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SECTION A:

AC Theory, Circuits and Network Analysis

QUESTION 1 [6 Marks]

In the circuit shown in Figure 1, i= 1414 sin(5000t+90°)A and e =
7.071 sin(10000t — 45°) V. Find the time-domain expression for the waveform of the

voltage v.
48 1.0 mH
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Figure 1: Circuit for question 1
QUESTION 2 [10 Marks]

Obtain the Thevenin and Norton equivalent circuits for the network shown in Figure 2
between the terminals a and b. Calculate the current in a load impedance Z 1, =50460° Q

when connected across terminals g and b.

o

Figure 2: Network for question 2
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QUESTION 3 [10 Marks]

A power supply with output voltage v =2020°V at f =150 Hz with an internal
impedance Z;, = 20£20° Q is connected to terminals @ and b of the network shown in

Figure 3. What is the output current of the power supply if R = 10 Q, and C = 50 uF?
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Figure 3: Network for question 3

[26 Marks]

SECTION B

Power in AC circuits

QUESTION 4 [9 Marks]

Choose one correct answer and give a reason for your choice:

4.1 The average power absorbed by an ideal inductor is zero. A3)
(a) True

(b) False
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4.2 The Thevenin impedance of network seen from the load terminals is 80 + j55 (. For
maximum power transfer, the load impedance must be: 3)
(a) —80 + j55Q

(b) —80 — j55 Q

(¢) 80— j55Q

(d) 80 + j55Q

4.3 A source is connected to three load impedances Z,, Z, and Z; in parallel. Which of the
following is not true: 3)
(@P=P +P+P

M Q=0Q:1+Q2+03

(@) 151 = [1] + [S] + 1S3]

dS=8S+S5,+5;

QUESTION 5 [15 Marks]

Figure 4 shows a load being fed by a voltage source through a transmission line. The

combined impedance of the line and return path is 4 + j2 Q.

5.1 Find the real and reactive powers absorbed by the line and the load. (10)

5.2 Determine the impedance to be added to load for maximum power transfer. &)

I 1
. 40 20
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—f10 02

220,/0° V rms

Source —= Line

Figure 4: Network for question 5
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QUESTION 6 [12 Marks]

A 450 kW slurry pump at a plant operates for 21 days a month. The pump operates at 0.76
lagging power factor for 8 hours each morning, and then at 0.83 lagging power factor for 4
hours each night. Determine the monthly electricity bill based on the following tariff

structure.
Energy Charge: 12 cents per kWh
Power Factor penalty: 1.25% of energy charge for every 0.01 that pf falls below 0.80

Power Factor credit: 1.25% of energy charge for every 0.01 that exceeds 0.80

[36 Marks]
SECTION C:
Magnetically Coupled Circuits
QUESTION 7 [8 Marks]

Coils 1 and 2 are wound on an insulating core and are connected with via terminals B and C

in Figure 5(a), and connected via terminals B and D, in Figure 5(b).

7.1 What terms are used to describe how the coils are coupled in Figures 5(a) and 5(b)? (2)

7.2 Explain, using suitable equations, how to determine mutual inductance of the coils.  (6)
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Figure 5: Connected coils for question 7
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QUESTION 8 [12 Marks]

Find Voin the circuit given in Fig, 7.

20 L L 160
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Figure 7: Connected coils for question 8

[20 Marks]
SECTION D:
Three-Phase Systems
QUESTION 9 [9 Marks]

A load consisting of three identical coils, each of resistance 15 Q and inductance 60 mH are
connected in star to a balanced 400 V rms, 50 Hz, three-phase supply. Determine the total

power dissipated in the load.

QUESTION 10 | [9 Marks]

The input power to a three-phase motor was measured by the two wattmeter method. The

readings were 5.2 kW and —1.7 kW, and the line voltage was 400 V rms. Calculate:

10.1 Total active power; 2)
10.2 Power factor; 4)
10.3 Line current. 3)
[18 Marks]
END
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