Heinz-Otto Peitgen Evan Maletsky

Hartmut Jiirgens Terry Perciante
Dietmar Saupe Lee Yunker
Fractals for the Classroom:

Strategic Activities Volume One

Springer-Verlag
New York Berlin Heidelberg London
Paris Tokyo Hong Kong Barcelona



Table of Contents

o T P PP v
7 7 - P N vi
Table of Contents . ............ooiiiiiiiiiiiiiiiitttieeeeieiieeeseeseesresesnnnsnneseenseeess vii
Connections tothe Curriculum ........... ..ottt eaes ix
Foreword by Benoit B.Mandelbrot ..............ccooiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeenns xi
Unit 1 SELF-SIMILARITY
Key Objectives, Notions, and Connections............cccvvvvnuuneeennnnn. 1
Mathematical Background .............coovviiiiiiiiiiiiiiiiiiiiieenn, 2
Using the Activities Sheets.........ccooviiiiiiiiiiiiiiiiiiiiiii e 6
1.1 Sierpinski Triangle and Variations...............ccoooiineeenn... 1
12 Number Patterns and Variations ..............cccoeeiiiiiiinnnan.. 13
13 Square Gasket ..o 15
1.4 Sierpinski Tetrahedron ........cccovviiiiiiiiiiiiiiiiiiiiiiiene, 17
B T 1 =YY 19
1.6 Self-Similarity: Basic Properties.............cccoiiiiiiiiinin... 21
1.7 Self-Similarity: Specifics........ccveviiiiiiiiiiriiiiiriinieneenn. 23
1.8 Box Self-Similarity: Grasping the Limit ........................... 25
19 Pascal's Triangle .......ccooiviiiiiiiiiiiiiiiiiiiiiiiiiiiieeann. 29
1.10 Sierpinski Triangle Revisited ..............ccoiiiiiiiiiiiininnnn.. 31
1.11 New Coloring Rules and Patterns...................coeviiiiinnn.... 3
112 Cellular Automata .........cccoiiiiiieiiiiiiiiiiiiiiiiiaaiiiieanaens 35
Unit 2 THE CHAOS GAME
Key Objectives, Notions, and Connections ...........ccccovvvvvvevennnnnn. 37
Mathematical Background .............ccoviiiiiiiiiiiiiiiiiiiiiiiiieen., 38
Using the Activities Sheets ..........c.oooiiiiiiiiiiiiiiiiiiiiiiieen 43
21 The Chaos GAmME ......ccooiuiiiiiiiiiiiiiieiieeareeeeeaaneereaaanes 47
22 Simulating the Chaos Game .............cccoviiiiiiiiiiiineennnnn 49
2.3 Addresses in Triangles and Trees .............ccevvvviiinenennnnn 51
24 Chaos Game and Sierpinski Triangle .................ccovevie.. .. 53
25 Chaos Game Analysis ..........cccoviiiiiiiiiiiiiiiiiiiiieeen., 55
26 Sampling and the Chaos Game ..................cccceiiiiiinia.... 57
27 Probability and the Chaos Game .............ccccevviivvvviinnnnnn... 59
28 Treesandthe CantorSet ...........ccovvviiiiiiiiiiiiiiiiiiieinnnn., 61
29 Trees and the Sierpinski Triangle ............cccccvvvivivienn.... 65
Unit3 COMPLEXITY
Key Objectives, Notions, and Connections ..............ccevvviiveenn.... 69
Mathematical Background ............cccoviiiiiiiiiiiiiiiiiiiiiiii 70
Using the Activities Sheets .............cooiiiiiiiiiiiiiiiiiiii i 75
31 Construction and Complexity ..........coovviiiiiiiiiiiiiinnnnan... i)
32 Fractal Curves .......ccooviiiiiiiiiiiiiiiiiiii it 81
33 Curve Fitting ....cocoiiviiiiiiiiiiiiiiiiiiiii e 83
34 Curve Fitting Using Logs ....cccovviiiiiiiiiiiiiiiiiiiiiiiieeeenns 89
35 Curve Fitting Using Technology.........ccooiiviiiiiiiiiiiiieinnnnns 91
36 Box Dimension.........ccccoiiviiiiiiiiiiiiiiii i, 93
3.7 Box Dimension and Coastlines .....................oceviiviinen, 99
3.8 Box Dimension for Self-Similar Objects ...............cccevvennnn. 101
39 Similarity Dimension ...........ccciiiiiiiiiiiiiiiiiiie 105
ADSWETSE e e et e e 109

Fractals for the Classroom vii Strategic Activities



