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Solution 

A1. 

 

- f(t): flip about the t axis 

1: DC 

 

A2. B is the correct solution. 

D cannot be correct, because the convolution of two positive sequences yields a positive output. 

A, B, and C differ for the sample x[3], which is obtained in case of maximal overlap between x1[n] 

and x2[n] (∑ 𝑥1[𝑛]𝑥2[𝑛] = 6
3
𝑛=0 ). 

 

A3. The system is instantaneous. Therefore 𝑦[𝑛] depends only on 𝑥[𝑛]. Comparing input and output, 

it can be observed that 

𝑦[𝑛] = {
𝑥[𝑛] 𝑖𝑓 𝑥[𝑛] ≥ 0
−𝑥[𝑛] 𝑖𝑓 𝑥[𝑛] < 0

 

Therefore 𝑦[𝑛] = |𝑥[𝑛]| 

The system is not invertible. For instance, given 𝑦[5] = 3, we cannot conclude if 𝑥[5] = 3 or 𝑥[5] =

−3. 



 

A4. 𝑌(𝜔) = 𝐻(𝜔)𝑋(𝜔) 

sin(𝑡) contributes to 𝑋(𝜔) with terms proportional to 𝛿 centered at 𝜔 = ±1 radians/seconds, and 

we want to filter them out 

cos(3𝑡) contributes to 𝑋(𝜔) with terms proportional to 𝛿 centered at 𝜔 = ±3 radians/seconds, and 

we want to maintain them 

Therefore, 1 < 𝜔1 < 3, and 𝜔2 > 3 

 

A5. The terms 𝑐𝑜𝑠 and 𝑠𝑖𝑛 are oscillatory and do not contribute to DC. Therefore,  𝑐0 = 0. 

 

A6. 

𝑓(𝑡) = ℒ−1 { 𝐹(𝑠) } = ℒ−1  { 
1

𝑠
 } −

3

2
ℒ−1  { 

1

𝑠 + 2
 } = 𝑢(𝑡) −

3

2
𝑒−2𝑡𝑢(𝑡) = (1 −

3

2
𝑒−2𝑡)𝑢(𝑡) 

 

A7. Transfer function: ratio of the system output to input in the Laplace domain, assuming zero 

initial conditions 

𝑠2 𝑌(𝑠) + 10 𝑠 𝑌(𝑠) + 16 𝑌(𝑠) = 𝑋(𝑠) 

𝐻(𝑠) =
𝑌(𝑠)

𝑋(𝑠)
=

1

𝑠2 + 10 𝑠 + 16
 

 

A8. The system has poles in 𝑝 =
−2±√4−20

2
= −1 ± 𝑗2, i.e. in the LHP. Therefore, the system is 

stable. 

 

A9.  

∑0.4𝑛 =

+∞

𝑛=0

∑0.4𝑛 𝑧−𝑛|𝑧=1 = 𝒵

+∞

𝑛=0

{0.4𝑛 𝑢[𝑛]}|𝑧=1 =
𝑧

𝑧 − 0.4
|
𝑧=1

=
1

0.6
=
10

6
=
5

3
 

 

 

A10. 

𝑓[𝑘] = 𝒵−1 { 𝐹[𝑧] } = 4 𝒵−1 { 
1

𝑧 − 3
 } + 5 𝒵−1 { 

1

𝑧 − 2
 } = [4 (3)𝑘−1 +  5 (2)𝑘−1] 𝑢[𝑘 − 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) = 7 + 𝑠𝑖𝑛(2𝑡) + 5 cos (4𝑡 +
𝜋

3
) = 7 +

𝑒𝑗2𝑡 − 𝑒−𝑗2𝑡

2𝑗
+ 5

𝑒𝑗4𝑡𝑒
𝑗𝜋
3 + 𝑒−𝑗4𝑡𝑒−

𝑗𝜋
3

2
= 

= 7𝑒𝑗𝑘𝜔0𝑡|
𝑘=0

+
1

2𝑗
𝑒𝑗𝑘𝜔0𝑡|

𝑘=1
−
1

2𝑗
𝑒𝑗𝑘𝜔0𝑡|

𝑘=−1
+
5

2
𝑒
𝑗𝜋
3  𝑒𝑗𝑘𝜔0𝑡|

𝑘=2
+
5

2
 𝑒−

𝑗𝜋
3  𝑒𝑗𝑘𝜔0𝑡|

𝑘=−2
 

 

𝑐𝑘 =

{
 
 

 
 

7 0

±
1

2𝑗
𝑘 = ±1

5

2
𝑒±

𝑗𝜋
3 𝑘 = ±2

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

  



B2. a. 𝑦𝑎(𝑡) = 𝑥1(𝑡) ∗ 𝑥2(𝑡) = ∫ 𝑥1(𝜏) 𝑥2(𝑡 − 𝜏)
+∞

−∞
 𝑑𝜏 

 

𝑡 ≤ 0 

𝑦𝑎(𝑡) = 0 

 

0 ≤ 𝑡 ≤ 1 

𝑦𝑎(𝑡) = ∫ 𝜏 𝑑𝜏
𝑡

0

=
1

2
𝜏2|

0

𝑡

=
1

2
𝑡2 

 

1 ≤ 𝑡 ≤ 2 

𝑦𝑎(𝑡) = ∫ 𝜏 𝑑𝜏
1

−1+𝑡

=
1

2
𝜏2|

𝑡−1

1

=
1

2
−
1

2
(𝑡 − 1)2 = 𝑡 −

1

2
 𝑡2 

𝑡 ≥ 2 

𝑦𝑎(𝑡) = 0 

b. 

𝑦𝑏(𝑡) = 𝑥2(𝑡) ∗ 𝑥1(𝑡) = ∫ 𝑥2(𝜏) 𝑥1(𝑡 − 𝜏)
+∞

−∞

 𝑑𝜏 

 

𝑡 ≤ 0 

𝑦𝑏(𝑡) = 0 

 

0 ≤ 𝑡 ≤ 1 

𝑦𝑏(𝑡) = ∫ (𝑡 − 𝜏) 𝑑𝜏
𝑡

0

= 𝑡 𝜏|0
𝑡 −

1

2
𝜏2|

0

𝑡

= 𝑡2 −
1

2
𝑡2 =

1

2
𝑡2 

 

1 ≤ 𝑡 ≤ 2 

𝑦𝑏(𝑡) = ∫ (𝑡 − 𝜏) 𝑑𝜏
1

−1+𝑡

= 𝑡 𝜏|𝑡−1
1 −

1

2
𝜏2|

𝑡−1

1

= 𝑡 (1 − 𝑡 + 1) −
1

2
+
1

2
(𝑡 − 1)2 = 𝑡 −

1

2
 𝑡2 

 

𝑡 ≥ 2 

𝑦𝑏(𝑡) = 0 

𝑦𝑎(𝑡) = 𝑦𝑏(𝑡), as expected since the convolution is commutative 



B3. 

𝐹̅(𝜔) =
1

𝑇
∑ 𝐹(𝜔 − 𝑛 𝜔𝑠)

+∞

𝑛=−∞

 

a. 𝜔𝑠𝐴 =
2𝜋

𝑇𝐴
=

2𝜋

0.4
= 5 𝜋      [

𝑟𝑎𝑑𝑖𝑎𝑛

𝑠𝑒𝑐𝑜𝑛𝑑
] 

 

b. 𝜔𝑠𝐵 =
2𝜋

𝑇𝐵
=

2𝜋

0.05
= 40 𝜋      [

𝑟𝑎𝑑𝑖𝑎𝑛

𝑠𝑒𝑐𝑜𝑛𝑑
] 

 

Note: this figure is not in scale. 

Case a: aliasing 

Case b: sampling higher than Nyquist rate, we can recover the original signal (even using a practical 

filter). 


