Q1
(a)
(i)
By direct integration find the particular solution of     
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, with the initial   condition 
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(ii)
Use the method of separation of variables to find  the general
solution  of 
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  [6 marks]           

(b)
Use the Tables of Laplace transforms to determine     

(i)   
L 
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,

(ii) v , given that L (v) =
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(iii) 
the inverse transform of  
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[9 marks]

(c)
A inductor having inductance L henry and resistance 20 
[image: image7.wmf]W

 is connected at time t = 0 to a  10-volt  direct voltage supply through a 980 
[image: image8.wmf]W

 resistor.

The voltage, v, across the 980 
[image: image9.wmf]W

 resistor may be found from  the differential equation:
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If the voltage, v, is zero at time t = 0  and  4.9 V at time t = 2 milliseconds  determine:

(i)    the particular solution for v ,

(ii)   the inductance, L,





(iii)  the time when the current flowing is 8.0 milliamperes.








       







[9 marks]

Q2
(a)
(i) Use Laplace Transforms to find the particular solution of:-
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given that both v and  
[image: image12.wmf]dv

dt

 are zero when t = 0. 










        [5 marks]



(ii)  If the initial conditions are changed to:




v =4  and  

  when t = 0 



find the new expression for the Laplace Transform of v.(You are not 

required to write the new particular solution)




[5 marks]

(b) For a particular circuit the input voltage, vin (t), and output voltage,
 vout(t),  are given by the following differential equations:
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Find the expression in the s-domain for the Voltage Transfer Function.








[5 marks]

(c)
The voltage transfer function of a network is   
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      Find vout(t)   if   vin(t) is a unit step applied when t = 0.










              [6 marks]

Q3
(a)
Given that 
[image: image15.wmf]3
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 find (i) z and (ii) 
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 [6 marks]

(b) Find  x, in exponential form, given that 
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        [5 marks]
(c) It may be shown that, when an electrical cable is suspended symmetrically between two vertical poles on flat ground, the total length, l,  of the cable is  given by 
[image: image18.wmf]2sinh()
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, where D is the horizontal distance between the poles and a is the lowest height of the cable above the ground (i.e. measured at its mid-point).
(i) Calculate the length of such a cable in the case when D = 50
metres and a = 20 metres.

(ii) 
If a single 100-metre length of cable is available and the lowest point  of the cable is required to be 20 metres above the ground how far apart must the poles be placed? 

  [6 marks]

Q4
(a)
Given the  matrix 
[image: image19.wmf]23
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   find



(i)       
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(ii) 
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(iii) the matrix  B such that 
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  [6 marks]


(b)
The currents 
[image: image23.wmf]12

 and 

II

 in two branches of a network are given by : 
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and  
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Find the values of  
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 and 

II

  by the method of matrices.

 
 [5 marks]

(c)
Use the Gauss-Seidel method of iteration to solve the equations:-
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Show your working to 2 places of decimals











[7 marks]
Q5
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Find:
(i) The length of vector 
[image: image31.wmf]A
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(ii) The scalar product 
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(iii) The vector product  
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(iv) The angle between 
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(v) 
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 [10 marks]
Q6
The resistances  of resistors produced by an automatic process are distributed normally with a mean 
[image: image37.wmf]m

 = 10.0  
[image: image38.wmf]W

 and  standard deviation 
[image: image39.wmf]s

= 0.4 
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 .

Estimate 

(i)  
the fraction of resistors with a resistance less than 11.0 
[image: image41.wmf]W

; 

(ii) the number of resistors in a batch of 5000 having a resistance greater  than  9.8 
[image: image42.wmf]W

  but less than  10.5 
[image: image43.wmf]W

;

(iii) the probability that a single resistor selected and connected to a capacitor, C = 9.5 mF, will have a resistance ,R, to produce a time constant, 
[image: image44.wmf]t

= RC, which is less than 0.1 second.

 







            [10 marks]
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