
EECS 501 SOLUTIONS TO EXAM #3 Fall 2001

1a. (5·2)3e−5·2

3!
(4·2)2e−4·2

2! = 16000
3 e−18 = 0.0000812.

1b. Poisson process with λ = 5 + 4 + 3 = 12. ft(T ) = 12e−12T , T ≥ 0.
1c. Pr[EE] = 5

5+4+3 = 5
12 . Pr =

(
5
3

)
( 5
12 )3( 7

12 )2 = 0.246

1d. Pr[0 or 1 arrivals in 5 minutes]= (3·5)0e−3·5

0! + (3·5)1e−3·5

1! = 16e−15.

1e. Pr =
∫∞
5

32Te−3T dT = 16e−15 = 0.0000049 (as in (d)).

1f. x(10) = 0 ⇔ 5 successes
&5 failures → Pr =

(
10
5

)
( 1
2 )10 = 0.246

2a. H(ω) = F{3e−2t1(t)} = 3
jω+2 . Sx(ω) = 4| 3

jω+2 |2 = 36
ω2+4 .

2b. Kx(t− s) = F−1{ 36
ω2+4} = 9e−2|t−s|. σ2

x(t) = Kx(0) = 9.

2c. x(7) ∼ N (0, 9) → Pr[x(7) < 6] = Φ(6/
√

9) = Φ(2) = 0.9776

2d. x ∼ N (0, K) where x =




x(3)
x(7)
x(9)


 ; 0 =




0
0
0


 ; K = 9




1 e−8 e−12

e−8 1 e−4

e−12 e−4 1




2e. x̂(7) = E[x(7)] + λx(7),x(5)

σ2
x(5)

(x(5)− E[x(5)]) = 9e−4

9 6 = 6e−4 = 0.110.

2f. x(t) Markov→ x̂(7)[x(5), x(3)] = x̂(7)[x(5)] = 0 (independent of #2e).

3a. x̂(i)[x(j), x(k)] = [λx(i),x(j) λx(i),x(k)]
[

σ2
x(j) λx(j),x(k)

λx(j),x(k) σ2
x(k)

]−1 [
x(j)
x(k)

]

= [j k]
[

j k
k k

]−1 [
x(j)
x(k)

]
= [j k]

[
k −k
−k j

]

jk−k2

[
x(j)
x(k)

]
= x(j).

3b. Makes sense: II→Markov→disregard x(k) given x(j) to estimate x(i).
3c. fx(i),x(j)(Xi, Xj) = fx(i)|x(j)(Xi|Xj)fx(j)(Xj)

= fx(i)−x(j)|x(j)(Xi −Xj |Xj)fx(j)(Xj) = fx(i)−x(j)(Xi −Xj)fx(j)(Xj)

= fx(i−j)(Xi −Xj)fx(j)(Xj) =
2ie−2Xi (Xi−Xj)

i−j−1Xj−1
j

(i−j−1)!(j−1)! , Xi > Xj > 0.

3d-f. y(n) = 1 with prob. pn; y(n) = 0 with prob. 1− pn.

3d. LIM
n→∞Pr[|y(n)− 0| > ε] = LIM

n→∞Pr[y(n) = 1] = LIM
n→∞pn = 0.

3e. LIM
n→∞E[(y(n)− 0)2] = LIM

n→∞12 · Pr[y(n) = 1] = LIM
n→∞12pn = 0.

3f. LIM
n→∞

∑n
i=1 Pr[|y(i)−0| > ε] = LIM

n→∞
∑n

i=1 Pr[y(n) = 1] = LIM
n→∞

∑n
i=1 pi

=
∑∞

i=1 pi = p
1−p < ∞→converge with prob. 1.


