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First Order Equations
.

Li ´ (t) + (t)

First Order Systems
( & higher order equations )

Linear: x´ = p(t)x + q(t)

• Homogeneous: x´ = p(t)x 

• Non homogeneo s

Linear:

• Homogeneous:                      

ˆˆ ˆ( ) ( )x A t x h t′ = +

ˆ ˆ( )x A t x′ =• Non-homogeneous           
VC Formula        

Undetermined coefficients

General solution                    

Autonomous     
Eigenvalues & vectors

ˆ ˆ( )x t c=Φ

ˆ ˆx Ax′ =
Nonlinear

• Autonomous x´ = f (x)                 
Phase line portraits

Eigenvalues & vectors         
Phase plane portrait

• Non-homogeneous           Phase line portraits

• Non-autonomous: x´ = f (t,x)         
Separable equations

Undetermined coefficients

• 2nd order equation shortcuts

Nonlinear  

• Autonomous 
Phase plane portraitŝˆ ˆ( )x f x′ =Phase plane portraits                   
Linearization Principle

( )f
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