Patl 532 - fult 2017 | | 0
- Stin .
WW#I

) eceise b2 p 3
&) ) = e ~oe”
a‘ 6 /)CVL‘f’l = /‘tﬂ'r /K"LZ

. /X/K /){,}t—- f)C/wl
14 p -
o‘F\\tUl m’%’" Ly = Hn= & = 2
s 0 e et ikl
M-Q.chdw

o shblihy
\qv’mi

TR E




wdd/scﬂ foust, - par I, |
= T )
1&‘\&194 ()ﬂw‘iﬁ 1 ,+ | |
| |
6(06*\ o 2% Ja®) 1 % o
: &hm;q\x‘ - %
l(()Q\ . -l/ , ‘ \ - | ng
\ > \ Z&ﬁ

i X n LD,
MWMK&L\/\.[/)AM'

o Gl whiele

ﬁlﬁ&%tw @' (0) = | amd
& ) g g i O
Ul 2 T M, =0
M“WGL/JMLJ/»;()_

Eppple: Gb = bl )




7) Creeise 1.8 3G
gk Jors D500 xlix5).

Gty A (1,5
Xnr) = Moy [Z’X.W”’SB z /l,,‘_[zfxu’%_)(zdulzdndsy -‘6)

) i 2

o= o (25D 4 B0 o |25 i)
Jb,{’lbaﬁm nC =0, w23 amd
s o (1278 (1l «5) 5) « 4
Y& | e (1S (At 0o - 5)
® | > §ad - 20a? - o - 202" r F0x ¥
¢ Sud -Aoa’ r HO rak =0

@ b gt roxr 570 0"
O
WQWW%*ﬁW@{’Ma, ,
Aida N %—I
?) 6’507’
-’Q,(.)ci“féfa(,
Ak ¥ e
—a tD
~mt D
et e

0



Co (Y breowan
(-3) (> 9 - 1) =0

Vowe e ez D o
@ fi’\/l/:l_' 2 el

w2 - D
S purivd 7 it
7arncnl EETY
"11‘:!:"\2 \’JT
e St lole
To o L %%w Ard o o Al v o pEIVTL
we ol ot
) j
J e jy(fﬂ\ o
Zn Fun
We fond
()= 02%1’50(—
,? ’(nb\ “ 4‘/&’5
O.AML ‘Yo .

‘ﬁ‘_mm\a-m»\ - \(4(1&2\ ) (h-)-5) | - 2



T =

b (\-2) -9001+42) -20(1-VZ) +;z‘5\

i \-\(p o +a5\ : \-s6+as\ -2V} =2\ >

Yo gerich -2 ofoit o o RIWEL.



# period- darblia @

5 ,Fbc’) s \/@'—*16/
a) &kQ.QlJBS‘{TL‘J{‘ 5 i . /50&
x* = ok C: G & oé‘—O OW \=vo € 1)

' =-1 @ élv;fat*f: - Byt & = e
\33 Luafi““b(l\) (2N breonvanno (LUIJF&V:WL\

e o TR A o G
e ds = = =

phﬁ%% (2D ot (2)  we stotouin,

- I~ "
ro (& Offe%/xk'— 5.@-'%,2—&,6‘3C\‘~\ v,

Sx*
/l/% “o = = e
ot Bt
2 &6 = Sl = “_5_ 65
(a- %) 3 =
£
2 55,5

6) dw MMM%W%‘{’“}{”



| > restart:

> with(plots);
[ animate, animate3d, animatecurve, arrow, changecoords, complexplot, (1)

complexplot3d, conformal, conformal3d, contourplot, contourplot3d,
coordplot, coordplot3d, densityplot, display, dualaxisplot, fieldplot,
fieldplot3d, gradplot, gradplot3d, implicitplot, implicitplot3d, inequal,
interactive, interactiveparames, intersectplot, listcontplot, listcontplot3d,
listdensityplot, listplot, listplot3d, loglogplot, logplot, matrixplot, multiple,
odeplot, pareto, plotcompare, pointplot, pointplot3d, polarplot, polygonplot,
polygonplot3d, polyhedra_supported, polyhedraplot, rootlocus, semilogplot,
setcolors, setoptions, setoptions3d, shadebetween, spacecurve,
sparsematrixplot, surfdata, textplot, textplot3d, tubeplot]

> Fi=n— I’-(HZ)'GXD(—S'”);
Fi=norn‘e " (@)

First, we let r take on a value less than r_c.

> n[0] = 0.2; r:= 25; iterations = 10;

ny:=0.2

r:=25
i iterations:= 10 (3)
| > plotlist :== NULL:
> x = n[0};

x:=0.2 4)

> for jfrom 1 to iterations do
y:=evalf(F(Xx)):
plotlist := plotlist, [ x, V], [V, V]:

X:=Y,
od:

:> P = plot(| plotlist], colour = black, thickness = 2) :
| > C:= plot({F(n), n},n=0..1.0):
> display({P, C});
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| We see that in this case, the positive steady state is stable.
Now we look atr >r_c.

> n[0] = 0.2; r:= 40; iterations = 10;
ny:=0.2
r:=40
i iterations:= 10
| > plotlist = NULL:
> x:=n[0];
i x:=0.2
> for jfrom 1 to iterations do
y:=evalf (F(X)) :
plotlist := plotlist, [ x, V], [V, V]:

X =Y,
od:

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

(5)

(6)



| > C:= plot({F(n), n},n=0.1.0):
> display({P, C});
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Here we see that the system is not attracted to the positive steady state. To see what
the final behaviour is, we omit the transients from the plot.

> plotlist :== NULL :

> for jfrom 1 to iterations do
y:=evalf(F(Xx)):
plotlist := plotlist, [ x, y], [V, V]:

X =Y,
od:

> P:= plot([ plotlist], colour = black, thickness = 2) :
> C:= plot({F(n), n}, n=0..1.0) :
> display({P, C});




0.8

0.6

0.4

0.2

o
0 0.2 0.4 0.6 0.8 1
n

We see that the system has a stable two-cycle. So the bifurcation atr=r_cis a
| period-doubling bifurcation.

We now plot the bifurcation diagram.

[ > plotlist := NULL: n[0] := 1; transiterations := 100;
ny:=1
transiterations := 100 (7)

> for rfrom 25by 1 to45do
x:=n[0]:

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

X:=Y,

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

plotlist := plotlist, [ r, X] :

X:=Y,




od:
od:

:> P := pointplot(| plotlist], colour = black, thickness = 2) :
> display({P});
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Here we see the bifurcation plot, showing a period-doubling bifurcation near the
| critical value r=r_c.




