
 

 

Answer on Question #64225 – Math – Calculus 
 

Question 1 
 
For the following transfer function: 
 

𝐻(𝑠) =
𝑠2 − 1

𝑠2 + 𝑠 + 1
 

 
Plot the poles and zeros in the s-plane and determine and sketch the inverse Laplace transform 
ℎ(𝑡) 
 

Solution 
 

𝑧𝑒𝑟𝑜𝑠: 𝑠1 = 1 ;  𝑠1 = −1 
 

𝑠2 + 𝑠 + 1 = 0 
 

𝑠 =
−1 ± √1 − 4

2
 

 

𝑝𝑜𝑙𝑒𝑠: 𝑠1 =
−1 − 𝑖√3

2
 ;  𝑠2 =

−1 + 𝑖√3

2
 

 
 

 
 
 

𝐻(𝑠) =
𝑠2 − 1

𝑠2 + 𝑠 + 1
=

𝑠2 − 1 + 𝑠 − 𝑠 + 2 − 2

𝑠2 + 𝑠 + 1
= 1 −

𝑠 + 2

𝑠2 + 𝑠 + 1
 

 



 

 

lim
𝑠→

−1−𝑖√3
2

(𝑠 +
1 + 𝑖√3

2
)

𝑒𝑠𝑡(𝑠 + 2)

(𝑠 +
1 + 𝑖√3

2 ) (𝑠 −
−1 + 𝑖√3

2 )

= 

 

=

−1 − 𝑖√3
2 + 2

−1 − 𝑖√3
2 −

−1 + 𝑖√3
2

𝑒
−1−𝑖√3

2
𝑡 = −

3 − 𝑖√3

2𝑖√3
𝑒

−1−𝑖√3
2

𝑡 

 
 

ℎ(𝑡) = 𝛿(𝑡) + 𝑟𝑒𝑠1 + 𝑟𝑒𝑠2 
 

ℎ(𝑡) = 𝛿(𝑡) + 2 ∙
𝑒−

𝑡
2

2√3
(√3 cos (

√3

2
𝑡) + 3 sin (

√3

2
𝑡)) 

 

ℎ(𝑡) = 𝛿(𝑡) + 𝑒−
𝑡
2 (cos (

√3

2
𝑡) + √3 sin (

√3

2
𝑡)) 

 
 
 

 
 
 
 
 
 
 



 

 

Question 2 
 
For the following transfer function: 
 

𝐻(𝑠) = 3 +
𝑠 + 4

𝑠2 + 3𝑠 + 2
 

 
Find and sketch the inverse Laplace transform ℎ(𝑡) 
 

Solution 
 

𝑠2 + 3𝑠 + 2 = 0 
 

𝑠 =
−3 ± √9 − 8

2
 

 
𝑝𝑜𝑙𝑒𝑠: 𝑠1 = −1 ; 𝑠2 = −2 

 

𝑟𝑒𝑠1 = lim
𝑠→−1

(𝑠 + 1)
𝑒𝑠𝑡(𝑠 + 4)

(𝑠 + 1)(𝑠 + 2)
= 3𝑒−𝑡 

 

𝑟𝑒𝑠2 = lim
𝑠→−2

(𝑠 + 2)
𝑒𝑠𝑡(𝑠 + 4)

(𝑠 + 1)(𝑠 + 2)
= −2𝑒−2𝑡 

 
ℎ(𝑡) = 3𝛿(𝑡) + 3𝑒−𝑡 − 2𝑒−2𝑡 

 
 

 



 

 

Question 3 
 
Solve the following second order differential equation: 
 

𝑦′′ + 4𝑦′ + 3𝑦 = 4𝑒−3𝑡  ;    𝑦(0) = 1 ; 𝑦′(0) = −1 
 
and sketch the output 𝑦(𝑥) 
 

Solution 
 

𝑦(𝑡) → 𝑌(𝑝) 
 

𝑦′(𝑡) → 𝑝𝑌(𝑝) − 𝑦(0) = 𝑝𝑌(𝑝) − 1 
 

𝑦′′(𝑡) → 𝑝2𝑌(𝑝) − 𝑝 ∙ 𝑦(0) − 𝑦′(0) = 𝑝2𝑌(𝑝) − 𝑝 + 1 
 

4𝑒−3𝑡 →
4

𝑝 + 3
 

 

𝑝2𝑌(𝑝) − 𝑝 + 1 + 4 ∙ (𝑝𝑌(𝑝) − 1) + 3𝑌(𝑝) =
4

𝑝 + 3
 

 

(𝑝2 + 4𝑝 + 3)𝑌(𝑝) =
4

𝑝 + 3
+ 𝑝 − 1 + 4 

 

(𝑝2 + 4𝑝 + 3)𝑌(𝑝) =
4 + (𝑝 + 3)2

𝑝 + 3
 

 

(𝑝 + 1)(𝑝 + 3)𝑌(𝑝) =
𝑝2 + 6𝑝 + 13

𝑝 + 3
 

 

𝑌(𝑝) =
𝑝2 + 6𝑝 + 13

(𝑝 + 1)(𝑝 + 3)2
 

 
𝐴

𝑝 + 1
+

𝐵

𝑝 + 3
+

𝐶

(𝑝 + 3)2
=

𝑝2 + 6𝑝 + 13

(𝑝 + 1)(𝑝 + 3)2
 

 
𝐴(𝑝 + 3)2 + 𝐵(𝑝 + 1)(𝑝 + 3) + 𝐶(𝑝 + 1) = 𝑝2 + 6𝑝 + 13 

 
𝐴(𝑝2 + 6𝑝 + 9) + 𝐵(𝑝2 + 4𝑝 + 3) + 𝐶𝑝 + 𝐶 = 𝑝2 + 6𝑝 + 13 

 



 

 

{
𝐴 + 𝐵 = 1

6𝐴 + 4𝐵 + 𝐶 = 6
9𝐴 + 3𝐵 + 𝐶 = 13

 

{
𝐴 + 𝐵 = 1

3𝐴 − 𝐵 = 7
 

 
𝐴 = 2 ; 𝐵 = −1 

 
𝐶 = 6 − 12 + 4 = −2 

 

𝑌(𝑝) =
2

𝑝 + 1
−

1

𝑝 + 3
−

2

(𝑝 + 3)2
 

 
𝑌(𝑝) → 𝑦(𝑡) 

 
2

𝑝 + 1
→ 2𝑒−𝑡 ;  

1

𝑝 + 3
→ 𝑒−3𝑡 ;  

2

(𝑝 + 3)2
→ 2𝑡𝑒−3𝑡 

 
 

𝑦(𝑡) = 2𝑒−𝑡 − 𝑒−3𝑡 − 2𝑡𝑒−3𝑡 
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