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I believe a leaf of grass is no less than the journeywork of the stars, �

Walt Whitman (1819-1892), Leaves of Grass, §31  

Think for a moment about how the 
Natural world looks.  For example, think 

of the shapes of plant life.   



Are the images that come to 
mind more like this . . . 



or like this? 



Clearly, shapes of classical Euclidean Geometry, 
while beautiful in other respects, do not really 
capture what is beautiful about the shape of 
plant life.  In fact, it looks the way a young child 
might depict Nature.  



By contrast, Fractal 
Geometry creates 
shapes that look very 
much like shapes in 
Nature.  (In fact, 
designers & artists, far 
more sophisticated than 
I, can use fractals to 
make images that are, to 
our eyes, wholly 
indistinguishable from 
the Natural world.) 



What are Fractals? 

The term “fractal” was coined by Benoit Mandelbrot 
in 1975.  Mandelbrot collected a number of 
mathematical oddities (e.g. space-filling curves) and 
variety of stubborn real world questions (e.g. how 
long is the coast of England?), and realized they all 
had common properties and, in some way, belonged 
to a single mathematical family: this he called fractals.   



a space-filling curve  
(the Gosper Curve) 



coastline of Britain 



Properties of Fractals 

1) The word “fractal” is a reference to the fact that 
these object are of “fractional” non-whole number 
dimension.  Imagine a line segment that wiggles so 
much, with infinite wiggles, that it “breaks out” of 
1D but doesn’t cover so much ground that it has 2D 
area.  This would be an object whose dimension is 
greater than 1 but less than 2.   





Properties of Fractals 

2) Self-Similarity Across Scale — a small piece, 
when magnified, is a miniature copy of the whole 
structure.  The microscopic part is geometrically 
similar to the macroscopic whole, and this is true 
for “parts” across a variety of scales.  Think of the 
way a branch, twig, or even the veins on a leaf are 
reminiscent of the shape of the whole tree.   





Properties of Fractals 

3) Apparent complexity/recursive simplicity — With 
any fractal, the intricacy of the design is evident, 
and mapping the design with say, line segments in 
the Cartesian plane would be near-impossible.  Yet, 
they are typically based on simple rules: start with 
this pattern, then change it like this; then change 
what you get like this again; and so forth.   



For example, start with a line segment, and put  
an “equilateral triangle” bend in its  middle third. 



Then, put the “equilateral triangle bend” in each line 
segment of the previous figure.   



Repeat.   









But what does all that have to do with plant life? 

1)  Since the data that can be stored in genetic code  
 ultimately limited, that code can’t program separately 

   the location of each individual branch and leaf.   
 Rather, it relies on simple general rules “go out a  
 length of such-and-such — or this length/width  
 ratio — and put out the next branch.” 

2) Plants, if not rigorously self-similar, have a structure 
 that is strongly suggestive of self-similarity across  
 scale.   

3) As I will show, plant shapes can be modeled  
 recursively, probably because their biological  
 growth is fundamentally recursive.   







We have said a lot about plant life, but what of other 
forms of life? 

Branching patterns are widespread in macroscopic  
forms of life — but not necessary evident from the 
outside.   

In animal bodies, branching 
patterns are not apparent on the 
outside, but dominate the internal 
structures: cardiovascular system, 
lymphatic system, nervous 
system. structure of the lungs, 
structure of the kidneys, etc. etc.   

Branching patterns are essential 
for macroscopic life.   



The triumph of mathematics!  It is truly one of the 
great mysteries, how well mathematics models the 
deep structures of the world around us — including 
our own bodies!   


