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QUESTION 1: PRINCIPLES OF ELECTRICITY 
 
1.1 1.1.1 B    
 1.1.2 E    
 1.1.3 A    
 1.1.4 C    
 1.1.5 D    
 1.1.6 C    
 1.1.7 E    
 1.1.8 A   
 1.1.9 D    
 1.1.10 B    
 (10 x 1)  (10) 

 
1.2 Data: 

1

1

40
2
?

P W
I A
R

=
=
=

                           

2

2

3

20
?
?
32t

R
I
R
V V

= Ω
=
=
=

 

 
P = I²R 
R1 = P/I² = 40/2² = 10 Ω 
 
VP = IR = 2 × 10 = 20 V 
   
I2 = V2/R2 = 20/20 = 1 A 
 
It = 2 + 1 = 3 A 
 
VX = VT - VP = 32 – 20 = 12 V 
 
Vx = IT × R3 

 12 = 3 × R3 

R3 = 4 Ω 

 

  (6) 
 
1.3 1.3.1 • Copper  

• Aluminium 
• Iron 
• Gold 
• Silver (Any 2 × 1) 

  

 
 1.3.2 • Glass 

• Plastic 
• Paper 
• Rubber (Any 2 × 1) 

  

 (2 × 2)    (4) 
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1.4 1.4.1 Consider Loop 1: 

1 1 1 3 3V I R I R= +  

1 310 10 40I I= +  

1 1 210 10 40( )I I I= + +   

1 210 50 40 ..................................(1)I I= +  
 
Consider Loop 2: 

2 2 2 3 3V I R I R= +  
2 320 20 40I I= +  
2 1 220 20 40( )I I I= + +   
1 220 40 60 ..................................(2)I I= +  

 
 
Consider Loop 3: 

2 1 2 2 1 1V V I R I R− = −  
2 120 10 20 10I I− = −   

1 210 10 20 ................................(3)I I= − +  
 
(1) x 60: 

1 210 50 40I I= +  

1 2600 3000 2400 ........................(4)I I= +  
 
(2) x (-40): 

1 220 40 60I I= +  

1 2800 1600 2400 ....................(5)I I− = − −  
 
(4) + (5): 

1 2600 3000 2400I I= +  
1 2800 1600 2400I I− = − −  

1200 1400I− =  
1 0,143I A= −  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (6) 

 
 1.4.2 Substitute I1 into (1): 

1 2

2

2

10 50 40
10 [50 ( 0,143) 40

0,429

I I
x I

I A

= +
= − +
=

 

 
 
 
 
  (2) 

 
 1.4.3 3 1 2 0,143 0,429 0,286I I I A= + = − + =     (2) 
   [30] 
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QUESTION 2: DC MACHINES 
 
2.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Given:  
p = 4 
c = 2 x 4 = 8 
N = 450 r/p 
E = 250 V 
Φ = 0,05 Wb 
 

2
60
ZNpE

c
φ

=  

60 250 8
2 450 4 0,05

x xZ
x x x

=   

666,667 667Z = =  
667/ 5,558
120

ConductorsConductors slot
Slots

= = =  = 6 conductors per slot 

  
 
 
 
 
 

 
 

 
 
 
 
 
 

  (5) 
 
2.2 2.2.1 

 
½ mark per label × 8 = 4 

1 mark for circuit diagram × 1 = 1 

 

 
 
 
 
 
 
 
 
 
  (5) 

 
 2.2.2 Given: 

Ra = 0,2 Ω                            I = 40 A 
Rse = 0,133 Ω                      V = 480 V 
Rsh = 120 Ω  
 

480 4
120S

S

VI A
R

= = =  

 
40 4 36a L SI I I A= − = − =  

 
a a a seV E I R I R= + +  

480 = E + (36)(0,2) + (36)(0,133)  
480 = E + 7,2 + 4,788 
E = 468 V 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
  (5) 
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2.3 Given: 

Rstart = ?,                              Istart = 1,5IFL 
V = 400 V,                           Ra = 0,35 Ω 
P = 12 kW, 
 
I = P/V = 12 000/400 = 30 A  
 
Istart = 1,5 IFL = 1,5 × 30 
                     = 45 A 
 
RT = V/Istart = 400/45 
                  = 8,889 Ω 
 
Rstart = RT – Ra = 8,889 – 0,35 
                         = 8,539 Ω 

  
 
 
 
 
 
 
 

 
 
 
 
 
 
  (5) 

   [20] 
 
QUESTION 3: AC THEORY 
 
3.1 • One cycle is one repetition of the AC current signal.  

• The time it takes to complete one cycle is called the time period (T).  
  

  (2) 
 
3.2 V = 200 V 

f = 50 Hz 
  

 
 3.2.1 1 6 4 7,211 33,69Z j= + = ∠ °  

2 4 2 4,472 26,55Z j= − = ∠− °  
1 2

10 2 10,198 11,31
T

T

Z Z Z

Z j

= +

= + = ∠ ° 
 

200 19,61 11,31
10,198T

VI
Z

= = = ∠− °
 

 
𝑃𝑃 =  𝐼𝐼2𝑅𝑅 =  19,612 𝑥𝑥 10 = 3,85 𝑘𝑘𝑘𝑘 
 
𝑆𝑆 =  𝑉𝑉𝑇𝑇 𝑥𝑥 𝐼𝐼𝑇𝑇 = 200 𝑥𝑥 19,61 = 3,92 𝑘𝑘𝑉𝑉𝑘𝑘 

 

  (6) 
 
 3.2.2 Power factor = Cos ∅ 

                     = Cos 11,31º 
                     = 0,98 lagging 

 

  (2) 
 
 3.2.3 1 1

1 1

(19,61 11,31 )(7,211 33,69 )
141,4 22,38

V IZ
V IZ
= = ∠− ° ∠ °
= = ∠ °  

 
2 2

2 2

(19,61 11,31 )(4,472 26,55 )
87,696 37,86

V IZ
V IZ

= = ∠− ° ∠− °
= = ∠− °   

 

 
 

 
 

  (4) 
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 3.2.4 

 
Correct phasor diagram = 1 

Any correct angle (1 × 1) = 1  
Any TWO correct values (2 × 1) = 2 

 

 
 
 
 
 
 
 
 
  (4) 

 
3.3 Given: 

       P = ?                                              I = 10 A 
       V = 250 V                                      Cos ∅ = 0,8 
       f = 50 Hz 
        
P = VI Cos ∅ 
   = (250)(10)(0,8) 
   = 1,44 kW 

  
 
 
 
 
 
 
  (2) 

   [20] 
 
QUESTION 4: TRANSFORMERS 
 
4.1 • No copper losses 

• No hysteresis losses 
• No flux leakage 
• No distortion 
• 100% efficiency 
• Infinite permeability (Any 5 × 1) 

  
 
 
 
 
  (5) 

 
4.2 Data: 

1 1

2 2

2

4, 4
50

440
120

48

S kVA
f Hz

V E V
V E V
N

=
=
= =
= =
=

 

  

 
 4.2.1 1 1

2 2

1
48 440 176

120

V N
V N

xN

=

= =
 

 

  (1) 
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 4.2.2 1 1

1

1

4400 440
10

VA I V
I x

I A

=
=

=
                               

2 2

2

2

4400 120
36,67

VA I V
I x

I A

=
=

=
 

 

  (2) 
 
 4.2.3 1 14, 44 mE fNφ=  

2 24, 44 mE fNφ=  
120 (4,44)( )(50)(48)mφ=  

0,01126 11,26m Wb mWbφ = =  

  
 
 
 

  (2) 
   [10] 

 
 
QUESTION 5: AC MACHINES 
 
5.1 5.1.1 𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁(1 − 𝑁𝑁) = 1500(1 − 0,2) = 1200 𝑁𝑁𝑟𝑟𝑟𝑟     

 
 5.1.2 𝑟𝑟 = 𝑓𝑓

𝑛𝑛𝑛𝑛
= 50

25
= 2 𝑟𝑟𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑝𝑝𝑝𝑝𝑁𝑁𝑁𝑁  

Poles = 2 pole pairs × 2 = 4 poles   

 
 

  (2 × 2)    (4) 
 
5.2 Slip     (1) 

 
5.3 As the rotor reaches 70% to 80% of the synchronous speed, the centrifugal 

switch disconnects the starting winding from the supply.  
  

  (2) 
 
5.4 Capacitor-start split-phase motors are used where the starting load is high. 

They are commonly used in: 
• refrigerators  
• automatic washing machines  
• compressors  
• pumps  
• conveyors. (Any 2 × 1 + 1) 

  
 
 
 
 
 
  (3) 

   [10] 
 
QUESTION 6: GENERATION AND SUPPLY OF AC POWER AND MEASURING 

INSTRUMENTS 
 
6.1 1. Power station  

2. Transmission lines  
3. Substation  
4. Step-down transformer (mark may also be allocated for distribution line) 
5. Consumers  

  
 
 

 
  (5) 

 
6.2 Wattmeter     (1) 

 
6.3 • Current coil is connected across a shunt resistor.  

• Voltage coil is connected in series with a multiplier.  
  

  (2) 
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6.4 Given: 

R1 = ? 
R2 = 45 
R3 = 100 
R4 = 10 
𝑅𝑅1 =  𝑅𝑅3𝑅𝑅2

𝑅𝑅4
=  100 𝑥𝑥 45

10
= 450 Ω 

 
 
 
 
 
 
  (2) 

   [10] 
 

TOTAL:  100 
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