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TUTORIAL - BASIC ELECTRICAL CONCEPTS 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings 

are not to be freehand. 
 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. A domestic electrician works in the: 

(a) Electrical Industry. 

(b) Electronics Industry. 

(c) Supply Industry. 

(d) Communications Industry 
 

2. Electricity is transmitted at: 
 

(a) high voltage 

(b) low voltage 

(c) high current 

(d) high frequency 
 

3. An example of the use of renewable energy is: 
 

(a) Pulverised Coal 

(b) LPG gas 

(c) Solar PV cells 

(d) Diesel fuel 
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4. An example of the use of non renewable energy is: 
 

(a) Wind 

(b) Natural Gas 

(c) Geo-thermal 

(d) Hydroelectric 
 

5. Geysers are examples of energy: 
 

(a) Tidal 

(b) Wind 

(c) Solar 

(d) Geothermal 
 

6. Renewable energy sources: 
 

(a) Are constantly re-produced by the sun 

(b) Can easily transmitted over long distances 

(c) Are ideal as they all work 24/7 in all weather conditions 

(d) Harm the ozone layer 
 

7. Most renewable energy sources can be traced back to: 
 

(a) The ozone layer 

(b) Hydro energy 

(c) Nuclear fission 

(d) Solar Energy 
 

8. When coal is burnt to produce electricity a gas is produced that causes global 

warming. The gas is known as:- 
 

(a) Carbon dioxide. 

(b) Ozone. 

(c) Oxygen. 

(d) Methane. 
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9. The meter used to measure electric current in a circuit is a: 
 

(a) ohmmeter 

(b) voltmeter 

(c) ammeter 

(d) megger 
 

10. The opposition to electric current is termed: 
 

(a) amperes 

(b) voltmeter 

(c) residual 

(d) resistance 
 

11. The unit of electric current is the: 
 

(a) ampere 

(b) watt 

(c) volt 

(d) ohm 
 

12. If the electric pressure applied to a circuit is increased with the resistance remaining 

constant electric current will:- 
 

(a) remain the same 

(b) decrease 

(c) increase 

(d) decrease to zero 

 

 

 
13. This question refers to figure 24.. The ammeter method of connection is known as; 

 
(a) short circuit connection 

(b) series connection 

(c) parallel connection 

(d) open cir 

 

 

 

 

A 

V 
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14. This question refers to figure 24. The voltmeter method of connection is known as - 
 

(a) parallel connection 

(b) short circuit connection 

(c) series connection 

(d) open circuit connection. 
 

15. This question refers to figure 24. Opening the switch in the circuit would have the 

effect of - 
 

(a) reducing the circuit resistance. 

(b) reducing the circuit voltage. 

(c) increasing the circuit power. 

(d) stopping the circuit current flow. 
 

16. A battery provides a source of electrical - 
 

(a) resistance. 

(b) pressure 

(c) displacement. 

(d) conductor 
 

17. The meter used to measure electrical pressure in a circuit is a; 
 

(a) ohmmeter 

(b) ammeter 

(c) wattmeter. 

(d) voltmeter. 
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SECTION B 
 

18. (3 marks) 
 

Draw the circuit diagram of a lamp supplied by a battery and controlled by a switch. 

Include an ammeter to measure the circuit current and a voltmeter to measure the 

battery voltage note the positive and negative terminals of the ammeter and voltmeter. 
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Convert the following values to both forms of engineering notation WITHOUT 

using a 

calculator (you will be able to use your calculator shortly) 

 

Value Engineering Notation using a 

power of 10 e.g. 34 x 10-6 Amps 

Engineering Notation 

using a prefix e.g. 34 A 

 

32 000 Volts (V) 
32x103V 32 KV 

 

600 000 000V0 
600x106 V 600 MV 

 

. 065 V 
65x10-3V 65mV 

 

0.230 V 
23x10-3V 23mV 

 

11,000 V 
11x103V 11KV 

 

133kV 
133x103V 133KV 

 

0.000076V 
76x10-6V 76V 

 

0.4V 
400x10-3V 400mV 

 

0.000875mV 
875x10-9V 875nV 

 

375Amps (A) 
0.375x103A 0.375KAmp 

 

0.025MA 
25x103A 25KA 

 

8350 uA 
8.35x10-9A 8.35nA 

 

485000000000uA 
485x103A 485KA 

 

22500A 
22.5x103A 22.5KA 

 

0.09270mA 
92.7x10-3A 92.7A 

 

0.0194A 
19.4x10-3A 19.4mA 

 

10.5A 
10.5x100A 10.5A 

 

5544332211mA 
5.54433x106A 5.54433MA 

 

22500A 
22.5x103A 22.5KA 

 

TUTORIAL - BASIC ELECTRICAL CIRCUITS 

NAME:  

 

Please note the following requirements in relation to tutorial work - 
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▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings 

are not to be freehand. 
 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

1. The meter used to measure electric current in a circuit is a: 
 

(a) ohmmeter 

(b) voltmeter 

(c) ammeter 

(d) megger 
 

2. The opposition to electric current is termed: 
 

(a) amperes 

(b) voltmeter 

(c) residual 

(d) resistance 
 

3. The unit of electric current is the: 
 

(a) ampere 

(b) watt 

(c) volt 

(d) ohm 
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2: BASIC ELECTRICAL CIRCUITS  2  

4. If the electric pressure applied to a circuit is increased with the resistance remaining 

constant electric current will:- 
 

(a) remain the same 

(b) decrease 

(c) increase 

(d) decrease to zero 
 

5. This question refers to figure 24.. The ammeter method of connection is known as; 
 

(a) short circuit connection 

(b) series connection 

(c) parallel connection 

(d) open circuit 

 

 

 

 

6. This question refers to figure 24. The voltmeter method of connection is known as - 
 

(a) parallel connection 

(b) short circuit connection 

(c) series connection 

(d) open circuit connection. 
 

7. This question refers to figure 24. Opening the switch in the circuit would have the 

effect of - 
 

(a) reducing the circuit resistance. 

(b) reducing the circuit voltage. 

(c) increasing the circuit power. 

(d) stopping the circuit current flow. 
 

8. A battery provides a source of electrical - 
 

(a) resistance. 

(b) pressure 

(c) displacement. 

(d) conductor 

 

A 

V 
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9. The meter used to measure electrical pressure in a circuit is a; 
 

(a) ohmmeter 

(b) ammeter 

(c) wattmeter. 

(d) voltmeter. 

 
 

SECTION B 
 

10. (3 marks) 
 

Neatly draw the circuit diagram for a lamp supplied by a battery and controlled by a 

switch. Include an ammeter to measure the circuit current and a voltmeter to measure 

the battery voltage note the positive and negative terminals of the ammeter and 

voltmeter. 

 

 

 

 

 

 

 

 

 

 

 
 

11. Draw the circuit diagram of a lamp supplied by a battery and controlled by a switch. 

Include a fuse to protect the circuit, an ammeter to measure the circuit current and a 

voltmeter to measure the battery voltage. 

 

 

 

 

 

 

 

 

 

 

 
 

12. Determine the value and quantity measured on each of the following meters 
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2: BASIC ELECTRICAL CIRCUITS   
 

A 

 

 

 

A/ 32 A      B/11A  C/15A  D/17.5A 

 

 
13. Determine the value and quantity measured on each of the following meters - 

 
 

A/22A              B/16V    C/25A      D/2V 
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14. Convert the following number to both formats of Engineering Notation 
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Number Convert to a multiple using 

a power of 10 eg 123 x 103 

Convert using a prefix (letters only) 

123kV 

220000Volts 
220x103V 220 KV 

844.4Volts 
0.844x103V 0.844KV 

0.034Volts 
34x10-3V 34mV 

0.008 Volts 
8x10-3V 8mV 

2380 micro Amps 
2.38x10-9A 2.38nA 

95 milli Amps 
95x10-3A 95mA 

2400 Amps 
2.4x103A 2.4KA 

6350 milli Amps 
6.35x10-6A 6.35A 

40000 micro volts 
40x10-9V 40nV 

150000000 Amps 
150x106Amp 150MA 

0.00743258 Volts 
7.43258x10-3A 7.43258mA 

400545486 Amps 
400.545486x106A 400.54MA 

1Volt 
1x100V 1V 

0.194 milli Amp 
194x10-3A 194mA 

 
 
 
 
 
 
 

3: OHM’s LAW  

TUTORIAL - OHM’S LAW 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 
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SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

1. Ohm's Law is only true when: 

 

(a) the circuit consists of metallic conductors 

(b) current and voltage are unequal 

(c) the voltage exceeds the current 

(d) circuit conditions are unchanged 
 

2. If the resistance of a circuit is doubled, the current will be: 

 

(a) the same. 

(b) doubled. 

(c) halved. 

(d) decreased 
 

3. Using the principle of Ohm's Law the resistance of a circuit may be calculated using 

the equation: 

 

(a) R = 
I 

V 

(b) R = V.I 
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(c) R = 
V 

I 

(d) R = V + I 
 

4. If the resistance of a circuit is constant and the voltage applied to the circuit 

increased, the circuit current will: 

 
(a) fall to zero 

(b) decrease 

(c) increase 

(d) remain unchanged 
 

5. If the voltage applied to a circuit is constant and the resistance of the circuit is 

increased, the circuit current will: 

 
(a) remain unchanged 

(b) fall to zero 

(c) decrease 

(d) increase 

 

 

 

 
Section B: 
Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

6. The current flowing in a circuit is directly proportional to the applied 

voltage and inversely proportional to the circuit resistance. 

 
7. According to Ohm's Law, increasing the applied voltage causes the circuit current to 

 increase . 

 

8. Ohm's Law only applies to resistors with linear characteristics provided the 

 temperature  remains constant. 

 

9. When applying Ohm's Law, the voltage applied to a circuit is equal to the product of 

the Resistance and the current . 
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SEE CALCULATIONS BY TEACHER 
 
 

 

SECTION C: 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. 
 

10. A circuit has an applied voltage of 20V and a resistance of 5 Determine the circuit 

current. () 

I = V/R = 20/5 = 4A 

 
11. A circuit has an applied voltage of 15V and draws a current of 3A. Determine the 

circuit resistance. (5) 

                     R=V/I= 15/3=5 
12. A circuit that has a resistance of 15 draws a current of 1.6A. Determine the applied 

voltage. (24V) 

                 V=Ix R = 1.6x15 = 24V 

13. A circuit has an applied voltage of 240V and has a resistance of 5000 Determine 

the circuit current. () 

                  I= V/R = 240/5000 = 0.048A 

14. A circuit has the following values:  =  R = 150 

Determine the applied voltage. (22.5V) 

V=Ix R = 0.15x150 = 22.5V 

15. A circuit is connected to a DC power supply that is set to 12V. If the resistance of 

the circuit is 24  determine the current flowing in the circuit. (0.5A) 

I = V/R=12/24 =0.5A 

16. Determine the DC voltage that must be applied to a circuit of 56  resistance to 

cause a current of 0.5A to flow. (28V) 

V=IxR = 0.5x56 = 28V 

17. When a 12V battery is connected to a circuit a current of 0.025A flows. Determine 

the circuit resistance.  (480) 

                R=V/I = 12/0.025=480 
18. A circuit has a current flow of 1.5A when connected to a 12V battery. Determine the 

current that will flow if the same circuit is connected to a 15V battery. (1.875A) 

 

When V=12 V 

R=V/I= 12/1.5 = 8 ohm  

 

 When V = 15V 

 I=V/R = 15/8 = 1.875 A 



 

16 
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19. A test is carried out on a circuit and the results tabulated as shown in table 3. 
 

 

Table 3 

Applied Voltage 

volts 
0 3 6 9 12 

Circuit Current 

amperes 
0 0.25 0.5 0.75 1 

 

(a) Draw a graph of the test results using axis as shown in figure 25. Make 

each axis 100mm long. 

 

Applied Voltage - volts 

figure 25 

 

(b) Indicate on your graph the value of current when the applied voltage is - 

(i) 4V 

(ii) 7.5V 

(iii)10.5V 

(c) Is the graph linear or non-linear. 

(d) From your graph determine the voltage applied when the circuit current 

was - 

(i) 0.2A 

(ii) 0.4A 

(iii)0.8A 

(e) Draw a circuit that will enable you to carry out the above test to achieve 

this set of test results. Fully label your circuit, including the value of 

resistance used. 
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20. Determine the value and quantity measured on each of the following meters - 

 

 

 
(a) (b) 

 

 

A/31A                 B /11.5V 

 

 
 

 

 

(c) (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section 4  4 

TUTORIAL - ELECTRICAL POWER 

NAME :  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 
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stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 
 

Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

The unit of both mechanical and electrical power is the: 
 

(a) volt 

(b) joule 

(c) watt 

(d) ampere 
 

Power in an electrical circuit is measured using an instrument called the: 
 

(e) wattmeter 

(f) volt/ammeter 

(g) kilowatt hour meter 

(h) ammeter. 
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Two electrical instruments whose readings may be combined to determine circuit power 

are the: 
 

(i) voltmeter and wattmeter 

(j) ammeter and wattmeter 

(k) ammeter and voltmeter 

(l) wattmeter and kilowatt hour meter 

Power is defined as the: 

(m)rate at which work is done 

(n) amount of energy required to do work. 

(o) ability to do work 

(p) heat dissipated when work is done 
 

Electrical equipment is rated in terms of: 
 

(q) voltage and resistance 

(r) voltage and power 

(s) voltage and current 

(t) power and current. 
 

Mechanical power and electric power are: 
 

(u) in no way related to each other 

(v) related by a factor of 9.81 

(w) the same. 

(x) measured using different units. 
 

The current in a circuit that is consuming power can be calculated using the equation. 

 
 

(y) (y) 

 

(z) (z) 

 
(aa)

I = 
V

 

I = 
V

 
P 

I = 
V

 
R

 

 

 

 

 
 

I = P  V

 

(bb) I = 
P

 

I = 
P

 
V



 

21 

 

 

 

 
 

.
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If the voltage applied to a resistive circuit was doubled, the power dissipated would: 
 

(cc) double. 

(dd) decrease to a quarter of the original value. 

(ee) halve. 

(ff) increase to four times the original value. 

 

 

If the voltage applied to a resistive circuit is halved, the power dissipated will: 

(gg) double. 

(hh) decrease to a quarter of the original value. 

(ii) halve. 

(jj) increase to four times the original value. 
 

The greater the power taken by a circuit from the supply, the: 
 

(kk) greater the heat dissipated. 

(ll) lower the heat dissipated. 

(mm) lower the work done. 

(nn) cooler the circuit conductors 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

Two electrical instruments whose readings can be combined to determine the power 

dissipation of a circuit are the and . 
Voltmeter and Ammeter 

 
A wattmeter consists of a coil connected in parallel with the supply and a 

   coil connected in series with the load. 

 

Voltage coil , Current coil 
 

An electric motor converts power to power. 
Electrical , Mechanical 

 
The power dissipated by a resistor is given off in the form of    

Heat 
 

Power is the at which work is done. 
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Rate 
 

When connecting a wattmeter to measure the power taken by a circuit, the current coil is 

connected in with the load and the voltage coil in with the 

load. 

Series  , Parallel  
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The terminals of the current coil of a wattmeter are usually labelled and 

  , whereas the terminals of the voltage coil are usually labelled    

and  . 

 

M & L  , C & V 

 
An electric radiator is rated at 1kW, this means the power to the radiator is 

1000 watts. 
Input  

An electric motor is rated at 5kW, this means the power from the motor is 

5000 watts. 
Output 

 
SECTION C 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 
 

Convert the following quantities to the multiple or sub-multiple required: 
 

0.005 watts to milliwatts (5mW) 
 

130 milliwatts to watts (0.13W) 
 

250 000 watts to kilowatts (250kW) 
 

0.28 megawatts to watts (280 000W) 
 

158 000 watts to kilowatts. (158kW) 
 

SEE CALCULATIONS BY TEACHER  

A circuit has an applied voltage of 240V and a circuit current of 10A. Determine the 

circuit power dissipation. (2400W or 2.4 x 103W or 2.4kW) 
P=V I 

A circuit has an applied voltage of 100V and a circuit current of 5A. Determine the power 

taken by the circuit. (500W) 
P=V2/R 

A circuit has an applied voltage of 6V and has a resistance of 25k 1.Determine the 

circuit power dissipation. (0.00144W or 1.44mW or 1.44 x 10-3W) 
 

A circuit has the following values R = 12k  = mA. Determine the power supplied. 

(0.048W or 48mW or 48 x 10-3W) 

 
Determine the power taken by a circuit that is supplied with a voltage of 110V and draws 

a current of 2.5A. (275W) 
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Determine the DC voltage that must be applied to a circuit of 625 resistance to cause a 

current of mA to flow. (100V) 

V=IR 

 

.
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When a 12V battery is connected to a circuit a current of 750mA flows. Determine the 

power supplied. (9W) 
 

A circuit has a current flow of 5µA when connected to a 4.5V battery. Determine the 

power dissipated. (0.0000225W or 22.5µW or 22.5 x 10-6W) 
 

A circuit has a resistance of 1.5 and a current flow of 14A. Determine the power taken 
by the circuit. (294W) 

 
Determine the power dissipated by a 27 resistor when connected to a 240V supply. 

(2133W or 2.133kW or 2.133 x 103W) 

 
Draw the circuit diagram of a 12 resistor connected to a 240V supply. Include in your 

diagram a/an – 
 

(oo) fuse 

(pp) switch to control current flow 

(qq) ammeter to measure circuit current 

(rr) voltmeter to measure the applied voltage 

(ss)wattmeter to measure circuit power consumption. 

(tt) Determine the readings on all three meters. 

 

(V = 240V, I = 20A, P = 4800W or 4.8kW) 

 

 

 
Notes: 

 

 

TUTORIAL - EMF SOURCES 

 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

SECTION A 
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In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

1. The magnitude of the emf produced by a photo-voltaic cell depends upon the: 
 

(a) size of the electrodes 

(b) material from which the electrodes are made 

(c) intensity of light to which it is exposed 

(d) number of positive and negative electrodes 
 

2. The magnitude of the emf produced at the terminals of a secondary cell depends on 

the: 
 

(a) size of the electrodes 

(b) material from which the electrodes are made 

(c) intensity of light to which it is exposed 

(d) (h)number of positive and negative electrodes 
 

3. The open circuit emf produced by a single dry cell is approximately: 
 
 

(a) 0.5V 

(b) 1.0V 

(c) 1.5V 

(d) 2.0V 
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4. A common device used to produce a small emf by having two different metals 

joined to form a junction is called a: 
 

(a) thermopile 

(b) thermocouple 

(c) piezoelectric cell 

(d) dry cell 
 

5. Certain crystals when placed under mechanical stresses or vibration produce an emf. 

The effect is called the: 
 

(a) photoelectric effect 

(b) thermoelectric effect 

(c) piezoelectric effect 

(d) crystalelectric effect 
 

6. A number of thermocouples connected so their emf's add together is termed a: 
 

(a) thermotank 

(b) multitherm 

(c) thermocouple bank 

(d) thermopile 
 

7. The piezoelectric effect produces electrical energy from: 
 

(a) light energy 

(b) heat energy 

(c) mechanical energy 

(d) chemical energy 
 

8. Generally speaking the physical size of a cell increases with: 
 

(a) increase in output current 

(b) decrease in output current 

(c) increase in output voltage 

(d) decrease in output voltage 
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9. All emf sources are forms of: 
 

(a) current generators 

(b) power converters 

(c) energy converters 

(d) charge storing devices 
 

10. Solar cells are commonly used to power: 
 

(a) outback telephones 

(b) spacecraft 

(c) experimental electric cars 

(d) all of the above 

 

SECTION B 

 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

11. The ...................... cell produces an emf when exposed to light. 

solar 

 

12. The ..................... effect is used to produce an emf in a microphone. 

piezo 

 

13. are often embedded in the walls of furnaces to detect temperature 

changes. 
 

Temperature sensors 

 

14. An emf may be produced by the piezoelectric effect if a ...................... is vibrated. 

equipment 
 

15. A device called a ...................... is created where a difference of temperature exists 

between two junctions of dissimilar metals. 
Thermocouple 

 

16. A secondary cell is one in which the chemical reactions are ……………. 
 

Taken place  

 

17. The emf per cell of a standard lead-acid battery is approximately ..................... volts. 

2 

 

18. The chemical reactions cannot be reversed in a ..................... cell. 

Primary 

 

19. A generator produces an emf due to the relative motion between a ..................... and 

a magnetic field. 

Conductor 

 

20. A thermopile consists of two or more ...................... connected in series. 
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Thermocouples 

 

21. The electromagnetic effect is used by a ..................... to produce an emf. 

Generator 

 

22. The photo-voltaic cell produces an emf when exposed to a ..................... source. 

Sun energy 
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SEE CALCULATIONS BY TEACHER 

SECTION C 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 
 

23. Convert the following quantities to the multiple or sub-multiple required: 

(a) 0.005 ohms to microhms (5000µ) 

(b) 130 milliampers to amperes (0.13A) 

(c) 250 000 ohms to megohms (0.25M) 

(d) 0.28 megavolts to kilovolts (280kV) 

(e) 158 000 volts to kilovolts. (158kV) 

 

24. A circuit has an applied voltage of 150V and a resistance of 12k. Determine the 

circuit current.  (12.5mA or 12.5 x 10-3A) 

25. A circuit that has a resistance of 50k draws a current of mA. Determine the 

applied voltage. (60V) 
 

26. The equivalent circuit of a battery consisting of 2 x 1.8 volt cells is shown in figure 

20. Determine the 

a) developed E.M.F (E) 

b) voltage on internal resistance (VRi)

c) terminal voltage (E).
Ri = 0.5 Ω 
Ri = 0.5 Ω 

E = 1.8 V
 

 

Ri = 0.5 Ω 

E = 1.8 V 

 

 

 

figure 20 
 

27. Determine the voltage drop on resistor R2 of figure 21. Use the voltage divider 

equation. 

figure 21. 
 
 

R1 = 300Ω 

VT = 50 V 

R2 = 100 Ω 

I = 150m A 

V = ? V 
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TUTORIAL – RESISTANCE AND RESISTANCE 

MEASUREMENT 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 

 
1. Resistors are rated by their value of resistance and the: 

(a) maximum voltage applicable 

(b) cross-sectional area of wire from which they are made 

(c) maximum current flow 

(d) power able to be safely dissipated 

 

2. A light dependant resistor has a/an: 

(a) non-linear characteristic 

(b) linear characteristic 

(c) constant characteristic 

(d) inverse characteristic 

 

3. A resistor whose resistance remains constant with changes in external conditions is 

said to have a/an: 

(a) non-linear characteristic. 

(b) linear characteristic 

(c) constant characteristic. 

(d) inverse characteristic 
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4. The resistance of a voltage dependant resistor at normal working voltages is: 

(a) very high. 

(b) very low. 

(c) determined by the circuit power dissipation. 

(d) determined by the current flow in the circuit 

5. The preferred value of a 25000 Ω resistor with a 5 % tolerance is: 

(a) 22000 Ω. 

(b) 24000Ω. 

(c) 25000 Ω. 

(d) 27000 Ω. 
 

6. A 47 kΩ, 5% resistor would be indicated by the colour band order: 

(a) violet, yellow, green, gold. 

(b) yellow, violet, orange, gold. 

(c) green, blue, red, silver. 

(d) grey, red, green. 
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7. The number of units in one milli unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 
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8. The basic unit of resistance is the: 

(a) mho 

(b) siemen 

(c) ohm 

(d) ampere 

 

9. The number of units in one micro unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 

10. The standard unit for the measurement of time is the: 

(a) minute. 

(b) hour. 

(c) second. 

(d) milli second. 
 

11. The number of units in one mega unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 
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12. The standard unit for the measurement of conductance is the: 

(a) siemen. 

(b) ohm. 

(c) ampere. 

(d) milli ohm. 
 

13. The unit for the quantity of electricity is the: 

(a) coulomb. 

(b) volt. 

(c) siemen. 

(d) ampere. 

14. A voltage of 1kV is equal to: 

(a) 0.001V. 

(b) 1 x 10-3V 

(c) 1000V 

(d) 0.1V 

 
 

Section B: 
Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

15. The physical difference between a 100 Ω, 10W resistor and a 100 Ω, 1W resistor is its 

.smaller size  

16. The resistance of an LDR varies from a high value to a low value as the light falling 

on the resistor .changes 
 

 

17. Three common methods of construction of resistors are ,  

and . 

Carbon Composition Resistor. Wire-wound resistors. Metal film resistors. 
18. A resistor has a resistance of 470W, with a tolerance of 10%. The colour code for this 

resistor would be , , and . 

(a) yellow, violet, orange, silver 
 

19. A resistor has a resistance of 5R6W, with a tolerance of 1%. The colour code for this 

resistor would be , , and . 
Green Blue Gold Brown 

20. A resistor with a gold fourth band would have a tolerance of . 

5% 

SECTION C: 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 
 

 

Do it yourself 
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21. Using the resistor colour code, determine the resistance and tolerance of the resistor 

shown in figure 23. (2200  5%). 

 

 

 

red 
red 
red 
gold 

figure 23. 

 

22. Using the resistor colour code, determine the resistance and tolerance of the resistor 

shown in figure 24. (680 Ω ±10%) 

 

 

 

blue 
grey 
brown 
silver 

figure 24 

Do it yourself 
 

 

See Teacher’s Calculation 

23. A resistor has a power rating of 5W and a resistance of 470Ω. Determine the 

maximum voltage that could be applied to the resistor without exceeding its power 

rating. (48.47V) 

 

24. Draw the Australian standard symbols for the voltage dependant resistor and the light 

dependant resistor. 

  
25. Draw the characteristic curve for a light dependant resistor. 

7 



 

39 

 

 
26. Draw the characteristic curve for a voltage dependant resistor. 

27.  
 

28. List one application for each of the following devices: 

(a) light dependant resistor 

These resistors are used as light sensors and the applications 
of LDR mainly include alarm clocks, street lights, light intensity 
meters, and burglar alarm circuits. 

(b) voltage dependant resistor 

These VDRs are useful for a wide variety of applications that can include: Telephone 
and other communication line protection. Radio communication equipment transient 
suppression. Surge protector power strips. 

(c) thermistor. 
 

Some of the most common uses of thermistors are in digital thermometers, in cars to measure 
oil and coolant temperatures, and in household appliances such as ovens and refrigerators, but 
they are also found in almost any application that requires heating or cooling protection circuits 
for safe operation 

 

TUTORIAL – RESISTANCE AND RESISTANCE 

MEASUREMENT 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 
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▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 

 
29. Resistors are rated by their value of resistance and the: 

(a) maximum voltage applicable 

(b) cross-sectional area of wire from which they are made 

(c) maximum current flow 

(d) power able to be safely dissipated 

 

30. A light dependant resistor has a/an: 

(a) non-linear characteristic 

(b) linear characteristic 

(c) constant characteristic 

(d) inverse characteristic 

 

31. A resistor whose resistance remains constant with changes in external conditions is 

said to have a/an: 

(a) non-linear characteristic. 

(b) linear characteristic 

(c) constant characteristic. 

(d) inverse characteristic 
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32. The resistance of a voltage dependant resistor at normal working voltages is: 

(a) very high. 

(b) very low. 

(c) determined by the circuit power dissipation. 

(d) determined by the current flow in the circuit 

33. The preferred value of a 25000 Ω resistor with a 5 % tolerance is: 

(a) 22000 Ω. 

(b) 24000Ω. 

(c) 25000 Ω. 

(d) 27000 Ω. 
 

34. A 47 kΩ, 5% resistor would be indicated by the colour band order: 

(a) violet, yellow, green, gold. 

(b) yellow, violet, orange, gold. 

(c) green, blue, red, silver. 

(d) grey, red, green. 
 

35. The number of units in one milli unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 

36. The basic unit of resistance is the: 

(a) mho 

(b) siemen 

(c) ohm 

(d) ampere 

 

37. The number of units in one micro unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 

38. The standard unit for the measurement of time is the: 

(a) minute. 

(b) hour. 

(c) second. 

(d) milli second. 
 

39. The number of units in one mega unit is one multiplied by: 

(a) 106 

(b) 103 

(c) 10-3 

(d) 10-6 
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40. The standard unit for the measurement of conductance is the: 

(a) siemen. 

(b) ohm. 

(c) ampere. 

(d) milli ohm. 
 

41. The unit for the quantity of electricity is the: 

(a) coulomb. 

(b) volt. 

(c) siemen. 

(d) ampere. 

42. A voltage of 1kV is equal to: 

(a) 0.001V. 

(b) 1 x 10-3V 

(c) 1000V 

(d) 0.1V 

 
 

Section B: 
Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

43. The physical difference between a 100 Ω, 10W resistor and a 100 Ω, 1W resistor is its 

.  

44. The resistance of an LDR varies from a high value to a low value as the light falling 

on the resistor . 
 

 

45. Three common methods of construction of resistors are ,  

and . 
 

46. A resistor has a resistance of 470W, with a tolerance of 10%. The colour code for this 

resistor would be , , and . 
 

47. A resistor has a resistance of 5R6W, with a tolerance of 1%. The colour code for this 

resistor would be , , and . 
 

48. A resistor with a gold fourth band would have a tolerance of . 

SECTION C: 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 
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49. Using the resistor colour code, determine the resistance and tolerance of the resistor 

shown in figure 23. (2200  5%). 

 

 

 

red 
red 
red 
gold 

figure 23. 

 

50. Using the resistor colour code, determine the resistance and tolerance of the resistor 

shown in figure 24. (680 Ω ±10%) 

 

 

 

blue 
grey 
brown 
silver 

figure 24 

 

51. A resistor has a power rating of 5W and a resistance of 470Ω. Determine the 

maximum voltage that could be applied to the resistor without exceeding its power 

rating. (48.47V) 

 

52. Draw the Australian standard symbols for the voltage dependant resistor and the light 

dependant resistor. 

 

53. Draw the characteristic curve for a light dependant resistor. 
 

54. Draw the characteristic curve for a voltage dependant resistor. 
 

55. List one application for each of the following devices: 

(a) light dependant resistor 

(b) voltage dependant resistor 

(c) thermistor. 
 

 

 

 

 

 

 

7 
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56. A circuit has a current flow of 15A when connected to a 24 V battery. Determine the 

current that will flow if the same circuit is connected to a 50 V battery. (31.25A) 

 

see Teacher Calculation 

 

 

 

 

 

 

 

 

 

 
 

57. Determine the resistance values indicated on each of the meters shown. 

 

 

 

 

 

30 ohm , 700 ohm, 550 ohm  2400 ohm 
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***************************************** 

NOTES: 

 
 
 
 
 
 

TUTORIAL - SERIES CIRCUITS 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

1. In a series circuit the applied voltage is equal to the: 
 

(a) sum of the resistance times the current 

(b) sum of the resistance divided by the current 

(c) difference of the voltage drops across each resistor 

(d) sum of the resistances times the current squared 
 

2. The current in a series circuit is: 
 

(a) equal to the sum of the currents in each component. 

(b) is proportional to the resistance of the circuit. 

(c) the same in all parts of the circuit. 

(d) decreases as it gets closer to the negative terminal of the supply. 
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3. Connecting resistors in series produces the same effect as increasing the: 

 
(a) supply voltage 

(b) cross-sectional area of resistance wire 

(c) length of resistance wire 

(d) supply current 

 

   

4. When five lamps are connected in series and the third lamp burns out: 
 

(a) lamps one and two go out, but four and five stay on 

(b) all lamps except the third lamp remain on 

(c) all lamps go out 

(d) the fuse blows. 
 

5. The current in a series circuit, consisting of three resistors of equal resistance, is 

12A. If two resistors are short circuited the current will then be: 
 

(a) 36A 

(b) 4A 

(c) 12A 

(d) 0A 
 

6. The voltage drop across each resistor in a series circuit is: 
 

(a) equal to the product of current squared and resistance 

(b) proportional to the conductance of each resistor 

(c) inversely proportional to the supply voltage 

(d) proportional to the resistance of each resistor 
 

7. The total power in a series circuit may be determined by: 
 

(a) multiplying total resistance of the circuit by current 

(b) dividing supply voltage by total resistance 

(c) subtracting total voltage drop from the supply voltage 

(d) adding together the power taken by each component 
 

8. Two resistors A and B are connected in series to a 200V supply. If resistor B has 

three times the resistance of A, the voltage drop across resistor B is: 
 

(a) 200V 
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(b) 50V 

(c) 150V 

(d) 167V 
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9. A series circuit is defined as a circuit with: 
 

(a) more than one current path 

(b) only one current path 

(c) more than one component 

(d) more than one supply voltage 
 

10. The equivalent resistance of a series circuit is determined by: 
 

(a) the sum of the individual resistances 

(b) the product of the individual resistances 

(c) only by the use of Ohm's law 

(d) the reciprocal of the sum of the reciprocals of the individual resistances 

 

 

 

 

SECTION B 
 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

11. The current in all parts of a circuit has the same value. 
series 

12. If three cells each having an internal resistance of 0.4 are connected in series, the 

total internal resistance of the battery is ohms. 
1.2 

13. In a series circuit the sum of the voltage drops equals the . 
Supply voltage 

14. Two lamps are connected in series across a 240V supply. The voltage across one 

lamp is 100V. The voltage across the second lamp would be . 
140V 

15. The total power taken by a series circuit is equal to the of the powers 

taken by the individual components. 
 

sum 
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Questions 16 to 21 relate to figure 30 

A B 

R1

DC 
Power 
Supply

 

 

 

 

 
A3 

 
figure 30

 

 

 

R3 

 

D

A1 
A1 

 
R2  

 
A2 

C

 

 

 

16. The total resistance of a series circuit is equal to the sum of the individual 

resistances. 
 

17. The reading on ammeter A1 will equal the reading on ammeter A3. 
 

18. If the value of the resistor R
2 

was decreased, the equivalent circuit resistance would 

 decrease . 
 

19. With the switch in the open position, the voltage across the switch would equal 

  zero. 
 

20. Using the negative terminal of the power supply as a reference, complete the 

following statements 
 

(a) the voltage at point A would be than the voltage at point C 

greater 

(b) the voltage at point D would be than the voltage at point B 

less 

(c) the voltage at point C would be than the voltage at point D 

greater 

(d) the voltage at point B would be than the voltage at point C. 

greater 
 

21. The power dissipated by resistor R
2 

would be    

by resistor R
1
.

than the power dissipated

than the power dissipated
 

 

more 

 

V

T 
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TUTORIAL - PARALLEL CIRCUITS 
 

NAME: 
 

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. In a parallel circuit the supply current is equal to the: 

 
(a) total power multiplied by the supply voltage 

(b) sum of the branch currents 

(c) supply voltage divided by the resistance of any one branch 

(d) ratio of the branch currents 

 
2. Connecting resistors in parallel produces the same general effect as: 

 
(a) increasing the temperature of a metallic conductor 

(b) increasing the cross-sectional area of a conductor 

(c) increasing the length of a conductor 

(d) decreasing the conductance of a conductor. 

 
3. When three 10Ω resistors are connected in parallel to each other, the voltage drop 

across each is: 

 
(a) one third of the supply voltage 

(b) supply voltage divided by 10 

(c) equal to the supply voltage 

(d) supply voltage divided by 30. 

 



 

 
 
 

 

4. The lowest value of resistance in any parallel combination of resistors is always: 

 
(a) equal to the equivalent resistance of the combination. 

(b) less than the equivalent resistance of the combination. 

(c) dependent on voltage and current for its resistance. 

(d) greater than the equivalent resistance of the combination. 

 
5. Twenty five resistors each with a resistance of 100 Ω are connected in parallel with 

each other. The equivalent resistance of the combination is: 

 
(a) 100 Ω 

(b) 2500 Ω 

(c) 4 Ω 

(d) 25 Ω 

 
6. A parallel circuit is defined as a circuit with: 

 
(a) more than one resistor 

(b) more than one current path 

(c) only one current path 

(d) more than one supply voltage 

 
7. If an extra parallel connected resistor is added to a circuit, the equivalent resistance of 

the circuit will: 

 
(a) increase 

(b) remain unchanged 

(c) decrease 

(d) cause the applied voltage to increase. 

 
8. The voltage in a parallel circuit: 

 
(a) is the same in all parts of the circuit 

(b) decreases through the circuit from resistor to resistor 

(c) greater than the supply voltage 

(d) increases with increase resistance. 
 

 

 

 

 

 

 
 



 

 

9. If one resistor in a parallel circuit of three resistors becomes short circuited, the circuit 

current will: 

 
(a) remain constant 

(b) decrease to zero 

(c) decrease by the value of current in the shorted branch 

(d) increase to a large value 

 
10. The power dissipation of a parallel circuit is equal to the: 

 
(a) sum of the power dissipation of each branch 

(b) product of the power dissipation of each branch 

(c) difference of the power dissipation of each branch 

(d) power dissipation of each branch divided by the number of branches 

 
 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
11. Two electrical instruments whose readings can be combined to determine the power 

dissipation of a circuit are the ……………..  and ........................ meters.. 
Voltmeter , Ammeter 

12. When resistances are connected in parallel, the equivalent resistance of the group is 

always, ....................... than that of the smallest individual value of resistance in the 

group. 

less 
13. The current taken by a parallel circuit is equal to the ....................... of the currents in 

the separate branches. 

sum 
14. The voltage across parallel branches of a parallel circuit is ........................ the supply 

voltage. 

equal 
15. To lower the equivalent resistance of a circuit, further resistance may be connected in 

…………….. with the original circuit. 

parallel 
16. The total power taken by a parallel circuit is equal to the ....................... of the powers 

taken by the individual branches. 

sum 
17. Two lamps are connected in parallel. The filament of the first lamp open circuits, the 

second lamp would ……………... 
 

be the same 

 

Questions 18 to 17 relate to figure 22. 

9: PARALLEL CIRCUITS 9 



 

A B C 

A A A 

DC 

Power 
Supply 

VT R  R  R3  

D 

 

figure 22. 

 
18. The reading on ammeter A1 will be ........................ than the reading on ammeter A3. 

greater 
19. If the value of the resistor R2 was decreased, the equivalent circuit resistance would 

……………... 

decrease 
20. With the switch in the open position, the voltage across the switch would equal 

……………... 

Supply voltage 
21. Using the negative terminal of the power supply as a reference, complete the 

following statements 

 
(a) the voltage at point A would ........................ the voltage at point C 

greater 

(b) the voltage at point D would be ........................ than the voltage at point B 

greater 

(c) the voltage at point C would be ........................ than the voltage at point D 

less 

(d) the voltage at point B would ......................... the voltage at point C. 

greater 
22. The power dissipated by resistor R2 would be ......................... than the power 

dissipated by resistor R1. 

greater 
23. If resistor R1 became open circuit, the equivalent resistance of the circuit would be 

……………... 

greater 
24. If resistor R3 became short circuit, the circuit current would ........................ and the 

power dissipation would ……………... 
 

very high , very high 

SECTION C   See Teacher Calculation 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 

 
25. Determine the equivalent resistance for the circuit 

shown in figure 2. (51.16Ω) 
 

26. Determine the current flowing in R , R , R 
R3 

and 

 

R1 

 

R2 

 



 

1 2 3  

from the power supply in the circuit of figure 2 if 

the supply voltage is 12V. (0.1A, 0.08A, 0.055A, 

0.235A) 

 

figure 23. 

 

27. Determine the supply voltage for the circuit of figure 23 if the total current flowing in 

the circuit was 0.586A (30V) 

 
28. For the circuit of figure 24 determine the - 

 

(a) equivalent resistance. (5 Ω) 

(b) current in each branch (19.2A, 11.5A, 15.33A) 

(c) supply current (46A) 

(d) power dissipated by each branch (4408W, 2645W, 3526W) 

(e) total power dissipation (10580W) 

 

 

 
 

figure 24. 

 

29. A circuit is made up of two resistors in parallel and has an equivalent resistance of 

15.23 Ω. If R1 has a resistance of 25 Ω, determine the resistance of R2. (39 Ω) 

 
30. For the circuit of figure 25 determine - 

 

(a) equivalent resistance. (4.29 Ω) 

(b) applied voltage. (60V) R3 

(c) current in R2 
and R3 (3A, 6A) 

 

(d) supply current. (14A) 

(e) power dissipated in each branch. (300W, 180W, 360W) 

(f) total power dissipated. (840W) 

figure 25. 

 

 

 

 

 

 

 

 

 

 

 

V = 230 V R1 

 

R2 

 

R3 

 

  
I1= 5A  R1 

 
 R2 

 

 

 



 

 

TUTORIAL - SERIES PARALLEL CIRCUITS 

NAME: 
 

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. The voltages in the parallel section of a series-parallel circuit: 

 
(a) are affected by the circuit equivalent resistance 

(b) are difficult to determine 

(c) are the same across the parallel components 

(d) decrease through the circuit from component to component 

 
2. If one resistor in the parallel section of a series-parallel circuit goes open circuit, the 

circuit power dissipation will: 

 
(a) remain constant. 

(b) decrease. 

(c) increase. 

(d) decrease to zero. 

 
3. The power dissipation of any circuit: 

 
(a) equal to the sum of the power dissipation of each resistor. 

(b) equal to the product of the power dissipation of each resistor. 

(c) equal to the supply voltage squared times the circuit equivalent resistance. 

(d) depends on the circuit arrangement. 
 



 

4. In the circuit of figure 12, the supply current is equal to the: 

R1 

(a) value of branch currents. 
+

 

(b) product of the branch currents. 

(c) sum of the currents in each resistor. 
‐ 

(d) sum of the branch currents. 

 

 
figure 12. 

 

5. If the resistor R
1 

in the circuit of figure 12 were to open circuit, the circuit current 

would: 

 
(a) remain unchanged. 

(b) decrease. 

(c) increase. 

(d) become zero. 

 
6. If the resistor R3 in the circuit of figure 12 were to short circuit, the circuit current 

would: 

 
(a) decrease. 

(b) become zero. 

(c) increase. 

(d) remain unchanged. 

 
7. If the resistor R

2 
in the circuit of figure 12 were to open circuit, the circuit power 

dissipation would: 

 
(a) become zero. 

(b) remain unchanged. 

(c) decrease. 

(d) increase. 

 
8. If the resistor R1 in the circuit of figure 12 were to short circuit, the circuit power 

dissipation would: 

 
(a) become zero. 

(b) remain unchanged. 

(c) decrease. 

(d) increase. 
 
 

R2 R3 



 

A B C 

+ I1 

R1 

1 

 
DC 

Power 
Supply 

I2 I3 

VT 

R3=1 

300 

 

‐ 

D 

 R2 =2 

9. If an extra resistor was added in parallel with resistors R
2 

and R
3 

in the circuit of 

figure 12, the equivalent circuit resistance would: 

 
(a) increase. 

(b) decrease to zero. 

(c) decrease to a lower value. 

(d) increase to a much higher value. 

 
10. If the resistance of the resistor R

1 
in the circuit of figure 12 was to be increased, the 

equivalent resistance of the circuit would: 

 

 

 

 

 

 

Section B: 

(a) increase. 

(b) decrease to zero. 

(c) decrease to a lower value. 

(d) increase to an infinite value 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. Questions 11 to 27 relate to figure 13. 

 

figure 13. 

 
11. Using the negative terminal of the power supply as a reference, compare as either 

'greater than', 'less than' or 'equal to' the voltages at the following points. 

 
(a) the voltage at point A would be the voltage at point C 

                greater than 

(b) the voltage at point D would be the voltage at point B 

                 greater than 

(c) the voltage at point D would be the voltage at point A 

equal to 

(d) the voltage at point B would be the voltage at point C. 



 
greater than 

 

 



 

12. Compare as either 'greater than', 'less than' or 'equal to' the currents at the 

following points. 

 
(a) the current through ammeter I1 would be the current 

through ammeter I2. 

greater than 

(b) the current through ammeter I3 would be the current through 

ammeter I2. 

greater than 

(c) the current through ammeter I3 would be the current through 

ammeter I1. 

Less than  

(d) the current through ammeter I1 would be the current at point D. 

equal to 

(e) the current at point D would be the current through ammeter I3. 

Greater than 

(f) the current in ammeter A2 would be the current at point D. 

less than 

(g) The power dissipated by resistor R3 would be than the power 

dissipated by R2. 
Greater than 

13. If the value of the resistor R2 was increased, the equivalent circuit resistance would 

  . 

              decrease 
14. With the switch in the open position, the voltage across the switch would equal 

  . 
 

       Supply voltage

15. The power dissipated by resistor R2 would be    

resistor R1. Less than 
than the power dissipated by 



 

+ 
 

230V 
R1 

 

R3 

 

‐ 

 

16. If resistor R1 became open circuit, the equivalent resistance of the circuit would be 

  . 

infinity 
17. If resistor R3 became short circuit, the circuit current would and the power 

dissipation would . 
 

Increase, increase 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SEE TEACHER CALCULATION 
 

SECTION C 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 

 
18. Determine the equivalent resistance for the circuit shown in figure 13. (20.29) 

 

19. For the circuit of figure 14, determine the - 

 
(a) equivalent circuit resistance (209.19) + 
(b) circuit current (0.478A) 

 

R1 

 

(c) voltage drop across resistor R1  
(57.36V) 100V 

R2 

 

R3 

 

(d) voltage drop across R2 and R3 (42.63V) 
‐
 

(e) currents in resistors R2 and R3 (0.284A, 0.193A) figure 14 

(f) total power dissipated (47.8W) 
 

 

 

20. For the circuit of figure 15, determine the – 

 
(a) equivalent resistance (8.94) 

(b) current in each branch (19.17A, 6.57A) 

(c) supply current (25.72A) 

R2 

 

 

 

 

figure 15. 



 

(d) power dissipated by each component (4408W, 863.3W, 647.47W) 

(e) total power dissipation (5915.6W) 

 
21. A circuit is made up of two resistors in parallel and has an equivalent resistance of 

15.23Ω. If R1 has a resistance of 25Ω determine the resistance of R2. (39Ω) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

TUTORIAL – RESISTANCE 2 AND FACTORS 

AFFECTING RESISTANCE 

NAME: 
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 
 

1. If all other factors remain constant, the conductor having the least resistance would 

be: 

(a) 1mm2 

(b) 2.5mm2 

(c) 4mm2 

(d) 6mm2 

2. If all other factors remain constant while the length of a conductor is halved, the 

resistance of the conductor is: 

(a) doubled. 

(b) squared 

(c) halved 

(d) quartered 
 

3. The resistivity of a material: 

(a) varies directly with length 

(b) varies inversely with cross-sectional area 

(c) varies directly with cross-sectional area. 

(d) does not vary. 
 

 

 

4. The unit of resistivity is the: 

(a) ohm. 

(b) volt-ampere. 

(c) ampere-metre. 



 

(d) ohm-metre. 
 

5. If all other factors remain constant while the cross-sectional area of the conductor is 

halved, the resistance of the conductor will be: 

(a) doubled. 

(b) squared. 

(c) halved. 

(d) quartered. 
 

6. The element of an electric radiator is most likely to be wound with: 

(a) copper. 

(b) aluminium. 

(c) nichrome. 

(d) manganin. 
 

7. Doubling the length of a 1.5mm2 copper conductor will cause the resistance of the 

conductor to: 

(a) halve. 

(b) double. 

(c) remain unchanged. 

(d) quadruple. 
 

8. The resistance of a conductor is said to be: 

(a) proportional to its length. 

(b) inversely proportional to its length. 

(c) proportional to its cross-sectional area. 

(d) inversely proportional to its resistivity. 
 

9. If all other factors remain constant while the length of a conductor is halved, the 

resistance of the conductor is: 

(a) doubled. 

(b) squared 

(c) halved 

(d) quartered 
 

 

 

10. If all other factors remain constant while the cross-sectional area of the conductor is 

halved, the resistance of the conductor will be: 

(a) doubled. 

(b) squared. 

(c) halved. 

(d) quartered. 
 

11. A material with a negative temperature coefficient of resistance would be: 



 

(a) steel 

(b) copper 

(c) carbon 

(d) manganin 
 

12. As the temperature of an insulating material increases, its resistance: 

(a) increases 

(b) decreases 

(c) remains unchanged 

(d) reaches a maximum 
 

13. If the resistance of a conductor increases with an increase in temperature, the 

conductor is said to have: 

(a) a positive temperature coefficient of resistance 

(b) a negative temperature coefficient of resistance 

(c) a zero temperature coefficient of resistance 

(d) no temperature coefficient of resistance 
 

14. When the temperature of a metal conductor is increased, its resistance: 

(a) remains constant 

(b) increases 

(c) decreases 

(d) increases initially, then decreases. 
 

15. Which of the following materials have a negative temperature coefficient of 

resistance: 

(a) electrolytes and gases. 

(b) metals and electrolytes. 

(c) gases and metals. 

(d) metals, gases and electrolytes. 
 

 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 
 

16. The three physical factors that affect the resistance of a conductor are the 

……………………..….. from which the conductor is made, its 

…………………..and its ……………………….. 
Material, Cross sectional area, length 

17. In circuits of long cable runs, larger conductors are used to 

………………………..cable voltage drop. 
reduce 

18. The resistance of a circuit is measured in ...................................... , whereas the 

resistivity of a conductor is measured in ……………………….. 
ohm   , ohm-m 

 



 

19. Carbon has a ...................................... temperature coefficient of resistance. 
negative 

20. The amount of change in each ohm of the initial resistance of a material per degree of 

temperature change is termed the....................................... of resistance. 
Temperature coefficient 

21. A temperature rise in a copper conductor also causes ………………………..in its 

resistance. 
Increase 

22. If tungsten is heated, its resistance ……………………….. 
Increased  

23. The resistance of all pure metals ………………………..with an increase in 

temperature. 
Increase 

24. The temperature coefficient of a material is measured in . 
Ohm/degree C 

25. The abbreviation NTC stands for          . 
Negative Temperature Coefficient 

26. The abbreviation PTC stands for          . 
 

Positive Temperature Coefficient 

 



 

 
 

SECTION C: 

The following problems are to be solved with the aid of a calculator. Answers are to be 

correct to two (2) decimal places. All equations and working are to be shown. 

 

 

 
blue 

red 

brown 

red 



 

  active = 4mm  

20 

240V 

A 

 

 

figure 11. 
 

27. Using the resistor colour code, determine the resistance and tolerance of the resistor 

shown in figure 11.  (620  2%). 

28. Determine the resistance of a 200 metre length of 0.65mm2 aluminium conductor. The 

resistivity of aluminium is 2.6 x 10-8Ωm. (8Ω) 

29. Determine the cross-sectional area of a 100m length of conductor having a resistance 

of 80mΩ. The resistivity of the conductor is 1.72 x 10-8Ωm. (21.5mm2) 

30. Determine the resistance of a 30m run of 16mm2 copper conductor. The resistivity of 

copper is 1.72 x 10-8Ωm. (0.0323Ω) 

31. Determine the resistance of a 30m run of 2.5mm2 copper conductor. The resistivity of 

copper is 1.72 x 10-8Ωm. (0.206Ω) 

32. What length of 2.5mm2 copper conductor is required to make a resistance of 1.2Ω. 

Take the resistivity of copper to be 1.72 x 10-8Ωm. (174.4m) 

33. The circuit of a 240V, 4.8kW hot water service is shown in figure 11. The water 

heater is located 23m from the switchboard. The circuit was wired using 4mm2 

copper, twin and earth. Determine the: 

(a) resistance of the active conductor, given the resistivity of copper is 

1.72 x 10-8Ωm (0.0989Ω) 

(b) voltage drop across the active conductor, given the circuit current is 20A. 

(1.978V) 
 

 

 

 

 

 

N 
neutral = 4mm 

figure 11 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

TUTORIAL – METERS 

NAME:-  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
2. An increase in the size of a cable supplying a fixed load will cause the voltage drop on 

that cable to: 

 
(a) decrease 



 

(b) increase 

(c) stay the same 

(d) continually change. 

 
3. The best material for an ammeter shunt would be: 

 
(a) copper 

(b) aluminium 

(c) manganin 

(d) carbon 

 
4. The voltmeter sensitivity or the resistance of a voltmeter is given in terms of: 

 
(a) volts per ohm 

(b) ohms per volt 

(c) volts per ampere 
 

(d) ampere per volt. 

 
5. The basic moving coil meter movement can be used to measure larger currents if used 

in conjunction with a: 

 
(a) shunt resistor 

(b) multiplier resistor 

(c) series resistor 

(d) loading resistor. 

 
6. The basic moving coil meter movement can be used to measure higher voltages if 

used in conjunction with a: 

 
(a) shunt resistor 

(b) multiplier resistor 

(c) parallel resistor 

(d) loading resistor. 

 
7. A voltmeter has an accuracy of 1% at a full range scale of 300 V. If the meter is 

reading 300 V the actual voltage value could be between: 

 
(a) 299-301V 

(b) 200 - 400 V 

(c) 291 V 

(d) 297 - 303V 

 
8. An Ammeter has an accuracy of ∓ 2% at a full range scale of 100 A. If the meter is 



 

reading 100 A the actual current value could be between: 

 
(a) 99 – 101 A 

(b) 102 A 

(c) 98 – 102 A 

(d) 96 – 98 A 

 
9. Referring to figure 16. The purpose of S1, R1, R2 and R3 is to: 

 

(a) extend the range of the ammeter 

(b) short out the ammeter 

(c) be used as a multiplying resistance 

(d) load the circuit. 
figure 16. 

 
 
 

10. The resistance material used to extend the range of an ammeter should be made of a 

material which has the characteristics of a: 

 
(a) Voltage Dependent Resistor 

(b) Negative Temperature Coefficient resistor 

(c) Zero Temperature Coefficient resistor. 

(d) Positive Temperature Coefficient resistor. 

 
11. If a voltmeter has low sensitivity, this means the voltmeter is: 

 
(a) very accurate 

(b) not accurate 

(c) more likely to load the circuit. 

(d) not sensitive to voltage changes 

 
12. The question refers to figure 17 The current flowing in resistor Rsh is 

 
(a) 1 mA 

(b) 6 mA 

(c) 8 mA 

(d) 14 mA. 
 

 

figure 17 
 

13. Referring to figure 17. The voltage drop across resistor Rsh is equal to: 

 
(a) Ic x Rsh 



 

(b) Ic x Rc 

(c) Ish x Rc 

(d) I x Rsh 

See Teacher Calculation 

14. An AVO-7 multimeter has a sensitivity of 500 ohms/volt. Determine the resistance of 

the meter when used on the: 

 
(a) 25 V range 

(b) 1000 V range. 
 

15. Referring to figure 18. Determine the: 
 
 

 

 
(a) voltage across R2 

figure 18 



 

(b) voltage across R2 if the voltmeter has a resistance of 20 MΩ 

 
16. Question 15 refers to figure 19, determine: 

 

 
figure 19 

 

 

 
(a) the value of the current through Rsh. 

(b) the voltage drop across R2 

(c) the power rating of R1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

TUTORIAL - CAPACITORS AND CAPACITANCE 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with 

multiple pages stapled together. Write on one side only of the answer 

sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number 

and answer letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of 

calculation type questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the 

identifying letter on your answer sheet. 

1. Capacitors are classified by the material used in their: 

(a) plates. 

(b) dielectric. 

(c) electrodes. 

(d) casing. 

2. The unit of capacitance is the: 

(a) coulomb 

(b) henry 

(c) farad 



 

(d) ohm 

3. A device used for storing electric charge is the: 

(a) resistor 

(b) inductor 

(c) capacitor 

(d) reactor 
 

 

4. Decreasing the dielectric thickness of a capacitor: 

(a) increases the capacitance 

(b) increase the voltage it will withstand 

(c) decreases its capacitance 

(d) has no effect on its capacitance. 
 

5. Which of the following cannot be used as a dielectric: 

(a) air 

(b) paper 

(c) carbon 

(d) polyester 

6. Decreasing the plate area of a capacitor: 

(a) increases its capacitance 

(b) does not effect its capacitance 

(c) decreases its capacitance 

(d) increases its dielectric strength 

7. Increasing the capacitance in an R-C circuit will cause the time constant to: 

(a) remain the same 

(b) increase 

(c) decrease 

(d) reach a maximum value on charging 

8. In an R-C circuit, after a period of one time constant from initial 

switch on, the voltage across the capacitor will be: 

(a) 100% of the supply voltage 

(b) 63.2% of the supply voltage 

(c) 50% of the supply voltage 



 

(d) 36.8% of the supply voltage 

9. Increasing the resistance in an R-C circuit would cause the time constant to: 

(a) reach a maximum value on charging 

(b) remain the same 

(c) increase 

(d) decrease 
 

 

10. The practical unit of capacitance is the: 

(a) micro-coulomb 

(b) milli-farad 

(c) micro-farad 

(d) farad. 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the 

appropriate information. 
      

11. Capacitors are classified by their material. 

Dielectric 
 

12. The unit of capacitance is the . 

Farad 
 

13. A capacitor is said to be fully charged when the charging current becomes . 

Zero 
 

14. One microfarad is equal to farads. 

10-6 

 

15. The three factors that effect the capacitance of a capacitor are the type of 

  , the of the plates and the the plates. 
Dielectric. Area, distance between 

16. The time constant of an R-C circuit is a measure of the time taken to    or a capacitor. 

the time constant is a measure of how long it takes for the voltage or 
current to rise or fall. In an RC circuit, when a voltage is suddenly 
applied (step input), the capacitor gradually charges up through the 
resistor, reaching about 63.2% of the applied voltage after one time 
constant. 

17.    type capacitors have large values of capacitance for a small 

physical size. 



 

Electrolytic 
 

18. In an R-C circuit, the time taken to fully charge the capacitor is 

approximately    time constants. 
Five 

19. In a circuit containing resistance and capacitance in series the time taken for 

the capacitor voltage to reach 63.2% of its maximum value is known as the    of the circuit. 
One time constant 

20. The arc created by contacts opening an energised circuit may be 

suppressed by connecting a across the contacts. 
Capacitor 

21. The charge stored by a capacitor depends on the capacitance of the capacitor and the 

   to which the capacitor is charged. 
 

Voltage       Q=CV 

 

 

 

SEE TEACHER SOLUTION 

SECTION C 

The following problems are to be solved with the aid of a calculator. All 

equations and working are to be shown. 
 

22. Determine the charge on a 47µF capacitor when connected to a 

12V supply. (564µC) 
 

23. A 100µF capacitor is to store a charge of 0.005 coulombs. Determined the 

voltage that has to be applied to the capacitor. (50V) 
 

24. Determine the capacitance of a capacitor that is required to store a charge 

of 250µC when connected to a 20V supply. (12.5µF) 



 

 

25. If a capacitor stores a charge of 15mC when connected to a 10V supply, 

what charge will be stored when connected to a 32V supply? (48mC) 
 

26. An R-C circuit consists of a resistance of 120kΩ and a capacitance 

of 36µF. Determine the - 

(a) time constant of the circuit (4.32 seconds) 

(b) time taken for the capacitor to fully charge. (21.6 seconds) 
 

27. An R-C circuit has an applied voltage of 24V. What is the voltage across the 

capacitor after one time constant. (15.17V) 
 

28. If the time taken to fully charge a 470µF capacitor is 28.2 seconds, determine the - 

(a) time duration for one time constant (5.64 seconds) 

(b) value of the series resistor. (12kΩ) 
 

 

 

 

29. The time constant for an R-C circuit is 33 seconds. If the series resistor has 

a value of 1MΩ, what is the value of the capacitor? (33µF) 
 

30. A 500µF capacitor is connected in series with a 4kΩ resistor, and the 

circuit is connected to a 20V dc supply. For this circuit determine the 

- 

(a) time constant (2 seconds) 

(b) circuit current at the instant the capacitor starts to charge (when 

Vc = 0V) (5mA) 

(c) circuit current when the capacitor is fully charged (0A) 

(d) capacitor voltage after 3.2 seconds using the universal time 

constant curve (15.6V) 

(e) time required for the capacitor voltage to reach 10V - use 

curve (1.32 seconds). 

(f) resistor voltage after 3 time constants - use curve (0.8V) 

(g) circuit current after 2.5 seconds - use curve (1.5mA) 

(h) time taken for the circuit current to drop to 2mA - use 

curve (1.8 seconds) 

 

 

 

 

 



 

 

 

 

 

 

 

 
 

 

 

 

TUTORIAL - CAPACITORS IN SERIES AND 

PARALLEL 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with 

multiple pages stapled together. Write on one side only of the answer 

sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number 

and answer letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of 

calculation type questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the 

identifying letter on your answer sheet. 

 
1. If three equal capacitors are connected in series and charged, the 

charge on each capacitor will be: 

 
(a) one third of the total charge. 

(b) equal to the total charge. 

(c) three times the total charge. 



 

(d) independent of the total charge. 

 
2. Two, 2µF capacitors connected in parallel will have a total capacitance of: 

 
(a) 4µF 

(b) 2µF 

(c) 1µF 

(d) 0.5µF 
 

 

 

 

 

 

 

 

 

 
 

 

3. Two, 4µF capacitors connected in series will have a total capacitance of: 

 
(a) 8µF 

(b) 4µF 

(c) 2µF 

(d) 0.25µF. 

 
4. A capacitor is a device used for: 

 
(a) storing an electric charge. 

(b) generating an electric charge. 

(c) converting a.c. to d.c. 

(d) creating reactance in a d.c. circuit 

 
5. Increasing the capacitance in an R-C circuit will cause the time constant to: 

 
(a) reach a maximum value on charging. 

(b) remain the same. 

(c) increase. 

(d) decrease. 

 



 

6. In an R-C circuit, after a period of one time constant from initial 

switch on, the voltage across the capacitor will be: 

 
(a) 36.8% of the supply voltage. 

(b) 100% of the supply voltage. 

(c) 63.2% of the supply voltage. 

(d) 50% of the supply voltage. 

 
7. Increasing the resistance in an R-C circuit would cause the time constant to: 

 
(a) decrease. 

(b) reach a maximum value on charging. 

(c) remain the same. 

(d) increase 
 

14: Capacitor in Series and Parallel   
 

8. The practical unit of capacitance is the: 

 
(a) farad. 

(b) micro-coulomb. 

(c) milli-farad. 

(d) micro-farad 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the 

appropriate information. 
 

9. To increase the capacitance of a capacitor, you would the plate area, or 

   the distance between the plates. 

Increase / Decrease 
 

10. When capacitors are connected in parallel, the equivalent capacitance of 

the circuit will . 
Be increased 

11. Capacitance is measured using a unit called the (4) , but a more 

practical unit is the . 
Farad   , Microfarad 

12. When capacitors are connected in series, the equivalent capacitance of the circuit will 

   . 
Reduced 



 

13. To increase the capacitance of a circuit, capacitors are connected in  , and to reduce the circuit capacitance they are connected in . 
 

Parallel,  Series 

14. Long cable runs with cables such as two core insulated and sheathed have 

capacitance. This is because the cable consists of separated by an . 
Metallic conductor , insulation 

15. In an R-C circuit, the time taken to fully charge the capacitor is approximately 

  (11) time constants. 
Five  

16. In a circuit containing resistance and capacitance in series the time taken for 

the capacitor voltage to reach 63.2% of its maximum value is known as the    of the circuit. 

One time constant 

17. The arc created by contacts opening an energised circuit may be 

suppressed by connecting a across the contacts. 

Capacitor 
 

18. The charge stored by a capacitor depends on the capacitance of the capacitor and the 

   to which the capacitor is charged. 
 

Voltage 
 

See Teacher Calculation 

The following problems are to be solved with the aid of a calculator. All 

equations and working are to be shown. 
 

19. Determine the charge on a 47µF capacitor when connected to a 

12V supply. (564µC) 
 

20. A capacitor has a capacitance of 20µF and when connected to the 

supply stores a charge of 0.004C. Calculate the – 

(a) applied voltage (200V) 

(b) average charging time, if the charging current was 20mA. (0.2S) 

 

 

 
21.  What would be the equivalent capacitance of four capacitors with 

capacitances of 2, 4, 6 and 12µF that are connected in – 

 
(a) series (1µF) 

(b) parallel (24µF) 

 
22. Two capacitors having a capacitance of 8 an 12µF respectively are 

connected in parallel across a 250V supply. Determine the – 

 
(a) equivalent capacitance of the group (20µF) 



 

(b) charge stored on each capacitor (0.002C, 0.003C) 

(c) voltage across each capacitor. (250V) 

 
23. Three capacitors having capacitances of 20, 40 and 100µF, are connected 

in parallel across a 400V supply. Determine the – 

 
(a) equivalent capacitance (160µF) 

(b) total charge stored (0.064C) 

(c) charge stored on each capacitor. (0.008C, 0.016C, 0.04C) 

 
24. How many 5µF capacitors would be required to give a capacitance of 

65µF when connected in parallel? Also determine the total charge taken 

when the group is supplied from a 130V supply. (13, 0.00845C) 
 

 

 
 

 

25. Three capacitors A. B and C, having capacitances of 6, 9 and 18µF, are 

connected in series across a 200V d.c. supply. Calculate the – 

 
(a) equivalent capacitance (3µF) 

(b) total charge stored (0.0006C) 

(c) charge stored on each capacitor (0.0006C) 

(d) voltage drop across each capacitor. (100V, 66.7V, 33.3V) 

 
26. Three capacitors having capacitances of 4, 6 and 12µF are connected in 

series across a 120V supply. Calculate the – 

 
(a) equivalent capacitance (2µF) 

(b) total charge stored (0.00024C) 

(c) charge stored on each capacitor (0.00024C) 

 
27. Three capacitors are connected in series have an equivalent capacitance of 

10µF. If two of them have capacitances of 30 and 60µF, determine the 

capacitance of the third capacitor. (20µF) 

 
28. Determine the number of 4µF capacitors which must be connected in series 

to produce an equivalent capacitance of 0.25µF. (16) 

 
29. Four capacitors, each having a capacitance of 10µF, are available. Draw neat 



 

diagrams showing how they would be grouped to give – 

 
(a) maximum capacitance. 

(b) minimum capacitance. 

Also calculate the maximum and minimum values of 

capacitance. (40µF, 2.5µF) 

 

************** 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

A.C. Principles 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. The value of AC voltage shown on the name plate of an appliance is the: 
(a) average value 
(b) peak value 
(c) instantaneous value 
(d) r.m.s. value 

2. The value of AC voltage that has the same heating effect as the equivalent value of 
DC voltage is the: 
(a) rms value. 
(b) peak value. 
(c) average value. 
(d) peak to peak value. 

3. For one complete cycle of an AC supply, the current flow: 
(a) will remain constant in magnitude. 
(b) will flow in one direction only. 
(c) will flow in one direction then reverses direction. 
(d) reaches a maximum in one direction then falls to zero. 

4. The standard unit of frequency is the: 
(a) Hertz (Hz) 
(b) Volt (V) 
(c) period (T) 

(d) cycle per second (CPS) 
 

 



A.C. Principles Tutorial 1 

 

5. The term frequency of an AC supply is defined as the: 
(a) number of cycles completed in one minute. 
(b) number of cycles completed in one second. 
(c) time required to complete one cycle. 
(d) the amount of a cycle completed in one second. 

 
 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

6. The standard  (a) of the AC supply in Australia is 50Hz, and this means that 
there are 50 (b) . 

Frequency, 50 cycles per second 

7.    will continuously change its direction of current flow with time. 

AC 

8. With reference to a sinusoidal waveform, define what is meant by the following terms: 
(a) period; 

The period of a wave is the amount of time it takes to complete one 
cycle. Frequency is the number of complete cycles that a wave 
completes in a given amount of time. Usually measured in Hertz (Hz), 
1 Hz being equal to one complete wave cycle per second. Frequency 
= 1/(period in seconds) 

(b) form factor; 

calculate the form factor by dividing the RMS value of the waveform by 
its average value. If the RMS value of the AC wave is 25 volts and the 
average value is 22.52 volts, then the form factor of the AC wave is 
25/22.52=1.11. 

(c) peak value; 
the difference between the highest or lowest to zero line 

(d) average value; 
(e) peak to peak value;  

B Peak-to-peak (pk-pk) is the difference between the highest and the lowest values in a 
waveform. In alternating current (AC) the peak-to-peak value is twic 

and 
(a) instantaneous value. 

The instantaneous value is the value of an alternating quantity (ac 
voltage, ac current or ac power) at a particular instant of time in a cycle. 
The instantaneous value of any variable quantity is designated by the 
smaller case letter of its symbol. For example, v for voltage, i for current, 
etc. 



2. The ratio of the peak value of voltage to the rms value of voltage is known as the (a) , 
and for a sinusoidal waveform has a value of (b) . 

Crest Factor, 2.8284 times VRMS 

3. The ratio of the rms value of voltage to the average value of voltage is known as the 
  (a) , and for a sinusoidal waveform has a value of (b) . 

 
Form Factor   , 1.11 

 

SEE TEACHER SOLUTION 

SECTION B 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

4. A sinusoidal wave has a maximum value of 340 volts. Determine the instantaneous 
value of voltage at angles of: 
(a) 450 (240V) 

(b) 1050 (328.4V) 

(c) 2600 (334.8V) 

(d) 3300 (-170V) 

5. A sinusoidal wave has a frequency of 400 Hz.. Determine the period for this 
frequency. (2.5mS) 
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6. A sinusoidal wave has a maximum value of 500 volts. For this wave, determine: 
(a) the rms value; (353.6V) 
(b) the peak to peak value; (1000V) 
(c) the average value. (318.5V) 

7. Determine the frequencies for the following periodic times: 
(a) 0.02 seconds (50Hz) 
(b) 0.0833 seconds (12Hz) 
(c) 1 millisecond (1000Hz) 
(d) 0.05 milliseconds (20kHz) 

 
 

The following questions refers to Table 1 and the graph shown on page 4. Add page 4 to your 

submitted tutorial solution. 

8. Complete the sin value row of Table 1 by determining the sine values for the 
angles as shown. 

9. If the maximum voltage of the waveform is 120V, complete the voltage value row of Table 
1 by determining the instantaneous values of voltage for the angles shown using your 
calculated sin values. 

10. Carefully plot the results on the graph supplied, completing your waveform using either 
French curves or a flexicurve. Do not finish your waveform in freehand! 

11. On your completed waveform, label the following: 
(a) the peak value, 
(b) the peak to peak value, 
(c) the periodic time, 

12. Draw and label straight lines where you would expect to find the: 
(a) the rms value, 
(b) the average value. 

13. From your waveform, determine the value of voltage 
at: (a) 200 (41V) 
(b) 1000 (118V) 

(c) 2200 (-077V) 

(d) 1400 (77V) 
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20 40 60 80 100    120    140  160   180    200  220    240    260    280    300    320 340   360    380 

A.C. Principles     Vmax=120 Tutorial 1 

 

Degrees 0 15 30 45 60 75 90 105 120 135 150 165 180 

Sin 

Value 

0 0.2588 0.5 0.707 0.866 0.965 1 0.965 0.866 0.707 0.5 0.2588 0 

Voltage 

Value 

0 31 60 84.84 103.92 115.8 120 115.8 103.92 84.84 60 31 0 

Degrees 195 210 225 240 255 270 285 300 315 330 345 360  

Sin 

Value 

-0.2588 -0.5 -0.707 -0.866 -0.965 -1 -0.9655 -0.866 -0.707 -0.5 0-.2588 0  

Voltage 

Value 

-31 -60 -84.84 -103.92 -115.8 -120 -115.8 -103.92 -84.84 -60 -31 0  

Table 1 
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Tutorial 2 Sinusoidal Waveforms 

 

Sinusoidal Waveforms 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. When measuring the phase difference with a CRO., the CRO. 
(a) must be able to show two waveforms. 
(b) needs to have a high sensitivity. 
(c) time base must be re-calibrated. 
(d) must be set to DC input. 

2. Phasors are quantities which vary in: 
(a) magnitude and time only 
(b) magnitude and direction only 
(c) magnitude, direction and time 
(d) direction only 

3. If one waveform leads another, then it will pass through and maximum values    
the other waveform. 
(a) zero; before 
(b) zero; after 
(c) zero; simaltaneously with 

4. In practice, when representing AC quantities by phasor diagram, the phasors are usually 
drawn to scale to represent: 
(a) rms values 
(b) instantaneous values 
(c) maximum values 
(d) average values 

 
5. The term phase angle is defined as the: 

 



Sinusoidal Waveforms Tutorial 2 

(a) angle used to determine the instantaneous value of voltage or current. 
(b) the angular displacement between two waveforms of the same frequency. 
(c) the angular displacement between two waveforms of different frequencies. 
(d) the number of degrees into a cycle where the peak value is reached. 

 
 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

6. Two waveshapes are said to be when they pass through their zero points or peak 
values simultaneously. 

Inphase 

7. To represent a voltage quantity in a phasor diagram, an arrow with a/an   (a)    head is used, 
whilst a current quantity is represented by an arrow with a/an      (b)      head. Draw an 
example of a voltage phasor representing 100V (1.0mm = 2.5V), and an example of a 
current phasor representing 24A (1.0mm = 0.3A). 

Open , Closed 

8. If two waveshapes do not pass through the same changes at the same time, they are said to be 
Phase differewnce 
 

9. To determine the frequency of a sinewave from a CRO., you would read the (a) axis and 
use the the setting of the (b) switch. 

X ,  Time/div 

10. Briefly describe how you could determine: 
(a) if two waveshapes are in phase;-------- Pass through zero line at the same time 
(b) if two waveshapes are out of phase;------ Pass through zero line differently 
(c) if out of phase, which one leads or lags the other. That cross zero line first. 

11. Phasors are normally drawn to scale to represent quantities. 

Vector 

 
 

12. The relationship between frequency and periodic time states that frequency is (a)
 to periodic time. This can be written mathematically as (b)   

Ratio , F=1/T 

13. Phasors are said to rotate in a/an direction. 
 

Anti clockwise 

14. Briefly describe how you could prove that the rms value of a sinewave is 0.707 of the peak 
peak value of a sinewave. Accompany your answer with a clearly labelled diagram. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 

 
 



Tutorial 2 Sinusoidal Waveforms 

SECTION B 
SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 

in the appropriate multiple or sub-multiple. 

15. A display of a sinusoidal waveform on a CRO. is 2.8 divisions high and 8 divisions long. If 
the VOLTS/DIV is set to 10V, and the SWEEP TIME/DIV is set to 1mS, determine: 
(a) the peak value of voltage (28V) 
(b) the expected rms value of voltage (19.8V) 
(c) the frequency of the waveform (125Hz) 

16. Two sinusoidal waves with a frequency of 50 Hz are displayed on a CRO. If the horizontal 
displacement between the waveforms is measured to be 3.5mS, determine the 
phase angle between the two waveshapes (630) 

17. Draw a phasor diagram to represent a voltage V1 of 240V and a second voltage V2 of 180V, 
such that V1 leads V2 by 500. Use a scale of 1.0mm = 2.0V, and make V1 the reference. 

18. Draw a phasor to represent a current I1 of 2.5A, a second current I2 of 3A and a third 
current I3 of 1.75A, drawn to scale of 1.0mm = 25mA. I1 leads I2 by 300, and I3 lags I2 by 
450. Use I2 as your reference phasor. 

19. The diagram of figure 1 represents two sinusoidal waveforms of the same frequency. If the 
VOLTS/DIV switch is set to 10V, and the SWEEP TIME/DIV switch is set to 5mS, determine: 
(a) the peak values of voltage for waveforms V1 and V2; (V1pk=30V; V2pk=36V) 
(b) the peak to peak values of voltage for 

waveforms V1 and V2; (V1pk-pk=60V; 
V2pk-pk=72V) 

(c) the expected rms values of the two 
waveforms; (V1=21.2V;V2=25.5V) 

(d) the frequency of the waveforms; (20Hz) 
(e) the phase angle between the two 

waveforms; (57.60 ) 
(f) if V1 leads or lags V2. 
(g) draw a phasor diagram to represent the 

two voltages, using a scale of 1.0mm = 
0.2V. 

 

 

Figure 1 
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V2 
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Phasor Quantities 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. Current phasors are represented by an arrow with a/an head, whilst voltage phasors 
are represented by an arrow with a/an head. 
(a) closed, open 
(b) open, open 
(c) open, closed 
(d) closed, closed 

2. The resultant of two or more voltages differing in phase angle may be determined by: 
(a) algebraic addition 
(b) averaging the voltage values 
(c) phasor addition 
(d) numerical addition 

3. To find the phasor difference of two phasor quantities, the method to use is: 
(a) tip to tail. 
(b) tip to tip. 
(c) tail to tail. 
(d) non existent. 

4. If a phasor is used to show a quantity, it will be drawn above the reference line. 
(a) lagging, horizontal 
(b) leading, horizontal 
(c) leading, vertical 
(d) lagging, vertical 

5. The resultant of two voltages, having the same phase angle but different numerical values 
can be determined by: 
numerical addition 



numerical subtraction 
phasor subtraction 
algebraic addition 

 
 

 

NOTES



Phasor Quantities Tutorial 3 

 
 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

6. When adding phasor quantities, the method used is described as      (a)       to       (b)      , but 
when subtracting phasor quantities, the method used is described as  (c) to (d) . 

Head  Tail / Tail Tail 

7. Phasor addition or subtraction is used to add or subtract quantities which are differing in . 

Directions 

8. When solving for series circuits using phasor diagrams, the reference to use is circuit (a)   , 
whilst for parallel circuits, the reference to use is circuit   (b)   . These references are used 
because they are (c) to all parts of their respective circuits. 

Current, Voltage   the same 

9. Briefly explain why it is important for phasors to be drawn accurately and to scale. 

To get correct answer 

10. If a phasor quantity leads the reference phasor, it is drawn       (a)       the reference, and if a 
phasor quantity lags the reference phasor, it is drawn (b) the reference. 

Above, below 

11. List three advantages of using phasor diagrams for phasor addition or subtraction over 
using waveform diagrams for waveform addition or subtraction. 

We can simplify the calculation of AC circuit behaviour, especially in steady-state conditions. Phasor 
analysis allows us to transform complex waveforms into simpler phasors and analyze the magnitude 
and phase relationships between voltages and currents in AC circuits. 

SECTION B 
SEE TEACHER CALCULATION 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 

in the appropriate multiple or sub-multiple. Any question solved by phasor diagram should be drawn 

accurately to scale on 5mm graph paper attached to your solution. 
 

12. Using a scale of 1mm = 1.0 volts, determine the resultant of the voltages Va and Vb in the 
diagram of figure 1 by phasor diagram. Clearly label all voltages and angles on your 
diagram. [120V @ 170 lag] 

13. A heating element is connected in parallel to a 240 volt, 50Hz single phase motor. The 
current drawn by the heating element is 10A, and is in phase with the supply voltage, whilst 
the current drawn by the motor is 7A, and lags the supply voltage by 700 . Using a scale of 
1mm = 0.1A, determine the current drawn from the supply, and the resultant circuit phase 
angle. [14A @ 280 lag] 

 



 
14. A capacitor is connected in series with a resistor. The voltage across the capacitor is 190 

volts leading by 900, and the voltage across the resistor is 147 volts, and is in phase with 
the circuit 
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current. Using a scale of 1mm = 2.0V, determine the value of voltage connected across the 

supply, and the resultant circuit phase angle. [240V @ 520 lead] 

15. A 240 volt, 50Hz single phase motor draws 18A from the supply at a lagging phase angle of 
400. A capacitor connected across the motor draws 7A at a leading phase angle of 900. 
Using a scale of 1mm = 0.2A, determine the current drawn from the supply, and the 
resultant circuit phase angle. [14.5A @ 18.50 lag] 

16. For the circuit of figure 2, determine the value and phase angle for the branch current I2. 
Use a scale of 1mm = 0.05A. [4.5A @ 900 lead]. 
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Tutorial 4 R-C A.C. Circuits 

 

Resistance & Capacitance in AC Circuits 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. The phase angle () between voltage and current in a purely resistive circuit is: 
(a) 180 electrical degrees. 
(b) 90 electrical degrees. 
(c) 45 electrical degrees. 
(d) 0 electrical degrees. 

2. The opposition to current flow in a purely capacitive circuit is known as and is 
measured in    
(a) capacitive reactance, ohms 
(b) resistance, ohms 
(c) capacitive reactance, farads 
(d) impedance, farads 

3. The phase angle () between voltage and current in a purely capacitive circuit is: 
(a) 180 electrical degrees. 
(b) 90 electrical degrees. 
(c) 45 electrical degrees. 
(d) 0 electrical degrees. 

4. Adding extra resistance to a purely resistive circuit will cause the phase angle () 
between voltage and current to 

(a) increase. 
(b) decrease. 
(c) remain unchanged. 
(d) become maximum. 

 

 

 



NOTES 



R-C A.C. Circuits Tutorial 4 

 

5. The capacitive reactance of a capacitor is inversely proportional to the     
value. 
(a) supply frequency, capacitance 
(b) supply current, capacitance 
(c) supply frequency, supply voltage 
(d) supply voltage, capacitance 

and     

 

6. Adding extra capacitance to a purely capacitive circuit will cause the phase angle () 
between voltage and current to 

(a) increase. 
(b) decrease. 
(c) remain unchanged. 
(d) become maximum. 

 
 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

7. The power dissipation in an AC circuit is known as the (a) power, and for a 
capacitive circuit is equal to (b) . 

True, Reactive power 

8. In a purely resistive circuit, the circuit current and the circuit voltage are . 

Inphase 

9. If extra resistance is added to a purely resistive circuit, the equivalent circuit resistance 
can be found by . 

Numerical Addition 

10. In a purely capacitive circuit, the circuit current and the circuit voltage are (b) , and 
the current (b) the voltage by (c) . 

90 degree out of page , leads 90 degree 

11. The capacitive (a) of a capacitor is measured in ohms because it (b) current flow. 

Reactance , opposes 

12. A capacitor "looks" like an (a) circuit to a DC supply once it is charged, but "looks" like 
a (b)   circuit to an AC supply due to the charge and discharge (c)   that are 

continuously flowing. 
. 

Open, reactive , the electrical charges 
 

13. A purely resistive AC circuit can be treated in the same manner as a (a) circuit. This is 
because the phase angle () in a resistive circuit is (b) . 

Resistive , Zero 

 



 

 

 

 

 

 

 

 

 

 
 

 
 

 



Tutorial 4 R-C A.C. Circuits 

SECTION B 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 

in the appropriate multiple or sub-multiple. Any question solved by phasor diagram should be drawn 

accurately to scale on 5mm graph paper attached to your solution. 

SEE TEACHER SOULTION 

14. A circuit of 20 resistance draws 16A when connected to an AC supply. Determine: 
(a) the voltage applied to the circuit, (320V) 
(b) the power consumed by the circuit, (5.12kW) 

 

15. A heating element is connected to a 240 volt, 50Hz supply. If the rating of the heater is 
1.5kW, determine the current flowing in the circuit. (6.25A) 

16. Determine the capacitive reactance of a 47F capacitor when connected to a 32V, 50Hz 
supply. (67.7)] 

17. Determine the current taken by a 390F capacitor when connected to a 240V, 50Hz 
supply. (29.4A) 

18. A capacitor takes 3A when connected to a 240V, 50Hz supply. Determine: 

(a) the capacitive reactance of the capacitor; (80) 

(b) the capacitance of the capacitor. (39.8F) 

19. A capacitor takes 6A when connected to a 240V, 50Hz supply. Determine how much 
current the capacitor will take if it is reconnected to a 115V, 400Hz supply. (23A) 

 

20. For the circuit of figure 1, determine: 

(a) the resistances of R1 and R2; (4.8 3.43) 

(b) the current taken from the supply; (12A) 
(c) the equivalent resistance of the circuit; (2) 
(d) the power dissipated by each resistive (120W; 168W) 
(e) the total power dissipated by the circuit, (288W) 
(f) draw the phasor diagram for the circuit . 

 
21. For the circuit of figure 2, determine: 

(a) the capacitive reactances of C1 and C2; (56.8 
81.6) 

(b) the capacitances of C1 and C2; (56F; 39F) 
(c) the current taken from the supply; (7.16A) 
(d) the equivalent capacitive reactance of the circuit; 

(33.5) 
(e) the equivalent capacitance of the circuit (95F); 
(f) the total power dissipated by the circuit, (0W) 
(g) draw the phasor diagram for the circuit . 
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R-C A.C. Circuits Tutorial 4 

Inductance in AC Circuits 
 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. The phase angle () between voltage and current in a purely inductive circuit is: 
(a) 0 electrical degrees. 
(b) 45 electrical degrees. 
(c) 90 electrical degrees. 
(d) 180 electrical degrees. 

2. The opposition to current flow in a purely inductive circuit is known as and is 
measured in    
(a) resistance, ohms 
(b) inductive reactance, ohms 
(c) inductive reactance, henries 
(d) impedance, henries 

3. Adding extra inductance to a purely inductive circuit will cause the phase angle () 
between voltage and current to 

(a) increase. 
(b) decrease. 
(c) remain unchanged. 
(d) become maximum. 

4. Inductors (such as ballasts) are used to control current in AC circuits as they: 
(a) have a low power loss. 
(b) have a good power factor. 
(c) are cheaper than resistors. 
(d) have a low value of  reactance. 

 

 

 



 

 

5. The inductive reactance of a inductor is     
circuit inductance value. 
(a) proportional, inversely proportional 
(b) proportional, proportional 
(c) inversely proportional, inversely 

proportional 
(d) inversely proportional, proportional 

to the supply frequency and     to the 

 

 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

6. The power dissipation for an inductive circuit is equal to     (a)     . This is because the 
energy is returned to the supply when the (b) collapses. 

Zero, Current  

 

7. Inductive reactance is an example of Law "in action". 

Lenz 

 

8. In a purely inductive circuit, the circuit current and the circuit voltage are    (b)     , and the 
current     (b)     the voltage by     (c)     . This is due to the      (d)      that is continuously 
generated in the inductor. 

90 degree out of phase, lags 90 degree , induced voltage 

9. The inductive       (a)       of an inductor is measured in       (b)       because it opposes current 
flow. 

Reactance , Ohm 

10. An "ideal" inductor has (a) resistance, whilst a practical inductor has (b) . 

Zero, small 

11. As the frequency of a supply connected to an ideal coil increases, the       (a)         (b)       of 
the coil increases. 

 
Inductive reactance  

 

SECTION B 
SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 

in the appropriate multiple or sub-multiple. Any question solved by phasor diagram should be drawn 

accurately to scale on 5mm graph paper attached to your solution. 



 

12. When connected to a 24V, 50Hz supply, an ideal inductor draws 1.2A. Determine the 
reactance of the inductor. (20) 

13. If a coil of negligible resistance has an inductance of 0.05 henry, determine its inductive 
reactance if connected to a: 

(a) 50Hz supply, (15.7) 
(b) 33Hz supply, and (10.4) 

(c) 1kHz supply. (314) 

14. A coil of negligible resistance draws 0.5A when connected to a 240V, 50Hz supply. 
Determine the inductance of the coil. (1.53H) 

 
 



 

 

15. An ideal 153mH inductor is rated to be used on a 240V, 50Hz supply, but instead is 
connected to a 200V, 400Hz supply. Determine the current flowing in the inductor for both 
of these conditions. (@50Hz: 5A; @400Hz: 0.52A) 

16. A coil of negligible resistance draws 1A when connected to a 32V, 120Hz supply. 
(a) Determine how much current it will draw from a 415V, 50hz supply. (31.1A) 

(b) Draw a phasor diagram for each of the operating conditions. Pick a suitable scale for 
each diagram, noting the scales you have used next to your phasor diagrams. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tutorial 6 LR & RC Series Circuits 

 

R.L & R.C Series AC Circuits 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. The phase angle () between voltage and current in an R.L. series circuit is between: 
(a) 00 and 900 lagging. 
(b) 00 and 900 leading. 
(c) 900 and 1800 lagging. 
(d) 900 and 1800 leading. 

2. Adding extra inductance to an R.L. series circuit will cause the phase angle () between 
voltage and current to 

(a) remain unchanged. 
(b) increase. 
(c) become maximum. 
(d) decrease. 

3. The opposition to current flow in any ac circuit containing and reactive components 
is known as and is measured in ohms. 
(a) capacitive , reactance 
(b) inductive reactance 
(c) resistive, impedance 
(d) inductive, impedance 

4. Adding extra resistance to an R.C. series circuit will cause the phase angle () between 
voltage and current to 

(a) remain unchanged. 
(b) increase. 
(c) become maximum. 
(d) decrease. 

 



NOTES



LR & RC Series Circuits Tutorial 6 

 

5. If the inductive reactance and resistance of an R.L. series circuit are equal, the circuit 
phase angle will be: 
(a) 450 lead 
(b) 450 lag 
(c) 300 lead 
(d) 600 lag 

 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

6. To decrease the phase angle in an R.L. series circuit, either (a) the circuit resistance, or 
  (b) the circuit inductance. 

Increase , decrease 

7. In an impedance triangle for an R.L. series circuit, the circuit resistance is (a) with the 
reference, the circuit (b) will (c) the reference, whilst the circuit impedance is 
the 
  (d) . Accompany your answer with a diagram to show the relationships for a series R.L. 

circuit. 

Inphase ,current, lag , vector sum  

8. The circuit phase angle for an R.C. circuit is between (a) and (b) , and the 
current will (c) the voltage. 

Current and Voltage, lead 

9. To increase the phase angle in an R.C. series circuit, either (a) the circuit resistance, or 
  (b) the circuit (c) . 

Decrease, increase, capacitance  

10. Increasing the supply frequency to an R.L. series circuit will cause the circuit phase angle to 
  . 

Increase 

11. Decreasing the supply frequency to an R.C. series circuit will cause the circuit phase angle 
to 
  . 

Increase 

12. When using an impedance triangle to solve for series R.L or R.C circuits, the phase 
angle is measured between the circuit (a) and the circuit (b)   

Resistance, Impedance 

SECTION B 
SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 



in the appropriate multiple or sub-multiple. Any question solved by phasor diagram should be drawn 

accurately to scale on 5mm graph paper attached to your solution. 

13. Determine the impedance of a series R.L circuit consisting of a 220 resistor and a 1.59H 
ideal inductor when connected to a 240V, 50Hz supply. (546) 

14. If a 120 resistor is connected in series with 0.75H ideal inductor, determine how much 
current will flow if connected to a 415V, 50Hz supply. (1.57A) 

 

 

 

 

NOTES

 



Tutorial 6 LR & RC Series Circuits 

15. Determine the impedance if the 220 resistor of Q12 is now connected in series with a 
22F capacitor when connected to a 240V, 50Hz supply. (263) 

16. A 560 resistor is connected in series with a 5.68F capacitor. Determine the current 
flowing in this circuit if connected to a 240V, 50Hz supply. (303mA) 

17. An R.L. series circuit draws 0.333A when connected to a 32V, 50Hz supply. Determine the 
value of the circuits resistance and inductance if the circuit phase angle is measured to 
be 600 lag. (R=48; L=265mH) 

18. When connected to a 200V, 400Hz supply, an R.C. series circuit draws 2A. If the circuit 
phase angle is found to to 450, determine the value of the circuits resistance and 
capacitance. (R=70.7; C=5.6F) 

19. When connected to a 50Hz supply, an R.L. series circuit draws 0.4A. If the voltage drop 
across the resistor is 16V, and the voltage drop across the ideal inductor is 12V, determine: 
(a) the voltage applied to the circuit by phasor diagram using a scale of 1mm = 0.2V; (20V) 
(b) the circuit phase angle. (370 lag) 
(c) the resistance of the resistor; (40) 

(d) the reactance of the inductor; (30) 
(e) the circuit impedance; (50) 
(f) the inductance of the inductor; (95.5mH) 
(g) the minimum power rating for the resistor. (6.4W) 

20. When connected to a 50Hz supply, an 80 resistor connected in series with a 33F 
capacitor draws a current of 2A . Determine by phasor diagram the voltage applied to the 
circuit and the circuit phase angle using a scale of 1mm = 2V. (250V;  = 500 lead) 

 

 

 

Tutorial 7 R-L-C A.C. Circuits 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



NOTES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



R-L-C A.C. Circuits Tutorial 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 /  Xl=Xc 
5/Out of phase / phasor addition 
6/Decrease/ Increase 
7/Minimum , Maximum 
8/Voltage/maximum 
9/Increase/ Decrease/ Decrease 
10/ Decrease 



11/Zero/ resistance/maximum 
 
 

 
 

 
SEE TEACHER 

SOLUTION
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Tutorial 8 Parallel A.C. Circuits 

 

Parallel A.C. Circuits 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in ink. 

In the case of multiple choice type questions, the question number and corresponding answer 

letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type questions. 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of your 

choice on your answer sheet. 

1. The phase angle () between voltage and current in an R.C. parallel circuit is between: 
(a) 00 and 900 lagging. 
(b) 00 and 900 leading. 
(c) 900 and 1800 lagging. 
(d) 900 and 1800 leading. 

2. Adding extra inductance to an R.L. parallel circuit will cause the phase angle () 
between voltage and current to 

(a) remain unchanged. 
(b) increase. 
(c) become maximum. 
(d) decrease. 

3. In a parallel resonant circuit, circuit impedance is a , and circuit current is a . 
(a) maximum, maximum 
(b) minimum, minimum 
(c) maximum, minimum 
(d) minimum, maximum 

4. Adding extra capacitance to a leading R.L.C. parallel circuit will cause the phase angle () 

between voltage and current to 

(a) remain unchanged. 
(b) increase. 
(c) become maximum. 
(d) decrease. 

 

 

 



Parallel A.C. Circuits Tutorial 8 

 

5. In a parallel L.C. circuit, the component with the largest will determine the phase 
angle for the circuit. 
(a) current 
(b) voltage 
(c) reactance 
(d) resistance 

For the following questions, complete the statements on your answer sheet with the word or phrase 

you think fits best. 

6. To decrease the phase angle in an R.L. parallel circuit, either (a) the circuit resistance, or 
  (b) the circuit inductance. 

Increase/ Decrease 

7. Increasing the frequency of the supply to an R.L.C. parallel circuit will cause the 
resistive current to (a) , the inductive current to (b)
and the capacitive current to (c)   

Unchange, Decrease, increase 

8. The circuit phase angle for an R.L. parallel circuit is between (a) and (b) , and 
the current will (c) the voltage.    

0 to -90, lag 

 

The phase angle in a parallel RL circuit is betweem 0 to -90 degrees. 
Use VR to find IR then use V2πfL V 2 π f L to find IL . Use the 
magnitude of Voltage for V and frequency for f . The phase angle will 
be arctan(ILIR) a r c t a n ( I L I R ) . 

9. To increase the phase angle in an R.C. parallel circuit, either (a) the circuit resistance, or 
  (b) the circuit (c) . 

Decrease/ Increase 

10. Increasing the supply frequency to an R.L. parallel circuit will cause the circuit phase angle to 
  . 

Increase 

11. Decreasing the supply frequency to an R.C. parallel circuit will cause the circuit phase angle to 
  . 

 

Increase

12. At parallel resonance, the circulating (a)   
  (b)   

between the reactive components can be 

 

Current , Large 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

NOTES



Tutorial 8 Parallel A.C. Circuits 

SECTION B 
SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem is 

to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be expressed 

in the appropriate multiple or sub-multiple. Any question solved by phasor diagram should be drawn 

accurately to scale on 5mm graph paper attached to your solution. 

13. For the circuit of figure 1, if the capacitive reactance is    
25, the inductive reactance is 30 and the resistance 
is 10, determine 

(a) the impedance, current and phase angle for the 
capacitive branch; (25, 8A, 900 lead) 

(b) the impedance, current and phase angle for the 
inductive branch; (31.6, 6.33A, 71.50 lag) 

(c) the supply current and circuit phase angle; 
(2.83A, 450 lead) (1mm = 0.1A 

(d) the circuit impedance. (70.6) 
 

NOTES 

 

200V 

50Hz 

Suppl
y 

L 

C 

 
R 

 
 

Figure 



14. For the circuit of figure 1, if the capacitor is 25F, the inductor is 
250mH and the resistance is 15, determine: 
(a) the capacitive current and phase angle; (1.57A, 900 lead) 
(b) the inductive current and phase angle; (2.5A, 790 lag) 
(c) the supply current and circuit phase angle; (1A, 61.60 lag) (1mm = 25mA) 
(d) the circuit impedance (200) 

15. If a 120 resistor is connected in parallel with 382mH inductor with a 
resistance of 35, determine how much current will flow if connected 
to a 415V, 50Hz supply. (5.4A) 
(1mm = 50mA) 

16. An L.C. parallel circuit is connected to a single phase 240V, 50Hz 
supply. If the current through the capacitor 12A, and the current 
through the inductor is 16A at a phase angle of 600 lagging, determine 
the: 
(a) impedance of the inductor; (15) 
(b) resistance of the inductor; (7.5) 
(c) impedance of the capacitor; (20) 
(d) current drawn from the supply; (8.2A) (1mm = 0.2A) 
(e) circuit phase angle. (13.10 lag) 

(f) circuit impedance; (29.3) 

17. An 80 resistor connected in parallel with a 33F capacitor is 
connected to a 250V, 50Hz supply. Determine by phasor diagram the 
current drawn from the supply and the circuit phase angle using a scale 
of  1mm = 0.05A. (4A;  = 400 lead) 

 
 

 

 



Tutorial 1 Power in A.C. Circuits 

 

Power in AC Circuits 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. True power is measured in and is a measure of the . 
(a) volt-amps; power supplied 
(b) volt-amps ; power consumed 
(c) watts; power consumed 
(d) watts; power supplied 
 

 

2. In a purely resistive circuit there is no: 
(a) apparent power 
(b) true power 
(c) average power 
(d) reactive power 

3. In a power triangle, apparent power is represented by the: 
(a) side adjacent the phase angle 
(b) hypotenuse 
(c) side opposite the phase angle 
(d) cosine of the phase angle 

4. Power factor is a ratio of: 
(a) reactive power to apparent 
(b) true power to reactive power 
(c) apparent power to true power 
(d) true power to apparent power 

 
 



 



Power in A.C. Circuits Tutorial 1 

 

5. The power consumed in a circuit is determined by: 
(a) apparent power times the power factor 
(b) apparent power divided by the power factor 
(c) reactive power times the power factor 
(d) true power plus the power factor 

 
SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

1. Neatly copy the diagram of figure 1 on your answer sheet. On 
the diagram of figure 1, label which sides represent the: 
(a) apparent power, 
(b) true power; 
(c) reactive power; 
(d) also show which angle represents the phase angle for the 

circuit. 
 

 

2. The power factor for a circuit can be found by either using the ratio 
of 

Figure 1 

  (a) or by the (b) of the phase angle, and uses the symbol (c) . 

Real power to Apparent power , Cosine , PF 

3. True power is measured in (a) , and uses the circuit symbol (b) . 

Watt, P 

4. Apparent power is measured in (a) , and uses the circuit symbol (b) . 

VoltAmp, VA 

5. Reactive power is measured in (c) , and uses the circuit symbol (b) . 

Var, VAR 

6. Reactive power is the power (a) to the supply when either the magnetic field of an 
  (b) collapses or a capacitor (c) . 

Added , Inductor , charged 
 

7. Power factor has a range of (a)   to (b) , and can be either (c)   for an 

inductive circuit or (d) for a capacitive circuit. 

0 to 1 ,Lagging , Leading 

 



8. In a purely resistive circuit, the power factor is equal to (a) , or is said to be (b)  
power factor. 

1, Unity 

9. If you wished to determine the power factor of a circuit, you would need a (a) to 
measure true power, a (b)   and an (c)   to measure apparent power, and you 

would use the ratio of (d) to calculate the power factor. 

Wattmeter, Voltmeter, Ammeter , True power to Apparent power 
 

 

 

 

 

 

 

 

 

 

 

 
NOTES 

 



Tutorial 1 Power in A.C. Circuits 

SECTION C  SEE TEACHER CALCULATION 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

1. A heating element connected to a 240V, 50Hz supply draws 10A. Determine the: 
(a) the circuit phase angle. (0O) 

(b) apparent power of the circuit; (2400VA) 

(c) true power consumed by the circuit. (2400W) 

2. A capacitor connected to a 240V, 50Hz supply draws 12A. Determine the: 
(a) the circuit phase angle. (90O leading) 

(b) apparent power of the circuit; (2880VA) 

(c) true power consumed by the circuit. (0W) 

3. A single phase 240V, 50Hz circuit draws 5A from the power supply, and operates 
at a lagging power factor of 0.8. Determine the: 

(a) the circuit impedance; (48) 

(b) the circuit phase angle. (36.8O) 

(c) true power consumed by the circuit; (960W) 

4. A single phase load draws 2.5A from a 32V, 50Hz supply. If the power consumed by 
the circuit is 60W, determine the: 

(a) the circuit impedance; (12.8) 

(b) apparent power of the circuit; (80VA) 
(c) circuit power factor; (0.75) 
(d) circuit phase angle; (41.4O) 
(e) reactive power of the circuit; (52.9VAr) 

5. A 240V, 50Hz, single phase circuit operates at a lagging phase angle of 30O . If the power 
consumed is 1.5kW, use a power triangle to determine the apparent and reactive 
power for the circuit. Use a scale of 1mm = 15VA/W/VAr (S = 1.732kVA; Q = 863VAr) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Tutorial 2 Power Factor Improvement 

 

POWER FACTOR IMPROVEMENT 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. Poor power factor is usually caused by: 
(a) inductive loads 
(b) resistive loads 
(c) low power consumption loads 
(d) high power consumption loads 

2. In a purely resistive circuit the power factor is: 
(a) 0 - 1 leading 
(b) 0 - 1 lagging 
(c) unity 
(d) reactive power 

3. Power factor correction is usually achieved by: 
(a) connecting a resistor in series with the load 

(b) connecting a capacitor in parallel with the load 
(c) connecting a special electronic correcting device to the load 
(d) any of the above methods. 

4. When power factor correction is used, the: 
(a) circuit current decreases 
(b) true power decreases 
(c) reactive power power increases 
(d) apparent power remains constant 

 
 



 

NOTES



Power Factor Improvement Tutorial 2 

 

5. The value of power factor correction capacitor used is often given in: 
(a) VA 
(b) W 
(c) VAr 

(d)  (Xc) 
 

SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

1. List five effects of having low or poor power factor. 

If the power factor is low, the increased current will increase the copper losses (I2R) in the transformer, 
transmission line, and load. Poor voltage regulation: If the power factor is low, large line current is 
drawn, which causes a voltage drop in the generator, transformer, and transmission line. 

2. Generally, the power factor in a customer's installation should not be less than   (a)    
. The publication this figure is given in is the (b) . 

0.9   NSWSIR 

3. When power factor is improved, the circuit       (a)       will decrease; the apparent power 
for the circuit will      (b)      ; the true power for the circuit will       (c)       ; and the reactive 
power for the circuit will (d) . 

Current , decrease, increase,decrease 

4. For the following loads, state the power factor you would expect to find. 
(a) A 40W fluorescent lamp ballast. 
(b) A 2.4kW hot water heater. 
(c) A 1kW pool pump motor. 
(d) A 60W incandescent lamp. 

5. Whilst operating at no load, the power factor of an induction is       (a)      , but will       (b) 
as the motor is loaded. 

Poor, increase 

 
SECTION C 

SEE TEACHER CALCULATION 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 
 

1. A 240V, 50Hz single phase inductive load operates at a constant 2.4kW input power. 
Determine the circuit current when: 
(a) the power factor is at 0.2 lag; (50A) 



(b) the power factor has been improved to 0.9 lag. (11.1A) 
 

2. Draw a power triangle for a 1500W load operating at 0.5 lagging power factor, using a 
scale of 1mm = 50W = 50VA = 50 VAr. Also show on your power triangle the new 
apparent and reactive power if the power factor is improved to 0.95 lagging. (1600VA, 
500VAr) 

 

 

 
NOTES



Tutorial 2 Power Factor Improvement 

 
3. For the circuit of figure 1, determine: 

(a) the supply current (scale: 1mm = 0.25A). 
(19.5A) 

(b) the phase angle (16.5O lag) 
(c) the power factor; (0.96 lag) 

(d) the apparent power; (4.68kVA) 

 

 
 

I 

 

240V 

50Hz 

 

 

 

 

 
11A 

. 
 

C 25A 

 

. 

 

 

 
 

Load 

 
0.75 lag 

(e) the true power; (4.49kW) 
(f) the reactive power. (1.33kVAr) 

Figure 1 

 

4. For the circuit of figure 2, determine: 
(a) the kVAr rating of a capacitor required to 

improve the power factor to 0.9 lag. Use a 
scale of 1mm = 100W = 100VA = 100VAr. 
(10.1kVAr) 

(b) the new value of apparent power. (3.4kVA) 
(c) the new value of circuit current. (14.2A) 

5. For the circuit of figure 2, determine the value of 
capacitance required to reduce the current to half 
of its original value. Use a scale of 1mm = 0.5A. 
(345F) 

 

 

 

 

 

 

 

Figure 2 

 

 
 

Load 

 
0.25 lag 

240V 

50Hz 
50A 



 

6. A single phase 240V, 50Hz circuit draws 15A from the power supply, and operates at a 
lagging power factor of 0.8. Determine the kVAr rating and value of capacitance required 
to improve the power factor to unity. (2.16kVAr; 119F) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tutorial 3 Three Phase Generation 

 

THREE PHASE GENERATION 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. One advantage of a three phase supply over a single phase supply is: 
(a) only three conductors are required for three phase systems 
(b) three phase voltages are lower than single phase voltages 
(c) three phase machines are larger for a given output power 
(d) three phase motors produce a constant torque 

2. Positive phase sequence is represented by: 
(a) B-A-C 
(b) C-B-A 
(c) A-B-C 
(d) A-C-B 

3. Single phase loads can be connected to a three phase distribution system that is: 
(a) delta connected with three wires 
(b) delta connected with four wires 
(c) star connected with three wires 
(d) star connected with four wires 

4. When transmitting a given amount of power using a three phase system compared to a 
single phase system: 
(a) more conductor material is required 
(b) less conductor material is required 
(c) the same amount of conductor material is required 
(d) a different conductor material is required 

 



Generation Three Phase Tutorial 3 

 

5. In a three phase alternator, the angle between the windings is: 
(a) 120O 
(b) 180O 
(c) 90O 
(d) 60O 

 
SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

The order in which the phases of a three phase supply reach their maximum value is known as the 

  (1)   

Phase sequence 

Two methods of connecting a three phase supply or load are (2) and (3)   

Star / Delta 

The colours used to identify the three phase conductors of a three phase system are (4) , 

  (5) and (6)   

Red, White Blue 

If a three phase motor is used in preference to single phase motor of the same physical size, the 

three phase motor will have a (7) power output and a higher (8)   

Larger, Torque 

A poly phase system uses (9) or more phases. 

Two  

If connected in star, a three phase supply will have two voltages available, known as the 

  (10) voltage (measured between an active conductor and the (11) conductor) and 

the  (12)  voltage (measured between any two (13) conductors). 

Phase, Active, Neutral , Line , active 

14. List two functions of the neutral conductor in a star connected supply. 

The neutral conductor is used to increase the voltage between two phases, 
and it assists in load balancing. The neutral conductor is used for 
grounding the system, and it helps in equalising phase voltages. The 
neutral conductor is used for phase shifting, and it helps in generating 
higher voltage. 

15. Figures 1 and 2 represent the windings of a three phase alternator. Show how you would 
connect figure 1 in star configuration, and how would connect figure 2 in delta 
configuration. Also show how would connect the neutral conductor in figure 1. 
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A2 B 2 C 2 

A 1 B 1 C 1 

 

 

 

 
A2 B 2 C 2 

 

 

Figure 1 Figure 2 
 

Both figures 1 and 2 are reproduced on page 66 for you to cut and paste to your submitted 

assignment sheets. 
 

 
 

 
 

 



Tutorial 3 Three Phase Generation 

 

SECTION C 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

1. A three phase generator has a phase voltage of 19kV. Determine the generators line 
voltage if connected in: 
(a) star. (33kV) 
(b) delta. (19kV) 

2. A three phase supply has a line voltage of 415V. Determine the supply phase 
voltage if connected in: 
(a) star. (240V) 
(b) delta. (415V) 

3. A three phase generator has a maximum generated voltage of 340V. Determine the 
instantaneous value of voltage for all three phases when A phase is at an angle of 45O . 
(A phase: 240V; B phase: 88V; C phase: -328V) 

 
 

******************************* 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tutorial 4 Three Phase Star Connected Systems 

 

THREE PHASE STAR CONNECTED SYSTEMS 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. The line voltage of a star connected system is: 
(a) 3 Vp 
(b) 2 Vp 
(c) 0.5Vp 
(d) equal to Vp 

2. The purpose of the neutral conductor in an unbalanced star connected system is to: 
(a) provide an earth point 
(b) provide a protective circuit 
(c) carry out of balance currents 
(d) reduce the supply voltage 

3. In a star connected system, the phase angle between the line current and phase current is: 
(a) 120O 
(b) 90O 
(c) 30O 
(d) 0O 

4. The neutral current in an unbalanced star connected load is the: 
(a) algebraic sum of the phase currents 
(b) phasor sum of the line currents 
(c) algebraic sum of the line currents 
(d) numerical difference of the phase currents 
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5. In a star connected system, the phase angle between the line voltage and phase voltage is: 
(a) 120O 
(b) 90O 
(c) 30O 
(d) 0O 

6. If a star connected system uses 16mm2 active conductors and is used to supply 
single phase loads, the correct size of the neutral conductor would be: 
(a) 35mm2 
(b) 25mm2 
(c) 16mm2 
(d) 10mm2 

7. In a star connected supply, the neutral is connected to: 
(a) the star point 
(b) any one of the line terminals 
(c) any one of the phase terminals 
(d) where ever you like 

8. The line current of a star connected system is: 
(a) 3 Ip 
(b) 2 Ip 
(c) 0.5Ip 
(d) equal to Ip 

 
SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

In a star connected supply, the neutral is normally connected to   (1) . This connection 

maintains the neutral at a reference voltage of (2) . 

Star point, Zero 

There are two voltages available in a star connected system. The (3) voltage is measured 

between any (4)   conductor and the neutral conductor, whilst the (5)   voltage is 

measured between any two active conductors. 

Line, Active , Phase  

6. List the five basic types of loads that can be connected to a three phase, four wire system. 
 

Resistive, Capacitive, Reactive, Combined,Domestic, Commercial  

 

A   (7)   
load will have impedances of equal value, whilst an   (8)   load has 

impedances which are unequal. 

 



Balanced , Unbalanced 

The (9) currents of a star connected load are equal to line currents. 
Phase 

 

10. List two adverse effects of a disconnected or high impedance neutral on a three 
phase, four wire system. 

In the event of three-phase load unbalance after disconnection of the N 
conductor, potential drift of the neutral point will occur, causing voltage rise on a 
phase and thus burning of single-phase equipment; 
 

 
 

 



Tutorial 4 Three Phase Star Connected Systems 

SECTION C 
SEE TEACHER CALCULATION 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

1. Three 57 resistors are connected in star to a three phase supply. If the voltage 
across each resistor is 240V, determine the: 
(a) phase current drawn by each resistor; (IP = 4.21A) 
(b) current in each supply line; (IL = 4.21A) 
(c) line voltage. (VL = 415V) 

2. Three heating elements of 36 are connected in star to a 415V, three phase supply. 
Determine the: 
(a) phase voltage across each element; (VP = 240V) 
(b) phase current in each element; (IP = 6.67A) 
(c) current in each supply line; (IL = 6.67A) 
(d) power in kW dissipated by each element. (P = 1.6kW) 

3. Three heating elements each of 15 are connected in star to a 415V, 50Hz three phase, 
four wire supply. Using a scale of 1mm = 0.5A, determine the value of neutral current. (IN 

= 0 A) 

4. A three phase, four wire system has the following single phase resistive loads connected to 
it: 
(a) A phase: 3A; 
(b) B phase: 2A; 
(c) C phase: 4A. 
Using a scale of 1mm = 0.1A , determine the current flowing in the neutral conductor. 

(IN = 1.7A) 

5. A three phase, four wire system has the following single phase loads connected to it: 
(a) A phase: a single phase motor drawing 10A at 0.9 lag 
(b) B phase: a single phase motor drawing 15A at 0.65 lag 
(c) c phase: a 2.4kW radiator 
Using a scale of 1mm = 0.25A , determine the current flowing in the neutral conductor. 

(IN = 10.5A) 

6. Cut and paste the diagram of figure 1 on your answer sheet. On the diagram of 
figure1 correctly connect the loads as shown to the three phase, four wire supply. 
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Tutorial 5 Three Phase Delta Connected Systems 

 

THREE PHASE DELTA CONNECTED SYSTEMS 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. To correctly connect three windings labelled A1 - A2, B1 - B2 and C1 - C2 in delta, 
the wiring connections would be: 
() A2 to B1, B2 to C1 and C2 to A1 

() A1 to B1 to C1 

() A1 to B2, B1 to C2 and C1 to A2 

() B2 to C2 to A2 

2. In a delta connected system, the phase angle between the line current and phase 
current is: () 120O 
() 90O 

() 30O 

() 0O 

3. The line voltage of a delta connected system is: 



() 3 Vp    

() Vp 3 

() 0.5Vp 

() equal to Vp 

4. When connecting a delta system, a neutral conductor is not 
used as: () there are no out of balance currents in delta 
() a neutral connection would create a short of one active to neutral 

() two voltages can be obtained without a neutral 

() there would be no return path for the phase currents 
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5. In a star connected system, the phase angle between the line voltage and phase 
voltage is: () 120O 
() 90O 

() 30O 

() 0O 

6. The line current of a star connected system is: 
() 3 Ip 

() Ip 3 

() 0.5Ip 

() equal to Ip 

 
SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

The ratio of line currents to phase currents in a delta connected system is (1)   

1.7321 

2. List three commonly connected delta loads. 

Distribution Transformers, Three phase motor, Delta connection network 

If a delta connected load is unbalanced the line currents will be (3)   

The current in each load phase is equal to the line voltage divided by the impedance of that 
phase. The line current will be the phasor difference of the corresponding phase currents, taking 
VRY as the reference phasor. 

he currents will be unequal and will not have the symmetry of the balanced case. 

 

If a star connected load is reconnected in delta configuration, the line currents in delta will be 

  (4) the line currents in star. 

0.58% 

A delta connected system will always be a (5) wire system, whilst a star connected system 

can be a (6) wire or a (7) wire system. 

The ratio of line voltages to phase voltages in a delta connected system is (8)   
 

Three, Three ,four 

 
 

SECTION C 
See Teacher Solution 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

1. Three 47 heating elements are connected in delta to a 415 volt three phase supply. 



Determine the: 
() phase current drawn by each resistor; (IP = 8.83A) 

() current in each supply line; (IL = 15.3A) 

() line voltage. (VL = 415V) 
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2. Three heating elements of 36 are 
connected in delta to a 415V, three phase 
supply. Determine the: 
() phase voltage across each element; (VP = 415V) () phase current in each element; (IP = 11.5A) 

() current in each supply line; (IL = 20A) 

() power in kW dissipated by each element. (P 

=8.3kW) 

3. A 415V, delta connected three phase 
transformer has 20A flowing in each of its 
windings. If connected to a delta 
connected three phase load, determine: 
() the current in each line; (IL = 34.6A) 

() the impedance in each phase of the load. (Z 

= 20.75) 

4. Cut and paste the diagram of figure 1 on your 
answer sheet. 
()  On the diagram of figure 1 correctly 

connect the supply transformer in delta 

and the load in delta, then connect the 

load to the supply; 

()  For the circuit of figure 1, determine 

the current flowing in the windings of 

the supply transformer. (IP= 2.39A) 

 

 

 
 



Tutorial 6 Three Phase Power & Power Factor 

 

THREE PHASE POWER & POWER FACTOR 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question with your word or phrase choice is 

to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. The minimum number of fixed wattmeters required to measure the power 
consumed by a three phase, four wire unbalanced system is: 
() one 

() two 

() three 

() four 

2. If the phase currents and power factors are equal in a three phase system, then the 
system is said to be: 
() balanced 

() unbalanced 

() star connected 

() delta connected 

3. The power factor for a balanced three phase system is the 
ratio of:  

() true power to reactive power 
() apparent power to reactive power 

() true power to apparent power 

() reactive power to true power 
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4. The total power in a three phase system can be measured using a single wattmeter 
provided the: 
() load is balanced 

() load is unbalanced 

() load is star connected 

() neutral is not connected 

5. Power factor correction applied to a three phase system is 
applied to:  

() all three phases 
() the phase with the largest power factor 

() the phase with the smallest power factor 

() any one of the three phases 

 

 
 

SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

If a three phase load is unbalanced, then either the currents or the (1) in all three phases of 

the load will be (2)   

Power factor , unequal 

In a three phase system, the power consumed by one phase can be used to determine the total 

power if the system is (3)   

balanced 

If a three phase load is (4) , the power consumption of each phase must be determined 

separately then added together to determine the (5) power consumption of the system. 

Unbalanced , total 

If a load is connected in star, the power consumed can be determined by P =  (6)  , but if the 

load is connected in delta, the power consumed can be determined by P = (7)   

P= Eph1xIph1+Eph2xIph2+Eph3xIph3               /               El1xIph1+El2xIph2+El3xIph3 

If a three phase system is balanced, then the power taken by one phase will be (8) the 

total power taken by the system. 

1/3 of  

When connecting capacitors for power factor correction, the capacitors are connected in either 

  (9) or (10) configuration across the supply. 
 

Star  / Delta  

 

 

 

 

 



 

 

 

 

 

 

 

 
 

 
 



Tutorial 6 Three Phase Power & Power Factor 

SECTION C 
SEE TEACHER  SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 
 

1. A three phase load draws 16A when connected to a 415 volt three phase supply with 
a 0.8 lagging power factor. Determine the power consumed by the load. (9.2kW) 

2. A three phase induction motor consumes 12kW at 0.759 power factor when 
connected to a 415V, three phase supply. Determine the: 
() line current drawn by the load; (22A) 

() apparent power of the circuit; (15.8kVA) 

() reactive power of the circuit; (10.3kVAr) 

3. For the circuit of figure 1, determine the: A 

()  total power consumed by the circuit. 

(4968W) 

() total reactive power for the circuit; N 

(2130VAr) 

() total apparent power for the circuit; 

(5405VA)     C 

 

B 

 

Figure 1 
 

4. A 6.6kV, three phase delta connected induction motor takes 500kW and draws a 
current of 50.5A. Determine the: 
() power factor of the motor; (0.866lag) 

() phase angle of the motor currents; (30O ) 

() reactive power of the load. (288kVAr) 

5. When supplied from a 132kV, three phase supply, an aluminium smelter takes 6MW 
when operating at a power factor of 0.437 lag. Determine the: 
() line current taken by the load; (60A) 

()  MVAr rating of a capacitor bank required to improve the overall power factor to 0.94 

lagging; (10MVAr) Scale: 1mm = 100kW = 100kVA = 100kVAr 

() capacitance per phase of a star connected capacitor bank; (1.8F) 

() line current for the smelter when the power factor improvement is applied. (28A) 
 

 

 

 

8A 
240V 

= Lag 
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6A 
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POWER MEASUREMENT AND HARMONICS 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying letter of 

your choice on your answer sheet. 

1. The power factor of a three phase load can be determined using the two watt meter 
method provided: 

(a) the power factor is greater than 0.5 

(b) the neutral is not connected 

(c) the load is balanced 

(d) there is no current in the middle phase 

2. An indication that harmonics are present in a three phase supply system would be: 

(a) erratic motor behaviour 

(b) low transformer currents 

(c) low nuetral currents 

(d) lower power consumption 

3. When measuring power using the two watt meter method, if W1 reads zero, and W2 
reads 100W, the circuit power factor will be: 

(a) unity 

(b) zero 

(c) 0.5 leading 

(d) 0.5 lagging 
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4. When measuring a balanced three phase load using the two watt meter method, 
if both wattmeter readings are equal, the power factor is equal to: 

(a) unity 

(b) zero 

(c) 0.5 leading 

(d) 0.5 lagging 

5. To measure the total power in any three phase unbalanced load, the minimum 
number of wattmeters required is: 

(a) 1 

(b) 2 

(c) 3 

(d) 4 
 

SECTION B 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

List the relative wattmeter readings (ie comparing W1 to W2 etc..) that will give the following 

power factor indications when using the two wattmeter method  of measuring power: 
 

 

1 Unity 

2 0.7 leading 

3 0.5 lagging 

4 0.25 leading 

5 0.1 lagging 
 

6. Neatly reproduce the diagram of figure 1 on your answer 
A 

sheet, then complete the circuit of figure 1 to show how you 
would connect the circuit to use one wattmeter to measure 
the total power for the circuit. 

7. Neatly reproduce the diagram of figure 1 on your answer 
sheet, then complete the diagram to show how you would 
 C connect the circuit to use two wattmeters to measure the 
total power for the circuit. B 

The frequency of a fourth harmonic with a fundamental 

frequency of 50Hz is (8)   

200HZ 

9. List four symptoms that would indicate the 
presence of harmonics in a three phase supply system. 

 

 

M L 
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V1 V2 

. 



 

 

 

 

 

 

 

 
Equipment failure and misoperation 

• Overheating (motors, cables, transformers, neutrals) 

• Motor vibrations. 

• Audible noise in transformers and rotating machines. 

• Nuisance circuit breaker operation. 

• Electrical fires. 

• Voltage notching. 

• Erratic electronic equipment operation. 

• Computer and/or PLC lockups. 

 

 

 

 

 

 

 

 

 
 

Figure 1 

The term “triplens” is used to describe harmonics that are the (10)   

 
 



Tutorial 7 Three Phase Power Measurement & Harmonics 

SECTION C 
See Teacher Solution 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 

1. A single wattmeter is connected to A phase of a balanced 415V, three phase star 
connected heating load and is used to measure the total power consumption. If the 
wattmeter indication is 1500W, determine the: 

(a) total power consumed by the load (4.5kW) 

(b) impedance of each phase of the load. (38.3) 

2. A balanced, delta connected induction motor is supplied from a three phase 415V 
supply. If the line current to the motor is 30A, and a single wattmeter connected to C 
phase indicates 4.5kW, determine the: 

(a) apparent power of the supply; (21.56 kVA) 

(b) total power taken by the load; (13.5 kW) 

(c) power factor and phase angle of the load; (0.626 lag, 51.3O lag) 

(d) reactive power of the load; (16.8 kVAr) 

(e) impedance of each phase of the load. (23.9) 

3. A 415V, inductive three phase load has its total power consumption measured using 
the two wattmeter method. If W1 indicates 250W and W2 indicates 1000W, determine 
the: 

(a) total power taken by the load; (1250W) 

(b) phase angle for the load; (46.1O lag) 

(c) factor of the load; (0.693 lag) 

4. A 415V uses the two wattmeter method to measure its total power consumption. 
If W1 indicates -750W and W2 indicates 2 kW, determine: 

(a) the Total power supplied to the load; (1250W) 

(b) the Power factor for the load; (0.254 lead) 

(c) the Line current for the load; (6.85A) 
(d) the Impedance of each phase of the load if the load is star connected. 

(35) Explain why the power factor is leading from these results. 

 

 
********************************* 
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STAR-DELTA INTERCONNECTED SYSTEMS 
 

 

Please note the following requirements in relation to tutorial work - 

All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled 

together. Write on one side only of the answer sheets, and all work is to be completed in 

ink. 

In the case of multiple choice type questions, the question number and corresponding 

answer letter are to be written on the answer sheet. 

In the case of short answer type questions, the question and part number with your word or 

phrase choice is to be written on the answer sheet. 

All relevant equations and working are to be shown in the case of calculation type 

questions. 

 
SECTION A 

For the following questions, complete the statements on your answer sheet with the word or 

phrase you think fits best. 

1. Refer to questions 2 & 3 below when setting your answer to this question. Draw 2 circuit 
diagrams, one for a star connected load and one for a delta connected load. Fully label 
your diagrams to include: 

(a) line and phase currents; 
(b) line and phase voltages; 
(c) phase impedance's; 
(d) a single wattmeter to measure A phase power; 
(e) labelling of the line terminals supplying each load. 

2. Below your circuit diagram for a star connected load, complete a table to show 
how you would determine the following: 

(a) phase current; 
(b) line current; 
(c) line voltage; 
(d) total power for a balanced load; 
(e) total power for an unbalanced load; 
(f) current in the neutral conductor. 

3. Below your circuit diagram for a delta connected load, complete a table to show 
how you would determine the following: 

(a) phase current; 
(b) line current; 
(c) line voltage; 
(d) total power for a balanced load; 
(e) total power for an unbalanced load. 
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4. Describe the effect of a phase reversal in a: 
(a) star connected supply; 
(b) a delta connected supply. 

Phase Reversal is when the phase sequence of a three-phase 
system is incorrect, the connected three-phase motors and other 
rotating equipment runs in the opposite direction. In many cases, 
this can cause a hazardous condition that may destroy product, 
damage machinery, and injure personne 

5. Describe how you can test for a phase reversal in a delta connected load. 
Accompany your answer with a circuit diagram. 

The phase-reversal fault can be detected by monitoring the phase sequence of the three-
phase power supply. The correct phase sequence is required for driving the load properly in 
the three-phase AC system. It ensures that the load works as desired. 

6. Describe the effect of the loss of one supply line in a: 
(a) star connected supply; 

You would loose supply to one third of your single phase 230 V 
equipment. Any 3 phase equipment will continue to operate at 

reduced efficiency. Motors would be noisy and would overheat. 
(b) delta connected supply. 

If one phase incoming supply is lost on the primary (delta) side, delta 
winding will receive single phase supply with one coil getting full 
voltage while other two getting half the voltage. Accordingly, single 
phase unequal voltages will be induced in secondary which will not 
serve any purpose for three phase loads. 

 
 

SECTION B 
SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a problem 

is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully 

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be 

expressed in the appropriate multiple or sub-multiple. 
 

 
1. For the circuit of figure 1, if the load 

represents heating elements,  determine the: 
(a) load phase current; (19.2A) 
(b) line current supplying the load; (15.9A) 
(c) total power consumed by the load. 

(11.48kW) 

 

 

 

415V 
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Figure 1 
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2. A star connected 415V emergency generator supplies a delta connected three phase 
induction motor. If the motor winding impedance's are 20 each and the motor 
operates at a lagging power factor of 0.773, determine the: 

(a) phase currents in the motor; (20.75A) 
(b) phase currents in the generator; (36A) 
(c) total power consumed by the load (20kW) 

 
 

3. For the circuit of figure 2, determine the: 
(a) voltage across each phase of the

 load; (VB=VBC=415V; VA=VC=207.5V) 
(b) current in each phase of the load; 

(IA=IB=2.5A; 
Ic=5A) 

 
A 

 

415V 

 
 

C 
B 

o/c
 . 

 

 
 

 
Figure 2 
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4. For the circuit of figure 3, determine the: 
(a) line voltage output of the 

transformer secondary; (200V) 
(b) phase voltage of the heating load; 

(115V) 
(c) line current from the transformer to 

the load; (5A) 
(d) power used by the load, assuming 

the     power factor is unity (1.732kW) 
 

5. A delta connected transformer
 secondary supplies a star connected 
inductive load. The  
power consumption of the load is measured at 

15kW at a power factor of 0.695. If the phase 

current of the load is 30A, determine the: 

(a) line voltage output of the 
transformer; (415V) 

(b) phase voltage of the load; (240V) 
(c) phase angle for the load; (46O lag) 
(d) current in the transformer windings. 

(17.32A) 

 

 

 
Transformer 3 Phase 

Secondary Heater 

Figure 3 

. 
1 1 5 V   

       
.     

       
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TUTORIAL - MAGNETS AND MAGNETISM 

 
NAME:- 

 

Please note the following requirements in relation to tutorial work - 

 
▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple 

pages stapled together. Write on one side only of the answer sheets. Put your 
first 7 last names on each sheet. 

▪ All work is to be completed in ink. 
▪ In the case of multiple choice type questions, the question number and 

answer letter are to be written on the answer sheet. 
▪ All relevant equations and working are to be shown in the case of calculation 

type questions. 
▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
Magnets are classified as either magnets or magnets. 

 
(a) temporary, electro-. 

(b) electro-, induced 

(c) permanent, temporary 

(d) induced, temporary 
 

Magnetic properties state that like magnetic poles each other, whilst poles 

   each other. 

 
(e) repel, unlike, attract. 

(f) attract, unlike, repel. 

(g) repel, equal, attract. 

(h) repel, neutral, attract. 



 

 

 

The north pole of a magnet is said to be: 

 
(i) north repelling, repelling the earth's north magnetic pole. 

(j) north seeking, seeking the earth's north magnetic pole. 

(k) south seeking, seeking the earth's south magnetic pole. 

(l) north repelling, seeking the earth's south magnetic pole. 
 

A an example of a material which will have a magnetic field induced into it whilst under 

the influence of an adjacent magnet is: 

 
(m) copper. 

(n) wood. 

(o) soft iron. 

(p) aluminium. 
 

The opposition of a material to becoming magnetised is known as: 

 
(q) impedance. 

(r) reluctance. 

(s) resistance. 

(t) inductance. 
 

A piece of will have a lower amount of residual flux when compared to a piece of 

   when the magnetic influence is removed. 

 
(u) hard steel, soft iron. 

(v) soft iron, copper. 

(w) hard steel, copper. 

(x) soft iron, hard steel. 
 

Magnetic flux is measured in: 

 
(y) Webers. 

(z) Teslas. 

(aa)

 Henries

. (bb) Ohm's.



 

 

 

Flux density is a measure of the amount of : 

 
(cc) magnetic flux. 

(dd) reluctance per unit area. 

(ee) magnetic flux per unit area. 

(ff) inductance flux per unit area. 

 
Flux density is measured in: 

 
(gg) Henries. 

(hh) Ohm's. 

(ii) Webers. 

(jj) Teslas. 

Retentivity is an indication of how much: 

(kk) magnetism is required to magnetise a material. 

(ll) residual magnetism a material will have. 

(mm) magnetism is required to de-magnetise a material. 

(nn) residual magnetism a material will lose. 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
The laws of magnetism state that magnetic lines of force never , they are    

and unbroken, they can be indefinitely, and are said to flow externally from the 

   to the . 

cross, continuous , spreaded , magnetizing sources , internal medium  
The greatest concentration of flux in a magnet will be at the    

Poles 

Laws of magnetism state the poles repel, and will each other. 

Like, unlike poles ,attract 
List two materials that are: 

 
(oo) ferromagnetic.                                       

 

 

(pp) non-magnetic. 



 

 

ferromagnetic  

Iron, cobalt, nickel, and some alloys or compounds containing one or more of these elements. It also occurs in 

gadolinium and a few other rare-earth elements. 

non-magnetic. 

Paper , wood, rubber 



Permanent Magnet 

 

Reproduce the diagram of figure 28 on your answer sheet using drawing instruments to 

complete your drawing. Show the field pattern produced by the permanent magnet, and 

label all magnetic poles. 

 

 

 

Mild Steel  
 

 
Figure 28 

 

Many of the following equations will be encountered in work on magnetism. Transpose 

the equations as required. 

 
(qq) MMF = I x N, I = ? (Note: mmf stands for "magneto-motive-force") 

 
(b) 

 

(c) 

 

(d) 

H = 
I  N 

l 

 = 
mmf 

S 

B = 
Φ

 
A 

μ  N 2  A 

 
N = ? 

 

S = ? 

 

 = ? 

(e) L = N = ? 
l 

 
(f) e = N  

ΔΦ
 

t 

 

N = ? (Note:  (delta) means a "change in" ie change in 

time) 

(g) L = N  
ΔΦ

 
I 

I = ? 

 

 

SECTION C 

 



See Teacher’s solution 

The following problems are to be solved with the aid of a calculator. All equations and 

working are to be shown. 

 
The flux produced by a magnet is 10mWb. Determine the flux density if the area of the 

pole is 250 mm2  (40T) 

 
For the magnet in the previous question, determine the flux density away from the pole if 

the flux now spreads out to an area of 600 mm2. (16.7T) 



 

Determine the flux of a magnet if the flux density at the poles is 2T, and the area of the 

poles is 300mm2 . (600Wb). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
****************************************** 

TUTORIAL – ELECTROMAGNETISM 

NAME:-  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple 
pages stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 
▪ In the case of multiple choice type questions, the question number and 

answer letter are to be written on the answer sheet. 
▪ All relevant equations and working are to be shown in the case of calculation 

type questions. 
▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. The magnetic field surrounding a single current carrying conductor is: 

 

(a) circular and independent of the direction of current flow. 

(b) circular and dependent of the direction of current flow. 

(c) axial and independent of the direction of current flow. 

(d) axial and dependent of the direction of current flow. 
 

2. The direction of the magnetic field around a single current carrying conductor 
can be determined by: 

 

(a) Fleming's right hand rule. 

(b) Fleming's left hand rule. 

(c) the right hand conductor rule. 

(d) the right hand solenoid rule 
 

3. In a single current carrying conductor, current flowing towards the viewer can 
be shown by a , whilst current flowing away from the viewer can be shown 
by a 
   . 

 

(a) cross, dot. 



(b) cross, asterisk. 

(c) dot, asterisk. 

(d) dot, cross.



 

4. If two single current carrying conductors adjacent to each other have currents 
flowing through them in opposite directions, then a/an force exists between 
the two coils. 

 

(a) attraction. 

(b) repulsion. 

(c) magneto motive 

(d) inductive. 
 

5. The magnetic field around a copper conductor can be increased by: 
 

(a) winding the conductor into a coil. 

(b) increasing the current through the conductor. 

(c) inserting an iron bar into the wound. 

(d) all of the above 
 
 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
6. State the type of electromagnetic action employed in the following 

practical applications: 
 

(a) circuit breakers.--------- Magnetic repulsion 

(b) relays and contactors.------Magnetic attraction 

(c) magnetic chucks and electric crane brakes.-- Magnetic attraction 
 

7. State what type of electromagnetic device would be used in the following 
practical applications: 

 

(a) to break an arc on the opening of a circuit breaker.—Magnetizing coil 

(b) measure both A.C. and D.C. currents.---Moving coil/Moving iron meter 

(c) anti shop lifting devices.-Store alarm magnetics bell 

(d) measure wheel speed. -Magnetic sensor 
 

8. Winding a conductor into a coil has the effect of    
Stronger magnetic field 

 

9. The two effects of current that are always present when current flows 
through a conductor are the effect and effect 

 



Attraction and Repulsion



 

10. What is the force that exists between two adjacent conductors that have 
currents flowing in: 

 

(a) opposite directions ? Attraction  

(b) the same direction ? Repulsion 
 

11. State the rule used to determine the magnetic field around a single 
conductor, and briefly describe how you would apply that rule. 

The right-hand rule for a wire is point your thumb in the direction of the current, 
wrap your fingers around the wire, and they will point in the direction of the 
magnetic field. 
Maxwell's Right-Hand Thumb Rule can be used to determine the direction 
of magnetic field lines around a current-carrying conductor. It states that, if the 
thumb of the right hand represents the direction of the current flow, the rest of 
the curled fingers determine the direction of the magnetic field around it. 
 

12. State the rule used to determine the magnetic field around a coil, and briefly 
describe how you would apply that rule. 

What is the rule for the magnetic field of a coil? 

You can find it by pointing your right thumb in the direction of the current in the wire and curling 
your fingers. Your fingers will be curled in the same direction as the magnetic field around the wire. 

 
13. Describe a method you would use to: 

 

(a) magnetise a piece of magnetic material. 
A bar of steel or iron can be magnetized by placing it in a coil of wire 
(solenoid). Passing a D.C (direct current) through the wire will magnetize the 
bar.3 Ju 

(b) de-magnetise a piece of magnetic material 
A magnet can be demagnetized by: Heating to a high temperature. Hammering repeatedly. 
Passing alternating current through a coil around the magnet keeping it in the eastward direction 

 
14. State three advantages of using an electromagnet over a permanent bar magnet. 

Electromagnets have two advantages over permanent magnets: (1) Electromagnets' magnetic 
strength can be increased or lowered. But the same is not possible with permanent magnets. (2) 
Electromagnets have a higher magnetic power than permanent magnets. 

 
15. Draw a cross sectional view of a conductor. On your diagram, clearly mark 

how would show current flowing towards the viewer through the conductor 



figure 28 

figure 29 

+ Figure 27. - 

+ Figure 28. - 

.  
 

16. Draw a cross sectional view of a conductor. On your diagram, clearly mark 
how would show current flowing away from the viewer through the 
conductor . 

 
17. For the circuit of figure 27, use the right hand solenoid rule to determine which 

end of the electromagnet will be the north pole. 
 

 

 

 
18. For the circuit of figure 28, use the right hand solenoid rule to determine which 

end of the electromagnet will be the north pole. 
 
 



 

figure 30 

 

19. For the circuit of figure 29, use the right hand solenoid rule to determine which 
end of the electromagnet will be the north pole. 

 

- 
Figure 29. 

+
 

 

 
 

 

20. Two parallel conductors have currents flowing through them in opposite 
directions. Draw a sectional view of the two conductors, and show the 
following: 

 

(a) the relative current directions in each conductor; 

(b) the correct magnetic field around each conductor; 

(c) the resultant magnetic field of the two conductors together; 

(d) the direction of the force exerted between the conductors. 

 



 

figure 31 

 
SECTION C 

See teacher’s solution 

The following problems are to be solved with the aid of a calculator. All equations and 

working are to be shown. 

 
21. A coil of 120 turns has a current of 250mA flowing through it. Determine 

the magneto motive force produced by the coil. (30At) 
 

22. If the power supply for question 1 has a current limitation of 120mA, how many 
turns must the coil be varied by to maintain the same magneto motive force? 
(Add 130 turns) 

 
23. How much current must flow in a coil of 1000 turns to produce a magneto 

motive force of 125At? (125mA) 
 

24. The coil as shown in figure 30 has various tapping's to vary the 1 

magneto motive force produced by the coil. If the number of turns per 

tapped section is 35 turns, determine the magneto motive force 2 

produced by the various tapping's using position "1" as a reference. 

The current through all of the coil has been measured at 2.5 amperes . 3 

(1-2: 87.5At;1-3: 175At;1-4: 262.5At;1-5: 350At) 
4 

5 

Figure 30. 
******************************************* 

TUTORIAL - PART 1 - MAGNETIC CIRCUITS 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple 



 

pages stapled together. Write on one side only of the answer sheets. 
▪ All work is to be completed in ink. 
▪ In the case of multiple choice type questions, the question number and 

answer letter are to be written on the answer sheet. 
▪ All relevant equations and working are to be shown in the case of calculation 

type questions. 
▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

[1] The magneto motive force produced by a coil depends on: 

a) the number of coil turns and the length of the magnetic circuit 

b) the coil current and the C.S.A of the magnetic core 

c) the length of the magnetic circuit and the core reluctance 

d) the number of coil turns and the coil current 
 

[2] The flux set up by a coil depends on the produced by the coil and    
of the iron core: 

 

a) mmf, reluctance. 

b) magnetising force, C.S.A. 

c) mmf, magnetising force. 

d) mmf, flux density. 
 

[3] The flux surrounding a coil is to the coil current and to the 
reluctance of the core. 

 

a) proportional, proportional 

b) inversely proportional, inversely proportional 

c) inversely proportional, proportional 

d) proportional, inversely proportional 
 

 
 



 

 

 

[4] A material with a high permeability will easily magnetic flux. 
 

a) concentrate 

b) oppose 

c) generate 

d) produce 
 

[5] A material with a high reluctance will the establishment of magnetic flux. 
 

a) concentrate 

b) generate 

c) control 

d) oppose 
 

[6] In a magnetic circuit, reluctance is to the length of the core and to 
the cross sectional area of the core. 

 

a) proportional, proportional 

b) inversely proportional, inversely proportional 

c) inversely proportional, proportional 

d) proportional, inversely proportional 
 

 
 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
Flux density is a measure of the of magnetic flux for a given , 

and is measured in . 

Concentration, area, tesla  

 
To increase the flux produced by a coil, either increase the coil or the 

number of coil , or decrease the core . 

Current, turn, CSA 

 
Materials with a relative permeability of 1 are classified as (a) , whilst 

materials with a high to very high relative permeability are classified as (b)   

Non-permeable, Ferromagnetic 

o is the permeability of , r is the of a material, whilst  is the 

   of a material. 

Vacuum, relative permeability , magnetic permeability 

If a material has a high it is difficult to magnetise. 

Relutance 



 

 

(a) (c) 

 

When comparing a magnetic circuit to an electrical circuit, is the 

equivalent of an emf, is the equivalent of circuit current and is 

the equivalent of circuit resistance. 

MMF , Flux, Reluctance 

The best size and shape for a magnetic core would be one with a length and 

a large . 

Short , CSA 

 

 
Neatly reproduce (or cut and paste) the diagram of figure 1 

on your answer sheet, then label those parts identified with 

an arrow. 

(b) 

 

 

 
 

 

 

 

SECTION C 

See Teacher’s 
solution 

Figure 1. 

 

 

(d) 

 

 

The following problems are to be solved with the aid of a calculator. All equations and 

working are to be shown. 

 
A coil of 150 turns has a current of 3.5A flowing through it. Determine the magneto 

motive force produced by the coil. (525At) 

 
Determine the flux produced by a coil of 1000 turns when 1.5 amperes flows through 

it. The reluctance of the magnetic circuit is determined to be 45 000At/Wb. 

 

(33.3mWb) 

 
Determine the current that must flow through a coil of 1500 turns to produce a flux of 

15mWb. The reluctance of the magnetic circuit is determined to be 5 000At/Wb. 

 

(0.05A) 

 
Determine the flux density at the poles of an electromagnet which produces a flux of 

2 

15mWb if the area of the poles is 200mm . (75T) 



 

 

 
2 

A magnetic circuit has a core area of 250mm and a flux density of 2T. If the 
reluctance of the core is 60 000 At/Wb, determine the current flowing through the coil 

of 600 turns. (50mA) 

 
An electromagnet has a core length of 400mm, is wound with 2000 turns and carries a 

coil current of 200mA. Determine the magnetising force of the magnetic circuit. 

 

(1000At/m) 

 
Determine the current flowing in a coil of 600 turns which produces a magnetising 

force of 2000 At/m in a core 150mm long. (500mA) 



 

 

 

2 

A magnetic core is 300mm long with a cross sectional area of 50mm 
-3 

and has a 

permeability of 125.7x10 . Determine the reluctance of the core. (47,732 At/Wb) 
 

For the circuit of figure 2, determine the coil current for the conditions shown. 

 

(625mA) 

 
I= ? 

 

N=240
0 

turns 

 
 

= mWb 

 

 
Core: length = 150mm 

C.S.A.= 250mm2 

Permeability = 100x10-3 

 
Figure 2. 



 

 

 

TUTORIAL – PART 2 - MAGNETISATION CURVES AND 

MATERIALS 

NAME:  

 

Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
2. Hysterisis loss is due to: 

 

a) high reluctance. 

b) low permeability. 

c) high flux density. 

d) residual magnetism. 
 

3. A B-H curve shows how the changes for changes in . 
 

a) material reluctance; mmf 

b) flux density; magnetising force 

c) magnetising force; flux density 

d) flux; reluctance 
 

4. The B-H curve which is shown as a straight line would be that for: 
 

a) air 

b) cast iron 

c) mild steel 

d) silicon steel 
 

5. The lagging of changes in magnetic flux density behind changes in magnetising 
force is known as: 

 

a) eddy current loss 

b) permitivity 

c) hysterisis 

d) reluctance 



 

 

 

6.    occurs when the flux density of a material cannot be increased 
further for increases in magnetising force. 

 

a) Residual magnetism 

b) Coercive force 

c) Retentivity 

d) Saturation 
 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
7. A magnetisation curve shows the relationship between and for 

magnetic materials. 
The magnetic field strength (H) and the magnetic flux density (B) 

8. When the magnetisation is reduced to zero, any magnetic flux 
remaining in the material is known as  , and the force required to 
reduce      vvvthis to zero is known as the  . 

Force,Residual magnetism, magnetism , coercive force 
9.    steel is commonly used in transformers and electric motors due 

to its low  . 
 

Silicon, Permeability 

 

 

 

 

 

10. This page may be removed from this workbook and handed in as part of 
this assignment. On the diagram of figure 3: 

 

a) identify and name the characteristic curve; 

b) identify and fully label the horizontal and vertical axes; 

c) show and label on the diagram the following: 
 

• the saturation points. 

• the amounts of residual magnetism 

• the amounts of coercive force 

• from the text, draw the comparative hysterisis loop for silicon steel. 



 

 

 
 

 
 
 

Figure 3 

 
11. Table 2 represents the results of magnetising the field of a generator and the 

resulting field flux. 
 



 

 

Table 2 

Magneto motive 

Force (At) 
0 500 1000 1500 2000 3000 4000 6000 

Flux (mWb) 5 17.5 32 45 57.5 72 75 78 

 

 

Practical Task 

 
12. On the 5mm grid on page 34, draw vertical and horizontal axes, and clearly label 

each axis and title the graph, 
 

a) Using a scale of 10mm = 500At and 10mm = 5mWb, plot and neatly 
draw the curve from the results of table 1, using a curve of best fit, 

b) On the graph, show the useful region of the curve, the knee of the 
curve and the point of saturation. 

c) From the graph determine 
 

• the flux required for mmf's of 2500 At and 5000 At; 

• the mmf's required for a flux of  40mWb and 65mWb. 
 

NOTE: 



 

 

 

Include the 5mm grid on page 34 as part of your submitted assignment. 
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TUTORIAL - ELECTROMAGNETIC INDUCTION 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple 
pages stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and 
answer letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation 
type questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. 
Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. If a conductor in a magnetic field moves parallel to the magnetic field , the 

induced voltage will be volts. 
 

(a) a maximum 

(b) alternating 

(c) an average 

(d) zero 
 

2. Fleming's Right Hand rule is used to determine the direction of the: 
 

(a) magnetic field around a solenoid 

(b) induced currents in a conductor 

(c) magnetic field around a single conductor 

(d) force exerted on a current carrying conductor 
 

3. The value of emf induced into a conductor is dependent upon the density, 
   of conductor and of the conductor. 

 

(a) conductor; length; velocity 

(b) flux; type; velocity 

(c) flux; length; velocity 

(d) flux; length; material 



 

 

 

4. Maximum emf is induced in a conductor when it moves through a magnetic 
field at an angle of intersection of: 

o 

(a) 0 
o 

(b) 45 
o 

(c) 90 
o 

(d) 180 
 

5. If the rate at which a conductor moves through a magnetic field is 
increased, the induced emf will: 

 

(a) decrease. 

(b) remain the same. 

(c) alternate. 

(d) increase. 
 

 

 
Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
6. In Flemings Right Hand Rule, the thumb indicates ; the first finger indicates 

   and the middle finger indicates . 

Movement, Flux, Current 

7. A cross shown in a cross sectional view of a conductor shows , whilst a 
dot shows . 
Away, toward 

 
8. The polarity of an emf induced into a conductor depends on the of the 

magnetic field and the of the conductor. 
Strength , Direction 

9. To find the emf induced into a conductor, the equation to use is  , where “e” 

is the , measured in , “B” is the measured in , 

“ l ”is the  measured in  and “ v ” is the  measured in 

  .e= BLV,  

Voltage, V, Flux Density, Tesla, Length, m, Velocity, m/s 



 

 

 
10. If the rate at which a conductor cuts across a magnetic field is increased, the 

value of the will . 
 

Emf , increase



 

 

N 
N 

 

11. Neatly reproduce (or cut and paste) the diagram of figure 21 on your answer 
sheet. For the diagram of figure 21; 

 

(a) draw the magnetic field pattern for the bar magnet; 

(b) determine the polarity for the terminals "A" and "B" if the bar magnet 
is moved into the coil in the direction as shown; and 

(c) describe the method you used to determine the polarity of the terminals. 
 

 

 

 

 

 

 

 

 

Motion 

A B 

 

 

 
 

 

Figure 21. 

See teacher’s solution 
Section C: 

The following problems are to be solved with the aid of a calculator. Any working for a 

problem is to be fully shown. Where a problem involves calculating for circuit conditions, 

a neat and fully labelled circuit diagram (if not provided) is to accompany the question. 



 

 

Answers are to be expressed in the appropriate multiple or sub-multiple. 

12. A conductor 250mm long moves at right angles with a velocity of 20m/s through a 
magnetic field with a flux density of 1.5 Tesla. Determine the emf induced in the 
conductor. (7.5V) 

13. For the conductor in question 1, what would need to be increase in flux density to 
increase the voltage to 12V? (0.9T) 

14. Determine the velocity of a conductor of 200mm length which is moving at a 
uniform speed through a magnetic field of 1.25 Tesla flux density at right angles 
to produce a voltage of: 

(a)   1.5V (6m/s) 

(b) 10V (40m/s) 

(c)   500mV (1m/s) 

15. Determine the flux density of a magnetic field if a conductor 25mm long cuts 
through the flux at right angles with a velocity of 15m/s to produce a voltage of 6V. 
(20T) 



 

 

 

16. A coil of 150 turns is lined by a flux of 300mWb. If the flux is reduced to 100mWb 
in 100mS, determine the voltage induced in the coil. (300V) 

17. The diagram of figure 22 represents
 a transformer with input (primary) and 
output 
(secondary) turns as shown. The coils are linked 

by a common core flux of 25mWb, which is 

reduced to zero in 5mS. Determine the voltage 

induced in both coils. (V1= 3kV,V2=250V) 

N1 = 600 N2 = 50 



 

 

 

Figure 22. 

 

 

 

 

 

 

 

 

 

 

TUTORIAL - MEASURING INSTRUMENTS 

NAME:  

 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple 
pages stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 
▪ In the case of multiple choice type questions, the question number and 

answer letter are to be written on the answer sheet. 
▪ All relevant equations and working are to be shown in the case of calculation 

type questions. 
▪ All diagrams are to be drawn using appropriate drawing instruments. 

Drawings are not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. An ammeter has a resistance and is connected in with the load. 

 

(a) high, series 

(b) low, series 

(c) high, parallel 

(d) low, parallel 
 

2. A voltmeter has a resistance and is connected in with the load.: 
 

(a) high, series 

(b) low, series 



 

 

(c) high, parallel 

(d) low, parallel 
 

3. The moving coil meter is and measures : 
 

(a) polarised, A.C. only. 

(b) non polarised, D.C. only. 

(c) non polarised, D.C. or A.C. 

(d) polarised, D.C. only. 



 

 

 

4. The moving iron meter is and measures : 
 

(a) polarised, A.C. only. 

(b) non polarised, D.C. only. 

(c) non polarised, D.C. or A.C. 

(d) polarised, D.C. only. 
 

5. The deflecting torque in an analogue meter is produced by. 
 

(a) springs 

(b) Lenz's law 

(c) the coil current 

(d) an air dashpot 
 

6. In the permanent magnet meter the current coil and the scale is . 
 

(a) is stationary, linear 

(b) moves, linear 

(c) is stationary, non-linear 

(d) moves, non-linear 
 

7. In the moving iron meter the current coil and the scale is . 
 

(a) is stationary, linear 

(b) moves, linear 

(c) is stationary, non-linear 

(d) moves, non-linear 
 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
8. The three torques in analogue meters are the torque, which moves 

the needle upscale from zero, the torque, which moves the needle back 
to zero, and the torque, which only has an effect when the needle is 
  . 

Deflection, Controlling, Damping 

9. In the electrodynamometer, which measures , the coil is 
stationary, while the moving coil measures the in the circuit. 

 



 

 

Power,  Current, Voltage



 

 

 

10. The range of the moving meter, which is used on
 current circuits, may be extended using an instrument transformer. 

Iron  
11. The sensitivity of a voltmeter is measured in per . 

Ohm/Volt 
12. A higher resistance meter would have a larger effect on 

a circuit when inserted into the circuit than a lower resistance meter. 
Volt, accuracy 

13. A clip on DC ammeter uses the effect device to measure the 
   produced by the current in the conductor. 

Hall, magnetic field 
Section C: 

SEE TEACHER’S SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a 

problem is to be fully shown. Where a problem involves calculating for circuit conditions, 

a neat and fully labelled circuit diagram (if not provided) is to accompany the question. 

Answers are to be expressed in the appropriate multiple or sub-multiple. 

 
14. A galvanometer with a resistance of 17.5 ohms has a full scale deflection current of 

2.4 milli amperes. Determine: 
 

(a) the full scale deflection voltage. (42mV) 

(b) the resistance of the shunt required to use the meter as a 100mA 
ammeter. (0.2126) 

(c) the resistance of the multiplier if the meter is used as a 100V 
voltmeter. (41.65k) 

(d) the sensitivity of the voltmeter. (416.7/V) 
 

15. A moving iron meter movement requires 3200 ampere turns to indicate full 
scale deflection. If the meter is to be used as a 5 ampere AC ammeter how 
many turns are required on the current coil? (640 turns) 

 
16. An ammeter scaled 0 to 150mA is used with the appropriate shunt to measure a 

full scale current of 25 amperes. If the scale reading is 96 milliamperes what is 
the current flowing in the circuit?(16A) 

 
17. A galvanometer with a full scale deflection current of 2 milliamperes has a full 

scale deflection voltage of 6 millivolts. Determine: 
 

(a) the resistance of the coil in the galvanometer. (3) 

(b) the total current in the circuit when connected with a 0.125 shunt 
(the galvanometer shows full scale deflection ). (50mA) 

(c) the total current in the circuit when the meter indicates a deflection 
equivalent to 1.8 milliamperes going through the meter movement. 



 

 

(45mA) 

(d) the current in the shunt from (c) above (43.2mA) 



 

 

 

18. Calculate the sensitivity in ohms per volt for moving-coil 
instruments having the following full scale deflection values. 

 

(a) 50 A. (20k/V) 

(b) 500 A (2k/V) 

(c) l 

mA. 

(1k/V) 

(d) 10 

mA. 

(100/V) 

 

 



 

 

  THE IDEAL TRANSFORMER  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

The core flux in a double wound transformer cuts the - 

a) primary winding only 

b) secondary winding only 

c) primary winding on one half cycle and the secondary winding on the 

other half cycle 

d) primary and secondary windings simultaneously 

The secondary voltage of a transformer is produced by - 

a) electrostatic induction 

b) current conduction 

c) mutual induction 

d) self induction 

The number of primary winding turns on a transformer is determined by the - 

a) supply frequency, voltage and core flux 

b) primary current and voltage 

c) impedance of the secondary load 

d) frequency of the supply only 

If a double wound transformer having a voltage ratio of 2:1 is supplied with a 50Hz sine 

wave to the primary winding, the frequency of the secondary output will be - 

a) 25Hz sine wave 

b) 25Hz distorted wave 

c) 50Hz sine wave 

d) 50Hz distorted wave 

The number of primary turns on a transformer is governed by the - 

a) secondary current 

b) primary current 

c) primary voltage 

d) required ratio of transformation 

In an isolation transformer the - 

a) secondary voltage is greater than the primary voltage 

b) primary voltage is greater than the secondary voltage 

c) primary is equal to the secondary voltage 

d) primary and secondary voltages are connected to oppose one another 
 

 



 

 
 

In a step-down transformer the - 

a) secondary voltage is greater than the primary voltage 

b) primary voltage is greater than the secondary voltage 

c) primary is equal to the secondary voltage 

d) primary and secondary voltages are connected to assist one another 

If the secondary current of a voltage transformer is greater than the primary current, the 

transformer is known as a/an - 

a) isolation transformer 

b) step-down transformer 

c) step-up transformer 

d) auto transformer 

The transfer of energy from primary to secondary of a transformer is achieved via - 

a) self induction 

b) electrostatic induction 

c) current conduction 

d) mutual induction 

As secondary load is increased, the primary current of a transformer - 

a) decreases in proportion to the load 

b) remains constant 

c) increases 

d) decreases by a small amount 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 
information on your answer sheet. 

Two coils having mutual inductance are said to be (1) . 

Magnetically coupled 

A transformer that has more turns on the secondary winding than the primary winding is 

called a (2) transformer. 

Step up 

A transformer in which the secondary voltage is less than the primary voltage is called a 

  (3) transformer. 

Step down 

A transformer in which the primary and secondary voltages are equal, is called an 

  (4) transformer. 

Isolation 

Because a transformer has no moving parts it is known as a (5) machine. 

Static 

The primary winding of a transformer is acted upon by two voltages, the applied voltage 

e and the emf of (6) induction. 
 



 

 
magnetic



 

 

The voltage induced in the secondary of a transformer is known as the emf of 

  (7) induction. 

magnetic 

If nearly all the flux produced by 

 the primary cuts the conductors of the secondary, the two windings are said to be
 (8) coupled. 

tightly 

The primary and secondary windings of a transformer can be identified by the fact that the 

primary is connected to the (9) and the secondary is connected to the 

  (10) . 

Supply, load 

When the high tension winding is the primary, the transformer is called a (11)  

transformer. 

Step down 

When the low tension winding is the primary, the transformer is called a (12)  

transformer. 

Step up 

The ratio of primary voltage to secondary voltage is called the ratio of (13) . 

Transformer 

If the effects of resistance are neglected, the primary induced voltage (14) the 

primary applied voltage. 

is equal to 

The ratio of primary turns to secondary turns is called the (15)Turn  ratio.  

 

The magnetic flux in the core of a transformer is essentially  (16)  . 

          Core flux 

SECTION C 

See Teacher’solution 

1. The primary winding of a 440/55V transformer has 400 turns. How many 
turns are there on the secondary winding? (50 turns) 

2. 240V is applied to the primary winding of a transformer having 1100 
turns. If the secondary has 900 turns, calculate the secondary voltage.
 (196.3V) 

3. A transformer has a turns ratio of 1000:50. Determine the secondary voltage 
if 240V is applied to the primary. (12V) 

4. A 240/32V transformer has a primary current of 0.4A. Calculate the 
current in the secondary winding. (3A) 

5. A single phase transformer steps down from 415V to 32V. Calculate the 
primary current if the secondary current is 2A. (0.154A) 

6. A single phase 240/32V transformer has 300 primary turns and takes a 
primary current of 1A. Determine the - 

a) secondary turns (40 turns) 



 

b) secondary current (7.5A) 
 

 

 

 

 

 

 

 

 

 



 

 
 

7. A transformer is wound with 220 turns on the primary and 40 turns on the 
secondary. The maximum core flux is 0.045Wb and the supply frequency 
50Hz. Determine the - 

a) primary voltage (2198V) 

b) secondary voltage (399.6V) 

c) transformation ratio (5.5:1) 

8. A transformer with a core flux of 25mWb has a primary winding of 1000 turns 
and a secondary of 1500 turns. Calculate the secondary voltage if the supply 
frequency is 50Hz. (8325V) 

9. The maximum flux of a 50Hz transformer is 0.001Wb. If the primary is 
wound with 1080 turns, find the applied primary voltage and then calculate 
the number of turns required for a 15V secondary. (239.8V, 67.6 turns) 

10. A single phase transformer is wound with 80 secondary turns and the primary 
voltage is 240V. The core flux is 2mWb at a frequency of 50Hz. Determine the 
- 

a) secondary voltage (35.5V) 

b) primary turns (540.5 turns) 

c) transformation ratio (6.75:1) 

11. A 300/32V, 50Hz single phase transformer has 600 primary turns. 
Determine the maximum value of core flux. (2.25mWb) 

 
 

SECTION D 

1. Redraw the transformer shown in figure 1 then identify the various parts. 
 

 

 

 
 

    

Input from 

 

the supply 

 
Output to 

 

the load 



 

 

 THE PRACTICAL TRANSFORMER  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. Practical transformer and ideal transformers differ, in that the practical 
transformer has - 

a) a perfect transformation ratio 

b) losses 

c) zero hysteresis loss 

d) a better iron loss 

2. The core of a transformer is laminated to - 

a) reduce hysteresis loss 

b) reduce eddy current loss 

c) enhance the coupling between windings 

d) make core construction simpler 

3. In a transformer, sections of both primary and secondary windings are 
usually wound on each limb to reduce - 

a) magnetic leakage 

b) iron losses 

c) hysteresis losses 

d) the amount of wire 

4. Silicon steel is used for the laminations in a transformer core because it - 

a) has a high resistance 

b) reduces noise 

c) has a high permeability 

d) has a low resistance 

5. Silicon steel is used for transformer cores because it - 

a) reduces hysteresis loss 

b) keeps the iron loss to a minimum 

c) is cheaper than ordinary steel 

d) has low resistance 
 

 

 

 

 

 

 
 



 

 

 

6. The component of no-load current which lags the transformer primary voltage 
by 90º is the - 

a) magnetising current 

b) iron loss current 

c) secondary current 

d) primary current 

7. The material most commonly used for transformer windings is - 

a) aluminium 

b) copper 

c) silicon steel 

d) iron 

8. Transformer laminations are prevented from shorting together by - 

a) a varnish or oxide layer on each lamination 

b) a layer of insulation between each lamination 

c) filling the transformer with insulating oil 

d) using spacing blocks to provide air gaps 

9. The approximate phase angle of a transformer operating on no-load is - 

a) 0º 

b) 15º 

c) 85º 

d) 180º 

10. The no-load current of a transformer is equal to the - 

a) magnetising current only 

b) iron loss current only 

c) phasor difference of the magnetising and iron loss currents 

d) phasor sum of the magnetising and iron loss current 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Tutorial 2 – The Practical Transformer 



 

 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

1. In practice the (1) load current of a transformer is constant. 

No 

2. If the two windings of a transformer are wound, one on top of the 

other, the winding is known a (2) type winding. 

Concentric 

3. A single phase transformer which has its windings on the centre 

limb of the laminations is called a (3) type transformer. 

Shell 

4. Eddy currents in a transformer are caused by _(4) in the iron core. 

Iron losses 

5. In an unloaded transformer, the magnetising current (5) the 

primary voltage by approximately (6) degrees. 

Lags 90 

6. Joints in the laminations of a transformer core are staggered so as to minimise 

  (7) . 

vibration 

7. The iron core of a core type transformer is constructed using laminations 

cut to a particular shape, and are called (8) and (9)

 laminations. 

E  / Stacked 

8. In smaller transformers the lamination joints may be butted together, whereas 

in large power transformers the joints are (10) . 

Externally cross tied. 

9. Laminations used in the construction of a transformer core are approximately 

  (11) thick. 

0.25 mm to 0.5 mm 

10. If a transformer was constructed using a solid iron core the (12) loss 

would be very large and the transformer would run very hot. 

Iron 

11. Flux established by the primary that does not cut the conductors of the 

secondary is known as (13) flux. 

Leakage 

12. The secondary voltage of a transformer is (14) degrees out of phase 

with the primary voltage. 

180 

13. The only factor that is common to both the primary and secondary 



 

windings of a transformer is the core (15) . 

Flux 

14. If a transformer was constructed using a mild steel core the (16) loss 

would be very large and the transformer would run very hot. 

Iron 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

SECTION C 

See Teacher’s solution 

1. What is meant by the term leakage flux, and how is it kept to a minimum? 

2. A 240/115V single phase transformer has 960 turns on its primary winding. 
Calculate the number of turns required on the secondary winding. (460 
turns) 

3. A 240/12V downlight transformer draws a no-load current of 0.6A at a phase 
angle of 80º lag. Using a scale of 1mm = 10mA, draw the no-load phasor 
diagram for the transformer and from the diagram determine the - 

a) magnetising current (0.59A) 

b) iron loss current. (0.104A) 

4. 4.A single phase 240/415V transformer has a no-load primary current of 
0.8A and takes 78W from the supply. Determine the - 

a) no-load power factor (0.406 lag) 

b) no-load phase angle (66º lag) 

c) magnetising current (0.73A) 

d) iron loss current. (0.325A) 

For parts (c) and (d) use a scale: 1mm = 0.01A 

 

 

 

 

5. A single phase transformer steps down from 415V to 32V. Calculate the 
primary current if the secondary current is 5A. (0.386A) 

6. A transformer is wound with 250 turns on the primary and 50 turns on the 
secondary. The maximum core flux is 0.04Wb and the supply frequency 
50Hz. Determine the - 

a) primary voltage (2220V) 

b) secondary voltage (444V) 



 

c) transformation ratio (5:1) 

7. A 250/500V transformer has a magnetising current of 4.92A and an iron loss 
current of 0.88A. Determine the no-load primary current and phase angle.
 (5A, 79.8º lag) 

Scale: 1mm = 0.1A 

8. A 300/32V, 50Hz single phase transformer has 500 primary turns. 
Determine the maximum value of core flux. (0.0027Wb) 

 

 

 

 

 

 

 

 



 

 

Tutorial 2 – The Practical Transformer 

 

 

 

SECTION D 

1. Identify the two types of transformer core shown in figure 1. 
 
 

(a) (b) 

Figure 1 

                         Core                                    Shell 
2. Sketch the winding arrangements for concentric, sandwich and side by side 

windings. 

Concentric 
 

 Sandwich 

Side by side 
 

3. Explain why a stepped core would be used in a large power transformer. 

Stepped cores in transformer are used to reduce iron in core , copper in winding , better utilization of 
magnetic field and reduction of iron and copper losses . Eddy current losses in iron core are 
proportionate to thickness of core or a conductor 

4. List applications for core and shell type transformers. 

The core type transformers are mainly used in high voltage applications such as distribution and power transformers 



 

Shell type transformers are often used where a limited amount of space is available. Typical applications include the railway industry, 
where it is beneficial to lay the transformers on top or underneath the carriages without increasing the overall height of the carriage 
considerably. 

 

5. Why are transformer laminations clamped tightly together? 
 

To reduce vibration , to improve maghetisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tutorial 3 NAME: 

  TRANSFORMER OPERATION  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The primary and secondary voltages of a transformer are - 

a) in phase 

b) 90º out of phase 

c) 120º out of phase 

d) 180º out of phase 

2. In a transformer the component of no-load current which lags the primary 
voltage by 90º is the - 

a) magnetising current 

b) iron loss current 



 

c) secondary current 

d) primary current 

3. In general the power factor of the primary side of a transformer with an 
inductive secondary load is - 

a) lower than 

b) equal to 

c) higher than 

d) unrelated to the power factor of the secondary winding. 

4. The primary and secondary currents of a transformer are "approximately" - 

a) in phase 

b) 60º out of phase 

c) 90º out of phase 

d) 180º out of phase 

5. The no-load power factor of a transformer is 

approximately - a) 0.1 

b) 1.0 

c) 0.9 

d) 0.707 
 

 

 

 

 

 

 

 

 

 



 

 

 Tutorial 3 – Transformer Operation 
 

 

6. Transformers are rated in terms of the - 

a) true power out 

b) true power in 

c) apparent power out 

d) apparent power in 

7. In order to obtain maximum cooling effect a transformer tank should be - 

a) plain 

b) finned 

c) tubed 

d) painted in a light colour 

8. An oil filled transformer which is cooled by means of a fan blowing 
across the radiators on the tank is termed - 

a) ONAN 

b) OFAF 

c) OFAN 

d) ONAF 

9. Transformer oil is used to - 

a) aid cooling of the transformer 

b) enhance the level of insulation 

c) keep the windings free of moisture 

d) aid cooling and enhance the level of insulation 

10. As the load on the secondary of a transformer increases - 

a) secondary current increases and primary current decreases 

b) secondary current decreases and primary current decreases 

c) secondary current increases and primary current increases 

d) secondary current decreases and primary current increases 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The power factor of the primary of a lightly loaded transformer is generally 

  (1) than the power factor of the secondary load because of the effect of the 

  (2) current. 

Lower , magnetizing 

Transformers are usually rated in (3) . 

KVA 

The main function of oil in a transformer is to (4) the transformer. 
 

Cool 

 

 

 

 

 



 

 

 

 

 
 

Tutorial 3 – Transformer Operation 

 

 

The cooling mediums used in transformers are designated with the letters A, O and W. 

The letter A stands for (5) , the letter O (6) and the letter W 

  (7) . 

Air, Oil , Water 

Cooling methods used in conjunction with transformers are designated by the letters N 

and F. The letter N stands for (8) and the letter F (9) . 

Natural, Forced  

The rating of a transformer is determined by its ability to dissipate heat under 

  (10) load conditions. 

Full 

The primary current of a transformer is made up of two main components, the no-load 

current and the (11) component of primary current. 

Secondary reflected  

A transformer that is cooled using only the surrounding air and oil in and around the 

windings, would be classified as (12) . 

AN 

The load component of primary current is determined using the secondary current and 

the (13) ratio or the (14) ratio. 

Turn, Voltage 

The primary current of a transformer is equal to the (15) sum of the no-load 

current and the load component of primary current. 

Phasor 

If a 100kVA transformer is required to deliver 110kVA for an extended period, it is 

most likely that the transformer windings would (16) . 

Overheat 

SECTION C 

See Teacher’s Solution 

1. Question 14.15, page 355, Electrical Principles for the Electrical 

Trades. (N1 = 1833.3 turns, N2 = 41.67 turns, I1 = 5.25A, I2 = 

230.94A) 

2. A single phase 240/32V transformer is to supply a low voltage lighting 
circuit. The no-load current of the transformer is 2A at a power factor of 0.1 
lag. If the lights takes a current of 40A at unity power factor, determine the - 

a) primary current (5.9A) 

b) primary phase angle (20º lag) 

c) primary power factor. (0.94 



 

lag) Scale: 1mm = 0.1A 

3. A 33/11kV, 20MVA transformer is used in a zone substation. Neglecting any 
losses determine the - 

a) full load secondary line current (1049.7A) 

b) full load primary line current (349.9A) 
 

 

 

 

 

 

 

 

 

 

 Tutorial 3 – Transformer Operation 
 

 
 
 

4. A 240/12V downlight transformer has a rating of 100VA. Determine the - 

a) full load secondary current (8.33A) 

b) number of 50W lamps that may be supplied from the transformer. (2) 

 

 

 
5. A 240/110V single phase transformer takes a no-load current of 2.5A at a 

power factor of 0.1 lag. If the transformer supplies a load current of 20A at 
a power factor of 0.866 lag, determine the - 

a) load component of primary current (9.17A) 

b) primary current (10.82A) 

c) primary phase angle (41º) Phasor diagram scale; 1mm = 0.1A 

d) primary power factor (0.75 lag) 

 

 
SECTION D 

1. What methods of cooling are used on the transformer shown in figure 1? 
 



 

Figure 1 

2. Is the transformer shown in figure 1, a single or three phase transformer? 
 

 

 

 

 

 

 

 

 
 



 

 

Tutorial 4 NAME: 

TRANSFORMER IMPEDANCE, 

  REGULATION AND EFFICIENCY  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The efficiency of a transformer - 

a) is constant over the load range 

b) has a maximum of 90% 

c) varies with load 

d) varies with the iron losses 

2. The impedance of a transformer - 

a) causes secondary voltage to drop when load current increases 

b) limits fault current when secondary is short circuited 

c) is determined by the core material and winding resistance 

d) all of the above 

3. The iron loss of a transformer at rated voltage and frequency is - 

a) proportional to the load current 

b) proportional to the square of the load current 

c) practically constant at all times 

d) dependent on the power factor of the load 

4. The voltage drop within a transformer can be allowed for by- 

a) using a tap changer to boost the secondary voltage 

b) increasing the primary voltage 

c) reducing the coupling between windings 

d) increasing the turns on the primary 

5. The iron loss of a transformer can be determined by measuring the power 
taken by the transformer when - 

a) the secondary is short circuited 

b) normal load is applied to the secondary circuit 

c) the secondary is open circuit and half normal voltage is applied to the 

primary winding 

d) the secondary is open circuit and normal voltage is applied to the primary winding 
 

 

 

 

 

 

 

 
 



 

6. If the load on a transformer is doubled the iron losses are - 

a) doubled 

b) halved 

c) constant 

d) decrease slightly 

7. The short circuit test on a transformer is used to determine - 

a) ohmic impedance 

b) percentage impedance 

c) copper losses 

d) all of the above 

8. A single phase transformer is rated at 20kVA at 100V. The true power 
output at full-load and 0.8 power factor is - 

a) 25kW 

b) 20kW 

c) 16kW 

d) 8kW 

9. The all day efficiency of a transformer is the ratio of the - 

a) input energy over 24 hours to the output energy over 24 hours 

b) output kVA over 24 hours to the input kVA over 24 hours 

c) input kVA over 24 hours to the output kVA over 24 hours 

d) output energy over 24 hours to the input energy over 24 hours 

10. If a transformer operates for long periods during a day with no-load, the 
all day efficiency of the transformer is - 

a) high 

b) very low 

c) not affected by no-load operation 

d) reduced slightly 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

Transformers are rated in (1) because this allows the power factor of the 

load to be ignored. KVA 

Maximum efficiency of a transformer occurs at the load which makes the 

  (2) equal to the (3) . Iron/ Copper 

The short circuit test on a transformer is used to deter 

mine the (4) losses. 
 

Copper 

 

 



 

Transformer Imp, Reg & Eff Miller College Tutorial 4 
 

The copper losses of a transformer are 400W at full-load. If the load is reduced to half 

load, the copper losses are (5) watts. 

100 

Copper losses in a transformer vary as the (6) of the current. 

square 

The (7) losses in a transformer are constant for all loads at rated voltage 

and frequency. 

iron 

When measuring the iron losses of a transformer, the secondary winding must be 

  (8) . 

open 

The efficiency of a transformer is the ratio of the (9) power to the 

  (10) power. 

Output  / input 

Subtracting the output power from the input power gives the (11) of a 

transformer. 

Losses 

To achieve the best all day efficiency, a transformer should be operated at or near 

  (12) load for the entire day. 

75% 

Voltage regulation of a transformer is voltage drop between no load and full load 

expressed as a (13) of no load volts. 

percentage 

Typical values of transformer efficiency fall within the range (14) to 

  (15) . 

The efficiencies of power transformers normally vary from 97 to 99 percent. The power supplied to the load 
plus resistive, eddy current, hysteresis, and flux losses must equal the input power. The input power is 
always greater than the output power.16 

The voltage required to cause rated current to flow during a short circuit test expressed 

as a percentage of rated voltage is known as (16) . 

impedance voltage  

SECTION C 

See Teacher’s solution 

1. Calculate the efficiency of a 500kVA distribution transformer when 
operating at full-load with a power factor of 0.9 lag. The total losses are 
15kW. (96.8%) 

2. A transformer when tested using the open circuit test had an iron loss of 
3700W and when tested using the short circuit test had a copper loss of 
2100W. Determine the total transformer loss. (5800W) 

3. A 10MVA transformer operates with a power factor of 0.85. The 
transformer iron losses are 120kW and the copper losses 95kW. Calculate 



 

the efficiency of the transformer. (97.5%) 

4. A 33kV/11kV, three phase transformer with a rating of 500kVA has a 
voltage regulation of 6% at a power factor of 0.8. Determine the secondary 
line and phase voltage of the transformer at full load 0.8 power factor if the 
no load line voltage is 11kV. (VL=10340V, VP= 5970V) 

5. A 33kV/11kV, three phase transformer with a rating of 500kVA has a 
percentage impedance of 4.5%. Determine the secondary prospective short 
circuit current of the transformer. (583A) 

 

 

 

 

 
 



 

 

Tutorial 4 Transformer Imp, Reg & Eff 
 

6. Determine the full load efficiency of a transformer supplying full load output 
of 15kW at unity power factor, if the transformer has iron losses of 400W 
and copper losses of 800W when tested at full load. (92.6%) 

7. A 50kVA transformer has a full load copper loss of 460W and an iron 
loss of 220W. Determine the - 

a) iron loss when delivering 25kVA (220W) 

b) copper loss when delivering 25kVA. (115W) 

8. Calculate the all day efficiency for a 750kVA, 11kV/415V distribution 
transformer that operates with the following energy levels and times - 

8 hours delivering 800kW with an input of 810kW 

2 hours on no-load, taking 20kW 

6 hours delivering 350kW with an input of 370kW 
8 hours delivering 600kW with an input of 615kW. (97.36%) 

SECTION D 

1. Re-draw the components in figure 1 to show the connections required to 
carry out a short circuit test on the transformer. 

 

2. Draw a set of axis showing percentage efficiency versus load for a 
transformer. On your axis show the characteristics for efficiency, copper 
loss and iron loss. Also show the condition required for maximum 
efficiency. 

 

 



 

Tutorial 5 NAME: 

TRANSFORMER POLARITY & PARALLELING 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. Transformers are paralleled when - 

a) a greater output voltage is required 

b) the load becomes too large for one transformer 

c) transformer regulation must be minimised 

d) the effect of the vector groups must be reduced 

2. A transformer designated Dy11 would have a - 

a) star primary, delta secondary and 0º phase shift 

b) star primary, delta secondary and 30º phase shift 

c) delta primary, star secondary and 30º phase shift 

d) delta primary, delta secondary and 0º phase shift 

3. Load sharing by parallel transformers of equal rating is dependent 
upon the respective transformer - 

a) line voltage 

b) vector group 

c) impedance 

d) voltage regulation 

4. When conducting a final additive/subtractive polarity test for paralleling two 
single phase transformers, the voltmeter is connected across - 

a) each transformer primary winding 

b) each transformer secondary winding 

c) the two transformer secondaries in series 

d) the two transformer primaries in parallel 

5. Which of the following combinations of three phase transformers may be 
paralleled 

a) star/star and star/delta 

b) delta/star and star/star 

c) delta/delta and star/delta 

d) delta/star and star/delta 
 

 

6. Which of the following combinations of three phase transformers may be 
paralleled 

a) star/star and star/delta 

b) delta/star and star/star 

c) delta/delta and star/delta 



 

 
 

 

 

 

 
 

 

Tutorial 5  Transformer Polarity & Paralleling 
 

 

7. As long as certain other characteristics are identical, a 3-phase star/delta 
transformer can be connected in parallel with a second transformer which 
has its primary delta connected and its secondary connected in - 

a) delta 

b) star 

c) inter-star 

d) zig-zag 

8. Three phase transformers that are to be paralleled - 

a) must come from an alternate vector group 

b) can come from any vector group 

c) are not affected by their vector group 

d) must come from the same vector group 

9. Transformer polarity marks indicate the direction of current - 

a) into the primary and out of the secondary 

b) out of the primary and into the secondary 

c) into the primary and into the secondary 

d) out of the primary and out of the 

secondary at the same instant 

10. When the primary and secondary terminal voltages are in the same 
direction at every instant, the transformer is said to have - 

a) additive polarity 

b) negative polarity 

c) subtractive polarity 

d) positive polarity 

11. Which of the following combinations of three phase transformers may be paralleled 

a) Dy1 and Dy11 



 

b) Dy11 and Yd1 

c) Yy0 and Dd6 

d) Dy1 and Yd1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Transformer Polarity & Paralleling  Tutorial 5 
 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

When two transformers of equal rating are paralleled, the transformer with the 

  (1) impedance will take the greater share of load. 

lower 

If two transformers of equal rating and impedance are paralleled, the transformers will 

share the load (2) . 

equally 

Transformers are connected in parallel to provide additional (3) . 

load 

Transformers are paralleled when the load becomes (4) for one 

transformer. 

Greater 

Identical single phase transformers that are to be paralleled must have the same 

  (5) , (6) and (7) . 

Voltage, Phase sequence, Polarity 

The two methods used to mark the polarity of the terminals of a transformer are 

  (8) and (9) . 

X1   X2 
when facing the low-voltage side of a single-phase transformer (the side marked X1, X2), the H1 connection will always be on your far 
left. If the terminal marked X1 is also on your left, it indicates subtractive polarity. 

When the primary and secondary terminal voltages of a transformer are in the same 

direction at every instant, the transformer is said to have (10) polarity. 

addative 

 

 



 

When the primary and secondary terminal voltages of a transformer are in opposite 

directions at every instant, the transformer is said to have (11) polarity. 

Three phase transformers that are to be paralleled must have identical (12) , 

  (13) , (14) , (15) and (16) . 
 

substractive 

 

Tutorial 5  Transformer Polarity & Paralleling 
 

 

SECTION C 

See Teacher’s solution 

1. Three single phase 5:1 transformers have their primaries connected in 
star to a 415V supply. The delta connected secondaries supply three 

6 star connected elements. Determine - 

a) primary phase voltage (240V) 

b) secondary phase and line voltages (48V, 48V) 

c) load phase current (4.62A) 

d) secondary line current (4.62A) 

e) secondary phase current (2.67A) 

f) primary phase and line current. (0.53A, 0.53A) 

2. A three phase 415V inductive load is to be supplied by a three phase 
delta/star step down transformer. If the primary line voltage is 1000V, 
determine the required transformer ratio. (4.17:1) 

3. A three phase 11kV/415V star-star transformer supplies a load consisting 
of three delta connected heating elements. If the secondary line current is 
173A determine the - 

a) transformation ratio (26.46:1) 

b) load phase current (100A) 

c) load phase voltage (415V) 

d) resistance of each heating element (4.15) 

e) transformer primary line current. (6.54A) 

4. Two transformers of equal rating are to be paralleled to supply a load of 
3MVA. If transformer A has an impedance of 5% and transformer B an 
impedance of 4.5%, determine how the transformers will share the load.
 (Tx A = 1.42MVA and Tx B 
= 1.58MVA) 

5. Two 33kV/5kV, 15MVA transformers are to be paralleled. Show by 
calculation if they will operate satisfactorily to supply a 25MVA load. The 
transformer impedances are %ZA = 6% and %ZB = 3.5%. (Tx A = 9.2MVA 

and Tx B = 15.8MVA, not satisfactory Tx B overloaded) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

Transformer Polarity & Paralleling  Tutorial 5 
 

 
 

SECTION D 

1. What would be the expected voltmeter readings in the circuit of figure 
1, if the transformers were - 

a) correctly paralleled 

b) incorrectly paralleled. 
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2. What would be the expected voltmeter readings in the circuit of figure 
2, if the transformers were - 

a) correctly paralleled 

b) incorrectly paralleled. 

3.  
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B 
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Figure 2 
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Tutorial 6 NAME: 

 INSTRUMENT & AUTO-TRANSFORMERS  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. In an auto transformer the current in the primary is 10 amperes and the 
current in the secondary is 20 amperes; the current in the common part of 
the winding is— 

a) 30 amperes. 

b) 20 amperes. 

c) 15 amperes. 

d) 10 amperes. 

2. The current in the common section of the winding of an auto transformer, 
when on load is equal to— 

a) the phasor sum 

b) the phasor difference 

c) the sum. 

d) the difference 

of the primary and secondary currents. 

3. When an auto transformer is properly designed, one of the features 
compared to a double wound transformer of the same rating is - 

a) larger physical size 

b) requires less material to manufacture 

c) has a lower efficiency 

d) has higher losses 

4. The rated secondary current of a standard current transformer is - 

a) 0.6A 

b) 5A 

c) 10A 

d) 25A 

5. The rated standard secondary voltage of a potential transformer is - 

a) 415V 

b) 240V 

c) 120V 

d) 110V 
 

 

 

 

 

 

 

 
 

Tutorial 6  Instrument & Auto-Transformers 
 



 

6. If the instrument is to be removed from the secondary of a current 
transformer it is necessary to - 

a) short circuit the primary terminals 

b) short circuit the secondary terminals 

c) open circuit the secondary terminals 

d) open circuit the primary terminals 

7. A certain current transformer when operating at full rated current has a 
primary current of 550A, the secondary current would be - 

a) 110A 

b) 10A 

c) 5A 

d) unknown 

8. An 11kV potential transformer has a primary voltage of 11kV 
applied, the secondary voltage would be - 

a) 110V 

b) 5V 

c) 1V 

d) unknown 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

Instrument transformers are usually rated in terms of their (1) output. 

burden 

The secondary of a (2) transformer must always be short circuited before 

disconnecting its associated meter. 

Current 

The more common Australian standard secondary current of a current transformer is 

  (3) amperes. 

5 

The primary circuit of instrument type (4) transformers should always be 

protected by fuses. 

Potential 

When the primary of a current transformer is energised and the secondary is open 

circuited, a high (5) is produced at the secondary terminals. 

Voltage 

Auto transformers are transformers with a (6) winding. 

single 

The current in the common part of an auto transformer is the (7) of the 

primary and secondary currents.  Difference 

 

 

 

 



 

 

 Tutorial 6 
 

In an auto transformer, the primary current is 5A and the secondary current is 12A. The 

current in that part of the winding which is common to the primary and secondary is 

  (8) amperes. 

7A 

The applications of auto transformers is limited due to the danger of a (9)  

between the primary and secondary. 

Short circuit 

The minimum acceptable insulation resistance for a transformer between windings is 

  (10) and between windings and earth (11) . 

1 Mega Ohm  1 Mega Ohm 

To provide additional protection, some transformers are fitted with an (12)  

shield between the primary and secondary windings. 

Special insulation 

Instrument transformers are of two types, (13) transformers and 

  (14) transformers. 

Current/ Potential 

A variac is an example of the use of an (15) transformer. 

Auto 

The rated standard secondary voltage of a potential transformer is (16)  

volts. 

             120V 

SECTION C 

See Teacher’s solution 

1. An auto transformer is used to step down from 300 volts to 200 volts. 
The complete winding consists of 600 turns and the secondary current is 
30 amperes. Determine: 

a) secondary turns (400 turns) 

b) primary current (20A) 

c) current in common portion of winding, neglect all losses (10A). 

2. Determine the current at full load, in the common section of the winding of 
a single phase 440/415V, 5kVA auto transformer. Neglect losses. (0.69A) 

3. A 400/32V, 0.5kVA, single phase auto transformer delivers full load at unity 
power factor. Determine the current in the common section of the winding. 
Neglect losses. (14.375A) 

4. An auto transformer is used to step up from 200 volts to 250 volts. The 
primary winding consists of 400 turns and the secondary current is 20 
amperes. Determine: 

a) secondary turns (500 turns) 

b) primary current (25A) 

c) current in common portion of winding, neglecting all losses (5A). 

5. A 500/5A CT has a primary current of 450A, what is the secondary 
current? (4.5A) 



 

6. A 415/110V potential transformer has a primary applied voltage of 425V, 
what is the secondary voltage? (112.65V) 

7. A 1000/5A CT has a secondary current of 3.5A, what is the primary 
current? (700A) 
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Tutorial 6  Instrument & Auto-Transformers 
 

8. A three phase, 11kV/415V, delta/star transformer supplies a star 

connected load consisting of three 15 heating elements. Determine - 

a) primary phase voltage (11kV) 

b) secondary phase and line voltages (240V, 415V) 

c) load phase voltage (240V) 

d) load phase current (16A) 

e) secondary line current (16A) 

f) secondary phase current (16A) 

g) transformation ratio (45.83:1) 

h) primary phase and line current. (0.349A, 0.605A) 

9. A three phase 11kV/415V star-star transformer supplies a load consisting 
of three delta connected heating elements. If the secondary line current is 
200A determine the - 

a) transformation ratio (26.46:1) 

b) load phase current (115.47A) 

c) load phase voltage (415V) 

d) resistance of each heating element (3.59) 

e) transformer primary line current. (7.56A) 

10. Two transformers of equal rating are to be paralleled to supply a load of 
2MVA. If transformer A has an impedance of 5% and transformer B an 
impedance of 4%, determine how the transformers will share the load.
 (Tx A = 0.889MVA and Tx B = 1.111MVA) 

SECTION D 

1. Re-draw the symbols shown in figure 1 and connect the ammeter, voltmeter and 

wattmeter to measure the line current and line voltage of the three phase motor. 

The instruments are to be connected via instrument transformers. Note, a bar type 

CT is used. 
 

11kV 

Supply 

 

11kV 

three phase 
motor 

 

 

 

 

 

 

Figure 1 
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TUTORIAL - D.C. GENERATORS PART 1 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. A DC generator converts energy to energy. 

 

(a) electrical, mechanical 

(b) electrical, electrical 

(c) chemical, electrical 

(d) mechanical, electrical 

 
2. The principle by which emf's are generated in a DC generator is: 

 

(a) electromagnetic induction. 

(b) Lenz's law . 

(c) self inductance. 

(d) chemical reaction. 

 
3. The function of the commutator in a DC generator is to: 

 

(a) connect the AC generated in the windings directly to an external circuit. 

(b) convert the AC generated in the windings to DC when connecting to an 

external circuit. 

(c) supply an external current to the armature to drive the generator. 

(d) allow the generator to be converted to a motor. 



 

4. The windings for the magnetic field system are mounted on the: 
 

(a) Armature. 

(b) Commutator. 

(c) Frame. 

(d) Pole cores. 

 
5. The value of the generated emf's in the armature conductors is to the field 

flux, and to the armature speed. 
 

(a) Proportional, proportional 

(b) Proportional, inversely proportional 

(c) inversely Proportional, proportional 

(d) inversely Proportional, inversely proportional 

 
6. To increase the output of a generator you could either the field current or 

   the armature speed. 
 

(a) decrease, decrease 

(b) increase, decrease 

(c) increase, increase 

(d) decrease, increase 

 
7. The relationship between current, magnetic flux and the force applied to a conductor 

within a  generator can be determined by: 
 

(a) Fleming's right hand rule. 

(b) Fleming's left hand rule. 

(c) Faraday's right hand rule. 

(d) Faraday's left hand rule. 

 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
8. The conductors for the field system of a generator are located in the . 

 

Field poles 

 
9. To connect the generated emf's to an external circuit, a and carbon    - 

  are employed. 
 



Commutator , Brush



 

10. The function of the is to convert the voltage generated within 

the armature conductors to the D.C. voltage available at the generator terminals. 

Commutator   AC 
11. The generator field can be either excited or excited. 

 

Separately  Self 
12. To determine the polarity of the induced emf's within the armature conductors you 

would use Flemming’s hand rule. 

Right 
13. Maximum emf will be induced in the armature conductors when cutting the field flux 

at . 

90 degree 
14. If more turns are added to the armature conductors, the generated voltage will . 

 

Increase 
15. The emf induced into a conductor is proportional to the of the magnetic 

field, the of the conductor and the of the conductor through the 

magnetic field. 

Strength Speed  
Section C: 

See Teacher Solutiuon 

The following problems are to be solved with the aid of a calculator. Any working for a 

problem is to be fully shown. Where a problem involves calculating for circuit conditions, 

a neat and fully labelled circuit diagram (if not provided) is to accompany the question. 

Answers are to be expressed in the appropriate multiple or sub-multiple. 

 
16. A single conductor of 150mm length is rotated through a field flux of 0.8T at a 

velocity of 10m/s. Determine the emf induced in the conductor. (1.2V) 

 
17. Determine the flux density of the magnetic field required to generate 12.6V in a 

conductor with an effective length of 2m which moves through the magnetic field at 
0 

90 with a uniform velocity of 10.5m/s. (0.6T) 
 

18. A generator is wound with 6 series connected coils, each wound with 40 turns. If the 

length of the armature is 200mm, the density of the flux is 1.25 Tesla and the 

armature rotates with a velocity of 2m/s, determine the generated output voltage of 

the generator. (240V) 

 
19. A separately excited generator has an effective field flux of 0.02T, and is spins at 

400 rpm. If the machine constant is 12, determine the generated voltage. (96V) 

 
20. For the diagram of figure 27, label the following: 

 

(a) the frame 

(b) the field coil 

(c) the armature 



(d) the field pole 



 

Include the diagram with your answer sheet. 
 

 

 

 

 

 
 

 

Figure 27. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TUTORIAL - DC GENERATORS PART 2 
NAME: 

 
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. If a generator is connected for a shunt configuration, the field connections would be a 

   resistance field connected in with the armature. 
 

(a) High, series 

(b) High, parallel 

(c) Low, series 

(d) Low, parallel 

 
2. A self-excited shunt generator relies on       for its initial magnetic flux. 

 

(a) Separate excitation 

(b) Residual magnetism 

(c) Field flashing 

(d) Good luck 

 
3. The generator type which is used for certain welding applications would be a 

   type. 
 

(a) Differentially compounded 

(b) cumulatively compounded 

(c) shunt 

(d) Series 



 

Section B 

For the following questions, complete the statements on your answer sheet with the word 

or phrase you think fits best. 

 
4. When the field current in a separately excited generator is zero, the output voltage is 

not zero due to . 

Residual magnetism 
5. If the speed of the prime mover driving a generator is reduced, the output voltage will 

   . 

Decrease 
6. Increasing the load on a generator causes the prime mover speed to 

   due to the developed by the armature 

current. 

Decrease    counter emf 
7. As the load on a generator increases, the terminal voltage  . This 

is due to and the voltage drop. 

Decrease Armature Reaction , Armature 
8. The terminal voltage of a generator is the between the generated 

voltage and the voltage drop. 

Difference , armature 
9. The open circuit characteristic of a separately excited generator shows the 

   of the magnetic material used in core. 

properties 
10. For a self-excited generator to build up a generated emf, there must be 

   in the magnetic circuits of the machine. 

 

Residual magnetism 
11. Three types of self-excited generators are connected, 

   connected and connected. 

Series, shunt, compound 
12. A shunt connected generator will have a  terminal voltage at full 

load than at no load. This is due to the effect of 

   and the in the armature circuit. 

Less, reaction ,armature, voltage drop 
13. If the speed of the prime mover driving a self-excited generator is , 

then the small emf generated by will not increase sufficiently 

to build up the required magnetic flux. 

 

 

Low,  

armature



figure 25. 

 

Section C: 

SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a 

problem is to be fully shown. Where a problem involves calculating for circuit conditions, 

a neat and fully labelled circuit diagram (if not provided) is to accompany the question. 

Answers are to be expressed in the appropriate multiple or sub-multiple. 

 
14. A separately excited generator has an effective flux of 8mWb and is operated at a 

speed of 292 rpm. If the machine constant is 12, determine the: 
 

(a) generated voltage; (28V) 

(b) no-load terminal voltage. (28V) 

 
15. Determine the field flux required to produce a no-load voltage of 240V in a separately 

excited generator rotating at 600rpm with a machine constant of 15. (26.7mWb) 

 
16. Determine the speed a prime mover must drive a generator under no load to produce a 

terminal voltage of 300V. The generator has an effective flux of 20mWb and a 

machine constant of 15. (1000rpm) 

 
17. A generator has an armature resistance of 0.15Ω and a full load resistance of 25Ω. If 

the open circuit voltage is 250V, determine the terminal voltage at full load. (248.5V) 

 
18. A separately excited generator has an effective field flux of 0.02Wb, a machine 

constant of 12 and spins at 400 rpm. If the generator has an armature circuit resistance 

of 0.15Ω and an armature current of 20A, determine the load voltage for this 

condition. (93V) 

 
19. The generator shown in figure 36 has a machine constant of 10, and effective flux of 

25mWb and is driven at 1000rpm. Determine the: 
 

(a) Field current; (111 mA ) 

(b) Generated voltage; (250V ) 
+

 

(c) Armature current; (16. 54A ) 

(d) Terminal voltage (248V ) 

(e) Armature circuit voltage drop. (2V) 

‐ 

+ 

 
 
 
 
 

‐ 
 

Figure 36. 
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TUTORIAL - D.C MOTORS PART 1 

NAME:  
 

Please note the following requirements in relation to tutorial work - 

▪ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages 

stapled together. Write on one side only of the answer sheets. 

▪ All work is to be completed in ink. 

▪ In the case of multiple choice type questions, the question number and answer 

letter are to be written on the answer sheet. 

▪ All relevant equations and working are to be shown in the case of calculation type 

questions. 

▪ All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 
Section A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 
1. A DC motor converts energy to energy. 

 

(a) electrical, mechanical 

(b) electrical, electrical 

(c) chemical, electrical 

(d) mechanical, electrical 

 
2. To determine the forces acting on a current carrying conductor within a magnetic 

field, you would use: 
 

(a) Flemming’s right hand 

(b) Lenz's law 

(c) right hand conductor rule 

(d) Flemming’s left hand rule 
 

3. The torque produced in a DC motor is    

the main field flux. 
 

(a) Inversely Proportional, proportional 

(b) Proportional, proportional 

to the armature current and to 

(c) Inversely Proportional, Inversely proportional 

(d) Proportional, Inversely proportional 
 



 

 

 

4. An increase in the load applied to a DC motor will cause the motor speed to    

and the motor torque to . 
 

(a) Increase, increase 

(b) Decrease, decrease 

(c) decrease, increase 

(d) Increase, decrease 

 
5. Whilst driving a load, a is generated in the armature conductors which 

    the applied motor voltage. 
 

(a) Counter emf, opposes 

(b) Counter emf, increases 

(c) Mutual emf, opposes 

(d) Mutual emf, increases 

 

 

Section B: 

Blank spaces in the following statements represent omissions. Write the appropriate 

information. 

 
6. The force acting upon a current carrying conductor depends on the  of the 

magnetic field, the flowing in the conductor and the of the 

conductor within the magnetic field. 

Strength , current , direction  
7. The torque developed within a DC motor is proportional to the acting on 

the conductor and the of the armature. 

Magnetic flux, speed  
8. If the load applied to a DC motor is decreased, the: 

 

(a) speed will ,   increase 

(b) the back emf will , decrease 

(c) the armature current will and decrease 

(d) the torque developed by the motor will .decrease 

 
9. The emf generated within the armature conductors the applied voltage, and 

is known as a . 

Opposes, back 
10. The field system of a DC motor is mounted on the and the current in the 

armature conductors is transferred from the supply via the  and . 

Frame, Commutator, brush 

 
11. The current flowing in the armature conductors is dependent on the    

generated within the armature conductors. 



 

 

 

magnetisation



 

 

 

12. If the load applied to a DC motor is increased, the: 
 

(a) speed will ,decrease 

(b) the back emf will , increase 

(c) the armature current will and      increase  

(d) the torque developed by the motor will .increase 

 
13. Motor torque is produced when the main reacts with the armature     

. 

Flux    , flux 
Section C: 

 

SEE TEACHER SOLUTION 

The following problems are to be solved with the aid of a calculator. Any working for a 

problem is to be fully shown. Where a problem involves calculating for circuit conditions, 

a neat and fully labelled circuit diagram (if not provided) is to accompany the question. 

Answers are to be expressed in the appropriate multiple or sub-multiple. 

 
14. A 150mm long conductor carries a current of 40A at right angles to a magnetic field 

with a flux density of 0.5T. Determine the force acting on the conductor. (3N) 

 
15. Determine the increase in flux density required in question 1 to increase the force 

acting on the conductor to 7N. (0.667T) 

 
16. An armature has a radius of 125mm, and an effective conductor length of 150mm 

under the field pole. If the main flux is 0.4T and the armature current is 100A, 

determine 
 

(a) the force acting on the conductor; (6N) and 

(b) the torque developed on the conductor under the field poles. (0.75Nm) 

 
17. An armature with a radius of 125mm is wound with 4 coils each of 100 turns. If the 

effective length of one half of a loop under the field poles is 200mm, the current in 

the conductors is 250A and the flux is 0.2T, determine the torque developed within 

the armature. (1000Nm) 

 
18. A DC motor has a machine constant of 20, a main flux of 0.015Wb and runs at 

750rpm. Determine the emf generated within the armature conductors. (225V) 

 
19. If the motor in question 18 is connected to a 250V supply and has an armature circuit 

resistance of 0.15 determine the amount of current flowing in the armature () 



 

 

+ 

RA = 0.1 Ω 

V = 28V 

EG 

- 

DC 

Supply 

Field 

Winding 

- 

 

20. The motor shown in figure 12 has a field flux of 0.0125Wb, runs at 

250rpm, and has a machine constant of 8. For these conditions, 

determine the: 
 
 

E1 A1 
+ 

 
 
 
 
 

 

E2 A2 

 

Figure 12. 
 

(a) Back emf; (25V) 

(b) Armature current; (30A) 

(c) developed torque; (3Nm) 

(d) armature circuit voltage drop. (3V) 
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Tutorial 7 NAME: 

 SQUIRREL CAGE INDUCTION MOTORS 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The rotor current in a three phase induction motor is:- 

a) zero, since no supply is connected to the rotor circuit; 

b) supplied by the d.c. connected to the rotor terminals; 

c) supplied by the a.c. connected to the rotor terminals; 

d) induced by the stator field cutting the rotor conductors. 
 

2. A three phase winding will produce an electromagnetic field which:- 

a) rotates at a constant speed; 

b) reverses direction each cycle; 

c) reverses direction each half cycle; 

d) is stationary and constant in strength. 
 

3. Increasing the frequency of supply to a three phase stator winding will:- 

a) cause the magnetic field to rotate faster; 

b) cause the magnetic field to rotate slower; 

c) increase the strength of the magnetic field; 

d) increase the number of poles in the stator winding. 
 

4. To reverse the direction of rotation of a rotating magnetic field you must:- 

a) reverse the connections to alternate pole windings; 

b) reverse the phase sequence of the supply; 

c) reverse the connections to the rotor winding; 

d) reverse the connections to all pole windings. 
 

5. The rotor current in an induction motor is:- 

a) supplied from the separate rotor supply; 

b) induced by the rotating magnetic field; 

c) supplied from the stator supply terminals; 

d) always the same frequency as the stator supply. 
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Tutorial 7 Miller College Squirrel Cage Induction Motors 
 

6. The rotor speed of an induction motor is:- 

a) always slightly higher than the speed of the rotating magnetic field; 

b) always slightly lower than the speed of the rotating magnetic field; 

c) always the same as the speed of the rotating magnetic field; 

d) dependant only on the size of the load the motor is driving. 
 

7. A six pole three phase motor on a 50 hertz supply will have a rated speed of about:- 

a) 2,800 r.p.m.; 

b) 1440 r.p.m.; 

c) 960 r.p.m.; 

d) 720 r.p.m. 
 

8. The motor in question 7 will have a slip speed of:- 

a) 200 r.p.m.; 

b) 60 r.p.m.; 

c) 40 r.p.m.; 

a) 30 r.p.m. 
 

9. When a three phase motor is running on no load and one supply conductor is open 

circuited:- 

a) the motor will stop and then start in the opposite direction; 

b) the motor will continue to run in the same direction; 

c) the motor will overload and burn out; 

d) the motor will stop due to loss of the RMF. 
 

10. When a three phase motor is started with one supply conductor open circuited it 

will:- 

a) start and run normally; 

b) not start and may burn out; 

c) not start, but not burn out; 

d) start, but the direction of rotation will be random. 
 

 

 

It is called Single Phasing. Since one of the phases is now 
disconnected, current through other two phases will increase to produce 
the desired torque. The motor will run but would not be able to drive 
rated load. The uneven torque results in abnormal noise and vibration in 
motor.17 Mar 2014 
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Squirrel Cage Induction Motors  Tutorial 7 
 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

As load on an induction motor increases the speed of the motor will (1)  

and the slip speed of the motor will (2) . 

Decrease, increase 

The speed of the rotating magnetic field in a three phase induction motor depends on 

the number of poles in the winding and the (3) . 

Frequency 

The strength of the rotating magnetic field in a three phase induction motor is equal to 

  (4) times the (5) flux produce in one of the phase windings. 

Three , magnetic 

The direction that a three phase induction motor rotates depends on the (6)  

of the supply currents. 

           Frequency 

When an induction motor is driving a load the speed of the motor cannot 

reach (7) . 

Synchronous speed  

If the windings in a three phase induction motor are connected in delta the current in 

the conductors supplying the motor would be (8) the current in the motor 

windings. 

1.7321 times 

The stator core of a three phase induction motor is laminated to reduce (9)  

loss and the laminations are made from silicon steel to reduce (10)  loss. 

Eddy current  , iron  

The stator winding of a three phase induction motor consists of (11)  

identical winding displaced by (12) degrees from each other. 

Three , 120 electrical  

The (13) induction motor has a short circuited rotor winding. 

Squirrel cage  

To change the direction of a three phase induction motor the connections to any two of 

the (14) must be changed. 

Three terminals 

Either the rotor slots or the stator slots are (15) to reduce the noise from a 

three phase induction motor. 



 

Skew  

When running on no load the speed of a three phase induction motor is 

  (16) synchronous speed. 

near 

 
SECTION C 

SEE TEACHER SOLUTION 

1. A six pole three phase induction motor is connected to a 60Hz supply and runs at 

full load at 1050r.p.m. Determine:- 

a) the synchronous speed of the motor; (1 200 r.p.m.) 

b) the slip speed of the motor. (150 r.p.m.) 
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SECTION D 

1. Figure 1 represents the stator windings of a three phase induction motor and it's 

terminal block:- 

a) Connect the windings to the terminal block using the international standard; 

b) Connect the terminals of the terminal block so that the motor windings are 

connected in delta; 

c) Connect the terminal block to the supply terminals. 

d) Connect the terminal block of Figure 2 to the supply terminals so that the 

direction of rotation of the motor in Figure 1 is reversed. 

 

 
 

. . 

. . 

. . 
 

Supply Terminal Block Windings 

 

Figure 1. 
 
 

 

Supply  

Figure 2. 

Terminal Block 

W1 U2 

V1 W2 

U1 V2 

L1 

 
 

L2 
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Tutorial 8 NAME: 

  SLIP-RING INDUCTION MOTORS  
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. An advantage of wound rotor induction motors is:- 

a) high starting current and torque; 

b) low starting torque with low current; 

c) low starting current and high starting torque; 

d) high starting current and low starting torque. 

 
 

2. The rotor and stator windings of a slip ring induction motor must have the same:- 

a) number of phases; 

b) number of poles; 

c) number of poles and phases; 



 

d) connection method (star or delta). 

3. The rotor windings of a slip ring induction motor are connected to an external:- 

a) source of a.c. supply; 

b) source of d.c. supply; 

c) variable resistance; 

d) star delta starter. 

4. The rotor and stator windings of a slip ring induction motor are normally 

connected:- 

a) rotor in star and stator in delta; 

b) rotor in delta and stator in delta; 

c) rotor in star and stator in star; 

d) rotor in delta and stator in star. 

5. The rotor current in a slip ring induction motor:- 

a) is constant at all loads; 

b) increases as load increases; 

c) decreases as load increases; 

d) varies independent of load. 
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6. Resistance is added to the rotor circuit of a slip induction motor to:- 

a) increase torque at lower speeds; 

b) reduce current during starting; 

c) reduce the speed of the motor; 

d) all of the above. 

7. An eight pole, 50 hertz slip ring induction motor running at 720r.p.m. with the slip 

rings short circuited has a slip percent of:- 

a) 60%; 

b) 15%; 

c) 6%; 

d) 4%. 

8. The motor in question 7 will have a slip speed of:- 

a) 780 r.p.m.; 

b) 280 r.p.m.; 

c) 60 r.p.m.; 

d) 30 r.p.m. 

9. A squirrel cage induction motor with a high resistance rotor, compared to one with a 
lower resistance, would have:- 

a) a lower full load slip and greater starting torque; 

b) a higher full load slip and greater starting torque; 

c) a lower full load slip and smaller starting torque; 

d) a higher full load slip and smaller starting torque. 

The resistance of the squirrel-cage rotor has an important 
effect on the operation of the motor. A high-resistance 
rotor develops a high starting torque at low starting cur rent. A 
low-resistance rotor develops low slip and high efficiency at full 
load. 

10. In a squirrel cage induction motor with dual cage rotor:- 

a) the inner cage has the higher resistance and carries the greater current at 

starting; 

b) the outer cage has the higher resistance and carries the greater current at 

starting; 

c) the inner cage has the higher resistance and carries the least current at starting; 

d) the outer cage has the higher resistance and carries the least current at starting. 

Rotor of a double squirrel cage motor has two independent cages on the same rotor. The 
figure at left shows the cross sectional diagram of a double squirrel cage rotor. Bars of 
high resistance and low reactance are placed in the outer cage, and bars of low 
resistance and high reactance are placed in the inner cage. 
 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 



 

information on your answer sheet. 

The emf induced in the rotor winding of a slip ring induction motor is a maximum at 

  (1) . 

Running 

Adding resistance to the rotor circuit of the slip ring induction motor at starting 

  (2) the starting current taken by the motor and (3) the 

available starting torque. 

Reduce, increase 
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Slip-Ring Induction Motors  Tutorial 8 
 

If two of the three leads connecting the slip rings of the slip ring induction motor to it's 

starting resistors are reversed the direction of rotation of the motor will be 

  (4) . 

Reverse 

The unit of torque is the (5) . 

N-m 

The direction that a three phase induction motor rotates depends on the (6)  

of the supply currents. 

Sequence 

When the torque required by the load on an induction motor is increased the speed of 

the motor (7)  ,decrease the slip speed (8) increase the 

voltage induced in the rotor conductors  (9) increase   which 

causes the current in the rotor conductors to 

  (10) . increase This causes the strength of the rotor magnetic field to 

  (11) ,increase  which causes the motor output torque to increase  (12) to 

meet the increased load demand on the motor. 

The (13) wound rotor induction motor has a wound rotor winding which is 

always star  

  (14) connected to allow the connection of  (15) external 

resistance during starting  to  (16)  reduce starting 

current and (17) increase starting torque. 

 

 
SECTION C 

SEE TEACHER SOLUTIONB 

1. A 4 pole three phase induction motor is connected to a 50Hz supply and runs at a 

full load slip of 4%. If the motor is delivering 33.16 newton metres of torque to 

the load at this speed with an efficiency of 83.3 percent and a power factor of 0.86 

determine:- 

a) the synchronous speed of the motor; (1 500 r.p.m.) 

b) the slip speed of the motor; (60 r.p.m.) 

c) the rotor speed of the motor; (1440 r.p.m.) 

d) the output power of the motor; (5kW) 

e) the input power of the motor; (6kW) 

f) the line current from the 415 volt supply. (9.71A) 
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SECTION D 

1. Figure 1 represents the incomplete circuit diagram of a three phase slip ring 

induction motor and it's supply:- 

a) Connect the stator windings in delta; 

b) Connect the rotor windings in star; 

c) Complete the required connections, including the supply and starting resistors, 

for the motor to start and run. 
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Tutorial 9 NAME: 

INDUCTION MOTOR LOAD 

  CHARACTERISTICS  
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

 

1. Copper loss in an induction motor is due to:- 

a) hysteresis in the stator and rotor cores; 

b) eddy currents in the stator and rotor core; 

c) resistance of the stator and rotor windings; 

d) friction and windage loss in the motor. 

 
2. The efficiency of an induction motor on no load is:- 

a) 100 percent; 

b) about 50 percent; 

c) about 10 percent; 

d) zero percent. 

 
3. The mechanical losses on no load in an induction motor include:- 

a) hysteresis in the stator and rotor cores; 

b) eddy currents in the stator and rotor core; 

c) resistance of the stator and rotor windings; 



 

d) friction and windage loss in the motor. 

 
4. The difference between the input power to a motor and the output power from a 

motor is the:- 

a) total loss given off as heat; 

b) electrical loss given off as resistance; 

c) mechanical loss given off as friction; 

d) magnetic loss given off as inductance. 

 
5. An increase in rotor current in an induction motor:- 

a) reduces stator current to keep stator flux constant; 

b) reduces power factor due to rotor inductance; 

c) reduces motor efficiency due to increased losses; 

d) causes stator current to increase to maintain stator flux. 
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Tutorial 9  Induction Motor Load Characteristics 
 

 

6. The no load current of an induction motor is shown on a phasor diagram as:- 

a) the magnetising current and the iron loss current; 

b) the rotor current and the stator current; 

c) the copper loss current and the iron loss current; 

d) the copper loss current and the magnetising current. 

 
7. As the load on an induction motor increases:- 

a) both the efficiency and the power factor improve; 

b) efficiency increases but power factor decreases; 

c) efficiency decreases and power factor decreases; 

d) efficiency decreases but power factor increases. 

 
8. The stator component of current due to rotor current is:- 

a) equal to the rotor current and in phase with the rotor current; 

b) dependant on the turns ratio and in phase with the rotor current; 

c) equal to the rotor current and opposite in phase to the rotor current; 

d) dependant on the turns ratio and opposite in phase to the rotor current. 

 
9. Most induction motors are designed to have maximum efficiency:- 

a) when rotor resistance equals rotor inductive reactance; 

b) close to full load as most motors run at this load; 

c) at starting to give increased starting torque; 

d) at about half of full load as a compromise. 

 
10. In a squirrel cage induction motor:- 

a) iron losses vary as the square of the load while other losses are almost constant; 

b) stator losses vary as the square of the load while other losses are almost constant; 

c) rotor losses vary as the square of the load while other losses are almost constant; 

d) copper losses vary as the square of the load while other losses are almost constant. 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

Copper losses in a squirrel cage induction motor occur in  (1) while 

hysteresis and eddy current losses occur in  (2) . Mechanical losses occur 

due to (3) and (4) . 

Winding, core, friction ,windage  

If voltage and frequency supplying an induction motor remain constant then the 

  (5)  losses and (6) losses remain relatively constant. The 

variable (7) loss varies in proportion to the (8) . 

Hysteresis , Eddy current , copper, current  
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Maximum efficiency occurs when the (9) losses equal the 

  (10) losses while maximum torque occurs when the (11)  

equals the  (12) . 

Constant, Variable,  rotor resistance , rotor reactance  

If a motor running on full load has some load removed the speed of the motor 

  (13) slightly, causing a (14) in rotor voltage, a 

  (15) in rotor current, a (16) in rotor flux and a 

  (17) in torque. The motor will settle to a constant speed when 

  (18) equals (19) . 

 

Increase, decreasing, reduction, reduction, decrease , the slipping flux, increasing flux 

 

 

The maximum torque occurs when rotor resistance and rotor reactance 
are equal, i.e. R2 = S X2, So, Sm = R2/X2 , Where, Sm is the slip at 
maximum torque. torque required to run the load at that speed. 
SECTION C 

 

SEE TEACHER  

1. A 4 pole three phase 415 volt 50Hz squirrel cage induction motor runs at 1460 

r.p.m. while delivering 9 kilowatts to its load at a maximum efficiency of 88 

percent. If the power factor of the motor at this load is 0.86 lag determine:- 

a) the input power to the motor; (10 227W.) 

b) the line current taken by the motor; (16.55A.) 

c) the torque delivered to the load; (58.9Nm.) 

d) the losses in the motor; (1 228W.) 

e) the copper losses in the motor. (614W.) 

 

 

 

 

 

 

 

 

 

 

 

2. A 415V squirrel cage induction motor delivers 116 Nm of torque when started on 

full voltage. The voltage to the motor must be reduced to 320 volts to limit starting 

current in line with supply authority requirements. Determine the starting torque at 

the reduced voltage. (69Nm.) 
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SECTION D 

1. Figure 1 is a set of performance curves for a 5kW, 6 pole 415 volt squirrel cage 

induction motor. From the curves determine:- 

a) Line current, speed and efficiency at rated load; 

b) Input power, line current and power factor at no load; 

c) Speed and efficiency when stator current is 8 amperes. 
 

1000 
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Figure 1 
 

2. Figure 2 is a phasor diagram of a squirrel cage 

induction motor which shows three components of 

current in the motor. If the load component of 

stator current is one third of the rotor current 

complete the phasor diagram to determine:- 

a) the current scale for the stator currents; (10mm = 

1A) 

b) the no load current and power factor; (1.7A @ 

0.352lag) 

c) the load component of stator current; (3A @ 

16.7Olag) 

d) the total current taken from the supply at this 

load; (4.26A) 

e) the power factor of the motor at this load. 

(0.815lag) 
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Tutorial 10 NAME: 

  INDUCTION MOTOR STARTING  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The overload device in a motor stater provides:- 

a) protection against short circuits inside the motor; 

b) overload protection for the motor and its supply conductors; 

c) short circuit protection for the motor supply conductors; 

d) all of the above. 

 

2. Thermal overloads need to cool after tripping before they can be reset. This is:- 

a) a problem because the motor cannot be turned back on immediately; 

b) overcome by using magnetic overloads to allow faster reset times; 

c) to prevent the circuit breaker at the switchboard from tripping unnecessarily; 

d) to allow the motor windings to cool before being reconnected to the supply. 

 

3. The motor starter that does not reduce the starting current to a squirrel cage 

induction motor is:- 

a) the direct on line motor starter; 

b) the star delta starter; 

c) the primary resistance starter; 

d) the auto transformer starter. 

 

4. The main problem with starting large squirrel cage induction motors direct on line 

is:- 

a) starting torque is greater if a primary resistance starter is used; 

b) the large starting current causes fluctuations in the supply voltage; 

c) the large starting current will cause the motor windings to burn out; 

d) the motor may not produce enough starting torque to start the load. 

 

5. The problem with starting squirrel cage motors with any of the voltage reduction 

starters is:- 

a) the motor must have all six winding ends brought out to the terminal block; 

b) six wires must be run between the switchboard and the starter; 



 

c) reducing the voltage causes an even greater reduction in starting torque; 

d) the increased starting torque may damage the load or couplings. 
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6. The thermal overload used on motor protection:- 

a) interrupts all overloads very quickly; 

b) only isolates short circuits instantly; 

c) allows slight overloads for longer periods; 

d) takes several minutes to isolate any overload. 

 

7. A motor started with a star-delta starter with overloads fitted between the motor and 

starter would:- 

a) require a thermal overload with six bimetallic elements; 

b) require an overload current rating equal to rated current times 1 
√3 

c) require an overload current rating equal to rated motor current; 

d) require an overload current rating equal to rated current times √3 
 

8. An advantage of differential thermal overloads over normal overloads is:- 

a) they can detect the difference between a short circuit and overload fault; 

b) they will protect the motor from loss of one phase of the supply; 

c) they can be used on single, two or three phase motors; 

d) they can also protect against loss of load (ie underload);. 

 

9. Stop buttons and thermal overloads use normally closed contacts because:- 

a) if they get dirty and will not close the machine will not start (fail safe); 

b) normally closed contacts operate quicker than normally open contacts; 

c) normally open contacts would need to be connected in parallel; 

d) normally closed contacts stay cleaner as the dirt cannot get in. 

 

10. AS/NZS 3000 Clause 4.2.1.2 would be satisfied if:- 

a) an automatic reclosing overload device protects the motor under all conditions; 

b) the isolating switch can be locked in the off position if not located next to the 

motor; 

c) the motor on a saw bench was controlled by a DOL starter operated by 

pushbuttons; 

d) copper losses vary as the square of the load while other losses are almost 

constant. 
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SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

All starters incorporate one or more (1) overload protection  to control the 

motor and 

  (2) wiring  to protect the motor from (3) overload  .At the 

beginning of the motor circuit (switchboard) either CB (4)  or 

 (5)Overload protection   are used to provide overload 

(6)short circuit  protection for the circuit conductors and the motor. 

Starting current to larger motors is required by the (7) Supply Authority to be 

limited to reduce (8)fluctuation  in the supply. If this is the case the

 (9)motor   cannot be used. However, one of the

 (10)reduced voltage  type starters may be used, 

depending on current limits and starting torque requirements. 

If additional remote pushbuttons are added to a starter all start pushbuttons, which are 

of the normally  (11)open   contact type, are connected in

  (12)parallel  and all stop pushbuttons, which 

are of the normally (13)close  contact type, are connected in (14series ) . 

When started DOL the starting current of the squirrel cage induction motor is 

  (15)2 to (16) 7 times rated current while starting torque is about 

  (17)3 times rated torque. If starting current is reduced the starting torque is 

reduced in proportion to the current (18) . If the reduction of torque is 

excessive a 

 Slip ring  (19) induction motor may need to be used. 

 
Why do we use slip ring induction motor? 
Therefore, slip-ring induction motors are typically used where loads require high starting 
torque or good speed control. They are used in cranes, hoists, compressors, printing 
presses, large ventilation fans, and loads requiring speed control, such as for driving lifts 
and pumps.17 Feb 2022 
 

SECTION C 

SEE TEACHER SOLUTION 

1. A three phase 415 volt 22 kilowatt delta connected squirrel cage induction motor 

has a rated line current of 45 amperes and a rated full load speed of 1440 r.p.m. If 

the motor takes six times rated current, and provides 150 percent of full load 

torque when started direct on line determine:- 

a) the rated torque produced by the motor; (145.9Nm.) 

b) the starting current taken by the motor; (270A.) 

c) the starting torque delivered by the motor; (218.9Nm.) 

d) the phase current at starting in each winding when connected in delta; (155.9A.) 

e) the current in each winding, and the line current taken from the supply if they 

were re-connected in star to the supply. (90A.) 

f) the starting torque if the motor were connected in star (hint:- torque produced is 



 

proportional to phase voltage squared, ie 𝑇   = 𝑇 𝑥  �𝑉2�
2

)   (72.95Nm) 
2 1 𝑉1
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SECTION D 

1. Figure 1 is a Torque - Speed curve for a particular motor which takes 140 amperes 

from the supply when started direct on line. The supply authority requires the 

starting current to be reduced to a maximum of 100 amperes. To do this the motor 

voltage is reduced to 0.7 of normal voltage using resistors in series with the motor at 

starting (primary resistance starter). 

a) Calculate the effect that the reduction of starting voltage would have on the 

starting torque of the motor; (Hint - reduction of torque = (reduction of 

voltage)2). 

b) On Figure 1, draw a new Torque - Speed curve for the motor at the reduced 

voltage. (Hint - the curve will be reduced vertically by the proportion calculated 

in (a)) 

c) At the reduced voltage would the motor still be able to start:- 

i. the fan (Load A)? 

ii. the pump (Load B)? 
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Rotor of a double squirrel cage motor has 
two independent cages on the same rotor. 
The figure at left shows the cross sectional 

diagram of a double squirrel cage rotor. Bars 
of high resistance and low reactance are 
placed in the outer cage, and bars of low 

resistance and high reactance are placed in 
the inner cage. 
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Load A (Fan) 



 

 

Overload and Overcurrent Protection – Basic Motor Control 
BCcampus Pressbooks 

https://pressbooks.bccampus.ca › chapter › overload-and... 

 
While overloads are allowed for a short time (usually minutes), prolonged overloads will use 
thermal action to cause a protective device to trip. 
 

 

 

How do you calculate overload setting for a star-delta starter? 
To calculate the thermal overload setting = Actual motor nameplate current ÷ 1.7 x 
1.1 (10% safety margin to prevent spurious tripping). NOTE: Due to the large range 
of the thermal overloads on the Trip Class 20 star delta starters, please make sure 
the thermal overload is adjusted correctly to suit the motor. 
 

 

 

What is the overload rating of the star-delta starter? 
This configuration of the overload is described as “inside the delta loop”. The 
overload will be rated at 0.58 x Motor Full Load Current ( Inom ).15 July 2013 
 

 

 

 

For overloads, differential and non-differential types differ in how they 

trip (release). 

Differential is considered to be a higher sensitivity relay as it has phase 
failure detection. When a difference between two or more of the phases 

exceeds the Overload relay (OLR) setting it will trip. 

Non-differential type is usually more economical. Electrically speaking, if 

one bi-metallic strip heats up enough to open then the other 2 remaining 
poles must also heat up enough to trip the OLR. This can extend the 

time that it takes for the OLR to trip. 

If the pushbutton malfunctions,the contact behaves as open so that there is no 
power flow. This makes the operator troubleshoot the system. This makes the motor 
remain safe in off condition due to improper stop push button functionality. 
 

https://pressbooks.bccampus.ca/basicmotorcontrol/chapter/overload-and-over-current-protection/
https://pressbooks.bccampus.ca/basicmotorcontrol/chapter/overload-and-over-current-protection/
https://pressbooks.bccampus.ca/basicmotorcontrol/chapter/overload-and-over-current-protection/
https://pressbooks.bccampus.ca/basicmotorcontrol/chapter/overload-and-over-current-protection/


 

SINGLE PHASE SPLIT PHASE MOTOR 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. A single phase winding produces:- 

a) a stationary magnetic field; 
b) a rotating magnetic field; 
c) a steady magnetic field; 
d) an alternating magnetic field. 

2. To develop a rotating magnetic field a split phase induction motor simulates a:- 

a) two phase motor; 
b) three phase motor; 
c) series universal motor; 
d) shaded pole motor. 

3. If motor load is reduced from full load to three quarters of full load you 
would expect that:- 

a) speed would increase and current would increase; 
b) speed would decrease and current would decrease; 
c) speed would increase and current would decrease; 
d) speed would decrease and current would increase; 

4. The angle of phase displacement between the start and run winding 
currents of a split phase induction motor is approximately:- 

a) 10 degrees; 
b) 30 degrees; 
c) 90 degrees; 
d) 120 degrees. 

5. The single phase split phase motor is reversed by:- 

a) reversing the supply connections; 
b) reversing the auxiliary winding connection; 
c) reversing the armature connection; 
d) reversing both the auxiliary winding and armature connections. 

6. If the centrifugal switch on a split phase motor goes permanently open circuit:- 

a) the motor will not start; 
b) the start winding will burn out; 
c) the start capacitor will burn out; 
d) starting torque will drop to about half of normal value. 

 

 

 



 

 
 

7. The auxiliary winding switch should open when:- 

a) rotor speed is about 25 percent of rated speed; 
b) rated speed is about 25 percent of synchronous speed; 
c) rotor speed is about 75 percent of synchronous speed; 
d) slip speed is about 75 percent of synchronous speed. 

8. The run winding in a split phase induction motor is placed in:- 

a) the top of the slot to increase inductance; 
b) the top of the slot to decrease inductance; 
c) the bottom of the slot to decrease inductance; 
d) the bottom of the slot to increase inductance. 

9. Variable frequency speed control of split phase motors is not generally 
used because:- 

a) the capacitor start motor has higher torque; 
b) the starting switch might not operate; 
c) voltage speed control in more efficient; 
d) pole changing gives smoother speed changes. 

10. The auxiliary winding of a split phase motor always has:- 

a) a lower power factor than the main winding; 
b) a higher resistance than the main winding; 
c) a lower resistance than the main winding; 
d) a higher power factor than the main winding. 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The single phase split phase induction motor has two windings. The (1)auxiliary  or 

  (2)main  winding in designed to be permanently connected to the supply, and is 

placed in the  (3)bottom  of the slot to  (4reduce )  the 

inductive reactance of the winding to give the current a (5)phase  angle of phase 

difference with the voltage. The winding is wound with a relatively  

 (6)thicker  winding wire so that it 

does not overheat, giving the winding a relatively larger (7)  

The other winding, called the (8)starting  or

 (9) to connect   

resistance. 

winding is designed 

for short periods of operation and will  (10)_be disconnected  if left 

connected for long periods. It is wound with (11)larger wire than the other 

winding and has a 

  (12)more  number of turns. This gives it a relatively (13higher ) resistance 

and (14)higher  inductive reactance, making the phase angle between the 

winding current and voltage (15)larger than that of the first winding. 
 



 

 

 
 



 

 
 

The winding is turned off at about       (16) 75      percent of synchronous speed by 

either a          (17centrifugal )           switch in the motor or a          (18)starting          

relay which turns off when the current in the       (19)running        winding        (20)        

to almost rated current. 

The windings are displaced by (2190) electrical degrees around the stator, 

and the phase angle between the two currents, which is typically (22)90  

electrical degrees is adequate to produce an imperfect rotating magnetic field sufficient 

to start the motor on (23)higher  torque loads. The motor is reversed by 

reversing the connections on (24)auxiliary winding. 

 

SECTION C 
SEE TEACHER SOULTION  

1. A single phase 240 volt 50 hertz 4 pole split phase motor runs at rated 
speed of 1425 r.p.m. For full load determine:- 

a) the synchronous speed of the motor; (1 500 r.p.m.) 
b) the slip speed; (75 r.p.m..) 
c) the slip percent; (5%.) 
d) the rotor frequency. (2.5Hz) 

 

 
 

SECTION D. 

1. Figure 1 represents some torque speed curves for a single phase split 
phase induction motor. 

a) Which curve represents the torque speed characteristic for the main 
winding only. 

B 
 

b) If the centrifugal switch opens when the slip is 25 percent trace on the 
curves the total torque speed characteristic for the motor showing the 
transition from start to run condition. 
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Figure 1 

2. Figures 2(a) and (b) show the windings and centrifugal switch for a single phase 

split phase motor. Complete the circuit to show the connections for both forward 

and reverse rotations. 
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CAPACITOR & SHADED POLE MOTORS 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The capacitor start induction motor has a capacitor connected:- 

a) in series with the auxiliary winding during starting; 
b) in series with the running winding during starting; 
c) in parallel with the main winding during starting; 
d) in parallel with the start winding during starting. 

2. The single phase induction motor that is commonly used to drive cooling 
fans in small appliances is the:- 

a) permanently split capacitor motor; 
b) shaded pole motor; 
c) series universal motor; 
d) split phase induction motor. 

3. A capacitor start induction motor has an open circuited capacitor. The motor will:- 

a) start with reduced torque; 
b) fail to start; 
c) start normally but stop when the centrifugal switch operates; 
d) start in the reverse direction. 

4. Impedance protection of shaded pole motors:- 

a) reduces overheating when stalled; 
b) reduces the starting current; 
c) reduces unwanted tripping of overload devices; 
d) limits motor current on no load. 

5. Electrolytic capacitors are used in starting circuits:- 

a) because of their low leakage current; 
b) because of their small size; 
c) because they are continuously rated; 
d) because of their high dielectric strength. 

6. If the centrifugal switch on a split phase motor goes permanently open circuit:- 

a) the motor will not start; 
b) the start winding will burn out; 
c) the start capacitor will burn out; 
d) starting torque will drop to about half of normal value. 

 

 

 

 
 

 



 

7. The shading coils on a shaded pole motor are used to:- 

a) cause the flux to move across the pole face; 
b) reduce the noise of the motor; 
c) prevent the rotor "poling" or "cogging" with the stator; 
d) allow the motor to be reversed easily. 

8. A starting switch is not required in:- 

a) a capacitor start, capacitor run motor; 
b) a split phase motor; 
c) a capacitor start motor; 
d) a shaded pole motor. 

9. The single phase motor which would produce the highest starting torque 
when compared to other motors of a similar rating is the:- 

a) split phase capacitor start; 
b) shaded pole; 
c) split phase; 
d) universal. 

10. On a capacitor start, capacitor run induction motor the start capacitor 
may be identified as having:- 

a) the lower capacitance and a continuous rating; 
b) the higher capacitance and a continuous rating; 
c) the lower capacitance and a short term rating; 
d) the higher capacitance and a short term rating. 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The split phase motor has a maximum phase angle between the main and auxiliary 

winding currents of approximately (1)90 degrees. This angle is increased to 

approximately (2)90 degrees to produce improved starting characteristics by 

connecting a capacitor in (3)series with the (4)starting winding. This 

makes the current in the start winding       (5) more than       the current in the run 

winding. There is a large      (6)   increase    in starting torque due to the addition of 

the capacitor during starting, while the torque produced is the same as the split phase 

motor 

  (7)after the switch has operated, which occurs at about   (8)75   

percent of synchronous speed. As with any induction motor, the initial starting current 

of the capacitor start motor is (9)higher and decrease(10) 

 as the motor accelerates to its operating speed. In larger motors the centrifugal 

switch may be replaced with a current relay with it's coil in series with the (11)

 starting winding. 

 

 



 

 
 

 

The relay closes when the start current is (12)increases and opens when motor 

speed (13)up  and current (14)reduce  . 

In the capacitor start, capacitor run motor the run capacitor has a lower(15)  

value of capacitance than the start capacitor. The start capacitor is only connected in 

  (16)series with the (17)auxiliary winding during starting, being open 

circuited by the centrifugal(18) switch at about  (19)75 

 percent slip. The run capacitor is left connected in 

 (20)series with the (21run ) winding at all times 

the motor is running. 

The (22)split phase motor has two identical windings 

displaced by (23)90  electrical degrees around the stator. 

The (24)capacitor may be connected in series with either 

winding depending on the desired  _(25) direction of 

rotation. 

In the (26)shaded pole motor, a short circuited turn of copper, or "shading coil", 

is fitted around one tip of each pole of the motor. This causes flux changes in the 

shaded part o the pole to occur   magnetisation(27)

  the same changes occur in the rest of the pole. As a result flux 

moves  to(28) the shaded side of the pole, creating a small torque in that 

direction. To reverse a shaded pole motor the shaded ring(29)

 must be 

  (30)refitted  in the stator. 
 

 

 

SECTION C 
SEE TEACHER SOLUTION 

1. A single phase 240 volt 50 hertz capacitor start induction motor has a run 
winding which takes 4 amperes at 0.6 lag power factor at start while the start 
winding/capacitor takes 3 amperes at 0.8 lead power factor. Determine:- 

a) the phase angle of each current and the angle between them; 
(53.1Olag, 36.9Olead, 90O) 

b) the total current taken by the motor at starting. (5A.) 
c) the voltage across the 35uF capacitor. (273V.) 

 

 

 

 

SECTION D. 

1. This question relates to the motor illustrated in Figure 1 below. 

a) Identify the type of motor illustrated in Figure 1. 
b) Identify the parts of the motor labelled A, B, C and D. 
c) Is the direction of rotation of the motor clockwise or anti-clockwise? 
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Figure 1 

2. Figures 2(a) and (b) show the windings and capacitor for a permanent split 
capacitor motor. Complete each circuit for different directions of rotation. 
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 SERIES UNIVERSAL MOTORS  

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. A single phase motor rated at 240 volt, 500 watt, 6000 r.p.m., 3 amperes, 
50 Hz would be:- 

a) a split phase motor; 
b) a shaded pole motor; 
c) a series universal motor; 
d) a permanent capacitor motor. 

2. Voltage speed control of a constant torque load may be used with:- 

a) shaded pole motors; 
b) split phase motors; 
c) capacitor start motors; 
d) series universal motors. 

3. The series universal motor is reversed by:- 

a) reversing the supply connections; 
b) reversing the armature and field connections; 
c) physically reversing the rotor in the field; 
d) reversing the armature connections. 

4. A series universal motor driving a constant torque load has its armature 
voltage reduced from 200 volts to 100 volts using a series resistor. The 
result will be:- 

a) motor speed will remain unchanged; 
b) motor speed will double; 
c) motor speed will drop to half rated speed; 
d) motor current will decrease to half rated current. 

5. The motor used in most mains powered portable hand tools is the:- 

a) shaded pole motor; 
b) split phase motor; 
c) capacitor start motor; 
d) series universal motor. 

6. A series universal motor is identified by:- 

a) its universal 
b) its commutator 
c) its series winding 
d) its nameplate 

 

 
 



 

 
 

7. The most commonly used motor for a 240 volt single-phase vacuum cleaner is:- 

a) split phase type; 
b) universal type; 
c) capacitor start type; 
d) shaded pole type. 

8. A starting switch is not required in:- 

a) a capacitor start, capacitor run motor; 
b) a split phase motor; 
c) a capacitor start motor; 
d) a series universal motor. 

9. A small shaded pole fan motor has new coils fitted to change the voltage 
rating of the motor. When re-assembled the fan rotation is reversed. This is 
most easily rectified by:- 

a) removing the new coils and turning them over; 
b) reversing the current in the motor winding; 
c) reversing the current in the shading coils; 
d) turning the rotor end for end. 

10. For a given load the constant speed of a motor occurs when:- 

a) the input power is equal to the output power; 
b) the efficiency of the motor is at a maximum; 
c) the motor output torque equals the load input torque; 
d) the motor slip is at a maximum. 
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SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The series universal motor has a (1)high starting torque. As the motor 

accelerates the back emf (2)reduce  causing 

the motor current to (3)increase  which (4)equal the 

strength of the stator and armature magnetic fields 

  (5)increase torque and (6)increase

 speed. The motor will continue to accelerate until it reaches a speed at which 

the developed (7)torque equals that required by the load. If the load on the 

motor increases the motor speed 

  (8) , decrease (9) , motor current (10)recrease , 

producing (11)more   flux and (12) 

higher  

torque to meet the increase in 

load. The speed of the series universal motor is (13)high on no load and very 

  (14)reducecd on heavy loads. 

In the universal series motor both the armature and field are laminated to reduce 

  (15)eddy current  loss and made from 

silicon steel to reduce (16)iron loss. The 

field windings and armature are connected in (17)series but as the armature has 

two parallel circuits between the brushes the armature conductors may be 

  (18)larger than the field conductors. If an open circuit occurs in an armature coil 

this will cause  (19)spark at the commutator as the brush shorts out the open 

circuited coil. 

 

 
SECTION C 
SEE TEACHER SOLUTION 

1. A 240 volt series universal motor has a total winding/armature impedance 
of 60 ohms. Determine:- 

a) the current taken by the motor at starting; (4A) 
b) the current taken by the motor when armature back emf is 120 volts. (2A.) 
c) the armature back emf when the motor takes rated current of 1.5 

amperes; (150V) 
d) the starting torque as a percentage of rated torque if torque is 

proportional to current squared; (711%) 

2. A 240 volt series universal motor drives a constant torque load at rated load 
and rated current of 7 amperes at 4 000 r.p.m. If speed is to be reduced to 2 
500 r.p.m. determine:- 

a) the voltage required (hint: at constant torque, speed is 
proportional to voltage);(150V) 

b) the value of series resistance required to drop motor voltage 

to this value.(12.86) 
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SECTION D 

1. The performance curves for a 240V, 50Hz, 45 watt single phase motor are 
shown below in Figure 1. From these curves estimate the following:- 

a) starting torque; 
b) full load torque; 50 
c) full load 

current; 

d) full load speed; 40 

e) breakdow
n torque; 

f) number of 30 
poles; 

g) slip speed at full 
20 

load. 
 
 

10 
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Figure 1. 

 

2. For the current directions given in the series universal motor of Figure 2 
determine and show:- 

a) the polarity of the field poles; 
b) the direction of the armature flux and pole location; 
c) the direction of rotation of the motor. 
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 ALTERNATORS – PART 1  
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. Alternators are generally run at a constant speed to maintain:- 

a) a constant output voltage; 
b) a constant load current; 
c) maximum efficiency; 
d) a constant output frequency. 

2. Low speed rotating field alternators 
use:- 

a) salient pole rotors with many poles; 
b) cylindrical rotors with many poles 
c) salient poles rotors with two poles 
d) cylindrical rotors with two poles 

3. The armature winding in a rotating field alternator is placed:- 

a) in slots in the laminated stator core; 
b) in slots in the solid stator core; 
c) in slots in the laminated rotor core; 
d) around the poles on the solid rotor core. 

4. Most three phase alternators have their armature windings:- 

a) connected to a d.c. supply for excitation; 
b) connected to an a.c. supply for excitation. 
c) connected in star to allow earthing of the star point; 
d) connected in delta to increase the generated output voltage. 

5. Cylindrical rotors are used in 50 Hz alternators with:- 

a) many poles driven at high speed; 
b) few poles driven at high speed; 
c) many poles driven at low speed; 
d) few poles driven at low speed. 

6. A suitable rating for a 50 hertz three phase alternator required to deliver a 
balanced line current of 100 amperes to a 400 volt delta connected load at 0.8 
lag power factor would be:- 

a) 40 kVA 



 

b) 32 kW 
c) 70 kVA 
d) 55 kW 

 

 
 



 

 

Tutorial  
 

 

7. The armature winding in an alternator is rewound with the number of turns in 
each coil increased by twenty percent. This will:- 

a) increase the output current by 20%; 
b) increase the output voltage by 20%; 
c) increase the kVA rating by 40%; 
d) all of the above. 

8. An alternator, and it's excitation generator are shown in Figure 1. The 
output voltage of the alternator is adjusted by:- 

a) adjusting the field current in the 
d.c. generator; 

b) adjusting the speed of the 
d.c. generator; 

c) adjusting the three phase 
alternator supply voltage; 

d) adjusting the number of turns in 
the alternator field. 

9. The open circuit characteristic of an alternator shows how:- 

a) generated voltage varies with field current; 
b) frequency varies with field current; 
c) generated voltage varies with frequency; 
d) speed varies with frequency. 

10. Large alternators place the high voltage a.c. armature winding on the stator. 
This is because - 

a) this winding is larger than the field winding and the stator has more room; 
b) high voltage windings are easier to insulate if they are not rotating/vibrating; 
c) this allows the use of two low current slip rings rather than four high 

current ones; 
d) all of the above. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Alternators Part 1   
 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The three phase armature windings in alternators are generally connected in 

  (1) .Star 

The windings of three phase alternators are spaced (2)120 electrical degrees 

apart. 

The field windings of an alternator are connected to a (3)dc supply. 

In a low speed rotating field type 50 Hz alternator the field system would have a 

  (4)large number of poles and the rotor would be of the (5)salient type. 

The open circuit characteristic of an alternator shows the change in

 (6)terminal  voltage 

when the (7)excitation current 

is changed. 

Small alternators may be of the rotating  (8 armature type while large alternators 

are normally of the rotating (9)field type. 

The frequency of the emfs produced by an alternator is directly proportional to 

  (10)speed  and pole(11) . 

Cylindrical rotors are generally used in (12)high speed alternators and 

normally have a (13)small number of poles. 

When the rotor in a 6 pole alternator has completed one revolution it will have 

generated (14)6 complete cycles and passed through (15)1080  

electrical degrees. 

If a star connected alternator in a power station is generating 15kV in each winding the 

output line voltage will be (16  25.9 kV. 

The winding in the alternator that generates the output voltage is termed the 

  (17)voltage winding, regardless of whether it is on the rotating or stationary 

part of the machine. 

The generated voltage of an alternator may be increased by (18)speed  the 

  (19)excitation flux . 

In a star connected alternator the phase angle between the phase and line voltages is 

  (20)30 degrees. 
 

 

 

 

 

 

 

 

 



 

 

 



 

 

SECTION C 
SEE TEACHER SOLUTION 

1. At what speed must a 24 pole 50Hz alternator in a Hydro-electric power 
station be driven? (250 r.p.m.) 

2. How many poles would be required on a 25Hz alternator running at 375r.p.m.?
(8 poles) 

3. Is it possible to design a 50Hz alternator that runs at 1200 r.p.m.?. Explain 
your answer. 

4. A three phase star connected 50Hz alternator is to be used as an emergency 
supply with an output line voltage of 11kilovolts. What voltage must be 
generated in each phase winding? (5.6kV). 

5. A 2 pole, 50 Hz, three phase, star connected alternator has a winding 
constant of 0.97, a flux per pole of 81.mWb and 364 turns in the windings of 
each phase. Determine:- 

a) the speed of rotation of the alternator; (3 000r.p.m.) 
b) the generated phase voltage; (6 350V.) 
c) the output line voltage. (11 000V.) 

SECTION D 

1. Name the curves shown in Figure 2. 

2. Why are there two curves in the graph? What does each curve represent?. 

3. Starting from zero amperes how far must field current be increased to give an 
output voltage of 250 volts? 

4. Will generated voltage drop to zero volts when field current is reduced to 
zero amperes? Give reasons for your answer. 
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 ALTERNATORS – PART 2  
SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The efficiency of an alternator is the ratio of:- 

a) kVA output to kVA input; 
b) kW output to kW input; 
c) kVA output to kW input; 
d) kW output to kVA input; 

2. The terminal potential difference of a three phase 50 hertz alternator is 
adjusted to the required value by means of:- 

a) altering the field excitation; 
b) changing the speed 
c) using a tapped winding; 
d) adjusting the number of poles. 

3. Modern large alternators use hydrogen cooling. This is done to:- 

e) prevent the windings from oxidising; 
f) reduce the rotational losses in the machine; 
g) reduce the load on the alternator bearings; 
h) reduce air pollution caused by arcing. 

4. Alternators are connected in parallel to:- 

a) increase the output voltage supplied to the load; 
b) increase the output current supplied to the load; 
c) allow two alternators to be driven by one prime mover; 
d) because two small alternators are more efficient than one large one. 

5. As the power factor of a constant current load with a lagging power 
factor is improved towards unity power factor the t.p.d. of the alternator 
will:- 

a) increase; 
b) decrease; 
c) remain unchanged; 
d) depend on load frequency. 

6. Alternators are rated in terms of:- 

a) speed and voltage; 
b) current and voltage; 
c) voltage and kVA; 
d) voltage and kW. 

 

 
 



 

 

7. An alternator normally designed with a high voltage regulation to:- 

a) control output voltage; 
b) limit short circuit current; 
c) reduce losses in windings; 
d) limit open circuit speed. 

8. If the terminal voltage on an alternator increases as load increases the type of 
load is a:- 

a) modern highly efficient load; 
b) lagging power factor load; 
c) unity power factor load; 
d) leading power factor load. 

9. The load characteristic of an alternator shows the manner in which the:- 

a) excitation varies with load; 
b) speed varies with excitation; 
c) t.p.d. varies with load; 
d) t.p.d. varies with excitation. 

10. Armature reaction in an alternator causes:- 

a) a reduction in torque due to load current; 
b) a change in field flux as load power factor changes; 
c) an increase in armature speed as load increases; 
d) a decrease in armature speed as load increases. 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

The percentage rise in terminal voltage of an alternator when full load is removed is 

called it's (1)Regulation . 

The load characteristic of an alternator is a graph showing the variation in terminal 

voltage when a change occurs in the (2)load current. 

The effect of armature reaction in an alternator supplying a lagging power factor load 

is to (3)decrase the t.p.d. compared to an equivalent unity power factor 

load. 

Variations in t.p.d. which may occur due to changes in load on an alternator are 

minimised by the use of (4)voltage regulator . 

Voltage regulation of an alternator is the difference between no-load voltage and full- 

load voltage expressed as a percentage of (5)full load voltage. 

 

 

 



 

 
 

 
 

When operating alternators in parallel the load share of one alternator may be increased 

by increasing the (6)excitation on the (7)field . 

When the rotor in a 6 pole alternator has passed through one complete revolution it has 

completed (8)1080 electrical degrees. 

Alternators are rated in kVA rather than kW because the voltage and kVA rating can 

be used to determine the maximum (9)load _ that the (10)machine

 can withstand.. 

The output voltage of an alternator is maintained constant as load current changes by 

using a (11)regulator to monitor 

output voltage and adjust (12)excitation

 . 

 

SECTION C 
SEE TEACHER SOLUTION 

1. An alternator has a t.p.d. of 415 volts when delivering full load at unity 
power factor. Calculate the no load t.p.d. if the alternator has a voltage 
regulation of 13 percent. (468.95V) 

2. A three phase 6 600 volt alternator supplies a current of 2 200 amperes at full 
load. Determine:- 

a) the rated kVA output; (25.15MVA or 25 150kVA) 
b) the output power at 0.8 lagging power factor. (20.1MW or 20 100kW) 

3. An alternator with a full load t.p.d. of 415 volts has the terminal voltage 
increase to 499 volts on no load. Determine the percentage voltage regulation 
for the alternator. (20.24%) 

4. The terminal voltage of a 70MVA, three phase, 50 hertz, star connected 
alternator is 11.7kV. If the armature winding has a breadth factor (k) of 0.956 
and the armature winding has 16 turns per phase determine:- 

a) the maximum flux per pole; (1.98Wb) 
b) the full load current rating of the alternator. (3 454A.) 

5. The 70MVA alternator in the previous question has an efficiency of 92 percent 
when operating at full load and 0.8 power factor. Determine the power output 
of the prime mover at this load. (60.87MW) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

SECTION D 

1. For the alternator load characteristic curves shown in Figure 1:- 

a) indicate whether curve A, B and C are lagging, leading or unity power 

factor; A:- power factor; 

B:- power factor; 

C:- power factor; 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

SYNCHRONOUS MOTORS 
 

SECTION A 

In the following statements one of the suggested answers is best. Place the identifying 

letter on your answer sheet. 

1. The speed of a synchronous motor:- 

a) depends on supply frequency; 
b) depends on the size of load; 
c) depends on both frequency and load; 
d) is constant regardless of frequency and load; 

2. The operating power factor of a synchronous motor:- 

a) is affected by phase sequence of the supply: 
b) is affected by field excitation; 
c) is constant regardless of any changes; 
d) improves as load increases. 

3. "Normal excitation" of a synchronous motor at full load:- 

a) is the rated field current on the nameplate; 
b) gives minimum power factor and maximum current; 
c) gives minimum power factor and minimum current; 
d) gives unity power factor and minimum current. 

4. Synchronous motors develop a torque by:- 

a) electromagnetic induction between stator and rotor; 
b) mutual induction between stator and rotor; 
c) attraction between stator and rotor fields; 
d) stator field hunting the rotor field. 

5. The advantages of operating a synchronous motor with "over excitation" are:- 

a) increased pull out torque and increased power factor; 
b) decreased line current and a leading motor power factor; 
c) decreased line current and a leading motor power factor; 
d) increased pull out torque and a leading motor power factor. 

6. The "V Curves" of a synchronous motor show how:- 

a) line current and speed vary with excitation; 
b) line current and power factor vary with excitation; 
c) speed and power factor vary with load; 
d) line current and power factor vary with load. 

 

 

 

 
 



 

 

7. "Pull out torque" of a synchronous motor:- 

a) may be increased by increasing excitation current in the field; 
b) is the maximum torque produced during starting; 
c) varies with variations in load; 
d) decreases as motor speed increases. 

8. An "under excited" synchronous motor would operate with:- 

a) a leading power factor at more than synchronous speed; 
b) a leading power factor at synchronous speed; 
c) a lagging power factor at synchronous speed; 
d) a lagging power factor at less than synchronous speed. 

9. Synchronous motors are:- 

a) all self starting and produce high starting torque; 
b) started as induction motors or with a pony motor; 
c) started as a d.c. motor by connecting d.c. to the stator; 
d) started as a slip ring motor by connecting a.c. to the rotor. 

10. Damper windings or amortisseur windings are used in synchronous motors to:- 

a) start the motor and reduce hunting on reciprocating loads; 
b) reduce the amount of direct current required in the field windings; 
c) reduce the amount of current taken from the supply during starting; 
d) bring the motor to a stop quickly after being turned off. 

 

 

NOTE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SECTION B 

Blank spaces in the following statements represent omissions. Write the appropriate 

information on your answer sheet. 

As load on a synchronous motor increases the load or torque angle will 

  (1)increase . This angle is the angle 

between the centres of (2)stator and 

  (3)rotor poles. 

The term "synchronous capacitor" is used to describe a (4)synchronous

 motor which has been (5)over excited. 

If the exciter is used to bring the synchronous motor up to speed it is necessary to have 

a separate (6)field supply. 

A three phase synchronous motor may be started as an induction motor if the motor is 

fitted with (7)shorted circuited windings. 

If a pony motor is used to bring a synchronous motor up to speed it is necessary to start 

the motor on (8)no load or have a (9)connected  between the motor 

and load. 

The synchronous induction motor uses a rotor similar to a _ (10)slip ring 

 motor, is started with (11)Shorted slip 

rings  connected in the rotor circuit, which is disconnected and 

reconnected to a  (12) three phase winding  when close to 

synchronous speed. 

The stator winding of the synchronous motor, when connected to a three phase supply, 

produces a (13)rotating magnetic field at

 synchronous(14) speed. 

A three phase synchronous motor with a four pole salient pole rotor would have 

  (15)3 slip rings, and a stator winding which produces a

 (16rotating)  pole 

field. 

A synchronous motor is one in which the rotor normally rotates at the same speed as the 
revolving field in the machine. The stator is similar to that of an induction machine 
consisting of a cylindrical iron frame with windings, usually three-phase, located in slots 
around the inner periphery. 

SECTION C 
SEE TEACHER SOLUTION 

1. A four pole synchronous motor is connected to a 60Hz supply. Determine the 
speed of the motor. (1 800 r.p.m.) 

2. A three phase four pole 415 volt synchronous motor takes a current of 75 
amperes at full load with normal excitation while driving a 50kW load. 
Determine:- 

a) the input power to the motor; (53.91kW) 



 

b) the efficiency of the motor under these conditions; ( 92.75%) 
c) the speed of the motor; (1 500r.p.m.) 
d) the torque delivered to the load at normal excitation; (318.3Nm) 
e) the current taken if excitation is reduced until power factor is 0.8 

lagging. (93.75A) 
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SECTION D 

1. For the curves drawn for a three phase synchronous motor shown in Figure 1:- 

a) What do we call this family of curves? 
b) Use the labels on the curves (A, B, C, and D) to indicate which curve is:- 

i. the curve of power factor vs field current for no load; 

ii. the curve of power factor vs field current for full load; 

iii. the curve of stator current vs field current for no load; 

iv. the curve of stator current vs field current for full load. 

c) What is the value of field current for the motor at normal excitation on full 
load? 

d) What is the value of stator current taken by the motor at normal 
excitation on no load? 

e) If the field current is 4 amperes while the motor is driving full load:- 

i. What is the stator current taken?    35 

ii. What is the power factor?  0.8 

iii. Is the power factor leading, lagging or unity? Leading 

iv. Is the motor under, over or normally excited? Over 
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The run or “main” winding has the most inductance because it lays in the bottom of the stator 

slots where it's magnetic flux links with the heaviest iron in the stator laminations..18 Oct 2017 

 

How does impedance protected motor work? 

 

Impedance protected motors are designed with higher impedance in the motor 
windings so that even if the motor locks, the increase in current (input) will be 
minimized and temperature will not rise above a certain level. 
 

Run capacitors are designed for continuous duty while the motor is powered, which is why 

electrolytic capacitors are avoided, and low-loss polymer capacitors are used. Run capacitors are 

mostly polypropylene film capacitors (historically: metallised paper capacitors) and are energized 

the entire time the motor is running.[1] Run capacitors are rated in a range of 1.5 to 100 µF, with 

volt classifications of 250, 370 and 440 V 

https://en.wikipedia.org/wiki/Polymer_capacitor
https://en.wikipedia.org/wiki/Film_capacitor
https://en.wikipedia.org/wiki/Motor_capacitor#cite_note-LAgov-1


 

 

In capacitor start motor, value of capacitor is quite large, not 

possible with oil filled or other type in reasonable size or 

economically feasible. Values can range normally anywhere from 

40 mfd to 220 mfd, or even higher. Electrolytic capacitors are 

cheaper and small enough for this application.4 Oct 2 

 

How does voltage affect motor speed? 

 

Input Voltage: For a fixed load, the speed of the motor is affected by the applied 
voltage. Increase in voltage = increase in speed. Load Torque: For a fixed voltage, 
the speed of the motor is inversely affected by the load. 
 

The torque of a synchronous motor is produced by the phase 

difference between the rotating magnetic field and the rotor. The 

torque is low when there is a small phase difference between the 

rotating rotor and the rotating magnetic field. 

 

Because of hysteresis the phase of the magnetization lags behind the phase of the applied 

field. Thus the axis of the magnetic field induced in the rotor lags behind the axis of the 

stator field by a constant angle δ, producing torque as the rotor tries to "catch up" with the 

stator field. 



 

 

  BASIC RELAY CIRCUITS  
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. The three main parts of a relay are the coil, the iron core and the contacts. Draw a 

diagram showing the basic construction of a relay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2. Briefly explain the function of each of the three main parts of a relay.  

3. a Relay is also a switch that connects or disconnects two 

circuits. But instead of a manual operation, a relay uses 

an electrical signal to control an electromagnet, which in 

turn connects or disconnects another circuit. a) 

 

b) 
 

 

c) 
 

 
 

4. Explain the meaning of a relay being: 

a) de-energised – relay is deactivated when the power supply fails and the 
NO contact opens 

5.  
 
 

 

 

https://www.electronicshub.org/relay-wiring-diagram/


 

a) energised. - 
 

if a relay is “normally energised”, this means that the relay is energised (powered up) during 
normal operation, while “normally de-energised” refers to a relay that is de-energised (not 
powered up) during normal operation. 
 

 
 

 



 

 

6. Draw the Australian Standard drawing symbol for each of the following components: 
 

normally open pushbutton 

 

normally closed pushbutton 

 

normally open relay contact 

 

normally closed relay contact. 

 

 
7. Explain the difference in operation between a manual switch and a pushbutton 

switch. 

What is the difference between manual switch and push button switch? 
Both pushbuttons and switches are actuated to allow a controlled flow of current. A 
switch remains in its position after being actuated. A pushbutton, on the other hand, 
jumps back to its initial position and is thus only the pulse generator. The difference 
therefore lies purely in the mechanism underlying both. 

 

 
 

8. What is the purpose of using a latching contact in a relay circuit? 
 

It is used in applications where we need to control a very large electric current 
using a very small current. The latching relay coil consumes power only during 
switching ON and even after releasing the switch, its movable contacts remain 
in the switching mode position. 

 

9. Using semi-detached symbols, draw a circuit diagram for the circuit that operates in 

the following manner: 

 Closing a manual switch S1 energises a relay coil R 

 energising the relay coil causes a pilot light L1 to turn on via a set of relay contacts R1 

 energising the relay coil causes a pilot light L2 to turn off via a set of relay contacts R2 
 

                                

                                

                                

                                

                                



 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 



 

 
 

10. Draw the circuit diagram for the circuit that operates in the following manner: 

a) the coil of a relay R/4 has on/off control provided by two pushbuttons S1 and S2 

b) when the relay is de-energised lamp L1 is to be on and lamp L2 is to be off 

c) the relay has two normally open and two normally closed contacts 

d) when the on pushbutton (S1) is pressed the relay is to be held in the energised 

condition by a latching contact. 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 
11. What is the purpose of wire numbering as used on a circuit diagram? 

 
 

 
 

 

 



 

1 
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S1 S2 

2 3 3 4 4 5 

2 3 

2 6 6 

L1 
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2 7 7 

L2 

5 
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12.  Describe the operation of the circuit shown in figure 1. Assume the circuit is 

originally de-energised. 

 

 

A N 
5 

 
 

F1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
 

                    S1 is pressed , Current reaches Point 3, when S2 is pressed, Relay R/3 is energized. 
 

              R3 close the contactors so the current follows into L1 and L2  

             L1 and L2 on  

              The circuit is to be off by releasing S1 or S2 or both  
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  RELAY CIRCUITS & DRAWING CONVENTIONS   

 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. List five factors that must be considered when selecting a control relay. 

2. Size. 

3. Switching speed & frequency. 

4. Mechanical durability. 

5. Surge current durability. 

6. Voltage rating. 

7. Operating environment. 

8. Isolation between control & load circuits. 

9. Multiple contacts. 

10.  

i.    

ii.    

iii.    

iv.    

v.    
 

11. Briefly explain the advantages of detached relay symbols. 
 

Detached Relay” mode implies that I can trigger a scene based upon the switch(es) changing state, 
 

he states of external switches and relay are separated, so operating the external switch button won't affect relay 

state 
 

12. A relay is labeled What does the number 3 identify? 
 

                                    It is 3 contactors 
 

13. What are the two acceptable methods for the drawing of circuit diagrams and what 

are the drawing conventions applicable to each? 

i.  Schematics Diagram  
 

 

ii.  Wiring Diagram  
 
 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

14. Using detached relay symbols draw the circuit diagram for a start-stop station 

controlling a control relay CR. The control relay is to control a second relay R1. 

Relay 1 is to be energised when the control relay CR is de-energised and de-energised 

when the control relay CR is energised. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 
15. Using the grid on the next page convert the circuit diagram shown in figure 1 to a 



 

AC Supply 
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start 
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stop 
S2 

2 3 

   

4 

A 

3 5 

A1 

A2 

A3 

L1 

6 

L2 

7 

circuit diagram that has a vertical layout. 
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Figure 1 
 

 
 

 



 

 
 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 
 

 
 

 



 

REMOTE STOP-START CONTROL & 

  ELECTRICAL INTERLOCKING  
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. If a number of start pushbuttons are to be connected into a control circuit, how must 

the start buttons be connected with respect to one another? 

                                 In parallel 
 

 

2. If a number of stop pushbuttons are to be connected into a control circuit, how must 

the stop buttons be connected with respect to one another? 

                                      In series 
 

 

3. What is meant by the term start-stop station? 
 

                                       A circuit that features a single push button built-in for powering on and off 

electric equipment, including machines or motors. 

 
 

 
 

4. What is the purpose of electrical interlocking? 
 

An electrical interlock is an interlock that is used to restrict current flow 
between two or more devices. These types of interlocks use normally open 
and normally closed contacts to prevent another device from turning on. 

 

5. Draw the circuit diagram of a relay controlled from a single start-stop station. Once 

energised the relay is to latch. 

6.  

 
                                

                                

                                

                                



 

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 



 

 

7. Draw the circuit diagram of a relay controlled by both local and remote start-stop 

stations. Once energised from either location the relay is to latch. 

 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 
8. Draw a circuit diagram showing how two relays can be interlocked, such that only 

one relay can be energised at any one time. In your diagram you need only show the 

coils of the two relays and the interlock contacts. 

 
 

 

 
                                

                                

                                



 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 
 

9. Draw the circuit diagram for a circuit that has to operate as follows - 

 S1, S3 and S5 are normally open pushbuttons 

 S2, S4 and S6 are normally closed pushbuttons 

 pushbuttons S1 and S2 provide start-stop control for relay R1 

 when relay R1 is energised lamp L1 turns on 

 pushbuttons S3 and S4 provide start-stop control for relay R2 

 relay R2 is also controlled by a remote start-stop station, comprised of S5 and S6. 

 when relays R1 & R2 are de-energised, lamp L2 turns on 

 

Use a horizontal layout and include on your diagram wire numbers, line numbers and 

relay brackets. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 
 



 

 

10. Draw the circuit diagram for a circuit that has to operate as follows - 

 when power is first applied to the circuit and before any pushbutton is pressed, all 
relays will be de-energised, lamps L1 and L2 will be off and lamp L3 will be on 

 relay R1 will be energised by pressing pushbutton S1 and de-energised by 

pressing either pushbuttons S2 or S3 

 lamp L1 will light when relay R1 is energised 

 relay R2 will be energised by pressing pushbutton S4 

 relay R2 can only be energised if relay R1 is already energised 

 if relay R2 is energised, it will remain energised if relay R1 is de-energised 

 to de-energise relay R2, pushbutton S5 must be pressed 

 lamp L2 will turn on when relay R2 is energised 

 lamp L3 will turn off when relay R2 is energised. 
 

Use a horizontal layout and include on your diagram wire numbers, line numbers 

and relay brackets. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 
 

 
 



 

  FAULT FINDING ELECTRIC CIRCUITS   
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. List four commonly used items of test equipment used to test and fault find electrical 

control circuits? 

 
 

 Voltmeter (Measures voltage) 

 Ohmmeter (Measures resistance) 

 Ammeter, 

 Continuity tester 

 

 

 
 

2. What instrument is used to measure insulation resistance? 

 

                               IR tester 
 

3. what is the minimum acceptable insulation resistance for - 

a) general wiring   1M Ohm   

b) motor windings  1M Ohm  

c) heating elements  0.01 M Ohm  
 

4. When using an ohmmeter to measure the resistances associated with a control circuit, 

what value of resistance would you expect to measure for - 

a) the coil of a working relay  between 50 ohms and 200 ohms.  

b) a set of normally open relay contacts  Infinity  

c) a set of normally closed relay contacts  Zero  

d) a blown fuse  Infinity  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

5. List five things that can be done within control circuits to prevent the occurrence of 

faults? 

 

 Inspect ywiring regularly for damage. 

 Have a dedicated circuit for energy-intensive appliances such as air conditioners. 

 Don't overload a circuit with too many connections or by piggybacking powerboards onto 
powerboards. 

 Regularly inspect switchboard for faults. 

 Protective relays and relaying systems detect abnormal conditions like faults in electrical 
circuits and automatically operate the switchgear to isolate faulty equipment from the 
system as quick as possible. This limits the damage at the fault location and prevents the 
effects of the fault spreading into the system. 

 

 

 

 

 
 

6. What type of fault is most likely if a circuit breaker, protecting a control circuit, 

repeatedly trips when reset? 

 

Ground Fault SurgesWhen this happens, an excess flow of electricity will 
generally occur, which in turn causes the circuit breaker to trip. These kinds of 
electrical issues are not only inconvenient and dangerous, but they are also 
annoying. If your breaker trips often, it puts your home at risk of an electrical 
fire 

 

7. Can the condition that is open or closed, of a set of relay contacts, be checked in 

circuit using an ohmmeter without firstly disconnecting at least one connection to the 

contacts? If not, why not? 

No , the electricity will be present from other related parts 
 

 

8. If on opening the panel of a control circuit a distinct smell of burnt varnish is 

detected, what is a possible circuit problem or fault? 

Over heating , burn out and short circuit has occurred . 

 
 

 



 

 

 

Figure 1 
 



 

 

 

9. Determine the probable faults in the circuit of figure 1, if the following symptoms 

existed - 

a) Relay K1 will not operate when S1 is pressed. The voltage across the coil of the 

relay, with S1 pressed, is 240V. 

Open circuit of K1 
 

b) Relay K1 will not operate when S1 is pressed. A voltmeter connected between 

wires 2 and 3 measures 240V when S1 is pressed. 

S1 is open it can not be closed . 
 

c) Relay K1 will not latch after S1 is pressed. 

Latch mechanism is mal function 

  

d) Lamp L1 does not light when power is applied to the circuit. The voltage 

measured between wires 2 and 6 is 240V and between wires 2 and 7 is 240V. 

 

                                                            K 1-2 contactor is jammed and not closed 

e) Relay K2 will not operate. With relay K1 energised and S5 pressed, a voltmeter 

connected between wires 8 and 9 measures 240V. 

                                 S 6 was jammed, opened 
 

f) Relay K2 will not operate. A voltmeter connected between the coil neutral and the 

supply neutral shows a reading similar to the supply voltage when S5 is pressed. 

                                     Relay K2 was open 
 

g) The fuse blows at the instant that S1 is pressed. 

                                     Short circuit of K1 
 

h) The circuit does not operate at all. A voltmeter connected between wires 1 and 6 

shows supply voltage, when connected between wires 2 and 6 the voltmeter shows 

zero voltage. 

                                    Fuse has already blown out 
 

i) Lamp L2 does not light. A voltmeter connected across the shows supply voltage. 
 

Lamp L2 burnt out 

j) Relay K2 will not de-energise when S6 is pressed. 
 
 

 

 

 

                                   S6 was jammed 
 

 

 

 
 



 

 

 TIME DELAY RELAYS  
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. What are the names given to the two general classifications of time delay relay? 

 

Types of Time Delay Relays. ON-delay timers and OFF-delay timers are two common types of 

time delay relays and solid state timers. 

 
 

2. What is the difference between the operation of the contacts on a control relay and a 

time delay relay? 

 
 

Timing relays are similar to other relays in that they too use a coil to control 

the operation of contacts. The primary difference between a control relay and 
a timing relay is that the contacts of the timing relay delay changing their 
position when the coil is energized or de-energized.1 Dec 20 
 

3. Describe the meaning of the terms - 

a) on delay 

An on-delay time relay is a timing device that keeps contacts open or closed 
until the preset time has elapsed. After that, the contacts will close or open, 
thereby energizing or de-energizing the output. The time period for delay 
starts when an input voltage is applied to the device 
 

b) off delay, as applied to time delay relays 
 

 An off delay timer is an electrical device uses a delay function to control when a device or system is turned off. 
 

 

4. Draw the Australian Standard drawing symbols for- 
 

 

 

the coil of an on 

delay timing relay 

 

 

the coil of an off 

delay timing relay 

 

a normally-open 

contact which is 

time delayed to 

close  

a normally-closed 

contact which is time 

delayed to open 
 

a normally-open 

contact which is 

time delayed to 

re-open 
 

a normally-closed 

contact which is time 

delayed to re-close.  

 



 

 

 

 

 

 

 
 



 

 

5. List six factors that must be considered when selecting a time delay relay for a 

particular application. 

 
 

  Timer relays are very versatile in that they provide the basic switching or controlling function as 

mentioned above. Timer relays also provide timing functions in the circuit. 

 They are small in size and offer unequalled performance in their role. 

 Timer relay contacts are generally rated for 5 to 10amp resistive loads, and can often be supplied 

with solid state output contacts for lower level switching applications. 

 Timing functions for timer relays include but are not limited to: on-delay, off-delay, and 
interval/one-shot modes. 

 Due to their inherent compact size, timer relays can be implemented into a very broad range of 
applications without using up large amounts of often scarce panel space. 

 Ease of use is another benefit of timer relays, as most models are designed to plug into a socket or 
other standard connection system, thus allowing for prewiring of the connections and insertion of 
the timer relay when ready. 

 Timing values may be set by an analog dial and knob, digitally with a keypad, with dipswitches, 
jumpers, thumbwheels, or other simple means. 

 Timer relays with fixed timing values are common, for use in applications where timing set points 
are not expected or intended to be adjustable. 

 

 

 

 

 
 

 
 

6. An on-delay timer has a set of normally open contacts which are time delayed to close. 

The timer is set for a time delay of 15 seconds. State whether the contacts would be 

open or closed for each of the following conditions - 

a) prior to power being applied to the coil of the timer   Open  

b) 5 seconds after power is applied to the timer coil _    Open  

c) 20 seconds after power is applied to the coil of the timer   Close  

d) power has been removed from the coil of the timer, 

after the timer had timed out.     Open  
 

 

7. An off-delay timer has a set of normally open contacts which are time delayed to re- 

open. The timer is set for a time delay of 10 seconds. State whether the contacts would 

be open or closed for each of the following conditions – 

a) prior to power being applied to the coil of the timer Close  

b) 5 seconds after power is applied to the timer coil _  Close  

c) 20 seconds after power is applied to the coil of the timer    Open  

d) 5 seconds after power has been removed from the coil of the timer   Close  

e) 15 seconds after power has been removed from the coil of the timer.  Open  



 

 

 
 
 

 

8. Describe the operation of the circuit shown in figure 1. In doing so describe the 

condition of the four power consuming devices for each of the following conditions – 

a) power applied, but prior to S1 being pressed 
 

                                        K1 No energize,   KT energize   K2 not energized/L1 off 

 

 

b) immediately after S1 has been pressed 
 

                              K1 Energize, KT Energize, KT1 not yet closed , K2 not energize  

                            L1 still off  

 

c) immediately after S2 has been pressed 
 

                                              K1 Deenergize , KT energize, K2 not energize, L1 off 

 

 

d) 10 seconds after S2 has been pressed. 
 

                                                K1 Deenergize , KT energize, K2 not energize, L1 off 
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Figure 1 



 

 
 

9. Develop and draw the circuit diagram for a circuit that operates in accordance with 

the following - 

 relay R1 is energised and de-energised by pushbuttons S1 and S2 respectively 

 energising relay R1 allows it to latch and causes - 

o pilot light L1 to turn on, relay R2 to energise and latch, and the on-delay timer 
T1 to energise 

 after a delay of 10 seconds, the timer contacts cause relay R1 to de-energise, 

which in turn will turn off L1 and energise relay R3 

 energising relay R3 causes pilot light L2 to turn on 

 operation of pushbutton S2 will de-energise all relays and all lights. 
 
 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 



 

CIRCUITS USING CONTACTORS  
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. List the 4 major parts of a contactor. 

 
 

                        Coil. A coil is an electromagnet that generates a magnetic field when 

energized. ... 

 Contact. The contacts are the switching elements of the contactor. 

 Shell. ... 

 Auxiliary contacts. 

 

 

 
 

2. Explain the difference between a relay and a contactor? 
 
 

About 14,300,000 results (0.42 seconds)  
Search Results 

Featured snippet from the web 
The main difference between a contactor and a relay is their load capacity. 
Contactors are designed to handle high currents, typically above 15 amps, 
while relays are more suitable for low to medium current loads, usually below 
15 amps. 
 

 
 

3. Draw the Australian Standard symbols for the following parts – 

 

 
Contactor coil 

 

 
Power contacts 

Normally Open 

 

 

Auxiliary contacts 

Normally Open  

 

Auxiliary contacts 

Normally Closed 

 



 

 
TOL Heaters  

 

TOL N/C 

Auxiliary contact 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

4. List five factors that must be considered when selecting a contactor for a particular 

application. 

 

 The definition of the actual application requirements. ... 

 The inductance in the circuit. ... 

 Bidirectional applications. ... 

 Consideration of the short circuit. ... 

 Mechanical and electrical service life. 
 

 

 

 

 
 

5. List three typical applications for contactors. 
 
 

Contactors are used to control electric motors, lighting, heating, capacitor banks, thermal evaporators, 

and other electrical loads. 

 
 

6. What is the difference between a two pole, a three pole and a four pole contactor? 
 
 

A three-pole breaker is generally used on a 3-phase system and switches all three “hot legs” of the 

system and provides for short circuit and overload protection of those legs. A four-pole breaker has 

one additional pole that switches the neutral leg of the system but generally contains no protection 

for that leg and simply isolates it. A four-pole is often used where more than one source, such as a 

back-up generator, is available to provide power to a system. 
 
 
 

7. List four factors that must be considered when selecting a thermal overload for a 

particular application. 

 
 

 

• Application requirements • Cost per feature of a given technology • Willingness and ability of all parts of 

the user’s organization to embrace and implement the new technology 

capacity 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Draw the circuit diagram for a circuit that operates as follows - 

 a start-stop station is to control two, single phase, 240V heating elements - 

element A and element B 

 each element is to be switched individually by a its own contactor 

 if the total current taken by the elements becomes excessive a thermal overload 

will operate and disconnect only element A. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                



 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 
 

9. Draw the circuit diagram, including both power and control circuits, for a circuit that 

operates in accordance with the following - 

 a single phase 240V motor is to be controlled by a contactor K2 and protected by 

a thermal overload and a 10A circuit breaker 

 the control circuit is protected by a 2A circuit breaker 

 a start-stop station is used to switch a control relay K1 

 energising K1 causes a time delay relay KT to energise 

 after a time delay of 15 seconds the contactor K2 energises 

 if the thermal overload trips the entire control circuit is to be de-energised 

 a pilot light L1 is to be included to indicate when the motor is running. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                



 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  JOGGING CIRCUITS  
 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. Explain the meaning of the term jogging as applied to an electric motor. 

 

Jogging is running at a gentle pace; its definition, as compared with running, is not standard. In 
general, jogging speed is between 4 and 6 miles per hour (6.4 and 9.7 km/h). Running is sometimes 
defined as requiring a moment of no contact to the ground, whereas jogging often sustains the 
contact. 
 

2. In what type of application would you expect to find a jog circuit and explain why it 

would be used in that situation? 

 
 

A jog circuit is a circuit that allows an operator to either start the motor or “ jog ” the motor and are 

commonly used for motors controlling conveyor belts to allow for precise positioning of materials. 
 

 

 

 



 

 

3. List three different methods of achieving jog control of an electric motor. 
 
 

og Circuit with Selector Switch 

 
 

Jog Circuit with Control Relay 

 

 

Forward reverse jog 

4. What does a double pole jog button consist of and how must its contacts be arranged? 
 
 

 The double pole rocker switch is a panel-mounted device consisting of a button which, once pressed, 

remains fixed in position until further ... 
 

5. Which type of motor is more likely to be jog controlled, single phase or three phase? 

 

Three phase 
 



 

6. List six factors that must be considered when selecting a pushbutton for a particular 

application. 

 
 

1. he first is a specific type of button assembly that you actually push on a panel.  
2. The second is the general group of components, or mechanical man/machine 

interface products, which includes: Indicating Lights, Selector 
Switches, Potentiometers — and pushbuttons — by which people interact with machines. 

 

 

 

 

 



 

 
 

7. Draw the circuit diagram, both power and control circuits, for a 3-phase direct on line 

(DOL) motor starter that has the following - 

 A local start-stop control 

 thermal overload protection 

 a remote start-stop station. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

8. Draw the circuit diagram, both power and control circuits, for a 3 phase direct on line 

(DOL) motor starter that has the following - 

 start-stop control via pushbuttons 

 thermal overload protection 

 jog control via a double pole jog pushbutton. 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

9. Draw the circuit diagram, including both power and control circuits, for a circuit that 

operates in accordance with the following - 

 two 3-phase induction motors are to be individually protected using circuit 

breakers and thermal overloads 

 when power is applied to the circuit, and before any pushbuttons are pressed, 

both motors are stopped 

 motor 1 may be started and stopped by using pushbuttons S1 and S2 respectively 

 motor 2 may be started and stopped by using pushbuttons S3 and S4 respectively 

 motor 2 may also be jogged by pushbutton S5. Jog control is provided by a 

control relay 

 motor 2 cannot run or jog unless motor 1 is running 

 the available supply is 3-phase plus neutral 

 the control circuit is to be supplied with 240V. 
 
 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

CONVERTING WIRING DIAGRAMS 

  TO CIRCUIT DIAGRAMS  



 

 

Please note the following requirements in relation to tutorial work – 

 

 All diagrams are to be drawn using appropriate drawing instruments. Drawings are 

not to be freehand. 

 All circuit diagrams are to be drawn on 5mm graph paper. 

 
1. What are the functions of a wiring diagram? 

 
 

They display how the wires are connected and located in the actual device. 

They include information on wire colors, sizes, splices, and insulating 
materials, as well as the physical connectors between all the components. 
 

2. List the differences between a wiring diagram and a circuit diagram. 
 
 

A schematic shows the plan and function for an electrical circuit, but is not 

concerned with the physical layout of the wires. Wiring diagrams show how 

the wires are connected and where they should located in the actual device, 
as well as the physical connections between all the components. 
 
 

3. Why is it necessary to be able to convert a wiring diagram to a circuit diagram? 
 
 

Why is it necessary to convert a circuit diagram to a wiring diagram? 

 

A schematic shows the plan and function for an electrical circuit, but is not concerned with the 
physical layout of the wires. Wiring diagrams show how the wires are connected and where they 
should located in the actual device, as well as the physical connections between all the 
components. 

 
 

4. The conversion of a wiring diagram to a circuit diagram is usually carried out in two 

steps. What are the two steps? 
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5. Convert the wiring diagram of figure 1 to a circuit diagram. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

 

 
                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

 

 

 

 

 

 

 

 

 
 



 

 

6. Convert the wiring diagram of figure 2 to a circuit diagram. 
 

 
 

 

 

 

 

 

 

 



 

 

 

 
 

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

                                

CONTROL DEVICES  
 

SECTION A 

1. Name the six parts of a limit switch. 
 
 

Limit switches consist of an actuator with operating head, the switch body mechanism, 

and a series of electrical terminals that are used to connect the switch to the electrical 

circuit that it is controlling.19 Dec 20 

A Limit Switch is a detection switch which consists of a basic switch in a metal or resin case. The strong outer case protects the 

inside of the switch from external forces, moisture, oil, dust and dirt so that it can be used in locations that demand mechanical 

strength and environmental resistance. 
 

 

 
 

2. Why would a control circuit include limit switches? 
 
 

A limit switch can be used for controlling machinery as part of a control 

system, as a safety interlock, or as a counter enumerating objects passing a 
point. Limit switches are used in a variety of applications and environments 
because of their ruggedness, ease of installation, and reliability of operation. 
 

3. Sketch the circuit symbol for the following. 
 
 



 

Normally open 

limit switch 

 Normally open 

photoelectric cell 

 

Normally closed 

mechanical reed 

switch 

 

 

Normally open 

pressure switch 

 

Normally open 

electronic reed 

switch 

 

 

Normally closed 

temperature switch 

 
 

 
4. What is the major difference between a proximity detector (switch) and a limit 

switch? 

 

Proximity Sensors detect an object without touching it, and they therefore do 

not cause abrasion or damage to the object. Devices such as limit switches 
detect an object by contacting it, but Proximity Sensors are able to detect the 
presence of the object electrically, without having to touch it. 
 

5. What are the two classifications of proximity switches? 
 
 

Inductive proximity switches sense the presence of metallic objects through 

the use of a high-frequency magnetic field. Capacitive proximity switches 
sense the presence of non-metallic objects through the use of a high-
frequency electric field. 
 

 
 



 

 

6. What are three classifications of photo-electric detectors? 

 

There are three major types of photoelectric sensors: thru-beam, retroreflective, and 

diffused. Each sensor has its own strengths and can be used in a variety of ways. 

 
 

 

7. What is meant by the “trip setting” and the “differential setting” 

for temperature sensors? 
 
 

The trip-current setting Ir or Irth (both designations are in common use) is the current 

above which the circuit-breaker will trip. It also represents the maximum current that the 

circuit-breaker can carry without tripping. 
 
What does differential setting mean? 

 

This term is used to describe the difference in temperature between the setting on 
the thermostat which triggers the unit to turn on, and the temperature the thermostat 
is set at.9 
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