
Single-Qubit Cheat Sheet

Qubit States

|0⟩ .=
(

1
0

)
|1⟩ .=

(
0
1

)
Any pure state can be written as |ψ⟩ = cos( θ2 )|0⟩+ eiϕ sin( θ2 )|1⟩

Unitary Single-qubit Operators

Z = |0⟩⟨0| − |1⟩⟨1| .
=

(
1 0
0 −1

)
X = |1⟩⟨0| + |0⟩⟨1| = σ− + σ+

.
=

(
0 1
1 0

)
Y = i |1⟩⟨0| − i |0⟩⟨1| = iσ− − iσ+

.
=

(
0 −i
i 0

)
H = 1√

2

(
|0⟩⟨0|+ |1⟩⟨0|+ |0⟩⟨1| − |1⟩⟨1|

)
= Z+X√

2
= eiπ/2RX(π)RY (π/2)

.
=

1√
2

(
1 1
1 −1

)
S = |0⟩⟨0|+ i |1⟩⟨1| = eiπ/4RZ(π/2)

.
=

(
1 0
0 i

)
T = |0⟩⟨0|+

√
i |1⟩⟨1| = eiπ/8RZ(π/4)

.
=

(
1 0

0
√
i

)
σϕ = eiϕ|1⟩⟨0|+ e−iϕ|0⟩⟨1| = eiϕσ− + e−iϕσ+

.
=

(
0 e−iϕ

eiϕ 0

)
σ = X êX + Y êY + Z êZ

Rn̂(θ)= e−i θ2 n̂·σ = cos
(
θ
2

)
1− i sin

(
θ
2

)
n̂ · σ

Non-unitary Single-qubit Operators

σ+ = |0⟩⟨1| .
=

(
0 1
0 0

)
σ− = |1⟩⟨0| .

=

(
0 0
1 0

)
Commutation Algebra

X Y = iZ Y X = −iZ [X,Y ] = 2iZ

Y Z = iX Z Y = −iX [Y,Z] = 2iX

Z X = iY X Z = −iY [Z,X] = 2iY


