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According to Merriam-Webster, the term fractal is defined as: any of various extremely 
irregular curves or shapes for which any suitably chosen part is similar in shape to a given larger 
or smaller part when magnified or reduced to the same size. 
Fractals and Fractal Geometry are a more advanced and complex way to describe nature.  
Traditional Euclidean geometry (boxes, cubes, triangles, etc) does not fully capture the nature 
of the real word.   
 
Although fractal geometry is closely connected with computer techniques, the concept of 
fractals was of interest long before the invention of computers. “British cartographers, who 
encountered the problem in measuring the length of Britain coast, came across a startling 
discovery: The coastline measured on a large-scale map was approximately half the length of 
coastline measured on a detailed map; the closer they looked, the more detailed and longer the 
coastline became. They did not realize that they had discovered one of the main properties of 
fractals.” 
http://www.fractal.org/Bewustzijns-Besturings-Model/Fractals-Useful-Beauty.htm 
 
“Whereas Euclidian geometry and accompanying shapes are based on whole numbers, fractals 
are integer based.  This means that, when using traditional Euclidean geometry to 
measure/model integer-based shapes, we find that the lengths are “infinite” and the area is 
more often than not, zero.  This is because fractals reside in multiple dimensions: 

 more than one dimension, less than two, or; 

 more than two dimensions, less than three” 
http://classes.yale.edu/fractals/FracAndDim/BoxDim/BoxDim.html 

 
 
Famous Fractals 
“The Sierpinski Gasket is a good introduction to fractals, and easy to replicate the algorithm (set 
of instructions) without the assistance of a computer program.  Based on a series of right 
triangles, the Sierpinski Gasket is akin to looking at a reflection in a mirror within a mirror.” 
http://classes.yale.edu/fractals/  
 
The most famous of all fractals is the Mandelbrot set. 
Attributed to a mathematician working with IBM software in the early 1980s, the Mandelbrot 
set is a graphic representation of a set of a series of points on a complex plane.  We find that, 
under magnification, it is self-similar at every level.  Furthermore, as one pans from one axis to 
the next, as with the passage of time, we see that the resulting image is one of animated 
growth- iteration of the Mandelbrot set is self-replication. 

It should be noted, however, that the Mandelbrot set, although attributed to Benoit 
Mendelbrot, was previously discovered by Udo of Aachen, a monk who lived from 1200-
1270 AD, actually graphed this same mathematical computation.  The monk, whose 
talents included poetry, and theological philosophy, spent nine years using an abacus to 
best determine the number of souls bound for Heaven vs. Hell.  This particular effort 
stemmed from previous success in assisting his superiors with games of chance: he was 
able to use complex mathematics to determine probabilistic outcomes for dice and 
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cards.  Turning his gift towards theological pursuits, Udo of Aachen created the [now] 
Mandelbrot set during his lifetime.  The set of instructions were coded in his poetry, and 
lifted for inclusion from the collection of poems turned into masterpiece opera: Carmina 
Burana. 
http://classes.yale.edu/fractals/MandelSet/MandelMonk/MandelMonk.html 
 

Dimension and Power Laws 
The beauty of the self-symmetry of fractals is often the subject of art. 
However, lest one forget, the mathematics creating these images is powerful, and 
demonstrates the immense beauty and intricacies of nature.  “In fact, the idea of DNA and its 
self-replicating pattern was determined only after mathematicians working with fractals 
pondered the question if machines could self-replicate.”  [It turns out we do.] 
http://classes.yale.edu/fractals/ 
 
As previously noted, fractals deal with complex numbers and exist in multiple dimensions.   
“For certain objects, such as squares, lines, and cubes, it is easy to assign a dimension.  A square 
has two dimensions, a line has one dimension, and a cube has three dimensions: there are two 
directions in which an individual can move on a square; one direction on a line, and; three 
directions in a cube.  Fractals, however, are complex in nature: sometimes movement can occur 
in a certain number of directions and; other times, movement occurs in a different number of 
directions. This is what causes fractal dimensions to be non-integers.” 
http://library.thinkquest.org/3493/frames/fractal.html 
 
“Fractal dimension has turned out to be a powerful tool. Now mathematicians are able to 
measure forms that were previously immeasurable such as mountains, clouds, trees and 
flowers. Fractal dimension indicates the degree of detail or crinkliness in the object and how 
much space it occupies between the Euclidean dimensions.” 
http://www.math.umass.edu/~mconnors/fractal/sierp/sierp.html 
 
Fractals in Nature 
Our natural world is littered with fractals.  Mountain ranges, coastlines, lightning, even broccoli, 
all have the required attributes to fall within the realm of fractals: self-symmetrical.  
What has heretofore been viewed as random, scientist find great meaning and reasoning when 
it comes to these self-symmetrical objects.  For example, mathematician Bernard Sapoval 
proposed a very plausible reason “why” as to the fractal nature of a coastline:  

“the reason why fractal coastlines exist is precisely because they are best at damping… 
waves.  As the coast damps down the waves, then the erosion to which it is subjected is 
reduced.  They are thus stabilized by their fractal structure.” 

The effect is profound: the fractal nature of the coastline evolves to maximum efficiency at 
damping wave action, so continued wave action is not able to induce qualitative changes in the 
coastline. 
http://classes.yale.edu/fractals/Panorama/Nature/Coastlines/Sapoval.html 
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Fractals in Art and Architecture 
As previously noted, fractals are intuitively beautiful.  The self-symmetrical nature of a fractal 
resonates with the human experience.  Even further, with the explorations and findings of 
quantum physics, it is the forward thought that the Universe itself is symmetrical, and leans 
towards order via [super] symmetry. 
 
African art and architecture is wrought with fractal patterns.  “From the layout of villages to the 
designs of clothing, the various algorithms of complex numbers have played a key role in the 
diverse cultures of the continent.” 
http://classes.yale.edu/fractals/Panorama/Architecture/Arch/Arch.html 
 
Whereas Salvador Dali experimented with fractal patterns in his emotional work “The Visage of 
War”, fractal art has become a field unto itself, and has been the theme of many exhibits in 
museums of note since the coining of the term.   
 
Fractal techniques and technologies have even been used in movies.  The "Genesis effect" in 
the film "Star Trek II - The Wrath of Khan" was created using fractal landscape algorithms, and 
in "Return of the Jedi" fractals were used to create the geography of a moon, and to draw the 
outline of the dreaded "Death Star". 
http://www.fractal.org/Bewustzijns-Besturings-Model/Fractals-Useful-Beauty.htm 
 
 
The Fractal Heart 
The fractal nature of the human heart takes place on multiple frequencies. 
The heart is part of a large feedback system whose dynamics are nonlinear, nonstationary, and 
multiscale. 
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