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A limit cycle 1s an 1solated closed trajectory. Isolated means that neighboring

trajectories are not closed; they spiral either toward or away from the limit cycle
(Figure 7.0.1).
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DD HESRENEHIRSSTER/RIE (vanderPol) & +Helle — 1)k +x =0,

T T T T T T T T T T ﬁ. = \Nlz N
5 5 j(a:/\, l%J]*EéXE[_lIl]IXlEjI
= = - R — N N s
r IRHBEANE, BN,
==
1 | 1{\ | E__rqu
clear
or 1 O 1 hold on
1 sys = @(t,x) [x(2);—x(1)-5*x(2)*((x(1)) "2-1)];
= [+ = ‘1 N g ¢ ks 7 lif N
SR st 2> 5 RE
vectorfield(sys, -3:.3:3,-10:1. 3:10) ;
2 2
| | | | | | | | | | i & [ B
0 100 200 300 400 500 0 100 200 300 400 500 600 700 [t,xs] = ode45(sys, [0 30],[1 1]):
mi\x.s,x..\mi;;;ﬁ\;xx. mLJ,LLx\\M:;;;;ﬂkk&L&\ %A Fode45fEsys;
bV VAN N TR LV L L L L L L Ly~ /_, 2 W W %plot(xs(:,1), b, Linewidth’, 2) ;%H £ B 15 &
T R T T T D W TR PR T TR VI . R A A : j
O e g VRV VRV Sh o4 % b Y S \v v oo plotxs(:,1),xs(:,2), ', Linewidth’, 2) ;% tH £
b e B Gl R g B e R R L L LU Ly~ L L L. hold off
FEEVE VRN A L L L Ly \ L1y
I ) J NN 11 ook o axis([-=3 3 =10 10])
T O0p N L3 b R OOF ¥ ¥4 : TR fsize=15;
R NR AR A T 1o NA YT A ' o .
N /./,...-:f S S T T W % R A Y set (gea,” XTick’,-3:1:3,’ FontSize’, fsize)
SE T R s e R TR R A SpT T 3T R E set(gca,’ YTick ,-10:5:10,’ FontSize , fsize)
womom f///f}‘\\'\wwq T T J{M‘\\'\W‘?TTﬂ i . g .
AN NN — NN R RN A T el IR W A 9 xlabel C x(t)’, FontSize’, fsize)
TN T L NN TTTT‘L????;‘\‘TTTT1 oot iR N :
qolrsana~ 7T~ At 0 T | S ol O T O Lol . L W S S ylabel C y(t)", FontSize’, fsize)
-3 -2 =1 0 1 2 3 -3 -2 -1 0 1 s 3  hold off
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» §%-4593%2 (A Saddle-Node Bifurcation ) ©=p—x 7y
-—() rﬁv _W = X -
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x In summary, there are no critical points 1f p 1s negative; there is one nonhyper-
bolic critical point at the origin if © = 0; and there are two critical points—one a
i 1 saddle and the other a node—when p 18 positive. The qualitative behavior of the
N FEER system changes as the parameter p passes through the bifurcation value py = 0.
= The behavior of the critical points can be summarized on a bifurcation diagram as

n depicted in Fig. 13.2.
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F=r(u—r?, 0=-1

a b -
. | function sys=HopfBifurcation(", x)
i SN NN global mu
\ s b e N A
ok T e SR TR T W WY X=x(1,:);
' Ve e O B (22)
T T T ERR
i = E:: ll' % Define the system
LA mmin, SET PYHmERKX, #1., "2;
: (N =YmirEX- X, #Y. 24
2 ‘:E / 777111 f//‘u“-«\\ ' ] = Q=mHFY-X-Y. "3;
f £ L f“ I | : global mu ' 2
| JHH 25 NNy R e
INEZ NS o st
A NANN P AN NN =t L)L mu=j/40-1; % mu goes from -
LA AN AN wﬁffff// RN LM = g rom —1 to 0.2.
T i W W 0 N M R AN .\\\::“:"-r’ G P options = odeset ( RelTol’, le—4, AbsTol’, le—4);
At e [ |
g \\“‘x*‘\“ﬁ-“ﬁh——t—*—'—rﬂfﬁﬁf = - .
AN AN NN INEEEE S ¢ RN r_i [t, x]=0de45 (@HopfBifurcation, [0 801, [x0 v0], options) ;
e plot(els, 1), x(:,2), b )z
le] ifu i ;
7 0;_ M ... I axis([-1 1 -1 1])
0'6_ 1 fsize=15;
| ] set (gca, " XTick’,—1:0.2:1,  FontSize', fsize)
a O.E set(gca, ' YTick’,-1:0.2:1, FontSize’, fsize)
ol > ool xlabel C x(t)’, FontSize’, fsize)
________ =il ylabel C y(t)’,  FontSize’, fsize)
o6l | title ( Hopf Bifurcation’,’ FontSize', 15):
T 08} : ,
- F(j) = getframe;
s 0/\53. s M N 08060402 0 02 04 06 08 1 ~end
EE;ED o | %1&“ G'fx_m movie (F, 20)‘
| =
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The Rossler System and Chaos x=—-(y+2, y=x+ay, z=b+xz—cz

C=6.3 b
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z(t)
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\\ ||.||| || || . J I |
” |
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ez 2/\1‘&551% y(t) 2 50 100
=53 TR (_Il«,l%Matcontalﬂ_F%zI FEEE, R+13Lhl)

There 1s no universally accepted definition for chaos, but the following characteristics are
nearly always displayed by the solutions of chaotic systems:

1. Long-term aperiodic (nonperiodic) behavior
2. Sensitivity to initial conditions
3. Fractal structure.




The Lorenz Equations

% sigma=10:r=28:b=8/3:
5B =

e Lorenz=@(t, x) [sigma*(x(2)-x(1));...
% pkx (1) —x(2)-x (1) #x(3) ;x (1) *x (2) -b*x (3) ] ;
% | options = odeset('RelTol’, le—4, AbsTol’, le—4);

X{t) 20 20 1oy({t)) -10 -20 ﬁ i | t, xa]=ode45 (Lorenz, [0 100], [15, 20, 30], options) :
g . pletd(zalz, 1) xal: 2) xal:.3))
¥
# | title(’' The Lorenz Attractor )
Bl
e fsize=1bh;
= ! y y 3 : ' :
Iﬁ . xlabel (" x(t)", Fontsize', fsize);
% | ylabel( y(t)", Fontsize,fsize);

) T M TR . zlabel (C z(t)’, FontSize’, fsize);

y(t)




Chua’s Circuit

Chua=@(t, x) [15%(x(2)—x(1)-(-(6/T)*x(1)+(1/2) ...

R ip N *(-(8/7)—(-5/T7))*(abs (x(1)+1)-abs (x(1)-1)))); ...
+ ¥ % (1)=x(2) #x(3) ;=25. 584z (2) ] ;
IR v v ——1 v N . , : . :
L ==l = N |z options = odeset (' RelTol’, le-4, AbsTol’, le—4);
| &, ¢ _ | t, xb]=0de45(Chua, [0 100], [-1.6,0,1.6], options) :
: plot3(xb(:, 1), xb(:,2),xb(:,3))

title(’ Chua s Double Scroll Attractor )

fsize=15;

xlabel ( x(t)’, Fontsize’, fsize);

ylabel C v(t)’, Fontsize', fsize):

zlabel ( z(t)’, FontSize’, fsize):

EBHMASE: FRRREIREIRN, XSG ER. KRBERARS
HRIVR RS, RETEEETHBRIEARZ RS, FBARE,

t R AY iy \ “ VA ML SN2
) o MEEESERTEEE, TSRS, DA EE0
dvy | (G(va —v;) — f“’l.”. dv; . (G(vy —vy) + f]‘ di Lo Ajﬁguﬁ?%'r%o

dt G, dt 0 dt 5
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) Poincaré Maps(LMERANWISHRFABI) t=» V =x—ky—x+ [cos(wr).

Poincare Section of the Duffing System T
Gamma=0. 8;

5 o deg=@(t, x) [x(2):x(1)-0.3*x(2)-(x(1)) " 3+Gamma*cos (1. 25%t) ] ;
_ I *® L5 | options=odeset (' RelTol’, le—4, AbsTol’, le-4):
\ ii|nﬁ%ﬁ' # [t, xx]=o0de45 (deq, 0: (2/1. 25) *pi: (4000/1. 25)*pi, [1,0]) ;
: . MO0/ plot (xx(:,1),’.", MarkerSize’', 2)

| plot (xx(:, 1), xx(:,2), k¥ ,’ MarkerSize’, 10) :hold on:
1 0 1 2

fsize=1b5;
‘ axis{[-2 2 -2 2])

xlabel ( x’, ' FontSize', fsize)

’f“qi:) P ! ylabel (v’ ,’ FontSize , fsize)
N . | title( Poincare Section of the Duffing System )

| deq=0@(t, x) [x(2):x(1)-0.3*x(2)—(x(1)) "3+0. 8*cos (1. 25%t) ] :
| options=odeset (' RelTol’, 1le—4, AbsTol’, le—4):
| [t, xx]=0ded5 (deq, [0 200], [1, 0], options) :
plot (xx(1000:end, 1), xx(1000:end, 2), ' b’, linewidth',’ 3’)
KIE— (SR | | |Ammerls

0.8 axis([-2 2 -2 2])

xlabel (' x’, FontSize', fsize)

1 0 '1 o, ylabel(Cy,’ FontSize', fsize)







