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“This book is dedicated to my wife — Phyllis Dew Kaye, who has
enriched my walk through the Dimensions of Life.”
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Preface to the Second Edition

The response of readers to the first edition of this book on randomwalk modelling
of fractal systems has been most gratifying. It has been a pleasure to receive letters from
many people all over the world expressing interest in the subject matter and suggesting
improvements for a second edition. Because of pressing demands on my time it was
decided that in order to meet deadlines for a second edition the only feasible strategy
was to add an extensive bibliography of the rapidly developing applications of fractal
geometry.

Indeed, since the first edition of the book it is now becoming apparent that it is useful
to differentiate between pure fractal geometry resplendent with Mandelbrot sets and
Julian sets, the exotic coloured patterns of which make Joseph’s coat of many colours
look drab, and the prosaic down to earth measurement of the fractal dimensions of
broken rocks and sooty fineparticles. Elsewhere I have explored the basic theory underly-
ing Mandelbrot’s exotic coloured set (Chaos & Complexity, VCH, 1993) and I continue
to collect applications of fractal geometry to materials science and allied subjects, which
hopefully will be described in detail at some future date. Accordingly I would like to in-
vite people to write to me if they have new applications of fractal geometry that have
escaped my attention. In structuring the bibliography I decided to order the list accor-
ding to author name, since it would have been too big a task to identify appropriate key
words for each paper.

I would like to thank Dr. Ute Anton and Dr. Peter Gregory for their enthusiasm and
support in the development of the second edition of this book, and I hope that the topic
continues to fascinate many people. As always my thanks go to Garry Clark for his en-
thusiastic support and work on the bibliography. A

Sudbury B. H. Kaye
December 1993



Preface to the First Edition

I am not sure whether one should write the preface of a book before or after one has
completed the book. I have written this preface after I have written the book. Now that
it is finished T am rather nervous of some of the simplifications that T have had to make
in my presentation of complex ideas. I am reminded of the Italian proverb that “the
translator is a traitor’. When trying to simplify complex ideas one has to make simple
statements which if one were to be making them in a professional context would be
surrounded by cautionary statements and other comments on the limitations of the
statements. Furthermore fractal geometry is growing so rapidly and ideas are devel-
oping so quickly that it is easy to make mistakes — if the reader detects mistakes please
remember that “A man who never made a mistake never made anything™. After using
my first book (on the Characterization of Fineparticles) in a class, a student handed me
two pages of corrections to be used in a future edition; hopefully there will not be too
extensive a list of corrections to be made in a future edition of this book.

In retrospect, this book appears to be about randomwalk theory as much as about
fractal geometry — this re-enforces the dictum I give my students — *‘scratch a fractal
and you will usually find a randomwalk generative model underlying the fractal form”.

As I look through some of the recent books on fractal geometry with their brilliant
pictures of complex fractal sets my book appears pedestrian; this book is not glamorous,
it is intended for a “first reader” in the nuts and bolis of applied fractal geometry.
Hopefully readers will bear this intent in mind as they pursue a randomwalk through
fractal dimensions.

Sudbury B. H. Kaye
January 1989



Acknowledgments

First of all I would like to thank Dr. Helmut Griinewald of VCH Publishers who
enthusiastically listened to my plans for a possible book an Fractal Dimensions during
a visit to Heidelberg. In particular I was pleased that he encouraged me to write in the
first person since I believe that this facilitated the presentation of the difficult ideas
presented in this textbook. I would also like to thank Dr. Mandelbrot for inviting me
to a conference on fractal geometry held in the conference centre of the University of
Grenoble in Les Houches France in the early spring of 1985. This conference exposed
me to the wide world of applied fractals. One of the pleasures of working in fractal
geometry has been the development of a personal acquaintance with Dr. Mandelbrot and
his wife Aliette who is a charming supporter of her husband’s theories and endeavours.

Over the 10 years in which I have been active in fractal geometry, many students have
participated in exploratory experiments to look at new applications of fractal geometry.
Several of them are acknowledged in the text of the book. It is not possible to list all
of the students who have helped me do develop my ideas on fractal geometry, however,
I would like to especially thank student and Research Associate Mr. Garry Clark. Garry
has always been very willing to carry out new experiments and has provided much of
the data presented in the graphs of this book. He also drew most of the diagrams and
co-ordinated the photographs required for this book. Without his sustained effort over
a period of 4 years, it is doubtful that the book would have been written. Research
Associates Remi Trottier and John Leblanc have been very active in helping me to
define my ideas in various discussions and in carrying out experiments to test fractal
theories. Barney MacFarlane and Robert Harrison also were of great assistance in
generating data for the graphs. In the closing part of the activity Mr. Stephen Horod-
ziejczyk was invaluable in preparing the final text on the word processor. Many typists
have worked on converting dictated tapes to final scripts. My daughter Sharon was a
major contributor to the editorial and typing process that has produced the book. My
other daughter Alison has also contributed to the typing effort as have Mrs. June Talbot,
Mrs. Linda Romas, Mrs. Donna Marshall, Mrs. Diane Hrytsak, Miss Vernice Thomas
and Miss Leila Lindroos. My colleague Professor Ian Robb has been a constant
supporter of my efforts to master fractal geometry and has been a great help in clarifying
some of the more difficult aspects of the theory of fractals. Dr. Rizwan Haq of the
Physics Department has also maintained a constant interest in the project. I would also
like to thank the people who have sent me the literature over the years and who have
helped me in my discussions of fractal geometry. In particular I would like to thank
Dr. John Davidson of Avon Lake, Ohio, Mr. Alan Flook of Bedford, England, Dr. Engl-
man of Israel and Professor Klinzing of the University of Pittsburgh, who stimulated my
activities in fractal dimension through their comments and ideas.

The writing of this book was interrupted by a serious illness and I would like to thank
Drs. E. MacCallum and A. Adegbite and the staff of the Neurosurgery ward of the
Sudbury General Hospital for their care and attention which made it possible for me to
return to my work on this book. B. H. Kaye, January, 1989



This Page Intentionally Left Blank



Contents

Word Finder XIV
Coloured Plates XVII

1 A Starting Point for the Randomwalk 1
References 11

2 Fractal Description of Fineparticle Boundaries 13

2.1 The Fractal Dimensions of a Famous Carbonblack Profile 13

2.2 The Dangerous Art of Extrapolation for Predicting Physical Phenomena 20
2.3 Discovering Texture Fractals 25

2.4  Experimental Methods for Characterizing Fineparticle Boundaries 38
References 53

3 What Use are Fractals? 57

31 Elegance and Utility of Fractal Dimensions 57

3.2 Fractal Description of Powder Metal Grains and Special Metal Crystals 57
33 Fractals and the Flow of Dry Powders 73

34  Fractals in the Mining Industry 75

35 Fractal Structure of Cosmic Fineparticles 90

3.6  Fractal Structure of Some Types of Sand Grains 92
3.7 Fractal Structure of Some Respirable Dusts 95

3.7.1 What is the Technical Meaning of Respirable Dust? 95
3.7.2 Is Fumed Silica a Respirable Hazard? 103

3.7.3 Dust from Nuclear Reactor Systems 104

3.7.4 Fuse Fumes and Welding Dust 106

3.7.5 Characteristics of Dust Generated by Explosions 107
3.7.6 Diesel Soot and Fumed Pigments 109

3.7.7 Fractal Specimens of Flyash 113

3.8  Polymer Grains and Rubber Crumbs 116

3.9 Fineparticle Look-Alikes 117

References 124

4 Delinquent Coins and Staggering Drunks 129

4.1 A Capricious Selection of Terms that Describe Random Events 129
4.2 Chance, Probability and Error 134

4.3 Monte Carlo Technique for Studying Stochastic Processes 137

4.4 Randomwalks in One-Dimensional Space 140

4.5 Delinquent Coins and Cantorian Dusts 144

4.6 The Devil’s Staircase and Crystal Structure 150



Xil

Contents

4.7

4.8
49

Pin-ball Machines and Some Random Thoughts on the Philosophical
Significance of Fractal Dimensions 151

Plumes with Fractal Boundaries 163

Gaussian Graph Paper, Fractal Distributions and

Elephants in the Face Powder 164

References 168

5

5.1
5.2

5.3
54
5.5
5.6
5.7

Fractal Systems Generated by Randomwalks in

Two-Dimensional Space 171

Randomwalks on a Rectangular Lattice in Two-Dimensional Space 171
The Use of Polar Co-ordinates to Describe

Random Progress in Two-Dimensional Space 179

Randomwalk Modelling of Fractal Deposits in Two-Dimensional Space 188
Pigmented Coatings and Percolating Systems 212

Mathematical Description of Fractal Clusters 222

Percolating Pathways and Scaling Properties 228

The Fractal Structure of Clusters Generated by

Diffusion-Limited Aggregation (DLA) 245

References 255

6
6.1
6.2

6.3
6.4
6.5
6.6

Vanishing Carpets, Fractal Felts and Dendritic Capture Trees 261
Sierpinski Carpets and Swiss Cheese 261

A Fractal Description of the Deposition Efficiency of Simulated
Pesticide Spray Systems 266

Sierpinski Fractal Description of Real Dispersed Systems 270
Exploring the Fractal Structures of Filters 275

Dendritic Capture Trees in Filter Systems 285

Cantor on the Rocks 290

References 293

7

7.1

7.2
7.3

7.4

An Exploration of the Physical Significance of Fractal Structures
in Three-Dimensional Space 297

Randomwalk Theory of Powder Mixing in Three- and
Four-Dimensional Space 297

Fractal Geometry and Aerosol Physics 306

Assessing the Fractal Structure of a Rough Surface

from Adsorption Studies 316

Interpreting Intrusion Porosimetry Data from a

Fractal Geometry Perspective 320

References 323

8
8.1
8.2

Fractal Fingers and Floods 327
Fractal Fingers 327
Fractal Floods and Fronts in Porous Media 330

References 335



Contents X111

9 Fracture, Fragments and Fractals 337
9.1 The Fractal Structure of Fractured Surfaces 337
9.2 Describing Progress of a Fracture Process From a Fractal Perspective 343
93 The Fragmentation Fractal. A New Fractal

Dimension for Characterizing a Fragmented System 351
9.4  Fractal Geometry and New Perspectives in the

Mineral Processing Industry 358
9.4.1 Dust Explosions 358
9.4.2 Energy Efficiency in a Pulverization Process 361
9.5 Brainstorming About Fractal Geometry and the

Fracture Resistance of Composite Materials 365
References 369

10 Signposts to More Rambling Explorations of Fractal Space 371
Signpost 1  General Ramblings 371

References 374

Signpost 2 Fractal Scenery and Artistic Vision 377

References 379

Signpost 4 Lakes, Islands and other Geofractals 380

References 388 '

Signpost 5  Trees, Crabs, Cauliflowers and Camouflage 390

References 391

Signpost 6  Fractal Geometry and the Structure of Catalysts 391
References 393

Signpost 7 Solid-State Physics 394

References 394

Signpost 8 Butterflies, Ants and Caterpillars in the Garden of Eden 395
References 397

Signpost 9 Turbulence and Chaos 397

References 402

Signpost 10 The Philosophical Impact of Fractal Geometry 402
Signpost 11 Fun with Fractal Logic 404

References 410

Bibliography 411
Author Index 417
Subject Index 419



Word Finder

Abscissa

accuracy

acronym

adsorption isotherm
ad nauseum
aerodynamic diameter
agglomerate

aggregates 14,

algorithm

alloy

alveoli

amorphous

analogue computer
Angstrom

anisometry

annealing

Apollonian gasket
Apollonian packing
archipelago

arithmetic probability curve
arithmetic probability paper
aspect ratio

asymptotic

atomization

attrition

average

axis

Backbone of a cluster
bakelite

ballistic accretion
ballistic cannon
ballistic fracture

ball miil

bell curve

berserk numbers
berylliosis
Besicovitch dimension
biased randomwalk
binder

biological availability
blackbody radiator
bond percolation
Brownian motion
bug

bulkiness

Cancer

Cantorian dust
Cantorian points
Cantorian triadic set
capricious numbers
capture trees

carbonblack 14
Cartesian coordinate system 171
cartography 381
catalysis 391
CAT scanning 306
cauliflower 373
centre of gravity 224
ceramic 95
chance 134
chaos theory 149, 400
chromatography 189
chunkiness 64
cilia 101
cohesive powder 302
colander 232
colloid science 70
compactness 64
composite material 271
compressive stress 344
computerized axial

tomography 306
convection 302
convective mixing 299
convex huil 16
cosmetics 400
cosmojogy 149, 400
cryogrinding 77
curved space 188
Dataspace 65
dendrites 285
depth filter 277
devil’s staircase 150
dice 91
diffuse 183
Diffusion Limited Aggregation

(DLA) 177
dilation (of a powder) 302
dimensionless number 17
drifting randomwalk 174
Eden model 395
electret 283
electrolysis 66
electrostatic precipitator 141
elution 189
embryonic fractals 310
entomology 139
ergodic process 137
eriometry 83
erosion-dilation logic 47
error 156

etymology
extrapolation

Fallacy

feedback control

feedforward control

felt

ferets diameter

ferrography

filter cake

flocs

floculents

flow agent

fluidized bed combustion

flyash

fourier transform

fractalicious

fractal dragon

fractal space

fractography

fracton dimension

fracton

fractophilic

fracture profile analysis

fragmentation fractal
dimension

free flowing powder

fumed silica

fume

Gangue
Gaussian probability
grinding circuit

Hansen filter

Hausdorff

holograph

hydrodynamic chromato-
graphy

hydrometallurgical techno-

logy 81,

Ideal fractal curve

ignition temperature

impact crushing

impact grinding

inertia

insect

intrusion porosimetry

invasion percolation

ion

irrational number

isoaerodynamic
fineparticles

153,

165
76

289
374
130

190

238

32
359
344
344
226
224
320
234
199

20

309



Word Finder XV
Karman street 397  optical holography 130 scrutiny 129
Korcak’s relationship 354  ordinate 171 seed of the cluster 177
orthogonally 177 self similarity 35
Lacunarity 236 self-avoiding
laminar flow 397  Paper 278 randomwalk 173
lapidarian 79  paper chromatography 190  shearing 299
laser 133 paradox 147  shellac 100
lattice 171 passive mixers 305  shotting process 59
lattice animals 223 percolation correlation length 236  Sierpinski carpet 261
laws of Qhance 154 percolatjon theory 232 Sierpinski felt 278
leaching 81  perfume 96  Sierpinski fractal 264
Levy dust 297  pewography 291  silicosis 103
Levy type flight 298  photozone stream counter 307  silver membrane filter 275
lexicographer 129 phytoliths 118  sintering 57
lodgability factor 101 pigeon hole model 384  site percolation 234
lodgability 311 pigment loading 71  slit-island technique 340
logarithm 21 ixel 49  slurry 73
log-normal distribution 208 glethosphere 114  spherical chicken syndrome 16
plume 152  spiral-disk aerosol
Mapping space 188 polar coordinate system 179 spectrometer 309
map area 353  powder metallurgy 57  spray drying 73
Markovian process 149 precision 156  stationary mixers 305
melt down 106 probability 134  statistically self-similar 35
membrane filters 277  probability distribution 153 stochastic process 136
Menger sponge 305  probability graph paper 165  streamlines (in fluid) 397
metallurgy 57  probability space 188  structural fractal 27
metal leaf 67 probit scale 165 structure 26
microbiological mining 238  Procrustian 156  structured walk technique 17
microsecond 347 profilometer 79  succolating 237
microtome 271 projected area of an island 353  surface filter 2717
millcharge 78  pseudo homogeneous 236  surface tension 203
mineral grains 75 pseudo Levy flight 298
mineral liberation 75 pulverize. 349 ailings pond 75
moment of _force_ 226 pyroclastic 94 tension 347
moment of memz! 226 pyrolytic graphite 372 textural fractal 27
Monte Carlo routine 137 403 texture 2%
moonlight (to) 129 Quantum . thizt 1 hre h 190
morphology 26 quantum mechanics 158 i layer 1:3 omatography 206
mosaic amalgamation 47  Quantum theory 363 :gnme(;grap Y 270
Radius of gyration 224  topograph 26
Nanometer 34 randomwalk 140 togolg;gg Y 407
natural fractal 33 random diffusion 299 trema 261
nebulization 64 random number 131 ribology 79
nominal ratlr.lg' 275 random system 133 turbulent- 397
non-self-avoiding ratio 21
randomwalk 172 Red Sea 373y . .
normalizatignbof the variable 18 .o oo dex 214 nstable equilibrium 226
normal probability .
distribution 153 :ﬁzrc))llrc?g/e dust 12; Vapour pressure 204
nucleating centre 177 Richardson plot 19  Yector quantity 180
Nucleopore filter 277 Lock matrix 75 VlSlCOSItyfr on of a i 311
Rorschach test qq Volume action of a pigment
Olbers’ paradox 297 Rosiwal intercept method 290
off road dust 109 Washburn equation 320
Ogive curve 164  Scaling function 239 welders fever 106
on-line size analysis 83  scoracious 90  whiting 212



This Page Intentionally Left Blank



Coloured Plates

Plate 1 (Figure 3.54). Computer modelling of the growth of a city leads to the simulation of a
city outline not unlike that of the sponge fineparticles of Figure 3.1(a) (from M. Batty, “Fractals-
Geometry Between Dimensions,” New Sci., April 4 (1985) 31-35; reproduced by permission of
M. Batty).

Plate 2 (Figure 5.27). The use of colour to label early, medium and late time arrivals of pixels
on the growing dendrite illustrates the growth dynamics of the dendritic structures under different
electrodeposition conditions. Red pixels denote the early arrival pixels, yellow the pixels that are
deposited in the middle stage of growth simulation and green denotes the late-arriving pixels
(reproduced by permission of Richard F. Voss/IBM Research).

Plate 3 (Figure 5.48), The transition from non percolating systems to percloating systems at
59.28 lattice occupancy is illustrated by computer simulation studies carried out by R.F. Voss [49,
54].

(a) Cluster build up at lattice occupancy of 59%.

(b) At a lattice occupancy of 59.30% a complete pathway exists from top to bottom of the
lattice.

(c) An enlarged portion of (b) illustrates the self similarity of the occupied lattice at higher
magnification, an essential feature of fractal systems.

(@ At alattice occupancy of 59.60% the continuous cluster has started to “mop up” subsidiary
clusters existing in the lattice in (a) and (b).

(Reproduced by permission Richard F. Voss/IBM Research).

Plate 4 (Figure 5.51). The meaning of the term lacunarity, used to describe a fractally
constructed, partially occupied two-dimensional system, can be appreciated from the above
photograph of a 3000 x 3000 units occupied lattice at an occupancy rate of 59.9%. The holes look
like an aerial photograph of a region rich in lakes. Lacunarity means, “filled with lakes.”
(Reproduced by permission of Richard F. Voss/IBM Research.)

Plate 5 (Figure 5.53). The backbone of a fractally constructed cluster is an important property
of the cluster. The structure of the backbone of a ramified cluster has been studied extensively
by computer simulated by Voss et al. [54].

(a) Lattice cluster at 0.580 occupancy.

(b) Backbones of clusters in (a).

(©) Lattice cluster at 0.593 occupancy.

(d) Backbones of the clusters in (c).

(e) Lattice cluster at 0.610.

69) Backbones of the clusters in (e).

(Reproduced by permission of Richard F. Voss/IBM Research.)

Plate 6 (Figure 5.60). Colour coded structures of the agglomerates grown by the MDA and CDA
by Voss illustrate the stages of the growth of the cluster. Red denotes early stages of growth,
yellow the intermediate stage of growth and green the last stages of the simulated growth
(reproduced by permission of Richard F. Voss/IBM Research).

Plate 7 (Figure 9.11). Dr. Mandelbrot has suggested that Squig type fractal models may be useful
in modelling dynamic cracking of systems [29, 30, 31] (from B.B. Mandelbrot, “The Fractal
Geometry of Nature,” W.H. Freeman & Co., San Francisco, 1983. Reproduced by permission of
B.B. Mandelbrot).



XVIIL  Coloured Plates

Plate 8 (Figure 10.2.1). The visual beauty of fractal art is one of the reasons for the excitement
amongst the general public over the discovery of fractal geometry. (The fractal vista shown in
this figure was created using the theories of fractal geometry by Alan Flook. Reproduced by
permission of Dr. Alan G. Flook, Unilever Research Laboratory.)

Plate 9 (Figure 10.2.3). This mathematical microbe appearing in the trade literature of the
company manufacturing high-resolution microscopes (Tracor Northern) is actually a fractal
system used to demonstrate the resolution of the electron microscope (photograph courtesy of
Tracor Northern, Middleton, Wisconsin).

Plate 10 (Figure 10.2.5). Fractal designs are beginning to appear on greeting cards.

(a), (b) Front and back of a New Year’s Greeting Card. (Pictures from the greeting card used by
permission of ACDS Graphics Systems Inc., 100 Edmonton St., 232, Hull (Quebec), Canada, 184
6N2.)

(c) Fractal postcard manufactured by Art Matrix Corporation. (Courtesy of Art Matrix Corp. and
Cornell National Supercomputer Facility, P.O. Box 880, Ithaca, NY., 14851-0880.)

Plate 11 (Figure 10.2.6). The Voss mountains, which have appeared in IBM commercial
advertising, are a graphic creation out of this world generated by Dr. Richard Voss. (Reproduced
by permission of Richard F. Voss/IBM Research.)

Plate 12 (Figure 10.4.3). Many of the pictures generated by satellites surveying the surface of
the earth manifest fractal structures which may have some significance in determining the origin
of the various features visible in the field of view [10]. (Reprinted from GEOS, Vol. 15, No. 3,
Energy, Mines and Resources Canada.)

Plate 13 (Figure 10.4.6). A Fractal crystal in gabbro (a type of rock) located in Munro Township,
Ontario, was discovered by Dr. Fowler of Ottawa University (in the language of the geologist, the
“fern” is Harristic textured pyroxene) [16].

Plate 14 (Figure 10.7.1). A Fractal front produced by a simulated system of particles diffusing
on a 256 by 256 pixel screen {2]. (From B. Sapoval, M. Rosso, J.F. Gouyet and J.R. Colonna,
“Dynamics of the Creation of Fractal Object by Diffusion and 1/f Noise,” Solid State lonics, 18
and 19, pp. 21-30 (1986), North-Holland Physics Publishing, a division of Elsevier Science
Publishers, Physical Sciences & Engineering Division, Amsterdam, The Netherlands.
Reproduced by the permission of Elsevier Science Publishers and B. Sapoval.)
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1 A Starting Point for the
Randomwalk

Fractal dimensions were introduced to the English-speaking scientific community in
1977 by Benoit Mandelbrot, their inventor, in a book entitled “Fractals: Form, Chance
and Dimensions” [1]. I became aware of this book through a brochure sent to me by the
Library of Science Book Club, which operates from New Jersey in the United States. In
their description of the book, the reviewers for the Library of Science mentioned that
Mandelbrot discussed in the book the problem of the length of the coastline of Great
Britain. I did not know what a fractal was, but I did remember seeing an article by
Mandelbrot on this problem when browsing through the journal Science in the 1960s.
In his article in Science Mandelbrot had drawn attention to some earlier work by Louis
Fry Richardson, who had pointed out that a simple question such as, “how long is the
coastline of Great Britain?,” has no answer apart from an operational description of how
one estimates the length of the coastline [2]. For example, if one draws the coastline
of Great Britain as shown in Figure 1.1, one can attempt to measure the length of the
rugged coastline by striding around the coastline with steps A to create a polygon whose
perimeter is an estimate of the coastline, as shown in Figure 1.2. In Figure 1.2, three
different estimates of the coastline of Great Britain, based on polygons of side length
A, A, and A, are shown. To obtain the estimates of the coast perimeter in dimension-

(a) (b) (c)
Coastline of Britain N order Triadic Island Carbon Black Profile

Figure 1.1. Richardson pointed out that the problem of measuring the length of a coastline leads
to the paradox that all coastlines are infinite at infinitely small resolution. Mandelbrot linked this
paradoxical conclusion to the structure of curves with infinite perimeter such as the Nth-order
Koch’s triadic island, the structure of which he described by means of fractal dimensions. A
visual comparison of the structure of a carbonblack agglomerate with the coasiline of Great
Britain and Koch’s triadic island suggests that Mandelbrot’s fractal dimensions may be useful in
describing the structure of the carbonblack profile.

(a) Coastline of Great Brifain.

(b) Nth-order of Koch’s triadic island.

(c) Carbonblack profile at high magnification.



2 1 A Starting Point for the Randomwalk

less form, the perimeter estimates are normalized by dividing the perimeter of the
polygon by the maximum projected length of the island, as illustrated in Figure 1.2.
In the bottom portion of Figure 1.2, the three estimates of the coastline are plotted on
a graph having log-log scales. It can be seen that one can draw a straight line through
the three points. If one extended the dataline, one would reach the conclusion that the

S

a a a
- o Iz A ;2
Y Az
/ ~,
N
4.0+
J 8=124
P 3.04
20 ——r—— .
0.05 0.l 0.2
A

Figure L.2. In the structured walk procedure for characterizing the fractal dimeusion of a rugged

boundary, a series of polygons of side A are constructed on the perimeter using a pair of

compasses. A plot of P against A on a log-log plot yields a dataline of slope m where
d=1+Iml

if the boundary can be described by a fractal dimension.

A = side of polygon normalized with respect to maximum projected length of the profile.

P = polygon perimeter of side A normalized with respect to maximum projected length of the

profile.

8 = fractal dimension of the boundary.

L = maximum projected length of the island.



