4o ool A
(}’H i
(_6{\‘1
MARDE ERSYH
India's Best Institute for [ES, GATE & PSUs
ESE 2023 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Electrical Engineering

Test-5 : Basic Electronics Engineering + Analog Electronics +
Electrical Materials + Electrical Machines-1 + Power Systems-2

Name : ......,...,.I.!...............,..,....,......‘.H.....n..“...-,-,..-.....”.......

Roll No :

Test Centres Student’s Signature
pehizr” Bhopal [ Jaipur
Pune[ ] Kolkata| ]  Bhubaneswar [|  Hyderabad|_|

Instructions for Candidates
Question No. 3% _Marks Obtained |

1. De furnish the appropriate details in the Saction A |
answer sheet [viz, Name & Roil No). = - 1
Q1 -
2. There are Eight questions divided in TWQO
sections. Q2 —d’ "j'_

3. Candidate has to attempt FIVE questions Q3 =
in allin Englizsh only. Q4 4 ’7 —

4, Question na. 1 and 5 are compulsary . Section-B 72
| and out of the remaining THAEE are to Q5 5 4—

be attempted choosing at least ONE Q6

— quzstion Ifrom 2ach section. g E’ 5 2‘

5. Usecnly black/blue pen. I Qs

6. The space limit for every part of the
guestian is specified in this Question Cum Total Marks { 8 g
Answer Backiet. Candidare should write Obtained
the answer in the space provided, =

7. Anypage or partion of the page left blank Signature of Evaluator Cross Chacked by
in the Quasticn Cum Answer Bookist
st be clearly struck off. Couaabhs

8. There are fow rough work sheets at tha UM Y

end 9 this booklet. Strike ¢ff these peges
after corrpletion of the examination,

Corp. office : 44 - A/1, Kalu Sarai, New Delhi-110016 | Ph:9021300500 | Web: wwwmadeeasy.in




IMPORTANT INSTRUCTIONS

CANDIDATES SHOULD READ THE UNDERMENTIONED INSTRUCTIONS
CAREFULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.

DONT'S

1.

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3. Write legibly and neatly.

4. For rough notes or calculation, the last two blank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any work, draw your pen through it or write "Cancelled" across if,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.



MAEDE EASY Question Cum Answer Booklet | Page 1 of 73

Do not
write in
this margin

Q.1 (a)

p—

Section A : Basic Electronics Engineering + Analog Electronics + Electrical Materials

For the circuit shown in figure below, the two identical Si PN junction diodes are
connected in parallel and a 0.5 V of forward bias is applied. Diode D, is heated to 400°K
temperature and diode D, was kept at 300°K temperature. Calculate the ratio between
the current flowing through diode D, and diode D,. (Ideality factor of Si = 2).
I
05V
T=200°K |}or I} | T=300°K
¥y D,
Y
[12 marks]
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Q.1(b)| The average magnetic moment along the field direction per spin in Bohr magnetron
when a paramagnetic spin system is subjected to a uniform magnetic field is
3.2 x 10-* Bohr magnetron. Calculate the uniform magnetic field applied if the
temperature is 27°C. (1 Bohr magnetron = 9.27 x 10" A/m?).

[12 marks]
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Q.1 (q)

Consider the circuit shown in figure below :

Y

If both transistor have parameters p C =40 pA/V? and Vi, = 0.9 V then calculate the

noox

output voltage V .

[12 marks]
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Q1(d)

Write a short note on Top-down technique and bottom-up technique used in

nano-material synthesis.
[12 marks]
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Q.1 (e)| The Hall coefficient of a certain silicon specimen was found to be -8.25 x 10~ m?®/C
at 300° K. If the conductivity is 2.50 U/cm, then find :

(i) type of semiconductor

(ii) density of charge carrier
(iii) mobility of charge carrier
[12 marks]

(V)

(ii.’)
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Q.2 (@)| Consider the circuit shown in figure

/2 2

Find the relation between input V, and output V. (Assume the op-amp is ideal).
[20 marks]
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Q.2(b)

Zirconium has an HCP crystal structure and a density of 6.51 g/cm?®.

(i) Calculate the volume of its unit cell in cubic meters if the atomic weight of Zirconium
is 91.2 g/mol.

(ii) If c/aratio is 1.593, then compute the values of c and a.
[20 marks]
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Q.2 (9

Determine the small signal voltage gain of the circuit shown in below figure having

CoeW
Brto™ _ 12 mA/V?, A = 0. Also calculation gate-to-source

2L Lol T

parameters V. =08V, k=

voltage (V50)-
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Q.3 (a)

The electron mobility of Indium (In) is measured to be 7.5 cm?/V-s and the resistivity of
In is 9.43 x 10~ Q-m at room temperature (27°C).

(i) Calculate the number of free electrons donated by each In atom in crystal.

(if) If the mean free path of electrons in In is 8.2 nm then calculate the mean speed of
electrons in In.

(iii} Calculate the thermal conductivity of In at room temperature.

(Assume atomic mass of In = 115 g/mol and density = 7.3 g/cm?]
[20 marks]
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Q.3{b)}| A silicon transistor with § = 50 is used in a self bias circuit as shown in figure below.

TVCC=20V

|
<
ARA
Yy

~
N
AAAA
V¥Vy

.HFA__

The operating point is (}{11.5V, 1.5 mA). For stability factor § £2, determine the values
of Ry, R, and R,.
[20 marks]
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Q.3 (¢)| (i) Anamplifier has a mid-frequency gain of 800. Its upper and lower cut-off frequency
fyandf, are 16 kHz and 40 Hz respectively. Determine the bandwidth of the amplifier.
What will be the bandwidth if 2% of the output signal is given as a negative feedback?

(ii) Define superconductivity. What are the condition required for superconductor? Also

briefly discuss the properties of superconductor.
[10 + 10 marks]
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Q4 ()

(i} A crystal oscillator has the following parameters :
L, =033 H, C = 0.065pF, C, =1pF, R, =55kQ
(a) Calculate the series-resonant frequency.

(b) By what percentage does the parallel-resonant frequency exceed the series
resonant frequency?

{(c) Calculate the quality factor QQ of the crystal at series and parallel resonant
frequencies.

(ii)} A solid specimen of dielectric has € = 4.1 and tan & = 0.001 at a frequency of 60 Hz.
Ifitis subjected to an alternating field of 45 kV/cm then calculate the heat generated
in the specimen due to the dielectric loss.

( ‘}) [15 + 5 marks]
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Q.4(b)| Consider the circuit shown below :
? Vop =40V

YYry
W

22 MQ <

vy
o0
%]
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2

18 MQ 3

-

¥

.||[—

If VGS(TH)= 5V, ID(ON) =3 mA at VGS(ON) =10V, then determine IDQ, VGSQ and Ve
[20 marks]
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Q4 ()

For the circuit shown below, the op-amp is considered to be ideal.

12 kQ

(i) For an input voltage V, =4V, find the output voltage V, and current I .

(if) Determine the range of input voltage V., for linear operation if the saturation voltage
of op-amp is £12 V. '

[20 marks]
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25 (a)

Section B : Electrical Machine-1 + Power Systems-2

The single line diagram of a 4-bus power system is shown in figure. Reactances are
given in per unit on a common MVA base. The transformer T, and T, have tap settings
of 0.8 : 1 and 1.25 : 1 respectively. Obtain the bus admittance matrix of the system.

j0.2 1.25:1
[12 marks]
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Q.5 (b)

1

=
H

]y
| T8

Core, p = o

oo

I=25
Exciting coil — N

Iron, p

Area of cross-section,
600 mm?

0 T
%Uq/\a/) le; ‘/& LCL) ]

Wwhe - Rl lad

An electromagnet, shown in figure, is required to exert a 500 N force on the iron at an
airgap of 1 mm, while the exciting coil is carrying 25 A dc. The cross-section at the air
gap is 600 mm? in area. Calculate the required number of turns in the exciting coil.

[12 marks]
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JQ'S (¢)| A 3-9, squirrel cage induction motor is designed to restrict the maximum starting line

current drawn from 400 V, 3-¢ supply to 120 A. If starting current of motor is six times

the full load current. What is the maximum permissible full KV A rating of motor when

(i) itis directly connected to the supply mains?
(if) itis connected through an auto-transformer with a tapping of 60%?
(iii) it is designed for the use with star-delta starter?
[12 marks]
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A 230V, 20 hp, 60 Hz, 6 pole, 3-¢ induction motor driving a constant torque load of
rated frequency, rated voltage and rated hp, has a speed of 1175 rpm and an efficiency
of 92.10%. Determine the new operating speed if a system disturbance causes 10% drop
in voltage and 6% drop in frequency. Assuming the friction, windage and stray power

loss remain constant.
[12 marks]
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.5 (e)| Consider the Y, . of a 4-bus power system,

4 3 25 0
2 -10 25 4
Yous = |25 25 -9 4
0 4 4 -8

where first, second, third and fourth row refers to bus 1, 2, 3 and 4 respectively and all
the given entries in matrix are in per unit. Draw the reactance diagram of given power

system.
[12 marks]
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6 (a)

The figure shows the single line diagram of a simple three-bus power system with
generation at bus-(1) and bus-(2). The voltage at bus-(1) is V = 1.0£0° pu. The voltage
magnitude at bus-(2) is fixed at 1.05 pu with real power generation of 400 MW. A load
consisting of 500 MW and 400 MV AR is taken from bus-(3). Line admittances are marked
in per unit on a 100 MVA base. The line resistances and line charging susceptances are

neglected.
@ Yz = 40 ® P, = 400 MW
O ths = =20 Y =20 O
Slack bus [V,1=1.05
V, = 1.020° ®

b

500 MW 400 MVAR

Using Newton-Raphson method, start with the initial guess of V% = 1.05 + j0 and
V{®=1.0 + jO and keeping | V,| = 1.05 pu, determine the phasor values of V, and V, after
one lteration.

[20 marks]
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Q.6(b)| (i) The fuel inputs for two plants are given as :
F, = 0.005P2+ 2P, + 10 Rs/hr
F, = 0.005P7 + 0.75P, + 15 Rs/hr

The loss coefficients are_B11 = 0.0015, B,, = 0.0025 and B,, = ~0.0005. The cost of
power received by each plantis 2.6 Rs/MWhr, then calculate the generating schedule
and the load received by the system.

(if) A generating station having a capacity of 200 MW and it is supplying 600 x 10° units
in a year, the load factor of the unit is 0.60. Find plant utilization factor, plant capacity

factor and reserve capacity of the plant.
[14 + 6 marks]
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The following test data were taken as a 7.5 hp, 4-pole, 208 V, 60 Hz, Y-connected induction
motor having a rated current of 28 A.

DC test : V, =907V, =280A
No-load test : V,=208V; f=60Hz; P, =420 W

¢

I,=812A; I,=820A andI, =818 A

a

Blocked rotor test :
1%

t

25V, f=15Hz, P, =920 W
[, =281A,1,=280A,1 =276A

(i) Draw the equivalent circuit of motor and find its parameters. Assume the stator and

rotor are equal reactances.
(i) Find the slip at the pull-out torque and find the value of the pull-out torque.

(Consider AC resistance to be 1.5 times of DC resistance)
[20 marks]
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A single machine is connected to a load centre through a transmission line as shown in

figure. The load centre is represented by a reactance connected to an infinite bus. The

generator is initially operating with P, = 1.0 pu and the magnitudes of voltages V, and

V,are 1.0 pu. Assume X, = 0.3 pu, X, = 0.1 pu, X =04 puand X, =0.1 pu.

(i) Find the maximum step increase in mechanical power that will not cause transient
instability.

(ii) Find the critical clearing angle and time for a three phase fault at the generator
terminal. Generator is initially supplying power of 1.0 pu. Assume that post-fault
system is identical to the prefault system. (H = 4.0 sec, f, = 50 Hz).

E, Vi 1y X Vi iX,

N B | i L

£

) 3 ot atRbiUR Ry
l’uuf/\a h@
f’b,L‘., fﬁfb
Xa+Xi’+)&+XL

[10 + 10 marks]
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7(b)

(i) An11500/2300 V transformer is rated at 100 kVA as a 2-winding transformer. If the
windings are connected in series to form an auto-transformer, what will be the
possible voltage ratios and output? Also calculate the power transferred through
conduction and induction and percentage saving in conductor material.

(ii) Write any four applications of auto-transformers.

[16 + 4 marks]
&) owmwlative adddtion: -
(%)
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Q.7 ()| (i) Fora3-¢, induction motor, maximum torque is twice the full load torque and starting
torque is 1.6 times the full load torque. In order to get a full load slip of 5%, determine
the percentage reduction in rotor resistance. Neglect the stator impedance.

(ii) Two generating units rated 300 MW and 400 MW have governor speed regulation
of 6% and 4% respectively from no load to full load. Both the generating units are
operating in parallel to share a load of 600 MW. Assuming free governor action,
determine the load shared by both units and frequency of operation. (Assume
no-load frequency to be 50 Hz).

[10 + 10 marks]
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A 600 kVA, 1-¢ transformer with 0.012 pu resistance and 0.06 pu reactance
is connected in parallel with a 300 kVA transformer with 0.014 pu resistance and
0.045 pu reactance to share a load of 800 kVA at 0.8 pf lagging. Find the load shared by
each transformer when :

(i) both the secondary voltages are 440 V.

(ii) the open circuit voltages are respectively 445 V and 455 V. (Also comment on the

results).
[20 marks]
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Q.8{b)| (i) Explain the advantages of HVDC power transmission in detail.

(if) A d.c. link has a loop resistance of 10 ©Q and is connected to transformer giving
secondary voltage of 120 kV at each end.

The bridge connected converters operates as follows :
Rectifier : 0. =15° X =15 Q
Inverter: §, =10° vy =15° X = 15 Q. Allow 5° margin on §, for 6.

Calculate the direct current delivered if inverter operates on constant § control.
[14 + 6 marks]
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{c

S

(i) A 250 MVA, 60 Hz, two-pole synchronous generator with inertia constant H of
5.4 MJ/MVA. Assume the machine is running steadily at synchronous speed with a
shaft input of 331, 100 hp. The electrical power developed suddenly changes from
its normal value to a value of 200 MW. Determine the acceleration or deceleration of
rotor. If acceleration computed for the generator is constant for a period of 9 cycles,
determine the change in the power angle in that period, frequency of system and
speed of generator at the end of 9 cycles.

(ii) In a transmission line each conductor is at 20 kV and supported by a string of
3 suspension insulators. The air capacitance between each cap-pin junction and tower
is one fifth of the capacitance C of each insulation unit. A guard ring, effective only
over the line-end insulator unit is fitted so that the voltages on two units nearest to
line-end are equal.

N
N

"/
_[_ 7

C C/5 ;

I 7

Cy ¢ C/5 v
|___

ANRRN

Qf

Calculate the voltage on line-end unit and the value of capacitance C,,.
[10 + 10 marks]
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