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INSTITUTE VISION AND MISSION
Vision

To emerge as one of the premier institutions through excellence in education and research,
producing globally competent and ethically strong professionals and entrepreneurs.

Mission

Imparting high-quality technical and management education through the state-of-the- art
resources.

Creating an eco-system to conduct independent and collaborative research for the betterment
of the society.

Promoting entrepreneurial skills and inculcating ethics for the socio-economic development
of the nation.

VISION AND MISSION OF THE DEPARTMENT (EEE)
Vision

To produce competent Electrical & Electronics Engineering professionals through quality
technical education and research and taking responsible positions to develop a value-based
society.

Mission

M1: Providing strong technical knowledge to formulate, solve, and analyze Electrical and
Electronics Engineering problems.

M2: Collaborating with industry, research organizations, and academia to research for the
betterment of society.

M3: Preparing graduates with a positive attitude and ethical values for socio-economic

growth and encouraging entrepreneurial ideas.
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(19EE0207) ELECTROMAGNETIC FIELDS

COURSE OBJECTIVES LI TIPIC

The objectives of this course: 31-1]-13

1, To learn the laws concerning static electric fields: Coulomb’s law, Gauss law; the laws concerning static
magnetic fields: Biot, savart law, Ampere circuital law

2. To learn the equations concerned with static electric fields

3. To learn the equations concerned with static magnetic fields

4. To find the difference between the behaviors of conductors and dielectrics in electric fields

5. To determine the energy stored and energy density in (i) static electric field (ii) magnetic field, Electric dipole
and dipole moment, magnetic dipole and dipole moment

COURSE OUTCOMES (COs)

On successful completion of this course, the student will be able to

1. Acquires mathematical foundation on vector calculus

2. Analyse and estimate Electric field quantities with charge distribution

3. Study the behaviour of electric fields in conductor and dielectric materials

4. Estimate the magnetic field strengths due to different current carrying elements

5. Evaluate the magnetic forces generated due to interaction of electric and magnetic fields 6. Understand the
electromagnetic wave propagation in free space

UNIT-1 INTRODUCTION TO VECTOR CALCULUS

Three orthogonal coordinate systems (rectangular, cylindrical and spherical)- Representation of a point and a
vector in three coordinates, Conversion of point and vector from one coordinate system to another. Vector algebra-
Vector addition, subtraction and multiplications; vector operators gradient, divergence and curl; integral theorems
of vectors. Representation of differential length, surface and volume.

UNIT-1l1 STATIC ELECTRIC FIELD

Coulomb*s law, Electric field intensity, Electrical field due to point charges. Line, Surface and Volume charge
distributions. Gauss law and its applications. Divergence theorem and Maxwell*s First equation, Absolute Electric
potential, Potential difference, Calculation of potential differences for different configurations. Electric dipole,
Electrostatic Energy and Energy density,

UNIT-111 CONDUCTORS, DIELECTRICS AND CAPACITANCE

Current and current density, Ohms Law in Point form, Continuity of current, Boundary conditions of perfect
dielectric materials. Permittivity of dielectric materials, Capacitance, Capacitance of a two wire line, Poisson‘s
equation, Laplace™s equation, Solution of Laplace and Poisson“s equation, Application of Laplace™s and
Poissons equations.

UNIT-IV STATIC MAGNETIC FIELDS

Biot-Savart Law, Amperes Law, Stokes theorem and Maxwell*s second equation. Magnetic flux and magnetic
flux density, Maxwell*s third equation. Scalar and Vector Magnetic potentials. Steady magnetic fields produced
by current carrying conductors.

MAGNETIC FORCES, MATERIALS AND INDUCTANCE

Force on a moving charge in a magnetic field, Force on a differential current element and straight current carrying
conductor in a magnetic field, Force between differential current elements, Force between two parallel current
carrying conductors. Torque on a rectangular loop carrying current in a magnetic field. S e | f inductance of
solenoid, toroid and coaxial cable. Definition of Mutual Inductance, Mutual inductance between a loop and
straight conductor.

UNIT-V TIME VARYING FIELDS AND MAXWELL’S EQUATIONS

Faraday*s law of Electromagnetic induction, Maxwell*s fourth equation Displacement current, Modification of
Maxwell“s third equation for time varying fields. Point and integral form of Maxwells equations for time varying
fields.

TEXT BOOKS:
1. William.H.Hayt, “Engineering Electromagnetics” Mc.Graw,Hill, 2010.
2. Gangadhar,”Field Theory”, Khanna Publications, 2003.

REFERENCE BOOKS:

1. Griffith,”Electrodynamics” PHI, 3rd Edition, 1999.

2. Sadiku,”Electromagnetic Fields” Oxford University Press, 5th Edition, 2010.
3. Joseph Edminister, “Electromagnetics” Tata Mc Graw Hill, 2006.

4. ]J.D.Kraus, “Electromagnetics” Mc.Graw,Hill Inc,5th edition,1999.
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ELETRICAL AND ELECTRONICS ENGINEERING

COURSE: Electromagnetic Fields SEMESTER: 2-2 CREDITS: 3

COURSE CODE: 19EE0212
REGULATION : R19

COURSE TYPE: CORE

COURSE AREA/DOMAIN:

CONTACT HOURS: 3+1 (Tutorial)
hours/Week.

CORRESPONDING LAB COURSE CODE
(IF ANY): NO

LAB COURSE NAME:

SYLLABUS:

UNIT

DETAILS

HOURS

INTRODUCTION TO VECTOR CALCULUS

Three orthogonal coordinate systems (rectangular, cylindrical and spherical)-
Representation of a point and a vector in three coordinates, Conversion of point
and vector from one coordinate system to another. Vector algebra- Vector
addition, subtraction and multiplications; vector operators gradient, divergence
and curl; integral theorems of vectors. Representation of differential length,
surface and volume.

18

II

STATIC ELECTRIC FIELD

Coulomb®s law, Electric field intensity, Electrical field due to point charges.
Line, Surface and Volume charge distributions. Gauss law and its applications.
Divergence theorem and Maxwells First equation, Absolute Electric potential,
Potential difference, Calculation of potential differences for different
configurations. Electric dipole, Electrostatic Energy and Energy density,

14

[1I

CONDUCTORS, DIELECTRICS AND CAPACITANCE

Current and current density, Ohms Law in Point form, Continuity of current,
Boundary conditions of perfect dielectric materials. Permittivity of dielectric
materials, Capacitance, Capacitance of a two wire line, Poissons equation,
Laplace®s equation, Solution of Laplace and Poisson"s equation, Application
of Laplace*s and Poisson‘‘s equations.

11

v

MAGNETIC FORCES, MATERIALS AND INDUCTANCE

Force on a moving charge in a magnetic field, Force on a differential current
element and straight current carrying conductor in a magnetic field, Force
between differential current elements, Force between two parallel current
carrying conductors. Torque on a rectangular loop carrying current in a
magnetic field. S e 1 f inductance of solenoid, toroid and coaxial cable.
Definition of Mutual Inductance, Mutual inductance between a loop and
straight conductor.

18

TIME VARYING FIELDS AND MAXWELL’S EQUATIONS

Faraday“s law of Electromagnetic induction, Maxwell“s fourth equation
Displacement current, Modification of Maxwell”s third equation for time
varying fields. Point and integral form of Maxwell“s equations for time
varying fields.

14

TOTAL HOURS

75




TEXT/REFERENCE BOOKS:

T/R BOOK TITLE/AUTHORS/PUBLICATION

T1 | William.H.Hayt, “Engineering Electromagnetics” Mc.Graw,Hill, 2010.

T2 | Gangadhar,”Field Theory”, Khanna Publications, 2003.

R1 | Griffith,”Electrodynamics” PHI, 3rd Edition, 1999.

R2 | Sadiku,”Electromagnetic Fields” Oxford University Press, 5th Edition, 2010.

R3 | Joseph Edminister, “Electromagnetics” Tata Mc Graw Hill, 2006

WEB SOURCE REFERENCES:

1 | www.wikipedia.com

2 | https://www.britannica.com/science/electromagnetic-field

3 | https://nptel.ac.in/courses/117/103/117103065/

COURSE PRE-REQUISITES:

C.CODE COURSE NAME DESCRIPTION SEM
19EE0203 | ELECTRICAL MACHINES-I Dc Generators And Dc Motors II
19EE0208 | ELECTRICAL MACHINES-II Induction & Synchronous Motors I

COURSE OBJECTIVES:

{ | To learn the laws concerning static electric fields: Coulomb’s law, Gauss law; the laws
concerning static magnetic fields: Biot, savart law, Ampere circuital law

To learn the equations concerned with static electric fields

To learn the equations concerned with static magnetic fields

To find the difference between the behaviors of conductors and dielectrics in electric fields

O | AW

To determine the energy stored and energy density in (i) static electric field (ii) magnetic
field, Electric dipole and dipole moment, magnetic dipole and dipole moment

COURSE OUTCOMES:

SNO DESCRIPTION

Acquires mathematical foundation on vector calculus

Analyse and estimate Electric field quantities with charge distribution

Study the behaviour of electric fields in conductor and dielectric materials

Estimate the magnetic field strengths due to different current carrying elements

Evaluate the magnetic forces generated due to interaction of electric and magnetic fields

Nl | AW N —

Understand the electromagnetic wave propagation in free space




CO PO MAPPING:

CO Mapping with PO’s and PSO’s:

1-low 2-medjum | 3-high
CcO PO | PO | PO | PO | PO | PO | PO | PO | PO |PO | PO |PO| PS | PS | PS
1 2 3 4 3 6 7 8 9 |10 |11 |12 | O1 | O2 | O3
1 2 2 2 1 1
2 1 2 1 2 1
3 1 1 2 2 1
4 2 1 2 2 2
TOPICS BEYOND SYLLABUS/ADVANCED TOPICS/DESIGN:
1 | WAVE EQUATION
2 | WAVE LENGTH
DELIVERY/INSTRUCTIONAL METHODOLOGIES:
A CHALK & TALK | 4 STUD. A POWER POINT 4 STUD.
ASSIGNMENT PRESENTATION SEMINARS
A ICT
ASSESSMENT METHODOLOGIES-DIRECT/INDIRECT
UAMID EXAMS UASSIGNMENTS UAUNIVERSITY ACLASS ROOM
EXAM DISCUSSION
ASTUDENT
FEEDBACK
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Professor
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S.NO | NAME OF THE TOPIC NO OF HOURS TEXT PAGE MODE OF LECTURE
BOOK NO
REFERED
(BOOK _
NO-)
LECTUR | TUTORI BLACK " | PPT URL
E AL BOARD -
(L) (T) (BB)
UNIT-I INRODUCTION TO VECTOR CALCULUS

1 Three orthogonal coordinate systems 3 Bl 3-10

(rectangular, cylindrical and spherical)-
2 ‘Representation of a point and a vector in 1 B1 11-13 N

: three coordinates, '

3 Conversion of point and vector from one 2 Bl 14-16 N

coordinate system to another, ;
4 Vector algebra- Vector addition, 1 B1 17-18 N

subtraction and multiplications :
5 vector operator’s gradient 2 Bl 19-20 N
6 divergence and curl %) Bl 22-25 N
7 Integral theorems of vectors il Bl 26-27 N
8 Representation of differential length, 2 B1 28-30 N

surface and volume:

UNIT-II STATIC ELECTRIC FIELD
j Coulomb®s law, 1 Bl 35-36
“Electric field intensity, Electrical field 2 1 B1 37-42 v e N

10 due to point charges. Line, Surface arid ‘

Volume charge distributions. by Pl

Gauss law and its applications. 1 Bl 45-46 N
11 https://byjus.c

om/jee/gauss-
' law/

12 Divergence theorem and Maxwell*‘s First 2 B1 47-48 N

equation,
13 Absolute Electric potential 1 Bl 52-53 N
14 Potential difference 1 B1 55-57 N
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h Calculation of potential differences for 9 B1 58-60 R |
15 ; ;
different configurations. :
16 Electric dipole, Electrostatic Energy and ) Bl 65-70 N
Energy density,
UNIT-III CONDUCTORS, DIELECTRIC AND CAPACITANCE
17 Current and current density, %) B1 85-86 N g
18 Ohms Law in Point form, '] B1 87-89 N
' 92-93 v
19 Continuity of current, 2 Bl
20 Boundary conditions of perfect dielectric 2 "Bl 95-98 N
materials. _
21 Permittivity of dielectric materials, 2 Bl 99-101 N
n Capacitance, Capacitance of a two wire 1 Bl 102-103 N
£ line,
1 B1 105-108 N http://www.nis
' y = ; ) : er.ac.in/~sbasa
23 Poisson®s equation, Laplace’s equation, K/p201/02 02,
09.pdf
Solution of Laplace and Poisson‘s 1 Bl 109-110 N
24 equation
1 Bl 112-114 N https://eng.libr
etexts.org/Boo
kshelves/Electr
ical Engineeri
.ng/Electro-
Optics/Book%
3A_Electroma
25 Appligation of Laplace’s and Poisson‘‘s gnetics [ (Elli
equations. ngson)/05%3 A
_Electrostatics
/5.15%3A_Poi
sson%E2%80
%99s _and La
place%E2%80
%99s_Equatio
ns i
UNIT -1V STATIC MAGNETIC FIELDS
126 Biot-Savart Law, ) B1 116-118 N
Amperes-Law, 2 Bl 121-125 N
27 _
Stokes theorem and Maxwell*s second 2 B1 128-130 N https://people.
28 equation. ‘math.osu.edu/t
anveer.1/m263
.02/maxwell
129 Magnetic flux and magnetic flux density, 1 B1 132-134 v
30 Maxwell“s third equation. 1 Bl 136-138 N
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31 Scalar and Vector Magnetic potentials. 9) Bl 140-141
32 Steady magnetic fields produced by 1 Bl 141143 N

current carrying conductors.

MAGNETIC FORCE, MATERIALS AND INDUCTANCE

33 tlfo]r(cie on a moving charge in a magnetic 2 B1 144-146 N K
: ield,
“Force on a differential current element 1 Bl 147-148 v
134 and straight current carrying conductor in
a magnetic field, ;
35 Force between differential current 2 Bl 152-155 N
elements, i
Force between two parallel current 2 Bl 156-158 N
36 carrying conductors. :
37 Torque on a rectangular loop carrying 2 B1 160-165 N
current in a magnetic field.
3 S e I finductance of solenoid, toroid and 2 B1 165-168 N
coaxial cable. _
Definition of Mutual Inductance, Mutual 3 Bl 170-172 N
39 inductance between a loop and straight
conductor.
UNIT-V TIME VARYING FIELDS AND MAXWELLS EQUATIONS
Faraday“s law of Electromagnetic 2 Bl 172-173 N https://www.el
induction, ectrical4u.com
/faraday-law-
40 v Tl
electromagneti
; c-induction/
41 Maxwell*s fourth equation Displacement 3 Bl 174-175 N
current,
Modification of Maxwell*s third equation 3 B1 175-76 N
42 for time varying fields. :
43 Point and integral form of Maxwells g Bl 178-182 N

equations for time varying fields
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SIDDHARTH GROUP OF INSTITUTIONS :: PUTTUR
Siddharth Nagar, Narayanavanam Road — 517583

QUESTION BANK (DESCRIPTIVE)

Subject with Code : EMF(19EE0207) Course & Branch: B.Tech - EEE
Year & Sem: 11-B.Tech & 11-Sem Regulation: R19

UNIT-I
INTRODUCTION TO VECTOR CALCULUS

. a) Convert point P (1,3,5) from cartesian to cylindrical and spherical co-ordinates system. 5M

b) Given the two points A (X=2, Y=3, Z=-1) and B= (r=4, 0=25 and ¢=120°). Find the spherical
co-ordinates of A and cartesian co-ordinates of B 5M
Point P and Q are located at (0,2,4) and (-3,1,5) calculated: 1. The Position vector P, 2. The
distance vector from P and Q, 3. The distance between P and Q and 4. A vector parallel to PQ with
magnitude of 10. 10M
Express vector B in cartesian and cylindrical systems. Given B= 10/r ar + r cos0 ae + ay . Find the
B at (-3,4,0) and (5,1/2, -2) 10M

. a) Transform the vector field W=10 ax -8 ay +6 a; to cylindrical co-ordinate system at point

P (10 ,-8, 6) 5M
b) Express B=r2 a, + sin 0 a in the cartesian co-ordinates. Hence obtain B at P (1,2,3) 5M
If B=y ax + (X+z) ay and a point Q is located at (-2,6,3) express.1 The Point Q in cylindrical and
spherical co-ordinates and 2) B in spherical coordinates. 10M

. a) Given point P (-2,6,3) and A=y ax +(x+z) ay. Express A in Cylindrical coordinates. 5M

b) Transform the vector A= 3i-2j-4K at P (x=2, y=3, Z=3) to cylindrical coordinates 5M

. a) Given the two coplanar vectors A= 3 ax + 4 ay- 5 a; and B= -6ax +2 ay +4 a, . Obtain the unit

9.

vector normal to the plane containing the vector A and B 5M
b) The Three fields are given by A=2ax -a, , B= 2 ax-ay+2a, , C= 2ax-3ay +a, . Find the scalar and
vector triple product. 5M
Determine the divergence of these vector fields:

i).P=x2yz ax +Xz &, ii) Q=r sin ¢ ar +r> z ay + z cos ¢ a; and iii) T= (1/r?) cos O ar + r sin B cos ¢
ao+Cos0 ay 10M
Find the gradient of the following scalar fields

i) V=eZsin 2x cosh y , ii) U=r? z cos ¢ and iii) W= 10r sin?0 cos¢ 10 M

10. Determine the curl of the vector fields:

i).P=x2yz ax +Xz az , ii) Q=rsin ¢ ar +r2 z ay + z cos ¢ a; and iii) T= (1/r?) cos O ar + r sin O cos ¢
a0+Co0s0 ay 10M

Electromagnetic Fields
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UNIT -1
STATIC ELECTRIC FIELD
. (a) State and explain Coulomb’s law indicating clearly the units of quantities in the equation
of force? 5M
(b) State and prove Gauss’s law and write limitations of Gauss’s law? 5M
. Three concentrated charges of 0.25 uC are located at the vertices of an equilateral triangle
of 10 cm side . Find the magnitude and direction of the force on one charge due to
other two charges. 10M
. a) Determine the Electric filed intensity at P(-0.2, 0, -2.3) m due to a point charge of
5ncatQ (0.2,0.1,-2.5) min air. 5M
b) An infinitely long uniform line charge is located at y=3, Z=5. If p. = 30 n C/m, find the filed
intensity E at i) origin, ii) P(0,6,1) and iii ) P (5,6,1) SM
. Line charge density pL= 24 n C/m is located in free space on the line y=1 and Z=2 m
a) Find E at the point P(6,-1,3) , b) What point charge Qa should be located at A (-3,4,1)
to make y component of total E zero at point P?
5.a) Find E at (0,0,2) m due to charged circular disc in x-y plane with ps=20 n C/m? and
radius 1m.
b) A circular disc of 10 cm radius is charged uniformly with total charge of 100uc .
Find E at a point 20cm on its axis.
6.The Electric flux density is given as D= (r/4) a, n C/m? in free space. Calculate:
The Electric field intensity at r=0.25 m , The total charge within a sphere of r=0.25 m
7.Given that A= 30 e" ar-2 z a; in the cylindrical co-ordinates. Evaluate both sides of the
divergence theorem for the volume enclosed by r=2, z=0 and Z=5
8. a)An electric potential is given by V=(60 sin6 /r?) v . Find V and E at P(3,60°,25°)
b) In free space V= x?y(z+3) . Find E at (3, 4, -6) and The charge within the cube
0<x,y,z<1. 5M
9.a) The potential field in free space is given by V=(50/r) , a<r< b (spherical ) show that
pv=0 for a<r<b and find the energy stored in the region a<r<b 5M
b) Two pint charges 1.5nC at (0,0,0.1) and -1.5nC at (0,0,-0.1) are in free space . Treat the two
charges as a dipole at the origin and find the potential at p(0.3,0,0.4) 5M
10. a) What is the relation between electric flux density and electric field intensity? 2M
b) Define dipole moment? 2M
c) Define an electric dipole? 2M
d) State vector form of coulombs law? 2M
e) Derive Maxwell second equation? 2M

Electromagnetic Fields
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UNIT 11l
CONDUCTORS, DIELECTRICS AND CAPACITANCE

. (a) Derive the continuity equation. What is its physical significance? 5M
(b) Derive the point form of ohms law? 5M
. Explain the boundary conditions of two perfect dielectrics materials? 10M
. Explain the boundary conditions between conductor and free space? 10M
. a) In cylindrical coordinates J=10 %" a, A/m2. Find the current crossing through the region
0.01<r<0.02 m and 0<z<1 m and intersection of this region with the ¢ = constant plane 5 M
b) An aluminum conductor is 2000 ft long and has a circular cross section with a diameter of 20
mm. If there is a DC voltage of 1.2 V between the ends . Find a) The current density b) The
current , C power dissipated form the I=knowledge of circuit theory. Assume c=3.82 *10’
mho/m for aluminum . 5M
. @) Find the magnitude of D and P for a dielectric material in which E=0.15 mV/m and y=4.25
5M
b) Find the polarization in dielectric material with & =2.8 if D=3*10" C/m? 5M
. Explain the phenomenon of polarization when a dielectric slab is subjected to an electric field?
10M
. a) Derive the expression for parallel plate capacitor and capacitance of a co-axial cable? 6 M
c) A parallel plate capacitor has an area of 0.8 m? separation of 0.1 mm with a dielectric
for which & = 1000 and a field of 10° V/m. Calculate C and V 4M
. Find V at P (2,1,3) for the field of two coaxial conducting cones, with V=50 V at 6=30
and V=20 V at 6=50. 10 M
. Two parallel conducting disc are separated by distance 5 mm at z=0 and z=5 mm.
If V=0 and V=100 v at z=5 mm, find the charge densities on the disc. 10 M
10. a)Determine whether or not the following potential fields satisfy the Laplace’s equation
i) V=x2-y?+7? ii) V=r cos +z and 5M
b) Derive Laplace’s and Poisson’s Equation 5M

Electromagnetic Fields
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UNIT -1V

STATIC MAGNETIC FIELDS
Using Biot-savart’s law. Find H and B due conductor of finite length?

a) Explain maxwell’s second equation? 5M
b) State and explain ampere’s circuital law? 5M
Evaluate both sides of the stokes theorem for the filed H=6xy ax -3y? a, A/m and the rectangular
path around the region 2<x<5, -1<y<1, Z=0 . Let the positive direction of ds be a,. 10M
a) Find the flux passing the portion of the plane ¢=n/4 defined by 0.01<r<0.05 m and
0<z<2 m. A current filament of 2.5 A is along the z axis in the a; direction in free space. 5 M
b) In cylindrical coordinates B= (2.0/r) a4 tesla. Determine the magnetic flux ¢ crossing
the plane surface defined by 0.5<r<2.5 m and 0<z<2m. 5M
In cylindrical co-ordinates A=50 r? a, wb/m is a vector magnetic potential in a certain
region of free space. Find H, B, J and using J find the total current I crossing the surface
0<r<1, 0<¢<2m and Z=0.
a) A Point charge of Q=-1.2 C has a velocity V=(5 ax +2 ay -3a;)m/s. Find the
magnitude of the force exerted on the charge if i) E=-18 ax +5 ay -10 a; V/m and
ii)B=-4ax+4ay+t3a, T
b) A magnetic field B= 3.5*107 a, exerts a force on a 0.3 m long conductor along
x axis. IF a current of 5 A flows in -ax direction, determine what force must be
applied to hold conductor in position.
c) Determine the force per meter length between two long parallel wires A and B
separated by distance 5 cm in air and carrying currents of 40 A in the same direction.
A rectangular loop in Z=0 plane has corners at (0,0,0), (1,0,0),(1,2,0) and (0,2,0).
The loop carries a current of 5 A in ax direction. Find the total force and torque
on the loop produced by the magnetic field B=2 ax+2ay-4a, wh/m?. 10M
Derive the expression for self-inductance of solenoid, toroid and coaxial cable 10M

a) Calculate the inductance of a solenoid of 200 turns wound tightly on a cylindrical

tube of 6 cm diameter. The length of the tube is 60 cm and the solenoid is in air. 5M

b) Find inductance per unit length of a co-axial cable if radius of inner and outer conductors

are 1 mm and 3 mm respectively. Assume relative permeability unity. 5M
. a) Calculate the inductance of a 10 m length of coaxial cable filled with a material for

which p; = 80 and radii inner and outer conductors are 1 mm and 4 mm respectively. 5M

b) A straight long wire is situated parallel to one side of a square coil. Each side of the

coil has a length of 10 cm. The distance between straight wire and the center of the

coil is 20 cm. Find the mutual inductance of the system . 5M

Electromagnetic Fields
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UNIT -V
TIME VARYING FIELDS AND MAXWELL’S EQUATIONS

Write Maxwell’s equation in good conductors for time varying fields and static fields both in
differential and integral form? 10M
Explain faradays law of electromagnetic induction and there from derive maxwell’s equation in
differential and integral form? 10M
Derive the equation of Continuity for time varying fields? 10M
Derive an expression for motional and transformer induced emf? 10M
What is displacement current? Explain physical significance of displacement current? 10M
Derive expressions for integral and point forms of poynting Theorem? 10M
Explain faradays law of electromagnetic induction and derive the expression for induced e.m.f?
10M

a) Define skin depth? 2M
b) Define displacement current? 2M
) State Faraday’s law of electromagnetic induction? 2M
d) Write Maxwell equations in time varying fields? 2M
e) Define pointing vector? 2M

9. A Parallel plate capacitor with plate area of 5 cm? and plate separation of 3mm has a
Voltage of 50 sin 10° t volts applied to its plates. Calculate the displacement current
Assuming e=2go

10 An area of 0.65 m? in the plane Z=0 encloses a filamentary conductor. Find the

induced voltage if B= 0.05 cos 10° t ( ay+a; )/V2 tesla.

Prepared by: J.GOWRISHANKAR AND N.SRAVANTHI
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Subject with Code : EMF(18EE0203) Course & Branch: B.Tech - EEE
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UNIT-I

INTRODUCTION TO VECTOR CALCULUS
1. In three dimensional coordinate systems, coordinates are
A)perpendicular to each other  B) parallel to each other
C) same direction for each other  D)opposite direction for each other

2. Three dimensional coordinate system is one in which coordinates intersect each other at
A) negative points  B) zero points C)positive points D) absolute points

3. Rectangular coordinate system is also known as
A) Space coordinate system B) Polar coordinate system
C) Cartesian coordinate system  D)Planar coordinate system

4. The range of azimuthal angle ¢ in the spherical polar coordinates is
A) [02x] B) [0,r] C) [0,w/2] D) [-m, +n]

5. The equation to a surface in spherical coordinates is given by 6=n/3. The surface is a.
A) sector of a circle
B) A cone making an angle of 7/3 with the z-axis
C) A vertical plane making an angle of n/3 with the z-axis
D) A vertical plane making an angle of n/3 with the x-axis

6. The equation to a surface in spherical coordinates is given by ¢=n/3. The surface is a.
A) sector of a circle
B) A cone making an angle of n/3 with the z-axis
C) A vertical plane making an angle of n/3 with the z-axis
D) A vertical plane making an angle of n/3 with the x-axis

7. Expressed in spherical coordinates, the equation x2+y?+z%= 4z becomes
A) 4 cosBsin® B) 4sin@cos® C) 4 cos@ D) 4sin6

8.The cylindrical coordinate system is also referred to as
A) Cartesian system B) Circular system C) Spherical system D) Space system

9. Transform the point (-2,6,3) into cylindrical coordinates.
A) (6.325,-71.57,3) B) (6.325,71.57,3) C) (6.325,73.57,3) D) (6.325,-73.57,3)

10. A charge located at point p (5,30°,2) is said to be in which coordinate system?
A) Cartesian system B) Cylindrical system C) Spherical system D) Space system

Electromagnetic Fields
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11. Transform the spherical system B = (10/r)i + (10cos 0)j + k into cylindrical form at (5, n/2, -2)
A) 2.467i +j + 1.167k B) 2.467i —j + 1.167k
C) 2.467i — j— 1.167k D) 2.467i +j — 1.167k

12. Convert the given rectangular coordinates A(2,3,1) into corresponding cylindrical coordinates
A) (3.21,56.31,1) B) (3.21,57.31,0) C) (3.61,57.31,0) D) (3.61,56.31,1)

13. Convert the point (3,4,5) from Cartesian to spherical coordinates
A) (7.07,45°,53°% B) (0.707,45°53°) C) (7.07,54°,63°) D) (0.707,54°,63°)
14. Find the spherical coordinates of A(2,3,-1)
A) (3.74,105.5°,56.13°) B) (3.74, 105.5°, 56.31°)
C) (3.74, 106.5°, 56.13°) D) (3.74, 106.5°, 56.31°)

15. Find the Cartesian coordinates of B(4,25°,120°)
A) (0.845, 1.462, 3.625)  B) (-0.845, 1.462, 3.625)
C) (-8.45, 2.462, 6.325) D) (8.45, 2.462, 6.325)

16. Given B= (10/r)i+( rcos 0) j+k in spherical coordinates. Find Cartesian points at (-3,4,0)
A)-2i+j B)2i+k C)i+2j D) —i — 2k

17. The scalar factor of spherical coordinates is
A)l,r,rsin® B)Il,r,r Or,r 1 D)r, 1,r

18. Transform the vector (4,-2,-4) at (1,2,3) into spherical coordinates.
A) 3.197i —2.393] + 4472k  B)-3.197i + 2.393j — 4.472k
C) 3.197i + 2.393j + 4.472k D) -3.197i — 2.393] — 4.472k

19. Cylindrical systems have the following scalar values respectively
A)l,p,1 B)1,1,1 C)0,1,0 D)1,0,0T

20. he volume of a parallelepiped in Cartesian is
A)dV=dxdydz B)dV=dxdy C)dv=dydz D)dV=dxdz

21. Transform the vector A = 3i — 2j — 4k at P(2,3,3) to cylindrical coordinates
A) -3.6j —4k  B) -3.6j + 4k C) 3.6) — 4k D) 3.6j + 4k

22. Which of the following criteria is used to choose a coordinate system?
A) Distance  B) Intensity C) Magnitude  d) Geometry

23. Vector transformation followed by coordinate point substitution and vice-versa, both
given the same result. Choose the best answer.
A) Possible, when the vector is constant ~ B) Possible, when the vector is variable
C) Possible in all cases D) Not possible

24. The polar form of Cartesian coordinates is
A) Circular coordinates B) Spherical coordinates
C) Cartesian coordinates D) Space coordinates
25. The cross product of the vectors 3i + 4] — 5k and —i + j — 2K is,
A)3i—-11j+7k B)-3i+11j+7k C)-3i—-11j-7k D) -3i + 11j — 7k
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26. Which of the following are not vector functions in Electromagnetics?
A) Gradient B) Divergence
C) Curl D) There is no non- vector functions in Electromagnetics

27. The work done of vectors force F and distance d, separated by angle 0 can be calculated
using,
A) Cross product B) Dot product C) Addition of two vectors D) Cannot be calculated

28. Find whether the vectors are parallel, (-2,1,-1) and (0,3,1)
A) Parallel  B) Collinearly parallel ~ C) Not parallel D) Data insufficient

29. When two vectors are perpendicular, their
A) Dot product is zero  B) Cross product is zero
C) Both are zero D) Both are not necessarily zero
30. Find the gradient of t = x?y+ €? at the point p(1,5,-2)
A)i+10j+0.135k B)10i+j+0.135k C)i+0.135j+ 10k D) 10i +0.135j + k

31. Curl of gradient of a vector is
A) Unity B)Zero  C) Null vector D) Depends on the constants of the vector

32.Find the gradient of the function given by, x? + y? + z at (1,1,1)
A)i+j+k B)2i+2j+2k c)2xi+2yj+2zk D) 4xi+ 2yj + 4zk

33. Find the gradient of the function sin X + cos y.
A)cosxi—-sinyj B)cosxi+sinyj C)sinxi—cosyj D)sinxi+cosyj

34. Compute the divergence of the vector xi + yj + zk.
A0 B) 1 C)2 D) 3

35. Find the divergence of the vector yi + zj + xk.
A)-1 B)O CO)1 D) 3

36. Given D =e™siny i—e™cosy j Find divergence of D.
A) 3 B) 2 01 D)0

37.Find the divergence of the vector F=xe™i+yj—xzk
A)1-x1+e”) B)(x-1)(1+e*) C)(1-x(1-¢ D)(x-1)1-e)

38. Determine the divergence of F = 30 i + 2xy j + 5xz° k at (1,1,-0.2) and state the nature of\
the field.
A) 1, solenoidal B) 0, solenoidal  C) 1, divergent D) 0, divergent

39. Find whether the vector is solenoidal, E=yz i + xz j + xy k
A) Yes, solenoidal B) No, non-solenoidal
C)) Solenoidal with negative divergence D) Variable divergence

40. Identify the nature of the field, if the divergence is zero and curl is also zero.

A) Solenoidal, irrotational B) Divergent, rotational
C) Solenoidal, irrotational D) Divergent, rotational
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41. The curl of a curl of a vector gives a
A) Scalar  B) Vector C) Zerovalue D) Non zero value

42. Find the curl of A = (y cos ax)i + (y + e")k
A) 2i —ex j—cos ax k B) i —exj—cos ax k
C) 2i—exj+cosax k D)i—exj+cosaxk
43. Find the curl of the vector A=yzi+4xyj+yKk
A) xi+j+ (dy —2)k B) xi +yj + (z - 4y)k
C)i+j+(4y-2)k D)i+yj+(4y-2)k

UNIT 11

STATIC ELECTRIC FIELD
1. A Quantity which gives only direction is called

A) Vector B) Scalar C) Unit Vector D) None

2. The charge of an electron is
A) 1.60219x10° C  B)-1.60219x10° C  C)-1.60219x10*° C D) 1.60219x10% C

3. The two equal and opposite point charges are separated by a very small distance is known as [
A) Dipole moment  B) Potential gradient  C) Dipole D) None

4. Find the Laplacian of the Potential function V=x?+y?+z2
A) 2V/m? B) 6 V/m? C)4 V/m? D)8 V/m?

5. The _is defined as the tangential force times the radial distance at which it acts [
A) Power B) Energy C) Torque D) Magnetic flux density

6. Steady magnetic fields are governed by law. [
A) Biot-Savart's B)Ampere's Circuital C)Both (A) and (B) D)None of these

7. Four fundamental equations of electromagnetics are grouped under [
A) Fleming’s laws  B) faraday’s laws C) lorentz equations D) maxwell’s equation

8. According to poisson’s equation, if V is the potential function, then [

A) V2v=-p/e B)V 2v=-p/E C)V2v=0 D)none of these

9. According to Gauss law y=
A) Qend B) [sD.dS C) vpvdV D) ALL
10. Which of the following is a vector quantity?
A) Electrical potential B) Electrical field intensity
C) Electrical charge D) none of the above
11. An infinite number of charge each equal to g are placed along the x-axis at x=1,x=2,x=3 and so on .
The potential at x=0 due to this set of charges will be [
A)q B) 3q/2 C)2q D)4qg/4
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12. An infinite number of charges, each equal to 1 q are placed at n=1, 3, 9, 27, 81. . . The electronic
potential at n= 0 will be [
A)q B) 3/2q C)2q D)5g/2
13. A tiny particle carrying a charge of 0.2 coulomb is accelerated through a P.D of 1000 V. The K.E.
acquired by the particle will be [
A) 100 B) 200 J C) 300J D) 400J
14. Given V=2x?y-12z, V at (0, 0 ,6) is
A) -T2V B) 62V D)0V
15. The unit of electric field intensity is
A) A/m B) V/Im C) Vim D) Alsec
16. The total flux out of a closed surface is equal to the net charge with in the surface. This statement an
expression of a [
A) gauss law B)divergence theorem C)faraday’s law ~ D)Maxwell’s equations
17. In homonogenous linear, isotropic and stationary media, for a plane electromagnetic wave [
A) V-D=P B)V.D=F C)V+*D=+ D) none
18. It is given that electric flux density (D) in acertain region is expressed by D= (1/r)ar in spherical

co-ordinates. The charge density (u) in this region is given by [

A) lr B) I/r? C) -l/r? D) r?
19. The electric field intensity (E) and electric potential (V) are interrelated by [
A) E= -Divergence of V B) E= Divergence of V C) E=-gradient of V D) none of these

20. For an infinite line charge [
A) E= ps 2¢ B)E=ps/2me C)E=ps/dne D) None
21. Potential at R due to a point charge Q isV =
A) V=Q/4r1 eR B) V=Q/4r ¢ R? C) V=QR/4rn ¢ D) None
22. Point charges 30nc,-20nc and 10nc are located at (-1, 0, 2), (0, 0, 0) and (1, 5,-1) respectively. The
total flux leaving a cube of side 6 m centered at the origins is [
A) 20nc B)-2nc C) 10nc D) -10nc
23. Inside a hollow spherical conductor
A) Electrical field is zero B) Electrical field is constant
C) Electrical field changes with the magnitude of charge given to the conductor
D) None of the above
24. A sphere of one meter radius can attain a maximum potential of
A) 1000 V B) 2 KV C) 30 KV D) 3 million volts
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. Surface integral of electric field intensity is
A) Electrical charge B) differential of volume flux
C) Net flux emanating from surface D) none of these
. A plane z=10 m carries charge 20 nc/m?.Electric field intensity at the origin is
A)-15a_.V/m B) -36 ma. V/Im C) -72 pia; V/m D) -360 T a. V/Im
. Point charges @,=1 nC and @, =2 Nc are at a distance apart. Which of the following statements are
correct? [ ]
A) The force on @, is repulsive B) the force on @, is the same in magnitude as that-on @,
C) As the distance between them decreases, the force on @, increases linearly
D) All the above
. Find the Laplacian of the Potential function V=2x?+y?+z?
A) 2VIm2 B) 6 VIm2 C) 4 V/m2 D) 8 V/Im2
. The unit of electric flux is
A) Coulomb B) Coulomb/m? C) Weber D) Newton/ Coulomb
. Coulomb’s law States that
A) F=Q1Q2/4n eR? B) F=Ql/4n ¢ R C) F=Q2/4n R D) None
. The electric flux density D is related to E as
A) D=E B) eD=E C) D=¢E D) None

. The electric displacement current density is measured in

A) coulombs/meter B) coulombs /meter 2 C) volts/m D) amp/m?

. Conductivity is measured in
A) ohm-m B) ohms/m C)mho-m D) mhos/m
. The relation between electric polarization and susceptibility indicates that electric Polarizations is

[
A) Independent of susceptibility B) inversely proportional to susceptibility

C) Proportional to square root of susceptibility D) proportional to susceptibility
. The divergence theorem applies to a [
A) Static field only  B) time varying field only C) both A & B D) magnetic fields only
. Find the Laplacian of the Potential function V=x?+y?-z [
A) 2VIm2 B) 6 VIm2 C) 4 V/Im2 D) 8 V/Im2
. The electric flux density (D) and the electric field intensity (E) interrelated by
A) D=¢E B) D=F/e C) D=¢E? D) D=pE
. First Maxwell’s equation is
A) pv=V.D B) pv=V.E C)bothA & B D) None
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39. Laplaces equation V2 V=
A)-pv/e B) pv C)1 D)0
40. The unit of field intensity is [
A) Coulomb B) Coulomb/m? C) Weber D) Newton/ Coulomb

UNIT 111
CONDUCTORS, DIELECTRICS AND CAPACITANCE

. The conductivity of a material usually depends on
A) Temperature B) Frequency C) Temperature and Frequency D) Length
. The electric field inside the conductor is
A) Maximum B) Zero C) bothaand b D) infinity
. Convection current occurs when current flows through an insulating medium such as
A) Liquid B) Copper C) Resistor D) Air
. Charges in dielectric material are called
A) Bound charges B) free charges C) polar charges D) none
. The expression for Electric displacement in Dielectrics, D=
A) € E-P B) €0 E +P C)P-6E D) bothb & ¢
. The phenomena of polarization happens in
A) Dielectrics B) conductors C) insulators D) none
. Point form of ohm’s law is
A) E=o] B) J=oE C) E=o/J D) E=J

. For steady current, the continuity equation

A)V-J=0 B)V-J=1 C)VxJ=0 D) none
9. On the two sides of the boundary, the tangential components of E are
A) Same B) Discontinuous C) Zero D) Infinity

10. A dielectric material is Isotropic if € does not change with
A) Point to point B)E C)V D) Direction

11. The law of refraction is [

Tanf1l _ Erl Tan 82 _ erl Tan 81 _ erl Tan 82 _ Ere

) Tangz 2 ) Tane1 o2 C)ranez ~ e ) Tame1 et
12. The energy density W can write [
A) W=1/2 D.E B) W=1/2€E? C) W=D?/2¢ D) All
13. Which is not an example of convection current

A) A moving charged belt B) Electronic movement in vacuum tube
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C) an electron beam in a television tube C) Electric current flowing in a copper wire
. Unit of permittivity
A) F/m B) m/F C) F.m D) F/m?
. Dielectric strength is the value of electric field at which dielectric breakdown occurs|
A) Maximum B) Minimum C) Zero D) Infinity
. If no free charges exist at interface then
A) Din-D2n= ps B) Din-D2n=0 C) Din-D2n= o0 D) None
. A material is said to be a conductor if
A) /o<1 B) D/o1>>1 C) Hew=1 D)0/w[1=0
. If a dielectric material of & =4 is kept in an electric field E=3ax+2ay+az, V/m, find electric
susceptibility.
A 1 B) 2 C)3 D)4
. When an electric field E is applied, the force on an electron with charge —e is
A) F=-eE B)F=eE C)F=-e/E D)F=e/E
IS current at a given point trough a unit normal area at that point. [
A) Current density  B) Flux density C) Both D) Electric field

. At boundary condition of two dielectrics Dn1= [
A) Dno/e B) Dn2 C) € Dn2 D) none
. At boundary condition of two dielectrics Ei1=
A) Ep/e B) Ew C)eEp D) None
. The flux passing through a 2m? area that is normal to the xx-axis at x=4.5m for D=10x ax is [
A)60C B)30C c)ooC D)120C
. Dipole moment of two equal & opposite charges separated with equal distance d is
A) p=Q/d B) p=d/Q C) p=Qd D) None
. In a capacitor, the conduction current and displacement currents are [
A) Equal B) Zero C) not Equal D) depends on area of capacitor plate
. The displacement current density is given by [
3

__'D -_—— = —_ —
A) Jo= at B) Jo= ot ) o ot

a0 a8 D) Jo= k]

ar
. Polarization of dielectric materials results in
A) Production of eddy currents B) Creation of dielectric dipoles
C) Release of protons D) absorption of electrons
28. The unit of Polarization is the same as that of [
A) Electric field density (D) B) electric intensity (E) C) charge D) dielectric flux

29. The Polarization of dielectric material is given by
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A) P=¢E B) P=(e-1)E C) P= (& 1)Esg D) P= (&-1)eo
. The capacitance of an insulated conducting sphere of radius R in vacuum is
A) 2meoR B) 4neoR C) 4neoR? D) 4meo/R
. The conductivity of an ideal conductor is
A) Zero B) infinite C) 100C D) 50nF
. The continuity equation of the current is based on
A) Conservation of charge B) Conservation of momentum
C) Conservation of motion D) Conservation of velocity
. Capacitance is measured in [
A) Coulomb/ amp B) amp/Coulomb C) Coulomb/ volt D) volt/ Coulomb
. The maximum value of applied electric field at which the dielectric break down occurs is called [
A) dielectric field B) dielectric intensity ~ C) dielectric strength D) none
. Dielectrics can store the energy due to
A) magnetization B) Polarization C) density D) electrons
. The conductivity of ideal conductor is
A) Zero B) infinite C) +250C D) +100C
. Current density is
A) Scalar guantity B) vector quantity C) both D) none
. In Dielectrics displacement current is under the influence of [
A) Magnetic field B) magnetic field intensity C) electric field D) electric field intensity
. The phenomena of polarization happen in [
A) Dielectrics B) conductors C) insulators D) none
40. Energy stored in capacitor is___
A) % cv? B) % Lv2 C) Y cl? D) % LI2

UNIT -1V
STATIC MAGNETIC FIELDS

1. In steady magnetic field ¥ = H =

- 3B ap
A) Zero B) J C) s D) ™

2. The line integral of magnetic field intensity H around a closed path is exactly equal to the direct current

enclosed by that path is given by [
A) Gauss B) Faraday’s C) Biot-savart D) Amperes
3. The magnetic force Fn on a moving charge is given by
A) F=QE B) F=VxB ‘C)F=QVxB D) F=0

4. The Lorentz force equation is given by
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A) F=QE B) F= Q (E+VxB) C)F=QVxB D) none
5. The Maxwell equation in time variant field is given by

AW xH =] B)pxﬁ=f+% C)P’x}?:f+% D)V xH =0

6. The faraday’s law in differential form is given by

AWV xE =] B)V xE =22 Q) vxE=-2 DyxE=2

7. In general magnetic field intensity is directly proportional to
A) Voltage B) current C) distance D) None
8. In general magnetic field intensity is inversely proportional to
A) Voltage B) current C) distance D) None
9. A conductor 6m long lies along Z direction with a current of 2A in a direction. Find the force experienced
by the conductor if B = 0.08 a, Tesla. [
A) 0.9 ay B) 0.96 a, C) 0.96 a, D) 0.96 ax

10. The magnetic field intensity at the centre of a long solenoid is
NEI

A)H=NT B C) % D)

11. The total magnetic flux coming out of closed surface is
A) infinite B) finite C) zero D)None
12. The MFI due to an infinitely long straight conductor carrying a current | is

I I I
A) H= — B)H=— C)H =~ D) 2dl

13. The line integral of H about any closed path is exactly equal to the enclosed by that path
A ) field B) potential C)current D)None

14. The MFI at the centre of the square current carrying wire is

A) H= é B) H = C)H= —‘; D) =

o] T T2

15. The expression for biot-savarts law in integral form is

A) sz"f.dfﬂr B) H:J"I.I'l':ﬂ?" C) H:J"I.ﬁ':ﬂ?" D)J" -

4mre 4mrE 4mr 47

16. The Amperes circuital law in integral form is
A)§H. di=| B)f H.di=1) C)fH.dl=0
17. Point form of Ampere’s circuital law is
AV xH=] B)F xH =0 C) "xB=]

18. The charges is motion produce a

A) Electric field B) magnetic field C) electro static fields
19. If the particle is at rest in magnetic fields, then it will experience
A) Forces B) no forces C) can’t say

20. The force on a straight conductor in a magnetic field is given by /F/=
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A) BILsin® B) F =11 xB C)AorB D) none
. The surface integral of B over a closed surface S in a magnetic field must be
A) BSCOSO B) BS SIN© C) Zero D) none

. A differential current loop is carrying current | have a magnetic dipole moment m=
A) i B) IA C) I?A

. Magnetic field intensity interms of magnetic flux density is given as

— — —5 E
A)H=pB B) H =~

. The concept of displacement current was a major contribution attributed to

A) Faraday B) Lenz C) Lorentz D) Maxwell
. Magnetic fields can exert force on

A) Moving charges only B) Staionary chargesonly C) Aand B D) None

. Ampere’s law state that the force F between two parallel wire carrying current I; and I, is equal to

A 2l B) ! C)

2md

Kol ds
2md

Holalg ) Molady
2d 2l

. When a charged particle having charge Q travels with velocity V in magnetic field E it will experience
a force Fnis given by [
A)En=Q (V xB) B)QVB sin® C) AorB D) none
. The expression for Torque on a current loop placed in a magnetic field is T =
A) mB sin® B)m xB C)Aor B D) none

. The unit of magnetic field intensity His

A) weber B) A—: C)Tesla D)no units

. The Curl operator used in fields
A) Electrostatic B) Magneto static C) both Aand B D) none

. The torque on a magnetic dipole is (I; = force and R = moment of arm)

-

AT = RxF B) T=FxR C)T = R.F D) T

. The MFI at the centre of the circular loop is

A)H=— B)H == oL=2 D)L==

2a 2a a
=+
. Ampere’s law state that the force F between two parallel wire carrying current |1 and I is equal to

Holylg Kol,lg Holyls
A) s it

B) —=2] C)

2md 2rd

Hol,ly
2d ) Zmel

. When a charged particle having charge Q travels with velocity V in magnetic field F it will experience

a force Fnis given by [
A)Fn=Q(V xB) B) QVB sino C)AorB D) none

. The line integral of magnetic field intensity H around a closed path is exactly equal to the direct current
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enclosed by that path is given by
A) Gauss B) Faraday’s C) Biot savart D) Amperes

36. In the expression E=xA s A is called
A) Area of the field B) vector magnetic potential C) scalar magnetic potentials D) None

37. The expression for biot-savarts law in integral form is
I TEE

4rs

IETEE: [al =7 [al =7

A)H=[ B) H=J C) H=J D) |

4y 4mryE 4mr

38. The faraday’s law in integral form is given by

A)emf = —[. %.ds B) emf = [, %.ds C)emf=—]. g.ds D) none

39. The force of is experienced between two parallel conductors carrying current in opposite direction.

[
A) Attraction B) Repulsion C) Zero D) None

40. The force of is experienced between two parallel conductors carrying current in same direction.

[
A) Attraction B) Repulsion C) Zero D) None

UNIT -V

TIME VARYING FIELDS AND MAXWELL’S EQUATIONS
1. The inductance of a solenoid is given by

N Nipa

A)L=£ B)L=NT“ C)L= D)L=:,TR

k]

2. The inductance of a Torroid is given by
N

Fa
"
L

B) L == D)L=

R
3. The divergence of magnetic flux density F7. Bis
A) V.B = Pu B) V.B = —Py D) none
4. What is the energy density in free space on account of field intensity H= 1000A/m?
A) 0.2 J/m? B) 0.628 J/m® C) 0.735)/m?® D)0
5. The scalar magnetic potentials satisfy the equation
A) Poisson B) Laplace C) Both A &B D) None
6. The vector magnetic potentials satisfy the equation
A) Poisson B) Laplace C) Both A &B D) None

7. What is the value of permeability constant pgy in free space

A) 8.54x10%2 H/m B) 4mx 102 H/m C) 4nx 107 H/m D)0

8. The numan’s formulae for finding the mutual inductance is given by

M dls.diz M dly _H dls diz
A) M_‘}R fjcicz - B) M & .JI;j_,;: . C) M ar Jrfcj_cg

T

9. If the two coils Liand Lz are connected in series aiding the total inductance is
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A) L+, B) Li+L,-2M C) Li+L+2M

. If the two coils L; and L, are connected in series opposing the total inductance is

A) Li+Lo B) Li+L,-2M C) Li+L,+2M

. If the two coils L;and L, are connected in parallel aiding the total inductance is
LiLz—M%
L1+L2+2M

A) Li+L. B) Li+L2-2M C)M =

. If the two coils L;and L, are connected in parallel opposing the total inductance is
LiLz—-M®

A) Litl, B) Li+L>-2M OM = iz

. The energy density in magnetic field is given by

A) ZuH? B); 1B C) - uH
. The energy stored in magnetic field is given by

A) LI B) ;LI C); 12
. The coefficient of coupling K between two coil is

M [ar
N> C)K_*JE

A)K=M,/L,L; B)K=
. In free space relative permeability p,.=

A0 B)1 C) infinite
. What is the unit of Energy density?

A) Joules B)Weber C)Joules /m3
. in magnetic fields V. Bis

A)W.B =2 C)V.B=0

&

. The transformer induction equation is given by

A)emf=—¢, 2= B) emf=§,

g gt

a5
de

C)emf=—14, Z—f
. The emf induced in a coil is directly proportional to
A) flux B) rate of change of flux C) current
. Find the coefficient of coupling K between two coil, where L;=L,=M=1H
A)K=1 B) K=0.5 C) K=2
. The inductance of a Torroidal ring is given by
N¥pa

k]
[

Ay L =282 B) L =% L=
. The curl of magnetic field intensity is
AV xH=] B)V xH =0 C) "xBE=]
24. The unit of scalar magnetic potential is
A) Ampere B) Volt C) Amp/m
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LiL2
L1+L2

D) M =

L1L2

D)M =
Li+L2

[

L1L2—M*=
L1+4L2-2M

[

LiLz—-M*?
L1+L2-2M

[

DM =
D)M =
D) none

D) none

D)None

D) None

D)Weber/m3

D) none

a5
D) emf =¢, a—f

D) none

D) None

N

-
r

2pa
R

D)L =

D)V xH =0

D) Volt/m
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. Vector magnetic potential exists in regions where J is
A) Absent B) Present C) not related to J D) None
Vector magnetic potential has applications in
A) Antennas B) transmission lines C) Microwave ovens D) All
. Magnetic scalar potential is defined in the region
A)J=0 B)J>0 C) J<0 D)E=0

. The relation between magnetic flux density Band vector magnetic potential A is

A) B=V.A B) A=V.B C) B= AXV D) B=VXA

. If R is the mean radius of toroid with N number of turns and A is the area of cross-section of a toroid

then Inductance of toroid is [ ]

2

A) L= ANA B) L= ANR o)L = #N°A D) None
2ar 27A 2nr

. If M is the mutual inductance between two magnetically coupled circuits having self-inductances L

and L2 and K is the coefficient of coupling between them then [ ]

A) M=K JLL, B)K=M /L, C)M=KLiL, D) None
. The magnetic field in a solenoid is
A) H=N/I B) H=n/I C) H=NA/I D) H=I/N
. A toroid has air core and has a cross-sectional area of 10mm? It has 1000 turns and its mean radius is
10 mm. Find its inductance. [ ]
A) 0.02mH B) 0.002mH C) 0.02H D) 0.02mH
. Energy density in a magnetic field
A) Wp=0.5pH? B) Wh=1/2 pH? C) Wn=1/2 B.H D) All
. Inductance has equivalent use in magnetics as has in electrostatics, including storage of

energy. [ ]
A) Electric filed B) Electric Flux density C) Potential D) Capacitance

. Self-inductance is defined as the rate of total magnetic flux linkage to the through the
coil. [ ]
A) Current B) energy C) Power D) flux

. The mutual inductance between two coupled circuit has the property that
A) Lio>Log B) Li2<Lo1 C) Lio=L2 D) L12= L2t

37. If a current of 1.0 amp flowing in an inductor , L=2 henry, the energy stored in an inductance [
A)2] B) 1J C) 2J/m D) 0.5J
38. If p=1.0 uH/m for a medium, H=2.0 A/m, the energy stored in the field is
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8.

. M1z

A) 0.5 J/m? B) 1pJ/m3 C) 2u/m3 D) 1J/m?®

. The force produced by B=2wb/m?on a current element of 2 A-m is

A) 4N B) LN C)2N D) 0.5N

_N1@12 .

Tz

inductance between two coils

A) Self B) Mutual C) Series D) Parallel

. Current passing through the capacitor is called

A) Conduction current  B) Convection current C) Displacement current D) All

. Electromagnetic fields produced by

A) Stationary charges B) Steady current C) time-varying currents D) All

. Except in electrostatics, voltage and potential difference are usually [

A) not equivalent. B) equivalent C) zero D) infinity

. When a conducting loop is moving in a static B field, an emf is induced in the loop. Such an emf is

called as [
A) Motional emf B) flux cutting emf  C)Static emf D)a&hb
In case of time varying fields Gauss law is [

A) Curl H=J+ oD/ot B) Div D= py C)Div.B =0 D) Curl E=-0B/0
Formula for displacement current [
A) oD/ot B) J=J+oD/ot C)J=cE D) J=0B/ot

. Who is the founder of electromagnetic theory

A) Faraday B)Lenz C)Lorentz D)Maxwell

. Atime-harmonic field is one that varies with time.

A) Periodically B) sinusoidally C) non-periodically D)a&b

A loop is rotating about the y-axis in a magnetic field B = Ba sin wtaxWh/m?. The voltage induced in

the loop is due to [ ]
A) Rotional emf B) Transformer emf

C) A combination of motional and transformer emf D) none of the above

. The Maxwell’s equation V.B=0 is due to [

A) B=uH B) B=u/H  C) non-existence of mono pole D) none of these

. Applications of electromagnetic waves

A) satellite B) television C)Radars D) All

For a uniform plane wave in the x-direction has

Electromagnetic Fields
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A) Ex=0 B) Hx=0 C)Ex=0and Hx=0 D) E;=0
E.H of a uniform plane wave is
A) EH B) 0O C) nE? D) nH?
. The direction of propagation of EM wave is obtained from
A) ExH B) E.H C)E D)H
. Velocity of the wave in an idle conductor is
A) Zero B) very large C) moderate D) small
. Velocity of EM wave in free space is
A) Independent of frequency (f) B) increase with increase in f
C) Decrease with increase in f D) Zero
. Pointing vector P=
a) ExH B) E.H C) %2 ExH D) (ExH)?

. Depth of penetration 5=
A) 1B B) l/a C) iy D) 1/o
. In pointing vector ExH represents

A) Electric field per unit area B) magnetic field per unit area
C) power flow per unit area D) All
. Velocity of EM wave in good dielectric is
A) v=w/fB B)v=w/a Cv=w/d D) v=a/f
. Reciprocal of attenuation constant is called [
A) Skin depth B) pointing vector  C) drift current D) displacement current
. A wave propagating in the +z direction and the wave is called [
A) Forward travelling wave B) backward travelling wave C) wavelength D) none

. The emf induced in coil is given by

A)e =N=2 B) e =-N Ce=LZ D)A and C
dE dt dt

. A wave propagating in the -z direction and the wave is called
A) Forward travelling wave B) backward travelling wave C) wavelength D) none
. Skin resistance (€/m?) is defined ____ part of intrinsic impedance for good conductor
A) Real part B) imaginary part C) zero D) none
. The field intensity in a conductor rapidly decreases are known as
A) Skin depth B) skin effect C) pointing field D) wave field

27. Skin depth is also known as

Electromagnetic Fields
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A) Wave depth B) pointing depth C) penetration depth D) drift current
. In dielectric medium the displacement currentis___ compared to conduction current
A) greater B) equal C) lesser D) none
. The e.m.f is induced in a stationary closed path due to the time varying field is called
A) Statically induced e.m.f B) dynamically induced e.m.f
C) Motional e.m.f D) none
. The e.m.f is induced in a stationary closed path due to the static varying field is called
A) Statically induced e.m.f B) dynamically induced e.m.f

C) Transformer e.m.f D) none

. Skin Depth 6=
A)a B) l/a O)1/B
. For a time varying fields ¥ X H=

A)J+@ B)J+@ C)J+§ D)I+@
ot ot ot ot
. Poynting vector
A) AXB B) AXE C) EXH D) BXH
. The induced voltage opposes the flux producing in it is called Law
A) Lenz’s B) Faraday’s C) Ampere’s D) Gauss
. Time varying fields are due to Charges
A) Static B) Accelerated C) Decelerated D) Uniform
. Time varying fields are due to Charges Lenz’s
A) Static B) Accelerated C) Decelerated D) Uniform
. The induced voltage opposes the flux producing in it is called Law
A) Lenz’s B) Faraday’s C) Ampere’s D) Gauss
. The induced emf, Vemein any closed circuit is equal to time rate of change of the magnetic flux linkages by
the circuit is called Law [
A) Gauss’s B) Ampere’s C) Lenz’s D) Faraday’s
. Ifamoving loop is kept in a static B field, the emf inducedis . [
A) Rotational B) Motional C) Both D) None of these
. The ratio of transmitted electric field to incident electric field is called [
A) Transmission B) Reflection C) Both D) None

Prepared by: J.GOWRISHANKAR AND N.SRAVANTHI
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ELECTROMAGNETIC FIELDS
(Electrical and Electronics Engineering)

SIDDHARTH INSTITUTE OF ENGINEERING & TECHNOLOGY:: PUTTUR

Time: 3 hours Max. Marks: 60

(Answer all Five Units 5 x 12 = 60 Marks)

1 a Convert point P(1,3,5) from cartesian to cylindrical and spherical co-ordinates
system.
b Transform the vector field W=10 ax -8 ay +6 az to cylindrical co-ordinate
system at point P (10 ,-8, 6)
OR
2 a Given point P (-2,6,3) and A=y ax +(x+z) ay. Express A in Cylindrical
coordinates
b Transform the vector A= 3i-2j-4K at P (x=2, y=3, Z=3) to cylindrical

coordinates

3 a State and explain Coulomb’s law indicating clearly the units of quantities in
the equation of force?
b State and prove Gauss’s law and write limitations of Gauss’s law?
OR
4 a Determine the Electric filed intensity at P(-0.2, 0, -2.3) m due to a point
charge of 5 nc at Q (0.2,0.1, -2.5) m in air.
b An infinitely long uniform line charge is located at y=3, Z=5. If pL = 30 n
C/m, find the filed intensity E at i) origin , ii) P(0,6,1) and iii ) P (5,6,1)
UNIT-III
5 a Derive the continuity equation. What is its physical significance?
b Derive the point form of ohms law?
OR
6 a Derive the expression for parallel plate capacitor and capacitance of a co-axial
cable?
b A parallel plate capacitor has an area of (0.8 m2 separation of 0.1 mm with a

dielectric for which Er = 1000 and a field of 106 V/m. Calculate C and V
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a Explain maxwell’s second equation?
b State and explain ampere’s circuital law?
OR

a A Point charge of Q=-1.2 C has a velocity V=(5 ax +2 ay -3az)m/s. Find the
magnitude of the force exerted on the charge if i) E=-18 ax +5 ay -10 az V/m
and ii) B=-4 ax +4 ay t3 az T

b Determine the force per meter length between two long parallel wires A and B
separated by distance 5 cm in air and carrying currents of 40 A in the same

direction.

Write Maxwell’s equation in good conductors for time varying fields and static
fields both in differential and integral form?

OR
Explain faradays law of electromagnetic induction and there from derive

maxwell’s equation in differential and integral form?
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(Answer all Five Units 5 x 12 = 60 Marks)
UNIT-I

1 The three vertices of a triangle are located at A(-1,2,5), B(-4,-2,-3), and C(1,3,-2).
(i) Find the length of the perimeter of the triangle. (ii) Find a unit vector that is directed
from the mid point of the side AB to the midpoint of the side BC. (iii) Show that this unit
vector multiplied by a scalar is equal to the vector from A to C and that the unit vector is
therefore parallel to AC .

OR

2 The surfaces p=3, p=5,0=100o0, ®=130°, z=3, and z=4.5 define a closed surface.
(1) Find enclosed volume; (ii) Find the total area of enclosing surface; (iii) Find the total
length of the twelve edges of the surfaces;(iv) Find the length of longest straight line that
lies entirely within the volume.

3 a
b
4 a
b
5 a
b
6 a
b
7 a

b

State and explain Coulomb’s law indicating clearly the units of quantities in the
equation of force.
Derive the expression for the electric field intensity due to line charge.

OR
Derive Laplace and Poisson’s equation.
Derive the expression for torque on electric dipole in the presence of uniform electric
field.

UNIT-III

Derive the expression for capacitance of the spherical condenser.
Derive the expression for parallel plate capacitor.

OR
What is the energy stored in a capacitor made of two parallel metal plates each of 30
cm” area separated by 5Smm in air? The capacitor is charged to potential difference of
500V
Given that £ 0= 8.854x10™">
i) Define polarization in dielectric materials
ii) Write the relation between current I and current density.
iii) Write the equation for energy stored in capacitor.
Write down maxwells third equation in point and integral form.
Derive the expression for the force between two current carrying wires.
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OR
a Derive an expression for the force between two current carrying wires.
b 1) Define Magnetic dipole moment.
ii) Write Lorentz force equation.
ii1) State point form of Amperes law.

a A toroid has air core and has a cross sectional area of 10mm? it has 1000 turns and its
mean radius is 10mm. find its inductance.

b A coil of 500 turns is wound on a closed iron ring of mean radius 10cm and cross
section of 3 cm®. Find the self inductance of the winding if the relative permeability of
iron is 800.

OR
Derive an expression for the force between two straight long and parallel conductors

Page 2 of 2

6M
6M

oM

6M

12M



Q.P. Code: 18EE0203

Time: 3 hours

R e ) T U O

SIDDHARTH INSTITUTE OF ENGINEERING & TECHNOLOGY:: PUTTUR
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ELECTROMAGNETIC FIELDS
(Electrical and Electronics Engineering)

PART-A
(Answer all the Questions 5 x 2 = 10 Marks)

a  What are the types of coordinate system?
b  Define dipole moment.
¢ Write the relation between current I and current density J.
d  What is the inductance of Solenoid?
e Define skin depth.
PART-B
(Answer all Five Units 5 x 10 =50 Marks)
UNIT-I

The surfaces p=3, p=5,0=100°, ®=130", z=3, and z=4.5 define a closed surface.
(a) Find enclosed volume; (b) Find the total area of enclosing surface; (¢) Find thetotal
length of the twelve edges of the surfaces; (d) Find the length of longest straight line that
lies entirely within the volume.

OR
Three vectors extending from the origin are given as rl = (7,3,-2), 12=(-2,7,-3) and
13=(0,2,3). Find: (i) a unit vector perpendicular to both rl1 and r2 ; (i) a unit vector
perpendicular to the vectors r1-r2 and r2-r3 ; (iii) The area of the triangle defined by rl
and r2; (iv) The area of the triangle defined bi the heads of r1,r2, and 13.

a Derive the expression for electric field intensity at a point due to electric dipole.
b Derive Maxwell first equation.

OR

Four point charges each of 10puC are placed in free space at the points (1, 0, 0),(-1, 0, 0),
(0, 1,0) and (0, -1, 0) m respectively. Determine the force on a point charge of 30uC

located at a point (0, 0, 1) m?
UNIT-III

a Derive the expression for capacitance of a co-axial cable.

b A parallel plate capacitor has a plate area of 1.5m2 and a plate separation of Smm.
Three are two dielectrics in between the plates. The first dielectric has a thickness of
3mm with a relative permittivity of 6 and the second has a thickness of 2mm with a
relative permittivity of 4. Find the capacitor?

OR

A parallel plate capacitor consists of two square metal plates with 500mm side and

separated by 10mm. a slab of sulphur (er= 4) 6mm thick is placed on the lower plate

and air gap of 4mm. find capacitance of capacitor?
UNIT-1V

a A circular Joop is located on X2+Y2=9 and Z=0 carries a direct current of 10A along
direction. Determine H at (0, 0. 5) m.
b State and explain ampere’s circuital law.
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OR
9 Derive an expression for the force between two straight long and parallel conductors. 10M

10 Write Maxwell’s equation in good conductors for time varying fields and static fields 10M

both in differential and integral form.
OR

11 Explain faradays law of electromagnetic induction and there from derive Maxwell’s 10M
equation in differential and integral form.

Page 2 of 2



SIDDHARTH INSTITUTE OF ENGINEERING AND TECHNOLOGY: PUTTUR-517 583

Descriptive Test-1

Year &Sem: Il B.Tech I1-Semester Branch : EEE
Subject: ELECTRO MAGNETIC FIELDS (19EE0207)
Date & Time: 19-07-2021& 09.30 to 11.00 AM Max. Marks: 30 M

Answer All the Questions
All Questions Carry Equal Marks
1. Point P and Q are located at (0,2,4) and (-3,1,5) calculate: 1. The Position vector [L4][CO1]][10M]
P, 2. The distance vector from P and Q, 3. The distance between P and Q and 4.
A vector parallel to PQ with magnitude of 10.

OR
2. Express vector B in cartesian and cylindrical systems. Given B= 10/r ar + r cos0 [L4][CO1][10M]
ab+ a¢ Find the B at (-3,4,0) and (5, n/2,-2)
3. Three concentrated charges of 0.25uC are located at the vertices of an equilateral [L4][CO2][10M]

triangle of 10 cm side . Find the magnitude and direction of the force on one
charge due to other two charges.
OR
4. a) The potential field in free space is given by V=(50/r) , a<r< b (spherical ) show [L1][CO2][5M]
that
pv=0 for a<r<b and find the energy stored in the region a<r<b

b) Two pint charges 1.5nC at (0,0,0.1) and -1.5nC at (0,0,-0.1) are in free space . [L4][CO2][5M]
Treat the two charges as a dipole at the origin and find the potential at
p(0.3,0,0.4)

5. a) In cylindrical coordinates J=10 e%" a, A/m?. Find the current crossing through  [L1][CO3][5M]
the region 0.01<r<0.02 m and 0<z<1 m and intersection of this region with the ¢
= constant plane

b) An aluminium conductor is 2000 ft long and has a circular cross section with a  [L1][CO3][5M]
diameter of 20 mm. If there is a DC voltage of 1.2 V between the ends . Find a)
The current density b) The current , C power dissipated form the I=knowledge of
circuit theory. Assume 6=3.82 *10” mho/m for aluminium
OR
6. Explain the boundary conditions between conductor and free space. [L1][CO3][10M]
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Max. Marks: 30 M

b)

Answer All the Questions
All Questions Carry Equal Marks
If B=y ax + (x+z) ay and a point Q is located at (-2, 6, 3) express.1 The Point
Q in cylindrical and spherical co-ordinates and 2) B in spherical coordinates.
OR
Find the gradient of the following scalar fields i) V= e sin 2x coshy , ii) U=
r’zcos ¢ and iii) W= 10r sin0cosd

Determine the Electric field intensity at P(-0.2, 0, -2.3) m due to a point charge
of 5ncatQ(0.2,0.1,-2.5) minair
An infinitely long uniform line charge is located at y=3, Z=5. If p. =30 n
C/m, find the field intensity E ati) origin , ii) P(0,6,1) and iii ) P (5,6,1)

OR
The Electric flux density is given as D= (r/4) ar n C/m? in free space. Calculate:
The Electric field intensity at r=0.25 m , The total charge within a sphere of
r=0.25m

Explain the boundary conditions of two perfect dielectrics materials.

OR
Explain the phenomenon of polarization when a dielectric slab is subjected to
an electric field.

[L4][CO1][10M]

[L4][CO1][10M]

[L4][CO2][5M]

[L4][CO2][5M]

[L1][CO2][10M]

[L4][CO3][10M]

[L1][CO3][10M]
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Subject: ELECTRO MAGNETIC FIELDS (19EE0207)
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Max. Marks: 30 M

1.

2. a)
b)

3.

4,

5 a)
b)

6. (a)
(b)
(c)
(d)
(e)

Answer All the Questions
All Questions Carry Equal Marks
Determine the curl of the vector fields: i).P=x?yz ax +xzaz , ii) Q= r singar+r’z
ad+ z cospaz and iii) T= (1/r? cosOa + r sinfcosh ad+Cosad
OR

Convert point P (1, 3, 5) from Cartesian to cylindrical and spherical co-ordinates
system.
Given the two points A (X=2, Y=3, Z=-1) and B= (r=4, 6=25°, and ¢$=120) .Find
the sphericalco-ordinates of A and Cartesian co-ordinates of B

Given that A= 30 e"a-2 z a; in the cylindrical co-ordinates. Evaluate both sides
of the divergence theorem for the volume enclosed by r=2, z=0 and Z=5

OR
Line charge density p.= 24 n C/m is located in free space on the line y=1 and
Z=2m (i) Find E at the point P(6,-1,3) , ii) What point charge Qa should be
located at A (-3,4,1) to make y component of total E zero at point P?

Find the magnitude of D and P for a dielectric material in which E=0.15 mV/m
and y=4.25
Find the polarization in dielectric material with & =2.8 if D=3*10-7 C/m2
OR
What is the relation between electric flux density and electric field intensity?
Define dipole moment.
Define an electric dipole.
State vector form of coulombs law.
Derive Maxwell second equation.

[L4][CO1][10M]

[L4][CO1][5M]

[L4][CO1][5M]

[L1][CO2][10M]

[L4][CO2][10M]

[L1][CO3][5M]
[L1][CO3][5M]

[L1][CO2][2M]
[L1][CO2][2M]
[L1][CO2][2M]
[L1][CO2][2M]
[L1][CO3][2M]
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Answer All the Questions
All Questions Carry Equal Marks

1. a) Determine the curl of the vector fields: i).P=x?yz ax +xzaz , ii) Q= r sindar+r’z  [L4][CO1][5M]

ad+ z cospaz and iii) T= (1/r? cosbar + r sinBcosp ab+CosOad
OR

2. a) Given the two coplanar vectors A= 3 ax + 4 ay- 5 a; and B= -6 ax +2 ay +4 a, . [L4][CO1][5M]

Obtain the unit vector normal to the plane containing the vector A and B
b) The Three fields are given by A=2 ax-a; , B= 2 ax- ay+2a; , C=2 ax-3 ay +a. . Find [L1][CO1][5M]

the scalar and vector triple product.

3. a) Find E at (0,0,2) m due to charged circular disc in x-y plane with ps =20 nC/m2 [L4][CO2][5M]
and radius 1m
b) A circular disc of 10 cm radius is charged uniformly with total charge of 100uc  [L4][CO2[5M]
Find E at a point 20cm on its axis.
OR
4. a) The potential field in free space is given by V=(50/r) , a<r< b (spherical ) show [L1][CO2][10M]
that pv=0 for a<r<b and find the energy stored in the region a<r<b
b) Two pint charges 1.5nC at (0,0,0.1) and -1.5nC at (0,0,-0.1) are in free space . [L1][CO2][5M]
Treat the two charges as a dipole at the origin and find the potential at

p(0.3,0,0.4)
5. a) Find the magnitude of D and P for a dielectric material in which E=0.15 mV/m [L1][CO3][5M]
and y=4.25
b) Find the polarization in dielectric material with g =2.8 if D=3*10" C/m? [L1][CO3][5M]
OR
6. Explain the boundary conditions of two perfect dielectrics materials. [L1][CO3][10M]

Paper set by: J.GOWRISHANKAR




SIDDHARTH INSTITUTE OF ENGINEERING AND TECHNOLOGY: PUTTUR-517 583

Descriptive Test-11

Year &Sem: Il B.Tech I1-Semester Branch : EEE
Subject: ELECTRO MAGNETIC FIELDS (19EE0207)
Date & Time: 03-08-2021& 09.30 to 11.00 AM Max. Marks: 30 M

Answer All the Questions
All Questions Carry Equal Marks

1. Two parallel conducting disc are separated by distance 5 mm at z=0 and z=5 mm [L4][CO3][10M]
Af V=0 and V=100 v at z=5 mm, find the charge densities on the disc.
OR
2. a) Derive the expression for parallel plate capacitor and capacitance of a co-axial [L1][CO3][6M]
cable

b) A parallel plate capacitor has an area of 0.8 m2 separation of 0.1 mm with a [L2][CO3][4M]
dielectric for which & = 1000 and a field of 10° VV/m. Calculate C and V.

3. In cylindrical co-ordinates A=50 r? az wb/m is a vector magnetic potential in a [L4][CO4][10M]
certain region of free space. Find H, B, J and using J find the total current I
crossing the surface 0<r<1,0<¢p<2r and Z=0.

OR
4. Derive the expression for self-inductance of solenoid, toroid and coaxial cable [L1][CO4][10M]
5. Derive expressions for integral and point forms of poynting Theorem [L1][CO5][10M]
OR
6. Write Maxwell’s equation in good conductors for time varying fields and static [L1][CO5][10M]

fields both in differential and integral form.
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Answer All the Questions
All Questions Carry Equal Marks
1. Find V at P ( 2,1,3) for the field of two coaxial conducting cones, with V=50 V  [L4][CO3][10M]

at =30 and V=20 V at 0=50.

OR
2. Evaluate both sides of the stokes theorem for the filed H=6xy ax -3y? a, A/m [L4][CO4][10M]
and the rectangular path around the region 2<x<5, -1<y<1 , Z=0 . Let the
positive direction of ds be a,.

3. A rectangular loop in Z=0 plane has corners at (0,0,0), (1,0,0),(1,2,0) and [L4][CO4][10M]
(0,2,0). The loop carries a current of 5 A in ax direction. Find the total force and
torque on the loop produced by the magnetic field B=2 ax+2ay- 4a, wh/m2

OR
4. Using Biot-savart’s law. Find H and B due conductor of finite length. [L1][CO5][10M]
5. Explain faradays law of electromagnetic induction and there from derive [L1][CO6][10M]
maxwell’s equation in differential and integral form.
OR
6. Derive an expression for motional and transformer induced emf. [L1][CO6][10M]
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1 a)
b)

2.

3. a)
b)

4. a)
b)

5.

6. (a)
(b)
(c)
(d)
(e)

Answer All the Questions
All Questions Carry Equal Marks
Determine whether or not the following potential fields satisfy the Laplace’s
equation i) V=x? -y 2+z% and ii) V=r cos¢+z
Derive Laplace’s and Poisson’s Equation.
OR
In cylindrical co-ordinates A=50 r? a, wb/m is a vector magnetic potential in a
certain region of free space. Find H, B, J and using J find the total current I
crossing the surface 0<r<1, 0<¢<2r and Z=0.

Explain maxwell’s second equation?

State and explain ampere’s circuital law?

OR
Calculate the inductance of a 10 m length of coaxial cable filled with a material
for which pr = 80 and radii inner and outer conductors are 1 mm and 4 mm
respectively.
A straight long wire is situated parallel to one side of a square coil. Each side of
the coil has a length of 10 cm. The distance between straight wire and the center
of the coil is 20 cm. Find the mutual inductance of the system .

Derive the equation of Continuity for time varying fields
OR

Define skin depth

Define displacement current.

State Faraday’s law of electromagnetic induction.

Write Maxwell equations in time varying fields

Define pointing vector

[L4][CO3][5M]

[L4][CO3][5M]

[L3][CO4][10M]

[L1][CO4][5M]
[L1][CO4][5M]

[L3][COS5][5M]

[L4][CO5][5M]

[L1][COB][10M]

[L1][CO6][2M]
[L1][CO5][2M]
[L1][CO6][2M]
[L1][CO4][2M]
[L1][CO6][2M]

Paper set by: J.GOWRISHANKAR




SIDDHARTH INSTITUTE OF ENGINEERING AND TECHNOLOGY: PUTTUR-517 583

Descriptive Test-11

Year &Sem: Il B.Tech I1-Semester Branch : EEE
Subject: ELECTRO MAGNETIC FIELDS (19EE0207)
Date & Time: 03-08-2021& 09.30 to 11.00 AM Max. Marks: 30 M

Answer All the Questions
All Questions Carry Equal Marks
1. a) Derive the expression for parallel plate capacitor and capacitance of a co-axial [L4][CO3][6M]
cable
b) A parallel plate capacitor has an area of 0.8 m2 separation of 0.1 mm with a [L4][CO3][4M]
dielectric for which & = 1000 and a field of 10° VV/m. Calculate C and V.
OR
2. a) Determine whether or not the following potential fields satisfy the Laplace’s [L4][CO3][5M]
equation i) V=x? -y 2+z% and ii) V=r cos¢+z
b) Derive Laplace’s and Poisson’s Equation. [L2][CO3][5M]

3. a) Calculate the inductance of a solenoid of 200 turns wound tightly on a cylindrical ~ [L4[CO4][5M]
tube of 6 cm diameter. The length of the tube is 60 cm and the solenoid is in air.
b) Find inductance per unit length of a co-axial cable if radius of inner and outer [L4][CO4][5M]
conductors is 1 mm and 3 mm respectively. Assume relative permeability unity.
OR
4. a) Find the flux passing through the portion of the plane ¢=n /4 defined by [L4][CO5][5M]
0.01<r<0.05m and 0<z<2m.A current filament of 2.5A is along the z- axis in the
direction of a, direction in free space.
b) In cylindrical coordinates B= (2.0/r) a¢ tesla. Determine the magnetic flux ¢ [L4][CO5][5M]
crossing the plane surface defined by 0.5<r<z<2m. and 0<z<2m.

5. Derive an expression for motional and transformer induced emf? [L1][CO6][10M]
OR
6. Derive expressions for integral and point forms of poynting Theorem? [L1][CO6][10M]

Paper set by: J.GOWRISHANKAR




Electromagnetic Field

Rt

“Our thoughts and feelings have
it i
SIETK, PUTTUR Manifest wisely.”




Brief Flow Chart for Electromagnetic Study

Electromagnetic Fields

I—l—\

Static Fields Dynamic Fields
( ) ( )

— ] — ]

Electrostatics Magnetostatics Electric Fields Magnetic Fields




* Electromagnetics is the study of the effect of charges at rest and charges in motion.
Some special cases of electromagnetics:
v Electrostatics: charges at rest
v"Magnetostatics:charges in steady motion (DC)
v'Electromagnetic :charges in time-varying motion (AC)

Fundamental vector field quantities in electromagnetics:
v'Electric field intensity - E

units = volts per meter (V/m)
v" Electric flux density (electric displacement) -

D units = coulombs per square meter (C/m?)
v'Magnetic field intensity - H

units = amps per meter (A/m)
v'Magnetic flux density- B

units = teslas = webers per square meter (T =Wb/ m?)



Basis of Electromagnetic Laws

Description

Study Chapter

Critical Experiment

Gauss’s Law
(electric fields)

Charge and Electric
fields

Electrostatic /
Electric fields

and attract different charges.
the Iinverse square Ilaw.
insulated conductor moves

Charge repel
Comply  with
Charge on an
outward surface.

Gauss’s Law
(magnetic

fields)

Magnetic fields

Magnetostatic
Magnetic fields

Confirmed that only exist magnetic dipole.
(naturedly no magnetic monopole)

Faraday’s Law

The electrical effect
of a changing
magnetic fields

Magnetic
induction

The bar magnet is pushed through a closed
loop of wire will produce a current in the loop.

Ampere’s Law

The magnetic effect
of a changing
electric fields

Magnetic fields

The current in the wire produces a magnetic
field close to the wire.




Lode stone 400BC, Compass 200BC . "\Dﬂiggo'e camera, 400BC,

i::;‘;sf:cg‘:’tﬁ;;:ek' T e |bn Sahl, refraction 984;
- e Snell, 1621;

Faraday Law 1838; e Huygens/Newton 1660;

KCL/KVL 1845 e Fresnel 1814;

Telegraphy (Morse) 1837, e Kirchhoff 1883;

Electrical machinery (Sturgeon) 1832;
e Maxwell's equations 1864/1865;

e Heaviside, Hertz, Rayleigh, Sommerfeld, Debye, Mie, Kirchhoff,
Love, Lorentz (plus many unsung heroes);

e Quantum electrodynamics 1927 (Dirac, Feynman, Schwinger,
Tomonaga).
e Electromagnetic technology:;

Nano-fabrication technology:;

Single-photon measurement;
OQuantuim aptics/Nano-opticse 1980s;

Quantum information/Bell’s theorem 1980s;

Quantum electromagnetics/optics (coming).



Why is EIectromagnTetics Difficult?

Electric and Magnetic Field:
* are 3-dimensional !
* arevectors !
* varyinspace and as well asin time !
* are governed by PDEs (partial differential equations)

Therefore -
* Solution of electromagnetic problems requires a high level of
abstract thinking |
* Students must develop a deep physical understanding !

Math is just a powerful tool !



- Communication Technology

Electromagnetic field




Computer Technology

FreelFolo.cem




- Antenna Technology




Military and Defense Applications

Radars




Transportation

e Levitated trains: Maglev prototype

Y

. —

~ — T“
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" Localization and Sensing

— — - —
—— —

—
— ‘

< Locallzatlon and Sensmg/ . Material science

R \

Through wall imaging GPR




Biomedical
Engineering
& BioTech

Wireless
Comm. &
Propagation

MEMS &

Physics Based
Signal
Processing &
Imaging,
Optical imaging

Computer
Chip Design
& Circuits

Lasers &
Optoelectronics

\

Microwave
Engineering

RCS Analysis,

Design, ATR Antenna, Small

& Stealth Antenna

Technology Analysis &
Design

e
\ Nano-optics

Quantum Optics
Casimir Force

Heat Transfer
Quantum Information

Nano-antennas
Metamaterials

EMC/EMI
Analysis,
Stochastic
Modeling

Remote
Sensing,
Subsurface

Sensing & NDE




* When an event in one place has an effect on
something at a different location, we talk

about the events as being connected by a
“field”.
* A field is a spatial distribution of a quantity; , ,
etransmitter and receiver

in general, it can be either scalar or vector in are connected by a “field.”

nature.



Scalarand Vector

Speedis a

Weight is a
Scalar quantity

Vector quantity

VECTOR

A scalar Is a quantity that s fully Avector Is a quantity that has both a
described by a magnitude only. It is magnitude and a direction. Vector

described by just a single number. quantities are important in the study

Some examples of scalar quantities of motlon. Some examples of vector
include speed, volume, mass and time. quantities include force, velocity,

acceleration and momentum.




Vector Addition

Q: Say we add two vectors A and B together; what is

the result?

A: The addition of two vectors results in another vector, which we will
denote as C. Therefore, we can say:

[B+B’:f‘]’_\

he magnitude and direction of C is determined by the head-to-tail ruIeJ
N

This is not a provable result, rather the head-to-tail rule is the
definition of vector addition. This definition is used because it has
many applications in physics.

/

Some important properties of vector add_i)tion_:,
1. Vector addition is commutative: A+ B =B + A
2. Vector addition is associative: ()? + 17) +7Z =X+ (? + f) =K
From these two properties, we can conclude that the
addition of several vectors can be executed in any order




Basic Law of Vector (1)

1. Avector 4 has a

a) magnitude 4= |2'

b) direction specified by a unit vector a

Magnitude A4
2. Avector A4 /

A=aA
= a4 o

3. The unit vector a is given by

1N

a=

" N



Unit Vector / Direction Vector

A unit vector is a vector with a magnitude of one unit.
Any vector can be expressed as a scalar multiple of its unit vector.

-N

Unit vector

07 A"

ot |

>

o)
OA | /
Unit vector agy, = —— a,

A

Unit vectors in cartesian
system




Basic Law of Vector (2)

Example =<

- N W

A
Z A
y
-t
1

Y
1/\ 2 3
2 X

3

Basic vector

A
Agy..

-

Components of vector A

—_—

The vector 4 may be represented as:

—_—

The magnitude of A4

AZIZ‘ A=\/32+22+62

= A2+ A2+ 42 —7

The direction of 4

. A
azg &=£3+5)72+§6
XA, +yA, +ZA, = £0.429+ $0.286+ £0.857

JA+ A2+ A



e ——
Position Vector

Position vector ¥ = Xi + Vj + zk




Distance Vector

P(x4.¥1.24)
P = xd +y,d +2a,
e Q= X,a, +y,a, +2z;a,
o] -y
m l Fﬁ = 6-?=[X2-X‘]5, ‘*[Yz‘Yn]i; +[22 -zl]iz I
vector PQ .

PQ| = (x2-x )2 ":(Yz ‘Yl)z +(2, -2 )z

apg = Unit vector along PQ =




Coordinate System



Cartesian Coordinates

* |In two dimensions, we can specify a point on a plane using two scalar
values, generally called X and Y.

Y-axis We can extend this to three-

1 dimensions, by adding a third

scalar value Z. _

A Z-axis

< X > P (X, Y)
Origin
/ = > X-axis \ Y-axis
>
Origin

[ ] P’ (X, Y: Z)

X-axis



RECTANGULAR CARTESIAN COORDINATE SYSTEM:

The rectangular Cartesian coordinate system is described by three
planes which are mutually perpendicular to each other. The three
planes intersect at a point 'O° which 1s called the origin of the
coordinate system. There are three coordinate axes which are
usually denoted by x,v,z. Values of x, v,z are measured from the
origin. The three planes are

e x— constant plane ie vz plane
e v— constant plane 1e xz plane

e z— constant plane ie xy plane



Cartesian System

y = Constant

x  x=Constant X
parallel to yz plane parallel to xz plane
e Ranges
X —00t0 + 0
— o000+ 00
z —010+ 0

y-axis

X-axis



Cartesian rectangular coordinate system




‘____F
A point in rectangular coordinate system is defined by (x, vy, 2).

The limits for the coordinates are

—oo < x < oo (2.1) T—
—oo < Yy < oo (2.2)
—oco < z < oo (2.3)

The unit or base vectors are a,.a,,a.. The following relations
hold for the dot and cross products of the unit vectors

Ar X Ay = Q. (2.4)
a, X a; = a; (2.5)
A, X Ay = Q (2.6)
a, o a,; =0 (2.7)
a, ® a. =0 (2.8)
a. e a, =0 (2.9)

The differential length element is given by
dl = dxa, + dya, + dza. (2.10)



Cartesian System

dx = Differential length in x direction
dy = Differential length in y direction
dz = Differential length in z direction

dl =dxa, +dya, +dza,

=& |

|| = (dx)* +(dy)” +(dz)’

Idv = dxdydzJ




Cartesian System

dS = dSa,

where dS = Differential surface area of the element
a, = Unit vector normal to
the surface dS

dS« = Differential vector surface area normal to x direction
= dydza,
dS, = Differential vector surface area normal to y direction




:T—;r
CYLINDRICAL COORDINATE SYSTEM:

The cyvlindrical coordinate system 1s also defined by three mutually —
orthogonal surfaces. They are a cylinder and two planes. One of
the planes 1s the same as the = —= constant plane in the Cartesian
coordinate system. The second plane 1s orthogonal to the =z =
constant plane and hence contains the z—axis . 1t makes an angle

¢ with the xrz — plane. This plane 1s defined by ¢ = constant.The
third one i1s a cylinder whose axis 1s the z axis and has a radius p =
constant from the z — axris. So a point in cylindrical coordinates

is defined by (p, ¢, z). The limits for the coordinates are

0 = p = o0
O << << 29T
—oo < oz < oo

The unit or base vectors are a,, agand a. .



Cylindrical System

1. Plane of constant z which is parallel to xy plane.

2. A cylinder of radius r with z axis as the axis of the cylinder.

3. A half plane perpendicular to xy plane and at an angle ¢ with respect to xz plane.
The angle ¢ is called azimuthal angle.

'l‘l\;rangesofthevariablesm:
0Sr < e

0<¢ < 2r

—~c0 <z £ oo

(a) r = Constant (b) ¢ = Constant (c)z=Const:__



Cylindrical System

Intersection Z

of r = Constant

and z = Constant r = Constant cylinder
is a circle P(r, ¢, 2)

z = Constant plane

Intersection of
r = Constant and -y
¢ = Constant is

a straight line
Constant plane




—

Cylindrical System




Figure 2.7. Cylindrical coordinate system



Cylindrical System

dr = Differential length in r direction
rd¢ = Differential length in ¢ direction
dz = Differential length in z direction

dl = dr a +rdoa, +dz ijl

|dI| = y/(dr)* +(r d¢)® +(dz)?

dv = rdrdédz




dS = pigicd,

pdg
plg X

Figure 2.2: Cylindrical area

d:

dS = dpdza,

pg

ds = pdpdda,

pf




Cylindrical System

r

— A~ )

dS, = Differential vector surface area normal to r direction

= rdédza,
dS, = Differential vector surface area normal to ¢ direction

= drdz a, "
dS, = Differential vector surface area normal to z direction

= rdrdéa, Q




X
Ay

Figure 2.6: Cylindrical coordinate system




e ————
Relation between
Cartesian and Cylindrical \

Z

x=rcos9, y=rsin¢ and z=z

r =\‘X2+yz ’ ¢=tan"-¥- and z=z P(&Yo‘)'”’o‘oz)

X




Spherical System

The surfaces which are used to define the spherical co-ordinate system on the three
cartesian axes are,

1. Sphere of radius r, origin as the centre of the sphere,

2. A right circular cone with its apex at the origin and its axis as z axis. Its half angle
is 6. It rotates about z axis and 0 varies from 0 to 180"

3. A half plane perpendicular to xy plane containing z axis, making an angle ¢ with
the xz plane.

Thus the three co-ordinates of a point P in the spherical co-ordinate system are (r, 0, ¢).

z

(b) Right circular cone (c) Half plane perpendicular

----..y

0<r < =
0s¢ s 2r
0<6 < n as half angle




Spherical System




P(r.6,0)

Sphere of
constant r

Cone of
constant ¢

v

Plane of
constant ¢




Spherical System

P(x.y.z) = P(r.0.¢)

Volume element
dV=r°sin® de do dr




- Spherical System




e —————— I

Spherical System

dr = Differential length in r direction
rd® = Differential length in 6 direction

rsin8d¢ = Differential length in ¢ direction

l dl = dra, +rd0adg +rsin 0doa,

|dl| = J(dr)? +(r d0)® +(rsin 0d¢)’

dv = r® sin 0dr dOde




e ———E

Spherical System

d8, = Differential vector surface area normal to r direction
= r?sin0d0de

dS, = Differential vector surface area normal to 8 direction
= rsin0drdé

dS, = Differential vector surface area normal to ¢ direction
= rdrd@

i




Relation between

Cartesian and Spherical System

x = rsin Bcos ¢, y=rsinfsiné and zzrcoso_] 2

z

r ==sz4-y2-o-z2 - 0=cos! and ¢ .m"!
;]x2+y’+zz X

P(x.y.z) = P(r.0,¢)




Vector Multiplication

The Knowledge of vector multiplication allows us to transform the vectors from one coordinate system to other.

1) Multiplication of a vector by a scalar. CV
(Scalar Multiplication)

|

2) Multiplication of one vector by a second vector so as to produce a scalar. Q-
(Dot Product or Scalar Product)
3) Multiplication of one vector by a second vector so as to produce another vector. a X B

(Cross Product or Vector Product)




S

Scalar Product or DOT Product

The scalar or dot of the two vectors A
and B is denoted as A *B and defined as
the product of the magnitude of A, the
magnitude of B and the cosine of the
smaller angle between them.

It also can be defined as the product

of magnitude of B and the projection of A
B onto B or vice versa.

Fig. 1.33 Mathematically it is expressed as,
AB=|A | |B|cos 0,y

A

The result of such a dot product is scalar hence it is also called scalar product.




Properties of DOT Product

AeB = |A| |B| cos 0as where 0a5 = smaller angle between A and B

A+ B = 0 then A is perpendicular to B

... Commutative

>|

A*B=Be
A+(B+C) =

The dot product of perpendicular unit vectors is zero.
Gxe Gy =Tye® G =Gz* Gx =0

+ A+ C ... Distributive

©

B

| A P2

>l
I

“Ae

G Gy = Gy® Gy = Gz® Gz = 1

A-B = Ax B+ A, B,+ A, B, ... In cartesian

The component of P in the direction of unit vector @ is P » @.

R

The component of P in the direction of Q is P elq = !—5_-

o
o




Applications of DOT Product

1. To determine the angle between the two vectors.
The angle can be determined as,

oot (AT T

2. To find the component of a vector in a given direction.
Consider a vector P and a unit vector @ The component of

vector P in the direction of unit vector a is P+a. This is a scalar quantity. '

-. -
fo—— Foz —i oo e

| P.a=|P| |a| cos 0=|P| cos 0 |

'l‘henﬂ\epm,ecbmoffmﬁhgivmbyf-ao
Asiq=|6|ﬂmﬁ\eprqechonof?m6anbeexpraaedu,

P

ellle]

P-Q
Q1 I1Ql .



Applications of DOT Product

3. Physically, work done by a constant force can be expressed as a dot product of
two vectors.

Consider a constant force F acting on a body and it causes the displacement d of thai
body. Then the work done W is the product of the force and the component of the
displacement in the direction of force which can be expressed as,

W = |F|dcos 0=F-d
But if the force applied varies along the path then the total work done is to be

calculated by the integration of a dot product as,
W = _['F'-«TI




Vector Product or Cross Product

2% —_— —_—

C=A%xEB
The cross product of two vectors says something
about how perpendicular they are.

-—)

c

Magnitude: el
= |A><B' = ABsin@

— 0O is smaller angle between the vectors

— Cross product of any parallel vectors = zero

— Cross product is maximum for perpendicular vectors
— Cross products of Cartesian unit vectors:

axb




Vector Product or Cross Product

I i i Right-hand rule
* Direction: C perpendicular to ight-hand rule

both A and B (right-hand rule)
— Place A and B tail to tail
— Right hand, not left hand

— Four fingers are pointed along
the first vector A

— “sweep” from first vector A into
second vector B through the
smaller angle between them

— Your outstretched thumb points
the direction of C

* First practice

AxB=BxA?




Vector Product or Gross Product

-A-X§=| A | | B | sin Oap ON
where @y = Unit vector perpendicular to the plane of A and B in the direction decided by
right hand screw rule

0ag = Smaller angle between A and B




Applications of Cross Product

1. The cross product is the replacement to the right hand rule used in electrical
engineering to determine the direction of force experienced by current carrying conductor
placed in a magnetic field.

Thus if 1 is the current flowing through conductor while L is the vector length
considered to indicate the direction of current through the conductor. The uniform
magnetic flux density is denoted by vector B. Then the force experienced by conductor is
given by,

F = ILxB

2. Another physical quantity which can be represented by cross product is moment of
a force. The moment of a force (or torque) acting on a rigid body, which can rotate about
an axis perpendicular to a plane containing the force is defined to be the magnitude of the
force multiplied by the perpendicular distance from the force to the axis.

= _The moment of force F about a point O
is M. Its magnitude is | F| | 7| sin ® where |T|
sin 0 is the perpendicular distance of F from
O i.e. OQ.

~M=ixF =|7] |F|sin0ay where ay
is the unit vector indicating direction of M
which is perpendicular to the plane i.e. paper
and coming out of paper according to right @
hand screw rule.




Vector Product or Cross Product

AxB + BXA but AXB = -[BxA]

AX (B+C)= AXB + AXC

For parallel vectors, cross product is zero.
AXA =0
ax x8x = Gy xdy = az xa; = 0

o

a, a, a, y
ay a,
Anticlockwise positive result Clockwise negative result
ayxay=a, a, xa,=-—a,

Applicable in all the three coordinate systems




Vector Product or Cross Product

X z

~

AXB = % . ... In cartesian

w > Q0
w > 0
w > Q0

X 4

Note : The result can be used in all coordinate systems by proper replacement of unit vec-
tors and components.

Product of three vectors

Scalar triple product is,
Ax A, A,
A+(BXC)=|B, B, B;| ... 'abc' rule
Cx G, C,

Vector triple product is,
A X (_B- XE) = E(K OE)— E(I_\ oi) ... 'bac-cab' rule




Transformation of Vectors

Cartesian to Cylindrical

z z
! )
r -
Iy
& PP(x,y.z)= P(r$.2) a 90°-¢_a,
|
|
|
2 1 Y ¢
|
: P &
' r, ’ i :‘J_:'
X X ,I’ :'.L:‘




Transformation of Vectors

The angle between a, and a, is ¢
The angle between ay and a, is 90-¢
The angle between a, and a, is 90+ ¢

The angle between a, and a, is ¢
ay*a, = (1)(1)cos(¢)=cos¢

= (1)(1)cos(90+¢)=~-sin ¢

= (1)(1)cos(90-¢) =sin ¢
(1)(1)cos(¢)=cos ¢

0 as a; is perpendicular to a, and a,

= 1

Ay cosp+Aysing
Similarly finding A 4 as [K-i.] and A, as [K-i,] we get,
~Axsing+Ay cosd




Transformation of Vectors

Cartesian to cylindrical, A= A, @x +A,G, + A, G
A, =Ae@, , Ag=Aca, A,=Aea,
Dot operator » a, a, a,
ay cos ¢ - sin ¢ o)
a, sin ¢ cos ¢ 0
a, 0 0 1
A, cosdp sing O | A,
Ayl =|—-sing cosd Of A,
A, 0 0 1| Az
Cylindrical to cartesion, A = A, @, + Ay G, + A, a;
A,=Ae Gx, Ay=Ae @, , A=A+ @,
A, cosd —sing O] | A,
Ayl =|sing cos¢ O||A,
A, 0 C 1] | Az




Transformation of Vectors

Cartesian to spherical, A= A, G, + A, ay, +A; a,
A, =Re G,, Ag=Ac d;, A=A« T,

Dot operator e a, ay a,
ay sin9 cos¢ cosO cosd - sind
a, sinB sind cosO sing cosd
a; cos6 -~ sind 0
A, sinBcosd sinOsindg cos O Ay
Ag| = |cosO cosd cosBsing —sinB||A,
A¢_| | —sing cos ¢ 0 IL'AZ -

Spherical to cartesian, A =aq, G, + Aglg+ A yay
A,=Ae* Gy, Ay=As Gy A,=A° a
A i sin O cos ¢ cosBcos ¢ - sin o | | A,
Ay sin O sin$ cosOsing cosd ||Ag
A, cos 0 —-sin 0 0 A




Coulomb'’s Law

In 1785 Charles Coulomb used a torsion balance to mq

Suspension head

Fibre

| tension s —force scale
’ i o (in F units)




e ——
Coulomb'’s Law

The Coulomb’s law states that force between the two point charges Q; and Q3,
1. acts along the line joining the two point charges.
2. is directly proportional to the product (Q,Q2) of the two charges.
3. is inversely proportional to the square of the distance between them.

Suspension head

Q, Q,
PAS— -
" R ’i Fibre
Q:Q:2
F « 2

Qi1Q2
R = Distance between the two charges

Product of the two charges




e ————

Coulomb'’s Law

The Coulomb's law also states that this force depends on the medium in which the — —
point charges are located. The effect of medium is introduced in the equation of force as a
constant of proportionality denoted as k.

F = k QlQZ
= =3
where k = Constant of proportionality
1
K = Zne
where € = Permittivity of the medium in which charges are located

The units of ¢ are farads/metre (F/m).

In general & is expressed as,

€ = gp&¢

where ep = Permittivity of the free space or vacuum
e, = Relative permittivity or dielectric constant of the
medium with respect to free space

€ = Absolue permittivity



Coulomb'’s Law

For the free space or vacuum, the relative permittivity &, =1, hence

E = &
F = 1 QlQZ
4rnegy R2

The value of permittivity of free space ¢ is,

g0 = -5;-?10-9 =8.854x10-2 F/m

1 1
T dmep  4nx8.854x10°12

Hence the Coulomb’s law can be expressed as,
Fo= QQ2

4neyR2
This is the force between the two point charges located in free space or vacuum.
(©)(©) C? c 1

=898x10Y =9x10? m/F

2
N(i = Farad which is practical unit of capacitance

Unitofgg = F/m




Vector form of Coulomb's Law

= QiQ: -
= —=%-2
B 4“80R129 “
= 2 Vector
&1z = Unit vector along Ri; = Magnitude of vector

By = Rz =f'z-i; = n-n
|Riz| |Re| |f2-1|

|Riz| = R = distance between the two charges

B o= Q1Q: Q2Q: . QQ: _1n-n
4neoR3, 4m:oR§, |i\ -1z |

f-f = ~[h-f]
an = -an

2 - Q2 - ._ &
F ansoRE, (-an)=-F2




Vector form of Coulomb's Law

The like charges repel each other while the unlike charges attract each other.

i — v @—
1 (a) 2 1 (b) 2

Q, Q;
—@;-:0— @; -0
(c) (d)
[t is necessary that the two charges are the point charges and stationary in nature.

The two point charges may be positive or negative. Hence their signs must be
considered to calculate the force exerted.

The Coulomb’s law is linear which shows that if any one charge is increased 'n’
times then the force exerted also increass by n times.

F2 = -F then nF2=-nF

where n = scalar




Force due to 'n' Charges

where a = E‘-E’z ! o ',o" r %,
lr— 2' : ,’::;o' “’0
And force exerted due to Q3 on Q is, P ecccmcccncaaa mmmmm - Q,
B Q:Q . Origin 'S
QT 4neoR23° N o B B
F-7s FQ - FQIQ""bZQ"’ ...... +lan
where 530 W — —
| T | R = Q i Qir-r
Hence the total force on Q is, dneg =1 R?Q | r—-r; l
Ry = Koo +hae + ks —
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Coulomb's Law : Steps to solve Problems

Step 1: Obtain the position vectors of the points where the charges are located.

Step 2 : Obtain the unit vector along the straight line joining the charges. The
direction is towards the charge on which the force exerted is to be calculated.

Step 3: Using Coulomb's law, express the force exerted in the vector form.

Step 4 : If there are more charges, repeat steps 1 to 3 for each charge exerting a force
on the charge under consideration.

Step 5: Using the principle of superposition, the vector sum of all the forces
calculated earlier is the resultant force, exerted on the charge under
consideration.




Electric Field Intensity

An electric field is an elegant way of characterising the electrical environment of a system of charges.




Electric Field Intensity

Surface Voltage Plotted as log(Volts+1)
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Electric Field Intensity

Field lines start on
positive charges.

Field lines stgp on
negative charges.

More charge = more
field lines.

Field lines never
cross.

Field line spacing
indicates field ﬂevak

strength strong=—__,




Electric Field Intensity

The force experienced by the charge Q; due to Q, is given by Coulomb's law as,
= QiQ2
F2 =

a12
2
41tt:oR,2

Thus force per unit charge can be written as,

E.. = Ql 5 2
Q:  d4ngoRE !

This force exerted per unit charge is called electric field intensity or electric field
strength. It is a vector quantity and is directed along a segment from the charge Q, to the
position of any other charge. It is denoted as E.

% Q.
E =

aj
2 P
dnegR{,

where p = position of any other charge around Q,
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Electric Field Intensity : Units

E = Qr -

4dneoR? “

F o Q=
E Tt a, in spherical system

The definition of electric field intensity is,

E = Force =B(N) Newtons
Unit charge (C) Coulomb

Hence units of E is N/C. But the electric potential has units J/C i.e. Nm/C and hence
E is also measured in units V/m (volts per metre). This unit is used practically to express

E
@




Electric Field Intensity : n Charges

E = Ey+E2+Es+....+E,
- Ql = Q! = Qn =
dneo R} bl R} R R T R

= _ 1 Qi
b = dney g R? i

= rp—I;

a =

" |Tp ~T

rp = Position vector of point P

Position vector of point where charge Q; is placed.




e e
Electric Field Intensity : Observations

The important observations related to E are,
1. E around a charge Q, is directly proportional to the charge Q;.

2. E around a charge Q, is inversely proportional to the distance between charge Q,
and point at which E is to be calculated. More is the distance less is the electric
field intensity and less will be the force experience by a unit charge placed at that
point.

3. The field intensity E at any point and force F exerted on a charge placed at the
same point are always in the same direction.

4. Placing unit charge is a method of detecting the presence of electric field around a
charge. Without any unit test charge placed nearby, every charge has its electric
field always existing, around it.

5. The test charge placed must be small enough so that the electric field intensity E to
be measured should not get disturbed.
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Charge Configurations \

ps = Surface charge density in C/m2

Q=[p.d dS = Elementary surface dv = Elementary volume
- o - Total charge in coulomb ( C )

Total charge in coulomb

3
C/m) P* % Totalareain square metres "

" Total volume in cubic metres

_ Total charge in coulomb
PL = “Total length in metres

(C/m?)




Charge Configurations

1. Point 2. Line 3. Surface 4. Volume

Line charge P, = Line charge density in C/m
Q = [ P di = Line integral.
L

Surface charge P = Surface charge density in C / m?
Q = [ Pg dS = Surface integral
s
This is double integral.

Volume charge P, = Volume charge density in C /m?.
Q = [ P, dv = Volume integral
v

This is triple integral.




E due to Infinite Line Charge

dQ = pp di=p, dz

The coordinates of dQ are (0, 0, z) while the coordinates of point P are (0, r, 0). Hence
the distance vector R can be written as,
R = tp-Ty =[ra, -za,]

IR| = ¥r?+2?
|R| Jri 422
i wiedlion i dQ
y
di 4880R2£.




E due to Infinite Line Charge

Byl = [Epal
Equal and opposite
hence cancel

where r = Perpendicular distance of point P from the line charge

@

E =
I 4neo(r2 22)3/2

For z = -,

y For z = +m,

0 = tan ! (-=)

/2

rdzay

A

=-n/2=-90°
0 =tan"! () =n/2 =+90°

} changing the limits

E = PL
O=-x/2 4dney [rz +r2tan? 0]3/2
PL : =
- 21!80["’ V/m
2 . PL_=
o et V/m

from the line charge

rxrsec? 6 do a,

« = Unit vector in the direction of the perpendicular distance of point P



E due to Charged Circular Ring

dQ = pp dl i
s prdl _
dE ins. K ar dl = rd¢

Rz = 2+ 2
where R = Distance e

of point P from d!

- 1) distance r in the direction of -a,, radially
inwards i.e. -ra,.

2) distance z in the direction of 3, i.e. z &,
R"'t‘g"‘t‘. Q




E due to Charged Circular Ring

IR| = J(-1)*+(2)" =Vr7+22

i -rig "’Zi.
AR = — =

IR|  Jr24+z2

Radial components
are symmetrical
cancelling

each other

z component of E

AR
YL AN AL KXY
P EY R U N




E due to Infinite Sheet of Charge

[-ra, +Za,
Jri +2z2

r 2 =
I dE = I I s rorct 57 (23:)
= 00

dneg(r2+2z2%)
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E due to various Configurations

Charge distribution Field intensity E in V/m
‘ Q .
Point charge Q C Asenie
Infinite line charge having PL =
density p C/m 4meor
Infinite surface charge having i S
. n
density ps C / m? 20
Vo ume charge having den- I i 9y
. 3 2 ey
sity py C/ m A s 2 o




Thank you

Email: gowrishankar.vi@gmail.com
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