
PH 407: ELECTROMAGNETIC THEORY (3-1-0:4) 

 
Electrostatics  
Coulomb’s law, electric field, divergence and curl, applications Gauss’s law , electric potential, work and energy, 
conductor, Laplace equation (1D, 2D and 3D), uniqueness theorem, separation of variables: Cartesian and 
spherical coordinates, multipole expansion.  
 
Dielectric  
Field of an electric dipole, polarization, field of a polarized object, Gauss’s law in dielectrics, electric 
displacement, linear dielectrics, boundary value problems, energy in dielectrics.  
 
Magnetostatics 
Introduction, Lorentz force, electric current, equation of continuity, Biot-Savart law and applications, curl and 
divergence, Ampere’s law and applications, magnetic potential, magnetization, field of a magnetized object, 
Ampere’s law in magnetized material, linear and nonlinear media. 
 
Maxwell's Equations 
The equation of continuity for time-varying fields, inconsistency of Ampere's law, Maxwell's equation, conditions 
at a boundary surface. Uniform plane wave propagation, solution of a wave equation in the free-space with 
frequency domain and time domain, wave propagation in conducting medium and dielectric medium, and 
polarisation, reflection by a perfect conductor, perfect dielectric, perfect insulator, surface impedance, 
transmission line analogy. 
 
Power Flow and Poynting Vector  

Poynting's theorem, note on the interpretation of ,HE


 instantaneous, average and complex Poynting vector, 

power loss in a plane conductor.  
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