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Course Objectives

>

The Objective of the course is to teach students about the propagation of electromagnetic waves in

linear media (vacuum, dielectric, and conductor).

Learning Outcomes

Upon successful completion of this course, students will:

» Understand the concept of electrostatics and its applications with different principles.
» Know the concept of magnetostatics and its applications with different laws.
» Learn the principle behind the generation of electromagnetic waves.
» Familiarize with different principles and phenomena when electromagnetic wave propagates in
different media.
g:)l.lt Topics to be Covered ;zc::sl'e :Il;?:slal Learning Outcome
Maxwell’s Equation: Vector and Scaler Potentials,
Potential Formulation of Electrodynamics, Gauge Students will explore
Transformations, Lorentz and Coulomb Guage; Maxwell’s  equations,
1 Green functions for the wave equations: retarded 3 3 Green function, gauge
solutions for the fields; Lorentz force law in potential transformations, energy
form, Energy and Momentum in Electrodynamics: & momentum
Poynting Theorem, conservation of energy, Poynting conservation
theorem in linear dissipative medium and losses.
Electromagnetic waves: EM Waves from Maxwell
equations in different media; energy and momentum
carried by an EM wave, Polarization: Linear, Students will learn
circular, and elliptical polarization, EM wave electromagnetic wave
propagation in different media: dielectrics, metals, propagation in different
and lossy media; EM waves at boundaries: EM waves media, polarization,
) and interfaces, reflection and refraction of S- and P- 10 3 boundary interactions,
polarized waves at the interface between free space reflection/refraction in
and different (dispersive, absorbing, and conducting) various media,
media for normal and oblique incidences, reflectance phase/group  velocity,
and transmittance at multiple interfaces; total internal and permittivity’s
reflection. Phase and Group velocity; Frequency frequency dependence.
dependence of permittivity: Kramers-Kronig
Relations, normal and anomalous dispersion.
Guided Electromagnetic Waves: Waveguides and .
resonant cavities, Propagation between parallel Students  will . leam
conducting plates; Guided waves: TE and TM wave wave  prop agation in
Lo T . waveguides, resonant
3 propagation in hollow rectangular waveguides, TEM 9 3 cavities, and optical

waves, and coaxial transmission lines; Standing
waves and resonant cavities; Spherical cavities and
Schumann resonances; Energy flow and attenuation
in waveguides, Power losses in a cavity.

fibers, analyzing energy
flow, attenuation, and
power losses.




Special  Relativity and  Electrodynamics:
Introduction to the special theory of relativity, Students will
Lorentz  transformations, and  four-vectors, understand the special
4 | Relativistic formulation of Maxwell’s equations, 7 2 theory of relativity and
Maxwell's stress tensor and conservation of its  connection  to
momentum; Covariance of electromagnetic field Maxwell’s equation.
tensors.
Radiation: Field of a localized oscillating source,
dipole fields, and radiation, Radiation from a point
charge, Lienard-Wiechert Potentials, EM fields due Students will learn
to uniformly moving and accelerated point charge, about electromagnetic
5 Larmor Formula, Relativistic Radiation, 8 3 radiation  phenomena
Bremsstrahlung  radiation,  Synchrotron  and used at large-scale
Cyclotron Radiation, Power radiated by a point facilities.
charge, Radiation damping, Cherenkov radiation,
dipole Antenna.
Total 42 14
Text Books:
1. Classical Electrodynamics; J. D. Jackson, John Wiley, 2007.
2. Classical Electrodynamics; Greiner, Springer, 1998.

Reference Books:
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Introduction to Electrodynamics; Griffiths, PHI Learning, 2009.

Classical Electricity & Magnetism; Panofsky and Phillips; Dover Publications, Inc.; 1990.
Foundations of electromagnetic theory; Reitz, Milford & Christy; Pearson; 2009.

Classical Electromagnetism, H. C. Verma, 1* edition, Bharati Bhawan P & D, 2022.

Electricity & Magnetism; D. L. Sehgal, K. L. Chopra, and N. K. Sehgal, S Chand & Sons, 2020.
Electricity and Magnetism; E.M. Purcell, D. J. Morin, 3™ Edition, Cambridge University Press, 2013.




