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My current research lies in the general field of di↵erential geometry, but it involves two distinct topics of interest:
catadoptric sensor design and minimal surfaces. Over the past four years I have worked with colleagues and students
on projects concerning the former, while my original thesis work and longer-term projects focus on the latter.

Catadioptric Sensors. Although a gross oversimplification, a “catadioptric sensor” is a device that enables one to take a
“perfect” photograph of our world. For instance, a common type of catadioptric sensor consists of a stationary camera that
takes a picture of a curved mirror surface, like the arrangement shown in Figure 1 below.

Figure 1. Basic Catadioptric Sensor

One then seeks to design the shape of the mirror so as to end up with
a photograph featuring a large field of view and minimal (or, ideally, no)
distortion. There is no shortage of open problems in this area, many of
which are appropriate for undergraduate math minors and majors, and they
are of interest to di↵erent industrial sectors.

For example, my colleague Dr. Köse and I, along with two undergradu-
ate students, published new results on rotationally symmetric mirrors that
minimize combined types of distortion (see [14]). Dr. Köse and I, along
with two other undergraduate students, are currently completing and ex-
tending work on “cartographic catadioptric sensors;” these camera-mirror
pairs produce photographs of the interior of a globe that match well-known
maps used throughout history. Related open problems include generalizing
some of these results to non-symmetric mirrors and reframing the original
problem using di↵erent models of light-rays, multiple mirrors, and di↵erently-shaped image sensors. Optical engineers
remain interested in minimizing other types of image distortion, too, giving rise to especially in-demand projects (see
[24] and [25], for example).

Finally, I am also committed to a longer-term project in this area, one that seeks to redfine and/or define new
geometric-optical properties of hypersurfaces in general manifolds. An example of one result along these lines includes
the following novel fact: those mirror surfaces that come closest to inducing a rotation by 90� are minimal surfaces.

Figure 2. Genus One Surfaces

Minimal Surfaces. A minimal surface can be thought of as a two-dimensional
generalization of a line segment: the latter minimizes distance because it doesn’t
bend, and the former (locally) minimizes area because “all of its bending can-
cels,” a vague notion made precise by saying “its mean curvature vanishes.” There
are a number of other ways to define a minimal surface, (see, for example, [11]
or [29]) but one of the more common or useful definitions involves Riemann sur-
faces. A result of Osserman tells us that every finite total curvature minimal sur-
face is conformally a compact Riemann surface with finitely many punctures [39].
The map X : R ! R3 that parameterizes our punctured Riemann surface, R, as a
minimal surface admits an integral representation and is therefore only well-defined
provided the periods of these integrals vanish. Classical minimal surfaces are
defined when R is a punctured sphere, and more topologically complex examples
remain elusive. My thesis used and generalized the method of flat structures (see
[51]) to establish the existence of a family of embedded, genus-one minimal surfaces
whose limit produces a (singly-periodic) genus-one helicoid (see Figure 2).

Higher-genus helicoids (both periodic ones as well as non-periodic ones) were
recently discovered in [27], but it would be worthwhile to derive them as limits of
higher-genus versions of the surfaces shown in the top of Figure 2. This remains

one of the more compelling ways to generalize my thesis, and I look forward to collaborating with Dr. Mike Wolf on
such a project.

Figure 3. Desingularized
Planes

I have also been collaborating with Dr. Wolf on another minimal surface problem,
that of “desingularizing” the coordinate planes in R3 so as to produce a new, infinite-
genus minimal surface approximated by one similar to the surface pictured in Figure 3.
To establish the existence of both these approximating surfaces and their conjectured
infinite genus limit will likely require further generalization of flat structures and/or other
techniques and tools including Teichmüller Theory and Complex Di↵erential Equations
(specifically the theory of Fuchsian Equations). In general, I remain interested in working
with and learning from others to further classify the space of minimal surfaces.
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