
ECE 301: Homework 6

SOLUTIONS

Problem 1

x1(t) = x(t)cos(5Wt)
X1(ω) =

1
2
X(ω − 5W ) + 1

2
X(ω + 5W )
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Z1(t) = Z(t)cos(3Wt)
Z1(ω) =

1
2
Z(ω − 3W ) + 1

2
Z(ω + 3W )
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Problem 2

X(jω) = 0 when |ω| > ωM

Y (jω) =

{
X(j(ω − ωM)) if ω > 0

X(j(ω + ωM)) if ω < 0

Therefore: Y (jω) = X(ω − ωM) +X(ω + ωM) since X(ω) is band limited in ωM

Part a:

Part b:

Part c:

Problem 3

y(t) =
∑∞

k=−∞ δ(t− πk)

x(t) is periodic with period π

Find the CTFS
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ak =
1
π

∫ π
2
−π
2

δ(t)e−jk2tdt = 1
π

X(jω) = 2π
∑∞

k=−∞ akδ(ω −
2π
T
k)

=
∞∑

k=−∞

2δ(ω − 2k)

Problem 4

Part a:

y(t) =
sin( t

2
)

πt

∑∞
k=−∞ δ(t−

π
2
k)

=
∞∑

k=−∞

sin(π
4
k)

π2

2
k

δ(t− π

2
k)

Part b:

Y (jω) = 1
2π
X(jω) ∗ P (jω)

X(jω) = 1 when |ω| < 1
2
and 0 otherwise.

P (jω) = 2π
π
2

∑∞
k=−∞ δ(ω −

2π
π
2
k) = 4

∑∞
k=−∞ δ(ω − 4k)

Y (jω) =
2

π

∞∑
k=−∞

X(j(ω − 4k))
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Problem 5

xp(t) =
∑∞

n=−∞ x(nT )δ(t− nT ) T=10−4

Part a:

X(jω) = 0 for |ω| > 5000π
Max frequency = 1

2
(2π
T
) = 10000π

This signal can be perfectly reconstructed

Part b:

X(jω) = 0 for |ω| > 15000π
This signal can NOT be perfectly reconstructed

Part f:

X(jω) ∗X(jω) = 0 for |ω| > 15000π
=> X(jω) = 0 for |ω| > 1

2
(15000π) = 7500π

This signal can be perfectly reconstructed

Part g:

|X(jω)| = 0 for |ω| > 5000π
|X(jω)| > 0 for |ω| < −10000π
This signal can NOT be perfectly reconstructed

Problem 6

y(t) = x1(t) ∗ x2(t)
X1(jω) = 0 for |ω| > 1000π
X2(jω) = 0 for |ω| > 2000π
yp(t) =

∑∞
n=−∞ y(nT )δ(t− nT )

Y (jω) = 0 for |ω| > 1000π
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since Y (jω) = X1(jω)X2(jω)
ωs =

2π
T
≥ 2(1000π)

=> T ≤ 2π

2000π
= 10−3s

Problem 7

2π
T

= 2π(20kHz) = 40π(1000) = 4π104

P (jω) = 2π
T

∑
n δ(ω −

2π
T
n)

π
T
= 2πx104 => π in X(ejω)

πx104 => π
2

π => π
T
in Yp(jω)

π
4
=> π

4T
in Yp(jω)

π
4T

= π
4
(20000) = 50x103 = 0.50x104
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Problem 8

Let:

Then Hc(jω) =
Yc(jω)
Xc(jω)

= Y (jω)

Y (ejω) = 1
2
e−jωY (ejω) +X(jω)

H(ejω) = 1
1− 1

2
e−jω
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|H(ejω)| = 1√
(1− 1

2
cos(ω))2+sin2(ω)

= 1√
2−2 cos(ω)

Y (ejω) = 1
T
H(ejω)
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Yc(jω) =
1
T

1
1− 1

2
e−jωT

for |ω| < π
T

Yc(jω) = 0 for |ω| > π
T

Hc(jω) =

{
1
T

1
1− 1

2
e−jωT

if |ω| < π
T

0 if |ω| > π
T
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