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Bernar Venet at omi : line and arcs 

Nat friedman 
artmath@albany.edu

83.5o Diagonal (Straight Line)

Bernar Venet has two impressive works on exhibit in The Fields Sculpture Park at the 
Omi International Arts Center in Ghent, New York. His sculpture 83.5o Diagonal 
(Straight Line) is shown in Figure 1. This is the ultimate minimal straight line square 
steel beam. The work shows up beautifully against the background of pure space and sky.  

Figure 1. Bernar Venet, 83.5o Diagonal 
(Straight Line),

Figure 2. 83.5o Diagonal (Straight Line), 
detail.

2002, Corten steel, ht 79 ft, cross section 14.5 x 14.5 inches, The Fields Sculpture 
Park, Omi International Arts Center, Ghent, New York. 



The sculpture leans at an angle of 83.5o, which makes it more active than a perfectly 
vertical beam. Figures 2 – 4 follow the eye viewing the sculpture as it moves from the 
ground to the sky.  The beam in space shown in Figure 4 is reminiscent of Brancusi’s 
Endless Column. The detail in Figure 5 appears as a diagonal zip painting, reminiscent of 
Barnett Newman’s vertical zip paintings. In the view in Figure 6, one can appreciate the 
relative size of the sculpture compared to a person ( photo courtesy of Bernar Venet 
studio). The image shown in Figure 7 was taken on another day with a different 
background sky and at a different time so that the shadow is just visible in the trees.

Figure 3. 83.5o Diagonal 
(Straight Line), detail. 

Figure 4. 83.5o Diagonal 
(Straight Line), detail. 

Figure 5. 83.5o Diagonal 
(Straight Line), detail. 

Figure 6. 83.5o Diagonal ( Straight Line),
Relative size. 

Figure 7. 83.5o Diagonal (Straight Line),
another day and time. 



4 Large Arcs in Disorder 

The second work by Bernar Venet that is on exhibit is 4 Large Arcs in Disorder shown 
in Figure 8.

Figure 8. Bernar Venet, 4 Large Arcs in Disorder, 2002, Rolled steel,
Height (diameter) 13 ½ ft, each cross section 7 x 7 inches,
The Fields Sculpture Park, Omi International Arts Center, Ghent, New York. 

This work consists of four groups of five arcs each, where the arcs in each group are 
rotated relative to each other but the arcs in each group have the same angular 
measurement. The angular measurements for the groups are 216.5°, 217.5°, 218.5°, and 
219.5°. For example, in Figure 8 the group on the left, and in Figure 9 the same group in 
the front, consists of five arcs of 218.5° each and is designated by 218.5° ARC x 5,
which is stamped in the lower part of the front arc. Similarly, the other three groups are 
designated by 216.5°ARC x 5, 217.5° ARC x 5, and 219.5° ARC x 5. The sculptures are 
taller than human size but are not overwhelming. The circular arcs are well proportioned 
with a square cross-section of 7 x 7 inches that is large enough to give the arcs a strong 
presence but still allowing the arcs to be graceful. The outer diameter of the arcs is 13 ½ 
feet, which is the maximum height. Alternate views of the work are shown in Figures 9 
and 10.
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Figure 9. 4 Large Arcs in Disorder, Alternate view. 

Figure 10. 4 Large Arcs in Disorder, Alternate view. 



A small variety of possible detail views are shown in Figures 11-18. Suffice it to say that 
this work is a visual feast. It also feels wonderful to be in its presence. 

Figure 11. 4 Large Arcs in Disorder, detail. 

Figure 12. 4 Large Arcs in Disorder, detail. 

Figure 9. 4 Large Arcs in Disorder, Alternate view. 

Figure 10. 4 Large Arcs in Disorder, Alternate view. 



Figure 13. 4 Large Arcs in Disorder, detail. Figure 14. 4 Large Arcs in Disorder, 
detail.

Figure 15. 4 Large Arcs in Disorder, detail.



Figure 15. 4 Large Arcs in Disorder, detail. 

Figure 16. 4 Large Arcs in Disorder, detail.

The author would like to thank Omi International Arts Center and Bernar Venet for 
permission to publish these images. 



daina taimina in milan and NYc 

Nat Friedman with Daina Taimina

Daina Taimina is currently in the group show Dritto Rovesci (Right Side, Wrong Side), an 
exhibition on knitting at the Milan Design Museum.  Her works are shown below after her 
following statement. 

 This international show is not only about knitting but about different ways of the weaving of 
fabric as a metaphor to express relations in narrative art, music, logic, society, and science and 
to show the relationship between them in performance, installations, videos and objects from 
some 50 artists and designers. DT. 

Daina will also be in a group show Yarn Theory in New York City at the ps122 Gallery, April 
25-May 17, 2009. She will be exhibiting works from her series Geometric Manifolds.  Works are 
shown below. Here is a description of the show. 

This show will focus 
on crocheted and 
knitted structures, 
highlighting the 
vibrant and deeply 
entrenched 
relationship between 
the sciences, 
mathematics, and 
knitting. From 
mathematicians
looking for clear and 
visual ways to model 
their theorems to 
home-knitters and 
artists looking to 
create unique sculptural objects, the world of contemporary yarn work is increasingly self-aware 
of the importance of mathematics and science within the art and craft of needlework. DT 

Daina Taimina, Dritto Rovescio, Milan Design Museum 
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Manifold 1 Manifold 1, alternate view. 

Manifold 2 Manifold 3 



Art as a Metaphor for the Fourth-Dimension.

Irene Rousseau 
 Artist/ArtHistorian, MFA, Ph.D. 

41 Sunset Drive 
Summit, New Jersey 07901 

E-mail: mosaicartforms@comcast.net 
Tel+908-273-7394

Web Site:   http://www.irenerousseau.com 

Abstract

As an artist and a non-mathematician I will address the concepts of the fourth-dimension and how it was represented in art. I will 
present several examples of how the concept of a higher level of reality was understood and interpreted by artists. The phrase 
“four-dimensional space” has several distinct connections to mathematics, physical science and philosophy. Dimensional 
representation of space in art has been linked to the philosophy of the time.  

I will conclude with examples of my own work. The representation of the concept of space has interested me for many years. I 
have rendered different interpretations of my perception of it in a variety of media such as paintings, sculptures and mosaics of
which I will show examples and will discuss. 

1. Introduction 

The creative impulse has inspired artists to confront the universal questions about reality. Artists have 
represented this intuitive knowledge or perception about the reality of our world as aesthetic structuring 
of form, composition and space. The representation of spatial dimensions has varied with the philosophy 
of the time. Artists have depicted it as flat two-dimensional, three-dimensional and four-dimensional 
representations of space. 

What is the shape of space? When we think of space we ascribe to it dimensions. 
We describe the space we live in as having height, width and depth. Historically, the three-dimensional 
world has been represented by artists in various ways and using various techniques. 
The paintings of the Italian Renaissance immediately come to mind as a tangible representation of a view 
of the world.  In these paintings, the concept of space was expressed as geometry from a privileged point 
of view. Art was viewed from the Renaissance point of view in the use of intersecting grids, which are a 
set of reference points of perspective, and the illusion of depth through shadows and chiaroscuro, which 
are signifiers of time. The representation of time was linear and sequential, with symmetry and geometry 
providing a link with a reality at that time. It was understood through the eyes of a three-dimensional 
world.

             2. Fourth-dimension 

What is the fourth dimension? Here we encounter difficulties in discussing it. The representation of the 
fourth dimension becomes more complex. It is a direction in space and has been described as having the 
element of a higher level of reality. The interpretations of a higher level of reality have varied and several 
explanations of it have been given. It has been described as a concept of mathematics, physical science 



and philosophy. It is a concept of spacetime, hyperspace, inside/outside, simultaneity, interpenetration, 
chaos and fractals. It is a spiritual concept of eternity. It is also the idea that in our mind, the motion of 
our thoughts has different levels of reality. It depends on the lenses through which we view it.  

 2.1 Transcendental space. Philosophy dictates form. One of the earliest examples of the notion of a 
higher spatial reality or fourth–dimension, dates back to the Byzantine era. When we turn to the 
Byzantine Christian mosaics, we are no longer looking at a story with its linear, sequential forms. The 
Byzantine basilica evokes the experience of Christ; it is a presence, a feeling, and an atmosphere of being 
in Christ. Believers in the Byzantine tradition expressed this feeling state in terms of light, “Christ the 
light o the world”.  It is an anti geometry and has to do with the notion of chaos and flux in the sense that 
it dilutes the sense of being in a real space as it rejects the rational aspects of design. It is the precursor of 
a concept of Chaos in that the underlying form is subjected to a change of circumstances, unlike the use of 
perspective and the addition of the linear, which presupposes the viewer is here.  

In the Byzantine basilica of St.Vitali, Ravenna Italy we are enveloped in a play of light-reflecting 
tesserae, placed at varying depths with the rhythm of the hand. The artist allows the viewer to become 
enveloped in the play of light, which transposes him into a transcendental space.  Aesthetically the 
flickering points of light and broken color visually dematerialize the underlying structure and achieve an 
ambiguous, undefined, and “spiritual” space. Each tesserae is a point of light, which is subject to change. 
The fragmented space is not logical and is anti geometric without structure. But it is purposeful in its aim 
to achieve a non-rational, spiritual space as it dematerializes substance through the play of light. 
The religious notion of “Christ the light of the world” is a metaphor for light, which is electromagnetic 
energy. It is inexhaustible and can penetrate substance. Christ is a presence in a transcendental space 
standing outside of time. It is a concept of the fourth-dimension. [1] 

2.2 Timeless-eternal. It is a notion of being both inside and outside of time.  On the one hand it is a 
timeless existence where the past, present and future do not apply. It is an everlasting “Now”. On the 
other hand, it is also something that has begun but cannot end. It exists forever and is a notion of an infinit 
space. Eternity is a spiritual ideal of a higher dimensional reality. It is a concept of the fourth-dimension. 
This concept of the fourth-dimension was represented early on in the Mausoleum of Gala Placidia, 
Ravenna, 450 AD. We see the image of Pliny’s Doves perched on a vessel drinking water. The vessel is a 
symbol for Christ and the doves drinking are the believers in the “true faith of eternal life”. It is a concept 
of an everlasting “Now” in a higher dimensional reality. [2] 

2.3  Hyperspace. A different concept of four-dimensional space was represented with multiple points of 
view of an object from one viewpoint. The depiction by the Cubist painters such as Picasso is hyperseeing 
in order to represent this concept. The mathematician and artist Nat Friedman has referred to hyperseeing 
as representing hyperspace.  He cites other examples of hyperspace. These are examples of surfaces 
which loop over and under in an unbroken loop such as the torus and knots. The Mobius strip loops from 
inside to outside, as exemplified by the sculptor Max Bill. [3] 

2.4  Hyperbolic space. This is a concept of infinity as represented in curved negative space.
It is an intrinsic curvature of spacetime and this curve is the direction of the fourth-dimension. It is a 
progression towards infinite smallness that can never be reached. 
Poincaré discovered that hyperbolic geometry could be represented as the points on a circular disc with 
hyperbolic distances defined. In this case the circular boundary of the disc represents infinity. A 
hyperbolic plane cannot be metrically represented on the Euclidean plane. [4] It has infinite structures 
within boundaries. My hyperbolic mosaic sculptures metaphorically represent the concept of infinity. 
These wall sculptures titled “Hyperbolic Diminution” represent this concept by repeated patterns and 
regular and semi-regular tessellations, which decrease in size at the bounding edge. In the Euclidean 
plane, regular pentagons cannot tile. However, in hyperbolic geometry, four pentagons can meet at the 



vertex and tile.  In regular tessellation the plane is covered by regular polygons so that the same number 
of polygons meet at a vertex. The symbol 5,4 for instance represents tessellation of the hyperbolic plane 
by pentagons where four pentagons meet at a vertex. Semi-regular refers to a tiling pattern, which is 
composed of two kinds of regular polygons so that two of each meets at each vertex alternately. There is a 
constant reduction of size of the polygons as they become distorted in curved space nearing the 
circumference. The constant diminution is also represented by progressively smaller arcs, which cut the 
circle and are perpendicular to the diameter of the outer edge of the disc. The interior arcs mark an angle 
and parallel lines cross each other in ever-smaller distances. Its circumference represents infinity.[5] The 
curvature of the arcs is constant. The arcs decrease in size towards the bounding edge. It is a sequence 
towards the infinitesimal. The curvature of my three-dimensional mosaic sculpture is hyperbolic and 
consists of a tiled pattern and surface division. The interior is a recessed pentagon within which other 
pentagons diminish in size. Some are formed through the psychology of visual perception.  

(Fig.1) Hyperbolic Diminution-Blue, (Fig.2) Hyperbolic Diminution-Fivefold Rotation-
Red

The distortion that results in hyperbolic geometry has led me to explore geometric shapes in painting and 
gradually alter them as stretched concave and convex surfaces, which represent a fourth–dimension. 

2.5 Interpenetration of space. My light sculptures are the conceptual poetic interpretation of spectral 
interpenetration of space in one’s visual perception. The transparent materials and the transparent nature 
of light enable spaces to simultaneously interpenetrate without destroying the common overlapping part. 
Since spectral color and transparency are a property of light, they visually interpenetrate each other’s 
space. The resulting multiple counterpoints of the linear, transparent, spectral rhythms in each sculpture 
were well defined. Color becomes structure, visually rendering it into an ethereal form of color-volume 
relationships as perceived in terms of space. 

The ethereal sculpture on a conceptual level may be regarded as the representation of motion by the visual 
disintegration of material solidity by light. The element of time can be thought of as being a part of the 
work, in terms of changing spatial relationships from one moment to the next. Motion is brought about by 
confrontation with the viewer’s motion and exact position are measurable in duration. The element of 
time becomes a part of the work.  



“In regard to the use of light as a medium in art there are two major findings: 
1) The transparent nature of light can be used to construct space. Transparency enables spaces to 
visually interpenetrate without the optical destruction of the common overlapping part. Since one is able 
to view through the plane. The total interior and exterior of the structure is comprehensible all at once. 
The transparent nature of light itself can define places and construct space with lighted space. 
2)  Spectral color, a property of light, can be used as a means of achieving interpenetration of space in 
sculpture. The constructed sculpture using light in this manner results in a spectral ordering of space. The 
sculpture is colored light. Interpenetration of space and simultaneity are a concept of the fourth-
dimension”. [6] 

(Fig.3) Refraction and Diffraction, (Fig.4) Diffraction.

                       3. Paintings: four-dimensions in two-dimensional space 

Representing the concept of the fourth dimension on a two dimensional surface is a complex problem. 
The artists’ tool is paint. He must arrange color, shape, line and direction, in order to create visual tension, 
rhythm, balance and depth. But representing the fourth dimension is about simultaneity, the paradox of all 
at once, and being able to see the inside and outside It is about being able to understand Chaos and 
fractals. It is about seeing through a skeletal frame into another dimension of hyperspace. Representations 
in art are metaphors and analogies on a two dimensional plane. It is a daunting task for the painter. 

Paintings are the image on a two dimensional plane. We think of color, form and space. 
Color is perception and it does not exit outside of the brain. [7] Color is dependent on the how our brain 
processes the composition of the spectral wavelengths of light. Light is electromagnetic energy and is 
propagated in waves. We see the color of an object because a certain wavelength is absorbed and the 
other visible wavelengths are reflected. White light is broken down into its component wavelengths of 
spectral colors ranging from the longest wavelength red to the shortest purple. It is a continuous transition 
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in the visible spectrum from red through orange, yellow, green, blue, to purple. The primary colors of 
light are red, blue and green, whereas in paint the primaries are red, yellow and blue. Another name for 
color is hue. 

We perceive the luminance of a color as spatial. The luminance of a color is important because we 
perceive it as three-dimensional depth. Luminance is what artists call value and use it to visually structure 
three-dimensional space. It is independent of color and indicates only how much lightness we see. The 
intensity or saturation of color also contributes to our perception of depth. Artists have used this 
knowledge to create spatial effects. Hans Hoffman developed the idea of “push/pull” in abstract painting. 
which is the study of the value of color to create the sensation of planar depth.  Matisse’s painting The 
Woman with a Hat is a portrait, which has many different facial colors. The colors are jarring greens, 
reds, yellows and pinks. While the colors are non human, the luminance of colors is the same and 
therefore allows for an accurate rendering of facial planes. Luminance allows us to perceive depth and 
also motion. Contrast in luminance and repetitive patterns produce the illusion of motion. [6] The Op Art 
painting Fall by Bridget Riley immediately comes to mind. The juxtaposition of the same amount of 
luminance of a color is also perceived as instability or motion. The painting Broadway Boogie Woogie by 
Mondrian is an example of this. I will now discuss my paintings and the concepts, which I have tried to 
represent metaphorically.

3.1 Chaos is a theory that describes the behavior of certain dynamic systems that evolve with time. It is a 
system, which has a predictable pattern but the behavior within the system is sensitive dependence and 
has elements of randomness. [8] The mathematician Mandelbrot described the behavior of our natural 
world, as the theory of Chaos: Chaos is the process of the evolution of growth. It is a concept of the 
fourth-dimension. Examples of it are branching patterns of trees, fern leaves, our biological circulatory 
system and snowflakes. A snowflake is the six folded crystal form in turbulent air. It maintains its 
symmetry but the atmosphere brings about changes in its growth. This process in nature reveals patterns 
where the initial structure is repeated on another scale. Each fern leaf is similar to the initial overall 
structure but on a different scale. It embodies the idea of self-similarity. The dynamic system is a measure 
preserving transformation. This process of growth over time is a concept of the fourth-dimension. 

The painting Structures-Fourfold Rotation is my metaphor for Chaos. The structure is a grid with 
triangles and squares. It is composed of a unit square, which is rotated about a center point through a 
given angle. The movement does not change the unit in length, angle measure or area. The unit square is 
composed of two triangles, one red and one black with the addition of green. The rotation of the unit 
visually results in a spinning effect, like a pinwheel in motion. The triangles alternate in the luminance of 
the red and black colors. In our visual perception we see them as back and forth motions existing on 
different spatial planes. 
The painting Structueres-Fourfold Rotation-4 is composed of four separate square paintings. The 
paintings are abutted and rotated through the center about a given angle. The four paintings are similar 
and symmetrical. The composite large square painting consisting of four smaller square paintings has 
rotational symmetry.  The linear branching patterns are angular and unpredictable and suggest movement 
on the predictable grid.  The luminance of the colors varies and in our visual perception. It structures 
spatial planes. The paintings are my metaphor for the fourth-dimension in that we interpret different 
spatial dimensions through the physiology of perception and the psychology of  the movement of our 
thoughts in that process. 



(Fig.6) Structures-Fourfold Rotation -4.(Fig.5) Structures-Fourforld Rotation, 

3.2 Fractal are complex mathematical objects, which have the property of self-similarity. They resemble 
each other and the whole on different scales and are a record of the process of movement or growth 
over time. They describe the dynamic changes and the transformations that take place. The painting 
Structures Hexagon-White is my interpretation of fractals and chaos. Some hexagons show the 
process of moving into and out of the grid. They are images of feedback into each other The 
translation is not exact nor does it follow specific rules. The structure is a grid and can be interpreted 
as a deterministic system with elements of unpredictability. It is my metaphor for the fourth-
dimension.

4. Conclusion

We have come to the end of our journey of art and the fourth-dimension. We have explored how artists 
have interpreted it and represented it as an analogy or metaphor. Edwin Abbott’s book Flatland explains 
how difficult it is for us to understand interspatial dimensions. One cannot comprehend another 
dimension out of one’s experience.[9] We have concepts and theories to ponder and explore. But, 
understanding the fourth-dimension is a challenge for us. The creative insight on a non-verbal level has 
inspired mathematician, scientist and artist to confront the universal questions about reality.  What is the 
fourth-dimension?  How can it be understood and represented? 
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and symmetrical. The composite large square painting consisting of four smaller square paintings has 
rotational symmetry.  The linear branching patterns are angular and unpredictable and suggest movement 
on the predictable grid.  The luminance of the colors varies and in our visual perception. It structures 
spatial planes. The paintings are my metaphor for the fourth-dimension in that we interpret different 
spatial dimensions through the physiology of perception and the psychology of  the movement of our 
thoughts in that process. 
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String Sculpture

David H. Press 
Blind Brook Middle School 

840 King Street 
Rye Brook, New York 10573 
stringsculpture@gmail.com 

Abstract:

This article provides a pictorial look at the three dimensional string sculpture of David Press with 
pieces from the 1970s through the present. 

My Work:

I’ve always been fascinated by the concept of basic geometric shapes. The concept of producing 
a parabola or a circle using only straight lines got my attention in 1969.

Inspired by the beautiful straight line designs being done by Steve Rogowski at SUNY-Albany in 
the 1970s, I displayed his series of line design posters from Creative Publications on my 
classroom walls for years.  They showed the variety of 2D shapes that could be produced 
mathematically.  I produced the framed Series of Cycloids in the 1970s (figure 1), largely 
inspired by Rogowski and by Lockwood’s A Book of Curves . 

Figure 1. – series of cycloids 
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Stringing in two dimensions felt limited, leading me to start experimenting with three-
dimensional forms. The first shapes I experimented with were dependent on materials I found to 
work with: wood hoops.  The Circle in Egg is from about 1975 (figures 2 and 3).

Figure 2. – circle in egg Figure 3. – circle in egg 

The two pictures show different shapes that are revealed in one piece. One of the goals of my 
work is to produce pieces that have very different shapes from different angles. 

Circle in large oval (figures 4 and 5) expands a second goal, including open space as an integral 
part of my pieces. 

Figure 4. – circle in large oval Figure 5. – circle in large oval 



Elongated circle and oval (figures 6 and 7) explores the stretching out of the shapes of the 
previous two pieces. 

Figure 6. – elongated circle and 
oval

Figure 7. – elongated circle and oval 

Heart and circle (figures 8 and 9) further stretches the shapes from the previous pieces and 
presents the design in a second reflecting color. 

Figure 8. – heart and circle Figure 9. – heart and circle 
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Circle in triangle (figures 10 and 11) simplifies the structural shapes and tests the tensegrity of 
placing the circle high in the piece. 

Figure 10. – circle in triangle Figure 11. – circle in triangle 

Finally, a different stringing pattern is explored in Rod and circle #1 (figures 12 and 13). The 
visual goal here is to produce ever expanding or ever contracting deltoids, depending on whether 
the piece is rotating clockwise or counterclockwise. This is a mobile that is best seen as a 
dynamic piece hanging from a turning motor. 

My influences:

The artistic eye and constructivist vision of Naum Gabo make him my ideal of a string sculpture 
artist. I can’t think of working with string sculpture and not think of Gabo. I have been inspired 
by the geometric vision, color vision, movement and use of open space by Alexander Calder. I 
can’t design a mobile or anything with geometric shapes and not think of Calder. I have been 
inspired by Ken Snelson and his use of tensegrity. I can’t design anything with strings that pull in 
multiple directions and not think of Snelson. I have been inspired by Fielding Brown -- his 
curiosity, his mathematical vision, his sense of experimentation and his artistic eye. I have been 
inspired by the pure craftsmanship and mathematics of Theodore Olivier, 19th century 
mathematician and string model designer. I have been inspired by Charles Perry, an 
extraordinary sculptor with an inspiring view of a geometric and artistic world in three 
dimensions. Last, I am inspired by the amazing sense of three dimensional form that Jose de 
Rivera brought to his sculptures. 



Figure 12. – rod in circle #1 Figure 13. – rod in circle #1 

Future directions:

The pictures in this article are from work based on two-dimensional shapes placed in three-
dimensional space to produce three-dimensional forms. I’m presently focusing on two new 
directions. One is the development of three-dimensional forms to enrich the complexity of the 
string sculpture shapes. The second is increasing use of tensegrity to produce pieces that hold 
together in space but visually appear to float in the air. 
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ART OF ANNA CAMPBELL BLISS                 Early Works

In early works I was exploring color while examining the expressive range of simple geomet-
ric structures. This led to computer studies. Observing the “dryness” of computer drawing, I 
began to experiment with ways of introducing tactility through the choice of hand-made papers, 
airbrush and other means. From these early studies more complex work with the computer has 
evolved. Ideas of randomness, image processing and transformation are being explored with a 
wide range of imagery. Mirage is the first such computer generated print. 



PASSAGES offers the stillpoint at which one is moving through space and has a moment to savor the 
experience and the surroundings.  A proposal for the Salt Lake City International Airport, still in the 
wings, waiting to fly.

Figure 2.  PASSAGES  1978 - 80, painted chain - 34 colors, an experience in time, color and space
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experience and the surroundings.  A proposal for the Salt Lake City International Airport, still in the 
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Figure 2.  PASSAGES  1978 - 80, painted chain - 34 colors, an experience in time, color and space

Figure 3.  ECHOES III  1981-82 oil on canvas 40” x 70”, private collection

ECHOES brings to a resolution several studies developed initially in screenprints as well as oils.  
Again the “threads” are many as the form is reminiscent of an early series organization with 
triangular modules.Concerned about the advancing and receding aspects of hues, focus here was 
on their spatial position. Often the light-dark intensity and saturation may control the spatial 
position of a color within a particular context.



Figure 4.  CELEBRATION 1985 oil on canvas, folding screen, 6’ x 8’ - 6.5”
Collection of the Utah Museum of Fine Arts

CELEBRATION refers back to earlier color field studies and adds a greater emphasis on the
quantity or area of a particular hue. It also reveals the artist’s desire to move art from the wall to 
become a three dimensional experience.



Figure 4.  CELEBRATION 1985 oil on canvas, folding screen, 6’ x 8’ - 6.5”
Collection of the Utah Museum of Fine Arts

CELEBRATION refers back to earlier color field studies and adds a greater emphasis on the
quantity or area of a particular hue. It also reveals the artist’s desire to move art from the wall to 
become a three dimensional experience.

Figure 5. TRELLIS 1987, oil on canvas, folding screen, 7’ x 7’- 1.5”
Private Collection

Sitting on a screened porch, looking through the trellis to flower gardens, squinting your eyes to see 
merging patterns. Forms appear behind the open screen and sometimes read on the surface. Another 
look at the spatial position of color.



Figure 6.  LABYRINTHS OF THE MIND  1998-2000, Japanese Fold Book, mixed media, digital 
printing, painting, screen printing with center page unique for each book

The page titles provide clues to the content which is more abstract and visual than a typical 
biographical account. The artist’s interest was conveying ideas by visual means with the minimum of 
text. 
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Figure 7.  JUMPING KOI AT LAKE TRUCHET  1993, 24” x 32” screen print and airbrush,
computer generated image

Mythical Lake Truchet is named for the 18th century mathematician who described the tile upon 
which it is based. When developed with a random number generator, it reminded the artist of the 
patterns formed on the ocean surface while fishing at Puget Sound. 



Figure 8.   TOPKAPI PALACE STUDY 2002,  screened on aluminum, 36” x 36”, 4 panels

Designed for the Coles Mathematics Building at the University of Utah. Inspired by a small image in 
THE TOPKAPI SCROLL  by Dr. Gulru Necipoglu-Kafadar, Aga Khan Professor of Islamic Art and 
Architecture at Harvard University. 



Robert Bosch: optical art 

Nat friedman 
artmath@albany.edu

Introduction

Robert Bosch is Robert and Eleanor Biggs Professor of Natural Science at Oberlin College. In 
addition to a career in mathematics, he has a second career as a graphic artist and has developed 
original techniques for generating very impressive images. In particular, he adapted the 
Travelling Salesman Problem (TSP) in order to create amazing prints that are composed with one 
continuous meandering closed path, where closed means the path begins and ends at the same 
point, like a circle. Now a circle separates the plane into two disjoint regions, inside the circle 
and outside the circle. In general, the TSP path is a closed continuous curve with no self-
intersections and also separates the plane into two disjoint regions that can be referred  
to as the inside and the outside. The two regions can be colored with two different colors to 
obtain two-color prints. Applying this colorful embellishment of the TSP, Bosch has created 
two-color prints on the theme of knots and links. He has also composed striking images using 
sets of dominoes by applying the technique of integer programming. Thus Bosch has applied the 
mathematical techniques of the TSP and integer programming to create very original artworks. 
Examples of these artworks will be discussed below. 

Figure 1. The Da Vinci Curve Figure 2. George Dantzig 
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TSP Images 

Briefly, the TSP consists in finding the minimum length path that travels through specified 
points in the plane, which represent the assigned stops that a travelling salesman would make. 
The application of the TSP requires deciding where to place the points so that the solution of the 
TSP will achieve the desired visual image. Bosch has mastered the technique and has created 
impressive prints that are among the best artworks created in the interdisciplinary field of art and 
mathematics. Moreover, they are outstanding artworks in the genre of optical art. It is an exciting 
optical experience to view a print from a close distance and then gradually increase the distance 
and observe the image transform from intricate detail to a holistic image. It is a vivid lesson in 
how we see. A selection of TSP works are shown below. Additional images can be seen at 
www.oberlin.edu/math/faculty/bosch.html 

The first example is The Da Vinci Curve shown in Figure 1 above. Here we see how the Mona 
Lisa portrait emerges as the viewing distance increases. The way the gradual shading develops is 
particularly interesting. The second example is the portrait of George Dantzig shown in Figure 2. 
The following statements are from Robert Bosch’s website. George Dantzig(1914-2005) was the 
father of linear programming and the inventor of the Simplex Method, the most widely used 
algorithm for solving linear problems. In 1954, with Ray Fulkerson and Selmer Johnson, 
Dantzig published a description of a method for solving large-scale instances of the TSP to 
optimality. For the 2006 INFORMS conference held in Pittsburgh, I created 25,000-city 
TSPortrait of Dantzig. RB. It is a pity that George Dantzig was not alive to appreciate his 
25,000-city TSPortrait. No doubt, he did not anticipate this artistic application of large scale 
instances of the TSP to optimality. 

The two prints in Figure 3 and 4 are suggested by Andy Warhol portraits. Each loop is exactly 
the same length (45.5 feet when printed on 8.5 x 11 inches paper).  

Figure 3. Chairman Mao Figure 4. Marilyn Monroe. 



The print in Figure 5 was made for the CPAIOR 2006 conference in Cork, Ireland. From up 
close, you see a single white loop on a black background. From a distance, you see a knotted 
black cord on a light gray background. 

Figure 5. Knotted Cord. 

Two-Color Prints. 

The white path in Figure 6 was the solution of a 1500-city TSP. The white path divides the plane 
into two regions which are colored red and black. From a distance, one sees two interlaced 
strands forming a link. A second two-color print is shown in Figure 7. Note that the black 
“inner” ring is actually on the black outside. The inner part is the red region. A work from a 
recent show is shown in Figure 8, which consists of two identical circular “sine curves” forming 
a link. 

Figure 6. Two-component link. Figure 7. Inside is Outside 
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Figure 8. Circular Link. 

Domino Constructions. 

Bosch has also used complete sets of double-nine dominoes in order to construct a picture that 
looks like a given target image.  For example, 48 complete sets means  precisely 48 blank 
dominoes, precisely 48 dominoes that are blank on one side and have one dot on the other side, 
precisely 48 dominoes that are blank on one side and have two dots on the other side, etc. As 
mentioned above, Bosch has applied the technique of integer programming to find the best way 
to position the dominoes to construct a picture. Two examples are shown in Figures 9 and 10 and 
can be obtained as posters at www.cafepress.com/dominoshirts. . In Figure 11 Bosch created a 
portrait of President Barack Obama, the 44th president of the United States of America. Bosch 
used 44 complete sets of double-nine dominoes. Plans for this portrait (and a high-resolution 
image) can be downloaded for free from www.dominoartwork.com. 



Figure 9.                                                                            Figure 10. 

Figure 11. President Barack Obama 

For additional examples and information, see www.dominoartwork.com. 

Figure 8. Circular Link. 
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Bathsheba Grossman at Shapeways 

Nat friedman, 
artmath@albany.edu

Introduction 

I had been thinking about writing an article on Bathsheba Grossman’s sculpture for some time. 
Recently I also found out about Shapeways, which is a company in the Netherlands that prints 
3D images. Their material selection is FDM (white), Object (black, white, translucent), and SLS 
(white). In particular, it makes it possible to reproduce interesting mathematical sculptures at 
very reasonable prices. Their website is www.shapeways.com. In particular, Shapeways 
reproduces a number of sculptures by Grossman so as a way of also introducing Shapeways to 
readers, I decided to present a selection of Grossman reproductions as shown in Figures 1-8. Her 
comments appear below the corresponding figures which are renders.

We begin with two 3D projections of the 4D hypercube as shown in Figures 1 and 2. Just as a 3D 
cube has six boundary 2D squares, a 4D hypercube has eight boundary 3D cubes. In Figure 1 we 
have a cube within a cube, which is the analog of the 2D projection of a 3D cube as a square 
within a square. In Figure 1 you can see the eight boundary cubes as one inner cube, six more 
projected cubes off of each of the six square faces of the inner cube, and the one large containing 
cube.

Figure 1. Hypercube, 5 h x 5 w x 5 d cm. This
model is a cell-centered Schlegel diagram of 
the hypercube, or tesseract. It is the classic 
projection into 3-space. BG. 

Figure 2. Hypercube, 7.5 h x 5.4 w x 5.3 d 
cm. This model is a vertex-centered Schlegel 
diagram of the hypercube, or tesseract. I love 
the shape of its hull: almost a rhombic 
dodecahedron. BG.



In the 3D projection of a 4D hypercube shown in Figure 2, there are eight projected cubes. There 
is a top projected cube and a bottom projected cube. From each of the six faces of the top 
projected cube there is a projected cube with a corresponding face of the bottom projected cube. 

A dodecahedron consists of twelve boundary pentagons. The 4D analog is the 120 cell with 120 
boundary dodecahedrons (cells), shown in Figure 3. This is a truly beautiful mathematical model. 

The model of the Menger Sponge shown in Figure 4 is an example of a model of a 3D fractal. It 
would make an interesting architectural model consisting of little rooms with multiple windows. 

Figure 3. The 120-Cell, This mathematical 
model is the 4D analog of the dodecahedron. 
In this projection you see all 120 cells, none 
are collapsed. BG.

Figure 4. Menger Sponge, 7.6 h x 7.6 w x 7.6 
d cm. A classical fractal. BG.

The impressive form-space sculpture in Figure 5 seems reminiscent of natural forms from the 
ocean.

Reproductions of three of Grossman’s form-space sculptures that were originally cast in bronze 
are shown in Figures 6-8. These are striking works and are now available in low-cost versions.



Figure 5. Vorodo, 9.9 h x 10 w x 10 d cm. 
This Voronoi network has the symmetry of a 
snub dodecahedron…almost. It is my homage 
to the wonderful diatoms of the world. BG.

Figure 6. Flow, 10.4 h x 10.4 w x 14.9 d cm. 
A ribbon in space. If you were wondering, it 
has two sides and therefore is not a Mobius 
strip. Since this design looks best standing up, 
it has a mounting post that is 5/32” diameter. I 
would recommend a block of wood or a blob of 
polymer clay as a base. BG.

Figure 7. Antichron, 8.6 h x 9.4 w x 19.9 d 
cm. You may have seen this model before, it’s 
a free download at bathsheba.com. Here it is 
from the horse’s mouth, with a small markup. 
BG.

Figure 8. Ears, 15.2 h x 15.2 w x 15.2 d cm. 
For the first time since before technology was 
invented, this sculpture is available. I have 
always liked it, I am happy to see it again. BG.

For additional examples, see www.bathsheba.com 
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would recommend a block of wood or a blob of 
polymer clay as a base. BG.

Figure 7. Antichron, 8.6 h x 9.4 w x 19.9 d 
cm. You may have seen this model before, it’s 
a free download at bathsheba.com. Here it is 
from the horse’s mouth, with a small markup. 
BG.

Figure 8. Ears, 15.2 h x 15.2 w x 15.2 d cm. 
For the first time since before technology was 
invented, this sculpture is available. I have 
always liked it, I am happy to see it again. BG.

For additional examples, see www.bathsheba.com 

BOOK REVIEWS

Nat Friedman

[1] The Codewriting Workbook: Creating Computational Architecture in AutoLISP,

by Robert J. Krawczyk, Foreward by William J. Mitchell, 416 pages, 274 drawings, with CD, 
Princeton Architectural Press, 2008, New York.

Conceived as a primer for architects, artists, and designers, The Codewrtiting Workbook 
introduces students and practitioners to basic programming concepts for computer aided design 
(CAD). Through a series of guided exercises using algorithmic functions, readers learn how to 
develop and write procedures for two-dimensional drawings and three-dimensional models. Each 
sequence of exercises starts with a simple concept and evolves into a family of possible 
solutions, including specifying and exploring a wide range of design alternatives, integrating 
parameters for controlling randomness, utilizing meteorological data, and developing complex 
patterns for laser cutting and CNC-milling. Exercises are presented in AutoLisp, a widely 
accessible CAD programming environment. 

To make the code writing routines more accessible and to encourage further exploration, a 
companion CD contains all 400 AutoLisp scripts presented in the book. 

[2] Kenneth Snelson: Forces Made Visible, by Eleanor Heartney. Available May 25, 2009.
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News

Nancy Margolis Gallery
523 W 25th St

New York, NY 10001

Eva Hild, 2008 Lamina, stoneware, 27 x 19.5 x 19 in., 2008.

Flow, stoneware, 30 x 20 x 20 in., 2008. Loop 485, stoneware,20 x 13 x 19.5 in. 2008.

For information on Eva Hilds work, contact margolis@nancymargolisgallery.com,

212 242 3013.
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JouRNal of matHEmatIcS 
aNd tHE aRtS

The Journal of Mathematics and the Arts is a peer 
reviewed journal that focuses on connections between 
mathematics and the arts. It publishes articles of inter-
est for readers who are engaged in using mathematics 
in the creation of works of art, who seek to understand 
art arising from mathematical or scientific endeavors, 
or who strive to explore the mathematical implications 
of artistic works.

 The term ”art” is intended to include, but not be 
limited to, two and three dimensional visual art, ar-
chitecture, drama (stage, screen, or television), prose, 
poetry, and music. 

The Journal welcomes mathematics and arts contribu-
tions where technology or electronic media serve as 
a primary means of expression or are integral in the 
analysis or synthesis of artistic works. 
Papers for consideration should be sent to the Editor at 
the address below: 

Gary Greenfield - Mathematics & Computer Science, 
University of Richmond, Richmond VA 23173, USA; 
Email: ggreenfi@richmond.edu.

For information,  see www.tandf.co.uk/journals/
titles/17513472.asp

BRIdGES BaNff
July 26-29, 2009

The Bridges Conferences, running 
annually since 1998, bring together 
practicing mathematicians, scien-
tists, artists, educators, musicians, 
writers, computer scientists, sculp-
tors, dancers, weavers, and model 
builders in a lively atmosphere of 
exchange and mutual encourage-
ment. Important components of 
these conferences, in addition to 
formal presentations, are hands-on 
workshops, gallery displays of visu-
al art, working sessions with artists 
who are crossing the mathematics-
arts boundaries, and musical/theat-
rical events in the evenings.

The conference will feature presen-
tations of regular, plenary, and short 
papers, as well as several work-
shops. The program for the confer-
ence is composed from a combi-
nation of submitted and invited 
presentations.

Regular Papers: submissions are 
due by February 1, 2009. (4, 6, 8 
pages)
Short Papers: submissions are due 
by March 15, 2009. (2 pages)
Workshop Papers: submissions are 
due by March 1, 2009. (2, 4, 6, or 8 
pages) See below.

Regular and plenary presentations 
require a regular paper with a max-
imum length of eight pages; short 
presentations require a two-page 
short paper.  To submit a paper, 
please see the detailed submission 
steps (also available in the menu 
on the left).

All papers are to be submit-
ted properly formatted as they 
would appear in the conference 
proceedings. See the formatting 
instructions and template (also in 

the menu on the left). Papers that 
ignore the formatting guidelines or 
the length limits will not be entered 
into the reviewing process.

In order to have as diverse a rep-
resentation of authors as possible 
and to keep the proceedings to a 
reasonable size, conference par-
ticipants can be the main author 
and presenter on only one paper. 
The main author on each submit-
ted paper should be identified with 
an asterisk: “*”. This rule includes 
all contributions: short and regular 
papers as well as workshop papers.

The regular presentations will be 
given a 30 minute time slot; short 
presentations will be given a 15-
minute time slot.



ISama 2009 
Eighth Interdisciplinary Conference of The International Society of The Arts, Mathematics, and Architecture 

June 22-25, 2009 
university at albany, albany, New York 

Purpose
The main purpose of ISAMA 2009 is to bring together persons interested in relating mathematics 
with the arts and architecture. This includes teachers, architects, artists, mathematicians, 
scientists, and engineers. As in previous conferences, the objective is to share information and 
discuss common interests. We have seen that new ideas and partnerships emerge which can 
enrich interdisciplinary education. In particular, we believe it is important to begin 
interdisciplinary education at an early age so one component of ISAMA 2009 will be teacher 

workshops for K-12 in addition to college level courses. 
Talks will be on June 22-24 and workshops on June 25. 
Registration details are at www.isama.org.

Fields of Interest 
ISAMA 2009 will focus on the following fields related to 
mathematics: Architecture, Computer Design and 
Fabrication in the Arts and Architecture, Geometric Art, 
Sculpture, Music, Dance, Mathematical Visualization, 
Tesselations and Origami. These fields include graphics 
interaction, CAD systems, algorithms, fractals, and 
graphics within mathematical software (Maple, 
Mathematica, etc.). There will also be associated teacher 
workshops.

Call For Papers 
There will be a Conference Proceedings. Papers should be 
submitted in Word and should follow the same format as 
in the 2008 Conference Proceedings, which may be seen 

at www.isama.org/hyperseeing/, May/June 2008 issue. This is the same as the Bridges format
The presentation should be primarily visual and contain at least 10 images. Reading a paper is 
not acceptable. Papers are due March 1 and should be emailed to Nat Friedman at 
artmath@gmail.com and submitted https://www.easychair.org/login.cgi?conf=isama09.  
Requested revisions will be sent by April 1 and revised papers are due May 1.  Submission 
details are at www.isama.org.

.

Invited Speakers 
Robert Bosch, www.oberlin.edu/math/faculty/bosch/ 
Charles Ginnever, www.charlesginnever.net 
Roslyn Mazzilli, www.roslynmazzilli.com 
Irene Rousseau, wwwwww.irenerousseau.com 
Kenneth Snelson, www.kennethsnelson.net 
Stephanie Strickland, www.stephaniestrickland.com 
Stephen Talasnik, www.stephentalasnik.com 
Daina Taimina, www.math.cornell.edu/~dtaimina 



ISama
www.isama.org

BECOME 
A MEMBER

The International Society of the Arts, Mathematics, and Architecture

ISAMAMembership Registration

Membership in ISAMA is free. Membership implies you will receive all ISAMA email
announcements concerning conferences and other news items of interest.

Name………………………………………………………………………………………………………………….

Address………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………

Email address…………………………………………………………………………………………………………………………….

Interests………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………

Please email completed form to Nat Friedman at artmath@albany.edu


