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Learning 
Objectives 

The objective of this course is to provide a strong foundation and hands-on experience with 
contemporary numerical approaches in modeling electromagnetic systems for applications in RF-
microwave-millimeter wave communications, and antenna analysis and design. 

Learning 
Outcomes 

Students will be able to understand the ideas behind computational methods used for 
electromagnetic simulations. They will be able to apply various computational electromagnetic 
methods such as Finite Difference Method, Finite Difference Time Domain method, Method of 
Moments, and Finite Element Method to EM simulation of various components and systems. 

Contents of the 
course 
(With 
approximate 
break-up of 
hours) 

Module 1: Fundamental Concepts 
Review of electromagnetic theory: Vector calculus, electrostatic fields, magnetostatic fields, 
Gauss and Stokes theorems, boundary conditions, Maxwell's equations, wave equation, Poynting 
vector. Classification of EM problems: classification of solution regions, classification of 
differential equations. Surface and volume equivalence theorems, applications of computational 
electromagnetics.                                                                                                             [8 hrs.] 

Module 2: Finite Difference Method (FDM) 
Finite difference schemes, finite differencing of parabolic, hyperbolic, and elliptic PDEs, accuracy 
and stability of FD solutions, Finite Difference Time Domain method (FDTD), Yee cell, Yee 
algorithm for 3D formulation.                                                                                          [10 hrs.] 

Module 3: Finite Element Method (FEM) 
Finite element discretization, basis functions in one and two dimensions, FEM formulations in one 
and two dimensions, automatic mesh generation, higher order elements.                          [10 hrs.] 

Module 4: Method of Moments (MoM) 
Variational methods, integral formulation, Green's functions and numerical integration, surface 
and volume integral solutions using the method of moments.                                            [10 hrs.] 

Module 5: Applications 
Applications of computational electromagnetics: antenna problems, scattering problems, 
radiation problems, computation of radar cross-section, EM absorption in human body.                       
[4 hrs.] 
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