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Message from the Director,  
Illinois Geometry Lab
During the Fall 2018 semester the Illinois Geometry Lab (IGL) administered 16 
research projects involving 78 undergraduate scholars, 21 graduate student 
team leaders and 16 faculty mentors. This represents another 40% increase in 
the number of undergraduate participants from the Fall 2017. The demand for 
undergraduate research in mathematics remains high, witnessed by the 220 
applications from undergraduates the IGL received at the beginning of the 
semester. To satisfy this demand, the IGL relies on the generosity of faculty and 
graduate students to run and lead IGL projects. I would like to thank all of them 
for making these research experiences possible.

This semester’s booklet again contains the description of the exciting research 
done in these projects. The topics cover the full spectrum of mathematical 
research—from geometric group theory to mathematical finance, from data 
science to number theory. As always our amazing undergraduate scholars were 
able to make strong contributions to all these research areas by analyzing data, 
proving new theorems, writing software and much more.

During the Summer 2018, the IGL ran three projects for talented University 
High School students. Each of these projects ran for four weeks, and each 
team consisted of one graduate student/postdoc (the team leader) and three 
Uni High students. Their reports are also in this brochure. We thank the David 
Frankel (’76) Fund for making this experience possible.

The IGL also started a new undergraduate organization devoted to outreach. 
The group focuses on working with undergraduates to engage our community 
through outreach projects. This semester’s activities included representing 
the IGL at the Urbana farmer’s market and visiting the Science Club at Central 
High School in Champaign. Any undergraduate at Illinois is encouraged to join; 
membership is not limited to mathematics majors. For details, see go.illinois.
edu/IGL-outreach.

The IGL is extremely grateful for the financial support it receives each year. 
Funding comes from the Department of Mathematics, the National Science 
Foundation, the Mathematical Association of America, and generous gifts from 
private donors. I would also like to take the opportunity to thank this year’s IGL 
leadership team (Hadrian Quan, Colleen Robichaux, Alexi Block Gorman, Brian 
Shin and Rosemary Guzman) for all the hard work they put into running the IGL.

— Philipp Hieronymi
Director,  Illinois Geometry Lab



IGL Members, Fall 2018

Faculty Mentors

Patrick Allen
Alfred Chong
Partha Dey
Philippe Di Francesco
Burak Erdogan
Philipp Hieronymi
A J Hildebrand
Anil Hirani
Marius Junge
Sudarshan Krishnan
Katelyn Leisman
James Pascaleff
Richard Sowers
Susan Tolman
Nikolaos Tzirakis
Erik Walsberg

Research Team Leaders

Eion Blanchard
Hannah Burson
Daniel Carmody
Ravi Kiran Donepudi
Timothy Drake
Kavjit Durairaj
Elizabeth Field
Xinghua Gao
Alexi Block Gorman
Kesav S. Krishnan
Rachneet Kaur
Vaibhav Karve
William Linz
Claire Merriman
Sarah Mousley
Matej Penciak
Yingying Ren
James Schmidt
Bhanu Sehgal
George Shakan
Simone Sisneros-Thiry
Peixue Wu



Student Scholars

Yasir Badillo Acosta
Bessie An
Elizabeth Ayala
Jessica Bai
Kyle Begovich
Jack Bernard
Xiangyun Cao
Jonathan Chang
Thomas Chavez
Gonyi Chen
Xinan Chen
Weiru Chen
Bhawesh Bhattarai 
Chhetri
Sangbum Choi
Alice Chudnovsky
Yizhen Ding
Philip Dohm
Baihe Duan
Nupoor Gandhi
Erios Garcia
Jack Gentile
Leonardo Rodriguez 
Gutierrez
Erik Hernandez
Auden Hinz
Quanhua Huang
Kelly Jezior
Andong Jing
Ryan Johnson
Daniel Klovsky
Hyunsoo Lee
Alexandra Lehan
Jerry Li
Jiusi Li
Qianqian Li
Charles Liu
Ziyu Liu
Robert Lou
Yirui Luo
Fengdeng Lyu

Eric Ma
Zac MacAdam
Yitao Meng
Cameron Nachreiner
Steve O’Brien
Yuchen Pang
Justin Peabody
Antoine Pfeiffer
Aditya Pillai
Kagen Quiballo
Dipro Ray
Jing Ren
Yingying Ren
Alex Rios
Joseph Rogge
Pavitra Shadvani
Yiyin Shen
Bowen Song
Karan Srivastava
Mosaad Al Thokair
Derek Thomas
Iris Tong
Lucas Trojanowski
Brien Vien
Jack Wang
Xingkai Wang
Haozhe Wang
Christian Williams
Cyan Wu
Ziqin Xiong
Charles Xu
Hongru Yang
Congwei Yang
Xintong Yu
Catherine Zhang
Yankun Zhao
Yu Zhang
Tiansu Zhang
Mengyang Zheng
Songling Zhou
Kester Zhou
Qiaoge Zhu

Undergraduate 
Outreach

Kyle Begovich 
Eric Ko
Justyna Kosinska
Alice Lam
Sarah Mansfield
Angela S. Serrano
Yiyin Shen
Andrew Smith
Jason Xia



Time for accidents
Faculty Mentor:  Richard Sowers

Scholars:  Shuo Gong, Kehan Li, and Ziwei Liu

How intertwined are accidents in city mobility patterns? Building off some 
routing research, a summer 2018 IGL research group visualized trips in NYC 
which can either be quickest or can avoid historical accident patterns. For 
travelling from the green node to the red node, the white dashed line is the 
quickest path, and the blue solid line follows an optimal tradeoff between 
time and accident avoidance.



Quantum Circuits and Depth
Faculty Mentor:  Marius Junge

Team Leaders:  Timothy Drake, Nick LaRacuente, and  
Haojian Li

Scholars:  Xinan Chen, Quanhua Huang, Daniel Klovsky,  
Aike Liu, Yuchen Pang, and Tiansu Zhang

Quantum mechanics presents us with new ways to process information 
that are otherwise forbidden in classical physics. Specifically in our work, 
we are interested in understanding why and how quantum circuits offer an 
advantage over classical circuits.

We explore the foundations of this field and ideas such as Hilbert spaces, 
unitary transformations, entanglement, entropy, universal gate sets, and 
the applications of quantum circuits such as Shor’s algorithm and graphical 
representations.



The Gromov Width of Toric Surfaces
Faculty Mentor:  Susan Tolman

Team Leader:  Elizabeth C. Field

Scholars:  Ziyu Liu, Karan Srivastava, Ziqin Xiong, and 
Charles Xu

The picture on the right shows an example of a packing problem in Euclidean 
space where we try to fit as many rigid spheres as we can. In our research, we 
work with four-dimensional spheres and are allowed to change their shape, 
provided we do not change the area of each cross-section. Unlike the rigid 
case where we can never fully pack spheres, in our case we can achieve full 
packings. This embedding problem can be reduced to an algebraic problem 
of some transformation of a matrix. Our research topic is studying this 
transformation numerically and algebraically. We both use computers to see 
the graph of the data and then direct computations to prove when we get full 
packings.



Talbot effect for dispersive partial 
differential equations
Faculty Mentors:  Burak Erdogan and Nikolaos Tzirakis

Team Leader:  George Shakan

Scholars:  Elizabeth Ayala, Jack Bernard, Bowen Song, and 
Lucas Trojanowski

In our project we investigated the Talbot Effect, which is when the solution 
to a dispersive partial differential equation depends heavily on the 
algebraic properties of time. In particular, the solution is simple piecewise 
constant function at rational times, while the solution at irrational times is a 
continuous, yet nowhere differentiable fractal-like curve.

We first looked at numerical solutions for model equations such as the 
Schrödinger and Airy equations. We then started to classify solutions by 
calculating their box dimension. We are now looking at other dispersion 
relations with fractional exponents, and trying to verify that our solutions 
have a box dimension within the theoretical bounds.



Forward and backward preferences
Faculty Mentor:  Alfred Chong

Team Leaders:  Bhanu Sehgal and Peixue Wu

Scholars:  Gongyi Chen and Zihe Wang

Consider an investor holding a portfolio with different assets who wants 
to maximize the value of the portfolio. Here, we want to investigate the 
backward preferences, which is, the use of a specific mathematical model to 
derive the optimal investment for the investor on their portfolio.

So far, we solved the optimal investment portfolio and the investment 
preferences function. We have simulated the backward preferences and 
their optimal levels of investment. Our program allowed us to simulate and 
visualize the change of the value functions and the wealth at different states 
and times.



Geometric group actions on categories
Faculty Mentor:  James Pascaleff

Team Leaders: Xinghua Guo and James Schmidt  

Scholars:  Mossad Al Thokair, Bhawesh Bhattarai,  
Alice Chudnovsky, Zack MacAdam, and Songling Zhou

A braid can be thought of as a bunch of strings or threads that have a starting 
and an endpoint, and are intertwined with each other. We can understand 
the nature of braid groups by studying their Burau Representations, which 
have a linear algebraic nature that is easy to understand. However, Burau 
Representations are known to be unfaithful for braids of 5 or more strands. 
Our project aims to categorify the Burau Representation and get a more 
accurate representation.



Tilings of a domain of the triangular 
lattice and arctic phenomenon
Faculty Mentor:  Philippe Di Francesco

Team Leader:  William Barham Linz

Scholars:  Jessica Bai, Leonardo Rodriguez, and  
Congwei Yang

We consider the problem of tiling a rectangular domain of the triangular 
lattice by means of the six elementary tiles obtained by cutting a regular 
hexagon in half through opposite vertices such that each tile is composed 
of three adjacent triangles. For each rectangular domain of size 3n, there are 
a number of ways to uniquely tile the domain completely. The number of 
unique tilings changes depending on the size of the domain. To determine 
the number of unique tilings that can be made, we used transformation 
matrices, which represent different qualities of each tile. To visualize the many 
possibilities, we made use of a search tree program that generates all unique 
tilings of any  dimension by trying every possible combination of ordering in 
which the tilings are placed. This program works for any domain but, due to 
the way it works, is very inefficient.



Rational points on modular curves
Faculty Mentor:  Patrick Allen

Team Leader:  Ravi Donepudi

Scholars:  Auden Hinz, Jiusi Li, Derek Thomas, and  
Xingkai Wang

An elliptic curve is roughly a non-singular cubic curve of the form  
y2 = x3+ ax + b. In our project, we study a family of elliptic curves over the 
field ℚ (i) given by some (twisted) modular curves. Our goal is to understand 
how often the two (resp. three) torsion field of a curve in these families 
(typically a degree 12 (resp. 96) extension of ℚ) arises as a base-change of a 
degree 6 (resp. 48) extension over ℚ. We use the software program Magma 
to enumerate elliptic curves in our families by height and use Galois theory 
to find how often the above phenomenon happens. Last semester, we 
found that in the family X (3), out of 82,082 cases tested, the phenomenon 
occurred twice. This semester, by optimizing our algorithm, we found six more 
examples of the phenomenon in X (3), and found no examples in a twisted 
modular curve X (E [3]) out of over three million cases.



Automata and Numeration Systems
Faculty Mentors:  Philipp Hieronymi and Erik Walsberg

Team Leaders:  Eion Blanchard and Alexi Block Gorman

Scholars:  Jack Gentile, Erik Joan Hernandez, Dun “Eric” Ma, 
Steve O’Brien, and Haozhe “Howard” Wang

Irrational numbers can be represented as sets of natural numbers by way 
of continued fraction expansions. These sets repeat with small period, and 
an Ostrowski numeration system uses such an expansion to calculate base 
values. Using algorithms put forth in Hieronymi and Terry’s paper “Ostrowski 
Numeration Systems,” we generated an automaton that adds numbers in this 
type of representation.

We then used the theorem-prover software Walnut to express logical 
statements in Ostrowski numeration systems in order to mimic results from 
Du, Mousavi, Schaeffer, and Shallit’s paper “Decision Algorithms for Fibonacci-
Automatic Words, with Applications to Pattern Avoidance” for more general 
words.



Scaling limits for random weight 
Matchings on Hexagonal Lattice
Faculty Mentor:  Partha Dey

Team Leaders:  Hannah Burson and Kesav Krishnan

Scholars:  Weiru Chen, Ryan Johnson, Qianqian Li, and  
Aditya Pillai

We generate a hexagonal lattice with random edge weights and find an 
optimal perfect matching for the lattice. We create a lozenge tiling for the 
lattice and construct a surface using the tiling. We also analyze the limiting 
behavior of the height and error distribution of the surface.

Our future goal is analyzing the deviation between the surfaces and the 
average surface, comparing this to the Gaussian Free Field.



The Mathematics of Poker-like Games
Faculty Mentor:  A.J. Hildebrand

Team Leader:  Kyle Begovich

Scholars:  Xiangyun Cao, Philip Dohm, Mengyang Zheng, and 
Qiaoge Zhu

We consider two-player poker models in which both players are dealt a “card” 
selected randomly from a discrete set (e.g., Ace, King, Queen) or from the 
interval [0;1]. The players then have to decide whether to bet or to fold, and 
the player with the highest card value wins the pot.

We determine optimal betting strategies for each player. In particular, 
we determine the Nash equilibrium for these models, best responses to 
opponent strategies, and best response cycles. 



Interactive Visualizations in Calculus 
and Probability
Faculty Mentor:  A.J. Hildebrand

Scholars:  Yuheng Chang, Baihe Duan, Yirui Luo, Yitao Meng, 
Cameron Nachreiner, and Yiyin Shen
The goal of this project is to create interactive Mathematica-based 
visualizations of interesting mathematical topics for use in instruction and 
outreach activities. This semester we focused on visualizations illustrating 
harmonic functions, random walks and Brownian Motion, and the Dirichlet 
boundary value problem, and the connection between these topics.



Search for new tensegrity configuration
Faculty Mentors:  Anil Hirani (Mathematics) and Sudarshan 
Krishnan (Architecture)

Team Leaders:  Vaibhav Karve and Yingying Ren

Scholars:  Robert Lou, Alexander F. Rios, Joe Rogge, and 
Xintong Yu

Tensegrities are structures made with rods and cables in which the rods 
appear to float between cables. Famous examples of tensegrity structures 
include the Snelson’s Needle Tower in Washington D.C. The compression 
force in the rigid rods prevent the structure from shrinking and the tension 
force in the cables prevent the structure from expanding. To discover new 
stable tensegrity structures, we combine optimization methods such as linear 
programming and tools from abstract algebra to compute the geometric 
configuration of rods and cables and analyze the energy of a tensegrity. See 
below for images of a tensegrity we built and visualization results of other 
tensegrity structures.



Developing exciting outreach material
Faculty Mentor:  Philipp Hieronymi

Team Leaders:  Claire Merriman and Simone Sisneros-Thiry

Scholars:   Yasir Badillo Acosta, Kelly Jezior, Alexandra Lehan, 
Kagen Quiballo, and Iris Tong

Throughout the semester, the project created lessons plans to share 
mathematical concepts with elementary, middle, and high school students. 
The activities we created will be put into practice during school visits next 
semester. Our first lesson  focused on platonic solids. We created an activity 
where fourth and fifth grade students can build their own platonic solids 
using polyhedral nets and discover Euler’s Characteristic by counting 
the number of faces, edges, and vertices for each shape. Through this 
characteristic, students can determine if two shapes are topologically 
equivalent. Our second lesson plan involves the Four Color Theorem for 
middle school students. We are in the process of creating two lessons plans 
that deal with algorithms  and converting maps to graphs. The images below 
illustrate platonic solids, topological equivalence, and Four Color Theorem 
respectively.



Simulating Multi-Soliton Solutions to 
NLS and KdV type equation
Faculty Mentor:  Katelyn Leisman

Team Leader:  Matej Penciak

Scholars: Antoine Pfeiffer, Christian Williams, and  
Hongru Yang

The Inverse Scattering Transform (IST) is a generalization of the Fourier 
Transform. The solutions that the IST yields are called solitons (or solitary wave 
packets). These solitons have the special property that they propogate and 
interact without losing velocity or amplitude.

There are two ways to do IST: as a Riemann-Hilbert problem or using 
Gel’fand-Levitan-Marchenko integral equations. This semester we centered 
on comparing the linear systems obtained by each. Next semester we will 
focus more on the differences between “fake” solutions and the exact ones via 
simulations.



Geometry of Traffic
Faculty Mentor:  Richard Sowers (Math, ISE)

Team Leaders:  Daniel Carmody, Kavjit Durairaj, and 
Sarah Mousley-Mackay

Scholars:  Bessie An, Andong Jing, Hyunsoo Lee, Jerry Li, 
Charles Liu, Fengdeng Lyu, Dipro Ray, Jing Ren, and Yu 
Zhang

Given parking data representing occupancy in metered parking spots in 
San Francisco, can we predict future parking behavior by understanding 
the features that control parking? To answer this question, we implement a 
modification of a standard non-negative matrix factorization algorithm which 
seeks to exploit the periodic nature of parking data.

We are also trying to understand how the structure of the nearby 
environment affects parking usage in a given area. For example, we study 
how ride sharing service usage and number of restaurants near a lot affect 
parking behavior in that lot. To help look for patterns, we are building an 
interactive visualization to display the occupancy of parking lots for a given 
day of the week and hour.



Virtual Reality, Visual Cliffs, and 
Movement Disorders
Faculty Mentors:  Richard Sowers (Math, ISE) and Manuel 
Hernandez (Kinesiology)

Team Leader:  Rachneet Kaur

Scholars:  Yizhen Ding, Pavitra Shadvani, Steven Sung,  
Brian Vien, Weili Wu, Xiaomiao Zhang, Yankun Zhao, and 
Yikun Zhou

Virtual Reality provides a safe space for therapy dealing with physical 
disabilities. A treadmill and harness can be used to protect the subject, while 
a non-lab environment is simulated. Our project combines this with modern 
electroencephalography (EEG) techniques. We created VR environments 
designed to either create an anxious reaction or soothe the subject. Subjects 
used EEG while engaging in the simulated environment and have their brain 
activity collected. From the data an anxiety level is created, from which the 
environment modifies itself to be correspondingly more or less soothing, 
which can help train to manage the mental aspects of dealing with a 
movement disorder.



Dynamics on Fractals
Team Leader:  Ivan Contreras

Scholars:  Ethan Ashbrook, Albert Lee, and Ethan Muchnik

Fractals are self-similar objects that produce shapes as they replicate on 
themselves. We sought to combine the mathematics behind representing 
fractals, and applying techniques from physics to model heat diffusion and 
quantum dynamics on them. By using the adjacency and Laplacian matrices, 
we modeled heat diffusion on a fractal system and the movement and 
expected position of a quantum particle on a fractal. By using a fractal tree, 
we found the expected location of a quantum particle as time passes and 
mapped the heat density when the root of the tree was heated up.*

*We thank the Illinois Geometry Lab and the David Frankel (’76) Fund for making  
this experience possible for University Laboratory High School students.



Sharp Bounds for the Directed  
Postman Problem
Team Leader:  Dana Neidinger

Scholars:  Katherine Ahlgren, Lorraine Bernhard, and 
Annemily Hoganson

The Postman Problem considers the shortest possible closed walk of a graph 
that traverses all edges at least once. For directed graphs, where each edge 
has a specified orientation, we may have to repeat edges multiple times. We 
found upper bounds for how many edges have to be repeated given a certain 
number of edges and vertices in a directed graph. We did this for three types 
of directed graphs: multigraphs, oriented graphs, and simple directed graphs. 
We also constructed examples attaining these maximums, as shown below. 
The first image is a multigraph and the second is an oriented graph, both with 
maximum repeated edges for their given type.*

*We thank the Illinois Geometry Lab and the David Frankel (’76) Fund for making  
this experience possible for University Laboratory High School students.



Semantic Discovery Via Singular Value 
Decomposition
Team Leader:  Joseph Rennie

Scholars:  Kevin Grosman, Matthew Jin, and Robert Nagel

A Singular Value Decomposition (SVD) is a way to express a matrix as a 
product of other, more useful, matrices. It allows you to create a “Low-
Rank Approximation,” which eliminates less important information and 
highlights significant associations. One of the most common applications 
of SVD is Semantic Analysis. By comparing certain words and documents, 
we can uncover semantic families. In this project, we looked at a less 
mainstream application of SVD: DNA sequences. By comparing different 
amino acid sequences (words) and genomes (documents), we investigate the 
relationships of proteins (resulting from gene expression) and genotypes/
phenotypes.*

*We thank the Illinois Geometry Lab and the David Frankel (’76) Fund for making  
this experience possible for University Laboratory High School students.



Susan C. Morisato IGL Scholarship
Beginning this year, the Illinois Geometry Lab will award the Susan C. 
Morisato IGL Scholarship to recognize graduate students who have previously 
participated as IGL research mentors in at least two semesters or summers. 
The purpose of this scholarship is to provide financial support for students to 
make progress on their thesis research. The Morisato Scholarship is funded 
by a generous donation from University of Illinois alumna Susan C. Morisato. 
One or more scholarships will be awarded each summer. This year, the IGL is 
pleased to recognize two outstanding graduate students with the Morisato 
Scholarship: Paolina Koutsaki and Hadrian Quan.

Paolina Koutsaki is a fifth-year PhD student in number theory supervised 
by Alexandru Zaharescu. Before coming to Illinois, she graduated from 
the University of Crete in Greece with Master’s degree in Mathematics in 
2013. Paolina served as a graduate team leader on the IGL projects “Critical 
zeros of Riemann zeta-function” mentored by Professor Nicolas Robles and 
“Interacting particles” mentored by Professor Ken Stolarsky. Paolina made 
key contributions to the success of the projects. She excelled in monitoring 
project members and helping them understand the numerical and theoretical 
aspects of the projects during the weekly meetings. In addition, she provided 
the undergraduates with extensive coding and software support. During the
time she is supported by the fellowship, Paolina will continue her work in 
number theory, with a particular focus on the asymptotic behavior of the 
sequence of fractional parts of square roots of positive integers. She
has already formulated several strong conjectures, and with the help of the 
scholarship hopes to make progress towards a proof of these conjectures.

Hadrian Quan is a third-year PhD student working under the supervision of 
Professor Pierre Albin. He graduated with a BA in Pure Mathematics from the 
University of California at Santa Cruz in 2015. He was a graduate team leader 
of the Spring 2017 project “Self-Intersection Numbers of Geodesics in Infinite 
Hyperbolic Fall” mentored by Professor Xin Zhang and of the Fall 2017 project 
“Poncelet Theorem and Complex Analysis” mentored by Professor Jeremy 
Tyson. In addition, Hadrian served as the IGL research manager, helping to 
coordinate different projects, and tirelessly serving as an intermediary between 
graduate students and faculty mentors on the various projects. He has been 
a highly dedicated team leader. He gave extensive lectures to participating 
students, making sure every student knew the necessary material to benefit 
from this research experience. Hadrian will use this scholarship to work on an 
exciting project in the spectral geometry of sub-Riemannian spaces. He will 
attempt to show that a combinatorial invariant is equal to an analytic invariant 
by carefully controlling the behavior of the spectrum of various operators as 
they undergo a degeneration that deprives them of ellipticity.



IGL Undergraduate Outreach
This is the first semester of the Undergraduate IGL Outreach team! We work 
with local schools and the community for trips to teach mathematical con-
cepts and skills, as well as hosting visits for schools in Illinois to explore math-
ematics in a friendly and approachable context.

This semester we ran activities at both Science at the Market in Urbana and 
in a trip to Champaign Central High School. We also trained our members 
in more activities in preparation for this Spring, and we officially became an 
RSO! We also work with the Association for Women in Mathematics in annual 
events GEMS and Sonia Math Day to engage teen girls in mathematics.

Any undergraduate at the University of Illinois at Urbana-Champaign is 
encouraged to join; membership is not limited to mathematics majors. If you 
have questions, please contact us at igl-rso@math.uiuc.edu.



IGL Research Award
The IGL Research Award, now in its second year, is given to one or more IGL 
research groups from the preceding calendar year whose project makes a 
substantial contribution to mathematical knowledge and contributes to the 
professional development of both undergraduate and graduate students. 
This year, the IGL is pleased to recognize two outstanding IGL research groups 
with the IGL Research Award and the IGL Research Award runner-up award.

The 2018 IGL Research Award was given to the Spring-Summer-Fall 2017 
project Virtual Reality, Visual Cliffs, and Movement Disorders , mentored 
by Professor Manuel Hernandez (Kinesiology and Community Health) and 
Professor Richard Sowers (Mathematics/ Industrial and Enterprise Systems 
Engineering). The graduate students were Daan Michiels and Rachneet Kaur 
and the undergraduates were Vivek Kaushik, Martin Bantchev, Anirudh Manoj, 
Dongjun Seung, Cong Shen, Yun Wu, Yuan Shen, Linchen Wang, Alexander 
Layton, Yizhen Ding, Yiyang Kong, Xun Lin, and Jiaying Wu. The overall goal 
of this project was to better understand some of the neural aspects of fear of 
falling through a realistic and virtual environment, and, ultimately, help both 
elderly and patients with movement disorders (e.g., Parkinson’s disease) to 
develop strategies to address fear of falling. 

The team created a virtual world that contained thin pathways which often 
passed over deep cliffs. The group then used an EEG brain cap to measure the 
“anxiety” levels of subjects “walking” the paths in the virtual reality. The project 
intrinsically involves applications of material the undergraduate students 
have learned in the mathematics curriculum, such as signal processing, 
polynomial curves, homogeneous coordinates, while simultaneously 
giving the students a chance to improve coding skills. The results of this 



project have been presented at national conferences, in particular the 2017 
Biomedical Engineering Society Annual Meeting in Phoenix, AZ, and further 
presentations and papers are already submitted.  This project also led to 
professional developments at every level: For the faculty involved it led 
directly led to an NSF proposal and for one of the undergraduate students it 
helped getting a highly competitive internship at one of the top IT companies 
in Silicon Valley.

The runner-up award was given to the Spring-Summer 2017 project 
Statistical Quantum Mechanics for Graphs and CW-Complexes, mentored 
by Professor Ivan Contreras, a J.L. Doob Research Assistant Professor. The 
graduate student was Sarah Loeb and undergraduates were Rodrigo Araiza 
Bravo, Zitong Chen, Andrew Eberlein, Mateo Muro and Sai Aishwarya 
Korukanti. The project developed a combinatorial model for quantum 
mechanics and thermodynamics, in which the physical system is confined to 
a finite graph or a CW-complex, and the evolution of the system is prescribed 
by a discretized version of the Schrödinger and Heat equation, respectively. 
The team used this model to have a better understanding of the topology 
of graphs and CW-complexes, as well as providing a combinatorial meaning 
to the partition function of quantum mechanics and thermodynamics. As an 
application they developed a machine-learning based algorithm to apply 
graph quantum mechanics to text analysis. A paper that resulted from this 
research has been submitted for publication, members of the group have 
presented their work at various local and regional conferences, and one 
of the undergraduate members has recently been accepted into a highly 
competitive PhD program at one of the leading research universities.

Structure of written texts (left figure) and approximations of solutions 
of the Schrödinger equation for a free particle (right figure).





About the Illinois Geometry Lab
The Illinois Geometry Lab is a facility in the Department of Mathematics at the 
University of Illinois focusing on mathematical visualization and community 
engagement.

At the lab undergraduate students work closely with graduate students 
and postdocs on visualization projects set forth by faculty members. In 
the community engagement component of the lab, IGL members bring 
mathematics to the community through school visits and other activities.

The IGL is affiliated with Geometry Labs United (GLU), the parent organization 
of a group of research labs hosted in mathematics departments around the 
country. The mission of GLU is to promote undergraduate mathematics research 
and public and community engagement. Other labs currently affiliated with 
GLU include the Experimental Geometry Lab (EGL) at the University of Maryland, 
the Mason Experimental Geometry Lab (MEGL) at George Mason University, 
the Experimental Algebra and Geometry Lab (EAGL) at the University of Texas 
Pan-American, the Washington Experimental Mathematics Lab (WXML) at 
the University of Washington, the Mathematical Computing Laboratory (MCL) 
at the University of Illinois at Chicago, and the Center for the Integration of 
Undergraduate, Graduate and Postdoctoral Research (iCenter) at Kansas State.

To schedule an IGL activity with your group, contact the IGL outreach 
manager at igl@math.uiuc.edu. 

Joining the Illinois Geometry Lab
Participation in the Illinois Geometry Lab is open to all undergraduate 
students who have completed Math 241.  Some familiarity with programming 
is also recommended.  Prerequisites vary by project.

For additional information on joining the lab, visit  
math.illinois.edu/igl/join.htm.

Schedule an outreach activity
For information on how to schedule an IGL outreach activity for your school or 
organization, please contact igl@math.uiuc.edu. 



Illinois Geometry Lab  
121 Altgeld Hall

Department of Mathematics 
University of Illinois at Urbana-Champaign

1409 W. Green Street, Urbana, IL 61801
math.illinois.edu/igl   •   email: igl@math.uiuc.edu


