
Introduction to Topological Quantum Computation Additional Exercise 3 Solution

Note: the solution in Dirac notation is given in the end of chapter exercise solutions
section of the website

We want to transform the state ψ = |00〉 into the maximally entangled state given by

ψ =
1√
2

(|00〉+ |11〉)

using matrices. First we should note that

|00〉 =


1
0
0
0

 , and
1√
2

(|00〉+ |11〉) =
1√
2


1
0
0
1

 .

The first operation we want to apply to our |00〉 state is the tensor product of the Hadamard gate with
the 2 dimensional identity matrix which is given by

Ĥ ⊗ 12 =

(
1 1
1 −1

)
⊗
(

1 0
0 1

)
=

1

(
1 0
0 1

)
1

(
1 0
0 1

)
1

(
1 0
0 1

)
−1

(
1 0
0 1

)
 =


1 0 1 0
0 1 0 1
1 0 −1 0
0 1 0 −1

 .

Which gives

(Ĥ ⊗ 12) |00〉 =


1 0 1 0
0 1 0 1
1 0 −1 0
0 1 0 −1

 ·


1
0
0
0

 =


1
0
1
0


. We then apply the CNOT gate (which is given in the book on page 42) to swap the bottom two
elements of our matrix as such

(CNOT)(Ĥ ⊗ 12) |00〉 =


1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

 ·


1
0
1
0

 =


1
0
0
1


and provided we assume that our system is normalized we can then say that

(CNOT)(Ĥ ⊗ 12) |00〉 =
1√
2


1
0
0
1


as required.
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