Math 636 : Mathematical Modeling

Course Description:

Advanced models from the physical, natural and social sciences. Population dynamics, mechanical vibrations, planetary motion ,wave propagation, traffic flow. Phase plane analysis, Inverse problems, fitting a model to experimental data.

Syllabus:

1. Population dynamics [1]

    - Introduction to population models

    - Discrete one-species model

    - Exponential growth, density dependence growth

    - Logistic equation

    - Growth models with time delays

    - Two-species models, prey-predator models, competing species

    - Stability, phase space

2. Model fitting [3]

    - Fitting models to data

    - Analytical methods

    - Least square criterion

    - Choosing a best model

3. Mechanical vibrations [1]

    - Newton Law

    - Spring-mass system

    - Two-mass oscillators

    - Friction, damping

    - Pendulum

    - Linear stability and equilibria

    - Energy analysis

    - Phase plane analysis

    - Nonlinear oscillations

4. Planetary motion [2]

    - The two body problem

    - Kepler's laws

    - Precession of Mercury

    - The perturbation method

    - The Poincare Method

5. Wave propagation. [2]

    - Shallow water waves

    - D'Alembert solution

    - Inhomogeneous wave equation

    - Shock waves

    - Waves in elastic media

    - Standing waves

    - Diffusion

6. Traffic flow [1]

    - Velocities and velocity field

    - Traffic flow and density

    - Conservation laws

    - Experimental data

    - Steady state

    - Partial differential equation models

    - Wave propagation
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