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B.SC. PHYSICS-ELECTIVE - : EC-1 -APPLIED DYNAMICS

(Credits: Theory-04, Practicals-01) Theory: 60 Lectures
COURSE OBJECTIVES:

To get acquainted with the basic aspects of Dynamical systems

1.

2. To get a basic understanding about Dynamical systems of various areas (Biology, Chemistry etc)
3. To know about Chaos and Fractals at a basic level.
4
S

To learn some aspects of Logistic Maps and chaos in Non-linear systems.
To comprehend with the basics of Fluid Dynamics.

LEARNING OUTCOMES:

1. To know about the basic aspects of Dynamical systems

2. To get acquainted with the Dynamical systems of various areas (Biology, Chemistry etc)

To know about Chaos and Fractals at a basic level.

3
4. To understand some basic aspects of Logistic Maps and chaos in Non-linear systems.
5. To comprehend with the basics of Fluid Dynamics.
B.SC. PHYSICS- ELECTIVE :EC-1 - ANALYTICAL DYNAMICS -SYLLABUS
(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures
UNIT -1
Introduction to Dynamical systems:

Definition of a continuous first order dynamical system. The idea of phase space, flows and trajectories. Simple
mechanical systems as first order dynamical systems : the free particle, particle under uniform gravity, simple
and damped harmonic oscillator. Sketching flows and trajectories in phase space; sketching variables as

functions of time, relating the equations and pictures to the underlying physical intuition.
(11 lectures)

UNIT - II
Other examples of dynamical systems:

In Biology -Population models e.g. exponential growth and decay, logistic growth, species competition,
predator-prey dynamics, simple genetic circuits In Chemistry: Rate equations for chemical reactions e.g. auto
catalysis, bistability In Economics: Examples from game theory. Tllustrative examples from other disciplines.
Fixed points, attractors, stability of fixed points, basin of attraction, notion of qualitative analysis of dynamical
systems, with applications to the above examples. Computing and visualizing trajectories on the computer using
software packages. Discrete dynamical systems. The logistic map as an example.

(15 Lectures)

UNIT - 1II

Introduction to Chaos and Fractals:

Examples of 2-dimensional billiard, Projection of the trajectory on momentum space. Sinai Billiard and its
variants. Computational visualization of trajectories in the Sinai Billiard. Randomization and ergodicity in the
divergence of nearby phase space trajectories, and dependence of time scale of divergence on the size of
obstacle. Electron motion in mesoscopic conductors as a chaotic billiard problem. Other examples of chaotic
systems; visualization of their trajectories on the computer. : Fractals in nature — trees, coastlines, earthquakes,
etc. Need for fractal dimension to describe self-similar structure. Deterministic fractal vs. self-similar fractal
structure. Fractals in dynamics — Serpinski gasket and DLA. ( 12 Lectures)




V!

UNIT -1V

Chaos in nonlinear finite-difference equations- Logistic map:
Dynamics from time series. P

arameter dependence- steady, periodic and chaos states. Cobweb iteration. Fixed
points. Defining chaos-

aperiodic, bounded, deterministic and sensitive dependence on initial conditions.
Period- Doubling route to chaos. Nonlinear time series analysis and chaos characterization: Detecting chaos
from return map. Power spectrum, autocorrelation, Lyapunov exponent, correlation dimension. (8 Lectures)
UNIT-V

Elementary Fluid Dynamics:

Importance of fluids, Fluids in the pure sciences, Fluids in technology. Study of fluids: Theoretical approach,
experimental fluid dynamics, computational fluid dynamics. Basic physics of fluids: The continuum hypothesis-
concept of fluid element or fluid parcel; Definition of a fluid- shear stress; Fluid properties- viscosity, thermal
conductivity, mass diffusivity, other fluid properties and equation of state; Flow phenomena- flow
dimensionality, steady and unsteady flows, uniform & non-uniform flows, viscous & inviscid flows,

incompressible & compressible flows, laminar and turbulent flows, rotational and irrotational flows, separated

& unseparated flows. Flow visualization - streamlines, path lines, Streak lines.
(14 Lectures)

Reference Books

® Nonlinear Dynamics and Chaos, S.H. Strogatz, Levant Books, Kolkata, 2007

® Understanding Nonlinear Dynamics, Daniel Kaplan and Leon Glass. Springer.

® An Introduction to Fluid Dynamics, G.K.Batchelor, Cambridge Univ. Press, 2002

e Fluid Mechanics, 2nd Edition, L. D. Landau and E. M. Lifshitz, Pergamon Press, Oxford, 1987.
B.SC. PHYSICS PRACTICAL LAB: APPLIED DYNAMICS

60 Lectures Laboratory/Computing and visualizin g trajectories using software such as Scilab, Maple, Octave
XPPAUT based on Applied Dynamics problems like
1. To determine the coupling coefficient of coupled pendulums.

2. To determine the coupling coefficient of coupled oscillators.

3. To determine the coupling and damping coefficient of damped coupled oscillator.
4. To study population models e.g. exponential growth and decay,
predator-prey dynamics, simple genetic circuits.

5. To study rate equations for chemical reactions e. g. auto catalysis, bistability.

6. To study examples from game theory.
7. Computational visualization of trajectories in the Sinai Billiard.

8. Computational visualization of trajectories Electron motion in mesoscopic conductors as
problem.

9. Computational visualization of fractal formations of Deterministic fractal.
10. Computational visualization of fractal formations of self-similar fractal.

11. Computational visualization of fractal formations of Fractals in nature — tre
12. Computational Flow visualization - streamlines, pathlines, Streaklines.

2

logistic growth, species competition,

a chaotic billiard

¢s, coastlines, earthquakes.
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