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INTEGRAL EQUATIONS & CALCULUS OF VARIATIONS 
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Course Learning Outcomes(CLO’s):Upon successful completion of this course, the student 

will be able to: 

 CLO1. Understand and solve linear integral equations of Volterra and Fredholm types using 

methods like successive approximations and Neumann series. 
 CLO2. Apply Fredholm theory, symmetric kernel techniques, and Hilbert-Schmidt theory to 

analyze and solve integral equations. 
 CLO3. Formulate and solve variational problems using Euler-Lagrange equations and related 

necessary and sufficient conditions. 
 CLO4. Employ direct methods such as Rayleigh-Ritz and Galerkin’s to solve variational 

problems in ordinary and partial differential equations. 

UNIT -I 

Linear integral equations of the first and second kinds, Volterra and Fredholm integral equations, 

relations between differential and integral equations, solution of Volterra and Fredholm integral 

equations by the methods of successive substitutions and successive approximations, iterated and 

resolvent kernels, Neumann series, reciprocal functions, Volterra’s solutions of Fredholm 

equations. 

 
UNIT -II 
Fredholm associated equation, solution of integral equations using Fredholm’s determinant and 

minor, homogeneous integral equations, integral equations with separable kernels, the Fredholm 

alternatives, symmetric kernels, Hilbert Schmidt theory for symmetric kernels, applications of 

integral equations to differential equations, initial value problem, boundary value problem, Dirac-

Delta function, Green’s function approach. 

 
UNIT -III 
Functionals, The concept of variation and its properties, Variational problems with fixed  and 

moving boundaries, The Euler-Lagrange equation, Variational problems in parametric form. 

Reflection and refraction extremals. Necessary and Sufficient conditions for an extremum, 

Canonical equations and variational principles, Complementary variational principles. 

 
UNIT -IV 
Isoperimetric problem, The Hamilton-Jacobi equation,  Direct methods for variational problem: 

Rayleigh-Ritz method, Galerkin’s method, Variational methods for boundary value problems in 

ordinary and partial differential equations. 
 

 

 



CLO-PLO Mapping Matrix (Strength version) 

CLO PLO PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 Average 

CLO 

MMTHDIE226.1 3 3 3 2 2 3 2 2 2.5 

MMTHDIE226.2 3 3 1 3 2 1 3 3 2.38 

MMTHDIE226.3 3 3 2 1 2 3 2 3 2.38 

MMTHDIE226.4 3 3 2 2 2 2 3 3 2.5 

Average PLO 3 3 2 2 2 2.25 2.5 2.75 2.44 
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