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Section A 

(a)  A sample of 100 components were tested to failure to find its life time.   
       The results, to the nearest 100 hours, were: 

 
 Life (hundreds of hours)  (x)        6      7          8            9      10     11    12 
 Frequency                         (f)        7     21        25          19        14      9     5 
 

Calculate, to the nearest hour, the mean and standard deviation of this data, both to 
2d.p. Show your working for full marks. 

(7 marks) 
 

(b)  During the manufacture of resistors, there may be a probability of 
5

3  for producing a 

resistor with an Ohmic value of exactly 1k. Use the binomial distribution to find the 
probability of selecting this exact value for 
 

(i)  1 resistor out of a batch of 3.     
 (ii)  at least 3 resistors out of a batch of 4. 

(18 marks) 
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C=0.02 E(t)=50V 

R=60Ω 

L=2 H 

Section B 

1.  Use the integrating factor method to find the current in a RC circuit, given: 

 

R = 20Ω, 𝐶𝐶 = 0.05, 𝐸𝐸 = 20𝑒𝑒−3𝑡𝑡 and 𝐼𝐼(0) = 0 

(25 marks) 

 

2.  Solve the following differential equation using Laplace transforms: 

𝑦𝑦′′ + 3𝑦𝑦′ + 2𝑦𝑦 = 𝑒𝑒𝑡𝑡,  given 𝑦𝑦 = 0 and  𝑦𝑦′ = 1 when  𝑡𝑡 = 0 

(25 marks) 

 

3.  Determine the current 𝐼𝐼(𝑡𝑡) in the circuit below given that 𝐼𝐼(0) = 0 and 𝐼𝐼′(0) = 10 

 

 

 

 

 

 

(25 marks) 
4.  Sketch the graph and determine the Fourier Series expansion of the function 

 

( ) xxf 4−=  ( )0<<− xπ   

( ) xxf 4=  ( )π<< x0 and ( ) ( )xfxf =π+ 2  

 

and find the first 4 non-zero terms of the series. 

 
(25 marks) 
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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 
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R-L Circuit  𝐸𝐸 = 𝑅𝑅𝑅𝑅 + 𝐿𝐿 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 

R-C Circuit  𝐸𝐸(𝑡𝑡) = 𝑅𝑅𝑅𝑅 + 1
𝐶𝐶 ∫ 𝐼𝐼 𝑑𝑑𝑑𝑑 

RLC Circuit  𝐸𝐸 = 𝑅𝑅𝑅𝑅 + 𝐿𝐿 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ 1
𝐶𝐶 ∫ 𝐼𝐼 𝑑𝑑𝑑𝑑 

 

Standard derivatives 
 y  

dx
dy  

 

nax  

 

1−nnax  

)sin(kxa  )cos(kxka  

)cos(kxa  )sin(kxka−  

kxae  kxkae  

xa ln  
x
a  

           

Standard integrals 

∫ dxax n  c
n
ax n

+
+

+

1

1

     

(except when 1−=n ) 

∫ dxaxcos  cax
a

+sin1  

∫ dxaxsin  cax
a

+− cos1  

∫ dxeax  ce
a

ax +
1  

∫ dx
x
1  or ∫ − dxx 1  cx +ln  

∫ +
dx

bax
1  ( ) cbax

a
++ln1  
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Fourier Series 

( ) ( )∑
∞

=

++=
1

0 sincos
2
1

n
nn nxbnxaaxf  

where 

( )∫=
π

π 0
2

0 dxxfa    

( )∫=
π

π 0
2 cos dxnxxfan    

( )∫=
π

π 0
2 sin dxnxxfbn  

Integration by parts’ 

∫∫ −= dx
dx
duvuvdx

dx
dvu

 

Laplace transforms 

Function, f(t) Laplace transform, 
1 1

𝑠𝑠
 

t 1
𝑠𝑠2

 

𝑡𝑡2 2
𝑠𝑠3

 

𝑡𝑡𝑛𝑛 𝑛𝑛!
𝑠𝑠𝑛𝑛+1

 

𝑒𝑒𝑎𝑎𝑎𝑎 1
𝑠𝑠 − 𝑎𝑎

 

𝑒𝑒−𝑎𝑎𝑎𝑎 1
𝑠𝑠 + 𝑎𝑎

 

𝑡𝑡𝑛𝑛𝑒𝑒−𝑎𝑎𝑎𝑎 𝑛𝑛!
(𝑠𝑠 + 𝑎𝑎)𝑛𝑛+1 

sin 𝑏𝑏𝑏𝑏 𝑏𝑏
𝑠𝑠2 + 𝑏𝑏2

 

cos 𝑏𝑏𝑏𝑏 𝑠𝑠
𝑠𝑠2 + 𝑏𝑏2

 

𝑒𝑒−𝑎𝑎𝑎𝑎 sin 𝑏𝑏𝑏𝑏 𝑏𝑏
(𝑠𝑠 + 𝑎𝑎)2 + 𝑏𝑏2

 

𝑒𝑒−𝑎𝑎𝑎𝑎 cos 𝑏𝑏𝑏𝑏 𝑠𝑠 + 𝑎𝑎
(𝑠𝑠 + 𝑎𝑎)2 + 𝑏𝑏2

 

{ } xxL =  

{ } 0xxsxL −=  

{ } 10
2 xsxxsxL −−=  
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Statistics 

For a frequency distribution: 
∑
∑=

f
fx

x   
( )
∑

∑ −
=

f
xxf 2

σ   

The Poisson distribution 

 

𝑃𝑃 (𝑋𝑋 = 𝑟𝑟) =  
𝑒𝑒−𝜆𝜆𝜆𝜆𝑟𝑟

𝑟𝑟!
 

 

Where 𝜆𝜆 is the mean of the distribution. 

 

 

The Standard Normal Curve 

 

The conversion from normal distribution to standard normal distribution is achieved by using: 

 

𝑧𝑧 =
𝑥𝑥 − 𝜇𝜇
𝜎𝜎

 

where 𝜇𝜇 = 𝑥̅𝑥   

 

 

The Binomial Distribution 

 

knk qp
k
n −








 

 

Where 

( )!!
!

knk
n

k
n

−
=








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