- Mg M}M’A 705§g

4/'@@’ anfdeeo~

Leading Institute for ESE, GATE & PSUs

ESE 2025 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Electrical Engineering

Test-3 : Electrical and Electronic Measurements
+ Electrical Materials

Name . e e o SN o L IV VRO, SRR
Roll No:
Test Centres Student’s Signature
Delhig/ Bhopal [] Jaipur [
Pune[] Kolkata[] Hyderabad []
Instructions for Candidates ‘ FOR OFFICE USE
Question No. | Marks Obtained
1. Do furnish the appropriate details in the Section-A
answer sheet (viz. Name & Roll No). T
Q.1 = )
2. There are Eight questions divided in TWO Q2 _,—% v
sections. - 4—
3. Candidate has to attempt FIVE questions 2
. Candidate has to attem ion —
in all in English only. Q4 ‘% 4—5l
4. Question no. 1 and 5 are compulsory Section-B
and out of the remaining THREE are to Q5 33
be attempted choosing at least ONE Q.6
question from each section. 0.7 J
5. Use only black/blue pen.
& Qs 4 & |
6. The space limit for every part of the :
question is specified in this Question Cum Total Marks % ¢
Answer Booklet. Candidate should write Obtained L J C
the answer in the space provided.
7. Any page of portion of the page left blank Signature of Evaluator Cross Checked by
in the Question Cum Answer Booklet
must be clearly struck off.
SoUNGhA. ...
8. There are few rough work sheets at the e
end of this booklet. Strike off these pages puso
after completion of the examination.

Corp. office : 44 - A/1, Kalu Sarai, New Defhi-110016 | Ph: 9021300500 | Web: www.madeeasy.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 it,
otherwise it may be evaluated.

6.

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




MBAEDE EFRSY Question Cum Answer Booklet | Page 10f 76

Do not
write in
this margin

1 (a)

Section A : Electrical and Electronic Measurements

What is a Digital Voltmeter? What are its merits? Explain Ramp type digital voltmeter
technique along with suitable block diagram. Also show the functioning of ramp type

DVM with the help of timing diagram.
[12 marks]

Digital Vekimaden it a devie shots
e e @}w&eﬁﬁr e oudpdl ]
\ED%Q%Q, oo TA Tt meanalh L

p

J-—"'j &

p Tigpe Maated

Reoc R diaghest of Rom
U’(MM\OJ—’UT 2 Ramp TL\ pe E :
\/

(o’ 2

-

—




S Y Question Cum Answer Booklet

|

Page 2 of 76

Do no
write i
this m




Do not

S 4 Question Cum Answer Booklet | Page3of76 |Mmen

this margin




MADE ERSY Question Cum Answer Booklet | Page 4 of 76

Do n
write
this i

Q.1(b)

A single phase, watt-hour meter has a constant load of 6 A at 230 V passing through it
for 10 hours at unity power factor. If the meter constant is 520 revolutions per kWh,
how many revolutions does the meter disc makes during this period? If the same meter
makes 1722 revolutions when operated at 230 V and a constant load of 9 A passing
through it for certain duration with a power factor of 0.707, determine the duration of
operation of the meter in hour.
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Q.1 (o)

The coil of a 150 V moving iron voltmeter has a resistance of 400 2 and an inductance of
0.75 H. The coil is made of copper which has a resistance temperature coefficient of
0.004/°C. The current consumed by the instrument when placed ona 150 V dc supply is
0.05 A. The series resistance of the voltmeter is of Manganin with a resistance temperature
coefficient 0.00015/°C. Estimate:

(i} The temperature coefficient of the instrument.

(ii) The alternation of the reading between direct current and alternating current at
100 Hz.
(iii) The capacitance of the capacitor necessary to eliminate the frequency error.
[12 marks]
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Q1(d)

A dynamometer ammeter is fitted with two fixed coils having a total resistance of 3.0
and a total inductance of 0.12 H, and a moving coil of resistance 30  and an inductance
of 0.003 H. Calculate the error in reading when the instrument is calibrated with d.c.
and used on a.c. 50 Hz with moving coil shunted directly across the field coils. Comment

upon the results.
[12 marks]
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Q.1 (e}

An electrostatic voltmeter is constructed with six parallel, semicircular fixed plates
equivalent is 4 mm intervals and 5 interleaved semicircular movable plates that move
in planes midway between the fixed plates in air. The movement of the movable plates
is about an axis through the center of the circles of the plates system perpendicular to
the planes of the plates. The instrument is spring-controlled. If the radius of the movable
plates is 40 mm calculate the spring constant if 10 kV corresponds to a full-scale deflection
of 100°. Neglect fringing edge effects and plate thickness. The permittivity of air is
8.85 x 10712 F/m.
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Q.2 (a)

1)

(i) The power flowing in a 3-phase, 3-wire balanced load system is measured by two
wattmeter method. The reading of wattmeter-A is 9000 W and of wattmeter-B is
-1800 W.

1. What is the power factor of the system?

2. If the voltage of the circuit is 440 V, what is the value of capacitance which must
be introduced in each phase in series, which causes the whole of the power
measured to appear on wattmeter A? (The frequency is 60 Hz).

[14 marks]
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2 (a)

(ii) Ina Maxwell’s bridge, the fixed - value bridge components have the following values:
K, =50, C=1mF
If R, =159 Q and R, = 10 & at balance then find the Q-factor for the unknown
impedance (L, and R, unknown impedance) at a supply frequency of 50 Hz.
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Q.2 (b)

(i) A current transformer having a 1 turn primary is rated at 500/5 A, 50 Hz with an
output of 15 VA. At rated load with non-inductive burden, the inphase and
quadrature components (referred to the flux) of the exciting mmf are 8 and 10 A
respectively. The number of turns in the secondary is 98, and the resistance and
leakage reactance of the secondary winding are 0.35 Q and 0.3 Q respectively.
Calculate the ratio and phase angle error.

(ii) What are the advantages and disadvantages of PMMC instruments?
[12 + 8 marks]

() Ne = 2

o Nomingl oo eSS s — 00— 160
= S

g = 7
W = 9% \,,.-»»—// .
Ao N — 9_(3_ . ep o %I—-M
\,-/

Qgiv&ﬁ Ne ‘LQTY\C*C_LM\%/"(& AT — -{/\QL ULL)CIU{’, b otan -

= S ny = Jthee = 128066

B

%—\U‘U\ Duiptﬁr — s = s e
;B \Jg — lé — 3
=
Lo Rtwden = Vs :_?_)____:O-SR
e S
M_Lo—fd\o}—ad QJ‘ILLO)\QJ\Q/\%QQ ¢ = (ha*f{ﬂw&ﬂ

= b [ O3 ”\: e
D-35+06
i \”\Y\D’UL}

aduall tode R= N+ Dgir\tou;%l

g

1 5




MBDE ERSY Question Cum Answer Booklet | Page 17 of 76

Do not
write in
this margin

—

es OV O E e T s e B
55

=N . 29¢

A~ (]
4 —= \thc; — T x_ oo

e ==, l’/\"‘ p\ ¥ OO —— DD ‘\Db‘?bggx,@
- o \Co - 3R

& =R R

(&5

olre

P hore ar*%% pooh 8() == il Lo&ﬂo(*%\ x):g__g_
‘,\I‘PS )

-~

,&f«ff%)o Ll [ &\-2V 117-525) ¥ 1RO
i R Y
e O € w5

-

= [%p R E S

-~
._"‘/

(_\T\_F "@rckm NI ord Direduantzges
O(; G SEE M%@W\M\f.

i

‘) l [ /

vttt realo

N T M o Lingor 2L
@/‘Z{’ ol \f\l%\\ Togq )l o wy

hodve -

ih%

o e el shielding.




Do not
MEDE EBSY Question Cum Answer Booklet | Page 180f76 | o)

o{’j DOUManent o net
‘4\ T v destr nest M09 A ooy W\(P@mﬁ@ﬁﬁ
il b el o reodect b
gyt o ¢ xfem noll pnogratie

el -
) Tt L wed te  mresdwd B
Ou cx@,/ ook age & sl
DiLodventegel s

D Lt 1L expensive (o potud to
O Nﬂ@ww\% W<\ \“mﬁfhwmflf

2y Td %«\oﬁr@e ol et AC
WWQJT applicodionke

e
e
\Y




MBDE ERSY Question Cum Answer Booklet

Page 19 of 76

Do not
write in
this margin




Do not
write in|

E ERSY Question Cum Answer Booklet | Page200f76 |}

(i) An ac bridge with terminals ABCD has following components:
Arm AB : A resistance of 800 Q in parallel with a capacitor of 0.5 uF.
Arm BC : A resistance of 400 Q in series with a capacitor of 1 uF.
Arm CD : A resistance of 1000 Q
Arm DA : A pure resistance R.
Find the value of the frequency at which the bridge will balance.

Q.2 (c

S

(ii) A moving coil instrument whose resistance is 25 €2 gives a full scale deflection with
a voltage of 25 mV. This instrument is to be used with a series multiplier to extend
its range to 10 V. Calculate the error caused by 10°C rise in temperature. (The
temperature coefficient of copper is 0.004/°C and that of manganin is 0.00015/°C).

[12 + 8 marks]
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Q.3 (a)

A PMMC voltmeter with resistance of 25 Q has a full scale deflection of 150° for a voltage
of 90 mV across it. The coil dimensions are 25 mm X 25 mm having number of turns
equal to 120. Current carrying turns are made of conductor with specific resistivity
=1.7 x10-® Q-m. The control spring constant is 0.45 x 10-° N-m/ degree. The coil resistance
is 40% of total instrument resistance. The value of diameter of conductor wire used in
coil winding and flux density in air gap will be respectively

[20 marks]
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Q.3 (b)

(i) A currenttransformer has a single turn primary and 400 turns on secondary winding.
The resistance and reactance of the secondary circuit are 2 Q and 3 Q respectively
including transformer winding. When 6 A current is flowing in the secondary
winding, the magnetizing mmf is 100 AT and iron loss is 2 W, find the value of ratio
error.

(ii) Give a generalized diagram of digital data acquisition system. Also explain the
various components and their functions.
[14 + 6 marks]
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Q.3 (o)

Explain in detail the working principle of linear variable differential transducer (LVDT).

Write down its advantages.

[20 marks]
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4 (a)

B
(i) The variable ‘A’ is related to three other variables B, Cand D as A = D The variables

B, C and D are measured with meters of accuracy + 0.5% of reading, +1.2% of full
scale value and +1.5% of reading respectively. If actual readings are respectively 90,
20 and 60 with 100 being full scale value for B, C and D, then find the maximum
limiting error in reading of A.

(i) Derive the expression for force developed by an electrostatic instrument.
[12 + 8 marks]
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Q.4(b)| Calculate the value of the shunt resistors for the circuit shown below:
I_=100puA
i P
&,
R, =1kQ
R R, R
o o
1A 100 mA 10 mA
[20 marks]
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Q4 ()

(i) A dynamometer type wattmeter with pressure coil angle of 2° measure 800 W for
1 - ¢ inductive load supplied by 230 V. If this wattmeter is replaced by another
wattmeter with pressure coil angle 1° reading obtained is 640 W, find the value of
current drawn by load.

(ii) Calculate the constants of a shunt to extend the range of 0 -5 A moving iron armature
to 0 - 50 A. The instrument constants are R = 0.09 Q and L = 90 mH. If the shunt is
made non-inductive and the combination is correct on d.c., find the full scale errors

at 50 Hz.
[10 + 10 marks]
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5 (a)

Section B : Electrical Materials

Consider a parallel-plate capacitor having an area of 6.45 x 10~ m? and a plate separation
of 2 x 10~® m across which a potential of 10 V is applied. If a material having a dielectric
constant of 6.0 is positioned within the region between the plates, compute:

(i) The capacitance.
(ii) The magnitude of the charge stored on each plate.
(iii) The dielectric displacement D.

(iv) The polarization.
[12 marks]
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What is magnetic anisotropy? Explain the importance of magnetic anisotropy in
transformer cores.

[12 marks]
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(i) The Burgers vector of a mixed dislocation line is %[1 1 0]. The dislocation line

lies along the [1 1 2] direction. Find the slip plane on which this dislocation lies.

(i) Explain, why end centered tetragonal geometry does not exist.
[8 + 4 marks]
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5(d)

The magnetic field intensity H = 2400 A/m in a material when B = 4 Wb/m?. When H
is reduced to 800 A/m, B = 2.8 Wb/m?, calculate the change in Magnetization M.
[12 marks]
A \R NOUJ ¥ iy
(Y\Q%Y\th“?{o/gf\crf\ (Y\ = }/\ot}lh \ H
&_}b LW\%/& N O C_D\f‘C?(Q_Q /YY\JOL’LLQJO-
~ her P s el = e
alber = > ==
e
AR
when W = 22400 Xl Bt b lon
W S =
10 e
_ - 6
/"/ = ,. 10
AL, TN BoliCe = bl

)
when W = Roo Al B=28Wbz

LS " i — 2 57 16®
Bl U S

/S0 d“@/ﬁc%); m m@\%ﬁ@?\f%ﬁnm .
,&H — = — 09454 xlO Bl an




Do not

write in

NE ERSY Question Cum Answer Booklet Page480f76 |y




Do net

write in

MADE ERNSY Question Cum Answer Booklet | Page490f76 [N

Molybdenum has the BCC crystal structure, a density of 10.22 gem™ and an atomic
mass of 95.94 g mol™. Find the atomic concentration, lattice parameter a and atomic

radius of molybdenum.
[12 marks]
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.6 (a)| Define dielectric strength. Discuss different types of dielectric breakdowns in solids.
[20 marks]
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Q.6 (b)

(i) The resistivity of a doped silicon sample is 9 x 10-* Qm. The hall coefficient was
measured to be 7.2 x 10~* m® columb. Assuming single carrier conduction, find the
mobility and density of charge carrier.

(ii) What are type-I and type-II superconductors? Draw the magnetization versus
magnetic field characteristic for type-I and type-II superconductors. Why

superconductivity is observed for signals upto radio frequencies?
[12 + 8 marks]
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6 (c})| (i) Explain the features of soft-magnetic materials with suitable examples and uses.

(ii) A material with magnetic property such that when it was placed in a magnetic
field, B = 4 Wb/m?, magnetic field intensity was found to be 4800 A/m. If H is
reduced to 640 A/m and B = 1.8 Wb/m?, then calculate the percentage change in

magnetization M of the material.
[8 + 12 marks]
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Q.7 (a)

Explain the phenomenon of superconductivity. Briefly explain its salient features,

mechanism and applications.

The periphery of a copper disk 50 cm in radius and 10~ mm in thickness is maintained

at a potential of 50 V. A thin rod 1 cm in radius is soldered to the disk at its centre (at

right angles to the plane of the disk) and maintained at a potential of 49 V. If the resistivity

of copper is 1.7 x 10-% Qm, calculate the current through the disk.
: [20 marks]
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7 (b)

(i) What is magnetoresistance effect? Calculate the current produced in a small
germanium plate of area 1 cm? and thickness 0.3 mm when a potential difference of
2V is applied across the faces.

(Given: Concentration of free electrons in germanium is 2 x 10/m?® and mobilities
of electrons and holes are 0.40 m?/V-sec and 0.20 m?/V-sec respectively).

(ii) Explain why end-centred tetragonal geometry does not exist in Bravais crystal

structures.
[12 + 8 marks]
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Q.7 ()

Explain briefly the polarization occurring in dielectric materials. What are different types
of polarization occurring in dielectric material?
If a dielectric material contains 3.2 x 10 polar molecules/ m® and the relative permittivity

of material is € , = 2.4 with applied external electric field E = 10*2, V/m , then calculate

the value of polarization and dipole moment in each molecule. (Consider all molecules
have same dipole moment). '
[20 marks]
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Q.8 (a)} (i) Derive the Clausius-Mossotti equation in case of non polar dielectric material in
presence of dc field relating polarization (c) and dielectric constant of the material.
Take number of molecules per unit volume of dielectric ‘N ".

(ii) The Hall coefficient of a certain silicon specimen was found to be -8.25 x 10 m3/C at
300° K. If the conductivity is 2.50 U/cm, then find :
1. type of semiconductor.
2. density of charge carrier.

3. mobility of charge carrier.
[10 + 10 marks]
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(b)

(i) Differentiate between different types of magnetic materials on the basis of magnetic
dipoles and hysteresis loops.

(ii) The following data refers to a dielectric material having € = 4.94, n® =269, where. n
is the index of refraction. Calculate the ratio between electronic and ionic polarization

for this material.
[12 + 8 marks]
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Q.8 (d)

(i) A ferromagnetic material of 20 kg mass and 7200 kg/m? density is subjected to an
AC supply of 60 Hz frequency. The hysteresis loop area of the material is 180 cm?.
The scale factors on ordinate and abscissa are 1 cm = 0.004 Wb/m? and
1 cm = 10 AT/m respectively. Calculate the energy loss per hour in the specimen
due to the hysteresis phenomena in the specimen.

(ii) What is a soft magnetic material? Give examples of soft magnetic materials and list

their applications.
[10 +10 marks]
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