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General Aptitude
Q.1to Q.5 Carry onemark each
Question 1
This book, including al its chapters,  interesting. The students as well as instructor in
agreement about it.
(A)is, was (B)is, are (C) were, was (D)are, are
Ans. (B)
Sol. ‘Book’ isasingular noun, so it will take singular verb ‘is
When ‘aswell as' is part of the sentence then the verb must agree with the noun before  *aswell as'.
S0 “the students as well as” will take the verb ‘are’
Hence the correct option is (B).
Question 2
In four-digit integer numbers from 1001 to 9999, the digit group “37” (in the same sequence) appears
__ times.
(A)270 (B) 299 (C) 279 (D) 280
Ans. (D)
Sol.  Number of ways by which 37 can appear in numbers 1000 to 9999 are shown below,
9 ways 10 ways
(1t09) (0to9) 3 7 =9x10=90 (1)
9 ways 10 ways
(1t09) 3 7 0to9) =9x10=90 ..(i1)
9 ways 10 ways 10 ways
3 7 0to9) (0to9) =10x10=100 .l
There is no common numbers in case (i) - case (ii) or in case (ii) - case (iii) but there exist a common
number between case (iii) and case (i), that is 3737. : '
So, if the total number of numbersis asked in which 37appears in this-'éequence, then the answer would
be’ | " v |
90+90+100-1=279
Which is as given in IIT answer key but the required value is asked only for repetition of 37, not the
numbers which contains 37, so in the number “3737”, 37 must be counted 2 times, then the correct answer
would be,
90+90+100 =280
I1'T has changed their answer for this question from option (C) to option (D) in the final answer
key, but they do not considered it asM TA.
So, students must read the statement given in the question, before going to select the correct option in
such type of problems.
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Question 3
Stock markets at the news of the coup.
(A) plugged (B) plunged (C) poised (D) probed
Ans. (B)

Sol. Theword ‘Coup’ means a sudden, illegal and often violent change of government and this situation will
lead to sudden ‘jump’; drop or fall of shares for which the appropriate word is ‘ plunged’
Hence, the correct option is (B).

Question 4

People were prohibited their vehicles near the entrance of the main administrative building.
(A)to park (B) to have parked (C) from parking (D) parking
Ans. (C)

Sol. Theverb ‘prohibit’ meansto forbid or prevent, it is followed by the preposition ‘forn'.
Hence, the correct option is (C).

Question 5
The revenue and expenditure of four different companies P. Q, R and Sin 2015 are shown in the figure.
If the revenue of company Q in 2015 was 20% more than that in 2014 and company Q had earned a profit

of 10% on expenditure in 2014, then its expenditure (in million rupees) in 2014 was
Revenue and Expenditure (in million Rupees) of four companies

P, Q, Rand Sin 2015
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Company P Company Q Company R~ Company S
(A)34.1 (B) 35.1 (C)33.7 (D)32.7

Ans. (A)

Sol. Given : Bar chart showing line revenue and expenditure of four companiesP, Q, R & Sisshowninfigure,
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Revenue and Expenditure (in million Rupees) of four companies
P, Q, Rand Sin 2015
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Company P Company Q Company R Company S
Revenue of company Q in 2015 = 45 million

Given that it is 20% more than that in 2014.
Let revenue of Qin 2014 isx million

Then, X+ Xxﬂ =45
100

= x+§:45
5

= 6x=45x5
X =37.5 million

(Expenditure) + (Expenditurex ﬂj =375
100
= ]1-—(1)>< Expenditure =37.5

". Expenditure = % =34.09~34.1 -\ \J

Hence, the correct optionis (A).

Q.6t0 Q.10 Carry two marks each
Question 6
Non-performing Assets (NPAS) of a bank in India is defined as an asset, which remains unpaid by a
borrower for a certain period of timein terms of interest, principal, or both. Reserve Bank of India (RBI)
has changed the definition of NPA thrice during 1993-2004. in terms of the holding period of loans. The
holding period was reduced by one quarter each time. In 1993, the holding period was four quarters (360
days). Based on the above paragraph, the holding period of loans in 2004 after the third revision was

days.
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(A)90 (B) 180 (C)45 (D) 135
Ans. (A)
Sol. Given Holding period was 360 days in 1993 and it has changed 3 times till 2004, reducing each time by
one quarter.

In 1993, Holding period = 4 Quarter
After first amendment, holding period
=4-1=3 quarter
After second amendment, holding period
=3-1=2 quarter
.". After third revision, holding period
=2-1=1 quarter
Given 1 quarter = 90 days
So, holding period after third revision in 2004 is 90 days.
Hence, the correct optionis (A)

Question 7

Select the next element of the series: Z, WV, RQP,

(A)LKJ (B)KJH (C)NMLK (D)JHG
Ans. (B)
Sol.

Given series

11,10, 09, 08

AN A A KL

-3 -4 -5
Hence, the correct option is (B).

7 wy ROP KJIH
Sayy " Seurs = S onmr —"

Hence, the correct option is (B).
Question 8
If P, Q, R, Sare4 individuals, how many teams of size exceeding one can be formed, with Q asamember?
(A)5 (B)7 €8 (D)6
Ans. (B)
Sol. No. of available players =4
No. of teams of 2 members, including Q
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=QP,QR,QS =03 [No. of waysto fill 1 place by 3 members]

No. of teams of 3 membersincluding Q
= No. of ways of filling 2 places from 3 members
|
302 =i= .?>><2><l=3
211 2x1

No. of teams of 4 membersincluding Q
= No. of ways of filling 3 places from 3 members
3C 3!

== gg”
.. Total number of teams =3+3+1=7
Hence, the correct optionis (B)
Question 9
Select the word that fits the anal ogy
Do:Undo:: Trust:
(A) Intrust (B) Untrust (C) Entrust (D) Distrust
Ans. (D)
Sol. Givenwordsin thefirst pair are antonyms, correct antonym for Trust is distrust.
Question 10

Given asemicircle with O as the centre, as shown in the figure, the ratio % is

where A_C, CB and AB are chords.

(A)V3 (8)3 (©)2 (D) V2
Ans. (D)
Sol. Givenfigureisas shown below
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Let ‘r' bethe radius of the semicircle

= AO-0B=0C=t
Using phythogores theorem

AC =AO +0OC
= AC =r24r2=2r2
N AC=+2r

Similarly BC=~/2r
AC+CB _ 2r++/2r

A=b

GATE ACADEMY

defps Yo duccedd. . .

AB 2r
AC+CB
: —_— = \/E
AB
/ /
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Question 1

Ans.
Sol.

Question 2

Ans.
Sol.
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Technical Section

Q.1t0 Q.25 Carry onemark each

Which of the following statementsis true about the two sided L aplace transform?

(A) It existsfor every signal that may or may not have a Fourier Transform.

(B) It has no poles for any bounded signal that is non-zero only inside afinite time interval.

(C) If asignal can be expressed as a weighted sum of shifted one sided exponentias, then its Laplace
transform will have no poles.

(D) The number of finite poles and finite zeroes must be equal.

(B)

From the properties of ROC of Laplace transform :

1. ROC does not contain any pole

2. ROC of transform of a bounded finite duration signal is entire S-plane

It can be said that, if asignal isbounded and exists only for finite duration, then ROC is entire s-plane, so

it can not have any pole as ROC does not contain any pole.

Hence, the correct option is (B).

A double pulse measurement for an inductively loaded circuit controlled by the IGBT switch is carried
out to evaluate the reverse recovery characteristic of the diode, D, represented approximately as a
piecewise linear plot of current vstime at diode turn-off. L, isa parasitic inductance due to the wiring

of the circuit and isin series with the diode. The point on the plot (indicate your choice by entering 1, 2,
3 and 4) at which IGBT experiences the highest current stressis

Diode current 4

3
Given plot of diode current versus time and inductively loaded circuit is shown below,
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Diode current 4

—1\
o
4 » tlme Vsource

Considering the load to be highly inductive
Load current will be constant

Load current = Switch current + Diode current (diode current is considered to eval uate the reverse
recovery characteristics of the diode)
S0, ligar =licad — I pioce
|, csr Will experience the highest current stress when the switch current will be maximum

Switch current = (Load current — Diode current) to be maximum diode current has to be minimum.
Diode current is minimum at point 3.

Hence, the correct point is (3).
Question 3

A single-phase inverter is fed from a 100 V dc source and is controlled using a quasi square wave
modulation scheme to produce an output waveform, v(t) as shown. The angle o is adjusted to entirely
eliminate the 3" harmonic component from the output voltage. Under this condition, for v(t), the

magnitude of the 5 harmonic component as a percentage of magnitude of the fundamental component is
(rounded off to two decimal places).

v(t)
A
(10 0 VA S —
—»- o [ P o —» o |[& P ot oA
- 3;:!2 52“ / ‘ _771::/2 '47: > of
iml2 U . Bn/2 i3 ! |
—»- 0 <4 —» 0 [¢— PO < —»0 [ | 0 ¢
070 VJ) FSSSSSSRSSSRRS NN SO

Ans. 20

Sol.  Given output voltage waveform is shown below,
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100V |eeeremnensnnsnees b
For single phase inverter, Fourier series expression of single pulse modulation is given by,
Vo, ()= D] N: gnnZsnndsinnot
n=135 MM 2
To eliminate third harmonics pul se width required is given by,
nd =180°
3d =180° (n = order of harmonics)
d =60°
.". Fundamental harmonic component is given by,
|, = HognnZsin6o?
T
41, 3
|, =—0x =
b 2
5" Harmonic component is given by,
l, = ﬂsin(S—nj.sinSx 60°
5t 2
= Yo, N3
° Br 2 7
Ls =20%
1
Question 4
Consider asignal x[n] = (%) 1[n], where 1[n] =0ifn< 0, and 1[n] =1if n>0.
Z—k
The z-transform of x[n—Kk],k > 0is 1 with region of convergence being
1-=7*1
2
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(A)]2]<2 ®)12]>2 © lzI< ©) IzI>3

Ans. (D)

Sol. Given: x[n]=(%)n1[n]
Wherel[n]:{](; :ig}

Comparing with definition of unit step sequence
Yn]=u[n]

x[n]:(%)nu[n]

1
X(2)=—7— 2>
1-,2"

E
2

For X[n — k] transform is given using time shifting properly

If x[n]«—> ! , |Z|>l
11z 2
2
K
x[n-k]«— Z , |Z|>1
11z 2
2

Given transform for x[n—k], is same as obtained above having poleat Z = % Asthe system is causal,

s0 the ROC will be exterior of acircle outside the outer most pole.
Hence, the correct option is (D). s
Question 5 m W W _
The Thevenin equivalent voltage, V;,, , inV (rounded off to 2 decimal places) of the shown below network,

is
<>
av(@®) 330 M®sa v,
>
Ans. 14
. Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 WwWw.gateacademy.co.in
© Copyright e

Branch Office : Raipur (¥ : 79743-90037, Bhopal 3 : 89591-87052 www. Ejacebook.com/gateacademy




W GATE 2020 [Forenoon Session] A\ GATE ACADEMY

kB Electrical Engineering A=b oteps 1o uccess. .

Sol. Given circuit isshown in figure,

To find open circuit voltage across terminals a and b, which is named as V,,, , applying KCL at node V,

Vo -4

Question 6

The cross-section of a metal-oxide-semiconductor structure is shown schematically. Starting from an
uncharged condition, abiaso f + 3V is applied to the gate contact with respect to the body contact. The
charge inside the silicon dioxide layer is then measured to be +Q. The total charge contained within the
dashed box shown, upon application of bias, expressed as a multiple of Q (absolute value in Coulombs,
rounded off to the nearest integer) is

2 _ W
! l
] “ [
! Silicon Dioxide I
|
! [
; Si I
! [
! I
|
| BODY |
' A | ' i
DASHED BOX '] ]
Ans. O
Sol. Given cross section is shown in below figure,
o
! l
! I
: Silicon Dioxide I
|
! [
' Si I
! |
! [
|
| BODY |
! [
DASHED BOX
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The applied voltage at gate terminal can be compensated by induced charge at semiconductor surface so
asawholeit is always neutral.

Question 7
Which of thefollowing istruefor all possible non-zero choices of integers m,n;m= n, or al possible non-
zero choices of real numbers p,q; p # q, as applicable?

(A) Iimija sin pdsingbdoé =0 (B)ij‘nsin pOcosgedo =0
a—oo 29 J-a 2rd-n

1 eni2 . . 1en . .
(C)—J' sin posingodd =0 (D)—j snmoOsinnbdd =0
27[ -n/2 TE 0

Ans. (A), (B) and (D)
Sol.  For this question, out of given choices, more than one options are conditionally true but none of the given
option is correct if we consider m=-n or p=-qg which satisfies the given conditions of m=n and

p # g mentioned in the question. So this question must go in the category of MTA. For any conclusion,
the statement that must be given in the question should be [mi = |nl and |p|#|q .
1T has given one of the conditionally true option i.e. option (B) in their final answer key by changing
their previously given option (A).
Checking the options for their validity :
Given: m,n: m== n— Integers
p,q: p#q— rea numbers
From option (D)
From orthogonality between sine and sine functions

1ILSin(mnijin(nnxjdx el o
1 I o e . (
2 .
lesjn(—”“ngn(@th om=n- | (i)
LYt L L 1 m= > o
where m & n must beintegers = W N T

For, L =m, from equation (i)
1.|”Is;in mxsinnxdx = 0
TC 0
So, option (D) is correct, which can be verified by evaluating the given integral asfollows
| :ljnsin mPsinnddo
TE O

T
| =— [ -

=)o cos(m+ n)(9d(9+’f0 cos(m-n)6de
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o1 _sin(m+n)6 "+ sn(m-n)o |’
2 0 0

(m-+n) (m-n)

(oL
21

I :i[—0+ 0+0-0]
2n

(m-+n) (m+n) (m-n)

=0

From option (A), that was given as correct option in first answer key by 11 T.

. 17 o o

I :Lma_j_acos(p—q)ede—j_acos(p+q)ede}

,:,imi'dn(p—q)e_dn(pm)OT
a>eda | (p-0) (p+a) |,

I:”mi_ZSin(p—q)oc_Zsin(p+q)oc}
wo=do|  (p—0) (p+0)

,Z,imi‘sin(p—q)oc_sin(pm)a}
w220 (p-0) (p+0)

| zlimg{dn(p—q)a_sin(mq)a}
weal (p-Qa  (p+oa

Imﬂzo

ae oL

| =0

For |p| g only.

So, option (A) is also conditionally true.
From option (B), WhICh isgiven as correct option in f|nal anSNer key by HT,

=5 j sin pOcosgPdo :/
TE =T

< =4

Given integral can also conditionally give the result zero as the product of sine and cos functions will be
an odd function and result of integration from negative to positive symmetric limits of an odd function is

ZEero.
Question 8

Thyristor T, istriggered at an angle o (in degree) and T, at angle 180° +a., in each cycle of the sinusoidal
input voltage. Assume both thyistors to be ideal. To control the load power over the range 0 to 2 kW, the

minimum range of variationin o is

sn(m+mn  sin(m+n)x0 sn(m-nr  sin(m-n)x0
(m—n)

for |ml = [n| only, also snmr=0, Ym=1, 2, .....
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200V, +~> T, 10/ 60°
50 Hz \ £-60°Q
(A) 60° to 120° (B) 0° to 120° (C) 0° to 60° (D) 60° to 180°

Ans. (MTA)

Sol. Thistopic is out of the syllabus and the data given in the question is wrong. Hence, I1T Delhi has
declared it asMTA question.

Question 9

A sequence detector isdesigned to detect precisely 3 digital inputs, with overlapping sequences detectable.
For the sequence (1,0,1) and input data (1,1,0,1,0,0,1,1,0,1,0,1,1,0), what is the output of this detector?

(A) 1,1,0,0,0,0,1,1,0,1,0,0 (B) 0,1,0,0,0,0,0,0,1,0,0,0
(© 0,1,0,0,0,0,0,1,0,1,0,0 (D) 0,1,0,0,0,0,0,1,0,1,1,0
Ans. (C)

Sol. Giveninput date is processed to detect the overlapping sequence 101 as shown below,

11 [1 |o]|1|[o[[o[ 1] |1|[0][2]]0 [1] 1] O

When sequence will be 101, then output will be 1 otherwise 0, so starting from first three bits, output bits
for respective combination areas0, 1,0, 0,0,0,0, 1,0, 1, 0, 0.
Hence, the correct option is (C).
Question 10
Which of the options is an equivalent representation of the signal flow graph shown here?

Yy
Do YO
p— Q_V>o
0
.

= 4

6

= 4

[ 4
@D

4

= 4

© a(d-+0)

e/
Ans. (A)

Sol. Given signa flow graph is shown below,

(D)

(a+c)d

i\e_/

o

Yy
= 4
= 4
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x
Ry
(0]
O
Yy

Forward path gain
R =ad
Individual loop gains
L =ade L,=cd
Using Mason’s gain formula, overal gain

1
=1-{ade+cd}, A =1-0=1

From option (A) :
ad
Y 1-cd _ ad
X , ade 1-cd-ade
1-cd
Hence, the correct option is (A).
Question 11
A single-phase, full-bridge diode rectifier fed from a 230 V, 50 Hz sinusoidal source supplies a series
combination of finite resistance, R, and a very large inductance, L. The two most dominant frequency
components in the source current are
(A) 50 Hz, OHz (B) 50 Hz, 100 Hz (C) 50 Hz, 150 Hz (D) 150 Hz, 250 Hz
Ans. (C) - '
Sol. Given : Single-phase, full-bridge diode rectifier
Fourier series expression of source current is given by

| (1) = Z ism(nooot) 4
" .

n=135

41, 4l, 41,
. Most dominant frequency components are —° 3— c
TC T

: f =50Hz, 50x3Hz, 50x5 Hz
Most dominant frequency components are 50Hz, 150Hz, 250 Hz.

Hence, the correct option is (C).
Question 12

Consider the initial value problem below.
Thevalueof yat x=1In2, (rounded off to 3 decimal places) is
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Y _ox- y, y(0)=1

& =
Ans. 0.886
Sol. Given differential equationis
% =2X-Y having initial condition y(0) =1
X
= Y +Yy=2X ()
dx
dy

(i) isof theform —=+ p(X)y = Q(X)
dx

Where p(x) =1 and Q(X) =2x
Integrating factor is

LE. = el "% _ gl _ g

solution of differential equation is

y(I.F) =UQ(X)(I F.) dx}+c

= ye :'[2xexdx+C

= ye = Z[X_[e"dx—je"dx}C

= yeX:Z[xeX—eX]+C

= ye'=2xe* -2 +C

= y=2x—2+ce”

At point (0, 1)

= 1=0-2+C

. c=3 /() U)
y= 2X—2+3ex | " v

At x=In2, solution will be
y=2In2—-2+3e"?

= y:2ln2—2+§
2

= y =0.8862

Question 13

. Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176
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A common-source amplifier with adrain resistance, R, = 4.7kQ , is powered using a10 V power supply.
Assuming that the trans-conductance g, is 520uA/V , the voltage gain of the amplifier is closest to

(A)2.44 (B)—244 (C)122 (D)-1.22
Ans. (B)
Sol. Given for acommon source amplifier,
V,, =10V
R, =4.7kQ
D &
G E > Yo
| i 14 G v
VGG S Vv, C* &Y RD
e
R, =4.7 kQ
V, =10V
0., =520 pAV
Voltage gain of common source amplifier isgives as
— VO —_
A/ - \/, - ngD

A, =-520x10°x4.7x10?
A, =—-2.44

Hence, the correct option is (B).
Question 14

a +bx? +cx+d isapolynomial on real x over redl coefficientsa, b, ¢, d wherein a=0 . Which of the

following statementsis true? V4
(A)No choice of coefficients can make all roots identical.
(B) a, b, c, d can be chosen to ensure that all roots are complex.
(C) d can be chosen to ensure that x=0 isaroot for any given set a, b, c.
(D) c aone cannot ensure that all roots are real.

Ans. (C)

Sol. Given : Polynomial is f(x) = ax®+bx*+cx+d wherexisreal.

If thevalue of 'd" ischosen asO, then f (x) becomes

=4

f (X) = ax® + bx® + cx
f (X) = x(ax® + bx+c)
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. X=0 will beone of therootsof f (x) irrespective of thevalueof a, b,c
Hence, the correct option is (C).
Question 15

A single 50 Hz synchronous generator on droop control was delivering 100 MW power to a system. Due
toincreasein load, generator power had to beincreased by 10 MW, asaresult of which, system frequency
dropped to 49.75 Hz. Further increase in load in the system resulted in a frequency of 49.25 Hz. At this
condition, the power in MW supplied by the generator is  (rounded off to two decimal places).

Ans. 130

Sol.  Given : Synchronous gener ator
(i) P =100 MW
(i) B, =110 MW
(iii) f, =50 Hz
(iv) f, =49.75 Hz

Lineconstant :
Y=mX+C
P A
P, =130 MW
P, =110 MW
R =100 MW
f, =50 Hz
f, = 49.25 Hz f, =49.75 Hz
Y,-Y, 110-100 - MW
m= Slope= = =

X,~X, 4975-50 = Hz
100=—40x50+C

C=2100MW
At 49.25Hz
B,=Y=mX+C=-40x49.25+ 2100
R, =130 MW
Method 2
We know that,
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AP —10MW
% TTAf  (49.75-50) Hz
5, =40
_AP'
Now, S =
49.25-49.75
AP'=20

. Tota change = AP+AP'=30 MW
Power delivered =100+ 30=130 MW
Question 16

Consider a linear time-invariant system whose input r(t) and output y(t) are related by the following
differential equation :

YO | 4yt - 6r(t)
dt

The poles of this system are at

(A) +2,-2 (B) +4, -4 (©) +2j, - 2] (D) +4), -4
Ans. (C)
Sol. Given differential equation for LTI systemis

2
d d3t’2(t) + 4y(t) = 6r(t)

Taking Laplace transform both sides,
(s* +4)Y(s) =6R(s)

Y(s 6

R
Poles S+4=0 §=-4

S=12]
Hence, the correct option is (C). P

4
o i

Question 17

Consider a negative unity feedback system with forward path transfer function

G(s) = K , Where, K, a, b, ¢ are positive real number. For aNyquist path enclosing the
(s+a)(s—b)(s+c)

entireimaginary axisand right half of the s-plane in the clockwise direction, the Nyquist plot of (1+G(S))

, encirclestheorigin of (1+G(s)) plane oncein aclockwise direction and never passes through thisorigin

. G(s — ,
for a certain value of K. Then, the number of poles of ((3() ) lying in the open right half of the s-plane
S
is
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Ans. 2
Sol. Given forward path transfer function,

K
" (s+a)(s-b)(s+0)
Number of open loop polesin right half of s-planeis P =1.
Given that the Nyquist plot encircles the origin of 1+G(s) plane that is (—1+ jO) once in clockwise
direction for G(s) plane.

G(s)

N=-1
From Nyquist stability criteria,
N=P-Z

Z isthe number of poles of G inright half of s-plane.
1+G(s)
Z=1-(-)=2
Question 18
A lossless transmission line with 0.2 pu reactance per phase uniformly distributed along the length of the
line, connecting a generator bus to a load bus. is protected up to 80 % of its length by a distance relay
placed at the generator bus. The generator terminal voltageis 1 pu. Thereis no generation at the load bus.
The threshold pu current for operation of the distance relay for a solid three phase-to-ground fault on the
transmission lineis closest to

(A)3.61 (B) 1.00 (C)6.25 (D)5.00
Ans. (C)
Sol. Given:

(i) X, =0.2pu

(i) V, =1pu

«— L —»

— 08L 4>J XN
7 Load

Distance relay v :
Theline to be protected is 80% of thisit’slength by adistance relay at the generator bus.
The impedance seen by the distance relay = 0.8x0.2

1 pu

O ]
[0.16 pu |
p

Q

| = L 6.25pu
0.16
Hence, the correct option is (C).

Question 19
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The value of the following complex integral, with C representing the unit circle centered at origin in the
counterclockwise sense, is

2
_[ i 1 dz
2Z°-22
(A) 8ri (B) mi (C) —8ni (D) —mi
Ans. (D)
Sol. Letthegivenintegral be denoted by the function f(2)
v +1
f(2)= j
Z?+1
= f(2)=
I z(z —2)

The singular pointsof f(z) are z=0 and z=2.
Since, thecurve‘c’ isacircle of radius 1, the point z= 0 will lieinside the circle and the point z=2 will
lie outside the circle.

Residue of f(z) will be

: Z+1
Res[f (2)] =lim(z-0
sl () =lim(z-0) =
_0+1 -1
S 0-2 2
Z+1 : _ o
I 22-2) 2mi [Res(f(2))] (using cauchy’s residue theorem)
ZZTEiX_—lz—ni
2

Hence, the correct option is (D).
Question 20 4 4
X; and X, are, respectively, the rms and average valueéof xgt) xgt T) and similarly, y, and y, are

respectively, thermsand average values of y(t) = kx(t). k, T areindependent of t. Which of thefollowing

istrue?

(A) Ya=kxy ; Vg =k (B) ya# kX, § ¥g # kX

(C) ya# kX 5 Ve =k (D) ya=kx, 5 ¥g # kX
Ans. (D)

Sol. Given: X(t—-T)=x(t), x(t) isperiodic with period T

.. Average value of x(t)
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1 .
X, =?jo x(t)dt ..()
RMSvaueof x(t)

XR=,/%I;\X(t)2\dt ...(ii)

Given y(t) = k- x(t), period of y(t) = Period of x(t)=T
Average value of y(t)

1,7
Ya=7 [, ke x(ct

1,7
yA=k~[?IO x(t)dt}:k-xA

RMSvalueof y(t)

1,7 2
Vo= [ JoxOf ot

Yoo = K 5 [ D = K

Asrms value can never be negative, so irrespective of the sign of k, y, will always be positive. Soif kis
anegative constant then y, = k- X5 isnot true.

Hence, the correct option is (D).
It can be verified by a simple example, as explained below,
Consider a continuous time periodic signal x(t) for which one period is shown in figure,

RMS = +/Power
Power — Energy inl perlod
Time period ™ £ y
Energy of x(t) in 1 period, v } \J x(H)4
AT AT 2A7T 24
E = + =
3 3 3 S
. Power of x(t), oy )
b 2AT A T ‘/ >
X 3x 2T B ? [/ SO
A? A .
x(t), = :,/—:— N -24
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Given: y(t) = kx(t)

y(t) isshowninfigure, IAb -
ANT ANT 8AT A
Energy of y(t) = + _
gy of y(t) =—3 3 3 ]
’ 2 0 T 2T >
Power of y(t) = BAT 1 _4A
3 2T 3 A
4N A ~
Dims = Yo =45~ =2X—= (i —2At-----
YO = Y =4/ =5 7 (ii)

From equation (i) and (ii),

Ve 2 kXy ask=—-2, k=2
Hence, option (A) is not true for any negative value of k.
Given answer in 11T answer key : Option (A).

I1'T should have given its correct option as option (D), but they have given option (A) only in their final
answer key, which suggests that they have not considered the given relations for negative values of k.

In general, option (D) is correct.

A three-phase, 50 Hz, 4- pole induction motor runs at no-load with a slip of 1%. With full load, the dip
increases t05% . The % speed regulation of the motor (rounded off to two decimal places) is

Ans. 4.21
Sol.  Given : Three phase induction machine
(i) f=50Hz
(i) P=4
(i) s, =1%
(iv)s, =5%
N, - N PEARA
% speed regulation =| —~———" {x100 7 ; NS
N, = 120 f _ 120x50 _ 1500 rpm
P 4
Nr(nl) = Ns(l_ Snl)
N, = =1500[1-0.01]
(nt)
Nr(fl) = Ns(l_ Sfl)
N,  =1500[1-0.05]
(fL)
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1485-1425

% speed regulation :( Lor

jxlOO: 4.21%
Key Point
: an_ B NfL
% Speed regulation = N x100
fL

As, Nrated =N fl

- NnL_NfL
.. Speed regulation= N x100
fL

Question 22

A three-phase cylindrical rotor synchronous generator has a synchronous reactance X and a negligible
armature resistance. The magnitude of per phase terminal voltage is V, and the magnitude of per phase

induced emf is E,. Considering the following two statements P and Q.

P: For any three-phase balanced leading load connected across the terminals of this synchronous
generator, V, isaways more than E,.

Q: For any three-phase balanced lagging load connected across the terminals of this synchronous
generator, V, isawayslessthan E,.

(A)Pistrueand Qisfalse. (B) Pistrueand Qistrue.
(C)Pisfdseand Qisfalse. (D)Pisfaseand Qistrue.
Ans. (B)
Sol. Given three-phase cylindrical rotor synchronous generator
Synchronous reactance = Xg
The magnitude of per phase terminal voltage=V,
The magnitude of per phase induced emf = E,
and armature resistance is negligible
From the above phasor diagram it can bé concluded that
(i) E,, isgreater thanV, for lagging power factor load
(ii) E,, islessthanV, for leading power factor load
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Both are true.

Hence, the correct option is (B).

Question 23
A single-phase, 4 kVA, 200 /100 V, 50 Hz transformer with laminated CRGO stedl core has rated no-
load loss of 450 W. When the high-voltage winding is excited with 160 V, 40 Hz sinusoidal ac supply,
the no-load losses are found to be 320 W. When the high-voltage winding of the same transformer is

supplied from a 100 V, 25 Hz sinusoidal ac source, the no-load losses will be W (rounded
off to 2 decimal places).
Ans. 162.5
Sol. Given: 4kVA, 200 V/100 V single phase transformer
(i) V=200V
(i) f =50Hz
(ill) P ey = 450 W
Casel 1 V=200V, f, =50Hz, P, =450W
Vi_200_,
f, 50
Poore, = Afp + Bf*
450 = 50A+2500B (1)
Casell : V, =160V, f,=40Hz, P =320W
v, _160_,
f, 40
VT is constant
P(core)2 = Af2 + B.f22
320=40A+1600B ' (i)
Solving equation (i) and (ii) g ,
A=4, B=0.1 2 \JU\J
Case-lll : V; =100V, f,=25Hz, P, ,="?
I:)(oore)s = Af3 + Bf32
P =162.5W

(core)3

Question 24

Out of the following options, the most rel evant information needed to specify the real power (P) at the PV
busesin aload flow analysisis.

(A) base power of the generator (B) solution of economic load dispatch.
(C) rated power output of the generator (D) rated voltage of the generator.
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Ans. (B)

Sol. Solution of economic load dispatch is the most relevant information needed to specify the real power P
at PV busesin load flow analysis.
Hence, the correct option is (B).

Question 25
Currents through ammeters A, and Ajin the figure are 1210° and 1270° respectively. The reading of

the ammeter A (rounded off to 3 decimal places) is A.

|
_2,

, ®

1

> N
&

7
©)

Ans. 1.732
Sol. Given diagram is shown below

=

©)

;
©

7
©)

Applying KCL,;

Il

I, =1210° +1270°

I, +1,

I, = 00s10° + j sin10° +cos70° + jsin70°

|, =1.3268+ j1.113
1i[=1732 A DEY() 2
Q.26t0 Q.55 Carry two markseach

Question 26
In the dc-dc converter circuit shown, switch Q is switched at a frequency of 10 kHz with a duty ratio of

0.6. All components of circuit areideal and the initial current in the inductor is zero. Energy stored in the
inductor in mJ (rounded off to 2 decimal places) at the end of 10 complete switching cyclesis
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- 50V

50 V =
—
9 Q
—
Ans. 5
Sol. Given : Buck boost converter
(i) f,=10kHz
(i) T=0.1ms
(ii)6=0.6
When the switch isON fromO0to 8T
V, = Lﬂ
dt
v _di
L dt
I =\i-6T
L
50 < 0.6x 1
Y 10x10° T 10x10°
I, =03A
When the switchisclosed from 8T to T
V, = el
dt
al, = Vex@-9)T
L
50x (1-0.6) 1
L= = X 3
10x10 10x10
Al, =0.2A

dischargeto 0.2A from 0.4 A.

In first on period inductor charges from 0 A to 0.3 A, and in first of period inductor discharge from
0.3A1t00.1A. Asit'sdischargedto 0.1 A it has 0.1 A asinitial value for next cycle.

In second cycle it will charge from 0.1 A to 0.4 A, (charge by 0.3 A and discharge by 0.2 A) and

After each cycle inductor current increases by 0.1 A from the value of its previous cycle.
After 10" cycle remaining inductor current will be 10x0.1 A =1A .
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Energy stored by inductor at the end of 10 complete switching cycles

:1 LI 2 =1><10><10_3><12 = 5mJ
2 2

V|LA

0.8 A\ b :
017N :
N : = CRRR
oaal o SN\

02AL .../ NG

01A 1 fon -

Question 27
s? +100

A stable real linear time invariant system with single pole at p, has a transfer function H(s) =

with adc gain of 5. The smallest positive frequency, in rad/s, at unity gain is closest to

(A)8.84 (B) 78.13 (C) 122.87 (D)11.08
Ans. (A)
Sol.  Given transfer function,

s*+100
S—Pp
DCgan=5

-’ +100

H(jo)=—
jo—p

H(s)=

H(jo)=DCgain = 5=% aviny,
P=-20
2
H(s) = s“+100
s+20

—®°+100

jo+20
To find unity gain frequency (let o =,),

H(jo),,, =1

H(jo)=
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1o ~o,” +100
o, +400

Jo.2 +400 =~ +100
o,? + 400 = »,* +10000 - 2000,
o," — 201w,” + 9600 = 0

Let 2 =x, x*—201x+9600=0

. 201++/40401-38400
2
o, =111.084 o ©,=1884

=122.86, 78.15

So at »=11.084 rad/sec and ®»=238.84 rad/sec, the gain of the system is unity. As smallest positive
frequency is asked, hence, the correct optionis (A).

Question 28
Let & and 4, beunit vectors along x and y directions, respectively. A vector function is given by

F=4ay-4ax
Thelineintegra of the above function
[F.a
aong the curve ¢, which follows the parabola y = x* as shown below is (rounded off to 2 decimal
places).
y 4
» X
Ans. -3
Sol. Given: F=4y-4x
y=x
di = dx&, +dya,
JFrdi=] @y-8x (4 +da)
J.Fdi =] (yox—xdy)
Cc C
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Since y=x?,
dy = 2xdx

LEE = jc[xzdx—x(zxdx)]

2 3 2
[F.di= —xzdx=(——j -3
c 3 4

x=-1
Hence, the line integral LEHTis—&

Question 29
An 8085 microprocessor accesses two memory locations (2001 H) and (2002 H), that contain 8-bits
numbers 98 H and B1 H, respectively. The following program is executed :
LXI1 H, 2001 H
MVI A, 21 H
INX H
ADD M
INX H
MOV M, A
HLT
At the end of this program, the memory location 2003 H contains the number in decimal (base 10) form

Ans. 210

Sol. Given that an 8085 microprocessor accesses two memory locations (2001 H) and (2002 H), that contain
8-bits numbers 98 H and B1 H, respectively.

Traversing the given program through each instructions

LXI H, 2001 H - Load HL pair from data available at address 2001 H
So, [HL]=2001H ' '
MVI A, 21 H ; Moveimmediately 21 H to accumulator
A=21H F \JJUT
INX H ; Location pointed by HL pair isincremented by 1
[HL] =2002 H
ADD M ; Add memory (content of HL pair) to accumulator

A «[A]l+[BYH
So content of accumulator is21H+B1H=D2H

INX H ; Location pointed by HL pair isincremented by 1
[HL]=2003 H
MOV M, A ; Move content of accumulator to memory (HL pair)

So, datalocation 2003 H isD2 H.
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HLT : End
So, at the end of this program, the memory location 2003 H contains the accumulator content that is
D2 H.

[D2],, =[Dx16+16°x2| =[208+2] =[210]

Hence, the decimal equivalent of content at memory location 2003 H is 210.

Question 30
Let &, égb &, be unit vector along r, ¢ and z direction respectively in the cylindrical coordinate system.
For the electric flux density givenby D = (154, + 2ra, —3rza,) C/m?, thetotal électric flux, in Coulomb

emanating from the volume enclosed by solid cylinder of radius 3 m and height 5 m oriented along the z-
axiswith its base at the originis

(A) 54n (B) 180n (C) 90~ (D) 108x
Ans. (B)
Sol. Given: D =154 +2r4, - 3rza, C/m’

TAN
JRERV,

)

> Y
X
Flux passing through closed surface is given by,
0=¢D-ds
S '//,:
From divergence theorem, I Wt W
$D-ds=[(v-D)av
In cylindrical co-ordinate system
ab,
V.5 10 (rD,)+ 1 aD
ror r 6(1) 0z
v-ﬁ:lias r)+ ——(2r)+—( 3rz)
ror o
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v.5-Lio-a - 3
r r
5 2rn
_[ _[ I(——3rjrdrd¢dz

z=0 ¢=0 r=0

ds= [ @a5- 3r)drjd¢jdz

0 $=0

0 on ~—e-.
01
|| oy O

r

o

a8 =[15r - r*]’ (2n) (5) = (45— 27)10m

J

gSﬁ-dé

180n

Hence, the correct option is (B).
Question 31

Windings‘A’, ‘B’ and ‘C’ have 20 turns each and are wound on the same iron core as shown, along with
winding "X"' which has 2 turns. The figure shows the sense (clockwise/anti-clockwise) of each of the
windings only and does not reflect the exact number of turns. If windings'A’, 'B' and 'C' are supplied with
balanced 3-pbase voltages at 50 Hz and thereisno core saturation, the no-load RM Svoltage (in'V, rounded
off to 2 decimal places) across winding "X" is

230£0° V
() D
y q s
230£-120° V X 4—>p
© € >
-+
q 5 B
230120° V c
() /s aWa
S+ G
o
7
| - <
Ans. 46
Sol. Given:
(i) N,=20
(i) Ny =20
(iii) N =20
(iv) N, =2
V, =230£0°
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V, =230/ -120°

V, =230120°

Voltage across = 230 £180+ @4 120+ 230 £ +120 =-46 Volts
10 10 10

To obtain the no load rms voltage across winding " X" we have to apply the superposition theorem. To
obtain the voltage due to single source by short circuiting other two sources the entire circuit will be short
circuited hence the voltage across winding " X" will be zero.

By referring the primary side parameter to secondary side the transformer circuit will be modified as
follow

0
+

l
l

23/180° vV

) 22-120(>) 23220

W

0

Now considering the voltage induced in winding " X" due to A phase, the other two phases sources will
be short circuited and the transformer circuit will be modified as follow

0
+

> .

o

23/180°

QO

But here the instantaneous resultant flux due to al three phases are not considered at the same time which
iswrong hence the given question is conceptually wrong.

Hence, II T Delhi has declared it asMTA question.
Question 32

A non-ideal diode is biased with a voltage of —-0.03 V and adiode current of I, is measured. The thermal

voltage is 26 mV and the ideality factor for the dlode Is 15/ 13 The voltage in'V, at which the measured
current increases to 1.51, isclosest to /- ) £

(A) —4.50 (B) —0.09 © -150 (D) —0.02

Ans. (B)

Sol. Given : For non-ideal diode
I — I ( V/nVT _1)

V, =-0.03V
V,=?
|,=15I,
V; =26 mV
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_15
713
| l,(e”™ -1
D =1.5=—°( )
I, lo (%™ -1)

156%™ —15=¢"™ -1
1.5e%™ — e =05
e?mr =1 5e4"™" —0.5

-0.03

15 0.026

g/t =1 Get -05
g™ = 0.0518
V2

=1n0.0518 = -2.9603
nV;

V, =-2.9603x E>< 0.026
13

V,=-0.088 ~—0.09

Hence, the correct option is (B).
Question 33
Suppose for input X(t) alinear time - invariant system with impulse response h(t) produces output Yy(t)

, sothat X(t)* h(t) = y(t) . Further, if |x(t)|*|h(t)| = z(t) which of the following statementsiistrue ?

(A) For somebut not al t e (—oo, ), z(t) < y(t) (B) Foral t e (—o0,),z(t) > y(t)
(C) For all t e (—o0,0), z(t) < y(t) (D) For somebut not al t e (—oo,), Z(t) = y(t)
Ans. (B) :
Sol. Given: x(t)* h(t) = y(t) 2 Y2y
[XO[*[hO)] = 2(t) U\

X(t)* h(t) = ji x(t)h(t - t)dz

= Areaunder function x(t).h(t - 1)

= Maximum if x(t) and h(t —t) have samesign
X@[*[h@)| = [ [x(x)||n(t - )| dz

=Maximum areaunder x(t).h(t - 1)

Z(t) > y(t) foral te(—w,x)
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EX. x(t) = —u(t)  h(t) = u(t)
X(t)* h(t) = —r(t) = y(t)

|X(0)|*|n(®)] = u(®)* u(t) =r (t) = Z(t)
»(t) z(1)

A

1 :

D b :

Hence, the correct option is (B).

Question 34
A conducting square loop of side length 1 m is placed at a distance of 1 m from a long straight wire

carrying a current 1 =2 A as shown below. The mutual inductance, in nH (rounded off to 2 decimal

places), between conducting loop and the long wireis
z

TI:ZA

a=1m
b=1m

Ans. 138.63

Sol. Given: | =2A a=1Im, b=1m
Consider astrip of width dx (of the squareloop) at adistance X ffor/n thewire carrying current. Magnetic
field due to current carrying wire at a distance x from the wire is given by,

| .
B:;_;X ..(i)
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]u dX
x=b‘
X I
x=(a+b) >

Small amount of magnetic flux associated with the strip,
do = BdA= ol (ady) .. (if)
21X

Magnetic flux linked with the square loop is

_uola a+b%
¢ 2n IX=b X

_holapg a+b:M0|a|n‘:a+b}
¢ 2nx[ ¥, 2n b

Since, $=MI where, M = Mutua Inductance

MI =“°—'a|n(§+1j
b

2n
M =M|n(3+1j ... (iii)
21 b
From equation (iii),
=7
M :4TE><10 Xlln(Z)
2n
M =138.63 nH

Question 35
Consider a permanent magnet dc (PMDC) motor Whi’f:k}-is i’hiti_all§/ at rest. Att =0, adc voltage of 5V is
applied to the motor. Its speed monotonically increases from 0 rad/sto 6.32 rad/sin 0.5s and finally settles
at 10 rad/s. Assuming that the armature inductance of the motor is negligible, the transfer function for the

motor is
10 10 2 2
A B C D
) 0.5s+1 ® s+0.5 © s+0.5 (®) 0.5s+1
Ans. (D)

Sol.

Given for aPMDC, starting fromrest at t = 0,
Applied DC voltage=5V
Initial speed of motor at t = 0 sec is 0 rad/sec,
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Speed of motor at t = 0.5 sec is 6.32 rad/sec and
Final speed (in steady state) = 10 rad/sec
Speed of motor will follow the response of afirst order system as shown below,

4 Speed of rotor
(0]
6.32 |/
65 » t(in seC)
L et the transfer function,
Cle__K- :
H(s i (
(5)= R(s) T 1+t ®
r(t) = Applied input = 5u(t)
N$:§
s
- K __
(>3]
TS| S+ =
T
Cls) =2 11 1_ 11 _5K E_Ll
’ (—Oj by <= S Ch=
T T T
. Speed of motor as afunction of timeisgiven as - _
c(t) =5K[1-e "] | (D)
Given at steady state, ¢(t) =10 rad/sec ™y
c(t)_, =10 2 \JU \J
10=5K(1-0) K=2

Also, giventhat at t =0.5 sec, c(t) =6.32
So, from equation (ii),
6.32=2x5[1-°%" |

e > =1-0.632=0.368

_i: In0.368=-1
27

=05
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So, the transfer function of the system from equation (i) isgiven as

2
H(s) =
) 1+0.5s
Hence, the correct option is (D).

Given that the final value for astep input of 5V is 10.

Find value =Iirrgs(T.F.)x§
S S

10
0.5s+1

For T.F.=

Final value =limsx 10 x§ = 10x5 =50-10
s>0  05s+1 s 1
Hence, the option (A) iswrong.
10

s+0.5

For T.F.=

Final value =limsx 10 x§=1OX5=100¢10
ss0 s+05 s 05

Hence, the option (B) iswrong.
2

s+0.5

For T.F.=

2 2x55=20¢10

Final value=limsx
s0 s+05 s

Hence, the option (C) iswrong.
2
0.5s+1

For T.F.=

2 5 5_2x5_
05s+1 s 1
Hence, the option (D) is correct. .
Hence, the correct option is (D).

Fina value= Iings>< 10

Question 36

The causal realization of a system transfer function H(s) having poles at (2, -1), (-2, 1) and zeroes at (2,
1), (2, -1) will be

(A) Stable, real, al pass (B) Unstable, complex, all pass
(C) Unstable, real, high pass (D) Stable, complex, low pass
Ans. (B)
Sol. Given : For acausal system transfer function has poles and zeros located at
poles, s=(2-1)
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s, =(-21)
Zeros s=(21)
5=(-2-1
Pole zero plot is shown in figure.
AjO
I ©
o S S X

Asthelocations of polesand zeros are symmetrical about the imaginary axis, so the magnitude of transfer
function H(s) will be constant over all frequencies so the system represents an all passfilter.

As complex poles or zeros are not lying in conjugate pairs, so the system will be complex.

Given that the system is causal, so the ROC of system function will be right to the right most pole. Since
the right most poleiis having real part ¢ = +2 so ROC: Re{s} > 2.

Asthe ROC does not include j® axis so the system is unstable.

Hence, the correct option is (B).
Question 37

Two buses, i and j, are connected with atransmission line of admittance Y, at the two ends of which there
areideal transformers with turns ratio as shown below. Bus admittance matrix for the systemis

V, _ V, .
— 33—
Busi 1:t t:1 ~ Busj 4
- , s A
ttyY -ty Lt oty |
GO ® .
—t2Y Y Y -ty
[ 2 B 2
© t2Y —tith} ©) tt,Y —(ti—tj)Y}
2 2
Y Y (G -t)7Y LY
Ans. (C)
Sol.
Vi T, T, v,
| v vt/ |
— 3k
Busi 1:t, t:1 Busj
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Admittance refered to primary side of T, =Yt?

Admittance refered to secondary side of T, =Yt

ti
y
t v,
I . I
| ) |
I =V, -V, t—i]v'
y
Vi |\a2 2
=V, —Vi.—'}Ytj =V, YU vty
L
_ 2
I]. ——tit].Wi +Ytjvj
tj
v Y
| | |
t
l=|V -V, —Jthf
ti
| =Yy —v Mt
[Ii}_{ t2Y —titjv}[vi}
L]ty Yy,
Y -ty
Ybus = 2
—ttY tY
Hence, the correct option is (C). y

o i

Question 38

A benchtop dc power supply acts as an ideal 4 A current source as long as its terminal voltage is below
10 V. Beyond this point, it begins to behave as an ideal 10 V voltage source for al load currents going
downto O A, When connected to an ideal rheostat, find the load resi stance val ue at which maximum power
istransferred and the corresponding load voltage and current.

(A)25Q,4A,10V  (B)Short, o A, 10V (C)25Q, 4A,5V (D) Open, 4 A, 0V
Ans. (A)
Sol. Method 1

Casel :
© Copyright Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in

Branch Office : Raipur (¥ : 79743-90037, Bhopal 3 : 89591-87052 www. Ejacebook.com/gateacademy




W GATE 2020 [Forenoon Session]
Bl Electrical Engineering

= @
i GATE ACADEMY

defps Yo duccedd. . .

Benchtop dc power supply will act asaideal 4 A current source aslong asit aterminal voltageis|essthan

10V

%R

Casell :
Benchtop dc power supply will act asa 10 V ideal voltage source for all load currents going downto 0 A

From Case | the maximum resistance offered by theideal 4 A current sourceis R=

a
A+

Bench top 4A v
power supply 1
b

»
L

a

+
Bench top

power supply

10 volt

+

b

V1 250
I 4

For maximum power transfer the value of load resistance should be equal to source resistance = 2.5
Current and voltage corresponding to load resistance of 2.5Q2 are 4 A and 10 Volt respectively.

Hence, the correct option is (A).

"NO, %

R 0<V <10V

AAAA
VVVV

!
T+
<
10v(®) v 3R, 0<I<4
>
—40 W
///
> ./ s

10V

From graph, it isclear that at maximum power V =10V and i =4A .

o, # xR =40
R =25Q
Question 39
The vector function expressed by

10°

= _40

R

R =

250

F=8,(5y-k2)+4, (32+kx)+ &, (ky - 4%)
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represents aconservativefield, where 4,, 4, &, are unit vector dong X, y and z directions, respectively.

The value of constants k;,k,,k, aregiven by

(A) k =3k =3k=7 (B) k =3k, =8k,=5
(©) k =0k, =0,k =0 (D) k =4k, =5k, =3
Ans. (D)

Sol. Given: F =4 (5y-kz)+4,(3z+k,X)+4,(ky—4x)

Since F isconservative, VxF =0

=0

éy
LA
oy
(5y-kiz) (3z+k,x) (kyy—4x)
& [k ~3]-4,[-4+k]+4,[k,~5]=0
Hence, k =4,k,=5k, =3
Hence, the correct option is (D).
Question 40
A single - phase, full bridge, fully controlled thyristor rectifier feeds aload comprising a 10 Q resistance

in series with a very large inductance. The rectifier is fed from an ideal 230 V, 50 Hz sinusoidal source
through cableswhich have negligibleinternal resistance and atotal inductance of 2.28 mH. If thethyristors

are triggered at an angle o.=45", the commutation overlap angle in degree (rounded off to 2 decimal

a, a,
9 9
OX oz

places) is
Ans. 4.8
Sol. Given : Single-phase, full bridge, fully controlled thyristor rectifier
(i) V,=230V B
(i) R=10Q
(i) L=2.28 mH
. v | 4
(|V) o= 450 ’ ] v v
(v) f=50Hz
Output voltage of Single-phase, full bridge, fully controlled thyristor rectifier with source inductance is
given by
V, =%XCOSOL—4fLS|O
T
vl
l,x R=—m™xcosa—4fL,
T
l,x10= 2x230y2x cos45 —4x50%2.28x10°x 1,
T
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l,=14 A

Voltage drop due to source inductance is given by,
20Ll, =V, cosa—cos(a+u)]
~ 23072
2x100m x 2.28x10"
=48

14 ~[ cos45-cos(45+p) |

Question 41

A cylindrical rotor synchronous generator has steady state synchronous reactance of 0.7 pu and sub
transient reactance of 0.2 pu. It is operating at (1+ jO) pu terminal voltage with an internal emf of
(1+j0.7) pu. Following a 3-¢ solid short circuit fault at the terminal of the generator, the magnitude of
the subtransient internal emf (rounded off to 2 decimal places) is pu.

Ans. 1.02

Sol. Given : Cylindrical rotor synchronous generator

(i) E,=1+j0.7pu

(i) X, =]0.7pu
(iii) X, = j0.2pu
Case-l : Prefault condition
70.7pu
YN o
+
1407 @ V=140
o
E -V 07— 2 F
|, =——— o 1_0'7 oo pu
X, j0.7 1 Wt
I, =1pu
Case-ll : Post fault
j0.2pu ]}
(w 1+ ;0
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1/0°
I} =———
0.2/90
|, =5/-90°

(I =1 + 17 =1£0°+52-90°
(1) =1- 15
Sub transient emf = (1), % X,
E; = (1- j5)x j0.2
E; =1+ j0.2
|E;|=1.0198pu
Question 42

A non-ideal Si-based pn junction diode istested by sweeping the bias applied acrossits terminals from —
5V to +5V. Theeffective thermal voltage V;, for the diodeis measured to be (29+2) mV. Theresolution

of voltage source in the measurement range is 1mV. The percentage uncertainty (rounded off to 2 decimal
places) in the measured current at a bias voltage of 0.02V is
Ans. 4.75

Sol. Given:V,=0.02V
V; =(29+£2)mV = (0.029+ 0.002)

_ | ~ Vo /nVy
I=1=le

Non ideal silicon diode is as shown bel ow

I,=1 -

L D: : N ®
A=
v, |
Applying log on both sides on diode current equation _

v/ s LI}
In(1) =In(l,)+—2 . ; 5
(1) =n(lg)+—2 A

T

Differentiating partially with respect to V; ,

ﬂ—oJr\/—'D{_infavT
l n
;
A Mo,
:
orn-1, L
T T

The expression of uncertainty for diode current equation is given below,
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, 1x0.02
V2 ~(0.029)°

W, =W =+—DW, = x 0.002 = +0.0475|

%# =+0.0475x100=+4.75

Percentage uncertainty = +4.75%

Question 43
Which of the following options is true for a linear time - invariant discrete time system that obeys the
difference equation :

y[n] - ay[n—1] = b,x[n] - bx[n-1]
(A)When X[n]=0, n<O0, thefunction y[n]; n>0 issolely determined by the function X[n].
(B) The system is necessarily causal.
(C) The system impul se response is non-zero at infinitely many instants.
(D) yIn] isunaffected by the valuesof n—K]; k> 2.
Ans. (C)
Sol. Givenfor adiscretetime LTI system, difference equation is
y[n]-ay[n—1]=byx[n]-bx[n-1]
y[n]=ay[n-1]+bx[n]+bx[n-1]

Given system isrecursiveif a= 0 and difference equation is of the standard form

y[n]=gaKy[n—K]+KZhi:lex[n—K]

Asrecursive discretetime LTI system represents IR filter, so thei mpulge response may exist for infinite
instants but it depends on values of constants a, b, and'b, , which can be verified by taking Z-transform
in equation - |

Y(2)-az 'Y (2) =b,X(2) -b,z X (2)

YD _B-be’
X(z) 1-az*
HED= b 2 )

Taking causal inverse Z-transform,

h[n]=h,.a"u[n]-b a'u[n—1] .. (i)
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Taking non-causal inverse Z-transform of equation (i),

h[n]=-b,a"u[-n-1]+ba""u[-n]
So, anon-causal system having impulse response h[n]=—b,a"u[-n—1]+ba""u[-n] will also have the
same transfer function as obtained in equation (i).

From equation (ii), h[n] exist for infinite instants for most of the values of by, a and by but for some
values, like by=1, a=1b =1
1 f =0
h[n]= or n .
0 otherwise

So statement (C) is conditionally true.
Hence, the correct option is (C).

Question 44

Ans.
Sol.

For real numbers, x and y, with y =3x*+3x+1, the maximum and minimum value of y for x e[-2,0]
are respectively,
1 1 1
(A) -2 and 5 (B)7and 1 (©)1and 2 (D)7 and 2
(D)
Given : y=3x*+3x+1, where x ¢ [-2, O]
For maxima or minima,
&g
ax
= 6x+3=0
1
= X==—=
2
The second derivative of yis,

) //'_. | :
d 2/ =6>0 1 - v
dx

= ywill have minimaat x:_?le[—z,O]

Minimum value of y will be

2
A A
2 2

33 1

4 2 4
At x=-2= y=3(-2*+3(-2)+1=7
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And x=0= y=3(0)*+3(0)+1=1
Maximum value of y occursat X=-2 and isequal to 7.

And minimum value of y occurs at x:%1 and isequal to %

Hence, the correct option is (D).
Question 45

The number of purely rea elementsin alower triangular representation of the given 3x 3 matrix, obtained

through the given decomposition is
2 3 3 a, 0 Oja O O

321:31232203123220
3 17 Q3 Sy Gy || &3 Q3 Ay

T

(A)5 (B)8 (©)6
2 3 3
Sol. Given: [P]=]3 2 1
317
a, 0 O
[Q]: a, o, 0
Q; &y Ay
a, 0 O
[R]T =|ld, ay 0
Q; Ay g
[P]=[QI[R]'
2 3 3] _a11 0 O|la, &, @&

3 2 1l|=|la, a 0| 0 a, Bz |
31 7] [& a; 3]0 0 a,

< =4

2 33 [ & a,a;, a8,
3 2 1|= a,8,; a122+3222 Q,83 + 85,8y
3 1 7] |aa, ad,+and, a;+a+ay

Comparing the elements of matrix P with the matrix Q.R"

a121:2
a11:i\/§
a11a12:3

(D)9
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. |5
=+ /_
ay =T) 5

8,53+ 88y = 1

23

2 — 7_24_@
2 10 ;
ay, = 1/9.4 4

From this the lower triangular matrix can be written as, |
a, 0 O

Lower triangular matrix=|a, a, O
Az 8y Gy
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333=i\/9_7

In the above lower triangular matrix elements [a,,, a5, 8, ay;, 0, 0, O]arereal elements

So, total number of real elements=7

1T hasdeclared thisquestionsasM TA.
As the correct answer for the question, i.e. total number of real elements equal to 7, was absent in the
given options, so after facing challenge to their given option in first answer key, finally 11T has declared
thisquestion asMarksto All.

Question 46
The temperature of the coolant oil bath for a transformer is monitored using circuit shown. It contains a
thermistor with atemperature - dependent resistance, R, ¢ = 2(1+aT) KQ , where T isthetemperature
in °C. Thetemperature coefficient, o, is —(4+0.25)%/° C. Circuit parameters: R =1kQ, R, =1.3kQ,

R, =2.6 kQ. The error in the output signal (in V, rounded off to 2 decimal places) at 150°C is
Rthermistor

AAAA
VVVY +

VOUt

sv(® R

Ans. (MTA) = _-
Sol. Thistopic is out of the syllabus and the data given in the question is wrong. Hence, I1T Delhi has

declared it as MTA question. | |
Question 47 ) _

Consider the diode circuit shown below. The diode D, --/bbey-s"" the current-voltage characteristics

Iy = I{exp(r\]@ j—l}, where n>1,V, >0,V is the voltage across the diode and | is the current

T

through it. The circuit is biased so that voltage, V >0 and current, | <0. If you had to design this circuit
to transfer maximum power from the current source (l,) to aresistiveload (not shown) at the output, what

valuesof R and R, would you choose?
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AAAA l
V§V v +
®D  ¥o 3R v
| _
(A)Small R and small R, (B) Small R andlarge R,
(C)Large R andlarge R, (D)Large R and small R,
Ans. (B)
Sol. Givencircuit isshown in figure,
I V AAAIA Z
v/”
1O 3r, 3R =R

For maximum power transfer to the resistive load, the load current must be maximum.
From KCL at node V.

I'=1+1" where, 1'=1,—1,
As | ' isconstant, so for load current | to be maximum, 1" must be minimum.

For 1" to be minimum, R, must be high.

R,

For | to bemaximum R must be low.

R+R 7
Hence, the correct option is (B).
Question 48

The static electric field inside a dielectric medium with relative permittivity, €, = 2.25, expressed in
cylindrical coordinate system is given by the following expression

E=az2r +a¢(§j+a26
r
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where a , a,, a, are unit vectors along r, ¢ and z directions, respectively. If the above expression

¢ )
represents a valid electrostatic field inside the medium, then the volume charge density associated with

thisfield in terms of free space permittivity €,, in Sl unitsisgiven by

(A) 3, (B) 3¢,
(C) 4e, (D) %,
(©)

Given: E=a 2r +a¢(§j+a26
r

From Maxwell's equation,
R =V.D
R =€, (VE)

P=V.E

p_ 1a(rEr) 10 OE,
ror r o 82
10

Png(Zr )+0+0

P2 _4
r

= I:Q/ZSOF):A"C;O

Question 49

The figure below shows the per-phase Open Circuit Characteristics (measured in V) and Short Circuit
Characteristics (measured in A) of a 14 kVA, 400 V, 59 Hz, 4rpole 3-phase, delta connected aternator,
driven at 1500 rpm. The field current, I, is measurecf inA. Readlngs taken are marked as respective (x,

y) coordinates in the figure. Ratio of the unsaturated and saturated synchronous impedances
(z ! Z,) Of thealternator is closest to

s(unsat)
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A Isc
(8,400)
> |,
(A)2.025 (B) 2.000 (C)2.100 (D)1.000

Ans. (C)
Sol. Given : Three phase delta connected Alternator
() Rating =14kVA

(i) V, =400V

(iii) f=50Hz

(iv) P=4

FromSCCat I, =4A, I =20A
I, =2A, 14 =10 A
I, =8A, I, =40A

Casel : From linear Portion - _
Unsaturated synchronous impedance is calculated from linear portion of OCC,

I, =2A
7 Yo 21051 pARIN
I 10 NP \J

Casell : From nonlinear Portion
Saturated synchronous impedance is calculated from nonlinear portion of OCC,

|, =8A
g Ve 0y
Il 40

The ratio of unsaturated synchronous impedance to saturated synchronous impedance is given by

Zs(un&aturated) — E— — 21
Z 10

s(saturated)
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Question 50

Ans.
Sol.

Bus 1 with voltage magnitude V, =1.1 pu is sending reactive power Q,, towards bus 2 with voltage
magnitude V, =1 pu through a lossless transmission line of reactance X. Keeping the voltage at bus 2
fixed at 1 pu, magnitude of voltage at bus 1 is changed, so that the reactive power Q,, sent frombus1is

increased by 20%. Real power flow through the line under both the condition is zero. The new value of
the voltage magnitude, V;, in pu (rounded off to 2 decimal places), at bus 1 is

v1| A
| o |
Q12
Busl Bus 2
1.12
Given :
(i) V,=11pu
(i) V, =1pu
2
Reactive power, Q,, = V;\(/Z cos(8, —§,) _VYZ
Since active power flow is zero hence, 6, =9,
Q WY, V111 1
XX X X
0.1
Q12 4 X
From given condition new reactive is given by,
Q, =1.2Q,
Let new bus 1 voltage =V,
01 V-V = J UL}
12x—=-21"2¢05(5, —-98,) ——= _ __/-' 4
=L 0os(5,~8,) 2
O.lZ_\i_E
X X X

V, =1+0.12=1.12 pu

Question 51

A 250 V dc shunt motor has an armature resistance of 0.2 Q and afield resistance of 100 Q. When the
motor is operated on no-load at rated voltage, it draws an armature current of 5 A and runs at 1200 rpm.
When a load is coupled to the motor, it draws total line current of 50 A at rated voltage, with a5 %
reduction in the air-gap flux due to armature reaction. Voltage drop across the brushes can be taken as 1
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V per brush under all operating conditions. The speed of the motor, in rpm, under this loaded condition,
isclosest to

(A)900 (B) 1200 (C) 1000 (D) 1220
Ans. (D)
Sol. Given : DC shunt motor

(i) V, =250V

(i) R,=0.2Q

(i) R, =100Q

(IV) (I a)nl = 5A

(v) N, =1200rpm

(vi) (1,), =50A

(vii) ¢, = 0.95¢,

(viii) V, =1V per brush
Vi _20_ 550

'"R, 100~
Casel : Noload condition
V= (B + (1)1 +V, x2

nl'a

250=(E,), +5%x0.2+2x1

250=(E,), +1+2

(E,), =247V | ..(0)
Casell : Loaded condition -

=1+, |

|, =50-25=47.5A P

Ve =(B), + (1) xr, +2xV,

250=(E,), +47.5x0.2+2x1

(E), =2385V
(B _ ¢ x N,
(B) ¢, xN,

247 §,x1200
2385 0.950,x N,

N, =1220rpm
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Question 52
A resistor and a capacitor are connected in series to a 10 V dc supply through a switch. The switch is
closed at t = 0 and the capacitor voltageisfoundtocrossOV at t =0.4 T, where 1 iscircuit time constant.
The absolute value of percentage change required in the initial capacitor voltage if the zero crossing has

tohappenat t=0.2t is___ (rounded off to 2 decimal places).
Ans. 54.98
Sol. Given arrangement in the problem is shown in figure below,
t=0
=GN
— MW\———
10V = _

At steady state, capacitor will be open circuited. So the circuit before switching is as shown below,
R

> AAAA
» VVVY

o

10 "V, (e0) =10V

From given conditions,
Casel: V (t)=0a t=04r

/ 0.4t

VC (9] =VC (00) + {VC (o+) _Vc (oo)} et ¥
Att=04t, V,()=0 F \J\J
0=10+ {Vq (0")— 10} g 04

-04
Vcl(0+) _ 10e i 10

e 0.4
-+ 0.4
V, (t=0")=10-10€* =-4.92V
Case2: V,(t)=0 at t=0.21
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—~y

/ V. () =0
V,, (0)4

V_(t) =V, (o) + {Vc (0") -V, (oo)} et
Att=02t, V(t)=0
0=10+ {v% (0) _10} g 02

.. 10e%2-10
V, (0=

e 0.2
V. (t= 0')=10-10€"? =-2.214V
% changeininitial voltage

V. (09) =V, (0" 492 (—
_V,(©) %(O)x1ooz 4.92 - (-2.214)
V, (0°) —4.92

=0.5499%100 = 54.99%

x100

Question 53
s +s+1
$?+28° +2s+K
where K is positive real number. The value of K for which the system will have some of its poles on the
imaginary axis, is B '

Consider a negative unity feedback system with the forward path transfer function

(A)8 (B)9 (©6 (D)7
Ans. (A) ™ £ ;
Sol. Given : Forward path transfer function F \J \J
s°+s+1
G(s) =
s S+ 25° +2s+k
Method 1:
Characteristic equation is given by,
1+G(s)=0
s?+s+1
1+— 5 =
S +2s°+2s+k
$*+3s+3s+k+1=0
Routh Table:
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s 1 3
s 3 k+1
g 9—(l3<+1) 0

s° k+1 0

When the poleswill be lying on imaginary axis, then system will become marginally stable at this
condition is satisfy by the row of zerosin the Routh’ s table, other than the last row. So

9-—
(k+1) 0
3
k=8
Hence, the correct option is (A).

Method 2 :

For characteristic equation, as®+bs® +cs+d
For marginal stability or for some of the poles at imaginary axis,
Inner product = Outer product
axd=Dbxc
Here, a=1,b=3 c=3 and d =(k+1)
k+1=3x3
k=9-1=8
Question 54
Which of the following optionsis correct for the system shown below?

R(s) Fo N o > Y(9)
s+1 s? |
20 L
s+20 _ .
(A)3 order and unstable (B) 4™ order and stable
(C) 3" order and stable (D) 4" order and unstable
Ans. (D)
Sol.
R(s) e N = > Y(s)
s+1 s?
200
s+20 |

Characteristic equation is given by,
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1+ G(s)H(s)=0
1. 1 iz 20 _,
(s+1) s° (s+20)

*(s+1)(s+20)+20=0

§[s* +21s+20]+20=0

s*+21s® +20s° +20=0
‘s’ term missing henceit is unstable.
We can check using RH Rule,

— 4" order

st |1 20 20
s (21 O

s |20 20

s |21 O

s° 20

4" order and unstable
Hence, the correct option is (D).

Question 55

Ans.
Sol.

A cylindrical rotor synchronous generator with constant real power output and constant terminal voltage
issupplying 100 A current at 0.9 lagging power factor load. An ideal reactor is now connected in parallel
with the load, as a result of which the total lagging reactive power requirement of the load is twice the
previous value while the real power remains unchanged. The armature current is now A
(rounded off to 2 decimal places).

125.29

Given : Cylindrical rotor synchronous generator

(i) 1,=100A
(ii) cos¢, =0.9lag; ¢ = 25.84°

(i)Q, =2Q, P
(VP =P

»
1

0,=20
0 =0

Case| : Before connecting reactor in parallel with the load
As active power is constant

5 )%

P
|
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l, cos¢, =1, cos,

Reactive power before connecting reactor in parallel with the load is given by,

Q
R

Q =Rtan¢, =P xtan25.84
Casell : After connecting reactor in parallel with the load
Q_Q_ 2 iy

tang, =<2 =<2 =
¢2P2F1Fz

tan¢, = 2tan¢, = 2x tan 25.84 = 0.9686
cos¢, =0.7182lag

From the given condition of constant active power

=tan¢,

|, cos¢, =1, xcosd,
100xc0s25.84=1,x0.7182
|, =125.29A

SR K AR )
OS890 00
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