u/f)uy/vdw)

&
g{/’u’:&mw I (fhsr /65
) ._ .

Dr. A. Maleki http://amaleki.profile.semnan.ac.ir







SO Saolud (6l oo
coli bl L
0, Sl &l g o> S ]

seboas s,

Cgl & (w1 yaane
Soibld glei L




:‘S.AJQ dw ol ‘Sbéé o

Sloduzn LS, 091 walgs Hob w1525 9,10 Comod] jlown o 4w b gLas

DB jgp |y gl pulds

RVECSIESY

bas pla Dlo,l o dw b gLad Cownl
SLad .0, S (o0 (S (o dw Sk o
Ll (SO 38 slad jl Lglae g e I




'UQLQ.».O 6‘09.;.» X

.9 LQJT EP oy (Lol LG p 4y Jdxd g0gud a9 oyl il (] jo 4z 5]

00310 Juad cdoldl o g (a plxsl gums 99 9 S el glad (gl azsl asline) v 319 9 o0
20 i 450 5 5 Brdler g 955315 5 (Ka3alot9) okidd (6 g 1 g8 4
o Lod oSG OTﬁS S &1l gum aw Cdb> glasd

.:.
._
‘.
[ =
¢ !
¢ =
¢
‘
L 3
&
el
e !
e =
e !
.




sy b 65.».0@& tSl'“W"”"'“'.‘.""" ‘Slbyéle &‘93‘ X
(quasi-periodic attractor) ool 4 sbodls <

(chaotic attractors) ogol sodls

laS’ ax g
(strange attractor) coxe O3l Mol 2E

99 oyl (J9 98,5 o0 oolisiw! gl L3l Jolre

P
¢!
‘.
[ =
¢ !
¢ =
L
¢!
&
&
® L
e !
LB
e




&SLIQSM‘ )L’fé) ULOQ}.LO X
plo g5l (SN pue -
L5 9555l og slogplys -V

R &S0y s e il pled 2151y -V

(Sox 90 b SO > glasd o

olojon yob a1 wilgi oo Wlogjlo (1

Fig. 4.1 A sketch of trajectories in a three—dimensional state space. Notice how two nearby O gu 089!
trajectories can continue to behave quite differently from each other yet remain bounded by
weaving in and out and over and under each other.
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Table 4.1

Transitions to Chaos

1. Via Local Bifurcations

A. Period-doubling

B. Quasi-periodicity

C. Intermittency
1. Type I (tangent bifurcation intermittency)
2. Type II (Hopf bifurcation intermittency)
3. Type III (period-doubling intermittency)
4. On-off intermittency

II. Via Global Bifurcations

A. Chaotic transients
B. Crises
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Exer(:lse 4.4-1. The “forced” van der Pol equation is used to describe an
clectr!amc triode tube circuit subject to a periodic electrical signal. The
equation for g(r), the charge oscillating in the circuit, can be put in the
form

d’q dg
—+ —+4q(t) = gsinw
% Hmﬁ q(t) = g sinwt

Use the trick introduced earlier to write this equation in the standard form
of Eq. (4.4-1).

(Jol 4 po Jommiil yo0 0 ¥ olro oliws) o ylailicw! & yee 4 |y van der Pol sdlolze

T4 y@ 2+ 4 = g sin(ar)

[ x; (1) = q(0) Xy = —y(xq1) X, — x4 + g sinwx;
xz(t)=% 5 & = X3 (X1 = X

L x3(t) =t D ;=1 O q X2 = —x ¥(x1) — x1 + g sinwx;

| x3=1
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i Xy = f1(x1,xz,x3)
Xy = fz(x1,xz,x3)
L x3 = f3(x1; x21x3)

X1 =0 [ f1(x1,x2,x3) =0
-.xz =0 fZ(xlr x2;x3) — O

x3 =0 | f3(x1,%2,x3) =0
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| The index of a fixed point is defined to be the number of characteristic |
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1 - node

1s- spiral node

2 - repellor

2s- spiral repellor

3 - saddle point — index 1

3s- spiral saddle point — index 1
4 - saddle point — index 2

4s- spiral saddle point — index 2
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I
Spiral Repellor
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Spiral Node Saddle Point
> Index 1
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<— o —p Repellor
/ | Index 2
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Fig. 4.2. On the lefi, sketches of trajectories for fixed points in a three-dimensional state  Fig. 43. More sketches of trajectories for fixed points in a three-dimensional state space.
space. The location of the fixed point is indicated by the asterisk. On the right, the  Not shown are possible spiral versions of the two types of saddle points. On the right, the
characteristic values for the fixed points are indicated in the complex plane. The imaginary characteristic values for the fixed points are indicated in the complex plane. For a spiral '
part is plotted on the vertical axis; the real part on the horizontal axis. index-1 saddle paint, trajectories spiral toward the fixed point on the in-set surface. For a
spiral index-2 saddle point, the trajectories spiral away from the fixed point on the out-set
surface.
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