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Candidates should familiarise themselves with this document throughout the course and 
will need to refer to a clean copy of this document in the exam. For the sample questions 
only the mathematical formulae needs to be referred to, not the Table of Laplace Transforms. 
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Short Table of Laplace Transforms 

 

 f(t)    𝑭(𝒔) = ∫ 𝒇(𝒕)𝒆−𝒔𝒕𝒅𝒕
∞

𝟎
 

 𝑎𝑓1(𝑡) + 𝑏𝑓2(𝑡)  𝑎𝐹1(𝑠) + 𝑏𝐹2(𝑠) 

 
𝑑

𝑑𝑡
𝑓(𝑡)    𝑠𝐹(𝑠) − 𝑓(0) 

 
𝑑2

𝑑𝑡2 𝑓(𝑡)   𝑠2𝐹(𝑠) − 𝑠𝑓(0) −
𝑑𝑓(𝑡)

𝑑𝑡
(0) 

 Initial value:  𝑓(𝑡), 𝑡 → 0 𝑠𝐹(𝑠), 𝑠 → ∞ 

 Final value:  𝑓(𝑡), 𝑡 → ∞ 𝑠𝐹(𝑠), 𝑠 → 0 

 Unit step:  H(t)  
1

𝑠
 

 Constant: c   
𝑐

𝑠
 

 t    
1

𝑠2 

 
1

2
𝑡2    

1

𝑠3 

 𝑒−𝛼𝑡    
1

𝑠+𝛼
 

 𝑡𝑒−𝛼𝑡    
1

(𝑠+𝛼)2 

 sin 𝜔𝑡    
𝜔

𝑠2+𝜔2
 

 𝑡 sin 𝜔𝑡   
2𝜔𝑠

(𝑠2+𝜔2)2
 

 𝑒−𝛼𝑡 sin 𝜔𝑡   
𝜔

(𝑠+𝛼)2+𝜔2
 

 cos 𝜔𝑡    
𝑠

𝑠2+𝜔2 

 𝑡 cos 𝜔𝑡   
𝑠2−𝜔2

(𝑠2+𝜔2)2 

 𝑒−𝛼𝑡 cos 𝜔𝑡   
𝑠+𝛼

(𝑠+𝛼)2+𝜔2 
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Mathematical Formulae Sheet 

Taylor series expansion of f(𝑎 + 𝑥): 

𝑓(𝑎 + 𝑥) = 𝑓(𝑎) +
𝑥

1!
𝑓(1)(𝑎) +

𝑥2

2!
𝑓(2)(𝑎) +

𝑥3

3!
𝑓(2)(𝑎) + ⋯ 

Where 𝑥 is the displacement measured from the fixed point 𝑎 

where 𝑓(𝑛)(𝑎) = n’th derivative of f(𝑥) evaluated at x = a. 

Maclaurin series expansion of f(𝑥):   

This has the same expansion as for the Taylor series but with a = 0 thus, 

𝑓(𝑥) = 𝑓(0) +
𝑥

1!
𝑓(1)(0) +

𝑥2

2!
𝑓(2)(0) +

𝑥3

3!
𝑓(2)(0) + ⋯ 

Fourier series description of f(𝑥): 

(a) for functions with period 2π 

 𝑓(𝑥) =
1

2
𝑎0 + ∑ 𝑎𝑛 cos 𝑛𝑥 + 𝑏𝑛 sin 𝑛𝑥∞

𝑛=1 , where 

 𝑎0 =
1

𝜋
∫ 𝑓(𝑥) 𝑑𝑥

𝜋

−𝜋
  

 𝑎𝑛 =
1

𝜋
∫ 𝑓(𝑥) cos 𝑛𝑥 𝑑𝑥

𝜋

−𝜋
  

 𝑏𝑛 =
1

𝜋
∫ 𝑓(𝑥) sin 𝑛𝑥 𝑑𝑥

𝜋

−𝜋
   

(b) for functions f(t) with period T in seconds 

i.e. frequency in hertz  𝑓ℎ =
1

𝑇
  or angular frequency 𝜔 =

2𝜋

𝑇
   

 𝑓(𝑡) =
1

2
𝑎0 + ∑ 𝑎𝑛  cos 𝑛𝜔𝑡 + 𝑏𝑛  sin 𝑛𝜔𝑡∞

𝑛=1  , where 

 𝑎0 =
2

𝑇
∫ 𝑓(𝑡) 𝑑𝑡

𝑇

0
  

 𝑎𝑛 =
2

𝑇
∫ 𝑓(𝑡) cos 𝑛𝜔𝑡 𝑑𝑡

𝑇

0
  

 𝑏𝑛 =
2

𝑇
∫ 𝑓(𝑡) sin 𝑛𝜔𝑡 𝑑𝑡

𝑇

0
  

Trapezoidal Rule using n subintervals of the interval [a,b] each of width h: 

∫ 𝑓(𝑥) 𝑑𝑥 ≈  
ℎ

2
[𝑓(𝑎) + 𝑓(𝑏) + 2 ∑ 𝑓(𝑎 + 𝑘ℎ)𝑛−1

𝑘=1 ]
𝑏

𝑎
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Simpson’s Rule with even number (n) of subintervals for [a,b], each of width h: 

∫ 𝑓(𝑥) 𝑑𝑥 ≈
ℎ

3
[𝑓(𝑎) + 𝑓(𝑏) + 2 ∑ 𝑓(𝑎 + 2𝑟ℎ) + 4 ∑ 𝑓(𝑎 + {2𝑟 − 1}ℎ)𝑛

𝑟=1
𝑛−1
𝑟=1 ]

𝑏

𝑎
  

Euler numerical method for the solution of  
𝒅𝒚

𝒅𝒙
= 𝒇(𝒙, 𝒚) using a step size h: 

𝑦𝑛+1 = 𝑦𝑛 + ℎ 𝑓(𝑥𝑛, 𝑦𝑛)   

Improved Euler numerical method: 

𝑦𝑛+1
0 = 𝑦𝑛 + ℎ 𝑓(𝑥𝑛, 𝑦𝑛)  then 

𝑦𝑛+1 = 𝑦𝑛 +
ℎ

2
[𝑓(𝑥𝑛, 𝑦𝑛) + 𝑓0(𝑥𝑛+1, 𝑦𝑛+1

0 )]  

 

 

 

 


