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NONLINEAR DYNAMICS AND APPLICATIONS 
 

Instructors: Assoc. Prof. Yannis Kominis 

gkomin@central.ntua.gr  

 

Class: Tuesdays 12:30-15:30 

Office Hours: Fridays 11:00-13:00 
 

Textbook: NO Textbook  

Recommended Reading:  

1. Strogatz, S., 2001. Nonlinear Dynamics & Chaos: with Applications to Physics, Biology, Chemistry and 

Engineering, Westview Press. 

2. Hale, J.K. and Kocak, H., 1991. Dynamics and Bifurcations, Springer-Verlag. 

3. Kuznetsov, Y., 2023. Elements of Applied Bifurcation Theory, Springer. 

4. Wiggins, St., 2003. Introduction to Applied Nonlinear Dynamical Systems and Chaos (2nd edition), Springer. 

 

 

CONTENTS 

1 Overview 

1.1 Nonlinearity, Complexity and Chaos 

 

2 Dynamics and Bifurcations of One-dimensional Systems  

2.1 A Geometric Approach 

2.2 Fixed Points and Stability 

2.3 Linear Stability Analysis 

2.4 Saddle-Node, Transcritical, and Pitchfork Bifurcations  

2.5 Imperfect Bifurcations and Catastrophes  

2.6 Flows on the Circle  

 

3 Dynamics and Bifurcations of Two-dimensional Systems  

3.1 Stability and Classification of Linear Systems  

3.2 Phase Plane and Phase Portraits 

3.3 Fixed Points and Linearization  

3.4 Conservative Systems and Reversible Systems  

3.5 Limit Cycles 

3.6 Poincare-Bendixson Theorem  

3.7 Lienard Systems, Relaxation Oscillations, and Weakly Nonlinear Oscillators  

3.8 Saddle-Node, Transcritical, and Pitchfork Bifurcations  

3.9 Hopf Bifurcations 

3.10 Global Bifurcations of Cycles  

3.11 Coupled Oscillators and Quasiperiodicity, Poincare Maps 

 

4 Chaos and Strange Attractors 

4.1 Lorenz Equations and Lorenz Map  

4.2 Chaos on a Strange Attractor 

4.3 Henon Map and Rossler System 

4.4. Logistic Map: Fixed Points and Periodic Windows 

4.5 Lyapunov exponents 

4.6 Universality and Renormalization  
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