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Exercice1(09pts):  

Let a system be governed by the following differential equation, assuming null initial conditions, 

𝑦̈(𝑡) + 2𝑦̇(𝑡) − 15𝑦(𝑡) = 𝑥̇(𝑡) + 𝑥(𝑡) 

1. Find the transfer function: 𝐻(𝑠) =
𝑌(𝑠)

𝑋(𝑠)
 

2. Find the zeros and poles 

3. Demonstrate that 𝐻(𝑠) can be put as 𝐻(𝑠)=
𝑎

𝑠−3
+

𝑏

𝑠+5
, find 𝑎 and 𝑏 

4. Given that 𝑥(𝑡) is a Dirac delta function, compute the output 𝑦(𝑡) of the system. 

Exercise 2(4pts):  

1. Find the transfer function for the figure bellow 

𝐻(𝑠) =
𝑉𝑂(𝑠)

𝑉𝑖(𝑠)
 

 

2. Prove that H(s) can be put in the form  

3. 𝐻(𝑠) =
𝑘

𝑠2+2𝜁𝜔0𝑠+𝜔0
2 

4. Find k, ζ, and 𝜔0 as functions of 𝑅, 𝐿, and 𝐶. 

 

Exercice3(7pts): Simplify the block diagram below into a single block relating Y(s) to R(s). 

 

 

 

 



 

 

 

 

 

 

 

 

 

Solution 

Exercice1:  

𝑦̈(𝑡) + 2𝑦̇(𝑡) − 15𝑦(𝑡) = 𝑥̇(𝑡) + 𝑥(𝑡) 

Apply the Laplace transform for left and Right sides of differential equation, we get 

ℒ[𝑦̈(𝑡) + 2𝑦̇(𝑡) − 15𝑦(𝑡)] = ℒ[𝑥̇(𝑡) + 𝑥(𝑡)], since all initial conditions are zeros, we obtain 

𝑠2𝑌(𝑠) + 2𝑠𝑌(𝑠) + 15𝑌(𝑠) = 𝑠𝑋(𝑠) + 𝑋(𝑠),  

(𝑠2 + 2𝑠𝑌 + 15)𝑌(𝑠) = (𝑠 + 1)𝑋(𝑠),  

The transfer function for above system is 

𝑯(𝒔) =
𝒀(𝒔)

𝑿(𝒔)
=

𝒔+1

𝒔+2𝒔−15
=

𝑵(𝒔)

𝑫(𝒔)
 

- Zeros: are solution of 𝑁(𝑠) = 𝑠 + 1 = 0,  𝑧1 =  −1 

- Poles are solutions of D(s)= +2𝑠 − 15 = 0,  we facotorize D(s) we get  

𝐷(𝑠) = (𝑠 − 𝑝1)(𝑠 − 𝑝2) = 0,  

𝐷(𝑠) = (𝑠 − 3)(𝑠 + 5) = 0 

Solutions, 𝒑1 = 3, 𝒑2 = −5 

𝒔+1

𝒔+2𝒔−15
=

𝒔+1

(𝒔−3)(𝒔+5)
=

𝑨

𝒔−3
+

𝑩

𝒔+5
 

 

. Consequently,  

𝑯(𝒔) =
1

2
(

1

𝒔 − 3
+

1

𝒔 + 5
) 

 

If the input x(t) is Dirac impulse, then 𝑋(𝑠) = 1,  

𝑌(𝑠) = 𝐻(𝑠)𝑋(𝑠) = 
1

2
(

1

𝑠−3
+

1

𝑠+5
) 
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Applying inverse Laplace transform, to obtain y(t)= ? 

 

𝑦(𝑡) = ℒ−1 {
1

2
(

1

𝑠 − 3
+

1

𝑠 + 5
)} =

1

2
ℒ−1 (

1

𝑠 − 3
) +

1

2
ℒ−1 (

1

𝑠 + 5
) 

 

𝑦(𝑡) = 
1

2
[𝑒−3𝑡 +

1

2
𝑒5𝑡] 𝑢(𝑡) 

Exercice2 : 

According to voltage divider, we write the complex form 

𝑉𝑂(𝑠) =
𝑍𝑐

𝑅+𝑍𝐿+𝑍𝑐
𝑉𝑖(𝑠), where 𝑧𝐿 = 𝑗𝐿𝜔 = 𝐿𝑠,  and 𝑧𝐶 =

1

𝑗𝐶𝜔
=

1

𝐶𝑠
. Then 

𝐻(𝑠) =
𝑉𝑂(𝑠)

𝑉𝑖(𝑠)
=

𝑍𝑐

𝑅 + 𝑍𝐿 + 𝑍𝑐
=

1
𝐶𝑠

𝑅 + 𝐿𝑠 +
1

𝐶𝑠

=
1

𝐿𝐶𝑠2 + 𝑅𝐶𝑠 + 1
= 

 

 

Exercice3 : 
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