|)⊗ I}.

What is the residual state |φ′〉 ∈ (C2)⊗3 of our system if we obtain outcome (|10〉〈10|+|11〉〈11|)⊗I?
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