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Course Description: Differential equations are used to model the behavior of systems in the natural world, and predict how these systems will behave in the future. For instance, exponential growth (the rate of change of a population is proportional to the size of the population) is expressed by the differential equation dP/dt = kP. Newton's Law of Gravitation (acceleration is inversely proportional to the square of distance) translates to the equation y'' = -ky2 . Many more examples are found in the fields of physics, engineering, biology, chemistry, and economics. 

The traditional course in differential equations focused on the small number of differential equations for which exact solutions exist. However, the methods used by scientists today have changed dramatically due to the computer. Although we will cover some of the analytic methods discussed in a traditional course, we will also emphasize qualitative and numerical methods which have been made practical through the use of computers. 

Texts: Blanchard, Devaney, and Hall, Differential Equations, Brooks/Cole, 1998. This is a good, readable book, though it's not a ``traditional'' math book. You should read each section before the appropriate lecture. 

Topics:
Schedule: 
  

	   
	Chapter 1. First-Order Differential Equations

	1.1
	Modeling Via Differential Equations

	1.2
	Analytic Technique: Separation of Variables

	1.3
	Qualitative Technique: Slope Fields

	1.4
	Numerical Technique: Euler's Method

	1.5
	Existence and Uniqueness of Solutions

	1.6
	Equilibria and the Phase Line

	1.7
	Bifurcations

	1.8
	Linear Differential Equations

	   
	Chapter 2. First-Order Systems

	2.1
	Modeling via Systems

	2.2
	The Geometry of Systems

	2.3
	Analytic Methods for Special Systems

	  
	Chapter 3. Linear Systems

	3.1
	Properties of Linear Systems and the Linearity Principle

	3.2
	Straight-Line Solutions

	3.3
	Phase Planes for Linear Systems with Real Eigenvalues

	3.4
	Complex Eigenvalues

	3.5
	Special Cases: Repeated and Zero Eigenvalues

	3.6
	Second-Order Linear Equations

	3.7
	The Trace-Determinant Plane

	 
	Chapter 4. Forcing and Resonance

	4.1
	Forced Harmonic Oscillators

	4.2
	Sinusoidal Forcing

	4.3
	Undamped Forcing and Resonance

	 
	Chapter 5. Nonlinear Systems

	5.1
	Equilibrium Point Analysis

	5.2
	Qualitative Analysis

	5.3
	Hamiltonian Systems

	 
	Chapter 6. Laplace Transforms

	6.1
	Laplace Transforms

	6.2
	Discontinuous Functions

	6.3
	Second-Order Equations

	6.4
	Delta Functions and Impulse Forcing
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