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Electromagnetic Field Theory
Course Objectives:

o To understand the basic principles ofelectrostatics
o To understand the basic principles of magneto statics for time invariant and time varying fields
o To understand the principles of dielectrics, conductors and magnetic potentials

UNIT-I ELECTROSTATICS
Electrostatic Fields - Coulomb's Law - Electric Field Intensity (EFI) due to Line, Surface and Volume charges-
Work Done in Moving a Point Charge in Electrostatic Field-Electric Potential due to point charges, line charges
and Volume Charges - Potential Gradient - Gauss Law- Application of Gauss Law-Maxwell's First Law -
Numerical Problems.

Laplace and Poisson Equations - Solution of Laplace Equation in one Variable. Electric Dipole - Dipole
Moment - Potential and EFI due to Electric Dipole - Torque on an Electric Dipole in an Electric Field -
Numerical Problems.

Learning outcomes:

. Able to Determine electric field and potentials using Coulomb's law & Gauss law.
o Analyze Potential differences for different configurations.
o Able to Classify static electric magnetic fields in different engineering situations.
o Able to Determine the Concepts of Electric dipole, Electrostatic Energy and Energy density.

UNIT- II CONDUCTORS AND DIELECTRICS
Behaviour of Conductors in an Electric Field-Conductors and Insulators - Electric Field Inside a Dielectric
Material - Polarization - Dielectric Conductors and Dielectric Boundary Conditions - Capacitance-Capacitance
of Parallel Plate, Spherical & Co-axial capacitors - Energy Stored and Energy Density in a Static Electric Field

- Current Density - Conduction and Convection Current Densities - Ohm's Law in Point Form - Eouation of
Continuity - Numerical Problems.

Learning outcomes:

o Analyze the Concepts of Conduction and Convection currents.
o Understand the concept ofcapacitance for parallel plates, spherical & co-axial capacitors.
o Able to Calculate Energy stored and energy density in a static electric fields.

UNIT-III MAGNETO STATICS
Static Magnetic Fields - Biot-Savart Law - Oersted's experiment - Magnetic Field Intensity (MFI) due to a
Straight, Circular &Solenoid Current Canying Wire - Maxwell's Second Equation. Ampere's Circuital Law
and its Applications Viz., MFI Due to an Infinite Sheet of Current and a Long Cument Carrying Filament -
Point Form of Ampere's Circuital Law - Maxwell's Third Equation - Numerical Problems.
Magnetic f'e1sg 

- 
Lorentz Force Equation - Force on Current Element in a Magnetic Field - Force on a

Straight and Long Current Carrying Conductor in a Magnetic Field - Force Between two Straight and parallel

Current Carrying Conductors - Magnetic Dipole and Dipole moment- A Differential Current Loop as a
Magnetic Dipole - Torque on a Current Loop Placed in a Magnetic Field - Numerical problems.

Learning outcomes:

o Analyze the Concepts of Magnetic field intensity using Biot-S avartLaw & Ampere Law.
o Able to understand Maxwell's equations.
o Develop MFI due to an infinite sheet of current and a long filament carrying conductor
o Able to calculate the magnetic forces and torque produced by currents in Magnetic Field.
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UNIT - IV MAGNETIC POTENTIAL
Scalar Magnetic Potential and Vector Magnetic Potential and its Properties - Vector Magnetic Potential due to
Simple Configuration - Vector Poisson's Equations.

Self and Mutual Inductances - Neumann's Formulae - Determination of Self Inductance of a Solenoid and
Toroid and Mutual Inductance Between a Straight, Long Wire and a Square Loop Wire in the Same Plane -
Energy Stored and Intensity in a Magnetic Field - Numerical Problems.

Learning outcomes:

o Understand scalar magnetic potential and vector magnetic potential and its applications.
. Ability to calculate self and mutual Inductances.

. Analyze the Concepts of Magnetic boundary conditions & Energy stored

UNIT-V TIMEVARYING FIELDS
Faraday's Law of Electromagnetic Induction - It's Integral and point Forms
Statically and Dynamically Induced E.M.F's - Simple Problems - Modified

in the Magnetic field.

- Maxwell's Fourth Equation.

Maxwell's Equations for Time
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Varying Fields - Displacement Cunent.

Wave Equations - Uniform Plane Wave Motion in Free Space, Conductors and Dielectrics - Velocity, Wave
Length, Intrinsic Impedence and Skin Depth - Poynting Theorem - Poynting Vector and its Significance.

Learning outcomes:
r Acquires knowledge on time varying fields & Faraday's law for Electromagnetic induction
o Analyze the Concepts Maxwell's Equations in Different Forms.
r Understand the Concepts Calculation of Poynting vector & Theorem.
e Analyze the Concepts of Wave Theory

TEXT BOOKS:
1. Principles of Electromagnetics, Sadiku, Kulkarni, OXFORD University Press, 6tl'Edition,2015
2. Engineering Electromagnetics, Witliam.H.Hayt, Mc.Graw Hill, 20 I 0.

REFERENCE BOOKS:
l. Electromagnetics by J.D.Kraus,Mc.Graw Hill Inc, 5tl' edition. I 999.
2. Field & Electromagnetic waves by David K. Cheng,2nd edition, 19g9.
3' Electromagnetics by Joseph A. Edminister, Schaum's Outline, Mc Graw Hill, 2nd Edition,2017 .

course outcomes: After completion of the course, the student will be able to:
o Understand the concept ofelectrostatics
r Understand the concepts of Conductors and Dielectrics
o Understand the fundamental laws related to Magneto Statics
o Understand the concepts of Magnetic potential and Time varying Fields
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