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Objectives

Electrodynamics, is one of the two classical field theories !, the other one
being General Relativity as a theory for gravitation. In the 19th century,
when the theory was being developed, unexpected features started to emerge
from it: wave equation for the propagation of the electromagnetic fields, ra-
diation as electromagnetic fields of accelerated charges, Lorentz and gauge
symmetries. In the first half of the 20th century, this theory has served as a
main pillar for technological applications e.g. in communication and electron
motion. From the scientific point of view the important step forward was
the successful combination of Electromagnetism with Quantum Mechanics
leading to the theory of QuantumElectroDynamics (QED). QED has been
not only the prototype theory for all fundamental interaction (especially, the
strong and weak interactions), but had a large lasting impact also on other
branches of physics, e.g. Quantum Optics.

The aim and scope of the course is to lay the foundation to understand
the development described above. The first step is to derive the Maxwell’s
equations which together with the Lorentz force comprise all the Electrody-
namics. Along this line, we will of course discuss also the individual laws
(Faraday, Ampere etc.) separately. In the next step, we will study the
dynamical consequences of Maxwell’s equations (wave equation) and their
formulation in terms of potentials which allows better insight into the sym-
metries and the derivation of electromagnetism from the action principle. A
connection to Special Theory of Relativity will be established and the lat-
ter will be presented in a modern form. Electrodynamics as a classical field
theory will be discussed within the framework of a Lagrangian. Time depen-
dent problems including the solution of the inhomogeneous wave equation
will lead to the physical phenomenon of radiation. Additional topics will
cover static problems like the general solutions of the Poisson equation.
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Pre-requisites: some knowledge of electromagnetism (Coulomb force,
Gauss, Faraday, Ampere law etc.)

Time Table: The semester consists roughly of 15 weeks. Roughly we have
two weeks per chapter, but, some sections, are shorter than the rest.

Attendance: Mondays and Fridays from 3 to 5pm



