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Question One (20 marks)

a. A 20V DC supply is connected to a network of six resistors arranged in a
combination of series and parallel, as shown in Figure 1. The resistor values are:
R, =24Q0,R,=12Q0,R;=8Q,R, =20, R; = 6, and R; = 10 Q. Calculate the

following:

1. equivalent resistance of the circuit [5]
2. The total current supplied by the source [1]
3. The total power dissipated in the circuit [1]
4. The voltage across the 10 € resistor [1]
5. Determine the voltage across terminals a—b [2]
6. The current through the 2€ resistor [1]
7. The voltage across the 6Q resistor [1]
8. The voltage across the 8Q resistor [2]
9. The current through the 24Q resistor [2]
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Figure 1

The equivalent resistance of the circuit

R, XR, 12X 24
Ry +R, 12+24
R, =8Q
Ri,;s=8+8=16Q
Rys=2+6=8Q
Ry X Rys 16X 8
Riz3+ Rys 16+ 8
Riz345 = 5.33Q

12 =

Ri2345 =



RT - R12345 + R6 =5.33 + 10
Ry = 15.33 @

[5]
The total current of the circuit
. V.20
~ R; 15.33
I=1.304
[1]
The power dissipated by the circuit
P = I?R = (1.30%)(15.33)
P=26W
[1]
The voltage across the 10 € resistor
Vica = I Re
Vi =1.30x10=13V
[1]
Determine the voltage across terminals a—b
Vapb =Vr—Vipa =20-13.0=7V
Vapb =7V
[2]
The current through the 2Q resistor

The current through the 2Q resistor is I, = ‘;": = % =0.884
4

[1]
The voltage across the 62 resistor
The current through the 6€ resistor = the current through the 2Q resistor

The current through the 62 resistor is = 0.88 A

Voo =0.88x6 =5.28V
[1]
The voltage across the 82 resistor
Ig,,, =1y —Ig,.=1.3-0.88
Ig,,, =0.424
Vgo =Ig,, X8= 3.36V
[2]
The current through the 24€ resistor
Vosgo =Vap—Vga=7-3.36=3.64V

_— — | — . A
lug =g == 54 =015

[2]



b. In the circuit shown in Figure 2, the current through the 1 Q resistor is 4 A.
Assuming the battery has negligible internal resistance, determine the terminal

voltage V.
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[4]
Solution

The 1 Q resistor carries 4 A, so the voltage across it is
Vparallel =IR=4X1=4V
Since the 1 Q and 2 Q resistors are in parallel, the voltage across the 2 Q resistor is also 4 V.

Current in the 2 Q (parallel) resistor
Vv 4

I,n = =—=2A

The current entering the parallel section is the sum of the branch currents:

[ =4+2=6A
This same 6 A flows through the 0.5 Q and 2 Q series resistors.
Across 0.5 Q:

V=IR=6x05=3V

Across 2 Q (right side):

V=6x2=12V
Add all voltage drops:

Voattery =3 +4 +12 =19V



Question Two (30 marks)

a. For the circuit shown in Figure 3, determine the current flowing through the 12 Q
resistor and the power dissipated in this resistor.
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[15]
Solutions:
Obtain the mesh currents using KVL.
For mesh 1.
—96+ 41, +12(I; + 1)+ 41, =0
—96 + 41, + 121, + 121, + 41, =0
201, + 121, =96
51, +3I, =24 [4 marks]
For mesh 2:
—-32+8I,+12(,+1,)+8I,=0
—32+8I,+121; + 121, + 81, =0
121, + 281, = 32
31, +71, =8 [4 marks]



511 + 312 = 24‘
3]1 + 712 = 8

151; + 351, = 40
Subtract (-)

(D
(2)

(D
(2)

—261, = 32
I, =-1.234
51, + 31, = 24
51, 4+ 3(—1.23) = 24
51, = 24 + 3.69
51, = 27.69
I, =553 A

fOTIRL:

(1

[4 marks]

IRL = 11+12 :_1.23+5.53

I, = 4.3084

Pg; =1Ip% x12=4.3082% x 12

PRL= 2227W

[3 marks]



b. For the circuit shown in Figure 4, find:

1. The Thevenin equivalent circuit for the network [8]

2. The value of the resistance R that results in maximum power transfer across the

terminals AB [2]
The maximum power transferred in the load [2]
4. Find Norton’s equivalent circuit for the network. [3]
R1 8Q R4 3Q
A
R2 8Q
R3 6 Q
Load

+
Vs 1 <::> 10v

B
Figure 4
1. Thevenin Equivalent Circuit
Thevenin Voltage Vi y
R = RiR, _8><8_4Q
27 R,+R, 8+8
Ven = (—2 3y, =2 x10=6V
TH_(R12+R3) 710 B

Thevenin Resistance Ry
Deactivate the source (replace the voltage source with a short circuit).
R12 = 4 Q
Ri3R; 4 X6
Ri23 = =
Ri,+R; 4+6
RTH: R123 +R4_ :24’+3 = 54’9

=240

Thevenin Equivalent

Veg =6V
Rry =5.4V
[8]
2. Load Resistance for Maximum Power Transfer
R, =Ry =5.4Q
2]



3. Maximum Power Transferred to the Load

VZ
Pmax = A
4Ry
62
P =0353 216 17V
[2]
4. Norton Equivalent Circuit
Norton Current
|4 6
Iy=-"2=_—=[1.11A
Rry 5.4

Norton Resistance
RN == RTH = 5 4' Q

[3]
Question Three (20 marks)

A series RLC circuit is supplied from a 200 V rms, 50 Hz single-phase AC source, as shown
in Figure 5. The circuit consists of a resistor of 8 Q, an inductor of 32 mH and a capacitor of
800 pF. Calculate:

1. The circuit impedance Z [7]
2. The current flowing in the circuit [1]
3. The voltage across each component [3]
4. The phase angle between voltage and current [2]

5. The value of the net reactance required for the magnitude of the circuit impedance
to be 100 Q. [5]

6. State whether the circuit would be inductive, capacitive or at resonance for the
condition found in part (5), giving a reason for your answer. [2]



8Q

The circuit impedance

L C
32mH 800uF
Vv
—
200V, 50Hz
Figure 5
X, = 2nfL

X, = 21(50) (32 x 1073)

X, =10.05Q
¥, = 1
¢ 2nfc
1

Xc

~ 272(50) (800 x 10~

X;=3.980Q

Z= R2+ (X, — X()?

Z = /82 +(10.05 — 3.98)2

Z=10.04Q

[2]

[2]

[3]



The current flowing in the circuit

[1]
The voltage across each component
Vp=IXR=19.9%x8 =159.2V
V,=1xX;,=19.9%x10.05=200V
Ve=1XX=19.9%x3.98=79.2V

[3]
The phase angle between voltage and current

o = X0

¢ R

1 (10.05 — 3.98)
@ = tan™
8

@ = tan~! 0.76

@ = 37.2°

[2]

Net reactance for impedance magnitude of 100 Q

Z= R*+ (X, — Xc)?
7% = R% + (X, — X.)?
X, — Xc)* =Z% —R?
X,—X.= Z? —R?2 = /1002 — 82 =99.630Q

[5]

Nature of the circuit at this condition

The circuit would be inductive.

Reason:

The net reactance is positive (X = +99.7 (1), meaning the inductive reactance is greater than
the capacitive reactance. Therefore, the current would lag the voltage.

2]



Question Four (30 marks)

a. Figure 6 shows a single stage common emitter amplifier. Under DC operating

conditions, the transistor has a collector current I = 2mA and V. z = 10V Assume:

Vg = 0.7V, Iy = I and the base current is negligible compared to the divider
current. Calculate:

1. The emitter voltage Vj

2. The base voltage Vg
3. The voltage across R;
4. The current going through R,
5. The resistance value of R;
6. The collector voltage V,
7. The resistance value of R
Vec=20V
o QO
R RC
10uF
{} o OUTPUT
10uF c
I B
INPUT o— |4 k‘
E
15kQ | |[R2 RE
1.5kQ

o % O

Figure 6
Solutions
1. The emitter voltage V5.
Ve = 10V,
I =2mA

Consider I = Iy soly = 2mA

Ry =15KQ

[2]
[2]
[2]
[1]
[1]
[2]
[2]



VE= IERE
Ve =2mA x 1.5KQ

Vp=2x 1073 x 1.5x 103

Vg=3V
2. The base voltage Vp
VB == VBE + VE
VBE - 0.7 V

Vg =V +Vy =07V +3V =37V
Vg =37V
3. The voltage across R,
Ve, =Vee = Ve
Ve, =20—37
Ve, =163V

4. The current going through R,

Vs 37

l, =—=—
Rz ™R, 15x 103
I, = 0.25mA

5. The resistance value of R,

IRl - IRZ - OZSmA

VR1 16.3
1= 75

Ir,  0.25x10°
R, = 65.2 KQ

6. The collector voltage V.
VCE=10V' VE:3V

VC = VCE +VE



Ve= 10V 43V
Ve=13V

7. The resistance value of R,
_ _ VCC - VC _ 20 - 13
I I 2x1073

[12]

b. Draw the logic circuit design for the following Boolean equations below.

1. output =A+BC+D [3]
Solution
A
'B —
C‘ —_—
D — o 1
2. output = (AB) + (AC) [3]
Solution

-
C}ﬂ

c. Write Boolean algebraic expressions for the circuit below.

1.

e v




Solution

Y=A+B)(C+D)C

D

D
) o

solution

Y = (4B) + (A + B)
A+AB =4
AB+(A+B)=A+B

Y=@+B)

d. Simplify the output function Y using DeMorgan’s theorem.

Y=([A+B)B+0)
[6]

Y=([A+B)B+0)

Y=@A+B)+ (B+C)
Y=(A+B)+ (B.0)
Y=(A+B)+ (B.C)

Y=A+B+B.C

Y=B+BC=8B

Y=A+B

END



