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Ejercicio 7. Ecuaciones en Diferencias

S : y[n] = 8x[n] + 2x[n− 2]− y[n− 1]− 3y[n− 3]

Forma Directa I

Necesitamos x[n− 1], x[n− 2], y[n− 1], y[n− 2] y y[n− 3]
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Ejercicio 7. Ecuaciones en Diferencias

S : y[n] = 8x[n] + 2x[n− 2]− y[n− 1]− 3y[n− 3]

Forma Directa II

S : v[n] = x[n]− v[n− 1]− 3v[n− 3] y[n] = 8v[n] + 2v[n− 2]
Necesitamos v[n− 1], v[n− 2] y v[n− 3]
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Ejercicio 7. Ecuaciones Diferenciales

S : ÿ(t) + ẏ(t) + 3y(t) = 2x(t) + ẋ(t)∫∫
ÿ(t) dt dt+

∫∫
ẏ(t) dt dt+

∫∫
3y(t) dt dt =

∫∫
2x(t) dt dt+

∫∫
ẋ(t) dt dt

y(t) +

∫
y(t) dt+

∫∫
3y(t) dt dt =

∫∫
2x(t) dt dt+

∫
x(t) dt
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Señales Aleatorias y Sistemas Lineales

Y (t, ζ) =

∫ ∞
−∞

X(τ, ζ)h̄(t, τ) dτ

Media

E{Y (t)} = {µX ∗ h}(t) =

∫ ∞
−∞

µX(τ)h(t− τ) dτ

� Si h es estable, µx(t) es constante y la entrada se aplica en t = −∞
entonces µY (t) también es constante

� Si la entrada se aplica en t = 0 entonces µY (t) depende de t
TRANSITORIO
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Señales Aleatorias y Sistemas Lineales

SLIT con entrada ESA en t = −∞, con ȟ(t) = h∗(−t)

Intercorrelación

RXY (t1, t2) = E{X(t1)Y
∗(t2)} = {ȟ ∗RX}(t1 − t2)

RY X(t1, t2) = E{Y (t1)X
∗(t2)} = {h ∗RX}(t1 − t2)

Autocorrelación

RY Y (t1, t2) = E{Y (t1)Y
∗(t2)} = {h ∗ ȟ ∗RX}(t1 − t2)

la salida es ESA

Señales y sistemas 2020 8 / 16



Ejercicio 8

h[n] =
1

2N + 1

N∑
m=−N

δ[n−m]

h[n] es NO CAUSAL

Y [n] =
1

2N + 1

N∑
m=−N

X[n−m]

Ayuditas

B∑
n=A

rn =
rA − rB+1

1− r

eja − ejb = ej
a+b
2

(
ej

a−b
2 − e−j

a−b
2

)
= ej

a+b
2 2j sen

(
a− b

2

)
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Ejercicio 8

c.
N∑

m=−N
sen

(
2π

M
(n−m)

)
=

1

2j

N∑
m=−N

ej
2π
M
ne−j

2π
M
m − e−j

2π
M
nej

2π
M
m

=
ej

2πn
M

2j

(
ej

2πN
M − e−j

2π(N+1)
M

1− e−j
2π
M

)
− e−j

2πn
M

2j

(
e−j

2πN
M − ej

2π(N+1)
M

1− ej
2π
M

)

=
ej

2πn
M

2j

e−j
2π
M

1
2

e−j
2π
M

1
2

(
ej

2π(N+1/2)
M − e−j

2π(N+1/2)
M

ej
π
M − e−j

π
M

)
+ · · ·

=
ej

2πn
M

2j

sen
(
π(2N+1)

M

)
sen
(
π
M

) − e−j
2πn
M

2j

sen
(
π(2N+1)

M

)
sen
(
π
M

)
=

sen
(
2πn
M

)
sen (π)

sen
(
π
M

)
= 0
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Ejercicio 8

d.I Secuencia i.i.d. Z[n] i.i.d con E{Z[n]} = µ y Var{Z[n]} = σ2

RZZ [n+m,n] = E{Z[n+m]Z[n]}

=


E{Z[n]Z[n]} = σ2 + µ2 m = 0

E{Z[n+m]}E{Z[n]} = µ2 m 6= 0

= µ2 + σ2δ[m]
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Ejercicio 8

d.III. X[n] = A+ V [n], V [n] ∼ N (0, σ2) i.i.d. → RV [m] = σ2δ[m]

RY Y [n+m,n] = E{Y [n+m]Y [n]}

= E

{(
A+

1

M

N∑
k=−N

V [n+m− k]

)(
A+

1

M

N∑
l=−N

V [n− l]

)}

= A2 +
1

M2

N∑
k=−N

N∑
l=−N

E{V [n+m− k]V [n− l]}

= A2 +
1

M2

N∑
k=−N

N∑
l=−N

RV [n+m− k, n− l]

= A2 +
1

M2

∞∑
k=−∞

∞∑
l=−∞

σ2δ[m− k + l]uM [k]uM [l]
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Ejercicio 8

RY Y [n+m,n] = A2 +
1

M2

∞∑
k=−∞

σ2 uM [k]

∞∑
l=−∞

δ[m− k + l]uM [l]

= A2 +
σ2

M2

∞∑
k=−∞

uM [k]uM [k −m]

= A2 +
σ2

M2
{uM ∗ uM} [m]

= A2 +
σ2

M2
∧M [m] ESA

d.IV.
V [n] Gaussiana → X[n] = A+ V [n] Gaussiana

→ Y [n] =
1

2N + 1

∞∑
m=−∞

X[n−m] Gaussiana

Gaussiano + ESA → ESE
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Ejercicio 8

Convolución con constante

{x ∗A}[n] =

∞∑
m=−∞

x[m]A = A

∞∑
m=−∞

x[m] = CTE

f.II

E{X[n]} =
1

3

RX [m] =
2

9
δ[m] +

1

9

X[n] ESA

h[n] =
1

3
u 3[n]

Y [n] =
1

3
(X[n− 1] +X[n] +X[n+ 1])

E{Y [n]}[m] =
1

3
(E{X[n− 1]}+ E{X[n]}+ E{X[n+ 1]}) =

1

3
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Ejercicio 8

RY [m] = {RX ∗ h ∗ ȟ}[m]

= {RX ∗ (h ∗ ȟ)}[m]

z[m] = {h ∗ ȟ}[m]

=

{
1

3
u 3

1

3
∗ u 3

}
[m]

=
1

9
∧ 3[m]
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Ejercicio 8

RY [m] = {RX ∗ z}[m]

=

{(
2

9
δ[·] +

1

9

)
∗ z
}

[m]

=

{
2

9
δ[·] ∗ z

}
[m] +

{
1

9
∗ z
}

[m]

=
2

9
z[m] +

1

9

∞∑
m=−∞

z[m]

=
2

81
∧ 3[m] +

1

9

f.II
Y [n] es ESA.
Y [n] NO es i.i.d.
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