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General Aptitude Part

|_Q.1 to Q.5 Carry One Mark Each |

Question 1 Verbal Ability (Sentence Completion)

Rafi told Mary “I am thinking of watching a film this weekend”. The following reports the above statement
in indirect speech.

Rafi told Mary that he of watching a film this weekend.

(A) thought (B) s thinking

(C) am thinking (D) was thinking
Ans. (D)

Sol. Rafi told Mary that he was thinking of watching a film this weekend.
Hence, the correct option is (D).
Question 2 Verbal ability (Idioms & Phrases)

Permit: .. Enforce : Relax. (By word meaning)
(A) Allow (B) Forbid
(C) License (D) Reinforce
Ans. (B)
Sol. Given:

Enforce is related to relax in a special manner, enforce and relax are opposite in meaning. In the same way
of relationship opposite meaning of permit will be forbid.

Hence, the correct option is (B).
Question 3 Numerical Ability (Probability and Statistics)

Given a fair six - faced dice where the faces are labelled 1, 2, 3, 4, 5 and 6. What is the probability of
getting a ““1” on the first roll of dice and the “4” on the second roll?

1 1

® 3% ® %

5 1

© 5 ®) 3
Ans. (A)

Sol. Probability of getting “1” on 1% roll =

Probability of getting “4” on 2" roll =

ok ol

Since, both events are independent

Probability of getting “1” on first roll and the “4” on the second roll = %x% = 3_16

Hence, the correct option is (A).
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Question 4 Verbal ability (case studies)

Ans.
Sol.

A recent survey shows that 65% of tobacco users were advised to stop consuming tobacco. The survey
also shows that 3 out of 10 tobacco users attempted to stop using tobacco.

Based only on the interpretation of the above passage, which one of the following options can be logically
inferred with certainty?

(A) A majority of tobacco users who were advised to stop consuming tobacco made an attempt to do so.
(B) A majority of tobacco users who were advised to stop consuming tobacco did not attempt to do so.

(C) Approximately 30% of the tobacco users successfully stopped consuming tobacco.

(D) Approximately 65% of tobacco users successfully stopped consuming tobacco.

(B)

Given :

A recent survey shows that 65% of tobacco users were advised to stop consuming tobacco. The survey
also shows that 3 out of 10 tobacco users attempted to stop using tobacco.

Option (C) cannot be inferred with certainty, as according to given information 3 out of 10 numerical
tobacco users attempted to stop using tobacco, which is not a majority.

Option (A) and option (D) cannot be inferred with certainty, as there is no information about how much
tobacco users successfully stop consuming tobacco.

Option (B) can be inferred with certainty, as 3 out 10 tobacco users attempted to stop using tobacco; which
means 7 users did not attempted to do this, and 7 out of 10 is a majority.

Hence, the correct option is (B).

Question 5 Logical Reasoning (Numerical Computation)

Ans.
Sol.

How many triangles are present in the given figure?

(A 12 (B) 16
(©) 20 (D) 24
(©)
Given :
Number of triangles are present in the figure,
A n B
4/ ¢
D p C

In rectangle ABCD, number of triangle are 8.
The triangles are, OAB, OBC, OCD, ODA, ADC, DCB, CBA, BAD.
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There are three triangles in mAn, mDp, pCq, gBn.
Therefore, 8+3+3+3+3=20
Hence, the correct option is (C).

I_Q.G to Q.10 Carry Two Marks Each |

Question 6 Verbal Ability (Case Studies)

Ans.
Sol.

Students of all the departments of a college who have successfully completed the registration process are
eligible to vote in the upcoming college elections. However, by the time the due date of registration was
over, it was found that surprisingly none of the students from the Department of Human Sciences had
completed the registration process.

Based only on the information provided above, which one of the following sets of statement(s) can be
logically inferred with certainty?

(1)  All those students who would not be eligible to vote in college elections would certainly belong to
the Department of Human Sciences.

(i)  None of the students from departments other than Human Sciences failed to complete the registration
process within the due time.

(iii) All the eligible voters would certainly be students who are not from the Department of Human

Sciences.
(A) (i) and (ii) (B) (i) and (iii)
(C) only (i) (D) only (iii)
(D)
Given :

Student of all department of a college who have successfully completed the registration process are
eligible to vote in the upcoming college elections however by the time the due date of registration was
over it was found that surprisingly none of the student from the department of human science had
completed the registration process.

(i)  All those student who would not be eligible to vote in college election would certainly belong to the
department of human science, cannot be inferred, as it is not a necessary condition or situation
according to the given information.

(i) None of student from departments other than human science failed to complete the registration
process within the due time, cannot be inferred, as we have no information about the departments
other than human science.

(iii) All the eligible voters would certainly be students who are not from the human science, can be
inferred logically with certainty, as according to the given information “it was found that surprisingly
none of the student from the department of human science had completed the registration process.”
So, all the eligible voters would not be from department of human science.

Hence, the correct option is (D).
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Question 7 Logical Reasoning (numerical computation)

Ans.
Sol.

Which one of the following options represents the given graph?
f(x)

(A F)=x22" (B) f(x)=x2M
©) f)=|x]2” (D) f(x)=x2"

(B)
Only option (B) is odd function.
Hence, the correct option is (B).

Question 8 Verbal ability (case studies)

Ans.
Sol.

Which one of the options does NOT describe the passage below or follow from it?

We tend to think of cancer as a ‘modern’ illness because its metaphors are so modern. It is a disease of

overproduction, of sudden growth, a growth that is unstoppable, tipped into the abyss of no control.

Modern cell biology encourages us to imagine the cell as a molecular machine. Cancer is that machine

unable to quench its initial command (to grow) and thus transform into an indestructible, self-propelled

automaton.

[Adapted from The Emperor of All Maladies by Siddhartha Mukherjee]

(A) Iltisareflection of why cancer seems so modern to most of us.

(B) It tells us that modern cell biology uses and promotes metaphors of machinery.

(C) Modern cell biology encourages metaphors of machinery, and cancer is often imagined as a machine.

(D) Modern cell biology never uses figurative language, such as metaphors, to describe or explain
anything

(D)

Given :

We tend to think of cancer as a ‘modern’ illness because its metaphors are so modern. It is a disease of
overproduction, of sudden growth, a growth that is unstoppable, tipped into the abyss of no control.
Modern cell biology encourages us to imagine the cell as a molecular machine. Cancer is that machine
unable to quench its initial command (to grow) and thus transform into an indestructible, self-propelled
automaton.

From the given information we can clearly seen the modern cell biology uses figurative language, such as
metaphors to describe modern illness cancer.

Hence, the correct option is (D).
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Question 9 Numerical Ability (number system)

The digit in the unit’s place of product 3*° x 7°®is :
(A) 7 B|) 1

€ 3 (D) 9
Ans. (A)

Sol. Given : 3% x7"%%° = (312 x P x(7")* =1x27x1
Unit digit value =7
Hence, the correct option is (A).
Question 10 Logical Reasoning (numerical computation)
A square with sides of length 6 cm is given. The boundary of the shaded region is defined by two semi-
circles whose diameters are the sides of the square, as shown.

A
z N
6 cm
The area of the shaded region is cm?.
(A) 6n (B) 18
(©) 20 (D) 9n
Ans. (B)
Sol.
D
1V m
A c 6 cm
| Il
B
) 4

Area of region (A+B+C+D)=2[36—-(n.3°)] =72-18n
Area of region (I + 11 +111 +1V) =36—-[72—-18n] =18nt—36

Area of region “I” = (181 —36)/4 = 9_21'C -9

Area of shared region = Area of =(A+B+1)

3 2
3 3 9 9n 2(9771_9j

S L R

2 2 2 2
=9n—(9n—-18) =18
Hence, the correct option is (B).
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Technical Part

|_Q.11 to Q.35 Carry One Mark Each |

Question 11 Mathematics (linear algebra)

Ans.
Sol.

For a given vector W =[1,2,3]", the vector normal to the plane defined by W™x =1 is

A [-2-22] (B) [3,0,-1T
© [B21 D) [L2,3]
(D)
Given: W =[1,2,3]
w! =1

X
L 2 3y|=1

z
0:X+2y+3z=1
Normal vector or gradient of ¢ =1 + 2]+3l€

Normal vector =[1,2,3]"
Hence, the correct option is (D).

Question 12 Control system (block diagram & signal)

Ans.

Y(s)

For the block diagram shown in the figure, the transfer function@ is
R(s)
A A 4
2 3
+ 1 +
- —>Y(s)
A S +
1 e
25s+3 3s+2
(A) (B)
s+1 s—1
s+1 3s+2
C D
©) 3s+2 ©) s+1
(B)

D

4
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Sol. Given block diagram is,
R(s)

—>Y(s)

n |

By Mason’s gain formula,
Y(s) _PA +PA,
R(s) A

R=3 P=

w N

A=1 A, =1
A=1-1
S
Y(s)_3+
R(s) 1

2
s 35+2
1 s-1
s
Hence, the correct option is (B).
Question 13 Control system (Nyquist stability criteria)

3s +15 corresponding to the feedback

In the Nyquist plot of the open-loop transfer function G(s)H(s) =

loop shown in the figure, the infinite semicircular arc of the Nyquist contour in s-plane is mapped into a

point at
R(s) : G(s) Y (s)
H(s)
(A) G(s)H(s) =0 (B) G(s)H(s)=0
(C) G(s)H(s)=3 (D) G(s)H(s)=-5
Ans. (C)
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3s+5
s-1

Given open loop transfer function, G(s)H(s) =

3(34'5) 3+§
— G(S)H(s) = S/___ s

1
(1-1] -
s S

The infinite semicircular arc of the Nyquist contour in s-plane is mapped into a point at.

3+0
= G(S)H (S)L:OO :E :3

Hence, the correct option is (C).

Question 14 Control system (controller and compensator)

Ans.
Sol.

Consider a unity gain negative feedback system consisting of the plant G(s) (given below) and a
proportional integral controller. Let the proportional gain and integral gain be 3 and 1, respectively. For a
unit step reference input, the final values of the controller output and the plant output, respectively, are

1
G(s)=—
(s) s 1
© ) 1,-1 Db) -1,1
(D)
Given system can be drawn as shown below,
+ 1 1
R - > — >
) B 3+s X(@6) | s-1 ¢
Here,
X (s) — Controller output
C(s) — Plant output
) = I T
- S+ S+
l+(3+j1 s(s—1)+3s+1 s(s—1)+3s+1 s
S)s—

c(e0) = Ism sC(s) =1

X (s) =[R(s)—0(s)](3+§j

X (s) =[R(s>—0(s)][3‘°’s”j

X(xc) =lims X (s) = im[R(s) ~ C(5)](3s +1)
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X(o0) = lim l_l—2(3s+1)
50 S(s°+2s+1)

S

A
Mode of operation
(@ Running in generator mode
(b) Running in motor mode
(c) Plugging in motor mode
(A) a-r,b-pandc-q
(C) a-p, b-rand c-q
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-, e
:Iiml S +225+1 3s-1 (3s+1)
s20s| s +2s+1
1] s?-s . (s=1)(3s+1)
=lim=| — [(3s+]) = lim———2 =1
Hos_sz+23+1}( ) 550 §2+25+1
Hence, the correct option is (D).
Question 15 Electrical Machine (DC machine)

The following columns present various modes of induction machine operation and the ranges of slip :

B
Range of slip
(p) FromO0.0to 1.0
() From1l.0to2.0
(n  From -1.0 t0 0.0

The correct matching between the elements in column A with those of column B is

(B) a-r,b-gandc-p
(D) a-q, b-pand c-r

Ans. (A)
Sol. Given:
Torque
A N =
ro s
;W—Generatmg—
-_/ ! Mode
s=0 >
s=1 ! Speed —
: i Slip «
— PIUgg'.ngH«Motoringﬁ'
Motoring Mode !
Mode
or Braking Mode
10<s<20 O<s<1 -1<s<0

Hence, the correct option is (A).
Question 16 Electrical machine (Single phase induction motor)

A 10 pole, 50 Hz, 240 V, single phase induction motor runs at 540 RPM while driving rated load. The
frequency of induced rotor currents due to backward field is

(A) 100 Hz (B) 95Hz
(C) 10Hz (D) 5Hz
Ans. (B)
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Sol. Given: P=10, f =50Hz,V, =240V, N, =540rpm

The frequency of induced rotor current due to backward field is given by,
_120f  120x50

N, =600rpm
P 10

s, = N,—N, 600-540 60 _o1
N 600 600

As we know, backward field will rotate opposite to forward field so it will try to make the rotor in
opposite direction so slip will be

_ N,+N_  600+540 1140
N, 600 600

S

As we know, frequency in the rotor is slip frequency.
So, frequency due to backward slip will be S, f, =1.9x50=95Hz

S, 1.9

Hence, the correct option is (B).
Question 17 Signal system (Laplace transform)

A continuous time system that is initially at rest is described by %+3y(t) =2x(t), where x(t) is the

input voltage and y(t) is the output voltage. The impulse response of the system is

(A) 3™ (B) %e‘mu(t)
(C) 2eu(t) (D) 2e™
Ans. (C)

Sol. Given: ¥+3y(t)=2x(t)

Taking Laplace transform on both sides, we get
SY(s)+3Y(s)=2X(s)
= (s+3)Y(s)=2X(s)

Y(s) 2

X(s) s+3

2
= H(s)= i3
. Impulse response will be, h(t) = L™ (H(s))=2eu(t)
Hence, the correct option is (C).
Question 18 Signal system (Fourier transform)

The Fourier transform X (®) of the signal x(t) is given by
{1, for |o| < o,

0, for || > w,

X(w) =
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Which one of the following statements is true?
(A) x(t) tends to be an impulse as ®, —> o (B) x(0) decreases as o, increases

©) Att=§E—,xa)=:£ (D) Att=—"" x(t)=2
o, o 20, T

(R)
1, f
Given : X () ={ or [} <,

0, for |o|>aw,

&
<

— 0 o,
By taking inverse Fourier transform,

sinm,t
X(t) = >
mt

n 20, . T 20, . T 20,
X| — |= sinwyx— =—Csin— =—0"

20, ) mxm 200 w2 o«

So, option (C) and (D) are wrong.
sin W, COst @

x(0) = Lt Nt _ 4 _
t—>0 gt t—0 T TC

So, X(0) «c ®, = Option (B) is wrong.
When o, =0, X (w) will be a D.C signal and inverse Fourier transform of a D.C signal will be impulse

signal.
So, option (A) is correct.
Hence, the correct option is (A).

Question 19 Signal system (Z transform)

4z
1 2
[-3)(+-3)e-o

(A) Discrete time Fourier transform of x[n] converges if R is |z| >3

The Z-transform of a discrete signal x[n] is X[z]= with ROC=R

Which one of the following statements is true?

(B) Discrete time Fourier transform of x[n] converges if R is §< |z|<3

(C) Discrete time Fourier transform of X[n] converges if R is such that x[n] is a left-sided sequence.
(D) Discrete time Fourier transform of X[n] converges if R is such that X[n] is a right-sided sequence.

%+ To Unlock All Courses of GATE/ESE/AE-JE Use Code “GAT1117. «




W8 GATE 2023 [Forenoon Session] W unacademy

B Electrical Engineering A GATE ACADEMY

Ans. (B)
Sol. Given: X(z)= 42

1 2

e e
5 3
1 2
Poles of X (z) are located at z = c z=—andz=3.

For DTFT to converge, the ROC of Z-transform of x(n) should contain unit circle.

If x(n)is aright sided sequence then the ROC is |z| >3 which does not include unit circle. So, option (D)
and (A) are wrong.

If R.O.C.is §< |z| <3, the R.O.C. includes unit circle. So, option (B) is correct.

If x(n) is a left sided then R.O.C will be |z| <% which does not include unit circle. So, option (C) is wrong.

Hence, the correct option is (B).

Question 20 Power system (cable and insulator)

For the three-bus power system shown in the figure, the trip signals to the circuit breakers B, to By are

provided by overcurrent relays R, to Ry, respectively, some of which have directional properties also.

The necessary condition for the system to be protected for short circuit fault at any part of the system
between bus 1 and the R-L loads with isolation of minimum portion of the network using minimum
number of directional relays is

RL load

RL load

(A) R, and R, are directional overcurrent relays blocking faults towards Bus 2.
(B) R, and R, are directional overcurrent relays blocking faults towards Bus 2 and R, is directional
overcurrent relay blocking faults towards bus 3.

(C) R, and R, aredirectional overcurrent relays blocking faults towards Line 1 and Line 2, respectively,

R, is directional overcurrent relay blocking faults towards Line 3 and R5 is directional overcurrent
relay blocking faults towards bus 2.

(D) R, and R, aredirectional overcurrent relays blocking faults towards Line 1 and Line 2, respectively.
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Ans. (A)
Sol.
Non Non
Directional Directional Directional
relay relay relay
4_

| v

RL load
Directional relay RL load
relay «—
«—>

Hence, R, and R, are directional over current relays, which only operates when fault occurs in line-1 and
line-2 respectively. But blocking faults towards bus-2.
Hence, the correct option is (A).

Question 21 Power system (per unit system)

The expressions of fuel cost of two thermal generating units as a function of the respective power
generation Py and B; are given as

F,(P; ) =0.1aP; +40P, +120Rs/hr 0 MW < P, <350MW
F,(P,) =0.2R; +30P, +100Rs/hr 0 MW < P, <300MW

Where a is a constant. For a given value of a, optimal dispatch requires the total load of 290 MW to be
shared as Py =175MW and R; =115MW. With the load remaining unchanged, the value of a is

increased by 10% and optimal dispatch is carried out. The changes in F; and the total cost of generation,

F(=F +F,) in Rs/hr will be as follows

(A) PR will decrease & F will increase (B) Both F; & Fwillincrease
(C) P, willincrease & F will decrease (D) Both P, & Fwill decrease
Ans. (A)
Sol. Given:

F,(P,)=0.1aR; + 40P, +120Rs/hr
F,(P, ) =0.2P; +30P; +100Rs/hr

Incremental cost, ICl = ﬁ = 0.2aPGl +40
dPGl
l. = dr, =0.4P, +30
2 dPG2 2

0.2ax175+40=0.4x115+30
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a=1.028
Now, P'+P,' =175+115=290mW

a'=1.1x1.028 =1.1308
F, =0.1x1.1308P, *+ 40P, '+120

F, =0.2P,"?+30P, +100
I, =0.226P '+ 40
|, =0.4P,"+30
For optimal load, I =1,
0.226P',+40=0.4P',+30
0.226P',-0.4P',=-10 (i)
P',+P',=290
P', =169 MW
P', =121MW
So, P decreases

F when P, =175MW and P, =115MW

F, =0.1x1.028 x175° + 40 x175 +120 =10268 .2 Rs/hr
F, =0.2x115* +30x115 +100 = 6195 Rs/hr

F =F, +F, =16463Rs/hr

F',=0.1x1.1308 x169° + 40 x169 +120 = 10109.6
F',=0.2x121% +30x121+100 = 6658.2
F'=F'+F',=16767.8 Rs/hr

So, F increase
Hence, the correct option is (A).
Question 22 Electrical machine (DC machine)

The four stator conductors (A, A',B and B") of a rotating machine are carrying DC currents of the same
value, the directions of which are shown in the figure (i). The rotor coils a-a' and b-b' are formed by
connecting the back ends of conductors ‘@’ and ‘@'’ and ‘b’ and ‘b"'’, respectively, as shown in figure
(ii). The emf induced in coil a-a' and coil b-b' are denoted by E, .. and E, ,., respectively. If the rotor
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is rotated at uniform angular speed wrad/s in the clockwise direction then which of the following correctly

describes the E, ,. and E,_.?

Fig. (i) Cross-sectional view  Fig. (ii) Rotor winding connection diagram

(A) E, . and E_,. have finite magnitudes and are in the same phase.
(B) E,, and E .. have finite magnitudes with E, ,. leading E, ..
(C) E,, and E .. have finite magnitudes with E, . leading E ..
(O) E..=E,=0.

(D)

At this instant, coil aa' and bb' are along g-axis, so there is no induced emf in both coils
E.. =E, =0.
Hence, the correct option is (D).

Question 23 Power Electronics (chopper and commutation)
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The chopper circuit shown in figure (i) feeds power to a 5 A DC constant current source. The switching
frequency of the chopper is 100 kHz. All the components can be assumed to be ideal. The gate signals of

switches S, and S, are shown in the figure (ii). Average voltage across the 5 A current source is
4 High

Gate
signal of
S ) gsl Low
Gate
S D signal of
—I: 2 2 G,) 5A 982
0 3 5 8 10 Time in us

Fig. (i) Fig. (ii)
(A) 10V (B) 6V
(C) 12V (D) 20V
(B)

VV

20V =

Ans.
Sol.

20—

When switch S, ON —» v, =v, =200V
D, ON —»v, =0 Volt
S, ON — v, =0 Volt (no energy stored)

Sl A
Sl;k Dl
> msec
3 5 8 10
+ S,
5 8 >t
vV, 4
20V —

>t
3 10

29%3 _gvolt
10

0(avg) =

Hence, the correct option is (B).

X3

0

0
0
0.0
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Question 24 Mathematics (Linear algebra)
In the figure the vectors u and v are related as : Au = v by a transformation matrix A. The correct choice

of Ais
(4,3)u
(0,0 (5,0)v
403 4 3]
5 5 5 5
A B
(A) 34 (B) 3 4
5 5 .5 5|
43 4 3]
5 5 5 5
C D
(©) 3 4 (D) 3 4
L5 5 |5 5
Ans. (A)
Sol. Given: Au=v
4,3V
0,0V » 5,0)V
Considering option (A),
4 3
5 5|[4] [5
-3 4|3) [o
5 5

Hence, option (A) satisfies the relation Au=V.
Considering option (B),

4 3 7
5 5|4] |5
3 4{3}24
5 3 5

Hence, option (B) does not satisfy the relation Au=v.
Considering option (C),

D

4

R/
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4 3
43 5
5 5|4
3 4 M s
5 5 °

Hence, option (C) does not satisfy the relation Au=v.
Considering option (D),

4 3 7
5 SHZE
3 _413] |p
5 5

Hence, option (D) does not satisfy the relation Au=V.
Hence, the correct option is (A).
Question 25 Mathematics (numerical methods)
One million random numbers are generated from a statistically stationary process with a Gaussian
distribution with mean zero and standard deviation o, .

The o, is estimated by randomly drawing out 10,000 numbers of samples (x,) . The estimates &,,6, are
computed in the following two ways.

1 10000 1 10000
A2 2 ~2 2

6, =——— XS, G, =—— "
' 10000 <= " 9999 2
Which of the following statements is true?

(A) E(62)=c? (B) E(6,)=0,
(C) E(67)=o0;, (D) E(6))=E(5,)
Ans. (C)
) 1 10000 1 10000
Sol. Given: 6°=——— X2, 52 =——— NG
8 =100 2 M %= ggggdna X

Here mean, o,E(x*) = var(X)
For the samples in population, then for variance we use the formula :

E(ci)=%2(x§) {" var=msv}

Here, N =10000 so E(67) =}
Hence, the correct option is (C).

Question 26 Power electronics (power semiconductor device)
A semiconductor switch needs to block voltage V of only one polarity (V > 0) during OFF state as shown
in figure (i) and carry current in both directions during ON state as shown in figure (ii). Which of the
following switch combination(s) will realize the same?

ro—0 0—00 PO—O0—20—00
F oy - —

Fig. (i) Fig. (ii)
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(A) (B) Kl

o0 o— oo

Po

JAN

Po

1
JAN

K
/7~ N\
©) —K— (D)
/7
$ Po —D'——o Q

(A), (D)

From given configuration, the current flows in both direction (Bidirectional). The switch also has on drop
voltage. The switch configuration in option (A) and (D) can provide bidirectional current.

Hence, the correct options are (A) and (D).

Question 27 Signal system (classification of system)

Ans.
Sol.

Which of the following statement(s) is/are True?
(A) Ifan LTI system is causal, it is stable.
(B) A discrete time LTI system is causal if and only if its response to a step input u[n] is 0 forn < 0.

(C) If adiscrete time LTI system has an impulse response h(n) of finite duration, the system is stable.
(D) If the impulse response 0 < |h[n]| <1 for all n, then the LTI system is stable.

(B)

1. No information about amplitude of h(n) is given. So, option (C) is wrong.

2. h(n) can have any amplitude less than infinity for the LTI system to be stable. So, option (D) is wrong.

3. Acausal LTI system can also be unstable. So, option (A) is wrong.

4. If the response to a step input u[n] is 0 for n <0, then the discrete time LTI system will be causal.
So, option (B) is true.

Hence, the correct option is (B).

Question 28 Power system ( per unit system )

The bus admittance (Y,,, ) matrix of a 3-bus power system is given below.
1 2 3
1/—-j15 j10 j5
2| jI0 -j135 j4
3] j5 j4  -j8
Considering that there is no shunt inductor connected to any of the buses, which of the following cannot
be true?
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(A) Line charging capacitor of finite value is present in all three lines.
(B) Line charging capacitor of finite value is present in line 2-3 only.
(C) Line charging capacitor of finite value is present in line 2-3 only and shunt capacitor of finite value

IS present in bus 1 only.
(D) Line charging capacitor of finite value is present in line 2-3 only and shunt capacitor of finite value

is present in bus 3 only.
Ans. (A), (C)
1/-j15 j10 j5 ] =0
Sol. Given: 2|—-j10 —-j135 j4 |=j05
3] j5 4  -j8l =1
2R, =0, so no shunt element at bus-1 is present.
Whereas 2R, = j0.5and X R, = j1
So, shunt element are present at bus-2 and 3.

@ - j100

s j0.50

®
jO.SliJ' J—
11

Hence, the correct options are (A) & (C).
Question 29 Network Theory ( steady state Analysis)
The value of parameters of the circuit shown in the figure are :
R=2Q,R,=2QR,=3Q,L=10 mH,C =100 pF.
For time t <0, the circuit is at steady state with the switch ‘K’ in closed condition. If the switch is opened
att = 0, the value of the voltage across the inductor (V.) att = 0" in Volts is (Round off to

1 decimal place).

I——Q

Yi = Vi
j0.50

e

Ans. 8 (7.9 to 8.1)
Sol. At t=0", switch is closed and circuit is in steady state condition (inductor acts as short circuit and

capacitor acts as open circuit).
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20 1.(0)
—MW—O
e 20 t -~
303 (OEL Ve (07)
By CDR, 1, (07) =10x 3 _6A
Cr 3+2
V.(0)=6x2=12V
For t=0", switch is opened
6A
A'A'A'A' + ; —
A

Apply KVL,
6x2+V, -12-4x2=0
V, =20-12
V =8V
Hence, the correct answer is 8 V.
Question 30 Electrical Machine ( DC Machine)
A separately excited DC motor rated 400V, 15A, 1500 rpm drives a constant torque load at rated speed
operating from 400 V DC supply drawing rated current. The armature resistance is 1.2CQ . If the supply

voltage drops by 10% with field current unaltered, then resultant speed of motor in RPM is . (round
off to the nearest integer).

Ans. 1343 (1340 to 1345)
Sol. Given : Separately excited DC motor, ¢ = constant
V, =400V, I, =15A /R, =1.2Q, N, =1500 rpm, T = constant
If voltage is reduced by 10%
V, =0.9v,
V, =0.9x400=360V
T =kol,
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Since, T and k¢ are constant, |, =Constant

I =1,=15A
E, =V~ R,
kl¢N :Vt - IaRa

kld)Nl _ th — Ial Ra
kl(i)NZ Vt2 - Ia2 Ra

1500 400 —15x1.2
N, 360 -15x1.2

N, =1343rpm

Hence, the resultant speed of motor is 1343 rpm.

Question 31 Signal system (basic of signal)

W ynacademy

4 GATE ACADEMY

For the signals X(t) and Yy(t) shown in the figure, z(t) = X(t)*y(t) is maximum at t=T,. Then T, in

seconds is . (round off to the nearest integer).

y(t)4

A

A

Ans. 4 (4to4)

Given signal y(t) and x(t) is shown in figure below,

v
—
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< | T T ! t
-3 -2 -1 6 7

v
X(t) &
3l
2__
1
< T T 0 T T T T T >t
-3 ) -1 Byl 1 2 3 4 5 6 7
-2l
v

0

Given : z(t) = x(t) * y(t) = j y(@) x(t-1)dt

x(t —t) can be plotted as shown below,

X({t—r1)

A

A
v
A

-1+t 0 1+t

Maximum value of convolution will be obtained when positive portion of y(t) is multiplied with x(t — 1)
. 1+t=5
t=4sec
At t =4 sec, maximum value of convolution will be obtained.
Question 32 Network theory ( network theorem)

For the circuit shown in the figure, v, =8V, DC and 1, =8A, DC. The voltage Vap in Volts is
(Round off to 1 decimal place).
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noL
]] CD 5» 3Q
Ans. 6 (5.9 to 6.1)
Sol. Given circuit is,
050 a +Va_ b
050
A'A'AvA' a +
L=8A(®) V=8V 1503 V,
A'A'A'A' A'AvA'A' b —
20 1
By VDR,
_ 8x15 8x15
®15+05 2
V, =6V

Hence, the correct answer is 6.
Question 33 Power system (performance of transmission line)
A 50 Hz, 275 kV line of length 400 km has the following parameters :
Resistance R =0.035 Q/km; Inductance L =1 mH/km; Capacitance C =0.01 uF/km .

The line is represented by the nominal-t model. With the magnitudes of sending end and the receiving
end voltages of the line (denoted by V¢ and Vg, respectively) maintained at 275 kV, the phase angle
difference (0) between V¢ and Vj required for maximum possible active power to be delivered to the

receiving end, in degree is (round off to 2 decimal places).
Ans. 83.64 (83 to 84)
Sol. Given: R=0.035x400=14 Q

L=1x10°%x400=04H
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Z =14+ 21x50% j0.4 = (14+ j125.67)Q
S, =V.17

V 2

P, |V|”\|/R| cos(B—0)— | |||B|R| cos(B—a)
For maximum power P,
cos(p-0)=1
B=6

=|z| =126.45,83.64°

0 =83.64°

Question 34 Mathematics ( differential equations)

In the following differential equation, the numerically obtained value of y(t), att = 1, is
off to 2 decimal places).

ﬂ B e—cxt
dt 2+at
Ans. 0.5 (0.48 to 0.52)

,a=0.01and y(0)=0

—at
Sol. Given: ﬂ: ¢

dt  2+at (D)
a=0.01
y(0) =0 (initial)
—0.01t
ft, )_dy e
d  2+0.01t

Euler’s method : Step size h=t (given)
y, =Y, +hf(t,y) (att,=0, y,=0)
—0.01x0
2+0.01x0

—0+1x1:1—0.5
2 2

So,att=1, y,=05

(Round

Ans.

Ans.
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Question 35 Mathematics ( numerical methods)

Ans.
Sol.

Question 36 Control system ( bode plot)
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Three points in the x-y planes are (-1, 0.8), (0, 2.2) and (1, 2.8). The value of the slope of the best fit
straight line in the least square sense is . (round off to two decimal places).
1 (0.9 to 1.1)

Given points in x-y planes are,

-1, 0 1
08 | 22 | 28

Let the straight line, y=ax+b

By least square approximation, then by regression line method.
Zy. =aXx. +bn (1)

XY, = azx’ +bZx ..(ii)
X y X2 Xy
-1 0.8 1 -0.8
0 2.2 0 0
1 2.8 1 2.8
Sx =0 2y=58 | xx?=2 | Xxy=2
Substituting the values in equations (i) and (ii),
5.8=a(0)+3b
2=a(2)+0(b)
a=1 b=19

The value of slope a=1.
Hence, the correct answer is 1.

| Q.36 to Q.65 Carry Two Marks Each |

Magnitude and phase plots of an LTI system are shown in the figure. The transfer function of the system
IS

A

Magnitude
8dB

0dB

log,m, rad/sec

» o rad/sec

S
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—0.032s e_2.514s
(A) 25le ® =7
(C) 1.04e 251 (D) 2.51e704%
Ans. (D)

Sol. From the given bode plot
Let T(s)=Ke™
Where, T — Transportation lag.
From bode plot, 20log K =8dB
K=2511
At =1 rad/sec, ¢=-60"

0
From transfer function, ¢ = -T x 180
T
0
—60° =T x 28
T
T =1.047

T(s)=2511e %7

Hence, the correct option is (D).
Question 37 Analog Electronics ( Operations amplifier)
Consider the Op-Amp based circuit shown in the figure. Ignore the conduction drops of diodes D, and

D, . All the components are ideal and the breakdown voltage of the Zener is 5 V. Which of the following
statements is true?

1kQ

+
V,, =10sin (1000t) V

(A) The maximum and minimum valueé of the oufput voltage Vv, are +15 V and —10 V, respectively.
(B) The maximum and minimum values of the output voltage Vv, are +5V and — 15 V, respectively.
(C) The maximum and minimum values of the output voltage Vv, are +10 V and -5 V, respectively.
(D) The maximum and minimum values of the output voltage Vv, are +5 V and —10 V, respectively.

Ans. (D)
Sol. Given circuit is,
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1kQ [D1|

D, D

1kQ +15V

+ oV,

V,, =10sin (1000t) V
- -15V

For positive half cycle the diodes D, and D, are forward bias and D, is reverse biased and the circuit is

shown below,
—e—e—o0 oO—

-15v

When V,, =10V,
Vv, =_—R><10=—10 \%

.V, will be —10V.
For negative half cycle, diode D, is forward bias and D,, D, is reverse bias. Zener diode is in

breakdown region and the circuit is shown below,
R
—MWV—o
5V
—|
o N +15V
R
+ V0

S V,=5V
=V, =5VandV, =-10V
Hence, the correct option is (D).

Question 38 Control system ( bode plot)
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Consider a lead compensator of the form K(s) =

4 GATE ACADEMY

The frequency at which this compensator produces maximum phase lead is 4 rad/sec. At this frequency,
the gain amplification provided by the controller, assuming asymptotic Bode magnitude plot of K(s), is

6 dB. The values of o, respectively
(A) 1,16
(©) 3,5
(B)

143
Given : K(s) =—%

S
1+—

ap
K(s)=31%, 9P
a S+ap
K(S) :M
(s+ap)

oxof =4

oc\/E:4

Also, aff > a

K(joy) = PU2+D)
jo+af
BV’ +a’
sz +(oc[3)2

K(jo)|=

Given : 20log,,|K (jw)|=6dB at 4 rad/sec.

= |K(jco)|:2

By(@ +0a?) 5

Vo’ + (o)’
B16 + o’ B
J16+(@p)?

pr6+a’) _,
16+ (ap)?®

= B’(16+0a°) =64+4(ap)’

=

2

(B) 2,4
(D) 2.66,2.25

..(ii)
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=  o’p*+16p° =64+
= 16B” =64+3(ap)’

4(ap)’

W ynacademy

4 GATE ACADEMY

Only the values a.=2 and B = 4 satisfies the conditions (i),(ii) and (iii)

Hence, the correct option is (B).

1 Key Point :

1. If G(s)= kf: 2)

is the transfer function of a lead compensator then then

frequency at which this compensator provides maximum phase lead is,

o, = pxz rad/sec.

2. If G(s)= k(s_+pz) has to act as a lead compensator then p must be greater than

S+
zie.p>z

Question 39 Measurements ( measurements of energy and power )

A 3 - phase, star connected, balanced load is supplied from a 3 phase, 400 V (rms), balanced voltage
source with phase sequence R-Y-B, as shown in the figure. If the wattmeter reading is — 400 W and the

line current is 1, =2A (rms), then the power factor of the load per phase is

Wattmeter

3-phase 3-phase
400V Star
Balanced ¢ Connected
Source [ Balanced
* Load

(A) Unity (B) 0.5 leading
(C) 0.866 leading (D) 0.707 lagging
Ans. (C)
Sol. Given: V, =400V (rms), Phase sequence — RYB, Wattmeter reading = —400W

Line current, 1, =2A(rms)

Wattmeter

3-phase 3-phase
400V Star
Balanced Connected
Source Balanced
Load
Wattmeter Reading =V I cosV I .

V.. =V

pc
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Ve Vy

Vig =V, Vg

If balanced lagging load, P, =V,z1; cos(90 —06)

If balanced leading load, P, =V,;1, cos(90+06)

But it is given that power is negative, so Load power factor is leading as cos(90 +0) = —ve
— 400 = 400 x 2cos(90 + 0)

0 =30°

Power factor = cos30° = 0.866 leading

Hence, the correct option is (C).

Question 40 Analog Electronics ( ADC and DAC)
An 8-bit ADC converts analog voltage in the range of 0 to +5 V to the corresponding digital code as per

the conversion characteristics shown in figure. For V,, =1.9922 volt, which of the following digital output,
given in hex, is true?

Digital a
outputin
Hex
03H
02H
01H
00 Ho 98196 392 588 >V, inmv
Analog input
(A) 64H (B) 65H
(C) 66H (D) 67H
Ans. (C)
Sol. Given: n=8 (8-bit ADC), V,, =5V.

. V 5} )
Step size = - =——=
2"-1 2°-1 255

Analog input, V;, =1.9922 VV
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Digital output will be, M =101.592 ~ (102),, = (66),,

Hence, the correct option is (C).
Question 41 Power system ( per Unit system)
The three-bus power system shown in the figure has one alternator connected to bus 2 which supplies 200

MW and 40 MVAr power. Bus 3 is infinite bus having a voltage of magnitude |V,| =1.0 p.u. and angle of

~15°. A variable current source, |1|£¢ is connected at bus 1 and controlled such that the magnitude of
the bus 1 voltage is maintained at 1.05 p.u. and the phase angle of the source current, ¢ =6, ig , Where

0, is the phase angle of the bus 1 voltage. The three buses can be categorized for load flow analysis as

R, =200MW (3) : ®
Q, = 40MVAR ,":..;f\ Va] £0; =
N V,=10500, | 10£-15°
Alternator J0.3 10.3 1) cite

Controlled
current
source

1 26,

WMW¢:Qig

(A) Busl Slack bus (B) Busl P-\V|bus
Bus2 P- V| bus Bus2 P-V| bus
Bus3 P-Q bus Bus 3 Slack bus
(C) Busl P-Qbus (D) Busl P-N|bus
Bus2 P-Q bus Bus2 P-Q bus
Bus 3 Slack bus Bus 3 Slack bus
Ans. (D)

Sol. Bus (1) > P,V —> PV bus
Bus (2) —» P,Q — PQ bus
Bus (3) » V,S — Slack bus
Hence, the correct option is (D).
Question 42 Mathematics ( integration and differentiation)
Consider the following equation in a 2-D real-space.

|%|° +[%,|" =1 for p>0

Which of the following statement(s) is/are true?
(A) When p =2, the area enclosed by the curve is .
(B) When p tends to oo, the area enclosed by the curve tends to 4.
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(C) When p tends to 0, the area enclosed by the curve is 1.
(D) When p =1, the area enclosed by the curve is 2.
Ans. (A), (B), (D)
Sol. Given equation in a 2-D real space is,
%" +]%,|" =1, p>0
Let p=1,

|%,|+|x,| =1 is a square

. Area =4><%><1><1=2
Let p=2,
2 2

X[ x| =1

X’ +x. =1 which is a circle of radius 1.
. Area =nx1*=n
For p =0, the curve does not exists.
Let p=oo,

% [" + x| =1
If X <1,then x,=1o0r—-1.

It will form square of side 2.

Area = (Side)>=22=4
Hence, the correct options are (A), (B) & (D).
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Question 43 MTA (Marks To All) Electromagnetic field ( magnetostatic )

In the figure, the electric field E and magnetic field B point to x and z directions, respectively, and have
constant magnitude. A positive charge ‘qQ’ is released from rest at the origin. Which of the following
statement(s) is/are true.

(A) The charge will move in the direction of z with constant velocity.
(B) The charge will always move on the y-z plane only.
(C) The trajectory of the charge will be a circle.
(D) The charge will progress in the direction of y.
Ans. (B), (D)

Sol. Net force applied on charge, F,, =F, +F, = q.E+q.(V xB)

Initially charge is at rest. No magnetic force is experienced, due to electric field charge moves in the z

direction with increasing velocity. Now because of increasing v Ifm increases in perpendicular of velocity
vector and creates a cycloid trajectory.

L A

d

>y
“B K>V=0 T’

X

“There is miss match between statement and figure. As per the figure only (B) and (D) are the correct
answer. Must go for Marks To All”.

Question 44 Analog Electronics ( diode circuit and application)

All the elements in the circuit shown in the following figure are ideal. Which of the following statements
is/are true?
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4A, DC D, 2A, DC D,
+ + +
10V 20V—= S ;\ 40V-—=

(A) When switch S is ON, both D; and D2 conducts and Ds is reverse biased

(B) When switch S is ON, D: conducts and both D, and D3 are reverse biased

(C) When switch S is OFF, Dy is reverse biased and both D, and D3 conduct

(D) When switch S is OFF, D1 conducts, D> is reverse biased and D3 conducts
Ans. (B), (C)

Sol. Given circuit is shown below,

Dl
N
A
4A, DC D, 2A, DC D,
7N NI ) DI
/ %! ~/
+ + +
0V—= 20V—= S :\ V=

NI
1
Dl
Ds
) N O Dl
U/ 1 \/
4A D, 2A
+ + o +
10V = 20V = . 0V =+

Assume D, is reverse biased, then the 4 A current flows through D, and 2A flows through D, .

So D, and D, will be forward biased.
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4A
@ o—o @ o—o
2A
+ + o +
0V = 20V = . NV —

From the above figure, D, is reverse biased and our assumption is correct.

Therefore, option (B) is correct.
When switch is ON, the circuit looks as shown below

Dl
Nl
4A Vi D,
Py £[>|_
A
D, 2A
+ + +
V= 20 V_l I 4V T
From the above circuit, D, is OFF
Dl
N
4A Vi
TR
U/
D 2A

+
10V—

Now D, and D, both cannot be reverse biased together as it violates KCL. IF D, is forward biased and
D, is reverse biased, then 4 A current flows from lower potential to higher potential which is not possible.

Hence, D, will be forward biased and D, will be reverse biased.
Therefore, option (C) is also correct.
Hence, the correct options are (B) and (C).
Question 45 Mathematics ( probability and statistics)
The expected number of trials for first occurrence of a “head” in a biased coin is known to be 4. The

probability of first occurrence of a “head” in the second trial is (Round off to 3 decimal
places).
Ans. 0.187 (0.187 to 0.188)
Sol.
X.No.oftrials | 1 | 2 3
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p(x) p 1-p)p 1-p)°p ----
By Geometrical distribution,
1
E(x)=—=
=3
V=2
1 :
E(xX)=4= b (Given)
1 3
:1——:—
| 4 4
1
P(H)==,
(H)=7
3
P(T)=-
M=

1
Required probability, P(E)=P(TH) :%xz :%:0.1875

Hence, the correct answer is 0.187.
Question 46 Control system ( state space analysis)
Consider the state-space description of an LTI system with matrices

A:{i_;}B:B}C:B-QLDzl

For the input, Sin(ot),® >0, the value of ® for which the steady-state output of the system will be zero,

is . (round off to the nearest integer)
Ans. 2 (2to?2)
Sol. Given:
0 1 0
Az{ ]B:[ },Cz[?, —2] and D=1
-1 -2 1

Transfer function is given by,
T.F.=C[sI-A]'B+D

[st = Al= E 5112}

[sl — AT {S -1 }

1 s+2
[sl A" = 1 s+2 1
s(s+2)+1] -1 s
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TF.=[3 —2];{5”r2 1}{0}1
s(s+2)+1| -1 s||1

TF-——1Y |3 —2]{S+2 jmﬂ

242541 1

1
T.F.:Z;[B 2]l |+1
S°+2s+1 S

3-2s
TF=—"2_
S +2s+1
2
'|'_|:_=2S—+4
S°+25+1
s°+4
H(s) = ———
() s +2s5+1
S= jo

+1

4— o’
1+2jo—’
Steady state output of system is zero
4-0* =0
4=’

o =2 rad/sec

H(w)=

Hence, the correct answer is 2.
Question 47 Electrical machine ( 3 phase synchronous machine)

A 3-phase synchronous motor with synchronous impedance of 0.1+ j0.3 per unit per phase has a static

stability limit of 2.5 per unit. The corresponding excitation voltage in per unit is (round off to 2
decimal places).

Ans. 1.58 (1.58 to 1.59)
Sol. Given: Z,=0.1+ j0.3pu =0.316./71.56
P, =25pu
E=?
Let V=1pu
Power output of synchronous motor
_EV E?
Ormax _Z_S_Z_sz G
,5_ ExL E’
0.316 0.316°
Question 48 Electrical machine ( 3 phase induction motor)
A 3-phase, 415 V, 50 Hz, 6 pole, 960 RPM, 4 HP squirrel cage induction motor drives a constant torque
load at rated speed operating from rated supply and delivering rated output. If the supply voltage and

x0.1, E=158pu
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frequency are reduced by 20%, the resultant speed of the motor in RPM (neglecting the stator leakage
impedance and rotational losses) is . (round off to the nearest integer).

760 (760 to 760)

Given : 4HP Induction motor
V, =415V, f,=50Hz,P=6,N, =960rpm, T, =Constant
Vand f are reduced by 20 %

V.
Hence, ? IS constant

2 '
-3V R
0‘)3

T
S

As we know, motor operates in low slip region

R oos X, so, X, —Neglect
s

_ 3 sv?

T i

For constant load torque T, = Constant
sV?
—— = Constant

O)S

2
% = Constant

sf =Constant

N, oc f

SN, = Constant

N, — N, = Constant
N, =N, =N; =N_

120x, gy 120f;

120x50_gq, 120f,

1000 -960 = 2%

40:1206x f, N,
f,=0.8f,
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f, =0.8x50=40Hz

40 120x40

40=800-N,_

N, =800 —40 =760 rpm

Hence, the resultant speed of the motor is 760 rpm.
Question 49 Signal system ( basic of signal )

The period of the discrete time signal x[n] described by the equation below is N = . (Round off
to the nearest integer).
X[n] =1+3sin (15—71 n +3—n)—53in (E n —Ej
8 4 3 4
Ans. 48 (48 to 48)

Sol. Given: x(n)=1+3sin 15—nn+3—n _5sin| Zn_Z
8 4 3 4
15 15 Tt 1
Frequency components of x(n) are: f =——="and f, =— ==
qHEnSY Cyme (") ' 16n 16 > 6n 6

. Time period, N, =16 and N, =6
Time period of x(n) will be,
N =L.C.M[N,,N,]=L.C.M[16,6] =48

Hence, the correct answer is 48.
Question 50 Signal system ( discrete time convolution)

The discrete time Fourier transform of a signal x[n] is X () = (1+cosQ)e . Consider that x,[n] is a
periodic signal of period N = 5 such that,

x|n|, for n=0,1,2
Xp[n]:{o[] f _
, orn=3,4

N-1 27
Note that x, [n] = ZakeJ N . The magnitude of the Fourier series coefficient a, is . (Round off
k=0

to 3 decimal places).
Ans. 0.038 (0.037 to 0.039)
Sol. Method 1:

X(Q) = (L+cosQ)e

iQ -iQ )
X (Q) =(1+97+ 92 je"g

X(Q)=e N
2 2
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X () =%+e‘jQ +%e"'ZQ

o313
T

. x[n|, for n=0,1,2
Given : xp[n]={0[ ] for n=3.4

X, (n) ={% 1, % 0, 0} with period, N =5
1
N-1 —iem
a, :in(n)e N
N n=0
14 —jén
a,;==> x(n)e "
9%
|a3|= 0.038
Hence, the correct answer is 0.038.
Method 2 :
1 N —iem,
We know that, a, =W2x(n)e "
n=0
1
a.k = — X (Q)|Q_2Ttk
N N

1 .
a, :W(1+cos§2)e JQ|Q=ank -

—j2nx3
l(1+cosznx3je 5
5 5

—jén
1(1+cos@je 5
5 5

1 6m
=—|1 — |=0.038
|| 5( +cos 5)

Hence, the correct answer is 0.038.
Question 51 Network theory ( network theorem

—j2nk
i(1+cosz—nk]e N
N N

8,

8,

For the circuit shown, if i =sin1000t, the instantaneous value of the Thevenin’s equivalent voltage (in

Volts) across the terminal a-b at time t =5 ms is

W ynacademy

4 GATE ACADEMY

(Round off to 2 decimal places).
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4i,
<

ao

IX

100
100 @ i=sin1000t
_ j100
-j10Q

bo T

- 11.98 (- 12.1to - 11.9)
Given circuit is shown below,

P
Vi, i (t) =sin1000t

b o
By source transformation,

+
v, i C @ (10+ j10)sin 1000t
_j10Q -

V,, =1,(10-10j)

By KVL in loop,

(10+10j)sin1000t + (10+ j10)i, —4i, +(10— j10)i, =0
P (10+ j10)sin1000t

" 16

Vi, = (10~ j10)i,

(10— j10)(20+ j10)sin1000t
Vip = 16

V, = %simoem

V,, =12.5sin1000t

At t =5 msec,
V,, =12.5sin5
V,, =-11.98 V

Hence, the correct answer is — 11.98.
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Question 52 Network theory ( two Port network )
The admittance parameters of the passive resistive two-port network shown in the figure are

Vi =935, ¥, =18, ¥, =Y, =—2.5S

The power delivered to the load resistor R. in Watt is (Round off to 2 decimal places).
30

AAAA
VVVYV

Resistive
1 two-port | 2
network

20 V= R =6C

AAAA

1,2
Ans. 237.38 (237 to 239)
Sol. Given two port network and Y-parameters are shown below,

30
2 port
Network
20V = §§RL=GQ
5 -25
Y = S
-25 1
For 3Q resistor Y-parameter matrix is,
1 -
3 3 ) 5 =25
= and given =
MI=| 5 [andgiven 1] [_2.5 ) }
3 3
Over all [Y] parameter matrix is,
-
3 3 5 =25
= +
-5 s 1
L3 3
16 -85
| 3 3
1=l g5 4
L 3 3
Y-parameter equation,
1,1, = TV, V,)

X3

o
R/
%
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16,, 85 .
Il = gvl _?VZ ...... (1)
85, 4 .
|2 = _?Vl +§V2 ...... (11)
From the given circuit V, =20V for finding V,,, output current
1,=0
0= —gv1 +EV2
3 3

8.5 4
—=(20)==V.
3 (20)=3V,

v, =v, =30 _ 5y
4
v
Rth =|_2
2lv,=0v

From equation (i)
4
IZ = §V2

V
Rmzl_z
2
3
Rth:ZQ

Thevenin’s equivalent circuit

~low
e}

>
>
>

<
<
<
<

AAAA-

A

VVVV
(2]
)

v, =425V (%)

|- 42.5

L=
§+6
4

I, =6.29 A
P =1%R_=(6.29)°6
P =237.38 W

Hence, the correct answer is 237.38.

Question 53 Electrical machine (1 phase transformer)
When the winding c-d of the single-phase, 50 Hz, two winding transformer is supplied from an AC current
source of frequency 50 Hz, the rated voltage of 200 V (rms), 50 Hz is obtained at the open-circuited
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terminals a-b. The cross sectional area of the core is 5000 mm? and the average core length traversed by
the mutual flux is 500 mm. The maximum allowable flux density in the core is B, =1Wb/m?* and the
relative permeability of the core material is 5000. The leakage impedance of the winding a-b and winding
c-d at 50 Hz are (5+ j100wx0.16)Q2 and (11.25+ j1007tx0.36) 2, respectively. Considering the

magnetizing characteristics to be linear and neglecting core loss, the self-inductance of the winding a-b in
millihenry is (Round off to 1 decimal place).

a | -
. — — N 50 Hz, AC
Ve =200V,50 Hz ] — current source
b o
d

2200 (2150 to 2250)
Given : A=5000 mm?, 1 =500 mm, B, =1Wh/m? 1, =5000

“—dPp d :
V*Sg f,jov'c:i £ 50 Hz
b— P TP a [ac
V =E, =200V
V =4.44f¢ N,
200 = 4.44 x50(1x 5000 x10~°)N,
N, =180.16

Z), = (5+ j100mx0.16)Q
Zi, =(11.25+ j100mx 0.36))

N2 N 2
" Reluctance |
Holt A
2
L, = 180.167 = 2.039 H or 2039 mH
500x10
41tx107" x5000x5000%10°°
L =L-L,
L=l +L,
L, =0.16+2.039

L, =2.2H or 2200 mH

Hence, the self - inductance of winding a - b is 2200 mH.
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Question 54 Network theory ( transient Analysis)

The circuit shown in the figure is initially in the steady state with the switch K in open condition and K
in closed condition. The switch K is closed and K is opened simultaneously at the instant t = t;, where t;
> 0. The minimum value of t; in milliseconds, such that there is no transient in the voltage across the 100
uF capacitor, is (Round off to 2 decimal places).

i) = :SgK _
C)sinlooot o = 100uF

>4
10ag =
>
K
<o J
10Q gy
Ans. 1.57 (1.56 to 1.58)
Sol. Given circuit is as shown below,
3 N i() = K 1
oz G)sinlooot ° r i ril
K
<o
o
100 5IV

Given that K is opened and K is closed initially. So given circuit becomes,

003 ) sin1000t == 100
S G) o HF
N
.
VO gy
Figure (A) can be drawn in phase form as shown below,
IC
4» l + -
00g 1203 Ve = —i10Q
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0
1£0°x10 _ 1,0

°T10-j10 2

=—jl0xI, :-jloxi445° 10

2 2

~—sin (1000t —45°%) V

== /45"

10
NA

Now, at t =t,, K is closed and K is opened. So, the circuit becomes,

V. (t) =

AAAA-
VVVV

100 L 100pF

)

DsinlOOOt I V.

Steady state voltage across capacitor will be, V() =5.

Now, for transient free condition at t =t,.

Ve () =Ve ()

10 p
\/zsm(1000tl 457)=5
sin(1000t, —45°) = 5*/_ %

1000t, —45° =sin™ (i

7

1000t, — 45° = 45°

1000t, =90° ==

t =g ms =1.57 ms

Hence, the correct answer is 1.57 ms.
Question 55 Power electronics ( power semiconductor device)

The circuit shown in the figure has reached steady state with thyristor ‘T’ in OFF condition. Assume that
the latching and holding currents of the thyristor are zero. The thyristor is turned ON at t = 0 sec. The
duration in usec for which the thyristor would conduct, before it turns off, is (round off to 2

decimal places).
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AAAA
\AA4
SN
Q

AAAA o
vy

-

2

+
100V =—
Ans. 7.33 (7.1to 7.5)
Sol.
100 ===
At steady state,
100 =

V. (0) =V, =100V
i (0)=0A

Fort>0,

V(0) =V,
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I L
C
100 =~ T v, =100 L ¢
i ron—|—
v/, 0
SR=4 .
:
. C . 1.
ic =V, [—sinm,t =100, /= sin wyt
v, Esnos s0fLane
ic =50sin m,t
100
l,==—=25A
4
Now, i, =i. +1,
When i, =—i,
i =0A
A
10
. > O
i A
L6
it \E .
T i » Of
S '
=140
@
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6

t;:1+izi{7_n}:7_gx,/rc

0, 6o, o,
t. =7.33usec
Question 56 Digital Electronics ( logic gate )

Neglecting the delays due to the logic gates in the circuit shown in figure, the decimal equivalent of the
binary sequence [ABCD] of initial logic states, which will not change with clock, is

B
AO— .b o—\
XOR oD

D Q D |—
D-flip-flop D-flip-flop
Q

CLK
Ans. 8 (8 to 8)

Sol. Given circuit is shown below,

Ao CE \_OD

D Q D
D-flip-flop D-flip-flop
Q
CLK
QQ | A=Q | B=A | C=Q D=B&C D, =Qg D;=D
00 1 0 0 0 0 0

Initial state does not change when ABCD = 1000 = (8)10
Hence, the correct answer is 8.
Question 57 Microprocessor
In a given 8-bit general purpose micro-controller there are following flags.
C-Carry, A-Auxiliary Carry, O-Overflow flag, P-Parity (0 for even, 1 for odd)
RO and R1 are the two general purpose registers of the micro-controller.
After execution of the following instructions, the decimal equivalent of the binary sequence of the flag
pattern [CAOP] will be :
MOV RO, +0x60
MOV R1, +0x46
ADD RO,R1
Ans. 2 (2to 2)
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Sol. RO« 60H
R1< 46H
ADDRO,R1= 0110 0000
+ 0100 0110
1010 0110
. Carry flag=0

Over flow flag = 1
Auxiliary carry flag = 0
Parity flag =0
CAOP = (0010)2 = (2)10
Question 58 Power electronics ( single phase rectifier)

The single phase rectifier consisting of three thyristors T,,T,, T, and a diode D, feed power to a 10 A

constant current load. T, and T, are fired at angle a.=60" and T, is fired at o = 240°. The reference for

o is positive zero crossing of V,,. The average voltage V; across the load in volts is . (round off
to 2 decimal places).
g
+ § Ty ZS D,
V;, =100sin (100 nt)V
in ( TC) U 10A ‘D VO
YF 2 YE T
Yy _
Ans. 39.79 (39 to 40.5)
Sol.
A
+
o
100 sin100r/ f”G' 104
/T b
x. x

D

4

R/
%
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a—m — T,T; conduct — v, =vab =V_ sin ot

n—n+o — T,D, conduct — v, =0

n+o—2n+o — T,D, conduct — v, =V, sinwt

1 T . 2mn+a. .
Vo) = %[L V,, sinotd ot —Lm V,, sinotd wt}

- \2/_"‘ [— cosot|] - (—cos ot )}

T+HOL
T

= \2/—"7‘[ [ (L+cosa) —[cos(m+a) —cos(2m +0r)] |
Y [(1+cosa)—(—cosa—cosa)]
21

=V—m[1+3003a] =@[1+300560]
2n 2n

250

(avg) — o

Question 59 Analog Electronics ( zener diode regulator circuit)
The Zener diode in circuit has a breakdown voltage of 5 V. The current gain B of the transistor in the

v, =39.789V

active region is 99. Ignore base-emitter voltage drop V,.. The current through the 20 Q resistance in

milliamperes is . (rounded off to 2 decimal places).
p=99 100
$200
7kQ 3
+ <
o5 V_'-|-' 5V Zener

Ans. 250 (245 to 255)
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+
25 V_'-|-'

Assume that the zener diode is OFF.

20Q

AAAA
\AAAL

Applying KVL in loop shown,

25— 1, x7kQ—1.x(10Q+20Q)=0
25— 1, x7TkQ-B+DI;x30Q2=0
25— 15 x7kQ-1001;x30Q=0

—2__25mA

|, = =
10000
|, =100x2.5=250mA
V =250mAx10=25V <5V

Hence, the correct answer is 250.

places).

. Zener diode is not in breakdown and assumption is correct.

Question 60 Power system ( per unit system)
The two-bus power system shown in figure (i) has one alternator supplying a synchronous motor load

through a Y-A transformer. The positive, negative and zero-sequence diagrams of the system are shown
in figures (ii), (iii) and (iv), respectively. All reactances in the sequence diagrams are in p.u. For a bolted
line-to-line fault (fault impedance = zero) between phases ‘b’ and ‘c’ at bus 1, neglecting all pre-fault
currents, the magnitude of the fault current (from phase ‘b’ to ‘c’) in p.u. is (Round off'to 2 decimal

®
—Q Y

@

Y ©

= Alternator

e
YA

iX

Synchronous
Motor
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Figure (i): Single-line diagram of the power system

j03

m

Figure (ii): Positive-sequence network
@ o1

N

@

@ ®

||

jo.1

SN

o1 |

E j03

j0.05

j0.15

j0.06

j0.09

Figure (iii): Negative-sequence network

Figure (iv): Zero-sequence network
Ans. 7.22 (7.1to 7.3)
Sol.

2
doE—f+—o
Z,=(j0.1+j0.3)] jo.3
Z,=j0.12
Z,-2,=j0.12

E, 1,0

I = =
*Z,+Z, j0.12+j0.12
l, =4.1672-90°
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=4.167,90°

ay a

I, =—I
=1, +1, +1, =(I, =0)+a?l, +al,
I, =1, =(a’ —a)l, =7.22180° pu

Question 61 Electromagnetic field (magnetostatic)

An infinite surface of linear current density K =58, A/m exists on the x-y plane, as shown in the figure.

The magnitude of the magnetic field intensity (H) at a point (1, 1, 1) due to the surface current in A/m is
(Round off to 2 decimal places).

z

K=5a

A viiiiias
W

X

Ans. 2.5 (2.49 to 2.51)

— 1— B

[V Current density R( A/m)

|H, =25 A/m
Question 62 Electromagnetic ( electrostatic)

The closed curve shown in the figure is described by r=1+c0s0, where r=,/x’+y?;

Xx=rcos0, y=rsin®. The magnitude of the line integral of the vector field F=- yl +X] around the
closed curve is . (round off to two decimal places)
1.5
1:
0.5
y of
-0.5
-0.1f

-1.5

0.5 0 05 , 1 15 2
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9.42 (9 to 10)
Given closed curve,
15
n
0.5/
y of
_0.5:
_0.1:
_1.5 1 1 1 1

-0.5 0 05 1 15 2

Given vector is, F =—yi +Xj

@ﬁdf:g%(-y)dm(x)dy

<j5 Fdl = _Ul— (-=Ddxdy = 2_” dxdy = 2 (Area of the cardioid r=1+c0s0)= Z{TlTsedr de}

0 0
27 2 2n
- 2{jwde} ={j(2cosz dee}
0 2 0 2
2n
I(4cos4§Jde
5 2

| @

=1

o N
N|CD

=dt,foro=2n t=xn,for6=0 t=0

:j4.cos“t2dt :8_|'cos4t dt
0 0

nl2

=8(2) j cos*t dt :16(£.Ej =3n=9.42
. 422

Question 63 Signal system ( sampling)

Ans.
Sol.

A signal x(t) = 2cos(180nt)cos(60xt) is sampled at 200 Hzand then passed through an ideal low pass

filter having cut off frequency of 100 Hz. The maximum frequency present in the filtered signal in Hz is
(round off to the nearest integer).
80 (80 to 80)
Given that, x(t) = 2cos(180nt) cos(60xrt) = cos(240mnt) + cos(120mt)
Where, f, =120 Hz, f, =60 Hz
Frequency components present at sampler output,
= f,f£f,2f £f, ...
f,,f.£f,2f 1, . ...
= 120,200+£120,..........
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60,200+ 60,..........
= 120,80, 320,..........
60,140, 260,..........
Now, LPF will pass only 60 Hz and 80 Hz.
So, maximum frequency available at LPF output is 80 Hz.
Question 64 Network theory ( 3 phase circuit)
A balanced delta connected load consisting of the series connection of one resistor (R=15Q) and a
capacitor (C =212.21 uF) in each phase is connected to 3-phase, 50 Hz, 415 V supply terminals through
a line having an inductance of L =31.83mH per phase, as shown in figure. Considering the change in the
supply terminal voltage with loading to be negligible, the magnitude of the voltage across the terminals

V,z involts is (rounded off to nearest integer).
L A R €
3-phase, ©® LY . -WW_K_
50 Hz,
415V
T B R .C
(ms) — o——nyyp——e—Lwwn—]
supply (—
terminals =
Ans. 415 (414 to 416)
Sol.
L A R C
3-phase, ® LY . WW I(_
50 Hz,
415V
L B R
(ms)  o——yyn——eo—
supply _MM'_K—
terminals

c | R €
X = 21x50%x31.83x10° =10Q

1 1
XC = = 5
2nfC  2rx50x212.21x10

Z=R-jX.=15-j15
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Z, :Z—; =5-ij5
415
Vp = ﬁ
X. A
A 5
jXL B
V, = 00271 540,90
J3 5— j5+ j10
Ve S o xi = 240./150°
3 5— j5+ j10
\7AB :\TAN _\7BN

V,s = 240/ —90° —(240.,150°) = 415/ —60°

V| =415 V
Question 65 Electromagnetic field ( electrostatic)

A quadratic function of two variables is given as f (X, X,) = X2 +2%Z +3X, +3X, + XX, +1.

The magnitude of maximum rate of change of the function at the point (1,1) is . (Rounded off to
the nearest integer)

Ans. 10 (10 to 10)
Sol. Given: f(x,X,)=x+2%+3x% +3X, + XX, +1
~of 2 Of

Vi =1+ 2= =1(2% +3+X,)+ | (4X, +3+X
|6X1+16X2 (2x, ,)+ J(4X, )
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Vi, =61 +8]

[V, | =67 +87 =/36+64 =100 =10

Hence, the correct answer is 10.

aaa
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