
MATHEMATICS AND MODERN ART, Claude Bruter (Ed), Springer 2012 
Reviewed by Capi Corrales Rodrigáñez, Departamento de Álgebra, 

Universidad Complutense de Madrid, Spain 
 

Where the world ceases to be the scene of our personal wishes and hopes, where we face 
it as free beings admiring, questioning and observing, there we enter the realm of Art and 
Science (A. Einstein). 

 
Along the centuries, the relations between Art and Science have conformed a shared 

ground whose existence no educated person has ever doubted. Nevertheless, the academic 
community, specially the scientific academic community, remained reluctant to openly 
explore such space until the second part of the twentieth century. With some notable 
isolated exceptions, the scientific community kept reacting with suspicion to all theoretical 
studies of such a common realm and considering the proyects conceived from it as mere 
amusements. The situation changed when in 1863, Gÿorgy Kepes —a painter and teacher of 
Design and Art Theory at the Massachusetts Institute of Technology (MIT)— carried on The 
New Landscape in Art and Science, a pioneering experiment which remains as one of the 
more interesting and solid explorations ever made of the territory shared by Science and Art.  

 
Born in Hungary, Kepes (1906-2001) worked between 1930 y 1937 —first in Berlin, then 

in London— at the studio of the photographer and Bauhaus teacher Laszlo Moholy-Nagy 
(1895-1946). In 1936 Moholy-Nagy moved to Chicago as director of a new school of art, the 
New Bauhaus (today the Illinois Institute of Design). Kepes joined him there, where he taught 
until he joined the Faculty of the School of Architecture and Planning in 1946. In Cambridge 
he established relations, among others, with Buckminster Fuller (1895-1983), Norbert 
Wiener (1894-1964) and Walter Gropius (1883-1969), all of them working openly from the 
common realm of Science and Art. With the years, Kepes' own painting had become more 
and more abstract, and getting to know first hand the work and ideas of Fuller, Wiener or 
Gropius, put him in contact with the scientific world. The parallelism that he could perceive 
between the scientific images and those produced by abstract painters aroused his interest, 
and he decided to investigate it in The New Landscape in Art and Science, a project in two 
parts: an exhibit-experiment and a book. Buckminster Fuller describes the exhibit-experiment 
in his essay How little I know1 
 

To comprehend the integral of art and science 
As an irrepressible, intuitive creative urgency— 
As an artist's need to articulate̶  
Kepes at Massachusetts lnstitute of Technology  
Made a beautiful demonstration.  
 
He took hundreds of 8" x 10"  
Black-and-white photographs  
of modern paintings and mixed them thoroughly  
Like shuffled cards  
With photographs taken by scientists  
Through microscopes or telescopes  
Of all manner of natural phenomena  
Sound waves, chromosomes and such.  
The only way you can classify  
Photographs with nothing recognizable in them  

                                                
1 Richard Buckminster Fullar, And it came to pass, not to stay, Macmillan 1976, pág. 51.  



Is by your own spontaneous  
Pattern classifications.  
Group the mealy, the blotchy, the striped,  
The swirly, the polka-dotted, and their sub-combinations.  
The pattern classified groups  
Of photographs were displayed.  
The artists' work and the scientists'  
Were indistinguishable.  
Checking the back-mounted data, it was found  
That the artist had frequently conceived  
The imagined pattern before  
The scientist found it in nature.  
Science began to take  
A new view of artists.  

  
The exhibit-experiment was so successful that it led to Kepes' founding, in 1967, of the 

Center for Advanced Visual Studies (CAVS) at the MIT, still today one of the most important 
centers of artistic research in our culture. Unfortunately, because of the prejudices prevailing 
then (and, in many places, still today), hardly any attention was paid to the book in which, as 
a second part of the project, Kepes collected the results of his research. Consequently, the 
work of Kepes and his team remains practically unknown to the scientific academic 
community.  

 
Nevertheless, thanks to the line of research opened by this group of pioneers, a map of 

the realm shared by Art and Science started to take shape, making possible the identification 
of several bridgdes of very different nature that, crossing over the common space, connect 
the territories specific of each discipline. Some of them are very solid, others quite light, 
some of them are theoretical, other rather practical, some of them are very recent, others 
were built in Antiquity. Examples of these brigdes are those on which architecture and 
engineering stand. The volume that we have in hands, Mathematics and Modern Art, gives 
account of the strength of a new bridge that mathematicians and computer scientists are 
presently building.  

 
The first Conference of the European Society for Mathematics and the Arts (ESMA), took 

place in July 2010 at the Institute Henri Poincaré in Paris. Mathematics and Modern Art 
collects the texts of fourteen of the talks held during the Conference. Usually, the title of a 
book reflects its contents. This is not the case with Mathematics and Modern Art, a 
wonderful book in which we find much —and very beautiful— mathematics, many —and very 
beautuful— images, many —and very good— explanations for the use both of 
mathematicians and artists, but not much of what is defined as modern art. In the opinion of 
this reviewer, Mathematical art would have been a more adequate title. Along this pages we 
will understand by mathematical art, pieces or processes for producing pieces —illustrations, 
sculptures, films, sounds, etc.— which, first, have art — as flamenco musicians say, a piece 
either has art or it does not— and, second, they are produced from mathematics and 
developed with mathematical tools. In this context, we will understand by mathematical 
visualization the production of images of mathematical objects —often using advanced tools 
of computer engineering. Let us give an example. 
 

When, while trying to represent certain image or idea on a piece of paper, the engraver 
M.C. Escher (1898-1972) faced a concrete problem that he did not know how to solve, he 
would study the illustrations in mathematics articles —examples of mathematical 



visualization2— searching for tools to solve it with. With these mathematical tools, Escher 
made art. When H. Lenstra studied the incomplete piece of Escher The Print Gallery, he 
searched for mathematical tools to solve the problem that led Escher —who was unable to 
solve it— to leave a white spot in the center of the engraving. With Escher's art, Lenstra 
made wonderful mathematics, and with Lenstra's mathematics, a team of students of 
Departments of Mathematics, Computer Science and Fine Arts at Leiden University, produced 
wonderful mathematical visualizations. The final resulting piece is one of the most beautiful 
examples of mathematical art3. 

 
In 2003, the National Science Foundation (EEUU) and the journal Science created their 

annual International Science and Ingeneering Visualization Challenge. The contest has five 
categories (Photography, Illustration, Informational Graphics, Interactive Multimedia and 
Noninteractive Multimedia) and each category is doted with a three awards: First Place, 
Second Place and Honorable Mention. In 2006, a piece of mathematical art, Still Life: Five 
Glass Surfaces on a Tabletop4, created by Richard S. Palais (Mathematics Department of the 
University of California at Irvine, a topologist expert in creating programs to represent 
mathematical objects on a computer screen) and Luc Bénard (digital artist from Montréal, 
expert in mathematical visualization), won the First Place in the category of Illustration. The 
piece is described in the web page of the International Science and Engeneering Visualization 
Challenge with the following words:  

 
Innumerable surfaces that we cannot touch or see or even know can be seen by mathematicians. They 
have long relied on their powers of imagination to picture abstract surfaces. Richard Palais of the 
University of California, Irvine, and graphic artist Luc Benard used the magic of computer graphics to 
recreate these abstract surfaces in familiar yet intriguing settings5.  

 
It was the first time that a piece of mathematical art obtained one of the fifteen awards, 

but not the last one. Palais and Bernard obtained, once more, the First Place in the 
Iluustration category in 2009, with Kuen's Surface: A Meditation on Euclid, Lobachevsky and 
Quantum Fields.  

 
Sketch a line and then draw a point off it. How many lines parallel to the first line can you draw 
through that point? The Greek mathematician Euclid said just one, but for more than 2,000 years 
after his death, mathematicians struggled to prove that he was right based on his other geometric 
rules. Then the 19th century Russian mathematician Nikolai Lobachevsky showed that you couldn't: In 
some circumstances, you can sketch an infinite number of lines through that point and not violate any 
of Euclid's other axioms. Mathematician Dick Palais of the University of California, Irvine, and digital 
artist Luc Benard wanted to convey the history of Lobachevsky's solution to this mathematical puzzle 
with their illustration6.  

 
In A Mathematician and an Artist. The Story of a Collaboration7, Richard Palais gives and 

outline of how the two pieces awarded in the International Science and Ingeneering 
Visualization Challenge came to be, and he also introduces us to a selection of pieces created 
by Luc Bénard. 

 
In 2010, the computer animation film Dimensions of Aurélien Alvarez (then a  Ph. D. 

student at the Department of Mathematics in the École Normal of Lyon), Étienne Ghys 
                                                
2 Ver el artículo de Douglas Dunham en Mathematics and Modern Art, págs. 69-78 
3 Ver www.escherdroste.math.leidenuniv.nl 
4 Reproducida en la portada de Science del 22 de septiembre de 2006. 
5 Ver www.nsf.gov/news/special_reports/scivis/index.jsp 
6 Ver www.nsf.gov/news/special_reports/scivis/index.jsp 
7 Mathematics and Modern Art, págs. 1-10. 



(Director of Research at the CNRS and Faculty Member of the Department of Mathematics of 
the École Normal of Lyon) and Jos Leys (Engineer in Antwerp, expert in mathematical 
visualization) received the Prix D'Alambert, the biannual mathematics popularization prize 
awarded by the French Mathematical Society. Dimensiones is directed to non-specialized 
audiences8, and in two hours and nine chapters —each lasting thirteen minutes, so they can 
be used independently as classroom material— the film explains, using different examples, 
problems and mathematical structures, the mathematical concept of dimension. In  
Dimensions, a Math Movie9, Aurélien Alvarez and Jos Leys tell us about the project: how it 
got started in 2006, how it was developed and produced and how it functions presently.  

 
Scripta Mathematica (1933-1973), a pioneer journal of mathematics popularization 

published at Yeshiva College in Nueva York, was founded in 1932 by mathematician Jekuthiel 
Ginsburg (1889–1957). At the time, Scripta Mathematica was the only journal in which 
specialist would write for the general public, and some of the articles that appeared it it 
made history. Two notorious examples are the article on the effect of the paradoxes in set 
theory on physics, written in 1934 by Percy Williams Bridgman (1882-1961, Physics Nobel 
Prize in 1946 for his work on the physics of high pressures), and the obituary for Emmy 
Noether (1882-1935) written by Hermann Weyl (1885-1955) in 193510. Along its forty 
years of existence, Scripta Mathematica became so popular that it featured an article in Life 
magazine in 1949. Speaking of pictures… solids and lines show the beauty of mathematics, 
was dedicated to the mathematical models created by some of the regular contributors to 
the journal: Jekuthiel Ginsburg himself, Hermann Baravalle (Departament of Mathematics, 
Adelphi College, NY), Rutherford Boyd (author of the mathematical movie Parabola) and 
Maurice El-Milick (mathematician in París). On seeing the wonderful black and white 
photographs that Nat Farbman made of the objects, we feel an irresistible urge to touch 
them and feel their shapes and textures, something that the fortunate participants of the 
First Conference of ESMA could do. The Institute Henri Poincaré owns about five hundred 
mathematical objects, and a selection was exhibited at the Institute during the 2010 ESMA 
meeting, including those made by El-Milick. In Old and New Mathematical Models: Saving the 
Heritage of the Institut Henri Poincaré11, François Apéry (Departament of Mathematics, 
Mulhouse University) outlines the story of the collection and describes a selection of the 
objects in it.  

 
On seeing the selection made by Apéry, we realize that all the pieces have something in 

common: not only are they beautiful, but they are also interesting in shape. What makes a 
shape interesting from a mathematical point of view? Its singularities and deformations, in 
other words, its topology. In An Introduction to the Construction of Some Mathematical 
Objects12, a text written for both mathematicians and artists, Claude Paul Bruter, 
(Departament of Mathematics, University of Paris XII) introduces the basic topological 
processess used by mathematicians to construct shapes: pinching, bubbling, pleating or 
stretching are defined and explained using a language as accesible as clear.  

 
Perhaps some people will take the transformations explained by Bruter to a canvas or a 

ball of clay, but most of the readers of this book will probably think right away of using a 
computer to implement them on a virtual surface. The extraordinary development 

                                                
8 La película es de acceso libre en www.dimensions-math.org   
9 Mathematics and Modern Art, págs. 11-16. 
10 H. Weyl, Emmy Noether, Scripta Mathematica 3 (1935), págs. 201–220. 
11 Mathematics and Modern Art, págs. 17-27. 
12 Mathematics and Modern Art, págs. 29-46. 



experimented by digital tools in recent years, has had a direct effect in the generation of 
mathematical images and shapes, changing drastically both processes and outcomes. The 
relation between computers and mathematical art is analized in the next two chapters of the 
book from two complementary points of view. First, Jean-François Colonna (Centre de 
Mathématiques Appliquées, Ecole Polytechnique, Palaiseau, France) carries on in Computer, 
Mathematics and Art13  an analysis of the relation, in a practical level, between computers 
and mathematical art.  

 
The process of generation of forms is not the only one that has been affected by the 

advance of computers; as spectators, our cognitive system has been affected too, and it has 
had to adapt to the changes. Jean Constant, an expert in the use of visualization as cognitive 
tool, reminds us in Structure of Visualization and Symmetry in Iterated Function Systems14 
that the studies of the human eye adaptation to mathematical objects such as fractals, have 
their precursors in the studies of optical aberration carried on by psycologists and 
physiologists precisely at the time when Georg Cantor (1845-1918) was developing his set 
theory, a mathematical frame quite appropiate to study such objects from. 

 
Several tools of common use in the creation of images, besides the iteration of functios —

to generate fractals— have their origin in nineteenth century mathematics. Another 
important source of materials is the catalog of models of non-euclidean geometries 
developed by nineteenth century geometers. One of the artists who most fruitfully used such 
catalog, was the Dutch engraver M.C. Escher. In his article M.C. Escher's Use of the Poincaré 
Models of Hyperbolic Geometry15, Douglas Dunham (Department of Computer Science, 
University of Minnesota) starts with a description of Poincaré's non-euclidean models and, 
next, he analizes the patterns created by Escher of such models.  

 
Music is universally considered the art most related to mathematics. Nevertheless, 

describing such relation must be very complicated, because most texts or conferences on 
the subject are either too trivial or too difficult to understand. Vi Hart's  (mathemusician in 
Khan Academy) article Mathematics and Music Boxes16 stands as a delightful exception to 
this almost-always general rule. With elegant simplicity of means (a perforated strip of paper 
and a music box) and using a language clear and direct, Vi Hart starts by describing some 
mathematical transformations of the Euclidean Plane and, next, he uses these 
transformations to describe the basic structure of different types of the compositional 
technique known in music as canon.  

 
As François Apéry explains in his already mentioned article, part of the collection of 

mathematical models of the Institute Henri Poincaré was moved to the Palais de la 
Découverte —a science museum located in the West wing of the Gran Palais built to hold the 
Exposition Universelle celebrated in Paris in 1900— when Jean Baptiste Perrin (Physics Nobel 
Prize 1926 for his studies of the Brownian motion and considered to be the founder of the 
CNRS) created it in 1937. While in the Palais de la Découverte, these mathematical models 
became source of inspiration of many artists such as Fernand Léger, Man Ray or Marcel 
Duchamp in the first half of the twentieth century, and the engraver Patrice Jeener in the 
second half. In My Mathematical Engravings17, Jeener speaks to us about his visits to the 

                                                
13 Mathematics and Modern Art, págs. 47-52. 
14 Mathematics and Modern Art, págs. 53-67. 
15 Mathematics and Modern Art, págs. 69-77. 
16 Mathematics and Modern Art, págs. 78-84. 
17 Mathematics and Modern Art, págs. 85-104. 



Palais when as a youngster he would travel to Paris from his native Provence. Mathematics 
helped him discover the meaning of the models shown at the Palais, and it remains a source 
of inspiration in his work. Starting from mathematical formulas, he draws models (nowdays 
using computers) which he then copies in the copper plates used in the engraving process. In 
his article he describes the formulas and methodology he used in three of his splendid series 
of mathematical engravings: minimal surfaces, closed surfaces without singularities and bi-
periodic functions.  

 
Topologically, a surface in three-dimensional space consists of faces, edges and vertexes. 

One of the strategies used to construct different models of surfaces from a given one, 
consists in building a "scaffold" or kinetic structure in the given structure using its facets, 
edges and vertexes, and then transform such a structure. The scaffolds most commonly 
used are those built from the facets and edges of the initial surface, and those built from its 
edges and vertexes. From the facets and edges we get a flat kinetic folding structure, from 
the vertexes and edges we get a kinematic net. In Knots and Links as Form-Generating 
Structures18, Dmitri Kozlov (Research Institute of Theory and History of Architecture and 
Town-planning, Rusian Academy of Architecture and Building Sciences), describes a third 
type of scaffold built from the vertexes in the initial surface. The vertex-points are organized 
in knots and links, with result in a structure with the advantage of being sinergetic as well as 
kinetic, like the geodesic domes of Buckminster Fuller (who coined the term). 

 
Music, scupture, engraving, architecture,..., and finally painting as well. In their article 

Geometry and Art from the Cordovan Proportion19, Antonia Redondo Buitrago (Mathematics 
Department, I.E.S. Bachiller Sabuco, Albacete) and Encarnación Reys Iglesias (Department of 
Applied Mathematics, School of Architecture, University of Valladolid), describe their research 
of the cordovan proportion through the work of two contemporary Spanish painters, Hasim 
Cabrera and Luis Calvo. The first known written description of the relation between the series 
introduced by Fibonacci in Liber Abaci (1202) and the divine proportion, known to the Greek 
geometers as mean and extreme ratio20 and to the readers of diplomat Matila Ghyka (1931) 
as the golden mean, appears in The Six-Cornered Snow Flake of Johanne Kepler (1571-
1630). 

 
There are two regular solids, the dodecahedron and the icosahedron, the former of which 
is composed expressly of pentagons, the latter of triangles, but joined together in a 
pentagonal arrangement. The structure of each of these solids, as well in fact as that of 
the pentagon, cannot be produced without the proportion that modern geometers call 
“divine.” It is ordered in such a way that the two smaller terms of a continuous proportion 
taken together produce the third; and subsequently, any two adjacent terms add up to the 
one following, to infinity, since the same proportion holds forever. It is impossible to give a 
perfect example in numbers. The further we proceed from the unit, the more perfect our 
example becomes. Let the smallest terms be 1 and 1, which you must think of as unequal. 
Add them together and they make 2. Add to this the larger 1 to make 3. Add 2 and they 
make 5. Add 3 and they make 8. Add 5 and they make 13. Add 8 and they make 21. As 5 
is to 8, so is 8 approximately to 13; as 8 is to 13, so is 13 approximately to 21; and so 
on, forever  (J. Kepler21).  

                                                
18 Mathematics and Modern Art, págs. 105-115. 
19 Mathematics and Modern Art, págs. 117-129.  
20 Euclid, Elements, Book VI, Definition 3: «A straight line is said to have been cut in extreme and mean ratio when, as the 
whole line is to the greater segment, so is the greater to the less». 
21 Johannes Kepler: The Six-Cornered Snow Flake. A New year’s Gift. Bilingual edition Latin/English, Paul Dry Books, 2010, 
p. 67. 



Ever since Vitrubius (Marcus Vitruvius Pollio, c. 75 aC - c. 15 aC) wrote his book De 
Architectura, the divine proportion governed over architecture. Or so some of us were 
taught. In 1973, Spanish architect Rafael de la Hoz (Spain`s National Prize of Architecture 
1956 and Gold Medal of Architecture 2000) made public the results of a resech that brought 
to question the asumed universality of the use of the divine proportion in architecture. With 
the intention of establising its universality, de la Hoz had carried on a study of the use of the 
divine proportion in the city of Córdoba, which led to an unexpeced discovery: with the 
exception of some isolated cases, no trace of this proportion was found in any building in 
Córdoba. Instead, another proportion, so far neglected at the architecture schools, appeared 
everywhere, from the Mezquita to the humblest fountain: that formed between the side of a 
regular octogon and the radius of the circunscribed circumference, the cordovan proportion, 
as de la Hoz named it. Once identified, the cordovan proportion was recognized in buildings 
and constructions all over the globe. The story of its discovery «as a happy outcome of a 
magnificent failure», can be found, written by de la hoz himself, in the Proceedings of the VII 
Jornadas de Educación Matemática Thales (Córdoba, 1995).  

 
Taking us back to computers, in Dynamic Surfaces22 Simon Salamon (Department of 

Mathematics, King's College London) describes the construction of surfaces related to curves 
in space and vector fields. Through a selection of images —the actual talk at the conference 
included also animations— Salamon explains not only how such surfaces are generated, but 
also the information codified in the different colors.  

 
Soap bubbles offer one of the most illustrative examples of minimal surfaces. When we 

introduce a piece of wire in the shape of a circumference with a stick —to hold it from— in a 
soap solution— a tense circular film of soap gets captured by the wire. If we blow on it 
carefully, we get a nearly perfect sphere. From a mathematical point of view there is no 
mistery. Since the circle is the shortest curve enclosing a given area, the atmospheric 
pressure keeps the soap solution initially tense. One we start blowing, each bubble takes the 
shape of the surface with least area among all surfaces capable of holding the amount of air 
that we have blown. And the sphere is the surface with least area holding a given volume. It 
is what is mathematics is known as an isoperimetric principle. Around the year 275, Pappus 
wrote:  

 
Presumably because they know themselves to be entrusted with the task of bringing from 
the gods to the accomplished portion of mankind a share of ambrosia in this form, they do 
not think it proper to pour it carelessly on the ground or wood or any other ugly and 
irregular material; but, first collecting the sweets of the most beautiful flowers which grow 
on the earth, they make from them, for the reception of the honey, the vessels which we 
call honeycombs, (with cells) all equal, similar and contiguous to one another, and 
hexagonal in form. And that they have contrived this by virtue of a certain geometrical 
forethought we may infer in this way. They would necessarily think that the figures must 
be such as to be contiguous to one another, that is to say, to have their sides common, in 
order that no foreign matter could enter the interstices between them and so defile the 
purity of their produce. Now only three rectilinear figures would satisfy the condition, I 
mean regular figures which are equilateral and equiangular; for the bees would have none 
of the figures which are not uniform… here being then three figures capably by 
themselves of exactly filling up the space about the same point, the bees by reason of 
their instinctive wisdom chose for the construction of the honeycomb the figure which has 
the most angles, because they conceived that it would contain more honey than either 
ofthe two others.  

                                                
22 Mathematics and Modern Art, págs. 131-151. 



 Bees, then, know just this fact which is of service to themselves, that the hexagon is 
greater than the square and the triangle and will hold more honey for the same expediture 
of material used in constructing the different figures. We, however, claiming as we do a 
greater share in wisdom than bees, will investigate a problem of still wider extent, namely, 
of all equilateral and equiangular plane figures having an equal perimeter, that which has 
the greater number of angles is always greater, and the greatest plane figure of all those 
which have a perímeter equal to that of the polygons is the circle. (Pappus23). 

 
 What happens when we want to minimize aspects other than the area, say, for 

example, the Willmore energy24? In this case we get an everted sphere. To get an everted 
sphere, just cut a hole in the sphere, pull the rest of the surface through the hole and patch 
back the hole. We could also work with ropes and study which knots minimize the amount of 
rope needed to make them. In Pleasing Shapes for Topological Objects25, John M. Sullivan 
(Department of Mathemtics, Technical University of Berlin) describes some of the shapes 
that are obtained when trying to solve these optimization problems. He explains the 
difficulties involved in transforming such shapes in three-dimensional models and he suggests 
how to solve them.  

 
   In the final article, Rhombopolyclonic Polygonal Rosettes Theory26, François Tard 

(Engineer from Paros), illustrates the use an algorithm to divide a regular polygon with an 
even number of sides in a rosette of concentric rings made out of isoperimetric rhombi 
(equal sides). 
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23 Pappus: «On the sagacity of bees». Preface to Book V of Mathematical Collection, in T.L. Heath (ed.): A History of Greek 
Mathematics, Vol. 2, Dover, 1981, pp. 389-390. 
24 The Willmore energy of a surface measures how far it is from being a sphere; specifically, it is the integral of the square of 
the mean curvature minus de Gauss curvature. It is conjectured that the shape of a cell minimizes the Willmore energy. 
25 Mathematics and Modern Art, pp. 153-165.  
26 Mathematics and Modern Art, pp. 167-176. 


