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Solutions

A solution x(t) of a higher equation on an interval   a < t < b

reduces the equation to an identity on the interval

A solution pair x(t), y(t) of a system on an interval   a < t < b

reduces both equations to identities on the interval



Example
(the harmonic oscillator)
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Example
(the pesticide application)
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Linear Equations

A higher order equation is linear if the unknown (state variable)             
and all of its derivatives appear linearly 

A system is linear if all unknowns (state variables)                              
and all their derivatives appear linearly

Examples
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Harmonic Oscillator

Pesticide Application

Linear, second order equation

Linear, first order system



Linear Equations

Examples
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Linear, second order equation

Linear, first order system

Periodically Forced Harmonic Oscillator

Continuous Pesticide Application to the Trees

A higher order equation is linear if the unknown (state variable)             
and all of its derivatives appear linearly 

A system is linear if all unknowns (state variables)                              
and all their derivatives appear linearly



Linear Equations

Examples
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Nonlinear, second order equation

Nonlinear, first order system

van der Pol Equation

Volterra’s Predator-Prey System

A higher order equation is linear if the unknown (state variable)             
and all of its derivatives appear linearly 

A system is linear if all unknowns (state variables)                              
and all their derivatives appear linearly



Matrix Notation & Algebra
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Addition and scalar multiplication are done component-wise :



Matrix Notation & Algebra

Matrix Multiplication :
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Matrix Notation & Algebra

Matrix & Vectors of Functions :
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Writing Systems in Matrix Notation

Example

Write unknown pair as a vector : 
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Most general linear system has the form :
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