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Transformada de Fourier. Propiedades

X(f) = F{x} =

∫ ∞
−∞

x(t)e−j2πft dt

x(t) = F−1{X} =

∫ ∞
−∞

X(f)ej2πft df

Propiedades x(t) ⊃ X(f)

� Simetŕıa

x = pR +j pI + nR +j nI
↓ ↓ ↓ ↓

X = PR +j PI +j NI + NR

x ∈R⇒ X(f) = X∗(−f) Simetŕıa herḿıtica
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Transformada de Fourier. Propiedades

� Dualidad

X(−t) ⊃ x(f)

� Linealidad y(t) ⊃ Y (f)

F{x+ y} = X(f) + Y (f)

� Áreas

X(0) =

∫ ∞
−∞

x(t)e−j2πft dt = Área debajo de x(t)

x(0) =

∫ ∞
−∞

X(f)ej2πft df = Área debajo de X(f)
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Transformada de Fourier. Propiedades

� Traslación

x(t− t0) ⊃ e−j2πft0X(f)

x(t)ej2πf0t ⊃ X(f − f0)

� Similaridad

x(a t) ⊃ 1

|a|
X

(
f

a

)
x(−t) ⊃ X (−f)

� Derivación

dx

dt
⊃ j2πfX(f)

−j2πtx(t) ⊃ dX

df
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Transformada de Fourier. Propiedades

� Integración∫ t

−∞
x(λ) dλ ⊃ X(f)

j2πf
+
X(0)

2
δ(t)

� Convolución

{x ∗ y}(t) ⊃ X(f)Y (f)

x(t)y(t) ⊃ {X ∗ Y }(f)

Igualdad en distribución

δ(t) ⊃ 1

1 ⊃ δ(f) X(−t)⊃ x(f)

F{1} =

∫ ∞
−∞

ej2πft df ≡ δ(t)
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Transformada de Fourier. Transformadas Básicas

Transformada de u (t)

F{u }(f) =

∫ ∞
−∞
u (t)e−j2πft dt

=

∫ 1/2

−1/2
e−j2πft dt

=

 1 f = 0
e−jπf − ejπf

−j2πf
=

sen(πf)

πf
f 6= 0

= sinc(f)

Transformada de ∧ (t)

∧ (t) = {u ∗ u }(t)
∧ (t) ⊃ sinc2(f) {x ∗ y}(t)⊃ X(f)Y (f)
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Transformada de Fourier. Pares

δ(t) ⊃ 1 e−α tu(t) ⊃ 1

α+ j2π f

1 ⊃ δ(f) u (t) ⊃ sinc(f)

ej2π f0 t ⊃ δ(f − f0) ∧ (t) ⊃ sinc2(f)

cos(2π f0 t) ⊃
1

2
δ(f − f0) +

1

2
δ(f + f0) sgn(t) ⊃ −j

π f

e−t
2/2σ2 ⊃

√
2πσ2e−(πf)

22σ2
u(t) ⊃ 1

2

(
δ(f) +

1

jπ f

)
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Ejercicio 1

b x(t) = ∧ (t− 1)

∧ (t) ⊃ sinc2(f)

∧ (t− 1) ⊃ sinc2(f)e−j2πf x(t− t0)⊃ e−j2π f t0X(f)

xP (t) =
∧ (t− 1) + ∧ (−t− 1)

2

=
∧ (t− 1) + ∧ (t+ 1)

2

XP (f) =
sinc2(f)e−j2πf + sinc2(f)ej2πf

2
= sinc2(f) cos(2πf)

Señales y sistemas 2020 8 / 20



Ejercicio 1

xN (t) =
∧ (t− 1)− ∧ (t+ 1)

2

XN (f) =
sinc2(f)e−j2πf − sinc2(f)ej2πf

2
= −j sinc2(f) sen(2πf)

XP (f) +XN (f) = sinc2(f) (cos(2πf)− j sen(2πf))

= sinc2(f) (cos(−2πf) + j sen(−2πf))

= sinc2(f)e−j2πf
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Ejercicio 1

c x ∈ R⇒ X(f) = X∗(−f)

x(t) = pR +j pI + nR +j nI
↓ ↓ ↓ ↓

X(f) = PR +j PI +j NI + NR

x(t) = xP (t) + xN (t)
↓ ↓

X(f) = sinc2(f) cos(2πf) − j sinc2(f) sen(2πf)

↓ ↓
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Ejercicio 1

d.II Propiedad de derivación

dx

dt
=

d

dt

(∫ ∞
−∞

X(f)ej2πft df

)
=

∫ ∞
−∞

X(f)
d

dt

(
ej2πft

)
df

=

∫ ∞
−∞

j2πfX(f)ej2πft df

= F−1{j2πfX(f)}
dx

dt
⊃ j2πfX(f)
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Ejercicio 1

e.I U(f) = F{u}(f) =?

x(t) = x0(t) + x̄ x̄ = ĺım
T→∞

1

2T

∫ T

−T
x(t) dt

u(t) = u0(t) + ū ū = ĺım
T→∞

1

2T

∫ T

0
1 dt =

1

2

u′(t) = δ(t) pero u′0(t) = δ(t)

j2πfF{u0}(f) = 1
dx

dt
⊃ j2π fX(f)

j2πfF{u− ū}(f) = 1 u0(t)= u(t)− ū
j2πf (U(f)− ūδ(f)) = 1 1⊃ δ(f)

U(f) =
1

j2πf
+
δ(f)

2
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Ejercicio 1

e.II

sgn(t) = 2u(t)− 1

e.III

y(t) =

∫ t

−∞
x(τ) dτ =

∫ ∞
−∞

x(τ)u(t− τ) dτ = {x ∗ u}(t)

Y (f) ⊃ X(f)U(f) {x ∗ y}(t)⊃ X(f)Y (f)

=
X(f)

j2π f
+
X(f)δ(f)

2
u(t)⊃ 1

2

(
δ(f) +

1

jπ f

)
∫ t

−∞
x(τ) dτ ⊃ X(f)

j2π f
+
X(0)

2
δ(f)
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Ejercicio 2

a.IV x(t) = e−jπt

1 ⊃ δ(f)

e−j2π
1
2
t1 ⊃ δ(f +

1

2
) x(t)ej2πf0t⊃ X(f − f0)

a.I x(t) = ∧ (t/8− 3)

∧ (t) ⊃ sinc2(f)

g(τ) = ∧ (τ/8) ⊃ 8 sinc2(8f) x(a t)⊃ 1

|a|
X

(
f

a

)
g(t− 24) ⊃

∧
(
t− 24

8

)
⊃ 8 sinc2(8f)e−j2π24f x(t− t0)⊃ e−j2πft0X(f)
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Ejercicio 2

a.III

x(t) = e−t
2/2−3t−1 = e−

1
2(t2+6t+2)

= e−
1
2
(t+3)2−7/2 = e−

1
2
(t+3)2e−7/2

e−t
2/2σ2 ⊃

√
2πσ2e−(πf)

22σ2

e−
τ2

2 ⊃
√

2πe−(πf)
22 σ2= 1

e−
1
2
(t+3)2 ⊃

√
2πe−2(πf)

2
ej2π3f x(t− t0)⊃ e−j2πft0X(f)

e−
1
2
(t+3)2e−7/2 ⊃

√
2πe−2(πf)

2
ej2π3fe−7/2
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Ejercicio 2

a.IX x(t) = sen(πt)e−t/4u(t)

sen(πt) ⊃
ejπf − e−jπf

2j
⊃ 1

2j
δ

(
f − 1

2

)
− 1

2j
δ

(
f +

1

2

)
x(t)ej2πf0t⊃ X(f − f0)

e−αtu(t) ⊃ 1

α+ j2π f
−→ e−t/4u(t) ⊃ 1

1
4 + j2π f

x(t)y(t) ⊃ {X ∗ Y }(f)

sen(πt)e−
t
4u(t) ⊃

{(
1

2j
δ

(
· − 1

2

)
− 1

2j
δ

(
·+ 1

2

))
∗ 1

1
4 + j2π ·

}
(f)

sen(πt)e−
t
4u(t) ⊃ 1/2j

1
4 + j2π(f − 1

2)
− 1/2j

1
4 + j2π(f + 1

2)
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Ejercicio 2

a.XI x(t) =
{
e−(t−2)u(t− 2) ∗ sinc(t/2)

}
(t)

e−αtu(t) ⊃ 1

α+ j2πf
−→ e−tu(t) ⊃ 1

1 + j2π

e−(t−2)u(t− 2) ⊃ e−j2π2f

1 + j2πf
x(t− t0)⊃ e−j2πft0X(f)

u (t) ⊃ sinc(f)

sinc(t) ⊃ u (f) X(−t)⊃ x(f)

sinc(t/2) ⊃ 2u (2f) x(a t)⊃ 1

|a|
X

(
f

a

)
{x ∗ y}(t) ⊃ X(f)Y (f)

{
e−(t−2)u(t− 2) ∗ sinc(t/2)

}
(t) ⊃ e−j2π2f

1 + j2πf
2u (2f)

Señales y sistemas 2020 17 / 20



Ejercicio 2

a.XII

x(t) = t2 u (t− 1/2) + u(t− 1)

∫
t2eαt dt =

eαt

α

[
t2 − 2t

α
+

2

α2

]
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Ejercicio 2

b.I X(f) = ∧ (2f)− jf u (f)

∧ (t) ⊃ sinc2(f)

sinc2(t) ⊃ ∧ (f) X(−t)⊃ x(f)

1

2
sinc2

(
t

2

)
⊃ 1

2
2∧ (2f) x(a t)⊃ 1

|a|
X

(
f

a

)
sinc(t) ⊃ u (f)

d{sinc(t)}
dt

⊃ j2πf u (f)
dx

dt
⊃ j2πfX(f)

− 1

2π

d{sinc(t)}
dt

⊃ −jf u (f)

1

2
sinc2

(
t

2

)
− 1

2π

d{sinc(t)}
dt

⊃ ∧ (2f)− jf u (f)
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Ejercicio 2

b.IV X(f) = sen
(

4πf − π

6

)
sen(2πt) ⊃ 1

2j
δ

(
f − 1

2

)
− 1

2j
δ

(
f +

1

2

)
X(−t)⊃ x(f)

1

2j
δ

(
−t− 1

2

)
− 1

2j
δ

(
−t+

1

2

)
⊃ sen(2πf)

x(t)ej2πf0t⊃ X(f − f0)

ej2π
2t/6

2j
δ

(
t+

1

2

)
− ej2π

2t/6

2j
δ

(
t− 1

2

)
⊃ sen

(
2πf − π

6

)
x(a t)⊃ 1

|a|
X

(
f

a

)
ej2π

2t/12

4j
δ

(
t+ 1

2

)
− ej2π

2t/12

4j
δ

(
t− 1

2

)
⊃ sen

(
2π(2f)− π

6

)
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