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ADDITIONAL INFORMATION:  : permeability of free space 0 = 4  10
-7

 H/m  

permittivity of free space 0 = 8.85 10
-12

 F/m 

 



1.  

(a)  Three charged particles are located at the corners of an equilateral triangle as shown in      

       Fig. Q1(a) below. Calculate the total electric force on the 7.00 µC charge.    [8 marks]                                                

                                                                                                                          
 

 

 

 

 

 

                                       Fig. Q1(a) 

 

 

      (b) Five identical capacitors of capacitance C0 are connected in a so-called bridge network as    

            shown in Fig. Q1(b) below. 

                                        Fig. Q1(b)  

 

(i) What is the equivalent capacitance between points a and b?  

(ii)  Find the equivalent capacitance between points a and b if the capacitor at the center 

is replaced by a capacitor that has a capacitance of 10C0. 

                                                                                                                  [3+2 marks] 

      (c) The breakdown field strength at which dry air loses its insulating ability and allows a    

           discharge to pass through is V/m103 6bE . Determine the electric energy density at   

           this field strength.                                                                                                                            

                                                                                                                                      [2 marks]  
      (d) For a single-core cable, determine the value of conductor radius r which gives the  

            minimum voltage gradient for fixed values of applied voltage V and sheath radius R.     

            Calculate the optimum value of r if V is 100 kV and the maximum permissible gradient is    

            55 kV/cm.  

                                                                                                                                      [10 marks] 

2.  

     (a) What is hysteresis and mention its importance. 

                                                                                                                                     [5 marks] 

     (b)  The core of Fig.Q2 is cast steel whose B-H curve can be found in the graph just below it.       

            Determine the current required to establish an air-gap flux of φg=6×10
-3

 Wb. Neglect    

            fringing. 

                                                                                                                                    [20 marks] 

             

  



        

 
Fig. Q2 

3. 
    Consider a 25 kVA, 2300/230 V, 50 Hz single phase distribution transformer with the 

following parameters: 

Zeq,H = 4 + j5 Ω 

Rc,L = 450 Ω 

Xm,L = 300 Ω 

Note that the series and shunt parameters are referred to high and low voltage sides of the 

transformer respectively.  

a) With the aid of appropriate diagrams, briefly explain how open circuit and short circuit 

tests are carried out on an actual transformer to determine the parameters given above. 

State any assumptions.                                                                                [2.5+2.5 marks] 

b) If the transformer above is connected to a load whose power factor varies, determine;  

i. The worst-case voltage regulation for full load output.                 [6 marks] 

ii. Efficiency when the transformer delivers full load at rated voltage and 0.85 power 

factor lagging. .                               [4 marks] 

iii. The percentage loading of the transformer at which the efficiency is a maximum 

and calculate this efficiency if the pf is 0.85 lagging and load voltage is 230 V. 

               [3+3 marks]  
      c)  Explain the shape of the waveform of the input current of a transformer on no load.                            

                                                                                                                                        [4 marks] 



4. 

(a) Derive an expression for the frequency f of the induced voltage in a general conductor of 

a rotating machine with p pole pairs when the machine is driven at constant speed n.  

[5 marks] 

(b) A two-pole machine has 300 conductors on its armature and 80% are directly under the 

pole faces. The armature which is on the rotor has length of 20 cm and radius of 15 cm, 

while the field is 0.8 T at the conductor locations. The current in the conductor is 40 A and 

the rotor is rotating at 1800 r/min. Ignoring losses, calculate 

 

i. the frequency of the induced voltage in the armature conductor 

[5 marks] 

ii. the total force developed by the armature 

[5 marks] 

iii. the mechanical power developed by the machine 

[5 marks] 

iv. the total counter induced voltage as appearing at the machine terminals.  

 [5 marks] 

 

 

END OF EEE3352 TEST! 

  



SOLUTIONS 
1. (a)  

 

 

 

 

 

 

 

 

 

 

(b)  

 
(c)  

        
(d) The highest value of the voltage gradient occurs at the surface of the conductor and is 

given by 
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If V and R are fixed and r is variable, the value of r which gives the minimum value of Em 

is that which makes 
dR

dEm equal to zero. 
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For Em to be a minimum; 
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If the value of r is substituted into the first equation above, the minimum value of Em 

becomes 

r

V
Em   

Thus, the optimum value of r is given by 

cm57.2
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mE

V
r , assuming that the value given for V is rms and that for 

voltage gradient is peak. 

  



2. (a) Hysteresis is the lagging of magnetic induction behind the magnetizing field. Applied 

in motors, generators and transformers. 

(b) 

 
  



 

3. a) 

i. Open circuit test 

Wiring diagram 

 
For safety and convenience, the instruments shown above are placed on the low-voltage side of 

the transformer. A rated voltage V1 = Voc is then applied on the low-voltage winding with a high-

voltage winding open-circuited. Voc, Ioc and Poc are then measured and the shunt parameters are 

thus determined as follows: 

 

                                                   

 

ii.       Short circuit test 

Wiring diagram 

 
One winding (usually the low-voltage winding) is short-circuited and a reduced voltage is 

applied to the other winding until the current in the shorted winding is equal to its rated value. 

Assume current flowing through the excitation branch negligible; therefore, all the voltage drop 

in the transformer is due to the series elements in the circuit. Vsc, Isc and Psc are then measured 

and the series parameters determined as follows; 
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c) 

 
 

 

1. It is not sinusoidal but a combination of high 

frequency oscillation on top of the 

fundamental frequency due to magnetic 

saturation. 

2. The current lags the voltage at 90o 

3. At saturation, the high frequency components 

will be extreme as such that harmonic 

problems will occur. 


