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A thermal system consists of three interconnected metal plates whose temperature 

deviations from ambient (in °C) are denoted by 𝑇1(𝑡),  𝑇2(𝑡),  𝑇3(𝑡). The heat exchange 

between the plates is described by the following system of differential equations: 

𝒅𝑻𝟏

𝒅𝒕
= 𝟓𝑻𝟏 − 𝑻𝟐 + 𝑻𝟑 

𝒅𝑻𝟐

𝒅𝒕
= 𝟒𝑻𝟐 − 𝟐𝑻𝟑 

𝒅𝑻𝟑

𝒅𝒕
= 𝑻𝟐 + 𝑻𝟑 

where "𝑡" is time in minutes. 

Using the eigenvalue and eigenvector method, solve the system of differential equations 

to obtain expressions for 𝑇1(𝑡),  𝑇2(𝑡),  𝑇3(𝑡). 

 

 

  

Question 1 [8 marks] 
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(a) Determine the Laplace transform of the following function:                                         (2 marks) 

𝒆𝟒𝒕𝐬𝐢 𝐧 𝟑𝒕 (𝟐𝒆−𝒕 + 𝟑𝒆−𝟐𝒕) 
 
 
 
 
 
 
 
 
 
 

(b) Determine the inverse Laplace transform of the following function:                         (4 marks) 

𝟐𝒔 + 𝟑

𝟐𝒔𝟐 + 𝟖𝒔 + 𝟏𝟔
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 2 [6 marks] 
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An RLC series circuit has resistance 𝑅, inductance 𝐿, and capacitance 𝐶. The current 𝑖(𝑡) 

in the circuit satisfies the following differential equation:  

𝒅𝟐𝒊

𝒅𝒕𝟐
+ 𝟕

𝒅𝒊

𝒅𝒕
+ 𝟏𝟐𝒊 = 𝟏 

At time 𝑡 = 0, the current and its rate of change are: 

𝒊(𝟎) = −𝟐,                𝒊′(𝟎) = 𝟓 

Using the Laplace transform method, determine 𝑖(𝑡), the current in the circuit as a 

function of time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 3 [8 marks] 
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A chemical reaction takes place in a batch reactor, and the temperature inside the reactor 
increases over time. The reactor has a cooling jacket to help keep the temperature under 
control. During the process, the reactor temperature 𝑻 (℃) is measured at different times 
𝒕 (𝒎𝒊𝒏). The recorded data are: 

Time  

𝒕 (𝒎𝒊𝒏) 

 

Temperature  

𝑻 (℃) 

2 50 

4 50.2 

6 53.2 

8 66.2 

10 101.2 

12 175 

14 309.2 

Using Newton’s interpolation method, estimate the temperature at 𝑡 = 11 𝑚𝑖𝑛.                                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

Question 4 [5 marks] 
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Determine the first 4 non-zero terms of Maclaurin series expansion for 𝒇(𝒙) = 𝒙𝟐 𝐬𝐢𝐧 𝟐𝒙.             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 5 [6 marks] 
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Let 

𝒇(𝒕) = {
𝟎   −𝟑 < 𝒕 < 𝟎
𝟒   𝟎 < 𝒕 < 𝟑

 

and suppose that 𝑓(𝑡) is periodic with period 𝑻 = 𝟔, so that 𝑓(𝑡 + 6) = 𝑓(𝑡). 

Express the function 𝑓(𝑡) as a Fourier series and write down the first four non-zero terms of 

the series. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 6 [7 marks] 
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This page is for rough work.  
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Formula sheet 

 

Function  Laplace transform  Function  Laplace transform  

1 𝟏

𝒔
 

𝒆−𝒂𝒕 𝒔𝒊𝒏 𝒃𝒕  𝒃

(𝒔 + 𝒂)𝟐 + 𝒃𝟐
 

𝒕𝒏 𝒏!

𝒔𝒏+𝟏
 

𝒆−𝒂𝒕 𝒄𝒐𝒔 𝒃𝒕  𝒔 + 𝒂

(𝒔 + 𝒂)𝟐 + 𝒃𝟐
 

𝒆𝒂𝒕 𝟏

𝒔 − 𝒂
 

𝒕 𝒔𝒊𝒏 𝒃𝒕  𝟐𝒃𝒔

(𝒔𝟐 + 𝒃𝟐)𝟐
 

𝒆−𝒂𝒕 𝟏

𝒔 + 𝒂
 

𝒕 𝒔𝒐𝒔 𝒃𝒕 𝒔𝟐 − 𝒃𝟐

(𝒔𝟐 + 𝒃𝟐)𝟐
 

𝒕𝒏𝒆−𝒂𝒕 𝒏!

(𝒔 + 𝒂)𝒏+𝟏
 

𝒔𝒊𝒏𝒉 𝒕  𝒃

𝒔𝟐 − 𝒃𝟐
 

𝒔𝒊𝒏 𝒃𝒕  𝒃

𝒔𝟐 + 𝒃𝟐
 

𝒄𝒐𝒔𝒉 𝒕 𝒔

𝒔𝟐 − 𝒃𝟐
 

𝒄𝒐𝒔 𝒃𝒕  𝒔

𝒔𝟐 + 𝒃𝟐
   

 

Table 2. The Laplace transform of derivatives  

𝓛 { 𝒇ˊ(𝒕)} 𝒔𝑭(𝒔) − 𝒇(𝟎) 

𝓛 { 𝒇′′(𝒕)} 𝒔𝟐𝑭(𝒔) − 𝒔𝒇(𝟎) − 𝒇′(0) 

𝓛 { 𝒇′′′(𝒕)} 𝒔𝟑𝑭(𝒔) − 𝒔𝟐𝒇(𝟎) − 𝒔𝒇′(𝟎) − 𝒇′′(𝟎) 

 

Newton’s 
Interpolation  

𝒚𝒏(𝒙) = 𝒚𝒐 + 𝒑∆𝒚𝟎 +
𝒑(𝒑 − 𝟏)

𝟐!
∆𝟐𝒚𝟎 + ⋯ +  

𝒑(𝒑 − 𝟏) …  (𝒑 − 𝒏 + 𝟏)

𝒏!
∆𝒏𝒚𝟎 

 

𝒚𝒏(𝒙) = 𝒚𝒏 + 𝒑𝛁𝒚𝒏 +
𝒑(𝒑 + 𝟏)

𝟐!
𝛁𝟐𝒚𝒏 + ⋯ +  

𝒑(𝒑 + 𝟏) …  (𝒑 + 𝒏 − 𝟏)

𝒏!
𝛁𝒏𝒚𝒏 

 
 

 

Table1. Common functions and their Laplace transform  
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Fourier series  
𝒇(𝒕) =

𝒂𝟎

𝟐
+ ∑ (𝒂𝒏 𝒄𝒐𝒔 

𝟐𝒏𝝅𝒕

𝑻
+ 𝒃𝒏 𝒔𝒊𝒏 

𝟐𝒏𝝅𝒕

𝑻
)

∞

𝒏=𝟏

 

 

 

MLO and Bloom’s Level of Complexity 

Q # MLO 
Addressed 

Complexity Level Mark Remark 

1 2, 3 Application, Analysis  8  

2 1 Application  6  

3 3, 4 Application, Analysis  8  

4 2,3 Application, Analysis  5  

5 1 Application  6  

6 1 Application  7  
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