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Série de Fourier

Questão 1 ()
Para o sinal periódico cont́ınuo descrito na equação 1, determine:

x(t) = 2 + cos

(
2π

3
t

)
+ 4sin

(
5π

3
t

)
(1)

(a) A frequencia fundamental ω0 do sinal x(t)

(b) Os coeficientes an da Série de Fourier no formato da equação 2

x(t) =
+∞∑

n=−∞

ane
jnω0t (2)

(c) Esboce o sinal decomposto acima com 1, 3, 10, 100 termos com uma ferramenta de
simulação a sua escolha e anexe UMA figura com todos os plots e o código a estrega
da lista

Questão 2 ()
Considere um SLIT com resposta em frequência dada pela equação 3, se a sua entrada
é descrita pela equação 4 com peŕıodo T = 8, determine a sáıda y(t) do sistema.

H(jω) =

∫ +∞

−∞
h(t)ejωtdt =

sin(4ω)

ω
(3)

x(t) =

{
1, 0 ≤ t < 4

−1, 4 ≤ t < 8
(4)

Questão 3 ()
Determine:

(a) A representação na forma exponencial da Série de Fourier do sinal da equação 5
com peŕıodo T = 2, além disso, esboce o sinal expandido para 1, 3, 10 e 100 termos
(anexe o código fonte e UMA figura com todos os plots)

x(t) = e−t, para− 1 < t < 1 (5)
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(b) A representação na forma trigonométrica da Série de Fourier do sinal da equação 6
com peŕıodo T = 4, além disso, esboce o sinal expandido para 1, 3, 10 e 100 termos
(anexe o código fonte e UMA figura com todos os plots)

x(t) =

{
sin(πt), 0 ≤ t ≤ 2

0, 2 < t ≤ 4
(6)

Questão 4 ()
Considere um SLIT causal em que a entrada x(t) se relacione com a sáıda y(t) através da
equação diferencial 7. Encontre a representação da sáıda y(t) a cada uma das entradas
abaixo:

∂y(t)

∂t
+ 4y(t) = x(t) (7)

(a) x(t) = cos(2πt)

(b) x(t) = cos(4πt) + cos(6πt+ π/4)

Questão 5 ()
Considere um sinal periódico x1(t) com frequência fundamental ω1 e coeficientes da série
de Fourier exponencial D1

n. Se um sinal sintético x2(t) = x1(1 − t) + x1(t − 1) for
analisado, determine:

(a) A frequência fundamental ω2 de x2(t) em função de ω1

(b) Os coeficientes D2
n da série de Fourier exponencial de x2(t) em função de D1

n.

Questão 6 ()
Considere os três sinais periódicos descritos abaixo:

x1(t) =
∑100

n=0

(
1
2

)n
ejn

2π
50

t

x2(t) =
∑100

n=−100 cos(nπ)ejn
2π
50

t

x3(t) =
∑100

n=−100 j sin(nπ)ejn
2π
50

t

(a) Quais dos sinais podem ser classificados como sinais reais?

(b) Quais dos sinais podem ser classificados como sinais pares?

Transformada de Fourier

Questão 7 ()
Um sinal x(t) possui X(ω) como transformada de Fourier. Represente as transformadas
de Fourier dos Sinais abaixo em função de X(ω).

(a) x1(t) = x(1 − t) + x(−1 − t)

(b) x2(t) = x(3t− 6)
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(c) x3(t) = ∂2x(t−1)
∂t2

Questão 8 ()
Dado que x(t) possui transformada de Fourier igual a X(ω), h(t) possui transformada
de Fourier igual a H(ω), que y(t) = x(t) ∗ h(t) e que g(t) = x(3t) ∗ h(3t). Mostre que
g(t) pode ser expresso por g(t) = A · y(Bt)

Questão 9 ()
Dado que x(t) possui transformada de Fourier igual a X(ω) = δ(ω)+ δ(ω−π)+ δ(ω−5)
e h(t) = u(t) − u(t− 2).

(a) x(t) é periódico?

(b) x(t) ∗ h(t) é periódico?

Questão 10 ()
Dado um SLIT com resposta em frequencia H(ω) 1

jω+1
, para uma entrada espećıfica x(t),

foi obtida a resposta y(t) = e−3tu(t) − e−4tu(t). Determine x(t).

Questão 11 ()
Dado um SLIT com relação de entrada e sáıda dada pela equação 8, encontre:

∂2y(t)

∂t2
+ 6

∂y(t)

∂t
+ 8y(t) = 2x(t) (8)

(a) A resposta ao impulso do sistema

(b) A resposta a entrada x(t) = te−2tu(t)
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206 Fourier Series Representation of Periodic Signals Chap.3 

TABLE 3.1 PROPERTIES OF CONTINUOUS-TIME FOURIER SERIES 

Property 

Linearity 
Time Shifting 
Frequency Shifting 
Conjugation 
Time Reversal 
Time Scaling 

Periodic Convolution 

Multiplication 

Differentiation 

Integration 

Conjugate Symmetry for 
Real Signals 

Real and Even Signals 
Real and Odd Signals 
Even-Odd Decomposition 

of Real Signals 

Section 

3.5.1 
3.5.2 

3.5.6 
3.5.3 
3.5.4 

3.5.5 

3.5.6 

3.5.6 
3.5.6 

Periodic Signal 

x(t)} Periodic with period T and 
y(t) fundamental frequency w0 = 27r/T 

Ax(t) + By(t) 
x(t - to) 
eJMw0t x(t) = eiM(27rfT)t x(t) 
x· (r) 
x(-t) 
x(at), a > 0 (periodic with period Tla) t X(T)y(t - T)dT 

x(t)y(t) 

dx(t) 
dt 

I' ( d (finite valued and 
X t) t 

-ro periodic only if a0 = 0) 

x(t) real 

x(t) real and even 
x( t) real and odd 

{ 
x,(t) = &t-{x(t)} 
X 0 (t) = 0d{x(t)} 

[x(t) real] 
[x(t) real] 

Parseval's Relation for Periodic Signals 

Fourier Series Coefficients 

Aak + Bbk 
ake- Jkwoto = ake- Jk(27rtTJto 
ak- M 
a:_" 
a _k 
ak 

"k "k27r J woak = J yak 

)ak = )ak 

dm{ak} = -dm{a- k} 

lad= ia-ki 
<r.ak = -<r.a- k 

ak real and even 
ak purely imaginary and odd 

jdm{ad 

three examples, we illustrate this. The last example in this section then demonstrates how 
properties of a signal can be used to characterize the signal in great detail. 

Example 3.6 
Consider the signal g(t) with a fundamental period of 4, shown in Figure 3.10. We 
could determine the Fourier series representation of g(t) directly from the analysis equa-
tion (3.39). Instead, we will use the relationship of g(t) to the symmetric periodic square 
wave x(t) in Example 3.5. Referring to that example, we see that, with T = 4 and 
T 1 = 1, 

g(t) = x(t - 1) - 1/2. (3.69) 

Figura 1: Tabela com as Propriedades da Série de Fourier(Extráıda do Livro Oppenheim 2a

Edição)
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328 The Continuous-Time Fourier Transform Chap.4 

4.6 TABLES OF FOURIER PROPERTIES AND OF BASIC FOURIER TRANSFORM PAIRS 

In the preceding sections and in the problems at the end of the chapter, we have consid-
ered some of the important properties of the Fourier transform. These are summarized in 
Table 4.1, in which we have also indicated the section of this chapter in which each prop-
erty has been discussed. 

In Table 4.2, we have assembled a list of many of the basic and important Fourier 
transform pairs. We will encounter many of these repeatedly as we apply the tools of 

TABLE 4. 1 PROPERTIES OF THE FOURIER TRANSFORM 

Section Property 

x(t) 
y(t) 

Aperiodic signal 

X(jw) 
Y(jw) 

Fourier transform 

---- ------ - -- - ------- --- ------- --- ---------- - ---- ------ --- -
4.3.1 Linearity ax(t) + by(t) aX(jw) + bY(jw) 
4.3.2 Time Shifting x(t- to) e - jwto X(jw) 
4.3.6 Frequency Shifting e i"'o' x(t) X(j(w - wo)) 
4.3.3 Conjugation x' (t) X'( - jw) 
4.3.5 Time Reversal x(-t) X(- jw) 

4.3.5 Time and Frequency x(at) _!_xfw) 
Scaling JaJ a 

4.4 Convolution x(t) * y(t) X(jw2XJjwl_ 

4.5 Multiplication x(t)y(t) trr J 8))d8 
d 4.3.4 Differentiation in Time dix(t) jwX(jw) 

4.3.4 Integration L x(t)dt + ?TX(0)8(w) 
JW 

4.3.6 Differentiation in tx(t) j :wX(jw) 
Frequency r(jw) " X'(- jw) 

<R-e{X(jw)} = <Roe{ X( - jw )} 
4.3.3 Conjugate Symmetry x(t) real dm{X(jw)} = - dm{X(- jw)} 

for Real Signals jX(jw)J = jX( - jw)J 
<tX(jw) = - <tX(- jw) 

4.3.3 Symmetry for Real and x(t) real and even X(jw) real and even 
Even Signals 

4.3.3 Symmetry for Real and x(t) real and odd X(jw) purely imaginary and odd 
Odd Signals 

4.3.3 Even-Odd Decompo-
x, (t) = &v{x(t)} [x(t) real] <Roe{ X (jw)} 

sition for Real Sig- x 0 (t) = 0d{x(t)} [x(t) real] jdm{X(jw)} 

nals 

4.3.7 Parseval's Relation for Aperiodic Signals 

f I f 
Jx(t)j2dt = 21T jX(jw)j2dw 

Figura 2: Tabela com as Propriedades da Transformada de Fourier(Extráıda do Livro Op-
penheim 2a Edição)
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS 

Signal 

2.: akejkwol 
k - - oo 

COSWof 

sinwot 

x(t) = 1 

Periodic square wave · 

{ 
1, ltl < T1 

x(t) = 0, T1 < ltl I 
and 
x(t + T) = x(t) 

2.: 8(t - nT) 
n= - oo 

x(t) { 1, ltl < T1 
0, ltl > T1 

sinWt 
'TI"t 

8(t) 

u(t) 

8(t- to) 

e- at u(t), <R.e{a} > 0 

te-•' u(t), <R.e{a} > 0 

Fourier transform 

271" 2.: ak8(w - kwo) 
k= - <Xl 

7r[8(w - wo) + 8(w + wo)] 

w0 ) - 8(w + wo)] 
J 

27r8(w) 

a1 = 1 

Fourier series coefficients 
(if periodic) 

a* = 0, otherwise 

a1 = a - 1 = 
ak = 0, otherwise 

I al = - a - 1 = 2j 

ak = 0, otherwise 

ao = 1, ak = 0, k 'I' 0 
(this is the Fourier series representation for) 
\any choice of T > 0 

2 sin kwoT1 "( k ) woT1 . (kwoT1 ) _ sin kwoT1 L.... u w - w0 . - - smc - - -
k 71" 71" .. 

2sinwTI 
w 

X(jw) = { 1. lwl < W 
0, lwi > W 

1 -:- + 7r8(w) 
JW 

a+ jw 

(a+ jw)2 

1 
ak = T for all k 

Figura 3: Tabela com os pares da Transformada de Fourier(Extráıda do Livro Oppenheim
2a Edição)


