
ENE0067 - Sinais e Sistemas em Tempo Cont́ınuo – ENE/UnB, Prof. Eduardo Stockler Tognetti

Transformada de Fourier.

X(ω) =

∫ ∞

−∞
x(t)e−jωt dt, x(t) =

1

2π

∫ ∞

−∞
X(ω)ejωt dω

Ex =

∫ ∞

−∞
|x(t)|2 dt = 1

π

∫ ∞

0

|X(ω)|2 dω (Parseval)

No. x(t) X(ω)

1 e−atu(t)
1

a+ jω
a > 0

2 eatu(−t)
1

a− jω
a > 0

3 e−a|t| 2a

a2 + ω2
a > 0

4 te−atu(t)
1

(a+ jω)2
a > 0

5 tne−atu(t)
n!

(a+ jω)n+1
a > 0

6 δ(t) 1

7 1 2πδ(ω)

8 ejω0t 2πδ(ω − ω0)

9 cosω0t π[δ(ω − ω0) + δ(ω + ω0)]

10 senω0t jπ[δ(ω + ω0)− δ(ω − ω0)]

11 u(t) πδ(ω) +
1

jω

12 sgn(t)
2

jω

13 ret

(
t

τ

)
τ sinc

(ωτ
2

)
14

W

π
sinc (Wt) ret

( ω

2W

)
15 △

(
t

τ

)
τ

2
sinc2

(ωτ
4

)
16

W

2π
sinc2

(
Wt

2

)
△

( ω

2W

)
17

∞∑
n=−∞

δ(t− nT0) ω0

∞∑
n=−∞

δ(ω − nω0) ω0 =
2π

T0

Propriedade Par de Transformadas

Linearidade a1x1(t) + a2x2(t) ⇔ a1X1(ω) + a2X2(ω)

Dualidade X(t) ⇔ 2πx(−ω)

Escalamento x(at) ⇔ 1
|a|X(ω/a)

Deslocamento tempo x(t− t0) ⇔ X(ω)e−jωt0

Deslocamento freq. x(t)ejω0t ⇔ X(ω − ω0)

Diferenciação tempo dnx
dtn

⇔ (jω)nX(ω)

Integração tempo
∫ t

−∞ x(τ)dτ ⇔ X(ω)
jω

+ πX(0)δ(ω)

Convolução tempo x1(t) ∗ x2(t) ⇔ X1(ω)X2(ω)

Convolução frequência x1(t)x2(t) ⇔ 1
2π
X1(ω) ∗X2(ω)
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Série de Fourier. Série de Fourier de um sinal periódico com peŕıodo T0 (ω0 = 2π/T0).

Forma da série Cálculo dos coeficientes Fórmulas de conversão

Trigonométrica a0 =
1

T0

∫
T0

f(t) dt a0 = C0 = D0

f(t) = a0 +
∞∑
n=1

an cosnω0t+ bn sennω0t an =
2

T0

∫
T0

f(t) cosnω0t dt an − jbn = Cne
jθn = 2Dn

bn =
2

T0

∫
T0

f(t) sennω0t dt an+jbn = Cne
−jθn = 2D−n

Trigonométrica compacta C0 = a0 C0 = D0

f(t) = C0 +

∞∑
n=1

Cn cos(nω0t+ θn) Cn =
√

a2n + b2n Cn = 2|Dn| n ≥ 1

θn = tan−1
(

−bn
an

)
θn = ∠Dn

Exponencial

f(t) =
∞∑

n=−∞

Dne
jnω0t Dn =

1

T0

∫
T0

f(t)e−jnω0t dt P =
∞∑

n=−∞

|Dn|2

P = C2
0 +

1
2

∑∞
n=1C

2
n

Operação x(t) Dn

Multiplicação escalar kx(t) kDn

Adição x1(t) + x2(t) D1,n +D2,n

x1(t), x2(t) requerem o mesmo ω0

Conjugação x∗(t) D∗
−n

Reversão x(−t) D−n

Deslocamento temporal x(t− t0) Dne
−jnω0t0

Deslocamento em frequência x(t)ejn0ω0t Dn−n0

Convolução em frequência x1(t)x2(t) D1,n ∗D2,n

x1(t), x2(t) requerem o mesmo ω0

Diferenciação temporal
dkx(t)

dtk
(jnω0)

kDn

sen(θ) = cos(θ − π/2), cos(θ) = cos(−θ), − cos(θ) = cos(θ − π) = cos(θ + π)

j = ejπ/2, −j = e−jπ/2, −1 = e−jπ, z = a+ jb = rejθ ⇒ z∗ = a− jb = re−jθ,

ejωt = cosωt+ jsenωt, cosωt =
ejωt + e−jωt

2
, senωt =

ejωt − e−jωt

2j

Integral por partes para cálculo de
∫
T0
x(t) cos(nω0t)dt:∫ b

a

u(x)v′(x) dx = [u(x)v(x)]ba −
∫ b

a

u′(x)v(x) dx

Resposta de sistemas LCIT com função de transferência estáveis H(s):

y(t) =
∞∑

n=−∞

DnH(jnω0)e
jnω0t, y(t) = C0H(0) +

∞∑
n=1

Cn|H(jnω0)| cos(nω0t+ θn + ∠H(jnω0))
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