
NPTEL Syllabus

Partial Differential Equations - Web course

COURSE OUTLINE

First order linear and quasi-linear PDEs, The Cauchy problem, Second order PDEs,
Classification of PDEs, Characteristics, Well-posed problems, Fourier Series, Solutions of
hyperbolic, parabolic and elliptic equations, Dirichlet and Neumann problems, Maximum
principles, Fourier Transform methods for PDEs, The method of Green's functions for
Laplace, Heat and wave equations.

 

COURSE DETAIL

Sl. No. Module/ Lecture Topics
No. of
(Total)
Hours

1 Mathematical Preliminaries: A Review of Multivariable
Calculus, Essential Ordinary Differential Equations, Integral
Curves and Surfaces of Vector Fields, Solving Equations of the
form: dx/P=dy/Q=dz/R.

4

2 First-Order Partial Differential Equations(PDEs)– Formation
and  classification of  first-order PDEs,  Linear  and  Quasi-
linear first-order PDEs, Cauchy's problem for first order PDEs,
The Cauchy Kowalevski Theorem, Integral surfaces passing
through a given curve, Nonlinear first-order PDEs, The method
of characteristics, Compatible systems,   Charpit’s method,
Jacobi’s method for nonlinear PDEs.

7

3 Second-Order  PDEs  -  Classification,  Canonical  forms,
 Well-posed problems, Superposition principle.

3

4 Fourier Series (FS) – Introduction to FS, Convergence of FS
for continuous  and  piecewise  continuous  functions,
 Differentiation and integration of FS, Fourier cosine and sine
series.

3

5 The  Heat   Equation  -  Derivation  of  the  heat  equation,  The
maximum and minimum principles, Uniqueness, Continuous
dependence, Method of separation of variables, Time-
independent boundary conditions, Time-dependent boundary
conditions, Duhamel’s principle.

5

6 The  Wave  Equation  -  Derivation of  the  wave  equation,
The infinite string problem, The D'Alembert solution of the wave
equation, The semi-infinite string problem, The finite vibrating
string problem, The method of separation variables, The
inhomogeneous wave equation.

5
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7 Laplace's  Equation – Basic concepts, Types of boundary
value problems, The maximum and minimum principle, Green’s
identity and fundamental solution, The Poisson integral formula,
The method of separation of variables, The Dirichlet problem for
the rectangle,  The  Dirichlet  problem  for  Annuli  and  Disk,
 The exterior Dirichlet problem.

6

8 The Fourier Transform Methods for PDEs –Fourier
transform, Fourier  sine  and  cosine  transform,  Heat  flow
 problem  in  an infinite and semi-infinite rod, Infinite string
problem, Laplace equation in a half-plane.

5

9 The  Method  of Green’s  Functions – Integral formulation,
The method of Green’s functions for  the  Laplace, Heat  and
 Wave equations.

3

 Total 41
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