
UMass Ahmerst Undergraduate Conference  Abstract: 

(15th Annual Massachusetts State-wide Undergraduate Research Conference 

at UMass Amherst on Friday, May 1st from 8am to 5pm) 

 

************************************************************************ 

Leanne Silvia (Freshman):  Advisor--Gary Davis 

“Normalized Laplacian Energy of Graphs” 

*The energy of a graph was first studied by Ivan Gutman in the late  

1970’s as a result of his work in theoretical chemistry. In 2006 the  

idea of energy was extended to the Laplacian matrix of a graph by Gutman  

and Zhou. A matrix whose eigenvalues more closely reflect structural  

properties of a graph is the normalized Laplacian matrix, as defined by  

Fan Chung (Spectral Graph Theory). Here we describe preliminary results  

on the normalized Laplacian energy of a graph. Complete graphs and star  

graphs have energy 2, while the connected paths appear to have maximal  

normalized Laplacian energy for a given number of vertices. We will  

compute expressions for the normalized Laplacian energy of certain well  

known classes of graphs including cycles, paths and hypercubes. We will  

discuss the observation that connected graphs seem to have minimal  

energy 2 – known to be true for bipartite graphs - and present results  

on the distribution of the normalized Laplacian energy for classes of  

random graphs.* 

************************************************************************ 

Carter Chamberlain (Junior): Advisor—G. Khanna 

“Alternative approach to particle simulation” 

*This study will attempt to simulate particle movement during various 

events (asteroid impacts, explosions, collisions) by examining the forces 



acting on the co-ordinate system itself, instead of each individual 

particle.  By dividing space into a three-dimensional grid of cubes, all 

the particles contained in the same cube could be treated as a solid block 

of matter.  By examining the stresses acting on the block, the motion of 

the particles could be found.  This motion would result in a flow of 

particles into an adjacent block.  The advantage to this method is that 

the forces acting on a cube already include forces from adjacent cubes, so 

the particle motion can be calculated without referring to forces on 

other, distant co-ordinates.  This should make the calculation simpler, 

faster and more efficient.* 

 

************************************************************************ 

Christina Distefano (Junior):  Advisor--Gary Davis 

“Matrix Energy” 

*We extend Ivan Gutman’s idea of graph energy, stemming from theoretical  

chemistry via the adjacency matrix of a graph, to energy of arbitrary  

square matrices. Graph energy is special cases of general matrix energy,  

as is the Laplacian energy of a graph as studied recently by Gutman and  

Zhou. We relate the energy of scalar multiples, inverse, and conjugates  

of a matrix to the energy of the matrix. We outline an argument that  

energy is sub-additive, utilizing the well-known Weyl inequalities for  

the eigenvalues of a sum of matrices. Although energy and rank are not  

on the face of it connected, and we present examples to show there is no  

exact correspondence between energy and rank, we present statistical  

data that suggests a strong connection for matrices with uniformly  

random {0,1} entries. We also use the QR decomposition for matrices to  

examine the distribution of energy for normally distributed random  



orthogonal matrices.* 

************************************************************************ 

 

Ann Kimball (Junior): Advisor—C. Wang & A. Heryudono 

“Finite-difference domain decomposition method for the numerical  

solutions of Poisson's equation in irregular geometry” 

* Poisson’s equation is one of the most widely studied partial  

differential equations (PDEs) in applied mathematics. It is not only an  

important equation in electrostatics but also an equation of choice in  

testing numerical methods for PDEs. Research about finding and improving  

Poisson solver is never ending. Poisson solver can be found in the heart  

of many commercial software for the numerical solutions for PDEs. In  

most cases the solver has to be optimized by any means to improve the  

speed of calculations without sacrificing overall accuracy of the  

solutions. In this undergraduate research project, we want to study  

two-dimensional Poisson solver in irregular domain that can be  

decomposed into non-overlapping squares/rectangles. We will use finite  

difference method with domain decomposition technique. To be specific,  

our goal is to solve the two-dimensional Poisson equation numerically on  

a square domain with a square hole inside. Since the domain is  

irregular, we will break the domain into several smaller  

squares/rectangular domains. To start with, we solve the problem with  

Dirichlet boundary conditions. Other boundary conditions such as mixing  

Neumann and Dirichlet will also be considered. The order of accuracy of  

the method and techniques to improve computational speed will be  

studied. Our future goal in studying this is to solve the gauge  

formulation of Navier-Stokes equations on irregular domain arising from  



fluid dynamics. In that case, Navier-Stokes equations are not solved  

directly but instead they can be formulated in such a way that two  

Poisson’s solvers are needed. Hence, fast Poisson solver is needed.* 

******************************************************************* 

Aimee Ross(Junior): Advisor—G. Davis 

“Abelian Sandpiles” 

*Pattern formation in growing sandpiles was first looked at in the 1980’s 

as a study of the asymptotic pattern produced by adding grains of sand at 

a single site on a two dimensional Abelian Sandpile Model. The Abelian 

Sandpile model is a two-dimensional cellular automaton model that 

resembles the “chip-firing game”. The idea of self-organized criticality 

is also concurrent to this model. Avalanches that occur within the model 

can be represented by equations explaining that a simple cellular 

automaton can be shown to produce complex patterns in natural phenomena. 

The Abelian Sandpile model is important to mathematics and physics because 

the distribution of frequencies of avalanches of different magnitudes in 

this model is very similar to the distribution of frequencies of 

earthquakes of different magnitudes. To show the complex patterns formed 

that create symmetrical and interesting images, computational algorithms 

can be utilized.* 

*********************************************************************** 

Christopher Bresten (Senior): Advisor—S. Gottlieb 

“        “ 

*The Lorenz equations are a three dimensional system of differential 

equations, most well known for harboring strange attractors. The Rayleigh 

number is the most commonly varied of the system's parameters, known for 

the effect it has on stability. Wishing to gain insight into the effect of 



the Rayleigh number we chose to construct a bifurcation diagram in this 

parameter space. The spatial domain is divided into small intervals and 

each interval is assigned a value based on how often the system visits 

this interval. This allows us to color code our points, so that we can get 

a more continuous image of where this system lives for given Rayleigh 

number. A typical bifurcation simply plots the stable values in a binary 

sense, this method plots the frequency of values visited. The effect is a 

beautiful bifurcation diagram with very interesting structures. We can see 

the transition from fixed point to chaos, and some scale invariant and 

self similar structures in the chaotic region.* 

 

************************************************************************ 

Adam Callahan (Senior): Advisor--Dana Fine 

“         “ 

Traditional epidemiological models of the spread of diseases consist of a system of 
differential equations.  These models assume uniform mixing of the population, which is 
inconsistent with any population of reasonable size.  This project uses agent based 
modeling to remove this assumption.  In addition to allowing non-uniform mixing, this 
model allows fear to infect the agents.  This induces the agents to either flee their 
neighborhood or remove themselves from the network altogether for a period of time.  
The resultant dynamics can generate waves of infection that the ordinary differential 
equation system cannot produce. 

************************************************************************ 

 

Dan Katz(Senior): Advisor--G. Khanna 

“ Black Hole Entropy” 

*The two great pillars of modern physics, general relativity (GR) and quantum mechanics 
(QM), have irreconcilable differences in philosophy. The major result from QM is the 
realization that a particle's characteristics (energy, momentum, etc.) come only in integral 
multiples of h-bar as opposed to a continuum of values. QM takes a Newtonian stance on 
space and time, viewing them as separate both from each other and also from matter and 
energy. By separate it is meant that space and time are the uniform stage on which 
particles and forces perform. GR, on the other hand, promotes time from  parameter to 



coordinate and considers space and time as part of the same 4-dimensional continuum. 
What's more is that the presence of matter and/or energy causes spacetime to warp, which 
in turn causes matter and energy to move along curved paths. This effect is gravity. Loop 
quantum gravity (LQG) is an attempt to unify these two theories. Space and time are still 
part of the same entity, however, instead of  living in a  continuum they are shown to be 
discrete. The fundamental unit of length, the Planck length, is denoted by lp and is on the 
order of 10-35 meters.  

 In the 1970s Hawking and Bekenstein discovered that black holes are quantum in 
nature. Thus, any theory wishing to combine QM and GR must be able to account for the 
microscopic states of black holes by predicting their entropy. LQG analytically predicts a 
linear relation between area and entropy for large black holes, but we insist upon an “acid 
test” for verification. Corichi, Diaz-Polo, and Fernandez-Borja have constructed an 
algorithm for counting states which indeed verifies LQG's prediction for Plank scale 
black holes. Their algorithm uses an inefficient brute-force method which severely limits 
the size of black holes whose entropy they can calculate. We wish to improve this 
algorithm by incorporating combinatoric techniques to reduce the complexity of the 
problem, and by parallelization to increase the speed of computation.* 

************************************************************************ 

Andrew Perry (Senior): Advisor—A. Heryudono 

“Pseudospectral Domain Decomposition Method for the numerical solution of 

Poisson Equation in irregular geometry.” 

* Poisson’s equation is one of the most widely studied partial  

differential equations (PDEs) in applied mathematics. It is not only an  

important equation in electrostatics but also an equation of choice in  

testing numerical methods for PDEs. Research about finding and improving  

Poisson solver is never ending. Poisson solver can be found in the heart  

of many commercial software for the numerical solutions for PDEs. In  

most cases the solver has to be optimized by any means to improve the  

speed of calculations without sacrificing overall accuracy of the  

solutions. In this undergraduate research project, we want to study  

two-dimensional Poisson solver in irregular domain that can be  

decomposed into non-overlapping squares/rectangles.  

We will use pseudospectral method with domain decomposition technique. To be 
specific,  our goal is to solve the two-dimensional Poisson equation numerically on  



a square domain with a square hole inside. Since the domain is  

irregular, we will break the domain into several smaller  

squares/rectangular domains. To start with, we solve the problem with  

Dirichlet boundary conditions. Other boundary conditions such as mixing  

Neumann and Dirichlet will also be considered. The order of accuracy of  

the method and techniques to improve computational speed will be  

studied. Our future goal in studying this is to solve the gauge  

formulation of Navier-Stokes equations on irregular domain arising from  

fluid dynamics. In that case, Navier-Stokes equations are not solved  

directly but instead they can be formulated in such a way that two  

Poisson’s solvers are needed. Hence, fast Poisson solver is needed.* 

 

************************************************************************ 

Elise Rapoza (Senior): Advisor 

“From Cradle to Cradle: Generational Fairness by Imitating Nature” 

*The great challenge facing America in the post-industrial age is to make our society 
resilient and durable. This has become vividly apparent in the depletion of petroleum and 
the threat of global warming. In order to create a system to sustain human life, it is useful 
to look at how the planet sustains life. The planet Earth moves the resources needed for 
life in a constant cycle that is highly efficient. Human society is not so well organized. 
For example, we let excess nutrients enter our waterways from agriculture and 
wastewater leading to detrimental problems such as eutrophication. At the same time, we 
manufacture fertilizer to provide the nutrients to grow various plants. The result is system 
in which nutrients enter the environment from two sources: natural and artificial 
fertilizers. A simple solution is to imitate nature by creating a closed loop. Using algae 
technology, one can remove nitrogen from wastewater and use the processed algaemass 
as a high-grade fertilizer. Using a simplified model consisting of arable land, a brown 
field, and a wastewater treatment plant, I have illustrated how integrated systems that 
cycle resources can effectively and economically address our environmental concerns. 
The depiction of the model is two-fold; I have presented the model using economic and 
mathematical schematic modeling. The result is a system that dramatically reduces 
carbon dioxide and NOx emissions, cleans up a brown field, produces biodiesel, food, 
and paper, and cleans wastewater.* 

 



 

 

 

 

 


