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Q1. RMS Value and Power (15 marks)

a) For the periodic waveform in Figure 1:

N/ volts &
15 '

10 l N ! N R
§ ~ N :

0 : _ =
o - 5 | g o 3 ’57_/ (hscCJ

Figure 1.

ai) What are the equations for the parts of the wavefo_un‘?

Answer: v(t) = 5u0/'/5 0<{<3Ms .

, _ , el
= 4£000f +~3p | 3‘<t’<5“’6e/c.marks/3:__

74

aii)  Using the equations above, what is the eﬁuation for calculating the RMS value of the waveform?

005 [
l-f 5'20{% + @5’00054&)4%
Answer: RMS= 005 0073 _| marks/3:

aiii) What is the RMS value of the waveform?

Answer: RMS= 164 wolts RMS .y
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1b)  Find the power that is absorbed or supplied by each of the elements in the following circuit:

M\
Rl /0-»1.

2\ V,
+ / 14v

Figure 2.
Answer: Powerin];: = /2 watts
PowerinR;: +4 0  watts

PowerinVi: — 28 watts marks/3:

1)  Given the circuit of Figure 3:

—
Ry 20~

Ak (t)=12017 cos (276019 CD 230"“: '. 2}:

Rv, 20.!\-
M

— AN

Figure 3.

What is the average power dissipated in each of R; and C?
' Answer: Aa/erage powerinR;is_ 8 Ow *_watts  marks/3: __

LY

AveragepowerinCis (O watts marks/1: __
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Q2. Thevenin, Norton and Superposition (21 marks)

a) For the circuit shown in Figure 4, find the Thevenin equivalent source between the terminals A and B.

Sv Oy - :
A WS . o A
R R &
2K 4k , Dk
.h _ - ;
| Figure 4. | |
Answer; Thevenin equivalent source: Buro Do ],

\R»«y marks/7:____

go htr'e .
b) Forthe cxrcmt shown in Flgure 5, find the Norton equlvalent source between the terminals. A and B.

.

.' _ o
R K |
4kn e, |
3“"4 ek _
: s 0%

Figure 5.

Answer: Norton equivalent source:

marks/7:
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2c)  For the circuit shown in Figure 6:

MA ~ 0A
Ri I R
wKa 2 GLA ‘élolm
e 0B

Figure 6.

Use superposition to find the contribution of each source to the output voltage Vap, and then find the total
output voltage V. '

Answer: Contribution to Vapmade by the source I;:  +30v marks/3:

Contribution to Vx5 made by the source Vz: __— 40v marks/3: ___

" Total Vag using superposition theorem: 5 marks/1:
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Nodal Analysis and Loop Analysis (12 marks)

a) Given the circuit in Figure 7:

12A
Zv

Figure 7.
Write the nodal equations at nodes A and B, using the convention that currents entering a node are
positive.

VA Vi 2
Answer: Atnode A: - 12A + o =) ' marks/3:

VarVe | 0-Ve , 20-Ve _ '
At node B: Gn Fa - marks/3:
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b) Given the circuit of Figure 8:

4

_,’—

gty loop2 ,C.D 6v

Figure 8.
Write the loop equations for the two loops.

" Answer: Around loopl: __ -+ >, 5r; +5v ¥4 (5'1 - f«l‘z) =0 marks/3: ___

Around loop2: "'2(5‘2 5 5.1) + 4 12 =Gy =0 marks/3:
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Q4. Phasor Analysis (18 marks)

- Note: Answers may be in either polar or Cartesian form, but still must b;a simplified,
e.g. 15 £ 30° volts, ore.g. 30-j27 ohms.

a) For the circuit given in Figure 9:

Tx
——p
V(L) = [0 cos (1004) vol 15" Lc¢ ' L
5() S( volts 40.&‘5 15100’“‘: o B,H
-
- R, 75
Figure 9. .

ai)  Find the impedance of the capacitor and the impedance of the inductor.

Answer:Zc=’\3 /00 (W 1001‘700 "~ marks /2: ___

aii) Find the capacitor and inductor currents as phasors.

Answer: Ic = 0.] L+90° AL.._[F_;_(OT 0.1} A»hps) marks /2: ___

Answer: I = O‘OSZ_S-B- ]30 (Of‘ 0.043“’&0,064) marks /4: ___

a iii) Find the current I; as a phasor.

/

Answer: I, = 0.0484'\}"0;036 or 0.06[36.?70) marks /2:
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b) Given the KVL phasor equation Vs =V, + V; in which V; =30 Z +45° volts

and V;=40 £ +135°volts: \/g = |/ +V/, = (21.21 +J2/.2/) +(f23.23+d' 23,259

: g o
bi) Calculate Vsas a phasor: - c0.0/[t78-15 )
Answer: Vs = = .07 ~+ J' £9. 47 volts = marks /2:

bii) For Vs=V;+V,, show KVL is satisfied in a clear phasor diagram, approximately to scale:

Answer: Phasor diagram showing KVL:

-4

q3.1%

marks/3:

c) A series RLC resonant circuit has L = 0.1 mH. What vzlxlue of C is required to make the circuit
resonate at a frequency of 100,000 Hz? L), = Ui"'z ,

/ Answer: C= 0023/{/{,F /ﬂdeorJL@ marks/2:_.
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Q5. Frequency Response and Bode Plots (11 marks)

=

Given the transfer function H(jo) = Voyr/ Viy =j20w / (1+0.1a):

a) What is the value of the corner frequency in radians per second?

Answer: The comer frequency is [0 RQ’E/ S marks/2:

157 He
b) Draw the magnitude and phase Bode plots, clearly indicating the important values on each of them.

Answer: Magnitude Bode Plot:

§o | — ' M) :
o e T d®
,w g T : . - : : |
BN R v | £ (e
| = AT -
\f s
weliN
, : : i "’\ wmarks/5:
Aswer: Phase Bdde plot: o " Lo [F‘P? r/s
iov] ,!.‘ ‘
o i a
T il
g B e AN i 7. : ek
6%
@‘L
20
’ ' marks/4:
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Q6. Transient Analysis (22 marks)

o

a) In the circuit of Figure 10, switch S is closed for all t<0. At t=0 the switch is opened.

2Ka  S:closed l
for t<0
VVv T
LKa (
| > CcL)u({)
koZ  BET|
_ Figure 10.
ai) Find the voltage across the capacitor, v, for t<0.
_ o Answer: For <0, v¢ = 0/ V marks /1;___
a ii) Derive an expression for the voltage across the capacitor, vc(t), for t>0. o
I/ t .\\ . : . - gi_’ﬂ_—;;
+ VI M"JE Answer: For t>0, vo(t)= 4+ 2 & ‘marks /7:__

.
e SRR

\’
aiii) Sketch vg(t) from t = -10 msec. to t = + 40 msec. clearly showing the time constant and its

relationship to the waveform.

Answer: Graph of ve(t): q/c

g

z0 Z o 4_0
marks /3:
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aiv) If the response above is interrupted at t= +8 mseci by the switch being derive a new
- “CQuatlonforvcet)\for t> +8 msec. :_@?‘%—i’i—
Answer: For t>+8 msec., v(t)= fel ‘f e : marks /5:

t-7. o
5 HVI V)Tt

b)) In the c1rcu1t shown below in Figure 11, switch S is closed for all t<0. At t=0 the switch is o,,ened

o~5- -
G closed for £<0 Re Emn

B .
"LM/& ' W—va
R, A N L
4Dy - 35
Figure 11.

bi)  Find the inductor current, ir, just before the switch is opened.
B2

gV <) | 7 Answer: i = ¥ A marks /2;

bii) Find vm at the instant just after the switch is opened.

=13 oo/
A Answer: vg1= ' - marks /2:

b .iii) Find the final value of vg;.
' /S £

. é -~ J Answer: vg;= 30 \/ marks /1:
Hoy V‘?p . ' : .

~ biv) Find the time constant for the response of vg, for t>0.
VST

L
f: I(Q = s Sl Answer: Time Constant = g"”s‘marks/l:_
‘ jf/ffls

Have a safs and happy hobiddagy!
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