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ISAMA 15 Years of Scherk-Collins Saddle Chains

Carlo H. Séquin
University of California, Berkeley

My collaboration with Brent Collins started 15 years ago. When I saw a picture of Hyperbolic Hexagon
(Fig.1), I wanted to find out who was the artist behind this elegant form, which looked simultaneously 
mathematical and quite natural. So I picked up the phone and contacted the artist Brent Collins, a wood 
sculptor living in Gower, MO. We talked for about 45 minutes, and in this first phone conversation we 
established that this piece indeed has a mathematical underpinning, even though Brent was not aware of it 
when he first carved it; the connection was made by Prof. George Francis at the University of Illinois. The
shape shown in Figure 1 can be interpreted as a section from Scherk’s Second Minimal Surface (Fig.2a) bent 
into a closed loop. This geometrical form also looks quite “natural,” because minimal surfaces are the shapes
assumed by a soap film suspended in an arbitrary wire frame. Mathematically they are defined as having 
zero mean curvature everywhere, thus forming perfectly balanced saddle shapes at every point of the surface.

Figure1: Hyperbolic Hexagon             Figure 2a: Scherk tower         Figure 2b: Twisted Scherk tower

Once we understood this shape as a chain of six hole-saddle pairs bent into a closed toroid, it was 
unavoidable to ask what would happen, if we had a different number of holes and saddles in that loop. After 
some analysis, it becomes clear that when there is an odd number of such “stages” or “stories,” the ends do 
not join naturally, since every other stage is turned by 90° with respect to its neighbors above and below. We 
can still make them join smoothly, if we twist the whole “Scherk Tower” longitudinally (Fig.2b) by any odd 
multiple of 90°. Next, in our phone discussion, we realized that under those circumstances the two different 
sides of this surface would be merged, thus forming a single-sided Möbius configuration. Adding any twist 
to the Scherk tower also interlinks the edges of this sculpture in interesting ways. In the un-twisted 
Hyperbolic Hexagon all four edges form their own separate closed loops. But with a moderate amount of 
twist these edges will merge into one another after one pass around the twisted toroid; and it will then take 



several laps around the toroid to reach the starting point again. Analyzing the multiple intertwined torus 
knots that can be formed in such twisted structures is rather intriguing.

While these mathematical questions are quite fascinating, Brent, as an artist, is mostly concerned with the 
question whether any of these possible configurations make attractive geometrical sculptures that look good 
from most viewing angles. For that reason, Brent first builds smaller scale models from embroidery hoops, 
PVC piping, wire meshing, bees wax, etc, for any larger-scale sculpture that he plans to carve in wood. 
Making such a model may itself take a couple of weeks. In our first phone conversation we already had 3 or 
4 novel ideas, and in our subsequent frequent phone discussions we typically added one or two more ideas 
each week. Thus it became clear that Brent could not possibly keep up with making models for all these 
concepts to judge their visual appeal. At this point I decided that a computer-based visualization tool was our 
only hope of keeping abreast of our own ideas. The result was Sculpture Generator I, a special purpose 
modeling program written in the C language, the geometry kernel of which comprised only about 3000 lines 
of code  [see: Nat Friedman, Carlo Séquin’s Sculpture Generator I,  Hyperseeing,  July-August, 2008]. 
Within a few months I had a first prototype running that allowed me to specify the number of stories in the 
loop, their combined total twist, the azimuth orientation of the edges around the smaller radius of the torus, 
as well as the thickness and extension of the flanges, and various simulated surface properties (Fig.3). Now I 
could try out many different ideas and parameter combinations in a matter of minutes, and then focus on the 
most promising configurations and optimize them for their aesthetic appeal. Or I could investigate such 
questions as: What is the tightest loop into which a Scherk tower with only 3 stories could be bent. The latter 
question led to my version of the Minimal Trefoil (Fig.4).

Figure 3: Sculpture Generator I:  Single-story toroid                    Figure 4: Minimal Trefoil in bronze

By the end of 1996, Sculpture Generator I had grown into a fairly robust program with many different output 
modalities. Besides compelling virtual renderings, the program also could output a boundary representation 
of these solid shapes in the .STL file format, which was the lingua franca of the many layered manufacturing 
machines that started to emerge around that time. I also added a program module that could output full-size 
blue prints of section cuts taken at regular intervals, say 7/8 of an inch apart, corresponding to the thickness 
of the wood-boards from which Brent Collins was planning to build such sculptures. Hyperbolic Hexagon II
was the first large sculpture that Brent built from a set of blue prints generated by Sculpture Generator I. He 
cut the individual profiles from 7/8 inch thick walnut boards, assembled them with industrial strength glue, 
then fine-tuned the shape with hand tools, and honed the surface to perfection. Figure 5 shows Brent Collins 
holding our first truly collaborative piece.



Figure 5: Brent Collins holding the wood master of Hyperbolic Hexagon II

A few months later we built Heptoroid in the same way; this was a ring with seven 4th-order saddles and a 
twist of 135°. And while Brent claims that he might have been able to design the shape of Hyperbolic 
Hexagon II without the help of a computer, he readily admits that this would not be possible for the 
Heptoroid. Below is a cross-eye stereo picture of this twisted shape.

Figure 6: Cross-eye stereo picture of the Heptoroid geometry



Around that time, the College of Engineering at U.C. Berkeley acquired a few rapid prototyping machines on 
which I could now produce small-scale versions of these sculptures within a day or two. That is when I really 
started to experiment with my Sculpture Generator I, producing dozens of small prototypes, 3 to 4 inches in
diameter (Fig.7), or “hyper-sculptures” consisting of several closely related individual pieces (Fig.8). 

Figure 7: Three cinque-foils made on an FDM machine                Figure 8: Family of Twelve Trefoils

Some of the more attractive shapes were subsequently fabricated at a scale of about 8 inches in diameter. I 
then sent some of these plastic maquettes, made on a Fused Deposition Modeling (FDM) machine, to Steve 
Reinmuth in Eugene, OR, for bronze casting. Steve had figured out how these ABS-plastic shapes could be 
converted into bronze casts in a “lost-ABS” investment casting process, directly analogous to the traditional 
lost-wax process. Examples of that conversion process are: Cohesion (Fig.9) and Scherk Tower (Fig.10).

                                 Figure 9: Cohesion (bronze)                               Figure 10: Scherk Tower (bronze)



Cohesion consists of a Scherk-Collins saddle-ring of only two stories with 3-way monkey saddles (Fig.9), 
and Scherk Tower is a twisted straight-line cut from Scherk’s 2nd Minimal Surface.  The latter piece was 
recently re-issued with a new green patina (Fig.10) to show what a large-scale sculpture might look like, if 
placed in a reflecting pond with water running down from the top over its sides and dripping from one story 
to the next one below.

Following the notion that “bigger is better,” Brent and I are always looking for opportunities to take 
one of our collaborative designs and build it at a larger scale. Figure 11 shows a 12-inch diameter bronze cast 
of Solar Circle a 12-story saddle ring with 270° twist. In 2007 it was cast as a 10-foot diameter polyester and 
glass-fiber ring and hung in an atrium in a housing development near Kansas City (Fig.12).

                    Figure 11: Solar Circle (bronze)                                  Figure 12: Millennium Arch (polyester)

Another motif consisting of three monkey saddles in a tight loop with a 270° twist was also built at several 
different scales. The largest one was Whirled White Web, a 12-foot tall snow sculpture (Fig.14) carved in a 
span of five days at the snow-sculpting championships in Breckenridge, CO, in 2003. Even though it 
collapsed only 45 minutes after judging had ended, it was awarded the silver medal. The same motive was 
re-engineered in 2008 to serve as an annual award trophy for the Euro-Graphics conference (Fig.13).

Figure 13: Euro-Graphics conference award trophies



Figure 14: Whriled White Web, silver-medal winner, 2003 snowsculpting championships, Breckenridge, CO

Figure 15: Doubly Wound Quad (bronze, gold-plated)



Figure 14: Whriled White Web, silver-medal winner, 2003 snowsculpting championships, Breckenridge, CO

Figure 15: Doubly Wound Quad (bronze, gold-plated)

As I continued to play with Sculpture Generator I, some of its built-in limitations started to frustrate me. 
Thus, over the next few years I gradually enhanced the program’s capabilities and expanded its conceptual 
boundaries. For instance, why should the hole-saddle chain only go around the toroidal loop once? Wrapping 
it around the loop more than once will typically produce a complex, self-intersecting mess. But if we select
an odd number of stories, so that the stories intertwine gracefully on subsequent passes, and also judiciously 
select the amount of twist and the width of the flanges, then we can obtain a clean, non-self-intersecting solid 
with a proper 2-manifold surface. One demonstration that this can be done is the Doubly Wound Quad
(Fig.15), of which Steve Reinmuth said that this was his most difficult casting job ever!

                    Figure 16: Totem 2 (ABS plastic)                       Figure 17: Totem 4 (bronze)

As another extension of the domain of Sculpture Generator I a program module allowing non-uniform, 
affine scaling of the toroidal geometry was added. Sculptures often can be made to look more dramatic and 
more interesting if their symmetry is broken in controlled ways. This extension made possible the design of 
several sculptures in the Totem family (Fig.16 and 17).

Nevertheless, at some point this saddle-ring paradigm runs out of steam. There are many other sculptures 
with quite different design paradigms. To capture their essence requires completely new programs. Over the 
last 10 years, several other sculpture modeling environments have been created by my students – those will 
be the subject of future communications.



Figure 18: Carlo Séquin next to a bronze cast of Hyperbolic Hexagon II placed at U.C. Berkeley

This review concludes with another picture of Hyperbolic Hexagon II, which recently has been cast in 
bronze and is now standing in the lobby of the CITRIS building on the U.C. Berkeley campus. The wood 
master for Hyperbolic Hexagon II had been standing in the Mathematics Lounge of Wesleyan College for 
several years. There it was discovered by the film makers of Watchmen and borrowed for an appearance in 
Dr. Manhattan’s studio. Eventually, a mold was formed from that wood master, and Steve Reinmuth's 
Bronze Studio in Eugene, OR, then reproduced the shape in bronze by investment casting. That studio also 
created the special patina, which turned a “geometric model” into a wonderful piece of art. Thus Hyperbolic 
Hexagon II is truly a collaborative effort between Brent Collins, Steve Reinmuth, and Carlo Séquin.



Figure 18: Carlo Séquin next to a bronze cast of Hyperbolic Hexagon II placed at U.C. Berkeley

This review concludes with another picture of Hyperbolic Hexagon II, which recently has been cast in 
bronze and is now standing in the lobby of the CITRIS building on the U.C. Berkeley campus. The wood 
master for Hyperbolic Hexagon II had been standing in the Mathematics Lounge of Wesleyan College for 
several years. There it was discovered by the film makers of Watchmen and borrowed for an appearance in 
Dr. Manhattan’s studio. Eventually, a mold was formed from that wood master, and Steve Reinmuth's 
Bronze Studio in Eugene, OR, then reproduced the shape in bronze by investment casting. That studio also 
created the special patina, which turned a “geometric model” into a wonderful piece of art. Thus Hyperbolic 
Hexagon II is truly a collaborative effort between Brent Collins, Steve Reinmuth, and Carlo Séquin.  

 

Serra Spaces
Nat Friedman

artmath@gmail.com

Abstract

Richard Serra is considered one of the leading sculptors of our time. What is not usually pointed out 
is that much of his work is really mainstream mathematical sculpture. This includes the torqued 
ellipses, torqued spirals, and spaces between surfaces of zero, positive, and negative curvature. That 
is, spaces between cylindrical surfaces, conical surfaces, spherical surfaces, and saddle surfaces. In 
this article, we will mainly consider spaces between surfaces. In a subsequent article, we will 
discuss the torqued ellipses and torqued spirals. 

Introduction

Starting with the sculpture Strike1, 1969-71, Richard Serra has been developing large space 
sculptures that are intended for the viewer to enter and to feel being in the space of the sculpture as 
the primary sculptural experience, rather then the standard visual experience. Serra’s sculptures that 
emphasize space consist of either divided space or enclosed space. We will be mainly interested in a 
Serra space that is the space between two bounding steel surfaces (walls). The shape of the space is 
defined by the shapes of the two bounding surfaces and their placements. The placements are of 
primary importance since the shape of the space changes when the placements of the two bounding 
surfaces changes. For example, if the width between the surfaces is increased, then the size of the 
space increases. Thus placement of the surfaces is the critical decision in constructing the sculpture 
once the two bounding surfaces are chosen.

Natural canyon spaces were considered in [1,2]. Serra’s spaces between two steel surfaces (walls) 
may be considered as abstract canyon spaces with smooth walls rather then the natural walls in
[1,2]. 

From a mathematical viewpoint, a surface can be flat, cylindrical, conical, spherical or saddle 
shaped (hyperbolic). Serra’s surfaces have developed in this order. Thus the types of two bounding 
surfaces that Serra introduced as his spaces developed started with two flat surfaces 
and then progressed through two each of cylindrical, conical, spherical, and saddle surfaces. 
                                                           
1 Images will not be included due to ARS (Artist’s Rights Society) restrictions on reproducing images of artist’s works 
in an electronic journal. However, multiple images can be easily seen on Google by inserting Richard Serra followed by 
the name of the sculpture.
 



 

 

This progression was not strict since in some cases, Serra would return to create a sculpture with 
two surfaces of a previous type such as two flat surfaces. We note that in the mathematical 
literature, cylindrical and conical are also referred to as flat since, for example, they can be obtained 
by curving a flat sheet of paper without stretching or shrinking the paper. Serra also constructed 
spaces between two surfaces of different types, such as a space between a spherical surface and a 
saddle surface. We will also discuss examples of these sculptures. 

Early Space Sculptures 

Three early sculptures concerned with space are Strike: To Roberta and Rudy, 1969-71, Circuit,
1972, and Dilineator, 1974-75. Serra had discovered that a rectangle can be supported by a corner 
of a room and this led to Strike, which consists of a long rectangular steel plate placed in one corner 
of a room. Initially the idea was about a heavy steel plate being supported by the corner of a room 
and the space of the room was not significant. However, Serra later realized that the plate cut the 
space of the room and formed a divisor of the space. Thus the idea was really about dividing the 
given space of the room. The space of the room was part of the sculpture. In order to fully 
appreciate the sculpture, the viewer had to enter the space and walk around the steel divider. 
Visually the divider will appear first as a rectangle as one starts on one side of the divider and then 
walks around the end of the divider, where the view is just the thin vertical edge of the divider, and 
lastly see the divider again as a rectangle as one walks 
around to the other side. Thus the space of the room has been replaced by a space with a 
rectangular cut. Looking down on the sculpture, one would see the diagonal line of the 
dividing plate as a line of reflective symmetry. 

Strike led to the next sculpture Circuit. The space of the room is again the space of the sculpture. In 
this case four flat vertical rectangular steel plates supported in the four corners divide the space into 
four triangular spaces, each bounded by two vertical flat rectangular surfaces, that converge toward 
the center of the room. This center can be considered as the intersection of the four triangular spaces 
and is the most active location. A certain “spatial energy” is created there. Looking down on the 
sculpture, the two diagonals are each lines of reflective symmetry.  The sculpture also has quarter 
turn rotational symmetry.

In Strike and Circuit, the flat steel rectangular plates are vertical. The next sculpture Delineator
consists of two flat steel rectangular plates mounted horizontally with one plate on the floor and one 
plate mounted above on the ceiling in a perpendicular direction to the floor plate. In this case the 
steel plates are not cutting the space but are bounding the space between the plates. There seems to 
be a certain spatial energy created between the bounding steel plates. The change in feeling is 
dramatic as one enters into the space and stands at the center. You are standing on one steel plate 
and the other steel plate is on the ceiling above you. It is a little scary since you are never sure that 
ceiling plate is really secure!!
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Long Curved Surfaces 

Preliminary to Serra’s paired curved surfaces were sculptures consisting of a single curved surface. 
Instead of a flat rectangular surface, Serra moved on to a very long curved rectangular surface. The 
first curved surfaces were exhibited in 1980, such as St. John’s Rotary Arc, Weatherproof steel,
Cylindrical section: 12’ high x 180’ long measured along the chord x 2 ½” thick, installation at 
Holland Tunnel Exit, New York, 1980-1988. In this case the arc is a section of a cylinder and is 
straight up in the vertical direction. This is a strong example of a long curving surface dividing 
space into two sides. On the concave side the surface is curving toward you in the horizontal 
direction and forms an enclosure. On the convex side the surface is curving away from you in the 
horizontal direction. On either side the surface is straight up in the vertical direction with no lean.  

A second long curved surface is Tilted Arc, 1981, Weatherproof steel, Cylindrical section: 12’ 
high x 120’ long x 2 ½” thick, Installation in Federal Plaza, New York, Collection U.S. 
General Services Administration, Washington, D.C., Destroyed by the United States 
Government, 1989. Tilted Arc is also a curved cylindrical section that divides space into two sides 
but is mounted with a lean, which makes the surface more active then a vertical surface with no 
lean. In this case, on the concave side the surface leans toward you in the vertical direction, as well 
as enclosing you in the horizontal direction. The lean towards you and enclosure defines a more 
secure space then a surface with no lean. On the convex side, the surface leans away in the vertical 
direction, as well as curving away in the horizontal direction. 

Unfortunately the sculpture was considered disruptive to the open space of the plaza and was 
eventually removed, but not before causing quite a controversy. 

Spaces Between Curved Surfaces 

A sculptural space is defined as the space between boundary surfaces. In particular, a 
curved space is defined by curved surfaces. A first example that resembles a simplified
narrow canyon is My Curves Are Not Mad, 1987, Weatherproof steel, Two 
identical conical sections inverted relative to each other, each: 14’ high x 45’ along the chord x 
2” thick, Collection Patsy and Raymond D. Nasher, On permanent loan to the Dallas Museum 
of Art, Texas. In this case Serra used conical sections. A conical section is a horizontal section of a 
cone. For example, a cone shape is a flowerpot with the wall leaning out. If this is turned upside 
down, then the wall section will lean inward, like a lampshade. In particular, whereas a cylindrical 
surface has to be tipped to obtain a lean, a conical surface has a natural lean. In the case of My 
Curves Are Not Mad, two long high conical sections are placed close to each other with the two 
sections leaning towards each other. In particular, the two surfaces define a long curving space that 
is narrower at the top. One can experience the sculpture visually by walking around the exterior and 
also experience the sculpture bodily by walking through the interior. The light and shadow effects 
in the interior space will vary depending on the time of day as well as the weather. 



 

 

Clara-Clara 

My Curves Are Not Mad was discussed first since it is easier to see the related leans of 
the two conical surfaces. An earlier Serra space sculpture using conical surfaces is Clara-
Clara 1983, Weatherproof steel, Two identical conical sections inverted relative to each other, 
one: 12’ high x 109’ along the chord x 2” thick, one: 12’ high x 107’10” along the chord x 2” 
thick.  Here the two conical sections are arranged so that they lean the same way and they open out 
at both ends and converge toward each other in the center. Thus the shape of the spaces in Clara-
Clara and My Curves Are Not Mad are completely different due to the placement of the conical 
sections, although both spaces are bounded by two identical conical sections that are inverted with 
respect to each other. 

Intersection II 

A later space sculpture is Intersection II, 1992-93, Weatherproof steel, four identical 
conical sections inverted relative to each other, two: each: 13’ 1 ½” high x 51’ 9” 
along the chord x 2 1/8” thick, two: each: 13” 1 1/2 “ high x 50’ 9” along the chord x 
2 1/8” thick, The Museum of Modern Art, Gift of Jo Carole and Ronald S. Lauder. 
Here the four conical sections are placed next to each other and lean in various ways so that the 
three corresponding bounded spaces have different shapes. In one end-view, the walls of the space 
on the left both lean out so the space opens up as one looks upward. The walls of the space in the 
middle both lean to the right so the space leans to the right. The walls of the space on the right both 
lean in so the space closes in as one looks upward. There will also be a range of light and shadow 
effects depending on the angle of the sun. 

Note that for a conical section, a horizontal line on the surface will curve toward you on 
the concave side and curve away from you on the convex side, independent of the lean. A 
vertical line on a conical surface will not curve but will remain a line and lean the same 
way the surface is leaning. In the surfaces to be considered below, horizontal lines and 
vertical lines on the surface will both curve. In the case of spherical surfaces, the two 
curves will both curve toward you or both curve away from you. In the case of saddle 
surfaces, it is surprisingly interesting. One will curve toward you and one will curve away 
from you. 

Tilted Spheres 

In the previous three sculptures Serra used conical sections to define spaces with a variety 
of shapes. Spherical sections were used in the next sculpture Tilted Spheres, 2002-4,
Weatherproof steel, Four spherical sections, overall:14’ 3 ¼” x 45’ 5 ¾” x 39’ 8 ¾ “, plates: 2” 
thick, Collection Greater Toronto Airports Authority. Here the spaces are defined by tilted 
sections of spheres. In this case the narrow spaces on the left and right tilt toward the center. The 
inner surface curves away from you in both the horizontal and vertical directions. The outer surface 
curves toward you in both the horizontal and vertical directions. The tilting spaces generate a 



 

 

Clara-Clara 

My Curves Are Not Mad was discussed first since it is easier to see the related leans of 
the two conical surfaces. An earlier Serra space sculpture using conical surfaces is Clara-
Clara 1983, Weatherproof steel, Two identical conical sections inverted relative to each other, 
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along the chord x 2 1/8” thick, two: each: 13” 1 1/2 “ high x 50’ 9” along the chord x 
2 1/8” thick, The Museum of Modern Art, Gift of Jo Carole and Ronald S. Lauder. 
Here the four conical sections are placed next to each other and lean in various ways so that the 
three corresponding bounded spaces have different shapes. In one end-view, the walls of the space 
on the left both lean out so the space opens up as one looks upward. The walls of the space in the 
middle both lean to the right so the space leans to the right. The walls of the space on the right both 
lean in so the space closes in as one looks upward. There will also be a range of light and shadow 
effects depending on the angle of the sun. 
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vertical lines on the surface will both curve. In the case of spherical surfaces, the two 
curves will both curve toward you or both curve away from you. In the case of saddle 
surfaces, it is surprisingly interesting. One will curve toward you and one will curve away 
from you. 
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somewhat tipsy feeling. The central space has the feeling of a round secure hemispherical space 
since the surfaces on both sides curve toward you in both the horizontal and vertical directions. 

Vice Versa 

Before discussing the next sculpture, we will first introduce a saddle surface. The surface 
shown in Figure 1 is similar to a horse saddle and is referred to as a saddle surface. This 
is all you really need to realize. However, for completeness, we will discuss some of the 
underlying mathematical terms. The surface is the graph of the equation z = x2 – y2,
where z is the vertical axis and x and y are the horizontal axes in Figure 1. For a fixed 
value of y, the equation is z = x2 - constant, which is the family of purple parabolas in 
Figure 1 that are concave upward in planes parallel to the x,z plane. For a fixed value of 
x, the equation is z = constant – y2 , which is the family of purple parabolas in Figure 1 
that are concave downward in planes parallel to the y,z plane. The x,z and y,z planes are 
perpendicular. Therefore at any point on the saddle surface, there will be a parabola 
concave downward and a parabola concave upward and the parabolas are in 
perpendicular planes. A plane parallel to the horizontal x,y plane will intersect the surface in yellow 
hyperbolas, as seen in Figure 1. Hence the saddle surface in Figure 1 is also referred to as a 
hyperbolic paraboloid. 

Now imagine rotating the saddle 
surface in Figure 1 a quarter 
turn to the left so that the 
previous vertical z-axis now 
coincides with the previous 
horizontal x-axis. The previous 
purple curves that were concave 
down are now horizontal and 
concave to the right. The 
previous purple curves that were 
concave up are now vertical and 
concave to the left.  Thus if you 
were standing to the right of this 
repositioned surface, the surface 
would be curving toward you in
the horizontal direction and 
curving away from you in the 
vertical direction. We will refer 
to this repositioned surface as 
the left saddle surface.

Similarly, imagine rotating the saddle surface in Figure 1 a quarter turn to the right so the previous 
vertical z-axis now coincides with the previous horizontal negative x-axis. If you were standing to 

Figure 1. Saddle Surface, Hyperbolic Paraboloid, 
z = x2 – y2.



 

 

the left of this repositioned surface, then as above, the surface would be curving toward you in the 
horizontal direction and away from you in the vertical direction. We will refer to this repositioned 
surface as the right saddle surface.

Now consider placing the left saddle surface on the left and the right saddle surface on the right so 
they are facing each other. This is the form of Serra’s sculpture Vertical Torus, 2003,
Weatherproof steel, Two saddle sections, each: 16’ 8 13/16” x 33’ 1 5/8” x 59”, plates: 2” thick, 
Collection Grupo Santander, Madrid . In particular, if you are standing inside between the left 
and right saddle surfaces, both walls would be curving toward you in the horizontal direction and 
away from you in the vertical direction. Thus the space would be opening up in the vertical 
direction and closing in the horizontal direction. Apriori, you might not think a space could do this.

Now suppose you switch the left and right saddle surfaces. This is the form of the Serra’s sculpture 
Vice-Versa, 2003, Weatherproof steel, Two saddle sections, each: 15’ 5” x 38’ 2” x 10’ 10”, 
plates: 2” thick, Collection Marsha and Jeffery Perelman, Philadelphia. In this case, if you are 
standing inside between the two saddle surfaces, the space is closing in the vertical direction and 
opening out in the horizontal direction. 

Vertical Torus and Vice-Versa are two impressive minimal mathematical sculptures each consisting 
of two long high saddle surfaces made of two-inch thick steel. It would be interesting to know the 
technical process for bending two-inch steel to obtain a saddle surface.

A Doughnut is a Torus 

Note that if you stood in the interior (hole) of a giant doughnut and faced the round inner surface 
surrounding you, the surface would be curving away from you in the vertical direction and curving 
toward you in the horizontal direction. Thus the inside of a doughnut is a round saddle surface. Note 
that standing inside the space in Vertical Torus is like standing inside a giant doughnut because the 
surface curves away from you in the vertical direction and curves toward you in the horizontal 
direction. The mathematical term for a doughnut shape is a torus; hence the title Vertical Torus. 
Actually Vertical Torus represents just the saddle –shaped inner part of a torus. 

If you are standing on the outside of a giant doughnut and facing the surface, then the surface curves 
away from you in both the vertical and horizontal directions just like facing the convex side of a 
spherical surface. Thus the outer surface of a doughnut is a round spherical surface. Therefore a 
doughnut is spherical on the outer surface and saddle shaped on the inner surface. So we can think 
of a doughnut as a join of a round outer spherical surface and a round inner saddle surface. If you 
look down on the doughnut, then the join consists of the circle on the top of the doughnut and the 
circle on the bottom of the doughnut touching the table. Actually I hadn’t thought of a doughnut 
before as a join of a spherical surface and a saddle surface, which makes a doughnut even more 
interesting. We went into detail here since in Serra’s titles, a saddle shape is often referred to as a 
torus shape.
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Sculptures with Spaces Between Surfaces of Different Types

Betwixt the Torus and the Sphere 

The next sculpture considered actually pre-dated the preceding two sculptures. We discussed them 
first since the space was between two saddle surfaces. We will now consider Serra’s Betwixt the 
Torus and the Sphere, 2001, Weatherproof steel, Three saddle sections and three spherical 
sections, overall: 11’10” x 37’9” x 26’7”, plates: 2” thick, private collection. We note that the 
sculpture could have been named Betwixt the Saddle and the Sphere. 

Spaces between surfaces of the same type have been discussed above, where the type was conical, 
spherical, or saddle. In Betwixt the Torus and the Sphere, the six surfaces are arranged side by side 
so that there are five different spaces between adjacent surfaces. In some cases, one surface is 
spherical and an adjacent surface is saddle. Which way they are positioned makes all the difference. 
For example, one space has a spherical section on the left and a saddle section on the right. In this 
space the spherical surface on the left is curving away from you in both the horizontal and vertical 
directions but is still leaning toward you. The saddle surface on the right is curving toward you in 
the horizontal direction and away from you in the vertical direction. This results in an interesting 
space that is different then previously considered spaces between surfaces of the same type. Similar 
remarks hold for the other four spaces. I recall visiting the exhibit and walking through the spaces, 
spending a lot of time experiencing the five distinctly shaped spaces. 

Union of the Torus and the Sphere

The next form consists of a spherical surface and a saddle surface that are joined together at the 
ends so that one cannot enter the enclosed space between the surfaces. The top is open. This is the 
sculpture Union of the Torus and the Sphere, 2001, Weatherproof steel, One spherical section: 
11’10” x 37’9”, One saddle section, 11’10” x 37’6”, Overall: 11’10” x 37’9” x 10’5”, Dia Art 
Foundation, Beacon, New York.  Note that the maximum width of the enclosed space is 10’5”.  
The title could have been Union of the Saddle and the Sphere.

The idea here is that if one takes an outer spherical section from the left of a torus and an inner 
saddle shaped section from the right of a torus, then they can be joined at their ends because the 
ends are curving the same way. Given the size of Union of the Torus and the Sphere, the technical 
skill required to construct this sculpture out of two-inch steel is very impressive. In particular, the 
joins at the two ends are perfect.

Blind Spot

Richard Serra has always said “the work comes from the work”. That is, one idea leads to another 
idea. Nowhere is this more true then the sequence of sculptures discussed in this article. In 
particular, the idea of joining a spherical section and a saddle section in Union of the Torus and the 
Sphere led to Blind Spot, 2002-2003, Weatherproofed steel, 13’ x 54’ x 32’4”. Blind Spot



 

 

consists of alternatively joining three saddle surfaces 1, 3, 5 and three spherical surfaces 2, 4 ,6 of 
decreasing lengths to obtain a spiral sculpture. As in the joins in Union of the Torus and Sphere, 1 
joins to 2, which joins to 3, which joins to 4, which joins to 5, which joins to 6. The resulting spiral 
space consists of five sections of spaces of decreasing lengths. 

One first enters a section of space between the two saddle surfaces 1 and 3, that turns into a section 
of space between the two spherical surfaces 2 and 4, that turns into a section of space between the 
two saddle surfaces 3 and 5, that turns into a section of space between the two spherical surfaces 4 
and 6, which turns into an inner central space bounded by the shortest saddle surface 5 and the 
shortest spherical surface 6. There is a variety of impressive views as one walks through the space.

Thus as in Betwixt the Torus and the Sphere, Blind Spot is made up of three saddle surfaces and 
three spherical surfaces. There are also five sections of space in each sculpture. The point in Blind 
Spot is that the six surfaces are joined resulting in six sections of space of alternating character that 
form one long spiral space.

Open-Ended

The next sculpture is Open Ended, 2007-2008, Weatherproofed steel, 12’5” x 59’9” x 24’2”.
This sculpture also consists of three saddle surfaces 1, 3, 5 and three spherical surfaces 2, 4, 6
of decreasing lengths. The surfaces are arranged essentially the same as in Blind Spot but are 
connected differently so that there are two ways to enter the space that both end in the central space. 
In this case, 1 joins to 4 which joins to 5 and 2 joins to 3 which then joins to 6. Thus there are two 
spiral walls consisting of surfaces 1, 4, 5 and surfaces 2, 3, 6. These two spiral walls are nested one 
inside the other as before but now one can enter from either end. As before, one can enter the
section of space between 1 and 3 which now turns into the section of space between 4 and 6 which 
turns into a central space between 5 and 6 at one end of the central space. One can also enter the
space between 2 and 4 which turns into the space between 3 and 5, which also turns into the central 
space between 5 and 6 at the other end of the central space. Thus Open Ended consists of two 
nested spiral spaces, each consisting of three connected spaces, with the last common central space
that can be entered from either the space between 4 and 6 or the space between 3 and 5.

In a subsequent article we will discuss Serra’s torqued ellipses and torqued spirals. 
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Hyperseeing The Eye
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Until the 4th century BC artists were not aware of the fact that eyes are 3D objects. Most early human 
portraits were drawn in profile  but eyes were always drawn front view. This mistake created its own 
strange aesthetic we can immediately recognize today. Good examples of this mistake-aesthetic can be 
seen in ancient Egyptian paintings.  Figure 1 shows an example of such paintings and its corrected 
version. Note that the corrected version does not exactly look like an Egyptian painting.

Original Corrected

Figure 1. A detail from a portrait of Egyptian 18th Kingdom Queen Nefertiti from her grave walls. The images 
I could find were very low quality. Therefore, I redrew the image staying as faithful as possible to the original.  
In the corrected image, I only changed eyes and hair. In terms of the eye, I redrew as it would be seen in 
profile. The original hair was straight. Real hair looks curved because of gravity.

If we look at human eye in profile, the iris does not look circular. Instead, it looks ellipsoid. Moreover, iris 
does not stay in the middle, it stays on the left or on the right depending on the profile view. This 
information is very easy to obtain since we can easily observe it by looking at a person from different 
viewpoints. Despite the fact that this information can easily be obtained, not just Egyptian artists but all 
artists before 4th century BC were making exactly the same mistake. For instance, we see that eyes in 
Greek amphora and wall paintings  are drawn exactly the same as Egyptian wall paintings  until the 4th

century BC. For example, see figures 2 and 3 that show details of two wall paintings from the 15th century 
BC, Crete.



Original Corrected

Figure 2. A detail of wall painting called Parisian in Knossos Palace from 5th Century BC, Crete. The 
original of this image in the Herakleion Museum of Archeology, Crete. The images I could find  were 
very low quality. Therefore, I redrew the image staying as faithful as possible to the original.  In the 
corrected image, I only changed the eye.

Historians may provide very complicated and complex explanations to explain the origins of this mistake. 
However, I believe the best explanation is the simplest one. I think people did not really understand that 
the eye is a 3D shape. They never really looked at eyes and could not hypersee (see from different views)
the eyes. Therefore, they did not think that an eye will look different than from different point of views. 

Of course, it is hard to understand for us how ancient artists/people did not realize such a simple fact.
However, hyperseeing an eye is not as simple as one may initially think. If we simply turn around a 
person, most of the time the shapes of her/his eyes look topologically similar to frontal views. Frontal
views of eye shapes roughly look like a convex lens with two sharp corners. When we are turning around 
a person, although the eye shape slight squashes because of the perspective distortion, most of the time the 
shapes are like convex lenses with two sharp ends. However, as soon as we reach the profile view, a 
topological change happens and one sharp corner becomes invisible hidden behind the iris. In other words, 
since both sharp corners of eyes are usually visible, it requires a higher level of understanding to observe 
this topological change in the shape. 

This problem in drawing eyes is the same as the shortcoming of the scientific or non-scientific models to 
explain natural events and things. We always develop models to provide a simple explanation to 
understand how anything behaves or any shape forms. Using our simplified models, we predict and create 
things. If our models are not sufficiently correct for the given tasks, we make mistakes. In other words, 
ancient artists/people did not fully realize that 3D matters for drawing realistic images. They probably 
think that drawings can simply be made as a collection of 2D shapes as I have drawn in Figure 4. They did 
not assume collections of 3D shapes are formed as a result of complicated interactions between individual 
shapes and gravity. Even if they felt that something is wrong, I assume that they did not question their 
commonly used models.



Original Corrected

Figure 3. A detail of wall painting called Blue Girls in Knossos Palace from the 5th Century BC, Crete. The 
original of this image in the Herakleion Museum of Archeology, Crete. The images I could find were very
low quality. Therefore, I redrew the image staying as faithful as possible to the original.  In the corrected 
image, I only changed the eye.  Note that in this image, hair is drawn very successfully. 

Figure 4. Before 4th century BC, human face was probably considered as an object that consists of 2D pieces 
instead of a complicated 3D shape. 

In scientific practice, the paradigm changes as soon as somebody introduces a new model that can explain 
what cannot be explained before. In terms of drawing eyes, the paradigm shifts happened in the 4th century 
BC. In fact, I have identified that there is only one inventor: a Greek amphora painter who is now known 
as Achilles Painter discovered how to draw eyes in side views. Achilles Painter was a pupil of another 
well-known artist who is now called as Berlin painter. I looked at paintings done by Berlin painter and it 
was clear that Berlin painter did not correctly draw eyes. Therefore, Achilles Painter must definitely be the 
inventor. Although he is called a painter, in today’s standards, Achilles Painter must be considered an 
illustrator. His inventions in line drawings are not limited to drawing eyes. His understanding of how 



human flesh curves, how the human body forms in 3D is still exceptionally good. In terms of artistic 
contributions and importance, I believe he is one of the best artists that ever existed. 

Figure 5. An amphora painting drawn by Achilles Painter and a face detail. The originals were very low quality. 
Therefore, I redrew these images without changing the main structure of the original. Colors in detail are from the 
original painting. Note that how masterfully he also drew nose, lips and arms using simple curves.

After this invention, people continued to make this mistake for a long time. Today, it is still possible to 
create the same mistake-aesthetic by combining photographs (see examples in Figure 6).

President Barack Obama Tom Cruise Ergun Akleman

Figure 6. The Egyptian style photographs I have created by combining two photographs: background is from the 
side view and eyes are from the front view. 
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Abstract

Meander patterns in Greek and Roman mosaics provide a rich source of geometric pattern 
designs with which to study the phenomenon of repetition in art. Repetition here refers both, 
to repetition within an artwork, exemplified most strongly in the decorative arts, and 
repetition across different artworks that span a possibly large period of time. Several types of 
repetition considered in the literature, most notably in the music domain, as well as some 
new categories proposed here, are evaluated in the context of the visual arts, and illustrated 
with examples taken from Greek and Roman meander patterns.

1. Introduction

The use of meander patterns in art is probably as old as art itself, since they are part of nature, 
and, as the ancient Roman philosopher Seneca once wrote, “all art is but imitation of nature.”
[24]. The earliest occurrences of meander patterns in art may have been inspired by the shapes 
of snakes or octopuses such as those adorning the artworks visible in Figure 1.

Fig. 1: Snake on an ancient Egyptian sarcophagus (left) at the Vatican Museum in Rome, and 
Octopus (right) on a 15th Century B.C. Mycenean amphora at the National Archaeological 

Museum in Athens.
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The photograph on the left in Figure 1 shows a long meandering snake painted on the interior 
surface of an ancient Egyptian sarcophagus on display at the Vatican Museum in Rome. It is 
clear that this work is not meant to be a realistic portrayal of a snake. It is much too long, and 
the structure of its geometric pattern reflects a most unlikely pose for a snake to take. It is 
rather meant to represent an artistic meander curve. Groups of snakes have been braided 
together to create more repetitive designs in Irish, Mediterranean and Chinese art [27]. 

The imposing octopus in Figure 1 (right) is one of three octopuses painted on a three-handled 
Palace Style amphora from the Mycenaean cemetery in the ancient city of Prosymna in 
Peloponesus, Grece, that dates from the 15th Century B.C., and is on display at the National 
Archaelogical Museum in Athens. Here also the tentacles of the octopus are portrayed as 
meander curves. The octopus motif has been used as a springboard for pattern design in other 
cultures as well, as exemplified by the pottery designs found in the ancient Chiriquian art in 
Panama [28]. Spirals, a special case of meander patterns, also occur abundantly in nature, and 
have been used extensively in art [29].

Meander patterns of the smooth, unknotted, and knotted varieties, as well as the ubiquitous 
rectilinear swastika fret (border) patterns, are common in Greek and Roman mosaics found 
throughout the Greek and Roman empires. These patterns provide repetitive designs for entire 
surface decoration of two-dimensional areas, as well as for one-dimensional strip or fret
patterns [3-11]. A good example of the smooth type of meander patterns used for entire surface 
decoration is found on one of the floor mosaics at the Caracalla baths in Rome, pictured in 
Figure 2. Note that the meander curves here do not cross each other.

Fig. 2: Smooth meanders on a floor mosaic at
the Caracalla Baths in Rome.

Fig. 3: A two-color, two-strand surface 
guilloche pattern on the floor mosaic in the 
Baptistery of the Cathedral in Florence, Italy.

On the other hand the tiling pattern in Figure 3 found on the floor of the Baptistery of the 
Cathedral in Florence, Italy, contains self-intersecting smooth meanders with the over-under 
property at their intersections. Each black and white pair of curves forms a separate two-color 
guilloche pattern. This most unusual floor tiling is an excellent example of an entire surface 
design that uses guilloche patterns in parallel formation to fill the two-dimensional space.
However, the more usual application of guilloche patterns is reserved for border designs.
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the structure of its geometric pattern reflects a most unlikely pose for a snake to take. It is 
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The imposing octopus in Figure 1 (right) is one of three octopuses painted on a three-handled 
Palace Style amphora from the Mycenaean cemetery in the ancient city of Prosymna in 
Peloponesus, Grece, that dates from the 15th Century B.C., and is on display at the National 
Archaelogical Museum in Athens. Here also the tentacles of the octopus are portrayed as 
meander curves. The octopus motif has been used as a springboard for pattern design in other 
cultures as well, as exemplified by the pottery designs found in the ancient Chiriquian art in 
Panama [28]. Spirals, a special case of meander patterns, also occur abundantly in nature, and 
have been used extensively in art [29].

Meander patterns of the smooth, unknotted, and knotted varieties, as well as the ubiquitous 
rectilinear swastika fret (border) patterns, are common in Greek and Roman mosaics found 
throughout the Greek and Roman empires. These patterns provide repetitive designs for entire 
surface decoration of two-dimensional areas, as well as for one-dimensional strip or fret
patterns [3-11]. A good example of the smooth type of meander patterns used for entire surface 
decoration is found on one of the floor mosaics at the Caracalla baths in Rome, pictured in 
Figure 2. Note that the meander curves here do not cross each other.

Fig. 2: Smooth meanders on a floor mosaic at
the Caracalla Baths in Rome.

Fig. 3: A two-color, two-strand surface 
guilloche pattern on the floor mosaic in the 
Baptistery of the Cathedral in Florence, Italy.

On the other hand the tiling pattern in Figure 3 found on the floor of the Baptistery of the 
Cathedral in Florence, Italy, contains self-intersecting smooth meanders with the over-under 
property at their intersections. Each black and white pair of curves forms a separate two-color 
guilloche pattern. This most unusual floor tiling is an excellent example of an entire surface 
design that uses guilloche patterns in parallel formation to fill the two-dimensional space.
However, the more usual application of guilloche patterns is reserved for border designs.
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Figure 4 shows a typical way of using an over-under guilloche pattern to decorate the border of 
a figural mosaic.

Fig. 4: A single-color, two-strand border guilloche pattern on a mosaic on display at the 
Vatican Museum in Rome.

The most complex as well as common meander patterns found in Greek and Roman mosaics 
are the swastika meanders, such as the border design pictured in Figure 5. This mosaic 
pavement on display in the Pergamon Museum in Berlin is from the dining room of a Roman 
private house, and dates from the 2nd Century A.D. Note that in this example there is no over-

under relation at the 
points where the two 
curves cross over each 
other. Note also the 
portion of the mosaic on 
the lower right-hand 
corner; it provides 
another example of a
figure decorated with a 
two-color, two-strand 
guilloche.

The key feature of the 
meander patterns on the 
Roman mosaics 
illustrated in Figures 2-5 

is of course repetition. Repetition is a fundamental property of nature, and if art imitates nature, 
then one should expect repetition to be ever present in art as well. The Danish philosopher 
Kierkegaard [19] wrote, “Repetition is the reality and significance of life.” Repetition as 
considered in this paper refers both, to repetition within one artwork exemplified most strongly 
in the field of decoration and design [4], [6], and repetition across different artworks that span a 
possibly large period in time [1], [14]. In the following we describe a research project in 
progress that aims to explore the effects of scientific, religious, political, intellectual, and 
physical constraints on the occurrence of repetition of meander patterns in ancient Greek and 

Fig. 5: Mosaic pavement at the Pergamon Museum in Berlin, from 
the dining room of a Roman private house, dated from the first half 
of the 2nd Century A.D.
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Roman mosaics, and their influence on contemporary design.

The repetition of motifs in art-works over a long period of time appears to be predominantly a 
result of cultural aspects such as religious and political forces, whereas repetition within a 
single work of art seems to reflect more perceptual and cognitive considerations, as well as the 
physical constraints present in the environment in which the art object was created. This is not 
to suggest that perceptual issues are not culturally relevant. Indeed, certain geometrical 
properties of art objects, such as symmetry and verticality, appear to have a strong cultural 
foundation, as documented in the African context by Washburn [16]. The intellectual 
constraints may come from a scientific viewpoint of art. After all, science is founded on the 
premise that the results of experiments must be repeatable by different observers at different 
times in order for them to speak the truth about nature. For example, Levy explores how a 
group of contemporary artists are inspired by the structure of DNA molecules, and writes:

“Just as repetition calls attention to variation within sameness, the artistic use of analytic 
systems can focus attention on personal vision. When artists specifically use genetics as 
the scientific model, their repetition suggests generative metaphors.” [2].

On the other hand the physical constraints in an artwork tend to emerge from the nature of 
visual perception [12] as well as the underlying geometric tools employed [9]. Once an 
effective algorithm has been found for generating successful patterns it is only natural that it 
should be used repeatedly to guarantee good results, and to save the time required for
developing new techniques [10], [15]. In the latter case the geometry also provides a tool for 
analyzing visual units that may be used for reconstructing missing patterns in mosaics and other 
artworks that have been destroyed by war and the forces of nature [10].

2. Types of Repetition

According to C. A. Harris [18]: “Repetition in art is due chiefly to two causes: it serves some 
purely utilitarian purpose, or is intended to satisfy the artistic sense.” Perhaps not surprisingly, 
the study of repetition in the artistic sense has received more noteworthy attention in the 
domain of music than in the visual arts [17], [25]. Calvin S. Brown, Jr., discusses three types of 
repetition in music that may be readily transferred to the analysis of Greek and Roman meander 
patterns [17]. Brown’s three main categories are: formal, intellectual, and literary.

“Formal repetition is like the reiteration of the last line of a ballade, or the refrain of a song: 
it is assumed for certain types of musical structures, such as the rondo, and the composer 
who undertakes to write in these forms implicitly accepts the preconceived pattern. 
Intellectual repetition is "sameness with difference"; the pleasure which comes from the 
theme and variations, for example, is largely the result of following the changes made in a 
pattern which contrives to give highly different effects while remaining basically the same. 
Literary repetition is called for by considerations lying outside the music itself, and is thus 
confined to works of programme music, in which the reappearance of a person, situation, or 
idea calls for a repetition of the musical theme which has been chosen to represent it.”

Formal repetition: Brown’s formal repetition category, transferred from the music domain to 
meander art, implies the exact repetition of portions of the meanders. That this kind of 
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repetition within a work of art is just as common in Greek and Roman meander art as in music 
is obvious, as the examples in Figure 5 testify. The same happens across large expanses of 
time. The clockwise-opening swastika meander fret pattern seen on a building in the Grand
Canal of Venice pictured in Figure 6 is identical to the pattern in Figure 5 that was created
more than one thousand years earlier.

Fig. 6: Clockwise swastika meander 
pattern on a palace wall on the Grand 
Canal in Venice.

Fig. 7: Swastika fret pattern on the wall in the City 
Hall of Milan, Italy.

Intellectual repetition: When analyzing repetition it is useful to imagine what the opposite of 
repetition might be. Words such as original, creative, inventive, and distinctive come to mind.
But you may also ask yourself: is it possible to create a work of art that does not repeat 
anything? This is the thorny metaphysical question that many philosophers since the time of 
Plato have pondered, and that Heinemann takes by the horns in his treatise on repetition [19]. 
Heinemann formulates the more concrete thesis that “Origin and repetition are pervasive and 
correlative characteristics of the world as we know it. The two are interdependent and cannot 
be understood, except in their correlation.” Heinemann’s formulation lends metaphysical 
weight to Brown’s very practical and ubiquitous intellectual category of repetition, that is 
“sameness with difference,” approximation of repetition, similarity, or repetition with variation.
Intellectual repetition is probably the most frequent type of repetition to which we are exposed 
in our daily lives when confronting either nature or the city. Every sunset is in some way the 
same, the sun vanishes, light gives way to darkness. Yet no two sunsets are ever the same. 
Sunsets are a type of repetition that most, if not all, human beings greatly enjoy. On the island 
of Santorini in Greece hoards of people scramble every evening to the town of Oia carrying
their cameras to record this magnificent repetitive event. Every day an uncountable number of 
workers commute from the suburbs to the city. Both the trip and the city are different every 
day, and yet can be disturbingly repetitive, as expressed clearly and forcefully in the poem 
“Repetition” by Ruth Stone [26]. 

Intellectual repetition has also been explicitly used in literature. For example, the conception of 
history expressed by Alejo Carpemtier in his novel El Reino de Este Mundo (The Kingdom of 
this World), is expressed through patterns of repetition of a variety of socio-political constructs 
such as the recurrent alternation of order and disorder in different contexts, among others [30].
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There are a myriad ways to repeat a pattern with variations. The swastika fret pattern on the 
wall in the City 
Hall of Milan, Italy
pictured in Figure 
7 is not the same as 
the fret pattern in 
Figure 5, but rather 
its mirror image 
reflection. Whereas 
the swastikas 
unfold in a 
counter-clockwise 
manner in Figure 
7, they do so in a
clockwise 
orientation in 
Figure 5.

The swastika fret patterns on the ceiling of the Vatican Museum in Rome shown in Figure 8 
(upper frieze) open in a counterclockwise manner such as those in Figure 7. Here however, 
small decorative squares containing rosettes are inserted in the spaces in between every pair of 
adjacent swastikas. In the lower frieze the swastikas open in a clockwise manner.

Figure 9 (left) shows the Assunta bell (cast in 1654) on the top of the Leaning Tower of Pisa. A 
detail on the right shows a swastika meander pattern adorning the lower border of the bell that 
appears to be identical to the fret pattern in Figure 8. However, closer examination reveals that 
the meander pattern on the bell, unlike that on the ceiling of the Vatican Museum, has the 
alternating over-under property prevalent in Celtic knot work [21].

Fig. 9: Swastika over-under meander pattern on the Assunta bell on the top of the Leaning 
Tower of Pisa in Italy.

Fig. 8: Swastika border patterns on the ceiling of the Vatican Museum in 
Rome.
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A more radical departure from sameness is evidenced in the contemporary swastika border 
design for a Chinese tea box illustrated in Figure 10. The traditional border pattern that 
presumably gave rise to this pattern is shown at the top of Figure 11. This pattern, commonly 
found on ancient carpets from Asia including China, and Turkmenistan [22], is quite different 
from the contemporary border pattern on the tea box: the ancient border patterns consist of a 
single curve (mono-linear) that meanders and intersects itself creating swastikas, whereas the 
contemporary design consists of individual disconnected components, each of which contains 
one swastika. The probable surgical operation applied to the ancient design to obtain the 
modern one is also illustrated in Figure 11.

Fig. 10: Contemporary swastika
border design on a Chinese tea box.

Fig. 11: Transformation of the standard ancient 
Chinese swastika mono-linear fret pattern to the 
contemporary counterpart found on the tea box in 
Figure 10.

First, the mono-linear meander pattern is cut at the corners marked with blue dots at the top of 
Figure 11 to obtain an individual ornament for each swastika (center). Finally, each such unit is 
closed off at the ends (bottom).

Literary repetition: Brown’s third category of repetition he calls literary repetition [17].

“Literary repetition is called for by considerations lying outside the music itself, and is thus 
confined to works of programme music, in which the reappearance of a person, situation, or idea 
calls for a repetition of the musical theme which has been chosen to represent it. The Wagnerian 
leitmotif is perhaps the most familiar example of this type: whenever Siegfried appears, or is even 
mentioned in an important connection the appearance of his horn-motif somewhere in the 
orchestra is obligatory.”

The analogous type of repetition in the domain of Greek and Roman meander patterns 
corresponds to the use of certain patterns (visual leitmotifs?) that have a symbolic meaning that 
lies outside the geometry of the patterns themselves, and that plays an important role in either 
the religious or cultural aspects of the people who create or make use of the artworks, rather 
than serve solely as a decoration. The two most prominent symbolic patterns present in ancient 
Greek and Roman mosaics are the swastika and Solomon’s knot illustrated in Figure 12 [5], 
[20]. The photograph on the left shows two large swastikas on a cracked piece of pottery on 
display at the National Archaeological Museum in Athens, dating from the late geometric 
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period circa 760-735 B.C. The figures in the center illustrate the structure and standard 
orientation of the typical Solomon knots. The picture on the right shows an angular 
representation of the Solomon knots on the floor mosaic of the Cathedral of Santa Maria 
Assunta, built in the year 639 A.D. on the island of Torcello in Venice, Italy. The swastika 
often represented perpetual motion, and was probably a symbol of good luck, whereas the 
geometrically somewhat similar Solomon knot appears to have symbolized eternity [23].

Fig. 12: The swastika (left) and Solomon’s Knot (right): two of the most noteworthy leitmotifs
appearing frequently in the meander art on Greek and Roman mosaics.

Imitation repetition: Repetition may also result from imitating a style [14], or copying works 
of art by great masters, as a challenge or ‘academic exercise’ for other artists. A. M. Hind [13] 
discusses several reasons why Dürer may have copied the well-known series of six knots drawn 
by Leonardo da Vinci, two of which are pictured in Figure 13.

Triumphant repetition: Calvin Brown’s paper highlights one other type of repetition, which 
in his view may belong to any of the three other categories, but less so in the second category, 
and thus in his words “makes little appeal to the intellect” [17]. He adds that it is easily 
recognized due to its great emotional effect, and “for lack of a better name” calls it triumphant 
repetition. Brown then lists some examples of such repetitions taken from musical 
compositions that produce tremendous emotional response. Clearly, this latter category is much 
more subjective than the other three. What produces a tremendous emotional response in one 
listener may leave another unperturbed, or even asleep. Nevertheless, there are counterparts of 
repetition in the domain of meander curves that may be rightly classified as triumphant.
However, unlike Brown’s musical examples, where triumphant repetition tends to belong to 
formal repetition, here they fall under the intellectual category of “sameness with variation.” 
One might say that in this case it is the recognition of the transformation that produces the 
emotional response.
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Fig. 13: Dürer’s copies of two knots by Leonardo da Vinci (from [13]).

A good example of triumphant repetition in the domain of Greek and Roman meander patterns 
is the rendition of the two-strand guilloche pattern shown in Figure 14. When the viewer is 
accustomed to seeing two-strand guilloche patterns realized in their classical ancient form as 
illustrated in Figures 3 and 4, coming face to face with the pattern of Figure 14 on the floor of 
the gothic Cathedral in Siena will surely produce a tremendous emotional response in the mind 
of any lover of geometry. 

Fig. 14: The stylized guilloche pattern on the floor mosaic of the Cathedral in Siena, Italy.

Another example of triumphant repetition is without doubt Leonardo da Vinci’s ceiling 
painting in the Sala Delle Asse of the Sforza Castle in Milan. This masterpiece consists of a 
cornucopia of meandering knots that take the guilloche patterns of the Greeks and Romans to 
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new soaring heights. Figure 15 gives an impoverished peek at this treasure that no photograph 
can adequately portray. For one, the work is severely decayed, and the patterns are difficult to 
make out clearly. In addition, the painting fills the entire planetarium-like dome ceiling, and 
trickles down the four walls. One must be there in person to feel the emotional response.

Fig. 15: Leonardo da Vinci’s painting in the Sala Delle Asse in the Sforza Castle in Milan.

Mediate and immediate repetition: Clement Antrobus Harris [18] considers two categories of 
repetition that he calls immediate and mediate. In immediate repetition, which he discusses 
mainly in the context of music (and as the word suggests), an element of music is repeated 
immediately after it occurs for the first time. If A and B denote two elements, then A-B-B is a
simple example of immediate repetition. On the other hand mediate repetition refers to 
repetition of an element “after intervening matter has appeared.” An example of mediate 
repetition is the sequence A-B-A. Harris concedes that this kind of repetition occurs in almost 
all aspects of life to such an extent that there is no space to cover the matter exhaustively. He 
then discusses a variety of repeating patterns that are used in music, such as A-A-B-A and A-B-
A-B-C-B-B. Mediate repetition is ubiquitous in Greek and Roman meander art. A typical 
example of an A-B-A-B…… pattern may be found in a swastika border pattern on a floor 
mosaic in Pompeii pictured in Figure 16. This design uses two types of swastika: the simple
continuously clockwise opening swastikas (single-orientation), and those that turn first in a 
counter-clockwise manner, and then switch to the clockwise orientation (double-orientation). 
The overall border pattern alternates between these two types of swastikas. By far the most 
common variety in Greek and Roman mosaics is the single-orientation swastika, and when the 
double-orientation swastika is used it usually alternates with those of the single-orientation 
variety. As an aside it is worth pointing out that there exists a Chinese carpet that uses only the 
double-orientation swastikas in its border meander pattern [22].

When three or more elements are used Harris [18] maintains that in music one pattern is 
employed more frequently than any other, and this is the rondo form, in which the main 
element is repeated, alternating it with each of the others in turn. For example, with four 
elements A, B, C, and D the rondo form of repetition is A-B-A-C-A-D-A. The rondo form may 
be more difficult to find in ancient Greek and Roman mosaic patterns, but it does make its
appearance in more recent variants of the ancient mosaics. One example is the swastika border
pattern on a carpet hanging in the Vatican Museum in Rome, pictured in Figure 17. The fixed 
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pattern ‘A’ corresponds to the swastika pattern, which is alternated with the decorative patterns, 
all of which are different, and which play the roles of B, C, and D.

Fig. 17: A rondo-type repetition design on the 
border of a carpet hanging on a wall in the 
Vatican Museum in Rome.

Fig. 18: A border pattern made up of two 
wave patterns that are mirror images of 
each other, on a pavement mosaic on the 
island of Delos, Greece.

A large fraction of Harris’ paper is devoted to repetition with variation. On this topic he 
discusses a variety of transformations, but devotes most of the space to reflections. Figure 18
shows a border pattern made up of two wave patterns (close cousins of meander patterns) that 
are mirror-image reflections of each other, on a pavement mosaic on the island of Delos, 
Greece. For a variety of examples of reflections that occur in ancient Greek and Roman 
swastika meander patterns the reader is referred to [10]. 

Overlapping or interlacement repetition: Harris [18] devotes some space to another family 
of repetitions that he calls overlapping or interlacement repetitions. By this he means that a 
pattern is created by the superimposition of identical copies of an original pattern, in which the 
copies are translated or rotated from their original position. He illustrates this method with 
examples taken from Islamic arabesque patterns. However, the ancient Greek and Roman 

Fig. 16: Mediate repetition of the form A-B-A-B…. on a floor mosaic in Pompeii
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meander patterns are replete with examples of this type of repetition as well. Consider as an 
example the geometric meander pattern from the mosaic carpet in the House of Dyonisus in 
Paphos [8]. A drawing of the structure of the mosaic pattern is shown in Figure 19 (left), where 
it is difficult to tell at a glance if the pattern consists of only one curve or several. By coloring 
the curves we may more easily distinguish five different curves that make up this pattern 
(right). It is readily observed that the green, red, and black curves are exact congruent copies of 
each other (the black is a 90-degree rotation of the other two) and the two blue curves are 
mirror image reflections of each other. Overlapping the five curves together creates a 
wonderfully rich tapestry consisting of sixteen swastikas connected together to create a festival 
of symmetry. Note also that all the swastikas are mirror image reflections of their vertical and 
horizontal adjacent neighbors.

Fig. 19: Geometric meander pattern from the mosaic in the House of Dyonisus in Paphos [8].

3. Conclusion

Several types of repetition previously analyzed in the context of music have been shown to 
have their counterparts in the visual arts. Some new categories of repetition found in the visual 
arts have been defined. All the categories have been illustrated with examples taken from 
geometric meander patterns found in ancient Greek and Roman mosaics as well as more 
recently derived variants of these decorative arts. These categorizations have applications to 
historical analysis, design methodology, indexing and archiving in museums and libraries for 
information retrieval, as well as education.
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meander patterns are replete with examples of this type of repetition as well. Consider as an 
example the geometric meander pattern from the mosaic carpet in the House of Dyonisus in 
Paphos [8]. A drawing of the structure of the mosaic pattern is shown in Figure 19 (left), where 
it is difficult to tell at a glance if the pattern consists of only one curve or several. By coloring 
the curves we may more easily distinguish five different curves that make up this pattern 
(right). It is readily observed that the green, red, and black curves are exact congruent copies of 
each other (the black is a 90-degree rotation of the other two) and the two blue curves are 
mirror image reflections of each other. Overlapping the five curves together creates a 
wonderfully rich tapestry consisting of sixteen swastikas connected together to create a festival 
of symmetry. Note also that all the swastikas are mirror image reflections of their vertical and 
horizontal adjacent neighbors.

Fig. 19: Geometric meander pattern from the mosaic in the House of Dyonisus in Paphos [8].

3. Conclusion

Several types of repetition previously analyzed in the context of music have been shown to 
have their counterparts in the visual arts. Some new categories of repetition found in the visual 
arts have been defined. All the categories have been illustrated with examples taken from 
geometric meander patterns found in ancient Greek and Roman mosaics as well as more 
recently derived variants of these decorative arts. These categorizations have applications to 
historical analysis, design methodology, indexing and archiving in museums and libraries for 
information retrieval, as well as education.
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Combinatorial Paintings
Glen Whitehead, 

10000 Hunter Springs Drive, 
Las Vegas, Nevada 89134

egwhitehead@me.com

A bstr act: This article provides a discussion of six of the combinatorial paintings by Glen 
Whitehead from the period 2005 through 2009.

M y W or k :  I have always enjoyed solving 
mathematical puzzles.  My mathematical 
speciality is combinatorics.  My main focus has 
been on graph theory.  I have been inspired by 
the mathematical artwork of M. C. Escher.  In 
general, my artwork features geometric shapes, 
such as triangles, squares, pentagons, and 
hexagons.  I maintain a catalog of my artwork at 
the following website.  
http://web.me.com/egwhitehead/

M athematical Puzzles:  During 
the 1960s I became acquainted 
with a puzzle consisting of 24 
equilateral triangles.  Each 
triangle contained one, two, or 
three colors.  From left to right, 
there is a triangle containing 
blue, green and yellow, a 
triangle containing only yellow, 
and a triangle containing green 
and yellow (Figure 1).  There 
are 4 one-color pieces, 12 two-
color pieces, and 8 three-color 
pieces.  A solution of this 
puzzle consisted of tiling a 
regular hexagon with these 
triangular pieces such that when 
two pieces share a common 
edge the color on both sides of 
this common edge is the same 
color.  A particularly nice 
solution of this puzzle occurs 
when the colors on the 
boundary of the hexagon, are 
the same color (Figure 2).

F igur e 2.  Triangulated Hexagon

Figure 1. Detail of Triangulated Hexagon



I considered the question of whether 
or not I could find a way to design a 
painting that would use more colors 
than the Triangulated Hexagon 
(Figure 2).  The Triangulated 
Hexagon uses 4 colors.  Would I be 
able to paint a similar painting with 5 
colors?  This question was more 
difficult to answer than I had 
expected.  Alexander Borisov and 
Mark Dickinson helped me answer 
this question.  We found the answer to 
be yes.  The details are given in the 
next paragraph.

Here are the details.  If we use 5 
colors, then a simple combinatorial 
argument yields that there will be 5 
one-color pieces, 20 two-color pieces, 
and 20 three-color pieces (Figure 3).  
Thus, there are a total of 45 pieces.  

How should these 45 pieces 
be arranged?  It turns out 
that 45 is a triangle 
number.  So we can arrange 
these pieces in a triangular 
array.  We choose to use 
regular hexagons for these 
45 pieces because regular 
hexagons placed in a 
triangular array form a 
honeycomb pattern.  When 
two pieces share a common 
edge then the color on both 
sides of this common edge 
is the same color.  A 
particularly nice solution of 
this puzzle occurs when the 
colors on the bottom 
boundary are all the same, 
the colors on the left 
boundary are all the same, 
and the colors on the right 
boundary are all the same 
(Figure 4). 

F igur e 3. Detail of Honeycomb 

F igur e 4. Honeycomb



In 1969 I acquired a 
soma cube 
manufactured by 
Parker Brothers, Inc.  
This cube puzzle was 
invented by Piet Hein. 
Parker Brothers 
packaged the soma 
cube with a very 
informative booklet.  
In particular, this 
booklet states that 
there are 240 simple 
ways to solve the soma 
cube, that is, to place 
the seven pieces of this 
cube into the shape of 
a cube.  In 
mathematical 
language, I would say 
that the solutions of the 
soma cube can be 

partitioned into 240 equivalence classes.  A list containing a representative of each of these 
equivalence classes can be downloaded from the following website.  http://www.mathematische-
basteleien.de/somacube.htm

The solution in Figure 5 is solution number 
21 in this list of solutions.  In Figure 5, the 
top row shows the top of the solution cube; 
the second row shows the left side, the 
front, the right side, and the back of the 
solution cube; the third row shows the 
bottom of the solution cube.  Also shown 
are three-dimension views of each of the 
seven pieces of the soma cube.  The 
solution cube contains 27 unit cubes.  
These unit cubes can be classified as 
follows:  8 corner cubes, 12 edge-center 
cubes, 6 face-center cubes, 1 cube-center 
cube.  The cube-center cube is not visible 
in the top, left side, front, right side, back, 
and bottom views of the solution cube.  
The color of the cube-center cube can be 
determined from the information given in 
the painting (Figure 5).

F igur e 5. Soma Cube

F igur e 6. Petersen



Per fect M atchings:  In graph theory, a matching is a set of edges without common vertices.  A 
perfect matching is a matching in which each vertex belongs to exactly one edge of the 
matching.  The Petersen graph is a well known graph in graph theory.  The Petersen graph is 
shown with black edges and black vertices in Figure 6.  The Petersen graph has 6 perfect 
matchings.  Each of its edges belongs to two perfect matchings.  Thus each edge is shown with 
two colors (Figure 6).  The set of the five blue edges is a perfect matching.  Similarly the set of 
five green edges is a perfect matching.  This is true for the other four colors (orange, pink,
purple, and yellow).

The concept of a perfect matching can be extended to other settings.  For example, the triangular 
subdivision of the regular hexagon in Figure 2, can be covered by 12 rhombi where each 
rhombus is made by joining two equilateral triangles along a common edge.  This covering of the 
regular hexagon by these 12 rhombi can be thought of as a perfect matching of the 24 equilateral 
triangles in the subdivision of the regular hexagon.  By computer computation, it can be shown 
that there are 6 different ways to form a perfect matching of these 24 equilateral triangles (Figure 
7).

C ycle Double C over  C onjectur e:  The cycle double cover conjecture can be stated as follows.

The Cycle Double
Cover Conjecture: 
Every 2-edge-

connected graph has 
a cycle double cover.

It would be nice to 
know whether or not 
this conjecture is 
true.  Nevertheless, 
the dodecahedron 
graph has a cycle 
double cover.  The 
dodecahedron graph 
is a planar graph with 
12 faces.  Each of 
these faces is a 
pentagon.  For the 
Double Covered 
Dodecahedron 
painting a cycle 
double cover 
consisting of 6 
cycles of length 10 

was chosen.  All edges of a cycle (in this double cover) receive the same color.  Thus 6 colors are 
needed so that the cycles can be distinguished from each other.  (These 6 colors are brown, gold, 
green, orange, red, and silver.)  This covering of the edges of the dodecahedron is called a cycle 

F igur e 7. Six Hexagons
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double cover because each edge of the dodecahedron belongs to two cycles of the cover (Figure 
8).

C onclusion:  This article explains how combinatorial mathematics is used to design six 
paintings.  The choice of colors used in these paintings is not determined by mathematics.  The 
colors are selected based on aesthetic considerations.

R efer ences:
Chartrand, G. & Lesniak, L., Graphs &  
Digraphs, Fourth Edition, Chapman & 
Hall/CRC, 2005.  A source for information 
about the Cycle Double Cover Conjecture.

http://web.me.com/egwhitehead/Site/Welc
ome.html This website contains a catalog 
of artwork by Glen Whitehead.

http://www-history.mcs.st-
andrews.ac.uk/Mathematicians/Escher.htm
l This website contains a biography of M. 
C. Escher.

http://en.wikipedia.org/wiki/Piet_Hein_(D
enmark) This website gives a brief 
biography of Piet Hein.

http://www.mathematische-
basteleien.de/somacube.htm This website 
contains information about the soma cube.

http://www.ams.org/mathimagery/ This website contains mathematical imagery presented by the 
American Mathematical Society.

http://www.fotosearch.com/photos-images/honeycomb-patterns.html This website contains a 
nice honeycomb pattern images.

F igur e 8.  Double Covered Dodecahedron



Bruce White: Sculpture and the Edges of Perception

Stephen Luecking
DePaul University

Professor and Chair
Department of Art and Art History

A thoughtful wit laces through Bruce White's sculpture, a wit born of a sense of wonder in the processes of 
how human perception relates to thought. During a tour of his studio White paused to show one curious visitor 
a work-in-progress that exemplified this synthesis of wit and wonder. The format for the piece was the well-
known illusion, which relates the hexagon to a projected cube by abutting three rhombuses inside:

Figure 1. The configuration above left can read as a hexagon divided into rhombuses or as a cube. The middle 
image adds three lines to suggest the back edges or hidden lines of the cube or they might be bisections of the 
rhombuses. The final diagram is an arrangement of six triangles that might also suggest a transparent cube. 
Given our penchant for seeing objects within patterns, many viewers regard it as an ambiguous cube: is it seen
from above or below?

If all sides of the cube were clear, then it would appear as a hexagon divided into six triangles and create an 
ambiguous figure that could read as a radial design or as a cube with its hidden lines visible. Without the 
hidden lines occluded another ambiguity also comes into play: front and back interchange to flip the perceived 
direction of the cube (Figure 1).

In his Cube series, White co-opts this diagram and combines it with the gestalt concept of closure (Figures 2 
and 3), refiguring it from triangles he has eroded with intricate fractal cutouts. Since each triangle is broken 
individually and randomly, the cutouts at the borders do not register and this mismatch gives clues to the 
mating edges of the triangles. This slippage creates a visual fault line through a field of chaotic shapes. 
Surprisingly, the cube that filters through the chaos is far less ambiguous than that of its more clearly defined 
counterpart. The human mind, it seems, struggles to define dimensional reality from a visual field of often 
confusing stimuli, so that the preferred gestalt emerging from White's sculpted field is that of a formed cube.

This sculptor capitalizes on the human viewers' remarkable ability to pull pattern out of seeming chaos. This 
is not a bad trait for humans to possess since the forms of nature are more and more shown to derive from 
fractal geometry and its close cousin chaos geometry. White employs both in his later work. Both fields 
examine the mathematics and physics of patterns engendered in nature by the forces running through her. 
Recently artists have been inordinately attracted to such patterns; not because of an exceptional interest in 



science and mathematics, but because artists are especially adept at ferreting out patterns and making them 
meaningful.

Figure 2. The image to the upper left will initially seem unidentifiable to most viewers. However, ask them to find 
the face of a dog peering through a kennel fence and the confusion disappears. The seemingly random array 
snaps together into a concrete image. This is the principle of closure in action. Figure 3. The image to the right is 
the top figure with its surfaces and edges broken. By the principle of closure the edges can be re-assembled, but 
in doing so the tendency is to stop once a gestalt, or clear formation can be perceived. The natural inclination is 
to recognize the cube as seen from above, one’s normal point-of-view.

Figure 4a. Perceptual preferences in edge recognition of Figure 3.  4b. Bruce White, Two Cubes, 54” x 49”, 
painted aluminum, 2006.

Much of nature's fractal structure arises from what is termed “boundary conditions,” and this is how Bruce 
White uses fractals. Boundary conditions refer to the interaction between the material edge of a natural form 
and the physical medium surrounding it. The effects of this interaction can be accretion, as when a snowflake 
freezes the molecular moisture in the surrounding air into crystal tendrils; or it can be erosion, as when the 
electrons of oxygen bite a steel surface into rusted pits. Expressed by these interplays are the forces of growth 
and decay that account for the visual configurations of both the natural and artificial world. This is arguably 
the primary dynamic of form.



Figure 5 (left). Bruce White, Crystal Bridge (Kristalbron), stainless steel, 14’ x 10’ x 3”, American-Scandinavian 
Foundation, Mellerud, Sweden, 1991. George Hanson, private donors. Figure 6 (right). Bruce White, Helios’ 
Trail, stainless steel, 40’ x 4’ x 4’, Wayne State University, College of Engineering, Detroit, Michigan, 1989.

It is this dynamic that White seeks to exploit. In such sculptures as Kristalbron (Figure 5) and Helios’ Trail 
(Figure 6), fractal elements flare from the edges and colonize the surrounding space, pulling it into the 
sculpture. By contrast another group employs corrosive patterns, wherein a single geometric form holds its 
ground against an onslaught of extracted shapes. White then balances the strength of the geometry against its 
visual destruction, so that both maintain equal power. The sculptures are static, but the perception is dynamic.

One exemplar of this second group is Arete II (Figure 7). In this piece, two segments of a circle join into a 
gable at their chord edge, to create a sleek, boat-like shape about the size of a kayak. The sculpture rests on a 
pedestal, elevated to the point that the  gabled edge hovers at eye-level. The top edge of Arete II now marks 
the horizon, and it is from the center of the horizon that the sky eats into the sculpture. The feeling is of a 
curious blend of destruction and construction; as if in the reduction of the form it gains complexity and 
richness. Arete II's artificial horizon connects itself and its viewer to the actual horizon and the sky beyond.

There is, then, a cosmographic quality embedded in Arete II, and even more so in Planetary Void (Figure 8). 
This sculpture combines two low domes of lathe-spun aluminum, bolted together along their rims. A hole has 
been cored from the center of each. The erosion spreads from the edges of the center holes and brings to mind 
a tattered mandala, or a nova star casting its matter into a nebula. Once again White engages the dilemma of 
an object decaying in order to grow something more expressive. The growing void at the center of Planetary 
Void is less about destruction, than it is about opening up passages and calling light into and through a form.



     

Figure 7. Bruce White, detail of Arete II, aluminum, 1993.. Figure 8. Bruce White, Planetary Void, aluminum, 
41” diameter x 9”, 1995. Photograph by Gordon Means.

With its center negated, Planetary Void follows in yet another tradition of Modernist “destruction”: that of 
voiding form. The origin of Malevich's painting Black Square (Figure 9), for instance, was founded in his set 
designs for Mikhail Matiushin's and Alexei Kruchenykh's  Futurist opera “Victory Over the Sun”(1913). 
Malevich had crowned his backdrop with a canvas featuring only a bright yellow circle. As the titled victory 
came to pass, a painting containing only a black square eclipsed that of the abstracted sun. Both paintings 
initiated Russian Constructivism, the short-lived official art of the Russian revolution. 

Since its beginnings a key theme of modern art has been creativity through destruction. Katherine Kuh, the 
noted Chicago critic and art historian, proffered this theme in her classic text, “Breakup: The Core of Modern 
Art.” From the atomization of light by the Impressionists, through the geometric shards of the Cubist and to 
the slashing strokes of the Expressionist, Kuh pointed out that some breakage is necessary to achieve 
breakthroughs in the arts. White follows that tradition.  

Figure 9. Kazimir Malevich, Black Square,  oil 
on canvas, State Russian Museum, St. 
Petersburg, 1913.

Figure 10. Eskimo Nebula, Hubble Space 
Telescope, courtesy of NASA.
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The Exhibition Crowd

The 2010 JMM Art Exhibition was very well attended as seen in the photos shown below. Photos were taken 
by Robert Fathauer and Carlo Séquin, indicated below.
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The ExhibitionSpace

Views of the exhibition are shown below, which indicate the range of artworks displayed.
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Works in the exhibition can be seen in detail at myweb.cwpost.liu.edu/aburns/sigmaa-arts/

Prize Winners

The first, second, and third prize winners of the 2010 JMM Exhibition are Robert Bosch, Harry Benke, and 
Richard Werner , respectively. Their works are shown below with their presentations.
 
First Prize: Robert Bosch, Artist/Professor of Mathematics, Department of Mathematics, Oberlin College,
Oberlin, Ohio. bobb@cs.oberlin.edu, www.dominoartworks.com
 

 

"I began by converting a drawing of a two-
component link into a symmetric collection of 
points. By treating the points as the cities of a 
Traveling Salesman Problem and adding 
constraints that forced the salesman's tour to be 
symmetric, I constructed a symmetric simple-
closed curve that divides the plane into two 
pieces: inside and outside. With a water jet 
cutter, I cut along this Jordan curve through 
quarter-inch thick, six-inch diameter disks of 
steel and brass. By swapping inside pieces I 
obtained two copies of the sculpture. Here, steel 
is inside and brass is outside."

 
"Embrace" Stainless steel and brass, Diameter, 
6 inches, thickness = 0.25 inches, 2009. 
 
“All artists are optimizers. All artists try to perform a task --- creating a piece of artwork --- at the highest level 
possible. The main difference between me and other artists is that I use optimization explicitly. I don't use a 
pencil, paintbrush, or any other traditional tool. I do use a computer, but not in the same way that other digital 
artists do. Instead, I use mathematical optimization. Here's how I work: After I get an idea for a piece, I translate 



the idea into a mathematical optimization problem. I then solve the problem, render the solution, and see if I'm 
pleased with the result. If I am, I stop. If not, I revise the mathematical optimization problem, solve it, render its 
solution, and examine it. Often, I need to go through many iterations to end up with a piece that pleases me. I do 
this out of a love of mathematical optimization --- the theory, the algorithms, the numerous applications.”

Second Prize: Harry Benke, Artist / Mathematician, Visual Impact Analysis LLC 
Novato, California. hbenke@visualimpactanalysis.com, www.visualimpactanalysis.com

 

The Vase is composed of a digitally modeled 
vase with "Lilies" which are Dini's Surfaces. 
A surface of constant negative curvature 
obtained by twisting a pseudosphere is known 
as Dini's Surface. Imagine cutting the 
pseudosphere along one of the meridians and 
physically twisting it. Its parametric equations 
are:
x=acos(u)sin(v); y=asin(u)sin (v); 
z=a{cos(v)+ln[tan(v/2)]}+bu, where 0≤u≤2π 
and 0< v< π. Take a=1 and b=0.2. 

"I'm primarily an artist. My shadow is 
mathematics. I'm helpless at preventing 
mathematics from intruding in my work and 
it's delightful to have the body of mathematics 
to work with. My art attempts to produce a 
nexus between mathematical beauty and the 
beauty of the natural world to produce a 
satisfying aesthetic experience." 

"The Vase" Giclee Print. 18" x 14.8", 2009.

 

Third Prize: Richard Werner, Mathematics Professor, Mathematics Department, Santa Rosa Junior College, 
Santa Rosa, California. rwerner@santarosa.com

"Meditations on f(x,y)= x2/2 + xy/2 - y4/8" , 
Plastic and wood, two pieces, each 6”x7”x7”, 
1998.

The two pieces give alternate views of the same 
three-dimensional surface. The sculpture has been 
used for classroom illustrations of the concept of 
partial derivatives as well as integration of 
functions of two variables. Since the construction 
is with clear plastic, a myriad of delightful views 
of intersecting curves can be found allowing the 
viewer to hypersee the surface. 

"I have been a recreational wood worker and 
sculptor for much of my life. As a mathematics 

teacher, I have always been captivated by the beauty of the subject and have wanted to enhance the visual 
concepts in whatever way I can. The two activities were destined to meet. The first mathematical art that I made 
was intended mainly for classroom demonstrations. The response was very positive and I began to branch out. 
New materials, especially metal, have captured my interest. The work that I do now is becoming a blend of my 
interest in math and my love of nature, with a little bit of steam-punk influence creeping in as well." 

Craftsmen

There were three craftsmen that had booths and 
whose work was not in the exhibition. However, 
their work was very impressive. They are Larry 
Frazier: Mobius Bands, Cliff Stoll: Klein Bottles, 
and Thomas Moeller:Wooden Puzzles, as shown 
here. (Photos by Carlo Séquin)

Larry Frazier, larry@woodmobius.com, 
http://woodmobius.com

Cliff Stoll, Acme Klein Bottles, 
www.kleinbottle.com

Thomas Moeller, Artifactory Puzzles, 
puzzleman@msn.com, http://www.mixtgoods.com/view-
product.php/35
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pleased with the result. If I am, I stop. If not, I revise the mathematical optimization problem, solve it, render its 
solution, and examine it. Often, I need to go through many iterations to end up with a piece that pleases me. I do 
this out of a love of mathematical optimization --- the theory, the algorithms, the numerous applications.”

Second Prize: Harry Benke, Artist / Mathematician, Visual Impact Analysis LLC 
Novato, California. hbenke@visualimpactanalysis.com, www.visualimpactanalysis.com

 

The Vase is composed of a digitally modeled 
vase with "Lilies" which are Dini's Surfaces. 
A surface of constant negative curvature 
obtained by twisting a pseudosphere is known 
as Dini's Surface. Imagine cutting the 
pseudosphere along one of the meridians and 
physically twisting it. Its parametric equations 
are:
x=acos(u)sin(v); y=asin(u)sin (v); 
z=a{cos(v)+ln[tan(v/2)]}+bu, where 0≤u≤2π 
and 0< v< π. Take a=1 and b=0.2. 

"I'm primarily an artist. My shadow is 
mathematics. I'm helpless at preventing 
mathematics from intruding in my work and 
it's delightful to have the body of mathematics 
to work with. My art attempts to produce a 
nexus between mathematical beauty and the 
beauty of the natural world to produce a 
satisfying aesthetic experience." 

"The Vase" Giclee Print. 18" x 14.8", 2009.

 

Third Prize: Richard Werner, Mathematics Professor, Mathematics Department, Santa Rosa Junior College, 
Santa Rosa, California. rwerner@santarosa.com

"Meditations on f(x,y)= x2/2 + xy/2 - y4/8" , 
Plastic and wood, two pieces, each 6”x7”x7”, 
1998.

The two pieces give alternate views of the same 
three-dimensional surface. The sculpture has been 
used for classroom illustrations of the concept of 
partial derivatives as well as integration of 
functions of two variables. Since the construction 
is with clear plastic, a myriad of delightful views 
of intersecting curves can be found allowing the 
viewer to hypersee the surface. 

"I have been a recreational wood worker and 
sculptor for much of my life. As a mathematics 

teacher, I have always been captivated by the beauty of the subject and have wanted to enhance the visual 
concepts in whatever way I can. The two activities were destined to meet. The first mathematical art that I made 
was intended mainly for classroom demonstrations. The response was very positive and I began to branch out. 
New materials, especially metal, have captured my interest. The work that I do now is becoming a blend of my 
interest in math and my love of nature, with a little bit of steam-punk influence creeping in as well." 

Craftsmen

There were three craftsmen that had booths and 
whose work was not in the exhibition. However, 
their work was very impressive. They are Larry 
Frazier: Mobius Bands, Cliff Stoll: Klein Bottles, 
and Thomas Moeller:Wooden Puzzles, as shown 
here. (Photos by Carlo Séquin)

Larry Frazier, larry@woodmobius.com, 
http://woodmobius.com

Cliff Stoll, Acme Klein Bottles, 
www.kleinbottle.com

Thomas Moeller, Artifactory Puzzles, 
puzzleman@msn.com, http://www.mixtgoods.com/view-
product.php/35
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ISAMA 2010 Chicago  June 20-25
 
General Information: ISAMA 2010 will be held June 21-25, 2010 at the downtown campus of 
DePaul University in Chicago. This is an ideal location close to architectural and artistic 
attractions. This includes Millennium Park with the Frank Gehry outdoor concert venue and the 
Anish Kapoor monumental mirrored sculpture Cloud Gate, as well as the Art Institute of 
Chicago with the new addition Modern Wing by Renzo Piano. 

Schedule: Talks will be scheduled for June 21-23; Workshops, June 24; and Excursions, June 
25. There will be a Proceedings and an Exhibit. 

Call for papers: Papers are due March 1, 2010. Please send one copy each to Nat Friedman at 
artmath@gmail.com and Ergun Akleman at ergun.akleman@gmail.com. The format for papers 
is the same as for ISAMA 2009 and can be seen at www.hyperseeing.org/hyperseeing/ in the 
Summer, 2009 issue, which is the Proceedings of ISAMA 2009. This is the same as the Bridges 
format.

Registration: The registration fee of $200 will include a catalog. The fee can be paid by check 
or money order but not by credit card. Details for payment are in the registration form at 
www.isama.org

Exhibit: Participants may submit either two or three dimensional art works. Maximum sizes will 
be forthcoming.

Excursions: Excursions will include architectural Chicago River and bus trips. Details will be 
forthcoming. Inquiries:  artmath@gmail.com.

Information: www.isama.org Inquiries: artmath@gmail.com

Conference Website: http://studentcenter.depaul.edu/ConferenceCenter/GeneralInformation.html

Anish Kapoor, Cloud Gate, 2004-2006, 
Steel,  Height 33’, Length 66’, Width 
42’, Millennium Park, Chicago.

Renzo Piano, Art Institute of Chicago 
Modern Wing, 2009.

Frank Gehry, Pritzker Pavillion, 
Millennium Park, Chicago.


