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Preamble: Partial Differential Equations frequently arise in the field of science and engineering. 

The primary goal of this course is to develop the basic understanding of the construction of 

numerical algorithms in two fundamental numerical approaches namely Finite Difference and 

Finite Element, and perhaps more importantly the applicability and limits of their appropriate 

uses. This course will be the second course (after MA 607) in numerical analysis and it requires 

the knowledge of MA 607.  

 

Course Outline:    This course will emphasize on the development of Finite Difference and 

Finite Element numerical approaches to provide numerical solutions of Partial Differential 

Equations. The main objective of the course is to provide basic concepts of these two 

fundamental numerical approaches, their advantages and drawbacks in solving a PDE along with 

convergence and stability analysis. 

 

Modules: 

Unit 1: Introduction to Finite difference schemes -Finite difference schemes for partial 

differential equations, explicitschemes, implicit schemes, single step schemes, multi-step 

schemes.                         [5] 

Unit 2: Finite difference schemes for boundary value problems –FTCS, backward Euler and 

Crank-Nicolson schemes, ADI methods, Lax Wendroff method, upwind scheme.  [10]    

Unit 3: Consistency, stability and convergence Analysis -Stability analysis by von Neumann 

method, CFL condition, Lax's equivalence theorem.     [10]  

Unit 4: Introduction to Finite element method - Finite element method for partial differential 

equations, variational methods, method of weighted residuals.    [7] 

Unit 5: Finite element discretization and error analysis -Finite element discretizations for 

one-dimensional and two-dimensional elliptic equations, a priori and a posteriori error estimates.  

          [10] 
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