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1. (a) It can easily be seen that

p(X = 1, Y = −1) = 0 6= P (X = 1)P (Y = −1) =
1

4
· 17

48

Therefore, X and Y are dependent.

(b) See Figure 1.

2. (a)

F (x, y) =
∫ 1
0

∫ 1
0 f(x, y)dxdy

=
∫ 1
0

∫ 1
0 cx

pyqdxdy

=
∫ 1
0 c

xp+1

p+1

]1

0
yqdy

= c
p+1

yq+1

q+1

]1

0
= c

(p+1)(q+1)

= 1.
⇒ c = (p + 1)(q + 1).

(b)

E(XkY l) = c
∫ 1
0

∫ 1
0 x

kylxpyqdxdy

= c
∫ 1
0 x

k+pdx
∫ 1
0 y

l+qdy

= p+1
k+p+1 · q+1

l+q+1 .

(c) Using the result in part(b), we have

µX = E(X) =
p+ 1

p+ 2

1
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Figure 1: Question 1

µY = E(Y ) =
q + 1

q + 2

E(XY ) =
(p+ 1)(q + 1)

(p+ 2)(q + 2)
.

Therefore,

Cov(X,Y ) = E(XY ) − µXµY = 0.

As expected because two RV X and Y are independent.

(d)

V ar(X+Y ) = V ar(X)+V ar(Y )+2Cov(X,Y ) = V ar(X)+V ar(Y )

Where,

V ar(X) = E(X2) − E2(X) =
p+ 1

p+ 3
· (p+ 1

p+ 2
)2 =

2

4
· (2

3
)2 =

1

18

2



V ar(Y ) = E(Y 2) − E2(Y ) =
q + 1

q + 3
· (q + 1

q + 2
)2 =

2

4
· (2

3
)2 =

1

18

Therefore,

V ar(X + Y ) =
1

9
.

3. See Assignment 9.

4. (a)

FW (w) = P (W ≤ a)
=

∫ ∫

0<x<1, 0<y<1, xy<a dxdy

=
∫ a
0 dx

∫ 1
0 dy +

∫ 1
a dx

∫ a/x
0 dy

= x]a0 + a lnx]1a
= a− a ln a.

(b)

fw(w) =
dP (W ≤ a)

da
= 1 − ln a− a/a = − ln a

5. (a)

ψ(ω) =
∑∞

x=0

(n
x

)

pxqn−xe−jωx

=
∑∞

x=0

(

n
x

)

(pe−jω)xqn−x

= (pe−jω + q)n

(b) Using the central limit theorem, we have

ψY (ω) = ψ1(ω)ψ2(ω) · · ·ψk(ω)
= (pe−jω + q)n1(pe−jω + q)n2 · · · (pe−jω + q)nk

= (pe−jω + q)n1+n2+···+nk

Therefore, Y ∼ B(n1 + n2 + · · · + nk, p).

6. (a)

Ry(τ) = h(τ) ∗ h(−τ) ∗Rx(τ)
= h(τ) ∗ h(−τ) ∗ δ(τ)
= h(τ) ∗ h(−τ)
= e−t

2 u(t) + et

2 u(−t)

3



(b)

SY (ω) = H(ω)H∗(ω)SX(ω)
= H(ω)H∗(ω)
= 1

1+jω ( 1
1+jω )∗

= 1
1+ω2

7. We have a sequence of independent, identically distributed RVs Xi,
where for each Xi we have:

Xi =

{

1 with probability p
0 with probability 1-p

For each Xi, we have E(Xi) = p and σ = E(X2
i )−E2(Xi) = p(1− p).

Using the central limit theorem, we have that Zn = X−µ
σ/

√
n

is standard

normal. Therefore, we want to find n so that

P

(

|Zn| <
10−2√n

σ

)

≥ 19/20

Thus, 10−2
√

n
σ ≥ 1.96 which results in n ≥ 38416 · σ2. Based on the

value of p, the proper value for n can be chosen.

8.

RY (t1, t2) = E(Y (t1)Y (t2))

= E
(

∫ ∞

−∞
h(u1)X(t1 − u1)du1

∫ ∞

−∞
h(u2)X(t2 − u2)du2

)

=
∫ ∞

−∞

∫ ∞

−∞
h(u1)h(u2)E(X(t1 − u1)X(t2 − u2))du1du2

=
∫ ∞

−∞

∫ ∞

−∞
h(u1)h(u2)RX(t1 − u1 − t2 + u2)du1du2
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