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INSTRUCTIONS: Answer question one and any other two questions 
 

QUESTION ONE (30 MARKS) 

a) Define hysteresis as used in magnetic materials                                                         (2 Marks) 

b)  (i) Define ferromagnetic materials                                                                             (2 Marks) 

 (ii) List three properties of ferromagnetic materials                                                  (3 Marks) 

c) Mention the difference between core and shell type transformers.                            (2 Marks) 

d) With an aid of a sketch, discuss the characteristics of a separately excited DC generator. 

  (4 marks) 

e) Two windings, one mounted on a stator and the other on a rotor, have self- and mutual 

inductances of 

L11= 4.5 H                           

L22= 2.5 H                           

L12 = 2.8cosθ  H 

Where θ is the angle between the axes of the windings. The resistances of the windings may 

be neglected. Winding 2 is short-circuited, and the current in winding 1 as a function of time 

is il = 10 sin ωt A.                                                                                                      (8 Marks) 
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i. Derive an expression for the numerical value in newton-meters of the instantaneous torque 

on the rotor in terms of the angle θ. 

ii.   Compute the time-averaged torque in newton-meters when θ = 45°. 

iii. If the rotor is allowed to move, state whether it will rotate continuously or will it tend to 

come to rest. If the latter, determine the value of θ0 

f) A 6 pole, 2.24 kW, 120V DC lap-wound shunt motor has 960 conductors in the armature. It 

takes 25.0 A from the supply at full load. Armature resistance is 0.75W, flux/pole=10.0 

mWb, field winding current is 1.20A. Find the speed and torque.                             (4 Marks) 

g) Figure Q1(g) shows a 3phase, 50Hz transformer has delta connected primary and star 

connected secondary, the line voltages being 22,000V and 400V respectively. The 

secondary has star connected balanced load at 0.8pf lagging. The line current on the primary 

is 5A.                                (5 Marks) 

 

Figure: Q 1(g) 
 Determine  

i. The current in each coil of the primary and in each secondary line.  

ii.  The output of the transformer in kW 

 

QUESTION TWO (15 MARKS) 

a) List three properties of paramagnetic materials                                                  (3 Marks) 

b) (i) Discuss four main properties of ideal transformers                                        (4 Marks)    

(ii) Explain why transformers are rated in kVA                                                  (2 Marks) 

c) (i). Sketch an equivalent circuit of a short shunt compound wound dc generator (1Mark) 

(ii). Highlight one of its merits of the motor in (i) over other dc generators        (1 Mark) 

d) The core of a three phase, 50 Hz, 11000/550 V delta/star, 300 kVA, core type 
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transformer operates with a flux of 0.05 Wb. Find                (4 marks)                                                              

i. The number of HV and LV turns per phase 

ii.  Emf per turn 

iii.  Full load HV and LV phase currents 

 

QUESTION THREE (15 MARKS) 

a) State faraday’s law of electromagnetic induction.                                                   (1 Marks) 

b) Define an electromechanical system                                                                        (2 marks) 

c) Sketch an equivalent circuit of a single phase transformer referred to its secondary side. 

                   (2 Marks) 

d) The magnetic circuit in Figure: Q3 (d) has dimensions: AC = 4 X 4 cm2, lg = 0.06 cm, lc = 

40 cm and N = 600 turns. Assume the value of µr = 6000 for iron. Find the exciting current 

for BC = 1.2T, the corresponding flux and flux linkages.                                       (4 Marks) 

 

Figure: Q3 (d) 
e) A 250 volt dc shunt motor has armature resistance of 0.25 ohm, on load it takes an 

armature current of 50 A and runs at 750 rpm. If the flux of motor is reduced by 10% 

without changing the load torque, find the new speed of the motor   (6 marks)

                                                       

QUESTION FOUR (15 MARKS) 

a) Give two disadvantages of dc motor speed control using flux control method       (2 Marks) 

b) Describe multiply excited magnetic field system.                                                   (2 Marks) 

c) Starting from basic principles, show that the condition for maximum efficiency of a 

transformer is attained when the copper loss equals the iron loss as given below. (6 Marks) 
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d) A 200V dc shunt motor running at 1000 rpm takes an armature current of 17.5 A. It is 

required to reduce the speed to 600 rpm. Determine the value of resistance to be inserted in 

the armature circuit if the original armature resistance is 0.4 ohm. Take armature current to 

be constant during this process.                                                                           (5 Marks) 

 

QUESTION FIVE (15 MARKS) 

a) Highlight three advantages of controlling the speed of dc motors using flux control 

method                                                                                                                     (3 Marks) 

b) Explain how change in frequency affect the operation of a given transformer      (2 Marks) 

c) The core of a 100-kVA, 11000/550 V, 50-Hz, single phase, core type transformer has a 

cross-section of 20 cm * 20 cm. Find  

i. The number of HV and LV turns per phase 

ii.  The emf per turn, if the maximum core density is not to exceed 1.3 tesla. Assume a 

stacking factor of 0.9.                                                                                  (5 Marks) 

d) An N-turn (N = 100) electromagnet shown in Figure Q5(d) is to be used to lift a slab of 

iron of mass M. The surface roughness of the iron is such that when the iron and the 

electromagnet are in contact, there is a minimum air gap of gmin = 0.18 mm in each leg. 

The electromagnet cross-sectional area Ac = 32 cm2 and coil resistance is 2.8 Ω. Calculate 

the minimum coil voltage which must be used to lift a slab of mass 95 kg against the force 

of gravity. Neglect the reluctance of the iron.                                                         (5 Marks) 

 
Figure: Q5 (d) 


