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(2) LEARNING OUTCOMES

The course provides a rigorous, systematic and an in-depth study of the theory of dynamical systems
with applications from the fields of physics, biology, chemistry, climatology and economics.

With the completion of the course the student is able to:

° Determine the qualitative behavior of one dimensional and two-dimensional systems and
determine the stability of their equilibria or of their periodic orbits.

° Determine the evolution of linear dynamical systems. Provide numerical solutions of the
dynamical systems.

° Provide approximate solutions with the use of perturbation techniques.
° Characterize the nature of the attractor that emerges at bifurcation points.
° Determine the sensitivity of a chaotic system by calculating the Lyapunov exponent of its

trajectories.

° Use the method of characteristics in order to solve kinematic wave equations and analyze
shock waves.

° Be able to study non-linear waves. Recognize/construct solitonic solutions. Understands the
role of non-linearity, dispersion and dissipation in wave solutions.

The course aims at the following general competences

Team Work

Production of free, creative and inductive thinking
Analytical and synthetic thinking

Critical thinking

Problem solving




(3) SYLLABUS

e Dynamical systems as flows in phase space and as maps. Equilibria and their stability.
Bifurcations in one-dimensional dynamical systems.

e Two dimensional dynamical systems. Linear dynamics in two dimensions. Poincare-Bendixson
theorem. Limit cycles. Hopf bifurcations. Stability of limit cycles. Parametric instability.

e Non linear oscillations. Perturbation methods. Method of multiple time scales.
e Introduction to chaotic systems. Lorenz system. Lyapunov exponents.

® Quasi-linear 1st order partial differential equations. Characteristics and formation of shock
waves and applications. Burgers equation.

e Non linear waves. Boussinesq equations. Korteweg-de Vries and non-linear Schrodinger
equations. Introduction to soliton theory.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Computer-aided lectures through Overhead Projector,
Electronic communication with the students using ICT,
eclass platform

Activity Semester workload
Lectures 26
Exercises 26
Individual Study/Study and 98

Analysis of bibliography /
Preparation

Course Total 150

Final written exams in Greek

Intermediate tests.
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