Summer Undergraduate Research in
Mathematics at UNI

UNI Mathematics has funding for two undergraduate students to work on
research projects under the direction of a faculty member during the summer of
2020. Each student will receive a stipend of $3,000 and the research is to be
conducted over an eight week period. Student researchers are required to
present a poster on their work at a poster symposium at the end of July.

The program is open to all students with a declared major or minor in a program
offered by the Math Department, and who will still be in residence (including
student teaching) in the fall of 2020. Interested students must submit their
application materials to the Math Department office in WRT 220 by 4:30 pm on
March 6th, 2020.

A complete application consists of all of the following documents:

e Applicant Information Form, including names of references
e Unofficial transcript
e Letter of application

Your letter of application should be a short statement (one page or less)
explaining why you are interested in doing research this summer and why the
project(s) you listed appeal to you. You are also welcome to describe a project
(other than one of those listed) that you would like to work on this summer with a
faculty mentor in the Math Department.

A copy of the Applicant Information Form is available at

https://sites.uni.edu/theron/SURP/index.html

For more information about the program, contact Prof. T) Hitchman: theron.hitchman@uni.edu
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Possible Research Projects:

This is a partial listing of possible research projects available to students in the
summer of 2020. For more information on a particular project, contact the faculty
member listed. If you want advice or information on the general program
structure, please contact Professor Hitchman.

Project 1: Finding Donuts Statistically (Prof Shaw)

Abstract: You exit the highway, because you want to go to the new bakery. But you don’t know
whether you should turn left or right. So you guess “right”. You go on for a while, and then are
thinking “Maybe | turned the wrong way?” Now - if you turn around too soon, that may be a
disaster, because you have to retrace your path, go all the way back, go the other direction for
a while, and eventually have to turn around again and find the bakery. If you turn around too
late, you are getting farther and farther away from the bakery before you turn.

So using stats and calculus you... what? That’s the issue!

| have some work that a previous student did on the problem, and need a self-starter to run
with it. | will be out of town, so you have to be okay with working independently, and we will
check in every day with a video chat. You also need to have some research skills, to see what
has been done with the problem previously!

Project 2: Taxicab curves and squigonometry (Prof Wood)

Abstract: There are plenty of curves that are defined by their special geometric properties. For
example, an ellipse is a set of points whose sum of the distances to two fixed points is constant.
Change "sum" to difference or product and you get hyperbolas and lemniscates. These and
many other curves inherit various nice properties from these definitions. We will explore what
happens when we keep the definitions of the curves the same but change the geometry. For
example, what if we take the distance function to be the "taxicab metric" where the unit circle
has equation |x|+|y|=1 instead of x*+y?>=1? More generally, what if we use |x|°+|y|® =1 for
any p greater than or equal to 1? This is called the p-norm. What does an ellipse or a lemniscate
or an Euler spiral look like now? We will explore these curves and in particular seek
relationships among curves in dual norms, wherein we compare p-norm and g-norm curves
where 1/p+1/q = 1. This project requires only calculus, but some geometry, differential
equations, or advanced calculus would be helpful. Experience in or willingness to work with
computer algebra systems will be required.



Project 3: Knots and 3D Puzzles (Prof Hitchman)

Abstract: To a mathematician, a knot is a smooth, closed loop in space... or a special kind of
diagram drawn on a piece of paper. If you are careful, you can use the diagram to make way to
split up all of the space around the knot into little pieces that look like pyramids. We will spend
our time trying to use these ideas to build interesting physical puzzles so that a person can
contemplate the nature of the knot using physical objects. There will be some reading to do
ahead of time about the basics of knots, but mostly you have to be ready to draw a LOT of
pictures, in your head and on paper. You might learn to do some 3D modeling of simple objects.

Project X: Choose your own adventure (Prof Arranged)

Have an idea for some summer research? Or a professor you would really like to work with?
Suggest an idea for summer research and we can try to help you work out the details.

Contact Prof. Hitchman if you are unsure how to get started: theron.hitchman@uni.edu



