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Q1 (a)

Consider the circuit shown below:;
5Q

2Q

JURY

Section A : Network Theory .

20 5Q

6.25Q

- Calculate the power supplied by source.
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[10 marks]
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Q.1 (b} Find the open circuit parameters for the two-port network shown below:
L, 19 10 I

B Leop ) Loepy  Loopg [10 marks]
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Q1 (9

Draw the graph of the network shown in the figure below. How many trees are possible
for this graph? Draw all the trees.

c | [10 marks]
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Q1(d)
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Consider the network shown below:
5)1 t=0 10Q
1540 §§ﬂg
10Q
1H
i(f)

If switch S is closed at ¢t = 0, calculate i(f) for ¢ > 0 by using Laplace transform approach.
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Q.1 (e)

L‘Lk] - .Vl (.":“
o

= 25 [{Esse
lo

-H‘t—'}

e El "Q-S-c'_"{%) A

Realise Cauer II form of the function

4 2
L8(s"+3s +1)
Zcl)= 3s* +45% +1

[10 marks]
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Q10|

@

. If the load resistor 5 kQ is fixed, find R, and R, to meet the criteria.
i 1kQ

In a certain application, the circuit shown below must be designed to meet these two
criteria:
Y
v,

s

=005 ()R, =39kQ
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R
eq
ﬁk Raq = 29k i [10 marks]
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Q.2 (a}| Consider the circuit shown below and determine:
MV
(i) i,

(iii) power factor between V|, and i,

200 SOpF  10mH
=l 0"
> +
2
10cos 10% V $20 . 302V,
!
i 0 =

[20 marks}
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Q.2 (b}

(i) Write the complete incidence matrix for the graph shown in the figure below. Find
out how many trees are possible for the graph.

(ii) Draw the oriented graph corresponding to the reduced incidence matrix given by

1 1 0 0 0 0 O

{0 -1 1 1 0 0 0
A=

0 0 011 1 0O

0 0 0 0 0 -1 1

Also, find out how many tie sets are possible?
[10 + 10 marks]
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n = 4
= b - w%
- 6 "\4

= 7 |

Ne. of Wnis

e Po&.&jbu = 2

For the initially relaxed circuit shown below, the switch is closed on to position s, at

Q.2 ()
time f = 0 and changed to position s, at time t = 0.5 ms.
s R
— WV
lsz | E, =100 V;E, =50V
E= B I, L R=100Q
T L=02H

Obtain the equation for inductor current and voltage across the inductor in both the

intervals and sketch the transients.

X g

[20 marks]
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Q3 (a)

MADE ERSY Question Cum Answer Booklet l
(i) Obtain Norton's equivalent at terminals a-b of the circuit.
4k I 1kQ
a
+
ov(®)  oo01v, 50kQ2 v,
801 -
i ob
4kQ
(i) For given RLC series circuit,
0250 1H 1F
I,_____
(~)
=/

V(#) =10 sin ot
Find:

1. Resonant frequency ’f;’".

2. Damping ratio ‘€.

3. Maximum possible voltage across the inductor.

[10 + 10 marks]
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Q3(b)

(i) Using Foster form I, synthesize the function
s(s® +9)

A= 5 e 13)

(ii) Using Foster form I, synthesize the function

B s(s* + 4)(s* +6)
YO Ty

[10 + 10 marks]
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Q.3 ()

Consider the network shown below:

V. (HV

+Q

10 20 30 f(ms)
Draw the plot for V__(f) for ¢ > 0.

[20 marks]
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Q.4 (a)| Determine the transmission parameters matrix for the two port network shown below.

o M e
0 — M ———W——— 0 +

[20 marks]
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Q.4 (b)| For the network shown in figure below, write down the f-cutset matrix and obtain the
network equilibrium equation in matrix form using KCL and calculate v.

2v
AN
N
Yy Y¥ey
+ Q
2 V(i) v EE 20 220
_ll L

[20 marks]
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Q4 (o

(i)

(i)

Derive expression for frequencies for maximum voltage across inductor in series
RLC resonant circuit.

Calculate the maximum voltage across the inductor using result of Q.4 (c) (i) with
constant voltage and variable frequency. Assume R =50 Q, L = 0.05H, C = 20 pF
and V=100 V.

[10 + 10 marks]
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Q.5 (a)

Section B : Control Systems
Consider a negative feedback system having the characteristic equation

1+ K =0
(1+5)(1.5+5)(2+5s)

It is desired that all the roots of the characteristic equation have real parts less than -1.
Extend the Nyquist stability criterion to find the largest value of K satisfying the condition.
[10 marks]

e 2

CE > ([+5)(i~5‘+§)(‘/&+¢) + =&

-5+ 41-6a ¢55) (357t k=0
U‘Q-f Z\S.’s-f-/‘;'-) (a+2) + =0

2-Salt 16 + 2 88 +2 +J0=0

- P ot =
ek "0 i ,
S0+ |45 50"+ €5084) + 341=0

53 -—2‘2/‘&-23 -—-A “+ q-ggL’bﬁ;/g.__ia_{ré:E_-d ___g//_t_;-,—[[:o

\_5//"9’3“ c0.5 tle=0 KB
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Q.5 (b)| The loop transfer function of a negative feedback control system is given by
2¢70%(0.1255+ 1)
G(s)}H(s) =
($)H() s[0.55+1]

Determine the possible maximum phase margin and the frequency at which it occurs.
S)M W,

s

2 Jlog2sw) 1

[10 marks]

= | i L

w \I (G-Sw)L—E 1

¢ [t nsawd” <1 ]

o= [(o-Sw)Lﬂ)
¥ C 0. 015w 4 )

L wht=

¢l .o 625

o 262" + £.9235x—¢ =0
At 4 ggsa-|L=o

3% 2. Sy JUT

|-S3+ — 0.6% 4L
= — 12468 roud \
e L Spigpm = 2 ¥
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Q5 (o)

Consider the control system shown below:

k
- s(s+2)

R(s)

C(s)

25
k

Design the value of k so that for an input of 100tu(t), there will be a 0.01 error in the
steady state.

23 b = 1o & B [10 marks]
K v oo
1 kv = ‘oql/
ky = 1im 26
Las
News C[l(S)
¢ = P
[+ CHH, Eé S(S+L+S‘)
K lc
2 st 3) L5+
kv = -D'm ﬁi S
Lo /S/fﬁ-i*-?b) 7"

N o _
= 1e*F
E
k& axlﬂ
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Q.5(d)| For the feedback control system shown in figure, select the parameters K and 7 so that

the following time-domain specifications will be satisfied:
(i) Peak overshoot of the response to a step input is 5% and

(ii) The settling time to within 2% of the final value is 4 seconds.

e —

R(s)— Gls) = S(TKHS Y(s)
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Q.5 (e)

C(s)

Find — - using Mason’s gain formula for the following system with the signal flow

R(s)
graph shown below:

[10 marks]

4
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Q.5 (f)

A unity negative feedback system has open-loop transfer function
K
s(s+2)
The system is modified to include a forward path zero at s = -6. What is the value of K,
if steady state error for input r(f) = 2t u(t) to the modified system is 0.1?

G(s) =

[10 marks]
el oy = o
T S8+
Moc&J&"Hv-a' 5BA1‘*W
el = s
S{s+2)
5
€ dor Yomp  wuth $lepe g S gNeRT
lc v
lky = li'm [SRIEN!
$0
= lm £ K (s+¢)
S0 Als+)
= k (¢}
' L /
Ky = e
o 9
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Q.6 (a)

Consider a minimum phase system whose asymptotic amplitude frequency response is
shown in figure below.

(i) Determine the transfer function G(s) of the system.

(i) Determine the two gain crossover frequencies ® g andw,,.

(iii) Determine the phase margin at w,, .

dB
+20 dB/dec -20 dB/dec

30} ---ee

~40 dB/dec

[10 + 5 + 5 marks]

n -—O(J /CEJ&
B ecandr slope w dusuarlng >3 e
g

TE = e
i)

(‘SF‘”) (£+0 (£ _1/’
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Q.6(b)

Prove that a combination of two poles s = -4, and s = -4, and one zero s = -b to the left of
both of the poles on the real axis, results in a root locus whose complex root branches

form a circle centered at the zero with radius given by /(b —a;)(b—a5). Sketch the root

locus plot with the gain (K) varying from 0 to ee.

A [20 marks]
0
FOL‘-S' "—Qr CfL
— >
s = — b
TE - It (s+b)
(c+a,) (s+a)
Pot ¢= »~+)w
5 L lo+w +b)
) +9,) Lty +4,)
Rv 4w 4 ke on PRost foan i

t  sakc i comd
RO

1 \] (a__‘_b)L_‘:wL 5

- = L
&
J (o) L+wL \](a%q:) + b

(r+bt)" +w = ((r-pq,)’%w‘*] [ +a) ™+ wt)

KW
ok ph 2wk et [ 5 a b4 2t bt ) O q b 20,
—Fw")
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Q.6 (c)

_ [

A control system is represented by the state equation given below,
x(t) = Ax(f)

e—t 2t

1
The response of the system is x(f) = [ 9 _t:| when x(0) = { zjl and x(f) = { ; ?.t] when
—5e 55 —e

1
x(0) = [_1]

Calculate the systermn matrix A and the state transition matrix for the system.

w [20 marks]
Se |" btk AS G-L .}
c d

\
R [ c‘“bl % (o) = [—z,}

—2¢—F
=& 1
For- = e pelink = L
x L&) [-u"t’k uaem W

BRI

o it = = l uaxm wvolu = 2

—Lk
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Q.7 (a)

(i) The forward transfer function of a unity negative feedback type 1, second order
system has a pole at -2 and zero at ~2.5. If frequency of oscillation is +10 rad/s
then determine:

1. Damping ratio
2. Damping factor
3. Steady state value, when input #(t) = (5 + fHu({) is applied.
(ii) For unit-step input to the second order system, define the following characteristics:
1. Rise time
2. Peak time
3. Peak overshoot
4

Settling time
[15 + 5 marks]
() Polh = -2, 9/ Tl = =225
v

C) @ = / S+ 25—

/ S Lot t)
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Fraat.

Consider the block diagram which form a scheme for controlling (automatically) the
direction of travel of a road vehicle. The controller (a compensating network) is
represented by G (s) and engine-vehicle dynamics by G(s).

B4(5)

+ s+o K 60(5)
Desired  _ s+4d S(s+2)(s+ 4) Direction
dirgction of G.(s) G(s) of travel
vehicle travel

(i) Determine the necessary conditions linking o, the controller parameter and gain K
of the engine vehicle part for the overall system to be stable.
(ii) Also suggest suitable values of o. and K, while assuring that steady-state error due

|
to unit ramp direction input [Bd(s) = —12— J is no more than 20%.
S

[20 marks]
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(i) Consider the closed loop system shown below. A PI controller controls a second
order plant. Determine the range of K_for which the closed-loop poles satisfy
Re(s) <-2.

+

+3
Kc(1+§] 25
5 s +2s+2

(i) A unity-negative feedback control system has an open-loop transfer function,

G(s) = L; K=0

s(s+1)(s+2)
Sketch the root locus plot of the system, explicitly identifying gl_e_ESIEoid, the
asymptotes, the breakaway points and *j axis crossover points.

[10 + 10 marks]
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A unity-negative feedback system is characterized by the open-loop transfer function
6= s
5(0.5s+1)(0.25 +1)

(if Determine the steady-state errors to 2u(f), 5t u(f) and 5£2u(t) input [u(f) is step input].
(i) Determine rise time, peak time, peak overshoot and settling time (+2%) of the unit-

step response of the system.
[8 + 12 marks]
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The open loop transfer function of a unity negative feedback control system is given by

-,
s(s+1)

G(s)

The system is to have 6.5% first peak undershoot when compensated by tachometer

feedback. Determine the tachometer feedback constant K,

[20 marks]
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Q.8 ()| (@) Therootlocus plot for the certain control system is shown below:

jo

37 s-plane

e
T |

\

Find the break-away and break-in points for the above root locus plot.

(ii)) Obtain a state-space model of the system shown in figure below:

U(s) ¢ % 51705 ——Y(s)
controller plant
1 >
s+1
Sensor

[10 + 10 marks]
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