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Q1. RMS Value and Power | | | (16 marks)

a) For the periodic waveform in Figure 1:

'Lr({) volts A

+6t

Ll \ \ VL £ s
Figure I
ai) What are representative equations for the non-zero parts of the waveform?

@of“o
/\_/.&——ﬁ
Answerv(t)="- 2 . For 1< FC3 e,

Hpo, 0O | -
=~ 84 +30 [ 3<é<d ¢ie. marks /3:__

aii)  Using the equations above, what is the eq@atlon for calculatm%he RMS value of the waveform?

_Answer: - :}L[f (-2) dd +ﬁ 37:373 om

marks/3:__
CLE c,k J
s ‘ s A any Lre-g
aill)  What is the RMS value of the waveform? .
Answer: RMS= 2.08 yolis marks /2:

@ o 0 o
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Find the power that is absorbed or supplied by each of the elements in the following circuit

1b)

?l é 6:,,

100s.

ot lnawﬁ"e st
< dmpied ]

SO uv CEG, e i

F?gureZ. f Gy L= ced” "
= ‘_ supplicd’, part Warks.

PowerinRy: +3( ~ watts pa¥ ok

Answer;
Power in V,: —~24@watts ZP Q, or Kcl
Powerin 1;: — /7. “Ywatts R:vy marks/4:

Given the circuit of Figure 3:

lc)
R,
1000, L
2H
U, ({)= 1414 cos (’0075) 2, 3
10004
- (el m«p/e lelydn_ g
Figure 3. .
A 1000 uor”-‘ [-1( cc{\ A Ty
500 uJo-"{/L / 5 - Cf'z, ._‘.P .:‘
What is the average power dissipated in each of R. and L? ~mizsed \p
Answer: Average powerinR,is_ 250 ® watts marks/3:
0 watts  marks/l: __

Average powerin L is
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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.

- . MA ; oA
V R, llka
{ R, ;
22v I Ko
g
|
: i
. If ? R3 1
2m4 3 ta ;
. o B
+ Gy =il = =5y Figure 4.
Answer: Thevenin equivalent source: ”ﬂ” +3= §.5ka ) ‘.#W’ J'L“‘ A / dﬂ

l- IZ/O"M'

9\51(!‘!, f/ { 4-0(: °'"

(—-/7 worth (. 5>

el 5\ B
S .
3_ R “’“7 y o Leﬂ,_ marks/7:

b) For the circuit shown in F:gure 8. ﬁnd the Norton equivalent source between the terminals A and B.

M/
12Ka. 2uA

WV ' —-— {

2kn l i

)2 v * x /2 k.n..
t2uAt i = 3un Figure 5.
Answer: Norton equivalent source: ‘ 2k
A =Z2K s
%'MA 2!(;1, (Cal‘f‘e(¢80ﬂ UCY‘S;oV\>
2 marks/7:_____

©,
(£ 4 worth 1.9
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2c)  For the circuit shown in Figure 6:

MV
Z 22kx |
3k /OIMA %-Zk«\ 1
Figure 6.7

Use superposition to find the contribution of each source to the current Ix, and then find the total current I.

- 3K
: -——fg ™ - .__.‘—..-...—-—-...__’r—"’_ = = 6
T.G) A k(2= 2k lZRY 5 0 @ 4 |
Answer: Contribution to Ix made by the source I — = marks/3:
n @

[ —100y { 2 K :
T () = (7F~ 2ier )\ e, )= 8334 ? 23
Contribution to Ix made by the source V;: = §.33mA marks/3:

- }3‘23mﬂ marks/1:
@ Ac-ce(o{ a»./ Corfe cql

Sl 0..\]\ :f G‘\‘{
least ane of Hhe
Cotl—poe—TFs 15
'CA\#{C(e 6/ cofrf-’c'f[\

Total Ix using superposition theorem:
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Q3. Nodal Analysis and Loop Analysis (10 marks)

a) Given the circuit in Figure 7:

VA \_/B

§4-n. T + | 10A

N\
[
P

Figure 7.

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

0-wa
Answer: Atnode A: + , = marks/3:
/vk@ff; 0% C"%} i
At node B: T marks/3:

e 4elyy covrecd. \

; Mmoo )L .ée_ cCos
LC Ahy J’C 2 r . eQC[‘ eng/,ou\

wvention isop osde, =/
-EOWLMZ%L f4\ o {\cre .”l ' "/MWH’

PQ\no\H/ /

IWF =0 13 m]ssecﬂ/ — 4 I Qch é?qq)z'fov\

where :Vl s

Ec]u}uq/ml qbf“hf ol\ %Legf egqay[:‘oqy
qre qcce/plq

I~ 1S €
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b) Given the circuit of Figure 8:

Write the loop equations for the two loops. @ @
Vo
Answer: Around loopl: - Lo g( = ) ey =0 marks/2:
L e

Around loop2: 5((’2‘(/;) 4"4L2 w20

marks/2:
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Q4. Phasor Analysis (19 marké)

Note: Answers may be in either polar or Cartesian form, but still must be simplified,

€.g. 15 £30° volts, or e.g. 30-j27 ohms.

a)  For the circuit given in Figure 9: ~

LK‘)%/A-pscosd'aaz‘) f) l/l? )V’-

S
s N
S

&~

Figﬁre 9,

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

) o : . '
Answer: Z,= _+ /00~ @ or 100/t 7 ' marks /1:
e 29
J‘;’E' 100 §0uF J{ ” @ 4
Answer: Z¢ = =125 . gr 12 $/=70 marks /2:
@K“/é\‘ |

aii)  Find the inductor and capacitor voltages as phasors.

Answer: Vo= ] /0 @ or [0 [+70° , marks /2:
3 o
Answer: Vo= — | /2.5 @ or 7 cL-70 marks /2:
a iii) Find the voltage V, as a phasor. ‘

FLo+j10-j 125
= i °
Answer: V, = 5"‘]2'5' oV 5571—-26!6 marks /2:
@ N il .
——>‘J'1[\EL’L€' D{‘ Vi or W I3 wrog (éu“rr?o/t?ﬂ,!
Heew cieck VieVe for ©
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b) Given the KCL equation Ix =I; + L in which I; = 20 L +30° amps andl = 50 £-90° amps:
 (nn.324j10) < (-1%9)
X ] » 9 ¢
bi)  Calculate Ix as a phasor: 4 3_57 Z Gl 5

or

Answer:Ix= _[17.27~ \LAFO amps marks /2:

0 0

bii) Forlx =1, + I, show KCL is satisfied in a

phasor diagram, approximately to scale:

Answer: Phasor diagram showing KCL:

!
I

52,

o

: arks/3:
Sk A //"7‘
¢) A series RLC resonant circuit is to have a resonant frequency of 1 MHz and is to use L = 0.1 mH.
_ . : W= 2 h =6.28Mr/s (), = L= . )
ci) What value of C is required? 7 Oz = ki

Answer: C= 253 Ip'P @ 10" ercor. 91oq7) 10aFgrlmarks /2:
(v
cii)  Ifthe circuit is to have a bandwidth (BW) of 12 kHz, what is the value of Q? Q= %‘—)5-
Answer: Q= 83.3 marks /2:

ciii) At resonance, what is the combined impedance of the inductor plus capacitor?

Answer: 2 =_0 marks /1:
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Q5.  Frequency Response and Bode Plots ' (11 marks)

Given the transfer function H(jo) = Vour/ Vi = J10w / (1+j0.025w):
a) What is the value of the corner frequency in radians per second?

Answer: The corner frequency is 40 r/fs marks/2:

b) Draw the magmtude and phase Bode plots, clearly indicating the tmportant values on each of them.

{e ¥ @ : = 20! > 4do
: ‘ 4}(&3(‘_3? —‘1'_3,“5) w‘; : /‘/(/H) £
Answer: Magmtude Bode Plot: , i T

@Sﬂafe—!—wo. . 11 S J A — L 5/0018
O Uol/aeqi[ —- . - .
,_LJ 4r/s s d— ¥, i . B ;4—0::/3

ée»’S’ZJB . 14 . . : .
- o 1 3047

{J_)'-)OI-/L{G“):J‘(OQ_ - ' ‘ . , s ] !

9,

1045
: iy : e : marks/5:
‘ 9 40 /000
Answer: Phase Bc{de plo%: 4 L : e (Lﬁa) we '
RECE ~7>/+700,-‘=L@ NI H S g T
R : o
N x‘\-
D a5t
O\

, \\\\ marks/4:

; ‘ . : e

e — % L _i : : }‘“'H

EZ D
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Q6.  Transient Analysis (22 marks)

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

2kn
AM\~ .
Ty _
fen oY C ]
2‘4\/ heg §4k«m ZQ.‘F:F {UC.({) ‘
4 K
Figure 10.

ai) Find the voltage across the capacitor, vc for £<0. _ o

Answer: ForKO ve=_tlC v marks/1:__

aii)  Derive an expression for the voltage across the capac1tor ve(t), for t>0. - 50t - 4
et [ £.3 " e
VI‘ /6 v AL Vr-Ue e’ Yf,/Zd Jeo=/
= /2 F Ir-V#F _5/20»-\5&: ' —f/zoxra -,;f;

’)’: 20nsec  Answer: Fort>0,ve(t)= /2 + 4 ¢ marks/7  Bew)
@ @ eo'n @ et
aiii) Sketch ve(t) from t = -10 msec. to t = + 60 msec! clearly showing the time constanf and its

relationship to the waveform.

Answer: Graph of vc(t):

marks/3:
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aiv) If the response above is interrupted at t= +10 msec. by the switch being opened, derive a new

equation for v¢(t) for t> +10 msec. @ @ (f@ﬂwﬁt’c)/é"@,/?m$ec
An/swer: For t>+10 msec., vc(t)= 6= L.57Fe marks/5:___
- — (/e
\VrZ 12+ 4e 14426 ez oy Vs 26,7 wse e

b)  Inthe circuit shown below in Figure 11, switch S is open for all t<0. At t=0 the switch is closed.

S open £rt<o
o o

Pz 5JL
AA- M, .
R, 25A N——" J Lt
Uk
_ L
Jov | ZIH
Figure 11.
bi)  Find the inductor current, i_just before the switch is closed.
2 (L
30n
Answer: i, = + 54 marks /2;
bii)  Find vy, at the instant just after the switch is closed. + (E /{Xé‘ ux)
_ Answer: Vg= & 15 marks /2:
biii) Find the final value of vg,. '
Answer: vpy= + 90 4 marks/1:

biv) Find the time constant for the response of vg; for t>0. / ) M
TR &= ()

Answer: Time Constant=_ (. Zsec marks/1:___

Best Wishes for a Safe and Bappy Bolidap!
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