IV Year B.A/B Sc.(Hons)— Semester - V
Max Marks: 100
Course-6A: Numerical Methods
(Skill Enhancement Course (Elective), 5 credits)

1. Learning Ouicomes:

Students after successful completion of the course will be able to
I. understand the subject of various numerical methods that are used to obtain approximate
solutions
Understand various finite difference concepts and interpolation methods,
Work out numerical differentiation and integration whenever and wherever routine methods
are not applicable.
4. Find numerical solutions of ordinary differential equations by using various numerical

methods.
5, Analyze and evaluate the accuracy of numerical methods,

Ll

IL Syllabus :( Hours: Teaching: 75 (incl. unit tests etc, 05), Training: 15)

Unit = 1: Finite Differences and Interpolation with Equal intervals (15h)

I. Introduction, Forward differences, Backward differences, Central Differences,
Symbaolic relations, nth Differences of Some functions,

2, Advancing Difference formula, Differences of Factorial Polynomial, Summation of
Series.

3, Mewton's formulae For interpolation, Central Difference Interpolation Formulae,

Unit - 2: Interpolation with Equal and Unequal intervals (15h)
I. Gauss's Forward interpolation formulae, Gauss's backward interpolation formulae, Stirling’s
formula, Bessel's formula,

2. Interpolation with unevenly spaced poinis, divided differences and properties, Newton's
divided differences formula,

3. Lagrange's interpolation formula, Lagrange’s Inverse interpolation formula,

Unit — 3: Numerical Differentiation ( 15h)

1. Derivatives using Newton's forward difference formula, MNewton's back ward
difference formula,

I

Derivatives using central difference formula, Stirling's interpolation formula,

3. Mewton's divided difference formula, Maximum and minimum values of a tabulated
funciion,



Unit - 4: Numerical Integration (15h)

1. General quadrature formula one errors, Trapezoidal rule,
2. Simpson's1/3- rule, Simpson'’s 38 < rule, and Weddle's rules,
3. Euler — McLaurin Formula of summation and quadrature, The Buler transformation,

Unit = 5: Numerical solution of ordinary differential equations (15h)

1. Introduction, Solution by Taylor's Series,
2. Picard’s method of successive approximations,
M. Euler's method, Modified Euler's method, Runge ~ Kutta methods,
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6. Web resources suggested by the teacher and college librarian including reading material.

IV, Co-Curricular Activities:
A) Mandatory:

1. For Teacher: Teacher shall train students in the following skills for 15 hours, by taking relevant
outside data (FieldWeb).

[. Applications of Newton's forward and back ward difference formulae.

2. Applications of Gauss Forward and Gauss back ward, Stirling's and Bessel's formulae,

3. Applications of Newton's divided differences formula and Lagrange’s interpolation formula,
4. Various methods to find the approximation of a definite integral,

5. Different methods to find solutions of Ordinary Differential Equations.

2. For Student: Fieldwork/Project work; Each student  individually  shall  undertake
Fieldwork/Project work and submit a report not exceeding 10 pages in the given format on the work-
done in the areas like the following, by choosing any one of the aspects.

. Collecting the data from the identified sources like Census department or Electricity
department, by applying the Mewton's, Gauss and Logrange’s interpolation formula. making
observations and drawing conclusions. (Or)

2. Selection of some region to find the area by applying Trapezoidal mle, Simpson's /3 mle,
Simpson's 38 — rule, and Weddle's rules. Compuring the solutions with analvtical solution and
concluding which one is the best method. (Or)



A Findingsolutionof the ODE by Taylor's Series, Pieord’s method of successive approximations,
Euler's method, Modified Euler's method, Runge Kutta methods, Comparing the solutions with
analytical solution, selecting the best method,

3. Max, Marks for Fieldwork/Project work Report: 05,

4. Suggested Format for Fieldwork/Project work Report: Title page, Stodent Details, Index page,
Stepwise work-done, Findings, Conclusions and Acknowledgements,
5. Unit tests (1E).

h) Suggested Co-Curricular Activities:

I Assignments/collection of data, Seminar, Quiz, Group discussions/Debates

2, Visits o research organizations, Statstical Cells, Universities, IS1 e,

3. Invited lectures and presentutions on related topics by experts in the specified aren,



Mux Marks: 10K

Course-7TA: Mathematical Special Functions
(Skill Enhancement Course (Elective), 5 credits)

I. Leurning Outcomes:

Students alter successful completion of the course will be able o)

I, Understand the Betn and Gamma functions, their properties and relation between these two
functions, understand the orthogonal properties of Chebyshey polynomials and recurmence
relations,

2, Find power series solutions ol ordinary differential equations.

A, solve Hermite equation and write the Hermite Polynomial of order (degree) n, also Tind the

generating funetion for Hermite Polynomials, study the orthogonal properties of Hermite

Polynomials and recurrence relations.

4, Solve Legendre equation and write the Legendre equation of Tirst kind, also Tind the
generating function for Legendre Polynomials, understand the onthogonal properties of
Legendre Polynomials,

A, Solve Bessel equation and write the Bessel equation of first kind of order n, also find the
generating tunetion for Bessel Tunetion understand the orthogonal properties of Bessel
unetion,

IL Syllubus: (Howrs: Teaching: 78 (inel, unit tests ete, O5), Tradning: 15)

Umnit = 1: Beta and Gamma lunctions, Chebyshey polynominls (15h)

I, BEuler's Integrals-Betn and Gamma Functions, Elementary  properties of  Gamma
Functions,
Trunslormation of Gamma Functions,
2. Another formm of Beta Function, Relation between Beta and Gamma Functions,
1. Chebyshev polynomials, orthogonal properties of Chebyshey polynomials, recurrence
relations, generating functions tor Chebyshey polynomials,

Unit = 2: Power series and Power series solutions of ordinary dilferentinl equations (15h)
I Introduction, summary of uselul results, power series, radius of convergence, theorems

o Power serles
2. Introdduction of power series solutions of ordinary dilferentiol equation

3. Ovdinary and singulor points, regular and irregular singular points, power

series solution.



Unit - 3: Hermite polynomials [ 15h)

L

Hermite Difterential Equations, Solution of Hermite Equation, Hermite
polynomials, generating function for Hermite polynomials,

2. Other forms for Hermite Polynomials, Rodrigues formula for Hermite

Polynomials, to find first few Hermite Polynomials.

3. Onhogonal properties of Hermite Polynomials, Recurrence formulae for

Hermite Polynomials,

Unit - 4; Legendre polynomials [ 15h)

L

Definition, Solution of Legendre’s equation, Legendre polynomial of degree
n, generating function of Legendre polynomials,

Definition of P,(x ) and @,(+), General solution of Legendre’s Equation (derivations not

required) to show that Pn (x) is the coefficient of 4", in the expansion of (1 — 2xh +
=1

h*)=

Orthogonal properties of Legendre's polynomials, Recurrence formulas for Legendre's

Polynomials,

Unit = 5: Bessel's equation (15h)

L

1L

Definition, Solution of Bessel's equation, Bessel's function of the first kind of
order n, Bessel's function of the second Kind of order n.
Imegration of Bessel's equation in series form=(}, Definitionof

J.(x), recurrence for mulae for J(x).

Cienerating function for 2(x), orthogonally of Bessel functions,
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Web resources suggesied by the teacher and college librarian including reading material,



IV, Co-Curricular Activities:
A) Mandatory:
l. For Teacher: Teacher shall train students in the following skills for 15 hours, by taking
relevant outside data (FieldWeb),
1. Beta and Gamma functions, Chebyshev polynomials,
2. Power series, power series solutions ol ordinary differential equations,
1. Procedures of finding series solutions of Hermite equation, Legendre equation and
Bessel equation,
4. Procedures of linding generating functions for Hermite polynomials, Legendre

Polynomials and Hessel's function.

2, For Student: Fieldwork/Mroject work; Eoach student individually shall undentake
Fieldwork/Project work, make observations and conclusions and submit a report not
exceeding 10 pages in the given format on the work-done in the areas like the following, by
choosing any one of the aspects.

L. Going through the web sources like Open Educational Resources on the properties of Beta
and  Gamma functions,  Chebyshey  polynomials, power series  solutions of  ordinary
differential equations, {(or)

2, Going through the web sources like Open Educational Resources on the properties of
series solutions of Hermite equation, Legendre equation and Bessel equation,

X Max. Muarks for Fieldwork/Project work Report: 05,

4. Suggested Format for FieldworkTroject work Report: Title page, Student Details,
Index page,

Stepwise work-done, Findings, Conclusions and Acknowledgements.

5, Unit tests (1E ).

brh Suggested Co-Curricular Activities:

1. Assignments/collection of data, Seminar, Quiz, Group discussions/Debates

2. Visies to research organizations, Statistical Cells, Universities, 151 ete,

3. Invited lectures and presentations on related topics by experts in the specilied anea.



