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Homework 8 Solutions

Problem 1 OWN 8.21 (AM Communication Systems.)

(a)

w(t) = y(t) cos(ωct + θc)
= x(t)(cos(ωct + θc))2

= x(t)(
1
2

+
1
2

cos(2(ωct + θc))

= x(t)(
1
2

+
1
2

cos(2ωct + 2θc)

(b)

w(t) = x(t) · (1
2

+
1
4
(ej(2ωct+2θct) + e−j(2ωct+2θct)))

W (jω) =
1
2
X(jω) +

1
4
(ej2θcX(j(ω − 2ωc)) + e−j2θcX(j(ω + 2ωc)))

The terms involving θc do not affect the magnitude of the spectra of W (jω) if ωM < ωc . Hence, for
the output of the lowpass filter to be proportional to x(t) , we require (1) ωc > ωM (2) ωco > ωM .

If these conditions are satisfied, the value of θc doesn’t matter.
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Problem 2 OWN Problem 8.26. (Phase synchronization in communication systems.)

Problem 3 OWN Problem 8.29. (Single-sideband amplitude modulation.)

(a) The sketches in the Figure 1 show S(jω) and R(jω) .

(b) In Figure 1 we show how P (jω) may be obtained by considering the outputs of the various stages of
Figure P8.28(c). From the sketch for P (jω) , it is clear that P (jω) = 2S(jω) .

(c) In Figure 1 we show the results of demodulation on both s(t) and r(t) . It is clear that x(t) is
recovered in both cases.

Problem 4 OWN Problem 8.40 (Quadrature Multiplexing.)

Let X1(jω) and X2(jω) be as shown in Figure 2. Then R(jω) is as shown in Figure 2. The overlapping
regions in the figure need to be summed.

When r(t) is multiplied by cos ωct , in the vicinity of ω = 0 we get

1
2
{1
2
X1(jω) +

1
2
jX2(jω) +

1
2
X1(jω)− 1

2
jX2(jω)} =

1
2
X1(jω).

Therefore the first lowpass filter output is equal to x1(t) .

When r(t) is multiplied by sinωct , in the vicinity of ω = 0 we get

1
2
{−j[

1
2
jX2(jω) +

1
2
X1(jω)] + j[−j

1
2
X2(jω) +

1
2
X1(jω)]} =

1
2
X2(jω).

Therefore the second lowpass filter output is equal to x2(t) .
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Figure 1: OWN Problem 8.29

Figure 2: OWN Problem 8.40

3



Problem 5 OWN Problem 8.42 (PAM.)

(a)

According to the description, P1(jω) is band-limited to [− π
T1

, π
T1

] . P̃1(jω) is a periodic version of
P1(jω) with P̃1(jω) = P1(jω) for ω ∈ [− π

T1
, π

T1
] and period 4π

T1
.

Since P1(jω) is even, we have

P1(jω − j
π

T1
) = P1(−jω + j

π

T1
) = −P1(jω + j

π

T1
), 0 ≤ ω ≤ π

T1
.

Therefore
P1(jω − j

π

T1
) = −P1(jω + j

π

T1
), 0 ≤ ω ≤ π

T1
.

Since P̃1(jω) has period 4π
T1

,

P̃1(jω − j
π

T1
) = −P̃1(jω + j

π

T1
) for all ω.

This is equivalent to

P̃1(jω) = −P̃1(jω ± j
2π

T1
).

Therefore
P̃1(jω) = −P̃1(jω − j

2π

T1
).

(b)

Since P̃1(jω) = −P̃1(jω − j 2π
T1

) , p̃1(t) = −ej 2π
T1

tp̃1(t) . For t = kT1 , k = 0,±1,±2, . . . , this becomes

p̃1(kT1) = −ej 2π
T1

kT1 p̃1(t) = −p̃1(kT1).

Therefore p̃1(kT1) = 0 , k = 0,±1,±2, . . . . ⇒ T = T1
2 .

(c)

P̃1(jω) = P1(jω) ∗
+∞∑

m=−∞
δ(jω − jm

4π

T1
)

Therefore

p̃1(t) = p1(t) · T1

2

+∞∑
m=−∞

δ(t− n
T1

2
)

.

Since p̃1(kT1) = 0 , k = 0,±1,±2, . . . , and T1
2

∑+∞
m=−∞ δ(kT1 − nT1

2 ) = T1
2 6= 0 , we have to have

p1(kT1) = 0 , k = 0,±1,±2, . . . .

(d)

Note that P (jω) = P1(jω) + P2(jω) , where

P2(jω) =

{
1, |ω| ≤ π/T1

0, otherwise

Therefore, p(t) = p1(t)+ sin(πt/T1)
πt . We know that sin(πt/T1)

πt = 0 for t = 0,±T1,±2T1, . . . . We have also
shown in (c) that p1(t) = 0 , t = 0,±T1,±2T1, . . . . Therefore p(t) = 0 for t = 0,±T1,±2T1, . . . .
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Problem 6 OWN Problem 8.44 (PAM.)
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Problem 7
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