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Bruce Beasley: Bronze, Granite and Steel. 

Nat Friedman 
artmath@gmail.com 

 

Introduction

Bruce Beasley’s work was introduced in [1] and he will be giving a talk at the 2010 Joint 
Mathematics Meeting in San Francisco on Friday, January 15, 2010 at 8 pm. Thus we thought it 
was appropriate to present additional examples of his work including his recent monumental 
sculpture Destiny shown in Figure 18.

As in [1], we will concentrate on sculptures that consist of intersecting rectangular forms. These 
sculptures were motivated by Beasley studying crystalline forms in nature. As abstract geometric 
sculptures, they are impressive in their intricate composition and construction. However, 
Beasley’s main aim is for a sculpture to convey a profound gestural feeling, just as the pose of a 
dancer can convey a gestural feeling. Thus the works are appealing from both an abstract and 
expressionistic viewpoint.

Beasley designs a sculpture by using a special CAD (computer aided design) program that allows 
him to develop the sculpture one rectangular form at a time. The program also allows the 
sculpture to be rotated in space so Beasley can see it at any stage from any viewpoint. Beasley 
says “The process has a life of its own. I discover the piece as I create it” (interview with
Marlena Donohue). At any stage in adding rectangular forms, he may edit the work, revising 
intersections, angles, and sizes until being completely satisfied. Upon completion of the 
sculpture, the program prints out the shapes of the sides of each intersecting form. These sides 
can be copied on foam core sheet and then the foam core sides are joined to obtain a foam core 
model of the sculpture. The model is then used to develop an enlarged sculpture in either bronze, 
granite, or steel.

Cast Bronze and Welded Bronze Sculptures

In the case of a bronze sculpture, liquid wax is applied to the surfaces of the sides of the model 
and then the wax is scored to obtain surface texture. The scored model is then embedded, burned 
out, and replaced by pouring liquid bronze to obtain the bronze sculpture. The last stage is to 
patina the bronze surface resulting in the final sculpture. These sculptures are referred to as cast 
bronze. For large sculptures, the foam core shapes are enlarged and used as patterns for cutting 
sheet bronze shapes. These shapes are then welded together to form the sculpture, which is 
referred to as a bronze sculpture.
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Cast Bronze Sculptures

Five cast bronze sculptures are presented below. Breakout shown in Figure 1 is a Beasley arch 
form sculpture. The element projecting diagonally up and forward from the lower left gives the 
sculpture a powerful thrust upward and forward in one movement. Here a quote by the Basque 
sculptor Eduardo Chillida (1925-2002) is appropriate:

“Only one of the three dimensions is active (the one which comes toward me from far to near)
But all three must be in power, alternating the activity.” EC 

Note that Chillida refers to “comes toward me from far to near”, which is like a powerful punch. 
That is the feeling I get when viewing Breakout. The active third dimension is what turns the 
two-dimensional page into three-dimensional space and is the difference between painting and 
sculpture.

The whole arrangement of intersecting blocks in the center has a variety of shapes moving in a 
variety of directions, including towards you, and results in a sculpture that is very alive. This is 
an essential point concerning intersecting blocks in all of Beasley’s sculptures below and should 
be recalled in each case.

A vertical cantilevered sculpture Observer is shown in Figure 2. Here the slanting leg component
on the right in Breakout becomes a vertical component in Observer.

Figure 1. Breakout, Cast bronze, 1991, 28 x 44 x 12 in. 
Museum of Modern Art, San Francisco, California.

Figure 2. Observer, Cast bronze, 
2002, 70 x 22 x 13 in.
Hood Museum of Art, Dartmouth 
College, Hanover, New Hampshire.
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A relief sculpture Ancile is shown in Figure 3. This sculpture can also be considered horizontally 
as a landscape and then the view in Figure 3 would be the top view, with landscape forms rising 
up toward you. One can also consider the top view of Observer in Figure 2 coming toward you.

Figure 3. Ancile, 2002, Cast bronze, 
38 x 28 x 9 in. Private collection.

Figure 4. Arpeggio, 2002, Cast bronze, 2002, 
32 x 31 x 11 in. Private collection.

Arpeggio in Figure 4 is another arch form sculpture like Breakout in Figure 1. Arpeggio has a 
strong figurative feel for me. The group of intersecting blocks appear as muscles. This form also
appears enlarged in stone in Figure 14 and in monumental size in steel in Figure 18.

In the later sculpture Query in Figure 5, there is a new arrangement of elements. In particular, the 
leg element slanting down on the right in Figure 4 is slanting up on the left in Figure 5. The tall 
support column on the left in Figure 4 is now a tall intersecting form on the right in Figure 5.
The arrangement of intersecting blocks is low rather then high. There is a central space in this 
case. Query looks completely different from previous sculptures.



Figure 5. Query, 2003, Cast Bronze, 
49 x 27 x 15 in. Private Collection.

Figure 6. Guardian, 1992, Bronze, 204 x 132 
x 108 in.  San Francisco Federal Home Loan 
Bank, San Francisco, California.

Welded Bronze

We will now consider larger welded bronze sculptures. In Guardian in Figure 6, we have a 
central tower form with intersecting groups of blocks generating interest at the top and bottom. 
There is also a small landscape component on the right being protected by the tower form.

Horizon in Figure 7 is a functional sculpture with the horizon component acting as a bench. 
The group of intersecting forms on the right balances the cantilevered bench form on the left.
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Welded Bronze

We will now consider larger welded bronze sculptures. In Guardian in Figure 6, we have a 
central tower form with intersecting groups of blocks generating interest at the top and bottom. 
There is also a small landscape component on the right being protected by the tower form.

Horizon in Figure 7 is a functional sculpture with the horizon component acting as a bench. 
The group of intersecting forms on the right balances the cantilevered bench form on the left.

Figure 7. Horizon, 1997, Bronze, 26 x 126 x 40 in.  Berkeley Repertory Theatre, Berkeley, 
California

Figure 8. Ascender IV, 2003, Bronze, 173 x 
117 x 50 in. City of Brea, California

Figure 9. Messenger II, 1993, Bronze, 157 x 30 
x 27 in.  Landeszentral Bank, Hessen, 

Germany.



Ascender IV in Figure 8 is a great arch form and photographed against the sky, it could be any 
height. Having sited in open space is significant for appreciating the sculpture.

Messenger II in Figure 9 is another cantilevered vertical sculpture. One can feel the balancing 
act of the lower components before the long element soars upward.

Quest in Figure 10 is also later variation on a slanted leg component on the left and a vertical 
component on the right, with the intersecting group of forms above. This is the opposite of
Query in Figure 5. There is also a central opening in this case.

Figure 10. Quest, 2003, Bronze, 
192 x 103 x 70 in.  Miami 
University, Oxford, Ohio.

Figure 11. Encounter III, 2003, Bronze, 12 ft wide, 
University of Oregon, Eugene, Oregon.

The view of Encounter in Figure 11 emphasizes the group of intersecting forms in the 
foreground that would appeal to a rock climber. The leg component on the right rests on a 
another group of intersecting forms. Encounter could thus be considered as a long horizontal 
arch but the supports are groups of intersecting forms rather then vertical columns.

Granite Sculptures

For me, the striking point of the granite sculptures is the strong effect of light and shadow. The 
clean  cutting of the forms is perfect craftsmenship. These sculptures were produced in China 
under Beasley’s direction. Stone Horizon in Figure 12 is a functional sculpture with the bench



Ascender IV in Figure 8 is a great arch form and photographed against the sky, it could be any 
height. Having sited in open space is significant for appreciating the sculpture.

Messenger II in Figure 9 is another cantilevered vertical sculpture. One can feel the balancing 
act of the lower components before the long element soars upward.

Quest in Figure 10 is also later variation on a slanted leg component on the left and a vertical 
component on the right, with the intersecting group of forms above. This is the opposite of
Query in Figure 5. There is also a central opening in this case.

Figure 10. Quest, 2003, Bronze, 
192 x 103 x 70 in.  Miami 
University, Oxford, Ohio.

Figure 11. Encounter III, 2003, Bronze, 12 ft wide, 
University of Oregon, Eugene, Oregon.

The view of Encounter in Figure 11 emphasizes the group of intersecting forms in the 
foreground that would appeal to a rock climber. The leg component on the right rests on a 
another group of intersecting forms. Encounter could thus be considered as a long horizontal 
arch but the supports are groups of intersecting forms rather then vertical columns.

Granite Sculptures

For me, the striking point of the granite sculptures is the strong effect of light and shadow. The 
clean  cutting of the forms is perfect craftsmenship. These sculptures were produced in China 
under Beasley’s direction. Stone Horizon in Figure 12 is a functional sculpture with the bench

forms cantilivered from the large group of intersecting forms, which appear as very natural 
crystalline stone forms. Even the horizontal bench forms appear to grow out of the intersecting 
forms.

Figure 12. Stone Horizon, 2000, Granite, 26 x 127 x 40 in. Private Collection.

Figure 13. Lithic Legend III, 2004, Granite, 
75 x 33 x  21 in. Private Collection. 

Figure 14. Lithos III, 2004, Granite,   73 x 
33 x 23 in. Private Collection  



The following two sculptures Lithic Legend III and Lithos III are somewhat reminicent of 
Navajo cliff dwellings, as well as simply natural rock formations. The light and shadow effects 
are particularly strong.

Arpeggio in granite in Figure 15 literally stops me in my tracks. I look forward to photographing 
the work after it is installed in Palo Alto. I’ll probably end up taking a couple hundred shots and 
will still have to pull myself away. The base is beautifully integrated into the sculpture. Note this 
is carved out of one piece of stone and the carving is perfect!!

Now we come to another show stopper in Duende III shown in Figure 16. Eduardo Chillida 
would have loved this sculpture. No one has done anything like this. It truly pushes the limit of  
space carved out of stone. And the carving is so clean.

Figure 15. Stone Arpeggio, 2007, Granite, 132 x 132 x 56 
in. City of Palo Alto, California.

Figure 16. Duende III, 2005,
granite, 52 x 16 x 16 in. private 
collection.
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Figure 17. Titiopoli’s Arch, 1987, Cor-Ten steel, 116 x 132 in., Private Collection.

Steel Sculptures

The first steel sculpture Titiopoli’s Arch shown in Figure 17 is an impressive striding figure as a 
monumental arch.  One can really appreciate the computer program that allows for the highly 
technical welding of the steel planes that form the complex intersecting blocks. 

We started with the arch form Breakout in Figure 1 and now we come to the monumental steel 
sculpture Destiny, where Beasley really performed a breakout move into what I would call 
gigantic sculpture. The enlargement of Arpeggio holds up strongly. The sculpture definitely 
competes with the mountains in the background. Chillida would have loved this one too. For 
additional works by Bruce Beasley, see his website www.brucebeasley.com

Reference
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Figure 18. Destiny, 2009, 75 x 75 ft, Oiled steel, Monterey, Mexico.

GridField Space

Douglas Peden
3327 RT 22, Essex, NY 12936-0003
Email: dpeden@westelcom.com

Abstract

This paper considers a space based on a mathematical concept called GridField Geometry; with an equivalent version called
Polar GridField Geometry. The two geometries are compared in their respective constructions. In the process, a circular curved 
wave form is introduced in the maintenance of gridfield space symmetry — all defined and illustrated by the inclusion of specific 
examples. 

1. Introduction

The purpose of this paper is to consider and explore a spatial reality called GridField Space (GFS)
consisting of grid configurations based on the Cartesian and polar geometric coordinate systems. The 
process of creating a space using these two approaches is a mathematical concept called GridField 
Geometry [1]. Gridfield Geometry as defined in the reference paper [1] consists of two geometric 
approaches: one is called crossfield grid geometry, and the other, interfield grid geometry. The interfield 
approach is an interesting system, but deemed better suited to art and design and unrealistic as a physical 
spatial system. The crossfield grid is a space and coordinate system more common to our experience and 
will be used exclusively in this paper. It will first be illustrated by constructing a sample gridfield and an
equivalent polar gridfield. Second; we will introduce the Circular Curve Wave in the formation GFS.
Third; we will show how the formation of a gridfield automatically creates identical shapes in the natural
individualization of space. Finally, we will indulge in a bit of science-fiction by suggesting how such 
transformations might describe our world. In other words, we will begin to build a gridfield universe. 

2. GridField Geometry & Space

The basic crossfield grid to be used in this paper is formed by the crossing of two interdependent wave 
fields. It is constructed iteratively, in a recursive manner, where at each iteration a wave field is 
embedded, mapped into what is called a current gridfield, thereby transforming both the embedded field 
and current gridfield into a new current gridfield. The process starts with the Cartesian grid (C-grid), i.e., 
graph paper geometry, which is itself a gridfield; indeed, the mother of all gridfields. In this paper, the C-
grid is considered absolute space — the simplest two-dimensional space. Note that the arguments 
presented here could also be applied to a three-dimensional space, but would add unnecessary 
complexities to the basic understanding of this paper. The construction of a GFS can continue to any 
number of iterations, or in gridfield terminology, generations , where P is the symbol for a gridfield 
and subscript n its nth generation. 

A wave field is represented by a series of like parallel waves one unit apart. The wave itself is defined by 
a basic wave constituent called a figure element. The figure element is centered, in an oscillatory manner, 
about a reference line called the wave axis, which is illustrated by a broken line, as shown in Figure 2.2.
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The parameters of a wave/wave field can be freely chosen or restricted by some mathematical algorithm 
(to be discussed later). The parameters are 
the wavelength, λ, which is a complete 
wave cycle — the distance between 
corresponding points on a wave or wave 
train; the amplitude, a, which is the 
distance between the wave                       
crest or trough and wave axis; the 
orientation of the embedded wave/wave                        

Figure 2.2: Embedded wave.                   field in the x or y-axis direction; and, phase                    
In the phase position, the letter p simply means “position,” and q is the    

Figure 2.1: Phase Positions.     specific position of wave or starting wave field embedment of the figure 
element in the current gridfield. To illustrate how this works, refer to Figure 2.1 where we have an X
oriented figure element with parameters λ=8 units, a=1 unit, as represented in Figure 2.2, embedded at 

various p positions, in a gridfield 
whose wave field parameters are 
also λ=8, a=1. There are λ (integer) 
starting positions for an embedded 
figure element on any wave/wave 
field; therefore, since λ =8, we 
have 8 choices. Referring to Figure 
2.1, the p0, position 0, is the 
beginning of the primary wave 
cycle where the amplitude is zero. 
In this example, our embedded 
wave possibilities are seen to go 
from the maximum in-phase 
relationship at p0 to a complete 
out-of-phase relationship at p4 and 
continuing to repeat the cycle at 
p8, where p8=p0. For 
simplification and consistence, we 
will assume pq = p0 for the 
remainder of this paper.

The gridfield transformation 
process is reviewed using the 
pictorial example, Figure 2.3: Step 
1: Start with a C-grid, whose 
dimensions are 12 units in the y-
axis direction and 24 units in the x-
axis direction. These dimensions 

were conveniently chosen to be 
consistent with the wave parameters of our concluding 3rd generation wave field; and, also in the 

Figure 2.3: Gridfield Space Transformations. 

 



determination of the 24 sectors chosen for our polar grid example. Step 2: For our first field embedment, 
we choose a figure element, a wave whose parameters are λ=12 units, a=1 unit, and oriented in the y
direction. Step 3: Embedment of the chosen wave into and translated in the x direction to form the 
wave field as shown. Step 4: The embedded field changes the underlying linear y-wave axes field, thus, 
creating the new current 1st generation crossfield grid as illustrated. Step 5: For a 2nd generation gridfield, 
we choose a wave to be embedded whose parameters are λ=12 units, a=2 units, and oriented in the x
direction. Step 6: Embedment of the new wave in our 1st generation gridfield and translated in the y
direction. Step 7: The embedded field replaces the linear x axis field resulting in a 2nd generation, new 
current crossfield grid as illustrated. Step 8: For our final and third embedment, we choose a wave whose 
parameters are λ=8, a=2, oriented in x direction. Step 9: We embed this wave in our 2nd generation 
gridfield (Step 7) and translate in the y direction. This results in a gridfield with a wavelength of 24 units 
in the x direction and 12 units in the y direction as shown. Step 10: To get a 3rd generation crossfield grid
from the Step 9 grid, we erase the curvilinear x-axis field lines of Step 7. We could go on to 4th, 5th, to an 
endless number of generations, creating ever increasing complexities; but for now, we will assume that 
three generations are enough for illustration purposes.

3. The Polar Gridfield & Polar Equivalence

                             

Figure 3: Polar Gridfield Space Transformations.                      

Our goal here is to construct a Polar GridField Space (PGFS) equivalent to GFS. The polar gridfield is a 
circular space divided by a sequence of concentric rings, or, orbits, forming a series of annuluses. The 
annuluses are divided into grid cells by a series of radial lines emanating from the center of the circle
forming polar sectors, as   illustrated in Figure 3.1. The cell, in this case, is non-square and varies in the 
radial direction, from annulus to annulus getting progressively larger away from the center and smaller 
toward the center. The polar grid is, in one sense, a closed, finite space; that is, it is limited in the 



circumferential, orbital direction, where we have a definite number of like cells in each annulus, 
depending on the number of sectors. On the other hand, the C-grid is a completely open space extending 
to infinity in all directions. In order to have a polar version of GFS, i.e., Polar Equivalence, and maintain 
the symmetry between GFS and PGFS, it is necessary to have a starting polar grid with a polar absolute 
space, equivalent to our C-grid with the C-grid’s equivalent square cell structure, as is seen in Figure 
3.1 of Figure 3. This example is structured for 24 sectors to be consistent with our 3rd generation 
wavelength of λ=24 units from above. 

The method I used to construct the beginning PGFS grid, i.e., absolute space, is as follows: First, I chose 
the number of sectors, s, to be used; then I determined the angle dividing each sector,, using the equation 
(3.1) .  Knowing  , I constructed the starting polar gridfield by choosing an arbitrary starting 

radius and using the equation (3.2) ; or equation, (3.3) , where k 

= . I now can determine , , , etcetera, in consecutive calculations to any number of 

annular constructs. Or, if I wanted to work in the n+1 direction, i.e., away from the center, my equation 
(3.3) would be (3.4) . In any case, I can now construct a starting absolute polar space for wave 

field embedment to any size and generation, i.e., any gridfield dimension. Solving for polar 1st, 2nd, and 
3rd generation gridfields, I followed the procedure of Section 2, using the polar radial direction as my
equivalent y-axes and the concentric, orbital field lines as the equivalent x-axis. The results of the wave 
field embedment’s, using the same parameters as before, in the 1st, 2nd, and 3rd generation polar gridfields, 
are illustrated in Figures 3.2, 3.3, and 3.4 respectively for my equivalent gridfields.

4. The Circular Curve Wave 

A Circular Curve Wave (CCW) and familiar sine wave are regular 
wave cycles as shown and compared in Figure 4.1 at one cycle, one 
wavelength each. The CCW (the shorter wave) has the constant 
curvature of a circle where the sine wave does not. The curvature of a 
sine wave is maximized at its wave crest and trough and minimized in 

between, as shown in Figure 4.1. In this example, we see the CCW at its 
most fundamental — two semicircular shapes each with a radius 1/2 the 
diameter. Other CCW’s (potential figure elements) are formed by a circular 
segment, a circular arc as illustrated in Figure 4.2. Indeed, the CCW would 
seem to be the most fundamental and elegant of wave forms in its 
simplicity; and perhaps, the more natural form of a wave in nature?

However, the main argument for the CCW is to achieve a consistent and 
symmetric transformation of all generations of GFS through the 
morphogenesis of absolute space, so that each generation of GFS 

represents . The argument is that the x and y C-grid field axes in , are considered curves with a=0. 
In other words, the straight lines of the grid are translated into constant curvatures and defined as circular 
curve waves — CCW’s. To maintain this symmetry in subsequent gridfield transformations, it is 
necessary that all fields of embedment be CCW’s. However, note that though symmetry is maintained 
within the GFS, it is experienced as broken in our space — our frame of reference. Indeed, with this
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imperative, the only way GFS can be changed is with the embedment of a CCW field. However, let it be 
understood that other wave or wave field can be embedded in a GFS and will be changed according to the 
geometry of the space; but, the GFS itself will remain unaltered.

5. Some Structural and Formation Characteristics of GFS

5.1: GFS Shape Formation 

There are shapes formed in the morphing process of each generation of a gridfield that I consider the 
natural individualization of space, or, natural shapes. Two kinds of natural shapes are common to GFS: 
the grid cell and the module. Since the formation of shapes, which can be defined as shape objects, is 
different in GFS and PGFS, we will consider them separately.

The smallest constituents of any gridfield are the grid cells, 
which are natural shapes. The most elemental is the C-grid cell 
of , where the cells are all alike, i.e., identical in size and 
orientation. Once into the iterative process, an infinite 
variation of cell shapes can occur, depending on the 
parameters of the current gridfield and embedded fields. The 
next individualized, complete, repeatable, and naturally 
formed shape filling GFS is called a module. Modules are 
equal sections, divisions of GFS, each containing all the cell 

shape variations without repeats. Figure 5.1.1 is a 4 module section of our 3rd generation GFS illustrated 
in Figure 2, Step 10. The number of cell variations in a module can be calculated by multiplying the 
module’s x and y-axes dimensions, i.e., its x and y wavelengths. For example, the modules in Figure 2 are 
identified by heavy outlines as follows: In Step 1, we see that each cell in its singularity is a module. Our 
1st generation gridfield, illustrated in Step 4, can be divided into 24 y-axis oriented modules, each 
containing 1X12 = 12 cell variations. Our 2nd generation gridfield, illustrated in Step 7, can be divided 
into two modules as shown, each containing 12X12 = 144 cell variations. And, Step 10, our 3rd generation 
gridfield, illustrates a single module containing 24X12 = 288 cell variations. It should be noted that any 
module can assume a different shape by moving its coordinate origin along the wave’s x and/or y-axis. 
For example, in Step 4 we have 12 possible module variations by shifting the origin, a unit at a time, up 
or down the y-axis scale. In Step 7, we have 144 possibilities (the x-axis scale comes into play here); and 
in Step 10 we have 288 module variations. One of our 288 module variations of Step 10 is illustrated with 
the dashed line in Figure 5.1.1. In fact, we have as many module variations as there are cell variations. In 
any case, we can divide any GFS into identical modules, each containing a fixed number of cell 
variations. Of course, shapes and design patterns other than those formed naturally can be created by the 
freely grouping of any number of cells and/or modules, as seen illustrated by our two cellular designed 
figures in black in Figure 5.1.1. 

Another approach in individualizing GFS is to choose an algorithm to create a sequence of consistent 
transformations. For example, consider Figure 5.1.2 where we show the sequential embedment of a field 
with parameters λ=8, a=2; but alternate its x and y-field orientation with each embedment. In the process, 
we see an increase in wave field density emphasizing an individualization of space. If we stretch our 
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imaginations, perhaps we can see crystalline, atomic, molecular, or organic cellular structures containing 
a signature, identifying, “genetic” code which shows its evolution to 7 generations.

5.2: PGFS Shape 
Formation

The same shape formation 
process from above also applies 
to PGFS. However, in our 
polar example, Figure 3.1, 
the PGFS cell variance creates 
an extended cellular module 
(outlined in black) compared to 
the single square cell module 
example in Step 1, Figure 2. 
Also note in Figure 3.4, how 
nicely the module has been 
individualized, singled out, in 
the orbital direction with no 
repeats except itself. The 24 
unit module attaches to itself, 
front to end, in the 24 sector 
patch of polar space, giving an 
unbroken wave pattern and 
orbital completeness. This 
would be true for any number 
of modules whose multiple 
orbital wavelengths fit the 
limiting orbital factor of N

sectors. The point is that our PGFS space can be neatly individualized for a single module as in Figure 
3.4; or, for multiple modules, as in Figure 3.3, with two modules, and Figures 3.1 and 3.2 with 24 
modules.

6. A GridField Universe & Concluding Remarks

GFS is based on the premise that all objects, realities are the manifestation, the morphogenesis of absolute 
space . What we perceive from our frame of reference as physical reality is the curvature — the 
bending and folding, the reconfiguration of a linear C-grid . Indeed, if this defines the materialization 
of GFS, then a polar is already an object reality. If we assume our space to be, for all practical 
purposes, Euclidean, it is conceivable that our reality of mass/energy, constants of nature, etcetera, is the 
manifestation of specific GFS transformations created Ex Nihilo (out of nothing) — out of absolute space. 
However, many would argue that there is no such thing as nothing; therefore, if is posited as 

Figure 5.1.2: Constant Field Parameters with Alternate Axes Embedment. 

 



something, it is interesting to speculate what  “nothing/something” is — might it be a resurgent kind of 
ether, or the more recent idea of quantum foam? This I hope to address in some detail in the future.

Each generation in a gridfield sequence is the sum of all past gridfield transformations — the history of 
all previous gridfields, which in itself implies the added dimension of time . This suggests a
process where each generation, which we can consider an event, evolves out of the last to an increasingly 
complex reality. Indeed, the process could be described as spatial entropy. Also, space itself is not created 
or destroyed; it is simply changed — stretched, squeezed, warped — thereby maintaining a conservation 
of space.

In quantum mechanics, the wave function of the universe has been thought of as consisting of a 
superposition of all allowable geometries: mildly curved, seriously curved, etc. The concept of GFS 
nicely compares with the presumptions of others: For example, in an evolving GFS, we have the choice of 
an unlimited number of wave field parameters at each generation which, in turn, can theoretically branch,
as in a tree diagram, into an infinite number of geometric possibilities, suggesting the possibility of an
infinite number of realities or universes. This suggests the many-worlds theory in quantum theory which 
states that all possible universes are created and exist simultaneously. How nature might choose these 
parameters, if indeed there is a choice, is a compelling question. Also, according to quantum field theory, 
the physicist Steven Weinberg put it simply that, “the essential nature of reality is a set of fields.” In 
other words, quantum fields are the substance of the universe and not “matter.” Matter/objects, i.e., 
particles, are simply the manifestation of interacting fields; or, in our case, the manifestation of interacting 
gridfields. In 1876 W. K. Clifford published a paper, “On the Space-Theory of Matter,” in the 
Proceedings of the Cambridge Philosophical Society, where he stated the following: (1) That small 
portions of space are in fact of a nature analogous to little hills on a surface which is on the average flat; 
namely, that the ordinary laws of geometry are not valid in them. (2) That this property of being curved 
or distorted is continually being passed from one portion of space to another after the manner of a wave. 
(3) That this variation of curvature of space is what really happens in that phenomenon which we call the 
motion of matter, whether ponderable or ethereal. (4) that in the physical world nothing else takes place 
but this variation, subject (possibly) to the law of continuity. Clifford was contemplating local distortions 
in the structure of space – although he had not got around to suggesting how such distortions might arise.
Even Einstein viewed particles not as independent objects but as a special manifestation of the field itself
with his statements, “There is no sense in regarding matter and field as two qualities quite different from 
each other...Could we not reject the concept of matter and build a pure field physics? We could regard 
matter as the regions in space where the field is extremely strong. A thrown stone is, from this point of 
view, a changing field in which the states of the greatest field intensity travel through space with the 
velocity of the stone.” One of his Princeton collaborators, Banesh Hoffmann, recalled that “Indeed, one 
might say that he (Einstein) wanted to build matter out of nothing but the convolutions of spacetime.” He 
was constantly searching for the mathematics to explain it.

The above comparison can also be applied to the current hope of string theory where the point particles of 
quantum field theory are reinterpreted as minuscule, extended vibrating one-dimensional shapes called 
strings. I am suggesting the possibility of these strings being reinterpreted as interacting gridfields; that is, 
our grid lines, or wave lines become interacting, vibrating fields whose various modes are seen as 
different species of particles. An added bonus here is that they are all ultimately made of one kind of 



string, which in our case is the warp/distortion of absolute space. Or, perhaps, GFS theory is better suited 
to quantum loop theory by viewing the cells of a gridfield as contiguous vibrating loops. At the most 
elemental space level, this could be viewed as the all pervading “quantum foam” suggested in 
contemporary thought. Also, possible applications to “dark matter” and Higgs field theory.

Indeed, in the same spirit, I have tried in this brief introductory exposition to translate a mathematical 
concept into the morphogenesis of a wave space for the creation of a tangible reality; which, for me, 
suggests many interesting areas of on-going research; albeit most probably pure science-fiction. But, isn’t 
a good deal of contemporary physics a bit of science-fiction? 

Before closing, it should be mentioned that many of the illustrations are necessarily hand drawn; and, 
sometimes without great accuracy — my apologies. There are computer solutions for crossfield grid 
geometry (using the sine wave form); but, to my knowledge, there are no such programs for some of the 
other ideas introduced — such as GFS/PGFS Equivalency and the process of CCW embedment. If not yet 
known, I leave these solutions to those interested mathematicians and computer programmers more 
capable and patient than I.
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For project SWELL, several initial criteria were set forth for the script in order to achieve certain aesthetic 
and atmospheric effects.  The first was the desire for it to have the appearance of a lacy, mesh-like 
pattern.  The second criteria was that the pattern needed to be lighter and more open on one side, and have 
a gradient towards less open at the other end.  A secondary criterion was that it needed to produce a 
complexity of geometry that would necessitate the use of digital fabrication tools.  The script was written 
in vbScript for Rhinoceros 3D.  This document describes, diagrammatically and step-by-step, the 
technique in which the script produced the surface pattern geometry of project SWELL.

SWELL project. 



Section 1: Pre-script process

Prior to running the script, several steps were taken to produce suitable geometry for the script to use.  
The images below show each step.

Fig. 1-1 Fig. 1-2 Fig. 1-3 Fig. 1-4
The initial geometry 
was designed to fit the 
space using NURBS 
surface modeling.

The NURBS surface 
was then converted to a 
mesh, which was then 
passed to Autodesk 
Maya.

The mesh was altered 
to have particular 
design elements, and 
returned to Rhino.

The final mesh was 
then converted to a 
polysurface with a 
surface on each mesh 
face.

Section 2: The Main Sub routine

The main sub routine is where the entire user input values are assigned and several global variables are 
determined.  It is also where the main loop of the script is located.  The main loop cycles through each 
surface that makes up the polysurface, obtains certain data contained in the surface, arranges that data, 
and then passes the data to the next function; the “EdgeCurves” function.   Below is a breakdown of the 

code in the main subroutine and an explanation of why and 
what it does.

Line 10 defines the variable that consists of the surfaces that 
will be affected.  This is where the user selects the 
polysurface.  On line 11 the minimum edge scale is input by 
the user, and line 12 is the maximum.  The effect of the 
minimum and maximum values will be explained in section 
3.  On line 13 the number of edge subdivisions which 
determines the number of cells on each edge of each face is 
input by the user.  There will ultimately be two less cells 
than the number input by the user because the segments on 
each end of the edge curves are not used (reasoning 
explained in section 4).  Line 15 is where a scalar value for 

Fig. 2-1
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the cells is input by the user (reasoning explained in section 4).

In lines 17, 18, and 19, other useful information is produced that utilizes geometry and data input by the 
user.  On line 16 a range (max minus min) is determined from the user input on lines 11 and 12.  Line 18 
is where a bounding box is created around the polysurface object.  This represents a box that has sides 
exactly containing the selected object.  This is used to determine a distance between extreme corners (line 
19).  This distance value is used later to determine the edge scaling modifier.  Figure 2-3 shows the 
relationship of the bounding box to the polysurface and which corners are used to determine the distance.  
The scaling ratio equation is described further in section 3.

On line 30 all of the above data is stored in a single array such that all of it can be passed between 
functions easily.  Line 33 is where the main loop is initiated in which each surface of the polysurface is 
acted upon individually.  Each surface has control points located on its corners and these are extracted on 
line 36.  These points are used to determine a number of vectors that will be used to create the edge 
curves in the “EdgeCurves” function (section 3).  However, Rhinoceros 3D orders the points in a way that 
is not useful to this script, so the order needs to be rearranged in a way that will allow later loops to 
proceed properly.  Because three sided mesh faces are still represented with four vertices in Rhinoceros 
3D, one vertex is a duplicate.  Line 39 determines if certain vertices are duplicates, and thus whether the 
face is three sided or four sided.  Based on the result of this conditional statement, the script re-orders the 
control points in a useful way.  Figures 2-2 through 2-5 show how Rhino organizes the points versus the 
way in which they need to be organized.

Finally, on line 46 all of the user input data, the other data, the current surface and the re-ordered points 
are passed to the “EdgeCurves” function.  After all of the proceeding steps in the following sections have 
been completed, the next surface undergoes the operations.  The loop will continue until every surface has 
been acted upon.  After the script has finished, only a series of curves will have been produced, and a user 
must then use these curves to trim the surface.

Fig. 2-2 Fig. 2-3 Fig. 2-4 Fig. 2-5
4 sided – incorrect 

order
4 sided – correct order 3 sided – incorrect order 3 sided – correct order

Section 3: The “EdgeCurves” Function

This function is used to create the curves on each edge of each surface, and extract other geometry 
information necessary for the other functions.  One such piece of information is on line 61, which is 
where the centroid of the current surface is extracted.  The centroid is used for several things, including 



the edge curves, the edge cells (section 4), the corner cells (section 5), and for determining if certain 
curves are too tight to cut on the CNC mill (section 6).

The next step is to determine the midpoint of each edge.  The reason the midpoint of the edge is used is 
because it will ensure that the manifold edge of the adjacent face will have identical scalar values as a 
result of the distance ratio as a function of its position within the bounding box described in section 2.  On 
line 63 a loop is initiated which will cycle through each edge of the surface, using the surface points 
passed from the main sub routine.  To find the midpoint of the edge a vector is created between a surface 
point “h+1” and “h” which are indices representing the points as they are ordered in the main sub routine 
(line 66).  Figure 3-1 is a diagram of this operation.  On line 67 the vector is scaled by one half in order to 
find the midpoint between the two surface points (see figure 3-2).  However, it should be noted that 
vectors are actually represented by a one dimensional array of three numbers; a three dimensional point in 
relation to the origin.  This is the reason for the operations on lines 68, 81, and 82, which are explained 
diagrammatically in figure 3-3.

Fig. 3-1 Fig. 3-2 Fig. 3-3

Once the midpoint on the edge is found, a scalar value is calculated as a ratio of the distance between the 
current midpoint and the lower right side of the bounding box divided by the extreme distance of the 
corners of the bounding box (line 74).  This will yield a number less than one.  This number is subtracted 
from one to yield something like a percentage, which is then multiplied by the range determined in the 
main sub routine, and then added to the minimum edge compression value input by the user.  The result is 
a modifier for the edge conditions of each surface.  The following examples of calculations show how the 
numbers work out.  Example 1 represents an edge midpoint that would be more towards the upper left 
side of the bounding box, while example 2 would be closer to the bottom right.

Example 1:

Distance of midpoint to bottom right = 9
Extreme distance of bounding box = 10
Edge Compression minimum = 0.1
Edge Compression maximum = 0.45
Edge Compression Range = 0.35

Current Distance Ratio = 9 / 10 = 0.9
Edge Modifier = 0.1 + [0.35 * (1  - 0.9)]
                           = 0.1 + 0.035
                           = 0.135
*Figure 3-4 shows, approximately, how the edges 
will look
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Example 2:

Once the edge compression modifier is determined, the script can continue finding the start, mid, and end 
points of the edge curve.  On line 78 a vector is created between the edge midpoint and point “h” (figure 
3-6).  This vector is then scaled by a percentage found by subtracting the modifier determined in the 
previous step, from one (line 79, figure 3-7).  The end point can then be found by reversing the vector, 
which is done on line 80 (figure 3-8).  Then, on line 85 the script begins to find a midpoint for the curve 
by creating a vector between the surface centroid and the midpoint (figure 3-9).  This vector is then scaled 
by an amount determined by this equation:  1 – (edge modifier / 0.75).  This yields a point located 
somewhere between the centroid and the current edge midpoint.  Now that a start, mid, and end point 
have been located in space, a nurbs curve is drawn, pulled to the surface, and stored in an array.  Figure 3-
10 shows how this curve is produced.  The reason it is pulled to the surface is to ensure that the surface 
can be trimmed accurately, and the reason it is stored in an array is so that all of the curves can be passed 
to the next function to create the cells.  Figure 3-11 shows an approximation of the results of the 
“EdgeCurves” function.

Fig. 3-6 Fig. 3-7 Fig. 3-8

Distance of midpoint to bottom right = 1
Extreme distance of bounding box = 10
Edge Compression minimum = 0.1
Edge Compression maximum = 0.45
Edge Compression Range = 0.35

Current Distance Ratio = 1 / 10 = 0.1
Edge Modifier = 0.1 + [0.35 * (1  - 0.1)]
                           = 0.1 + 0.315
                           = 0.415
*Figure 3-5 shows, approximately, how the edges 
will look

Fig. 3-4 Fig. 3-5



Fig. 3-9 Fig. 3-10 Fig. 3-11

Section 4: The “MakeCells” Function

This function uses the curves produced in the “EdgeCurves” function to produce the cells that follow 
those edges.  This is the portion of the script where each surface begins to take on a lacy appearance.  To 
do this a primary loop is initiated that will cycle through each edge (line 105).  The next line of code
divides the currently active curve and divides it into the user defined number of segments.  Figure 4-1 
shows how it is divided.  Then another loop is initiated (line 108) that will ignore the triangles that make 
up both ends of the curve.  This is because the triangles on the ends are generally to narrow to be useful.  
In each sequence of the second loop a third degree curve is drawn using, for instance, the centroid, 
division point one, division point two and back to the centroid.  Figure 4-2 illustrates how this operation 
looks.  The newly created curve is then scaled using the centroid as the base point, and the user input 
value from the main subroutine.  Scaling the cells serves two purposes: 1) it prevents the cells from 
overlapping the edge curves, and allows the user to modify the lacy look.  Figure 4-3 demonstrates how 
this step has pulled the curves away from the edges such that the CNC mill doesn’t cut through the edges.  
Finally, the curve is pulled to the surface to ensure accurate trimming, and then it is checked for too tight 
of curvature.

Fig. 4-1 Fig. 4-2 Fig. 4-3
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The next operation (lines 117-121) divides each edge curve again, but 
into two segments only this time.  Each curve and its division points are 
stored in an array such that they can be passed to the “MakeCorners” 
function.  Figure 4-4 shows how curves and division points are passed to 
the “MakeCorners” function.  Line 123 is a conditional statement that 
essentially checks if the surface is three or four sided.  Depending on the 
result, the “MakeCorners” function is called the appropriate number of 
times, with the curves in a specific order relative to that result.

Section 5: The “MakeCorners” Function

This is the last function that creates geometry which will give each 
surface its lacy appearance.   This is done by drawing a cell very similar to those created in the 
“MakeCells” function.  The first thing the “MakeCorners” function does, however, is find a base point to 
scale the corner cell about to be created (lines 139 – 141).  The scale point is the midpoint between the 
end of one curve and the start of the next curve.  Figure 5-1 shows where this point is located.  After the 
scale point is found the script adds a curve (Figure 5-2), using the points passed from the “MakeCells” 
function.  The cell is then scaled by 90% using the scale point.  The reason the cell is scaled this way is to 
avoid crowding the edges and other cells.  Figure 5-3 illustrates this point.  Finally, the curve is pulled to 
the surface to ensure accurate trimming.  Figure 5-4 shows the final product of a surface panel.

Fig. 5-1 Fig. 5-2 Fig. 5-3 Fig. 5-4

Section 6: The 
“IsCurveTooTight” 
Function

This function is purely for technical 
purposes, and does not create any 
new geometry.  Because there may 
be some panels that are extremely 
skewed, it is likely there are some 
cells that are very slender.  These 
slender cells cannot be cut properly 
on the CNC mill due to the diameter 

Fig. 4-4

Fig. 6-1 Fig. 6-2



of the router bit, and so they should be eliminated.  This is done by finding the closest point on the curve 
in question to the centroid, determining its curvature at that point, and eliminating it if its radius is less 
than a given value.  Figure 6-1 illustrates where this point occurs.  Figure 6-2 shows an example of two 
cells where one is acceptable, and the other would be eliminated.

Section 7: Post Script Process

After the script has been run, some work must still be done. For instance, the script does not trim 
out the unnecessary surface areas.  Figure 7-1 shows the result of the script.  Because the script produces 
a great deal of geometry it is necessary for the user to do the splitting and trimming in sections to avoid 
running out of memory, which will cause Rhino to crash and potentially lose work.  Once the surfaces 
have been trimmed, it is possible to “unroll” the surfaces onto the X-Y plane so that they can be organized 
and arranged for cutting on the CNC mill.  Figure 7-2 shows how the form of project SWELL looks after 
the script has been run and the trimming completed. 

Fig. 7-1 Fig. 7-2
 



JMM 2010 Art Exhibit 

Nat Friedman 
artmath@gmail.com 

 

Introduction
The Joint Mathematics Meetings (JMM) of the American Mathematical Society (AMS) and the 
Mathematical Association of America (MAA) will be held in San Francisco, January 14-17,
2010.

There will be a JMM 2010 Art Exhibit curated by Robert Fathauer and juried by Anne Burns, 
Robert Fathauer, Reza Sarhangi, Dick Termes, and the author. The MAA Special Interest Group 
of the Arts, SIGMAA-ARTS, has funded the production of a complete catalog of the exhibit
which will be available for purchase. For the second year, an anonymous donor has given $1000 
for a $500 first prize, $300 second prize, and $200 third prize. Last year the first, second and 
third prize winners were Goran Konjevod, Carlo Sequin, and Robert Fathauer, respectively. The 
works in past exhibits can be seen at the website http://myweb.cwpost.liu.edu/aburns/sigmaa-
arts/exhibits.htm

JMM 2010 Art Exhibit Sample Selection
This year 58 works were chosen for the 2010 exhibit and a small sample selection of 10 works, 
which indicates the variety of works, are shown below. Hopefully this will entice you to see the 
complete set of works, along with artist’s comments, at www.anneburns.net/jmm10/index.html. ,
as well as visit the exhibit if you are attending the JMM.

Figure 1. Sarah-Marie Belcastro, A mirror 
pair of (3,2) torus knots embedded on tori,
Knitted bamboo yarn (Southwest Trading 
Company Twize,  in colors twurple and 
twocean (seriously), 6.5” x 14.5” x 3”, 2009.

Figure 2. Robert Bosch, Embrace, Stainless 
steel and brass,   6” diameter, 0.25” 
thickness, 2009.



Figure 3. Vladimir Bulatov, 
Origami 1, Stainless steel and 
bronze,  Direct metal print, 4” x 4” 
x 4”, 2008. 

Figure 4. Erik Demaine and Martin Demaine, 
Natural Cycles,  Elephant hide paper, 9” x 9” x 9”, 
2009.

Figure 5. Mehrdad Garousi, Fire, Water, 
Soil, and Air,  Digital art print, 21” X 24”, 
2009.

Figure 6. S. Louise Gould, Cuboctahedral 
Symmetries to Travel, Digitized machine 
stitched patterns on cotton reinforced by 
Timtex, Five moveable pieces, each 
collapsible, 2009.

I would like to express my gratitude to the AMS and MAA for providing space for the JMM 
exhibit and also express my gratitude to the generous donor of the prizes. The exhibit and prizes 
indicate the strong support that the mathematical art movement receives from the mathematical 
community for which we are deeply appreciative. 
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Figure 7. Thomas Hull, Hyperbolic 
Cube, One sheet of Canford paper, 
wet-folded, 9” x 9” x 9”, 2006.

Figure 8. Christine Liu, Ribbon Weaving no. 1,
Digital print,  (model creators: Ergun Akleman 
and Qing Xing), 13” x 9”, 2009.

Figure 9. Kerry Mitchell, Sudoku 4B, Photographic 
print, 17” x 17”, 2007.

Figure 10. James Mai, Paths and 
Points, Digital print, 15” x 7.5”,
2007.

 



 

TopMod and Creativity
Mehrdad Garousi

Freelance Fractal Artist
Hamadan, Iran

E-mail: mehrdad_fractal@yahoo.com
http://mehrdadart.deviantart.com

 

Introduction

I wish to present some of my topological works which have recently been created by TopMod. This 
wonderful software are developed in Texas A&M University based on theoretical concepts and ideas
introduced by Ergun Akleman and Jianer Chen. These concepts and ideas are implemented by Ergun 
Akleman’s students including Vinod Srinivasan, Dave Morris, Stuart Tett, Esan Mandal, Eric 
Landreneau, Ozgur Gonen and Zeki Melek. The software can be downloaded from its website: 
www.topmod3d.com

After a couple of years fractal image and animation making, I got very interested in topological image 
making when I discovered the terrific properties of this handy software. By means of TopMod, I can 
create shapes which are even more complex than what I would imagine in my mind. Actually, TopMod 
does not act only as a tool but as a powerful interactive medium which executes orders and offers new 
possibilities to the artist. It’s the artist who starts the process of creating a work but after just some simple 
processes he sees a large number of possibilities which were not anticipated. Therefore, the creator enters 
new paths and continues this way to catch a satisfying form and then starts adjusting it by manipulating or 
smoothing as the ultimate stage. 

Figure 1. Blue, Green and Red , 2009, © Mehrdad 
Garousi.

Figure 2. Yin-Yang, 2009, © Mehrdad Garousi.
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Figure 1. Blue, Green and Red , 2009, © Mehrdad 
Garousi.
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What I want to say is that this software due to its wonderful properties plays an important role in the 
creative process itself. For instance, after completion of several of my models in TopMod, I can’t really 
remember the process or even the basic form I started with. However, I usually save the processes step by 
step to be able to analyze them later and also create some new models by changing them. The final results 
of working with TopMod are usually symmetric shapes but have components that may not be symmetric .
If you give those separate parts to someone, they may not think that they would lead to a symmetric 
shape. I feel that this is the main magically aesthetic property of this software. I do most of my modeling 
in TopMod and after manipulation, do texturing and rendering in Modo.

Recent Topological Works

Figure 3. Glassy Ball, 2009, © Mehrdad Garousi. Figure 4. Wooden Tornado, 2009, © Mehrdad 
Garousi.

Figure 5. Orange and ..., 2009, © Mehrdad Garousi. Figure 6. Starfish on Flagstone, 2009, © 
Mehrdad Garousi.



Figure 7. Leftover of Aliens in My Room, 2009, © Mehrdad 
Garousi.

Figure 8. Triad, 2009, © Mehrdad Garousi.

We note that there is software like Modo 
that have some powerful polygonal 
systems too, but they are not as handy as 
TopMod and they only have listed those 
properties without particular creative 
suggestions. TopMod is actually a 
collection of very useful tools and 
properties for polygonal shape making. 
Software like these has been bringing art 
and math closer and has opened new 
windows between these previously 
assumed distinct areas. The result has 
been a movement of artists toward 
mathematics, as well as mathematicians 
to art, as evidenced in the exciting 
conferences promoted by ISAMA, 
Bridges, Computational Aesthetics, 

Symmetry and NEXUS.

Despite the short time I have been introduced to TopMod, I know it has a high potential to result in more 
new complex forms. I will continue my aesthetic exploration via this software for a long time and hope its 
designers continue to improve the software and add new tools and possibilities as well, such as fractal 
effects.

Figure 9. Glass Tornado, 2009, © Mehrdad Garousi.



Site and Sun: Geometry and Time 
in Environmental Sculpture

Stephen Luecking
School of Computer Science and Digital Media

DePaul University
sluecking@cs.depaul.edu

Abstract
Author presents a selection of his environmental sculpture incorporating solar geometry. The site specific
character of the work is discussed with regard to his references to history of the specific locale and 
purposes of the commissions.

Introduction

Since 1978 I have been building sculpture into the landscape using forms that symbolically and
functionally mediate between earth and sky. To do so, the sculptures orient so as to capture solar
alignments of astronomical import. Many use the meridian sun such that the projection of a shadow or the 
positioning of a shaft of light mark annual and circadian rhythms of time. Other environmental projects 
use the rising sun and, much like Stonehenge, feature alignments based on the dates of the solstices and 
the equinoxes. Yet others function as sundials and track the hours of the day.

In addition to the function of the works in marking these seasonal and daily cycles, most of the sculptures 
contain forms referencing the history and meanings associated with that site.

   

Figures 1 and 2: Meridian Chutes, left, detail of tower aperture approaching noon of the summer 
solstice; right, the summer solstice sunlight appearing on the solstice marker.



Meridian Chutes

I created the first such sculptures, "Meridian Chutes", for the inaugural exhibit of the State of Illinois’ ½%
for Art Program in 1978. The sculpture comprised two major parts: a 13 foot tower of black masonry
complemented by a masonry-lined sluice running north from the base of the tower. Apertures in the tower
(Figure 1) allowed the sun’s light to pass through each day at noon, focusing a shaft of light into the
gutter. As the year wore on, the light travelled north for half the year and then cycled back south. In the
gutter were three cylindrical markers that accept the projected light at the start of each season (Figure 2).

   

Figures 3 and 4: Meridian Chutes, cast and pigmented concrete, 1978.

The tower projecting into the sky and the lined groove cut into the earth (Figures 3 and 4) were of the
same diameter and intended as male and female imagery. Together they referenced the ancient mythical
divide of father sky and mother earth and the fertility symbolized thereby.

Gyrator

I installed a second meridian at Giant City State Park in Southern Illinois. Crafted under a commission
from the 1/2% for Art Program of the State of Illinois, "Gyrator" (Figure 5) takes the form of a synthesis
between giant top and a gyroscope. Alignments built into the concrete pad record the gyrations of the
heavens as created by the circadian and annual motion of the earth. The sun marks noon each day as a
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disk of light falls between two parallel lines cut into the concrete. The same disk of light rings bronze
plaques embedded in the concrete at the start of each season (Figure 6).
As a child I spent many days wandering the grounds of the park with my family and so conceived of this
sculpture as both tool and implement like the tops and gyroscopes I played with then. In creating 
"Gyrator" I pictured parent and child visiting the sculpture and discussing the astronomy of the sculpture.

  

Figures 5 and 6: Gyrator, painted steel, concrete, sandstone and bronze with detail of winter solstice
marker, 1991. Visitors seated on the concrete cylinder to the left can spy the north star through the ring
at the top.

Sun Pivot

My choice of solar alignments often depends on the site into which the sculpture will be built. A later
commission from the State of Illinois to accompany the construction of a new theater building at Lake
County College in Grayslake, for example, offered an open site with a 60 acre swatch of restored native
prairie just to the east. This ensured an open view to the rising sun on the eastern horizon with no future
encroachment from suburban sprawl. The agelessness of the stone, the prairie and the sun became the key
theme in this work.

Figure 7: Sun Pivot, Indiana limestone and nickel bronze, 1993.



This sculpture features four large blocks quarried and cut in southern Indiana. Two of the blocks 
are set upright and parallel to form a crude gate. A third stone was then erected as an outlier for 
sighting on the summer solstice sunrise (Figure 7). The fourth stone is also an outlier directed 
toward the equinox rising of the sun. In order that the gate stones (Figures 8 and 9) could align to both the 
equinox and solstice their inward surfaces were sawn to bevels, one angled toward the east and the other 
angled to the northeast. This shift of orientations at the gate’s center earned the sculpture its title, "Sun 
Pivot".

   

Figures 8 and 9: Views of the gate stones with the image on the left facing the entry to the college and
the image to the right showing the beveled and dressed faces of the stone.

   

Figures 10 and 11: Sun Pivot at equinox sunrise.



A bronze marker near the gate stones marks the ideal position for viewing the sunrise alignments. Other
bronze plaques set into the western face of the sun are fabricated from polished high-copper, nickel
bronze enabling the reflection of the late sun from a sunburst design on their silvery red surfaces. "Sun
Pivot" garnered significant campus involvement. The horticulture department, for example, created the
landscaping and an astronomy class observed the autumn equinox photographed in Figures 10 and 11.

Upwells

A far greater collaborative effort went into the design of "Upwells", located on the North Science campus 
of the University of Illinois in Urbana. My largest project to date and the largest work of art ever
commissioned by the State of Illinois, this project required that I pool ideas with the firm of Land Design
Collaborative for over a year of planning. This was because the plaza holding the sculpture was itself a
component of the sculpture and the plaza design in turn needed to be coordinated with the design of a six
block section of campus.

Figures 12. Upwells, granite and bronze, 1991. The view is from the north, taken from the campanile of 
the Beckman Institute.

Like "Meridian Chutes", "Upwells" (Figure 12) is a meridian marking the seasons. Far grander in scope 
and concept, "Upwells" incorporates a 40 foot spire whose noon shadow fall hits the center of one of 
three domed fountains at the solstices and equinoxes. It also features a spherical back sight that aligns 
with the tip of the spire and the North Star. "Upwells" received two design awards from the American 
Society of Landscape Architects.

In "Upwells" I was asked to use "classical" imagery and to utilize the fact that the sculpture was 
situated at the northern end of the central axis of the entire campus. With this in mind I stood at 
the top of the campanile fronting the Beckman Institute and gazed out over the campus. From 



that high vantage point the campus appeared as a landscape of roofs punctuated by domes and 
spires, inspiring the gnomonic spire and domed fountains. I chose to update these images with 
contemporary and common forms not normally noticed by most people. The bronze fountains 
(Figure 14) were shaped by a tankend manufacturing facility. The smaller domes, from which the 
water flows, are beehive grates used for drainage in hilly locales. Normally cast in iron, these were 
instead cast in bronze. The sighting globe is simply two such gratings connected by an armillary band 
(Figure 13).

   

Figures 13 and 14.The image to the left is a view from the south with the Beckman Institute in the 
background. The right image is a detail of the spire’s shadow on the summer solstice.

Rising Rings: Ambika Paul Memorial

A fifth project was built for a newly-revived steel mill in Farrell, PA. This presented the greatest design
challenge of any of my public projects in that it had to fulfill two contrasting symbolic purposes. The one
was to celebrate the re-opening of the old Sharon Steel Mills by Caparo Steel; the other was to
memorialize Ambika Paul the daughter of Swraj Paul, Caparo’s owner. Paul’s reasons for memorializing
his daughter, who had died 25 years earlier of leukemia at the age of four, lay in Paul's Hindu belief that 
all  life no matter how short or how small had import on the world. In this case, Ambika’s illness 
prompted the Paul family to leave the family scrap iron business in Calcutta and travel to London for 
medical expertise. England then became Paul’s base for reviving closed steel mills that would recycle 
scrap steel and iron and in the process revive the economic base of several communities.

I chose the circle as the motif for Rising Rings since it alluded to the roll mills at the adjacent factory and
at the same time carried universal meanings regarding time and cosmology. These rings could then be at
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home in Appalachia or Calcutta. A 19-foot diameter ring rises out of the ground, canted toward the
meridian (Figure 15 and 16). The meridian sun casts a circle of light from a hole at the top of the ring,
such that it falls on the emblem of a sun on Ambika’s birth date and on her relief portrait on the
anniversary of the mill’s reopening. These are mounted on an interior ring (Figure 17) set at right angles
to the exterior ring. Constructed of cast iron this ring carries the inscription: “An angel who changed our
lives. Her love has been our guiding light.” Creating "Rising Rings" entailed the land design of the 
grounds of the offices of Caparo Steel and included design of the plantings.

Figure 15: Rising Rings, steel, cast iron and bronze, 1995.

Figures 16: Rising Rings, view from south.



   

Figures 17 and 18: Rising Rings: top, view from south; left, iron casting with bronze relief; right, mill in
the background.

Miami Sun Reservoir

In the case of an earlier project (1979) at Miami University, Ohio, the sculpture was itself a formal 
garden situated next to the campuses English Garden. Eleven rows of corn spread outward from a 
corncrib built at the center of the clock-like radiation. The conceit behind the work is that the arrangement 
symbolizes the sun: the golden corn stored in the crib describes the sun's orb with the emanating rows of 
corn emblemizing the sun's rays (Figure 19).

Figure 19: Miami Sun Reservoir; wood, corn and corn plantings.



   

Figures 17 and 18: Rising Rings: top, view from south; left, iron casting with bronze relief; right, mill in
the background.
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Figure 19: Miami Sun Reservoir; wood, corn and corn plantings.

Corn from the crib goes to reseeding the garden each spring and replenishing the crib at harvest. A
portion of the harvest is reserved for food and so a small opening in the crib above a grinding stone
(Figure 21) replaces what would be the twelfth cornrow. As it turned out this sculpture was temporary and
the corn grew only to the end of summer. Deer and various other wild animals flocked to it. "Miami Sun 
Reservoir" was created in collaboration with Margaret Lanterman, to whom a large amount of credit for
the sculpture's sensitivity to the land and its echoing of pre-Columbian Midwest culture may be ascribed. 

   

Figures 20 and 21: Miami Sun Reservoir, left, filling the corn crib; right, grinding stone detail.

Our major goal was to contrast the radial format and functionality of our design with the gridded layout 
and decorative purposes of the adjacent English Garden. These two gardens contrasted two archetypes of 
space, one Native American and one European. Given that the name of the university -- and the names of 
all of the states in the Midwest -- had Native American origins, this seemed an appropriate theme to 
pursue.

Founders Park

Lanterman and I also later collaborated on a sculptural project similarly imbued with history, part of
which was Native American, and featuring extensive land design. Our project, "Founders Park", lies at 
the south end of Highland Park across from the Braeside train station and adjacent to a pioneer cemetery.
Highland Park was founded in 1854 on a newly built rail line that afforded quick access to downtown
Chicago. This fact plus its scenic combination of ravines and dunes along Lake Michigan made it a
favorite new locale to which wealthier Chicagoans began moving. The town is marked by grand homes
designed by major architects such as Frank Lloyd Wright and its parks bear the imprint of land designer
Jens Jensen. The park is also the southern terminus of a biking and hiking path that follows the Green Bay 
trail blazed in the early 19th century.

The site then is replete with history and provided the themes around which we designed the park and for
the sculptures we created therein. Lanterman's sculpture comprises three oversized bronze walking staffs, 
deeply imprinted with the handprints of extensive use. The sculpture, "Staffs"  (Figure 22), rests on the 
border of the cemetery and flanks a path that wends around the edge of the park through plantings of 



native prairie plants. Echoing Jens Jensen a circle of stone benches ringed in turn by low berms surround 
my sculpture "Sun Wheel". "

Figure 22. Margaret Lanterman, Staffs, bronze, 1997

   

Figures 23 and 24: Founders Park: left, Sun Wheel, iron, 1997; right, detail of gnomon and dial face.
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Figures 23 and 24: Founders Park: left, Sun Wheel, iron, 1997; right, detail of gnomon and dial face.

Staffs" alludes to the Green Bay Trail which ran through the site and to an earlier tradition of leaving 
one's walking stick at the end of a trail so that it might be picked up and used by someone travelling in the
opposite direction. The symbolism of placing these alongside the pioneer cemetery is an exhortation to
continue the progress of the village's ancestors. "Sun Wheel" (figures 23 and 24) is an iron casting seven
feet in diameter, whose form echoes that of a train wheel and alludes to the nearby rail line. The crossbar
holds a polar sundial, which measures the hours by the west to east progress of the shadow.

Autumn 1993

In fall of 1993 I created a series of three sculptures, each installed for one day in the Aztalan
Archaeological Park on the banks of the Crawfish River near the tiny hamlet of Aztalan, Wisconsin. The
name Aztalan is taken from the name given to the fabled northern homelands of the Aztec. The site's
largest feature, a three-tiered earth mound once surmounted by a temple, reminded the early settlers of
Aztec temples.

Figure 25. Tent unit for Flock sculptures; tarpaulin, tent poles, stakes and rope, 24' long x 18' wide x 5' 
high, 1993

.Figures 26: Equinoctial Flock, view toward temple mound from east.



Figures 27 Equinoctial Flock, view from temple mound facing east.

Figures 28: Autumnal Flock, view from southeast with burial mounds along the horizon.



Figures 27 Equinoctial Flock, view from temple mound facing east.

Figures 28: Autumnal Flock, view from southeast with burial mounds along the horizon.

The park is actually the northernmost known settlement of the Mississippian culture and is especially
unique due to the cohabitation there of the Woodland Culture peoples conquered by the Mississippians.
The Woodland Culture was remarkable for their construction of effigy mounds in the form of local
animals. A large group of these mounds lies across the river from the Mississippian mounds. The
Mississippian complex was enclosed by a stockade, now partially restored, originally intended to hold at
bay local tribes outraged by the Mississippian practice of human sacrifice.

Figures 29: Palls, view from northwest.

Each sculpture featured the same four tents, pitched from tarpaulins in the shape of an 18' x 24' cross that
could be rigged to form a variety of shapes. The fall season formed a sort of temporal frame for the set of
three sculptures. In this the first sculpture, "Equinoctial Flock", (Figure 26and 27) took place on the fall
equinox and oriented on a line due east from the temple mound. The tents suggested the effigies of birds
(Figure 25) and deployed like a cross whose arms veered in the directions of the summer and winter
solstice sunrises. At mid-season I pitched the sculpture "Autumnal Flock", (Figure 28) comprising these
same effigies in a single file heading due south, as if migrating. The third sculpture, "Pall", (Figure 29)
consisted simply of the four tarpaulins draped over a large rectangular burial mound. This sculpture
occupied the day of the winter solstice, the day with the longest darkness.

Conclusion

The measured marking of days and hours and the physical attributes of a site are only the most objective
and apparent aspect of one's experience of time and place. The dimensions of a place extend well beyond
the three of space and deep into the memory and history. Likewise time flows and fluxes in those same



dimensions shaping our personal and collective experiences with richness well beyond its physical
passage. The power of sculpture lies in its ability to physically occupy space while penetrating into the
space of one's mind. The geometry of my sculpture is, I hope, the geometry of time, the geometry of
space and the geometry of experience.

Figure 30: Map of Mound Works at Aztalan, Wisconsin. Running left to right the arrows indicate the
camera positions and angle for Figures 26 through 29.
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Introduction

Keizo Ushio has certainly been busy since his one-person exhibition at Robert Steele Gallery in 
New York City, September, 2008. In particular, he participated in the 2008 and 2009 exhibitions 
Sculpture by the Sea, Cottesloe, Australia; 2008 and 2009 exhibitions Sculpture by the Sea 
Bondi, Sydney, Australia;  2009 Sculpture by the Sea, Arhus, Denmark. In addition he 
participated in two sculpture symposia where he carved  sculptures. They were the 2008 
Sculpture Symposium at the Gomboc Gallery Sculpture Park in Middle Swan, Western Australia
and the 2008 Sculpture Symposium at Asago Art Village in Asago, Japan.

Keizo has also been awarded the 2009 Hyogo Culture Prize and was presented the prize on 
November 19, 2009 at the Hyogo Perfecture Diplomatic Establishment.

2008 Sculpture by the Sea, Cottesloe

Keizo’s sculpture in the 2008 Cottesloe exhibition is shown in Figure 1. It is a divided double 
twist band that separates into two pieces. The space between the bands is also a double twist 
space. The sculpture is now in a private collection and permanently sited as shown in Figure 2.

Figure 1. Oushi Zokei 2007, African black 
granite and Japanese white granite, w 170 x 
h 170 x d 80 cm, Cottesloe, West Australia

Figure 2. Oushi Zokei 2007, private 
collection, Perth suburb, Australia.



2009 Sculpture by the Sea, Cottesloe

Keizo’s sculpture in the 2009 
Cottesloe exhibition is shown 
in Figure 3. This is a split 
Mobius band and the space is 
also a Mobius space. The stone 
is highly polished and red 
ochre coloring was added, 
reminiscent of cherry 
blossoms. The sculpture was 
purchased by the City of Perth 
Art Foundation.

Keizo also exhibited the split 

Mobius shown in Figure 
4. Here Keizo integrated 
the sculpture in a slanted 
position with remaining
stone to provide a base,
as if the sculpture was 
rising out of the base.
The surface combines 
polished and rough 
treatment.

Figure 3. Oushi Zokei Mobius In Space, 2009, Japanese 
pink granite and red ochre, w 170 x h 170 x d 70 cm,City 
of Perth Art Foundation, Australia.

Figure 4. Oushi Zokei Mobius in Space Rising, 
w 115 x h 105 x d 50 cm, Cottesloe, West Australia.
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2008 Sculpture by the Sea, Bondi

The year 2008 was Keizo’s tenth 
consecutive year in the Bondi Beach 
exhibition. For this occasion he 
presented a large version of his 
classic two-piece interlocked split 
torus, as shown in Figure 5. The drill 
marks have been refined and the 
surface has been given a rough finish. 
The location takes advantage of the 
setting sun interacting with the 
refined drill marks. Thus the drilling 
process becomes an integral design 
component of the sculpture 
interacting with sunlight. An alternate
view is shown in Figure 6 and a detail 
view is shown in Figure 7.

Figure 6. Oushi Zokei 2008,, alternate view Figure 7. Oushi Zokei 2008, Interacting 
with the sculpture.

Figure 5. Oushi Zokei 2008, Japanese white granite, 
w 350 x h 270 d 250 cm, Bondi Beach, Sydney, 
Austalia.



2009 Sculpture by the Sea, Bondi

Keizo’s sculpture in the 2009 Bondi 
Beach exhibition is shown in Figure 8.
This is a split Mobius band that has 
been mounted with a half-turn vertical 
rotation suggesting a heart shape. The 
space is a Mobius space and the 
sculpture has a polished surface. The
change in position has a dramatic 
visual effect. That is, upside down can 
be more interesting. Basic hyperseeing!

2009 Sculpture by the Sea 
Arhus

Keizo was invited to participate in the 
2009 Sculpture by the Sea Arhus 
exhibition in Denmark. His sculpture is 
shown in Figure 9.This is  a split 
Mobius combining a polished upper 

part with a rough lower part and refined drill marks. Keizo giving a talk is shown in Figure 10.

Figure 9. Mobius in Space, 2009, Japanese pink granite, w 150 x h 150 x d70 cm, Keizo with 
friends Anne and Paul who live in Germany and came to the exhibition in Arhus.Twelve 
years ago they took care of Keizo at a sculpture symposium in Obernkerchen, Germany. 

Figure 10. Keizo giving a talk with Founding Director David Handley.

Figure 8. Oushi Zokei Heart 2009, Japanese black 
granite and pink granite, w 155 x h 200 x d 100 
cm, Bondi Beach, Sydney, Austalia.



In Figure 11, Keizo’s wife Chiyomi is shown at a reception with the Crown Princess of Denmark 
and the wife of the Mayor of Arhus. Keizo’s sculpture was purchased by the firm 
Holmstrupgardvej and is shown in Figure 12 with Jacob Norby in its permanent location.

Figure 11. Chiyomi Ushio with the Crown 
Princess of Denmark and the wife of the 
Mayor of Arhus.

Figure 12. Mobius in Space, 2009, 
Holmstrupgardvej,Arhus, Denmark.

Gomboc Gallery Sculpture Park Symposium

Keizo participated in the 2008 Sculpture Symposium at the Gomboc Sculpture Park in Middle 
Swan, Western Australia, where he was the Invited International Artist in Residence from
February 29, 2008 to March 18, 2008. During this residency he carved the divided torus shown 
in Figure 13. The stone is a local sandstone called Donnybrook stone. A view at the working site 
is shown in Figure 14. Keizo’s sculpture was included in the exhibition Sculpture Survey 2008, 
June 1-29, at the Gomboc Gallery Sculpture Park. 

Figure 13. Oushi Zokei , 2008, Donnybrook Stone, w 170 x h 170 x d 130 cm,
Gomboc Gallery Sculpture Park, Middle Swan, Western Austalia.
Figure 14. Oushi Zokei at the working site.



Asago Art Village Sculpture Symposium

Keizo was also the Artist in 
Residence at the Asago Art Village 
Sculpture Symposium, July 22-
August 3, 2008. During his 
residency, Keizo carved the torus 
sculpture shown in Figure 15. This 
sculpture marks a new development 
in Keizo’s work, namely a random 
path for drilling the holes rather then 
a smooth curve as previously the 
case. This development opens up a 
variety of new possibilities in 
Keizo’s future work. Images of the 
work in progress are shown in 
Figure 16.

For additional images and information, see Keizo’s website www2.memenet.or.jp/keizo/

Figure 16. Oushi Zokei Random, work in progress.

Figure 15. Oushi Zokei Random, 2008, Japanese 
white granite, w 210 x h 135 x d 40 cm, Asago Art 
Village, Japan.
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Introduction

Nikolaos Georgakas was born in Serres, East Macedonia, Greece in 1970. He studied computer 
engineering and informatics at the University of Patras, the Peloponnese, Greece. He works and 
teaches in the field of information theory. For the last fifteen years he has been making 
mathematically inspired sculptures. He likes to work on a variety of different sculptural ideas, as 
explained in his statement: “ I cannot persist on a single mathematical and artistic style, as I 
cannot live in the same space for more than two years. I prefer to wander in the sea of 
mathematical miracles. My works, at times, combine my experiences with my personal 
discoveries of mathematics.” NG.

A varied selection of Georgakas’ works will be discussed below. We will begin with Seed and 
Nautilus which are based on sea shell forms. We will then discuss Fish Cloud, which is also 
inspired by the sea.

Seed: Seed is a sculpture in wood based on the spiral form of a sea shell. In Figure 1, a shell is 
on the left and Seed is on the right. An alternate view is shown in Figure 2.

Figure 1. Seed, 2004, walnut.  Figure 2. Seed, 2004, walnut.



Seed is a beautifully carved form inspired by the ancient natural mathematical form of a sea 
shell, which are prevalent on the sea coasts of Greece. Georgakas is a diver and sea shells have 
been part of his life since childhood.

Nautilus: Nautilus,
shown in Figure 3, is 
inspired by the well 
known shell form of a 
chambered nautilus.
It is a classic natural 
mathematical spiral.
Additional views of 
Nautilus are shown in 
Figures 4-6.

Figures 4-6. Nautilus, details and alternate views. 

Fish Cloud: Fish Cloud shown in Figure 7 is inspired by schools of fish that Georgakas sees 
when diving in the Adriatic. The structural idea derives from works of George Hart, 
www.georgehart.com. Here the close-packed form of the sculpture is appropriate for a school of 
fish. The basic unit in Fish Cloud is shown in Figure 8.

Figure 3. Nautilus, 2005, bent iron sheets.



Figure 7. Fish Cloud, 2007 , plasma cut steel and Figure 8. Fish Cloud, basic unit.

Dimensions: Dimensions, shown in Figure 9, was inspired by new theories of 
multidimensional universes, as well as the sight of octopuses’ movement. It has a nice quarter 
turn symmetry.

Ring Cuts: Ring Cuts, shown in Figure 10, consists of three arcs positioned in space. There is a 
wide variety of possible positions for the three arcs so this is really a multi-positional sculpture. 
The three arcs can also be joined to form a torus, so Ring Cuts forms a trisection of a torus.

Circle Sculptures: Geogakas has constructed several sculptures based on joining two sizes of 
circles. Two works Mediterraneo and Planet Bicycle are shown in Figures 11 and 12. 
Mediterraneo consists of baking trays and dishes. I’ll never look at round dishes the same way 
again. Planet Bicycle consists of bicycle wheel rims. Both are based on the icosidodecahedron 
form. These are more playful examples of Georgakas’ sculptures.

Contact: Nikolaos Georgakas can be emailed at miavoltamono@yahoo.gr.



Figure 9. Dimensions, 2005, pine, Technical 
College of Serres.

Figure 10. Ring Cuts, 2006, Laquered wood 
and fabric, Private collection, Thessaloniki.

Figure 11. Mediterraneo, 2006, baking 
trays and dishes.

Figure 12. Planet Bicycle, 2006, bicycle wheel 
rims,  Technical School, Myrina, Island of 
Lemnos. Fig. 1. NUMBERS AND MEASURES 2001, installed on first floor of Cowles 

Mathematics building. 

EXTENDED VISION develops structural connections with the arts, sciences, and 
cultures while conveying the beauty of mathematics. The multi-faceted work extends 
through three floors of the Cowles Mathematics building at the University of Utah 
consisting of 100, 18”x18” aluminum panels that were laser etched and screen printed.

ART OF ANNA CAMPBELL BLISS  II        Site Works
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Figure 2. MOIRE’ STUDY Figure 3. DNA/MICROARRAY

Figure 4. IMPLIED GEOMETRY Figure 5. FASS

Fig. 6. NUMBERS AND MEASURES 2001. 18” x 18” anodized aluminum plates, laser etched and screen printed

 Much of the work was developed with the help of the computer. The modular structure permitted a diverse 
organization of the plates that would allow for expansion throughout the building. Additional groups of plates 
would extend into the corridors like fingers. 

Selected from first and second floors. 18” x 18” anodized aluminum plates, laser etched black and screen printed
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Figure 7. THE DISCOVERERS 1996. Mixed media, oil on canvas and screened computer based images.

In one sense, THE DISCOVERERS is a celebration of the extremes one finds in this area from the Indian Art 
of Utah’s prehistoric past to the pioneering computer innovations that are transforming life here. The mural was 
created for the Salt Lake City International Airport and resulted from a regional competition.

Detail of woman. Detail of man.
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Figure 8. LIGHT OF GRACE 1993. Stained glass window wall, 40’ x 40’.

Detail of man.

For a simple bulding using natural light and materials and planned for views of the mountain environment, the 
window wall became the focus for the altar. Light is a rich source of symbolism in Catholic art and architec-
ture. Important to me was creating a sense of reverence and respect while giving joy and vitality to worship.



Figure 8. LIGHT OF GRACE 1993. Stained glass window wall, 40’ x 40’.

Detail of man.

For a simple bulding using natural light and materials and planned for views of the mountain environment, the 
window wall became the focus for the altar. Light is a rich source of symbolism in Catholic art and architec-
ture. Important to me was creating a sense of reverence and respect while giving joy and vitality to worship.



WINDOWS is an investigation of the worlds open to us from macro to micro with the computer. Important in 
developing the concept of windows was the relation to viewers who pass within arms’ reach and experience the 
mural as a sequence of events. Leaving the auditorium, one sees the mural in its totality. 

The project was exhibited at the American Association for the Advancement of Science in Washington, DC before 
installation and was a finalist for a Computer World Smithsonian Award.

Figure 9. WINDOWS 1990. Mixed media on enameled steel plates.
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Figure 10. FRACTALSCAPE II 1990, Mixed media on enameled steel.

The movement of the mural from left to right needed a strong form to 
contain it. The Dendrite arms (a variation of the Mandelbrot set) provide a 
counter movement that leads the eye back from right to left. The 
mathematical concept was freely interpreted and by changes of the color 
contours conveys a feeling of land and sea.

The common denominators for these projects are their site specific qualities, 
the strong emphasis on color and light, the experience of the viewer, and the 
use of computer technology. My work is basically abstract, suggestive rather 
than literal, and explores many layers of perception.   - Anna Campbell Bliss
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Introduction

Mathematically, a tessellation is formed by filling a geometric space with copies of a figure or 
design.  In art, tessellations have been popularized enormously by the work of M.C.Escher, but 
their detailed study dates back to at least to Alhambra.  Paper folders  have been creating 
tessellations for about half a century now, with the work of Ron Resch in the 1960s presenting 
some of the earliest examples, and with more detailed (and independent) explorations by Shuzo 
Fujimoto (Twist Origami, privately published, 1976) and Yoshihide Momotani (Origami 
Nyumon, 1971).  The recent book by Eric Gjerde (Origami Tessellations, AK Peters, 2008) is an 
excellent practical introduction, leading the paper folder through a broad range of tessellation 
folds.  Origami tessellations are usually extremely difficult to fold, requiring unusual folding 
steps and large-scale ``collapses'', where many dozens if not hundreds of creases must be folded 
simultaneously, sometimes while curving the paper sheet through complicated twisted shapes.  
This is not surprising if one considers a simple necessary condition for a tessellation folded from 
a single uncut flat sheet: each individual copy of the basic shape must be folded so that the edge 
of the (unfolded) region of paper from which the unit is folded also lies along the edge of the 
folded figure.  Further, all the ``interesting'' features of the folded unit must be created by using 
the interior of the folded sheet, unlike most origami, where the corners and edges of the raw 
sheet are most useful for creating features such as limbs (in animals) or petals (in flowers).

This article is an introduction to a type of tessellation folds that do not require complex 
manipulation of paper and instead are formed through sequencing the simplest possible 
individual ``mountain'' and ``valley'' folds.  The focus is on explaining the basic forms and not on
a deep study of the mathematics behind them, but on illustrating the power of a simple principle 
and the generality of form it allows us to create.  In order to achieve this, I use mostly 
photographs of completed folded works.  A more detailed exploration of both mathematical and 
mechanical properties of the folded structures, as well as a discussion on the design and artistic 
possibilities is planned for a future work.
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Pleat Tessellations

By a pleat, I mean simply the result of folding two parallel creases at some distance from each 
other, each folded through the whole existing (previously folded or not) sheet of paper.  Figure 1
(originally from Notation for a class of paper folded models, Bridges 2009) shows the 
diagrammatic notation and a simple sketch of the process and the result of folding a pleat. 

To fold a pleat tessellation, one folds a sequence of pleats, almost always using two basic 
orthogonal directions (for example, running parallel to the sides of the original square or 
rectangular sheet of paper).  In most of the simple examples, the sequence in which the pleats are 
folded alternates between the horizontal and vertical.  The basic shape, or the simplest pleat 
tessellation, results from the alternation between a horizontal and a vertical pleat, with both 
horizontal and vertical pleats equally spaced, and folded in order from (say) bottom to top 
alternating with (say) left to right.  A simple diagram that defines the process is shown in Figure 
2, each number aligned with the pleat indicating its order in the sequence.  The result is shown in 
Figure 3.  As this figure shows, the folds are all made along straight lines and pressed sharp and 
flat, and yet the folded sheet naturally curves.

Figure 1. Figure 2.

The Basic Shape and its History

As part of several other breakthrough techniques in paper folding, the first pleat tessellations 
were discovered by Paul Jackson.  In his book Encyclopedia of Origami & Paper Folding 
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together with a caption briefly describing the technique of alternating horizontal and vertical 
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The Basic Shape and its History

As part of several other breakthrough techniques in paper folding, the first pleat tessellations 
were discovered by Paul Jackson.  In his book Encyclopedia of Origami & Paper Folding 
Techniques (Quarto Publishing,1991), he showed a photograph of a folded model titled ``Bulge'', 
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pleats to form a three-dimensional shape while using only flat folds.  Figure 4 shows basically 
the same object taken from a very similar angle.  

Intrigued by this photograph, I tried replicating the object, but instead of the curvature seen in 
Figure 4, my result looked like Figure 3.  Since I had folded my attempt from thin paper and Paul 
Jackson's model seemed to be folded from a paper of much heavier weight, I attributed the 
difference in the outcome to the difference in the properties of paper and set the model aside.  It 
took more than ten years before I realized that there was indeed something missing from my 
reconstruction.  It was the ``lock,'' a pair of folds made at the very end, parallel to the edges and 
intended to lock the pleats along the two edges that tend to splay open (in Figure 3, the left and 
the top).  By locking the ends of these pleats, the tension created by the paper trying to unfold 
itself is transferred to the diagonal of the folded shape where the horizontal and vertical pleats 
meet, and the model is curved in a different way.  Figure 5 offers a side-by-side view of the 
locked and unlocked version, oriented identically except for a left-to-right mirror (right corner of 
the shape on the left, curving towards the viewer, corresponds to the left corner of the shape on 
the right, curving away from the viewer).

Figure 3. Figure 4.



Figure 5. Figure 6.

Bowls and Pyramids

Immediately after realizing how the lock worked, I saw that it should be possible to combine 
multiple copies of the basic shape on the same sheet of paper, by folding more complete 
sequences of pleats.  For example, if we start pleat sequences from all four sides of the sheet, we 
are effectively folding four copies of the basic shape simultaneously, one oriented towards each 
corner.  The result is shown in Figures 6 (unlocked) and 7 (locked).  

Figure 7. Figure 8.

Looking carefully at the basic shape, one sees that the two edges lying next to the last pair of
pleats are, except for the zigzag created by the edges of the pleats, mostly straight.  The opposite 
corner of the sheet curves. Thus, the four-sided bowl shape is not completely unexpected,
because it is essentially formed by putting together four copies of the basic shape in such a way 
that their (mostly) flat and straight edges a realigned so that they form a ``plus'' in the center of 
the folded square.  Considering this, one might ask what would happen if the four copies were 
``glued'' together in a different way, for example, with their ``curved'' corners coming together at 



Figure 5. Figure 6.

Bowls and Pyramids

Immediately after realizing how the lock worked, I saw that it should be possible to combine 
multiple copies of the basic shape on the same sheet of paper, by folding more complete 
sequences of pleats.  For example, if we start pleat sequences from all four sides of the sheet, we 
are effectively folding four copies of the basic shape simultaneously, one oriented towards each 
corner.  The result is shown in Figures 6 (unlocked) and 7 (locked).  

Figure 7. Figure 8.

Looking carefully at the basic shape, one sees that the two edges lying next to the last pair of
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the center.  Thinking about the process implies that to fold such a shape, one would start pleating 
at the center of the sheet instead.  Clearly, the four edges of the folded shape would be largely 
flat, but what would happen to the center?  The result is the pyramid shown in Figure 8.  

The configuration of paper within each of the four basic shapes folded here may be seen as being 
exactly halfway between the locked and unlocked versions: each pleat itself is neither completely 
open nor completely closed, but open to the same degree on both ends.  In other words, somehow 
the connections to the neighboring copies of the basic shape allow the pleats to stay open, but 
only to about the same degree as their opposite ends which are locked by intersecting the pleats
vertically to them.

Wave

The next question, after joining multiple copies of the basic shape along their corresponding 
edges, was ` What else is there?''  The first thing I tried to do was to combine two of the basic 
shapes so that they would curve, not in the same direction as in the case of the bowl (where all 
the four corners curve up), but in opposite directions.  The requirements of this problem led to 
the realization that there is another property a pleat has, besides its direction: its ``sense,'' or the 
bit that tells us whether the mountain fold or the valley fold is ``the first'' to be made.  Notice that 
in all the cases we've seen so far, the pleat sequences starting from each edge of the sheet are 
oriented the same way.  For example, starting from each edge, as we move towards the center of 
the sheet, every pleat's mountain fold is seen first, followed by its valley fold.  If two opposite 
corners are to curve one up, one down, this should not be the case.  Instead, if from the corner 
curving up, we first see the pleats' mountain folds, then their valleys, from the corner curving
down, this will have to be reversed. The result of such a fold sequence is Wave, see Figure 9. 

Its remaining two corners,
surprisingly, lie almost perfectly flat.  
Thinking (or, more accurately, not 
really thinking deeply enough) that 
this would generalize, I found a way to 
order the pleats so that each of the four
corners on its own would see such a 
``flattening'' sequence.  The folded 
shape, which I called Surprise Bowl, is 
shown in Figure 10. (Another surprise 
about this fold is that, on being turned 
inside-out and rotated upside-down, it 
maps back to itself.  To see this, 

Figure 9.



compare the orientation of pleats and the arrangement of layers where they meet in Figure 10 to 
Figure 11, which shows the Surprise Bowl simply placed upside-down.)

Figure 10. Figure 11.

Tessellations?

Readers familiar with tessellations might by now might be starting to wonder.  These shapes may 
be interesting, but are they actual tessellations?  What is the unit that is repeated?  A simplistic 
answer might be to point to the small squares formed by intersecting pleats and say those are the 
tessellation units.  However, this gives absolutely no understanding of why the folds curve the 
way they do. This results from the interaction of the folded layers and has more to do with how 
the edges of the regions of paper used to form the small squares are ``glued'' together.  On the 
other hand, there is nothing that would prevent us from combining even more copies of the basic 
shape into a large tessellated structure.  If we can fold them as connected by their ``lockable'' 
edges as well as their ``flat'' edges, then we are free to arrange these copies as we see fit.  For 

Figure 12. Figure 13.
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example, Figure 12 shows a ``real'' tessellation with four copies of the basic shape oriented in 
exactly the same way.  

Figure 13 shows four simultaneously folded pyramids, making for a total of 16 copies of the 
basic shape, oriented as necessary.  

Figure 14 shows the Fancy Bowl, another composite of 16 copies of the basic shape, but put 
together in such a way that they create an inverted pyramid in the center, and that the four 
corners curve up just like the corners of the simple bowl.  

Figure 14. Figure 15.

A yet different way of putting together 16 copies of the basic shape leads to the Raised Center 
Bowl of Figure 15.  Finally, tessellating the Wave itself allows one to fold the Double Wave 
(Figure 16).

Global and Local Symmetry

Thinking about these pieces in terms of folding smaller individual units and then joining them 
together also brings up the question of details in the order of folding the pleats.  For example, in 
describing the bowl (Figure 7), I refer to pleating from all four sides of the original sheet.  There 
are several ways in which this could be understood.  For example, the bowl shown here was 
folded by following the rule ``pleat two opposite sides first, then the other two opposite sides, 
and continue like this.''  Instead, one could make the first four pleats by going in a cycle edge by 
edge, say, ``pleat the top edge first, then the right edge, then the bottom edge, then the left edge.''  
The result, although not shown here, globally looks almost exactly like the original bowl, 



although it has a different set of symmetries when the local arrangement of layers is taken into 
account.

Figure 16. Figure 17.

Figure 18. Figure 19.

Second Order Pleats

Instead of a single pleat, a more complex unit can serve as the basis for pleat tessellations.  
Almost as common as simple pleats in traditional origami, and extremely common in modern, 
more technical origami design, is the box pleat, or in my terminology, second order pleat, 
consisting of two parallel pleats of equal width but opposite orientation.  A bowl folded using the 
same sequence, but of second order, instead of simple, pleats, is shown in Figure 17.  



The perhaps first difference to be noticed between this and the original bowl is the much smaller 
amount of curvature.  Intuitively, the symmetry of the second order pleat allows for a bit more 
relaxation of the tight folds and straightens out the final shape.  This is very clear in the second 
order equivalent of the basic pyramid, the Second Order Plate, shown in Figure 18.

Conclusion

One very simple ingredient: a pleat, when multiplied and sequenced properly, allows the creation 
of an incredible number of curved shapes from single sheets of paper.  More shapes than shown 
here have been folded, and others have been modified in various ways after folding. Some 
examples that may be discussed in sequels to this article include modifications such as folding or 
forming after the pleating has been completed (as in Valentine, Figure 19), using different 
materials (for example, copper, as in Figure 20), or even unfolding (opening up selected pleats 
partly or completely, increasing the amount of paper that must be curved, for example, Copper 
Tree in Figure 20).

For additional images and information, see http://organicorigami.com

Figure 20.
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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.



Reviews

Nat Friedman

BOOK: The (Fabulous) Fibonacci Numbers, Alfred S. Posamentier and Ingmar Lehmann, Prometheus 
Books, 2007, ISBN 978-1-59102-475-0, 385 pages.

This is an excellent survey of results related to the Fibonacci sequence. Recall that the Fibonacci 
sequence 1,1,2,3,5,8,13,21,34,55,89,… is generated by starting with 1,1  and then the next term is the sum 
of the two previous terms. Thus if Fn denotes the nth Fibonacci number, then Fn+2 = Fn + Fn+1 for all n. 

Here are some results the authors discuss:

 The sum of the first n Fibonacci numbers is Fn+2 -1. Ex. 1+1+2+3+5 = 13-1 = 12.

 The sum of the first n even indexed Fibonacci numbers is F2n+1 – 1.  Ex. 1+3+8 = 13 – 1 = 12.

 The sum of the first n odd indexed Fibonacci numbers is F2n.  Ex. 1+2+5+13 = 21.

 Consecutive Fibonacci numbers are relatively prime.

 The sum of the squares of the first n Fibonacci numbers is Fn Fn+1. Ex. 1+1+4+9+25 = 5 x 8 =40.

 The ratio of consecutive Fibonacci numbers converges to the golden ratio. In other words, Fn+1 / 
Fn converges to g = (1 + 51/2)/2 = 1.618033988…… Ex.  89/55 = 1.61818….

 The explicit Binet Formula for the nth Fibonacci number: Fn = ( gn – ( - g –n )/ 51/2 . That is, Fn = ( ( 
1 + 51/2 )n – ( 1 – 51/2 )n )/ 2n 51/2 .

A variety of applications of the Fibonacci sequence are also discussed. One of the nicest is that for a 
pinecone, the number of spirals in each of two directions will often be two consecutive Fibonacci 
numbers such as 5 and 8. For a pineapple, the number of spirals in each of three directions will be three 
consecutive Fibonacci numbers, such as 5, 8 and 13.

DVD: Between the Folds

Between the Folds is an excellent DVD on origami and mathematics. It is written, directed, and produced 
by Vanessa Gould. There are presentations by the following leading origami artists:
Eric and Martin Demaine, Vincent Floderer, Miri Golan, Tom Hull, Paul Jackson, Eric Joisel, Michael 
LaFosse and Richard Alexander, Robert Lang, Chris Palmer, Bernie Peyton, and Akira Yoshizawa. This 
DVD should be a part of any art/math course and will definitely motivate students to do origami. It is a 
PBS program and can be purchased for about $25.


