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UNIT - lll: Laplace, Wave and Diffusion Equations with Applications (20 hours)
Laplace’s equation, Boundary value problems, Maximum and minimum principles,
Unigueness of solution and their continuous dependence on boundary data, Solution of the
Dirichlet and Neumann problem for a half plane by Fourier transform method, Theory of
Green’s function for Laplace’s equation in three dimension and application in solution of
Dirichlet and Neumann problem for semi-infinite spaces; Wave equation, Helmholtz’s first and
second theorems, Theory of Green’s function for wave equation and its applications; Diffusion
equation, Solution of initial boundary value problems for diffusion equation, Green’s function
for diffusion equation and its applications.

Essential Readings

1. Myint-U, Tyn (1978). Ordinary Differential Equations. Elsevier, North-Holland, Inc.

2. RossS. L. (2007). Differential Equations (2nd ed.) John Wiley & Sons. India.

3. Sneddon lan N. (2006). Elements of Partial Differential Equations. Dover Publications.

Suggestive Readings

e Coddington, E. A. (2012). An Introduction to Ordinary Differential Equations. Dover
Publications.

e Amaranath T. (2023). An Elementary Course in Partial Differential Equations (3rd ed.).
Narosa Publishing House.

e McOwen, Robert C. (2003). Partial Differential Equations, Pearson Education.

DISCIPLINE SPECIFIC ELECTIVE COURSE — 5(ii): DYNAMICAL SYSTEMS

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & (Credits| Credit distribution of the course [Eligibility Pre-requisite of
Code criteria the course
Lecture [Tutorial |Practical/ (if any)
Practice
Dynamical 4 3 1 0 Class XII pass [Calculus,
Systems with IDifferential
Mathematics [Equations,

Linear Algebra,
Metric spaces

Learning Objectives: Primary objective of this course is to introduce:

e The fundamental concepts of dynamical systems and emphasize on its study through
several applications.

* The concepts of the periodic points, hyperbolicity and chaos explained through examples.

e Symbolic dynamics which help to represent and understand various dynamical systems.
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Learning Outcomes: This course will enable the students to:

e Understand and demonstrate the basic concepts of dynamical systems and properties.

e Obtain fixed points and discuss the stability of the dynamical system.

e Understand Sharkovsky’s theorem, Schwarzian derivative and Devaney chaos.

e Gain command in understanding subshifts of finite type and Markov chain which
eventually leads to various areas of dynamical systems.

SYLLABUS OF DSE-5(ii)

UNIT - I: Orbits under Discrete Dynamical Systems (12 hours)
Dynamical systems: Discrete and continuous, Population Models, Newton’s Method; Discrete
dynamical system: Definition, examples and orbits, Periodic and eventually periodic points,
Stable and unstable sets, Phase portrait, Graphical analysis of one-dimensional maps;
Hyperbolicity, A glimpse of bifurcations, Analysis of families of logistic maps.

UNIT - II: Introduction to Chaos (15 hours)
Symbolic dynamics, Sequence space, Shift map, Itinerary map, Subshifts of finite type,
Conjugacy and chaos, Sensitive dependence on initial conditions, Topological transitivity,
Devaney chaos, Expansive homeomorphisms, Expansivity of interval and circle maps;
Structural stability, Sharkovsky’s theorem and examples, Schwarzian derivative; Period 3 case.

UNIT - Ill: More on Symbolic Dynamics (18 hours)
Full shifts, Shift spaces, Languages, Higher block shifts and higher power shifts, Sliding block
codes; Finite type constraints, Graphs and their shifts, Graph representations of shifts of finite
type, Markov chain; Shadowing property and subshifts of finite type.

Essential Readings

1. Aoki, N. and Hiraide, K. (1994). Topological Theory of Dynamical Systems: Recent
Advances. Elsevier Science, North-Holland.

2. Devaney, Robert L. (2022). An Introduction to Chaotic Dynamical Systems (3rd ed.). CRC
Press, Taylor & Francis Group.

3. Lind, Douglas and Marcus, Brian (2021). An Introduction to Symbolic Dynamics and
Coding (2nd ed.). Cambridge University Press.

Suggestive Readings
e Bruin, Henk (2022). Topological and Ergodic Theory of Symbolic Dynamics. Graduate
Studies in Mathematics (228), American Mathematical Society.
e Martelli, Mario (1999). Introduction to Discrete Dynamical Systems and Chaos. John Wiley
& Sons, Inc., New York.
* Robinson, Clark (1998). Dynamical Systems: Stability, Symbolic Dynamics, and Chaos (2nd
ed.). CRC press.

7|Page



