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INSTRUCTIONS AND INFORMATION 
 
1. 
 
2. 
 
3. 
 
 
4. 
 
5. 
 
6. 
 
7. 
 
8. 
 
 
9. 

Answer all the questions. 
 
Read all the questions carefully. 
 
Number the answers according to the numbering system used in this  
question paper. 
 
Start each question on a new page. 
 
Keep subsections of questions together. 
 
Round all calculations off to THREE decimal places. 
 
Use the correct symbols and units. 
 
Use a pen to write and do all DRAWINGS/SKETCHES/DIAGRAMS in 
PENCIL only. 
 
Write neatly and legibly. 
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QUESTION 1: DC MACHINES 
 
1.1 Explain how the speed of a DC motor varies in relation to the following:   
 
 1.1.1 The armature voltage   
 
 1.1.2 The field current   
  (2 × 2)    (4) 
 
1.2 A 400 V DC series motor with an armature resistance of 0,4 Ω takes a current 

of 25 A when running at 750 r/min. Assume the flux to be proportional to the 
current. 
 
Calculate the following: 

  

 
 1.2.1 The speed when the motor takes a current of 40 A    (6) 
 
 1.2.2 The ratio of the two torques developed    (3) 
    [13] 
 
 
QUESTION 2: AC CIRCUIT THEORY 
 
2.1 Explain the concept complex wave.    (2) 
 
2.2 An EMF represented by e = 140,44 Sin 314t + 80,72 Sin 1 570t is applied 

across a resistor of 10 Ω in parallel with an inductor of 0,02 H. 
 
Calculate the following: 

  

 
 2.2.1 The power absorbed by the circuit    (3) 
 
 2.2.2 The RMS value of the current supplied to the circuit  (10) 
    [15] 
 
 
QUESTION 3: TRANSFORMERS 
 
3.1 Define the voltage regulation of a transformer.    (3) 
 
3.2 Name TWO effects of harmonic voltages in a transformer.    (2) 
 
 
 
  

♦ 

♦ 

♦ 
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3.3 The percentage impedance referring to the primary coil of a 250 kVA, 

1 800/450 V single-phase, 50 Hz transformer is (0,6 + j4,4) Ω. The power 
factor is 0,8 lagging. 
 
Calculate the following: 

  

 
 3.3.1 The turns ratio    (2) 
 
 3.3.2 The percentage resistance    (3) 
 
 3.3.3 The percentage reactance    (2) 
 
 3.3.4 The full-load copper loss    (2) 
 
 3.3.5 The power factor at which maximum regulation occurs    (2) 
 
 3.3.6 The voltage to be applied to the primary to circulate full-load 

current in the secondary circuit 
 

  (2) 
    [18] 
 
 
QUESTION 4: AC MACHINES – ALTERNATORS 
 
A three-phase, star-connected alternator on open-circuit is required to generate a line 
voltage of 3 600 V, 50 Hz, when driven at 500 r/min. The stator has THREE slots per 
pole per phase and 20 conductors per slot.  
 
Assume ALL the conductors per phase to be connected in series and the coils to be 
full pitched. The distribution factor is 0, 96. 

  

 
4.1 Calculate the number of poles    (3) 
 
4.2 Calculate the useful flux per pole    (8) 
   [11] 
 
 
QUESTION 5: AC MACHINES – SYNCHRONOUS MOTORS 
 
5.1 What is a synchronous capacitor?    (2) 
 
5.2 A three-phase synchronous motor is connected in parallel with a load of             

500 kW at a power factor of 0,75 lagging. The excitation of the motor is 
adjusted until the total power factor is 0,9 lagging. The input of the motor  
is 100 kW. 

  

 
 5.2.1 Calculate the kVA input to the motor.    (7) 
 
 5.2.2 Calculate the power factor of the motor.    (1) 
    [10] 
 
 

♦ 

♦ 

♦ 

♦ 
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QUESTION 6: AC MACHINES – INDUCTION MOTORS 
 
6.1 Define torque in synchronous watts.    (2) 
 
6.2 Name the TWO main parts of an induction motor.    (2) 
 
6.3 The power input to the rotor of a 440 V, 50-Hz, 6-pole induction motor             

is 100 kW. The rotor electromotive force is observed to make 120 cycles per 
minute. 
 
Calculate the following: 

  

 
 6.3.1 The slip   
 
 6.3.2 The rotor speed   
 
 6.3.3 The mechanical power developed   
 
 6.3.4 The rotor copper loss per phase   
 
 6.3.5 The speed of the stator field with respect to the rotor   
  (5 × 2)  (10) 
    [14] 
 
 
QUESTION 7: GENERATION AND SUPPLY OF AC 
 
7.1 Define regulation of a transmission line.    (3) 
 
7.2 State THREE effects of a poor power factor.    (3) 
 
7.3 Apply the π-method to calculate the sending end voltage, current and 

power factor of a 150 km transmission line. 
 
The line delivers a three-phase load of 15 MW at a power factor                              
of 0,8 lagging and a line voltage of 90 kV, 50 Hz. 
 
Each conductor has a resistance of 0,285 Ω/km, an inductance of  
1,845 milli-henry/km (mH/km) and a capacitance of 0, 00863 µF/km to 
neutral.  

  

 
 NOTE: Draw the π-method circuit diagram  (13) 
    [19] 
 

TOTAL:  100 
 
 
 
 
 
 
 

♦ 

♦ 

♦ 

♦ 
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