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DESIGN OF 3D PRINTED MATHEMATICAL ART
Henry SEGERMAN
Oklahoma State University, USA
ABSTRACT: This presentation is in two parts. In the first part, I describe and compare various
strategies for designing 3D printed models of topological objects – in particular one must assign
geometry to these objects in order to print them. In the second part, I talk more generally about
computational and design problems that have come up in my work.
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1. INTRODUCTION
“3D printing” is a term that covers a number
of closely related technologies that allow for
unprecedented freedom in the design and
construction of physical objects. Although 3D
printing is relatively old, in the last few years
it has rapidly become much more accessible
and affordable to the general public. As a
result, artists and researchers have begun to
explore the medium in their work. We will
concentrate on the use of 3D printing in
mathematical visualisation and art.

optimisation problem.
The manual strategy is unlikely to produce
good results unless the subject is very simple,
and/or we happen to be able to give a nicely
parametrised version of the object with the
design software we are using. In general, if
there is a reasonably canonical geometric
structure on the topological object, then we
hope to be able to produce a parametrisation
of it. However, in many cases this seems to be
difficult and some form of iterative method is
the best we can do.

2. DESIGN STRATEGIES
When
visualising
purely
geometric
mathematical
subjects
(for
example,
algebraically defined surfaces), the main
problem that must be solved is how to thicken
a one- or two-dimensional subject so that it
can be printed. However, for topological
subjects (for example, knots), we first need
some
three-dimensional
geometric
representation of the object. There are three
broad strategies for doing this:
1. Manual: using whatever design
software is available to build the
object by hand.
2. Parametric: generating the desired
geometry using a parametrisation of
the object.
3. Iterative: numerically solving an

Figure 1: Tesseract, by Saul Schleimer and
Henry Segerman.
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Within the parametric setting, there are still
better and worse ways to proceed. For
example, a geometric representation should
demonstrate as many of the symmetries of the
object as possible. There are similar issues in
making three-dimensional representations of
higher dimensional objects. I will discuss
these matters with many examples, including
visualisation of four-dimensional polytopes
(using orthogonal versus stereographic
projection) and Seifert surfaces (comparing
my work with Saul Schleimer with Jack van
Wijk's iterative techniques).

Figure 3: Ternary tree level 5, by Marco
Mahler and Henry Segerman.

Figure 2: Seifert surface on the (4,3) torus
knot, by Saul Schleimer and Henry Segerman.
3. OTHER DESIGN PROBLEMS
I will also describe some computational
problems that have come up in my 3D printed
work, including the design of 3D printed
mobiles (joint work with Marco Mahler), the
“Triple gear” (joint work with Saul
Schleimer), and hinged surfaces with negative
curvature (joint work with Geoffrey Irving). I
will also discuss my book, Visualizing
Mathematics with 3D Printing (Johns
Hopkins University Press, 2016).

Figure 4: Triple gear, by Saul Schleimer and
Henry Segerman.
ABOUT THE AUTHOR
Henry Segerman is an assistant professor
in the Department of Mathematics at
Oklahoma State University. His e-mail
and postal address is as follows:
segerman@math.okstate.edu Department
of
Mathematics,
Oklahoma
State
University, Stillwater, OK 74078, USA
2
2

