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Q. 1 - (). 25 carry one mark each.

Q.1 A random vaniable X has probability density function f(x) as given below:
_ja+bx for0<x<1
fx) = { i otherwise
If the expected value E[X] = 2/3. then Pr[X < 0.5] 1s
Q.2 If a continuous function f(x) does not have a root in the interval [a, b], then which one of the
following statements 1s TRUE?
(A) fla)-f(B)=10
(B) fla)- fib) <0
(C) fla)- f(b) >0
(D) fla)/fib) =0
Q.3 If the sum of the diagonal elements of a 2 % 2 matrix is —6, then the maximum possible value of
determinant of the matnx 1=
Q4 ) T . . . . . .
Consider a function | = —F , where ris the distance from the ongin and F 1s the umt vector in
-
the radial difection. The divergence of this function over a sphere of radius R, which includes the
origin, is
(A)D (B) 2n (C) 4n (D) Rn
Q.5  When the Wheatstone bridge shown in the figure is used ta find the value of resfstor Ry, the
galvanometér G indicates zero curpent when By = S0 0B, — RE Dand B, = 1000 If Ry is
known with +5% tolerance on its nominal value of 10011 , what is the mange of Ry in Ohms?
Fidt
sl
v
[l
L
(A) [123.50, 136.50]
{B) [125.89,134.12]
(C) [117.00, 143.00]
(D) [120.25, 139.75]
Q6 A(0-50 A) moving coil ammeter has a voltage drop of 0.1 V across its terminals at full scale
deflection. The external shunt resistance (in milliochms) needed to extend its range to (00— 500 A) is
EE L/id
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Q.7 Of the four charactenstics given below, which are the major requirements for an instrumentation
amplifier?
P. High common mode rejection ratio
). High input impedance
E. High lincarity
5. High output impedance
(A) P. () and R only (E) P and K only
({C)P, Qand S only (D) ), R and 5 only

Q.8 In the following chopper, the duty ratio of switch 5 is 0.4. If the inductor and capacitor are
sufficiently large to ensure continuous inductor current and nipple free capacitor voltage, the
charging current (in Ampere) of the 5 V battery, under steady-state, is .

5 L
T "

R

20v(

Q% A moving ayerage function is given by ¥(t) = %J::_Tufﬂdr. If the input u 15

of frequency # Hz, then in steady state, the output y will lag u (in degree) by

Q.10 The impulse bW

response g(t) of a system, G, 1s

as shown in Eigure (a

H[lﬂ]md b} nilE [ BOOSE O anh 15 nlw ] Ta T &
A
&
Bith
1
——— G - G — -
0 1 ek
(a) (b
[Ml: (B) % () E (D) 1
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Q.11 Consider a one-turn rectangular loop of wire placed in a uniform magnetic field as shown in the
figure. The plane of the loop is perpendicular to the field lines. The resistance of the loop is 0.442,
and its inductance i1s negligible. The magnetic flux densaty (in Tesla) is a function of ime, and 1s
given by B(t) = 0.25 sin wt, where w = 2x % 50 radian/second. The power absorbed (in Watt) by
the loop from the magnetic field is

l @ ® ® |®
3g[ @ ® ® |® |
el @ @ ® (@ |

Rk @ @ @ @

Q.12 A steady current [ is flowing in the —x direction through cach of two infinitely long wires at
y= :I:% as shown in the figure. The permeability of the medium is ;. The B-field at (0.L.0) 15

z
o
Current=| Current=I1
x
Al Apol o (Cy 0 _ dwol o
[A:I InL £ {B} ] =l £ {D:I dxl £

Q.13 Consider the circuit shown in the figure-In this circuit R=1 k€2, and C=1 pF. The input voltage is
sinusoidal with a frequency of 50 Hz, Tepresented as a phasor with magnitude V; and phase angle 0
radian as shown in the figure. The output voltage 15 represented as a phasor with magnitude ¥y and
phase angle § radian. What 15 the value of the output phase angle § (in radian) relative to the phase
angle of the input voltage™

R
e L) B
C
-u—“ N
'I.I'|='u"|&i —Q'H'D=VD&
— +
C
R
(A)0 (B) (C) ™/q (D) =T/
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(.14 In the given circuit, the silicon transistor has § = 75 and a collector voltage V; = 9 V. Then the

ratio of Ry and R 15
15V

R, 3Re
.V,

Q.15 Inthe4 = | multiplexer, the output F is given by F = A & B. Find the required input “I3/204 1"
— Ly
1 4 :-c1 1 |
UXx
I;
— 1
5] Sp
A B
(A) 1010 [BFOTIT TCT T 1Oy 1110
(.16 Consider a HVDC link which uses thynstor based hine-commutated converters as shown in the
figure. For a power flow of 750 MW from System | to System 2, the voltages at the two ends, and
the current, are given by: Yy = 500 kV, ¥ = 485 kV and [ = 1.5 kA, If the direction of power
flow is to be reversed (that is, from System 2 to System 1) without changing the electrical
connections, then which one of the following combinations is feasible?
System 1 — | System 2
— 7 AV 77
Vi V2 —
(A V] ==500kV, V; = —485kV and ] = 1.5 kA
(BYV; = —485kV, V3 = =500kV and | = 1.5 kA
(C)V; =500kV, V, =485kV and | = —1.5 kA
DV, ==500kV, V, = —485kV and | = -15kA
EE 4/i4
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(0.17 Base load power plants are

P: wind farms.

¥ run-of-river plants.
R: nuclear power plants.
5: dicsel power plants.

(AP, }and 5 only (B) P, R and S only
(C)} P, Q¥ and R only (D) Q) and R only

().18  The voltages developed across the 3 {1 and 2 {1 resistors shown in the figure are 6 V and 2 V
respectively, with the polarity as marked. What is the power (in Watt) delivered by the 5 V¥ voltage

source?

Metwork N1 Metwiork N2

(A) 5 ()7 o1 e

(.19 For the givep circuit. the Thevenin equivalent is to be determined. The Thevenin voltage, Vo, (in
Volt), seen from termuinal AB is

10 20i
e A
W< >T1"
__:' 2V 10Q 4" :E 2Q
B
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Q.20 An inductor is connected in parallel with a capacitor as shown in the figure.

Q.21

Q2

Q.23

|z
L

As the frequency of current 7 1s increased, the impedance (£) of the network vanes as
(A) (B)

T i T Inductive

£ £

Capaciive Capacitive

(C) (D)

T | - H—
z “ '"“”‘M

f Capacitive

—

A separately excited DC gencrator has an armature resistance of 0.142 and negligible armature
inductance. At rated field current and rated rotor speed, its open-circuit voltage is 200 V.
When this generator is operated at half the rited speed, with half the rated field current, an un-

charged 1000 pF capacitor is suddenly connected across the armature terminals. Assume that the

speed remains unchanged during the transient. At what time (in microsecond) after the capacitor is

connected will the voltage across itteach 25 V7

(A) 62.25 (B) 69.3 (C) 7325 (D) 77.3

The self inductance of the pnmary winding of a single phase, 50 Hz, transformer 1s 800 mH, and
that of the secondary winding is 600 mH. The mutual inductance between these two windings is
480 mH. The secondary winding of this transformer is short circuited and the primary winding is
connected to a 50 Hz. single phase, sinusoidal voltage source. The current flowing in both the
windings is less than their respective rated currents. The resistance of both windings can be
neglected. In this condition, what is the effective inductance (in mH) seen by the source?

(A} 416 (B) 440 (C) 200 (D} 920

The primary mmf is least affected by the secondary terminal conditions in a

(A) power transformer. {B) potential transformer.
(C} current transformer. (D} distribution transformer.
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Q.24 A Bode magnitude plot for the transfer function G () of a plant is shown in the figure. Which one
of the following transfer functions best describes the plant?

20 log |G(j2xf)|
A

20

i -

=20

] I ! 1 I

T T -
0.1 | 10 100 1k 10k 100k f{HE]

1000 {x+10)
=+1000

10{s+10) . s4#1000 s+1000
(B) s{=+1000) () 10s(s+10) (D) 10(s+10)

(A)

().25  For the signal-flow graph shown in the figure, which one of the following expressions is equal to

the transfer funchon f[” 7
S (5)=0
i) Xails)
1 Gy Gy
NN~
-1 ~1
i iy - 0y Gy
LA 143 1+6; ) (B) L+Gy [1+G5) 1 14646z (D) 1+ G
Q. 26 - (). 55 carry two mark each.
.26 -3 0 =2
The maximum value of “a” such that the mal.ri:r.( 1 =1 D ) has three linearly independent
0 a =2
real eigenvectors is
Z 1 14243 1+JT

Q.27 . . . . . d%y dy .
A solution of the ordinary differential equation —= + 5--+ 6y = 0 is such that ¥(0) = 2 and

y(1) = = 3% The value of Z2(0) is .
EE Tid4
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(.28

Q.29

Q.30

Q.31

The signum function is given by

i; x=0
sgn(x) = 1 1l
D:x=10
The Fourier scries expansion of sgn(cos(t)) has

(A) only sine terms with all harmonics.

(B} only cosine terms with all harmonics.

(T} only sine terms with even numbered harmonics.
(D) only cosine terms with odd numbered harmonics.

Two players. A and B, altemately keep rolling a fair dice. The person to get a six first wins the
game. Given that player A starts the game, the probability that A wins the game is
(A) 5/11 (B) 12 (C) 713 (D) &11

An unbalanced DC Wheatstone bridge is shown in the figure. At what value of p will the
magnitude of ¥y be maximum?

e

(A) (1 + x) (B} (1 + x) Y1/ (1 + x) T

The circuit shown is meant to supply a resistive load B, from two separate DC voltage sources. The
switches 51 and 52 are controlled so that'only one of them i1s ON at any instant. 51 is tumed on for
0.2 ms and 52 is turned on for (.3 msana 0.5 ms switching cycle ime period. Assuming
continuous conduction of the mnduckor current and n.:gllg;lbl: npp]: on the capacitor voltage, the
output voltage Vy (in Volt) across R 1s

N\ L
T

52

IWC) 5V _l_ C== HL§E¢|
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Q.32

Q.33

Q.34

Q.25

Q.36

A self commutating switch SW, operated at duty cycle 8 15 used to control the load voltage as
shown in the figure

E'H'L

D

—T D
L

Ve —— SW Xy Co= e Re

Under steady state operating conditions, the average voltage across the inductor and the capacitor
respectively, are

| ] 1
(A) V, =0 and V_ :ﬁ"'v.-’d_= By W :E"n"du and‘k’,_.:—a"k’t

-

i o &
(C) V, =0and V. :ﬁvﬁ (D) V, :EV"‘ and V), =ﬁ‘-’¢

The single-phase full-bridge voltage source inverter (VSI), shown in figure, has an output
frequency of 50 Hz. It uses unipolar pulse width modulation with switching frequency of 50 kHz
and modulation index of 0.7. For Vi = 100V DC, L =955 mH, € = 63.66 pF, and R = 512,
the amplitude of the fundamental component in the output voltage V. (in Volt) under steady-state is

L+
Full-bridge | v, c HE: Ve
Vin WSl », T -

A 3-phase 50 Hz square wave (6-step) V5I feeds a 3-phase, 4 pole induction motor. The VS line
voltage has a dominant 5" harmonic component. If the operating slip of the motor with respect to
fundamental component voltage is 0.04, the slip of the motor with respect to 5" harmonic
component of voltage is )

Consider a discrete time signal given by
x[n)= (—0.25)" u[n] + (0.5)" u[-n-1]

The region of convergence.af its Z-transform would be

{A) the region inside the.circle of radius 0.5 and centered at ongin

(B) the region outside the circle of mdius 0.25 and centered at ongin

(C) the annular region between the two circles, both centered at onigin and having radii 0.25 and 0.5
(D) the entire Z plane.

A parallel plate capacitor is partially filled with glass of dielectric constant 4.0 as shown below. The
dielectric strengths of air and glass are 30 kV/em and 300 kV/cm, respectively. The maocimum
voltage (in kilovolts), which can be applied across the capacitor without any breakdown, is

Air, g,=1.0 I5 mim

EE
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Q.37

Q.38

Q.39

Q.40

Q.41

The figure shows a digital circuit constructed using negative edge nggered J-K flip flops. Assume

a starting state of 0 Qy=000. This state Q0 (e=000 will repeat after

of the clock CLK.

L

Clock

Ky

Q,

Clock

Ka

Q|

Q;

number of cycles

f(A,B.C,D) =NM(0,13457911,12,13,14,15) is a maxterm representation of a Boolean
function {4, B,C, D) where A is the MSB and [ is the LSB. The equivalent minimized
representation of this function is

A A+C+DWA+B+D)

(BYyACD + ABD

(CYACD + ABCD + ABCD
DEBE+C+DNA+B+C+DNA+B+C+I)

The op-amp shown in the figure has a finite gain A = 1004 and an infinite input resistance. A step-
voltage V; TV 15 apph Inpat af ume = U a5 § ~ Assuming phat the operational
amplifier is pot saturated, the time constant (in millisecond) of the output voltagg Vy is

Ci
I

1uF

1mV i@ —f+ v
o

us

(A) 1001
(B) 101
(C) 11
Dy 1

An B-bit, unipolar Successive Approximation Register type ADC is used to convert 3.5 V to digital
equivalent output. The reference voltage i1s +5 V. The output of the ADC, at the end of 3rd clock
pulse after the start of conversion, is

(A) 1010 0000
(C) (000 Din

(B) 1000 0000
(D) 0000 0011

Consider the economic dispatch problem for a power plant having two generating units. The fuel
costs in Rs/MWh along with the generation limits for the two units are given below:

Ci(Py) = 0.01PE + 30P, + 10

; 100MW < P < 150 MW
C;(Py) = 0.05PF + 10P, + 10 ;

100 MW = P, < 180 MW

The incremental cost (in Rs'MWh) of the power plant when it supplies 200 MW is

EE

Lw'i4
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.42 Determine the correctness or otherwise of the following Assertion [a] and the Reason [r].

Assertion: Fast decoupled load flow method gives approximate load flow solution because it uses
several assumptions.

Reason: Accuracy depends on the power mismatch vector tolerance.

{A) Both [a] and [r] are truc and [r] is the comect reason for [a).
(B} Both [a] and [r] are true but [r] 15 not the comect reason for [a).
(C) Both [a] and [r] are false.

(D)) [a] 15 false and [r] is true.

.43 A 50 Hz generating unit has f{-constant of 2 MI/MVA. The machine is initially operating in steady
state at synchronous speed, and producing | pu of real power. The imtial value of the rotor angle &
is 5 , when a bolted three phase to ground short circuit fault occurs at the terminal of the generator.

Assuming the input mechanical power to remain at | pu, the value of & in degrees, 0.02 second after
the fault 15 )

Q.44 A sustained three-phase fault occurs in the power system shown in the figure. The current and
voltage phasors during the fault (on a common reference), after the natural transients have died
down, are also shown., Where 1s the fault located?

TR o
V=  transmission Line {i 2

®- thransmlsslun Line {" s @

1 14
V2
Vi at
(] _ -
[l
14
(A) Location P (B} Location () (C) Location B (D) Location S

.45 The circuit shown in the figure has twio sources connected in series. The instantaneous voltage of
the AC source (in Volt) is given'hyw(t) = 12 sint . If the circuit is in steady state, then the rms
value of the current (in Ampere) flowing in the circuit is

v(t) 102

+

E"u"T

.46 In a linear two-port network, when 10V is applied to Port 1, a current of 4 A flows through Port 2
when it is short-circuited. When 5 V is applied to Port 1, a current of 1.25 A flows through a 1 11
resistance connected across Port 2. When 3 V is applied to Port 1, the current {(in Ampere) through a
2 01 resistance connected across Port 2 is
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Q.47 In the given circuit, the parameter k is positive, and the power dissipated in the 2 £ resistor is

12.5W. The value of k1s
n_ %
+¥. —
1041
4V EVy A

.48 A scparately excited DC motor runs at 1000 rpm on no load when its armature terminals are
connected to a 200V DC source and the rated voltage is applied to the field winding. The armature
resistance of this motor is 1 £3. The no-load armature current is negligible. With the motor
developing its full load torque, the armature voltage is set so that the rotor speed is 500 rpm. When
thie load u:quu: is reduced to 50% of the full load value under the same armature voltage conditions,

the speed nises to 520 rpm. Neglecting the rotational losses, the full load armature current (in
Ampere) is .

.49 A DC motor has the following specifications: 10 hp, 37.5 A, 230 V; flux/pole = 0.01 Wh, number
of poles = 4, numbrr of cnndu::lnrs ﬁﬁﬁ nLunb:r clf ]:laralltl paths = 2. Armature resistance =

"DL suppll.r Ifrhtmuturmnsut I{H:lﬂrpm. Ihl.-cluq:lmtﬂrql_tpr;ud ed (in Nm) is -

connected as an

- : ] A « BT l'llgh \-D]l..ﬂ.gf
(600 V) side of the autu-—l:ransfulmcr T]'.I-E valoe of nql.uva]:nt lﬂEd resistance (in Ohm) as seen from
low voltage side is

.51 Two single-phase transformers T, and T: each rated at 500 k'V A are operated in parallel. Percentage
impedances of T, and T, are (1 + j6) and (8 + j4.8), respectively. To share a load of 1000 kVA at
(.8 lagging power factor, the contribution of T: (in kVA) 1s .
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Q.52 In the signal flow diagram given in the figure, u; and u; are possible inputs whereas ¥ and y; are
possible outputs. When would the SIS0 system derived from this diagram be controllable and
observable?

(A) When uyis the only input and ¥ is the only output.
(B) When 23 15 the nn]:.' nput and yy is the nn]].- output.
(C) When uyisthe only input and 35 i the only output
(D) When u} is the only input and ¥, is the only output.

(0.53  The transfer|function of a second order real system with a perfectly flat magnitugde response of
unity has a gole at (2 — j3). List all the poles and zeroes.

(A) Poles at|(2 + j3). no zeroes.

(B) Poles at (+2 — f3). one zero at ongin.

(C) Poles at (2 — j3), (=2 + f3), zeroes at (=2 =43, (2 + j3).
(D) Poles at (2 + j3), zeroes at (=2 + j3).

Q34 Find the transfer function :{:J of the system given below.

L s Gl
B +
X(s) - H ¥is)
"¥(s)
+
o A
G;
[ Gy 7]
(A) 2 HL'G +1 -Hi [B]'|+H-:r 1+Hiy
[ P
l[':]1 +H(Gy +-c.‘;] [D]1—H1G1+ﬂ;]
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(0.535  The open loop poles of a third order unity feedback system are at 0, =1, —2. Let the frequency
comresponding to the point where the root locus of the system transits to unstable region be K. Mow
suppose we introduce a zero in the open loop transfer function at —3, while keeping all the carlier
open loop poles intact. Which one of the following is TRUE about the point where the root locus of
the modified system transits to unstable region?

(A) It corresponds to a frequency greater than K

(B) It corresponds to a frequency less than K

(C) It corresponds to a frequency K

(D) Root locus of modified system never transits to unstable region

END OF THE QUESTION PAPER
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