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> restart:
| > with(plots) :
> F:=n— a-n-exp(-n);

F:=n—ane "

> n[0] := 0.1; a := exp(1); iterations := 10;
ny:=0.1
a.=e
iterations:= 10

plotlist := NULL:

x:=n[0]:

plotlist := [x, 0]:

for jfrom 1 to iterations do
y:=evalf(F(x)):

plotlist := plotlist, [x, y], [V, V]:

X = )};
od:

P := plot(|[ plotlist], colour = black, thickness = 2) :
C:= plot({F(n), n},n=0.2.0) :
display({P, C});

2,

v IIV IIV IIV ]

v IIV IIV ]

1.5

0.5

| We see that the solution approaches the steady state monotonically.

Now increase a by 50%.

> a:= 1.5-exp(1);

a:=15e

1(c) Consider the case where the nonzero steady state is superstable.

(1)

(2)

(3)



plotlist := NULL:

x:=n[0]:

plotlist := [x, 0] :

for jfrom 1 to iterations do

y = evalf(F(x)) :

plotlist := plotlist, [x, y], [V, V]:
X:=)

od:

P := plot([ plotlist], colour = black, thickness = 2) :

C:= plot({F(n), n},n=0.2.0) :

display({P, C});

27 /

1.5 =

v IIV "V IIV

v "V IIV ]

0.5

| Here we see that the solution rotates about the steady state as it approaches it.
Now increase a further.

=> a:=2-exp(l);
| a=2e (4)
| > plotlist :== NULL:
> x:=n[0];
| x:=0.1 (5)
| > plotlist == [x, 0]:
> for jfrom 1 to iterations do
y = evalf (F(x)) :
plotlist := plotlist, [x, y], [V, V]:

X =
od:

:> P := plot(|[ plotlist], colour = black, thickness = 2) :
| > C:= plot({F(n), n}, n=0.2.0):
> display({P, C});




1.5

0.5

[We see that the postive steady state is still stable, but the slope of the map at the
steady state is negative and increasing in magnitude. So we expect that there is a
value of a at which the steady state ceases to be stable.
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1(e). We check values of a larger than the critical value a = e”2.

> = 1.2-(exp(1))2;
a=1.2 (e)2 (6)

> plotlist := NULL:
> x:=n[0];
x:=0.1 @)
> plotlist := [x, 0]:
> for jfrom 1 to iterations do
y:=evalf(F(x)) :
plotlist := plotlist, [x, y], [V, V]:

X:=Y,
od:

:> P := plot(|[ plotlist], colour = black, thickness = 2) :
| > C:= plot({F(n), n}, n=0.5.0):
> display({P, C});
5,
4,
3,
2,
1,
0 ‘
0 1 2 3 4 )

We obtain the required two-cycle.

(> [2:=n— F(F(n)):
F2:=n—-F(F(n)) (8)

=> plot([ F2(n), F(n), n], n=0..5, colour = [ red, blue, black]);




[The points where the red, blue, and black curves intersect correspond to the steady
states of the first order map. The two additional points where the red and black
curves intersect are the points that correspond to the two-cycle.




_1(f) Exploring the behaviour of the map as a increases further.

>

v IIV IIV ]

We tested a=1.2e”2, 1.8e”2, and 2e”2, and it looks as though chaos may have
emerged by a=2e”2. We use this information to plot the bifurcation diagram.

> plotlist :== NULL: n[0] := 0.2; transiterations := 100;

a=2-(exp(1))%

plotlist := NULL:
x:=nl[0];

plotlist := [x, 0]:

for jfrom 1 to iterations do
y:=evalf(F(x)) :

plotlist := plotlist, [x, y], [V, V]:
X:i=

od:

P := plot(|[ plotlist], colour = black, thickness = 2) :

C:= plot({F(n), n},n=0.5.0) :
display({P, C});

|
* AN

;)

>

1

% 1 2 3 4

n0:=0.2

transiterations := 100

(9)

(10)

(11)



> for gfrom 0.5by 0.01 to 2.2do
a:= g-exp(1)°:
x:=n[0]:
for jfrom 1 to transiterations do
y:= evalf (F(x)) :
X:=Y,
od:
for jfrom1 to 50do
y:=evalf (F(x)):
plotlist := plotlist, [a, X]:
X:i=Y,
od:
. od:
> Q:= pointplot([ plotlist], colour = black, symbolsize = 1) :

> display(Q);

| We see that the map undergoes a period-doubling cascade to chaos as a increases..
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;> restart:
| > with(plots) :
> Fi=n—n+ m;

Fi=n—n+n (1)
2 - where non-fixed points go .
> n[0] := 0.1; iterations := 10;
ny:=0.1
iterations:= 10 (2)
| > plotlist := NULL:
> x:==n[0]:
| > plotlist == [x, 0]:
> for jfrom 1 to iterations do
y:=evalf (F(X)) :
plotlist := plotlist, [x, y], [y, V]:
X =Y
L od:
| > P1 = plot([plotlist], colour = black, thickness = 2) :
> n[0] = -0.5;
My:=-0.5 (3)
| > plotlist = NULL:
> x:=n[0]:
| > plotlist == [x, 0]:
> for jfrom 1 to iterations do
y:=evalf (F(Xx)) :
plotlist := plotlist, [x, y], [, V]:
X:=Y
L od:
| > P2 = plot([ plotlist], colour = green, thickness = 2) :
> n[0]:= -0.8;
ny:=-0.8 (4)
| > plotlist := NULL:
> x:=n[0]:
| > plotlist == [x, 0]:
> for jfrom 1 to iterations do
y:=evalf(F(Xx)):
plotlist := plotlist, [x, y], [y, V]:
X:=Y
L od:
| > P3 = plot([ plotlist], colour = green, thickness = 2) :
> n[0] = -1;

ny:=-1 (5)



plotlist :== NULL:

x:=n[0]:

plotlist :== [x, 0] :

for jfrom 1 to iterations do
y:=evalf (F(Xx)):

plotlist := plotlist, [ x, V], [V, V]:

X =Y,
od:

P4 = plot(| plotlist], colour = green, thickness = 2) :

n(0]:= -1.05;
ny:=-1.05

plotlist :== NULL:

x:=n[0]:

plotlist :== [x, 0]:

for jfrom 1 to iterations do
y:=evalf(F(X)):

plotlist := plotlist, [ x, ¥], [V, V]:

X:=Y,
od:

P5 = plot(| plotlist], colour = black, thickness = 2) :

C:= plot({F(n), n},n=-1.2..1.0, F=-0.5..1) :
display(P1, P2, P3, P4, P5, C);

(6)
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