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ODE solving in Scilab

Solving the IVP

ay
gt =f(t,y) y(b)=

@ define the function f(t,y)
@ time steps: ts = t0:delta:tf;
@ ode solver: y = ode(y0, 10, ts, f);
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ODE solving in Scilab

Solving the IVP

dy B
gt =f(t,y) y(b)=

@ define the function f(t,y)

@ time steps: ts = t0:delta:tf;

@ ode solver: y = ode(y0, 10, ts, f);

@ solves % =f(t,y), yO0=y(t0)

@ the output y has values for t at the time steps given by ts
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Logistic Population Growth

aP =rP(1 - E)

at K

function dPdt = logistic(t, P)

dPdt = rate * P .x (1 - P/capacity); //dot star
endfunction

rate = 0.1; capacity = 500;

w0 = [10;30;50;100;250;350;700;80071;
odeCheckPlot (w0,0,0:80, logistic);
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Various sketches of P versus t
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Logistic || Student Problem
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450 450
400 400
350 £ 350
300 = 300
250 E 250
200 o 200
“150 =150
100 100
50 50
10 20 30 40 50 60 70 80 %0100 =40 -20 o 20 40 60
time time
Various f(P}
25
0.1P(1-P/500)
204 SOsin{pi*P /500K pi
25-0.1"abs(250-P)
5 159
o
= 104
5]
v 50 o0 150 200 250 300 350 400 450 500

Steven F. Bellenot



Logistic with Harvesting

P P
=P )= h

By adding harvesting the topic of stability of equilibrium
solutions arises naturally and examples of stable, unstable and
semi-stable solutions all appear.
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Harvesting 8 fish
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When h =8, P = 400 is stable, P = 100 is unstable.
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Harvest |l

Harvesting 12.5 fish —— Semi-stable Equilibrium
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When h =12.5, P = 250 is semi-stable.
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Harvest Il Student Problem

Unstable Sensitively to Intial Population
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SIR Model of an Epidemic

dl
E—)\Sl—,ul
R

a F
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SIR Model of an Epidemic

dl
E—)\Sl—,ul
LA

a F

Inflection peak when S = 1/ is one measure of the inflection.
Another is sick days.
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SIR |

SIR: Siin blue, I in red, R in green; lambda=0.001, mu = 1/14
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SIR Il Student Problem

Same peak inflection, which is better?

time
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Predator Prey, The Lotka-Volterra Model

dc
dR
S = —BR+uCR
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Predator Prey, The Lotka-Volterra Model

dc
dR
S = —BR+uCR

C(t) Extrema when R = /A, R(t) Extremawhen C = 3/u

Steven F. Bellenot Using Scilab to teach ODE Topics



Prey | Phase Space

Adding a third dimension: locations are time in years

rabbits
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Prey Il Student Problem

Phase: rabbits vs carrots. Right: rabbits vs time
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Chemotherapy of the Lawn

Without weed killer

aw w
ot = wW0 - 150)
aH ) H
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Chemotherapy of the Lawn

Without weed killer

With weed killer

aw
o - W
aH

e —BnH
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Chemotherapy of the Lawn

Without weed killer

With weed killer
aw
o - W
aH

e —BnH

Gene of time periods where weed Killer is applied.
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Chem |

Weed Killer applied during the Gray Periods

Percent
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Chem Il Student Problem

Percent

Percent

Health » 655, Min Weeds at Tmax, Value 29414275
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Time

Treatment to keep Weeds « 30% Value 12.041541
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2nd Order Example: Damped Pendulum

y'+y +sin(y) =0

y'+y' +y=0
1" / _L3_
y'+y'+y-5 =0

3 5
VAR AR A
VY=g tagp =0
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Curves with Initial Velocity 1

sin(y)
linear approx
5th degree approx
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y angle
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Curves with Initial Velocity 3

siny)
linear approx

5th degree approx

3rd degree approx
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Swing Il

Curves with Initial Velocity 5
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