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Relations Between Theta Functions of Genus One and Two from Geometry.
Reflective Writing Section.
Thomas Hill

As an honors student | have participated in research over the course of my entire undergraduate
education. During my first year at school, as part of an REU (Research Experience for Undergraduates) |
began working with Dr. lan Anderson to develop a digital database of integrable systems and their
properties. Under his tutelage | combed the literature on integrable systems and soliton theory to find
as many integrable systems as | could find and then verify or derive from scratch their properties using
the software we developed. This research project was a great experience that taught me a lot about

mathematics research, but for my capstone project | wanted to delve deeper.

The summer before my senior year, Shantel Spatig, graduate student working with Dr. Andreas
Malmendier in the math department, gave me a paper on elliptic curves and the soliton solution of the
Korteweg-de Vries equation. | was particularly intrigued by this, since in previous research projects | had
studied many properties of the Korteweg-de Vries equation among other integrable systems. While
reading this paper, | immediately became enamored by elliptic curves and their unique and amazing
structure. The fall of 2017 | asked Dr. Malmendier if he would consider working with me on a capstone

project studying more about elliptic and hyperelliptic curves.

| quickly realized that this was not going to be an easy project. Much of the mathematics needed
to study these curves was far beyond what | had learned in my courses as an undergraduate. To
supplement my understanding, | enrolled in three graduate courses on matrix theory, lie algebras,
representation theory, as well as courses on advanced algebra, differential geometry, and analysis. But
even these additional courses did not provide sufficient background to understand all the material. Dr.
Malmendier spent many hours working with me in his office and collaborating over email and skype. He

provided me with supplemental reading to help provide additional background. Under his tutelage, |



was exposed to mathematics that most undergraduates never encounter during the course of their

degree. Dr. Maimendier definitely pushed the limits of my mathematical abilities as an undergraduate.

| had the opportunity to present my research at three different conferences, each with a unique
audience. Consequently, each talk was specifically tailored to meet the level of understanding of that
audience. Preparing for and presenting my research at these conferences was particularly nerve
wracking. Not only did | have to face all the gaps in my understanding, but | was typically presenting to a
room full of professors and graduate students. Because | was so intimidated by the audience and the
potential questions they may ask, | spent countless hours and late nights studying and preparing for
these conferences. This was some of the most productive time of my research. As | prepared for these

conferences | was able to solidify and deepen my understanding.

| first had the opportunity to present my research at the Joint Math Meetings in San Diego last
January. The Joint Math Meetings constitute the largest mathematics conference in the world, with
over 6,400 mathematicians in attendance. Top researchers from every field of mathematics join
together to present their research and network. Talks ranged across every discipline of mathematics:
mathematics education, applied mathematics and numerical analysis, big data and statistics, pure
mathematics and many others. During my time at the conference, | attended as many plenary lectures
as | could. 1listened to ‘celebrities’ in the mathematics world explain their cutting-edge research. Many
people whose names appear in papers | had been studying were speaking at the conference or in
attendance. It was a unique experience to see the way these great minds think about mathematics and
explain their research. More than anything, attending the Joint Math Meetings impressed upon me the

great sense of community among mathematicians across all disciplines of research.

| also presented my research at the MAA Intermountain Section Annual Conference at USU.

Students and faculty from math departments throughout the intermountain region met at USU. | was



able to meet other undergraduates and learn about their research projects. As part of the conference
they hosted a game of Jeopardy and other activities for the undergraduates that provided a unique
experience to socialize with students of other universities. Overall, | feel that the presentation aspect of
my capstone project served to not only deepen my research experience, but also broaden my

experience across disciplines.

As | have worked on my capstone many of my future goals have become solidified. My work in
elliptic curve has opened future doors of employment and education. This summer | will be working for
the National Security Agency as an applied research mathematician. | will be using the same research
skills 1 have developed during my capstone, now with applications in encryption and signal analysis. In
the fall | plan on returning to USU to complete a master’s degree in mathematics, working on even more
research with Dr. Malmendier in algebraic geometry. The relationship | have developed with him as a
mentor on the capstone project will serve to accelerate the research | will do as part of a master’s
degree. We hope to publish our work in a significant journal before the end of the year. Upon

completion of my master’s degree, | plan to pursue a PhD in mathematics at a top research institution.

My honors capstone project has been a challenging but rewarding experience. The writing
aspect of the capstone appeared daunting at first, and there were definitely times that | did not know
how | could complete it and at the same time do well in my course work. The sense of accomplishment
in finishing this project has definitely been worth it. The final product will serve as a starting point for
future papers that Dr. Malmendier and | hope to publish. Above all I have come to gain a deep passion
for studying algebraic geometry. To an incoming honors student looking for a project, | would
encourage them to go for a project that pushes them far beyond their current capabilities. With the
help of a good mentor, | think they will be surprised how much they can grow and learn during their

capstone project.
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