www.aceenggacademy.com &

Engmeenng Academy
Leading Institute for ESE/GATE/ PSUs

7 Questlons Q

with
Detalled Solutions

ELECTRICAL
ENGINEERING

ACE Engineering Academy has taken utmost care in preparing the
GATE - 2021 Examination Solutions. Discrepancies, if any, may please be brought
to our notice. ACE Engineering Academy do not owe any responsibility for any
damage orloss to any person on account of error or omission in these solutions.

ACE Engineering Academy is always in the fore front of serving the students,
irrespective of the examination type (GATE / ESE / PSUs / PSC / GENCO /
TRANSCO etc.,).

All Queries related to GATE-2021 Solutions are to be sent to the following:
E-Mail: hyderabad@aceenggacademy.com | Call Us: 040 - 23234418, 19, 20




GATE - 2021

ELECTRICAL ENGINEERING
Questions with Detailed Solutions

07/02/21

SUBJECTWISE WEIGHTAGE
S.No. Name of the Subject No. of Questions
01 Electric Circuits 7
02 EM Theory 4
03 | Signals and Systems 5
04 | Electrical Machines 7
05 Power Systems 6
06 | Control Systems 5
07 | Electrical & Electronic Measurements 1
08 | Digital Electronics & Microprocessors 2
09 | Analog Electronics 6
10 | Power Electronics 4
11 Engineering Mathematics 8
12 Aptitude 6
13 English 4

65




A
#ﬁ* ACE 2 Electrical Engineering
NN Engineering Publications

General Aptitude

01.

A transparent square sheet shown above is folded along the dotted line. The folded sheet will look like

(@)

(b)

(d)

[
K-":

01. Ans: (a)

02. Oasisistosand asislandisto
Which one of the following options maintains a similar logical relation in the above sentence?
(a) Land (b) Water
(c) Mountain (d) Stone

02. Ans: (b)

Sol: Oasis is a water pool amidst sand just as island is a piece of land amidst water.

03. Seven cars P.Q,R,S, T,U and V are parked in a row not necessarily in that order. The cars T and U should
be parked next to each other. The cars S and V also should be parked next to each other, whereas P and
Q cannot be parked next to each other. Q and S must be parked next to each other. R is parked to the
immediate right of V. T is parked to the left of U.
Based on the above statements, the only INCORRECT option given below is:
(a) Q and R are not parked together
(b) There are two cars parked in between Q and V.
(c) V is the only car parked in between S and R
(d) Car P is parked at the extreme end.
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03.

Sol:

04.

04.

Sol:

05.

Ans: (b)

As per the conditions given, we get two possibilities

1. PTUQSVR

2. TUQSVRP

Going by any of the above two possibilities there can’t be two cause between Q and V.
..Option (b) is suitable answer.

10 cm @)

Ty IR —
10 cm

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

(a) 6.25 (b) 12.50
(c) 1.5625 (d)3.125
Ans: (d)

When a square is formed by joining the midpoints of the next larger square, the area of inner square is
exactly of the area of the larger square.
Area of 1" square = 10 x 10 =100 Sq.cm

Area of 2" square = 15 X100 =50 Sq.cm

Area of 3" square = %X 50 =25 Sq.cm

Area of 4" square = % X 25 =12.5 Sq.cm

Area of 5" square = %X 12.5 =6.25 Sq.cm

Area of the smallest square is 6™ square = 15 X 6.25 =3.125 Sq.cm

Option (d) is the correct answer.

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

(a) 216 (b) 396

(c) 324 (d) 144
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05. Ans: (d)
. . . (2n—4)90°
Sol: Each interior angle in a regular polygon = —— ——
Where n is the number sides.
o [(2 X 10)—4]90°
.. Each interior angle = 10 =144°
06. The poeple were at the demonstration were from all sections of society.
(a) whom (b) whose
(c) which (d) who

06. Ans: (d)
Sol: The subject of the verb is ‘who’.

07. Let X be a continuous random variable denoting the termperature measured. The range of temperature
is [0, 100] degree Celsius and let the probability density function of X be f(x) = 0.01 for 0 < X <100.
The meanof X'is
(a) 5.0 (b) 25.0
(c) 50.0 (d)2.5

07. Ans: (¢)

Sol: f(x)=0.01,0<x <100

100 100

E(X)Z/ x f(x)dx :f 0.01x dx

0
=0.01 (%2);00 =0.01 {<102—0>2} =50

08. Which one of the following numbers is exactly divisible by (113 +1) ?

(a) 113 +1 (b) 11 -1

(c) 112 -1 (d) 11>+ 1
08. Ans: (¢)
Sol: a"—b" is divisible by (a + b), only when n is even.

Take the 3rd option put 11"*=a, 13 =b

1152_ 152 ~ (1113)4_(113)4
1113+113 - 1113+113

a*—b*
= a+b

.. Option (c) is correct.
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09.

09.
Sol:

10.

10.
Sol:

70
60
50

40
30

20
10 10

60
50 50

S 3

0 Year 1 Year 2 Year 3
Pass M Fail

The number of students passing or failing in an exam for a particular subject is presented in the bar chart
above. Students who pass the exam cannot appear for the exam again. Students who fail the exam in
the first attempt must appear for the exam in the following year. Students always pass the exam in their
second attempt.

The number of students who took the exam for the first time in the year 2 and the year 3 respectively,

are .

(a) 60 and 50 (b) 65 and 53
(c) 55 and 48 (d) 55 and 53
Ans: (¢)

Out of 65 students appeard in year-2, 10 are from year-1

Therefore 55 students appeared for the 1st time in year-2.

Out of 53 students appeared in year-3, 5 are from year-2 (who failed in year-2)
Therefore 48 students appeared for the first time in year-3.

Option (c) is correct.

The importance of sleep is often overlooked by students when they are preparing for exams. Research
has consistently shown that sleep deprivation greatly reduces the ability to recall the material learnt.
Hence, cutting down on sleep to study longer hours can be counterproductive.

Which one of the folloiwng statements is the CORRECT inference from the above passage?

(a) Students are efficient and are not wrong in thinking that sleep is a waste of time.

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

(c) If a student is extremely well prepared for an exam, he needs little or no sleep.

(d) Sleeping well alone is enough to prepare for an exam. Studying has lesser benefit.

Ans: (b)

Deprivation of sleep during exams will have negative effect on exams. So, considerable sleep is
necessary to do well in exams.
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Electrical Engineering

01. Consider the boost converter shown. Swithch Q is operating at 25 kHz with a duty cycle of 0.6. Assume
the diode and switch to be ideal. Under steady-state condition, the average resistance R, as seen by the
sourceis Q.

(Round off to 2 decimal places) ImH

NI
1

15V m*’iQ 100pF 7 § 100

Al

01. Ans: 1.6
Sol: f=25kHz
D=0.6
Find R, =7 (in Q)
To check continuous conduction or discontinuous conduction
K= K=" andk,=D(1 -D)’
2fL. 2 X25kX0.001
R 10
k_=D(1-D)*= 0.6 x (1 -0.6)> = 0.096
As [k >k_] means continuous conduction case

Now k = =5

Vs

InC.C.C.V, =
! " (1-D)
According to Power balance equation
P_PR
P P

Sis avg - VOIO

S "Savg R R(l _ D)2

15

o=
s 10(1-0.6)>

e = 9:375 amp
Now average resistance (R, )
Vs 15
e 9375
R =1.6Q.
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02. In the given circuit, for voltage V, to be zero, the value of B should be
(Round off to 2 decimal places).

6V 40 24 BV,

02. Ans:-3.25
Sol: By KCLatV
Vx_6 +&+ VX—VY
1 4 2
4VX—24+VX+2VX—2VY:O

IfV,=0, 7V,=24=V =2t

By KCLatV:
_V,-V, V,-BV,
-T2 T3

Ifv=0
y

_ V%

—BV;
2=7

J’_

2=V,

X

3
2

o=

)
I
‘I
[\S)
=~

|
<
o=
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03. In the figure shown, self-impedances of the two transmission lines are 1.5j p.u each,and Z_=0.5j p.u
is the mutual impedance. Bus voltages shown in the figure are in p.u. Given that & > 0 , the maximum
steady-state real power that can be transferred in p.u from Bus-1 to Bus-2 is

Transmission
- -2
Line-1 “
Bus-1 |E| £8° Z =05 [ Bus-2|V]Z£0°
Transmission f/
—rm.
Line-2
[El[ V]
(a) ELVI (b) [E[[V]
3[E||V]
(c) 2|E[|V] (d) —
03. Ans: (b)
Sol: Given figure of a 2 bus power system network
Transmission Z, .
Line-1 e
Bus-1 [E| £&° Z =05] Bus-2 |V| £0°
T ..
ransmission
Line-2 Z

The self impedance of each line Z, = j1.5 p.u.

Mutual impedance

As the network is lossless, the expression for maximum power transfer capacity willbe P =

between lines, Z = j0.5 p.u.

Where ‘B’ is the short circuit transfer impedance of the network.
If two reactors of self reactance X, and X, connected in parallel with a mutual reactance of X then the

equivalent reactance will be

Xl
e
\X
<« m = —MHN——
e
X, (o XXX
4 X+ X, —2Xm

So, the equivalent transfer reactance between the buses will be

eq_

Xs.Xs — XA

Xs+Xs—2Xm

1.5% 1.5-(0.5)*
1.5+1.5-1

I p.u.

[E[.1V]
B
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So, the given two bus system can be redrawn as,

IE|£8  jlpu. [V]|£0
|
In this model, B=j 1 p.u.

[El.|V]
So, P = ——— —[EV|

max 1

Correct option is (b)

04. The input impedance, Z, (s), for the network shown is

4 - (1HY

. AW
Zinw™ 6H ‘3|€ 4H £ 50
25s”+46s+20
(@) = s (b) 6s + 4
23s” +46s+20
(c) 7s+4 (=g

04. Ans: (d)
Sol:

' 3‘% (1H§
= ) g bz

in (s)

The above coupled circuit is magnetic opposing

The equivalent circuit is
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Convert into s-domain circuit

40 7sQ 5sQ2

5Q

O

Z,(s) = ((5s+5) // =s) + (Ts+4)

_(5s+5)(=s)

(7s+59) +7s+4

_ =55~ 55 +28s*+ 165 + 355 +20
(4s+5)

23s?+46s + 20
(7s+5)

Zin (S) =

05. Two single-core power cables have total conductor resistances of 0.7Q and 0.5Q , respectively, and their
insulation resistances (between core and sheath) are 600 MQ and 900 MQ , respectively. When the two
cables are joined in series, the ratio of insulation resistance to conductor resistance is x10°,

0S. Ans: 300

Sol: Details of the two single core power cables given,

Cable-1: R, =0.7Q, R, =600 MQ
Cable 2: R, =0.5Q, R, =900 MQ
If these two cables are connected in series, the conductor resistance will be in series and insulation
resistances will be in parallel.
Equivalent conductor resistance, R . o Ry TR, =120
. . . . 600 X 900
Equivalent insulation resistance, R. = Ry IR, = 600 1900
=360 MQ

The ratio of equivalent insulation resistance to conductor resistance,

Rig 360X 10°

— 6
Rew 12 300 x10

06. Consider a continuous-time signal x(t) defined by x(t) = 0 for |t/>1, and x(t) = 1— [t| for |t|<1. Let

the Fourier transform of x(t) be defined as X(w)= f x(t)e *'dt. The maximum magnitude of X(w) is

—oo

06. Ans:1
Sol: Given  x(t)=1-t| [t/ <1
0 Jt>1
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07.

07.
Sol:
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X(t)

So, given signal is a triangular function
x(t) = Tri(t)
from standard F.T pair

If x(t) = ATri <%>, then

X (o) = ATsa2<“’2—T>

Here x(t)=Tri(t) [A=1,T=1]

X(®) = Sa’ (%)

Maximum magnitude of X(w) is ‘1’

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

%.
Ans: 90
Stator input (P_) = 40 kW
Stator losses (P ) = 1 kW
Stator output power/Rotor input power P, =P_— P
=40-1
=39 kW

Rotor speed, N = 975 rpm
P=6; =50 Hz,

Synchronous speed,
120f _ 120X50
P 6

_ 1000-975
1000

Wehave P :P P =1:s:(1-5)

P, = Rotor output power

Pr
P (1-s)=P =P (1 -5s)

N = = 1000 rpm

Slip, s =0.025
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P_ or Gross mechanical power (Pgm)
=39(1-0.025) kW
=38.025 kW

P_ (Mech loss) = 2.025 kW

(friction and windage loss)

- Netpower=P —P_

=38.025 —2.025
=36 kW
_ 36 — 900
=20 % 100 =90%
08. A three-phase balanced voltage is applied to the load shown. The phase sequence is RYB. The ratio %
R
is
08. Ans:1

Sol: A 3-¢ balanced supply

The phase sequence is RYB
Vo=V, £0°V =V, £-120°,V_ =V, Z120°,

I = VrB . —Var _ -VLZ£+120
R=

-j10  —j10 =10
I _ VYB _ VLA - 120
v=310 10
By KCL at (X)
Iy =—(Ix +1y)
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09.

| P

I~ (”K)
V., 2 —120

+7

=10

V, Z+120
10

:_(1 (0.5 —j0.866>>

T T=0.5+70.866

L_ [ . (-1-i3)
i (H(—Hjﬁ))
:_(—1+jf3+(—1—jf3)
—1+jv3)

2 2143
(-1+jV3) 4

Iy
Iy

_2_
=5=1

1+Ts
1+T,s

2.2
1+0.1s)(1+0.4s)(1 +1.2s

external disturbance input is D(s). It is desired that when the disturbance is a unit step, the steady-state

. The

In the given figure, plant G, (s) = ( ) and compensator G.(s) =K

error should not exceed 0.1 unit. The minimum value of K is .
(Round off to 2 decimal places.)

D(s)

+ E +
R(s) 7~ (s) 6 G C(s)

09. Ans:-10.45

Sol: With R(s) =0,

E()  —Gy(s)
D(s) 1+Gp(s)Ge(s)
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=22
(1+0.1s)(1 +0.4s)(1 +1.25)
4 22 « K(l +T15)
(1+0.1s)(1+0.4s)(1+1.2s) (1+Tss)

1

_E(s) —2.2(1 + Tus)
" D(s)  (1+0.1s)(1+0.4s)(1+1.28)(1 + Tos) +2.2K(1 + Tis)

D(s) = 1g(unit step)

Steadt state error = L‘% sE(s)

t —-22(1+Ts) 1
= S R
=0 [ (140.1s) (1 +0.48) (1 + 1.28)(1 + Tos) + 2.2K (1 + Tis) |S
-22
1+2.21<_0'1
-2
=K= 2—23 =-10.45 (Ans)

In case Block diagram given with negative polarity at disturbance,

D(s)

R(s) T ___ E(s) - C
S g i PPN G o) =

E(s) _ G, (s)
D(s) 1+G,(5)G.(s)’

1
With R(s) =0, Input D(s) =5
Given steady state error = 0.1

LtO sE(s)=0.1

G, (5) 1
sSl———~——|<=0.1 ... (1)
S 16,060 |8
2.2
SEtO GP(S)—m—Z.Z

1
LtG49=k[=k
s=0 1

VX030 03 ¥4 8 LT3 o6 Tl i ) BEEN S0 (B Hyderabad + Delhi + Pune + Bhubaneswar + Bengaluru + Lucknow + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad|




PARY

5 ACE 15

10.

10.
Sol:

I1.

11.
Sol:
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2.2

T2oxk Ol

22 =142.2k
=21=22k
k=9.54

In the circuit shown, the input V. is a sinusoidal AC voltage having an RMS value of 230 V + 20%. The
worst-case peak-inverse voltage seen across any diode is V. (Round off to 2 decimal places.)

V. o= ?R

Ans: 390.32
The given circuit is bridge full wave rectifier with RC filter.
In bridge FWR, peak inverse voltage of each diode is V.

Then (PIV),, . = v2 [230 +20%]

-2 230+%x230

=2 (230 + 46)
=1390.32 Volts

Two discrete-time linear time-invariant systems with impulse responses h [n] = 8[n — 1]+ 8[n +1] and
h,[n] = &[n]+ 8[n — 1] are connected in cascade,where d[n] is the Kronecker delta. The impulse response
of the cascaded system is
(a) 8[n — 1] 9[n]+ d[n+ 1] 8[n — 1]
(b) d[n—2]+0[n—1]+9J[n]+3[n+ 1]
(¢)8[n—2]+d[n+ 1]
(d) 9[n] d[n— 1]+ d[n—2]3[n + 1]
Ans: (b)
Given h (n) =8 (n—1) +6 (n+1)
h,(n) =6 (n) +6 (n—1)
When two LTI systems are connected in cascade , the resultant impulse response is convolution of individual
impulse responses. i.e h(n) = h (n)*h,(n)
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12.

12.
Sol:
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h(n) = [5 (n—1) +8 (n+1)]* [5 (n) +8 (n—1)]
h(n) =& (n—1) * & (n)+5 (n—1) * & (n—1)+ & (n+1)* & (n)+ & (n+1)* & (n—1)

8 (n—n,) *8 (n—n,) =6 (n—n,—n,)

h(n) =6 (n—1) +8 (n—-2)+3 (n+1)+ 6 (n)
h(n) = & (n-2) +5 (n—1)+8 (n)+ & (n+1)

Let f(t) be an even function, i.e. f(—t) = f(t) for all t. Let the Fourier transform of f(t) be defined as

oS}

F(w)= f f(t)e'dt. Suppose di—mw

(a) f(0)=0

() f(0)<1

Ans: (¢)

Given f(—t) = f(t). [{(t) is even]

dF(®)

Given i =—oF(®)....... (1)

From differentiation in time domain property

df
T — oF @)

From differentiation in freugency domain property

JdF (®)
do

t(t) —

Apply IFT to equation (1)

jdf
—itfy =152 dt(t)

df
% =—tf(1)..... (2)

From equation (1) & (2)
f(t) is a chance of gaussian function

() =—=c "

—at? /U —w’/4a
[e > a .€

[efw2 — /27 .ef‘”z/Q]

42 2 e
1 ot /2

Jon® TF

—t?/2

f)="5=c

£(0) = =<1

ﬁ*
a

=—oF (o)for all ®, and F(0) = 1. Then

(b) £(0) > 1
(d) f(0) =1
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13.

13.
Sol:

14.

14.
Sol:

Suppose the probability that a coin toss shows ‘head’ is p, where 0 <p < 1. The coin is tossed repeatedly
until the first “head” appears. The expected number of tosses required is

(a) 1/p (b) (1-p)/p
(c) p/(1-p) (d) 1/p?
Ans: (a)

Let x = number of tosses required

X 1 2 3 |
px) [p |ap 9P |-

EX)=p+2qp + 3P + -ceoee.
=p(1+2q+3¢* + ......)
=p(l-q72 [ -x)?2=1+2x+3x*+...]
=pp
=p

1
p

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

Ans: 5
Method-1:
CV) d 8;1_:5 6/) 4 srz-:l
v E v B
Fig (i) Fig (i)

. . . . . 1
For the given medium, Electric field intensity, Ecc

E, &1 5
E, _sz_l =5

. B>
.. The ratio 5 =5

1
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Method-2:
From the concept of capacitance
Q Q
C - =
V Ed
C = Q &C, = Q (*-'maintaining same charge in both the cases)
1T Ed © 2 Bad O £ g
C_E
C: E

<soer1A>
Ez d

E: - <808r2A>
d

8r1_5

&2 1

. E»
..Ratio E, =5

15. The waveform shown in solid line is obtained by clipping a full-wave rectified sinusoid (shown dashed).

The ratio of the RMS value of the full-wave rectified waveform to the RMS value of the clipped
waveform is . (Round off to 2 decimal places.)

A
Vm‘-----;--:’—“ . DAY Pl
0707Vm- 7—-:' \\:‘\/,' “‘\// \“\/
o ;3nrc 2n 3n (:t
4 T

15. Ans: 1.21

Sol: The rms value of the full wave rectified waveform

1 Fo,.
(V) = \/ T / Vasin® ot.dot
0

1

2

Vin

J2n

f (1 —cos2mt)dmt

0
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1
n]z
o
1

1
(n —0)—5(sin2n - sinO)‘ ’

Vi

J2n

|
(n —O)—Esm2cot

Vin
J/2n
Vin

V2

The rms value of clipped waveform is

Ve =

T 3n
1 4 4 Vm 2 T
Vo= | 7 / Vasin® otdot + _/ (A) dot + / Vi sin® otdot
; 7 \v2 4
4 4
K2 3n

2
1
E2></Vmsm (otd(ot+/( )dmt

SR
('

3n

i #
— _/‘(l—cos2(ot)dcot+7/ 1.dot

—

&|a

1
T

)

1
Vi {Z 5 sin2mt

/
x

_ /1 2 T Va2
= = Vm ——— smz—smO)} 2(7)
m T 1 T
= — —_ 4 —
ﬁ 4 2 4

V), =0.584V

N (VR)rms _ 0.707Vm
O (Vo) 0.584Vi,

=1.21
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16.

16.
Sol:

17.

17.
Sol:
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In the open interval (0,1), the polynomial p(x) = x* — 4x> +2 has
(a) no real roots

(b) two real roots

(c) one real root

(d) three real roots

Ans: (¢)

p(0)=2and p(1) =—1

According to intermediate mean value theorem, there exists atleast one real root (or) odd number of real

roots lie between 0 and 1.
So, option (c) is correct.

An 8-pole, 50 Hz, three-phase, slip-ring induction motor has an effective rotor resistance of 0.08Q2

per phase. Its speed at maximum torque is 650 RPM. The additional resistance per phase that must be

inserted in the rotor to achieve maximum torque at start is

Q. (Round off to 2 decimal places.)

Neglect magnetizing current and stator leakage impedance. Consider equivalent circuit parmaeters

referred to stator.
Ans: 0.52

P=8: =50 Hz Ny = 200" =750 rpm

Effective Rotor resistance R, = 0.08
Rotor speed at Max torque = 650 rpm

We have s (slip at max torque)
_ 750650
750
R

STmax o X20

=0.1333

Where X, is the standstill rotor leakage reactance
0.08

20

X,, = 0.600 O

0.1333 =

.. Additional Resistance required to obtain Max torque at starting
Radd - Xzo a Rz

=0.6-0.08

=0.520Q
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18.

18.
Sol:

19.

19.
Sol:
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An alternator with internal voltage of 126, p.u and synchronous reactance of 0.4 p.u is connected by a
transmission line of reactance 0.1 p.u to a synchronous motor having synchronous reactance 0.35 p.u
and internal voltage of 0.8523, p.u. If the real power supplied by the alternator is 0.866 p.u, then (3,—6,)

is degrees. (Round off to 2 decimal places.)
(Machines are of non-salient type. Neglect resistances.)
Ans: 60

X=0.1pu

113
¥
P=0.866pu
X, =0.4 pu X,=0.35 pu
E=18, E,~0.85.8, pu
Alternator Synchronous
motor

Alternator internal voltage, E, =148, pu

Alternator synchronous reactance X, = 0.4 pu
Reactance of transmission line X, = 0.1 pu
Synchronous motor reactance, X, = 0.35 pu
Synchronous motor internal voltage, E, = 0.8526, pu

Real power supplied by alternator is 0.866 pu

Then 6, -6,=7?
EiE> .
= XXt Xe sin(8; = 8,)
1 X0.85 .
0.866 = 04+101+035 sin (01 — d2)
= 0.85 Sll’l(61 - 62)

0.866 = sin(5,-0,)
(8,—6,) = sin"'(0.866) = 60°

Which one of the following vector functions represents a magnetic field B?

(a) 10xx —30zy +20 yz (b) 10xx +20yy — 30 zz

(c) 10zx +20yy — 30 xz (d) 10yx +20xy —10 zz

Ans: (b)

The vector field which represents the magnetic field (or) flux density (B), should satisfy the following
condition.

ie. VB =0
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Option (a): Let B = 10xx — 30zy + 20yz

V.B =10 — 0 # 0, hence this does not represents magnetic field.
Option (b):Let B = 10xx +20yy —30z2

V.B =10+ 20 — 30 = 0 and hence this represents magnetic field
Option (c): Let B =10zx +20yy —30x2

V.B =0+ 20 -0 =0 and hence this does not represent magnetic field
Option (d): Let B = 10yx +20xy — 10z

V.B =0+ 0- 10 # 0 and hence this does not represent a magnetic field
Therefore option (b) is correct.

20. A 16-bit synchronous binary up-counter is clocked with a frequency f . The two most significant bits
are OR-ed together to form an output Y. Measurements show that Y is periodic, and the duration for
wheih Y remains high in each period is 24ms. The clock frequency £ is MHz.

(Round off to 2 decimal places.)

20. Ans: 2.05

Sol: (03 0 T U Q,Q,
y —G_,_l

00 00 ..oooveveeeieirieiciiienes 00

y=0 <— 214 states
QUBBIPT o . e, 8 11
01 00 oo 00

y=1 <— (2'°-2'")states
| ) SR 11

Y =1, for 24 ms
S (21-2"T =24 ms
l 216 _ 2*14

fClk B T 24ms
216 _ 2—14
C 24x107
= 2.05 MHz
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21. Let f(x) be a real-valued function such that f'(x))=0 for some x, &(0,1), and '(x) >0 for all x €(0,1).

Then f(x) has
(a) exactly one local minimum in (0,1) (b) one local maximum in (0,1)
(¢) no local minimum in (0,1) (d) two distinct local minima in (0,1)

21. Ans: (a)
Sol: f'(x,) =0and f'(x)) >0 forallx € (0, 1)
f(x) has exactly one local minimum in (0, 1)

22. In the given circuit, for maximum power to be delivered to R, its value should be Q.
(Round off to 2 decimal places.)

4mH
1 o<

Vv CJ_F o=lkrads 2£ ? ? R,

22. Ans: 1.414
Sol: ‘}%1% 5
v 202 R,
o=1k r/s ?
+ I o<
1] b
0.5 mF b

For maximum power transfer across R , the Thevenens equivalent impedance

ForZ (V —S.0)
Z, =joL=j10° x4m = j4Q
_ 1 1 __ . 740 a
Ze= Joc j10°x0.5%107° 120 41 ‘ °
8.C 220 <7,
€ | °
—2Q b
L . 2(2)
Zy=211G4-j2)=2]|j2= 2+32)
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_4je-j2) _(2j+2)

Zy= ] 5 = (1+)Q
Z, = (1+)Q
Thevenin equivalent
(9 4
Zth
Vo ©
b

For maximum power transfer

Ry =R+ X, =P+ 17 =42
R =14140

23. One coulomb of point charge moving with a uniform velocity 10 x m/s enters the region x >0 having a
magnetic flux density B = (10yx + 10xy + 10z)T. The magnitude of force on the charge at x = 0" is

N.

(x,y,and z are unit vectors along x-axis, y-axis, and z-axis, respectively.)

23. Ans: 100
Sol: Q=1C

Velocity, v =10x m/sec
Magnetic field, B = 10y % + 10xy + 102 T
Magnetic force on moving charge is given by
F=QvXxB
=1x10x x(10yx +10xy +102)
=100(0) + 10xz — 100y
F=100xz —-100y N
The force at x =0" is
F=-100y N
Magnitude of force F = 100 N

VX030 03 ¥4 8 LT3 o6 Tl i ) BEEN S0 (B Hyderabad + Delhi + Pune + Bhubaneswar + Bengaluru + Lucknow + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad|




%ﬁ? ACE 25 GATE_2021_Questions with Solutions

24. A counter is constructed with three D flip-flops. The input-output pairs are named (D, Q ), (D, Q,) and
(D,, Q,), where the subscript 0 denotes the least significant bit. The output sequence is desired to be the
Gray-code sequence 000,001,011,010,110,111,101, and 100, repeating periodically. Note that the bits

are listed in the Q,Q,

Q, format. The combinational logic expression for D is

(@) Q,Q+QiQ, (b) Q2Q1+62 Q

(C) QleQo (d) Q2 QO + Ql 60
24. Ans: (a)

Sol:

000 - 001 - 011 - 010 - 110 - 111 = 101 —> 100

Y

PS NS FF(i/p)
QZQIQO QZQI Q0 DZDIDO
0 000 001 001
1 001 011 011
3 011 010 010
2 010 110 110
6 110 111 111
7 111 101 101
5 101 100 100
4 100 000 000
D, = > m(1,3,2,6)
QQ,
QN _00 01 11 10
of | |
1 W
D] = Q,Q+QiQ,
25. Inductance is measured by
(a) Wein bridge (b) Maxwell bridge
(c) Kelvin bridge (d) Schering bridge
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25. Ans: (b)
Sol: Wein’s bridge is used for measurement of frequency.
Maxwell’s bridge is used for measurement of inductance.

Kelvin’s bridge is used for measurement of low value of resistance
Schering bridge is used for measurement of capacitance, dilectric loss and permittivity etc.

26. Suppose I, I, and I are a set of unbalanced current phasors in a three-phase system. The phase-B
zero sequence current I, = 0.1£0° p.u. If phase-A current I, = 1.1£0° p.u and phase-C current
I.=(1£120°+0.1) p.u, then I, in p.u is
(a) 1.1£240°-0.1£0° (b) 1£-120° + 0.1£0°
(c) 1.1£-120°+0.1£0° (d) 1£240°-0.1£0°

26. Ans: (b)

Sol: The phase-B zero sequence current, I, = 0.1.20° p.u.
Phase-A and phase-C currents,
I,=1.120°p.u.,1.=1£120°+0.1 p.u.
Asl, +1,+1.=3.1,,
1L1+1,+1£120°+0.1=0.3
[,=03-12-1£120°

=-0.9-1£120°
It can be rewritten as,
I,=0.1+[-1-1£120°]
=0.1 — (1+1£120°)
=0.1 - [-(1£-120°)]
=0.1 + 1£-120° p.u.

Correct answer is (b).

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

820 Q, then the value C is puF. (Round off to 2 decimal places.)
o 1 o
C
input R§ output
O O
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27. Ans: 12.46

Sol: . " .
I
5V c
<—T1-> <« T2—> input R§ output
ovl ¢ o o
Given f=100 Hz, T = 10msec
\%

Consider the input is symmetrical square wave. !

T, =T,= 5 msec then SV
steady state output wave form is Vi \E
4

ov

voltage across resistor is output voltage = V -V,
(peak to peak)
V-V,=62V

V) =V,e VR oy =y eTme (5)
Vi, =V,e Ry, =V, RC (6)
By adding (3) & (4) equations

(Vi= Vo) +(Vi=Vy =10
(Vi=Vy)+(Vi=Vy) =10
Now subtracting (5) & (6)

V=V, ="V - V)

oT/2RC — (Vl/ - V2’) _62

(Vi-V, 3.8

apply natural logarithm on both sides

T _ (62
2RC ~ “M33
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28.

28.
Sol:

29.

VX030 03 ¥4 8 LT3 o6 Tl i ) BEEN S0 (B Hyderabad + Delhi + Pune + Bhubaneswar + Bengaluru + Lucknow + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad|

€= T62
ZRQH<W>
_10x10°
2 X 820 X m(%)
C = 12.46uF

If the input x(t) and output y(t) of a system are related as y(t) = max(0, x(t)). then the system is
(b) non-linear and time-variant
(d) non-linear and time-invariant

(a) linear and time-variant
(¢) linear and time-invariant
Ans: (d)
y(t) = max (0,x(t))
y®=0; x(1)<0
x(1) 5 x(t)>0
y(t) = x(t) u[x(t)]
Dy, O=x,t) u[x,®)]
y, (0 =x,(t) u [x,(t)]

¥, (1) =[ax, (t)+bx,(t)]u [ax, (1) +bx ()]

y; (0 #ay, () +by,(t)
So, Nonlinear system
(2)  y(®)=x(1) u[x()]
y,() = x(t=t)) u [x (t=t )]
y (t=t) = x(t=t) u [ x(t=t))]
y, () =y (t=t)

So, it is time invariant system

Consider the table given:

Constructional feature Machine type Mitigation
(P) Damper bars (S) Induction motor (X) Hunting
(Q) Skewed rotor slots (T) Transformer (Y) Magnetic locking

(R) Compensating winding

(U) Synchronous machine

(Z) Armature reaction

(V) DC machine

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

(a) P-T-Y, Q-V-Z, R-S-X
(c) P-U-X, Q-S-Y, R-V-Z
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29. Ans: (¢)

Sol: P: Damper bars used in synchronous machine (U) to prevent hunting (X)
Q: Skewed rotor slots used in induction motor (S) to avoid magnetic locking (Y)
R: Compensating winding used in DC machine (V) to neutralize cross magnetizing effectr of armature
reaction (Z) under main poles (polar zone).

30. A single phase full bridge inverter fed by a 325 V DC produces a symmetric quasi-square waveform
across ‘ab’ as shown. To achieve a modulation index of 0.8, the angle 0 expressed in degrees should be

. (Round off to 2 decimal places.)
(Modulation index is defined as the ratio of the peak of the fundamental component of V, to the applied

DC value.)
o
325V = £ E]
b
77
325V I——|
0 97[/2 T[ 21 o
AV
30. Ans: 51.07
Sol: V=325 volt (DC)
M.I. =0.8
(Vabl)peak
M.I = .
(Voo = ML x V= 0.8 x 325 = 260 volts
Now according to FSA
VO
) 2d
FEV B <« >
) 3n/2 .
Of i m2: o 2
7V‘ H H
[ ) =
2 2
ao > .
vV, = EN [, cos not + b, sinnot]

n=1

ao
Here, —-=0,a =0

Y-X03 0 03 ¥4 8 T3 o8 Tl i BEER S (BYHyderabad + Delhi + Pune + Bhubaneswar + Bengaluru + Lucknow + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad|




PN
#ﬁ* ACE 30 Electrical Engineering
NN Engineering Publications

7+d

4V,
b =— / V;sin(not)dot = sm( ) sin(nd)

b3
2—d

4VS

o0
V,= 2
n=1,3,5...

sin (T) .sin(nd) sin(nwt)

v

abl)peak - ( Ol)peak -

Now, as (Vm)peak =260

4V
T sin (d) =260

4 X 325

sin(d) =260

d=38.93°

According to given waveform, 26 =t —2d
0= n—2d 180° —2d

2 YT

0 =51.07°

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

inductor is A. |
- in Q

1
N

A

I()
§1OQ

o T N
20v Q) 1mH§ 100uFd

31. Ans: 24
Sol: Given: f=25 kHz
D=0.75
Find (iL)avg =7

To check continuous conduction or discontinuous conduction

K = % and k_= (1 D)’

2fL 2X25k X Im
Now k = R 10 =5

k_=(1-D)*=(1-0.75)* = 0.0625
As [k >k_] means continuous conduction case
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Mode (1) from [t= 0] to [t = DT] [when switch is ON]

dVo Vo

C?"'K:O ................. (1)

Mode (2) from [t = DT] to [t = DT] [when switch is ON]

dVo Vo

— 5 =0 2
¢ dt R 0 2)
Now applying Amp. sec balance equation then it results
. L Vo DV,  0.75X20

L= (1-D) R(-D) R(1-D). 10(1-075) = 24 Amp

32. Al pC point charge is held at the origin of a cartesian coordinate system. If a second point charge of
10 pC is moved from (0, 10, 0) to (5, 5, 5) and subsequently to (5, 0, 0), then the total work done is
mlJ. (Round off to 2 decimal places.)

Take

e =9 x10? in SI units. All coordinates are in meters.
0

32. Ans:9
Sol: 1 uC at (0, 0, 0)
10 uC: (0, 10, 0) >(5,5,5) > (5, 0, 0)

S £
4mgoR?

X
= Path independent
= Conservative field
final final
W= - E.dl=- tdr
qinié; qini;é; 4TCSOR2

_ —1><1o(‘><10><106[1]ﬁ“

4meg R

in

1 fin
X102 X9 X% 10°|—
10 X 10 910 [RL
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fin

1
= X 3=
90 X 10 [R]

in

Initial point: +/0*+10°+0> =10
Final point: y/5*+0*+0> =5

1 5
90 X 103[—]
R 10

1 1
— X il
90 xX'10 [5 10

=9mJ

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

M
2 S
IEsv,
100kHz@
220 50V
J?- O
33. Ans: 50.95
Sol:
1 M
1 I o
H 73V,
IOOkHz@
[ =23 sin mt 220 50V
1 22 T 0
I = 0.114sinmt =
dl
62 = Md_tl
% =M][0.114 w cos wt],,,..
I3 - Mx0.114 %21 % 10°
M =50.95 uH
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34. Consider a power system consisting of N number of buses. Buses in this power system are categorized
into slack bus, PV buses and PQ buses for load flow study. The number of PQ buses is N,. The
balanced Newton-Raphson method is used to carry out load flow study in polar form. H, S, M, and R
are sub-matrices of the Jacobian matrix J as shown below:

ig =J[§€ , where J = 11:1/1 }i

The dimension of the sub-matrix M is

@N, x(N-1+N)) B)(N-1)x(N-1+N))
()N, x (N x 1) (AN-1)x(N-1-N))

34. Ans: (¢)

Sol: Number of buses in the system = N
Number of PQ buses = N
Number of slack busses = 1
Number of PV buses =N -1 - N,
The NR (polar) load flow formulation,

AP H S| A6

[AQ - [M R|AV
M is the submatrix that relates [AQ] and [AJ]
Number of elements in AQ vector = number of Q’s known

= number of PQ buses
= NL

Number of elements in Ad vector = number of unknown &’s
=N-1

So, size of matrix ‘M’ willbe = N, x (N —1)

Correct answer is (c)

35. Let Abea 10 x 10 matrix such that A° is a null matrix, and let I be the 10 x 10 identity matrix. The
determinant of A +11s

35. Ans:1
Sol: A°is anull matrix i.e., A>=0
=> A is a nilpotent matrix of index 5
= All eigen values of nilpotent matrix are zeros
for A = 0, the eigen value of A+ 1 is
A+l =0+1=1
det (A + Al) = product of eigen values
= IxIxIxIxIxIxIx1x1x1
=1
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36. The causal signal with z-transform z*( z — a)~ is (u[n] is the unit step signal)

36.
Sol:

VX030 03 ¥4 8 LT3 o6 Tl i ) BEEN S0 (B Hyderabad + Delhi + Pune + Bhubaneswar + Bengaluru + Lucknow + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad|

(a) a*u[n]

(c) n'a™u[n]

Ans: (b)

Assume X(z) = z* (z—a) ™

Z2

(z—a)’
From standard Z.T pair

X(z)=

az
(z—a)

n(@)" 'u(n) —

n(a)"u(n) —

(z—a)

From time shifting property

x(n-n)) <> z ™ X(z)
z

(z—a)

m+1D)@"" umn+1) — zl

(z—a)’
So, x(n) = (n+1)(a)" u(n+1)
Given causal signal

So, x(n) = (n+1) (a)"u(n)

(or)

Assume X(z)=z* (z — a)™

(m+1)(@)"u@m+1) —

Z2

(z-a)’
z z
z—a'z—a

X(z) =

X(z)=

Given causal so, (a)"u(n) — P
X(z)=X(2). X(z2) (1
X, (n)* x,(n) <> X (2) X,(2)

Apply IZT to equation (1)

x(n) = x,(n)* x,(n)

x(n) = (a)" u(n)*(a)" u(n)
x(n) = (n+1) (a)" u(n)

(b) (n+ l)a™u[n]
(d) n*a"u[n]
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37. Inthe BJT circuit shown, beta of the PNP transistor is 100. Assume V. =-0.7 V. The voltage across

37.
Sol:
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R, willbe 5V when R is kQ. (Round off to 2 decimal places.)
1.2kQ
= v
3.3kQ

Ans: 17.06

The thevenins equivalent circuit is ’

_ 47R, . 12R,

R.=27+R," Vo~ 37+R, 12kQ
bio
33kQ

Given that V, =5V

1(33k)=5
I =1515mA

_ L
then I, = B- 15.15 A

[ =1 +1,=15303 mA
V,=12-12x10°L,

=10.1636 V
V,=-07=V, -V =-07
V,=V,-0.7=9.4636 V
Apply KVL from base to ground of transistor circuit.
V,-LR -V, =0

3
9.4636 — 15.15 x 10—6(4-7 x 10 Rz) 2R, _,

37+R, | 47+R,
0.0712R,  12R,

94636 —4 53R, T4T+R,

9.4636 (4.7 + R) — 12.0712R, = 0

44.4789 — 2.6076R, =0

_ 44.4789 _

R, ~ 17.06 kQ

=0
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38.

38.
Sol:

39.

39.
Sol:
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Consider a closed-loop system as shown. G,(s) =

s(1+0.1s)

14.4

is the plant transfer function and

G.(s) = 1 is the compensator. For a unit step input, the output response has damped oscillations. The

damped natural frequency is
E(s)

G,(5)

+
R(s) ‘(ﬁ~ G.(s)
Ans: 10.91

Characteristic equation 1 + Gc(s)Gp(s) =0
14.4

s(1+01s) 0

1+

0.1*+s+144=0
s2+ 10s + 144 =0

® = /144 = 12
20w =10
10 10

TR

2
0, = 0uy/1-C = 12 1—(;3) ~ 10.91 rad/s

rad/s. (Round off to 2 decimal places.)

C(s)

Suppose the circle x* + y*=1 and (x — 1)* + (y — 1)? = r? intersect each other orthogonally at the point

(u,v). Thenu+v=

Ans: 1

Given: x> +y? =1
Differentiating with respect to x

x+2y oo

2X:—2yg—z
dy _ 2x _—x
dx -2y y
_ X
m1—7

and (x —1)> + (y —1)*=1?
Differentiating with respect to x.

2x=1)+2 (y =1) g—z =0

2(x-1)=-2(y-1) g—z
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d_y:_(x—l) —m
dx (y_1> , (say)

Two circles cut each other othogonally
mm, = -1 at (u, v)

—x ) _x=1)
y | (y-1)
1(74_1)
Y (y-1)
X tx=y -y
—xX>-y?+x+y=0

—_

=1

X*+y'—x-y=0

At(u,v)v’+vZ—-u—-v=0
w+vi=utv
utv=1(C"uw+v=1)

40. The state space representation of a first-order system is given as
X =—-X+tu
y =X
where, x is the state variable, u is the control input and y is the controlled output. Let u = —-Kx be
the control law, where K is the controller gain. To place a closed loop pole at —2, the value of K is

40. Ans:1

Sol: x=—x+u ;u=-kx
x =—x—Kx
x=—(K+1)x
A=—(K+1)

Characteristic equation sl - A|=0
s—[-(K+D]=0

s+K+1=0

s =—(K+1) pole

s =—2 given pole
L-K+1DH)=-2

=K=1
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41. Asignal generator having a source resistance of 50 Q is set to generate a 1 kHz sinewave. Open circuit
terminal voltage is 10 V peak-to-peak. Connecting a capacitor across the terminals reduces the voltage

to 8 V peak-to-peak. The value of this capacitor is
41. Ans: 2.39
Sol:

pF. (Round off to 2 decimal places.)

V=10V (2
1 1kHz )

—Vi
joC

500
Wy
RS

v, 7}1 |
+7
s joC
B Vi
~ 1+joRsC

Vo 1

Vi 1+joRsC

‘vo_ 1

Vil A/ +c02R2C2

‘ 1+ ((,ORS )2

= {/1+(0RsC)> =1.25

= (0R,C)? = 0.5625

= oR.C=0.75
C= 0 338851
50 X 21 X 1 X 10°Hz
© C=2.39 uF

42. Two generators have cost function F, and F,. Their incremental-cost characteristics are

dR

=L —40+

dp, 40 0.2P1
dF,

=2 o304

P, 32 0.4P2

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

the generations P, and P, (in MW) are
(a) P, =140,P, =120
(c)P,=P,=130

(b) P, = 120, P, = 140
(d) P, =160, P, = 100
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42.
Sol:

Ans: (d)

The incremental fuel cost of two generators,
dF
dP
dp,

=40 +0.2P,
=32+ 0.4P,

Where P, and P, are real power generation by units

Total load, P, =260 MW
P +P =260 MW

For economic operation (by neglecting losses)

dF, _ dF,
dP dP:
0.2P, - 0.4P,=-8
Eqn. (1) x 0.4 + Eqn (2)
0.4P +0.4P,+0.2P - 0.4P,= 104 -8
0.6P, =96
P =160 MW

Now, P, =260 — 160

=100 MW
Correct answer is (d)

= 40+ 0.2P, = 32 + 0.4P,

43.

A 3-Bus network is shown. Consider generator as ideal voltage sources. If rows 1,2 and 3 of the Y,

matrix correspond to Bus 1, 2 and 3, respectively, then Y, _of the network is

4

Bus-2

% 2,5

|
Bus-1 250

24=jﬂ?

|

—4j 2j 2]
@12 4 2
[ 2j 2j —4i
(3. 1. 1]
4 4 4!
1. 3.1,
© | 41 =41 i
1. 1. 3.
|40 4 T4

(b)

(d)

Z:EJE; Bus-3
-4 ] ]

b 4 ]
A By
1.1 1
24y
r. 1.1

4 27 4
1. 1. 1.
_ZJ ZJ _EJ_
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43. Ans: (¢)
Sol: Given three buse power system

Bus-2

Bus-1 | Bus-3

Voltage sources at buses —1, 2, 3 are said as ideal which has internal impedance.

The network of impedances can be drawn as

[ Bus-2

Method-1: Let us keep a voltage source at Bus-1 and keep short circuit at other buses.

Let I, will be the current injected by source V,

I
Now. Y, = —
’ 1 \71 V2=V3=0
Vi#0
V,=0
Bus-2
f 3 =0

(e s mH
Bus-1 ) _
2,50 240 Bus-3

2t V=0

al—

4
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By basic network reduction technique

I 1
on

i1Q

L 1
Now Y_Bus element, Y = A = i
T 3
= —'é
Tq
In the four options given only option (c) has Y, = — jz .
So correct answer will be option (c)
Method-2: (By KCL application on at each node)
IZ
ReL
% z,5jQ

Vv

i13Q

= 5

Bus-1 6_6. - 11
’—H z,7J€2 I 250
1

Let node voltages are V|, V, , V.,
node current injections are I , [ I,
There is an extra node which is not identified as bus.

Let that node voltage is V.
Where V =17,
= +L+L)Gh

Bus-3
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\ll_Vx VZ_VX V3_VX
here I = 1= 1=
Where [, i ) i ok i

Y6

(Vl—vx Vam Vi Vi—
V. = . +— +
Jj1 j1 jl

V. =V, +V2+V3—3VX
4V =V 4V, +V,
VX: }:(V1+V2+V3)

Now, currents

11: Vl'_Vx
il
. 1
= _J[Vl_Z<Vl+V2+V3)
——'V+'ﬁ+'k+'&
Vi J4 J4 J4
—jl jl) (jl)
I =V + Vo[ — |+ V5l — ] e 1
1 1( 4) 2(4 \ 4 @
VZ_VX
L= il
1
= —jl[V2_4(V1+V2+V3)]
el
L =Vi|—|+V + Vil — | e 2
: 1(4 4 ) N4 @
V3_VX
L= i
. 1
= —Jl[V3—4(V1+Vz+V3)]
(3 jl -J3
13 - \/1 <4>+V2(4)+V3 (4 ............... (3)
From equations (1), (2), (3)
-3 §1 ]l
4 4 4
L ) . . Vi
1 -3 1
2 s
4 4 4

Ygus matrix
Correct answer is (c)
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44. Abelt-driven DC shunt generator running at 300 RPM delivers 100 kW to a 200 V DC grid. It continues
to run as a motor when the belt breaks, taking 10 kW from the DC grid. The armature resistance is
0.025 Q, field resistance is 50 Q, and brush drop is 2 V. Ignoring armature reaction, the speed of the
motor is RPM. (Round off to 2 decimal places.)

44. Ans: 275.19

Sol: DC shunt generator
200V

P =VI
100 x10° =200 xI
3
1, =105 40 = s00A
N, =300 rpm
_.V _200_
Ish_ Rsh - 50 _4A

AL =141, =504 A
E, =V +, R +BD = 200+(504x0.025) +2
=2146V

If belt breaks, generator continues to run as a motor (shunt motor) taking P, = 10kW

V=200V
P =VxI, 1, I+ -
10x10° = 200x I, L,
3 Ra
1, =150 = 504
E Ry, = 50(]
I, =4A b
Ia = IL_ Ish /\
N
=50-4=46A

E, =V -1 R —BD = 200—(46x0.025) -2 = 196.85 V

_ ¢gZNg P _ (I)mZNm P
E.="60 XA E,="60 *a
E, = kN, 0, E, = kN, 0, 0, « I, = 4A b, o I, = 4A
E =kN]I E,=kN I

E, _kN,Iy  196.85 _ N,
E, kN, ~ 2146 ~ 300

motor spee (N ) = 129 16 4865 X300

=275.19 rpm
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45.

45.
Sol:

46.

46.
Sol:
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Let p and q be real numbers such that p?> + > = 1. The eigen values of the matrix P

(a) jand - (b) pq and —pq
(¢) I and -1 (dland1
Ans: (¢)
Leta=|? ¢ ]

q —p

the characteristic equation is
M=r(ptp+(p'-q)=0
M—=(p*+q)=0

AM-1=0 [p*+q*=1]
SAa=1,-1

In the given circuit, the value of capacitor C that makes current I = 0 is

I

U7 TH—
10Q 15Q 15Q
10V () 0=5k rad’s 50 @ =c
Ans: 20
In the given circuit, the value ‘C’ for [ = 0
I
W —TH 1l
10Q _]SQ _]SQ

~C
(=X)

Tha.
o)
OLY
V1

1 OVj—C’\)

=5k rad/s 7

ForcurrentI=0:>I=%

i.e Zy =1 = oo (infinity)
ZT = :>ZX =00 ("10+)5+00= )
Z =355 -X)

_ 150G =X)) _i56-X)
o j10=-Xy)  (10-X,)
IfI=0=Z =
1 _J56=-X)
0 " (10-X)

10-X,=0=X,= 10 = == 10

2 are

uF.
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47.

47.

Sol:
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1 _ 1 _ —6p _
C_IOOJ_10><5><1()3_20X10 F = 20uF
C=20puF

In the circuit, switch ‘S’ is in the closed position for a very long time. If the switch is opened at time
t =0, then i (t) in amperes, for t > 0 is

=0
S ?{
° 10

W
-
4Q - 3pv
10V — iLl § 0.5H
(a) 8 +2e1™ (b) 8¢
(c) 10(1 —e™) (d) 10
Ans: (a)
Fort<0 ‘S’is closed 1Q
£=0"(S.S) L »S.C Wy
10V =— 1,(07)
i(0)= % =10A =i (0M) =1,
Fort>0, ‘S’ is opened
For find vlaue take t = 0 (S.S) , L— S.C -
IS
10V — 0 i, ()

. 10+30 _ 40
i(0) =337 =5 = 8Amps
. L 0.5
Time constant T = = =_—sec

R, 4+1 10
(1) = iy (00) + (i, (0) — iy (o)) € "
=8+ (10-8) e

i (+)=(8+2e"'") Amps t>0
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48. For the network shown, the equivalent Thevenin voltage and Thevenin impedance as seen across
terminals ‘ab’ is

3, 20
sA@®) 100 § i
o b

(a) 10 V in series with 12 Q. (b) 50 V in series with 2 Q.

(c) 65 V in series with 15 Q. (d) 35 V in series with 2 Q.
48. Ans: (¢)
Sol: For Thevenins equivalent circuit use the V-I method for V, & R |

a I

N
. A4 _'VV\'+
1; 31l 2Q
+

A® 100F o jv

V=R, 1+V,

By KCL at (X)

SHI=1, =1, =G +) . (1)
By KVL for (1)

-V +21+31 +10i, =0

V=21 +13i, = 21+13(5+])
V=151+65=>V=R [+V,

R, =15Q,V, =650

49. For the closed-loop system shown, the transfer function IE{EZ is
RO — O C()
=1
@) 1+1GH ®) 1f gH
© liG O 1+(i}H
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49.

Sol:

50.

50.

Sol:

Ans: (a)
From Massion’s Gain formula
Number of loops L, =-GH
Forward path M = 1

Es) 1

R(s) 1+GH

Let (=1 —j), (3 —j), (3 +j) and (-1 +)) be the vertices of a rectangle C in the complex plane. Assuming

that C is traversed in counter-clockwise direction, the value of the counter integral f ﬁ is
¢ 2z~
jn —jm
@ T (b) ——
jm
(©)0 @ 5
Ans: (b)
&
-1.1) @ 1, (2. 1)
{-1,0) .0
L-D [0 6.
Let f(z) = SR
7’ (z - 4)
z =0, 4 are singular points
z = 0 lies inside the rectangle
z = 4 lies outside the rectangle
(z53)
dZ _ z—4
'[ZQ<Z_4> [(Z_0)1+1d2
I () _
21— {F(2) (z—4)
. -1
=2m F'(0 F'(z) = ‘
WE0)  FO)=
_ (=1 ’ __ 1 _—1
= 2nj( 72 FO= 7T
]
8
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51. Letp(z)=2+(1+j)z>+ (2 +j)z + 3, where z is a complex number.
Which one of the following is true?

(a) The complex roots of the equation p(z) = 0 come in conjugate pairs
(b) All the roots cannot be real
(c) conjugate {p(z)} = p(conjugate{z}) for all z
(d) The sum of the roots of p(z) = 0 is a real number
51 Ans: (b)
Sol: p(z)=2"+(1+j)22+(2+j)z+3
Every non zero constant polynomial with complex coefficents has atleast one complex root.
So, option (b) is correct.

Vo(s
52. The Bode magnitude plot for the transfer functon VO ((s) of the circuit is as shown.
The value of R is Q. (Round off to 2 decimal places.)
R 1mH

o—AM—TH o

' 250F =

11
<

[}
o

Bode Diagram
=
=~ 20
7648
=L
520
B
570 -
£ 60 Sy
102 1004 10 1
® =2000 rad/s
52. Ans: 0.1
Vo(s) 1
Sol = 5
Vi(s) 1+RCs+LCs
_ 1
1+RCjo +LC (jo)?
_ 1
1 - ®’LC+joRC
Vo(jo 1 .
_ [ MoGo) | =20 (.., 26 dB)
ViGo) | /(1 - 0’LC) + »*R>*C?
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1
(1-®’LC); + w’*R*C?

=400

1
+ 41 22 2 + 2R2(T?2 —
1 + o'L*C*- 20*’LC + ®*R*C 400
1
+ ? ’L*C 2L+R*Cl= —
1 + ©*C[®w°L*C -2L+R*C] 400

Given
o =2000,L=1073,C=250 x10°
1

1 +2000% (250 x107°) [2000% (107%)? 250x1076 —(2 x 107%) + R2 250 x 10°°] = 200

1+1-2+R*(250 x10°)=0.25 x 102
After simplification, R = 0.1

Method-2:
Vo(s) _ 1
Vi(s) 1+RCs+LCs?

R\F 1
=—,/—andM = ———
Al L a-¢

- R /250x10° R
2 107 4

Given that magnitude = 26 dB
26 = 20logM,
=M =20

20=

Ry16 -R’
= 16 =100R? (16 —R?)

= 0.16 = 16R*—R*

= R*-16R?*+0.16=0

Let R2=x

=x*-16x+0.16=0

After solving x =0.01 and 15.98 = 16

~R=yx =0.1and 4

M, is valid for 0 < ¢ < ——

V2
.. Suitable value of R =0.1 Q.
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53. In a single-phase transformer, the total iron loss is 2500 W at nominal voltage of 440 V and frequency
50 Hz. The total iron loss 1s 850 W at 220 V and 25 Hz. Then, at nominal voltage and frequency, the
hysteresis loss and eddy current loss respectively are

(a) 900 W and 1600 W (b) 1600 W and 900 W
(c) 250 W and 600 W (d) 600 W and 250 W
53. Ans: (a)

Sol: Iron loss at 440 V, 50 Hz = 2500W
Iron loss at 220 V, 25 Hz = 850W

440 220
50 25

Vi

? = constant
Wi =Af+ Bf

At 50 Hz, 2500 =A(50) + B(50)>
At25Hz 850 =A(25)+ B(25)
By solving A= 18, B=0.64
W, at =150 Hz = Af
=18 x50
=900 W
W_at f=50 Hz = Bf’
=0.64 x(50)°
=1600 W

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

are negligible. Thge frequency of the oscillator shown in Hz. (Round off to 2 decimal
places.)
2
W
a7nF &= 10KQ

54. Ans: 3158
Sol: Given that (V) =0V
(VO)High = SV’ VLTp = 16\1, VUTP =24V

1=RC=10*x47 x10° = 0.47 msec
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The output wave form is

5V

24V b oo e

Voltage across cap is V_ =V, +(V-V e
V. =V, =(V-V)e"

T, calculation:
V.=16V,V,=5V,1=RC,att=T, ,V =24V

_(5-16
TI‘TQ“<5—2.4>

= 0.47 % 10*%11(%)

=0.12608 msec

T, calculation:
V.=24V,V . =0,71=RC,att=T, V =16V

T,= rQn<8:%2>
= 0.47 X 10*3an(%>

=0.190568 msec
Then T = T +T,= 0.316648 msec

frequency of oscillations f= T
=3158.08 Hz
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55.  In the circuit shown, a 5V Zener diode is used to regulate the voltage across load R. The input is an
unregulated DC voltage with a minimum value of 6 V and a maximum value of 8 V. the value of R is
6 Q). The Zener diode has a maximum rated power dissipation of 2.5 W. Assuming the Zener diode to

be ideal, the minimum value of R is Q.

55. Ans: 30
Sol:

— i
S
—
~
/M

Giventhat V =V =5V
V.min =6V, Vmax =8V,R =6 Q
PZmax= 25W :V 1 max = 2.5

1, max =22 = 500mA

5]

Ismax=<Vimax_vz)=<8_5>=500mA

R, 6
I, min = (W) 166.67 mA

To get minimum value of R, current through R must be maximum for this
[ min= [ min+ [ max

As zener is ideal consider I min=0

I, max= [ min = 166.67 x 10~

5 _ 73 _ 5
Ro)p  166:67X 107 = Ro)uin = 7607570
=29.9994Q)
(R,)min = 30Q
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