
64 Appendix I. Quantum information

I.1.5 Summary of quantum "rules"

Below we tabulate two qubit quantum operator rules. The column heading
indicates the initial state while the row value corresponding the operator
identifies the transformed state. Of course, the same rules apply to one
qubit (except Cnot) or many qubits, we simply have to exercise care to
identify which qubit is transformed by the operator (we continue to denote
the target qubit via the subscript on the operator).

operator |00! |01! |10! |11!

I1 or I2 |00! |01! |10! |11!

X1 |10! |11! |00! |01!

X2 |01! |00! |11! |10!

Z1 |00! |01! " |10! " |11!

Z2 |00! " |01! |10! " |11!

Y1 i |10! i |11! "i |00! "i |01!

Y2 i |01! "i |00! i |11! "i |10!

H1
|00!+|10!"

2

|01!+|11!"
2

|00!#|10!"
2

|01!#|11!"
2

H2
|00!+|01!"

2

|00!#|01!"
2

|10!+|11!"
2

|10!#|11!"
2

!1 ei! |00! ei! |01! |10! |11!

!2 ei! |00! |01! ei! |10! |11!

Cnot |00! |01! |11! |10!

common quantum operator rules

I.1.6 Observables and expected payo!s

Measurements involve real values drawn from observables. To ensure mea-
surements lead to real values, observables are also represented by Hermitian
matrices. A Hermitian matrix is one in which the complex conjugate of the
matrix equals the original matrix, M† =M . Hermitian matrices have real
eigenvalues and eigenvalues are the values realized via measurement. Sup-
pose we are working with observable M in state |!! where

M =

!

""#

"1 0 0 0
0 "2 0 0
0 0 "3 0
0 0 0 "4

$

%%&

= "1 |00! #00|+ "2 |01! #01|+ "3 |10! #10|+ "4 |11! #11|


