SECTION - A GENERAL APTITUDE

Q.1 As you grow older, an injury to your may take longer to
(a) heel / heel (b) heal [ heel
(c) heal / heal (d) heel / heal

Ans. (d)

Q.2 In a 500 m race, P and Q have speeds in the ratio of 3 : 4. Q starts the race when
P has already covered 140 m.
What is the distance between P and Q (in m) when P wins the race?
(@) 20 (o) 40
(c) 60 (d) 140

Ans. (a)

So, 3x = 360

Q=4x=4x120=480m
When P reaches 500 metres and Q reaches only 480 metres.
- P wins by 20 m.

End of Solution

Q.3 Three bells P, Q and R are rung periodically in a school. P is rung every 20 minutes;
Q is rung every 30 minutes and R is rung every 50 minutes.
If all the three bells are rung at 12:00 PM, when will the three bells ring together again
the next time?

(@) 5:00 PM (b) 5:30 PM
(c) 6:00 PM (d) 6:30 PM
Ans. (a)

Three bells P, Q, R.
P = 20 minutes
@ = 30 minutes
R = 50 minutes
L.C.M. of 20, 30, 50 = 300 minutes = 5 hours
12:00 PM + 5 hours = 5:00 P.M.
So, three bells ring together again at 5:00 P.M.

End of Solution




Q.4 Given below are two statements and four conclusions drawn based on the statements.
Statement | : Some bottles are cups.
Statement Il : All cups are knives.
Conclusion | : Some bottles are knives.
Conclusion Il : Some knives are cups.
Conclusion Il : All cups are bottles.
Conclusion IV : All knives are cups.
Which cne of the following options can be logically inferred?
(a) Only conclusion | and conclusion Il are correct.
() Only conclusion Il and conclusion Il are correct.
(c) Only conclusion Il and conclusion IV are correct.
(d) Only conclusion Il and conclusion IV are correct.

Ans. (a)

Conclusions | and Il are correct.

End of Solution

Q.5 The figure below shows the front and rear view of a disc, which is shaded with identical
patterns. The disc is flipped once with respect to any one of the fixed axes 1-1,
2-2 or 3-3 chosen uniformly at random.
What is the probability that the disc DOES NOT retain the same front and rear views
after the flipping operation”?

Front View Rear View



Ans. (c)
n = Total = 3
m = Favourable = disc does not retain the same front and rear
views after the flipping = 2
Probability = ™ = 2
n 3

Q.6 Altruism is the human concern for the well being of others. Altruism has been shown
to be motivated more by social bonding, familiarity and identification of belongingness
to a group. The notion that altruism may be attributed to empathy or guilt has now been
rejected.

Which one of the following is the CORRECT logical inference based on the information
in the above passage?

(a) Humans engage in altruism due to guilt but not empathy.

(b) Humans engage in altruism due to empathy but not guilt.

(c) Humans engage in altruism due to group identification but not empathy.

(d) Humans engage in altruism due to empathy but not familiarity.

Ans. (c)

Q.7 There are two identical dice with a single letter on each of the faces. The following six
letters - Q, R, S, T, U and V, one on each of the faces. Any of the six outcomes are
equally likely.

The two dice are thrown once independently at random.
What is the probability that the outcomes on the dice were composed only of any
combination of the following possible outcomes @ Q, U and V?
1 3
a — b) —
@ () 5
1 5
c) — d) —
(c) 5 (d) 6
Ans. (a)
Given two dice.
Favourable
AE) = Total
3 3 1
= —X—=—
AE) 6 6 4

End of Solution




Q.8 The price of an item is 10% cheaper in an online store S compared to the price at another
online store M. Store S charges Rs. 150 for delivery. There are no delivery charges for
orders from the store M. A person bought the item from the store S and saved Rs. 100.
What is the price of the item at the online store S (in Rs.) if there are no other charges
than what is described above?

(a) 2500 (b) 2250
(c) 1750 (d) 1500
Ans. (b)

Given online stores S and M.
Cap price on M= Rs. x
Price on S = (x — 0.1x) = 0.9x
Delivery charges on § = Rs. 100
¥ - (0.9 + 150) = 100
0.1x — 150 = 100

x = 2500
Price on store S = 0.9 x 2500
= 2250

End of Solution

Q.9 The letters P, Q, R, S, T and U are to be placed one per verlex on a regular convex

hexagon, but not necessarily in the same order.

Consider the following statements :

e The line segment joint R and S is longer than the line segment joining P and Q.

e The line segment joining B and S is perpendicular to the line segment joining P and
Q.

e The line segment jcining R and U is parallel to the line segment joining T and Q.

Based on the above statements, which one of the following opticns is CORRECT?

(@) The line segment joining R and T is parallel to the line segment joining Q and S.

(b) The line segment joining T and Q is parallel to the line joining P and U.

(c) The line segment joining R and P is perpendicular to the line segment joining U and
Q.

(d) The line segment joining Q and S is perpendicular to the line segment joining R and
F.

Ans. (a)

Q.10 An ant is at the bottom-left corner of a grid (point P) as shown below in the figure. It
aims to move to the top-right corner of the grid. The ant moves only along the lines
marked in the grid such that the current distance to the top-right corner strictly decreases.
Which one of the following is a part of a possible trajectory of the ant during the
movement?




Ans. (c)

End of Solution



SECTION - B TECHNICAL

Q.11 The transfer function of a real system, H(s), is given as :
As+B
H(s) = S
s +Cs+D
where A, B, C and D are positive constants. This system cannot operate as
(a) low pass filter. (b) high pass filter.
(c) band pass filter. (d) an integrator.
Ans. (b)
He = 5ASE
s+ Cs+D
At low = freq. (s = 0)
Ho) = =
D
At high - freg. (s = )
He<) = 0
Since, H(=) should be non-zero for HPF. So, the above system cannot be operated as
HPF because for high pass filter should pass high-frequency component i.e H(s<) should
be non-zero.
Q.12 Foranideal MOSFET biased in saturation, the magnitude of the small signal current gain
for a commen drain amplifier is
(@ 0 (b) 1
(c) 100 (d) Infinite
Ans. (d)
Voltage gain A, = 1
Current gain, A, = fi=li= co
e} O
Q.13 The most commonly used relay, for the protection of an alternator against loss of
excitation, is
(2) offset Mho relay. (b) over current relay.
(c) differential relay. (d) Buchhalz relay.
Ans. (a)

End of Solution




Q.14  The geometric mean radius of a conductor, having four equal strands with each strand
of radius r, as shown in the figure below, is

7

(a) 4r (o) 1.414r
(c) 2r (d) 1.723r
Ans. (d)

GMR =[Oy Du Dy Digl”

/4
[ “rior. 2r-2\/§r]ﬁ
1.723r

GMR

End of Solution

Q.15 The valid poistive, negative and zero sequence impedances (in p.u.), respectively, for
a 220 kv, fully transposed three-phase transmission line, from the given choices are
(a) 1.1, 0.15 and 0.08 (b) 0.15, 0.15 and 0.35
(c) 0.2, 02and 0.2 (d) 0.1, 0.3 and 0.1

Ans. (b)
For 3-¢ full transferred transmission line,
X, =X, < Xy

So suitable answer from given options is option ().

X, = X, = 0.15

X, = 035
End of Solution




Q.16 The steady state output (V

ou

), of the circuit shown below, will

(a) saturate to +V,,
(c) become equal to 0.1V

+Vip

(b) saturate to -V
(d) become equal to -0.1 V

Ans. (b)
C,
Il
+Vee
vout
—Vee
KCL at Node (i)
I +1,=0
Vi-0 . d
1R1 +C-| Xa(\/out _O) — O
dVOLJI _ _L
a —  RG
VA - O _Vsal
1 or—Vee
= —— | Vat
= mel
V,=01V
1 0.1
V = ———|0.1xdf = ——=—xt
o RCy4 RiC
V. i=-kxt

The output will be constant i.e. —V.

End of Solution



Q.17 The Bode magnitude plot of a first order stable system is constant with frequency. The
asymptotic value of the high frequency phase, for the system, is —180°. This system
has

magnitude

Q° log ()

-180°
phase

(a) one LHP pole and one BHP zero at the same frequency.
(h) one LHP pole and one LHP zero at the same frequency.
(c) two LHP poles and one RHP zero.
(d) two RHP poles and one LHP zero.

Ans. (a)

Possibilities,

Number of poles, P =1
Number of zeros, 7 = 1

End of Solution

Q.18 A balanced Wheatsone bridge ABCD has the following arm resistances :
Rag = 1 KQ £ 21%; Ay = 100 Q = 0.5%; A, is an unknown resistance;

I

Rps = 300 Q + 0.4%. The value of R, and its accuracy is

(@) 30 Q2 +30Q () 30 Q =09 Q
(c) 3000 Q + 90 & (d) 3000 Q = 3 Q
Ans. (b)

Under balanced condition,
_ Rge xApy  (100+£0.5%)(300+0.4%)

R, = -

| Ran (1000+2.1%)

Ry = 1092300 6 504 0.4%+ 2.1%)
1000

Rep =30 £ 3%
% Error = +3%

Rp= 30+30x—_ =30 = 0.9 Q
100

End of Solution




Q.19 The open loop transfer function of a unity gain negative feedback system is given by

G(s) = 2# The range of k for which the system is stable, is
s°+4s-5
(@) k>3 (b) k<3
() k>5 (d) k<5
Ans. (c)

Characteristics equation,1 + G(s) = 0
F+25+(K-5=0
By Routh table analysis,
k>=5and k>0
For stable system &k > 5

End of Solution

Q.20 Consider a 3 x 3 matrix A whose (i, j)-th element, a = (i— /7. Then the matrix A will

be
(a) symmetric. (b) skew-symmetric.
(c) unitary. (d) null.
Ans. (b)
A=l a,= (- )’
fori=j= a,=@-i)"=0Vi
fori#j= a,=0-)" = ((-10)°

" A, 4 IS a skew-symmetric matrix.

End of Solution

Q.21 Inthe circuit shown below, a three-phase star-connected unbalanced load is connected

to a balanced three-phase supply of 1004/3 V with phase sequence ABC. The star
connected load has Z, = 10 Q and Z, = 20£60" Q. The value of Z_ in Q, for which
the voltage difference across the nodes n and ' is zero, is

(@) 202-30° (b) 202307
(c) 20607 (d) 20607



Ans. (c)
nand n” are same potential,
So, Iy+1g+1.=0
Ea,Be [ Ec _y
100200 1002 -120" 1002120
+ + =0
10 20.£60° Ze
10+54—18O°+M =0
Zc
Z- = 20/-60" Q
Q.22 Acharger supplies 100 W at 20V for charging the battery of a laptop. The power devices,
used in the converter inside the charger, operate at a switching frequency of 200 kHz.
Which power device is best suited for this purpose?
(a) IGBT (o) Thyristor
() MOSFET (d) BJT
Ans. (c)
Q.23 A long conducting cylinder having a radius b is placed along the z-axis. The current
density is J= Jargé for the region r < b where ris the distance in the radial direction.
The magnetic field intensity (H) for the region inside the conductor (i.e., for r < b) is
Ja 4 Ja 3
a) —=r by —=r
(@) 4 (b) 3
Ja 4 3
c) —=r d) J.r
() 5 (d) J,
Ans. (c)



Given : J = Jgr32

I= jJ .45 ds = rdrdoZ

- 1= [J 32 rardoz
r 21
= j ‘dr j do
J,(2m)r”
r- 1 a m)r
= Jﬂg .{])|U 5
0
As Hdl =1, =[J-&
S
J,(2n)r°
= He2ny) = 4(9m)
5
Jrt
= H= 22
5
Q.24 The type of single-phase induction motor, expected to have the maximum power factor
during steady state running condition, is
(a) split phase (resistance start). (b) shaded pole.
(c) capactior start. (d) capacitor start, capacitor run.
Ans. (d)
Q.25 For the circuit shown below with ideal diedes, the output will be
D‘I
+ 0 > o+
Vin'Qv' E§R1 Vou
—o——f———o-
DZ
(El) V-ilut = Vlrl fOT' Vr'\ > O (b) V-ilut = Vlrl fOT' Vr'\ < O
() Vv, =-V, forV >0 (d VvV, ,=-V, forV <0
Ans. (a)
Dl
o > o

24

Vvl‘l K> R -V[}
—K]
D,



Positive half cycle
D, and D, will be ON.

r)l
o o—o o
‘/’_r'u K> R VO = Virl
o o—o o
DE
For Negative half cycle
D, and D, will be OFF.
D,
o——oe
V.";J r) R V.=0
o—e
DE
The output waveform
Vo Vo=V,
/\ /\ -
\ / \ / Vin
\ / \ /
\ / \ /
/ \ /
HWR \\ _7 ~_7
So, V=V forV >0

Q.26 A MOD-2 and a MOD-5 up-counter when cascaded together results in a MOD
counter. (in integer).

Ans. (10)

— MOD-2 MOD-5 ——

For overall configuration = Mod (2 x 5) = 10
It will be mod 10 counter.

End of Solution




Q.27 An inductor having a Q-factor of 60 is connected in series with a capacitor having a
Q-factor of 240. The overall Q-factor of the circuitis . (round off to nearest integer).

Ans. (48)
The overall Q-factor of the circuit is

Q, =60

VVVV
|
I
9]

-<
© "3
-

Qg =240
- Qe
Q +Qs
0= 60x240 _
60 + 240
Q.28 The network shown below has a resonant frequency of 150 kHz and a bandwidth of
600 Hz. The Q-factor of the network is . (round off to nearest integer).
o
L
-=C
R
o
Ans. (250)
Resonance frequency,
f_ =150 kHz
Bandwidth width, B.W. = 600 Hz
The Q-factor of the network
3 fo. :TSOK _ 250
Bandwidth 600
Q.29 The maximum clock frequency in MHz of a 4-stage ripple counter, utilizing flip-flops,
with each flip-flop having a propagation delay of 20 ns, is . (round off to one decimal

place).



Ans.

(12.5)
Given ripple counter 4 flip-flop, t = 20 nsec for each flip-flop.
I'=nt =4 x 20nsec = 80 nsec

Clock frequency = 1. !

= - 125MHz
I 4%x20x10°

Q.30

Ans.

End of Solution

If anly 5% of the supplied power to a cable reaches the output terminal, the power loss
in the cable, in decibels, is . (round off to nearest integer).

(13) (12 to 14)
% power loss = 95%
Power output as a % of power is 5%
Practically cables power loss in decibels is calculated as

Power loss in decibels = 1O|og[955):= 12.78=13 db

End of Solution

Q.31

Ans.

In the circuit shown below, the switch S'is closed at { = 0. The magnitude of the steady
state voltage, in volts, across the 6 Q resistor is . (round off to two decimal places).

60

AAAA
VVVV

Q

AA
\AAJ

>
<>Q)

1T uF 100

MWW

10V

(5)

In steady state capactirc acts as an open circuit for DC supply.

<o)
>
<l




20
— == " AVAVAA
10V
The voltage across 6 L is
V. = 10x 2 . 5V
N 242
Q.32 A single-phase full-bridge diode rectifier feeds a resistive load of 50 Q from a 200 V,
50 Hz single phase AC supply. If the diodes are ideal, then the active power, in watts,
drawn by the load is . (round off to nearest integer).
Ans. (800)
1-0 full bridge diode rectifier,
Load, F =50 Q
1-0 Active power supply
V_ = 200 Volts
Ve
Pg v = Orms
avy R
Ve = Ve e = 200 (for 1-¢ full bridge rectifier)
200°
Py avg = 50 - 800 W
Q.33 The voltage at the input of an AC-DC rectifier is given by W) = 230V2 sinmt where
© = 2n x 50 rad/s. The input current drawn by the rectifier is given by
i(t) = 108iﬂ(0)?—£)+48in Swr—E)+Ssn(5wr—E)
3 6 3
The input power factor, (rounded off to two decimal places), is lag.
Ans. (0.447)

g= =

R

g =089

I, 10/ 2



pF=g- FDF

OF = g-cos(%) = 0.447

End of Solution

Q.34 Two balanced three-phase loads, as shown in the figure, are connected to a 100\/5 V,
three-phase, 50 Hz main supply. Given Z, = (18 + j24) Q and Z, = (6 + j8) Q. The
ammeter reading, in amperes, is . (round off 1o nearest integer).

R

\
B
Ans. (20)
Convert A-Y| .uwork
ZxZ Z, 18+ j24
z X4 A 19 _ 54 8) 0

'T Z+z,+Z, 3 3

After redrawing network,

Tr = Ipn

RO

1003




Z;(‘| = Z’1 ” ZZ
=6+ 8)| (6 +38)
=3+ /4
lo= 1y, = VH—Y
Zeq
100
= — =20 A
3+ /4
Q.35 Thefrequencies of the stator and rotor currents flowing in a three-phase 8-pole induction
motor are 40 Hz and 1 Hz, respectively. The motor speed, in rpm, is . (round off
to nearest integer).
Ans. (585)
Stator frequency = 40 Hz, Rotor frequency = 1 Hz
Poles =8, N =7
gf=1
-l 0.025
- ST a0
o= 120240 g
s 8
N=N, (1 -s)
N =600 (1 - 0.025)
= 585 rpm

Q.36  The output impedance of a non-ideal operational amplifier is denoted by Z_ . The variation

in the magnitude of Z_ . with increasing frequency, f, in the circuit shown below, is best
represented by

out

10g(|Z,.)
l0g(|Z,,)

(@) (b)

log () log (f)



10g(|Z,.4)) 109(|Zu)

log (f) log (f)

Ans. (c)
Analysis:
It is a2 voltage series feedback,

Voltage is a shunt connection,
Zy, _ 4,

Z . feedback, Z = [Buffer, B = 1]

1+A=1+A
A

fy f

A = Open loop gain
log(l Z, 1)
ZO
Z, J
T+A
f
A = constant (low frequency)
= i[Constant]
o1+ A
A = Decreasing
ZO
= 2= Al
A=0
ZO
- =7
ot 1+0 7

End of Solution




100

Q.37 An LTI system is shown in the figure where G(s) = ———— . The steady state
s°+0.1s+100
output of the system, to the input /1), is given as W) = a + b sin(10f + 6). The values
of a and b will be
f)=1+0.1sin(10t {
rt) =1+ 0.1sin(101) Gts) U]
(@ a=1, b=10 (b) a=10, b =1
(c) a=1, b =100 (d) a =100, b =1
Ans. (a)
B= A’G(jm)‘
a= ﬂx| 190 ‘
100 -’ +0.%j0,
=1
b= 01x|—%0
‘TOO -’ +O.1,fm‘wJO
=10
Q.38 The open loop transfer function of a unity gain negative feadback system is given as
1
G(s) = ——
() ss+7)

The Nyguist contour in the s-plane encloses the entire right half plane and a small
neighbourhood around the origin in the left half plane, as shown in the figure below. The
number of encirclemenets of the point (-1 + j0) by the Nyquist plot of G(s), corresponding
to the Nyquist contour, is denoted as N. Then N equals to

Im (s)

IR
2 K J Re (s)

(c) 2 (d) 3




Ans. (b)
Im (s)
—1 K Re (s)
Number of Encirclement = 1
Q.39 The damping ratio and undamped natural frequency of a closed loop system as shown
in the figure, are denoted as ¢ and o, respectively. The values of & and o, are
R(s ¥(s)
© O 10/ 10/
(@ & =05and w, =10 rad/s (b) £ =01 and w, = 10 rad/s
(c) £=0707 and o, = 10 rad/s (d) £ =0.707 and o, = 100 rad/s
Ans. (a)
Transfer function of above system after simplification is
C(s) 100 o,
R(s) ~ s +10s+100 & +280m,5+ o,
o, = 10 rad/sec
E=05
Q.40 e denotes the exponential of a square matrix A. Suppose A is an eigen value and
v is the corresponding eigen-vector of matrix A.
Consider the following two statements :
Statement 1 : ¢ is an eigen value of &*,
Statement 2 : v is an eigen-vector of e,
Which one of the following options is correct?
() Statement 1 is true and statement 2 is false.
(n) Statement 1 is false and statement 2 is true.
(c) Both the statements are correct.
(d) Both the statements are false.
Ans. (c)

Given A is an eigen value of A.

A2 A S ;
Then eigen value of (eA :1+A+?+ T +.o ) is (1+X+E+ ..... =e"|.

o Statement (1) is true.



We know that eigen vector of A and polynomial matrix in A is same.

= Eigen vector of A and
o Statement (2) is true.

e is same.

Q.41  Let fix) = jet(t—1)(t—2)dt. Then fix) decreases in the interval.
0
(@ x< (1, 2 (b) x € (2, 3)
(c) x< (0, 1) (d) x € (0.5, 1)
Ans. (a)
fix) = fet(l‘—‘l)(l‘—Z)dl‘is decreasing if f(x) = 0.
0
By Leibnitz rule :
d
f'(x) = —f <0
(x) = (%)
- e*‘(x—n(x—z)i(x)—[eU(O—nm—z)]x[i(m]
x dx
P =[el - Dx - 2)] -0 <0
=(x-1Nx-2)<0
=x>landx <2
=xe (1, 2)
10 0O
Q.42 Consider a matrix A = |0 4 -2]|. The matrix A satisfies the equation 6A~! = A% +
o1 1
CcA + di, where ¢ and d are scalars and [ is the identity matrix. Then (¢ + d) is equal
to
(@ 5 (o) 17
(c) -6 (d) 11
Ans. (a)
10 0
A=10 4 2| =, =1
o1 1
Given : BA ' = A7 + cA + dli
= 6L =2+ ch + d
6
Sub. A =1= T=1+C+d
= c+d=5

End of Solution




Q.43 The fuel cost functions in rupees/hour for two 600 MW thermal power plants are given

by
Plant 1 C, = 350 + 6P, + 0.004P7
Plant 2 C, = 450 + aP, + 0.003P2

where P, and P, are power generated by plant 1 and plant 2, respectively, in MW and
ais constant. The incremental cost of power (A) is 8 rupees per MWh. The two thermal
power plants together meet a total power demand of 550 MW. The optimal generation

of plant 1 and plant 2 in MW, respectively, are

(@) 200, 350 (b) 250, 300
(c) 325, 225 (d) 350, 200
Ans. (b)
IC,(P,) = 0.008P, + 6
IC,(F,) = 0.006F, + a
Iy =1y = A=28
= Iey =8

0.008P, + 6 = 8

P, = 250 MW , P, = 300 MW

End of Solution

Q.44  The current gain (/_/I,) in the circuit with an ideal current amplifier given below is

CG
>
I

out

C —C
(@) — (b) —2
C C
C N
(€) —= (d) —=
Cr f




1 I
_ — | I, xdt=2xt
V ch‘ n Cf

/= chdv"':c X d[l’”xt)

ut daf c E Ef
= CCXI%
Cr
Iou[ — &
]in Cf
Q.45 If the magnetic field intensity (H)in a conducting region is given by the expression,
H = x2f+x2y2f+x2y222/2 A/m. The magnitude of the current density, in A/m?, at
x=1m y=2mand z=1mis
(a) 8 (b) 12
(c) 16 (d) 20
Ans. (b)
Given : H = x21A+x2yrjA'+x2y222/% Alm
As J = VxH
i &, &
= J=2 i - 2x?yzia, - 2xy°z°a, + 2xy°a,
dv  ady a0z
Y
.= 200R)0E, ~ 2001 (1) 4, +2()(2) 4,
= J = 43, -84, +83,
I = @+ @ + 8 =12
Q.46 Let a causal LTI system be governed by the following differential equation
1dy _ . :
y(t)+ZE = 2x(1), where x(t) and 1) are the input and output respectively. Its impulse

response is
(a) 2e 4 u(t) (b) 2e~Mu(t)

(c) 8e 4ul(l) (d) 8e*ul)



Ans.

(d)

By applying Laplace-transform on given differential equaticn,

2X(s)

Y(s)+ %S.Y(S)

Y (s) 2 8
S s+4

X(S) ‘|+7
4
8
= Hs) = ——
(<) s+4
By taking inverse LT,
hh = 8e~ul(t)

= Impulse response of system.

End of Solution

Q.47

Ans.

Let an input x(f) = 2 sin(10nt) + 5 cos(15mt) + 7 sin(42nf) + 4 cos(4bnt) is passed through
an LTI system having an impulse response,

h(i) = 2(sin(10nr)JCOS(40m)
nt

The output of the system is
() 2 sin(10x?!) + 5 cos(156mi) (b) 5 cos(15mi) + 7 sin(42ni)
(c) 7 sin(42ni) + 4 cos(4bnt) (d) 2 sin(10ni) + 4 cos(4bnt)

(c)
Given that :
x(f) = 2 sin(10nf) + 5 cos(15nf) + 7 sin(42nt) + 4 cos(45ni)
sin(10mt)
nt

h(t) = 2[ }005(40750

G(wm)

sin10mwt 1
—
nt

—10m 10n
N1l = 2g(Heos(40rt)
Apply Fourier transform

Ho) = 2[6(0) —40m) + G(w + 40m)

2

] = Glom - 40m) + G(o + 40m)



H(w)

[O)
—50m -30n 30n 50n
x(t) —— H{w) — (1)
2 sin(10rt) + 5 cos(1bnt) + 7 sin(42nt) + 4 cos(45xf)
0,=101 m,=157 w,=421 ,=45T
The output of LTI system is
y(t) = 7 sin(42nt) + 4 cos(45mi)
Q.48 Consider the system as shown below :
x(0) )
where y(f) = x(e'). The system is
(a) linear and causal. (b) linear and non-causal.
(c) non-linear and causal. (d) non-linear and non-causal.
Ans. (b)
Part-1
The given system will satisfy law of superposition. So the system will be linear.
Part-2
A1) = x(€)
Put, t = 0,
MO) = x(1)
Since output is depending on future value of input. Sc the system is non-causal.
Q.49 The discrete time Fourier series representation of a signal x[n] with period N is written

asx[n] = ¥ Nlae@m™N) A discrete time periodic signal with period N = 3, has the

non-zero Fourier series coefficients: a , = 2 and &, = 1. The signal is

2n 2n )
2n 2n

(a) 2+ 29_{16@ cos[Gn] (b) 1+2e[f6ﬂ] cos(en]

,2]'[ 2712
() 1+29[f3”]cos(2étn] (d) 2+26‘([6”)COS(2§H)



Ans.

(b)
Given that : x[n]
N
a3
¢
K
a.

2+1.e'3 /40
(%)
2+el3
2n
| Son
1+ef[.3 }+1
,f.’z'n” 7;21':{\‘ i2n
14 +e & .gFf
]dnn ]dnn _jdnn

1+e® |ef +e ©

jen —j2n

2rlg6" g6 "

1+2¢6 | " —
2

jen o
1+0e 0 cos(gn)

End of Solution



Q.50 Let flx, y. 2) = 4x% + 7xy + 3xZ%. The direction in which the function f(x, y, 2) increases
most rapidly at point P = (1, 0, 2) is
(@ 20i+7] () 20i +7]+12k
(c) 20i +12k (d) 20i
Ans. (b)
Scalar function f(x, y, 2) rapidly increases in the direction of its normal vector at F.
a2 =Vf
= z',(—]+,i,i+k,i f
dx  ady 0z
=iBx + 7y + 32%) + [(7x) + k(6x2)
(Vi) o =200 + 7] + 12k
Q.51 Let R be a region in the first quadrant of the xy plane enclosed by a closed curve C
considered in counter-clockwise direction. Which of the following expressions does not
represent the area of the region A?
y
o]
X
(a) [[dxay () Pxdy
R C
1
(©) Pydx () 5 Plecty ~ yoi)
C C
Ans. (c)
(a) ”dxdy = Area of region K bounded by C
R
By Green’s
(b) $xdy = [[(1-0)dxdy = Area of A bounded by C
C R
By Green’s
©) $ydx = [[(0-Ydxdy = -[Area of A]
c R
By Green’s
;
(d) %%xd}/— ydy = 5jﬁjn—(—n]o/xo/y = Area of R

End of Solution




Q.52 Let E(x,y,z)=2x% +5y] +3zk. The value of m(VE)dV, where V is the volume
v

Ans.

enclosed by the unit cube defined by 0 <x <1, 0<y<1,and0<z< 1) s
(@ 3 (b) 8
(c) 10 (d) 5

(c)
_ cd .4 d 2. .
V.E = (’axﬂay+ké}z]'(2\- 1+5yj+32k)
=4r+5+3

jj V.EqV j j j (4x + 5 + 3)dzdydx
v x=0y=0z=0

(4x + 5+ 3)dzdydx

Il
Ot——
[ |

(4xz+ 82), dydx

O —
Oty

1

= [(4xy +8y)jax
0

= (2x7 + 8.\‘)5
=10

End of Solution

Q.53

As shown in the figure below, two concentric conducting spherical shells, centred at
r=0and having radii r = c and r = d are maintained at potentials such that the potential
Unatr=cis V, and W) at r = dis V, Assume that Wr) depends only on r, where
ris the radial distance. The expression for W) in the region between r = cand r = d
is

V() atr=dis V,
~ ~

V(r) atr=c¢ is V,



Ans.

caV, -V Vic+Vod-2Vid

@ Mn = oy Vo

AN
(b) Un = a0 42
© wn = cAVizYe) Vie-Vc

(d-o)r d—c

= Cd(V) — V1) _ VQC— V‘C
(d) Un = o -
(b)
From Laplace’s equation,

VAV =0

>

For spherical co-ordinate system,
1 r rsind

C
VeV = — ! A (r’sing av
resing dr 1 ar
av
- rP— = A; A = Constant
dr
= W _A
a2
-A
- V= T+Bi B = Constant
atr=oc V= V]
c
atr = o, Ve VZ
:> sz j+8
d
(1) = (2), we get
c d

|



V-V,
A= < led
- ( c—d )
From (1),
B = \/1 +£
c
= B =V, +(V1 — VY d
c—d
_(\/1 “ﬂod V, -V,
V= c——+\/1 +d(¥)
r c—-d
. o = MVd(u)
(d=c)r d-c
(Vi-Vo)ed | Vid-Vie-Vid+Ved
= n= +
o (d-oy d-c
cdVi-V,)  Ved-Vic
= +
= 0= "g-or " d-ec
Q.54 Let the probability density function of a random variable x be given as
fix) = ag M
The value of a is
Ans. (1)
fl) is a p.df it [ fxdx = 1
= J ac Py =1
0 - s -
N J' ae”dx + _[ae‘z“')dx _
—o 0
Z\JU [e 2x ]m
=4 +4a =1
-2
0 0
= —+— =1
2 2
= a=1
Q.55 In the circuit shown below, the magnitude of the voltage V, in volts, across the 8 kQ

resistor is . (round off to nearest integer).



2 AN
+ T’ v <>+
75V — 8 k() EE v,
Ans. (100)
2 kO 054 /1\
W= A
+ Ji >+
75V =— 8 kQ %E v,

The voltage across 8 kQ is
V, =8 ki
Write kVL equation in first loop.
75 =2kl + 0.5V,

. 75-0.5V
- 2k

75-0.5V,

v, = 8k| ——=1

= o 5
V, = 100 V

End of Solution

Q.56 Two generating units rated for 250 MW and 400 MW have governor speed regulations
of 8% and 6.4%, respectively, from no load to full load. Both the generating units are
operating in parallel to share a load of 500 MW. Assuming free governor action, the load

shared in MW, by the 250 MW generating unit is . (round off to nearest integer).
Ans. (200)
f
50 Hz
f
47Hz \
. 468Hz |
400 500 - P, P, 250 P
3 50-f (0
250 P,
32 _ 50-f (il
400~ 500-P,

Equation (i) divide by equation (ii),



3/250 _ 500-FR,

3.2/ 400 P,
500 - P,
15="p

a
P = 200 MW

End of Solution

Q.57 A 20 MVA, 11.2 kV, 4-pole, 50 Hz alternator has an inertia constant of 15 MJ/MVA. If

the input and output powers of the alternator are 15 MW and 10 MW, respectively, the

angular acceleration in mechanical degree/s? is . (round off to nearest integer).
Ans. (75)
2
Mol _p
at* “
P,=15-10 =5
So, moe= P,
Fa
o= —
m
_Hs 156x20 1
= 780f T 180x50 30
- - i 2
So, o= 1730 - 150 electrical degree/sec
2 .
o= 1560x ) mechanical degree/sec?
o = 75 mechanical degree
Q.58 Consider anideal full-bridge single-phase DC-AC inverter with 2 DC bus voltage magnitude

of 1000 V. The inverter output voltage v(t) shown below, is obtained when diagonal
switches of the inverter are switched with 50% duty cycle. The inverter feeds a load

: ‘ ‘ . ‘ 2 .
with a sinusoidal current given by, i(f) = 10sn(mtg)A , where o = Tn The active

power, in watlts, delivered to the load is . (round off to nearest integer).

v(t)

0 0.5T T t(sec)




Ans. (3182)

+ i =10 sin(wt — 60°)
DC-AC |V, Load

VS=1OOOVdc£
T | °

Yo

ot

N

Vo1 - Iy, - cO3(60°)

242 10
(T-(‘IOOO)J-(ﬁJX(Of))

~ 3182 W

End of Solution

Q.59 Fortheideal AC-DC rectifier circuit shown in the figure below, the load current magnitude
is ldc = 15 A and is ripple free. The thyristors are fired with a delay angle of 457, The
amplitude of the fundamental component of the source current, in amperes, is
(round off to two decimal places).

N N
Ans. (17.65)
an = nn cos ?
iy= MO os(ezs) = 17.65 A
T

End of Solution




Q.60 A 3-phase grid-connected voltage source converter with DC link voltage of 1000 V is
switched using sinuscidal Pulse Width Modulation (PWM) technigue. If the grid phase
current is 10 A and the 3-phase complex power supplied by the converter is given by
(4000 - j3000) VA, then the modulation index used in sinusoidal PWM is __ . (round
off to two decimal places).

Ans. (0.47)

+ o

v J— 3 Yo

-1 ®

S = (-4000 - [3000) VA
Py = \/§-VU-IO,-(pF)

J@-vm-mx[ 4000 J

4000 = = -
V4000 + 30007
Vi, (ms) = 288.675V
3-0 VSI — SPWM, M, <1
N V.
- J3-M, -5
VU \/_ Ao
_ J3
V;_-] (rms) — M’,_«( [m x 1000
3
288.675 = M LX 1000
(5
M, = 0.47

End of Solution

Q.61 The steady state current flowing through the inductor of a DC-DC buck boost converter
is given in the figure below. If the peak-to-peak ripple in the output voltage of the converter

is 1V, then the value of the output capacitor, in UF, is . (round off to nearest integer).
Inducter
current (A)
16
12p---- ; :
5 . i Time (usec)
20 30
Ans. (168)
;- Trax + Iin _ 16412 _ 14 A
- 2 2

Iy=1(1-a



30
]\ = 14 _— = 84 A
’ X(so)
o -1y
AV = AV, = T
(g)x84
1\
o
50.107°
C= 168 uF

Q.62

Ans.

End of Solution

A 280V, separately excited DC motor with armature resistance of 1 (2 and constant field
excitation drives a load. The load torque is proportional to the speed. The motor draws
a current of 30 A when running at a speed of 1000 rpm. Neglect frictional losses in the
motor. The speed, in rpm, at which the motor will run, if an additional resistance of value
10 Q is connected in series with the armature, is . (round off to nearest integer).

(483)

Given: V = 280, Sep. excited motor, A, =1Q, ¢ : Constant, T_e /_ =30 A, N =1000

rom, A_, = 10 Q

Given:

Let,

Flux constant, T e [,

To< 0l
7—1 - /a1
Toe N
T, Ny
TN
/a1 B N1
I, =30 A, N, = 1000 rpm
30
= —(N.
oo 1000( 2)
l,=003N,
=
No —
o
& @:}Nig_ V_IL?B(R;?+R::xr]
Ny, = E,, N, V—1.R,
N, 280-0.03N,(1+10) _ 280-0.33N,

1000 280 -30(1) 250
250N, = 280 x 1000 - 330 N,

N, = 482.76 rpm

End of Solution



Q.63 A 4-pole induction motor with inertia of 0.1 kg-m? drives a constant load torque of

Ans.

2 Nm. The speed of the motor is increased linearly from 1000 rpm to 1500 rpm in 4
seconds as shown in the figure below. Neglect losses in the motor. The energy, in joules,

consumed by the motor during the speed change is . (round off to nearest integer).
Speed (RPM)
1500
1000 :
4 8 Time (sec)
(1733)

Equation of speed vs. time from 4 sec to 8 sec.
N=125f + 500 = 4 sec < 1< 8 sec

Now, JELI
at }
or 7; = J@+ TL
at
or ol = JwEE9+won
} at
or Pﬁ = J(Dd_0)+ (DTL
at
or CLRCLIN
at at
or dE = Jodm + T, mat
or E= J_[(~)d0)+ TLJmO'f
o \2 1500 o
or E= J(] [ NaN+ T, 2 [ Nat
60 1000 607

NI 1500 o f
J["‘J | +2- 55 [(125¢ +500)dt
60) | 2

1000 4

8

2 2 _ 2 2
O_1X(2n) (1500 1000 J+2.2n{1225z +5oor}

60 p) 60 ,
= 685.389 + 1047.197
— 1732.5865 J

End of Solution




Q.64 A star-connected 3-phase, 400V, 50 kVA, 50 Hz synchronous motor has a synchronous

reactance of 1 ohm per phase with negligible armature resistance. The shaft load on
the motor is 10 kW while the power factor is 0.8 leading. The loss in the motor is 2 kW.
The magnitude of the per phase excitation emf of the motor, in volts, is _____. (round
off to nearest integer).

Ans. (245)
Y-connected, 3 phase, 400V, 50 kVA, Synch motor, X, = 1 Q/ph, Shaft load P, = 10 kW,
p.f. = 0.8 loading losses = 2 kW, F_: Negligible
Find excitation EMF (E,):
E, = \/(Vcosq)—la/?a)2+(‘./sw’nq}ilaxg)2 (+for Lead and - for lagg)
To find 7 Current drawn, we need to find Input.
Input = Output + Losses + P, + Losses = 10 + 2 = 12 kW
3V 1, cosg = 12 kW
po 1200 _oiesa,
L= J3x400x0.8
400  [400 ‘
E, = (—x O.SJ +[—>< 0.6+21 .65(1)]
V3 V3
2 . 2
E, = \/(Vcosc)—;af?a) +(Vsino +1,X;)
= \/34135.336+(138.568+ 21.65)2
E, = 24455 V per phase
Q.65 A 3-phase, 415V, 50 Hz induction motcr draws 5 times the rated current at rated voltage
at starting. It is required to bring down the starting current from the supply to 2 times
of the rated current using a 3-phase autotransformer. If the magnetizing impedance of
the induction motor and no load current of the autotransformer is neglected, then the
transformation ratio of the autotransformer is given by . (round off to two decimal
places).
Ans. (0.63)

Given: /.. =51 ., = 1= 5]
It is required to make starting current to “2/;" using auto transformer.
Line current with auto transformer,
1= ¥,
Given: I, =21, = 2[,=x"I_
21
Iy,

Ssc

= x2=2><(1]:x=\F=0.63
5 5

End of Solution




