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_ Section A~ Eléctrical Circuits -

1 (a)

4 200
The ABCD parameter of the two-port network in figure are [o 2 J
100
50 V [T] R,

The output port is connected to a variable load for maximum power transfer. Find R;
and the maximum power transferred.

[12 marks]
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1(b)

Determine the current i(t) in the circuit shown in figure at an instant ¢, after opening the
switch at ¢ = 0, if a current of 1 A had been passed through the circuit at the instant of

2Q
SE.
10v3- 20V @ §1H

opening.

[12 marks]




Do not

@ MRADE ERSY Question Cum Answer Booklet | Page 4of 69 | th

Q.1 ()| For the circuit shown below:

5Q 2Q  j3Q 4Q

ey
=

Determine the voltage V, which results in a zero current through the (2 +j3)Q impedance
branch. Using superposition theorem.
[12 marks]
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Q1(d)

3A
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N/

20

L -
-l
-g
-g
-X
-
-
-

AAAA
YYVy

]

=

5A 'T;m

Use nodal analysis to find V,, V, and V, in the circuit of figure.

[12 marks]
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Q.1 (e})| Use nodal analysis on the circuit to find V,,.

B3O
— A ——
Vi I Va
i
-j5Q
5/90 $30 260 1040

[12 marks]
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2 (a)| Determine the current I through the terminal AB of the network shown below:

60200V (=) A

[20 marks]
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Q.2(b)

figure.

+
L,V

ZACb '>§=0 -

05H

1Q

Determine the voltage across inductor for £ > 0.

§1Q

—Wv‘v H
10 cos 10° (2) g 4mH

2

(i) For the network shown in figure below, the switch is closed for a long time and at

t = 0, the switch is opened.

(ii) Obtain expressions for the time domain currents i, and i, in the circuit given as

[10 + 10 marks]

Yy
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Q.2 (¢)| For the circuit shown below, calculate,
(i) Total admittance, total conductance and total susceptance.
(i} Total current and total power factor (pf).

(iii) The value of pure capacitance to be connected in parallel with the above combination
to make the total power factor (pf) unity.

60 8O
80 -6 Q

~— 200V, 50 Hz —J

[20 marks]
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Q.3 (a)| In the network shown in figure the switch is closed at time ¢ = 0. Assuming all the initial

currents and voltages as zero, find the current through the inductor L, by the use of
Norton's theorem.

R =2Q R,=2Q

[20 marks]

T RAA
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1.3 (b) | Show that the resonant frequency ®, of a series R-L-C circuit is geometric mean of , and
,, i.e., the upper and lower half power frequencies respectively.
[20 marks]
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2.3 (9)

Calculate the power supplied to the 10 Q resistor in the ideal transformer circuit given

in the figure below.

120£20°V

2100

[20 marks]
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24 (a)

Determine the current through the load resistance R; = 15 Q across the terminal A-B of
the circuit shown in figure below, using Thevenin’s theorem. Also find the maximum
power that can be transferred to the load resistance R, .

: 2Q

2h 1A
Fan
o/
2Q
A"""‘" l'l‘.l‘A' A
1Q
S R
[20 marks]
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Q4 (b)

Find the h-parameters for the two-port network shown

L, 3Q 05V, I
+ ~ © +
4Q
Vi 1
3l,
- O O -

A\ g\‘
. ; \
1‘ (0] F5

-F/\Dhr\ Fhe ohove C“”CL‘H» a

3(1)+ 4 (u+o 5V

+ 31x

G AT, 4, AN

N, = ?I\+311+3‘V|

N, = ‘_—}1‘+513\ Ff@
N~
-an.\ The °G"E‘j 5

Vy = Lyt SRV

@

Ty = Vat DS

[20 marks]
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Q4 (9

Solve for V in the circuit of figure using mesh analysis.

L

48 = éf) 420 A
80
W -
50
+
1020v() 2e=v,

(D304

81\ 4 jkkéﬂ‘s—
QPPB\]GS KVL 1w QWP

o+ 8 L-n) +(L-1) (%)

[20 marks]
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Q5 @)

Obtain the open loop transfer function for a unity negative feedback system whose bode
magnitude plot is shown below:
M(dB)

-20 dB/decade

g s B :

-40 dB /decade

o o
0 157 0) ;2 o o (rad/sec)
- 10 :
] Lot R WO M | 1 =20 dB/decade i
22552 Fesrm e e T L ~40 dB/decade

[12 marks]
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Q.5 (b)

A servo mechanism is represented by the equation :

dy o dy
8Y  48% _
= - 1uE

where E = C - 0.5y is the actuating signal. Find the value of damping ratio, damped and
undamped frequency of oscillation. Draw the block diagram of the system described by

the above equation.
[12 marks]
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25 (o)

Closed loop system with unity feedback has the forward loop transfer function as :

28.8

GE) = Siv02s)

Modify the design using cascaded compensation to satisfy the optimum performance
criterion, so that the transient response to unit step input reaches its final steady state
value in minimum time without having any overshoot. Take gain of proportional

controller equal to 5.
[12 marks]
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2.5 (d)| A unity negative feedback system has open loop transfer fucntion, G(s) = , Where

K
s(1+sT)

K and T are positive constants. Determine the factor by which the amplifier gain K be
reduced so that peak overshoot of the unit step response is reduced from 80% to 50%?
[12 marks]

W. B
209 :-_> 6—\1‘\;@\«\ OFQV\ ,QDOP —/b\ﬂ\‘/\/‘ O\M _)[\_uvtc 0

GleJnls) = e
ot \+$T)

ot (,-JS)H{S) =0

chmarteniatic eq" 2
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2.5 (e)

The open loop transfer function of a unity negative feedback system is given as,

G(s)= 25(1+0§s)(1+s)' Determine the vilte-of “K’ for which Bhe gamm margis of the
system is 14 dB.
[12 marks]
2 oddion =3
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26 (a)

The open loop transfer function of a unity feedback system is given by G(s)H(s) =
e"5G, (s), where G, (s) is minimum phase system. The approximate bode magnitude plot
of the open loop transfer function is shown in the figure below. If the phase margin of
the system is -18.19°, determine the transportation lag T.

‘dB

40 dB |-----------7% :

-4() dB/dec

0-65 rad/sec
60 dB/dec
[20 marks]
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Q.6 (b)

(i) Evaluate %2— for the system whose block diagram representation is shown in figure

1

below. (Use block diagram reduction technique to solve).

=
+ +
G N
R4 1 )
G3
G, \
+
+
: T
+
T+
L_____H2

(ii) Figure below shows a mechanical system and the response when 10 N of force is
applied to the system. Determine the values of M, F, K. The dimension ‘x” is in

meter.

0.02

x(t)
l - 0.00193
. . .
T T I I
1 2 3 4

[10 + 10 marks]
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Q.6 (c)

Derive the expression for the transfer function of an ac servomotor and obtain the same
in respect of a servomotor having following data :

(i) Starting torque = 0.166 N-m

(i) Moment of inertia, ] = 1 % 10-° kgm?
(iii) Supply voltage = 115 Volts

(iv) No load speed = 2904 rpm

{Assume friction to be zero)
[15 + 5 = 20 marks]

a0
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Q.7 (a)

(i) A position control system is shown in figure below :

K
RY— S serErs) T

K and a are the parameters of the system. Determine the range of K and a for which
system is stable.

(i) Sketch the root-locus of G(s) = M
s°(s+2)
[10 + 10 marks]
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Q.7 (b)

Sketch the polar plot of the transfer function given below. Determine whether the plot
crosses the real axis. If so, determine the frequency at which the plot cross the real axis

and the corresponding magnitude |G( ](x))| .

1
G = 2 A+ a1+ 29)

[20 marks]
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Q.7 (9)

Construct the state model for a system characterised by the differential equation :

3 2
d g+6d2y+11dy+6
dt dt dt

Y =u

Give the block diagram representation of the state model.
[15 + 5 = 20 marks]

(D0 e
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e 3
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Q.8 (a)| The open-loop transfer function of a unity feedback control system is given below:
K

s(s+2)(s2 + 25 +2)

Plot the root locus and determine the value of K at the breakaway point.

Gfs) =

[20 marks]
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8 (b}

The open loop transfer function of a feedback control system is

K(1+ 2s)
s(1+s)(1+s+s°)

G(s)H(s) =

Find the restriction on K for stability. Find the value of K for the system to have a gain
margin of 3 dB. With this value of K, find the gain cross over frequency and phase margin.

Use Nyquist Approach.

[20 marks]
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8 (c)

The state space model of a second order system given below is designed using feedback

=1 2
y=[1 0]

(i) What are the conditions for the desired response? Also check whether desired

control system.

response is possible or not.
{ii) Design an observer system such that the above system has settling time of 0.5 sec
and damping frequency of 6 rad/sec.
[8 + 12 marks]
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