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Exemplo

Exemplos 6.1 e 6.5

Determinar as três séries de Fourier para o sinal x(t) abaixo e esboçar os
espectros de amplitude e fase das séries compacta e exponencial

Sugestão: ∫
eax cos bxdx =

eax

a2 + b2
(a cos bx + b sin bx)∫

eax sin bxdx =
eax

a2 + b2
(a sin bx − b cos bx)
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Exemplo

Solução exemplos 6.1 e 6.5

T0 = π −→ ω0 = 2

a0 =
1

T0

∫
T0

x(t)dt =
1

π

∫ π

0
e−t/2dt =

2(1− e−π/2)

π
= 0, 504

an =
2

T0

∫
T0

x(t) cos nω0tdt =
2

π

∫ π

0
e−t/2 cos 2ntdt

=
4(1− e−π/2)

π(1 + 16n2)
= 0, 504

2

1 + 16n2

bn =
2

T0

∫
T0

x(t) sin nω0tdt =
2

π

∫ π

0
e−t/2 sin 2ntdt

=
16n(1− e−π/2)

π(1 + 16n2)
= 0, 504

8n

1 + 16n2

Edmar J Nascimento (Univasf) Sinais May 3, 2021 3 / 14



Exemplo

Solução exemplos 6.1 e 6.5

x(t) = 0, 504 + 0, 504
∞∑
n=1

2

1 + 16n2
(cos (2nt) + 4n sin (2nt))

C0 = a0 = 0, 504

Cn =
√
a2
n + b2

n = 0, 504
2√

1 + 16n2

θn = arctan
(−bn

an

)
= − arctan (4n)

x(t) = 0, 504 + 0, 504
∞∑
n=1

2√
1 + 16n2

cos (2nt − arctan (4n))
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Exemplo

Solução exemplos 6.1 e 6.5

O espectro da série compacta é representado nos dois gráficos abaixo:
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Exemplo

Solução exemplos 6.1 e 6.5

Dn =
1

T0

∫
T0

x(t)e−jnω0tdt =
1

π

∫ π

0
e−t/2e−j2ntdt

=
2(1− e−π/2)

π(1 + j4n)
=

0, 504

1 + j4n
= 0, 504

1− j4n

1 + 16n2

=
1

2

0, 504.2

1 + 16n2︸ ︷︷ ︸
an

−j 1

2

8n

1 + 16n2︸ ︷︷ ︸
bn

x(t) = 0, 504
∞∑

n=−∞

1− j4n

1 + 16n2
e j2nt
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Exemplo

Exemplo 6.4

Determinar as três séries de Fourier para o sinal x(t) abaixo e esboçar os
espectros de amplitude e fase das séries compacta e exponencial
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Exemplo

Solução exemplo 6.4

Observa-se que x(t) é par

T0 = 2π −→ ω0 = 1

a0 =
2

T0

∫ T0/2

0
x(t)dt =

2

2π

∫ π/2

0
dt =

1

2

an =
4

T0

∫ T0/2

0
x(t) cos nω0tdt =

4

2π

∫ π/2

0
cos ntdt

=
2

nπ
sin

nπ

2
=


0, n par

2/(nπ), n = 1, 5, 9, · · ·
−2/(nπ), n = 3, 7, 11, · · ·


bn =

2

T0

∫
T0

x(t) sin nω0tdt = 0
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Exemplo

Solução exemplo 6.4

x(t) =
1

2
+
∞∑
n=1

2

nπ
sin

nπ

2
cos nt

=
1

2
+

2

π
(cos t − 1

3
cos 3t +

1

5
cos 5t − 1

7
cos 7t + · · · )

x(t) =
1

2
+

2

π
[cos t +

1

3
cos (3t − π) +

1

5
cos 5t +

+
1

7
cos (7t − π) + · · · ]
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Exemplo

Solução exemplo 6.4
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Exemplo

Solução exemplo 6.4

Dn =
1

T0

∫
T0

x(t)e−jnω0tdt =
1

2π

∫ π/2

−π/2
e−jntdt

= − 1

2jnπ
(e−jnπ/2 − e jnπ/2) =

1

nπ
sin

nπ

2

x(t) =
∞∑

n=−∞

1

nπ
sin

nπ

2
e jnt
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Exemplo

Exemplo 6.7

Determinar as três séries de Fourier para o sinal x(t) abaixo e esboçar os
espectros de amplitude e fase das séries compacta e exponencial
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Exemplo

Solução exemplo 6.7

ω0 =
2π

T0

a0 =
1

T0

∫ T0/2

−T0/2
x(t)dt =

1

T0

∫ T0/2

−T0/2
δ(t)dt =

1

T0

an =
2

T0

∫ T0/2

−T0/2
x(t) cos nω0tdt =

2

T0

∫ T0/2

−T0/2
δ(t) cos nω0tdt

=
2

T0

bn =
2

T0

∫ T0/2

−T0/2
x(t) sin nω0tdt =

2

T0

∫ T0/2

−T0/2
δ(t) sin nω0tdt = 0
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Exemplo

Solução exemplo 6.7

x(t) =
1

T0
+

2

T0

∞∑
n=1

cos
2πnt

T0

Dn =
1

T0

∫
T0

x(t)e−jnω0tdt =
1

T0

∫ T0/2

−T0/2
δ(t)e−jnω0tdt =

1

T0

x(t) =
1

T0

∞∑
n=−∞

e j2πnt/T0
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Exemplo

Parseval

Verificar o teorema de Parseval para o sinal indicado e obter a frequência
na qual 95% da potência está concentrada.
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