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1. Course Description 

This course deals with some advanced topics of real analysis. It provides a rigorous development of the techniques of analysis dealing with the topics such as vector calculus, Fourier series, partial differential equations, Laplace transforms, Fourier integrals and Fourier transforms. Applications of all the topics are included. 


2. General Objectives

The general objectives of this course are as follows:
· To make the students understand the calculus of vector functions and its applications
· To provide the students with the knowledge of gamma beta functions
· To provide the students with the knowledge of Fourier series and its applications 
· To help the students understand partial differential equations and their applications to initial boundary value problems
· To familiarize the students with the use of Laplace and Fourier transforms
·  To help the students find applications of these transforms to some physical and mathematical problems.











3. Specific Objectives and Contents

	Specific Objectives
	Contents

	

· Define a vector field with examples
· Express the line integral as work done and illustrate with some examples
· State and prove Green’s theorem for simple regions, define curl and divergence of a vector field and give vector forms of Green’s theorem involving the tangential and normal component of the vector field
· 
Represent plane, sphere etc. in parametric form and give tangent planes introducing the normal vector 
· 
Express the surface integrals of a function over a parametric surface  and compute the integrals of some functions. Find surface area.                      
· 
Give flux as the surface integral of a continuous vector field  
· State and prove Stokes’ theorem and Divergence theorem
· Give some applications of various results obtained in the preceding sections 

  
	Unit 1: Vector Calculus (12)

1.1 Vector fields
1.2 Line integrals of vector fields

1.3 Vector forms of Green’s theorem





1.5  Parametric surfaces and tangent planes 




1.6 Surface integrals of functions



1.7 Surface integrals of vector fields

1.8 Stokes’ theorem and divergence theorem
1.9 Applications of vector calculus


	

· Define Euler’s integrals of first and second kind as beta and gamma functions and give some useful notes on them
· Establish the relation between beta and gamma functions
· Evaluate definite integrals in terms of gamma functions
· 
State and prove the Stiriling’s formula for large integer with the help of gamma function

· State and prove Dirichlet’s integral in terms of gamma functions

· Establish the general formula for the evaluation of some difficult integrals and compute the integrals directly in terms of gamma functions


	Unit 2: Beta and Gamma Functions (4)

2.1 Euler’s integrals of first and second kind


2.2 Relation between beta and gamma functions
2.3 Integrals in terms of gamma functions

2.4 Stiriling’s formula



2.5 Dirichlet’s integral


2.6 Applications of beta and gamma functions




	

· State some definitions and prove basic theorems related to the definitions
· State and prove convergence theorems using Dirichlet’s conditions
· Form half-range series either in Fourier sine or Fourier cosine series
· 
Represent the Fourier Series corresponding to a function  in any general interval using transformation and illustrate with examples
· Represent the Fourier series in the complex form and illustrate with examples
· Apply the Fourier Series to evaluate the sum of various infinite series


	Unit 3: Fourier Series (8)

3.1 Preliminary Definitions and Theorems

3.2 Convergence of Fourier Series

3.3 Half-Range Fourier Series


3.4 Fourier Series in any interval 




3.5 Complex Form of Fourier Series


3.6 Applications of Fourier series


	

· Give concepts on terms like order, linearity, non-linearity, homogeneousness of a partial differential equation 
· Form partial differential equations by elimination of arbitrary constants or arbitrary functions
· 
Find the solutions of Lagrange’s linear equations of first order by making the subsidiary form of and illustrate with examples.
· Introduce various steps for solving non-linear equations of first order and illustrate these steps with examples. State and verify Charpit’s method.
· Give rules for finding the complementary functions and particular integrals of the homogeneous linear partial differential equations and illustrate with examples
· Give rule for finding the complementary functions of the non-homogeneous linear equations and illustrate with examples
· State Monge’s method for solving non-linear partial differential equations and illustrate with examples
· Derive wave and heat equations, represent their solutions and solve the initial boundary value problems corresponding to these equations
	Unit 4: Partial Differential Equations (9)

4.1 Basic concepts



4.2 Formations of Partial Differential Equations

4.3 Lagrange’s linear equations of first order



4.4 Non-linear equations of first order



4.5 Homogeneous linear partial differential equations



4.6 Non-homogeneous linear equations



4.7 Non-linear equations using Monge’s method

4.8 Applications of partial differential equations








	

· Give some definitions and related theorems on Laplace Transforms
· 
Find Laplace transforms and inverse Laplace transforms of the functions like  etc.
· Establish a formula for the Laplace transforms of derivatives of a given function and illustrate with examples
· Give some properties on the Laplace transform and find Laplace transforms of some other functions as application of the above results
· Give some applications of Laplace transform and inverse Laplace transform to differential equations and simultaneous linear differential equations with constant coefficients
	Unit 5: Laplace Transforms (6)

5.1 Some Definitions and Theorems

5.2 Laplace transform and Inverse Laplace transform of some elementary functions


5.3 Laplace Transforms of derivatives


5.4 Some special results on Laplace Transforms


5.5 Applications of Laplace Transform




	


· State and prove Fourier integral theorem. Prove basic lemmas as a preliminary work.
· Define Fourier transform and inverse Fourier transform from Fourier integral theorem. Derive Fourier sine and cosine transforms and give some examples to find the transforms.
· Discuss some properties of Fourier transform so that the transform of many other functions are easily obtained.
· Establish convolution theorem and give Parseval’s relation. Find Fourier transforms by using convolution.
· Apply Fourier transforms to solve initial boundary value problems on heat, Laplace and wave equations.
	Unit 6: Fourier Integrals and Fourier Transforms (9)

6.1 Fourier Integral Theorem


6.2 Fourier transforms, Fourier sine and cosine transforms



6.3 Properties of Fourier transform


6.4 Convolution theorem and Parseval’s relation for Fourier transform

6.5 Applications of Fourier transforms 




Note: The figures within the parentheses indicate the approximate periods for respective units.

4. Instructional Techniques

Because of the theoretical nature of the course, teacher-centered instructional techniques will be dominant in the teaching learning process. The teacher will adopt the following techniques.

	4.1 General Instructional Techniques
· Lecture with illustration
· Discussion 
· Demonstration
· Question-answer
4.2 Specific Instructional Techniques	
                        Assignment, presentation and seminar participation	


5. Evaluation

Internal: Students will be evaluated on the basis of the written classroom test in between and at the end of the academic session, the classroom participation, presentation of the reports and other practical activities. The score of the internal evaluation will be 60. The scores allocation as per their activities will be as follows.

	Classroom Attendance(Participation)
(80 % attendance is compulsory)
	6 marks at most

6 (90 % or above in presence), 

5 (between 80 % and 89 % in presence), 
 


	Written tests(Short Term Papers)
	2 x 12 = 24

	Workshop/Presentations
	10

	Assignments/Project- work/Seminar (Long Term Papers)
	20




Final: The office of the Controller of the Examination will conduct the semester examination at the end of the academic session to evaluate the students’ performance. The scores of the final evaluation will be 40. The types, number and marks of the subjective questions will be as follows.



	Types of questions
	Total questions to be asked
	Number of questions to be answered and marks allocated
	Total marks

	Group A: Short answer questions
	4 
	4 x 5 marks
	20

	Group B: Long answer questions
	2 
	2 x 10 marks
	20




6. Recommended Books and References
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