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Question 1 

Determine the following   

 
a. 𝐿{2 𝑡3 cosh 2 𝑡}          (3) 

 

 

 

 

 

 

 

 

 

 

b. 𝐿−1 {
1

𝑒𝑝(𝑝2−𝑝)
}            (4) 
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c. 
2

𝐷2−9
{sinh 2𝑡}           (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

d. 
1

𝐷2+𝐷−5
{2𝑡2}          (4) 
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e. ∫ cos
𝑛𝜋𝑥

2
 𝑑𝑥

1

0
          (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

f. Is the function 𝑔(𝑡) = {
𝑡 − 3,        − 2 ≤ 𝑡 < 0
𝑡 + 3,              0 ≤ 𝑡 < 2

 odd, even or neither?   (2) 

Show how you get to your conclusion. 
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Question 2 

Given the function )(tf  as 

 

a. Express the given function )(tf  in unit step functions.    (3) 

 

 

 

 

 

 

 

 
b. Express the function )(tf   found above in Heaviside form. Fully simplify. (2) 
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c. Compute the Laplace transforms of )(tf .      (4) 
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Question 3 

Determine the unique solutions of the following differential equations by using the Laplace 

Transforms, subject to the indicated initial conditions. 

a. 𝑦′′ + 4𝑦 = 5, subject to 𝑦(0) = 0 and 𝑦′(0) = 3.         (8) 
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b. 𝑥′′(𝑡) + 4 𝑥′(𝑡) + 6 𝑥(𝑡) = 0  subject to 𝑥(0) = 3 and 𝑥′(0) = 2.      (6) 
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Question 4 

a.   The mathematical model of an arbitrary system is described by the following differential 

equation 

  𝜃′′ + 6 𝜃′ + 9 𝜃 = 𝑡 𝑒−3𝑡 . 

Using Laplace Transforms, determine the motion 𝜃(𝑡) if the initial displacement is 

𝜃(0) = 6 and the initial velocity applied to the mass is 𝜃′(0) = 2. Will the system ever 
come to rest?      (6) 
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b.   Use D-Operator Methods to solve the differential equation for 𝜃(𝑡) and use the given 

initial conditions to determine the particular solution.     (8) 
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Question 5 

Use D-Operator Methods to solve 

a. (𝐷2 − 3𝐷 + 2)𝑦 =  𝑒𝑡 sin 𝑡                         (8) 
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b. 
𝑑2𝑦

𝑑𝑡2 − 4
𝑑𝑦

𝑑𝑡
+ 3𝑦 = 𝑒𝑡                          (7) 
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c. Solve for x only  

𝑑𝑥

𝑑𝑡
− 4𝑥 + 𝑦 = 1

𝑑𝑦

𝑑𝑡
+ 6𝑦  = 𝑡2𝑒𝑡

          (10) 
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Question 6 

a. Find a Fourier series for the following function 

 

𝑓(𝑥) = {
2𝑥                      − 4 ≤ 𝑥 < 0
0                               0 ≤ 𝑥 < 4

;                           𝑓(𝑥) = 𝑓(𝑥 + 8)  (13) 
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b.   The table below defines a discrete function f(x) of period 2𝜋. Determine the Fourier 

series of  f(x) up to the second harmonic. (Work to 2 decimal places)   (6) 

 

 

𝒙 
 

0 
 

𝜋

3
 

 
2𝜋

3
 

 
𝜋 

 
4𝜋

3
 

 
5𝜋

3
 

 
𝒇(𝒙) 

 
0.48 

 
1.78 

 
2.22 

 
−0.48 

 
−1.78 

 
−2.22 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of assessment – Total 102 marks available 
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Use this space if you want to redo any question(s).  Please indicate clearly at the relevant 
question(s) that the solution is on this page. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


