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C=0.1 E(t)=20sin(10)t 

R=40Ω 

L=20 

 
 

HNC Electrical and Electronic Engineering 
PSDE5008 Further Engineering Mathematics 
Level 5, Year 2 
 

Class Test 1 (2017-18)        
 

This is a closed book test, worth 45% of the module mark and addresses Module Intended Learning 
Outcomes 1 & 2.  
 
Date of test    =             
Time allowed  = 2 hours 
 
Answer both questions 
 
1. Derive the differential equation for an RL circuit, supplied by a source E which is 

switched on at t = 0, given: 
 
 R = 40Ω, 𝐿𝐿 = 0.5 𝐻𝐻, 𝐸𝐸 = 30𝑉𝑉 and 𝐼𝐼(0) = 0 

(5 Marks) 
 

Hence use the integrating factor method to find the current in the circuit. 
(15 Marks) 

 
2. By considering Kirchoff’s voltage law, show that the differential equation for the 

current 𝐼𝐼(𝑡𝑡) in the RLC circuit supplied by a voltage source E(t) switched on at t = 0 
 
 
 
 
 
 
 
 
 

with 𝐼𝐼(0) = 0 and 𝐼𝐼′(0) = 0 , is given by 
 

𝐼𝐼′′ + 2𝐼𝐼′ + 0.5𝐼𝐼 = 10𝑐𝑐𝑐𝑐𝑐𝑐(10𝑡𝑡) 
 

Solve this equation in order to determine the current in the circuit, and hence find 
the voltage drop across the resistor.  
  

(30 Marks) 



PSDE5008 Test 1 
Formulae 

 
Integrating Factor for the Solution of First order Differential Equations 
 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ 𝑃𝑃𝑃𝑃 = 𝑄𝑄 

 

𝑦𝑦𝑒𝑒∫𝑃𝑃𝑑𝑑𝑑𝑑 = �𝑒𝑒∫𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑄𝑄𝑄𝑄 

 
Second order differential equations with constant coefficients 
 
Where, 

 𝑎𝑎 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

+ 𝑏𝑏 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ 𝑐𝑐𝑐𝑐 = 0 

auxiliary equation: 
𝑎𝑎𝑚𝑚2 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐 = 0 

with roots: 

𝑚𝑚 =
−𝑏𝑏 ± √𝑏𝑏2 − 4𝑎𝑎𝑎𝑎

2𝑎𝑎
 

Case 1 (real and different): 
𝑦𝑦 = 𝐴𝐴𝑒𝑒𝑚𝑚1𝑥𝑥 + 𝐵𝐵𝑒𝑒𝑚𝑚2𝑥𝑥 

Case 2 (real and equal): 
𝑦𝑦 = 𝑒𝑒𝑚𝑚1𝑥𝑥(𝐴𝐴 + 𝐵𝐵𝐵𝐵) 

Case 3 ( Complex roots): 
𝑦𝑦 = 𝑒𝑒𝑎𝑎𝑎𝑎(𝐴𝐴 cos𝛽𝛽𝛽𝛽 + 𝐵𝐵 sin𝛽𝛽𝛽𝛽) 

 
Where, 

 𝑎𝑎 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

+ 𝑏𝑏 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ 𝑐𝑐𝑐𝑐 = 𝑟𝑟(𝑥𝑥) 

the solution has the form: 
𝑦𝑦 = 𝑦𝑦𝑐𝑐 + 𝑦𝑦𝑝𝑝 

Where 𝑦𝑦𝑝𝑝 is obtained from making the suggested substitution below: 
 

𝒓𝒓(𝒙𝒙) Trial Solution 
𝑎𝑎 cos𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑘𝑘𝑘𝑘 + 𝐷𝐷 cos 𝑘𝑘𝑘𝑘 
𝑎𝑎 sin 𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑘𝑘𝑘𝑘 + 𝐷𝐷 cos 𝑘𝑘𝑘𝑘 
𝑎𝑎𝑒𝑒𝑘𝑘𝑘𝑘 𝐶𝐶𝑒𝑒𝑘𝑘𝑘𝑘 

 
  



RLC Circuit 

𝐸𝐸 = 𝑅𝑅𝑅𝑅 + 𝐿𝐿
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+
1
𝐶𝐶
�𝐼𝐼 𝑑𝑑𝑑𝑑 

 

Standard derivatives 
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dx
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Standard integrals 
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n
ax n

+
+

+

1

1

     

(except when 1−=n ) 

∫ dxaxcos  cax
a
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∫ dxaxsin  cax
a
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∫ dxeax  ce
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