
Reference Card Discrete Signals and Systems

Discrete Convolution

Linear Convolution h[k] ∗x[k] =

∞∑
κ=−∞

h[κ]x[k − κ]

Periodic Convolution h[k]~N x[k] =

N−1∑
κ=0

h[κ]x[(k − κ) modN ]

Properties and Rules

Commutativity x[k] ∗h[k] = h[k] ∗x[k]

Associativity (x[k] ∗ g[k]) ∗h[k] = x[k] ∗ (g[k] ∗h[k])

Distributivity x[k] ∗ (g[k] + h[k]) = (x[k] ∗ g[k]) + (x[k] ∗h[k])

Neural Element x[k] ∗ δ[k] = x[k]

Multiplication a(x[k] ∗h[k]) = a x[k] ∗h[k] = x[k] ∗ a h[k]

Discrete-Time Fourier Transform (DTFT)

X(ejΩ) = F∗ {x[k]} =

∞∑
k=−∞

x[k]e−jΩk x[k] = F−1
∗
{
X(ejΩ)

}
=

1

2π

∫ π

−π
X(ejΩ)ejΩkdΩ

Properties and Theorems

Periodicity X(ejΩ) = X(ej(Ω+2π))

Time Reversal x[−k] c s X(e−jΩ)

Conjugation x∗[k] c s X∗(e−jΩ)

Convolution x[k] ∗h[k] c s X(ejΩ) ·H(ejΩ)

Multiplication x[k] · h[k] c s 1
2π
X(ejΩ)~H(ejΩ)

Shift (κ ∈ Z) x[k − κ] c s e−jΩκX(ejΩ)

Modulation (Ω0 ∈ R) ejΩ0kx[k] c s X(ej(Ω−Ω0))

Multiplication by k kx[k] c s j d
dΩ
X(ejΩ)

Parseval’s Theorem

∞∑
k=−∞

|x[k]|2 =
1

2π

∫ π

−π

∣∣∣X(ejΩ)
∣∣∣2 dΩ

Correspondences

δ[k] c s 1

1 c s X
(

Ω
2π

)
ε[k] c s 1

1−e−jΩ + 1
2
X
(

Ω
2π

)
ejΩ0k c s X

(
Ω−Ω0

2π

)
(für |a| < 1) akε[k] c s 1

1−ae−jΩ

cos[Ω0k] c s 1
2

(
X
(

Ω+Ω0
2π

)
+ X

(
Ω−Ω0

2π

))
sin[Ω0k] c s j

2

(
X
(

Ω+Ω0
2π

)
−X

(
Ω−Ω0

2π

))
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Discrete Fourier Transform (DFT)

X[µ] = DFTN {x[k]} =

N−1∑
k=0

x[k]e−j
2π
N
µk x[k] = IDFTN {X[µ]} =

1

N

N−1∑
µ=0

X[µ]ej
2π
N
µk

Properties and Theorems

Periodicity X[µ] = X[µ+N ]

x[k] = x[k +N ]

Time Reversal x[−k] c s X[N − µ]

Conjugation x∗[k] c s X∗[N − µ]

Periodic Convolution x[k]~h[k] c s X[µ] ·H[µ]

Multiplication x[k] · h[k] c s 1
N
X[µ]~H[µ]

Cyclic Shift (κ ∈ Z) x[k − κ] c s e−j
2π
N
µκX[µ]

Modulation (λ ∈ Z) ej
2π
N
kλx[k] c s X[µ− λ]

Parseval’s Theorem

N−1∑
k=0

|x[k]|2 =
1

N

N−1∑
µ=0

|X[µ]|2

Correspondences

δ[k] c s 1

1 c s N · δ[µ]

ejΩ0k c s ej(Ω0−µ 2π
N

)N−1
2 ·

sin

[
N(Ω0−µ

2π
N

)

2

]

sin

[
Ω0−µ

2π
N

2

]

rectM [k] c s e−jπµ
M−1
N · sin[MπµN ]

sin[πµN ]

z-Transform

X(z) = Z {x[k]} =

∞∑
k=−∞

x[k]z−k x[k] = Z−1 {X(z)} = 1
2πj

∮
C⊂Kb

X(z)zk−1dz

Properties and Theorems Convergence

Linearity Ax1[k] +B x2[k] c s AX1(z) +BX2(z) Kb ⊇ Kb{X1}∩Kb{X2}

Time Reversal x[−k] c s X(z−1)
{
z
∣∣ z−1 ∈ Kb{X}

}
Conjugation x∗[k] c s X∗(z∗) Kb{X}

Shift (κ ∈ Z) x[k − κ] c s z−κX(z) Kb{X}

Kb{X}

}
z = 0 und z → ∞

have to be considered

separatelyMultiplication by k kx[k] c s −z d
dz
X(z)

Modulation (a ∈ C) akx[k] c s X( z
a

)
{
z
∣∣ z
a
∈ Kb{X}

}
Convolution x[k] ∗ h[k] c s X(z) ·H(z) Kb ⊇ Kb{X1} ∩Kb{H}

Correspondences

δ[k] c s 1 C

ε[k] c s z
z−1

|z| > 1

akε[k] c s z
z−a |z| > |a|

−akε[−k − 1] c s z
z−a |z| < |a|

kε[k] c s z
(z−1)2

|z| > 1

k akε[k] c s az
(z−a)2

|z| > |a|

sin[Ω0k]ε[k] c s z sin Ω0
z2−2z cos Ω0+1

|z| > 1

cos[Ω0k]ε[k] c s z(z−cos Ω0)

z2−2z cos Ω0+1
|z| > 1
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