
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
Welcome to the 30th Annual Retreat of the UW-Eau Claire Mathematics 
Department.  This year we feature mathematical talks given by faculty and students 
in the morning. Zoom “Table Groups” during the lunch hour provide an opportunity 
to catch up with the speakers and friends. In the afternoon, the 11th annual Andrew 
Balas Lecture, An Introduction to Spatial Graph Theory, will be presented by Dr. 
Erica Flapan. This is followed by an electrifying, heart-breaking, brain-splitting 
mathematics competition for students! 
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Zoom Room 1 
https://uwec-edu.zoom.us/j/86063628229?pwd=ZVpka3RtdjRkQng2M1Mrc1EvTjJXQT09  

Meeting ID: 860 6362 8229 
Passcode: 897620 

8:30-8:50 Madelyn St. Pierre Cryptarithms! 
9:00-9:20 Mackenzie Lenz Patterns of Binary 
9:30-9:50 Shelby DesJardin Don’t limit your possibilities  

10:00-10:20 Abbie Groppe & Bryce 
Johnson 

Your Solution May Be the Problem 
 

10:30-10:50 Allie Gorman You Can't Beat the Odds 
 

11:00-11:20 Kaitlyn Gerndt The Monty Hall Problem and Bayes' Theorem 
 

11:30-11:50 Grace Liebl Expanding on The Goat Problem 
12:00-12:20 Katelin Nelson October Primes 

 
Zoom Room 2 

https://uwec-edu.zoom.us/j/82139457644?pwd=Zy9KSllOczMvWW9jU3hqT0NOejY5QT09 
Meeting ID: 821 3945 7644 

Passcode: math2021 
8:30-8:50 Dan Guyer & Lily Leith A Search for Primitive Roots in the Eisenstein Integer Ring  
9:00-9:20 Joe McCausland & Jack 

Saunders 
Galois Theory and Groups of Field Extensions 

 
9:30-9:50 Dan Guyer & Lily Leith An Introduction to Cyclotomic Polynomials 

10:00-10:20 Gabriel Hamilton A Closer Look at the Josephus Problem 
10:30-10:50 Amanda Rolf Reverse! Reverse! 
11:00-11:20 Shane Falkum Abstract Math Using a Ruler and Compass 
11:30-11:50 Taylor Kriesel & Katie 

Henschell 
The Snake Lemma 

12:00-12:20 Joseph Wahl What is Riemann's Hypothesis? 
 

Zoom Room 3 
https://uwec-edu.zoom.us/j/89283843037?pwd=TjVLck9yaFZrd1F5SUl4VlQrd1lGdz09  

Meeting ID: 892 8384 3037 
Passcode: 512731  

8:30-8:50 Shane Falkum Nontotient numbers and their criteria 
9:00-9:20 Danya Morman & Pavithra 

Mohan 
Knitting Wallpaper Groups 

 
9:30-9:50 Natalie Wijesinghe S-Representations 

10:00-10:20 Caitlin Hedberg, Megan 
Heindl, & Katie Henschell 

Applications of Sophie Germain Primes 

10:30-10:50 Scott Lawton & Seth Mitchell The Fibonacci Sequence 
11:00-11:20 Huston Wilhite The Collatz Conjecture 
11:30-11:50 Ben Dickinson & Simon 

Arneberg 
Prime Numbers and Musical Scales 

12:00-12:20 Peter Spryer A Look at Nonlinear Diophantine Equations 
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Zoom Room 4 

https://uwec-edu.zoom.us/j/87201647959?pwd=Y24zOHFRNDlCTGJCNzI2Wm14REhlQT09 
Meeting ID: 872 0164 7959 

Passcode: MATH! 
8:30-8:50 Ben Dickinson The Fast Fourier Transform 
9:00-9:20 Seth Mitchell Extending Fibonacci To The Complex Numbers 
9:30-9:50 Huston Wilhite The Gamma Function and its Analytic Continuation 

 
10:00-10:20 Payton Mae Sevals & Ruishen 

Yang 
Optimization of settlers and food supply for Mars mission 

10:30-10:50 Tyler Gonzales Stability Bounds for Reconstruction from Sampling 
Erasures 

 
11:00-11:20 Akagaonye Torti Quaternions: Background and Basics 
11:30-11:50 Dan Guyer Proving the Fundamental Theorem of Calculus with 

Riemann-Stieltjes Integration 
12:00-12:20 Dawson Dubberke Julia Sets and Mandelbrot Sets 

 
Zoom Room 5 

https://uwec-edu.zoom.us/j/87275778587?pwd=TG44UVF1eHVxK3l5azhvdjNnWHBPdz09 
Meeting ID: 872 7577 8587 

Passcode: 013424 
8:30-8:50 Pinzhe Chen, Ike Minh 

Nguyen, & Ruishen Yang 
Application of the Entropy Weight and TOPSIS Method in  
Health and Sustainability Evaluation of  Higher Education 

Systems 
9:00-9:20 Grant Mauthe Entropic Multi-level Image Thresholding Methods Using 

Gray Level-Local Variance Histogram 
9:30-9:50 Chris Davis Crossing changes, link homotopy, and word problems. 

10:30-10:50 Logan Ickert & Ted Molkentin A Special Case of a Model of Lewis and Li 
11:00-11:20 

 
Logan Ickert A Stage-Structured Model with Cannibalism 

 
Zoom Room 6 

https://uwec-edu.zoom.us/j/85824855638?pwd=OGZlK0ZBUDVBcCt4QTlSVXdSU1BoQT09 
Meeting ID: 858 2485 5638 

Passcode: mathday 
10:00-10:20 Max Firminhac Baseball Analytics: Calculating WAR for the Northwoods 

League 
10:30-10:50 Su Qian Ng Data Analytics Techniques for Claim Modeling 
11:00-11:20 Sean Parsons  Demystifying Quantum Mechanics  
11:30-11:50 Austin Redders Schrödinger's Equation and Complex Analysis 
12:00-12:20 Carolyn Otto & Sydney Dame Topological Theory of Virtual Knotting in Protein Folding 
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8:15-8:25      Welcome Message    Alex Smith 

https://uwec-edu.zoom.us/j/82139457644?pwd=Zy9KSllOczMvWW9jU3hqT0NOejY5QT09 
Meeting ID: 821 3945 7644 

Passcode: math2021 
 

 
Contributed Talks 

 
8:30-8:50 Presentations: 
 
Madelyn St. Pierre     Faculty Mentor:  Jennifer Harrison 
Cryptarithms! 
Zoom Room 1 
 
I will be doing a presentation on cryptarithms, a puzzle where the numbers of a sum have been replaced by 
letters where each letter represents a unique digit. Cryptarithms are thought to have originated from China and 
have been studied as a recreation math since the early twentieth century. Following an introduction to 
cryptarithms, you will be able to get involved and try one yourself. I will then present one that I will work 
through with a presentation and visuals for the audience to follow along with. Come and learn about a fun, non-
typical math topic! 
 
  
Dan Guyer & Lily Leith    Faculty Mentor: aBa Mbirika 
A Search for Primitive Roots in the Eisenstein Integer Ring 
Zoom Room 2 
 
Named after Gotthold Eisenstein (1823-1852), the Eisenstein integers are a well-studied collection of complex 
numbers. In fact, Dr. aBa and former UWEC student Emily Gullerud discuss the various complex prime 
numbers that occur in this new context in their work from 2018, recently published in 2020. While they 
exhibited what residue classes exist when Eisenstein integers are divided by powers of complex prime numbers, 
we study the structure of these residue classes. In particular, we examine the classes that are coprime to powers 
of these prime numbers. We question if all possible (coprime) residue classes can be created by repeated 
multiplication of a single residue class. Furthermore, we work to understand the relationships between these 
coprime remainders via group-theoretic means. That said, all group-theoretic results will be introduced as 
necessary throughout the talk.  
 
  
Shane Falkum     Faculty Mentor: Mckenzie West 
Nontotient Numbers and Their Criteria 
Zoom Room 3 
 
 The Euler totient function is defined as a function which counts the positive integers which are less than, and 
relatively prime to a set value. It is well known that the output of this function will always be even. However 
there exist even values which are never mapped to by this function. These values are known as nontotients. In 
this presentation, we will explore nontotients and the work that has been done to establish when a value will be 
nontotient. Notably, we will cover the work of Bateman and Selfridge in their 1963 paper, and the work done by 
Mingzhi in 1993. 
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Ben Dickinsin      Faculty Mentor: Alex Smith 
The Fast Fourier Transform 
Zoom Room 4 
 
 Using tools from complex analysis to transform functions from the time domain into their periodic 
components, the Fourier Transform has found a home in most areas of mathematics and several several 
practical applications including mp3 and JPEG encoding. The Fast Fourier Transform, a method for quickly 
computing discrete transforms, has been named one of the most important algorithms of the 20th century. In 
this talk we'll discuss the intuition behind Fourier analysis and outline the structure of the FFT algorithm. 

  
Pinzhe Chen, Ike Minh, & Ruishen Yang  Faculty Mentor: Wufeng Tian 
Application of the Entropy Weight and TOPSIS Method in Health and Sustainability Evaluation of Higher 
Education Systems 
Zoom Room 5 
 
In this paper, we introduced an evaluation index system for the health and sustainability of higher education 
systems. We first defined six key components of health and sustainability indicators for the development of 
higher education, which are financial status, accessibility, equity, diversity and inclusion, academic 
performance, and affordability. Then, we calculated the corresponding weights of each indicator and evaluated 
the health and sustainability of United States, Brazil, and Zimbabwe based on entropy weight and TOPSIS 
method. In the end, we discussed further actions that need to be taken to help with developing a healthy and 
sustainable higher education system. Collecting the data of other nations and evaluating the overall health and 
sustainability of higher education systems would be explored in our future work. 
  
 
 
9:00-9:20 Presentations: 
 
Mackenzie Lenz     Faculty Mentors: Jennifer Harrison, Dr. Pierson, Dr. Stecher 
Patterns of Binary       
Zoom Room 1 
 
In my presentation, I will talk about the Golden Ratio and why we can see it in nature. I will share examples of 
the Golden Ratio in nature such as a nautilus shell and the head of a daisy. I will also discuss how Da Vinci 
used the Golden Ratio in his paintings. Depending on time there are also some recent uses of the Golden Ratio 
like homepage design that are attractive to a person’s eye. 
 
 
Joe McCausland & Jack Saunders   Faculty Mentor: aBa Mbirika    
Galois Theory and Groups of Field Extensions 
Zoom Room 2  
 
Galois theory, proposed by Évariste Galois, is a topic addressed in the area of Abstract Algebra that originally 
sought to further understand or solve topics such as the theory of equations or classical Greek problems of 
geometry. In more modern mathematics, Galois theory is used to provide a link between fields and groups. 
More specifically, given that E is an extension of a field F, the "Galois group" E over F (with the operation of 
function composition) is the set of all automorphisms of E/F, defined by the automorphisms E that fix F 
pointwise. We will further discuss this definition and its implications as well as the Fundamental Theorem of 
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Galois Theory before giving a brief overview of potential applications, such as the insolvability of the quintic 
polynomial and connections to number theory.  
 
 
Danya Morman & Pavithra Mohan  Faculty Mentor: Mckenzie West  
Knitting Wallpaper Groups 
Zoom Room 3  
 
This project has aimed to study, analyze, and replicate the properties of the seventeen unique wallpaper groups 
through the medium of knitted works. Wallpaper groups are classes of tessellations made through translations 
designated by their reflexive and rotational symmetries, and are an excellent introduction to the study of groups 
which is a primary topic of abstract algebra. Most of our time has been focused on the development and 
construction of the knitted patterns, and these patterns will be distributed online for public use. These knitted 
works provide a physical representation of the groups which will allow us to further study the mathematics 
behind their classifications.  
 
 
Seth Mitchell      Faculty Mentor: Alex Smith   
Extending Fibonacci to the Complex Numbers 
Zoom Room 4 
 
Using Binet's formula, we can extend the Fibonacci sequence to the entire complex plane, which will allow us to 
calculate the generalized Fibonacci function of a complex variable. Through various visuals and domain coloring, 
we can gain insight into the fluidity of the 4-dimensional function used to represent the complex Fibonacci. 
 
 
Grant Mauthe     Faculty Mentor: Surina 
Entropic Multi-Level Image Thresholding Methods Using Gray Level-Local Variance Histogram 
Zoom Room 5 
 
In this talk, we discuss how to construct the multi-level thresholding cost functions based on various entropies 
and two-dimensional (2D) histograms.  We use the particle swarm optimization  algorithm (PSO) to calculate 
the optimal threshold values of the cost functions.  
 
Firstly, we introduce the Particle Swarm Optimization (PSO). It is a stochastic process of optimizing a 
continuous nonlinear function by moving a number of particles in a n-dimensional searching space. We use a 
few multi-variable functions as examples to show the effectiveness of the algorithm.  
 
Next, we introduce two types of 2D histograms: gray level-local average histogram (GLLA) and gray level-
local variance histogram (GLLV). Generally, models using 2D histograms give better image thresholding 
results than the ones using one-dimensional (1D) gray level histogram.  We illustrate and visualize 2D 
histograms of an image by using MATLAB programs.  
 
At last, we apply the PSO algorithm to optimize the multi-level cost functions. 
We run our MATLAB programs  extensively on The Berkeley Segmentation Dataset and Benchmark 
(BSDS300)  and  compare our results on the four performance indices with the ones from various thresholding 
models. 
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9:30-9:50 Presentations: 
 
Shelby DesJardin     Faculty Mentor: Jennifer Harrison 
Don’t Limit Your Possibilities 
Zoom Room 1 
 
I am going to introduce a problem to my audience and then put them in groups and let them try to solve the 
problem. After a certain amount of time I’m going to bring everyone back together and open it to sharing how 
they solved the problem. The problem I picked has multiple ways to go about it. After people share I am going 
to say that the point of the presentation was to show that you can do things multiple ways and get different 
answers and they can still be correct. Not just in math, but life in general. Don’t limit your possibilities and 
don’t stop yourself from exploring different ways of doing things! 
 
 
Dan Guyer      Faculty Mentor: aBa Mbririka 
An Introduction to Cyclotomic Polynomials 
Zoom Room 2  
 
We will explore the concept of cyclotomic polynomials. Through a discussion of roots of unity, and 
polynomials, we will construct these polynomials. Then, we shall explore various properties of cyclotomic 
polynomials, including the fact that they will always have integer coefficients. Time permitting, we will discuss 
surprising applications of cyclotomic polynomials.  
 
 
Natalie Wijesinghe     Faculty Mentor: Mckenzie West 
S-Representations 
Zoom Room 3 
 
Over the past two semesters Dr. Mckenzie West and I have conducted research on interesting ways to represent 
integers. This presentation will give a background on these so called “S-representations” before introducing a 
specific form of S-representation we used heavily in our research over the past months. In the end we will create 
enough of a foundation to introduce the theorem we have been researching, which gives cool results involving 
finiteness. 
 
 
Huston Wilhite     Faculty Mentor: Alex Smith   
The Gamma Function and Its Analytic Continuation 
Zoom Room 4 
 
The Gamma function is one of the most ubiquitous special functions in mathematics, with applications in fields 
ranging from number theory to quantum mechanics.  Despite this, it has rather humble beginnings as the 
factorial function.  While the factorial is only defined for positive integers, we can define the Gamma function 
in a way that extends the factorial to all complex numbers, with the exception of the negative integers and zero.  
We will examine how it is that the Gamma function is able to be extended from only positive integers to almost 
the entire complex plane using analytic continuation. 
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Chris Davis 
Crossing Changes, Link Homotopy, and Word Problems 
Zoom Room 5 
 

The ``unknotting problem'' in knot theory attempts 
to study the complexity of a collection of tangled 
up curves (also called a link).  More precisely it 
asks how many crossings must be changed to 
reduce that link to an unknotted, unlinked 
collection of curves.  In a current joint work with 

Orson and Park we study a version of the unlinking question whereby we only count crossing changes between 
different components.  We translate this topological problem into a much easier algebraic problem, specifically 
a word problem.  I will close with related questions open for future research improving our result by studying 
the combinatorics of this word problem.   
 
 
 
 
10:00-10:20 Presentations: 
 
Abbie Groppe & Bryce Johnson   Faculty Mentor: Jennifer Harrison 
Your Solutions May be the Problem 
Zoom Room 1 
 
In mathematics, we are asked to solve problems and find a solution. Many students can memorize tricks and 
strategies to help guide them to the answer. These tricks can hinder conceptual learning for the students, since 
they are not using wholistic mathematics. Students should gain a concrete understanding of the material rather 
than just tricks like memorizing the acronym PEMDAS or using the short cut of cross multiplication. Those 
participating in the presentation will be allowed to discuss other tricks they’ve seen or used as well as learn 
more studious ways to gain and teach mathematical skills.   
 
 
Gabriel Hamilton     Faculty Mentor: Jennifer Harrison 
A Closer Look at the Josephus Problem 
Zoom Room 2 
 
The goal of this presentation is to outline the Josephus problem and to solve it using different strategies. The 
end result of this presentation is to show that a common solution to a problem can be achieved through various 
models. The different interpretations of a problem lead to greater enrichment and understanding of the math 
behind the scenes. There will be intervals throughout the presentation where guest participation is encourage. 
Whether participation is through a poll, survey, or other method has yet to be determined.  
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Caitlin Hedberg, Megan Heindl,   Faculty Mentor: Mckenzie West 
& Katie Henschell 
Applications of the Sophie Germain Primes 
Zoom Room 3 
 
Sophie Germain primes are any prime number p such that 2p+1 is also prime. For example, 5 is a Sophie 
Germain prime as 5(2)+1=11, which is also prime. It is theorized that there are infinitely many Sophie Germain 
prime numbers. Furthermore, it was proven that a variation of Fermat’s Last Theorem is true for Sophie 
Germain primes. In this talk, we will be looking at the applications of Sophie Germain primes to cryptography, 
primality testing, and pseudorandom number generation.  
 
 
Payton Mae Sevals & Ruishen Yang  Faculty Mentor: Wufeng Tian 
Optimization of Settlers and Food Supply for Mars Mission 
Zoom Room 4 
 
What seemed impossible became a reality 64 years ago when the 
first satellite was successfully launched into outer space. From there 
many more space travels were successfully launched, but now 
scientists want to take it a step further by colonizing a different 
planet, Mars, because of how similar it is to Earth. Assuming an 
atmosphere is created, water is uncovered and accessible, and the 
average temperature increases, there are still many other factors that 
need to be evaluated for the journey to Mars, such as the number 
and demographics of the first crew and necessary food. In this paper, we first discussed the demographics and 
individual characteristics of the first crew. Then, we estimated that a minimum of 140 settlers will need to be 
brought to Mars to ensure a suitable and reasonable survival for the first flight crew.  Finally, given that the 
weight is a major concern when considering sending an object into space, we calculated the minimum amount 
of preservable food that needs to be sent from earth before and during the trip for the first fight crew. In the end, 
we discussed the suitable types of food that can grow on Mars to help colonizers adjust to their new life. Our 
findings in this paper provides a good starting point for discussion and further research on the number and 
demographics of the first crew settlers and the appropriate food supply for Mars mission.  
 
 
Max Firminhac     Faculty Mentor: Jessica Kraker 
Baseball Analytics: Calculating WAR for the Northwoods League 
Zoom Room 6 
 
Baseball has long served as a frontrunner for the integration of analytics with application, connected in part to 
the consistency of historical statistics as well as the widespread interest in the national professional and more 
local semi-professional sport leagues.  
 
This project builds on prior data-exploration and data-gathering for the local Northwoods League, with 
recognition of a reduced set of available technical information (as compared to MLB). The intention is to create 
a WAR calculation for the league using 
the available data. The original WAR statistic in the MLB uses data that is unattainable for the NWL. 
Therefore, this project attempts to modify the WAR statistic with reasonable substitutes to make it accessible 
for the NWL.  
 
The two primary focuses of the current project are modeling and coding generalization. Coding generalization 
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summarizes the structure of the available data organization as well as discusses functions written to compute 
necessary inputs for the metrics, including different portions of the WAR analogy. With the adjustments and 
additional back-computations of metrics for individual players, we now have sufficient available information 
for modeling these player utilities. We summarize the modeling results found by connecting information about: 
player-by-game appearance, season-break information, refined player utility estimates, and use of reconfigured 
statistics. 
 
 
 
10:30-10:50 Presentations: 
 
Allie Gorman      Faculty Mentor: Jennifer Harrison 
You Can’t Beat the Odds 
Zoom Room 1 
 
Have you ever played the lottery or know someone who has? If so, have you felt hopeful about winning or were 
you aware of the odds of winning? In my presentation for the math retreat, we will take a specific look at the 
odds of winning the lottery and discuss how we are able to calculate this probability. In addition, we will look at 
how the process of finding this probability relates to other real-life situations. 
 
 
Amanda Rolf      Faculty Mentor: Jennifer Harrison 
Reverse! Reverse! 
Zoom Room 2 
 
My presentation is about one math problem where you have to change your usual mindset while working on 
this. It involves using the strategy of working backwards.  
 
 
Scott Lawton & Seth Mitchell   Faculty Mentor: Mckenzie West 
The Fibonacci Sequence 
Zoom Room 3 
 
Mathematical sequences often bring about unique and predictable patterns. However, it is rare for a sequence of 
integers to have applications that go far beyond the computational. The Fibonacci Sequence does just that. 
Biology, music, physics, and other fields apply the Fibonacci Sequence in often unexpected ways. How far does 
its scope go?   
 
 
Tyler Gonzales     Faculty Mentor: Sam Scholze 
Stability Bounds for Reconstruction from Sampling Erasures 
Zoom Room 4 
 
The Shannon-Whittaker Sampling Theorem states that a frequency bounded signal can be completely 
determined by its sampled values at a countable number of points. Thus, the theorem allows us to convert 
analog signals to digital signals by sampling (or evaluating) the signal at these points. In prior work, it was 
shown that if a signal is oversampled, and if some of the sampled values are lost when transmitting the signal, 
then it is still possible to perfectly reconstruct the signal. However, in certain situations, the reconstruction 
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algorithm is very unstable. In this presentation, we provide stability bounds on the reconstruction algorithm and 
use them to determine when it is feasible to perform the reconstruction. 
 
 
Logan Ickert & Ted Molkentin   Faculty Mentor: Tim Pervenecki & Surina 
A Special Case of a Model of Lewis and Li 
Zoom Room 5 
 
We investigate a special case of a hybrid dynamical model studied by Mark Lewis and Bingtuan Li. The model 
is a composition of the Beverton-Holt model and a growth/survival function g.  We analyzed the model with 
several functions for g with the goal of identifying equilibrium solutions and their stability. We also drop some 
of the assumptions Lewis and Li gave about the function g to see how that would impact our findings.  
 
 
Su Qian Ng      Faculty Mentor: Marie-Claire Koissi 
Data Analytics Techniques for Claim Modeling 
Zoom Room 6 
 
Data analytics strongly rely on data and available techniques and analytics tools. Recent years have seen an 
increase in data volume worldwide. Advanced computational methods and machine learning tools have been 
developed to extract meaningful information from these data.  
 
The presentation surveyed data analytics techniques and discussed their application in Claim Modeling. R and 
Python will be used as software.  
 
Keywords: Big data; Machine Learning; Supervised and Unsupervised Techniques; Data Visualization; Claim 
Modeling. 
 
 
 
 
11:00-11:20 Presentations: 
 
Kaitlyn Gerndt     Faculty Mentor: Jennifer Harrison 
The Monty Hall Problem and Bayes’ Theorem 
Zoom Room 1 
 
This presentation will discuss the famous Monty Hall Problem and how it relates to probability through playing 
the game for ourselves and running simulations. Online interactive simulations will be done along with code 
written in RStudio to showcase the outcomes. Furthermore, we will cover how to theoretically predict the 
outcome of problems like this using Bayes Theorem. 
 
 
Shane Falkum     Faculty Mentor: aBa Mbirika 
Abstract Math Using a Ruler and Compass 
Zoom Room 2 
 
It is well known that there is no general way to trisect an angle using just a straightedge and a compass. While it 
is easy to say something is difficult to do, it can be much more difficult to prove something is impossible. 
Similarly impossible constructions, using just a straightedge and a compass, are squaring the circle and 
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doubling the cube. In this presentation we will explore these constructions, as well as the mathematics necessary 
to prove their impossibility. 
 
 
Huston Wilhite     Faculty Mentor: Mckenzie West 
The Collatz Conjecture 
Zoom Room 3 
 
Pick any positive whole number.  If it is even, divide it by two.  If it is odd, multiply it by three and add one.  
According to the Collatz conjecture, repeatedly preforming this process will always yield one.  Despite its 
innocent appearance, the Collatz conjecture has remained unproven for over 80 years.  We will discuss several 
different approaches that have been taken to gain insight into the problem and attempt to visualize some of the 
patterns formed by this sequence. 
 
 
Akagaonye Torti       
Quaternions: Background and Basics 
Zoom Room 4 
 
I will discuss the history of quaternions, a concept thought of by William 
Rowan Hamilton and who discovered its application to fourth dimensional 
space. In modern times, quaternions have been replaced but vectors, however 
the fine use in computing spatial rotations. I will also discuss basic 
information about quaternions: the definition, algebraic properties, and how 
they relate to and generalize complex numbers. 
 
 
 
Logan Ickert      Faculty Mentor: Tim Pervenecki 
A Stage-Structured Model with Cannibalism 
Zoom Room 5 
 
We consider a nonspatial age-structured model of a species that engages in cannibalism. We 
assume that adults cannibalize younger stages in the species but that there is no interaction 
between juvenile stages. We investigate the equilibrium solutions and stability of solutions 
for the model. 
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Sean Parsons       
Demystifying Quantum Mechanics 
Zoom Room 6 
 

Quantum Mechanics is strange. These four words may be one of the largest 
understatements ever, yet behind that strangeness is an eloquent yet 
simultaneously convoluted logic crafted to describe the experimental 
revelations of the early 20th century. I will qualitatively touch upon some 
historical background, three experimental revelations paramount to the 
development of quantum mechanics, the wavefunction, operators, eigenvalue 
problems, and the relationship of quantum mechanics to complex numbers; I 
will work to decode that logic. While you will walk away thinking the 
predictions of Quantum Mechanics are still strange, I think you will also walk 
away with a better understanding of why Schrödinger and other scientists 

designed Quantum Mechanics the way they did.   
 
 
 
 
11:30-11:50 Presentations: 
 
 
Grace Liebl      Faculty Mentor: Jennifer Harrison 
Expanding on the Goat Problem 
Zoom Room 1 
 
The goat problem is about a goat tethered to a square building with 20 ft long sides. The goal is to figure out 
how much area the goat can graze with a 40 and 50 tether and how different locations on the building affect it as 
well. To take it a step further I will look at how changing the shape of the building, along with the length of the 
tether will affect the grazing area. In some scenarios, the area for grazing overlaps, so I will explore that idea as 
well. I will go over the problem in GeoGebra for the square then have people look at the triangle and pentagon 
before explaining how it will work and going through it in GeoGebra. 
 
 
Taylor Kriesel & Katie Henschell   Faculty Mentor: aBa Mbirika 
The Snake Lemma 
Zoom Room 2 
 

The snake lemma is used specifically in homological algebra to 
create exact sequences, i.e. diagram chasing. Through this 
presentation, we hope to prove the snake lemma and detail its 
applications in mathematics. The applications include but are not 
limited to algebraic topology, number theory, and natural 
transformations. 
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Ben Dickinson & Simon Arneberg   Faculty Mentor: Mckenzie West 
Prime Numbers and Musical Scales 
Zoom Room 3 
 
Although the twelve-tone scale has become dominant in modern music, it's far from the only scale to have been 
proposed or used in practice. In fact, due to the surprising connection between number and music theory, we 
can construct workable scales from any set of prime numbers. We will discuss the desired properties of an 
"optimal" scale and what lead to the ubiquity of the modern twelve-tone system. 
 
 
Dan Guyer      Faculty Mentor: Sam Scholze 
Proving the Fundamental Theorem of Calculus with Riemann-Stieltjes Integration 
Zoom Room 4 
 
By expanding upon typical Riemann sums, we will introduce Riemann-Stieltjes sums. Then, as a result of this 
formulation, we will develop the Riemann-Stieltjes integral. By exploring essential properties of the Riemann-
Stieltjes integral, we can establish the Fundamental Theorem of Calculus as desired.  
 
 
 
Austin Redders        
Schrödinger's Equation and Complex Analysis 
Zoom Room 6 
 
This presentation offers an in depth look at how complex numbers are used to understand quantum mechanics 
and Schrödinger's equation. It will cover the general idea of quantum mechanics, the accomplishments of Erwin 
Schrödinger, and his representation of waves via complex numbers.  
 
 
 
12:00-12:20 Presentations: 
 
Katelin Nelson     Faculty Mentor: Jennifer Harrison 
October Primes 
Zoom Room 1 
 
If you are looking for a problem that is as fun as it is challenging, stop in and check out my presentation on the 
October Primes problem! The goal of the October Primes problem is not only figure out what the solution of the 
given multiplication problem—“OCTOBER”—translates to, but is also to try and solve the missing blanks of 
the given multiplication problem. By only being given 10 conditions, along with the typical rules of a 
cryptarithm, and a few blanks of missing numbers, the October Primes problem is definitely one that sparks and 
demands mathematical reasoning and logic. So if you’re up for a fun challenge, come check out my 
presentation on the October Primes problem! 
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Joseph Wahl        
What is Riemann’s Hypothesis 
Zoom Room 2 
 
Riemann's zeta function has its origins in the p-series discussed in Calc II, where ∑1/n^s  converges when the 
real part of s is greater than 1.The zeta function 𝜁𝑠 is defined by analytical continuation of ∑1/n^s  to  the entire 
complex plane. Riemann concluded  that ζ(s) is analytic everywhere with the exception of a simple pole at s=1.  
Even further, Riemann claims that all the zeros in the strip 0&lt;Re(s)&lt;1 lie on the line Re s=1/2.  This 
hypothesis is still one the most important unresolved claims in mathematics, but more than 100,000 of these 
zeros have been verified using numerical analysis. Riemann’s hypothesis also has connections to the 
distribution of primes. 
 
 
Peter Spryer      Faculty Mentor: Mckenzie West 
A Look at Nonlinear Diophantine Equations 
Zoom Room 3 
 
Beginning with a simple linear definition, we extend the notion of Diophantine Equations to 
include nonlinear examples and their solutions. We look at several famous cases and discuss the history behind 
them – including Fermat’s Last Theorem and its eventual proof, Pell’s Equation and Bramagupta’s earlier 
solution, Euler’s Sum of Powers Conjecture and its counterexample, and the Ramanujan/Hardy taxi cab number 
anecdote. 
 
 
Dawson Dubberke        
Julia Sets and Mandelbrot Sets 
Zoom Room 4 
 
One of the most interesting things about the complex numbers is the shapes and patterns that emerge from 
graphing functions. The graphs of Julia and Mandelbrot sets blow most graphs out of the water. The detail is 
unbelievably intricate, and the relative simplicity of the iterated maps and orbits that define them add even more 
interest. Working from graphs of selected Julia sets, I will describe what exactly they are, and how we can find 
them. From there, I will discuss the discovery of the Mandelbrot set. Once I have established the mathematical 
basis of Julia and Mandelbrot sets, I will explore some of the applications therein. 
 
 
Carolyn Otto & Sydney Dame   Faculty Mentor: Carolyn Otto 
Topological Theory of Virtual Knotting in Protein Folding 
Zoom Room 6 
 

Proteins are known to fold and form knots that can be studied using knot 
theory.  We aim to devise an updated method of protein folding by 
reviewing the model proposed in Flapan et. al (2019) by incorporating 
virtual knotting. We will be looking at identifying nontrivial virtual knots 
that can be found using the modified Flapan theory. 
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12:30-1:50      LUNCH 
 

Meet the speakers and join Zoom “table groups”. 
https://uwec-edu.zoom.us/j/82139457644?pwd=Zy9KSllOczMvWW9jU3hqT0NOejY5QT09 

Meeting ID: 821 3945 7644 
Passcode: math2021 

 
 
 
2:00-3:00   11th Annual Andrew Balas Lecture 
 

https://uwec-edu.zoom.us/j/82139457644?pwd=Zy9KSllOczMvWW9jU3hqT0NOejY5QT09 
Meeting ID: 821 3945 7644 

Passcode: math2021 
 
 

An Introduction to Spatial Graph Theory 
Erica Flapan 

 
    Spatial graph theory developed in the early 1980’s when topologists began using the tools of knot theory to 
study graphs embedded in 3-dimensional space. Later, this area came to be known as spatial graph theory to dis- 
tinguish it from the study of abstract graphs. Much of the current work in spatial graph theory can trace its roots 
back either to the ground break- ing results of John Conway and Cameron Gordon on intrinsic knotting and 
linking of graphs or to the topology of non-rigid molecules. This talk will present the history of spatial graph 
theory and survey some of the current trends in the field. No background is required to understand the talk.  
 
Erica Flapan was a professor at Pomona College from 1986 to 2018.  In addition to teaching at Pomona 
College, for most of the summers from 2000 until 2015, Flapan taught at the Summer Mathematics Program for 
freshmen and sophomore women at Carleton College.  In 2011, Flapan won the Mathematical Association of 
America’s Haimo award for distinguished college or university teaching of mathematics.  Then in 2012, she 
was selected as an inaugural fellow of the American Mathematical Society.  From 2015-2017, she was a Polya 
Lecturer for the MAA.  Since January 2019, she has been the Editor in Chief of the Notices of the American 
Mathematical Society. 
 
Erica Flapan has published extensively in topology and its applications to chemistry and molecular biology. In 
addition to her many research papers, she has published an article in the College Mathematics Journal entitled 
“How to be a good teacher is an undecidable problem,” as well as three books.  Her first book, entitled ``When 
Topology Meets Chemistry" was published jointly by the Mathematical Association of America and Cambridge 
University Press. Flapan also co-authored a textbook entitled ``Number Theory: A Lively Introduction with 
Proofs, Applications, and Stories" with James Pommersheim and Tim Marks, published by John Wiley and 
sons.  Finally, in 2016, the AMS published her book entitled “Knots, Molecules, and the Universe: An 
Introduction to Topology”, which she wrote in collaboration with 12 mathematicians from all over the country. 
 

 
 

3:15-4:15 Mathematics Competition 


