
Serie de Fourier
x(t) función periódica, con perı́odo T (para cualquier t0)

X[k] =
1

T

∫ t0+T

t0

x(t)e−jk
2π
T tdt x(t) =

+∞∑
k=−∞

X[k]ejk
2π
T t

1

T

∫ t0+T

t0

x(t)y∗(t)dt =

∞∑
k=−∞

X[k]Y ∗[k]

Im[x(t)] = 0⇐⇒ X[−k] = X∗[k]

x(−t) = x∗(t)⇐⇒ Im[X[k]] = 0

Re[x(t)] = 0⇐⇒ X[−k] = −X∗[k]

x(−t) = −x∗(t)⇐⇒ Re[X[k]] = 0

Función Transformada
ax(t) + by(t) aX[k] + bY [k]

f(t− τ) e−j2πkτ/TX[k]

ej2πmt/Tx(t) X[k −m]
1
T

∫ T
0
x(t− τ)y(τ)dτ X[k]Y [k]

x(t)y(t) X[k] ∗ Y [k]∑
n Π

(
t−nT
τ

)
τ/T sinc(kτ/T )

Transformada de Fourier

X(jω) =

∫ ∞
−∞

x(t)e−jωtdt x(t) =
1

2π

∫ ∞
−∞

X(jω)ejωtdω

∫ ∞
−∞

x(t)y∗(t)dt =
1

2π

∫ ∞
−∞

X(jω)Y ∗(jω)dω

Im[x(t)] = 0⇐⇒ X(jω) = X∗(−jω)

x(−t) = x∗(t)⇐⇒ Im[X(jω)] = 0

Re[x(t)] = 0⇐⇒ X(−jω) = −X∗(jω)

x(−t) = −x∗(t)⇐⇒ Re[X(jω)] = 0

Función Transformada
ax(t) + by(t) aX(jω) + bY (jω)

(x ∗ y)(t) X(jω)Y (jω)

x(t)y(t) 1
2π (X ∗ Y )(jω)

x∗(t) X∗(−jω)

X(t) 2π x(−jω)

x(t− td) X(jω)e−jωtd

x(t)ej(ωct+φ) X(j(ω − ωc))ejφ
x(t) cos(ωct)

1
2 (X(j(ω − ωc)) +X(j(ω + ωc)))

x(αt) 1
|α|X

(
jω
α

)
dnx(t)
dtn (jω)nX(jω)∫ t
−∞ x(λ)dλ 1

jωX(f) + πX(0)δ(jω)

tnx(t) (−jω)−n d
nX(jω)
dωn

δ(t− td) e−jωtd

ej(ωct+φ) 2π ejφδ(ω − ωc)
e−π(at)

2 1
ae
−π(ω/a)2∑∞

k=−∞ δ(t− kT ) 2π/T
∑∞
k=−∞ δ (ω − 2πk/T)

sign t 2/jω

u(t) 1/jω + πδ(ω)

Π (t/τ) τ sinc (ωτ/2π)

Λ (t/τ) τ sinc2 (ωτ/2π)

(W/π) sinc (Wt/π) Π (ω/2W)

DTFT

X(ejθ) =

+∞∑
n=−∞

x[n]e−jnθ x[n] =
1

2π

∫ π

−π
X(ejθ)ejθndθ

+∞∑
n=−∞

x1[n]x∗2[n] =
1

2π

∫ π

−π
X1(ejθ)X∗2 (ejθ)dθ

Im[x[n]] = 0⇐⇒ X(e−jθ) = X∗(ejθ)

x[−n] = x∗[n]⇐⇒ Im[X(ejθ)] = 0

Re[x[n]] = 0⇐⇒ X(e−jθ) = −X∗(ejθ)

x[−n] = −x∗[n]⇐⇒ Re[X(ejθ)] = 0

Función Transformada
a1x[n] + a2y[n] a1X(ejθ) + a2Y (ejθ)

(x ∗ y)[n] X(ejθ)Y (ejθ)

x[n]y[n] 1
2π

∫ π
−πX(ejλ)Y (ej(θ−λ))dλ

x∗[n] X∗(e−jθ)

x[n− no] X(ejθ)e−jnoθ

x[n]ejnθo X(ej(θ−θo))

nx[n] j dX(ejθ)
dθ

x[−n] X(e−jθ)

δ[n] 1

δ[n− no] e−jnoθ

1
∑+∞
k=−∞ 2πδ(θ + 2πk)

anu[n] (|a| < 1) 1
1−ae−jθ

u[n] 1
1−e−jθ +

∑∞
k=−∞ πδ(θ + 2πk)

(n+ 1)anu[n] (|a| < 1) 1
(1−ae−jθ)2

rn sin θo(n+1)
sin θo

u[n], (|r| < 1) 1
1−2r cos θoe−jθ+r2e−j2θ

sin θon
πn

∑
k Π
(
θ+2πk
2θo

)
x[n] =

{
1 0 ≤ n ≤M
0 otro n

sin(θ(M+1)/2)
sin(θ/2) e−jθM/2

ejθon+φ
∑∞
k=−∞ 2πejφδ(θ − θo + 2πk)

DFT

X[k] =

N−1∑
n=0

x[n]W kn
N x[n] =

1

N

N−1∑
k=0

X[k]W−knN

donde WN = e−j2π/N

N−1∑
n=0

x[n]y∗[n] =
1

N

N−1∑
k=0

X[k]Y ∗[k]

Im[x[n]] = 0⇐⇒ X[−n mod N ] = X∗[k]

x[−n mod N ] = x∗[n]⇐⇒ Im[X[k]] = 0

Re[x[n]] = 0⇐⇒ X[−n mod N ] = −X∗[k]

x[−n mod N ] = −x∗[n]⇐⇒ Re[X[k]] = 0

Función Transformada
ax[n] + by[n] aX[k] + bY [k]

X[n] Nx[−k mod N ]

x[(n−m) mod N ] W km
N X[k]

W−lnN x[n] X[(k − l) mod N ]∑N−1
m=0 x[m]y[(n−m) mod N ] X[k]Y [k]

x[n]y[n] 1
N

∑N−1
l=0 X[l]Y [(k − l) mod N ]

x∗[n] X∗[−k mod N ]

x∗[−n mod N ] X∗[k]
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Transformada de Laplace

X(s) =

∫ ∞
−∞

x(t)e−stdt x(t) =
∑
Polos

Res[X(s)est]

donde la sumatoria se realiza en todos los polos a la izquierda de
la ROC.

Función Transformada ROC
ax(t) + by(t) aX(s) + bY (s) contiene Rx ∩Ry
(x ∗ y)(t) X(s)Y (s) contiene Rx ∩Ry
x(t)y(t) (X ∗ Y )(s) contiene Rx ∩Ry
x∗(t) X∗(s∗) Rx
x(t− td) X(s)e−std Rx
x(t)es0t X(s− s0) Rx + Re{s0}
x(αt) 1

|α|X
(
s
α

)
αRx

dnx(t)
dtn snX(s) Rx∫ t
−∞ x(λ)dλ s−1X(s) Rx ∩ {Re[s] > 0}
tnx(t) (−s)−n d

nX(s)
ds Rx

δ(t− td) e−std ∀s
u(t) 1/s Re[s] > 0

−u(−t) 1/s Re[s] < 0
tn−1

(n−1)!u(t) 1/sn Re[s] > 0

− tn−1

(n−1)!u(−t) 1/sn Re[s] < 0

e−atu(t) 1/s+ a Re[s] > −Re[a]

−e−atu(−t) 1/s+ a Re[s] < −Re[a]
tn−1

(n−1)!e
−atu(t) 1/(s+ a)n Re[s] > −Re[a]

e−at cos(ω0t)u(t) (s+ a)/((s+ a)2 + ω2
0) Re[s] > −Re[a]

e−at sin(ω0t)u(t) ω0/((s+ a)2 + ω2
0) Re[s] > −Re[a]

un(t) = dnδ(t)
dtn sn ∀s

Transformada de Laplace Unilateral

X(s) =

∫ ∞
0−

x(t)e−stdt

Con x(t) = y(t) = 0,∀t < 0
(x ∗ y)(t)←→ X(s)Y (s), ROC ⊃ Rx ∩Ry

dnx(t)

dtn
←→ snX(s)−

n−1∑
k=0

sk
dn−1−kx(t)

dtn−1−k
, ROC : Rx

Teorema de Valor Inicial (TVI): x(0+) = lims→∞ sX(s)
Teorema de Valor Final (TVF): limt→∞ x(t) = lims→0 sX(s)

El TVI y TVF son válidos si x(t) no contiene impulso o singularidades
de mayor orden en t = 0. Además, para el TVF es necesario que x(t)

tenga lı́mite finito con t → +∞ (sin polos en el semiplano derecho).

Algunas funciones e identidades útiles

sinc t =
sinπt

πt
sign t =

{
1, t > 0

−1, t < 0

u(t) =

{
1, t > 0

0, t < 0
u[n] =

{
1, n ≥ 0

0, n < 0

Π
(
t
τ

)
=

{
1 |t| < τ

2

0 |t| > τ
2

Λ
(
t
τ

)
=

{
1− |t|τ |t| < τ

0 |t| > τ
+∞∑

k=−∞

e−jkαt =
2π

α

+∞∑
k=−∞

δ

(
t− k 2π

α

)
, Fórmula de Poisson

N2∑
k=N1

αk =
αN1 − αN2+1

1− α
,N2 > N1, α 6= 1, Serie Geométrica

Transformada Z

X(z) =

+∞∑
n=−∞

x[n]z−n x(n) =
1

2πj

∮
C

X(z)zn−1dz

donde C es una curva antihoraria en la región de convergencia y
que envuelve al origen.

Secuencia Transformada Z ROC

ax[n] + by[n] aX(z) + bY (z) contiene Rx ∩Ry
x[n− no] z−noX(z) Rx, quizás ± 0 ó∞
zno x[n] X(z/zo) |zo|Rx
nkx[n]

(
−z d

dz

)k
X(z) Rx, quizás ± 0 ó∞

x∗[n] X∗(z∗) Rx
x[−n] X(1/z) 1/Rx
(x ∗ y)[n] X(z)Y (z) contiene Rx ∩Ry
δ[n] 1 ∀z
anu[n] 1

1−az−1 |z| > |a|
−anu[−n− 1] 1

1−az−1 |z| < |a|
δ[n− no] z−no ∀z excepto 0 ó∞
cos(ωon)u[n] 1−z−1 cosωo

1−2z−1 cosωo+z−2 |z| > 1

sin(ωon)u[n] z−1 sinωo
1−2z−1 cosωo+z−2 |z| > 1

Transformada Z unilateral

X(z) =

+∞∑
n=0

x[n]z−n

x[n]←→ Xu(z)

x[n+ no]←→ znoXu(z)− x[0]zno − · · · − x[no − 1]z

x[n− no]←→ z−noXu(z) + x[−1]z−no+1 + · · ·+ x[−no]
Teorema de valor inicial: x[0] = limz→∞X(z)

Identidades trigonométricas

ejθ = cos θ + j sin θ

cos θ = 1/2 (ejθ + e−jθ)

sin θ = 1/2j (ejθ − e−jθ)
cos θ = sin(θ + 90◦)

sin θ = cos(θ − 90◦)

sin2 θ + cos2 θ = 1

cos2 θ = 1/2 (1 + cos 2θ)

cos3 θ = 1/4 (3 cos θ + cos 3θ)

sin2 θ = 1/2 (1− cos 2θ)

sin3 θ = 1/4 (3 sin θ − sin 3θ)

sin(α± β) = sinα cosβ ± cosα sinβ

cos(α± β) = cosα cosβ ∓ sinα sinβ

tan(α± β) = (tanα± tanβ) / (1∓ tanα tanβ)

sinα sinβ = 1/2 cos(α− β)− 1/2 cos(α+ β)

cosα cosβ = 1/2 cos(α− β) + 1/2 cos(α+ β)

sinα cosβ = 1/2 sin(α− β) + 1/2 sin(α+ β)
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