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Math 204 Supplement 2 to Section 7.5
Direction Fields for Systems

Section 7.5 of Boyce and DiPrima uses direction fields as an aid in analyzing the qualitative
behavior of solutions to homogeneous linear systems x'= Ax where A is a constant matrix.
However, direction fields are displayed in Figures 7.5.1 and 7.5.3 with no indication as to how they
were generated. The purpose of this supplement is to indicate how one can easily generate such
direction fields with the aid of a graphing calculator and the techniques of Chapter 1.

Consider the homogeneous system

ab e )

di|y c dl|ly
where a,b,c, and d are constants. This vector-matrix formulation of the system is equivalent to the
following coupled system of scalar differential equations.

, —=ax+by
(**) ‘
dy
—=cx+d
dr i’
The parameter ¢ can be eliminated in this system using the chain rule
dy
& _dr
dx  dx
dt :
and the equations (**) to produce a first order scalar differential equation equivalent to (*):
(+4%) dy _cx+dy .
dx ax+by

The direction field of (*) can thus be obtained from the direction field of (***) using the techniques
that were employed in Chapter 1 for first order scalar differential equations.

| 11
Example 1 (p. 391). Plot a direction field for the system x' = [4 ]x.

1
Solution: Using (***) we have the equivalent (scalar) first order differential equation
4x +
@ D
x+y

Using a graphical calculator to generate the slopefield (i.e. direction field) of (+) as in Chapter 1, we
produce Figure 7.5.1.

V22

Solution: Using (***) we have the equivalent (scalar) first order differential equation

Example 2 (p. 394). Plot a direction field for the system x’ =[

-3 \/i]x'

dy  2x-2y
(+) 2
dx -—3x+\/§y

As we did in Chapter 1, we use a graphical calculator to generate the slopefield of (++) and thus
produce Figure 7.5.3.
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Cc: <spaceman@fidmail.com>

Hello everyone,
Here is the website that has a fairly easy to use tool for plotting direction fields/phase planes
for linear DE systems:

hitp://math.rice. edu/~dfield/dfpp.himl

The pplane java applet is easy to use. | have used this tool in my mathematical modeling
class with good results. You can go to Gallery -> Linear System to enter the DE, and then on
the plot you can click to show solution trajectories. This, hopefully, would make it fairly
straightforward for the students. Also, it would give us a chance to show them some nonlinear
differential equations with very interesting solution behavior (the gallery has a lot of nice
examples).
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