
PTC-2305: Respostas da quinta lista de
exerćıcios

1.

FX(x ; t) =

{
e−(t−x), x < t

0, caso contrário

2. (a) E[X(t)] = t− 1.

(b) CXX(t, t+ τ) = 1.

3. (a) Não.

(b) Não.

(c) Sim.

(d) Não.

(e) Não.

4. RXX [n1, n2] = min(n1, n2) · σ2
W .

5. (a) µX(t) =
1

3
[ sin(2πt)− 2 ]

(b) RXX(t1, t2) =
4

9
+

1

9
[−2 sin(2πt1)− 2 sin(2πt2) + sin(2πt1) sin(2πt2)]

(c) Não é estacionário no sentido amplo.

6. (a) RXX(0) = 1

(b) E[ cos(2πfCt+ Θ) ] = 0

(c) E[Y (t) ] = 0

7. (a) µX(t) = 0

(b) RXX(t1, t2) =
2

3
cos [ω(t1 − t2)].

(c) Sim, no sentido amplo.

8. E[X(t)] = 0, mas como RXX(t, t + τ) =
1

3
(t2 + τt+ 1), o processo não é esta-

cionário no sentido amplo.
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9. E[X(t)] = 0 e RXX(t, t+ τ) = σ2 cos(w0τ).

A pdf fX1,X2(x1, x2 ; t, t+ τ) é dada por

fX1,X2(x1, x2 ; t, t+ τ) =
1

2π |sin(w0τ)|σ2
·

exp

−[ x1 x2 ]

[
σ2 −σ2 cos(w0τ)

−σ2 cos(w0τ) σ2

] [
x1
x2

]
2 sin2(w0τ)σ2


10. E[Y (t)] = 0 e RY Y (τ) = RXX(ατ). Portanto, Y (t) é estacionário no sentido

amplo com densidade espectral de potência

SY Y (ω) =
1

|α|
SXX

(
ω

|α|

)
11. SY Y (ω) = 2π (A2 + 2ABµX) δ(ω) +B2SXX(ω).

12. (a) RXX(0) = 1

(b)

SY Y (ω) =


1

2
e−

ω2

16π , |w| ≤ 4π

0, caso contrário

(c) E [Y 2(t)] = 0.9876

13. (a) E [X2(t)] = 0.02

(b)

SXY (ω) =

{
10−4H(ω), |ω| < 200π

0, caso contrário

(c)

SY Y (ω) =


10−4

104π2 + ω2
, |ω| < 200π

0, caso contrário

(d) E [Y 2(t)] = 1.12 · 10−7

14. E[Y (t)] = µCµX 6= 〈 y(t) 〉 = CµX . Portanto, o processo não é ergódico na média.

E[Y (t)Y (t+τ)] = E [C2] rX(τ) 6= 〈 y(t)y(t+ τ) 〉 = C2 rX(τ). Portanto, o processo
não é ergódico na autocorrelação.

15. (a) RXX(τ) =
N∑

n=1

a2n
2

cos(ωnτ).
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(b) SXX(ω) =
N∑

n=1

a2nπ

2
[ δ(ω − ωn) + δ(ω + ωn) ].

16. E[Y (t)] = 2 e RY Y (τ) = 4 + RXX(τ). Portanto, o processo é estacionário no
sentido amplo.

17. (a) P = RXX(0) = 8.

(b)

SY Y (ω) =

{
2(1− |ω|), |ω| ≤ 1

0, caso contrário

(c) var[Y (t)] = RY Y (0) = 2

18. (a) µV (t) =
5

t

[
e−0.9t − e−1.1t

]
µV, t ≥ 0 em segundos.

(b) RV V (t1, t2) =
5

t1 + t2

[
e−0.9(t1+t2) − e−1.1(t1+t2)

]
µV2, t1, t2 ≥ 0 em segundos.

(c) Não.

(d) Pr[T < 0.95 ms] = 0.25

19. (a) µY (t) = v(t)

(b) RY Y (t1, t2) = v(t1)v(t2) + 2π · 10−6 δ(t)

(c) B =
1

4π
· 104
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