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Section A : Network Theory

2.1 (a)| Consider the circuit shown below:

50
—WW— 2Q 5Q
A — '
1H
- @) —J\{Wg—— 25Q 6.25Q
Calculate the power supplied by source.
[10 marks]
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Q.1(b)

Find the open circuit parameters for the two-port network shown below:
, 19 19 I,

appw  KVL
Y- ITxl - &(j_*!:_r): 0

[10 marks]
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=Q.1 (c)

V, =

T8+ (+IF - Gﬁ-ﬂ) i —(LEJ Ty
] 2841 )

[Aﬁw}l&

(2 8+1]

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

VS
L@® gc 18
RZ
[10 marks]
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Consider the network shown below:
5)1 t=0 109
15A 2100
109
1H
o i()

If switch S is closed at t = 0, calculate i(t) for t > 0 by using Laplace transform approach.
[10 marks]

befoe  t<0 n <leady dlals
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Q.1 {e)

2
@+is)

L(S)—_— Z% i O, 375&‘{'7‘5_’
‘ & ($t15]
3 (A+8)8+4 15A
& (4+1s)
I we 3-(1’ = §.D
L(S): 0.3 . O:l25
S £+15

—
Realise Cauer II form of the function
s(s* +3s2 +1)

Z1c(s)= 35t +4s% +1

[10 marks]

=2




MADE ERSY Question Cum Answer Booklet | Page 7 of 59

Do not
write in
this margin

Q.1 ()

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

() T =0.05 (b) Req =39kQ
s

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

1k : R

Yy i LA RAl A i

v.() | RE  ViEske
[
b ol
' 21l 5K [10 marks]
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Q.2 (a)

ofus &Olu'mﬁ eq @ L@ we

¥ = SEK £
xSk = 9k o
R, t+ 5K

Consider the circuit shown below and determine:
H V,
A

(iii) power factor between V, and i,

200 50 WF 10 mH
‘V‘VAV" I I m
1: +
10 cos 10% v (=) 200 3003y,
. 1y A
Tg

[20 marks]
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Q.2(b)| (i) Writethe complete incidence matrix for the graph shown in the figure below. Find
out how many trees are possible for the graph.

e

(ii) Draw the oriented graph corresponding to the reduced incidence matrix given by
11 0 0 0 0 O

Jo-111 00 0 \/‘\
oo 011 1 0 =i 27
000 0 0 -1 1 9

Also, find out how many tie sets are possible?
[10 + 10 marks]
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Q.2 (o)

For the initially relaxed circuit shown below, the switch is closed on to position s, at
time { = 0 and changed to position s, at time ¢ = 0.5 ms.

51 R vV
’E:V\M—j C E—100VE =50V
ET TEZ ILQL R=1000

L=02H

Obtain the equation for inductor current and voltage across the inductor in both the
intervals and sketch the transients.

R = (0D [20 marks]
o t=0
_ T ’@ 0.¥8
|00 100
: T Qx0.[ctlo
(20 +0.4%8 g2
= £00 - A B

@ (&+ &oo) L (e+5)
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Q.3 (a)

(i} Obtain Norton's equivalent at terminals a-b of the circuit.

4 kQ I 1kQ
a
+
ov(®) o001 v, 50kQZV,
801 -
———AMW " ob
4kQ
(i) For given RLC series circuit,
025Q 1H 1F
I_
(~)
ZJ

V(f) = 10 sin ©f
Find:
1. Resonant frequency ’f,".
2. Damping ratio ‘£’

3. Maximum possible voltage across the inductor.

[10 + 10 marks]
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Q.3 (b)

(i) Using Foster form I, synthesize the function
Z(5) = s(s2+9)
(s2 +5)(s* +13)
(ii) Using Foster form II, synthesize the function
2 2.
Y(s) = 5(52 + 4)(52 +6)
(s +3)(s“ +5)

[10 + 10 marks]
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Q.3 {¢)| Consider the network shown below:

20kQ
V() V MWWy g
20k
5L
5 VC:) == 330 nF V.,
Vinlt)
— 5

10 20 30 t(ms)

Draw the plot for V_ (¢) for £> 0.
[20 marks]
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Q4 (a)

Determine the transmission parameters matrix for the two port network shown below.

1Q
— MWW o+

;, 1H

Vi
L+

= 05F

I

v,

[20 marks]
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- Q4(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.

20
AN
A4
20
.l'l'.l'l' A'q A h
+ 2Q
2v(®) vE20 320
_ -t

[20 marks]
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Q.4 {c)

(®)

(ii)

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 uF
and V=100 V.

[10 + 10 marks]
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Section B : Control Systems

Q.5 (a)| Consider a negative feedback system having the characteristic equation

1+ &
(1+5)(1.5+5)(2+5)

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]
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Y
Q/ +a L.5H L,

The loop transfer function of a negative feedback control system is given by

2¢70%°(0.1255 + 1)
s[0.55+1]

Determine the possible maximum phase margin and the frequency at which it occurs.
[10 marks]

G(s)H(s) =

pn= 180 +L¢)’w¢
7 | |
@W’ ooVl Ma\ o whi aﬂmof Dpon(oopTF TR

bonol= 25l o
uJJ(ToxO.S + |

Jquase. both &l
1 i
#[ onsw) el = w [(wxo,g)+;]
2 4
D 0625W +H = 0205w + W

4 L E
pisy « Pa3EEEGH =0

o=t fhon g Wil be
st 4 sy =0

[_c,@)n@) = - 0.50
Aaeme) = - 0.5X 159180 + fom'(0.125%1.59) - fom ' (0.5%0.159) -390
7‘- .

b= —[62.816

this margin
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Q.5 (9

Consider the control system shown below:

+ k
Rag s(s+2)

R(s)

58
k

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

steady state.
[10 marks]
R() i - -—v—Fé &)

k
_aly ﬂ e
(+ G AE) S S+

K B K

Doy, € GO M) =dm EX K
g0 -0 ’;/(XT?)
ky = K
for Romp ﬁumdlm J[;maLU ead  exvor L:_‘l—/
= - |00
% 0.0 i3
7,

F< = TJbvbooO

-
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Q5(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.

R(s)—fi)-_ G = - ('csK+ 5 Y(s)

10 mark
0 boao \oo() TF = RS : e 10 maric]
etk .
7
= _f% = w"?
2 1 P26yl + Wy
e+ .,Z'_Q +__£. EtewWpdt %

Now Aquard both 2(de
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C
Find % using Mason’s gain formula for the following system with the signal flow

graph shown below:

{mmml PQH) F'
PQ_ = G’T}‘ /
PE = Q‘,r 676
Pp = v
PS . CIH
Single loop =L,
{ iy
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Q.5 ()

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

G(s) =

[10 marks]

R(S) c(s)
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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 ® , and © o

g
(iif) Determine the phase margin at w,,.

dB

+20 dB/dec -20 dB/dec

[10 + 5 + 5 marks]
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Q.6(b)[ Prove thata 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—a,). Sketch the root

locus plot with the gain (K) varying from 0 to .
[20 marks]
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Q.6 (c)

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

e—f 1 2}
The response of the system is x(t) = { 5 } when x(0) = {_2} and x(t) = ¢ o when

~t
1
x(0) = [_1]

Calculate the system matrix A and the state transition matrix for the system.
[20 marks]
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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 () = (5 + £)u({) is applied.

(i) For unit-step input to the second order system, define the following characteristics:
1. Rise time '
2. TPeak time
3. DPeak overshoot

4. Settling time
[15 + 5 marks]

RE (s)

K (€+2.5)
8 (¢+2)

wh= Jlo wd/c% b (8=

U = 1+ () H)
= (0] g + Kk &+25K
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Q.7 (b)

Rie fing + Hima daken by fhuvedones o veach 1o]. Fogor ob i
Pinal value \_/3‘9"*
pak ding : Hime loken by the yesponét to W
of dibk af(vwaﬁf-vmaﬂ&)
paak owsthool b Hhe valoo W0H0e p
sy &Wj@ or (- t)
e CE)

o . U U e valut to vaaet 98] of e Hind value -

b (Ok {_0:901/

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

‘: ‘f:~'w
M) C(PJ' Al

represented by G (s) and engine-vehicle dynamics by G(s).

+ S+0 K 6o(5)
Desired _ s+4 s(s+2)(s+4) - Direction
dirfaction of G(s) G(s) of travel
vehicle travel

(i} Determine the necessary conditions linking ¢, 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 [B a{s)= %} is no more than 20%.
s

[20 marks]

(~3+2&)(¢
3 3

o eet gy 9a 428 +3238

gl ki e AKEFD

s R R =0

2 2
1y o+ 328 + 8

i = O
¢+ (o@g+ 328 + (2tKk) + KX
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Q.7 (d)

(i)

(ii)
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giwn Wl gy < 20
0D
R &
Ky
Ky 2[00

Q0

Consider the closed loop system shown beloWw. 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[l“’é) 2s+
= s/ §°+25+2

A unity-negative feedback control system has an open-loop transfer function,
G(s)= RS ;K20
s(s+1)(s+2)
Sketch the root locus plot of the system, explicitly identifying the centroid, the

asymptotes, the breakaway points and jo axis crossover points.
[10 + 10 marks]

g8 = U+ QYA

= 1+ kelas), M3
X (@2+43+&)

n

R e
R

3 @1+2£+2)

2
= gPiadtt a8 4 ket + k.88 4 Iske

St (et2) 8 H(Bket2) $ 4 15Ke
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2‘ ~
(g‘g-f— &SLHMHJ + Ke ¢+ ¢ t4kptt 8 + HKeF8 T 8 kel

14 ke & 260U +1SKe

@3+ [G—(—KQ-#L]-SQ-% |2+HKC+8'(-94(Q+?—]‘

+7g Lufe e 34 1 REFEFI BRe &0

. L
&+ Bric)e s [ 224 ke |8t [20—{- 35 ke |

& ' 234 11Ke
gk Qg+|<c) @o+’3§kc)
4 @WW ~ 20 +2§ka)
3 onS“kc

L

gfkc>0 kc->"?“‘#@
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A unity-negative feedback system is characterized by the open-loop transfer function

1
5(0.5s+1)(0.2s + 1)
(i) Determine the steady-state errors to 2u(t), 5t u(f) and 5¢2u(f) input [u(f) is step irput].
(ii) Determine rise time, peak time, pea,k‘ overshoot and settling time (+2%) of the unit-

.8 (a)

G(s) =

step response of the system.

[8 + 12 marks]

) Wﬁ&dihﬁﬁ oy dut o wnil slep fundlis

€44 = [+ Kp

wheve  kp= J)S/m ¢ (s) 1(s)
830 |

bl & (0.58+1) (0-2“’)

2
e -
44 P
deady ity emov it €
Ly = Ky
by = Dim &0 GBI =
Bl
kv’: -j_-
gy = P2 T

S“:‘z s Qaa)udaé{a, 1'41NU

!
g@}dg{m owors due 10

e T
q
G & GEIA(Y = hw i
P = AR
Kq 840 8 (0.58+1)( t41)
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i) 40 = n RG)

RE) ¢ (0.58t1)(02811) O‘_'5'x0——_".2£—£{“£)(HSJJ
¢ (g) % 10 = _ﬂ_ 4 _@“ & d_g_ e ..._Q._.
oF @t+2) (¢ts) WAt 1 aed giS

g, 1% e
c)= A (fra0) @+5) + e(ﬁ 74+i0) + C (+s6) t D (¢7+24)

§ ¢ (era) (¢15)

)= (A+e4D)€ +[74 + ptsct zp]g +[loa 78] 3 +108
8 82 t2) (e+S)

Ate4D= 0 A=-0.T
TA+BASCHLD= =
IbA+T718= 0 g=0.%3
it b = 03Y
c)= =0F + L f ool 0. 134
| g2 2 845

L eft)= [——0 i R ?3e”g't o..‘lsue-StJ v(t)

det) . 4— lebe T i e7 00 =0 4o fid tp
dt
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8(b)] The open loop transfer function of a unity negative feedback confrol system is given by
12 |
G(s) =
®) s(s+1)
The system is to have 6.5% first peak undershoot when compensated by tachometer
feedback. Determine the tachometer feedback constant K,.
1 - [20 marks]
e(s)
1t L
L ft undorshut
. S}
4
open loop TF = * AN
}% §+ kx128
tu= T Clp) -0 - 6.5
— W = = 9%
(
.
g (s +ﬂ2kf+')) B
/ |~
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Q.8 (c)

= o.@si%k/

Lo Wy = [2Kg 1

9% 0.339xJ1z = (2Kt

Ra'i= o168 £
(2] 5

(i) The root locus plot for the certain control system is shown below:
jo

Bt s-plane

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

(i) Obtain a state-space model of the system shown in figure belows

1 10
Li{s) + - s+ 5 Y(s)
controller plant
L
s+1

sensor

[10 + 10 marks]
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1) from Root lowd We can geo
pole p=2  Pp=-I
u0  z= 3 Gy 25

1o Tronafer Junetion will be = K (&3) ¢-5)

@+2) (€+1)
o5 Lmd'm,ﬁ BmakmUaﬂ o5 Breakin poirt we need Ao

find %M/

1+ G = 0
K &-3) (875

|+

- ——

- (e4t) (&) (g 2442
€ -3) (¢-5) (¢~ 384 15)

<[(g-ast15). @stY) - (Peza4d)(2-8) ]: ;

(e2-g8415)"

2
aK _ 288—1—38-16& —o44 +308+U5 —[2£+£9 U4

—_—

o | . - %<& —zug-\é]

: ?_/
& 2_/334_% - (¢
A

i 2
/ 2 ]
¢F_su& 4304 4US »,__9_-'-:&3_ ¢ & _ug+ 8 +248 4=

.-ne.z' + 268+ 6] =

le—zexfél =il
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