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A sketch of trajectories in a three-dirherisional state space. Notice how two
Dearby trajectories, starting near the origin, 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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Stisteemi 3 + g(x,4) = f(t) Poincaré 16ike nummerdatud
punktid z, @-tasandil. Thompson, Stewart, 1986.

(a) iihedimensionaalne Poincaré 16ige; (b) kahedimensionaalne
Poincaré 16ige. Thompson, Stewart, 1986.
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Uhekordselt perioodiline litkumine: (a) faasikdver; (b) aja-tee
diagramm. Verhulst, 1990.
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diagramm. Parker, Chua, 1989.



G(x,y,2)=—cx +ay ,
G,(x,y,z)=—y+rx —xz, (12)

Gy(x,y,z)=—bz +xy ,

~

Lorenz 63 *
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FIG. 1. -Chaotic time series x () produced by Lorenz (1963)
equations (11) with parameter values r=45.92, b=4.0,
o=16.0.

FIG. 2. Lorenz attractor in three-dinensiondl phase space
(x(8),y(2),z(1)).

x(t+2°dT)

FIG. 7. Lorenz time series x () (Fig. 1) cmbedded in a three-
dimensional phase space (x (t),x (¢t +dT),x(t +2dT)),dT =0.2.
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~ The two-step Lax=Wendroff method calculates the vee-
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Fig. 2 - Distance—time plane for the two-step Lax—Wendroff
method (a) and the MacCormack predictor—corrector
method (b).
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‘Figure 2 - Maillage wtilisé pour Iétude d'une structure en construction automobile (document communiqué par
Paugeot S.A.). '

VAVAVA R4y

Flgufa 3 - Centrale hydroélectrique de Long Tan (République populaire de Chine) : effet du ‘creusement. L'intensité
de la couleur visualise I'amplitude du déplacement. Etude effectuée par le Laboratoire central des ponts
ot chaussées pour E.D.F.). :
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Fig. 10. Boeing 747
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Fig. 7. Utah teapot
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cigure 4:5.1. The comptex ramited structure of typica: asrve cells in the cercbral cor-

i~ jz depicted.
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FIG. 3. North-south asymmetry in the Jovian cloud deck. This cylindrical map projection shows high latitude votices, the White Oval BC below the Great
Red Spot and three of the small whitc ovals at 40°. Combined with information from Tables I and 11 it can yield esti of ; pheric p
(NASA/IPL).

5 - 5
FIG. 14. Two phatographs of time-dependent m=S$ flows in an i tly heated i 1us subject to strong internal heating (pawer input =10° W) and

rapid rotation (2=4.45 rad sh (Rc;. 27). Flows are illuminated at the upper level (z/D=0.7) and visualized using a susp of powder in
watcr. : .
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Fig. C.1: The first six stages in the geheration of the von Koch snowflake curve. The OL-system
is given by the axiom "F", the angle § = % and the production rule F — F—F++F—F.



Cauliflower

Self-Similarity
Figure 2.1 :  The self-similarity of an ordinary caulifiower is deron-
strated by dissection and two successive enlargements (bocom
The small pieces-lock similar to the whole cauliflower head.
- ] ¢
step 1 “step2
step 3 step 9

Figure 2.63 : Basic idea of a Pythagorean tree.

e

Figure 2.67 :  Construction with Isosceles triangles which hav

annla araatar than an°



Figure 265 : The wo constructions carried out some 50 times.
Note that the size of the triangles is the same in both.



Rectangle in MRCM

Figure 113 :  Starting with & rectangie the leration leads 1o the
Sierpinski gaskat. Qmmmhﬂwmmmeresunafter

$OMe More Neratons (lower right).
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| NCTMNCTM TN S i,
o
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‘;'Figure‘ 1.14 :  We can start with an arbitrary image — this it;a}ator
will always lead to the Sierpinski gasket.
MRCM for the @ oo
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;Fi'gf.ure 5.1: Three iterations of an MRCM with three different initial
Images.
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Figure 2.4 Symmetrics of the plane. (a) Translation. (b) Rotation. (c) Réflection.
(d) Glide reflection .
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Figure 5.22: Biueprint of Bamsiey's fem.

Translations | Rotations Scalings

e I () ¥ r ]
1100 1.6 25 -25[085 085
2100 16 |49 4903 034}
3100 044 | 120 -50 40.3 0.37
4100 00 0 0 0.0 0.16

Table 5.23: Transformations for the Barnsley fern. The angles are ‘

given in degrees.

Barnsley’s Fern

Blueprint of Barnsley’s
Fern

Bamsley Fern
Transformations

Figure 5.25 :

four lens systems.

Barnsley's fern generated by an MRCM with only




=) A Dragon With
Threefold Symmetry
=]
=
Figura 5.11 : The white ine is inseried only 1 show that he figurs
6an be made up from three pars simitar 1o e whole.
L The Cantor Maze
d b
Figure 512 : IFS with three transformations, one of which Is a
similarity. The attrcator is related to the Cantor set. ‘
an Crystal with Five
Transformations
L !
19 L
b -
‘Figure 5.15 :  IFS with five similarity transformations. Can you see
Koch curves in the attractor?
A Tree

Figure 5.16 :  The attractor of an MRCM with five transformations
.can even resemble the image of a tree (the attractor is shown twice
‘as large as the blue-print indicates).
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[Figure 5.10
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Figure 5.11
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0.000 0.577

-0.577
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Figure 5,12

0.336 0.000.
0.000 0.333.
0.000  -0.333

0.000
1.000
1.000

0.335
0.000
0.000

0.0662
0.1333
0.0666

0.1333
0.0000
0.0000

Figure 5.13

0.387 0.430
0.441 -0.091
-0.468  0.020

0.430
-0.009
-0.113

-0.387
-0.322
0.015

0.2560
0.4219
0.4000

0.5220
0.5059

= 0.4000°

Figure 5.14

0.255 0.000
0.255 0.000
0.255 0.000
0.370  -0.642

0.000
0.000
0.000
0.642

0.255
0.255

0.255.

0.370

0.3726
0.1146
0.6306
0.6356

0.6714
0.2232
0.2232
-0.0061

Figure 5,15

0.382  0.000
0.382  0.000
0.382  0.000
0.382  0.000

0.382  0.000.

0.000
0.000
0.000
0.000

* 0.000

-0.382

0.382
0.382
0.382

0.382

0.3072
0.6033
0.0139
0.1253
0.4920

0.6190
0.4044
0.4044
0.0595
0.0595

Figure 5.16
0.195 -0.488
0462 0414
-0.058 -0.070
+0.035 0.070
-0.637  0.000

0.344
-0.252
0.453
-0.469-
0.000

0.443

0.361.

-0.111
-0.022

0.501-

b oo
0.4431

02511,

0.5976
0.4884
0.8562

0.2452
0.5692
0.0969
0.5069
0.2513

Figure 5.25
0.849 0.037
0.197 -0.226
-0.150 0.283
0.00  0.000

-0.037
0.226
0.260
0.000

0.849

0.197
0.237
0.160

0.075
0.400
0.575
0.500

0.1830
0.0490
-0.0840
0.0000

Table 5.48 : Parameter table for the figures In this chapter."







