
General Definitions

X(z) =
∞∑

n=−∞
x(n)z−n

x(n) =
1

2πj

∮
X(z)zn−1dz

X+(z) =
∞∑

n=0

x(n)z−n

x(n) =
1

2πj

∮
X+(z)zn−1dz, n ≥ 0

X(ω) =
∞∑

n=−∞
x(n)e−jωn

x(n) =
1
2π

∫ π

−π

X(ω)ejωndω

X(k) =
N−1∑
n=0

x(n)e−j2πkn/N

x(n) =
1
N

N−1∑
k=0

X(k)ej2πkn/N

Linear Systems

y(n) = x(n)∗h(n) =
∞∑

k=−∞

x(k)h(n−k) =
∞∑

k=−∞

h(k)x(n−k)

Y (z) = X(z)H(z) Y (ω) = X(ω)H(ω)

Transform Properties

— Double-Sided Z-Transforms —

a1x1(n) + a2x2(n) ⇀↽ a1X1(z) + a2X2(z)

x(n− k) ⇀↽ z−kX(z)

anx(n) ⇀↽ X(z/a)

x(n) ∗ h(n) ⇀↽ X(z)H(z)

— Single-Sided Z-Transforms —

x(n−k) ⇀↽ z−kX+(z)+x(−k)+x(−k+1)z−1+. . .+x(−1)z−k+1

x(n + k) ⇀↽ zkX+(z)− x(k − 1)z − x(k − 2)z2 − . . .− x(0)zk

— DTFT —
ejω0nx(n) ⇀↽ X(ω − ω0)

x1(n)x2(n) ⇀↽
1
2π

∫ π

−π

X1(λ)X2(ω − λ)dλ

Transform Pairs

— Double-Sided Z-Transforms —

δ(n) ⇀↽ 1

anu(n) ⇀↽
z

z − a
=

1
1− az−1

, |z| > |a|

−anu(−n− 1) ⇀↽
z

z − a
=

1
1− az−1

, |z| < |a|

an cos(ω0n)u(n) ⇀↽
1− az−1 cos(ω0)

1− 2az−1 cos(ω0) + a2z−2
, |z| > |a|

an sin(ω0n)u(n) ⇀↽
az−1 sin(ω0)

1− 2az−1 cos(ω0) + a2z−2
, |z| > |a|

— DTFT (“in the limit”) —

u(n) ⇀↽
ejω

ejω − 1
+

∞∑
k=−∞

πδ(ω − 2πk)

ejω0n ⇀↽

∞∑
k=−∞

2πδ(ω − ω0 − 2πk)

Sampling Theorem

X(F/Fs) = Fs

∞∑
k=−∞

Xa(F − kFs)

f = F/Fs + k X(f) = Fs

∞∑
k=−∞

Xa(Fs(f − k))

xa(t) =
∞∑

n=−∞
x(n)

sin(π(t− nTs)/Ts)
π(t− nTs)/Ts

Bilinear Transformations

s =
z − 1
z + 1

z = −s + 1
s− 1

Ω = tan(ω/2)

Power Series

∞∑
n=0

xn =
1

1− x
|x| < 1

∞∑
n=0

xn

n!
= ex |x| < ∞

Trigonometry

(Standard Trig Identities will be furnished on request)

θ 0 π/6 π/4 π/3 π/2
sin(θ) 0 1/2 1/

√
2

√
3/2 1

cos(θ) 1
√

3/2 1/
√

2 1/2 0
tan(θ) 0 1/

√
3 1

√
3 ∞


