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• Modifikation von qBits
• Unitäre Transformationen



Skalarprodukt/Norm

Vektorraum 𝒏

Vektoren 𝑎⃗, 𝑏 Ɛ ℂ𝒏:

𝑎⃗ =

𝑎ଵ

…
𝑎௡

 , 𝑏⃗ =
𝑏ଵ

…
𝑏௡

Skalarprodukt:

ଵ
∗

ଵ ௡
∗

௡

Norm:

𝑎⃗ = ⟨𝑎⃗, 𝑎⃗⟩ =  𝑎ଵ
∗𝑎ଵ + ⋯ +  𝑎௡

∗ 𝑎௡ = 𝑎ଵ
ଶ + ⋯ +  𝑎௡

ଶ

qBit:

|𝑥⟩ = 𝛼 ଵ
଴

+ 𝛽 ଴
ଵ

= ఈ
ఉ

|𝑥⟩ = 𝛼∗ ȉ 𝛼 + 𝛽∗ ȉ 𝛽 = 1



Matrix mal Vektor

Vektorraum 𝒏

Matrix A Ɛ ℂ𝒏×𝒏 :

𝐴 =

𝑎ଵଵ ⋯ 𝑎ଵ௡

⋮ ⋱ ⋮
𝑎௡ଵ ⋯ 𝑎௡௡

Produkt:

=  

𝑎ଵଵ ȉ 𝑥ଵ + 𝑎ଵ௡ ȉ 𝑥௡

⋮ ⋱ ⋮

𝑎௡ଵ ȉ 𝑥ଵ + 𝑎௡௡ ȉ 𝑥௡

qBit:

|𝑥⟩ = 𝛼 ଵ
଴

+ 𝛽 ଴
ଵ

= ఈ
ఉ

A|𝑥⟩ =
𝑎ଵଵ 𝑎ଵଶ

𝑎ଶଵ 𝑎ଶଶ

ఈ
ఉ

=
𝛼 ȉ 𝑎ଵଵ + 𝛽 ȉ 𝑎ଵଶ

𝛼 ȉ 𝑎ଶଵ + 𝛽 ȉ 𝑎ଶଶ



Unitäre Matrizen

Vektorraum 𝒏

Matrix A Ɛ ℂ𝒏×𝒏 :

𝐴 =

𝑎ଵଵ ⋯ 𝑎ଵ௡

⋮ ⋱ ⋮
𝑎௡ଵ ⋯ 𝑎௡௡

Adjungierte Matrix:

𝐴ற = (𝐴∗)்

Unitäre Matrix:

𝑈ற = 𝑈ିଵ

qBit:

|𝑥⟩ = 𝛼 ଵ
଴

+ 𝛽 ଴
ଵ

= ఈ
ఉ

𝑈|𝑥⟩ = |𝑥⟩ = 1



Quanten Gatter
Identität:

I =
1 0
0 1

Pauli:

𝜎௫ =
0 1
1 0

𝜎௬ =
0 −𝑖
𝑖 0

𝜎௭ =
1 0
0 −1

Hadamard:

𝐻 =
1

2
⋅

1 1
1 −1



Hadamard Gate
𝐻|0⟩ = | +⟩ =

ଵ

ଶ
|0⟩ +  

ଵ

ଶ
|1⟩ 𝐻|1⟩ = | −⟩ =

ଵ

ଶ
|0⟩ − 

ଵ

ଶ
|1⟩



Hadamard Basis
𝐻|0⟩ = | +⟩ =

ଵ

ଶ
|0⟩ +  

ଵ

ଶ
|1⟩ 𝐻|1⟩ = | −⟩ =

ଵ

ଶ
|0⟩ − 

ଵ

ଶ
|1⟩



Hadamard Basis
𝐻|0⟩ = | +⟩ =

ଵ

ଶ
|0⟩ +  

ଵ

ଶ
|1⟩ 𝐻|1⟩ = | −⟩ =

ଵ

ଶ
|0⟩ − 

ଵ

ଶ
|1⟩



Zufallsgenerator



Zufallsgenerator


