Transition from #2 to #3 from chapter 9.5 - Chris Palm (Bossard 11am)
Transition from #2 to #3 from chapter 9.5 - Chris Palm (Bossard 11am).......cccccceeevciieeiicieeecciieee s

warning off all
syms Xy q Z; Zz = 0;
f1gure, hold on
f = @Ct, x) [x(D*(1 - (1/2)*x(2) - (z/2)*x(1)); x(2)*((-1/4) + (1/2)*x(1))1];
or a = -

for bq 4 -q:q
[t, xa] = oded45(f, [0 5], [a bl);
Tot(xa(: ,1), xa(:,2))
t, xa] = ode45(f, [0 -5], [a bl);
plot(xa(:,1), xa(:,2))

en
end
title 'z = 0'
[X Y] = meshgrid(—lO:O.?S:lO, -15:0.75:15);
= X. - (1/2)*Y - (Z/2)*X);
V = Y-*((-1/4) + (1/2)*X);
L = sqrt(Cu).A2 + (V).A2);
quiver(X, Y, U./L, V./L, 0.4);
ax1s([—10 10 -15 15]1)
sysl = x*(1 - (1/2)*y - (Z/Z)*x),
sys2 = y*((-1/4) + (1/2)
[xc, ¥c§ = solve(sysl, sysZ, x, ¥
disp('Critical points for z = ), disp([xc yc])

jacobian([sysl sys2], [x yl)
eva1s = eig(A);

disp('Eigenvalues at (0,0):");

d1sp(dou lTe(subs(evals, {x }, {0 o»))
disp('Eigenvalues at (1/2
disp(double(subs(evals, {x y}, {(1/2), 231)))

(0,0) is saddle point and is unstable.
(1/2, 2) is a centers and is in the ccw direction and stable.

As there becomes more predators(y_becomes larger)

the prey decreases(x becomes smaller). This is a continuous cycle. Once
there becomes more prey, the predators become abundant and so therefore
the prey deminishes.

RNRRR B8R

Critical points for z = 0:
L o, ]
[172, 2]

A
[ 1-1/2%y, -1/2%x]
[ 1/2%y, -1/4+1/2%*x]



0.0000 + 0.50001
-0.0000 - 0.500071

1.0000

-0.2500
Eigenvalues at (1/2,2):

Eigenvalues at (0,0):
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1/74) + (1/2)*x(1))1;

x(2)*((

(z/2)*x(1));
disp([xc yc])

[a b]);
[a b]);
.%%g');

-15:0.75:15);
[x yID

0

[0 51,
»2))

[o _5] ’
12))

sys2, X,

xa(:
xa(:

oded5(f,

oded5(f,
11)1

ll)l

(1/2)*y - (z/2)*x);

Z = 0.25;

hold on
-5:5

xa]

Tot(xa(:

xa]

x) [x(L*(1 - (1/2)*x(2)
solve(sysl,

t,

*((-1/4) + (1/2)*x);

plot(xa(:

[t,

Critical points for z

x*(1 -
S

act,
for b
end

Y

foF a = -5:5

syms Xy Z;
igure;

sysl

sys2

[xc,

disp(

f
A = jacobian([sysl sys2],

warning off all

Z=0.25



evals = eig(A);

disp('Eigenvalues at (0,0):');
disp(double(subs(evals, {x ¥}, {0, 0})))
disp('Eigenvalues at (8,0):");
disp(double(subs(evals, {x y}, {8, 03})))
disp('Eigenvalues at (1/2,15/8):');

5 H
disp(double(subs(evals, {x y}, {(1/2), (15/8)1})))
% (0,0) continues to be an unstable saddle point.
% (8,0) is also an unstable saddle point.
% (1/2, 15/8) 1is still a centers and in the ccw direction and stable.

% The predator still depends on the prey, but has a slightly more difficult
time

% reproducing because of the saddle point at (8,0). This difficulty is

% only present for larger values of y.

Critical points for z = 0.25:

L

’

L8 0]
[ 172, 15/8]

A
f 1-1/2%y-1/4%x, -1/2%x]

1/2%y,  -1/4+1/2%X]

Eigenvalues at (0,0):
0000

-0.2500

Eigenvalues at (8,0):
500

-1.0000

Eigenvalues at (1/2,15/8):
-0.0312 + 0.48317
-0.0313 - 0.48317



=025

x(2)*((-1/4) + (1/2)*x(1))1;
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disp([xc ycl)

'=X6.¥?i);

solve(sysl, sys2

*((-1/4) + (1/2)*x);

x*(1 - (1/2)*y - (z/2)*x);

Ccritical points for z

c

Y
jacobian([sysl sys2],

evals = eig(A);
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disp(
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sys2
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% (0,0) is still an unstable saddle point.



It is a

the predator(y) depends on x.
ycle and the prey does not have a difficult time reproducing

% for smaller values of y.
_1/2 :'.'X]

0.5:
-1/4+1/2%x]

7/4):

’

4,0) is also an unstable saddle point.
1/2%y,

%
% (1/2, 7/4) is a ccw centers and is stable.

0]
0]

% In the predator prey model,
7/4]

% continuous c

’
’

0
4
1.0000

-0.2500
1.7500

-1.0000
-0.0625 + 0.46351
-0.0625 - 0.46351

Critical points for z
r

[ 1-1/2%y-1/2%x,
Eigenvalues at (0,0):
Eigenvalues at (4,0):
Eigenvalues at (1/2

[ 172,
[
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0.75;

warning off all
syms x y Z; Z

Z=0.75



f1gure, hold on
f e(ct, g) [x(D*(1 - (1/2)*x(2) - (z/2)*x(1)); x(2)*((-1/4) + (1/2)*x(1))1];
or a = -5%
for b = -5:5
[t, xa]l] = oded45(f, [0 5], [a b]l);
Tot(xa(: ,1), xa(:,2
t, xa] = ode45(f, [0 -5], [a b]);
plot(xa(:,1), xa(:,2))
end
end
title 'z = 0.75'
[X Y] = meshgr1d( 10:0.75:10, -15:0.75:15);
*(1 - (1/2)*y - (Z/Z)*X)
V Y *((-1/4) + (1/2)* );
L sqrt(Cu) .A2 + v .
quiver(x, Y, U./L, V./L, 0.4);
axis([- 10 16 -1i5 15])

sysl = x*(1 - (1/2)*y - (Z/2)*x);
sys2 *((-1/4) + (1/2)*x);

[xc, yc] = solve(sysl, sys2, x,
disp('Critical points for z = 0.7

:'); disp([xc ycl)

(9, A

A jacobian([sysl sys2], [x yl)
evals = eig(A);

disp('Eigenvalues at (0,0):"'

disp(double(subs(evals, {x %Z {0, 01)))
disp('Eigenvalues at (8/3,0 g.'),
d1sp(dou le(subs(evals, {x y} {(8{3), o»))

disp('Eigenvalues at (1/2 é) ;
disp(double(subs(evals, {x v}, {(1/2), (13/8)1)))
(0,0) is an unstable saddle point.

3,0) is an unstable saddle point.

(1/2, 13/8) 1is a stable, ccw centers.

Here the prey(x) has more difficulty in reproducing once the prey has
deminished the prey's population. This is due to the fact that the
centers point is nearing the unstable saddle at (0,0) and the saddle
point at (8/3,

RNRRRXR  RRR

Critical points for z = 0.75:
L 0]

L 8/3, 0]
[ 172, 13/8]

A =
[ 1-1/2%y-3/4%x, -1/2%x]
1/2%y, -1/4+1/2%x]
Eigenvalues at (0,0):
1.0000
-0.2500

Eigenvalues at (8/3,0):
1.0833
-1.0000

Eigenvalues at (1/2,13/8):

-0.0937 + 0.44081
-0.0938 - 0.44081
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disp([xc ycl)

- (z/2)*x);
2, X, ;
sys =x1:¥);

y

%*
*((-1/4) + (1/2)*x);

(1/2)
solve(sysl,

Ccritical points for z
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Y
jacobian([sysl sys2],

evals = eig(A);

[xc,
disp(
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% (0,0) is an unstable saddle.



The prey(x) has a very

% difficult time reproducing once it nears 0 because of how close the

1:

-1/2%x]

2,0) is an unstable saddle.
-1/4+1/2%x]

%
% (1/2, 3/2) is a stable ccw centers.

% centers is to the origin(an unstable saddle) and the saddle point at
0]
0]

% In this model the predator(y) still depends on x.
% (2,0).

1/2%y,

’
’

1.0000
-0.2500
0.7500
-1.0000
Eigenvalues at (1/2,3/2):

1-1/2%y-x,

0
2
-0.1250 + 0.41461

Critical points for Z
-0.1250 - 0.414617

L
L
Eigenvalues at (2,0):

[ 1/2, 3/2]
Eigenvalues at (0,0):

L
L
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% (0,0) is a critical point for all graphs, and is a saddle point.

Analysis



Therefore the origin is unstable for all the graphs.

when z = 0, the other critical_point is a ccw _centers. Once z > 0, this
critical point becomes a spiral sink and continues to be stable and ccw.
x-coordinate is 1/2 for 0=>zZ=>1 and the y-coordinate decreases as z --> 1.

The third critical point appears once z > 0. It is _a saddle point also,
1ike (0,0) and has a constant y-coordinate of 0, while its x-coorindate
decreases as z --> 1.

For 0=>z=>1, a_21 > 0 so all critical points are in the ccw direction.

y is the predator and x is the prey in this predator-prey system. For Z
= 0, as there becomes more predators(y becomes 1arger§ and so therefore
the prey decreases(x becomes smaller). This is a continuous cycle. Once
there becomes more prey, the predators become abundant and so therefore
the prey deminishes.

This pattern continues as Z increases towards 1. Wwhen Z = 1, y(the
predator) still depends on x(the prey), but now the prey(x) decreases as

y increases along with when x increases. The addition of the saddle point
long the x-axis causes this.
The predator(y) becomes larger
¥he3 é ?ecomes smaller because the predators are eating all of their

00 x) .

The predator-prey model is a continuous loop of events(prey

becomes abundant, ﬁredators eat most of prey, predators decrease in

population until the prey becomes abundant again), while z is closer to
As Z = 1, the prey do not reproduce for large values of y(predators).
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