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I. SENOIDES COMPLEXAS E SISTEMAS LTI

A. Sinais discretos

x[n] = ejΩn

y[n] =

∞
∑

k=−∞

h[k]ejΩ(n−k) = H(ejΩn)ejΩn

B. Sinais contı́nuos

x(t) = ejωt

y(t) =

∫

∞

−∞

h(τ )ejω(t−τ) = H(jω)ejωt

II. SÉRIES DE FOURIER

A. Sinais discretos

x[n]
DTFS:Ω0←→ X[k]

x[n] =
∑

k=<N>

X[k]ejkΩ0n

X[k] =
1

N

∑

n=<N>

x[n]e−jkΩ0n, Ω0 =
2π

N

x[n] e X[k] têm perı́odo fundamentalN
1) Pares básicos:

x[n] =

{

1, |n| ≤ M
0, M < |n| ≤ N/2

X[k] =
sin

[

kΩ0

2
(2M + 1)

]

N sin
(

kΩ0

2

)

B. Sinais contı́nuos

x(t)
FS:ω0←→ X[k]

x(t) =

∞
∑

k=−∞

X[k]ejkω0t

X[k] =
1

T

∫

<T>

x(t)e−jkω0tdt, ω0 =
2π

T

x(t) tem perı́odoT
1) Pares básicos:

x(t) =

{

1, |t| ≤ Ts

0, Ts < |t| ≤ T/2

X[k] =
sin(kω0Ts)

kπ

III. TRANSFORMADAS DE FOURIER

A. Sinais discretos

x[n]
DTFT
←→ X(ejΩ)

x[n] =
1

2π

∫ π

−π

X(ejΩ)ejΩndΩ

X(ejΩ) =

∞
∑

n=−∞

x[n]e−jΩn

X(ejΩ) tem perı́odo2π
1) Pares básicos:

•

x[n] =

{

1, |n| ≤M
0, caso contrário

X(ejΩ) =
sin

[

Ω
(

2M+1
2

)]

sin
(

Ω
2

)

•

x[n] = αnu[n], |α| < 1

X(ejΩ) =
1

1− αe−jΩ

B. Sinais contı́nuos

x(t)
FT
←→ X(jω)

x(t) =
1

2π

∫

∞

−∞

X(jω)ejωtdω

X(jω) =

∫

∞

−∞

x(t)e−jωtdt

1) Pares básicos:

•

x(t) =

{

1, |t| ≤ T
0, caso contrário

X(jω) =
2 sin(ωT )

ω

•

x(t) = e−atu(t), ℜ{a} > 0

X(jω) =
1

a+ jω



IV. PROPRIEDADES DAS REPRESENTAÇ̃OES DE
FOURIER

A. Linearidade
z(t) = ax(t) + by(t)

FT
←→ Z(jω) = aX(jω) + bY (jω)

z(t) = ax(t) + by(t)
FS:ω0←→ Z[k] = aX[k] + bY [k]

z[n] = ax[n] + by[n]
DTFT
←→ Z(ejΩ) = aX(ejΩ) + bY (ejΩ)

z[n] = ax[n] + by[n]
DTFS:Ω0←→ Z[k] = aX[k] + bY [k]

B. Deslocamento no tempo

x(t− t0)
FT
←→ e−jωt0X(jω)

x(t− t0)
FS:ω0←→ e−jkω0t0X[k]

x[n− n0]
DTFT
←→ e−jΩn0X(ejΩ)

x[n− n0]
DTFS:Ω0←→ e−jkΩ0n0X[k]

C. Deslocamento na frequência

ejγtx(t)
FT
←→ X(j(ω − γ))

ejk0ω0tx(t)
FS:ω0←→ X[k − k0]

ejΓnx[n]
DTFT
←→ X(ej(Ω−Γ))

ejk0Ω0nx[n]
DTFS:Ω0←→ X[k − k0]

D. Diferenciação, integração e somatório
d

dt
x(t)

FT
←→ jωX(jω)

d

dt
x(t)

FS:ω0←→ jkω0X[k]

−jtx(t)
FT
←→

d

dω
X(jω)

−jnx[n]
DTFT
←→

d

dΩ
X(ejΩ)

∫ t

−∞

x(τ )dτ
FT
←→

1

jω
X(jω)

n
∑

k=−∞

x[k]
DTFT
←→

X(ejΩ)

1− e−jΩ

E. Convolução
x(t) ∗ z(t)

FT
←→ X(jω)Z(jω)

x(t)⊗ z(t)
FS:ω0←→ TX[k]Z[k]

x[n] ∗ z[n]
DTFT
←→ X(ejΩ)Z(ejΩ)

x[n]⊗ z[n]
DTFS:Ω0←→ NX[k]Z[k]

F. Modulação
x(t)z(t)

FT
←→

1

2π
X(jω) ∗ Z(jω)

x(t)z(t)
FS:ω0←→ X[k] ∗ Z[k]

x[n]z[n]
DTFT
←→

1

2π
X(ejΩ)⊗ Z(ejΩ)

x[n]z[n]
DTFS:Ω0←→ X[k]⊗ Z[k]

V. DIAGRAMA DE BODE

Sistema com zeros e polos reais, fase mı́nima

H(jω) = K

∏m

i=1
(jω + zi)

∏n

j=1
(jω + pj)

|H(jω)| = |K|

∏m

i=1

√

ω2 + z2i
∏n

j=1

√

ω2 + p2j

φ(H(jω)) =

m
∑

i=1

arctan
(

ω

zi

)

−

n
∑

j=1

arctan

(

ω

pj

)

A. Classe 0 de termos
H(jω) = ±K

20log(K)

00 seK > 0, 1800 seK < 0

B. Classe 1 de termos
H(jω) = (jω)±γ

± γ20db/dec

± γ900

C. Classe 2 de termos

H(jω) =

(

1/τ

jω + 1/τ

)±1

= (jωτ + 1)±1

ωτ << 1→ 1; ωτ >> 1→ ±20db/dec

ωτ << 1→ 00; ωτ >> 1→ ±900,

ωτ = 1→ ±3db; ωτ = 1→ ±450

D. Classe 3 de termos

H(jω) =

[

(jω)2 + 2ξωn(jω) + ω2
n

ω2
n

]±1

=

[

(

jω

ωn

)2

+ 2ξ
jω

ωn

+ 1)

]±1

ω << ωn → 1; ω >> ωn → ±40db/dec

ω << ωn → 00; ω >> ωn → ±180
0,

ω = ωn → ±20log(2ξ); ω = ωn → ±90
0

VI. IDENTIDADES TRIGONOMÉTRICAS

cos2(x) =
1

2
[1 + cos(2x)]

cos(a± b) = cos(a) cos(b)∓ sin(a) sin(b)

sin(a± b) = sin(a) cos(b)± cos(a) sin(b)

cos(a) + cos(b) = 2 cos(
1

2
(a+ b)) cos(

1

2
(a− b))

cos(a+ b) + cos(a− b) = 2 cos(a) cos(b)

e±jθ = cos(θ)± j sin(θ)

cos(θ) =
ejθ + e−jθ

2

sin(θ) =
ejθ − e−jθ

2j

sinc(u) =
sin(πu)

πu

VII. RELAÇÕES TENS̃AO/CORRENTE

vR(t) = RiR(t)

λL(t) = LiL(t)⇒ vL(t) = L
d

dt
iL(t)

qC(t) = CvC(t)⇒ vC(t) =
1

C

∫ t

−∞

iC(t)dt

VIII. S ÉRIE GEOMÉTRICA

Sejaβ um número complexo, então

N−1
∑

n=0

βn =

{

1−βN

1−β
, β 6= 1

N, β = 1

∞
∑

n=0

βn =
1

1− β
, |β| < 1


