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Question One (20 Marks)

For the circuit shown in Figure 1 below: -

I.  Calculate the resistance of the circuit within the dashed lines designated

the LOAD (i.e. R3 to R8 inclusive) [10 marks]
ii.  Calculate the voltage at point A [3 marks]
iii.  Calculate the total power dissipated. In the LOAD [2 marks]
iv.  Calculate the value of the currents I11and 12 [5 marks]
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Figure 1

o _RaxRy _7x13 91
TRy +R, 7+13° 20

R;, =4.550Q [2 marks]

Rsss XRs  9x11 99
R = = = —=4950Q 2 marks
356 T R+ Rs 9+11 20 [ ]

R, xRy 3x7 21
R.g = = =—=210 2 marks
" R,+Rg 3+7 10 [ ]

RL = R3456 + R78 = 4‘95 + 21
Ry =7.05Q [2 marks]

Iy = 104 — 24 = 84
IT :8A
R, = 7.05 Q



V, =1 xR, =84 x 7.050Q
Vy=56.4V [3 marks]

iii.
P, =1;2xR, =82%2x7.05

P, =451.2W [2 marks]

R346
L= ()
' \Ryue+Rs/ T

=)= ()
17 \o+11/" ~ \20

I,=364

Rs
I, = (—)I
? Rase +Rs/ T

I—( 11 )8—(11)8
27 \9+11/" ~ 20

I, =4.4A [5 marks]

Question Two (30 Marks)

a) For the circuit in Figure 2, find the branch current 11, 12 and 13 using mesh analysis.
[15 marks]

11 30Q 50Q

120V@ @ 60V
_ 10Q

Figure 2
Solutions:
Obtain the mesh currents using KVL. For mesh 1.
—120 +30I; + 10(l; +I,) = 0
—120 4+ 301, + 10, + 101, =0



For mesh 2:

Solution

401, + 101, = 120
41, + 1, =12 [5 marks]

—60 + 50, +10(I; +1,) =0
—60 + 50/, + 10I; + 101, =0
101; + 601, = 60
I, +6I,=6 [5 marks]

4l +1, = 12 )
Subtract (-)
—23[, = —12
I, = 0.5224
AL + 1, = 12 (D

Al +0.522 = 12
AL, = 12 — 0.522
4L, = 11.478
I, =2.8695 A
I, = I, + I, = 2.8695 + 0.522
I;=3.3915 4

I, =2.8695 A, 1,=0.5224, [3=3.3915 A

[5 marks]



b. For the circuit shown in Figure 3, find:
i.  The Thevenin equivalent circuit for the network [8 marks]
ii.  The value of the adjustable resistance R that results in maximum power transfer
across the terminals AB [2 marks]
iii.  The maximum power transferred in the load [2 marks]
iv.  Find Norton’s equivalent circuit for the network. [3 marks]

R1=100Q R3=50Q
— 1 A

100V +>
R2= 15 0
RQ

Solution
Figure 3

5
Vrn = 15570 % (100

V. 1> 100
=— X

Vinp = 60 volts

. _10><15+
T =10+ 15

150
RTh = E'l’ 5

Rpp =11 Q

Rth

1Q

11Q

o)

[8 marks]



For maximum power transfers R, = Ryy = 11 Q
RL = 11 Q
[2 marks]

iii.
Rr =110
Vey 60
IT = —=
Ry ~ 22
Ir =274
P=1I;*R,

P=27>x11
P=802W
[2 marks]

RN: RTh:].l.Q

v
Iy=-=5454
Rty

o A

4.45 A(@ e

[3 marks]



Question Three (20 Marks)

A 100uF capacitor in series with a coil of resistance 8Q2 and inductance 150mH is connected

to a 240V, 50Hz a.c. supply as shown in Figure 4. Calculate:

i.  The circuit impedance [9 marks]
ii.  The current flowing in the circuit [2 marks]
iii.  The voltage across the coil [2 marks]
iv.  The voltage across the capacitor [2 marks]
v.  The phase angle between voltage and current [2 marks]
vi.  The real power dissipated [3 marks]

150 mH 100 pF

H:W%

N
240V, 50 Hz

Figure 4
I. The circuit impedance
XL == ZﬂfL

X, = 2m(50)(150 x 1073)

X, =47.123 Q
yoo L
¢ 7 2nfc
1

X~ =
€7 21(50)(100 x 10-9)

X;=31.8300Q

Z= \/RZ + (X, - X0)*

7= J82 + (47.123 — 31.830)?



Z= 17.259Q

[9]
ii. The current flowing in the circuit
[ = V
- Z
[ 240
~ 17.259
I =13.905 4
[2]
iii. The voltage across the coll
Zeoit = ’RZ + (XL)Z
Zeoil = \/82 + (47.123)2
ZCOil - 4‘7797 ﬂ
Veoit =1 X Zpgi won wv onn e Vooiy = 13.905 X 47.797
Voo = 664.617 V
[2]
iv. The voltage across the capacitor
Ve =442.596 V
[2]
V. The phase angle between voltage and current
R
— -1 _
@ = cos 7
— -1 8
¢ = 17259
@ = 62.39°
[2]



Vi. The real power dissipated
P=1*%xR

P =13.905% x 8

P =1546.79 W
[3]
Question Four (30 Marks)
a. Figure 4 below shows a coupled two stage amplifier circuit. Calculate:

i.  The DC current through R1and Ra. [2 mark]

ii.  The DC voltage across Ri and R>. [2 mark]

iii.  The DC voltage at the emitter for first stage. [1 mark]

iv.  The DC emitter and collector currents for first stage. [1 mark]

v.  The DC voltage at the collector for first stage. [1 mark]

vi.  The DC emitter voltage for the second stage. [1 mark]

vii.  The DC emitter current for the second stage. [1 mark]
viii.  The DC voltage at collector for the second stage. [1 mark]

Vee =12V

VOut

Figure 4



Solutions
i.
The DC current through R1and R
R12 = Rl + RZ

Ry, = 100 + 22 = 122 KQ

I =E=L=0098mA
Riz "R, " 122 x103

ii.
The DC voltage across Riand Ra.

Vg, =0.098 x 107 x 100 x 10°* = 9.8V
Vg, = 0.098 % 1073 x22x103= 22V
iii.
The DC voltage at the emitter for first stage.

Vg, =22~ Vg =22—07 =15V

iv.
The DC emitter and collector currents for first stage.

o= B 15 319
BT R, a7x108 o™
Ie, = 0.319mA

V.
The DC voltage at the collector for first stage.

Ve, =Ic, X R3 = 0.319 x 1073 x 22 x 103
V. =7V

3

10



VC1= VCC_ VR3=12_7=5V

Vi.

The DC emitter voltage for the second stage.

VEZZVCl_VBE: 5_07:43V

Vii.
The DC emitter current for the second stage.

=3 43ma
TR, 10x108 o™
viil.
The DC voltage at collector for the second stage.
VRS - ICZ X R5
Ic, = Iz, = 0.43mA

Vg, = Ic, X Rs = 0.43 x 1073 x 10 x 10°
Ve, =43V

Ve,= Vec— Vp, =12-43=77V

11



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

Solution

i. Z=A.B®O0)

Solution

e

Z=A4A.B®C)

A%}

—y —

i. Z=A.(B+ B.C)

Solution

[9 marks]

Z=A.(B+ B.C)

12



c. Write Boolean algebraic expressions for the circuits below.

Solution

output = (A.B +C)D

Solution

output = (A.B+ (B + C)

— r

(@]

Solution

output = (B.C) + (AB + ()

13

[6 marks]



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

[5 marks]

X=(A.B)A+0)

X=(A.B)YA+C) = (AB)+(A+C)

X=(AB)+(4.0)

X=@AB+A.0

X =AB + AC

End

14



