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Solution 

A1. 

 

Motivation 

 



 

 

A2.  

 

𝑥[𝑛] = (2 𝛿[𝑛] +  𝛿[𝑛 − 1] + 𝛿[𝑛 + 1]) ∗ (𝛿[𝑛 − 2] + 𝛿[𝑛 + 2]) = 

= (2 𝛿[𝑛] +  𝛿[𝑛 − 1] + 𝛿[𝑛 + 1]) ∗ 𝛿[𝑛 − 2] + (2 𝛿[𝑛] +  𝛿[𝑛 − 1] + 𝛿[𝑛 + 1]) ∗ 𝛿[𝑛 + 2]= 

=2 𝛿[𝑛 − 2] +  𝛿[𝑛 − 3] + 𝛿[𝑛 − 1] + 2 𝛿[𝑛 + 2] +  𝛿[𝑛 + 1] + 𝛿[𝑛 + 3]

 



A3. It depends on the value of 𝐵𝜔. 

According to the Nyquist theorem, 𝜔𝑠 ≥ 2 𝐵𝜔 for aliasing not to occur. 

4𝜋 ≥ 2 𝐵𝜔 

𝐵𝜔  ≤ 2𝜋 

 

A4.  

𝑠2 𝑌(𝑠) − 3 𝑌(𝑠) = 𝐹(𝑠) 

𝐻(𝑠) =
𝑌(𝑠)

𝐹(𝑠)
=

1

𝑠2 − 3
 

 

A5. It stems from A4 that the system has poles −√3 and √3. The latter is in RHP. The system is 

therefore unstable. 

A6. C is the correct answer,  𝑦(𝑡) = 0. In fact, 𝑌(𝜔) = 𝑋(𝜔)𝐻1(𝜔), 𝑋(𝜔) is constituted by two 

pulses at 𝜔 = ±1 radians/s, which are filtered out by 𝐻1(𝜔). 

A7. 𝑐0 = 5 (DC component). 

A8. b is the correct answer. It can be observed from 𝐻(𝜔) that the system retains only the low-

frequency components. Usually, a low-pass filter smooths the signal, but not in this case because the 

whole spectrum of the signal is within the ideal filter bandwidth. 

 

A9.  

�̅�(𝜔) =
1

𝑇
∑ 𝐹(𝜔 − 𝑛 𝜔𝑠)

+∞

𝑛=−∞

 

 

A10. 

(1 − 0.8𝑧−1)𝑌[𝑧] = 0.3𝑋[𝑧]   𝐻[𝑧] =
𝑌[𝑧]

𝑋[𝑧]
=

0.3𝑧

𝑧−0.8
 

 



B1. a. 𝑥(𝑡) = 𝑥1(𝑡) ∗ 𝑥2(𝑡) = 𝑥2(𝑡) ∗ 𝑥1(𝑡) = ∫ 𝑥2(𝜏) 𝑥1(𝑡 − 𝜏)
+∞

−∞
 𝑑𝜏 

 

𝑡 ≤ 0 

𝑥(𝑡) = 0 

 

0 ≤ 𝑡 ≤ 1 

𝑥(𝑡) = ∫ 𝑑𝜏
𝑡

0

= 𝜏 |0
𝑡 = 𝑡 

 

1 ≤ 𝑡 ≤ 2 

𝑥(𝑡) = ∫ 𝑑𝜏
𝑡

−1+𝑡

= 𝜏 |𝑡−1
𝑡 =  𝑡 − (𝑡 − 1)  = 1 

 

2 ≤ 𝑡 ≤ 3 

𝑥(𝑡) = ∫ 𝑑𝜏
2

−1+𝑡
= 𝜏 |𝑡−1

2 = 2 − (𝑡 − 1)  = 3 − 𝑡 

 

𝑡 ≥ 3 

𝑥(𝑡) = 0 

 

b. 

 

 

c. 𝑦(𝑡) = 𝑥1(𝑡) ∗ 𝑥2(𝑡 − 1) = 𝑥(𝑡 − 1) 



 

 

B1. a. Fundamental frequency 

𝜔1 = 2    [
r

s
], 𝑇1 =

2𝜋

𝜔1
=

2𝜋

2
= 𝜋   [s] 

𝜔2 = 4    [
r

s
], 𝑇2 =

2𝜋

𝜔2
=

2𝜋

4
=

𝜋

2
  [s]   

Common period 𝑇 = 𝑚1𝑇1 = 𝑚2𝑇2,   with 𝑚1, 𝑚2 ∈ ℤ  

𝑇 = 𝜋  [𝑠], 𝑚1 = 1,𝑚2 = 2  

𝜔0 =
2𝜋

𝜋
= 2    [

r

s
] 

 

b. Coefficients 

𝑥(𝑡) = 5 𝑐𝑜𝑠 (2𝑡 +
𝜋

3
) + 𝑠𝑖𝑛(4𝑡) = 5

𝑒𝑗2𝑡𝑒
𝑗𝜋
3 + 𝑒−𝑗2𝑡𝑒−

𝑗𝜋
3

2
+
𝑒𝑗4𝑡 − 𝑒−𝑗4𝑡

2𝑗
= 

=
5

2
𝑒
𝑗𝜋
3  𝑒𝑗𝑘𝜔0𝑡|

𝑘=1
+
5

2
 𝑒−

𝑗𝜋
3  𝑒𝑗𝑘𝜔0𝑡|

𝑘=−1
+
1

2𝑗
𝑒𝑗𝑘𝜔0𝑡|

𝑘=2
−
1

2𝑗
𝑒𝑗𝑘𝜔0𝑡|

𝑘=−2
 

 

 

𝑐𝑘 =

{
 
 
 
 

 
 
 
 

5

2
𝑒
𝑗𝜋
3 𝑘 = 1

5

2
𝑒−

𝑗𝜋
3 𝑘 = −1

1

2𝑗
= −

𝑗

2
𝑘 = 2

−
1

2𝑗
=
𝑗

2
𝑘 = −2

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

 



B3. a. 

𝐻(𝑠) =
𝑠 + 5

𝑠2 + 3𝑠 + 2
=

𝑠 + 5

(𝑠 + 1)(𝑠 + 2)
= 

=
𝐴

𝑠 + 1
+

𝐵

𝑠 + 2
 

𝐴(𝑠 + 2) + 𝐵(𝑠 + 1) = 𝑠 + 5 

{
𝐴 + 𝐵 = 1
2𝐴 + 𝐵 = 5

 

{
𝐵 = 1 − 𝐴

2𝐴 + 1 − 𝐴 = 5
 

{
𝐴 = 4
𝐵 = −3

 

𝐻(𝑠) =
4

𝑠 + 1
−

3

𝑠 + 2
 

ℎ(𝑡) = (4𝑒−𝑡 − 3𝑒−𝑡)𝑢(𝑡) 

 

b. 

𝑑2𝑦(𝑡)

𝑑𝑡2
+ 3

𝑑𝑦(𝑡)

𝑑𝑡
+ 2𝑦(𝑡) =

𝑑𝑥(𝑡)

𝑑𝑡
+ 5𝑥(𝑡) 

 


