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National Examinations, May 2003
98-Elec-B1, Advanced Circuits Analysis and Design

3 hours duration

NOTES:
1. If doubt exists as to the interpretation of any question, the candidate is urged to submit
with the answer paper, a clear statement of any assumptions made.

2. Candidates may use one of the approved Casio or Sharp calculators. No programmable
calculators are allowed. This is a closed-book examination.

3. Any five questions constitute a complete paper. Only the first five questions, as they
appear in your answer book, will be marked.

4. All questions are of equal value; part marks are also indicated.

5. Refer to the appendix for extra information.
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Question 1:
In Figure-1, the switch was open for a long time. At t = 0, the switch is closed. Using a

differential equation approach, (a) write the differential equation involving v(t). [10]

(b) Solve the differential equation to find the output voltage, vq(t) for t>0,
" if there were on initial chargesen C and no initial current in L . [10]
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Figure-1
Question 2:
T(s) = Y(s)
(a) Obtain the transfer function, X(s)  of the following signal flow block diagram.
[10]
®(t) : Y(t)
t _ + —
— w1 il >

P

Figure-2
(b) From the transfer function derive the system's differential equation involving, y(t).  [4]

(c). If x() =5u(®), M =2,K=1,andatt=0,y(t)=0, dy/dt = 10, solve for y(t). [6]
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Question 3:
Vo (s) _ 2(s+5)
V.(s) s(s+10)° ,

_ H(s)=
(a) If the transfer function of a circuit is

draw the Bode plot (amplitude and phase), showing clearly the break frequencies. Please use

the graph paper provided in the appendix in page-10. [12]

(b) An Amplitude plot in dB of H(s) is shown in Figur;e — 3. Obtain the transfer function,
H (s). (8]
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Question-4:
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Figure -4
Figure — 4 shows an active filter circuit.

(a) Derive the expression of its transfer function H(s) in terms of ®, capacitors and
resistances shown in the circuit. - (8]

®) If R1=5kQ,C1=0.1uF,R2=1kQ ,C2=0.01uF,Ri=1kQ, Rf =100kQ, find & and Gain at
o, [81

(¢ ) State what type of filter this is. 4]
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Question 5:
Obtain the transfer function, H(s) of a Butterworth filter to approximate the following

‘Brickwall’ specifications.

1
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Figure -5

The relevant filter equations are provided in the appendix. | [20]
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Question 6:

£k 17

' ] 0.10F
Vo
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Vm sin wt R §
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Figure - 6

(i) For the circuit shown in Figure — 6, calculate the dc and the fundamental component of the
in the output voltage, V,, if Vm = 10v and frequency of supply is 60 Hz. [10]
(ii) Calculate the power dissipation in the RC load for the fundamental component of VO.

' (10]
Question 7:

- 1 < +
Vi g b RL< vo
L..:__l. r —
Figure-7
-Two port networks [a] and [b] are cascaded as shown in figure-7. If the parameters of the
2-port networks are given as shown below.
za=[* 2] o ma wm=l
%12 25 “ pZ s

(a) Calculate the overall T - parameters of the circuit. [10]

(b) If RL =29, find the voltage ratio V,/V; of the circuit. [10]
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Question 8:
A transmission line has the following parameters at 2 GHz:
L-8nHm R=11Q/m G=02x10-mho/m C=0.1pFm

Calculate (i) the Characteristic impedance of the line,
(ii) the propagation constant,
(iii) the load impedance to eliminate the reflection from the load.
(iv) if the line is terminated with a load impedance of 50-j25 Q,

calculate its reflection coefficient, and the standing wave ratio.
[20]
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Appendix

Some useful Laplace Transforms:

fy 2>
Ku(t)

e™ u(t)

sin wt .u(t)

cos wt. u(t)

af@)
dt

a’f@)
dr?

Lf (9)dq

Fourier’s series:

2 (a,cosnw,t + b, sinnw,t)
f(t) = fo + ==

27 fwar

2T
a,= -—T—jo f(®) cosnw,t dt

b “-g—jrf(t)sinnw tdt
toTde *, where

For an even function,

For an odd function,

Wy =——
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F(s)

K/s

1/ (s+a)

w / (s4+w?)

s/ (s*w?)

s F(s) - f(0)

s2F(s) — s f(0") =£'(0)

F(s)
s

+ j_if (9)dq

4.1
a, =_]—'-J‘02 f@t)cosnwtdt, and b,=0

4 (% :
b,,_}-jo f(6)sinnw,tdt, and a,=0
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98-Elec-B1
Filter equations:
Normalized Butterworth Loss Function, L(s)
n L(s)
1 (s+1)
2 (s2 + «/:'2_ s+1)
3 (s+1) (s> +s+1)
4 (s?+0.76537 s +1)(s* + 1.84776 s +1)
100.1Lm—1
log,,
0.1L gyt
0. = A 10
STw,  e=10""t= -1 log,, (@)
P - glO s
2-port network equations
2z Paramcters y-Parameters #-Parameters ¢-Parameters
y2 -z [ AR f‘E_W m At
aram z11 212 Ay Ay hyy hxn m
zharameters [zzx Zzz] —¥a N1 —hn 1 1 =
Ay Ay | b k22 1 21
- 1
2 1 -hell [ ZE
Az Az 11 yu] ki1 kn 2 ha
y-Parameters -z 2w [)’21 y22 hy AR -1 m
Az Az | hin Bu 2 N2 ]
Az 2 1 o—m o A
22 yir o yu [hn hxz] 22 2
h-Parameters oy 1 v Ay hy hz 1 m
722 z22 yu oy 22 f2 ]
211 Az -y -1 —Ah  —hy
eters 221 1 ¥y21 2 kay h21 [tn 112]
eF 1 2z -8y —n ~hyy 1 2y 122
21 21 y21 ¥y k) hx
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2-port network equations (continued):
A -B
% 5]
A :1’4 p=_l
VZ ;=0 2 ly,=0

Transmission Line equations:

7 = R+ jwL
© \G+jwC

y = J(R+ jwL)(G + jwL)

1+|
1....

P=—-l';1"
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[Please use this graph for question #3, and attach with your answer]
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