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INSTRUCTIONS: 

 

(i) This paper contains two Sections: A (40 marks) & B (60 marks).  

(ii) Attempt ALL questions in Section A, and ONLY THREE questions in Section B. 

(iii)    All questions in Section B carry equal marks. 

(iv)    Credit will be given for use of relevant examples and illustrations. 

(v)    Begin each number in Section B on a new page of the answer sheet. 

(vi)    DO NOT write on this question paper. 
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SECTION A [40 MARKS] 
Attempt ALL the Questions in this Section. 
 

1. State the two properties of random variable X defined by P(X= .      (2 marks) 

A discrete random variable X has a probability distribution given by 𝑝(𝑥),  
where (𝑋 = 𝑥)  =  𝑝(𝑥) , ∑ 𝑥𝑝(𝑥) = 𝐸(𝑋),  and E is the expectation of an event.  
If V is the variance of an event, prove that: 
(a) 𝑉(𝑋)  =  𝐸(𝑋2)  −  2  

(b) 𝑉(𝑎𝑋 +  𝑏)  =  𝑎2𝑉(𝑋)       [3 marks@] (6 marks) 
2. A manufacturer produces airmail envelopes whose weight is normal with  

Mean 1.95g and variance 0.000625g. The envelopes were sold in lots of  
10,000. Find the number of envelopes in a lot: 
(a) heavier than 1.5 g 
(b) between 1.6 g and 2.1 g inclusive   [4 marks@] (8 marks) 

3. Solve the equation 𝑦 +  4𝑦  +  5𝑦 =  13𝑒3𝑥,  𝑦(0) = 2.5 and 

𝑦(0) = 0.5.             (6 marks) 

4. (a) State the two standard conditions for a series to converge.   (2 marks) 
(b) Using the conditions above, show that the series below converges.       

 
 

(6 marks) 
(6 marks) 

5. (a)  State Taylor’s theorem.         (2 marks)  
(b) On which condition does Taylor’s theorem become Maclaurin’s series?  

     Hence, find the expansion series for 𝑓(𝑡)  =  𝑥−1  at 𝑎 =  1 up to the 

     3rd term.          (4 marks) 

(c) If 𝑓(𝑥) has Fourier coefficients 𝑎𝑛 and 𝑏𝑛. Deduce 𝑘𝑓(𝑥) has Fourier  

      coefficients 𝑘𝑎𝑛 and 𝑘𝑏𝑛.         (4 marks) 

 
SECTION B [60 MARKS] 
Attempt ONLY THREE Questions in this Section.  
 
Question 1 

(a) The field strength of a magnet B at a point on a circular axis, distance 𝑟  

from its centre, is given by  𝐵 =
𝑀

2L
{ 1

(𝑟−𝐿)2
  –   

1

(𝑟+𝐿)2
},  where 𝑀 is the  

moment and 𝐿 is the half length of the magnet.  

Using Taylor’s expansion of series of your choice show that if 𝐿 is very  

small compared to 𝑥, then 𝐵 ≈
2𝑀

𝑥3
 .                                (8 marks) 

(b) Given that 𝑠𝑖𝑛 = 𝑥 −
𝑥3

3!
+

𝑥5

5!
− … …. Deduce the series expansion  

∑
1

𝑛2(9𝑛 + 20)



𝑛
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for 𝑠𝑒𝑐𝑥 𝑐𝑜𝑠3𝑥.                                                                  (12 marks) 

 
 
 
Question 2 

The circuit below represents an equivalent electrical circuit of OR gate.  
The two relays 1 and 2 represent the inputs, and operate independently.   
When the switch S is on, the probability that a relay closes properly  
is 0.8. The motor runs once the circuit is complete.  

 
                            

 

 

   

 

 

 

(a) Develop a probability distribution table.                                       (4 marks) 
(b) Using the above, find: 

(i) the probability that the motor runs                                 (2 marks) 
(ii) the expected value and standard deviation                    (4 marks) 

(c) The relays operation is a random variable which is normally distributed.  

Find  P(X 1.1), P(X ), P(-0.2 ), P(X )  and  P(X .  

         [2 marks @]   (10 marks) 

Question 2 
(a) The equation of motion of a body performing damped forced vibrations  

is given by X + 5X + 6X = Cost, solve this equation given that X(0) =0.1  

and X(0) = 0.         (12 marks)  
(b) A type of bearing has an average life of 1500 hours and a variance of  

1600 hours. Assuming a normal distribution, determine the number of 
bearings in a batch of 1200 likely to: 
(i) fail before 1400 hours 
(ii) last for more than 1550 hours   [4 marks @]  (8 marks) 

 
Question 3 

(a) Show that the series below converges 
 

2 +
3×1

2×4
+

4×1

3×42
+

5×1

4×43
+

6×1

5×44
+ ⋯       (5 marks) 

 
(b) Find the Fourier series for; 

 

    f(t)=         (15 marks) 

 
 

1 

2 Motor 5 V 

S 
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Question 4 

(a) The thickness of 20 samples of steel plate is measured and the results in 
millimeters to two significant figures are tabulated below;  

 

7.3 7.8 7.3 7.5 

7.1 6.2 6.9 6.7 

6.6 6.5 6.8 7.2 

7.0 7.4 6.5 6.9 

7.2 7.6 7.0 6.8 

  
Divide a set of subscribers into regular classes of 0.2 mm.         (6 marks) 

(b) Using coding method, calculate:                   
(i)  mean    (ii)  variance  (iii)  standard deviation  
of the steel thicknesses.        (14 marks) 

 
Question 5 

(a) The electrical circuit below represents an application in lighting.  

Find the general solution for 𝐼(𝑡) given that 𝐼(0) = 0. 

 
                        𝐼(𝑡) 𝑅 
 
                    +                            𝐿 
                          𝐸0 
                     - 
 

Draw the waveform for current 𝐼 against 𝑡 and explain the graph.   (6 marks) 

(b) The table below shows a probability distribution function of a random variable: 
 

X 0 1 2 

p(x) 0.14 0.32 0.54 

  
Find  P(X≤1), P(X>1.5), P(X=0), P(X≥0), E(X), variance, standard deviation 
and F(2).       [2 marks @]  (14 marks) 

END 


