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 ambition, though, is to change the way you see the world. 
These shapes have been on the back of our eyes since birth, 
yet few have noticed them, let alone observed their nuances. 
My intention is to bring these shapes to your attention in 
such a way that henceforth you will never be able not to 
 notice them.

There will be no difficult equations or arcane theorems, 
even though such equations and theorems exist and give 
rigor to the theory. The approach will be largely pictorial, and 
the pictures will, I hope, be interesting. The body of mathe-
matics that we shall draw on is known as catastrophe theory 
(or singularity theory), and it is largely the creation of the 
maverick French mathematician René Thom (1923–2002).1 
It is a branch so magical it can—according to Salvador Dalí—
bewitch all of your atoms.

In 1958, Thom was awarded the highest prize in mathe-
matics, the Fields Medal, for his contributions to topology, 
work he developed in his doctoral thesis, which was com-
pleted when he was only twenty- eight. Topology is an ab-
stract branch of mathematics devoted to smooth, stretchy 
shapes. In the years that followed the Fields Medal, Thom 
went on to create catastrophe theory, the branch of mathe-
matics that underlies this book. The stimulus for this work 
was Thom’s interest in the shapes of nature and this question: 
Why are things shaped the way they are? Biological forms 
were the main focus of interest, but sources of inspiration  
included the dancing patterns created by light reflecting 
from raindrops.

Curves are seductive. They have an attractiveness and an 
 appeal that straight lines and square corners cannot invoke. 
Curves are the lines of beauty that speak to us on some 
deeply instinctual level.

And curves have a language, an alphabet, a lexicon. There 
is, as it were, a periodic table of curved shapes. The modest 
aim of this book is to illustrate this language, to reveal its 
inner workings, its syntax, and its grammar. The soaring 
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2 ~  T h e  A lp h a b et  o f  B e au t i f u l  Cu rv es

Many books have sought to build links between mathe-
matics and art, exploring topics such as symmetry, propor-
tion, perspective, tessellations, and polyhedra. The theories 
have almost invariably been built using straight- line geome-
try, with some even seeking to explain beauty using the 
 aspect ratio of a particular rectangle, a rectangle they call 
“Golden” no matter what color it is. It does not matter how 
much you say about (1 + √5)/2, to me it is just a rectangle, 
and I think there are far more beautiful shapes in the world.

But while it is undeniable that straight- line geometry has 
many applications in science, in art, and in architecture, there 
is a rich—indeed arguably richer—set of shapes where 
straight- line geometry is of little use. This is the world of cur-
vature. And not the pristine curved shapes of classical geom-
etry like the sphere, the cylinder, and the cone. In this book, 
the focus is on the smooth irregular blob, the organic form.

The human body, the cell, and the space- time fabric of 
the Universe are just three examples of irregular, smoothly 
curved surfaces that give a first intimation of how important 
a theory of curved shape may be. As we shall see, the theory 
has even wider application. In engineering, this language ex-
plains how building columns collapse and oil rigs capsize. In 
astronomy it allows distant galaxies far across the Universe to 
be weighed, and it aids the discovery of earth- like planets 
around stars other than our own. And almost magically, it 
also has something to say about the rainbow, the twinkles on 
a sunlit sea, and the beautiful patterns of light that dance on 
the sides of boats in Mediterranean harbors.

As children we are taught a geometrical sequence 
beginning

triangle, square, pentagon, hexagon, . . . 

It is an alphabet applicable to straight- line Euclidean 
geometry. René Thom, however, pointed out that there is 
another alphabet appropriate for curved geometry, and it 
contains the sequence

fold, cusp, swallowtail, butterfly, . . . 

This sequence is known as the cuspoids, and these first four 
elements, together with the first three elements of another 
sequence, the umbilics, comprise Thom’s famous Seven Ele-
mentary Catastrophes. They are “elementary” in the same 
sense as the chemical elements, in that they are the basic 
building blocks, the fundamental components of curved 
form. Thom’s “elements” of shape can be combined to create 
more complex “molecules” of form.

On first inspection, Thom’s alphabet may appear para-
doxical. The first object, the fold, may be rather unsurpris-
ing—it looks like an arch, curving in one direction only. 
However, the second object—the cusp—and all the higher- 
order elements are spiky. Such spikes may seem strange in an 
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alphabet supposedly applicable to smoothly curved shapes. 
Perhaps a more natural contender for the second letter 
would seem to be an S—the doubly curved shape that was 
bestowed with the title the Line of Beauty by the eighteenth- 
century British artist William Hogarth. Or perhaps some 
sort of spiral. And perhaps there should be a squiggle, as on 
the first pages of Pedagogical Sketchbook, the text on the nature 
of lines and the processes of seeing and drawing by one of the 
twentieth century’s greatest artists, Paul Klee. However, 
Thom is right. Unlikely as it may seem, the spiky shapes are 

the natural elements of curved grammar, as the following 
chapters will explain.

As well as being a shape, pure and simple, each of the little 
diagrams can also represent a way by which something can 
suddenly change. This is highly relevant in engineering, 
where that sudden event could be a catastrophic collapse. 
“Catastrophe” comes from the Greek, the final turning point 
in a tragedy, and in engineering the curved and spiky lines 
form the “boundaries of stability” beyond which lie tragedy 
and disaster.
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The Seven Elementary Catastrophes of 
René Thom. The parabolic umbilic was a 
shape that proved of particular fascination 
to Salvador Dalí, perhaps because Thom 
had proposed an explanation for the shape 
of genitalia based on the geometry of that 
catastrophe.
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Many years ago I was a bridge designer in Australia, but I 
am now a lecturer in structural engineering at Cambridge 
University. One of my courses is on stability theory—a sub-
ject of crucial importance for anyone wishing to design 
bridges—and my lecture notes are full of curvy, spiky, squig-
gly diagrams. A few years ago—and for too many positive 
reasons to list here—I decided to introduce life drawing 
classes to the Engineering Department, and so the services 
of a local artist, Issam Kourbaj, were engaged. Late in the af-
ternoon, each Friday, Issam would bring along his own ex-
traordinary talent, a different view of the world, and a model. 
It was during one of these highly enjoyable classes that a 
penny suddenly dropped—the charcoal curves that I was so 
contentedly drawing on my sketch pad were speaking the 
same language as the curves I had drawn on the blackboard 
in that very room earlier in the day in my stability lectures. 
The sudden and happy recognition that there was a link be-
tween two seemingly disparate spheres, between the care-

fully considered calculations of engineering and the alto-
gether freer activity of making charcoal marks on paper, was 
an unexpected bridge that seemed worthy of further explo-
ration. This book is the result.

Klee’s Sketchbook begins:

An active line on a walk, moving freely, without goal. A 
walk for a walk’s sake.2

Perhaps that is one way to think about this book.

Lines from Paul Klee, Pedagogical Sketchbook © 2017 Artists Rights 
Society (ARS), New York (London: Faber and Faber, 1953).
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