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Q.1(a)

Obtain the signal flow graph and thus obtain the transfer function C(s)/R(s) using Mason'’s gain formula

for the following system:
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Q.1 (b) Determine the value of overall differential voltage gain A of the following op-amp circuit.
v, o————+
1 ——o V,
R,
MWW
40 kQ
< R3
16kQ:E Re L— AMWW——
3 10 kQ
R2
——WW———¢
10kQ
%2°+>
R1
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Q.1(c)

Use the convolution integral to find the response (1) of the LTI system with the following impulse response
h(?) to the given input x(f). Also sketch the response y(1).
x(t) A A h(t)
1 1
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—1 0 1 0 1
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Q.1(d)

A ferromagnetic core as shown:
Relative permeability = 2000
N, =400 turns, N, = 500 turns
iy=1A,i,=05A
Assume due to fringing effect, the effective area of air gap is 5% larger then their physical size.

5cm 30 cm 5cm 30 cm 5cm

e

5cm
—» O
iy 4
30cm o— r 0.05 cm
0 «—
) ip
N2 N N
N N
—0
5cm Core depth =5 cm

What is the flux in each of the left, center and right legs of the core?
What is the flux density in the air gap?
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Q.1 (e)

A three-phase full converter is supplied from a three-phase 230 V, 60 Hz supply. The load current is
constant, 150 A and has negligible ripple. If the commutating inductances L, = 0.1 mH, determine the
overlap angle when: (i) o = 10° (ii) o = 30° (iii) o0 = 60°
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(i) Compare the shunt and series methods of compensation in the improvement of power system
performance.

(ii) A 3-phase overhead line has per phase resistance and reactance of 6 Q and 20 Q respectively. The
sending end voltage is 66 kV while receiving end voltage is maintained at 66 kV by a synchronous
phase modifier. Determine the kVAr of the modifier when the load at the receiving end is 75 MW at
p.f. of 0.8 lagging. Also determine the maximum load that can be transmitted.

[5 + 15 = 20 marks]
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sS+2

Consider a causal continuous-time system with system function: Hs(S) = 5 .
s +4s+5

(i) Using properties of Inverse-Laplace transform find impulse response h (1).
(ii) Usingimpulse invariant method, determine the discrete time equivalent H_(z) of the given continuous-
time system H(s) (T = 1s}.
(iiif) Using properties of inverse Z-transform find discrete impulse response h,[n]. Verify h (t= nT) = h [n].
[4 + 8 + 8 = 20 marks]
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Q.2(c) Consider the state equation:
dxy(t)
at |0 1 {[x®)] (O
Bt Y vt SR
at
Determine the state-transition matrix ¢(f) and the state vector x(f) when the initial state is x(0) = [1  1]7
and input u(f) = 1 for t>0.
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Q.3 (a)

(i) Briefly discuss the methods of power factor improvement in phase controlled rectifier.

(ii) A single-phase full converter in operated with symmetrical angle control, conduction angle B = g .

If the load current, 1, is constant and ripple is negligible. Determine the Fourier series expression of
input current, the harmonic factor HF, the displacement factor DF and the input power factor.
[8 + 12 = 20 marks]
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Q.3 (b)

(i) The differential input operational amplifier shown below consists of a base amplifier of infinite gain.
Derive an expression for its output voltage, V.

Ry R,

f—W——WA——

+
V1
o

+

T 2 + ?

v, Y
0

(ii) Draw the pin diagram of the 555 timer.
A 555 timer is connected for Astable operation with V., = 12 V. The component values are selected
as R, =10kQ, Rg=23kQand C=0.1uk
Calculate:
(a) Output frequency
(b) Duty cycle
(c) Average power dissipated if 1 kQ resistive load is connected between source and the output

pin.
[10 + 10 = 20 marks]
e I
Va_
ot e e N A
- o

. Nesative f’eec} boeCcle UA u«&ed’ Ut sepua) 970(5090

sty

WCLP% Va i Y )
AW‘aigj Kel ot MNode 15

-

Ve - Vo

Pin5 = tooiro)

Cint  —thesyy

Ping = DS%/a(
PR _ Vee Cs
Wyj)
du.u’qil:c__

A A A S AR AAAAAAA AAA - a



sourabh kumar


MADE ERNSY Question Cum Answer Booklet |

Page 24 of 74

Do not
write in
this margin

Ghen, yeoinv, Rpzoun, Rp- 33en ; C701LEF

| “ = 0493 (RatRR)C @ dovgim Hme

{2 = 0493 R =9 Pridan,

\Mme.

do 1 - 0003 ( 1040?-3)Y!03x Dolx |6 % €y = 00633 % 26200° X Os] X 1B

éJ = 0«R52 Wy €2 = 0ulb me

(SOT;{‘O{GJ dme = Ldte = 081048 = epl2vag
HerYe . a4Q-lyHe
oo’

@ D & @ogq'z__

© Ot st uot{g&e of Asbble pperation

&’VoAu = Ixt o+ bty
0 T S, 008 Vol

' o
&0; Avemag fowzh (opt "&lk\n— Co*mcc:fe.o' b/w Aowfle O

odpd - Q o 12-0‘3"72:4 1% 103

]x103‘



sourabh kumar

sourabh kumar


MADE ERNSY Question Cum Answer Booklet

Page 25 of 74

Do not
write in
this margin




Do not
@ MADE ERSY Question Cum Answer Booklet | Page 26 of 74 |Wen

this margin

Q.3 (c) (i) Explain with the help of diagram the advantages of deep-bar and double-cage rotor. Also draw the
torque slip characteristics of deep bar rotor and double cage rotor.

(ii) Theimpedances at standstill of the inner and outer cages of a double-cage rotor are (0.01 + j0.5) Q
and (0.05 + j0.1) Q respectively. The stator impedance may be neglected. Calculate the ratio of the
torques due to the two cages at starting as well as while running with a slip of 5%.

[10 + 10 = 20 marks]
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Q.4 (a)

(i) State the sampling theorem. What is Nyquist rate?
(i) Inthe system below, X (/Q) and H(e®) are shown, f, = 30 kHz, f, = 10 kHz. Sketch and label the

Fourier transform of y [n] and y (f). Also calculate the value of 2 yqln].

N=—c0
x(t) —>| CID X, H(E®) Z LN e S
f, f,

where, C/D is ideal continuous to discrete time converter and D/C is ideal discrete to continuous
time converter.

A X ()
1
3 > Q
—2nx9x 10 2rx9x 10
A HE)
1
{ —
- —1/6 6 g

[2 + 18 marks]
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Q.4 (b)

A 30 MVA, 13.8 kV, 3-phase alternator has a subtransient reactance of 15% and negative and zero
sequence reactances of 15% and 5% respectively. The alternator supplies two motors over a transmission
line having transformer at both ends as shown on the one-line diagram. The motors have rated inputs of
20 MVA and 10 MVA both 12.5 kV with 20% subtransient reactance and negative and zero sequence
reactances are 20% and 5% respectively. Current limiting reactors of 2 Q each are in the neutral of the
alternator and the larger motor. The 3-phase transformer are both rated 35 MVA, 13.2 A-115Y kV with
leakage reactance of 10%. Series reactance of line is 80 Q. The zero sequence reactance of the line is
200 Q. Determine the fault current when a line-to-ground (L-G) fault occurs at point P. (Assume V,= 120 kV)

—®
YO

XU

A Y

=
e

’ IJ< 000"
...|j< oo

[20 marks]
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Q.4 (c)

(i) Atwo-notch PWM inverter output voltage waveform is shown in figure. Prove that the Fourier series
representation is given by

Vo) = Y, Apsinnot
n=13,5
4E
where, A, = —(1-2cosnay +2cosnay)
nm
Vo A
+E : —
: | .
% % w2 L 37:.'/2 2r ot
—E +

(i) Find the values of o, and a, to eliminate 3’4 and 5™ harmonics from output.
[10 + 10 = 20 marks]
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Q.5(a)

 dere ©!

The following assembly language program of an 8085 microprocessor, working with a clock frequency
of 3 MHz is used to set up a delay of 10 ms:

MVI B, wx H
MVIC, yzH
L1: DCX B
JNZ L1
What is the minimum value of (wxyz),, in hexadecimal to obtain required delay?
[12 marks]
; A
Abs ©  murp , wx A — 08T sk
Myrc | H% H - 43T Stald ‘
L pexe __, 04T Skks |
L
NY L
d
1
Total T stai
4
A
i 1
A
|

nIMy™- W
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Q.5 (b)

A generating station has a maximum demand of 20 MW, a load factor of 60%, plant capacity factor of
48% and plant use factor of 80%. Find:

(i) The daily energy produced

(ii) The reverse capacity

(iii) The number of operating hours per day

(iv) The maximum energy that could be produced daily if the generation station was running all the time.
[4 x 3 = 12 marks]

A5 e = qomss, by oF -8y PR 2R

B foelor = AM = 004 = i‘f’ﬂf,.@.

Moy [pas] Ao MW
= AVGch( lod = Jopw-

® S0 ¢ by = Ruicxsy = QRaMWH
ey Produced dadly Xlo S

d‘) i Cofo_p;,ﬁ-! ,ﬂw@

2 Ootd Plant (apaely = R5HW

() Mayimom Quum Produced if Geners Matlon Load Mm?

allthe Bme <= 2Lxinbxay = gamu
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Q.5(c)

MADE ERSY4Y Question Cum Answer Booklet | Page 42 of 74
A real signal x[n] with Fourier transform X(e/®) has following properties:
(i) x[n]=0forn>0 (ii) x[0]>0
n .
(ifi) Im(X(e)) = sino — sin2e (iv) %j X(e/w)‘zo’m=3n
T
Determine x[n]
[12 marks]
T {
W 4 "6 € ale
AISE)  Greo  xow & Zesk foocion e X(E) /g%
(%mmdk(c. e Koo = Xew)  — CD {
Jrom Info di) 2w Xx(€F) = SinuW~ smzw ¢
¥ {
’_SQ‘,O_):_'X (@) = S w -Sin2w
2) Q
@llo  X(-w) - xF(-L) | 4n-w) - gfr)(-.zt.o) —-Simeal SIm2d |
S ————— e
) (
A X(-) - X(v) _ _gnw + S0 2w & @ d
2. by W SSw 2 e:?’w |
X (W) - X(-w) = Q)[smw ¢ S B q
\ A -g)w
W WY € )
g X(w)— X(-W) - {,J L & q
on Com Ppu'b"o" O{ betu 1
o o AW q
X (w0) Bl € + /@ :
Mows {
-@mu’na 4 4 P gt A
L X C
1(,0') P o é(nﬂ»’)_') + ;ﬂé( n,) ’

B i - L oud xFU=TE

e awicn , N LT

3c\nn X3 =0 n 7o Jwom  fufo ()

1 ; ﬁ L
from infely) 1 gr lien)] - @0 = 2T
i
= i | - ~ T :
= ] do = 3 =S X1 Jrom payseval s
D —AHteono., .
Bo arel 23 + x[-3] = 5

gm,gm-i— RS R S qm

)
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Bt zf0]>0 8o arol=4 A Q(’Ccf.fﬂd

Hence x[n] = [f-,i,i,ljr‘zj e Sl §ntd] = S[rha]
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Q.5 (d)

Two generators G, and G, share a total load of 2.5 MW at 0.8 p.f. lagging.

A

Generator, G,

1 MW/Hz

r<— 60.5 Hz

Generator, G,

1 MW/Hz

>

P,=15MW

P,=1MW

>

kW

(i) If an additional 1 MW load is added to the system, what would be the system operating frequency
and power supplied by each generator?
(i) If the governor set point on G, is increased by 0.5 Hz, what will be the system frequency and
generator powers?

[12 marks]
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Q.5(e)

A 1.5V battery is to drive aload at 5 V. The load resistance is 5 Q. A buck-boost converter is considered
for this application. The MOSFET switch selected has an on-state resistance of 0.025 Q. The schottky
diode to be used for the converter has a forward voltage drop = 0.5V, it's on-state resistance may be
neglected. If itis desired to operate the converter with 70% efficiency. How large can the resistance R,
of the inductor be?

[12 marks]

-

A 5€) Given Vo= 1S v ond Vo= 8V ; Ree B | fdf =002l

=

0

e o Dl
( D)[l - U»DJ‘RJ

S i | v e gf ""D
" 5 = M‘“‘“‘z’””h
I ek +(-D)

i i i i i 2 bl Rl it R A
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Q.6 (a)

(i) A 220V, 6-pole, 50 Hz, single-winding, single-phase induction motor has the following equivalent
circuit parameters as referred to the stator:
R, = 3%, Xim=5Q
R, 16Q, X,=2Q
Neglect the magnetizing current.
When the motor runs at 97% of synchronous speed, compute the torque produced by both the
fields and also determine the resultant torque.

(ii) A compound DC motor has the following specifications:
RA = 08 Q’ Rf, ser — 0.6 Q’ Rf, shunt
No external (adjustable) resistance is connected.
When a mechanical load of 111 Nm is connected to its shaft, it rotates at 800 rpom and operates with
67.3%, efficiency. Itis given that shunt field winding copper losses is equal to 11% of output power.
Find:
(a) Shuntfield current 7,
(b) Supply (Terminal) voltage V/
(c) Supply (Line) current I
)

(d) Rotational + core losses (P, o)

=100 Q

[12 + 8 = 20 marks]
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Q.6 (b)

ik
1+ kY

(i) Signal x(t) with period T = 1 and with Fourier coefficients &y =

x(f) is input to an LTI system with frequency response,

Hi(jo) = {1 ol <7
0 othemw ke
What is the power of the output signal y(t)?
(i) Consider a continuous time signal x(#) + © = | t|. Find the expression of Fourier transform of signal
X).
[10 + 10 = 20 marks]
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Q.6(c)

A three-phase 460V, 60 Hz, 6-pole, Y-connected would rotor induction motor whose speed is controlled
by slip power is shown in figure. The parameters are:
R,=0.041Q, R =0044Q, X.=029Q, X =044 Qand X =6.1Q

. o N,
The turns ratio of rotor to stator windings is Ny, = Vr =0.9.
S

The inductance L, is very large (as compared to A, R, X, X,) and its current I, has negligible ripple.
(No-load losses of motor is negligible).

3-¢ supply

The load torque is proportional to speed squared, is 750 N-m at 1175 rpm. If the motor has to operate
with a minimum speed of 800 rpm, determine resistance R.
[20 marks]
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Q.7 (a)

(i) For the FM modulator using Armstrong’s indirect method, the desired FM signal has a carrier
frequency of 100 MHz and frequency deviation of Af= 75 kHz.

Message

signal ? = NBPM

1

Frequency
Multiplier x N,

f, = 100 kHz

Crystal oscillator

1. Complete the missing block.

BPF

—

Frequency
Multiplier x N,

f,=8.5 MHz

. FM

signal

2. Calculate the frequency multiplication factors N, and N, and the center frequency of the BPF.
3. Find the frequency deviation Af,, at the input of the first frequency multiplier.

(ii) Forthe SSB modulator shown:

m(t) = 4cos(2nf 1)

BPF center
frequency = 11 kHz
BW = 1 kHz

——> SSB signal

c(t) = A, cos(2nf t)

s(f) = 0.2cos[(2r x 10" + 2 x 10°)f

(a) What are the value of f_, f.and A_?

(b) Sketch the spectrum of s(t).

(c) Can we use envelope detector to recover the message signal m(f)? Explain
[10 + 10 = 20 marks]
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Q.7 (b)

(i)

(i)

Derive an expression for the total inductance of single-phase composite conductor line composed
of two conductors (x, y). Each conductor arrangement consists of nand m conductors respectively
and both conductors share the same current equally. The arrangement is shown below:

ao i a’o
N bO e} O )
2 / ®r
4 cQ // cQ '®)
O O @)
d d

A 200 km completely transposed three-phase overhead transmission line with bundled phase
conductors is given in figure. All conductors have a radius of 0.74 cm with 30 cm bundle spacing.
Determine the inductance per phase and inductive line reactance per phase at 50 Hz.

30cm 30cm 30cm
fe—> fe—> fe—
Phasea O @) Phase b O @) Phasec O @)
j«——— 10m > 10m >|

[12 + 8 = 20 marks]
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Q.7 (c)

2

S2+S

The open-loop transfer function is G(s) =

Design requirements:

Damping ratio, £ = 0.5

Undamped natural frequency, o, = 2 rad/s

(i) Find the desired dominant poles that meet desired requirements.
(ii) Find the angle deficiency.

(iii) Design a lead compensator if the zero of compensator is at (-2, 0).

[20 marks]
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Q.8 (a)

(i) Using the timing diagram with inputs below, draw output of the circuit. Assume initial states to be
zero.

Clock

CLR —|_|

TN

o7,
x >
22
QO T— Q1 D
CLK<g CLK<g
6 . —
°CR @
CLR
Clock

(ii) Construct a JK flip-flop using D-flip-flop.
[12 + 8 = 20 marks]

Aug @) Toibaliy
- t®a,
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Q.8 (b)

A separately excited dc motor has following ratings:
J.. (Motor inertia) = 6.2 x 10~ Nm s?/rad
K (Motor constant) = 0.06 Nm/A
b (Viscosity coefficient): 1.0 x 10~* Nm-s/rad
R, (Armature resistance): 1.2 Q
(i) Find the transfer function 8 _(s)/E(s), where 6, is shaft angular displacement (rad) and Eis supply
terminal voltage.

(ii) Find the shaft angular velocity w, (1) rad/s for 10 V supply.
[20 marks]

6;k¢w6:K¢£ '"_@\

E.’-’- £6+ Iafq PRI ;{/
2
T ki Io ;na&% +b%§_ —6)

K = K o 00bMm/A
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Q.8 (c)

(i) What are damper bars? Elucidate its significance with respect to synchronous machines.

(ii) A 300 MVA,22 kV, three phase salient-pole generator is operating at 250 MW power output at a
lagging power factor of 0.85 synchronized to 22 kV bus. The generator reactances are X,=1.93 p.u.
and Xq = 1.16 p.u. The generator gives rated open-circuit voltage at a field current of 338 A. Calculate

the power angle, excitation emf and the field current.
[5 + 15 = 20 marks]
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