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Ordinary Differential Equation

The derivative is by definition

Approximate the solution at discrete times by

This gives

How accurate is this discrete equation?  How robust to numerical errors?

More sophisticated approximations also possible (improve accuracy, stability, …)

Finite Difference Approximation

Leonard Euler, 1707-1783

Numerical Approximation: Euler’s Method

Euler’s MethodEuler’s Method
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Numerical Approximation: Euler’s Method

Ex:

Euler’s Method Euler’s Method

Leonard Euler, 1707-1783
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Python code for approximating solution.

Numerical Packages: Solve Differential Equations in Python

Ex: 𝑦’(𝑡) = −𝑎𝑦, 𝑦(0) = 3.
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Second Order Differential Equations

Summary of steps:
Can the differential equation be put into the following form?

𝑎𝑦′′ + 𝑏𝑦′ + 𝑐𝑦 = 0

Yes: Consider the characteristic equation and solve for r 
𝑎𝑟2 + 𝑏𝑟 + 𝑐 = 0

Are the roots 𝒓𝟏and 𝒓𝟐 real-valued and distinct? 

Yes: then the solution is of the following form
𝑦 𝑡 = 𝑐1exp 𝑟1𝑡 + 𝑐2exp 𝑟2𝑡 . 

Solve the IVP by using y t0 = y0, 𝑦’ 𝑡0 = 𝑦0
′ and solving for 𝑐1, 𝑐2.

No: then must use further theory to determine solution (developed in later lectures).
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