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Preface

Civil Services Examination is considered as a pioneer job in
India which is being preferred by engineers. There was a need
of good book, which contains error free questions with apt
solutions that even a begineer student can understand. | am

glad to launch the first edition of this book.

MADE EASY team has made deep study of previous exam

B. Singh (Ex. IES)

papers of Civil Services Preliminary Examination and observed
that a good percentage of questions are asked in Engineering
Services Exam as well as State Services Exam. Therefore it is advisable to study this book before one
takes the exam.This book is also useful for GATE and other competitive examinations for engineering

graduates.

The first edition of this book is prepared with due care to provide complete solutions to all questions
with accuracy. | would like to give credit of publishing this book to MADE EASY Team for their hard

efforts in solving previous years papers in a limited time frame.

I have true desire to serve student community by providing good source of study and quality guidance.
I hope this book will be proved as an important tool to succeed in competitive exams. Any suggestions

from the readers for improvement of this book are most welcome.

With Best Wishes
B. Singh
CMD, MADE EASY Group




Previous Years Solved Papers

Civil Services Preliminary Exam.

Electrical Engineering

CONTENTS

SI. TOPIC PAGENo. SI. TOPIC PAGE No.
1. Electromagnetic Theory.......ccccceeureees 1-22 Cathode Ray Oscilloscope (CRO) w73
Vector Analysis 1 Digital Meters 73
EledrOStat'CS, ' 5. Control Systems 87-112
Magnetostatics 2 Transfer Function 88
Time Varying EMT Field 3 Signal Flow Graph 89
EIectror.na.gnet}c Waves 4 Feedback Characteristics 90
Transmission Line 6 Modeling of Control System 920
Waveguide/Antenna/Cavity 8 Time Domain Analysis of Control Systems............... 91
2. Electrical Materials......cccceereecencceneess 23-34 Stability Analysis of Control System ... 94
Introduction to Engineering Material .......c...ccoovee. 23 The Root Locus Technique 96
Dielectric Properties of Material.............cooowrrnes 23 Frequency Domain Analysis of Control System...... 96
Industrial Controller & Compensators ..........couecenee 97
3. Electrical Circuits 35-67 State Variable Analysis 98
Basics Electric Circuit 35
Basic Laws 35 6. Electrical Machines.........ccccceeueeeee 113-142
Basics Nodal & Mesh ANalYSIS .....ccceweeveeeeeeeesssssssnrenns 36 Magnetic Circuits 113
Circuit Theorems 37 Transformers 113
Network Topology 39 Direct Current Machines 117
Capacitors and Inductors 39 Synchronous 120
First Order RL & RC Circuits 40 Three-Phase Induction Machines........ccooeenrrrnnnen. 123
Second Order RLC Circuits Fractional KW Motors 125
Magnetically Coupled Circuits Basic Concept of Rotating Electrical Machines.....127
Sinusoidal Steady-State Analysis 7. Power Systems 143-162
Three-Phase Circuits o .
Performance of Transmission Lines, ~~~~............. 143
Two-Port Networks 45 . .
. Compensation Technique 145
Network Synthesis 46 Distribution System, Cables & Insulator .................. 145
4. Measurement & Instrumentation ..68-86 Generating Power Stations 146
Measurement of Resistance 68 Fault Analysis 147
AC Bridges 70 Load Flow Studies 148
Measurement of Power and ENergy ... 72 Switch Gear and Protection ... 150
Instrument Transformers 73 Power System Stability 151




10

Optimal Power System Operation ... 152

HVDC 152
Digital Electronics .......cccccceeeuneene. 163-187
Basics of Digital EleCtronics .........oemeereneceesnnecenns 163
Logic Gates and Switching CirCuUits........c.oveeeeeeceens 164
Combinational LOgic CirCUItS .....veweemereesserevesseereene 166
Sequential Logic Circuits 168
Registers 169
Counters 169
Logic Families 170
A/D and D/A Convertors 171
Semiconductors Memories 172

Electronic Devices & Analog Circuits .......

188-214
Semiconductors Physics 188
Semiconductors Diodes 190
Field Effects Transistors 191
Diode Circuits 191
BJT Characteristic and Biasing .......ccccc.coeceneeerseeerecenne 194
Transfer Biasing 195
BJT as an Amplifier 195
Frequency Response 197
Differential Amplifier 198
Feedback Amplifier 198
Large Signal Amplifier 200
Operational Amplifier 200
Signal Generators and Waveform
Shaping Circuits 202

MiCroprocessors ......ccceceseecssennnees 215-225

Introduction to 8085 & Its Functional Org.............. 215
Microprocessor Interfacing 216
Introduction to 8086 217
Instruction Set and Data FOormats...........coueecceueennne. 217
Peripheral Devices 220

11.

12.

13.

14.

15.

Power Electronics .........c.cccee0ee0eee.226-243
Power Semiconductors Diode and Transistor........226
Thyristors 227
Thyristors Commutation Techniques ...........ccneeeee 228
Diode Rectifiers 229
Phase Controlled Rectifiers 229
Choppers 231
Inverters 232
AC Voltage Controllers 234
Power Semiconductors Drives.........mreenseens 234
HVDC 235

Communication Systems ............244-268
Introduction to Communication Systems.....
Fourier Analysis of Signals, Energy and ~~ ............
Theory of Random Variable and Noise.........cccccccc...

Amplitude Modulation

Broadcast Transmitting and Superheterodyne

Receiver 248
Angle Modulation 249
Pulse Modulation 249
Modern Digital Modulation and

Detection Techniques 253
Information Theory and Coding..........oueeeeceernnecenns 254
Radar, Satellite, TV, Mobile and Fiber.......c.cccoue.... 255

Signals & Systems.........ccceeereeeeeee. 269-281

Introduction Signals 269
Introduction to Systems 270
Continuous Time Fourier Series ... 271
Continuous Time Fourier Transform ... 271
Laplace Transform 272
Z-Transform 273
IC Fabrication 282-291

Computer Basics &
Computer Networks .......ccceere00000.292-296




Electromagnetic Theory

Vector Analysis

The divergence of a vector A =7 + J6y? + kz°

at point Pin space whose coordinates are (2, 4, 1)

[CSE-2002]
Electrostatics

The value of electric field at a distance of 1 m
from an infinite line charge of density 1 C/m is

1

(@) 2neg (b) ZTEEO
€ €
(© P (d) an

[CSE-2001]

The unit normal to the equipotential surface
¢ = constant cis, in general, given by

@ o (b) Vol
Vo Vo
© v @ Vel

[CSE-2003]

The force between a charge g and a grounded
infinite conducting plane kept at a distance d
from it is given by

2

q q
b
4me,d? ©) 4me,d?
g q°
d
16me, d? @ 16me,0°

[CSE-2004]

A metallic sphere with charge —Qis placed inside

a hollow conducting sphere with radius R carrying

a charge +Q. Potential at a given point outside

the hollow sphere

(a) depends on the positions of the metallic
sphere.

(b) is solely decided by the charge on the outer
sphere.
(c) isalways zero whatever may be the position
of the inner sphere.
(d) is zero only when both spheres are
concentric.
[CSE-2005]

Which one of the following is not correct?

(@) Equation V,(-eV V) =p may be regarded
as Poisson’s equation for an inhomogeneous
medium.

(b) Two potential functions V, and V, satisfy
Laplaces equation within a closed region and
assume same values on its surface. Then,
V, must be equal to V..

(c) The capacitance of a capacitor filled with a
linear dielectric is independent of the charge
on the plates and the potential difference
between the plates.

(d) A parallel plate capacitor connected to a
battery stores twice as much charge with a
given dielectric as it does with air as dielectric,
then susceptibility of dielectric is 2.

[CSE-2006]

A potential field is given by: V = 3x%y — yz.
Which one of the following expresses an electric
field at P(2, -1, 4)?

(@) 127 -8f (b) 12i -]
(©) 12i+8j+k  (d) 12i-8] -k
[CSE-2006]

A spherical volume of radius ‘a’ has a uniform
charge density p. What is the electric
displacement D on the surface of the sphere?

@ spe’ (b) mpa?
(c) %pa (d) %npa2

[CSE-2007]



= 16\
Given the field E=[—r—2)ar in spherical

coordinates, the potential of point A(Z, T, g)

with respect to point B (4, 0, rt) is

2 Topicwise Previous Solved Papers Electrical Engineering
9. An infinitely long line charge of density p, lies (@ 4V (b) 4V
along z-axis. What is the electric field at a point (c) -3V (d) 3V
(R, 0, 0)? [CSE-2009]
- p A P 14. The Kirchhoffs current law is implicit in the
a — b) a
@) az(4nR) ©) V(Znsol?) expression
© a|—P (d) é[ p ) @ v-D=p, (b) [J-ds=0
“(2neoR “\2nR ° B
[CSE-2007] © V-B=0p,  (d) VxA=J+ %—’?
10. Threeinfinite parallel charged plates A, B, C carry [CSE-2010]
charge density +p, +p and —2p respectively, as .
shown in the figure below. What is the ratio of Magnetostatics
two potential differences (V, - Vg) and (Vg — V)7 15. Inthe given figure, if the magnetic flux through
+pim? the rectangular loop ‘pgrsp’ due to the infinite
e W the current I is ¢, the flux linked with double
+p/m? d rectangular loop ‘pqtuvwrsp’ will be
e — 3d—>|p
S
—2p/m? d T
C--rrrim—m— ¥ d _i_
(@ 1:1 (b) 1:2 Rl TN a
) 1:3 d) 1:4 t wl F
CSE-2008 !
[ ] | J 1
11.  Which one of the following statements is correct? /
The polarizability of a conducting metallic sphere
is (@ 3¢ (b) 2¢
(a) proportional to the cube of the radius of the (€ o (d) zero [CSE-2001]
sphere.. . 16. A circular disc of radius R carries a uniform
(b) proportional to the r?dlus of the sphere. _ surface charge density. When it revolves at a
() cannot be determined as the sphere is uniform angular velocity about its centre and in
metallic. its own plane, the magnetic flux density at the
(d) independent of the dimensions of the metallic centre of the disc is B.
sphere. If the radius of the disc is doubled and the original
[CSE-2008] charge spread out uniformly on the extended
12.  What s the unit for dipole moment? area, the magnetic field at the centre would be
(a) Coulomb-metre2 (b) Coulomb/volt-s (@) B/4 (b) B/2
(c) Debye unit (d) Gauss (c) B (d) 2B
[CSE-2008] [CSE-2002]
13.  Which one of the following is correct? 17. Consider the following statements with regard to

force per unit length between two stationary, long

parallel filamentary currents:

1. It is directly proportional to the product of
the magnitudes of the currents.

2. It satisfies Newton’s third law.

3. itisattracting if the currents are in the same
direction.
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18.

19.

20.

Which of these statements are correct?

(@) 1and 2 (b) 2and 3

(c) 1and 3 (d) 1,2and 3
[CSE-2002]

A square loop and an infinitely long conductor,
each carries a current I as shown in the figure
given below. What is the force on the loop?

e

e & —t— o —>

2

(@) Ll40_1 away from the conductor
T

2
towards the conductor

Mol

b
(®) 4m?
12
(©) Mol™

4 log, 2 away from the conductor
T

2

(d) M40—Iloge 2 towards the conductor
T

[CSE-2005]

The magnetic vector potential at the point Pdue
to the current loop Cshown in the below figure is
in the direction of

________ p
c
(@) 4, (b) 4,
. a +a,
() a. (d) NE
[CSE-2005]

How is the magnetic field dH from a short section
dL of a current carrying wire, given by Biot-
Savart’s law expressed?
(a) dH=I1dl/Anr
(b) dH=1IdL sin 6/4nr
(c) dH=IdL sin 6/4rnr?
(d) dH=1r?dL sin 8/4rr?
[CSE-2006]

21.

22.

23.

24.

25.

Which of the following represents the Maxwell’s
curl equation for static magnetic field?

(@ VxB=p,j () VxB=0

(d v.B=0
[CSE-2006]

(©) V-B=u,

Which one of the following is correct?

Within a conductor carrying a current ‘I’ with a
constant current density across its cross-section,
the magnetic field strength ‘H at any distance ‘'r
from the centre of the conductor (radius of the
conductor is ‘R') is given by

Ir _Ir
@ =G © "=
Ir Ir
© H=Gmm 9 = oRn
[CSE-2009]

If the magnitude of the magnetic flux B at a
distance of 1 m from an infinitely long straight
filamentary conducting wire is 2 x 106 Wb/m?,
what is the current in the wire?
(@ 1A (b) 10A
(c) 100A (d) 1000 A

[CSE-2010]

Time Varying EMT Field

In a source-free imperfect dielectric medium
(specified by loss tangent tand), Maxwell’s curl
equation can be written as:

(@ VxH=joeE(1+jtan d)
(b) VxH=jwoeE(1-jtan d)
() VxH=—-joeE(1+tan )

(d) VxH=—-joeE(1-jtan )

[CSE-2004]
An electric field in a charged medium with a time-
varying magnetic field has
(a) V.-E=0,VxE=0

5
<l
B
H

o
<l
X

X
H

(@)

E=0VxE=0
Ex0VxE=0

g s
< <«

[CSE-2004]



and select the correct answer:
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26. For the current I decreasing in the indicated List-I List-1I
direction, the e.m.f. in the two loops A and B A. Power flow density 1. ExH
shown in the figure below, is in the direction _ o L
B. Impedanceofmedia 2. E/H
C. Joule heating 3. E-H
I @ D. Velocity of light 4. E/B
Codes:
A B C D
(@) clockwise in A and anticlockwise in B (Z) 1 ; g 411
(b) anticlockwise in A and clockwise in B (o) 1 3 2 4
(c) clockwise in both Aand B (Z) 43 o
(d) anticlockwise in both Aand B (d)
[CSE-2005] [CSE-2009]
27. Match List-l with List-1l and select the correct Electromagnetic Waves
answer using the code given below the lists:
List-| g g 30. Anelectric dipole (-Q, Q) revolved with a uniform
angular velocity ‘@’ in a circle about its center
A V,j+a_'D -0 ‘O’. When the dipole is in the position shown in
ot the given figure, the direction of the displacement
. a0 current density at ‘O’ is
B. VxH=J+—
ot J— -
AN aQ
= , )\+
C vxE=_98 S
ot PR # \/ a
D. V.-D=P 0 /
List-II ‘\‘ ’ !
1. Modified Kirchhoff's Current Law —Q . )
2. Modified Ampere’s Law @ i
3. Faraday’s Law (@) 3 (b) -3,
4. Gauss'Law
Codes: (c) &y (d) —&, [CSE-2001]
A B CD . . . .
@ 1 2 3 4 31. The cooking of the food in the microwave oven is
b 4 3 2 1 based on the principle of
© 1 3 2 4 (a) magnetic hysteresis loss
d 4 2 1 3 (b) dielectric loss
[CSE-2007] (c) both magnetic hysteresis loss and dielectric
loss
28. What does a time-rate of change of electric (d) evaporation of water
displacement lead to? [CSE-2001]
(a) Convection current . o _
(b) Conduction current 32. A plane wave propagates in a direction having
(c) Displacement current direction cosines (1/~/2,1/+/2, 0). The equation
(d) No current flow of the phase fronts is
[CSE-2008] (@) xy =constant  (b) x/y = constant
(c) x+y=constant (d) x -y = constant
29. Match List-I (Quantity) with List-Il (Expression)

[CSE-2003]
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33.

34.

35.

36.

37.

Assertion (A): A circularly polarised wave
incident at the Brewster angle becomes linearly
polarised.
Reason (R): A wave composed of both parallel
and perpendicular components incident at
Brewster angle produces a reflected wave with
only E component polarised parallel to the
interface.
(a) Both A and R are true, and R is the correct
explanation of A.
(b) Both AandR are true, but R is not a correct
explanation of A.
(c) Alstrue, but R is false.
(d) Ais false, but R is true.
[CSE-2003]

The E-field of auniform plane wave propagating
in a dielectric medium is given by

-3 8;_ 2 |1_3 g 8;__ 2
E(t,z)—ax2003(10t \/5) aysm(mt \/g)(V/m)

What is the dielectric constant of the medium?
1

@ 7

(©) V3

A plane wave with an instantaneous expression
for the electric field

(b) 3

(d) 9 [CSE-2004]

E(zt) = &4, Eygsin(ot —kz)+&, Ex sin(ot —kz+¢) is
a
b

@
d

=

Linearly polarized
Circularly polarized
Elliptically polarized
Horizontally polarized

AAAA
~ ~—

[CSE-2004]

Which one of the following statements is correct?

When an electromagnetic wave strikes the

air-dielectric interface at an angle

(@) the normal electric field components have
the same value.

(b) thetangential magnetic field components are
continuous.

(c) the electromagnetic wave is reflected back
according to Snell’s law.

(d) the electromagnetic wave is diffracted.

[CSE-2005]

Match the relationship of items given in List-I
(Medium) with the List-Il (Expression for
Intrinsic Impedance) and select the correct
answer using the code given below:

38.

39.

All symbols have their usual meanings.
List-1

Free space

Perfect dielectric

Partially conducting medium
Conducting medium

List-Il

1. |28 450
o

OO w>

2 /]CO.M
o+ joe
3. JE
€

4 /ﬂ
€p

Codes:

A B C D
@ 1 2 3 4
) 1 3 4 2
c 4 2 1 3
d 4 3 2 1

[CSE-2006]

An electromagnetic field in free space (u,, €,) is
given by:

E =3, E, cos(ot —k,z)V/m

H= a, E }i—o cos(mt — kyz) Alm
0

where ky = 04l €, . What is the average power

per unit area associated with this wave?

a, ks 3, E?

@ = () 7552
T 120m
a,E2 a, E§

© Saor @ 3o0x

(Given: \/u—io = 12075)
€

A wave propagating in a lossless dielectric has
the field components:

E = 500c0s(10't-Bz)a, V/m, and

[CSE-2007]

0 7 _
cos(10't—-Bz)a, A/Im
180m ( B)y /

I
1l




€= 3¢, at what frequencies the conduction current
density will be equal to displacement current
density?

6 Topicwise Previous Solved Papers Electrical Engineering
If the wave velocity is 1.5 x 108 m/s, the medium 1
has (@) &MHZ (b) 60 MHz
4 1
@ w=4¢=1 (o) K, =3¢=7 (c) 6.0MHz (d) =MHz
3 6
) u=1¢=4 (d) u,=2.25¢ =1 [CSE-2009]
m 44. A plane wave is propagating in a material
(Given: 8—0 = 12075} characterized by €, = 2.25, u, = 1 and ¢ = 0.
0 What is the value of B in rad/m, when the electric
- ield is given by:
[CSE-2007] field is gi by
40. The skin depth of an electromagnetic wave in E =10cos(3x10"0t -Bz)a, vim
two d|s§|pat|ve media A gnd B is 6 and 2§, (a) 125 (b) 150
resp.ectlve'ly. If the Ivelocrfy of the wave in © 175 (d) 200
medium Ais V, what is the velocity of the wave [CSE-2010]
in medium B?
Transmission Line
% %
(@ 7 (b) > " . ,
45. Smith’s charts are used to obtain the impedance
(c) V (d)y 2V relations along a
[CSE-2008] (a) lossless transmission line for different load
41. Which one of the following correctly represents conditions. o ] )
. . . . (b) lossy transmission line for different load
index of refraction (n) in terms of relative N
permittivity (e,)? conditions. ,
(c) lossy transmission line terminated at a load
(@ n= 3r2 (b) n= Lz equal to line characteristic impedance.
() (d) lossless transmission line terminated at a
1 load equal to line characteristic impedance.
) n:ﬁ (d) n=(Je) [CSE-2001]
r
[CSE-2008] 46. Assertion (A): Alow voltage standing wave ratio
(VSWR) is the goal in a transmission line.
42, |f H= aH. _ngy represents the H-field in a Reason (R): The higher the VSWR, the greater
o is the mismatch on the line.
transverse plane of an em wave travelling in the (a) Both A and R are true, and R is the correct
Z-direction, then what is the E -field in the wave? explanation of A.
- R (b) Both AandR are true, but R is not a correct
ZylaH, -a,H
@) ZofddHy =&y, explanation of A.
(b) Zo|d.H, +&H (c) Alstrue, but Ris false.
(d) Ais false, but R is true.
(© Zo|-aH,-3H, [CSE-2001]
@) Z, |_§xHy +éy/—[x 47. Alossless line of length A/4 and characteristic
[CSE-2009] impedance Z, transforms a resistive load Rinto
animpedance (Z,%R). When the line is /2 long,
43. Foramaterial with conductivity o = 102s/m and the transformed impedance will be

@ (Z2R)
© 4

(b) 2(Z2IR)
(d) R
[CSE-2002]
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48.

49.

50.

51.

A generator of 50 Q internal impedance and
operating at 1 GHz feeds a 75 Q load via a
coaxial line of characteristic impedance 50 Q.
The voltage standing wave ratio on the feed line
is

(@) 0.50
(c) 1.75

(b) 1.50
(d) 2.50
[CSE-2002]

How long (in terms of wavelength) should the
short-circuited lossless line be so as to appear
as an open circuit at the input terminals?

A A
@ 1=% () 1=

A _
© 1= d) I=2

[CSE-2004]

A structure consisting of two loss-less lines, each
A4 long and terminated in a resistance R, is
shown in the figure given below. The lines have
characteristic impedances of 27, and Z,
respectively as shown. What is the impedance
measured at the end XX ?

XQ —Q
Z.7m =24 -z, =2, R

XQ —0

} M4 | N4 —=
(@ R (b) 4R
€ Z2IR (d) 422 R

[CSE-2005]

Match List-1 (Expression) with List-II
(Coefficient) and select the correct answer using
the code given below :

List-I
A. p:7ZL—ZO
Z + 2,
Z +2Z,
_ 2ZL
C. P=Z %2
_ 2ZO
D. P=Z7 %2

52.

53.

54.

List-11

Reflection coefficient for voltage
Transmission coefficient for voltage
Reflection coefficient for current
Transmission coefficient for current
. Standing-wave ratio

Codes:

N

22cTe

AN o>
DWW N O
NN OO
4N a2 D

e

[CSE-2005]

Match List-l1 (Parameters) with List-1l (Range
of values) and select the correct answer using
the code given below the lists:

List-I List-1I
A. Reflection coefficientatinput 1. 0to o
B. VSWR 2. 1t0 oo
C. Inputimpedance 3. -1to +1
D. Phase shift magnitude 4. Oto2r
Codes:

A B C D
@ 1 2 3 4
)y 1 4 3 2
(¢ 3 1 4 2
d 3 2 1 4 [CSE-2006]

For a parallel plate transmission line with perfectly
conducting plates of width wand separated by
a lossless dielectric slab of thickness d, the
characteristic impedance Z, is p times the
intrinsic impedance m of the dielectric medium
where

(@) p=
d
() p=\/%

Which one of the following statement is correct?
The condition which does not guarantee distortion
less transmission is

(@) atlow frequencies, R>> oL and G >> oC

(b) at high frequencies, R<< oL and G << oC
(c) C=GL/R

(d R=G=0

a
w

[CSE-2007]

[CSE-2009]
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1.

17.

25.

33.

41.

49.

57.

65.

73.

@ 2.
© 10
(o)  18.
b)  26.
) 34
o 42
(@  50.
(d)  58.
(@  66.
© 74

(@) 3. (d)

(b) 11. (@)

(@) 19. (b)

() 27. (a)

(b) 35. (c)

(b) 43. (b)

(b) 51. (o)

(d) 59. (d)

(b) 67. (c)

(c) 75. (@)

12.

20.

28.

36.

44.

52.

60.

68.

13.

21.

29.

37.

45.

53.

61.

69.

(b) 14. (b) 15. (b) 16. (b)

(@) 22. (b 23. (b)) 24. (b

(@) 30. (d) 31. (b) 32. (c)

(d) 38. (o) 39. (b) 40. (0

(@) 46. (9 47. (a) 48. (b)

(@) 54. (a) 55. (b) 56. (a)

(@) 62. (b) 63. (d 64. (o)

() 70. () 7. (@ 72. (0

(a)

Divergence of a vector A is given by

(V-A)gay = (2)(2) +12(4) + 3(1)

2. [0

Electric field due to infinite line charge with charge
density A at a distance r

0A, A, 0A,

VAS o Ty ez
A=ix+]6y°+kz
ox

0A

—L =12y

ay

A, .,

Py =3z

V-A =2x+ 12y + 322

=4+48+3=55

3

A
2neyr

|E] =

Given,A=1c/m, r=1m

1 1

|E] = one, (1) 2me,

3. [C)

Y-constant represents an equipotential surface.
Electric field,
E=- V¥
Gradient
Electric field is always perpendicular to the
equipotential surface. So any unit vector in the

direction of E represents a unit vector normal to
Y. Unit vector in the direction of
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4. [G)

eq

Conducting
plate

According to image theory, charge configuration
above an infinite conducting plane may be
replaced by charge configuration itself, its image
and an equipotential surface in place of conducting
plane. For given configuration as per image theory.

+ql

—qe

Image is taken as —q because only then V = Q.
Force between +g and conducting plane will be
same as that of force between +g and —q

2

|F| @@ __aqa
4me, (2d)?  16me,d?

5. [O)

There will be a redistribution of charge on outer
sphere so that center of charge distribution will
always be the center of metallic sphere. So net
charge = 0 for any point outside. Potential = 0
irrespective of position of inner sphere.

6. &

Capacitance,

€, A

(For parallel plate capacitor)

Coae,
All other parameters are constant,

G _ &
C, €,
Charge, qg=CV

For constant voltage g . C,

@ S
Q- <,
Given, g, = 29,
= €, = 2¢,
€, =1 (Air)
= &, =2
Susceptibility,
Xo=€,~ 1
Xe, = € —1
=2-1=1
7. [C)
Electric field,
E =-VV
_ 9V oV oVg
ox a9y 9Z
%—: = 6xy
%—: = (38x2-2)
oV
97 =y
E = —6xyi—(Bx—2)j +yk
(Ed,—1a) = —6(2)(=1)7 —(3(2)% —4)] +k(-1)

127 8] —k

)

According to Gauss’s law total electric flux W
through any closed surface is equal to total charge
enclosed by that surface,

V= @D’aszaencl.

D — electric flux density or electric displacement
Q.o = (p) (volume)
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9. [B)

500

Electric field due to an infinite line charge,

L
2ney r

r— distance (horizontal)
Here, r=R
Direction of field will be along &,

— p ~
E = a
2ne, R

10, [O)

Electric field due to a charged sheet = 29s
So
p, — surface charge density
Potential at distance r from sheet = E.d
V,5 — Potential at sheet A due to B
Ps P
V= —>—-d= -d
ABT o = 2¢€,
2 2pd
Vi = —2P (o) - 209
2 =N
Vi=Vag+ Vo
_ pd 2pd_ 3pd
2 S 2¢€,
pd
Vs = Vag = a
2 d
Vo = ——P—(d) = -2
2 =N

Vg = Vg + Ve
pd _pd_ pd
2€y, € 2¢
Ve = Voa+ Ves

pd

p
Vo= —(2d) = —
o 260( ) =N

p pd
Vo = ——(d) = —
B 260() 2¢,
y,- pd  pd_3pd

2ey € Z2¢

V,— Vg = _M+ﬂ

2¢, 2¢

_ _2pd _ pd

- 260_ =
V._y.- _Pd 3pd
BC 2¢, Z2¢
_ _4pd _ 2pd

o, — Electric polarizability
R — Radius of sphere

o, o R®
12 [©

Dipole moment, p = g-d
q — charge, d — distance

unit of p — C.m which is also called Debye.

13 [0

Electric field,
E =-VV
oV . .
= 5 a, (for spherical cordinates)
_16_ v
re ar
Integrating both sides,
av= gdr
r
V= —E+C
r
A—)(z,n,g), B (4,0,m)
Vo= —E+C=—8+C
2
Vg = —§+C:—4+C
VAB - VA_ VB

Electrical Engineering
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o« 0
. , ; o
As.per Klrchpﬁs current law, curreht enterlng a _— (_1) (@) (2R,)
point (node) is equal to current leaving the point. 4
Also as per continuity equation,
= — U0 0R; = S B;
_ ap, 2
AT
I, | 17, [C)
— =0 atapoint
ot , force wohilp
v.Jd =0 Length  2nr ;
1 12
Further as per divergence theorem = r
[v-d=¢J-ds AL
e |t satisfies Newton’s third law.
SO, 95 J-ds =0 e Currentin same direction — Attraction

In opposite direction — Repulsion

15 [C) s, @

Flux o (Area)

Magnetic flux, F,
& =0 A — |

for loop pq rsp o. (area) 2
o o (3d]) 1 3

Magnetic flux for loop ‘tuvwt — ¢, + ¢4

o]
—t
&
ol
N

Due to direction of current and consequent . .
magnetic field the flux setup in the area of loop a
‘tuvwt left to wire is opposite to that of field to the !
light side of wire. Further total flux in loop ‘tuvwt
is sum of flux on left and right side area. x
Area of left side — (d) (/)
Area of right side — (44d) (/)
0, o () (1)
0, o (4di) z
¢, is opposite of ¢s.
Net flux of loop ‘tuvwt o (3dI) y
Total flux of both loop o (3d! + 3dI) _
& o 60l Force, F = I(IxB)
50, ¢ =2¢ doF, = I(dixB)
16 [ Batx— oLy
Magnetic field due to charge disc with surface 4_“ * 3
charge density ‘c,’, radius ‘R,’ di = dxa,
5= oo, o, - o[ La)s,
Q 4r x
o = — (Q— Charge)
R, wol? 22 4
For, R, = 2R, aFy = JdF=4— z£7
5, = Q Q o I 12 R

nR3 B (2R, )? T4 F An In2 &,
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2
Similarly, F = 20—

F1+F3 =0

2
Fo - @b la -2 g

T
I}
i
+
N

(Away from conductor)

19 [

Magnetic vector potential due to line charge

7 = Mol g dI
i 7 R

dl

di = (a-do)a,
(Cylindrical coordinates)

Also conversion of é¢ into cartesian coordinates

8, = -4&,sing+4, cos¢
ButforpointP, ¢=0
a, = 4,

so, direction of A at Pis &, .

20. [©)

According to Biot-savart law,

1dIsin®
2

joFi] =
4nr

BN )

As per ampere’s circuital law,
$B-di = nof[J-ds

= [[(VxB)dS=po[[J-aS
=VxB=yuy

22. [0

As per ampere’s circuital law,

95FIE = Iencl.
For constant current density,
I I
2 T o2
r R
2
, T
I = 1.?
. Ir?
Ienc\. =I= ?
2
$HdI = Hdl = H-2mr =12
R2
H = Ir2
2nR

23. [0

Magnetic field density due to infinite wire
Mo/
B="—
2na

Given, a=1m
B =2x10°%Wb/m?

U, = 4nx 107
-7
2% 10—6 — M-£:2x10_71
2mn 1
= 1 =10Amp.

24 [O)

For a lossy dielectric Maxwell an equation
VxH = (c+jme) E

Also, tand = S
we
_ ) .0 ) =
SO, VxH = jwe(1—/—)E
we

joe(1-jtand) E
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Bl )

In a charged medium and time varying magnetic

field,
V.E =P
SO, V-E=%0
= oH  oH
VXE = -u—; —#0
or o
S0, VXE # 0

26. [O

Direction of induced emf and consequent current
should be such that field produced by this current
in loops strengthen the field produced by ‘I’
(Lenz law). Anticlockwise in ‘A’ and clockwise in
‘B’ produces the field that strengthen the field by
7.

27. [O)
e Gauss law V.D:p
e Kirchoff current law,

vV.J = —% (Continuity egaution)

e Modified ampere’s law,

vxA = 7+22
ot
e Faraday’s law,
VxE = _a_B
ot

28. (@

Maxwell’s equation for time varying field,

vxh = 7+92
ot
J — Conduction current density

%_? = J, — Displacement current density

20. [O)

By Poynting theorem,

P, = ExH (Power flow density)
Characteristic impedance,

n:

i m
1
o E

Also,

@i
Il

l|

(Velocity of light)

Ell @)

As per Maxwell’s equation,

VxH = J,+Jg
J, — Conduction current density
Jy — Displacement current density
For this system,

VxH =0
S0, Jy = —Jdo

Direction of current is direction of movement of
positive charge.

Direction of J, — &,

Direction of J; — (~3,)

31. [0

Microwave oven heats food by the process of
dielectric heating. Microwave radiation penetrates
into food upto 1-2 inches and heat the water into
the food uniformly.

32 [©

Phase frontis a plane perpendicular to the direction
of wave motion.

y A
n

/q Phase front

o

S

Let 7 be a unit vector in the direction of wave
propagation.
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Here A = ié +ié
’ o2
Pis any point on phase front

OP=T = xa,+ya, +z4,

Equation of phase frontis A-r = constant

1. 1. - . .
(—2ax+—ay)-(xax+yaZ +za,) = costant

2
1+L = constant
V2 2
or, X + y = constant

33 [©)

e Acircularly polarised (C.P.) wave is composed
of both s and p-polarised wave. When C.P.
wave in incident at Brewster angle or
polarization angle, p-component is completely
transmitted which is a linearly polarized wave.

* Reflected wave is s-polarized in which E is
perpendicular to plane of incidence.

2. [0
Velocity of wave = v = %
1 1

_ _
\/E VMoo \/g
For this medium,

W= Uy € =€45,
o = 108 rad/sec.

B

[
3

‘G<
|
&
_—
(@)
[ee)
|
—_—

= €, = 3
35. [C)
For awave,

E(zt) = Ejpsin(ot —kz)a, + &, Ex sin(ot +kz)+ 0)
Polarization is elliptical,
E =4E +4.E,
e ForE,,=E, and ¢ =+90°
wave will be circularly polarized.

* For E£,180° out of phase or in phase with E_
wave is linearly polarized.

El )

EM wave reflected as per Snell’'s law where angle
of incidence = Angle of reflection.

37, [G)

Free space = |0

o

Perfect dielectric = &
(S

Partially conducting medium or lossy dielectric

(O]
Conducting medium = ,/?“ £45°

38 [©

P = ExH (Poynting vector)
Time average of poynting vector is average power
per unit area.

mi
Il

Eye™* cos(ot -Bz) a,

_ E, _
H = —2e*cos(wt-B,-6,)a,
|
_ E? _
Pag (2) = Tgﬂ 672 cos0, g,

For given waves in free space,

n=120n=["% 6 =0,0=0

€o
|Pau(2)| = E _ &
ave T (2)(120m)  240m
_ E2 _
Pao@ = 5207
39 [Q)
v=15x108

1

1 1
\/FTG B vHoSo N UrEr
4

S0, ne, =
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From equation of H we get o
n=180n <

—\/E=\/u_7r.\/£=120n\/u—7r E:ZO[Hyéx+Hxéy]
€ & o €r

=
|

My
B - 180 J 5 £
1201:\/; T |JD‘ = 0Dg =owekE
Also Jo| = oE
- £ % (2) N
r Given G| = |
From equation (1) and (2),
4 S o= =2
Ww=3 e =3 € 2ne

40. B e =3eo=(3)($x10—9)

o c=1072s/m
Velocity of wave in a medium V:E: fa. Its

‘o 1077
depends upon o and B but not on 8. Skin depth (2n) (3)xix10—9
depends upon attenuation but velocity in medium 36m
independent of skin depth. = 6x 10" = 60 MHz
41 [C) 44. [O)
n=\/g €,=225 u,=1
v = velocity = @
42, [O) BN
VxH = e oE y 1 1 1
X = 0= = = .
ot \/E vHoSo V&
a a, a 8 8
x y z _ 3x10° _3x10 2 % 108 m/s
Vi 9 9 0 J2.25 1.5
X =\ = =z
ox dy 9z o = 3x 10" rad/sec.
H -H, 0
X y 10
B = [ 3><1O8 _150
aHy _ aHX _ aE v 2X1O
- 0z ax+82 ay=eo¥ -( )
A (a
= _ 1|5 1ot = ot Smith chart btained for lossless t issi
E = _[ax‘[_,a,_,y va, [Z BHX} .m| c gr areo. aine .or ossless transmission
o z line for different line loading.
- ' [A,a+Ha,] 46. [&)
1 Voltage standing wave ratio VSWR = Vinax
v = velocity = = min
9t JMoso S.. = 1.50 a low VSWR implies value of s
nearto 1.
F=[MH 3 +H 3 _
E [ yax+ xay] Smax_oo
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A matched line implies that,
4y = 4,4 =4)
Z, = Zyfor Z, = 2,
z - ZO[ZL +j.ZO tanﬁl}
Zo+ jZ, tanPl

Zn=4
T, (Reflection coeff.) = Z ;2 =0
_ 14|10 ’
1-|ry|

so, line is matched for s = 1 with increase in s,

mismatch increases.
e 7 =0gives Z = jZ,tanpland s =
* 7 =ogives Z, =—jZ,cotfland s =

47. [C

2n
b=
2t ,A, T
I=|=|®==
= (2] -1
Z =R
[R+jZ tanm/2| Z2
Zin:ZOZ-O—:_O
| Zp+jRtann/2| R
[ R )
+ jZ
_ 7 |tann/2 Jo _Z
n=4%|" 7z |7 R/
O —+jR
| tanm/2

S _ ZO(RJr/ZO tann)

Zy + jRtanm
-=(2)
Zo
Z,=R
48 [
1+|FL|
VSWR =
1-|r |
FL — ZL _ZO
Z +Z,
Z =75Q,7Z,=50Q

- 75-50 1
L™ 75450 5

‘Uﬂ—‘

VSWR = =15

Il
N | W

=

49 (O

For short circuit line Z, =0

7 -7 Z, +jZ,tanpl
n = "0 z, +jz, tanpl

7. = Z (jtanpl)

For Z, = e, tanpl = oo = Bl:g

2n
b=

2n T
Bl=(7)(’):§
j= X

4

50 (O

7 _ 7 Z, + jZ,tanPl
ne = 701 70+ jZ, tanpl

IS

o=

7 R+ jZ,tanm/2
°| Z, + jRtanm/2

N a

SO,

N
I

n2

Line 1, l, =

N
[

ni

o7 Z 1 +2jZytanPl
°| 27, +jz, tanpl
2
Z—OJerZOtanE
= (2Z,) R - - 2
z: T
27y +j "% tan>
R 2

473

Z. = =9
in1 Z[Q)

R

=4R

Electrical Engineering
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51 (@

Reflection coefficient of voltage =

52. [C)

ZL — ZO
Pv= 3> =
Z +2Z,
Current reflection coefficient = Negative of voltage
reflection coefficient = 20 4L
Z +2Z,
Transmission coefficient for voltage =
1+p,= 22,
Z +2Z,
- . 27,
Transmission coefficient for voltage = ———
Z +2Z,
A-1
B-3
c-2
D-4
Z, -2
Reflection coefficient = =-—=2 ..(3)
Z + 2,
Forz =0,T, =-1
Forz =2, T,=0
For Z, = o, T, = +1
-1<T, <1
vswr - 1L
1-|r,
For Tl =0 VSWR = 1
|FL| =1 VSWR =
1 < VSWR < ..(2)

7 .7 Z, +jZ,tanBl (1)
"m0 zo+jz tanpr |

For Z, = Z,fortanpl =0
= Bl=m
j= 2
2
If, 2 =0, Z4,=0
0< Zin <oo
Phase shift 0 to 2r ..(4)

53 [

For a parallel plate line,

A Thickness
=
e  Width
_dp_d
wVle w
Also, Zy=Pn  (Given)
w
I d I
SO, P= d
w
c= S9Fm
w
ww

[ =
d

an [E-E[E- e
C e \w? ew

A distortionless line is one in which the attenuation

constant a is frequency independent while the

phase constant f is linear function of frequency.
Y=o+ B = J(R+jol)(G+joC)

For lossless line, R= G=0= o =0,

54. [CV

B=joJLC
S0, line distortionless.
e For, C= %
R
L R
C G
o= m B= oJLC

e Forhigh frequency R<< oL, G << oC

o+ B=jovlC = a=0
so distortionless.
e Forlow frequency,

o+ B=RG
Here, B=0
Not necessarily distortionless.
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