
EE 511 Solutions to Problem Set 8

1. E[Yt] = E[Xt] cos 2πfct. E[Yt] is periodic with period 1/fc.

RY (t, t + τ) = E[Xt+τ cos 2πfc(t + τ)Xt cos 2πfct] =
RX(τ)

2
[cos 2πfcτ + cos 2πfc(2t + τ)]

RY (t, t + τ) is periodic with period 1/(2fc).

Therefore, Yt is wide-sense cyclostationary with period 1/fc.

E[Zt] = E[Xt]E[cos (2πfct + Θ)] = 0.

RZ(t, t + τ) = E[Xt+τ cos (2πfc(t + τ) + Θ)Xt cos (2πfct + Θ)]

= RX(τ)
2 [cos 2πfcτ + E[cos (2πfc(2t + τ) + 2Θ)]]

= RX(τ)
2 cos 2πfcτ

Therefore, Zt is wide-sense stationary.

2. (a) As derived in class, we have

RX(τ) =
1

T

∞
∑

k=−∞

RA(k)Rp(τ − kT ),

where

Rp(τ) =

∫ ∞

−∞
p(t)p(t + τ)dt.

(b) RA(k) = 0 for all k 6= 0. Therefore

RX(τ) =
1

T
RA(0)Rp(τ),

where RA(0) = 1 and

Rp(τ) =

{

A2(2T − |τ |) |τ | < 2T
0 else

Therefore, we have (see Figure 1)

RX(τ) =

{

A2(2 − |τ |
T

) |τ | < 2T
0 else

(c)

Rp(τ) =

{

A2(T − |τ |) |τ | < T
0 else

RA(0) = E[A2
n] = E[(Bn + Bn−1)(Bn + Bn−1)] = E[B2

n] + E[B2
n−1] = 2.

RA(−1) = RA(1) = E[AnAn−1] = E[(Bn + Bn−1)(Bn−1 + Bn−2)] = E[B2
n−1] = 1.

RA(k) = 0 for all |k| ≥ 2.
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Figure 1:

We get the same result for RA(τ) as in part (b) (See Figure 1).

RX(τ) =

{

A2(2 − |τ |
T

) |τ | < 2T
0 else

(d) RA(k) = 0 for k ≥ 2. RA(0) = E[(2Bn + Bn−1)(2Bn + Bn−1)] = 4 + 1 = 5.
RA(1) = RA(−1) = E[(2Bn + Bn−1)(2Bn+1 + Bn)] = 2. Therefore, we have

RX(τ) =
1

T
[5Rp(τ) + 2Rp(τ − T ) + 2Rp(τ + T )] ,

which is as shown in Figure 2.
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