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Course Objectives

» The course aims to provide students with a comprehensive understanding of nonlinear dynamics,
focusing on dynamical systems, bifurcations, chaos theory, and fractals.

Learning Outcomes

» The course will equip students with a comprehensive understanding of nonlinear dynamics, focusing
on dynamical systems, bifurcations, chaos theory, and fractals. Students will be able to apply these
concepts to analyze real-world systems, including electrical circuits, fluid dynamics, biological

models, and chemical reactions.

Unit . Lecture .
Topics to be Covered Learning Outcome
No. Hours
] . In this unit, students will explore dynamical
Introduction: Dynamical systems, . . p yn
. . systems, linear and nonlinear systems, and phase
linear systems, nonlinear systems, . . .
. . . . space, learning to model nonlinear ordinary
1 | nonlinear ordinary differential 10 . . . .
. . . differential equations. They will study key
equations, phase space, trajectories, . . .
. o concepts like fixed points, Lyapunov stability,
fixed points, Lyapunov stability, . . . .
. . . . bifurcations, and deterministic chaos using
bifurcations, saddle-node bifurcation. . ..
examples like the logistic map and pendulum.
Dynamics of one-dimensionql and.two- Students will learn to analyze the dynamics of
dimensional systems: One-dimensional one-dimensional and two-dimensional systems,
) systems, two-dimensional flows, phase 10 | studying fixed points, stability, and phase
portraits, source, sink, center, saddle portraits. They will explore concepts like limit
points, Poincaré-Bendixson theorem, cycles, Hopf bifurcations, and apply them to
limit cycles, Hopf bifurcation. population dynamics and chemical oscillators.
. Students will understand the fundamentals of
Chaos theory and fractals: Introduction . . .\
.\ . chaos theory, including sensitive dependence on
to chaos, sensitive dependence on initial . D
. initial conditions, Lyapunov exponents, and
3 | conditions, ~ Lyapunov  exponents, 10 .
. . strange attractors. They will also explore fractal
strange attractors, fractal dimensions, i . .
L. geometry, bifurcations, synchronization, and the
fractal  geometry, synchronization, .
behavior of coupled systems and complex
coupled systems, butterfly effects.
networks.
Students will learn to analyze different types of
Bifurcations and Nonlinear bifurcations, including saddle-node, period-
Oscillators: Bifurcations, saddle-node doubling, and Neimark-Sacker bifurcations, in
4 | bifurcation, Neimark-Sacker 8 nonlinear oscillators. They will explore limit
bifurcation, nonlinear oscillators, limit cycles, nonlinear resonance, and chaos in systems
cycles, chaos in oscillators. like the Duffing and van der Pol oscillators using
bifurcation diagrams.
Applications of nonlinear dynamics:
5 | Electrical circuits, Fluid dynamics, 4 Students will apply nonlinear dynamics to real-
Biological systems, Chemical reaction world systems.
dynamics, Population dynamics.
Total 42
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