M1 Information to Quantum Information 2022

QII Exercise sheet 17
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Exercise 1 (On Pauli matrices).
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1. Let M = <y O)' Show that there exist o, f € C st. M = aX + Y.

2. Let M be any 2 x 2 complex matriz. Show that there exist o, 5,7v,0 € C st.
M=ol +BX +Y +0Z.

3. Compute XZ, XY andY Z. Let Py, P, € {I,X,Y,Z}. Show that tr(P,P;) =0
prl%Pg andtT(Png):2z'fP1:P2.

4. Let U be any unitary matriz on 1 qubit. We can hence write U = ol + X +
vY +0Z. Show that

o + I8P + yP* +19]° = 1.
Hint: what is UUT? What is tr(UUT)?

Exercise 2 (Shor’s code on an example).
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1. Write the 1-qubit Hadamard transform H = \/Lﬁ (1

1 . )
_1) as a linear combina-

tion of the Pauli matrices.

2. Suppose that an H-error occurs on the first qubit of Se(a|0)4+3|1)) = |0)+3[1)
using Shor’s 9-qubit code. Give the steps of the error correction procedure that
corrects this error.

Exercise 3. Show that there cannot be a quantum error correcting code that encode
one logical qubit into 2n physical qubits that can correct arbitrary error on n qubits.
Hint: think of the no cloning theorem.



