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Question 1

a) Define the following terms (1.5 marks for each definition):
i. Current
ii. Resistance
iii. Phase angle
iv. Internal resistance [6 marks]

b) You did a measurement between two points in your circuit, and the measured
waveform shown on the oscilloscope is presented in the Figure 1.b. Based on the
diagram, work out the following: (2 marks for each)

i. Frequency

ii. Period
iii. Peakto Peak value
iv. RMS Value

v. The equation of this voltage signal [10 marks]
VA
+7F-
- - - l > [ (ms)

1\

Figure 1.b, Diagram of the measured voltage signal

c) An AC ammeter reads 11A rms current through a resistive load, and a voltmeter

reads 350V rms drop across the load.

i.  What are the peak values and the average values of the alternating current
and voltage? [6 marks]

il. Calculate the load resistance. [3 marks]
Total 25 marks

PLEASE TURN THE PAGE
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Question 2

a) For the circuit shown below (Figure 2.a), considering the RiLoad as the load

resistance.
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Figure 2.a
i. Derive the equivalent Thevenin circuit between n points “A” and “B”.  [10 marks]
ii. Derive the equivalent Norton circuit between points “A” and “B”. [5 marks]

b) For the following circuit (Figure 2.b), using superposition theorem or otherwise,
find out the current flowing through the 10 Q resistor.
R1
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Figure 2.b
[10 marks]

Total 25 marks
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Question 3

a) Draw a diagram of a parallel plate capacitor showing the charge on the plates and
the E field in the region between the plates. [4 marks]

b) Explain what is meant by the dielectric strength Em of an insulator? [5 marks]

c) A 15 uF capacitor has 12 V across it. What quantity of charge is stored in it?
[5 marks]

d) For the capacitor charging circuit shown in Figure 3.d below, where the capacitor
is initially discharged, sketch two separate graphs for the current | versus time and the

capacitor voltage V. versus time. [6 marks]
Fa
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Figure 3.d An initially uncharged capacitor being charged through a resistor.

e) Explain with the assistance of a diagram what happens to the structure of the
curves for | versus time and V. versus time if the time constant T = RC for the circuit
increases?

[5 marks]

Total 25 marks

PLEASE TURN THE PAGE
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Question 4

a)

For the combinational digital circuit shown below in Figure 4.a:

LIl

e
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Figure 4.a Digital Circuit diagram

i) Find out the Boolean expressions at output Q. [5 marks]
i) Complete the truth table for this digital circuit. [9 marks]
b) Fill in the blanks by converting the following numbers into their respective
missing decimal and binary equivalents:

i) 110002 = 10
i) A216 = 10
i) _ 16 =130610
iv) 11012 + 1012 = 2 = 10

[5 marks]
c) Explain what Kirchoff’s voltage and current laws are and identify at least two

differences between them.
[6 marks]

Total 25 marks

PLEASE TURN THE PAGE
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Question 5

For the circuit shown in figure 5, calculate:

a) Currents 11, 12, and I3 [9 marks]
b) Voltages across R1, R2, and R3 [6 marks]
c) Powers P1, P2, and P3 [3 marks]
d) Draw the complete voltages and currents phasor diagram [3 marks]
e) The peak I3 current at resonance frequency [4 marks]

Where v = 17cos314t ,R, = R, = 20, Ry = 4Q,X,, = j2Q, X.5 = j6Q, X, =

—j4Q
l1 R, Ry b
e VY
l2
R,
. ® T
X2
Y
X3
Figure 5

Total 25 marks

PLEASE TURN THE PAGE
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Question 6

a) A Wheatstone bridge arrangement, as shown in figure 6.a, uses strain gauges
and resistances of nominal value Rz = Rz = R4 = 150 ohm, and a 12V
excitation voltage. R1 is the active gauge and R2 is the dummy gauge.

A
R4 Rl
p— Active
Ve, —_
™0 D —’Voo_l B gauge
R |:| R
Dummy
gauge

Figure 6.a Wheatstone bridge circuit with strain gauges.
i) When the bridge is balanced, what value R1 should be? [3 marks]
i) An applied loading causes the active strain gauge R1 to have a resistance
increase of R = 0.0145 ohm. Find the bridge output voltage, Vo, under this
condition. [6 marks]
iii) A temperature change causes the two strain gauges to have a resistance
change of 8.6 ohm. Find the output voltage in the presence of both stress and

temperature resistance changes.
[8 marks]

Question 6 continued over the page

PLEASE TURN THE PAGE
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Question 6 continued

b) for diagram in Figure 6.b, calculate the equivalent resistance Re between
terminals a and b.

a Re b
1Q 20 3Q 40
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5Q
6Q2
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Figure 6.b

[8 marks]
Total 25 marks

END OF QUESTIONS

PLEASE TURN THE PAGE FOR FORMULA SHEET
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APPENDIX: Formula Sheet

The following symbols in the formulae have their standard meaning:

Ohm's law: V = IR

Power: P =1V

Magnetic flux: @ = BA

Induced voltage: V = A®/At

Force experienced by charged particle = gvBsind
Motional emf: E = Blv

Magnitude of the Reactance of Inductor L: X, =24L

1
Magnitude of the Reactance of Capacitor C: Xe =

Pythagorean theorem: ¢ = a° + b?

Tangent function: tanA=opposite/adjacent
Uo = 4mX107""H/m , €, = 8.85X10712F /m

H = T B=uH
MMF=N.I
2

L_ﬂoﬂrAN ) E:lLIZ

1 2
C=QIV , c=% . E=Cv?
UL = L%
f=1s

21C

Formula sheet continued over the page
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Formula sheet continued

1

. V;
Transformer voltage ratio: o

2

LY = =
=, P=Vi.l1=V2.l2

Multiply the Value By To Get the Value
Peak 2 Peak-to-peak
Peak-to-peak 0.5 Peak

Peak 0.637 Average

Average 1.570 Peak

Peak 0.707 RMS (effective)
RMS (effective) 1.414 Peak

Average 1.110 RMS (effective)
RMS (effective) 0.901 Average

Summary Table for Series and Parallel RL Circuits

X. and R in Series

X, and R in Parallei

I the same in X; and R

Vr=VVL+ Vi
Z=VETXi="YI
Vg lags V. by 90°

_ X
# = arctan R

Vr the same across X; and R
I =VI3+12
Vr

ZT=-—

Iz
I, lags Iz by 90°

@ = arctan (— E)
Ir

Formula sheet continued over the page
PLEASE TURN THE PAGE
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Formula sheet continued

Summary Table for Series and Parallel RC Circuits

Xc and R in Series X and R in Parallel
I the same in X¢c and R V1 the same across Xc and R
Vi = VVk+ Ve Ir = VIz + I-
Z=VR'+X¢= % Z; = }’—:
Vc lags Vg by 90° Ic leads Iz by 90°
¢ = arctan (— %C-) g = arctan-;—z-

Impedance in RLC circuit: Z =R + j(XL - Xc)

Boolean algebra rules

1. A+0=4 7.4 A=4

2.4+1=1 8.4 4A=0

3.4-0=0 9. A=4

4. 4-1=4 10. A+ AB =4

5. A+A=A 11. A+AB=A+B

6. A+A=1 12. A+ BYA+ O)=4+ BC

END OF PAPER



