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Electrical Engineering

Technical Section

Question 1 Signals & Systems (2M)

) . 2 2 .
The causal signal with z-transform z (Z —Cl) is

(uln] is the unit step signal)

(A) a*uln] ®) (n+)d'uln] (©) n'a"uln] (D) na"uln]
B
Given : Z-transform of a causal signal is,

2
zZ

X(z)=z(z—a) :(Z——a)2

...()

The Z transform pair for @ u[n] signal is given by

z

a"uln]——
z—a

Using differentiation in z-domain property,

il =z (z—a)x1-zx1
n _ :>_
na"uln]— Z_dz(z—a) Z{ (z—a) j|

az

na'uln]¢— ———
(z-a)

Using time shifting property,
az

z
(z-a)’

(n+Da"uln+1]—

2
Z

(z-a)’
Comparing equations (i) and (ii), required inverse of given transform is,
An|=(n+Da"un+1]

Sequence u[n+1] exist for —1< n < e, but the factor (n+1) is zero for n=-1, so x[n] may be

(n+a"u[n+1]—

...(ii)

expressed as a causal sequence.
An]=(n+1)d"un]

Hence, the correct option is (B).

Question 2 Control Systems (1M)

For the closed-loop system shown, the transfer function % is
R(s

R(s) +? E(s) G CIS)
H

GH 1
B C D
1+GH ®) 1+GH © 1+GH ®) 1+G

(A)

(ep)

Sol.
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R&) E(s) G » C(s)
H
Closed loop transfer function for negative feedback system is given by,
Clo) .G ..()
R(s) 1+GH
From the figure, E(s) is input to G and C(s) is output of G
Cls) _
E(s)
C(s)=GE(s) ...(ii)
From equation (i) and (i1),
GE(s) _ G
R(s) 1+GH
E(s) _ 1
R(s) 1+GH
Hence, the correct option is (C).
Question 3 Control System (2M)
The input impedance, Z,-,,(S), for the network shown is
1 H
. Thill "
ol |o
’—> 6H g”ém 350
Zin (S) T
(A) 23s* + 465+ 20 (B) 6s+4 (C) Ts+4 (D) 255 + 465+ 20
4s+5 4s+5
Ans. A
Sol. Method 1:
IH
40 N
o—ww—"
" of |o
" @ 6H3”§4HCI? 350
=
Applying KVL in the loop 1,
V=4l +6sl, +sl,
N =(@+6)1 +s, ()

Applying KVL in the loop 2,
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51, +4sI, +sI, =0

I ..
2:_4:ﬁ ...(i1)
1
So, V1=(4+6s)11+s[—4:is}
2
5=4+6s—
I, 4s+5
V. _ 245’ +165+20+30s s’
I, 4s+5
vi_, (S)_23s2+46s+20
I 4s+5

Hence, the correct option is (A).
Method 2 :

By taking the effect of dots into account the modified circuit diagram is as shown below,

..................................................

L (L, - M)s (L, - M)s
+
’—> Ms g 350
p >
Z o
4 5s 3s
o—WWV—TTTN M
’—> 1s§ $s50
>
Zin
o

2
z (44 55)+ 03808 _ 235 +465420
+5 4s+5

Hence, the correct option is (AB).

Question 4 Power System (1M)

Two single-core power cables have total conductor resistances of 0.7 Q and 0.5 Q respectively and
their insulation resistances (between core and sheath) are 600 MQ and 900 MQ respectively. When

the two cables are joined in series, the ratio of insulation resistance to conductor resistance is
x10°

Ans. 300

—Sol—Note T Whenmrtwo tablesare conmected T series; conductor Tesistances witt-be T sertes and- msutatiom——

resistances will be in parallel.
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600 MQ SE EE 900 MQ
\ AAAA (\ AAAA (
(} \AAA4 \} AAAA4 \)
0.7 Q 0.5Q
A B
R, =07+05=12Q
insulation — M = 360 MQ
600+900
sudation_ SO0 ME2
Rmsulatzon — — 300)(106
R 1.2Q

conductor
Hence, the correct answer is 300.
Question 5

Electrical Machine (2M)

In a single phase transformer, the total iron loss is 2500 W at nominal voltage of 440 V and frequency
50 Hz. The total iron loss 1s 850 W at 220 V and 25 Hz. Then, at nominal voltage and frequency, the
hysteresis loss and eddy current loss respectively are

(A) 1600 W and 900 W
(C) 250 W and 600 W
Ans. B
Sol.  Given : Single phase transformer

Case 1: V=440V, f, =50Hz
Total iron loss, £ =2500W
V¥ _440_

f b 50
Case2: V,=220V,f,=25Hz

Total iron loss, B =850W
V_v,_20_

ff225

Here, Y _ constant

Hysteresis losses is given by

£ =K,(B8,) fv

K, =Hysteresis constant

X = Steinmetz constant

(B) 900 W and 1600 W
(D) 600 W and 250 W

B =Maximum flux density
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f = Supply frequency
V =volume of the core

Eddy current loss is given by
=K, (B,)' "V
K, =Eddy current constant
X = Steinmetz constant
B, =Maximum flux density
f = Supply frequency

V =volume of the core

Core loss is defined as,
P=R+P
Hysteresis loss, E, =KhB,1,;6f
Eddy current loss, Pe :Kij,f ?
=K.f*
=K, f and at V, =220V,
f,=25Hz, B, =850W

As ratio of ¥ is constant in both case.

f

So, (Bm oc;j is also constant.

V~E=444 [O,N

B = o,V [V and A = Constant]
"7 4 4.44fNA

Case 1 : At normal voltage V; =440V, f, =50Hz, P =2500W
R=K,[+K.f*
2500=50K, +(50)’K,
K, +50K, =50 .(0)
Case 2 : At V, =220V, f,=25Hz, B =850W
=K, f,+K f}
850=25K, +(25)°K,

K, +25K =34 ...(i1)
By equation (1) and equation (ii),
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K,+50K,=50
-K,+25K,=50

25K, =16

K, =0.64
Putting the value of K in equation (i),

K, +50(0.64)=50

K, =18
At nominal voltage V = 440, f =50Hz
Hysteresis loss, [, =K, f

P =18x50=900W
Eddy current loss, P=K_ f*

P= (0.64)x50° =1600 W

Hence, the correct option is (B).

Question 6 Network Theory (2M)

In the given circuit, for maximum power to be delivered to &, its value should be Q (Round

off to 2 decimal places).

4 mH
ML O—

AAAA
A\AAAL
3

<
V(N o =1 krad/sec EEZQ

| o+—
0.5 mF
Ans. 1.414
Sol.  Given circuit is as shown below,
4 mH j4Q
m
ML
ML O+—
320
< < >
(~ o=lkrad/sec $2Q SR 2 '
S S
It
[ o— I
0.5 mF b
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For maximum power transfer,

R, =|7,]=\2=1414Q

Hence, the correct answer is 1.414.

Question 7
Consider the table given :

Electrical Machine (1M)

Constructional feature Machine type Mitigation

P. Damper bars S. Induction motor X. Hunting

Q. Skewed rotor slots T. Transformer Y. Magnetic
locking

R. Compensating
winding

U. Synchronous
machine

7. Armature
reaction

V. DC machine

The correct combination that relates the constructional feature, machine type and mitigation is
(B) P-U-X, Q-S-Y,R-V-Z
(D) P-U-X, Q-V-Y, R-T-Z

(A) P-V-X, Q-U-Z, R-T-Y
(C) P-T-Y, Q-V-Z,R-S-X
Ans. B

Sol. (i) Damper bars are used in synchronous machines to eliminate hunting (P-U-X)
(i1) Skewed rotor slots are used in induction machine to reduce magnetic locking (cogging) (Q-S-Y)
(ii1))Compensating winding is used in DC machine to neutralize armature reaction (R-V-Z).
Hence, the correct option is (B).
Question 8 Engineering Mathematics (1M)
Let p and ¢ be real numbers such that p2 +q2 =1. The eigen values of the matrix {p 1 } are
q —pP
(A) land 1 (B) 1 and —1 (C) jand —j (D) pg and - pq
Ans. B
Sol. Given: p'+q" =1
r g }
L4 —Pp
[ p—A
p q } 0
q _—p—A
(P-M=p-N)~¢" =0
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P’ — AN +N —¢* =0

N—p'—q' =0 (o p'+q’ =)
A -1=0
A=+l

Eigen value of given matrix would be 1 and —1.

Hence, the correct option is (B).

Question 9 Engineering Mathematics (2M)
Let 4 be a 10x10 matrix such that 4’ is null matrix and let / be the 10x10 identity matrix. The
determinant of A+/is

Ans. 1

Sol. Given: [A]10><10
A4°=0
A =0
A=0
Eigen value of [4+7]'=A +1
0+1=1
Determinant of [4+/]=1
Hence, the correct answer is 1.
Question 10 Engineering Mathematics (1M)
Let f(x) be areal-valued function such that s '(XO) =0 for some X € 0,1) and f "(xo) >0 for all
xe (0,1). Then £(x) has

(A) No local minimum in (0, 1) (B) One local maximum in (0, 1)
(C) Exactly one local minimum in (0, 1) (D) Two distinct local minimum in (0, 1)
Ans. C
Sol.
/") <0, f1(x)=0
S'"(x)>0, f(x)=0
(1) When value will go from positive to negative then gradient will give negative number.
(i1) When value will go from negative to positive then gradient will give positive number.
So, f(x) has exactly one local minimum in (0, 1).
Hence, the correct option is (C)
Question 11 Engineering Mathematics (2M)
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Let (-1 =), (3—)), (3 +j) and (— 1 +) be the vertices of rectangle C in the complex plane. Assuming

d
that C is traversed in counter-clockwise direction, the value of contour integral (15 2 = 4) i
z—
A) T B) 0 c) =" D) /T
(A) 5 (B) ©) . (D) >
Ans. C
Sol.  Given : Vertices of rectangle = (-1 —), (3 —/), (3 +/) and (— 1 +)
A
T j ‘ T
< — 11 XO T 5 13 >
_j >
v
Poles=0, 0, 4
z =0 lie inside contour and z=4 lie outside of contour.
W ]
= ZwZ Z
TG )
__ 1 d 1
Q2-D'dz z*(z-4)
2 L
dz (z-4)
__ -t -1
C(z-4) 16
<ﬁ 2 & =2ni(_—j —Jr
vz (z—4) 16 8
Hence, the correct option is (C).
Question 12 Engineering Mathematics (1M)

Let P(z)=2"+(1+ /)2 +(2+ j)z+3, where z is complex number. Which one of the following is
true?

(A) Conjugate {P(z)} = P (Conjugate {z}) for all z
(B) The sum of the roots of P(z) =0 is a real number

(C) The complex roots of the equation P(z) =0 come in conjugate pairs.

(D) _All the roots cannot be real

Ans. D
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Sol. Given: P(2)=2 +(1+/)z>+(2+/)z+3
For standard 3™ order equation of the from
o’ +Bx* +y+8=0
If the roots are a, b and ¢ then

-B

Sum of roots g+b+c¢ =

o
Product of roots ¢ -b = __8
o

and ab+bc+ca =

Q|

For given equation,

a+b+c:_a—l3:#:—(l+j)
Hence all the roots cannot be real.
_-8_-3_
o 1

a-b-c -3

Complex roots can’t be conjugate because sum of complex conjugate roots must be real.
Hence, the correct option is (D).

Question 13 Engineering Mathematics (2M)
Suppose the probability that a coin toss shows “head” is p, where 0< p <1. The coin is tossed

repeatedly until the first “head” appears. The expected number of tosses required is

(A) _P_ (B) 1=~ ) - D) L
I-p p p p
Ans. C
Sol.
Number of tosses | 2 3 4 5
ore 2 3 4
Probability of outcomes p | p(-p) | p(=p) | pd=p) | p(-p)
.". The expected number of tosses required is,
HX]=1xp+2p(1-p)+3p(1—py +4p(1—p)’ +......
2 3
HX]=p1+2(-p)+3(1-p) +4(1-p) +.....]
2 -2
E[X]=px(1-1+p)~ = p(p)
Elx1=L£ = 1
p p
Hence, the correct option is (C).
Question 14 Network Theory (2M)
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In the circuit, switch “S” is in the closed position for a very long time. If the switch is opened at time

=0, then I (f) in Amperes, for >0 is

(A) 8e '
Ans. C

Sol. (i) For t<0,

¢ 1=0
7 10
30V
10 V= iL(t)lgo.SH
(B) 10 (C) 8+2¢7 (D) 10(1-e™)
—@ 10
—anw—i |-
v, 4Q  30v
10V =X i(0) l I

The current flowing through inductor before the switch is opened is given by

(ii) For 1> 0,

i(O‘)=$=10A =i, (0%)

The circuit diagram after the switch is opened is given by

(iii) For =00,

o @
10
v VAVAVA = = """'A
4Q 30y

10V = iL(t)lg

05H

10V = iL@

*—@

The current flowing through inductor in steady state is given by
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+1 4

l.L(w):305 0 :?0:8
R,=5Qand L=05H

Time constant of the above circuit is given by,
T= % =0.1 sec

The charging equation of first order RL circuit is given by,
i, (t) =i(o0) +[7,(0") =i, ()] "
i, (#)=i(o0) +[1, (07) i, (o) ™"
i()= 8+(10—8)e
i,(6)=8+2¢"

Hence, the correct option is (C).

Question 15 Analog Electronics (1M)

In the circuit shown, a 5 V Zener diode is used to regulate the voltage across load &,. The input is an

unregulated DC voltage with a minimum value of 6 V and a maximum value of 8 V. The value of R,

is 6 Q. The Zener diode has a maximum rated power dissipation of 2.5 W. Assuming the Zener diode

to be ideal, the minimum value of R is Q.
RS
= 2
Vi T V. b3 R,
Ans. 30
Sol.
R =6Q
+ <
V. = SR
i = 5 V/Z $h
(V14 -
Given:
(i) R, =6Q
(i1) Minimum value of DC input
Voltage =6V
. Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
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(ii1)) Maximum value of

DC input voltage =8 V

Maximum rated power dissipation =2.5 W

Pz(max) = Prating
Prating = 2'5 W = Vz[zmax
2.5
I ===
max 5
I, =05A

Zma

As load is fixed (i.e. R, =fixed)
So 1, is fixed.

[ (varying) =1 (varying) +7, (fixed)
So,

in(min) — Iz(min) +1,
in(max) = Iz(max) + IL
I — in(max) - I/z
in(max) R
8-5
in(max) == 05 A
V. .=V L
Iin(min) = - = & y lA
R 6 6
NOW’ Iin(min) = Iz(min) +1,
1
—=0+7
6 i
1
IL = EA
Now, Vo=1R,
1
5 = gx RO
R =30Q
Hence, the correct answer is 30.
Question 16 Control system (2M)
Consider a closed loop system as shown.
14.4
G,(s)=———=
s(1+0. ls)
is the plant transfer function and G (s) = 1 is the compensator. For a unit-step input, the output response
has damped oscillations. The damped natural frequency is rad/s. (Round off to 2 decimal places).
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R(s) + E(s)

A 4

C(s)

G.(s)

G, (5)

14.4
s(1+0.15)

14.4
0.1s(s +10)
144
s(s+10)

G.(s)=1

G,(s)=

G,(s)=

144

G - 4
pewrr = 3 105144

Now, comparing with the standard equation,

—

(02

n

s7+2E0 s+

From equation (i) and (i1),

Now,

o =12

ZE_m =10
5

5= o212 12

0, =0,1-&

—12"1 —12 144=25
—12‘/ =10.90
144

Hence, the correct answer is 10.90.

Question 17

...

...(ii)

Digital Electronics (1M)

A 16-bit synchronous binary up-counter is clocked with a frequency f.;. The two most significant

bits are ORed together to form an output Y. Measurements shows that Y is periodic and the duration

for which Y the remains high in each period is 24 ms. The clock frequency fc,k is MHz. (Round

off to 2 decimal places)

Ans. 2.05

Sol. Given counter = 16 bit
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Os Qu O o 9
0 0 O0..... 0 0
2'°combination
I 1 1 .. 1 1
If we fix Q50 bit then (O, t0 O)) will take 2" combination
Y= QS +Q14 Q15 Q14 Q13 .......... Ql Q)
O{ g g { 2'* combination
1 { g 1 { 2'* combination
1 { i g { 2'* combination
1 1 i L
1 1 ! 2" combination
So, Y =0 for 2 times. [25 %]
Y =1 for 3x2" times. [75 %]
Y 0 1 0 1 0 1
T25% T5%
Given that, Y =1 for 24 ms
So, Y =0 for ZANDS 8 ms
So, total time period =8+24 =32 ms
Time period of clock, 7, = %
216
Jo = 32107
S =2.048MHz =2.05MHz
Hence, the correct answer is 2.05.
Question 18 Analog Electronics (1M)

In the BJT circuit shown, beta of the PNP transistor is 100. Assume V5 =—0.7V . The voltage across

R will be 5 V when R, is k€ . (Round off to 2 decimal places)
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+
-..—_12V
Ans. 18.099
Sol. Given:
(i) B=100
(i1) BE_ 07V
(i) V, =12V
1 I,
47kQ 1.2kQ
+
, 0.7 n
9.47 Volts - — 0T 12V
TN P -
+ 100 e y151mA
R, *
: 5V3$33kQ
1. =P,
1.51=1001,
1, =1.51x10"> mA
I, =(1+B)IB
I,=132mA
12-1.2x1.5251-0.7-V, =0
V;, =9.46988
_12-9.46988 _ .
4.7
I, =0. 53121 052300 ma
100
R, =L 946988 4 hooka
| I, 0.52322

Electromagnetic Theory (1M)
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Which one of the following vector functions represents a magnetic field B ?

(%, 7, and Z are unit vectors along x-axis, y-axis and z-axis respectively)

(A) 10x%+20yp—30z2 (B) 10yx+20xp—102z2
(C) 1023 + 20y —30x2 (D) 10x%—30z)+20y2
Ans. A

Sol.  The vector functions represents a magnetic field B if ﬁ)é -ds=0

Where, B = Magnetic flux density
By applying Divergence theorem,

jﬂ(v-é)ds=o
V-B=0

Checking from options,

Option (A): V-B=10+0+20=30
Option(B): V-B=10+20-30=0
Option(C): V-B=0+0-10=-10

Option(D): V- -B=0+20+0=20
B= 10xx+20yy —302Z represents the magnetic field

Hence, the correct option is (A).
Question 20 Electromagnetic Theory (1M)
A 1uC point charge is held at the origin of a cartesian coordinate system. If a second point charge of

10 uC is moved from (0, 10, 0) to (5, 5, 5) and subsequently to (5, 0, 0), then the total work done is

1
___mJ. (Round off to 2 decimal places). Take I 9x10” in ST units. All coordinates are in meters.
0
Ans. 9

Sol. Given:
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Now electric field because of 1uC is,

Ix10° . -
4me, xr’ 4=k,
a, a, a,
VxE=| 2 2 2
719, 9, 9,

F(r)y 0 0
V x E =0 as electric field is curl free, path independent, irrotational
As electric field is path independent so instead of going from A to B to C

We can go from A to C directly.

1x10° 1x107°
So, c= -
4me, 10 4me,5
Ix10°[1 1] 1x10° 1
Vie = Py (= X—
10 5 4me, 10

4me,
So now work done = gV
1x107°

W =10x10"°x
4me, x10

W =10x10"7%x9%x10°x10""

Work done =0.009 Joules =9 mJ

Hence, the correct answer is 9.
Network Theory (1M)

Question 21
In the given circuit, the value of capacitor C that makes current / = 0 is
ji5Q j5Q
I

7 100

3]’59 =C

10V C) ® =5 krad/s

. uF

Ans. 20
Sol.  Given circuit is as shown below,
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100 759 759
rown
3s
10V o = Skrad/sec §j5 %E -JjX,

JSx(j5S—jX,)
i 100 J5 J10—jX,
——— AW ——— TN 1
| S—

10V@

Fori=0, Z must be infinite,

For Z to be infinite X, must be equals to 10 Q

X =10
! =10
2nfC
1
0=
5000C
50000
Hence, the correct answer is 20.
Question 22 Power System (2M)
A three-phase balanced voltage is applied to the load shown. The phase sequence is RYB. The ratio
1y is
R
IR
° B J_
—j10Q
Ans. 1

Sol.  Given circuit is as shown below,
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Voltage across capacitor is V5 and voltage across inductor is ¥z (where, Vg, Vip are line voltages)

Viy =V 20"V
VRB

60’

Ve =V 2120°V
Ve =VZ20°V

Ve =VZ-120" V

V,=VZ-120"V
Ve =VZL120°V

200
foo Y _VZ=60"_V a0,
—j10Q  —j10 10

_ 0
Vi VL0V e
j10 j10 10

From the above circuit the value of I is given by,

I =_(IR +]y)

I, =—{K430° +K4—2100}A:—K4900A
10 10 10

|14
|1R _ﬁ

|14
|IB _ﬁ
Ll
IY

Hence, the correct answer is 1.

Question 23 Power System (1M)
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Two generators have cost functions £} and F,. Their incremental-cost characteristics are

9 4op02p and 235 g 4p

1 2

They need to deliver a combined load of 260 MW. Ignoring the network losses, for economic

operation, the generations £} and B, (in MW) are

(A) P=B =130 B) P=160, B =100
(€) e=140,13=120 (D) e=120,13 140
Ans. B

Sol. Given:

Incremental cost, 4F1 _ =40+0.2P,

1

dF,

=32+0.4P,

2

Total load demand, £,=260 MW

For minimum cost (without considering loss) (I.C) of all the units must be same.

df _db

dP "~ dp,

40+02P =32+04P

02P—04B, =—8 (D)
and P+B, =260

04P+04PB =104 ...(ii)

Solving equation (i) and (ii),
02P—-04R =—8
04F +04F, =104

0.62=9%
=160MW
= (260—160) MW =100MW

Hence, the correct option is (B).
Question 24 Power System (2M)

matrix correspond to bus 1, 2 and 3 respectively, then ¥ of the network is
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I Bus-3
—4j J —4j 2j 2]
A | 7 -4 ] B) | 2/ -4 2j
I A BV L 2] 2] -4
EEFE . -t 11
4J 4J 4J 2] 4J 4J
ol 3L TR
© | 3/ 37 3/ D) | 7/ 5/ 77
o1, 53 11,4
CERVEREY IEEREENE
Ans. C
Sol.
- o
e U, +1,+1,)
From the above circuit diagram, output Voltagé is given by, -
K)zj[]1+12+13]
Applying KVL at bus 1,
Vi—1[jl=j[1,+1,+L]
J2L+jL+ L=V, (1)
Similarly at bus 2,
L7 1 ] 17 PIEIN
Hirtiz5+ 7= ()

Similarly at bus 3,
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JIL+ L+ 2L =V, ...(ii)
Solving equation (i), (i1) and (iii),

3. 1 . 1 .
11=—ZJV1+ZJV2+ZJV3

| 3. |
1222]K—2]V2+Z]V3

1. 1 . 3.
Is=2JVl+2JV2—ZJV3

3, L 1]
FEAE
1 -3 1
Hence, Ybus =| =; —=Z;
7 )y
Il
Hence, the correct option is (C).

Question 25 Signals & Systems (2M)
Let f(+) be an even function, i.e., f(—t)= f(¢) for all . Let the Fourier transform of f(¢) be
defined as

- jor dF (00)
F(w)= If(t)e dt . Suppose ——— = —@F (w) forall ® and F(0)=1. Then
(A) f(0)<1 (B) f(0)>1 ©) r(0)=1 (D) r=0

Ans. A
Sol. Given:

(1) f(r) isevenie. f(-t)= f(t)
(ii) ar ((’3)

(111)F(0) =1

=—oF(w) forall ®

The only even function, whose differentiation contains itself is a Gaussian function represented as €

Selecting a Gaussian function which satisfies all mentioned condition,

(1)2

Fo)=e *

2

iF((o) = Loaxe ™ = —OF (o)
do 2

(1)2

FO)=e 2|y o=1

So, the required Fourier transform is,

2 2fol
1Y IV

fe—se ? =¢ 2 =/
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[()e—e™ Q)
From standard result, Fourier transform only Gaussian function results in Gaussian, i.e.
2 2
e™ «——e”
To obtain a transform as given in equation (i), applying time scaling property, replacing 't' by _~
N2m
, we get
f 2
'{f j 1 '{Wﬁj
1/\/ 2n
t2
e 2 e \2me
1 e‘% -2’ f
\21
Comparing with equation (1),
=
\2T
' 0=t =
\N2m = \2m
f(0)<1
Hence, the correct option is (A).
Question 26 Signals & Systems (2M)

Consider a continuous time signal x(z) defined by

x(t)=0 for |t| >1 and x(t)=1—|t| for |t| <1

Let the Fourier transform of x(¢) be defined as X (w) = I x(t)e”’dt . The maximum magnitude of

X(w)is
Ans. 1
Sol. Given: x(t)= 0, d>1
1-lf], ld<1

Comparing x(¢) with standard definition of triangular function,
x(?)
A

1

/N

A
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t 0, lf|>1
w0
) [A|1-=1|, [d<*

So, given x(¢) is a triangular function of amplitude 4 =1 and half width t=1 as shown in figure,
x(t) = tri(¢)

From standard result,

Atri(i)<——> Atsine? (1) OF A1Sa’ (%)
T

tri (£) == ssinc? (f) or sf(%j

xeor=so?(2)<[so )]

—61 6T
“an “on | 2n P Y
Peak value of g, [9) is 1 which occurs at ®=0 as,
2
lim 2 =
t—0 t
o 2
As, X(w)= {Sa (EH
Hence, maximum magnitude of X (w) is,
X (@), =1 =1
Hence, the maximum magnitude of X (m) is 1.

Question 27 Signals & Systems (1M)
If the input x(7) and output y(z) of a system are related as y(¢) = max[0, x(¢)], then the system is
(A) Linear and time-variant (B) Linear and time-invariant
(C) Non-linear and time-variant (D) Non-linear and time-invariant

~Ans. D
Sol.  Given input output relationship is
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(1)

A

> x(2)
y(1) = Max[0, x(7)]

A 0, x(1)<0
YO=1 0. x>0

so it is not a linear system.

other than x(¢) and y(¢), so the system is time invariant.
Hence, the correct option is (D).
Question 28

Vi(s)
Q. (Round off to 2 decimal places)

R 1mH

As output is splitted not in time but for values of x(z), hence the system will not follow superposition,

As there is no time scaling or any coefficient multiplied that is function A time and no extra terms

Control System (1M)

The Bode magnitude plot for the transfer function Yo ($) of the circuit is as shown. The value of R is

Bode diagram

m 20 26dB
o—WW—— W o S
r P
v == 250uF 7, &40
S 60
l l 10° o 4 10' 1
o To) ®=2000 rad/s
Ans. 0.1
Sol.  Given circuit is as shown below,
R ImH
I T
V. ==250uF 7
o o)
Transforming the above circuit in Laplace domain
R sL
o——MWWV——FTT o
VIs) =L VL)
| “ ]
o o

Here, L =1mH, C =250 pF

The transfer function 7'(s) for above circuit is given by,
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1
T(S) — VO(S) — sC i
Vi) Rasp+—
S
1
T(s)=2) ____sC
Viis) sLC+sCR+1
sC
1
T(s)="2) RLC 1
Vi) gy B
LC
So, characteristic equation of above transfer function is,
R 1 .
s +—s+—=0 .. (1)
L LC

Comparing equation (i) with standard characteristics equation, s +2&w,s+®. =0 then
1

mn=ﬁ
§=§ % ...(i)

Now from the Bode plot, resonant peak M, 1s 26 dB at . =2000 rad/sec |
(M,)ys =26 dB=20logM,
M, =19.95=20
1 —
2 1-8
Solving above equation, we get & = 0.025
Now from equation (ii),

R |C
g_z\fL
-6
0025:5 250%10
2\/ 1x107°

So, M, = 20

RZ
0.000625 = TX 0.25
R =001Q
R=0.1Q
Hence, the correct answer is 0.1.
Question 29 Electrical Machine (2M)

An 8 pole, 50 Hz, 3 phase, slip-ring induction motor has an effective rotor resistance of 0.08Q per
phase. Its speed at maximum torque is 650 rpm. The additional resistance per phase that must be
inserted in the rotor to achieve maximum torque at start is Q). (Round off to 2 decimal places).

Neoaleet

1an i g A £ a1 a L. alza P PR Cancidos o lant otroiiit marainact
LVUsl\J\JL llluéllvtlbllls VUILIIVIIU AQllivu Suatltuvl 1\/“1\“5\/ lllltl\/u(lll\./\t. U UILIIOSIUVL U\.iulvul\/llb viivualil Pululll\al\/lo
referred to stator.
Ans. 0.52
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Sol.  From torque-slip characteristic of 3-¢ induction motor,
T A

For R
ForR,+R 32

Given : Three phase induction motor
(1) Poles, P=8

(i1) Frequency, f =50 Hz

(iii)Rotor resistance, K, =0.08 ¥phase

(iv)Speed corresponding to maximum torque = 650 rpm
120 f 120x50

N, = =750rpm
p 8
Speed corresponding to maximum torque,
N.-N,
§ =——"L
N,
5, = 1207630 433
750
Rotor resistance/phase, £, =0.08C2
R, :
Sm =0 ...
i 0

2

The additional resistance per phase that must be inserted in the rotor circuit to achieve maximum torque

at startis R, .

To obtain the maximum torque at starting, maximum slip, S, =1.

+R
5 _R+R, ... (i)
XZ
From equation (i) and (i1),
& _ RZ + Rext
S S

Y =

0.08 0.08+R,,
0.133 1
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R _=0.52Q
Hence, the correct answer is 0.52.
Question 30 Electrical Machine (1M)

The power input to a 500 V, 50 Hz, 6 pole, 3 phase induction motor running at 975 rpm is 40 kW. The
stator losses are 1 kW. If the total friction and windage losses are 2.025 kW, then the efficiency is

%.

Ans. 90
Sol. Given:
(i) Input power, I =40kW
(i1) Voltage, ¥ =500V
(ii)Frequency f =50Hz
(iv)Pole P=6
(v) Rotor speed, N. =975 rpm
(vi) The total stator losses are 1kW =1000 W
(vii) Total friction and windage loss=2.025kW =2025 W

Power flow diagram
air gap power

Mechanical power

developed
P —
(Input power) -
B,
(Shaft power)

Stator  Stator Rotor Frictional
copper  core copper and windage
losses loss loss loss

Air gap power, £, = F, — Stator losses
P, =40000—1000=39000 W

Rotor copper losses, P, ZSPg

So, B=F,~sP,
P,=(-9)P,

Synchronous speed, N, = 120/
N = 12050 600 0m

So, slip o= N, —N, _ 1000-975 0,025

N, 1000
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So, P =(1-0.025)x39000=38025 W

Shaft power, P, =P —Frictional and windage losses

P, =38025—2025=36000 W
L _E
P P

mn mn

36000
40000

Hence, the correct answer is 90.
Question 31

Efficiency, M=

0,

x100 =90%

Electrical Machine (2M)

A belt-driven DC shunt generator running at 300 rpm delivers 100 kW to a 200 V DC grid. It continues
to run as a motor when the belt breaks, taking 10 kW from the DC grid. The armature resistance is
0.025 Q, field resistance is 50 Q and brush drop is 2 V. Ignoring armature reaction, the speed of the

motor is rpm. (Round off to 2 decimal places.)
Ans. 275.00 to 275.25 (275.186)

Sol.
DC busbar

PM 31\@ =3001pm (Given)

Case 1 : When machine acts as generator,
(i) Power output, £ =100kW
(i1) Terminal voltage, V, =200V

P, 100kW
Load current, [, =—=
v 200

t
P BN
R 50

1, =1, +1,=500+4=504A
Generated voltage, £, =V +1 R +V,

E, =200+(504%0.025)+2

E, =214.6V

=500A

Case 2 : When machine continue to run as a motor,
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(i) Power input, b, =10kW
(ii) Terminal voltage of busbar, V, = 200V
P, 10kW _

m __

Suppl t, [, =—"=
upply current, £, % 200

t

[ =I,—1,=50—-4=46

S0A

Back emf of motor, £, =V—I R -V,
E, =200—(46x0.025)-2=196.85V

When machine acts as generator, £, <, N,

E
Speed of generator, N, o< — ...(1)
/4

When machine acts as motor, £, <0, N,

E
Speed of motor, N, o< —- ....(ii)
P
From equation (i) and (ii), we get
N, _E %
Ng Eg ¢fm
o
Ny B 1y B R
N, E, I, E,_ V.
R,
N, _E
Ng Eg
N, =N, X—L =300x 196.85 =275.186
E, 214.6
Speed of motor, 4V, =275.186rpm
Hence, the correct answer is 275.186
Question 32 Digital Electronics (2M)

A counter is constructed with three D flip-flops. The input-output pairs are named as (D), G)),

(D, 9)and (DZ, ()), where the subscript 0 denotes LSB. The output sequence is desired to be Gray-
code sequence 000, 001, 011,010, 110, 111, 101 and 100, repeating periodically. Note that the bits are
listed in the O, O, Q) format. The combination logic expression for 1) is

(A) 0, 0,0, ®) GG,+00, ©) GG,+00, D) 00 +00,
Ans. C
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Sol. Given: 000 »001—>011—010—>100—>111—-101—100
Present state Next state Input
g019% ¢4 |9 |50 D
0 0 0 0 0 1 0 0 1
0 0 1 0 1 1 0 1 1
0 1 1 0 1 0 0 1 0
0 1 0 1 0 0 1 0 0
1 0 0 1 1 1 1 1 1
1 1 1 1 0 1 1 0 1
1 0 1 1 0 0 1 0 0
1 0 0 0 0 0 0 0 0
99,
0, 00 01 11 10
ol |
1 \/
D, =0,0,+00,
Hence, the correct answer is (C).
Question 33 Power System (1M)
An alternator with an internal voltage of 1181 pu and synchronous reactance of 0.4 pu is connected by
a transmission line of reactance 0.1 pu to a synchronous motor having synchronous reactance 0.35 pu
and internal voltage of 0-85462 pu. If the real power supplied by the alternator is 0.866 pu, then
(5] —52) is degrees (Round off to 2 decimal places). (Machines are of non-salient type.
Neglect resistances)
Ans. 60
Sol. Given:
(i) E,£8, =128
(i) X, = j0.4pu
(iii) X, =j0.1pu
) E 2£6,=0.85240,pu
Active power transfered from generator to motor is 0.866 pu.
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jO.1pu
A1LIA
j0.4 pu 70.35 pu
Pe
8 0.85/8,
E XV,
P = ~sin (8, —9,)
XT
0.866 = — =085 (5 —5,)
(0.4+0.1+0.35)
0.866 = 0.85 sin (0, —90,)
0.85
§,—90,= sin” (0.866) = 60°
Hence, the correct answer is 60.
Question 34 Control System (2M)

2.2
(1+0.1s)(1+ 0.45)(1+1.25)

In the given figure, plant G,(s)=

1+ 7
and compensator G.(s) =K [ - ls} )

1+T,s
The external disturbance inputis D(s) . It is desired that when the disturbance is a unit step, the steady
state error should not exceed 0.1 unit. The minimum value of K is . (Round off to 2 decimal

places)
D(s)

+
R —SOZ G () —*»é)—» G,(s) > C(s)

Ans. 10.45 (MTA)
Sol. Method 1:
Given: G (5)= 2
P (1+0.15)(A+0.45)(1+1.25)
1+Ts
G.(9)=K| —
1+ s
—> C(s)
Put R(s)=0, c(s)= G,[E(s)G (s)+ D]
L -£E=G,G.E+G,D
-E[1+G,G.1=G,D
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-G,D
1+GG

e, = hrrol SE(s)

E(s)=

=
" T 1422K

e <0.1

=22
1+22K
—2.2<0.1+0.22K
0.22K >-2.3
K >-10.45

K. =—1045

Method 2 :
D(s)

nE

+ ~ E(5)

R(s) G.(s) GP(S)

G(s)=C(s)= E(s)

G(s)=0

—C(s)=E(s)

[E($)XG,(s)+D($)]Gp(s) =—EL(s)
D(s)Gp(s)+E(s)XG,(s)xh,(s)+E(s) =1

[ 1=D(s)G ,(s)
O 6.6,

1 2.2
s (1+0.15)(1+0.45)(1+1.25)

- [1+Ts}{ 2.2 }
1+T,s || (1+0.15)(1+0.45)(1+1.25)
lsi_lgsE(s):O.l
22
1+2.2k
-22=0.1+0.22%

—22-0.1 _
0.22

»C(s)

-2.3

= _k=-1045
0.22
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|k| =10.45

Hence, the correct answer is 10.45.

Question 35 Power System (2M)

In the figure shown, self-impedances of the two transmission lines are 1.5 j pu each and Z,=0.5j pu

is the mutual impedance. Bus voltages shown in the figure are in pu. Given that 6 > 0, the maximum
steady state real power that can be transferred in pu from bus-1 to bus-2 is

Transmission °
Bus-1 fine-1 h . Bus-2
|E128° - /Zm:o'sj vl 20°
Tran§m15510n T °
line-2
() |EV] @ [£1] © 2|E CEG
Ans. A
Sol. Given:
j1.5
111 Am
|E| 28" W"/ l20°
j1.5

Equivalent inductance for a parallel magnetic circuit with mutual inductance M is given by,

o

3:

3.

y

L

_ LL-M?
“ L +L-2M
(o) | LL,-M |
2 ]m[Ll +1L, _2M]

_ (JOL) (joL,) - (joM)’
“ JoL + joL,—2(joM)

JOL

1.5x1.5—(0.5)

JOL,, =
7 1.5+1.5-2x%0.5
JoL,, =jl
So, JX, =J1Q
= S =~
O—m—Q

|E| £8°

V]z0°
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So, maximum power transfered in steady state
AL e
1

Hence, the correct option is (A).

Question 36 Power Electronics (1M)
In the circuit shown, the input V; is a sinusoidal AC voltage having an rms value of 230 VX 20%.
The worst case peak-inverse voltage seen across any diode is V. (Round off to 2 decimal
places)

5

N
11
||
a
=

5 7

Ans. 390.266
Sol. Given:

Supply voltage, V., =(230£20%)V
=i20X230 146
100

V. =(230+46)V
v,  =(18410276)V

Supply voltage will vary in between 184+/2 sin oz t0 276+/2 sin o .
In given converter, the discharging time of capacitor will be 4t and capacitor will charge for every

less time than lsec .
20

Let us assume, in the range of 0—n/2 DD, are ON, so DD, will be OFF.
ModeI: O<wr<m

Diode D, D, will be forward biased and diode D;, D, will be reversed biased.
Mode II : T<f <27

Diode D, D, will be forward biased and diode D, D, will be reversed biased.

From mode-I,

------------ —»l—»
/ + Yi
Ip 4 4 0
o
+ - 2
)\ : — >
\~) ; CAHv R:tl/:)
_ V sinot -
o 4
V04 i Alp
+ A 4 lO
...... PR S

Applying KVL in the above circuit,
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V,sinex =V, =0
Vp, =V, sinox

The peak inverse voltage across each diode is given by,
V|, =276J2V =39032v

Hence, the correct answer is 390.32.
Question 37 Power Electronics (2M)

Consider the boost converter shown. Switch Q is operating at 25 kHz with a duty cycle of 0.6. Assume

the diode and switch to be ideal. Under steady-state condition, the average resistance R,, as seen by

the source is €. (Round off to 2 decimal places)
1 mH
N
dI1LN L1

AAAA

VVVV
—
(e}

15v (@) _I'I_I'_L/‘Q 100 uF ==

-

Ans. 1.6
Sol. Given : Boost convertor

(i) Switching frequency, f, =25kiHz
(ii) Duty cycle, 6=0.6

Method 1 :
As the switches are lossless,
P,=P,
I/sis = I/OZO
i ="
S (1-9)
A W o Ty o
o (120.6)
Average value of load current is given by,
v, 375
I =—="—"""=375Am
@R 10 P
Average value of source current,
10

Iytavg) = Li(ave) = m =9.375 Amp

Ripple component of inductor current is given by,

SV, 0.6x15

S

LT T 25kxim

0.36 Amp
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Ans.
Sol.
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Minimum current through inductor,

i = 9.375—ﬁ =9.195 Amp
‘min 2

As i 1. 18 not zero, hence inductor current will be continuous

Input resistance seen from supply side is given by,

= ﬂ — i =16 Q
i 9.375
Method 2 :
Y
LB (5] gy
ls ZO ZO
(1-9)

R, =R, (1-8)* =10(1-0.6)’ =1.6Q

Hence, the correct answer is 1.6.

Analog Electronics (2M)

A CMOS Schmitt-trigger inverter has a low output level of 0 V and a high output level of 5 V. It has
input thresholds of 1.6 V and 2.4 V. The input capacitance and output resistance of the Schmitt trigger

are negligible. The frequency of the oscillator shown in the figure is

decimal places)
iy SE—

AAAA
VVVV

10 kQ

47 nF =

3158.12
Given :

G V=16V
Gi) V;p =24V
(i +V, =5V
(i) V=0V

Hz. (Round off to 2
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v, =16V |/ i N B LN/

0 >

Vo4

5

0 : . ' »

e
T,

Total time period is given by,
T'=1+T,

Where, T} is OFF time
T, is ON time

1

'=7

Calculation of 7| :
V. (01)=2.4V
V(e9=0V
V,(t)=0+(2.4-0)e "

Att=T; V.=16V

1.6 =2.4¢ 1R
g 16
2.4
eT/RC— &
16

=RCIn(1.5)

Calculation of 7, :
V. (0 )=1.6V
V(9=5V

The charging equation of the first order RC circuit is given by
V.(t)=5+(16.5)e "%
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2.4=5+(16.5)e "¢

o B/RC _ ﬁ
26

T, = RClog(1.307)
Calculation of 7 :

T=T+T,

T =RCIn(1.5x1.307)

T =10x10"x47x10"x0.673
T =316.644 usec

1
I=7

f=3158.12 Hz

Hence, the correct answer is 3158.12.
Question 39

The waveform shown in solid line is obtained by clipping a full-wave rectified sinusoid (shown
dashed). The ratio of the rms value of the full-wave rectified waveform to the rms value of the clipped

waveform is . (Round off to 2 decimal places,)
A

vl -

: : » (O

Ans. 1.21
Sol.  Given waveform,

7} EEEEETEESEIE 2N v
H ~

0.7077, - \/ \/_\/
E E > 0!

4
RMS value of above signal given by,

V. [ J.(smwt) d(ot} ={ jl cos 20%) t}
| n-gp- 20"

Analog Electronics (2M)

I_ZTE\ Z 0/J
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~Yu 97077,

V2
RMS value of clipped signal is given by,

» of

N[ —

3n

Il
Q-
Sty |3

4 T

(V. sint)’ dot + j (0.707V,)* doot + j (V. sint)’dot
T 3n
4 4

: o
_J1 Vrjj(l cos20)tj 0.7072V,f><(3—n—£j "‘V;I(l cosantj
TC 0 4 4 3j
4

2
2

1
2

3t w 3m) . : 3n
——— |+| T—— |-sin2T—sin 2X—
4 4 4 4

3 T .
sin2X——sin2x0
V| ®_ 4 "
2n| 4 2

1

J
§ i e o
A L S, 0 R vl Y7
2n4 2 2 4 2 2n

I/(rms) Sinewave o 0707 Vm _
Vims clipped wave ©0.5839 v, a

Hence, the correct answer is 1.21.

Question 40 Power Electronics (2M)

A single-phase full bridge inverter fed by a 325 V DC produces a symmetric quasi-square waveform
across “ab” as shown. To achieve a modulation index of 0.8, the angle 6 expressed in degrees should

be . (Round off to 2 decimal places)
A Vab
/L S, } S, 325V e
2d
«—> T 2.1r -
325V = a b 0 e . . > oot
S 325V
S; S,
I I |

(Modulation index is defined as the ratio of the peak of the fundamental component of V.4 to the applied
DC value)
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Ans. 51.07
Sol.  Fourier series expression for single pulse width modulation is given by,
= 4V, : (nnj :
V,(nt)= . — |sin nwt
o(nt) 123:5 - >

Fundamental component of single pulse width modulation is given by,

...

Vo (1) =
Peak amplitude of fundamental component of single pulse with a modulation index of 0.8 is

Vo, =mV,
v, =087, ...(ii)

Comparing equation (i) and (ii),

sind =0.62832

Therefore, 0= (E_ d) =51.07°
2

Hence, the correct answer is 51.07.
Question 41 Power Electronics (2M)

Consider the buck-boost converter shown. Switch Q is operating at 25 kHz and 0.75 duty-cycle.
Assume diode and switch to be ideal. Under steady-state condition, the average current flowing
through the inductor is A.

I

Y K .
e I
20V 1mH 100 uF

|

AAAA —D
A4 v

210Q

Ans. 24

Sol. Given : Buck-boost converter
(i) Switching frequency, f, =25 kHz

(ii) Duty cycle, 6=0.75
Method 1 :
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iL
A
> 1
> !
T
Fig. Inductor current and source current waveform
Average value of inductor current is given by,
1. 4
—Ai, T+i, .. T
: _2
L(ave) = T
. — iL max + iL min
lL(avg) - f
Average value of source current is given by,
1
—Ai, 8T +i, ., 0T
Y
ls(avg) - T
. 1 . . : _ &
Li(ave) = E(ZLmax +1; 1in )0 [ls(avg) = 8lL(avg)]
Output voltage for buck-boost convertor is given by,
- 3V, _0.75%20 _ ¢4y
(1-39) 0.25
. Vs
lO(avg) :F= 6 A
As the switches are lossless,
L=k,
Vsls = I/OZO
B_i__ 38
Vs io (1 _8)
L 6X075 _ e
slve) — (1-8) 025
Average value of inductor current,
© Cop right Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
y Branch Office : Raipur (¥ : 79743-90037, Bhopal (3 : 89591-87052 www. Elacebook.com/gateacademy




®

%8 GATE 2021 [Forenoon Session] 4

'’ Electrical Engineering £

/5 GATE ACADEMY

epd To succedd. . .

18
0.75
Ripple in inductor current is given by,

. OV, 0.75%20

_ L)

Ip (avg) = 5 =24A

= = =0.6 A
bl 25kxIm

Minimum value of inductor current will be,

Aip :24—% =23.7 Amp

L min = lL(avg) - 2

1

As I is greater than zero, so I, will be continuous.

So, ) () = 24 AP
Hence, the correct answer is 24.
Method 2 :
iL A
iL(avg)
0 > t
I A
I (avg)
0 > !

or
Fig. inductor current and Source current waveform
Average value of switch current is given by,

[SW(an) = 8><[L(avg)
_Loraw
L(avg) — 8

Average value of inductor current is given by,

As the switches are lossless,

£, =£,
Vsis = I/OZO
PR (For Boost Converter, 1} ,,) =)
C(1-9)
I, 20

24 A

I = = =
e 1§ 1-0.75
Hence, the correct answer is 24

Question 42

Engineering Mathematics (1M)
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Suppose the circles X’ +y2 =1 and (x —1)2 +()/—1)2 =#" intersect each other orthogonally at the point
(u, v). Then u+v=

Ans. 1

Sol. Given: X +y2 =1 ...(1)
and (x=1) +(y=1y =# ...(ii)

Differentiating equation (i) w.r.t. X ,
dy
2x+2yL=0
ey dx
& _x
dx y
Differentiating equation (i1) w.r.t X ,
2(x—1)+2(y—1)d—y= 0
dx
dy _ —(x-1)
dx  (y-1)
Let, M, _dy _—x
Cdx y
dy —(x -1)
Py (y-D)
NOW, Ml XM2 = _1|at (x,»)=(u,v)
)=
v v—1
2
u-—u
=1
vi—y
u— u2 = V2 %
u+v=v +u’ {° x2+y2=1:>u2+v2=1}
u+v=l1
Hence, the correct answer is 1.

Question 43 Power System (1M)
Consider a power system consisting of N number of buses. Buses in this power system are categorized
into slack bus. PV buses and PQ buses for load flow study. The number of PQ buses is n,. The
balanced Newton-Raphson method is used to carry out load flow study in polar form H, S, M and R
are sub-matrices of the Jacobian matrix J as shown below:

AP Ad H S
=J , where J =
AQ Ay M R
The dimension of the sub matrix M is
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(A) Ny X(N-T) (B) (N=DX(N—-1-N,)
(€) N X(N=1+N,) (D) (N=DX(N-1+N,)
A
Jacobian matrix is given by,
oP OP
%
BE2
20 Jy
Comparing it with Jacobian matrix given in question
H S
L
So, M = a—Q
90
0 — Known
d— Unknown

So, size of sub-Jacobian matrix Mis given by,
= N,x(N-1)

Hence, the correct option is (A).

Question 44

In the open interval (0, 1), the polynomial p(x) =x"—4x’ +2 has

Engineering Mathematics (2M)

(A) Two real roots (B) One real root
(C) Three real roots (D) No real roots
Ans. B
4
Sol.  Given : p(x)=x"—4x"+2
p(0)=0-0+2=2
p()=1-4+2=—1
p(=D)=1+4+2=7
p(x)
A
\ (0, 2)
2
< o » X
-1
v
Since, p(x) intersect x-axis, one time in the interval (0, 1).
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Therefore, p(x) has 1 real root in (0, 1).

Hence, the correct option is (B).
Question 45 Electromagnetic Theory (2M)
One Coulomb of point charge moving with a uniform velocity 10 x m/s enters the region x =0 having

a magnetic flux density B=(10)%+10xp+102)T. The magnitude of force on the charge at x=0" is
N. (X, y and Z are unit vectors along x-axis, y-axis and z-axis respectively)
Ans. 100

Sol.  Given : Magnetic flux density, B=(10)x+10xp+102)T
Velocity, ¥ =10%m/s
Force, 13' =(I7><l§)
F=(10%x(10 y£+10x)+10z))
|[Fl=|-100=100N

Hence, the correct answer is 100.
Question 46 Signals & Systems (1M)

Two discrete-time linear time-invariant systems with impulse responses 7 [n]=8[n—11+8[n+1] and

hz[n] =8[nl+8[n—1] are connected in cascade. Where §[x] in the Kronecker delta. The impulse

response of the cascade system

(A) 8[n-21+8[n+1l B) 8ln-118[nl+8[n+118[n-11
(C) 8ln-21+8ln—-11+8[nl+dln+11 D) 8[nldln-11+8[n-218[n+11
Ans. C

Sol.  Given : The two systems being cascaded are having impulse responses

h[n]=dn—1]+dn+1]
h[n]=dn]+dn+1]

Impulse response of the cascaded equivalent system is given as
x[n]* h[n]

x[n]=> Alnl l h,[n]

yln] = x[n]* h[n]*h,(n

x[n]— An]=n[n)*h[n] —> y[n]

Hn)=h[n]*h[n] = (8[n — 1]+ 8[n + 11} * {8[n] + 8[n — 11}

hlnl=8n—2]+8n—1]+8[n]+d[n+1]
h[n]=90[n—1]+9[n]+0[n—1]+8[n—2]

Hence, the correct option is (C).
Question 47 Control system (2M)
The state space representation of a first-order system is given as
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X=—x+u
y=x
Where, x is the state variable, u is the control input and y is the controlled output. Let u = —kx be the
control law, where K is the controller gain. To place a closed loop pole at — 2, the value of & is
Ans. 1
Sol. Given: x=—x+u

y=Xx
X=—x+u
Let u=—Kx
x=—x—Kx
Method 1 :
x=x(-1-K)
Is1 — 4] =
‘s]—(—l—K)‘=
s+1+K =0
s=-2
—2+1+K =0
K=1
Hence, the correct answer is K =1.
Method 2 :
X=—x+u
y=x
Let u=—-Kx
sx(s) =—x(s)—kx(s)
y(s) = x(s)

sx(s)+ x(s)+ Kx(s)=1
x(s)[s+1+K]=1

Characteristic equation =[s+1+ K] to place close loop pole at — 2

1+K=2
K=1
Hence, the correct answer is 1.
Question 48 Measurement (1M)
Inductance is measured by,
(A) Schering bridge (B) Maxwell bridge (C) Kelvin bridge (D) Wien bridge

Ans. B
Sol. (i) Schering bridge is used for the measurement of capacitance.
(i1) Wien bridge is used for the measurement of frequency.

(ii1) Kelvin bridge is used for the measurement of resistance.
LN ascxze H bhridcedcernced-for-the-meacremen t-ofinduetance

\L v } AVIAAVYVIL Ul 1\-15\./ 10 UOVU 1Vl UiV 11IvAaouliviliiviit Ul 111uuviialiviv.
Hence, the correct option is (B).
Question 49 Network Theory (1M)
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A signal generator having a source resistance of 50 €2 is set to generate a 1 kHz sinewave. Open
circuit terminal voltage is 10 V peak-to-peak. Connecting a capacitor across the terminals reduces the
voltage to 8 V peak-to-peak. The value of this capacitor is uF. (Round off to 2 decimal

places)
Ans. 2.38
Sol. Given:

(i) V. =10 volts peak-to-peak
Gi) R=50Q
(i) f=1000 Hz

Case 1 : Under open circuited conduction

50 Q
————MWW————o
+
5sin 21x10°¢ () Vs
°
=5sin(2nx10°f)
Case 2 : When the capacitor is connected across the terminals, voltage across terminals reduces to 8
volts peak to peak.
50 Q
AV‘V‘V‘V o
+
ssinwr () i
T joC

]
Applying voltage division rule, voltage across capacitor is given by,

1
j |4
VC — L(jlem -
50+ I+ joCx50
joC
N 5
1+ joCx50
1
0.8=———
VI+ R’ C?
0.8= !
J1+ R2x (2mx10°)* C?
C =238 uF
Hence, the correct answer is 2.38.
Question 50 Network Theory (1M)
Ill t}lU siVCll \.«iu.,uit, fUl vultagc I/;} ‘I:U 1UU £L\1U, t}lc VCI,}UU Uf r) D}lUuld 1UU .(RUUlld Uff tU 2

decimal places)
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1Q v, 20 7 3Q

(@)}
<
8
EN
°
—
[\
>
<>
==
N

Ans. -3.25
Sol.  Given circuit is as shown below,

N
<
(D
p
N
[\
>
—
<
=
~

Applying nodal analysis at node V,

Ve Vem 6 - =0 (From the given condition, y - o)

+
4 1 2
3V,
W =24
y =24
7
Applying nodal analysis at node v,
00V, 0BV,
2 3
12=-3V_-2BV.
12=-G+2),

2 :—(3+2[3)27—4

B=-3.25

Hence, the correct answer is — 3.25.
Question 51 Network Theory (1M)

For the network shown, the equivalent Thevenin voltage and Thevenin impedance as seen across

terminals ‘ab’ is
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(A) 10V in series with 12 Q (B) 65V in series with 15 Q
(C) 50V in series with 2 Q (D) 35 V in series with 2 Q
B
Calculation of V, :
5A 0A 3 20 oA
b < <>—AM/~—<—0 +
iy
5A CD iE 10Q Vi
vyi=5A
o —_
From the circuit diagram,
i=5A
v, =3i+10i=13i
v, =65V
Calculation of R, :
0A 3i 2Q I,
> <>—/WV~—<—O
+
: zlii 100 Vae
o

From the circuit diagram,
i=l,
V, =21, +3i+10i
V,=2I,+3,+10,
?"’C 15 Q

dc

Hence, the correct option is (B).

Question 52

Analog Electronics (2M)

© Copyright
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A 100 Hz square wave, switching between 0 V and 5 V, is applied to a CR high-pass filter circuit as
shown. The output voltage waveform across the resistor is 6.2 V peak-to-peak. If the resistance R is

820 Q, then the value C is UF. (Round off to 2 decimal places.)
C
o Il )
input R EE output
[ o
Ans. 12.75

Sol. Given:
(i) Square waveform of 0 to 5 V amplitude.

(i1) Frequency, 7 =100 Hz
(iii) Resistance, R = 820 Q

(iv) Peak-to-peak voltage across resistance, R = 6.2 V

C
V() 4 ° I} °
5 V() RE WO
0 > ! o o
Sms 10ms 15 ms
From 0 to 5 msec, capacitor charge exponentially
Vi(e0)=5V
Vé(O) =0V (As capacitor is initially discharged)

Charging equation of first order RC circuit is given by,
Ve()=Ve() +[V(0) V() |
V.)=5+(0-5)e "

Ve(®=5(1=¢")

From 5 msec to 10 msec, capacitor discharges through resistance.

e,
" .
ORI
‘ RE 7O
> °
i (1)

As the voltage across resistance varies between 3.1 V to —3.1 V (6.2 V peak to peak)
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B B e B 9
0

Smslﬁl ISmSI/'
S0V |

Voltage across resistance is given by,

V&)=V, =V (1) =5-[5(1-¢"")]=5¢""
Vo.(#)=-3.1at t=5 msec

—5%107°
—3.1=5¢820xC

C =12.75 uF

Hence, the value of Cis 12.75 uF.

Question 53 Power System (2M)

Suppose 7,, 7, and 7_ are a set of unbalanced current phasors in a three-phase system. The phase-B
zero-sequence current 1, =0.120"p.u. If phase-A current 1, =1.120’p.u and phase-C current
I.=(1420°+0.1) p.u., then 1, inp.uis

(A)1£240°-0.1£0° (B)1.1£240°-0.1£0°
(C)1.1£-120°+0.1£0° (D)1£-120°+0.1£0°
Ans. D
Sol. Given: I, =0.120
1,=1.14°
0
1. =(1420° +0.1) pu
3 ="
Breaking line currents into sequence currents
IAl 1A2
ICI IBI IBZ [C2
Iy =1Ty0+ 1y + 1y,
[, =0 1£° + 1, +1,
Iy=1T,+1,+1,
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1.1£0° = 0.1.£0° + 1, £120° + 1, £240° )
Io=Tcg+ 1o+ 1,

12120 +0.1=0.1£0° + 1, £240° +1,,, £120°

1£120° = 1,,2240° + 1, 2120° ... (i)
From equation (i),
1£0° =1, 420° +1,,.2240° ... (iii)

Adding equation (ii) and (iii),
120° +1420° = 1, (L120° + £240°) + 1, (A120° + £240°)
(1, +1,,) 280" =1£0° +1.£20°
I, +1,=1£-180"+1£-60°

So, I, =1, +1, +1,,
1,=0.1£0" +1£-180° +1£—60°
1,=0.120" +1£-120"

Hence, the correct option is (D).

Question 54 Electrical Machine (2M)
An air-core radio-frequency transformer as shown has a primary winding and a secondary winding.
The mutual inductance M between the windings of the transformer is pUH. (Round off to 2
decimal places)

Ans. 51.12

Sol.  Given circuit diagram is as shown below,
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Voltage across secondary winding of air core transformer is given by,

V, =M
=(21P‘)M1

From above circuit diagram, current of primary of air core transformer /, is given by,

o2
22
: £
Mutual inductance, M =
2nf %1,
M=—T3 _ _si12uH
2mx10° x
Hence, the correct answer is 51.12.

Question 55 Electromagnetic Theory (2M)

Consider a large parallel plate capacitor. The gap d between the two plates is filled entirely with a
dielectric slab of relative permittivity 5. The plates are initially charged to a potential difference of V
volts and then disconnected from the source. If the dielectric slab is pulled out completely, then the
ratio of the new electric field g, in the gap to the original electric field £, is

Ans. 5
Sol.  Large parallel plate capacitor indicates, fringing effect can be neglected and had E-field is same as
infinite surface charge.

Initial case :
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_r__p
Eou=7= g,x5
p =K><580 =FE, 6 X5¢,

Sold l

After disconnection charge will be conserved.

P K><5£0
Enew: Sold_ l

8() 80
E  =5E,
E_s
El

Hence, the correct answer is 5.

General Aptitude

Question 56 General Aptitude (1M)

For a regular polygon having 10 sides, the interior angle between the sides of the polygon, in degrees,
is

(A) 396 (B) 324 (C) 216 (D) 144
Ans. D
Sol.  Given : Sides of polygon, n =10
Since, interior angle between the sides of the polygon
~(1=2) g0
n
= 10=2) 1800 = 1447

Hence, the correct option is (D).
Question 57 General Aptitude (2M)

Seven Cars P, Q, R, S, T, U and V are parked in a row not necessarily in that order. The cars T and U
should be parked next to each other. The cars S and V also should be parked next to each other, whereas
P and Q can’t be parked next to each other. Q and S must be parked next to each other. R is parked to
the immediate right of V. T is parked to the left of U.

Based on the above statements, the only incorrect option given below is
(A) There are two cars parked in between Q and V.

(B) Q and R are not parked together.

(C) V is the only car parked in between S and R.

Ans. A
Sol.  Step 1. Make proper drafting of given info.
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T US VP QQ S
L1 L1 Lsed L1
v-2RrR TEU
Step 2. Combine drafting :
T U QS VR
lI | 1 1 1 l
P P
Only one car is in between Q and V.
Hence, the correct option is (A).
Question 58 General Aptitude (1M)
The people were at the demonstration were from all sections of society.
(A) whose (B) which (C) who (D) whom
Ans. C

Sol.  Since who refers to the subject.
Hence, the correct option is (C).

Question 59 General Aptitude (1M)
Oasis is to sand as island is to .
Which one of the following options maintains a similar logical relation in the above sentence?
(A) Stone (B) Land (C) Water (D) Mountain

Ans. C

Sol.  Qasis is a fertile land surrounded by sand.
Island is a fertile land surrounded by water.
Hence, the correct option is (C).

Question 60 General Aptitude (2M)
The number of student passing or failing in an exam for a particular subject are presented in the bar
chart below. Students who pass the exam cannot appear for the exam again. Students who fails the
exam in the first attempt must appear for the exam in the following year. Students always pass the
exam in their second attempt. The numbers of students who took the exam for the first time in the year
2" the year 3 respectively, are

70
60 60
50 i 50
40
30
20
10 10 5 3
Z Bz |
Year 1 Year 2 Year 3
Pass M Fail
(A) 65and 53 (B) 60 and 50 (C) 55and 53 (D) 55 and 48
—AmS.— D
Sol.
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New

students Old students

70 \ ( New students
(50+10

60
“ ﬂ s+ 5)/7 Old students

40

30 New New
20 students students

10 10 Si 3 f
0
Year 1 Year 2 Year 3

Pass M Fail
‘. The number of students who took exam for 1 time in year2 = 50+5=55

The number of students who took exam for 1¥ time in year 3 = 4543 =48
Hence, the correct option is (D).
Question 61 General Aptitude (1M)

Which one of the following numbers is exactly divisible by (11 Py 1)?
(A)117°+1 (B) 117 +1 ©) 117 -1 (D)117°-
Ans. D

. (xn _an)

(x+a)
x=(11)"
a =(l)13

. —a {aD*) oy
T (x+a)  ADP+O)°

_ {(l 1)13}4 _{(1)13}4
| (1 1)13 + (1)13

UHan P —{ory ] fan o )]
- A" +(1)°
=(a—b)(a+b)

X —q" _ [(1 13 _113)(1 13 +113)] I:(l 113)2 +(113)2:|

(x+a) 11° +1"
". (I =1) is divisible by (11°+1).
Hence, the correct option is (D).
Question 62 General Aptitude (1M)

Sol. for n is even

for n =4 (even)

Atransparent square sheet shown below 15 folded atong the dotted tine. The folded sheetwill Took Tike:
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<

(A)

© (D)

vival | iviw

Ans. C
Sol.

Hence, the correct option is (C).
Question 63 General Aptitude (2M)

In the figure shown above, each inside square is formed by joining the mid points of the sides of the
next larger square. The area of the smallest square (shaded) as shown, in cm? is

10 cm

10 cm

(A) 12.50 (B) 6.25 (C)3.125 (D)1.5625
Ans. C

Sol.  From figure, side of outer square = diagonal of inside square
*. Side of square =
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1" square «—

2" square «—
N » 6" square
o P L [ 2 >’ >’
3" square < \ 4 > 5" square
4" square <

* Side of 6 square (smallest square) — 19
a2
. Area =199 _3 125 om?
32
Hence, the correct option is (C).
Question 64 General Aptitude (2M)
Let X is a continuous random variable denoting the temperature measured. The range of temperature
is [0, 100] degree Celsius and let the probability density function of X be f{x) = 0.01 for 0 <X < 100.
The mean of X is .
(A)2.5 (B) 5.0 (C)25.0 (D) 50.0
Ans. D
Sol. Given:PDF f(x)=0.01; 0<x<100

E(x)= T x f(x)dx

*." It is uniform probability distribution
0+100
E(x)=

Hence, the correct optlon is (D).

Question 65 General Aptitude (2M)
The importance of sleep is often overlooked by students when they are preparing for exams. Research
has consistently shown that sleep deprivation greatly reduces the ability to recall the material learnt.
Hence, cutting down on sleep to study longer hours can be counterproductive.
Which one of the following statements is the CORRECT inference from the above passage?
(A)Sleeping well alone is enough to prepare for an exam. Studying has lesser benefit.
(B) Students are efficient and are not wrong in thinking that sleep is a waste of time.
(C) If a student is extremely well prepared for an exam, he needs little or no sleep.

(D) To do well in an exam, adequate sleep must be part of the preparation.
Ans. D

=50

SR K K )
XS XS XS X
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