B.Sc. (Honours) Physics
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ELECTRODYNAMICS
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COURSE OBJECTIVES

This course provides a rigorous understanding of the behavior of charges and electromagnetic
fields, motion in fields, and the fundamentals of radiation. Students will gain both theoretical
insight and computational tools needed in advanced physics.

LEARNING OUTCOMES

After completing this course, students will be able to:

e Apply Maxwell’s equations in relativistic contexts.

e Analyze the motion of charged particles in different electromagnetic field
configurations.

e Understand and compute radiation fields from various charge-current distributions.

e Use covariant and Lagrangian formulations to express electrodynamics compactly.

e Solve applied problems related to electromagnetic radiation and antenna theory.

SYLLABUS OF DSE 20
THEORY COMPONENT
(Hours: 45)

Unit | (15 Hours)

Review of Maxwell’s equations, scalar and vector potentials, gauge transformations, Coulomb
and Lorentz gauges. Lorentz transformations in 4-vectors notation. Transformation of electric
and magnetic fields.

EM field tensor: Construction and interpretation of F*¥, Covariance form of Maxwell’s

equations. Lorentz invariants E2-B2and E. B.
Unit 1 (8 Hours)

Lorentz force in relativistic form. Charged particle trajectories in static electric and magnetic
fields. Crossed E and B fields, guiding center approximation: Velocity and curvature drifts.
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Unit 11 (14 Hours)

Green’s function for wave equation, retarded potentials using Green’s function. Radiation from
oscillating charges, radiation zones. Multipole expansion: dipole and quadrupole. Lienard -
Wiechert potentials, Lienard’s and Larmor’s formulas. Angular distribution of radiation.
Centre-fed linear antennas.

Unit IV (8 Hours)
Lagrangian for free relativistic particles. Systems with infinite degrees of freedom: Classical

fields. Lagrangian for charged particles in EM fields and free EM fields. Energy-momentum
tensor and conservation laws.
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