Topics for the examination in Mathematical Modelling 

Material for the examination can be taken from books by:

Arrowsmith and Place (A.P.), Haberman (Hab), and Borrelli (Borr)

and from Notes to lectures at the hompage of the course. 

The exam will consists of 5 problems and theoretical questions from the main chapters in the course:

1. Linear ODE systems. Types of stationary points, and phase portraits.

            Evolution operator for linear systems. Affine systems. A.P. Chapter 2.5,6,7.

2. Stability of stationary points for non-linear ODE. Stability and instability by linerarization: A.P. Theorem 3.3.1, pp. 86 (without proof)  A.P. Chapter 3.1-4, 3.5-6.

3. Stability of stationary points for non-linear ODE. Lyapunovs function. Stability and instability by  Lyapunovs theory.  Proof to the Liapunov stability theorems:  A.P. Theorem 5.4.1, pp. 200,  A.P. Theorem 5.4.2.  pp. 202  and the Liapunov instability theorem: A.P. Theorem 5.4.3  pp. 203.  

            A.P. Chapter 5.4, Examples from Borr. Chapter 8.

4. Periodic solutions. Poincare - Bendixson theory. Borr.Chapter. 9.1-9.2: Theorems 9.2.1, 9.2.3.  The proof of the Poincare – Bendixson.  Theorem 9.2.1 is NOT required.
Point out that the formulation of  the Poincare-Bendixson theorem in the book by Arrowsmith and Place is wrong.
 Bendixson’s Negative  Criterion. Theorem 9.2.4. Borr. Pp. 533 -  with proof.
5. Bifurcations of fixed points: saddle-node bifurcation, transcritical bifurcation, pitchfork bifurcation. Borrelli chapter 2.9, Chapter 9.3.

6. Hopf bifurcation (formula for the index of stability is NOT required). A.P. Chapter 5.5, Borr. Chapter 9.3

7. Gillespie method for chemical reactions. (after paper by Gillespie) Mass action law and ODE models for chemical reactions. 

8. Volterra - Lottka equations.  Fixed points. Proof of the periodicity of solutions. (Borr. 86-93 , Haberman: pages 228, 229, 236-239)

9. Conservation laws for traffic flow in the case of smooth traffic and in the case of shock waves.  Haberman: smooth traffic: formulas 60.2, 60.3,  60.5b, proof :  pp. 276-278 , shock waves: formula 77.3, proof:  pp. 250-352 .  
10. Non-dimensional variables in differential equations. Non-dimensional form of equations for linear and non-linear oscillations. (Notes on non-dimensional variables)
