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Mathematical Sculptures

Text: Milena Damrau & Martin Skrodzki | Section: On ‘Art and Science’ | Series: Mathematics and Arts

Abstract: This article collection explores the rich interplay between mathematics and sculpture,
showcasing how abstract mathematical ideas can take on tangible, aesthetic form. Contributors reflect
on the creative processes, inspirations, and conceptual frameworks behind their mathematical
sculptures, revealing diverse approaches that bridge disciplines. Together, the works highlight the
power of form to communicate, question, and celebrate mathematical thinking through artistic practice.

Introduction

The fusion of mathematics and sculpture yields a captivating realm where abstract concepts take on
tangible forms. Throughout history, civilizations have sought to express mathematical principles through
sculpting, building, and assembling, creating fascinating works. People from ancient civilizations
expressed mathematical precision in architectural marvels adorned with geometric patterns and
symmetrical designs. Think of the pyramids in Egypt or Southern America, the symmetric and
hierarchical construction of pagodas in Eastern Asia, or the intricate pattern in mosques throughout the
Middle East. These early manifestations laid the groundwork for a tradition of mathematical sculpture
that continues to inspire artists and mathematicians alike.

In the modern era, artists have continued pushing the boundaries of mathematical sculpture, by
harnessing digital technologies and innovative techniques to create awe-inspiring works of art. A
culmination is the https://mathemalchemy.org/ project, a brainchild of mathematician Ingrid Daubechies
and fiber artist Dominique Ehrmann. It combines several art pieces into one sculpture, ranging from
textile, over wooden, to clay elements. Aside from such team efforts, individual figures stand out in
producing mathematical sculptures. Bathsheba Grossman is renowned for her sculptures exploring
fractals and symmetry. George W. Hart’s geometric sculptures challenge perceptions of form and space.
These examples highlight the creativity and ingenuity of contemporary mathematical sculptors.
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Figure 1: Mathalchemy Kollektiv: Mathalchemy (2022). Photo: Kevin Allen.

Sculptures, in general, have played a vital role in public art, both as individual objects and arranged as
collections in so-called sculpture parks. Many of the sculptures found in public places involve relations to
mathematics. Some do so with clear intention, like the Dodekaederstern (German for Dodecahedron Star
) in Vienna, Austria by mathematician Herwig Hauser. Other sculptures, such as many of artist Sol
LeWitt (e.g., HRZL #7 in Bielefeld, Germany, or Incomplete open cubes temporarily on display in New
York City) visualize their mathematics more indirectly. The artist’s intent to use mathematics to create
the sculptures (or structures, as Sol LeWitt preferred to call them) is less clear. Independent of the
intent, mathematical sculptures provide opportunities to make mathematics more tangible to the
broader public, exemplified in the present article collection.
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(Mathematical) Sculptures can be classified by the materials used to build them, e.g., wood, metal, or
stone, which surely provides an interesting perspective. We have discussed “wood” as a medium for
mathematical art in a prior w/k article collection. As part of his doctorate, Ricardo Zalaya Baez proposed
a different classification, based on the sculpture’s underlying mathematical content: geometry, calculus,
algebra, topology, or different mathematical concepts. Each of these types can be further divided into
subgroups. For instance, geometric sculptures can involve polyhedra (such as Sol LeWitt’s HRZL #7) or
fractal geometry, while topological sculptures may involve non-oriented surfaces (such as the well-
known Mobius strip) or knots and interwoven figures (see [1] for the complete classification). The
Dodekaederstern would be an example of a sculpture involving different mathematical concepts, suchas
algebraic geometry, an amalgam of algebra and geometry.
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Figure 2: Herwig Hauser: Dodekaederstern (2013). Photo: Herwig Hauser.

The three articles in this Nudos Salvajescollection hint at the diversity of mathematical sculptures. They
follow the same structure to highlight similarities and differences. The respective projects have all been
presented in the minisymposium Mathematics and Arts at annual meetings of the German Mathematical

Society.

Mathematician Aubin Arroyo and artist Jean-Michel Othonel discuss Wild Knots whose sculptural
representations can be classified as topological sculptures involving knots. Particularly fascinating is
that they studied wild knots independently: Aubin Arroyo from a mathematical perspective, and Jean-
Michel Othonel from an artistic one. They later became aware of their respective work and started a
fruitful interdisciplinary collaboration.
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The next project Polyplane is a sculptural illustration of a formula for polyhedra. As such, it can be
classified as a geometric (polyhedral) sculpture. The mathematicians Alex Kontorovich and Glen
Whitney built Polyplane collaboratively with other (mathematical) artists. Specifically interesting is the
use of polyhedra as sculptural elements that illustrate a mathematical formula about polyhedra;
thereby, the work becomes a circular reference to its building blocks.

The sculpture Twenty-Seven by mathematicians Gabriel Dorfsman-Hopkins and Daniel Rostamloo is built
from lines arranged in space. These are inherently geometric concepts, placing the sculpture in the
corresponding category. However, the arrangement of the lines follows complex algebraic reasoning,
making the final product also representative of the algebraic category. Specifically interesting is that the
piece chooses to show only lines, but not the underlying surface structure in which they reside, thereby
using absence to allude to the structure of the underlying mathematics.

[1] Baez, Ricardo Zalaya. A Proposal for the Classification of Mathematical Sculpture. Proceedings of
Bridges 2007, https://archive.bridgesmathart.org/2007/bridges2007-67.pdf

Wild Knots

Aubin Arroyo, Jean-Michel Othoniel

Introduction

A mathematical knot is the representation of the abstract idea of a line that has a circular structure by
connecting its beginning and end in space. It is not a perfect circle; rather, it is a curve that winds
through space without ends or self-intersections. Two knots are considered identical if one can be
manipulated into the exact shape of the other without breaking it. Despite the infinite variety of knots,
mathematics provides examples that, because of their complexity, evade traditional knot theory
methods: wild knots.

These knots are a fascinating subject in topology where the concept of infinity plays a crucial role, both
in their characteristics and conception. However, some of them can be constructed as the limit of
successive reflections in various spherical mirrors appropriately placed in space.

The mathematical aspect of the Wild Knots project suggests the potential to explore this process
through sculptures and digital graphic materials. This is possible because the mathematical construction
can be precisely translated into sculptures, enabling the viewer to mentally replicate the process and
construct an approximation of these objects in their mind.
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Figure 3: Aubin Arroyo: Knot Table (2019).

Motivation

Infinity is a perturbing idea that triggers many questions, sensations, and perplexities. Mathematics
provides tools to grasp them, although they require engagement with an abstract logic-filled language.
The fact that the mathematical construction can be physically realized in an artwork without the need
for language, as it is implicit in the sculpture, effectively bridges mathematics and the spectator,
blending both logic and emotion.

The construction of these wild knots is the following: The circular structure that is the basis of the knot is
a necklace of shining pearls that each perfectly reflects its surroundings. The reflection of the whole
necklace, in each of the spheres, describes a new necklace, also formed by spheres but smaller, and
each one reproducing a copy of the original knot. This new necklace can undergo the procedure again.
And this procedure repeats infinitely, amplifying its complexity with each step.

This construction is the vehicle for mathematics. Its physical representation, whether in sculpture or in
graphic work or digital animation, is a recipe that, by its nature, invites the viewer to perform it in their
mind. The recipe never ends. However, the result is the curve that remains within each of the collars
obtained in this construction—an infinitely intricate topological knot termed ‘wild’ due to its infinite
complexity.
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Figure 4: Aubin Arroyo: Trefoil Knot: 2,352 spheres and their reflections (2017); Trefoil Knot:
58 spheres and their reflections (2016); Trefoil Knot: 870 spheres and their reflections
(2017).

Medium

The sculptural representation of this construction of a wild knot is faithful and requires minimal
simplification in mathematical explanation to recreate the mathematical idea behind it. The concept of
infinite reflections is inherently included from the moment two mirrors are placed facing each other.
Computer visualization, on the other hand, allows the viewer to trace this infinite process in
unimaginable detail, mirroring the mathematical construction where the necklace is reproduced within
the interior of the spheres. This partially overcomes the limitation posed by physical reflection confined
to the flat surface of the spheres. Digital visualization offers a significantly more detailed approximation
of the infinite complexity inherent in a wild knot.

Figure 5: Jean-Michel Othoniel: Treasure Gardens, SEMA, Korea (2022); Nudos Salvajes, CCK,
Argentina (2019); My Way, Museum of Art, Macao (2011).

Result

Page 6



