Fractals and The Unity of Knowing and Feeling
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great mathematician, physicist and writer
" /£ Henri Poincaré once drew a distinction
between the problems that a scientist poses
and the problems that pose themselves. The work of early
“natural philosophers” addressed itself to problems that nearly
everyone could appreciate, see and feel. But, as mathematics,
science, and technology developed, they diverged from one
another, and the problems that pose themselves to the spe-
cialists became increasingly invisible and far removed from
the experience of the non-specialists.  Who can see and
feel a DNA molecule, a Yukawa meson, a p-adic field, or
the process of combustion in a car engine?

Very few persons now alive have identified substantial
bridges over the chasms that now separate mathematics,
science and technology from one another and from the
interests of the common man and the child. One of these
few persons is Benoit B. Mandelbrot, the originator of
fractal geometry, who has given us, not one but a whole
collection of such bridges.

Fractal geometry begins with questions like “what is the
shape of a cloud, a mountain, a coastline, or a tree?” Clouds
are not spheres, mountains are not cones, coastlines are not
circles, and bark is not smooth, nor does lightning travel in
a straight line compared with standard geometry. Nature
exhibits not simply a higher degree but an altogether different
level of visual complexity. It challenges us to study forms
that Euclid leaves aside as being “formless”, to investigate
the morphology of the “amorphous”.

Having raised the question of “what is the shape of a
mountain”, Mandelbrot’s response derived from multiple
directions. He put heavy reliance on the computer, taming
this instrument at an early stage of its existence to be a
drawing machine. He brought back the eye into science
by using it as a co-witness, next to the customary formulas,
of the validity of his theories. ~ He drew from reputedly
abstract chapters of mathematics by revealing the profound

simplicity of cerrain concepts previously judged “pathological”
He revealed (with the computer’s help) that a very simple
formula can generate a shape that the eye and the mind
both view as utterly complex. And he revealed that “moun-
tain forgeries” based on simple fractal formulas can be
strikingly beautiful.

Using the computer and the eye Mandelbrot revived the
old mathemartical topic of iteration of functions, which
necessarily combines a number of distinct mathematical
structures.  Again, he demonstrated the creative power of
simple formulas by showing how an especially simple one
yields the Mandelbrot Set. He revealed beauty thar strikes
everyone's eye and is indissolubly linked with the beauty
that can only strike the mind of the well-prepared mathema-
tician. It seems that these two forms of beauty are two
sides of a single phenomenon.

While the above-mentioned investigations have attracted
the widest attention, the bulk of Mandelbrot’s work has been
devored to many questions of physics that are technical but
use the same methods as his works on mountains and the
Mandelbrot Set. His work in physics includes very practical
questions, for exampie, the task of quantifying the notion
of roughness. But he has also studied rurbulence, percola-
tion, and fractal aggregates, and tackled major conceprual
issues, such as those raised by the coexistence in nature of
smoothness ruled by differential equations and of orderly
roughness ruled by fractals.

Mandelbrot has shown wisdom in not wanting to create
a new profession, preferring his work to remain influential
in widely ranging existing fields. Therefore, his fractal
geometry allowed itself to be subjected to a very exacting
way to judge a field’s importance: by its effects on many
other on-going investigations. ~ By this standard, few con-
temporaries have been as bold and as fortunate as Mandel-
brot’s.  His life work spanning more than forty years has
been harmonious and well-balanced.
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