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Q1(a)

A baseband signal m(t) = cos(1000t)cos(3000t) is AM modulated using a carrier
cos(10000¢). (Take K, =1 v7)

(i) Find the AM modulation index, p.

(i) Find the power efficiency, n.

(iii) Find the frequency components in the baseband signals and in the AM signal.

(iv) Sketch the spectrum.
[12 marks]
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Q.1 (b)| Gate-cathode characteristics of a thyristor have a spread given by relations:

I,=2.1x 1073 ng and I, =2.1 x 1073 Vgl-5
The gate source voltage is 16 V and load line has a slope of -128 V/A. Calculate the
trigger voltage and trigger current for an average gate power dissipation of 0.5 W. Are
the values of Vg, I . obtained here justified?

[12 marks]
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Q.1 ()

Express x(t) in terms of rectangular pulse and triangular pulse, and compute the Fourier
transforms of the signals using standard Fourier transform relations.
x(f)
2
M |
t
-1 0 1 2
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Q.1 (d)| Calculate the string efficiency of a 3-unit suspension insulator, if the capacitance of the
link pins to earth and the line are respectively 25% and 10% of self capacitance of each
unit. What should be the values of link pins to the line capacitance for 100% string
efficiency?
[12 marks]
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Q.1(e)

A unity feedback system with loop transfer function,
(s+2a)
$3+ (1+a)s? + (o —1)s + (1 - 20)
The magnitude of the steady-state error of the unity-feedback closed-loop system to a
step-input should be less than or equal to 10%. Determine the range of o that will achieve

desired steady-state error.
[12 marks]
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Q.2 (a)

Consider the loop transfer function of a closed-loop system is
Ke™
- K=
LO) = Ss+1)5+2)

Draw the approximate Nyquist plot on the graph. From the plot obtain the phase margin

and gain margin. (Students are adviced to use graph paper)

[20 marks]
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Q.2(b)| (i) Explain with a diagram the working of a DC shunt motor three point starter.

(ii) A 10 kW, 250 V, dc shunt motor with an armature resistance of 0.8 Q and a field
resistance of 275 Q takes 3.91 A, where running light at rated voltage and rated
speed.

1. Calculate the machine efficiency as a generator when delivering and output of
10 kW at rated voltage and speed and as a motor drawing an input of 10 kW.
2. Determine the maximum efficiencies of the machine when generating and when

motoring.
[8 + 12 marks]




MADE ERNSY Question Cum Answer Booklet

Page 15 of 74

Do not
write in
this margin




MADE ERNSY Question Cum Answer Booklet

Page 16 of 74

Do not
write in
this margin




Do not
write in

e MADE ERSY Question Cum Answer Booklet | Page 17 of 74 | i argin

Q.2(c)| (i) Design a combinational circuit with 3 inputs that will produce logic 1 when the
output binary number is less than 3 or greater than 6.
(i) A 10-bit A/D converter of the successive approximation type has a resolution of

10 mV. Determine the digital output for an analog input of 4.365 V.
[12 + 8 marks]
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Q.3 (a)| A single-phase full-bridge inverter has RLC load of R =4 Q, L =35 mH, C =155 uF. The
dc input voltage is 230 V and the output frequency is 50 Hz.

(i) Find an expression for load current upto fifth harmonic.

(i) Calculate the fundamental power and power absorbed by load.

(iii) The rms and peak current of each thyristor.
[20 marks]
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Q.3 (b)

(i) A 100 MVA, 50 Hz turbo alternator operates at no load at 3000 rpm. A load of
25 MW is suddenly applied to the machine and the steam valves to the turbine
commence to open after 0.6 sec due to the time lag in the governor system. Assuming
inertia constant of 4.5 kW-sec per kVA of generator capacity. Calculate the frequency
to which the generated voltage drops before the steam flow commences to increase
to meet the new load. Also determine the frequency if the further added delay of
0.2 sec takes place in opening valves due to time lag in the governor system.

(ii) A surge of 100 kV travelling in a line of natural impedance 600 ohms arrives at a
junction with two lines of impedances 800 ohms and 200 ohms respectively. Find
the surge voltages and currents transmitted into each branch line.

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

Derive the Fourier transform of the following signals.

. 1 1

(1) 1+ 72 (i) 7
[10 + 10 marks]
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Q4 (a)

(i) A 3-phase 50 Hz, 12 pole, 200 kW slip-ring induction motor drives a fan whose
torque is proportional to the square of speed. At full load, the motor slip is 0.045.
The rotor resistance measured between any two slip-rings is 61 m€2. What resistance
should be added in the rotor circuit to reduce the fan speed to 450 rpm?

(ii) Elucidate the phenomenon of cogging and crawling with respect to induction

machine.
[12 + 8 marks]
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Q.4 (b)

(i) Consider the system with two states and the state-space model matrices given by:

A=[:g (1)} B=[11<], c=[1 0] Ke%

1. Form the observability matrix for the system. Is the system observable for all
values of K?
2. Form the controllability matrix for the system. Is the system controllable for all
values of K?
(ii) For the given circuit, obtain the state space representation using i, and e_ as state
variables, the input is ¢,(f) and output is ey(t).
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Q4 (0

For the following system, estimate the time-current grading of each relay.

|z | b
@ln |

c
|
I

Relay Point CT Ratio Fault Current

a 400/5 6000 A

b 200/5 5000 A

c 200/5 4000 A
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0 \\
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£ 30
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i 2.0
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1.0 20 3.0 10.0 20.0
Current as multiple of setting (PSM)
(Relay IDMT Curve)

[20 marks]
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Q.5 (a)

A 50Hz,400V, 4-pole cylindrical synchronous generator has 36 slots, two-layer winding
with full-pitch coils of 8 turns each. The mean air-gap diameter is 0.16 m, axial length
0.12m and a uniform air-gap of 2 mm. Calculate the value of resultant AT/pole and the

peak air-gap flux density.
[12 marks]
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Q.5 (b)

The fuel inputs per hour of plants 1 and 2 are given as
F, = 0.2P7 + 40P, + 120 Rs./hr.

F,= 0.25Pf +30P, + 150 Rs./hr.
Determine the economic operating schedule and the corresponding cost of generation if
the maximum and minimum loading in each unit is 100 MW and 25 MW, the demand is
180 MW, and the transmission losses are neglected. If the load is equally shared by both
the units, determine the saving obtained by loading the units as per equal incremental
production cost.

[12 marks]
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Q.5 (c)| Given below is the transient response of a second order system for a unit step input.

Amp
el e N fommmm s A

o) SN AU W _r I AN

: : Time (sec)
0.5 1.0

Find:
1. Natural frequency
Rise time

Peak time

Ll

Setting time (2% tolerance band)

[12 marks]
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Q.5 (d)| A single-phase ac voltage controller, connected to 230 V, 50 Hz source, is feeding a
series load R =3 Q and X, =5 Q. For a firing angle delay of 120°, calculate the extinction

angle and rms value of output voltage.
[12 marks]
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For the given opamp circuit, let the op-amp saturation voltages be 10 V, R, = 100 k€,

Q.5 (e)
R,=R=1MQand C=0.01 pF. Find the frequency of oscillation.

2
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= :b (%)
AVAVAVAV é
T
[12 marks]

o L:‘. MM/L,

Ghven R, =[bokdL; 1,
L= 00IMP

Voud = 7 )6V
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Q.6 (a)

The single line diagram shows a generator connected to the metropolitan system (infinite
bus) through high voltage lines. Determine the critical clearing angle for the generator
for a 3-phase fault at the point P when the generator is delivering 1.0 p.u. power. Assume
that the voltage behind transient reactances is 1.2 p.u. for the generator and that the
voltage at the infinite bus is 1.0 p.u.. Breakers adjacent to a fault on both sides are arranged

to clear simultaneously.

70.15 p.u. /025 pu. jO.15 p.u.
j03 p.u. E 3 P E j0.15 p.u.
jo15pu. 10PPU ip15p0,
[20 marks]
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For the given op-amp circuit, derive the expression for closed-loop gain v,/v,. Hence,

determine the resistance R,, R,, R, and R to obtain a gain of 100 and input resistance of
1 MQ (Resistance must not be greater than 1 MQ).

[20 marks]
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Q.6 (c)

For the ideal type-A chopper feeding RLE load, show that the average input current is
given by,

o, -E) fL
= ————-——(AI
I, R R (Aly)
Where, V; : Supply voltage, o : Duty cycle;

f : Switching frequency, Al, : Load current peak to peak ripple
Also, find the expression for average current in freewheeling diode. Assume continuous
conduction mode.

[20 marks]
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Q.7 (a)

(i) Give transfer function of a causal system
25+3

s?+25+5
Find the mark the location of its zeros and poles in s-plane.

Sketch the ROC.
Is the system BIBO stable? Explain.
Write the differential equation relating output y(#) to the input x(#).

H(s) =

Ll

5. Find the system’s impulse response.
(ii) Signal x(t) is given as

_ 11
B =tell, ¢ ——,—]
x() E[ )

x(t)= x(t+1)
Compute the trigonometric fourier series coefficients of x(t).
[10 + 10 marks]
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Q.7 (b)

For the given series full converter, the load current is continuous and constant at I,. The
converters operate in rectification mode such that o, = 0 and o, = 7t/2.

(i) Draw the waveforms of output voltage and supply current.

(ii) If input voltage is 120 V, calculate the values of average output voltage, rms output

voltage, harmonic factor, displacement factor and input power factor.
N,:2Ng=1:1

o

+ lp

~.
(=}

O»0or

[20 marks]
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Q.7 (0

K(s*> +2s5+2
%, K > 0. Plot the root locus

For the given open loop transfer function G(s) =
s(s“+1)

on a graph paper and obtain:

(i) Open loop poles and zeros, centroid, asymptotes, real and imaginary axis portion
part of root locus.

(ii) Angle of departure and arrival of all OL poles and zeros.
(iii) Break-away and break-in point.
(iv) Gain value K for damping ratio & = 0.5.
[20 marks]
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Q.8 (a)

(i) What is bubble memory?

(i) 2 kB RAM, 2 kB ROM, one input and one output device are to be interfaced with
8085 microprocessor. Employ memory mapped I/O scheme to execute the above.

(iii) How many ports are there in 8255 and what are they?

[4 + 12 + 4 marks]
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Q.8 (b)

Using Radix-2 Decimation-in-frequency FFT algorithm to find the discrete frequency-

domain samples of a signal, s[n] = {0, 4, -4j, 0, 0, 4j, -4, 0}.

[20 marks]
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Q.8 (c)

(i) A 50 kVA, 2400/240 V single-phase transformer has a short circuit test performed
on its high-voltage side. An open-circuit test is performed on low voltage side. The
following test results were obtained:

Open Circuit Test Short Circuit Test
Voe =240V, Voo = 48V
Ioe = 54 A, I = 208 A
P,. =186 W, Py = 620W

1. Draw the transformer equivalent circuit referred to HV side. Find R, X,, R, X_ .
2. Determine its voltage regulation and efficiency at rated load, 0.8 power factor
lagging, and rated voltage at the secondary terminals.

(i) A transformer has its maximum efficiency of 0.98 at 15 kVA at upf. Compute the
all-day efficiency for the load cycle of full load for 4 hours/day and 0.4 full-load
rest of the day. Assume load to operate on upf all day.

[12 + 8 marks]
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