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Day1: Q.1to Q.25 : General Aptitude

Q.1 Choose the correct set of words to complete the sentence:

Politicians must be for the people, but they should never be for public welfare.
(a) disinterested, uninterested (b) disinterested, disinterested
(c) uninterested, uninterested (d) uninterested, disinterested

Q.2 How many numbers between 1 to 300 are divisible by only 11 or only 13 but not by both?
(a) 45 (b) 46
(c) 48 (d) 50

Q.3 Triangles ABC and CDE have a common vertex C with side AB of triangle ABC being parallel
to side DE of triangle CDE. If length of side AB = 4 cm and length of side DE = 10 cm and
perpendicular distance between sides AB and DE is 9.8 cm, then the sum of areas of triangle
ABC and triangle CDE is cm?.

Q.4 A and B will participate in a sack race (In a sack race, people hop to reach the finish line). In the
time that A takes 3 hops, B takes 4 hops but the distance covered by A in 4 hops is equal to
distance covered by B in 5 hops. What is the ratio of A's speed: B's speed?

(@) 3:5 (b) 12:20
(c) 15:16 (dy1:1

Q.5 In the sentence given below, a part of sentence is underlined, choose the correct alternative of
the phrasing of the underlined part:

While their ostrich like attitude is aggravating, what is very serious is loss of wealth and loss

of business.

(a) their refusal to face facts (b) their heavy handedness
(c) their annoying behaviour (d) their big ego

Q.6 What is the sum of all possible solutions to |x - 3|2+ |x - 3| = 20?
(@) -1 (b) 6
() 7 (d) 12

Q.7 A lizard is crawling up a minaret to reach the top. The top of the minaret is 1800 cm from its
position. After every minute of crawling it halts for half a minute. In every halt it slides down
by 30 cm from its position. Time the lizard will take to reach the top of the minaret if it can
crawl 150 cm per minute is
(a) 21 minutes 48 seconds (b) 25 minutes
(c¢) 20 minutes (d) 32 minutes 40 seconds

Q.8 How many 5 letter words (with or without meaning) can be formed using all the following 5
letters A, B, C, D and E so that letter A is to the left of letter B?

(a) 120 (b) 60
(c) 48 (d) 24
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Q.9 Choose the option that best substitutes the underlined part of the sentence :
TCS is edging closer to become the country’s first 100 bn $ company. The company is fortunate
to have excellent relationships among its employees : they each have a relationship of respect
for all the others.
(a) they each have a relationship of respect for all the others.

(b) they have respect for one another.
(c) each one has respect for one another.
(d) they each have a relationship of respect for each other.

Q.10 What is the remainder when 1! + 2! + 3! ... 100! is divided by 18?
(@) 0 (b) 1
(€) 5 (d) 9

Q.11 The percentage profit earned by selling an article for 31920 is equal in the percentage loss
incurred by selling the same article for ¥1280. At what price (in ) should the article be sold to
make 25% profit?

Q.12 A faulty wall clock is known to gain 15 minutes every 24 hours. It is synchronized to the
correct time at 9 AM on 14™ August. What will be the correct time to the nearest minute when
the clock shows 2 PM on 18" August of the same year?

(a) 12:45PM (b) 12:58 PM
(c) 1:00 PM (d) 2:00 PM

Q.13 As shown in the figure below, two sides of triangle BCD are each 9 feet long. Triangle BCD
shares side BD with square ABDE, and angle CBD measures 45°. What is the total area of
figure ABCDE in square feet? (Note: Figure not drawn to scale.)

C
9 9
BJ |_D
A E
(a) 121.5 (b) 40.5 + 8142
(c) 2025 (d) 221

Q.14 A farmer can plow his wheat field in 12 days. After working for 5 days, his daughter joins him
and together they finish plowing the field in 4 days. How many days would it take the daughter
to plow the wheat field alone?

Q.15 A series of numbers are written using digits 1, 2, 3, 4 and 5 in the following pattern:

1,223,3,3,44445,55,55/1,1,1,1,1, 1, (six 's) and so on. Which of the following
digits will come at the 100" position in this sequence?

(@) 1 (b) 2
(c) 3 (d) 4
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Q.16 A part has been omitted from the sentence given below and it is to be filled with idiom(s), to
make the sentences grammatically meaningfully correct. Mark the answer accordingly.

Although Mr. Naipaul was , he never boasted about anything or try to use the
resources available to him in an unethical way.

1. An armchair traveller

2. Born with a silver spoon

3. A big fish in a small pond

(a) Only 2 (b) Both 2 and 3

(c) Both 1 and 3 (d) None of these

Q.17 In the given question, a set of conclusions is given. There are four options comprising of three
or more statements. You need to choose the option that contains the set of statements from
which the given conclusions logically follow.

All horses cannot be cottages. No glance is a cottage.

(a) Some glances are horses. Some horses are blemishes. No blemish is a cottage.

(b) No horse is a blemish. All cottages are blemishes. All glances are horses.

(c) Some horses are blemishes. All glances are blemishes. Some cottages are not blemishes.
(d) All horses are blemishes. Some blemishes are not cottages. No blemish is a glance.

Q.18 Vessel A contains six green and four red balls and vessel B contains four green and six red
balls. One ball is drawn at random from vessel A and placed in vessel B. Then one ball is
transferred at random from vessel B to vessel A. If one ball is now drawn at random from
vessel A, the probability that it is green is

23 32
@ %5 (b) &5

33 32
©) &5 (d) 55

Q.19 Four runners started running the race in the same direction along a circular path of 7 km. Their
speed are 4, 3, 9, 3.5 km/hr. individually. If they started their race at 6 AM then at what time
they all will be at the starting point?

(a) 2PM (b) 8PM
(c) 8 AM (d) 6 PM

Q.20 The average number of goals scored per match by Sunil Chhetri in matches where he was in
the team of starting 11 is 1.5 and the average number of goals scored by him in matches where
he came on as a substitute is 0.5. He scored 390 goals more in matches where he was in the
team of starting 11 than in matches in which he came on as a substitute. If he played 388
matches in total, the average number of goals scored by him per match is

Q.21 In a family of 4 members, the eldest member expires after 5 years at the age of 88 and 10 years
after that a baby is born in the family such that the difference of family’s eldest to youngest
member alive after 20 years from present is 57. At present, the age of youngest member is 14
years and the average age of remaining member is 54. The age of the two eldest members alive
after 5 years would be

(a) 88, 47 (b) 42,19
(c) 47, 42 (d) 37, 42
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Q.22 Which of phrases given below should replace the phrase printed in bold type to make the
sentence grammatically correct?
The crime has growth rapidly in Russia since the disintegration of the communist system.
(a) rapid crime has grown
(b) crime has grown rapidly
(c) crimes grow rapidly
(d) crimes have been rapidly grown

Q.23 A sphere is inscribed in a cube with an edge of 10 units. What is the shortest possible distance
in units from one of the vertices of the cube to the surface of the sphere?

() 10(v3-1) (b) 5
() 10(v2-1) (d) 5(v3-1)

Q.24 Based on the given statements, select the most appropriate option to solve the question.
Sheetal wants to sell her bicycle at either a profit of K% or a loss of K%. What is the value of K?
Statement 1: Difference between the amount Sheetal gets in the 2 cases is I2560.

Statement 2: If Sheetal’s profit is Rs K, her profit in percentage is 7.5%.

(a) Statement 1 alone is sufficient, but statement 2 alone is NOT sufficient.

(b) Statement 2 alone is sufficient, but statement 1 alone is NOT sufficient.

(c) Both statements together are sufficient, but neither statement alone is sufficient.
(d) Statement 1 and 2 together are NOT sufficient.

Q.25 Select the pair which has the same relationship as the two words
IMPLAUSIBLE : ABSURD :: ?

(a) shadowy : illuminated (b) flamboyant : public
(c) surprising : shocking (d) superfluous : truncated
Q000
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Detailed Explanations

1. (a)
‘Disinterested’” means ‘free from bias, free from personal/selfish motives’.
“Uninterested” means ‘lacking interest’.

2. (b)
Between 1 to 300:
There are 27 multiples of 11.
There are 23 multiples of 13.
There are 2 multiples of 143 (of both 11 and 13).
So, there are 27 - 2 = 25 numbers divisible by 11 only.
And, there are 23 - 2 = 21 numbers divisible by 13 only.
In all, there are 25 + 21 = 46 numbers divisible by 11 or 13 but not by both.

3. 40.6 (40 to 41)

Given AB || DE At
= 4B = ZD (Alternate angles)
and ZA = ZE (Alternate angles)

AABC ~ AEDC (AAA similarity)
hy AB_4 2

- n, ~DE 10 5
and hy+h, = 9.8 cm (given) 10em
h, = 28 cmand h, =7 cm
1

Area of AABC = E x4x28=56cm?

Area of AEDC = %X 10 x 7 = 35 cm ?

Sum of areas of AABC and AEDC = 40.6 cm?
4. (c)
Let time taken by A and B to complete 3 and 4 hops respectively be 't'

t t
Therefore time taken by A and B to do 1 hop is 3 and 1 respectively

Let distance covered in A and B's 4 and 5 hops respectively be 'd'

d
Therefore distance covered by A and B in 1 hop is 1 and 5 respectively

s 18- G (9

3

4

5. (a)
‘Ostrich like attitude” means ‘when you overlook or ignore a problem’.
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6. (b)
First of all |x - 3|2 = (x - 3)? so we have: (x - 3)> + |x - 3| = 20.
when x < 3, x - 3 is negative, thus |x - 3| = -(x - 3). In this case we will have (x - 3)? - (x - 3)
=20
= x = -lorx=28.

Discard x = 8 because it’s not in the range we consider (< 3).

when x >= 3, x - 3 is non-negative, thus |x - 3| = x - 3. In this case we will have (x - 3)> + (x -
3) =20

= x =-2orx=7.

Discard x = -2 because it’s not in the range we consider (> = 3).

Thus there the two solutions: x = -1 and x =7

= The sum = 6.

7. (a)

1800 1800
150-30 120

Let us take 14 trials of sliding up

15

Number of trials =

For every trial of these 14 trials, its effective upward movement is (150 - 30) = 120 cm

1 )
The time taken for this = (14 x1+14x 5) = 21 minutes
(14 x 120) = 1680 cm

Total distance

Remaining = 1800 - 1680 = 120 cm
o ) ) (60 X 120)
Remaining 120 cm it can reach in T = 48 seconds

Total time = 21 minutes 48 seconds

8. (b)
Total ways of arranging 5 letters in any possible order =5 x 4 x 3 x 2 x 1 = 5! =120
In half of the cases A will be to the left of B and in other half A will be to the right of B
Hence, desired outcome

9. (b)
This is a situation in which there is the same relationship, respect, between any possible pair of
people in the group. This is a saturation that calls for the structure “each other” or “one another”.
Choice (a) doesn’t use this, and what is used is very wordy and awkward, so it is incorrect.
These structures, “each other” and “one another”, demand a plural subject. Choices (c) and (d)
make the mistake of using a singular subject, so these are incorrect.
Option (b) is the right answer.

10. (d)
Factorial of the positive integers greater than 5 is divisible by 18.
So, we have to find out the remainder when 1!+2!+3!+4!+5!(= 153)is divided by 18. (All other
terms yield zero remainder)
So, Remainder = 9.
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11.  (2000)
Let Percentage Profit/Loss = x and Cost Price = C
Now, C+xC = 1920

C-xC = 1280
Solving for C = 2C = 3200 = C = 1600
Sale Price with 25% profit = 1.25 x 1600 = 2000.

12.  (b)
9 AM of 14" August to 2 PM on 18" August = 101 hours

15
(24 + a) hours of incorrect clock = 24 hours of correct clock

96
1 hour of incorrect clock = E hours of correct clock

96
101 hours of incorrect clock = 97 X101 hours of correct clock

= 99 hours and approx 58 minutes
So, correct time will be
2 PM, 14" August + (99 hours and 58 minutes) = 12:58 PM on 18" August

13. (¢)
The length of the hypotenuse of the triangle is the length of one of the sides multiplied by /2,

ie. 92 feet. Therefore the area of the square is 92 x 92 = 81 x2 = 162 sq. feet.
The area of the triangle must be exactly one quarter of the area of the square. If you don’t see
that directly, imagine the triangle being flipped down into the square. Therefore, the total

162
area is (162 +T) sq. feet = 202.5 sq feet.
14. (16)
Farmer works for 5 + 4 = 9 days

9 3
If he completes entire work in 12 days, he will finish % th work in 9 days.

Remaining work, 1-— % = i, is done by daughter in 4 days..

1
So if daughter does 1 work in 4 days, she will complete the whole work in 4 x 4 = 16 days.

15.  (d)
. . n (n + 1) n (n + 1) .
We will be required to get the value of n such that 7 100. If n =13, =91 which
means that 100 digit will be occupied by 14! set of digits or it will be equal to 4.
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16. (b)
‘Armchair traveller’ = Someone who reads books or watches TV programmes about other
places and countries, but doesn’t actually travel anywhere. “Born with a silver spoon” = born
into a very rich family. “A big fish in a small pond” = an important or highly-ranked person in
a small group or organisation. Since, the sentence does not contain any reference about
travelling, (1) cannot be true here.

17.  (b)
The statements given in option (b) lead to the required conclusions.

Horses Blemish
' e

In this scenario both the conclusions are true

Blemishes

Cottages

()

In this case we see that neither of the conclusions is true In this scenario conclusion I does not follow

18.  (d)
The probability that a green ball is transferred from A to B and a green ball is transferred from

6, (330
vessel B to vessel A, Pgreen’ green = | 10 1)~ 110

6 6 36
Similarly other cases, P green, red = ( 10 X 1) 10
( 4 ) ( 4 ) 16
P = | =I|x|=|==—
red, green 10 11 110

[56)(5)- =
p == xS =5s
red, red 10 11 110
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Probability of drawing a green ball from vessel A after the transfers in these four cases are

6 5 7 6 .
— ,—,——,— respectively.
10 10" 10 10

Therefore the required probability
(1) o))< )+ o) o) (i ) =5
= | —=IxX| =+ = |xX| == |+| = [X| == |+| = |X| == |===
110 10 10 110 10 110 10 110) 55
19. (b)

The time required by individual to complete one revolution is

777 7
4’37935

777
To reach at starting point, the time required is LCM of 139 and

LCM (7,7,7, 2)
= —HCF(4,3,9,1) =14 hours
After 14 hours, all 4 will be at starting point.
or, 6+14 = 20=8PM
all will be at starting point.

20. 1.253 (1.2 to 1.3)
Let the number of matches in which he was in the team of starting 11 be x and the matches in
which he came on as a substitute be y.
Thus, x+y = 388 ...(d)
Number of goals scored in matches in which he was in the team of starting 11 = Average X
number of matches = 1.5x
Number of goals scored in matches in which he came on as a substitute = 0.5y
Thus, 1.5x = 0.5y + 390 ...(ii)
Solving both equations for x and y, we have x = 292 and y = 96
So, the total number of goals scored by him = 1.5 x 292 + 0.5 x 96 = 486 goals
Therefore, average number of goals scored per match = 486 + 388 = 1.253

21. (o)

At present,
Let the members be M, N, O and P
Where age of P> O >N >M
Since P died after 5 years at the age of 88. So, present age of P = 88 - 5 = 83
Youngest member = M = 14 years

N+O+P = 54x3

N+O =162-83=79 (1)

10 years after the death of P means 15 years hence from present, let Q be born.
20 years from present means at that time Q = 5 years and is youngest.
Eldest member at that time = O (age = O + 20)

O >N)
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(O+20)-5 =57
O = 57 -15 =42 years
So, N = 79 - 42 =37 years

After 5 years, members alive are = M, N, O

M = 14 +5 =19 years
N = 37 +5 =42 years
O = 42 +5 =47 years
Required ages of N and O are 42 and 47.
22.  (b)
23.  (d)

It would be easier if we visualize this problem. As sphere is inscribed in cube then the edges
of the cube equal to the diameter of sphere,
Diameter = 10 units

Next, Diagonal of a cube = /102 +10% + 10 = 10+/3.

Now, half of (Diagonal minus Diameter) is the gap between the vertex of cube and surface
of the sphere, which will be the shortest distance:

_ Diagonal ;Dlameter _ 10\/52— 10 _ 5(\/5 _ 1)

24.  (c)
K
Let us assume k = 100 and the cost price = C

Based on S1, we can write C x (1 + i) -Cx (1 - i) = 2560
100 100

ie. 21CTIO< = 2560 or Ck = 1280 which does not give the value of k or K. Hence Statement 1 is NOT
sufficient.

Based on S2, C x 0.075 = K which gives C = 40K/3 = 4000k/3 which will NOT give the value of
k or K.

When we combine the information given in both the statements, we will be able to find C as
well as k or K. Hence option (c) is the correct option.

25.  (¢)

0000
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Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Day 2: Q.26 to Q. 50 : Electrical Machines

A 20 kW, 200 V short shunt dc generator is supplying rated load at rated terminal voltage. The
armature, series field winding and shunt field winding resistances are 0.02 Q, 0.05 Q and
100 Q respectively. Considering brush drop as 2 V, generated emf is V.

Two shunt generators are in parallel with no load voltages 60 V and 50 V and full load power
delivered 400 W and 500 W respectively at 20 V terminal voltage. The common voltage while
delivering 700 W to load is

(a) 30,5V (b) 22.6 V

(c) 20V (d) 275V

A compensated dc machine has 20000 AT/Pole. The ratio of pole arc to pole pitch is 0.8. The
interpolar airgap length and flux density are 1.2 cm and 0.3 T. For rated armature current
I, =1000 A, the number of turns on each interpole are,

(@) 7 (b) 8

() 5 (d) 9

A separately excited generator, when running at 1200 rpm, supplies 100 A at 220 V to a fixed
load resistance. If the field resistance is unaltered, the value of load current when speed drops
to 1000 rpm, will be

(Armature resistance is 0.08 2 and total drop at brush is 2.0 V)

(a) 83.19 A (b) 98.15 A

(c) 67.54 A (d) 78.15 A

A 4-pole, DC generator with wave wound armature has 50 slots containing 18 conductors in
each slot. The induced emf is 357 volts and the speed is 9000 rpm. The flux per pole will be
mWhb.

A 20 kW, 300 V dc shunt motor is driving a constant torque load with line current of 100 A at
a speed of 1600 rpm. Motor has armature and field winding resistance as 0.02 Q and 100
respectively. If 50 Q external resistance is added in field circuit, then motor is running at
(Assume linear magnetization curve)

(a) 1594.8 rpm (b) 1812.9 rpm

(c) 2392.19 rpm (d) 2100 rpm

A 3-phase, 440 V, 50 Hz, six pole salient pole synchronous motor is drawing a 10 A current at
0.8 power factor leading. It has X, =10 Q and X, =7 Q. The magnitude of torque angle () is
(a) 9.4° (b) 12.1°

(c) 10.7° (d) 13.5°

A 3-¢ synchronous generator of 1000 kVA, 0.8 p.f. lag, 6.6 kV star connected cylindrical rotor
of negligible resistance and synchronous reactance of 0.8 p.u. The synchronizing coefficient is
kW/elec. degrees.

A20kVA, 400V, 50 Hz three phase star connected synchronous generator has effective armature
resistance and synchronous reactance 0.5 Q/phase and 3 Q/phase respectively. Voltage
regulation for 0.8 leading power factor is at full load %.
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Q.35 A 400 MVA, 22 kV synchronous generator is tested for OCC and SCC. The following data are
obtained from these characteristics extrapolated where needed,

I, = 1120 A,
Voe = 22kV,
I, = 132 kA

At I corresponding to I =1

iated it is found that V. (airgap line) = 24.2 kV (line).
The value of SCR is

Q.36 Two three-phase alternators operate in parallel. The rating of machine-1 is 80 MW and that of
machine-2 is 150 MW. Both alternators are fitted with governors having a droop of 4%.
How will the machines share a common load of 150 MW?
(a) Machine - 1 shares 50 MW and machine - 2 shares 100 MW load
(b) Machine - 1 shares 96.83 MW and machine - 2 shares 53.17 MW load
(c) Machine - 1 shares 52.17 MW and machine - 2 shares 97.83 MW load
(d) Machine - 1 shares 53.17 MW and machine - 2 shares 96.83 MW load

Q.37 A 100 kVA, 1000 V/400 V, 1-¢ transformer when excited at rated voltage on h.v. side, draws a
no load current of 3.0 A at 0.75 lagging power factor. If it is excited from the [.v. side at rated
voltage, the no load current and power factor will be respectively,

(a) 7.5 A, 0.6 lag (b) 7.5 A, 0.75 lag
(c) 6.5 A,0.70 lag (d) 6.5 A, 0.75 lag

Q.38 At 400 V and 50 Hz the total core loss of a transformer was found to be 3200 W. When the
transformer is supplied at 200 V and 25 Hz, the core loss is 1000 W. The hysteresis and eddy
current loss at 400 V and 50 Hz will be respectively
(a) 1600 W, 1600 W (b) 800 W, 2400 W
(c) 2400 W, 800 W (d) 1200 W, 2000 W

Q.39 A 3-¢,3000kVA, 0.95 lagging pf load is supplied by a Vee connection at 400 V. The kVA output
and operating power factor angle of both transformers respectively are
(a) 1000£9.1° kVA and 1000£9.1° kVA
(b) 1732.£48.19° kVA and 1732/-11.8° kVA
(c) 1732£-48.19° kVA and 1732£11.8° kVA
(d) 1000£-9.1° kVA and 1000£-9.1° kVA

Q.40 A 100 MVA, 220 kV/110 kV, A-A, 3-¢ power transformer has a resistance of 0.02 per unit and
a reactance of 0.05 per unit. The transformer supplies a load of 80 MVA at 0.8 pf lagging. The
percentage voltage regulation of the transformer is %.

Q.41 The short circuit current of an 3-¢ induction motor is 5 times the full load current and full load
slip is 0.035. To start the motor using auto transformer starter with 40 percent of full load
torque, the suitable tapping on auto transformer will be
(a) 42.3% (b) 45.7%

(c) 48.3% (d) 67.6%

Q.42 A 3-phase induction motor draws 1 MVA at a p.f. of 0.8 lag. A synchronous condenser is
connected in parallel to draw an additional 750 kVA at 0.6 p.f. lead. The p.f. of the total load
supplied by the mains is
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Q.43 The rotor copper loss of a three phase 550 V, 50 Hz, 6 poles induction motor developing
4.5 kW output power and mechanical losses of 850 W at 950 rpm is W.

Q.44 A 3-¢ induction motor at rated voltage and frequency has a strating torque of 150% and a
maximum torque of 200% of full load torque. Neglecting stator resistance and rotational losses,
the slip at maximum torque will be
(a) 0.12 (b) 0.22
(c) 0.35 (d) 0.45

Q.45 A 220, 8 pole, 50 Hz, 3-¢ star connected, wound rotor induction motor has a rotor impedance
of (0.02 + j0.08) /phase at standstill and has negligible stator impedance. The maximum
torque developed by the motor is N-m.

Q.46 A 500 W, 230 V, 50 Hz capacitor start motor has the following impedances for the main and
auxiliary winding (at starting)
Zmain = (4 + ]25)9
Z, = (10 +;2.4)Q
If a capacitance of 180 uF is added in auxiliary winding, then phase angle between main and
auxiliary winding current is (in degree).

Q.47 Below figure shows an ideal three winding transformer in which windings are wound on the
same core. The turns ratio N, : N, : N5 is equal to 9 : 3 : 1. A resistor of 20 Q is connected across
winding-2. A capacitor of reactance 5 2 is connected across winding-3. Winding-1 is connected
across a 400 V, a.c. supply. If the supply is phasor V; = 400£0° V, then the supply current

phasor I, is given by,
P p
PN P > . _
V1@:> 1 Nog | = R=20Q
b N, A
. |J
5Q

U\

(@) 31O+ jHA (b) ~51 O+ [HA
(©) %(9+J'4>A (d) —§(9+J‘4>A

Q.48 A 375 W, 230 V, 50 Hz capacitor start single-phase induction motor has the following constants
for the main the auxiliary windings (at starting): Z, = (12.50 + j15.75) Q (main winding).
Z,=(24.50 + j12.75) Q (auxiliary winding). Neglecting the magnetizing branch, the value of the
capacitance (in pF) to be added in series with the auxiliary winding to obtain maximum torque
at starting is uF.

Q.49 An iron ring of mean length 60 cm has an air gap of 1 mm and a winding of 250 turns. If the
permeability of iron is 400 and when a current of 1 A flows through the coil, the flux density is
x 103 Wb/m?.
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Q.50 A single phase, 230 V, 50 Hz, 4 pole, capacitor start induction motor has the following standstill
impedance. Main winding; Z = (8.0 +j 5.0) Q and auxiliary winding: Z = (9.0 + 6.0) Q. The
value of the starting capacitor required to produce 90° phase difference between the current in
the main and auxiliary windings will be uF.

0000
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Detailed Explanations
26.  209.041 (206.124 to 211.203)
Rf =100 Q
Rated load at rated terminal voltage,
I, = 20000 100 A
Lo 200
Using dc generator equation,
E=V+ IuRu + ILRse + VBD
E, = IR, + LR, + Vp, +200 (i)
and I, =1L+, ...(ii)
200+ I x R,
and I = 100
200 +100 x 0.05
- 100
I = 2.05 A
From equation (ii),
I, = 2.05+100 =102.05
From equation (i),
E, = 102.05 x 0.02 + 100 x 0.05 + 200 + 2
= 209.041 V
27.  (d)
\%
5 P
500 W
From similarity of triangles for generator 1,
50—y 50-20
x 500
50 -y = 0.06 x
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006 x+y
For second triangle,

60—y  60-20

50 (i)

700—x 400
60-y =70-01x
01x-y =10 ...(ii)
Solving the equations (i) and (ii), we get
y =275V

Voltage = 275V
28. (a)

Pole arc

= AT KyXx ———
ATcy/Pole o(peak) Pole pitch

= 20000 x 0.8 = 16000
AT (peak) interpolar region = 20000 - 16000 = 4000

B.
AT. = AT, (peak)+ $ng

= 4000+ I:LJ x 1.2 % 10_2] = 6865 AT/P
4nt x 10
6865
N; = 1000 = 7 turns
29. (a)
Given that,
N; = 1200 rpm,
Vv, =220V,
I, =100 A,

R, = 0.08 Q and N, = 1000 rpm
The load resistance is,

Vi 220
R, = a “q00 =22Q
The induced emf is, E; = 220 + 2+ (0.08 x 100)
= 230V
Since, the excitation is constant, we get
E o« N
B _N
E N
E, = %MBO =191.67 V
Let new terminal voltage is,
Vy = IRy
Thus, we get, E, = V,+0.081I,+2
=221,+0.081,+2
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New load current is,
E, -2 191.67-2
e = 28 7 2
83.188 A = 83.19 A

30.  1.32 (1.20 to 1.40)
We know that, emf generated,

PONZ
T 60A
= (1)><50><18><M><é
60 2
9000 4
= 50X 18 X ——x —
= 357 = 0x50x18Xx 0 2
= 0 = 1.32 mWb
31. ()
Case-I:
[
100 A I 3A

a

300 V R,=0.02Q % 100 Q

o
=100-3=97 A

Armature current, I,

Back emf, E, = 300-97x0.02
E, = 298.06 V

Case-II:

When 50 Q external resistance added in field circuit,

a

300V R,=0020Q g150 Q

Load torque is constant

=+
T 100 A I 2A

Te< ¢ I
Oy = &1,
¢ o< If
_ 91 _ 3 _
I, = Ia1g—97><5 =1455 A
E, = 300 -145.5 x 0.02
E, = 29709V
We know that, E, =< 6w,
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En _ 0 N,
En 1 Ny
29709 2 « N,
29806 3 1600
N, = 239219 rpm
32, ()
E, = Vt_].ZI’Xq
X, =7Q
ohmic value
p-u. value of X = “base value
(%)
Base ohms = i =254 Q
10
p-u. value of Xq = 254 " 0.2756 p.u.
E = 1- ((j0.2756) x 1Zcos™! (0.8))
= 1.18£-10.71° p.u.
Torque angle, 6 = 10.71°
/ I1]
vl
|E|
33.  32.23 (32.00 to 32.50)
E = Vi,
= 1+ (j0.8 x 1£-cos7}(0.8))
= 1.61£23.4° p.u.
(ai) EV
98 )55, = ——cosd
S
1.61x1
= c0s(23.4°) =1.847 p.u./elec. rad
1 p.u. = 1000 kVA
. - _ 1847 _
Synchronizing coefficient = 180N - 32.23 kW/elec. degree
(%)
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34. -9.56 (-11.23 to -9.31)
Excitation emf, (E f) = {7+TuZS
Armat t I = M =28.87 A
rmature current, « = Bxa00 .
Ef = Lf%)+(28.87436.87°)><(0.5+j3)
Ef = 205.85,22.25° V
B
Voltage regulation = V] %100
205.85 - (%%0)
= —————=x100 = _9 549
( 400 ) X 9.56 %
V3
35.  1.258 (1.20 to 1.40)
Base, (MVA), = 400; (22 kV), (line) or 12.7 kV, (phase)
B I, = 200 =10.49 kA
ase current, I, = ny
22/3
i = =1.21Q
Base impedance, Z, 10.49
I, = 1120 A,
22
Voc = Viated = Nl 12.7 kV (phase)
I = 132 kA
127
X5 (saty = 1732 0.962 Q
0.962
(or) X (saty PO = 121 " 0.795 p.u.
SCR = ! = =1.258
XS(sat)p.u. 0.795 ‘
36. ()
Let the original frequency = f,
Drooping frequency = 4% of f, = 0.04 f;
Let load shared by machine 1 = P,
Load shared by machine 2= P,
For Machine - 1:
For a load of 80 MW, the drop in frequency,
= 0.04 f,
For a load of P MW, the drop in frequency,
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_ 0.04fyxP
N 80
Operating frequency of first machine
0.04 .
= (fo—wfoﬁ) (1)

Similarly for Machine - 2
The operating frequency of machine- 2

= (fo—%fopz) ...(ii)
Since both alternators are running in parallel, they must operate at same frequency at steady
state.
From equation (i) and (ii), we get
0.04 0.04

2P = fy——m foP
fo 30 fohr fo 150 foby
8
Py = EP2 .. (iid)
Total load shared by machines:
P, + P, = 150 MW ...(iv)
From equation (iii) and (iv), we get
8
Epz + Pz = 150
P, = 150x15 97.83 MW
223 T
and, P, = 5217 MW
37. (b)
When h.v. side is excited,
core loss = VI cos 0

1000 x 3 x 0.75 = 2250 W

When l.v. side is excited,

core loss = VI cos ¢ =2250 W

[ = 2250 2250  _ 75 A
V xcos¢ 400x0.75

Power factor is same for a transformer.

38. (b)

For first case; A0 _g
or first case; AT 50

F d . ﬁ — @ =8
or second case; h - s
. Vi 1% . .

Since, ~ = 7 =8; the flux density B, remains constant

h  h
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Now, Hysteresis loss, P,
and Eddy current loss, P,

2

Then, Iron loss, P,
b
or, —
f
Now, from I®t case:
3200
50
From II"d case:
1000
25
From (ii) and (iii), we get
K
and K

Hysteresis loss, P, =

and, eddy current loss, P, =

Kyf
Kof*
Kf+ K,f?

K, + Kf

K, + K, x 50

K, +25K,

16

24
25
16 x 50 = 800 W

2—4 x 2500 = 2400 W

...(i)

...(iii)

25
39. (b)
kVA supplied by Vee connection transformer,
1 3000
Sy, = =X%XS53_ 9 = == =1732kVA
Vee \/§ 3-0 \/§
p.f. angle of transformer-1= ¢ + 30° = cos™! (0.95) + 30° = 48.19°
cos ¢, = cos 48.19° = 0.67 lagging
p.f. angle of transformer-2= ¢ - 30° = cos™ (0.95) - 30° = -11.8°
cos ¢, = cos 11.8° = 0.98 leading
S, = 1732/4819° kVA
S, = 1732£-11.8° kVA
40.  3.70 (3.50 to 4.00)
Base current in secondary side,
oo 10 A
20ase) © 3x110x10° T
Since the transformer supplies a load of 80 MVA at 0.8 pf lagging, so secondary line current of
the transformer is
Lo 8oxwt
S B3x110x10°
420 -1
(IS)pu = %4 —cos™(0.8)
= 0.8£-36.87° p.u.
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Per unit no load voltage of this transformer is

Ey, = Vgt 1Iz
1£0° + (0.8£-36.87°) (0.02 + j0.05)
1.037£1.24° p.u.

No load voltage — Full load voltage 1

00

According to definition of V.R. Full load voltage

VR. = %xm% =37%
41.  (d)
We know that,

2
Starting torque _ Ty _ 2 [ Iy J s

Full load torque Ty I,
or, 0.4 = 22 x (52 x 0.035
, 04
ot T 25%0.035

[ 04
~ \25%0.035 = 0676

.. The percentage of tapping is 67.6%.

42. (1)
The given condition can be explained with phasors,

600 kVAR

1 MVA

Active power consumed by induction motor,

= 1MVA x 0.8 =800 kW
Reactive power consumed by induction motor,

= 800 kW x tan(36.87°) = 600 kVAR
Active power consumed by synchronous condenser,

= 750 KVA x 0.6 = 450 kW
Reactive power delivered by synchronous condenser

= 450 kW x tan(53.13°) = 600 kVAR

Quet =0 ie. ¢ =0°
. The power factor of the total load is unity
cos ¢ =1
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43.  281.58 (281.00 to 282.00)
The rotor copper loss = x Gross mechanical power developed
-5
120f  120x50
Synchronous speed, N, = P~ 6 =1000 rpm
N; =N, 1000 -950
i = ————=———=005
Slip, s N, 1000
h 1 = ( 0.05 )x(4500+850)
The rotor copper loss = | 7”505
= 281.58 W
44. (d)
T, =15T;
Tmax. =2 Tf
. n
For maximum torque, s, = %
TS B 15Tf _ zsmT
Tmax 2Tf 1+ 551T
ie. 1553y —4s,7+15 =0
s,r = 0.45
45.  3850.51 (3845.00 to 3855.00)
The slip at maximum torque is,
R, 0.02
S = —2_--""=025
maxT X, 0.08
120 x 50
Synchronous speed, N, = g - 750 rpm
2 2
= —XxXN,=—=—x750
@7 60 T 60
= 78.54 rad/sec
220
Stator voltage, V; = B 127V
Maximum torque developed by the motor,
3VE 3% (127)?
T = _—1_ = _—— =7 _— -3850)5] N-
ma T Dp xX, | 2x78.54x0.08 m
46.  88.8 (87.13 - 89.14)
Impedance for auxiliary winding after adding capacitor of 180 uF
1
Z. = 10+24- /
aux I X 50x180% 100
= (10 - j15.284) Q
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Impedance angle is given by
a(X
= t —_
0 an R)
¢main = tan_l E) =232°
4
Imain
O = tan™! —15i%84) =-56.8°
¢
¢ = Onain = Daux
= 32° + 56.8° !
Phase angle, ¢ = 88.8° auitiary
47. (o)
From the given diagram,
N;:N,:N; =9:3:1
Induced emf = 400£0° V
H N
As we know that; E, = N,
N, 3 400
= —=E; == |x400£0°=—2Z£0°V
= E, N, 1 (9) 3
Eq Ny
and E, - N,
1 400
= | = |400£0° = —Z£0°V
= E, ( 9) 9
Current in secondary winding;
_E, _400/3 20 A
- 27 R~ 20 3
Current in tertiary winding;
E
S I = 2 220079 80 o000
- X, -5 9
I, referred to primary side,
N, 31,20 20
! = e I =l = | X— = — °
I (Nl] 2 (9) 3 = 9 4UA
I, referred to primary side,
IZ = Ny I3 :1x@490°A = @490°A
3 Ny 9 9 81
20 80
= —Z0°+—2£90°
Then supply current, I, 9 31
20 .
= —0O9+j4)A
g Ot 74)
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48.  149.51 (149.00 to 150.00)
Auxiliary winding impedance = (24.5 + j12.75) Q
Let X_ be the reactance of the capacitor connected in auxiliary winding
Z,= (245 +j12.75 - jX ) Q
X, = (X.-1275), R, =245 Q
tan1 X, —-12.75 )
¢, = tan 245 (1)
Z, =125+ j15.75
= 20.10£51.56° Q
¢, = 51.56°
. . . . . 90° — q)m
For maximum torque at starting, condition on ¢, and ¢,, is given by |0, = —
90 - 51.56
Comparing equation (i) and (ii),
19.29°) = X, —-12.75
tan(19.22°) = T o45
0.3486 X, —-12.75
' T 245
X, =8.541+12.75
Capacitive reactance,
X, =21.291 Q
1 21001
2mfc
C= L =149.51 uF
= T 2ux50%x21.291 oM
49.  125.66 (125.00 to 126.00)
l
The reluctance of core, R = H
Where, I = mean length of core
A = cross sectional area of core
Net reluctance R = R, .+ R, .
_ lairgap + lcore
Ko A Mo, A
_ _Ix10® 60x107
4nx107 x A 4nx107 x400x A
_ (1+15)x107°  25x107
4nx107 xA  4nx107 x A
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AT.  1x250x4nx107 x A
Reluctance 25x107°

Total flux =

Total flux _ 250 x 4t x 10~ x A

Area 25x10° x A
125.66 x 103 Wb/m?

Flux density

50.  156.03 (154.00 to 158.00)
Main windings impedance;
Z, = (80+j50)Q

= 9.434./32° Q
Auxiliary winding impedance,
Z = (9.0+j6.0)Q
= 10.82£33.69° Q
i,
f
19 - oo\ L
Supply \% ng °°°°° - C
i AW
000
Consider the above circuit;
I,, lags behind voltage by angle 0,
6, = 32.00°
Total impedance of auxiliary winding circuit,
5 _ 3 1 _ (1
Zuw = Zu +]'(,0_C = 9—] E—6 :ZﬂwL—GA
(6c~¢
1\
Where, 6, = tan IT

from the circuit diagram, we can draw the phasor as below:

9, v
I,
Where, 0,+6, = 90°
1
tan~! (’)C9 +32° = gq°
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1
or, tan—l oC = 58°
9
1
—~ 6 =
or, oC 14.4
L = 204
oC
C = ; =156.03 uF
T 2mx50%x204 OO0 M
Q000
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TUM (Munich), RWTH (Germany)

Research Courses

Dual Degree M.Tech + Ph.D Course from lISc, lITs, CSIR |

SUBJECTWISE WEIGHTAGE ANALYSIS OF GATE SYLLABUS

Subject Average % (last 5 yrs)

|
I
I
|
I
I
|
I
| Electrical &  Electromagnetic . . .
I Electronic Field Reasoning, Aptitude & English 15.00%
| Measurements 3.00%

o 3.75%
| Digital & ’ ; i i i 0
| Microptocessors ¢ Yy Reasoning, Aptitude Engineering Mathematics 13.25%
I 4.25% ‘ ’ & English
: 15.00% 12.25%
|
I
I
|

Analog Electronics Electrical Machines

4.25% A

Power Systems 11.25%

; A Engineering:
Is & Syst 9
Signa 2-50%5 ems Malhematic%l Control Systems 9.25%
13.25%

Power Electronics 9.25%

|
|
|
|
I I Electric Circuits 8.00%
| Electric Circuits
8.00%
: Signals & Systems 6.50%
|
I W Electrical Analog Electronics 4.25%
| Machines
| 12.25%
|
|
|
| 4 N
|
|
|
|
I !
|

Power Electronics Digital & Microprocessors 4.25%
9.25%

Electrical & Electronic Measurements 3.75%

Control

Power icFi 9
Systems Systems Electromagnetic Field 3.00%
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Day 3: Q.51 to Q. 75 : Electric Circuits + Digital Electronics

Q.51 In the circuit shown below the value of voltage V_ is

1Q 1.2Q
AAAA AAAA
VVVY VVVY
+ V.-
<
‘D 4Q > >
< > S S
< <
3Q EE EE 6Q
(@ 1V (b) 2V
() 3V (d) 4V

Q.52 In the circuit shown below, open circuit parameters Z,, and Z,, are respectively,

1, 2Q I

2Q
(a) 3Qand 1 Q (b) 4 Qand 2 Q
(c) 3Qand 4 Q (d)2Qand 1 Q

Q.53 In the circuit shown below switch S is kept at position 1 for a long time. Then at t = 0 the
switch is transferred to position 2. The voltage (magnitude) across inductor at ¢t = 07 is

(in Volts).
1 2
—0 o—MW——
s 50 Q
+
Vo=500
2 ACD -
V. S5H
Q.54 In the circuit shown below, the value of admittance at resonant frequency is 9)
R =1Q
<
ICD SR=1Q = 05F
) L=1H
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Q.55 The power absorbed by the dependent source is

4Q
AAAA

VWy
+Vy, —

>
> 60 10a () <f 2V,

AAAA

(@) 90.75 W (b) 9225 W
(c) 9875 W (d) 99.25 W
Q.56 The maximum power transferred to resistor R in the circuit shown below is
2A
WA A
vvvy u
_‘VVVV—<‘ +> MW
I 20 20V 50 I
Sk Dss
(a) 66 W (b) 55 W
(c) 45 W (d) 60 W
Q.57 Two identical networks are connected in cascade as shown in figure. Transmission matrix for
. 1 4 . .
each network is 3 ol The value of Z,, is (in ohms).
+ 4 —4—12 +
V1 N1 N2 V2
Q.58 Consider a circuit shown below,
3Q
Ir(t)
2H 1F
At steady state, the current through resistor is given by 15cost and the voltage across the
inductor is 2sint. The RMS value of the current through the capacitor is
(@) 5 (b) 122 A
(9 7V2A (d) 82 A
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Q.59 Consider the circuit shown in the figure below:

N0

AAAA
vvvy
=
(=]
e}

0B
The Thevenin’s equivalent resistance seen across the terminal A and B is
(@) 2Q (b) 10 Q
(c) 12 Q (d) 15 Q@

Q.60 The voltage equations for a two port network are given as
V, =16, + 241, and V, = 32I, + 141,
If a load of RZ0° Q is connected across the output port of this network, the input impedance
becomes 8 Q, then the value of R will be Q.

Q.61 For a series RL circuit, the charging time needed for an inductor current to reach 30% of its
steady state value is given as 2 sec. If the value of R =5 Q, then the value of inductor
will be H.

Q.62 In the network shown below, remove terminal C and obtain the Norton equivalent seen at
terminals a and b.

a b c
o o o
12Q 15Q
AVAVAVAV AVAVAVAV
2V (iP 01A CP (iP 5V
(a) -0.3 A parallel with 6.67 Q (b) -0.21 A in parallel with 0.67 Q
(c) 0.4 A parallel with 3.4 Q (d) 0.42 A in parallel with 6.67 Q
Q.63 In the h-parameter model of the 2 port network given in the figure shown, the value of h,,
(in mho) is . (Answer upto three decimal)
4Q
° AvAvAvAv
103 :
1 - <
o .
1 2Q
e AVAVAVAV
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Q.64 In the figure given below all phasors are with reference to the potential at point "O". The locus
of voltage phasor V., as R is varied from zero to infinity is shown by

vz0°T ) R
Ve,
0 Lo}
X v
vz0°T<~> —c
6

Locus of Vyy

///’v SO

® 7N
]

1

Locus of Vi 2V o

Locus of Vyy

Locus of Vy,

Q.65 In the two-port network shown, the h,; parameter (where, hyp = %, when V, = 0] in ohms

i

is (up to 2 decimal places).
21,
1Q 1Q
o AvAvAvAv AvAvAvAv 7o)
+ —_— +
I L
S
V1 :: 1Q V2
-
o o

Q.66 The current I flowing in the circuit shown below in ampere is

I
50Q< 40Q 25Q< 20Q
<>
EE 20Q
200 V .|. 160 V .|. 100V_|_ 80V_|_
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Q.67 Consider the circuit given below.

Iy 44 2" 1
MSB MSB [
Decimal | BCD |} Sy I R
input Encoder |! ~ ! | — Yout
'SB Converter| SB 11,“1 MUX
Iy10
Sii==So
]

If the decimal input is 92 then Y_, corresponds to I, then value of m is

Q.68 If f(A, B, C) =Xm (0, 1, 4, 5) is output of the 4 x 1 MUX shown below.

a—-1,

b= 4x1
6—1, Mux

d_[3s1 So

A B
Then the output Z of 4 x 1 MUX shown below will be

D@
e ) .

- , wx 2
L T
(a) 0 (b) cD
(c) CD (d) 1

Q.69 A digital circuit is designed with one D-flip flop and one T-flip flop.

O D QD bD_ T QT _
—> D-FF B> T-FF
Qp Q; °
CLOCK

The initial value of Q,Q; = 00, then after how many clock pulses, the Q,Q, = 10 will appear
(a) 4 (b) 6

(c) 8 (d) Never
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Q.70 Consider the circuit shown below:

The propagation time for each NAND gate is 10 nsec. The time required to get the output Y
will be nsec. (Assume that all other gates are designed using NAND)

Q.71 Consider the logical functions given below.

f(A, B,C) =323, 4)
£(A, B, C)=n(0,1,3,6,7)

fi
—D-
fy
If fis logic zero, then maximum number of possible minterms in function f, are

Q.72 Consider the counter circuit shown in the figure below:

L L
Jo Qo J 1/ Q J 1—, Q

—cD F, rqb F, raD F,
0 _0 I 1 _1 B Ky _z
I— Ky Q l_ Ko Q ( Q —I
Clock f r

The counter is designed such that it counts the states ’ . : @,

then which of the following statements about this counter is true?

(a) The counter enters into a lockout state if the counter starts from (0),,
(b) The counter enters into a lockout state if the counter starts from (2),,
(c) The counter enters into a lockout state if the counter starts from (1),,
(d) The counter do not enters into a lockout state.

Q.73 Let X = X,X; X, and Y = Y,Y, be unsigned positive 3-digit and 2-digit numbers respectively.
The output function ’f” =1 only when X > Y otherwise ‘0". Then the value of output f is equal
to

(@) (Xp+Y3+Y0) (Xp+ Xy +Y)(Xp + X1 +Y1)(Xp + X1+ X)(Xp + Xp + 1)
(b) (Xp+Y1+Yp) (Xg + Xy +Y)(Xp + X1 +Y1)(Xp + Xq + Xo)(Xp + X + Y1)
(©) (Xp+Y3+Yp) (Xp+ Xy +Y) (X + X +Y1)(Xy + X1+ Xo)(Xp + Xp + 1)
(d) (Xp+ Y3 +Y0) (Xg + Xy +Y) (X + X1 + Y1) (Xp + Xy + Xo)(Xp + Xp + Y1)
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Q.74 The number of minterms left after minimizing the following Boolean expression
flA,B,C,D)=[D + AB" + A’'C + AC'D + A’C’'D]" will be

Q.75 Consider the circuit shown below:

Analog
Input (V,,) Control
MOD 256
> up-counter Clear
Q7 Qe, Q5 Q4 Q3 QZ Ql QO
Clk
8-bit D/A
Latch Converter

out

@

D; Dg Ds Dy Dy D, Dy Dg
D/ A converter (1)

If the resolution of D/ A converter (1) is equal to 0.25 V and the resolution of the D/ A converter

(2) is equal to 0.5 V, then the output voltage V_ . for a input signal of 2.3 V is equal to V.
Q000
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Detailed Explanation
51. (b)
The given circuit can be reduced to below circuit
1Q 1.2Q
AVAVAVAV AVAVAVAV
+ V.-
> EE 40 <
“® =
S slle=20
<
Further it can be reduced as ;
L 10
AVAVAVAV
+ V. —
6A CD §§ 20 s
Now applying current division, we get
, 2
b gi1e3 0T
V.= 1x2=2V
52. (a)
For Z,, and Z,,
V1 V.
Zn = T , Zy = -2
Ll =0 Lil,=0
From the circuit as shown below, we can get
1, 2Q 1,=0
Output port O.C,
z, = A —g|l6=30
I
1
z, = & |
I
1l,=0
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Using KVL, we can get

41, I
Va+E-2 = 0; = V,=1
h 2, c1a
t - = =
en I, ”n

53. 200 (198.00 to 202.00)
Att= 0‘, the circuit behaves as shown below

. ‘ 50 Q
Current across inductor, i (07) =2 A 2A D

5H

Now at t = 0%, the circuit behaves as shown below

50 Q

Now applying KVL in the circuit, we get,

V, +50(2) +50(2) = 0
V, = -200 Volts
|V, | = 200 Volts

54.  1.50 (1.40 to 1.60)
The circuit admittance seen by the current source is
1

Y R; + joL

l+joaC+
R

. R; — joL
l+]ooC+2L—](2’D2
R Rf + o°L

l+—L+]' (,)C_O)—L
R R?+w?? R? + 0’2

at resonance, imaginary part of Y must be zero

0)0L
0,C = 553
" Rf+opl?
L
R +wpl” = &
1/2
R
www.madeeasy.in Day 3 - Q51t0Q.75 © Copyright:MADEEASY Page 9

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




MADE ERSYH

India’'s Best Instituta for |[ES, GATE & PSUs

Revision through Questions
for GATE 2020

Substituting value of L, R, C

1/2
1 2]
W, = =1 rad/sec

1x05 12

admittance at resonance is,

1 Ry
}’ = ——4———________
R R? + il
1
= 1+——— =150
1+1%.17
55. (¢)
Applying KCL at node
% +10+2Vy = 0;
Solving we get,
V, = -4444V

Current through the controlled source
i = 2V, =-8.888A
and the voltage across it,

v,
V= (6+4)><ZO = -11.111 volts

Hence, power absorbed by dependent source
P = (-8.888)(-11.111) = 98.75 W

56. (a)
First R is removed and circuit behaves as shown below,
100 2A
A ()
\AAAJ \ ]
_M—@ MW
a
2Q 20V 5Q
< +to
10> VOC
< i)

Current through 1 Q resistor = 5 A (downwards)
Hence, Vieg =5V
At node-a, assuming node voltage V volts, applying KCL,

V-5 V-20-5 V-V, _

10 2 5
01V-01(3)+05V-10-05(5)+02V-02V, =2
08V-06(5) =12+02V,

08V-02V, =12+3=15

at node-b, nodal analysis

www.madeeasy.in

Day3 . Q.51t0 Q.75

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune |

© Copyright: MADEEASY Page 10

Bhubaneswar

Kolkata

Patna




MADE ERSYH

India’'s Best Instituta for |[ES, GATE & PSUs

Revision through Questions

for GATE 2020

Ve =V

max 4R T 4x7.67

57. 11.11 (11.00 to 11.50)

overall transmission matrix

1 s o)l 2
- - 9]

Vv, = 13V, -12I,
I, =9V, -16l,
V.

Zy = I_l
21n=0

Putting I, = 0 in equation (ii),

9V, = 161,
16
Vv, = ?12
13 161 121
VvV, = 13V2 —1212 = X? 9= 2
V,
I—1=Z12 = 1111 Q
2

£ 42 =
5
02V, -02V =3
Solving equation (i) and (2)
V,=45V
10 Q
A'A'A'A' o o
AAAA AAAA
\AAAJ vvvy
2Q 5Q
<> o o
102 <~ Ry
< o
Ry, = {10 ]2 +1}+5
20
= | —=+1[+5=767Q
()
% 452
po= = P W

If two networks are connected in cascade, their transmission matrices are multiplied to get
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58. (¢)
We know that,
diy (t)
= L=L
o) dt
1 1¢, .
or, i(H) = T vy (t)dt =EJ.251ntdt
i,(t) = -cost A
also, i(t) = 15cost A
By KCL,
ip(t) = ic(t) + i (t) = 0
or, io(t) = i,(t) + ig(t)
= 15cost - cost = 14cost A
14
() = ==7V2A
RMS value of i(t) NG
59. (d)
In order to find Ry;, let us take the inactive network and connect a 1 V source across the open
terminals,
3i
:0 20
1003 =1V
)
1V
Here, Ry, = T
and I =i
By applying KVL to the loop, we get,
2[+3i, +10I = 1V
21+3[+10I =1V
[ - 1V
o T 150
1V
or, RTh = T =15Q
60. (82
Given equations,
V, = 16l + 241, ..(1)
V, = 32, + 141, ...(ii)
Also, V, = -I,xR
: 32[, = -(14 + R)I,
%2 I .
or, I, = (R+14) 1 .. (iii)
Using equation (i) and (iii), we get,
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-32
= 161, +24 il
i ! (R +14 ) !
or Vi _ 16_24><32:
I R+14
g - 24 %32
- R+14
9% = R+14
or, R =96-14=82Q
61.  28.036 (27.95 to 28.15)
For series RL circuit, if the circuit is initially relaxed then,
i(t) = i(eo) (1-e7/7)
0.3i(e0) = i(e0) (1 - e7t/7)
0.7 = e/t
Taking In both the sides, we get,
—t L L
1n0.7 = - where, T = RS
-2 -10
0.7 = —=—
" L/5 L
B U
or, L = 107 = 8.036 H
62. (a)
Removing terminal C the circuit can be rearranged as,
0 a
+
2V E§ 120
01A 5
ref 6 v,
5V 150 )
——o b
Vi, is the voltage dropped by 12 Q resistor
Vi = V-V =2-Y,
Apply KCL at node b
M -01+ u =0
12 15
By solving, we get V, =4V
Vi, = 2V
R, = 252 _ 66670
Th © 12415
Vi
d Iy= % =-03A
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63.  1.125 (1.000 to 1.500)
When two port networks are connected in parallel then individual Y-parameters are added

1,1 1]
v - 4 1 4 :[ 0.5 —0.25:|
1 1 1+l -025 05

[ 4 4 4]

1,1 1]
v - 22 2 :[ 1 —0.5:|
2 1 1+1 05 1

2 2 2]

15 —075
Y=Y+Y,=| 075 15

Y-parameter is,

Y, V,+Y,V,=15V,-075V, (i)
=Y, V,+Y,, V,=-075V,+15V, ...(ii)

—
N
|

In h-parameter,
I, = hyl; + hy,V,

In equation (i), If I, =0
So, 15V, =075V,
1
V, = EVZ
Substituting equation (ii), we get
—0.75
I, = > Vo, +1.5V,
I, = 1125V,
I
. = =112
=02 e >
64. (a)
+ m +
V£0° <~) R
d v, _
0 ©
x oy
+
VLO°[ C~) =C
o
Let capacitive reactance = X
V£0°+V £0° 2V
~ R-jXc  R-jXc
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Magnitude of V,, =V

Using KVL,
VixtIR-V =
= Vix =
Vyx =

Method-1:
Vyx =
When, R =
Vyx =
Vyx =
When, R —
Vyx =

Method-2:
Vyx =

V-IR

v_( 2v JR
R-jXc

V(R - jXc)-2VR
R-jXc
_V(R+jXc)
(R-jXc)

_V’R+]:XC]
_R_]XC

[ 0-jXc

JR? + X2 Ztan™! (};C)

JR? + X2 Ztan™! (_ﬁc)

V4(180° +2tan"! (%D

V £180° x

So, option (c) and (d) can not be correct, as magnitude is 2 V in these two options.

Angle Of VYX = 180°+2 tan_l (X—-RC)

When, R =0
LV, = 180° + 2 tan‘l(oo)
= 180° + 2 x 90° = 360°
When, R = =
LV, = 180° + 2 tan‘l(O) = 180°
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on the basis of above analysis, the locus of V. is drawn below:

T
\ 1
1

65.  (0.50)
10, 10 2:’1
I L
l V=1 %E 1Q V,=0
By KCL,
V,-1 ﬁ+Vﬂ+211 — 0
1 1 1
v, +2l =1 ...(i)
1=V, ..
I, = 1 ...(if)
Substitute equation (ii) in equation (i),
v, =-1
1-V, 1-(-1)
= = = 2
L 1 1
h = }fL:: 1 =:O.50£2
1 L 2
66. (0)

—+
50 40 25 20 _
1 1 1 1 0V

— =+
50 40 25 20
1 1 1 1
— =+ —+—
50 40 25 20

By Millman’s theorem, E

1
R
Simplified circuit,

>
> 20Q
>

AAAA

oV
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67. (219)
Decimal input = 92
BCD = 10010010
Output of Gray code converter = 11011011
Y, corresponds to /,, with (§,......S;) is = (11011011),
m = 219
68. (a)
For the given 4 x 1 MUX, “A” and ‘B’ are select lines and ‘C” be the input
Iy L L I
cl@| 2|@] s
cl|3|®|7
1 0 1 0
So, Iy =1=a
I, =0=b
I, =1=c
I, =0=d
So, a®d =b@c=1

So, output of NAND gate is 0.
as. E(Enable) is 0, so the output Z of 4 x 1 MUX =0

69. (d)
Qp Qr
Clock pulse 0 0
1 1 1
2 0 0
3 1 1
4 0 0

So, output will either be 00 or 11 and never 10.

70.  (50)
An Ex-OR gate can be represented as

>

A_
sz

! . 10 nsec
10 /I75ec 10 /I75ec
So, for EX-OR gate, it will take 30 nsec to get the output.
www.madeeasy.in Day 3. Q.51 to Q.7 5 © Copyright: MADEEASY Page 17

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




— Revision through Questions E
!!lgtgtﬁ furFESEI’gFg for GATE 2020

10 nsec

So, to get the output Y, it will take 50 nsec.

71.  (6)
fi(A, B, C) = X(2,3,4)
HA, B, C) =m(0,1,3,6,7) =X%(2,4,5)
For function f to be zero
(A B, Q) = [{(AB,0)  f(AB,C)

%0,1,3,5,6,7)
Maximum minterms possible are 6.

72, (d)
Test for Lockout
Present State Present Input Next State o e
Q|| Q| RK|hKk|hK | & Q| ©
0 0 0 1 0 1 1 0 1 1 1 0
0 0 1 1 1 1 1 0 1 1 1 0 o e e o
0 1 0 1 0 1 1 1 1 1 0 1 @
1 0 1 1 1 1 0 0 0 0 1 1

Hence, the counter does not enter into lockout state.

73. (0

Now, X > Y if

(@) X,=1

(b) X, = 0and X,X, > Y,Y,
Y, Y, . . _ V1Yo

XX\ 00 01 11 10 T (Xa+Xp+Yy) XX\ 00 01 11 10
0|0 |70 [k 040*_' (X2 X1+ Xo) o/ 1| 1] 1|1
o 1 [0 flon] o KXt o1 1| 1| 1|1
11| 1 1 :Oi 1 (X, +¥,+Tp) 11| 1 1 1|1
100 1 | 1[0/ o 00 1|1 ] 1|1
L (X, + X, + )
X,=0 X,=1
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74. (1)
[D"+ AB” + A’C + AC'D + A’C'DY
= [D"+ ACD + AB’ + A'C + A’C'D]
= [D"+ AC' + AB" + A" [C + C'D]]
[D" + AC" + AB” + A’ [C + D]J
[D" + AC" + AB” + A'C + A'D]

(- D+ AD=D + A)
= [D"+ A"+ AC' + AB" + A'C]
(- A"+ AC=A)
(- A"+ AC + AB’ = A+A(C'+B") = A" + C' + B)
[D"+ A"+ C" + BY
ABCD
Hence, only 1 minterm left after minimization.

75.  (5)
- DAC 1 has resolution of 0.25V,
Thus for an input of 2.3 V, the output of ADC will be (00001010),.
Now, the resolution of DAC2 =05V,
Thus, the output voltage of DAC 2 = Resolution X decimal equivalent.
=05%x10=5V

0000
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Day4: Q.76 to Q.100 : Engineering Mathematics

Q.76 A vector F = (yz — 224 3yz— 2x)f +(Bxz+ 2xy)} +(2xy —axz + 2z)l€ is known to be solenoidal. The

" _r

value of “a” is

(a) 2 (b) -3
(c) -2 (d) Can’t be determined
Q.77 The area bounded by the straight line y = x - 2 and the parabola y? = 2x + 4 is unit?.

2 3
t t
Q.78 The coordinates of a particle moving in a plane are given by, x =4t — > and y=3+6t— ra Here

t is time in seconds and x and y are in meters. The magnitude of the velocity of the particle at
t=2secis m/s.

X
2 )3/2 will be

1 d
Q.79 The value of the integral ,[0 (1+x

ax —ax

e
lim ————
Q.80 The value of XILI}) In(1+ bx) is

2a
() (b)

Qs SIS

(c)

(d) does not exists

Q.81 A function is defined by f(x) = 2x> - 3x2 - 12x + 5 for -2 < x < 3. Which one of the following
statements is true about this function?
(a) function is decreasing for (-2, -1) (b) function has a minima for x = -1
(c) function has a maxima forx=2  (d) function is decreasing for (-1, 2)

1
Q.82 Consider the 2 x 2 matrix [
p

values of the matrix are real and positive, is

2
5]. The range of possible values of p, for which both the eigen

5 5 5
—Z<p<= 2<p<=
(a) 7 p 2 (b) P 2
5 5
2<p<= -Z<p<2

Q.83 Consider the system of linear equations given below:
2x + ytz=
x-2y+z=m
x+y-2z=n

If I + m + n =0, then the system of equations has

(a) no solution (b) trivial solutions
(c) unique solution (d) infinitely many solutions
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Q.84 The matrix A= B i] satisfies the following polynomial: A - 4A* - 7A% + 11A%- 2A + kI = 0.

The value of k is

Q.85 Let AX = B represents a system of equations where A is 2 x 3 real matrix. The system is known
to be inconsistent. The highest possible rank of A is

(@) 1 (b) 2
(c) 3 (d) can’t be determined
Q.86 Consider a function f(x) as given in the figure below
F(x)
5 -
~0.2|| i
102
_I -5

If f'(x) represents the differentiation of the function f(x), then the function f’(x) can be
represented as

(x) fx)

) )

(©) (d)

Q.87 At the point x = 2, the function

3

x° =8 2<x<o |
X) = is
f@ {x—Z —o< x<2

(a) continuous and differentiable (b) continuous and not differentiable
(c) discontinuous and differentiable (d) discontinuous and not differentiable
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Q.88

Q.89

Q.90

Q.91

Q.92

Q.93

Q.94

2

1 -1
If y=e" ¥ and z=¢® 7, then the value of 2 will be
dz x=1//2

1

(@) 0 (b) 112
1 1

©) (In2)y? (d) 3
The particular integral of the differential equation D?(D? + 4)y = 96x? for x = 2 will be

(a) 8
(c) 9

(b) 5
(d) 2
The rate at which a body cools is proportional to the difference between the temperature of

the body and that of surrounding air. If the body cools from initial temperature of 100°C to

75°C in 1 minute, then temperature of the body after 5 minutes will be °C.

(Assume the temperature of surrounding air is 25°C)

The solution of differential equation (1 + xy)ydx + (1 - xy)xdy =0 is
(a) 1n(fJ— L _¢
y) x+ty

© 1n(£J+i=c
v) xy

(d) 1n(f)+ L _¢
y) xty
An urn A contains 2 white and 4 black balls. Another urn B contains 5 white and 7 black balls.

A ball is transferred from urn A to urn B, then a ball is drawn from urn B. The probability, that
the drawn ball is white, is

2 10
@ 13 (b) 39
16 12
(©) 39 (d) 39

The probability density function of a continuous random variable is given by,

X ; 0<x<1
fx)=92-x 1<x<2
0 ; Otherwise
The mean value of the random variable is
(@) 1 (b) 1.5
(c) 1.67 (d)o

The chances that doctor A will diagnose a disease X correctly is 60%. The chances that a patient
will die by his treatment after correct diagnosis is 40% and the chances of death by wrong
diagnosis is 70%. A patient of doctor A, who had disease X, died. The chances that his disease
was diagnosed correctly is %.
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Q.95 A and B throw alternatively a pair of dice. A wins if he throws 6 before B throws 7 and B wins
if he throws 7 before A throws 6. If A starts the game, then the probability that B wins the

game is
5 31
@ % (b) o
30 36
© &1 (d) -

Q.96 1If the probability of a bad reaction from a certain injection is 0.001, then the probability that
out of 2000 individuals more than two will get a bad reaction is

5 5
a) 1-— b) 1-—=—
@ 1-7 (®) 1=75
5 5
_ d _—
(© 2 (d) 3
1-et* 4
Q.97 If the residue of the function —;— at its pole is BEY then the value of p is
z
1 2z
Q.98 The value of the integral [T dz is evaluated along the circle C, defined as|z| =1. The
cl-e
value of the integral is
o _9°f
Q.99 The type of the partial differential equation e :8_2 is
x
(a) Parabolic (b) Elliptic
(c) Hyperbolic (d) Non-linear

Q.100 In a certain city, 40 percent of the people consider themselves conservatives (C), 35 percent
consider themselves to be liberals (L) and 25 percent consider themselves to be independents
(7). During a particular election, 45 percent of the conservatives voted, 40 percent of the liberals
voted and 60 percent of the independents voted. The probability percentage of a person that
voted is liberal is %

0000
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Detailed Explanation
76. (a)
v.E =0 [For solenoidal vector]
A(y* — 2% +3yz —2x) N d(3xz +2xy) N d0(2xy —axz +2z)
ox dy oz =0
2+2%-ax+2 =
From here, a=2
77.  (18)
The point of intersection of line and parabolic are (0, -2) and (6, 4).
y y=x-2
(6.4)
0 X
0.,-2)
Y=2x+4
4 ye2 T +2
Area = dxdy= |« d
_J.z 2'[ ! ) |—y2_4 ’
y 4 2
[+
4
2 2 3
= fly+2-Lvalay=| Lvay-L | =18
-2 6 )
78.  4.47 (4.35 to 4.60)
2 ). £ )
? - (4t—?]l +(3+6t—z]]
dr 2 2 )
5 = g - @b [ 5 ]J
o, = 2i+4j
|5t:2 = (22 142 =447 m/s
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79.  0.707 (0.65 to 0.75)

Let, x = tan®
dx = sec?0d6
e
When x=0,0 =0whenx=1,0 = 1

Jn/4 sec? 040 B Jn/4 sec? 040
0 (1+tan?@)¥/2 70

So, L= sec’ 0

= Jn/4 1 de=J.n/40056519:+sin6|n/4
0 secO 0 0
1
=
80. (b)
me”x—e_“x (€™ = ™) x2ax xb
-0 In(1+bx) x50 2axxbxIn(1+bx)
) e —e™ ) bx 2a
= lim|——[xlim ———| —
x—0 2ax x=0In(1+bx)\ b
) sinhax | .. bx 2a
= lim lim _
=0 ax  )x-0In(1+bx)\ b
= 1><1><2
b
_ 2a
b
81. (d)

fix) = 2 -3x?-12x +5
f(x) = 6x*-6x-12 y
For minima/maxima, f'(x) = 0 .
6x2-6x-12 = 0 i
| \ (2,00 (3,0)
b—x

$ov-2=0 2.0 1,0 \\I/
(x+1)(x-2) =0 g
x=-1,2 !
(x) = 12x- 6
f7(-1) = -12-6=-18<0 =  maxima
f’(2) = 24-6=18>0 = minima

The function has maxima at x = -1 and minima at x = 2.
The function is decreasing between -1 and 2.
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82. (¢)
1-» 2
p  5-A =0
1-2)G-3)-2p =0
A2-6L+5-2p =0

Let the roots are A, and A,.

From the characteristic equation,

M+A =6
MA, =5-2p2>0 [For roots to be positive]
<2 .
p = 2 (1)
For roots to be real,
62-4(5-2p) 2 0
36-20+8p 2
p = -2 .. (if)
From equations (i) and (ii),
5
- <—
2<p 5
83. (d)
AX =B
-2 1 1 : 1

1 2 1 : m

Augmented matrix, [A : B] =
1 1 2 : n

Ry — Ry + R, +R;:

-2 1 1 : l
|A:B| _ |1 =2 1: m
0 : I+m+n
Since, I+m+n =20

Rank of [A:B] = 2
Rank of [A] = Rank of [A : B] =2 <3 (Number of variables)
= Infinitely many solutions are possible.

84. (-15)
The characteristic equation of matrix A is
A-| =0
1-» 4
‘ 2 3- x‘ =0
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M -4r-5=0
or A2-4A -5 =0
Now the given polynomial can be written as,
A5 - 4A* - 7A3 +11A% - 2A + kI = (A% -2A +3]) (A2-4A - 5]) + (k + 15)]

Since, A2-4A -5 =0
For the given polynomial to be zero,
k+15 =0
k = -15
85. (a)

minimum (2, 3) = highest possible rank = 2
if rank of A = 2, it will consistent. In order to be inconsistent, maximum rank of A is ‘1’.

86. (d)
1
Given function is y =5 [hyperbolic function]
dy 1
dx P
hence, option (d) is correct.
87. (b)
lim f(x) = lim (x-2) =0
x—2" x—2~
i _ lim (x> -8) -
tim f(@) = i (-8) o
Also f(2 =0
Thus lim f(x) _ lim f(x)=f(2)
x—2" x—2"
fis continuous at x = 2

and Lf'(2) = 1and Rf’(2) =12
- fis not differentiable at x= 2.

88. (a)
Iny = sin’lx, Inz = -cosx
Iny-Inz = sin"lx + cos™lx
ln(z] - I
b4 2
y = ze™?

dy

-~ - ,n/2
dz ¢

dz?
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2V
25+75x% (E) =~ 34.88°C

T =
91. (b)
M = (1+xy)y
and N = (1-xy)x
oM oN
W Ty T 4xy #0
Mx-Ny = 2x2y2#0
1 1
Mx-Ny 2x%y?
. 1
IF (Integrating factor) = 222y

89. (a)
For particular integral,
2
2 o)
P1=D29[6)’2‘ =96 e =
D7+ yp2 (1+ D }
=
= 24 7
4 2
X X 2,2
= 24| ——-——|=2x"(x" -3
PI| , =2x2%4-3)=8
90.  34.88 (34.60 to 35.20)
ar - k(T-25
dt - ( - )
T = Temperature of the body in °C and t = time in minutes.
T-25
In(T - 25) = kt+C,
T-25=CHM
Att=0, T=100°C and at t =1 minute, T = 75°C.
(100 - 25) = Ce°
= cC=17
2
50 = 75¢F = & = 3
At t=5minutes, T-25 = 75¢k*>
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L.Fl dx + L_l d .
2y x @2y Yy =0 (i)

equation (i) is exact

1,1 1 1
—|—=dx+|=dx—-|=dy -
L Lo [y - ¢
-1
—+Inx-Iny = C
xy
X 1
or ln(—)—— =C
y) xy
92.  (¢)
Case-I: White ball is transferred from urn A to urn B
2 6 2
o1e . . — X—=—
Probability of drawing white ball from B 1 1313

Case-II: Black ball is transferred from A to B

4 5 10

. . = ——X-—=—

Probability of drawing black ball from B 2414 13 39
Cecued b 2 221016
equired probability = 13 39 39

93. (a)

Mean f xf(x)dx = J.xz dx +I(2 —x)xdx
—oo 0 1

3! Vg 8-1
S ) B T B |
3 3 3 3
0 1
94.  46.15 (46.00 to 46.25)
40%
Patient dies
60%
Patient lives
Correct diagnosis 60%
A

70%
Wrong diagnosis
Patient dies
40%
Patient lives

30%
Probability that patient dies who had diseases X is
40 60 70 40 _ 52

100 100 100 100 100
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Probability that he dies of correct diagnosis

_ 60x40 24
~ 100x100 100
24/100 6
Required probability = 52 /100 :E
6

Required chances 3% 100 = 46.15%

95. (b)
Number of ways of throwing 6 is five = (1 +5), (2+4),3+3), (4 +2), 5 +1)
Number of ways of throwing 7 is six = (1 +6), (2+5), 3+4), (4 +3),5+2),(6+1)

5
Probability of throwing 6, p, = %

Probability of failing to throw 6, p,= 1-— =
robability of failing to throw 6, p,= 3636
1 . 6
Probability of throwing 7, q, = %
Probability of faili h 7 g.= 1_£_@
robability of tailing to throw 7, q,= 3636

Probability of B winning = p,q; + pydy Pofly + PodoPsoP oy * -

Podi[1 + Pty + (P22)* + (P22 + -]

31, 6
_ P91 _ 36 36 _31x6_31
(1-pag2) 131,30 366 61
36 36

9. (a)
Since the probability of occurrence is very small, this follows Poisson distribution
mean =m = np
2000 x 0.001
=2
Probability that more than 2 will get a bad reaction
1-p©O)-p1)-p@

_ e_m+e—m .ml +e—m '1’l’l2
1! 2!
-2 2 2 2
= 1-|¢? 2,27¢ —1—[—+—+—]
1-|e“+ 1 + 5 :| 62 62 62
e
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97. (2
1-¢t*
flz) = 1, then f(z) has a pole at z = 0 of order 4
z
Residue of f(z) atz =0
-1 _iim a" (z—29)" - f(z) ; Heren=4,z,=0
(n=1)!z-z dz"1 0 ! 770
3 4 Pz 1
= l11md— Gl ~(-p°-e?)
31250 dz3 z* 6 2=0
4 1 3
37 6"
4x6
o 3
3 p
p> =8
p =2
98. (-1)
1-¢2 =0
=1
z = 2nmi; n=0, %], £2...
The poles lie inside the circle is at z = 0 only
2
z 1+%+ (22) +...
2022 1 2!
Residue at (z =0) = lim =lim
z—01 —¢* 250 1 z ZZ
TR
2
z[1+zz+ (22) +..
2!
_ lim =-1
- z-0 zZ
—z(l + )
2!
1 622
The value of Z_mc'f 1— o7 dz -
9. (a)
General form of second order partial differential equation
all, + buxy +cl, =0
Given differential equation,
i _df
dt dy?
hasa=1,b=0,c=0
b? - 4ac = 0
Hence parabolic.
www.madeeasy.in Day 4 . Q.76 to Q"] 00 © Copyright:MADEEASY Page 12

Patna

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow |

Pune | Bhubaneswar | Kolkata |




MADE EASY Revision through Questions E

India's Best Instituta for [ES, GATE & PSUs for GATE 2020
100. 29.8 (29 to 31)
[ Vv ]
( L ) P(L)-P .
P b =
v P(V)
L
p (V) = person who voted and is a liberal
P (L) = person who are liberals
P (V) = person who voted
1% % Vv
P(V) = P(C)-P(E)+ P(L)-P(f)+ P(I)~P(T)
= (0.40) (0.45) + (0.35) (0.40) + (0.25) (0.60)
= 047
L . .
plL]) _ (0.35)(0.40) :E:0'298
14 0.47 47
L
Pl=1| = 9
(V ) 29.8%
Q000
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Day5: Q.101to Q.125 : Power Systems

Q.101 For a power system, with following specifications:

A = 0.99£0° =D,
B = 36.54290° Q,
C = 0.05 x 10°£-90° ©
The value of shunt inductor to prevent ferranti effect is
(a) 10.54 H (b) 11.63 H
(c) 1287 H (d) 18.45 H
101. (b)
B 36.54
We know that, X, = 1-A 1-099 - 3654 Q
X 3654
L= 2nf ~ 2xm x50
= L =11.63 H

Q.102 A load is absorbing 150 MW power at 0.75 lagging power factor. An overexcited synchronous
motor is added to improve the pf to 0.95 lag. This motor consumes 100 kW, then the reactive
VARs supplied by the motor is MVAR (Give answer upto 3 decimals)

102. 82.954 (81.000 to 85.000)

J 82.954 MVAR

Without Synchronous motor:
Q, = §;sin ¢,
= @sin(cos_1 0.75)
0.75
Q, = 13229 MVAR
With Synchronous motor:

Q, = §,sin ¢,
= Msin(cos_1 0.95)
0.95
Q, = 49.33 MVAR
VAR supplied by motor = 82.954 MVAR
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Q.103 The A, B, C, D constants of a 220 kV line are:
A =D =091s5°,
B =120£70° Q
and C =0.002£90° S
If the sending end voltage of the line for a given load delivered at nominal voltage is 240 kV,
then the percentage voltage regulation is

(a) 19.87% (b) 12.23%
(c) 8.33% (d) 9.09%
103. (a)
At no load, Vg = AV,
Vs 240
Vi N = X —E = 263.73 kV

The percentage voltage regulation is,

Vrene) = VR(eL)

%VR = — > x100
VR(FL)
263.73 - 220
= ——————x100 = %
220 X 19.87%

Q.104 A three phase load is connected to a three phase balanced supply as shown in the figure. If
V. =10£0°V,V, =10£-120°V and V_, =10£120° V

>
>
>

2R
n ]1
_]'1
c
b
The value of R for I, =0 A is Q.
104. 0.57 (0.40 to 0.80)
From the given voltages,
[ = Vo _ 10£0°
a R R
Vi, 10£-120°
I, = ——= . =10£150° A
XL j
I = VC" = 104120 =10Z£-150°A
¢ —jXc -1
Given, I, =0=1+I+1I
= %+ 10£150°+10£-150° =0
R = 0577 Q
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Q.105 A three phase bundled conductor line with two conductors per phase as shown below,
—{s=04ml=— —{s=04ml=— —{s=04m}=—
O O O Or O O
|<— d=7m ! d=7m !

all conductors are ACSR with radius of 1.725 cm.
The mutual GMD between bundles of phases c and a is m.

105. 14.00 (13.50 to 14.50)
Mutual GMD between bundles of phases c and a is given by,

D_= %/Dac'Dac"Da’c'Da'c’

42d-(2d +s)-(2d -s)-2d

N4x14%x144%13.6
13.99 = 14 m

Q.106 Two generators rated 200 MW and 400 MW are operating in parallel. The droop characteristics
of their governors are 4% and 5%, respectively from no-load to full load. Assume that generators
are operating at 50 Hz at no load. If a load of 600 MW is to be shared between the two
generators then the system frequency in steady state is Hz.

106. 47.69 (47.00 to 48.00)

f(Hz)

200 MW 400MW  P(MW)

50— f  50-—48

x 200
0.01x+f = 50 ..(0)
d 50-f  50-475
an 600-x 400
50-f = 375-625%x103x
6.25x 103 x - f = -46.25 ...(ii)
Solving equation (i) and (ii), we get
x = 230.77 MW

From equation (i),
(0.01 x 230.77) + f = 50
f = 47.69 Hz
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Q.107 In a three phase, three core cable, if the capacitance between any two cores is 0.3 uF/km when
it is connected to 10 kV, 50 Hz bus bar then the kVA taken by 10 km line is kVA.

107. 188.49 (188.00 to 189.00)
Capacitance between any two cores of cable is
0.3 x 10 F/km

C = %CN =03x107°F/km

Cy = 0.6x10°F/m
Capacitance per phase, C, = 0.6 x 10 x 10 = 6 uF
KVA taken by cable = 3V, I,
3V, 1, oC

= 3V;2mfC

2
3X(M) X 21X 50 X 6 x 107°
J3

= 188.49 kVA

Q.108 For a power system:
Line to line fault current = -j 2.5 p.u.
3-¢ fault current = - j 5 p.u.
The positive and negative sequence reactances are

(@) X;,=03p.u, X,=01p.u (b) X, =j0.2 p.u, X, =70.49 p.u.
(c) X;=01pu, X,=03p.u. (d) X; =0.25p.u., X, =0.15 p.u.
108. (b)

3-¢ fault current:
Let system is under no load condition before fault,

E = 1£0° p.u.
E
3-0 fault current, I = X_1
X = 1 i0.2p.u
= = —j5 Ju.2p.u.
Line-line fault current:
_ NBE
= Xx+x,
J3
- L% T Ths
= j02+X, =;0.69 p.u.
= X, =j049 p.u
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Q.109 Single line to ground fault is occurred on the following power system as shown below:

/e
X2—025pu ?
X 015pu
k ©-8lle+—+3| h
X, =X, = O5pu X,=X,=1p.u. “X,=1pu - =05pu
Xp=0.25p.u. Xp=0.8p.u. XO 0.8p.u. XO 025pu

All per unit values are on common base. The fault current is
(a) -j 2.896 p.u. (b) -7 0.9648 p.u.
(c) -7 2.969 p.u. (d) -7 0.9897 p.u.

109. (a)
Positive and negative sequence reactance diagram:
j1 j0.25 j1
000" 00
j05 j0.5
F
Z, =7,

=j27511j05=70423 p.u.
Zero sequence reactance diagram:
j0.8 j0.15

A1

Z, =708 11j025=70.19p.u.
Considering system at no load before fault

ie. E = 1.0£0° p.u.
E 1
D=9\ Z2 vz v2 )\ joazz '
1 +2Zy+ 2 j0.423 + j0.423 + j0.19
I; = -j2.896 p.u.
Q.110 The line reactances of a power network are as follows:
From Bus | To Bus | Reactance
0 1 03 p.u.
1 2 0.5 p.u.
The bus impedance matrix with ‘0" as reference bus is,
03 0.6 05 03
@ |06 08 ®) 103 08
03 03 03 03
© |06 08 (@) 103 08
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110. (d)
03 03 03 03
Zhusmew) =~ (03 03+05|~ |03 038
Q.111 There are three generators connected in parallel. For each generator positive, negative and
zero sequence reactance are 0.5 p.u., 0.4 p.u. and 0.25 p.u. respectively. For a pre-fault voltage
of 1.0 p.u., the single line to ground fault current magnitude if fault is occurred at terminals of
generators is p-u. (Give answer upto 3 decimals).
111. 7.058 (7.043 to 7.061)
Positive sequence reactance diagram:
j0.5 j0.5 j0.5 -2
12£0° 1.£0° 1.£0°
<
0.5
= Zy = ]?
Negative sequence reactance diagram:
0.4 ]0.4% j0.4
=
.0.4
= Zyp = ]?
Zero sequence reactance diagram:
o
j0.25 % j0.25
o
=
_.0.25
= Zyo ]—2
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L - 3(;) _ 3(;)
Zy +Zy +Zy 70.425

I = -j7.058 p.u.
= 1] = 7.058 p.u.
Q.112 A generator operating at 50 Hz delivering 50% of maximum power to an infinite bus through

a transmission line. Suddenly, a short circuit occurs, and power is reduced to zero. The critical
clearing angle is degree (Give answer upto 3 decimals).

112.  79.562 (79.501 to 79.623)

P
1.0 f--mmmmmme
05| A ,
8‘0 Slcr 6l'rllax 5
p, = P_. sing,
sin§, = 0.5
. i
80 = 30° or 3 rad
n_ 5 .
and O ax = n—60=n—g—? rad or 150
P 05(5r =
cos & = ——(8ax — 0p) +COSOay = —(———)+cos(150°)
cr Pmax max max 1 6 6

The critical clearing angle,
8, = cos! (0.18117) = 79.562°

cr

Q.113 In the system shown below,
70.05 p.u.

& @ L o
1O|_m_|02

I

Sp1=15+j5pu. Sy, =25+j15p.u.

If the station loads are equalized by the flow of power in the cable and generator G, can
generate a maximum of 20 p.u. real power, then the power factor at station 2 is lagging.
(Desired voltage profile is flat i.e. | V1| = |V2| =1p.u)

113. 0.78 (0.75 to 0.80)
By equalizing the station,

PG1 = PG2 =20 p.u
E\|V| .
NOW, 5 = | ||)|<| |Sln8 = %sinS
0 = 14.47°
www.madeeasy.in Day 5 . Q.‘| 01to Q'1 25 © Copyright: MADEEASY Page 7

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




— Revision through Questions E
!!lgtgtﬁ furESgrgPsﬂ for GATE 2020

Ps=5p.u. Qx=0.6344 p.u.
- (20 +j15.6344)p.u.

o) e,
©, Fl 000 [% @

(15 +j5) p.u. (25 +j15) p.u.

2
Vil |V V.
Qg = —| 1|}|< 2|cos?3——|}1<| = -0.6344 p.u.

Total load on station 2 = (25 +j15) + (-5 + j0.6344)

(20 + 15.6344)

cos| tan-1 (15.6344)
20

0.78 lagging

Power factor of station 2

Q.114 For the Y-bus matrix of a 4-bus system given in per unit, the buses which do not have shunt
elements are

5 25 2 0
125 9 1 5
Ypus = 5 1 9 4
0 5 4 9
(@) 3and 4 (b) 2and 3
(c) only 2 (d) only 4

114. (d)
To have a shunt element i.e. y;,, Vo0, Y30, OF Vg
Vi =Yg ¥ Yo F Vs T Y1, =0
Yio = Y11 Y12~ Y13~ Yua
Yyg = 5+25+2+0=-05=0
Yo = -0.5 .. shunt element is present
Yoo = Yoo = Y12~ Y3~ Yo
=-9+25+1+5=-05
Yoo = 05

Yao = Y- Y13~ Y3~ Va3
= 9+2+1+4=-2

Yy = 2

Yo = Yau =Yg~ Yoy~ Yau
= 9+0+5+4

Yy = 0

Only bus 4 is not having shunt element.
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Q.115 A transformer circuit breaker is equipped with 500/5 A C.T.s connected to a induction type
over current relays. The relays have 125% plug setting and 0.4 time setting. If a 3- ¢ fault
current of 7500 A flows from C.T. and relays follow given below characterstic table at (TMS =1),
then operating time of the relay will be

PSM 48|12 |16

Operation time(sec.) | 5 |3 | 2.8 | 2.2
(a) 1.12 sec (b) 2.24 sec
(c) 2.81 sec (d) 1.01 sec

115. (a)

Ip
The secondary current, I = o

500
Where, n= 5

5
I =

7500x —=75A
S 500

125% of 5A =1.25x5=6.25 A

Relay current setting
75
Plug setting multiplier (PSM) = === = 12
Using data in characterstic table
Operating time corresponding to PSM = 12 is 2.8 sec (at TMS = 1)
Operating time of relay = 2.8 sec x 0.4 = 1.12 sec.

Q.116 A 3-phase, 50 Hz, synchronous generator has rating 200 MVA. The Kinetic energy of the
machine at synchronous speed is 800 M]J. The machine is running steadily at synchronous
speed and delivering 50 MW power at power angle of 10 electrical degrees. If the load is
suddenly removed, assuming the acceleration is constant for 8 cycles, the value of power angle
after 4 cycles is ele. degrees.

116. 11.81 (11.40 to 12.20)

Given, P, = 50 MW
K.E. = 800 M]
f = 50 Hz;
5, = 10°
) 8
Time for 8 cycles = == 0.16 sec
Time for 4 cycles = 0.08 sec
P, = 50 MW
_ KE _ GH
M = 180F " 180x f
800
= ————=0.088
M= 180x50
3
We know that, M? =P,
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a2

dt?
Integrating twice we have,

)

New value of power angle

(a) 2252 MW
(c) 826.5 MW
117.  (¢)
Given, |V5|
PR, max
cos 0
PR , max

RO

0.082
2

2
& t_ +80 zi
M| 2 0.088

= 1.81° + 10° = 11.81°

|

(b) 425 MW
(d) 650 MW

[Vg| =115 x 10° volts

_ VeIVl [Vl
ZZ I

_ R

- .

~ [Vellvs| _[ve[ R

S

(115x10°)*>  (115x10%)* x4
Va2 472 42 +72

Q.118 In the circuit shown below,

]+10°

Q.117 The sending end and receiving end voltages of a transmission line are 115 kV. The line is
delivering a load of 100 MW. The per phase line impedance is (4 + j7) Q. The maximum steady
state power that can be transmitted over the line is

X

a

= 826.51 MW

If the source is 50 Hz supply then total active power consumed by the load is

(a) 576 W (b) 1814 W
(c) 1726 W (d) 2433 W
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118. (¢)

1 .
The admittance per phase, Y = E+ joC

_ L jrx50x31.8x107)
100

0.0141£44.97° ©

Y

Per phase current = Tph = Vphl?

(ﬁAOO)(0.0141444.97°)

V3

3.386£44.97° A

-

[

Total active power, P = 3‘Vph‘ ‘Iph‘cos¢

p = 3x 3183386 x cos(44.979)

V3

1726.05 W

Q.119 A single phase ac system supplies a load of 200 kW and if this system is converted to 3-phase,
3 wire ac system by running a third similar conductor. The 3-phase load that can now be
supplied, if the voltage between the conductors is same is kW.

(Assume the power factor and transmission efficiency to be same in two cases)

119. 400.00 (399.00 to 401.00)
Single phase two wire system:
Power supplied, P, = VI, cos ¢

Power loss, W, = 2I2R
2I2R
VI, cosd

Three phase three wire system:
Power supplied, P, = J3 VI, cos®
Power loss, W, = 3I3R

% power loss = %100 (i)

3I5R
9 = —=————x100 i
% power loss BV, coso ...(ii)
As the transmission efficiency is same in two cases then the percentage power loss is also
same.
2R 3I3R
VI cos®  ~/3VI,cos0
21, = 31,
2
I, = ﬁll
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2
By i \/gV(\/g)Il cos O

P VI cosd
Power supplied by 3-¢ , 3 wire ac system is 200 x 2 = 400 kW

=2

Q.120 Two generators are connected in parallel to the low voltage side of a three phase A-Y transformer

as shown below.

« @

62@7 AY
Generator 1 is rated 50 MVA, 13.8 kV and generator 2 is rated 25 MVA, 13.8 kV. Each generator
has a subtransient reactance of 25% on its own base. The transformer is rated 75 MVA, 13.8

kV/69 kV, with a reactance of 10%. Before the fault occurs, the voltage on the high voltage
side of the transformer is 66 kV. If a 3-phase short circuit fault occurs on the high voltage side

of the transformer, then the subtransient fault current is

(@) -1 2.73 p.u. (b) -1 1.94 p.u.
(c) j3.21 p.u. (d)j212 p.u.
120. (a)
Base MVA = 75 MVA
and Base kV = 69 kV on high voltage = 13.8 kV on low voltage

Subtransient reactance of generator 1,
75
Xy = 025x% 0= 0.375 p.u.
Substransient reactance of generator 2,
75
X7, = 0.25x = 0.75 p.u.

Reactance Diagram:

Ieg_

(66 / 69)
j0.375% j0.75
j0.375+ j0.75

70.10 +(

I = -j2733 pu.
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Q.121 The bus admittance matrix for a power system network is
-j8.75 j1.25  j2.50
j1.25 —j6.25 j2.50
j2.50  j2.50 —j5.00
The transmission line connected between buses 2 and 3, which is represented by the circuit
shown below
Reactance
0.04 p.u.
o OO o
Susceptance — Susceptance
0.06 p.u. B T 0.06 p.u.
o )
If this transmission line is terminated from service, the modified bus admittance matrix is
[-j8.75 j1.25  j2.50 [-j8.75 j1.25 j2.50
(@) j1.25  j18.63 0 (b) j1.25  j18.69 0
| j2.50 0 —719.88 | j2.50 0 j19.94
[-78.75  j1.25 j2.50 [i8.75  j1.25 j2.50
© j1.25 —j18.63  j2.50 (d) j1.25 —j18.69 0
| j250 ;250  —j19.88 [ 2.50 0 —-j19.94
121. (b)
Yn = y%z+y_;3+yl2 +Y13
Y13 Y12
’ @ Y
X Vi3 712 /A
> 2
Hence the line between buses 2 and 3 is terminated in the new Y
Yy = Y3 =0
Rest all the elements will be same except Y,, and Y,
Y22 (new) = —]625 - W — ]006 = ] 18.69 p.u.
= —'500—L— i0.06 =
Yss (new) = 719. j0.04 JU.U06 =719.94 p.u.
The modified bus admittance matrix is,
-j8.75 j1.25  j2.50
[Y],,. = | /125 j18.69 0 |pu.
j2.50 0 719.94
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Q.122 In the figure shown below,

100/1 132/33 kV
B8N

1,=2700 A
If both the relays R, and R, are set for 100% plug setting, the actual operating time of R, and
TMS for R, respectively are:
(Assume time grading margin of 0.6s and TMS for relay 1 is 0.15)

PSM 36|6.75|135

Time in sec for time multiplier| 6 36 | 26

(a) 0.22 sec; TMS,, = 0.112 (b) 0.32 sec; TMSy, = 0.123
(c) 0.39 sec; TMS,, = 0.275 (d) 0.41 sec; TMS, = 0.142
122.  (¢)
Plug setting multiplier of relay 1
2700
= —200 = 13.5
Ix1x (1)

Operating time corresponding to 13.5 PSM is 2.6.
Actual operating time of relay 1
= 26xTMS=26x015=0.39s

» _ 4L
Vi T I
38 4L
132 2700
I, = 675 A
675
PSM of relay 2 = 100 6.75
Ix1x ()
Operating time corresponding to PSM 6.75 is 3.6 s.
0.39+0.6
TMS for relay 2 = T3 ° 0.275

Q.123 A 60 Hz generator, connected directly to an infinite bus operating at a voltage of 1£0° p.u.,,
has a synchronous reactance of 1.35 p.u. The generator no load voltage is 1.1 p.u. and its
inertia constant H is 4 MJ/MVA. The generator is suddenly loaded to 60 percent of its maximum
power limit. The frequency of the resulting natural oscillations of the generator rotor is

(a) 1.246 Hz (b) 0.882 Hz
(c) 0.921 Hz (d) 1.16 Hz
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123. (b)
06P_, =P, sin 5
& = sin™! (0.6) = 36.8698°
dP,
38 |5_3686080 ~ Fmax COS (36.8698°)
1.1x1
= 135 c0s(36.8698°) = 0.6518 p.u./rad
0P, / 96 .
Frequency of oscillations = \/ ( e/ M)36.8698
H 4
Where, M = E = x60 = 00212 pu. s?/rad
_/0.6518
F= \oon2

f = 5.54 rad/sec = 0.882 Hz

Q.124 An isolated 50 Hz synchronous generator is rated at 20 MW. Which is also the maximum
continuous power limit of its prime mover. It is equipped with a speed governor with 5%
droop. Initially the generator is feeding three loads of 5 MW each at 50 Hz. One of these loads
is programmed to trip permanently if the frequency falls below 48 Hz. If an additional load of
4 MW is connected, then the frequency will settle down at Hz.

124. 50.125 (50.00 to 5.25)

A 25Hz
AP~ 20 MW
If 4 MW load is suddenly added, then one of the 5 MW load is tripped.
20 MW 5 MW
>
D c\o/ 5 MW } 50 Hz
T 5% 5 MW
4 MW
<48
19 MW
-5 MW one will trip
14 MW

Load before adding 4 MW is 15 MW, and after adding 4 MW it came down to 14 MW so the
difference is

AP, = TMW
A Ab
AP, T AP,
25 Ay

20 1

Af, = 0.125 Hz

Hence, the frequency will settle down at 50.125 Hz.
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Q.125 The generator having a synchronous reactance of X, = 1.7241 p.u. is connected to a very large
system. The terminal voltage is 1.0£0° p.u. and generator is supplying to the system a current
of 0.8 p.u. at 0.9 p.f. lagging. If the real power output and terminal voltage of the generator
remains constant but the excitation of the generator is increased by 20% then the reactive
power delivered to the bus is p-u.

125. 0.632 (0.40 to 0.80)
Synchronous internal voltage= |Ei|46° = \Z + j)_fdf
|[Ej|£8 = 1.0£0° + (j1.7241) (0.8£-25.8419°)

|E;|£8 = 2.026.37.7849° p.u.

Active power from the generator,

v, . 2.026x1
- %smﬁ _ ﬁsm(37.7849°) =0.72 p.u.

Increasing excitation by 20% with P and V, constant gives,

P - 072= 1.0x1.2x2.026 sin
e 1.7241

§ = sin’! (0.51059) = 30.70°

Vi
Qe = S (Ecoss-)

1.0
Q.. = m[mo x 2.026c0s(30.70) - 1.0]

Qrew = 0.632 p.u.

0000
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Day 6: Q.126 to Q. 150 : Control Systems + EMT

Q.126 The set of differential equation x; = —x; and x, = —x, + u(t) where x,, x, are states and u is the

step input. The nature of the system is

(a) over damped (b) under damped
(c) critically damped (d) can’t determine
126. (c)
State space equation, x; = -x;
3&2 = X + u(t)
X -1 01[x] [0
| o= + t
[xz] | 0 —1_[x2] [1]14( )
x = Ax+ Bu
-1 0
By equating, we get A = |, _q|,
[0
B = _1
Characteristics equation is given by
lsi-Al =0
s 0] [-1 O
0 s] o <] =0
s+1 0
0 s+1 0
(s+1)2=0

the roots are negative, real and equal. So, system is critically damped.

Q.127 For the given control system block diagram, the transfer function C/R is

2
R H6x 2 (X 3 (X 1 ¢
1
1
127.  (2)

For the given block diagram the signal flow graph will be as shown below

2
1 1 2 3 1
Ro o Q R oC

1 -1

As per signal flow graph,
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The loop gain are
Ly = (-1)x2=-2

L, = (-1)x3=-3
The graph determinant:
A=1-(L+L)
=1-[-2+(-3)]=6
The forward path are
P, =1x2x1=2
So, Path factor Ay = 1-L,=1-1(-2)=3

P, =1x1x2x3=6
All loops are touching P,,

So, path factor A, = 1
Using Mason’s gain formula,

C _ P1A1+P2A2 _ 2X3+6X1_

2

R A 6

Q.128 A second order system has natural frequency of oscillation 10 rad/sec and damped frequency
of oscillation 8 rad/sec. The ratio of rise time to peak time is sec.
128. 0.70 (0.66 to 0.74)
Natural frequency of oscillation,
o, = 10 rad/sec
Damped frequency of oscillation,

0, = 8rad/sec

as O)d = (O 1_§2
8 = 1041-¢2
1-82 = 0.64
£ =06
ans as ¢ = cost &

¢ = cos™! (0.6) = 53.13°

as rise time t, = n-
w,\1-E&2
T
peak time, ¢, =
: w,\1-E&2
t _ m-¢ _180°-53.13° _ 0.70
tp 0w 180° ’
= 0.7
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Q.129 For the RLC series circuit shown below, the damping ratio & will be,
Consider, R=1kQ; L=10mH; C=0.01 uF

R L
f
6V= c=v,
=
(@) £=0.25 (b) £=0.5
(c) £€=0.1 (d)&=0.75
129. (b)
The transfer function of the system is
1
Vo(s) _ Cs _ 1
Vi) Rpirs+ L LCs*+RCs+1
Cs
1
- LC
2 Rs 1
e
L LC
Comparing the above characteristic polynomial with s> + 2&m s + 2
! ! 10° rad/
= ® = = =10°rad/s
" VLC {10x107 x0.01x107°
R

and 28w, = T

R [C 1x10® [0.01x107°
= —-‘/—= ,/ =05
- ST 2NT T 2 Vioxa00

Q.130 The asymptotic log-magnitude curve for open loop transfer function is sketched below,

| T(jo) |

a

16 dB

o(rad/ sec)
0dB

Open loop transfer function is

10(s + 8)(s + 4) 16(s +1.268)(s + 4)
(@) T(5) = " 2(5 +1.268) (®) T6s) = 25+ 8)

10(s + 1.268)(s + 8) 8(s +1.268)(s + 8)
() T(s) = 52(5 +4) (d) T(s) = 52(5 +4)
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130. (b)
From the above Bode plot,
For section de, slope is -20 dB/dec

y-0
20 = log8—1log16
y = 6.02 dB
Now, for section bc, slope is -20 dB/dec
16 -6.02
20 = logw; —log4
o, = 1.268 rad/sec
To find value of gain K
y =mx+c
16 = -401log 1.268 + 20 log K
K = 10.14
From all the result, transfer function is,
10.14( S 1)(5 + 1)
T(s) = 1.268 4
s (S + 1)
8
16(s +1.268)(s + 4)
I(s) = s2 (s+8)

Q.131 An open loop transfer function of a unity feedback system is given by
G(s) = 2s(s +10)
(s+4)
If the gain of the system is increased to 16 and the zeros are removed, then the steady state
error for step input is

131. 0.20 (0.12 to 0.25)
New open loop transfer function is,

16
Gl) = (s+4)
For step input, the steady state error is given by,
A A
e =

s~ 1+Kp L+1im G(s)H(s)

www.madeeasy.in Day 6 o Q.‘| 26 to Q'1 50 © Copyright: MADEEASY Page 4

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




— Revision through Questions E
!!lgtgtﬁ fanESEI’gFg for GATE 2020

Q.132 The open loop transfer function of a unity negative feedback system is

K
C) = 1+ 0.29)(1+0.059)

The value of K for gain margin of 20 dB is

132. 2.5 (1.9 to 3.2)
For the given G(s), the sinusoidal transfer function is

K
jo(1+ j0.2w)(1+ j0.05w)
K
~0.250° + jo(1 - 0.010%)
At the phase crossover frequency o, ., the G(jw) is real.

~. equate imaginary part to zero and solve for ,. .

G(jm)

®,(1-001w,2 =0
Since O, # 0
1-0.01 (x)pc2 =0
= o, = 10 rad/s
The Nyquist plot intersects the real axis at a point where G(jw) is real.
; K
GOy, =
= 2
pe 0.25;,
=X 0.04 K
©025%x100 25

Given that, gain margin = 20 dB,

1
20log—"——"— = 20 dB
SN
1
T~ =10
SO
Gy, = 021
i.e. 0.1 = 0.04K
0.1
= —=25
K= 002

Q.133 A unity negative feedback control system is shown in the figure below.

R g 8 ce)
/\% s(s+2)

Derivative feedback with appropriate value of feedback constant is added to get the damping
ratio of 0.707. Then percentage change in error for ramp input with and without derivative

feedback is %. (Give answer upto two decimals)
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133. 100.00 (98.00 to 101.00)
Without derivative feedback

RG) g 8 c)
% s(s +2)

8
GO HO) = Ga2)

Steady state error for unit ramp input is given by

, oL
SS KV
= lims-G(s)H
K, = lims-GEH()
lims.—> =5 __
Ky = 507 s(s+2) 0+2
e, = %=0.25
With derivative feedback
R(s) 8 C(s)
+ +
\'% s(s +2)
? @
C(s) 8
T(s) = =7
R(s) s“+s(2+8K)+8
For £ = 0.707
28 o, = 2+8K

2x0.707 x+/8 = 2+8K
K = 02499 ~0.25

8
GOHG) = 7, 4
= lims-G(s)H(s) = lims-
Ky = o (©H() 51_1%5 s(s+4)
K, =20
1
= —=05
€ss KV
0.5-0.25
% change = o025 x 100
= 100%
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Q.134 A second order system is designed such that, damping ratio should vary between 0.25 to 0.5
and natural frequency should vary from 2 rad/sec to 4 rad/sec, then roots lie on

jo jo
4 rad/sec :
AR
2 rad/sec > : \%\
2N
75.52° P
(@) (b) »
jo
A\
2
N
\OS
(¢}
(c) (d) None of these
134. (a)
Damping ratio, § = cos 6
For & = 0.25
0 = cos™ (0.25) = 75.52°
£ =05

0 = cos™! (0.5) = 60°
and o, varies from 2 rad/sec to 4 rad/sec.
Thus common area, where roots lie is

jo
4 rad/sec
2 rad/sec

Si\%

O %
0
) p
-j4
-2
www.madeeasy.in Day 6 o Q.‘| 26 to Q.‘] 50 © Copyright: MADEEASY Page 7

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




— Revision through Questions E
!!lgtgtﬁ furESgrgPsﬂ for GATE 2020

Q.135 Magnitude plot of a unity negative feedback system is shown in figure
dB

¢ -20 dB/dec

log ®
Steady state error for unit ramp input is x 1073, (Give answer upto three decimals)

135. 1.265 (1.031 to 1.512)
From line equation, y = mx+C
50 = -20(log 2.5) + C
and C = 20log K
Where, K = DC gain
50 +20log 2.5
5 - log K
log K = 2.898
K = 790.67
And steady state error for unit ramp input is given by
11
T Ky 790.67
1.265 x 107

Q.136 Characteristic equation of a system is given as
§7 + 950 + 245° + 245* + 2453 + 24s% + 235 + 15 =0
then number of roots lie in RHS of s-plane is

136. (2)
Routh array:

J 11 24 24 23
19 24 24 15
s° (2133 2133 21.33
st 15 15 15
S0 0 0

Auxiliary equation will be
15s* +15s2+15 = 0
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Roots of auxiliary equations

,_ 1,48

S = ——* 71—

2 2
1£60°,1£240°,1£ - 60°,1£120°

®
Il

X----t---

We---4----

Differentiating above equation
60s> + 30s =0

| 24 24 23
s 9 24 24 15
s° 12133 2133 21.33

st 15 15 15

$1 60 30 0

s2| 75 15 0

ss ] =90 0

115

Two roots of auxiliary equation are in RHS of s-plane and there are two sign changes after
auxiliary equations, therefore two roots will be in RHS of s-plane.

Q.137 Unit step response of second order system is shown in figure

L0F £ N ANl e

I 4 sec
Transfer function of the system is
5 9.3
@) 22545 ®) 2 s5+93
2.7
(© % +25+2.7 (d) $2+25+10
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137.  (¢)

From time response curve,

and
0.09
In (0.09)

(2417 (1 - &)
(2.41)2

(2.41)
% +(2.41)
Damping ratio, &

(Dl’l

T(s)

T(s)

Q.138 State space representation

(For 2% tolerance band)

g
J1-¢2
n2§2
E3(n* + (241)%)

Standard second order transfer function:

=&

= 0.61

= 1 1.64
0.61

_ or
$2 +280,5+ 0

2.7
T 2425427

of a system is given by

—3&1 (t)— 0 1 X1 (t) 0
()] T[22 _1][’62(1‘)] ' [1]r(t)
y(t) = x5(f)
[ x1(0) ] [0
Where, %(0)] = 1:| and r(t) = t u(t);
then zero state response is
1 1
- - b) — -~
s(s* +5+2) ®) 3 (s* +5+2)
2
S f th
(c) 5(52 ver2) (d) None of these
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138. (a)
Response of the system in Laplace form is,
Y(s) = X,(s) (1)
For zero state response,
X(s) = d(s) BR(s) ...(ii)
Where, o(s) = [sI - Al
R —_ l
() = 2
State space representation is
x(t) = A x(t) + Br(f)
y(t) = Cx(t)
[0 1
A=12 a)
[0
B=1
[s 0] [0 1] [s -1
[SI-AL= 1o s| |2 <1] |2 s+1
[s+1 1
(s - A] | 2 s
sl - = 5——=
24542
From equation (ii), we get
1 s+1 1|10 [ 1 ]
X S = —_— . —_—
© 52+s+2|: -2 5] [1] 52
N
s2 (s2 +5+2)
X(s) =
N
s(s? +5+2)
From equation (i), we get
—Xl(s):|
Y(s) =0 1
© =1y q
1
2,2
s°(s"+s5+2)
Y = [0 1] T
| s(s2 +5+2)
S
Y(s) = s(s2 +5+2)
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Q.139 A control system is represented by the block diagram shown in figure
C
Qs %9 % ] -
=
2]
C(s)
@ ratio is
(@) G1G3 + GG,
1+ G+ Gy +G3Hy + GiG3H, + GGy H,
G1G3 + GG,
(b) 14 GyH, + G,G3H, + GG, H,
G1G3 + GG,
(©) T4 G,H, +G, +G,G3H, + G,G,H,
G1G; +GG3
(d) 14 G3Hy + G, + GyG3H, + GyG,oH,
139. (a)
Signal flow graph of the system is
R
C

Forward paths:

Py = GG;

P, = GG,
Feedback loops:

L, = -G,

L, = -G,

Ly = -G3H,

L, = -G,GH,

Ly = -G,G,H,
Mason’s gain formula,

C _ PAg

R A

Cc _ G1G; + GG,

R 1+G;3 +G, + G3H; + G G3H, + G{GyH,
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Q.140 The frequency response of
G() = S(1+ 25)(1+ 45)
plotted in the complex G(jw) plane (for 0 < ® < <o) is
j® -6+jeo\0=0 jo
-0.75
() 2% .6 (b) P Joz=
/.f -
. jo
jo
W =o0
© /1}\/ _Nez=_; (@ £E °
. Jo=0
-6 —Joo
®=0
-6 - joo
140. (d)
' 1
Given, G(9) = 1+ 2s)(1+4s)
' 1
GUO) = To(1+2j0)(1+ j40)
, (1-20)1 - j40)
G(jw) = - 2 2
jo(1+407)(1+1607)
_ 1-j6o-80°
jo(1+40°)(1+160?)
B -6 _ i(1-8w?)
T (1+402)(1+160%) ol +40%)(1+160?)
6 j(1) .
=()- ; = ————r = —6 — Joo
Ato=0; G(jm) 1770 ]
6 ] .
At = o Gjo) = —-L=-0-jo
plot cuts the negative real axis, when
Img [G(j)] = 0
1-8w? =0
I
o = N /sec
. -6
G(w) = I o= -1.33
(1+4x)(1+16x)
8 8
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From above points, polar plot can be drawn as

G(s)H(s) encircles -1 + 0.

(a) once in clockwise direction (b) does not encircle

141. (b)
1

G(9)H(s) = @

Nyquist plot of the above system is,

-2+ joo

ay
Y

1+j0

_2_joo

Nyquist plot does not encircle (-1 + j0) point.

10
Q.142 Open loop transfer function of a system is G(s)H(s) =

in degree.

142. 64.06 (62.16 to 65.13)

N 10
G Hi®) = S Go+3)(jo + 4)
At gain crossover frequency,
G(j@)H(jo)| =1
1 = 10
co\/9+ o’ \/16 + o’
B 100
®*(9+0?)(16 + 0?)

s(s+3)(s+

(c) once in anticlockwise direction  (d) twice in clock wise direction

4)

1
Q.141 Loop transfer function of a feedback system is G(s)H(s) = — 7Y - Then, the Nyquist plot of
25(5 + )

. Phase margin of system is

www.madeeasy.in

Day6 . Q.126 to Q.150

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune |

© Copyright: MADEEASY Page 14

Bhubaneswar

Kolkata

Patna




— Revision through Questions E
!!lgtgtﬁ furFESEI’gFg for GATE 2020

®*(9 + @?) (16 + ®?) = 100
0?*(144 + 2507 + ©*) = 100
o° + 250* + 1440 - 100 = 0

w5 = 0.625, -14.85, -10.78

o, = 0.791 rad/sec

ZG(jo) H(jo) = -90°— tan ™! (%) —tan~! (%)
- —90°—tan"! (—0'791) —tan™ (—0'791)
3 4
¢ = -115.94°

Phase margin = 180° + ¢
= 180 - 115.94 = 64.06°

Q.143 The open loop transfer function of a unity negative feedback control system is given by

_K
G(5) = S(1+sT)

The ramp input to the system is 2 rpm and steady state error being 0.05°. The natural frequency

of oscillations if the system is critically damped, will be rad/sec.
143. (480)
Steady state error, e, = 0.05°
. = 0.05xm rad
s 180
2n T
Given, input = 50 X2= 15 rad/sec
Steady state error is given by,
1
_ lims-R(s)————————
e, = 1S RO GoHE)
= lims- —~. 1 = lim -t
s>0 1562 14 K s—0 15(S+ K )
s(1+5T) L+sT
o m
‘s T 15K
. 7 x0.05
and given % = T180°
Equating both, we get
K = 240
Closed loop transfer function
G(s) K
Ts) = 1+ G)H(s) = T(sz R K)
T
www.madeeasy.in ° © Copyright: MADEEASY Page 15
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1
2§con = ?
K
and ®, = T
for critically damped system,
E=1
_ L
©n = o7
\E _ 1
T 2T
po L
4K
1
and ®, = T
4K 4x240
®, = 5T =480 rad/sec

Q.144 The state variable formulation of a system is given as

X -2 0]fx 1 _ Xp
AT ——

The system is
(a) controllable but not observable  (b) not controllable but observable
(c) both controllable and observable (d) both not controllable and not observable

EIRIEH
0= ol

For controllability, |B : AB | #0

1 2
1 -1

144. (a)

A

or

The system is controllable.

[y
ve-[2 T3

For observability, |CT . ATCT| 20
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1 2
or 0 0 =0

The system is not observable.

Q.145 The transformation of the vector B = yi, —xii, +zi, in to cylindrical coordinates gives

Y
(@) B=pa,+dy+a, (b) B=a,—a,+a,
(c) B=pZdy+zi, (d) B=—piy+zi,
145. (d)

B, = B-a, =y(a, - ay)—x(a,-ap)

B, = ycos¢-xsin¢ ...(d)
Where, y = psing¢
and X = pcos O
Substituting in equation (i), we get

Bp psin¢cos ¢ -pcosdsind=0

By = i) = x(a, )
= y(-sin ¢) - x cos ¢
B, = -psin’* ¢ - p cos® ¢ = -p
E = —p aq) + Z&Z
Q.146 Five equal point charges are located at x = 2, 3, 4, 5, 6 m. If the potential at the origin is 540 V,
then the amount of individual charge will be nC.

146. 41.38 (40.00 to 41.70)
The electric potential is given by

n
V= 4n£ ,Z‘
540 = 1+1+1+1+1
- 411:80 2 3 4 5 6
540><4><7c>< 1 ©10-° =
1.45 36w
Q = 4138 nC

Q.147 Given a vector A = 30e™"a, —2za, in cylindrical co-ordinates. If a volume is enclosed by

r=2,0=2nandz=>5then [(V-A)do =
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147. 129.43 (129.00 to 130.00)

In cylindrical coordinates,

-

V-A

bS]

[(v- Aydo

[(v-A)ydo =

with an inhomogenous dielectric with € A =

capacitance per meter of the capacitor is

10 104y 9A

= T (pAV+——2 4Tz
pap(p p)+p 2 oz
19

ry. 0
= ;5(30re )+az( 2z)

—r
= 0 50072

<

30e
;

VR

-30e" - Zer rdd dz

oy

(306_7 —30re™" - 2r)dr dodz

oy
N o=

TN O Ul O Ul O = Ul

[—30e_r -30(-e" —re") - r2]d¢ dz

o—y

2
30re™" — rz‘o) X 2m x5

129.43

(10+p)
p

pF/m.

Q.148 A cylindrical capacitor has radii 2 =1 cm and b = 2.5 cm. If the space between the plates is filled

, where p is in centimeters, then the

148. 434.60 (434.00 to 435.00)
R e
V= , 2T €€, pL
_ 0 T dp Q[ dp
21 € pr(10+p) 2meg Ly 10+p
p
a
-Q Q (10 + b)
= In(10 + = 1
V= one, ™ p)b 2ne, L \10+a
Thus the capacitance per meter is, (L =1 m)
Q__ e _, 107 1
C=v 1n(10+b) = 3en | 125
10+a 11
= 434.6 pF/m
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Q.149 Two long parallel current carrying wires are separated by 5 cm in air and are carrying current
of 40 A in the opposite direction. The force per meter length between the two wires will be

(a) -6.4 x 10 N (b) 64 x10°3 N
() -32x10°N (d) 32 x10° N
149. (a)
The expression for force per meter length is,
_ Kohly
27D
Where, I, =1,=40 A
distance, D = 5 x 1072
7 40x40
= 2x107 x
F 5x107

F =64%x10°N
The direction of force will be repulsive in nature,
Then, F = -64x10°N

Q.150 A filamentary current of 10 A is directed in from infinity to the origin on the positive x-axis.

The magnetic field intensity H at (0, 0, 1) is

5 . 10 .
(a) o (b) an
5 . 10 .
= d) —
© i () 5 dy
150. (d)
According to the Biot-Savart’s law,
_— JIE: X ﬁ Zz
H 4n R
R = —xi +a, (0,0, 1)
R = 1+ x2 —
R Y
4o Tlde(—ﬁx)X(—xﬁx+ﬁz) ©,0,0
L An(x?+1)°/?
0
N 10 dx R (0,0, %)
H = —| 5 —32%
an (x"+1) X
0
g- DX |, -1
an 1442 7 4Amn Y
Q000
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Day 7: Q.151 to Q.175 : Power Electronics

Q.151 In the converter circuit shown below,

I = constant
load current

4 mH =20 A
- o— 00—
Vphase =230V (rms) 4 mH 3-¢ full L
50 Hz o— 000 controlled g
4mH converter D
o— 00—
the voltage drop due to commutation is V.

151.  (24)
Voltage drop due to commutation is,

3

g(zn x 50) x 4x 107 x 20
T
AV, =24V

Q.152 For the switching waveform shown below

T VCE i
i i
N
% i T
S i Is
| .
|<— ton 4" t
IfV.=100V,I,=10 A, t =12 psand f=10 kHz, then average value of switch on power loss
is W.
152. (2)
1 ton
Average switch on power loss = T I (Vg xi,) dt
0

I
N
-
O‘—.g
—
~

P=2W

Q.153 If two single phase semi-converters are connected in series, then the maximum value of average

output voltage is AVy, . The value of A is
T
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153. (4)
The average output voltage of the series connected single phase semi converter is,

\% \%
Vo= Vy+V,= 7’”(1+cosoc1)+7m(1+cosa2)

v, = V—’"(Z + COs 0Ly +COS0ly)
T
The maximum value of output voltage occurs at
o, = 0,=0
4V,
o=
A =4

Q.154 In a 3-¢ inverter circuit is shown in the figure the load is balanced and get in scheme 180°
conduction mode. All the devices are assumed to be ideal. If the DC bus voltage V¢ = 300 V
then the power consumed by the three phase load is

AT

3-0 VSI 20Q
20Q
(a) TkW (b) 2 kW
(c) 3kW (d) 4 kW
154. (c)
. 2 2
Line voltage, vV, = 3 xV, = 3 x 300
= 24494V
Vi 24494
Phase voltage, Von = ﬁ: N 141.42V

Power consumed by 3-¢ load

_ Vi _axqarap
R 20

kw

Q.155 In the circuit shown below,

=
|
I
n
° \
o
avol

3- ¢ VSI
180° conduction mode
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The switch ‘s” current waveform if load takes a current of sinusoidal waveform which is in
phase with output voltage

I

§ /\ N /\
’It 0 f ot
N ot
\\ ;

(©)

155. (d)
The phase voltage wave of output voltage for 180° conduction, and also given that current is
sinusoidal and in phase with voltage.

Vpn io :
N\ :
AN

0 p o ot

I=1

switch

Q.156 A three phase inverter is connected to a direct voltage source of 240 V. If in the ac side current
is sinusoidal with a peak value of 20 A and current is leading the voltage by 60°, then the
power flow through the inverter is W.

(Assume mode of conduction is 180° and load is star connected)

156. 2291.83 (2290.00 to 2293.00)
Power flow through the inverter is,
Pan =3 Vph Iph cos ¢
Output phase voltage is having harmonics but output phase current does not have harmonics
(since it is a pure sine wave), output average power does not have harmonic power
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2V 2x240

VSl = m = W =108.038 V
Power flow through the inverter,

- 3x108.038 X 22 x cos60° = 2291.83 W
V2

Q.157 The output voltage ¢, and e, of two full bridge inverters are added using output transformers.
In order to eliminate the fifth harmonic from the output voltage, the phase angle between ¢,

and e, should be
T T
(a) grad (b) Zrad
(0) grad (d) grad
157.  (c)

4V, .
e = S sinnmt

nm

4

e, = Vs sinn(ot + ¢)
nm

Vo = e te

= AV [sinnot + sin(nwt + no)]

nm

4Vir . . .
V, = 5 [sm nwt + sinnwt cosnd + cosnwt sin nq)]
nm

In order to eliminate fifth harmonic,

Vi =10
i.e. sin 5 ot + sin 5wt c05055 ¢ + cos 5 ot sin 5¢ = 0 to satisfy the above equation,
cos 5¢ = -1 and sin5¢ = 0
cos 50 = cosm; sin 5¢ = sinm
s T
=73 ¢ =73

T
.. The phase angle between ¢, and e, should be should be ¢ = 5 to eliminate fifth harmonic in

the output.

Q.158 The critical value of inductance in the load circuit of a step down chopper is
(Where D is duty cycle of the chopper)

(@) Le<D(1 +D) (b) L e (D?- D)
(c) Lo (D -D? (d) Le< D
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158. ()

+ .

N

I

S
O»Oor

=

During T__ , the circuit behaves as,

g»Oor

By applying KVL in the loop
-Ve+V, +V, =0

di
Vg-V, = LE
LAI
VS_ VO - Ton
Al = (VS _DVS)Ton — Vs(l_D)Ton xT
L LxT
Vs(1-D)D
T Lxf
Vs(1-D)D
L= " AIxy
Taking all other parameters constant,
Lo (1-D)D
L « (D -D?

Q.159 A single-phase voltage source inverter shown in figure is feeding power to a load. The triggering
pulses of the devices are also shown in the figure,
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If the load current is sinusoidal and is zero at 0, T, 27...., the node voltage V, , has the waveform.
51,84 i i
i i of
r T 2 Sm T | 21
6 3 3 6 | i
SZ’ 53 i |_| |_| i
. - S
| 7n o 4n 5mollmy 2T
6 3 3 6
Vpol2 ]
2n
@ I I 3 S 3 L
63| 3]| 6 6|3 3|16
Vo2 T
Vpol2 ]
2n
| t
S 2 - B I 1) [T 73 .
3|6 6 |3 3|6
“Wod2T
M B
2n
© I R I 3 S 3 LA
6 3|6 6|3 3|6
Vb2 -
Vpol2 |- |— —
(d) ot
T on Jn 4n 2n
V28 3 3
159. (c)
The load current waveform is
o
0 n\/Zn of
www.madeeasy.in Day 7 - Q151t0Q.175 © Copyright:MADEEASY Page 6

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




Revision through Questions E
R S kL for GATE 2020

During the period switches are triggered the voltage across AO is

S,and S, ON
C+J‘ VDTC '31

_ i
(@] A Load
Vo= =2

c= Yoo LS
—T 2
V
Voltage V,, = %C
S,and S; ON

RS
2 : S,
Vo= I i
T VDC Load

+

c Jbc
2 .Ss

Vbe

Voltage V,, = — o

Vyol2
T T 21 5nm n 2n
z Z & | | | |
V2| © 3 6

When the switches are off.
The current direction from 0 to & is positive so it is in the direction given in the circuit.

Ofwtsm
Voc +J—
2 T
[oX
Ve T
Voo =
2
V
Voltage V,, = _%C
n<wt<2n

The load current is negative so the current direction will be opposite to given direction.
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D1
Vo™ OI Al Load =
+
Vo D,
&

Vbe
2

Voltage V,, =

so, the complete voltage V,, is

M B
- 2n of
6

n| n|2=x| 5% b4 n |4m 51 |11’

6 3| 3

6 |3 3|6

—Vp/2

Q.160 In a step up converter, the duty ratio is adjusted to regulate the output voltage V| at 48 V. The
input voltage varies in a wide range from 12 V to 36 V. The maximum power output is 120 W.
For stability reasons, it is required that the converter always operate in a discontinues current
conduction mode. The switching frequency is 50 kHz. Assuming ideal components and C as
very large, the maximum value of inductor that can be used is uH.

160. 9.00 (8.90 to 9.10)
To find the maximum value of L that keeps the current conduction discontinuous, we will take
the inductor current is at the edge of continous conduction.

By 120
Current, [, = AT 25 A
0
KV,
21, = 7 [At the edge of discontinuous conduction]
IL (avg) = IS (avg)
from no loss circuit, VI, = Vg
48 x25 = 12 x I
Is v = 10 A

[V =12V because large value of inductor is required for K = 0.75]

KV, 0.75x12
L= %= S —9uH
2I.f 2x10x50x10
Q.161 In the circuit shown below,
i, L=5mH D
000 DF——
+ +
50V = - 150 V
i /s i
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If the switching frequency is 5 kHz, duty ratio is 0.4 and circuit reached to steady state then
the average value of inductor current is A.
(Assuming the switch and diode to be ideal and discontinuous mode of current conduction)

161. 0.24 (0.10 to 0.40)

Vi Vi
1 + -
L B0
50 V r 5 mH
+
T
0 P ¢ V=50V
T, T -
-100 V |-+

During T_ the circuit behaves as,

di
V., = L—
s dt
V.
di = fdt
Integrating on both sides, we get
V.
Ip = TSTon
r o= aT=%-_9%_ _g0x10%5
on f 5x10
50 -6
= xX(80x1077) =
Ip = 5103 ) =08A
During T, itis T <t < BT
Apply KVL in the circuit,
V.= V.-V,
(VL)avg =0
VsTon + (Vs - VO) (BT - T()n) =0
Vs BT = VO(BT - Ton)
Y _ B
Vs B -
B = 0.6 T~
From the graph of 7, . v .
A -V,
1 Xbxh - -
IL(an) = T
1 X BT X Ip 1
- 2 - T x06x08=024A
T 2
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Q.162 A single phase inverter is operating with PWM technique to eliminate 5" harmonic content in
the output. The rms value of 7 harmonic content in the output is Vg (Volts).

162. 0.12 (0.05 to 0.30)
The eliminant the 5 harmonic content,

27
2d = —

ala G,

d= To360
The 7th harmonic rms value is,

V4 = isir17—nsir1(7 % 36°)
07 (rms) 77-5\/5 2

= 0.122 V,

Q.163 In the circuit shown below,

Vs=120V g I, is constant

o =45°

1-¢ fully controlled bridge rectifier

If each thyristor voltage drop is 1.5 V while conducting then the required peak inverse voltage
of each thyristor is

(a) 2385 V (b) 1185 V
(c) 170 V (d) 1682 V
163. (d)

When T, is open, T, is conducting. At time instant, when V_= -V, let us apply KVL in the loop
shown below,
1.5V

- +

o T
_ T 4
.

PIV across T1 = Vm -15
12042 =15 = 1682V

-1, +

Q.164 A single phase half wave converter with freewheeling diode fed separately excited dc drive
operates at 1000 rpm at firing angle o = 45°. If single phase half wave converter is replaced by
single phase semi converter, the motor rotates at

(a) 2000 rpm (b) 1500 rpm
(c) 1000 rpm (d) 500 rpm
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164. (a)
The average output voltage of single phase half-wave converter with FD

Vm
= —(1+cosa
Vo 2n( )
The average output voltage of single phase semi converter is,

Vm
V, = 7(1+COS(X)

= I,R+E,=E, (- IR drop is neglected)
Now, Vo o< E, o< N
Vy < N
Vouw 1000
So, = —
VOSemi N 2
1 _ 1000
2 N,
N, = 2000 rpm

Q.165 A single phase fully controlled converter is connected to a 240 V supply. If the converter is
fired at an advance angle of 45° and overlap angle of 10°, then the mean load voltage is
V.

165. -164.9 (-166.00 to -162.00)
For firing advance angle of 45°, the full converter is in the inverting mode i.e. o > 90°
So, o = 180° - 45° = 135°
The mean output voltage,

Maximum mean output voltage at no load

Vo = 5 X [cos oL+ cos(o + )]
Maximum mean output voltage,
2V,
Om = T
V. = V—m[cosoc + cos(a + )]
0x T
= 24042 [cos135° + cos145°]
T
= -1649V
Q.166 In the circuits shown below,
D 1 A D 2
(Pure S >l
inductor)
V., sin of g L v, cos ot G) == C (Pure
capacitor)
Fig. (a) Fig. (b)
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If switch in figure (b) is closed at ¢ = 0, then the diodes D, and D, conducts respectively as

(a) 180° and 90° (b) 90° and 180°
(c) 360° and 90° (d) 360° and 0°
166. (d)

In figure (a),

2n

ot

: ot

n 2n

Inductor stores energy upto n radian and dissipates energy upto 2r radians.

So, diode conducts for 360° in figure (a).

In figure (b), the source is a ‘cosine’ function, so capacitor charges to its maximum value
instantaneously as switch is closed at ¢t = 0.

So, diode conducts for 0° in figure (b).

Q.167 A single phase full converter is supplied from 230 V, 50 Hz source. The load consists of R = 10
Q and a large inductance so as to render the load current constant. For a firing angle of 30°,
the average and rms values of thyristor currents respectively are

(a) 8.96 Aand 10 A (b) 8.96 A and 12.67 A
(c) 12.67 and 8.96 A (d) 12.67 and 10 A
167. (b)
Average output voltage of single phase full converter is,
) = 2ﬁcosoc
T
242 %2
v, = wcos?)of’ =179.33 V
[ - Vo 17933 1795 A
o R 10 7
IT
I,=17.93 A
0 T P ot
The average value of thyristor current,
T
I = 1793 x— =896 A
T avg o
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The rms value of thyristor current,

T
I, = 17.93><4/E =1267 A

Q.168 A phase controlled single phase rectifier, supplied by an AC source, feeds power to an RLE
load as shown in the figure,

2Q

V. sinot <~> 1%
" { 0 10 mH

+80 v
- T_

2V,
The rectifier output voltage has an average value given by V,, = TmCOSOL , where V| =252V

and «a is the firing angle. If the power delivered to the lossless battery is 1600 W, firing angle
o (in degrees) is

168. 41.58 (41.00 to 42.00)
The power delivered to the lossless battery is,

E,I, = 1600
I, = 1000 20 A
o 80
The rectifier output voltage,
V, = E, + )R
2V,
Tcosoc = 80+ (20 X 2)
2x252
coso. = 120
T

160.42 cos o = 120
Firing angle, o0 = 41.58°

Q.169 A single phase half bridge inverter has a resistive load of 10 Q and the center tap dc input
voltage is 96 V. The fundamental power consumed by the load is

(a) 640 W (b) 705 W
(c) 747 W (d) 820 W
169. (¢)
\%
Given, Zde - 9q
2
Vdc =192V
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Rms value of the fundamental voltage in the output,

2V,  2x192
Vor = Jan = Jom 8643V

Fundamental power in the output

_ (V)® _ (86.43)°
R 10

=747 W

Q.170 A dc series motor is controlled by the circuit shown below.

S
L
440v L 5 ¢ DC
dc T S series motor

The armature and field resistance are 0.06 Q and 0.04 Q respectively. The average armature
current is 200 A and chopper frequency is 500 Hz. If the back emf is 200 V, then the pulse width
would be equal to

(a) 0.5ms (b) 1ms
(c) 1.5ms (d) 2ms
170. (b)
The given chopper is a step down chopper,
Vo = oV,
VO = IO(Ru+Rse)+Eh=aVs
= 200 (0.06 + 0.04) + 200 = o - 440
_ 20
* 7 a0
o =05
T,=o-T
= 0.5x L =1ms
500

Q.171 The center tap full wave single phase rectifier circuit uses 2 diodes as shown below,

°—
AC
Mains g ‘ ‘
o— | D2
NI

(rms value) 560 : 280V —0—280V |
the rms voltage across each diode is
(@) 7901V (b) 3959V
(c) 280V (d) 2013V
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171. (b)
The waveform of voltage across diode,
_ Vi
Vm - Vrms\/E
V. = 280x~2 =395.97V . n of

" 0
Peak value of waveform shown above is \/
2V = 2x39597 2V, [-mmm oS

2V, =79194V
The rms value of the wave form shown above is,

(peak Value) Wk 791.94

1%

D1, rms

2 2n = 2x2
395.97 V

Q.172 A single phase fully controlled bridge rectifier is operated from 240 V, 50 Hz ac mains. Load
draws a continuous and ripple free current of 12 A. The reactive power drawn by the load
from source, if the firing angle is 30° will be kVAR.

172.  1.29 (1.10 to 1.45)

W oq o DN2X240 187127 V
T

Average output voltage, V= TCOS

Load current given, [, = 12 A
Reactive power drawn = V[, tan o = 187.127 x 12 x tan 30°
1.29 kVAR

Q.173 A 3 phase, 440 V, 50 Hz supply is feeding a 440 V dc, 15 kW, 1500 rpm seperately excited dc
motor with ripple free continous current through a thyristor bridge. Neglecting all the losses,
the power factor of the ac mains at half the rated speed is

(a) 0.353 (b) 0.372
(c) 0.90 (d) 0.955
173. (a)
Hence it is mentioned in the given data that there is no losses.
= ?’V—’”Lcosa =E
0 T
Since E o« N
L _ N
E, N
E, = 2E,
E, = L % =220V
Bx2XMO o
T
220xm
oS O = 305 w440 = 0.3702
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Input power factor of the supply

= Ecosoc = 3 x0.3702 = (0.353
T T

Q.174 In the circuit shown below,

filter

10Q

The ripple voltage (a.c. component) is
(Assume ripple free load current)

(a) 95.75 V (b) 9812V
(c) 826V (d) 88.13 V
174. (a)

Hence the load current is continuous,
The average output voltage of the waveform will be,
2V,
A
2 x~/2 %220

= —=198.07 V
T

The rrms value of output voltage
V,,  ~/2x220

SR B
V. =

The ripple voltage f VOZI I

= V2207 -198.072 =H7BV
Q.175 A 3-phase full converter bridge is connected to supply voltage of 230 V per phase and a
frequency of 50 Hz. The source inductance is 4 mH and load current on dc side is constant at
20 A at 30° firing angle. The percentage voltage regulation due to source inductance is

(a) 3.84% (b) 4.92%
(c) 4.16% (d) 5.15%
175. (d)
Voltage regulation due to source inductance
J b, 1 00
T V, at no load
_ S0y, T 00
T 3V, coso
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_ OJLSIO
V. cosa.

x 100

-3
_ 2nx50x4x107° x20 %100

V2 x~3 x 230 x cos 30°
% voltage regulation due to source inductance

= 5.15%

0000
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Q.176 If x[n] be discrete time signal
y1[n] = x[2n]

x[z] n=even
Yln] = 2

now, consider the following statement

1. if x[n] is periodic then y,[n] must be periodic
2. if x[n] is periodic then y,[n] must be periodic
3. if y,[n] is periodic then x[n] must be periodic
4. if y,[n] is periodic then x[n] must be periodic
Which of the above statements are correct.

(a) 1 and 2 only (b) 2,3 and 4 only
(c) 3 and 4 only (d) 1, 2 and 4 only
176. (d)

1. If x[n] is periodic then x[2n] will just take the alternate terms hence will be periodic.

2. 1If x[n] is periodic then x[g] will have padded zero in the sequence
3. If y,[n] is periodic then we do not have all the points of x[n] thus x[n] may not be periodic
4. If y,[n] is periodic then only the extra point will be removed thus x[n] will also be periodic.

S

Q.177 If Laplace transform of x(t) is X(s) and X(s I

ds , then x(0) is

177. (1)
J;s +1
dX(s) 2
ds 241
x(t) & X(s)
tx(t) & —%
“tx(h) o 3O
ds
ILT(S 2+1J = 2 sint u(t)
-tx(t) = 2sintu(t)
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x(t) = =2 u()
£(0) = _tgto(Zsint (t)J
= =2 Lt u(t)

t—0

]

|

N
—
N =
N

Q.178 Consider the interconnection of three LTI systems as shown in below figure.

hy[n] = u[n] - u[n - 2]

178. (1)

Assume, hy[n] = ul[n + 2], hy[n] = 8[n -

A hyln]
+
} y[n]
x[n] — _
hs[”]

2]

Then the impulse response of overall system at n = 2 is

Given, hy[n] hy[n] .
yln]
x[n] — -
hs[n]

hy[n] * hy[n]

x[n] —

+
yln]

hy[n]

x[n]

yln]

[h[n] * hy[n]] - h[n] ——

From the given figure, overall impulse response,

hin] = [mln]*hy[n]]-hs[n]

uln]—u[n]+u[n-2]
{-. x[n] * d[n - ny] = x[n - nl}

h[n] = u[n - 2]
atn =2; h[2] = u[l2-2]=ul[0] =1

[uln + 2] % 8[n - 2]] - [u[n] - u[n - 2]]
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nu(n) _n
Q.179 For x(n) = (%) + (\/§+ f) u(n);

If ROC: a < |z| <1, then the value of a will be

179. (0.5)
1 nx0
L) (5) n<0 1 n<0
First part: (—) = =1(1Y
3 1 nx1 -1, n=20

nu(n) n
(%) = u(-n-1)+ (%) u(n)
Second part:

n 1 )
(V3 +j)  um) = [\/§+j) u(1n)

oo b
2T B+j 2
1
ROC: |z| > 2
Combining both ROC’s
T < e«
3 z
ol > 2
2

1
Net ROC: < 2| <1
Comparing with given ROC: a < |z| <1

Q.180 The Laplace transform of a signal given below is

) cos(mt); O<t<l1
X =
0 ; otherwise

@ 1-¢° (b) 1-¢™
a
%+ $? + 12
s[1+e7°] s[1-¢°]
) "2, 2 (d) 5>
s°+m s°+m
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180. (c)
We know that the Laplace transform of
s
cos(at)u(t) =
@)u() =
cos(mt)u(t) = >
$? +7?

now, the given function x(t) can be written as,
x(t) = cos(nt)u(t) - cos mt u(t - 1)
= cos(nt)u(t) - cos m(t -1 + 1) u(t - 1)
= cos(nt)u(t) - cos [n(t - 1) + w] u(t - 1)
= cos T tu(t) - [cos m(t - 1) (-1) - O] u(t - 1)
= cos m tu(t) + cos m(t - 1) u(t - 1)
By taking Laplace transform,

X(s) = + o x(t - t,) = X(s)-e75, by shifti t
(s) 2am? Ll [ x(t - tp) (s)-e y shifting property]
X6) s[1+e7°]
N L
s +m?

Q.181 The z-transform of the discrete-time signal x[n] = 12" sin(gn)u[n] is

2(z2 - 4) . 22(z% + 4)
@ ira (®) "2 4y
2(z% - 4) 22(2> - 4)
(©) (22 + 4)2 (d) (22 + 4)2
181. (d)
Given discrete-time signal
x[n] = n2" sin(gn)u[n]
we know that,
(=
ZSln(ZJ 2
Z[sin(zn)u[n]] = ==
2 22 —ZZCOS(§)+1 z"+1
Using the multiplication by exponential property,
we have
x[n]e—— X(z)
felzpe] - Aol [y
2 z—)(g) a
_z 2z
22 +1 . _% 22 +4
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Using differentiation in z-domain property
x[n]e——X(z)
7| n2"sin| Zn uln]| = —zi 7| n2" sin| Zn uln] d
2 B dz 2 nx[n]<—>—zEX(z)
_ 4 ( 22 ) _ _{(z2 +4><2>—2z<2z>] _ [+
dz\ ;2 +4 (2% +4)? (22 +4)
2
Z[nZ" sin(zn)u[n]] = %
2 (z° +4)

Q.182 A continuous time signal x(t) is defined as x(t) = 2 + cos(50mt) is sampled with sampling
interval T, = 0.025 sec and passed through an ideal low pass filter whose frequency response is
as shown in figure below

H(jo)|
1
401 40 (0]
The spectrum of output will be
Y(jo) Y(jo)
4n 47
(@) t ™ t (b) t T t
—40n 40t ® -30n 30 ®
Y(jo) Y(jo)
4n 160n
R
—40n -30n 30n 40n ® —301n 30rn ®
182. (d)
Given, x(t) = 2+ cos(50mt)
Frequency of signal o, = 507
T, = 0.025 sec
2n
- sampling frequency o, = 7~ 80 mrad/sec
S
then, X(jo) = 4nd(w) + n[d(w + 507) + 6(w - 50m)]
Let the sampled signal be represented as X (jo), where X (jo) is given as
1 « )
X (o) = 7 Y X(j(o - no,))
S p=—oo
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X(jo) Xs(jo)
4 4/ Ts

t N t = sampled = t T /T T t

—50n 50t ® —-80r —50n —30m 30r 50 80 ®
X (o) =

40 Z [47d(w —80m)] + md(w — 507 — 807n) — wd(w + 50w — 807n1)]

m=—oo

now, the sampled input X (jw) is passed through a low passed filter having cut-off frequency

at o = 40m.
Therefore the output Y (jw) will contain only the components which are less than ® = 40 =.
Xs(jo) Y(jo)
4n/T 4/ T
t t m/ Ts T t LPF t m/ Ts 1
—80r —50n —30m 30r 50nr 80m @ 301 30n o

Now by putting T, = 0.025, we will get

Y(jo)
160m

t 40mn t

—-30n 30n [

Q.183 For the figure shown below, the trigonometric Fourier series coefficient is given as a,. Then
the value of “ -a,” is

| A L A SR | AR
-2
183. (2)
Let, x(t) = x,(t) = x,(t)
x(f)
1 A=2
’ ’ | ‘ ‘ ’ -
2T -T §0| T 2T 3T !
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T/2
Gy = 1 | Astdr=2-2_1
T s T 2
Now, x(t) = x,(t) - x,(f)

G = Sk~ Chy

xy(t)

A A -
O
. (2m)
2 2 -jk7 ;
= £_~ 2 =q_,Jkn _q __1\k
Py 2 2e 1-e 1-(-1)
k
o0 = P _1-(=1
ky 2N2 2
(jkoo)™  (jkey)
1_(_1)k [0) —z—n—n
Ckl = —kz(!)% ’ 0 2
1- (-1
b = _j2p2
A 2
Ck2 = ?25_1
G = "k
1-()*
G% = _i2n2 -
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_ e Jbe

%~ 2 2

k

q,  1-(-1)
S W S

= 2 —K*n?
o _ 1=

2 —4152

a, = (0-1)

_uz = 2

in Hz will be

x(t)

Frequency cmponent availabel in input: 0, &, 37, 5=,
h(t) = Sa (4.5 mt)

H(w)

Q.184 If x(t) is represented as given below and h(t) = Sa(;t

In

h(t)
LTI

! x(t) —]

t

3 2 -1 | 1 2 3 4 5
184. (3)
Time period for x(f), T, = 2 sec
2n _ 2m

o = T_0:7 =m rad/sec

x(t) = dc + odd harmonics of cos terms

= a, +a, cos @t + a, cos 3 Oyt * ...

-457
L.P.F. cut off frequency,
o, =45
Frequency component present in y(t) : 0, «, 3, ....

upto 4.5 © only 3 frequency components : 0, 1T, 31
So, (Dm|y(t) = 3 nrad/sec

Nyquist rate of output,

@y o = 2, =6nrad/sec
f _ om_
So, Wl T o =3 Hz

451

- b, =0, as the signal is even
k g

) then the Nyquist rate for output y(t)
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1 11
Q.185 Let y[n] denote the convolution of h[n] and x[n], where h[n] = (Z) u[n] and x[n] is a causal

sequence. If y[0] =1/2 and y[1] = 1, then x[1] equal to

185. 0.87 (0.60 to 1.00)
Given, x[n] is a causal sequence,
. x[n] will be zero for n < 0.

oo

yin] = 2 ¥k hln k]

k=—co
1 1
and h[n] = (ZJ u[n]
1 11
hin] = (Z) ponet
0 ;, n<0
1 1
~h[0]=1, K[1]= 1 h[2] = I3

y[0] = x[0] A[0] + x[1] A[-1] + .......

% = x[0] 1) + x[1] x O
1
x[0] = 5
y1] = x[0] A[1] + x[1] A[0] + x[2] K[-1] + w....
1= (%)G}xm [1]+ x[2][0]
1—% = x[1]
x[]_] = 220875

Q.186 A signal x(f) = e' u(t) is passed through an ideal low pass filter with cut-off frequency of
o, rad/sec, then the value of o, for the output energy of low pass filter is 75% of the input
energy will be rad/sec.

186. 2.414 (2.00 to 2.60)
Given input signal ~ x(f) = e u(t)
Energy of the input signal

]o ()t = T ‘e_tu(t)‘zdt

E, =
o -2t 7
= Je_zt dt = [e_:| = 1 =0.5Joule
-2 2
0 0
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now, ESD [Energy spectral density] of the output y(t) is given by
2
E (@) = [H(o)E(w)
_ 2
E(o) = [X(o)
X(@) = FT[x()]= FT[e™ u(t)] = —
(©) 1+ jo
E,(0) = X =—
1+
for a LPF, the square of the transfer function is given is
5 1, |o<o,
|H(c0)| - 0, otherwise
2 % , |0)| < (DC
E,(0) = [HO) E(0)=11+0
0, otherwise
.. The total energy of the output signal is
1 oo
E, = b f E,(w)dw [ Ey((o) is an even function of ‘®’]
17 1°F 1
nj y(©)do = | o
0 0
1 1, _
atm =, 0.75[5] = Etan 1((soc)
tan‘1 (,oc = 0.75><g
® = tan[0.75x£]
c 2
®, = 2.414 rad/sec
Q.187 Consider the circuit shown in the figure below:
10V
37kQ I
o
Ql % 2
Both the transistors Q, and Q, are matched with § = 50. The value of V. = 0.7 V, the value of
current [ is equal to mA.
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187. 0.241 (0.22 to 0.26)
The circuit can be redrawn as,

For current mirror circuit,
_ Vec=Vgg 10-07

[ . = = =0.251 mA

reff R 37x10°

now, I, = Ireft = 0'2521 =0.241 mA
1+ 2 (1 + ]
B 50
Q.188 Consider the BJT shown below:
Which of the following relation is correct?
1
(@) Ic+ I + Bl =0 (b) fc=Plp 175 lco
1
(© le=Plg+375 Ico (d) Ie= ody + (1 + B)lcq
188. (¢)

I = Blg+ (1 +B)leo

b _ o
ut B = T a
o l-o+a
= Blg+|1+—— |Ip = Blg+———1
I. = Blp ( 1_(X)co Blp+——Ico
1
= Blg+—1
Ie = Blg+1—lco
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Q.189 Consider the circuit shown in the figure below.
10V

0.61 mA

B=60

50 kQ
4.7kQ

-10V
When the transistor is biased in active region. The value of voltage |V, | = 0.7 V, then the
value of power dissipated by the transistor is equal to mW.

189. 5.028 (4.90 to 5.10)
Assuming the transistor to be in active region, we get,

B 60

-3
e = alp= 5 le = gy x061x10
= 0.6 mA
Now, the voltage at V. = -10+4.7x 0.6 =-718 V
I 0.6 _ _
Value of I, = Fc=5><10 3-1x10° A=10pA
now, V, = IR,

= 10x10°x50x103=05V
Vp = Vgt Vp=05+07=12V
Ve = 1.2-(-7.18) =838 V
Power dissipated = V. x I.=8.38 x 0.6 x 10~ = 5.028 mW

Q.190 Consider the circuit shown in the figure below:
5V

Vy=3V
R=3kQ

w
For the transistor T,, the value of u,C, =50 mA/V?and V, =1 V. Then the value of (T) for

the transistor is .
(Assuming, there is no channel length modulation)

190. 0.04 (0.01 to 0.10)
In the transistor V¢ = V|
Since, the gate and drain terminals are shorted,
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thus, I,
now, I,
thus, 1x 1073

)

191. 102.38 (102.00 to 102.50)
Base emitter loop

500 kI, + 0.7 + 1 k(I + 1)
IC

m\

from here Iy

the transistor will always be in saturation mode.

uncox W 2
= & |(V~c -V,
> (L )( cs— V)

_ Y0 _3,10% =1ma
R 3
-3
_ 50x10° (W (217
2 L
- Lo
25

Q.191 Consider the circuit given below:

The value of input resistance R, is kQ.

= 1001,

= 101 I,

= 18.80 pA

_px V26 16 q383K0
Io Iz 188

r.+ (1 +B)R,
1.383k + 101 x 1k = 102.383 kQ
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Q.192 Consider the circuit shown in the figure below.

L, =10 mH

AAAA
VvV
=

.|||_

L, =10 mH

= 50 UF

of oscillation is equal to Hz.

192. 159.15 (158.60 to 159.60)
1

f= [..C

eq

= 20x 103 H
C =50%x10"°F
3
f= £=159.15Hz
2%

Q.193 Consider the circuit shown in the figure below:

If the biasing condition of the circuit is met for the circuit to start oscillating, then the frequency

L, =L +L,=10x107+10 x 10

Then, the value of output voltage V| is equal to V.
193. (15)

Applying virtual ground concept,

we have V, = V=5V

" Current does not flow in the 6 kQ branch thus,

Vo =5V

Thus, V, = (—814)XVC=3X5=15V
—oV,
S 510
3 Vc

6kQ  Z4kQ
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Q.194 Consider the circuit shown in the figure below:

10 kQ
-10V
e . : . _ Mo W _
The MOSFET is biased in saturation region having V.. = 2.5 V and — 1 - 0.5mA/V . The
minimum value of V,, for which the MOSFET will remain in saturation region is V.
194. (2)

For the transistor

-10V
Vs = Vp=V,
due to virtual ground,
thus, Ve =0V
0-(-10)
H ’ [. = ——=1TmA
enee b~ 10x10°
My Cox w 2
= Vos = V-
I, oL (Ves =Vr)
Ip
Vv V. =
Gs T ui’l COX W
2L
Ves =V =
Veg=-Vyp =2V
For the MOSFET to be in saturation region
Vps 2 Ves = Vrp
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. at the edge of saturation
Vps = Vg -V =2V

Ve =0
o Vp = V-V,
= Vpp = 2V

Q.195 Two wattmeter method is used to measure power in circuit supplied by a 3-¢ , 440 V, 50 Hz
feeding a balanced 3-¢ load. The readings obtained from the wattmeter 1 and wattmeter 2
were 4 kW and 1 kW respectively. It was found that while taking second reading (1 kW) the
current coil of second wattmeter were interchanged. The value of power factor will be

(upto 3 decimal places)

195. 0.327 (0.320 to 0.332)

Wattmeter -1 reading, P, = 4kW
Wattmeter -2 reading, P, = 1TkW
For second reading as the terminals current coil were reversed
Actual reading = -1 kW
- P -P
Power factor = COS¢= cos[tan '3 ﬁ]
- cos|tan"1/3 #-c1)
(4-1)

- cos[tan‘1 V3 (g)] = c0s(70.893°) = 0.327

Q.196 A dynamometer type wattmeter with pressure coil angle of 2° measure 400 W for 1 - ¢ inductive
load supplied by 230 V. If this wattermeter is replaced by another wattmeter with pressure
coil angle 1° reading obtained is 320 W. The value of current drawn by load is

(a) 1045 A (b) 1242 A

(c) 19.99 A (d) 16.32 A
196. (c)

Given, Supply voltage, V = 230 V

Reading of dynamometer type wattmeter

P = VIcos (¢ - B) cos B
Ifp=2° 400 = 230 x I x cos(¢ - 2°) cos 2° ...(3)
Ifp=1° 320 = 230 x I x cos(¢ - 1°) cos 1° ...(id)

Using (i) and (ii), we get

VIcos(¢ —2°)cos 2° 400

VIcos(dp—1°)cos1® ~ 320
1.25 x [cos 1° cos ¢ + sin ¢ sin 1°]
cos ¢ [1.25 cos 1° - cos 2°]

{1.25cosl° - cos2°}

[cos ¢ cos 2° + sin ¢ sin 2°]
sin ¢ [sin 2° - 1.25 % sin 1°]

an ¢ = 1Gn2°_1.25sin1°
o = 87.01°
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Using power relation = VI cos (¢ - 1°) - cos 1° = 320

230 x I cos (87.01° - 1°) cos 1° = 320
320
I'= 230 x cos(86.01)cos 1°
I =19.99 A

Q.197 A resistance of 2 Q in a circuit is carrying a current which has a waveform as shown below:

i(t)

XA

t

T 2T 3T
A moving iron voltmeter is connected across the resistance which shows reading as 18 V. The
value of x shown in waveform will be (upto 2 decimal places)

197. 12.73 (12.70 to 12.76)

ity 2
° MW o

()

-/
Moving iron instrument reads rms value
B Vins = 18V
We know, Vims = Lo R

18
L= 5= 9A

RMS value of the given waveform

i= \/%{x2(T)+O(T)}

X

Z'I‘I’I‘lS = \/E
x = 9><\/§

= 12.727 = 12.73

Q.198 A wattmeter is used to measure the power supplied to a circuit at a certain power factor. The
supply frequency is 60 Hz. The wattmeter's potential coil has resistance of 6000 Q and
inductance of 3 H. If the expected error in reading is 6%, then the value of power factor in the
circuit will be (upto 3 decimal place).

198. 0.953 (0.948 to 0.958)

Given, expected error (% €,) = 6%
Potential coil inductance, Lp = 3H
Potential coil resistance, R, = 6000 Q
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Supply frequency, f = 60 Hz
% €, = tan ¢ tan § x 100

tan ¢(21;{—L13

P

)X 100 (Where ¢ is power factor angle)

[o)}
|

o ¢(2n><60><3

) x 100
6000

6
tan ¢ = 5oz =0.3183

18.85
¢ = tan’! (0.3183)
¢ = 17.65°
So, power factor, cos ¢ = 0.953

Q.199 A slide wire in a potentiometer is 200 cm long and has resistance value of 500 Q. This
potentiometer has a working battery voltage of 5 V. The setup is standardized with 1.018 V
standard cell with sliding contact at length of 101.8 cm of slide wire. The value of measurement
range will be V.

199. 2 (1.8 to 2.0)
Standardization is done with emf : 1.018 V
The sliding contact was at 101.8 cm
The resistance of 101.8 cm long slide wire

101.8
———x500 =
200 2545 Q
Th in slid i —Z—%—AL A
e current in slide wire = R 2545 m

The measurement range of slide wire
= (4 x107%) (500) =2V

Q.200 A CRO setup working in x-y mode is shown below. If the input x(f) is a sinusoidal signal with
amplitude of 12 units and ® = 10 rad/sec, then the waveform observed on CRO screen will be

x(f)
* X
CRO
x(f) x,(t)
Differentiation ! Atg;llll(z)l)tor 2 y
’ y

(a) / / (b) /\
SZ4iaNY

www.madeeasy.in Day 8 . Q.‘| 76 to Q.ZOO © Copyright: MADEEASY Page 18

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




MADE EASY Revision through Questions E

India's Best. Instituta for |ES, GATE & PSUs f or GATE 2020
Yy y
(© p (d) ~
200. (b)
Given, input signal x(t) = 12 sin (10¢)
dx(t)
x,(t) = T 12 x 10 cos 10t
= 120 cos 10 ¢t

xq (¢
x,(t) = % =12 cos 10t

So, x,(t) and x,(t) are same signals with phase displacement of 90°. The CRO output is circle.

0000
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