
KIX1002: ENGINEERING MATHEMATICS 2 
TUTORIAL 9: LAPLACE TRANSFORM 2 

 
1. Evaluate the given Laplace transform. 

i) ℒ{𝑡 sinh 3𝑡 }  ii) ℒ{𝑡𝑒−3𝑡 cos 3𝑡}  
iii) ℒ{𝑒2𝑡 ∗ sin 𝑡}  iv) ℒ{𝑒−𝑡 ∗ 𝑒𝑡 cos 𝑡}  
v) ℒ {∫ 𝜏 sin 𝜏

𝑡

0
𝑑𝜏 }  vi) ℒ {𝑡 ∫ sin 𝜏

𝑡

0
𝑑𝜏 }  

  

2. Use the Laplace transform to solve the initial-value problem. 
i) 𝑑𝑦

𝑑𝑡
+ 3𝑦 = 13 sin 2𝑡 , 𝑦(0) = 6  

ii) 𝑦" + 16𝑦 = 𝑓(𝑡), 𝑦(0)  = 0, 𝑦′ (0)  = 1  where   

𝑓(𝑡) = {
cos 4𝑡 ,   0 ≤ 𝑡 ≤ 𝜋
   0,               𝑡 ≥ 𝜋

  

iii) 𝑦′ + 𝑦 = 𝛿(𝑡 − 1), 𝑦(0) = 2  

iv) 𝑦′′ − 7𝑦′ + 6𝑦 = 𝑒𝑡 + 𝛿(𝑡 − 2) + 𝛿(𝑡 − 4),   𝑦(0) = 0, 𝑦′(0) = 0  

v) 𝑦′′ + 𝑦 = 𝛿 (𝑡 −
1

2
𝜋) + 𝛿 (𝑡 −

3

2
𝜋),   𝑦(0) = 0,   𝑦′(0) = 0   

  
3. Use the Laplace transform to solve the given system of differential equations. 

i) 𝑑𝑥

𝑑𝑡
= −𝑥 + 𝑦 ,  

𝑑𝑦

𝑑𝑡
= 2𝑥    

𝑥(0) = 0, 𝑦(0) = 1     

ii) 𝑑𝑥

𝑑𝑡
+ 3𝑥 +

𝑑𝑦

𝑑𝑡
= 1 ,  

𝑑𝑥

𝑑𝑡
− 𝑥 +

𝑑𝑦

𝑑𝑡
− 𝑦 = 𝑒𝑡 

𝑥(0) = 0, 𝑦(0) = 0     

iii) 𝑑𝑥

𝑑𝑡
− 4𝑥 +

𝑑3𝑦

𝑑𝑡3 = 6 sin 𝑡 ,  
𝑑𝑥

𝑑𝑡
+ 2𝑥 − 2

𝑑3𝑦

𝑑𝑡3 = 0 

𝑥(0) = 0, 𝑦(0) = 0     

𝑦′(0) = 0, 𝑦′′(0) = 0     

 

  



4. Two masses m1 and m2 are connected to three springs of negligible mass having spring 
constants k1, k2 and k3, respectively. 

 
Let x1 and x2 represent displacements of masses m1 and m2 from their equilibrium positions. 

The motion of the coupled system is represented by the system of second-order differential 

equations: 

𝑚1

𝑑2𝑥1

𝑑𝑡2
= −𝑘1𝑥1 + 𝑘2(𝑥2 − 𝑥1) 

𝑚2

𝑑2𝑥2

𝑑𝑡2
= −𝑘2(𝑥2 − 𝑥1) − 𝑘3𝑥2 

Using Laplace transform to solve the system when 𝑘1 = 1,  𝑘2 = 1,  𝑘3 = 1,  𝑚1 = 1,  𝑚2 =

1 and 𝑥1(0) = 0,   𝑥1
′ (0) = −1,  𝑥2(0) = 0,  𝑥2

′ (0) = 1. 

 

5. The system of differential equations for the charge on the capacitor 𝑞(𝑡) and the current 
𝑖3(𝑡) in the electrical network shown below is  

 

𝑅1
𝑑𝑞

𝑑𝑡
+

1

𝐶
𝑞 + 𝑅1𝑖3 = 𝐸(𝑡)  

𝐿
𝑑𝑖3

𝑑𝑡
+ 𝑅2𝑖3 −

1

𝐶
𝑞 = 0  

Find the charge on the capacitor 𝑞(𝑡) using Laplace transform when 𝐿 = 1𝐻, 𝑅1 = 1Ω, 𝑅2 =

1Ω, 𝐶 = 1𝐹, 𝐸(𝑡) = {
0,   0 < 𝑡 < 1

50𝑒−𝑡, 𝑡 ≥ 1
, 𝑖3(0) = 0, 𝑞(0) = 0. 

 


