GLOBAL INITIATIVE OF ACADEMIC NETWORKS

ONE-WEEK SHORT TERM COURSE ON
Advanced Numerical Methods for Solving Sturm-Liouville

Problems
(Sponsored by Ministry of Human Resource Development (MHRD), Under the Scheme 'GIAN')
(24 January 2018 — 28 January 2018)

OVERVIEW

This course is about the design of efficient numerical methods for solving numerically one particular
class of ordinary differential equations called Sturm-Liouville equations. These linear second order
differential equations describe a lot of important physical phenomena which exhibit a pronounced
oscillatory character; behaviour of pendulum-like systems, vibrations, resonances and wave
propagation are all phenomena of this type in classical mechanics, while the same is true for the
typical behaviour of quantum particles. The determination of the eigenvalues of Sturm-Liouville
problems is of great interest in mathematics and its applications. However, most eigenvalue problems
cannot be solved (or are difficult to solve) analytically, and computationally efficient approximation
techniques are of great applicability. The challenges are to do this cheaply, especially when long runs
of higher-order eigenvalues are required. Taking into account the characteristic features of the SL
problem, one can construct specialized numerical algorithms having some crucial advantages over
general-purpose codes. Some of these special methods are studied in this course.

OBJECTIVES

The primary objectives of the course are as follows:

e To let the participants understand the need to use specialized methods for special classes
of problems (in this case highly oscillatory problems).

e To let them have insight in the construction in some specialized classes of methods (CP-
methods, Integral series methods, . . .).

e To make participants able to select appropriate (state-of-the-art) methods to solve
numerical problems.

e To let participants develop the ability to perform a research project in the area of solving
problems numerically.

Part I: Exponentially-Fitted Methods

Course Lecture 1: Sturm-Liouville problems and the Schrodinger problem
Contents Lecture 2: Case study: solving y" = f(x,y) with the Numerov-method,
illustrations in Matlab
Lecture 3: Study of the construction of the (polynomial) Stormer-Verlet and




Numerov method
Lecture 4: Construction of exponentially-fitted methods, changing the fitting
space : {sin(wx), cos(wx)} and polynomials
Lecture 5: application of EF Stormer-Verlet method for the solution of
SL-problems
Part I1: Constant Perturbation Methods
Lecture 6: The Pruess method: shooting, coefficient approximation and
Prufer-transformation
Lecture 7 and 8: Higher order methods: derivation of C P M [N, Q]
Part I11: Integral Series Methods
Lecture 9: Integral series methods
Lecture 10: A modified Neumann series solution

e Senior Under Graduate students, Graduate students (pursuing Masters & Ph. D
degrees), Postdoctoral Fellows of Engineering & Sciences;
Who can e The course has been designed to introduce, update and improve understanding
attend of the faculty members in new IITs, IISERs and academic institutions in the
country about the best practices and recent advances in the field;
e Practicing engineers and scientists working in industries, as well as, in
government research organizations

Participants from Abroad: US $100

Industry/ Research Organizations: Rs. 2000/-

Faculty Members / Researches: Rs. 1000/-

Students (Pursuing Bachelors / Masters courses/Ph. D.): Rs. 500/-

¢ Registration fee only includes attendance to sessions, course material and
lecture notes.

e The course fee does not include accommodation. However, the participants
will be provided accommodation on payment basis in the institute guest
house based on availability

e The registration fee has to be paid by DD drawn in favor of Director, NIT
Kurukshetra, payable at SBI NIT Kurukshetra .

To register or for any questions please send an email to asvravikanth@gmail.com

Registration Process

Registration for GIAN courses is not automatic because of the constraints on maximum number of
participants allowed to register for a course. Inorder to register for one or multiple non-overlapping
courses, you have to apply online using the following steps:

Stagel:

Web (Portal) Registration: Visit GIAN Website at the link:
http://www.gian.iitkgp.ac.in/fGREGN/index and create login user ID and Password. Fill up
blank registration form and do web registration by paying Rs. 500/- on line through Net



Banking/ Debit/ Credit Card. This provides the user with life time registration to enroll in any no. of
GIAN courses offered.

Stage2:

Course Registration (Through GIAN Portal): Log in to the GIAN portal with the user ID and
Password created. Click on “Course Registration” option given at the top of the registration form.
Select the Course titled “Advanced Numerical Methods for Solving Sturm-Liouville Problems " from
the list and click on “Save” option. Confirm your registration by Clicking on “Confirm Course”.

Only Selected Candidates will be intimated through E-mail by Course Coordinator. They have to
remit the necessary course fee in the form of DD drawn in favor of “The Director, NIT Kurukshetra-
136 119” payable at NIT- Kurukshetra.

The last date of registration is 15 January 2018.

Number of participants for the course is limited to 30.

Course Faculty Prof. Marnix Van Daele is professor in numerical analysis
at the Department of Applied Mathematics, Computer
Science and Statistics of Ghent University (Belgium). He
authored about 65 journal papers and book chapters on
various aspects of numerical methods for solving
differential equations. His work mainly focussess on
exponential fitting methods for ordinary differential
equatlons and on the numerical solution of Sturm-Liouville and Schrodinger
equations. He has successfully supervised a number of Ph.D. students,
including Veerle Ledoux, with who he has worked on the development of
MATSLISE, a Matlab package for solving Sturm-Liouville and Schrédinger
equations. He also serves as a referee for various Al journals (such as J.
CAM, BIT, APNUM, CPC, SINUM, ...)

Prof. Marnix Van Daele can be contacted by E-mail:
Marnix.VanDaele@UGent.be

Dr. A. S. V. Ravi Kanth is a Associate Professor,
Department of Mathematics National Institute of
Technology Kurukshetra, India. He has published more than
40 research articles in reputed international journals. His
research interests include Numerical Methods with analysis
for Singular Boundary Value Problems, Singular
Perturbation Problems, Fractional Differential Equations.

Course
Coordinator

Contact Dr. A. S. V. Ravi Kanth

Information Associate Professor

Department of Mathematics

National Institute of Technology Kurukshetra
Haryana-136 119

Mobile: +91 9896031557

Email: asvravikanth@gmail.com
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REGISTRATION FORM

Name:

Designation:

Department:

Academic Degree:

Address for correspondence:

Phone:

E-mail:

Category of participant:

[0 Faculty/Student/Research Scholar of NITKKR

[ Faculty/Student/Research  Scholar  of = other
Institute
[J Industry Participant

O Foreign Participant

Accommodation required: Yes/No

Payment Details:

Amount

DD No. and Date

Payment Mode: DD for registration fee is in favor
of the Director, NIT Kurukshetra payable at
Kurukshetra.

O 1| agree to attend the course for the entire
duration

Signature of applicant Signature of sponsoring

authority with Seal

Lecture Notes

To fully realize the objectives of the course, the
lecture notes will be made available at the time of
registration at NIT Kurukshetra.

Course Fees

The participation fees for taking the course is as
follows:

Participants from abroad US $ 100/-
Industry/Research Organization Rs. 3000/-
Faculty Members / Researches Rs. 1000/-
Students(pursuing Bachelors / Rs. 500/-

Masters courses/Ph. D.)

The above fee includes all instructional materials
and assignments, laboratory equipment usage
charges.

Payment Mode

The registration fee has to be paid by DD drawn in favor
of Director, NIT Kurukshetra, payable at SBI NIT
Kurukshetra.

Accommodation

Subject to availability, the participants may be provided
accommodation at the Institute Guest Houses/ hostels
on payment basis depending on the availability. Please
send request for accommodation in advance.

Address for all Correspondence

Dr. A. S. V. Ravi Kanth

Coordinator

Associate Professor,

Department of Mathematics,

National Institute of Technology Kurukshetra,
Kurukshetra-136119

Haryana, India.

Mobile No: 9896031557
E-mail:asvravikanth@gmail.com;
asvravikanth@nitkkr.ac.in



