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Edward B. Burger, Williams College

How Always to Win at Limbo, or: You can sum some of the series some of the time, and some of the series none of the time... but can you sum some of the series ALL of the time?  

Have you ever gone out with someone for a while and asked yourself: "How close are we?"  This presentation will answer that question by answering:  What does it mean for two things to be close to one another?  We'll take a strange look at infinite series, dare to mention a calculus student's fantasy, and momentarily consider transcendental meditation.  In fact, we'll even attempt to build some very exotic series that can be used if you ever have to flee the country in a hurry:  we'll either succeed or fail... you'll have to attend the lecture to find out.  Will you be at the edge of your seats?  Perhaps; but if not, then you'll probably fall asleep and either way, after the talk, you'll feel refreshed.  No matter what, you'll learn a sneaky way to always win at Limbo.

This presentation is open to all math fans--young and old alike.  A familiarity with infinite series is helpful.  If you've ever heard of the words "triangle inequality," then this is the talk for you.

Pat Costello, Eastern Kentucky University

P-A-S-C-A-L M-A-G-I-C

Pascal’s Triangle has a seemingly boundless array of patterns and relationships. This talk will be a crude approximation to "Everything you wanted to know about Pascal’s Triangle but were afraid to ask." We will identify many well-known patterns and many lesser-known patterns in the triangle. Then a slight modification of Pascal’s triangle provides another triangle with some interesting patterns. It will be left to the audience to find more patterns.

Betty Mayfield, Hood College

Women and Mathematics in the Time of Euler

In 2007, the mathematical world celebrated Everything Euler – his life, his work, his legacy. This talk examines some female contemporaries of Euler, some famous, some not so famous. We will also look at mathematics that was written both by and for women in the time of Euler.

Abstracts of Contributed Talks

Nate Adams, Jonathan Butcher, and Stephanie Lawrence, Asbury College (u)

Roundabouts: Round and Round We Go

This presentation is a basic introduction to optimizing traffic flow and traffic control methods on a roundabout based on our results for the 2009 COMAP Mathematical Contest in Modeling. We will illustrate our model with a one-lane roundabout and a two-lane roundabout, and then describe how to expand our method for multiple-lane roundabouts.

Amir Ahmadi, Morehead State University (u)

Lagrangian Multiplier Method

The Lagrange multiplier method has an economic interpretation and plays an important role in solving constrained optimization problems. This Wolfram-published presentation illustrates the usage of this method with Mathematica while both a firm’s costs and production capabilities are dynamic.

Chris Austin, Murray State University (g)

Some Novel Separation Axioms

One of the most important resources used when comparing topological spaces is the collection of separation axioms.  These attempt to quantify the degree to which subsets with particular properties of the spaces can be separated.  In this presentation we consider a newly-defined separation axiom that separates subsets of spaces that fall into one of three categories: closed sets, closed discrete sets, and points.  A space is considered to be a T2(A,B) space if for each set M with property A, and each set N with property B, there exists disjoint open sets U and V such that M is a subset of U, and N is a subset of V.  The goal is to explore the relationship between this axiom and the more well-known separation axioms such as the Hausdorff separation axiom, regularity, and normality.

Michael Blankenship, Morehead State University (u)

Biswajit Panja, faculty advisor

Hybrid Broadcast Encryption Scheme for Heterogeneous Mobile Ad Hoc Networks

In mobile wireless networks, a simple way to ensure data security is to utilize a broadcast encryption scheme that encrypts all messages before transmission, ensuring that in the event the encrypted data is received by unauthorized users, they will not be able to use the data.  The problem with this broadcast encryption scheme is that if a node is cut off from the network during a message broadcast, it has to have a way of retrieving this message.  There are two general ways of guaranteeing reliable message delivery in the broadcast scheme:  interactive and non-interactive.  In an interactive message recovery scheme, nodes which have recently rejoined the network query the beacon for any missed messages.  The problem with this method is that potentially any number of nodes may leave the network and rejoin it at any given time, which can result in the beacon becoming overwhelmed with message requests, resulting in possible packet implosion at the source.  Non-interactive schemes employ a technique which allows each node to store a given number of previous beacon messages; whenever a node rejoins the network, it queries its neighboring nodes for any messages that it may have missed.  Most non-interactive schemes use too much of a node’s limited resources to be viable.

Michael Blankenship, Russell Fugate, and John Wellman, Morehead State University (u)

Radio Frequency Logging Software (RFLS)

A computer-based software system is being developed to use the Radio Frequency Signature (RFS) of the MSU Eagle Student ID cards to electronically record when an individual signs in or out of a room, such as a computer lab, for purpose of keeping accurate time sheets for tutors. The records can automatically be forwarded to the appropriate person(s) who need this information (most likely via e-mail). This system will be easily expandable to include other functionality. The initial plan calls for the use of a localized database (unique to each location) to store the information of the individual RFS's. The system should be able to perform without the need of an active network, although some additional functionality may require a network connection, and centralized database support is intended for a future update.

Joshua G. Bradley, Morehead State University (u)

Mobile Data Mining

Data mining algorithms can be developed by implementing different elements from various fields (e.g., statistics, artificial intelligence, and machine learning).  Using fundamental components of algorithms VFDTc (Very Fast Decision Tree), SPADE (Sequential PAttern Discovery using Equivalence classes), and concepts of data partitioning methods, a new algorithm has been derived.  This presentation will present results of the currently conceptualized algorithm and the plans for future development of the algorithm.

Russell Brown, University of Kentucky (f)
What is a High School Math Day?
I will describe the UK High School Mathematics Day held at the University of Kentucky last fall and discuss activities that might attract more students to the study of mathematics.

Barry Brunson, Western Kentucky University (f)

Arrrghh! Arcsecant?!

Continuing to teach inverse trig substitution involving the arcsecant function is an intellectually dishonest, morally bankrupt endeavor in this day and age. Why are we still doing it? Why, at least, does it remain in our textbooks? We will provide evidence for the statement, and explore answers to the questions.

Brandon Cayton, Murray State University (g)

The Game of Nim

What is nim? This presentation takes a look at the mathematical game of nim, including how it's played, determining if the first player or second player has a winning strategy from the start, and defining what a winning strategy is.

Joseph D. Chambers, Robert DiMartino, and Nathan Potratz, Asbury College (u)

Energy and the Cell Phone:  A Model of the Next Fifty Years
Our model analyzes the recent growth of cell phones and the decline of landlines in the U.S. in order to find a functional relationship for each in terms of time.  We also look at the growth of cell phone towers and the decline of equipment used for landline communication in order to find a functional relationship based on the quantity of cell phones and landlines respectively.  All of this growth relies upon accurate population modeling over time.  Comparative energy analysis is  based on the number of minutes spent talking, the amount of time spent charging, energy wasted when the phone is plugged in but not charging, and energy wasted when the charger is plugged in but not attached to the phone.  In addition, we take into account the energy used by landline equipment and cell phone towers.  We find that cell phones are a more energy-efficient form of telephone communication.  Cell phones waste more than 540,000 barrels of oil in 2009 due to inefficient charging practices; however, landlines waste more than 2,000,000 barrels of oil.  Based on these conclusions we model a country like the U.S. in population and economics in which the mobile-based telecommunication system is the only system established and used.  We also take a brief look at energy wasted by other electronic appliances.  We model the phone power usage of the pseudo U.S. over the next fifty years.

Joel Charalambakis, Brian Hazlett, and Joe Purcell, Asbury College (u)

Got Milk?

This presentation provides a solution to this year's Interdisciplinary Contest in Modeling (ICM) question proposed by the Consortium for Mathematics and its Applications, or COMAP.

Compelled by global trends of ecological imbalance, we embark on the task of bringing an unstable aquacultural environment into biodiverse equilibrium. Through this endeavor, we develop empirical evidence to create a model, which supports a theory of the cause of the general disequilibrium. We then proceed to stabilize the system through adjusting the environmental structure. This model is further used to extend our hypothesis of the necessity for reform in environmental policy by demonstrating the profitability such restructuring could provide.

With the goal of obtaining equilibrium and sustainable population levels for each species in the ecosystem, we devise a system of equations to explain the relationships among several organisms in a predator/prey culture. We incorporate the variables of growth rate, predation rate, and lifespan of each organism as coefficients into our foundational Routh-Hurwitz algorithm to explain every aspect of relationships existent in the Bolinao ecosystem.  For our objective of achieving acceptable levels of bacteria/ml in the ecosystem, we first discover an acceptable feeding rate for farmed milkfish in the absence of other organisms.  We then proceed by re-instituting all organisms and altering the coefficients of our model in line with the functional operation of this ecological structure. The result is a rapid decline in bacteria to levels allowing for the development of a biodiverse aquacultural system at both immediate short-term and long-term levels.  By verifying the feasibility of applying our model to the actual Bolinao scenario, we demonstrate that not only does our model allow for a more holistic and robust ecosystem, it also allows for new opportunities for increased profitability and economic welfare.  Discovering the multi-faceted and holistic benefits of our model convinces us that reform in the method of human intervention in natural aquacultural ecosystems is warranted for the Bolinao region.

Eungchun Cho, Kentucky State University (f)

Detection of Break Points in Time Series

A simple algorithm for automatic detection of break points (jump discontinuities of the first derivative) of the model functions based on time series data is proposed.

Chris Christensen and David Agard, Northern Kentucky University (f)

William Dean Wray (1910 – 1962), Mathematician/Cryptologist

In addition to being the uncle of the mother of the second author, William Dean Wray was a cryptologist.  He began his career with the Navy’s intelligence division OP-20-G in 1942 and rose through the cryptologic ranks until, at the time of his death, he was a senior member of the National Security Agency.  We will outline the career of this remarkable person, mathematician, and cryptologist.

Kelly Christensen, BJ Pugh, and Joe Thacker, Asbury College (u)

Saving Nemo

Currently, the fish farming technique of introducing just one species to an entire ecosystem has had devastating effects on the coral reefs off the coast of Bolinao. Without the appropriate number of herbivorous fish and filter feeders, the water quality becomes too poor for coral to survive.  In this presentation, we will show the model we created based on a system of differential equations that explains the demise of the reef in areas where the fish farms are located. Then we will introduce a food web of milkfish, rabbit fish, sea cucumbers, spiny lobsters, oysters, and algae and create a polyculture. This polyculture is a mini-ecosystem that fisheries can implement in order to keep the natural ecosystem in balance, protect the fragile reef system, and provide economic feasibility for the fisheries.

Ben Clapp, Keri Eustis, and Kara Wiltrout, Asbury College (u)

Holy Crap: Modeling Milkfish Excretions

We are presenting a solution to one of this year’s COMAP problems dealing with the ideal way to harvest milkfish while still supporting a reef system.  We concluded that the best way to determine the relationships between species was with a system of linear equations because the systems have long-term stability. All population growths are directly proportional to each other. Our basic model allowed us to predict population of each species, the pollution rates, and the harvestable value of the system as a whole in order to maximize production. Implementation of our model on the Bolinao reef system creates less pollution and maximizes financial profit from the harvest.

Tyler Clark, Western Kentucky University (u)

A 3-D Approach to a Trig Identity

We will investigate the trig identity a cos(x) + b sin(x) = R cos(x - α) by considering the surface created by f(x, b) = b sin(x) + cos(x) where x and b vary on an interval.

Tucker Davis, Western Kentucky University (g)

Di Wu, faculty advisor

A Revised Updated Geometric Build-up Algorithm for Solving Molecular Distance Geometry Problems

A 3-D structure of a bio-molecule can be determined given a set of its inter-atomic distances. However, it requires solving a so-called molecular distance geometry problem (MDGP), which has been proved to be computationally intractable.  Geometric build-up (GBU) algorithms being developed recently show the properties of efficiency and accuracy.  In this talk we introduce a novel algorithm that combines a triangle (3-clique) detection method and geometric build-up algorithms.  The computational complexity and mathematical theory will also be discussed.

Rob Donnelly, Murray State University (f)

Edge-colored Distributive Lattices from Representation Theory

For reasons that are not yet fully understood, finite distributive lattices sometimes occur as models for various Lie representation theoretic objects.  Such lattices have many beautiful properties, such as rank generating functions that have elegant quotient-of-product expressions.  In this algebraic setting, the edges of these lattices (viewed now as directed graphs) are colored in a certain way.  In this talk we discuss some of the combinatorial theory of such edge-colored distributive lattices, including a generalization of G. Birkhoff's Fundamental Theorem for Finite Distributive Lattices, and see how this theory applies to some pretty examples.

Ken Dutch, Eastern Kentucky University (f)

Small-Sample Monte Carlo Distributions

Monte-Carlo techniques are widely used in the evaluation of definite integrals, and much recent research has been devoted to methods for producing large simulated data streams as input with a view to ensuring rapid convergence.  In this talk, we present a method for determining the distribution of Monte-Carlo sums that result when small, possibly idiosyncratic observation samples are used as input.

Jennifer Fischesser, Eastern Kentucky University (u)

Kissing Numbers in the Dark 

The kissing number is the maximum number of non-overlapping spheres of radius one that can simultaneously touch a central sphere of radius one.  Newton considered the problem, but it remained unsolved for 250 years. In this talk, we investigate an intuitive geometric approach to this problem using Mathematica.

Kirsten Fleming and Alice Gabbard, Kentucky Center for Mathematics (f)

Kentucky Center for Mathematics: Opportunities for Collaboration?

The Kentucky Center for Mathematics (KCM) is a state-wide center housed at Northern Kentucky University.  The goal of the KCM is to improve the teaching and learning of mathematics at all levels.   In its first three years the KCM has worked with many different groups including K-12 schools, post-secondary institutions, educational governing bodies, and educational organizations. To date, faculty member involvement has mostly included those with expertise in assessment and evaluation, mathematics education, and statistics. This talk will give an overview of the KCM’s work and solicit audience input aimed at identifying meaningful ways in which mathematicians might be involved in the KCM’s work.

J. Austin French, Georgetown College (f)

Timeless Trigonometry for Calculus

Problem:  Students entering the calculus sequence can be in the situation of not having had trigonometry or having forgotten much of it that is needed for calculus.  A very simple, cost-effective solution that has been implemented at Georgetown College will be presented along with how to access freely 41 pages of trigonometry that ensures students will not be hindered from getting an “A” in calculus due to lack of trigonometry knowledge opportunity.  The course content will be shown.

Chris Fronk, Northern Kentucky University (u)

Creating an Efficient Algorithm for Rendering Implicit Plots

Implicit plots are plots of the points (x, y) that are solutions to the equation f(x, y) = 0 for given functions f. Standard algorithms for drawing implicit plots require a very fine grid where a large portion of the grid contains no solutions to the equation. A more efficient algorithm exists for drawing an implicit plot using the idea of an adjustable mesh. The idea behind the adjustable mesh is to start with an initial grid. As the algorithm proceeds it refines the grid in areas where the function changes rapidly. Our talk will discuss the idea behind this algorithm as well as implementations we created using Java and Sage.

Casey Hufford, Morehead State University (u)

Chris Schroeder, faculty advisor

Ranking the NFL with Monkeys

In a paper by Callaghan, Mucha and Porter, a system is presented for ranking college football teams using a group of monkeys who randomly change their vote with probability p based on the outcome of head-to-head meetings.  We will look at using this system to rank the NFL teams, and then modifying it to include other factors such as home-field advantage and time zone difference.  The rankings will then be examined to determine if they are a better predictor of playoff success than traditional NFL seedings.   

Joshua Hyatt, Murray State University (u)

Bidigraph Representations for Finite Edge Colored Lattices

G. Birkhoff's Fundamental Theorem for Finite Distributive Lattices concludes that any finite distributive lattice can be compressed into a smaller poset from which the lattice can be recovered. However, G. Markowsky later discovered that any lattice can be compressed into a poset represented by a bipartite directed graph. This talk will explore the Markowsky technique for compressing a lattice as well as applying this technique in studying the edge-colored lattices that occur from partial orderings of roots associated with simple Lie algebras/groups. 

Katie Jones and Grayson Rodriguez, Northern Kentucky University (u) 
Florida Serial Killers: Casting Doubt on Current Dogma (Part I) 
Female cicada killer wasps reputedly hunt cicadas opportunistically, but an analysis of two communities in Florida indicates that the wasps hunt selectively by size (hunting the largest cicada they can handle). We use non-linear regression to derive a model for this behavior. In addition, we introduce one an additional dogma, and a mystery:   Dogma: cicada-killers are reputed to provide one cicada to male offspring and two to females -- do they?   Mystery: the two towns support similar cicada populations, whose sizes can be grouped as small, medium, and large. There is, however, a curious difference between the two sites: one has significantly larger wasps. Why?

Katie Jones and Grayson Rodriguez, Northern Kentucky University (u) 
Florida Serial Killers: Casting Doubt on Current Dogma (Part II) 
In Part I of this talk, we introduced cicada-killer wasps, and some dogmas and mysteries. In Part II, we knock down another dogma, propose a solution to a mystery, and introduce a final puzzle: three different sized cicadas are converted into wasps. By what mechanism do the wasps combine three separate sizes of cicadas into wasps that appear to be normally distributed in size?


Stacy S. Long, Georgetown College (u)

W. J. Kossler, REU mentor, College of William and Mary

Simulating Positron Production at JLab using the Geant4 Code

There is a need for slow positrons for various applications. The high energy electrons required to produce them are available at JLab. The Bremsstrahlung of these electrons can produce copious quantities of photons, which lead to positrons via pair-production. We study here the production and stopping of these positrons. We use the Geant4 Monte-Carlo code to simulate this. Some of these pair-produced positrons are stopped in a second material, called a moderator. Some of these diffuse to the surface of the moderator and are ejected at low energy if the moderator is made of certain materials which have negative work functions. These thermalized positrons may be subsequently accelerated and used for the applications. We lay out various possible ways of setting up a target and a detector to see which arrangement will produce the most usable positrons according to current theory. We discover that abandoning the distinction between moderator and target is a good idea.  Supported by NSF REU grant PHY-0453502

Andy Martin, Kentucky State University (f)
Hemming and Hawing Through History: What Exactly Did Cardano Do in His 1545 Ars Magna?
Did Cardano solve the general cubic equation in Ars Magna?  Yes and no…  Did he introduce complex numbers then?  Not exactly… Well, what did he do?  Come to this talk and find out.

Tonja Miick, Western Kentucky University (u)

Tom Richmond, faculty advisor and presenter

Mechanical Linkages to Sign Your Name

A mechanical linkage is an arrangement of rigid rods connected at pivoting joints.  We will illustrate one of the linkages to draw a straight line presented in A. B. Kempe’s 1877 treatise “How to Draw a Straight Line.”  Then we will discuss Kempe’s 1876 proposed technique to construct a linkage to draw any n-th degree algebraic curve, and relate this to signing your name.  

Carl Peterson, Bellarmine University (u)
An Approximation Algorithm for the Facility Location Problem
In this presentation, we consider the question of locating supply facilities to serve a large set of demand locations. Our algorithm uses incremental improvements to achieve a reasonably good result. While it does not guarantee optimality, it may generate a "good enough" result for the purposes of applications where the time required to generate an answer is more important than the accuracy of that answer.


Shane Redmond, Eastern Kentucky University (f)

Counting Zero-Divisors

Given a positive integer n, can you always find a commutative ring with identity with n zero-divisors?  In the course of investigating this question, we’ll run across the Goldbach Conjecture and pose many other questions, some of which are suitable for student research.  This talk should be accessible to anyone who knows a little abstract algebra (rings and fields).

Amber Rogers, Northern Kentucky University (u)

Entropy and the Hill Cipher

Attacking the classic polygraphic Hill cipher is a simple matter if the block size of the key matrix is known – it’s simple linear algebra.  But how can the block size be determined?  We will consider how Claude Shannon’s entropy can be used to determine the size of the encrypted blocks.  

Brian Salyer, Morehead State University (u)

Equivalence Number of G

The equivalence number eq(G) of a graph G is the minimum number of equivalence relations, or routes, needed to cover the edge set of that graph.  We determine eq(G) for graphs that are based on chess piece moves and describe our progress on finding an upper bound for eq(G) for any given G.

Brian Schack, Morehead State University (u) 
Cyber Classroom: Designing a Virtual Learning Environment
A virtual learning environment (VLE) is a computer program for teaching and learning. This presentation reviews the features and limitations of the current spectrum of VLEs. Then, it establishes how the limitations could be addressed, and it proposes an experimental design for a next-generation VLE.


Brad Schneider, Morehead State University (u)

Biswajit Panja, faculty advisor

Ground Station Software: A Dynamic and Scripted Approach 

The single largest problem with existing ground station software is that it isn’t as flexible as software developers try to make it.  Most implementations use Java as their language of choice because it is considered a reliable cross-platform solution.  While this might be true, Java is a very static language, just like most popular languages, such as C and C++.  These languages are powerful and well-tested, but that alone does not qualify them as good choices for ground station software.  While they are flexible languages in a sense that they can perform many diverse tasks, the paradigms and design patterns they dictate are not always desirable. Certain goals for this new project need to be enumerated in order to fully understand the need for a project of this type.  The main goal is to provide a reusable and extensible application for the manual and automated control of networked ground stations.  Essentially, the focus of this project is to address the problems perceived in existing ground station software.  These problems are generally addressed through the use of a dynamic language, an object-oriented approach (everything, including primitive data types, is an object in Ruby), and the fact that the program is essentially open source because it is written in an interpreted language.

Joshua Sparks, Eastern Kentucky University (u)

Using Cryptology in Correspondence Chess

The events of the twentieth century gave breath to applied number theory with the use of cryptanalysis and coding theory. Much of its use can be traced to the events of the world wars and the birth of the technology age. This paper will delve into a new application of cryptology to deal with message security: correspondence chess. This will define briefly chess pieces and notation, develop a coding system for chess notation, describe the notation’s coding, and reveal ways to attack the code and disrupt the message.

Meredith Stevenson, Murray State University (u)

A New Fuzzy Time Series Method for Forecasting Enrollments

In this presentation fuzzy time series are defined, and fuzzy forecasting models for predicting university enrollments by Song & Chissom and Sah & Degtiarev are introduced.  We propose a new fuzzy time series model for forecasting enrollment based on the percentage that the enrollment increased or decreased.  We compare our approach to the methods Song & Chissom, who simply used enrollment numbers, along with Sah & Degtiarev, who used intervals of increase and decrease. While both of the aforementioned methods used data from the University of Alabama, we will be using enrollment data from Murray State University from 1980 through fall 2007.

Ryan Walls, Murray State University (u)
A Computable Embedding of Knots to Labeled Graphs
A fundamental problem of knot theory is finding invariants that allow us to determine when two knots are equivalent. This presentation establishes a method for embedding knots into polygons and defines an equivalence relationship between knots. 


D. Jacob Wildstrom, University of Louisville (f)

A Decade in Mathematical Fiber Arts 

In the past decade, interest in expressing mathematical ideas through fiber arts has blossomed, resulting in several projects of both pedagogical and aesthetic interest. This talk will present a brief survey of the recent developments in embroidery, knitting, crochet, and quilting which explore concepts from geometry, topology, algebra, and number theory.

Steven Wilkinson, Northern Kentucky University (f)

Introductory Computer Programming for Mathematics

This presentation discusses an introductory computer programming course whose clientele is mathematics and science students. The course, which has now run three times at NKU, introduces standard introductory computer science topics using a language that includes large libraries of mathematical functionality such as Maple, Mathematica or Sage. With a language like these, the course can show students early on how effectively one can use programming when working on mathematical and scientific problems.

Di Wu, Western Kentucky University (f)
Second Derivatives in the Study of Protein Fluctuations
Understanding protein fluctuations are very important in the study of protein functions and dynamics in biological activities.  Computational methods provide important tools in this study, including Normal Model Analysis, Gaussian Network Model and Molecular Dynamic Simulation.  This talk is focused on applications of second derivatives in the study of protein fluctuations. 



