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Computer Project 3. Predator-Prey Equations

Goal: Investigate the qualitative behavior of a nonlinear system of differential equations.

_ Tools needed: Eﬁmbm@ —

Description: A farmer has ladybugs and aphids in her fields. The helpful ladybugs (preda-
tor) eat the destructive aphids (prey) who devour her crops.

Let x(t) = aphid population (in millions) at time ¢,
y(t) = ladybug population (in millions) at time ¢.

The farmer knows that the growth rates of the aphid and ladybug populations are given
respectively by

dx

= —x(1 —

= (1 —y),
dy

— — H -
7 y(z — 1)

Questions: Assume there are initially 800,000 aphids and 400,000 ladybugs in all that
follows below.

L.

Use pplane8 to plot the trajectory through (0.8,0.4). As ¢ increases, describe what
happens to each population. Is the aphid population ever smaller than 300,0007 Are
the aphids ever eradicated? Does the ladybug population ever exceed 2 million?

A fellow farmer suggests that she use pesticide to kill the aphids. She is reluctant be-
cause it also kills the helpful ladybugs and she prefers to have some ladybugs remaining
to eat other destructive insects. If she were to use a pesticide, the growth rates would
then become

@”HAH|@v|MH“

dt (+)
& _ (z—1)—s

ﬁ&ﬁ @ MQ.

where s > 0 is a measure of the “strength” of the pesticide — the larger the s, the
stronger the pesticide. Currently there are only two commercially available strengths:

= 0.5 and s = 0.75. Plot the trajectories for the new system of equations (x) with
these values of s. Will the aphids ever be totally eliminated?

If she knows her crops will survive if the aphid population never exceeds 2.6 million,
which strength (if any) would you recommend she use: s = 0.0 (no pesticide), s = 0.5,
s =0.757

By special permission, she could get a pesticide with the maximum strength of s =
1.5. Plot this trajectory. What happens to the ladybugs and aphids if she uses this
pesticide?



pplane8 Phase Portraits

e The routine pplane8 is already loaded on all ITaP machines as standard software. (If
you are using your own co TLAB you may need to download pplane8 from
/de@u\\awdw.ﬁwom.mac\ZQmHmHQv

P .

e You may also access MATLAB through the Software Remote:
http://goremote.ics.purdue.edu

e To access pplane8, at a MATLAB prompt type: pplane8
e A popup window will appear similar to that for df ield8 (see below).

e Correctly enter your system of differential equations and the range of values of the
independent and dependent variables. Hit Proceed and a graphics window will appear
with the direction field of your system of differential equations. Click the mouse at
any point and the corresponding trajectory will be plotted.

o There are several options available in the graphics display window: printing, keyboard
input of initial conditions, inserting text, erasing solutions, zoom, etc.

e You may have up to six (6) parameters to quickly vary your system of differential
equations.

e pplane8 is very similar to dfield8 in its syntax and use.

il -} pplane8 Setup ,.
| File Edit Gallery Desktop Window Help ~

The differential equations.

” _ x = _n.x ¥+ 3(x"2-¥"2) + 27y
W_ ¥z [x-¥y sy + 7y

The display window. The direction field.

The minimum value of x =
i5; frows Number of

_ -2
The maximum value of x u_ 4 " Lines field points per
_ -4

The minimum value of y = £ Nullolines row or column.

The maximum value of ¥ n_ 2 {" None 20

Quit _ Rever _ Proceed




Quiz 10 MA 266, JuLy 22
SECTION: NAME:

Problem 1.(10 points.)
Express the solution of the given initial value problem in terms
of a convolution integral.

y —y = g(t),y(0) = y'(0) = y"(0) = y""(0) = 0

Problem 2.(10 points.)

Tank 1 initially contains 20 gals water with 15 oz of salt in it,
while Tank 2 initially contains 50 gals of water with 10 oz of salt
in it. Water containing 2 oz/gal of salt flows into Tank 1 at a
rate of 5 gal/min and the well-stirred mixture flows from Tank
1 into Tank 2 at the same rate of 5 gal/min. The solution in
Tank 2 flows out to the ground at a rate of 3 gal/min. If x;(?)
and xs(t) represent the number of ounces of salt in Tank 1 and
Tank 2, respectively, set up but do not solve an initial value
problem describing this system.



