Invited Talks:  Abstracts and Bios

Aparna Higgins,   Demonic Graphs and Undergraduate Research.
Abstract: My work with undergraduates on mathematical research has been one of the most satisfying aspects of my teaching career. This talk will highlight some of the beauty and depth of the research done by my former undergraduate students on line graphs and pebbling on graphs. We will consider iterated line graphs, some pioneering results in pebbling graphs, and pebbling numbers of line graphs. The results of some of the later students built on work done by the earlier ones, and have spawned some of my own recent research.

Biographical Information: Dr. Aparna Higgins received a B.Sc. in mathematics from the University of Bombay in 1978 and a Ph.D. in mathematics from the University of Notre Dame in 1983. Her dissertation was in universal algebra, and her current research interests are in graph theory. She has taught at the University of Dayton, Ohio, since 1984. Although Dr. Higgins enjoys teaching the usual collection of undergraduate courses and an occasional graduate course, her most fulfilling experiences as a teacher have come from directing undergraduates in mathematical research. She has advised eleven undergraduate Honors theses; she has co-directed an NSF-sponsored Research

Experiences for Undergraduates program. Dr. Higgins has been the recipient of four teaching awards--from the College of Arts and Sciences at the University of Dayton, the

Alumni Award (a University-wide award), the Ohio Section of the MAA, and in 2005, the Deborah and Tepper Haimo Award for Distinguished College or University Teaching, which is the MAA’s most prestigious award for teaching. Dr. Higgins has chaired the MAA Committee on Student Chapters and is co-director of Project NExT. 

Austin French,   Teaching:  How to Grow Better Instead of Bitter, How to Grow Better Instead of Burned Out

Abstract: 45 minutes of one sentences that I have learned, any one of which can drastically make things better for teacher and student.  How to have enjoyable, briefer prep time and paper grading time.  How to enjoy teaching the lowest level courses.  How to overcome in the area of campus politics and the competition of class time with pledging.  Substitutionary burden bearing by a wisdom system.  Minimality measure for math excellence.  Quagmireism vs. clear\conciseism in education.  Dependence reinforcing help vs. transformation help for students. An option to having a battle of the wills with non-star performers….and much more.

Biographical Information: Austin French received his Ph.D. in mathematics from Auburn University, an M.S. in computer science from UK, and has subsequently held positions at David Lipscomb, Louisiana State, UK, and, since 1976, Georgetown College. He has consulted for Toyota, Proctor and Gamble, and IBM. His excellence in teaching has been recognized at Georgetown on five occasions. Since 2002, he has published seven books and accompanying DVDs and CDs. Additionally, he has papers in three academic disciplines.

Bernd Sturmfels,   The Joy of Solving Equations
Abstract: Grobner bases are a fun method for solving algebraic equations. See how it works, why it is useful, and what you should do with the coins in your pocket.

Biographical Information:  Bernd Sturmfels received doctoral degrees in Mathematics in 1987 from the University of Washington, Seattle, and the Technical University Darmstadt, Germany. After two postdoctoral years at the Institute for Mathematics and its Applications, Minneapolis, and the Research Institute for Symbolic Computation, Linz, Austria, he taught at Cornell University, before joining UC Berkeley in 1995, where he is Professor of Mathematics and Computer Science. His honors include a National Young Investigator Fellowship, a Sloan Fellowship, and a David and Lucile Packard Fellowship. Sturmfels served as von Neumann Professor at TU Munich in Summer 2002, as the Hewlett-Packard Research Professor at MSRI Berkeley in 2003/04, and he was a Clay Senior Scholar in 2004. A leading experimentalist among mathematicians, Sturmfels has authored or edited 13 books and about 150 research articles, in the areas of combinatorics, algebraic geometry, symbolic computation and their applications. He currently works on algebraic methods in statistics and computational biology.

Panel Discussion on Placement Testing

Moderator: Kirsty Fleming, NKU

Panel members:

Ann Bartosh, Mathematics Consultant at the Kentucky Department of Education, will discuss the implementation of Algebra II End-of-Course assessments and how these might be combined with other data, by postsecondary institutions, for placement purposes.

Jane Brantley, Instructor in the Department of Mathematics at WKU, will discuss Western's new on line mathematics placement exam. The exam being used is the MAA exam administered through Maplesoft.

Steve Newman, Professor of Mathematics at NKU, will discuss an online statewide placement testing initiative currently underway in Kentucky. The potential impact of this initiative will also be considered, with an emphasis on how common statewide placement tests might help to improve student success in developmental and entry-level college mathematics courses in the Commonwealth.   

The panel member presentations will be followed with a time for comments and questions from the audience.
Abstracts of Contributed Talks

(u) = undergraduate, (g) = graduate student, (f) = faculty member
Mike Ackerman, Bellarmine University (f)

A Method to Deal with Indifference or Indecision in Voting

Familiar voting methods require that voters totally order the set of candidates.  This can be a difficult or impossible task for some voters; they can only partially order their preferences.  This presentation considers an approach to voting methods when voter preferences are partially ordered. 

Doug Anewalt, see Nancy Rodgers.

Stephanie Berkemeyer, Kayla Menkedick, Tim Smith; Asbury College (u)

Using Optimization Theory to Increase Success in Kidney Transplant Pools
The use of an optimization algorithm can improve the current state of kidney transplants by both increasing the number of kidneys that come from living donors and by raising the quality of each transplant that uses a kidney coming from a cadaver. This presentation shows the results that are obtained when applying an optimization algorithm to a pool of would-be living donors, and the results when applying a score-based algorithm to the limited number of available cadaver kidneys that are considered for a pool of waiting recipients.

Robin Blankenship, see Kelly Gripshover.

Jonathan Butcher, see Kelly Christensen.

Chris Christensen, Northern Kentucky University (f)

Ordering an Addition Table

The World War II German Lorenz cipher machine encrypted 5-bit telegraph code by adding a “random” 5-bit string to each 5-bit plaintext character.  The encryption process used an additive group of order 32.  The British codebreakers at Bletchley Park constructed addition tables for the 5-bit strings.  We will examine how the encryption worked and speculate about the ordering of the group elements in the addition tables.

Kelly Christensen, David Williams, Jonathan Butcher; Asbury College (u)

Evening the Odds: The Prevention of Gerrymandering

Since 1812, gerrymandering, or the manipulation of district lines with the intent to control election results, has plagued the redistricting system.  At the moment, there is no fixed way to set the district lines.  Because of this oversight, districts have occasionally been drawn in favor of the party or politician in power.  The only stipulations the government gives are that the districts must be equal in population, contiguous, and each state must have a set number of districts. 


  We found a general unbiased method of dividing states into “simply” shaped congressional districts that returns consistent results. We use large area geometric division based on population centers in combination with a fixed-point iterative optimization in radial division over area divisions to determine geographic boundaries of congressional districts having equal populations.  Results from our method are exactly consistent every time when applied with the same data set, prohibiting multiple runs until a “desired” solution is presented.

Philip Crain and Joe Griggs, Centre College (u)

A Microscopic War, Bacteria vs. Sulfa Drugs

Computer modeling is becoming a more integral part of science as it progresses into the 21st century.  This presentation demonstrates how the understanding of a complex biological system can be reproduced by a computer simulation, and experimental design/protocol can be analyzed before it is tested in the lab or field.

Robert Denomme, see Andy Martin.

Catrinia Druen, Morehead State University (u)

Viscosity:  An Exploration into Internal Friction

Viscosity, or the internal friction of a fluid, can have an effect on the movement of objects.  This presentation will explore this effect using Physical Applications of Mathematics and a wireless accelerometer in experimental analysis.  This experiment will consist of a mass or box moving across a stationary surface with fluid in between.  Forces effecting the box’s motion will be analyzed.

Trisha Edington, Morehead State University (u)

Wind Effects on High-Rise Structures

The viscosity of wind is extremely low and therefore causes random movement of particles in all directions at speeds greater than 2 mph.  With such random movements and forces, wind is analyzed with statistics.  Its effects on high-rise structures depends on surrounding terrain, gustiness, and the shape of the structure among other things.  The Millenium Tower on the drawing board by architects Andy Miller and David Nelson claims to have beaten the battle against wind.  This structure would stand 2,755 ft tall.  It would be 170-stories.  The tallest buildings today are no more than 1500ft tall.  The millennium tower is a cone-shaped building made of steel.  Is this structure really “wind-proof”?  This presentation will cover a project that will dive into this question and perform not only wind analysis on this structure, but search for a way to study wind efficiently.

Claus Ernst, Western Kentucky University (f)

Unknotting a Knot

A knot is an embedding of a circle in 3-space.  For a given knot one can ask the question how difficult is it to unknot. One way one can measure this is by passing a string through itself and count how often one must do this to get the unknot. This is called the unknotting number. This talk gives an introduction to this concept.

Lee R. Gibson, University of Louisville (f)

Windfalls and Pitfalls:  Teaching Mathematics with New Technologies

On-line homework systems and personal response devices (a.k.a. clickers) are new technologies with the power to significantly change the way mathematics is learned in our classrooms.  However, the common responses to these tools – either to eschew or embrace – both leave something to be desired.  In this presentation I will discuss my experiences with these tools as well as my hopes and concerns regarding the spread of their use.  Audience participation will be strongly encouraged.

Joe Griggs, see Philip Crain.
Kelly Gripshover (u) and Robin Blankenship (f), Morehead State University

Book of Queens

We will create a graph based on the classic N-Queens problem and discuss graph theoretic parameters, such as the book thickness.  Furthermore, we will investigate the effect of the queen separation problem on the graph by placing a pawn on the board.  
Joe Harless, Morehead State University (u) 

Separation in Transit Graphs

The traditional n-Queens problem is concerned with the placement of n Queens on an      n x n  chessboard so that no two Queens attack one another.  A recent variant of this problem considers how placing k pawns on a board will affect the number of Queens that can be placed.  We generalize this question to a new class of graphs known as transit graphs and provide some basic results, applications, and directions of future research.

Chris Hatfield, Aaron Iddings, Ben McLaughlin; Asbury College (u)

Aircraft Boarding Strategies
The process of loading and unloading aircraft passengers has been the focus of much research and debate, both technical and otherwise, in recent years.  By examining the theory and methods behind existing models, we were able to extend the theory and apply it to create our own method which handles both major types of interference that occur on airplanes and which can be easily modified to extend to a variety of plane sizes and layouts.  We constructed an algorithm to calculate the time that it would take to board small, medium, and large planes using our method.  Our model shows improved boarding times and reduced complexity compared to existing models.  Lower complexity lends itself more to real-world application and increases the likelihood that personnel costs will not increase as a result of applying the new method.

Liz Haynes, Western Kentucky University (g)

The Whitehead Link on the Cubic Lattice

The cubic lattice is a graph in 
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where the vertices are points with integer coordinates and edges are unit length line segments parallel to the x-, y-, or z-axis.  A step is a line segment that connects one vertex to a neighboring vertex one unit away in the x-, y-, or z-direction. This presentation will show that the Whitehead Link needs at least 34 steps to be drawn on the cubic lattice.

Kelly Houston, University of Louisville (u)

Configurations of the Form N3
A configuration is a concept from Projective Geometry.  This presentation discusses N3
configurations and will establish a result which states that there exists a configuration 

N3 for all N ≥ 7.

Aaron Iddings, see Chris Hatfield.

Lloyd Jaisingh, Morehead State University (f)

Using Logistic Regression to Predict Probabilities of Graduating from College

Logistic regression analysis will be used to predict probabilities of student graduating from college.  Data for cohorts of students from Morehead State University will be used in the analysis.  These cohorts were from 1990 to 2000 and were followed for a period of six years from the time of enrollment.  The predictor variables which were taken into consideration were the ACT composite score, high school grade point average (HSGPA), admission index (admission index = 10(ACT Composite + 100(HSGPA), ACT Math score, ACT English, ACT Reading, enrollment age, with the response variable being degree or no degree.  Other analysis and models will be presented for subsets such as provisional students, developmental students, gender and ethnicity.

Don Krug, Northern Kentucky University (f)

Tic-Tac-Tie?

The usual outcome in a game of tic-tac-toe is a tie.  What if we were to play tic-tac-toe on a torus or Klein bottle instead?  Some of my students conjectured that it is impossible to tie in these cases.  This talk will give simple proof that my students were right.

Jennifer Lamb, Northern Kentucky University (u) 

Queen Conch Population Modeling with an Emphasis on Conservation

Overexploitation of the Queen Conch is a major problem throughout the Caribbean. Using modified diffusion equations we modeled the population dispersal and dynamics of the Queen Conch inhabiting Glover’s Reef off the coast of Belize. These models were designed with conservation biologists in mind to create efficient fishing and conservation practices that would benefit both the fishing market and the survival of Queen Conch population. This research has been expanded from work done by Anthony DiBello (2006). Faculty sponsors are Gail Mackin in Mathematics and Charles Acosta in Biological Sciences.
Carl Lee, University of Kentucky (f)

Visualizing Mathematics:  A Course for Undergraduate Not-Necessarily-Mathematics Majors
In Spring 2005 I offered a junior seminar to students in the UK Honors Program on “Visualizing Mathematics.”  The course website is www.ms.uky.edu/~lee/visual05/visual05.html. The course did not require that the students were mathematics majors; indeed, only one student was. This course was an opportunity to explore how various aspects of mathematics can be visualized by physical and virtual models, often in quite beautiful ways, and conversely how mathematics can be used as a tool in designing beautiful physical and virtual models. Some examples that we looked at:

• Polyhedra:  What are they, and what role do they play in art, chemistry, etc.?

• Proofs without words:  How can we “see” such formulas as the sum of the first n odd integers is n2?

• The fourth dimension:  How can we visualize it?

• Fractals:  What are they, and how are some fractal images generated?

• Animations:  What is some mathematics underlying simple animations?

We constructed both physical and virtual models, using some free (but incredibly powerful) software, such as POV-Ray---see www.povray.org. The prerequisite for the course was facility with algebra and geometry, and a willingness to learn more as needed.  Calculus was not a prerequisite, and neither was knowledge of a particular computer programming language, but we learned how to use some computer programs that require some attention to logic and detail.  

Duk Lee, Asbury College (f)

Cubic Equations and Regular Heptagon Folding
One may fold a cup, box or rose for utility in mind.  However, folding a regular polygon is interesting for more abstract reasons than practicality.  Folding a regular heptagon or 17-gon from a square paper, in particular, has a special connection to geometry of quadratic equations and cubic equations.

Paul Lee, see Nancy Rodgers.

Marc Lengfield, Western Kentucky University (f)

Mappings Of Sequence Spaces Into Hardy-Lorentz Spaces

Let m denote normalized Lebesgue measure on the unit circle and let 
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Yale Madden, Western Kentucky University (g)

Counting Special Prefix Vectors

A prefix vector is a string of ones and zeros, such that when read from left to right there are never more zeros than ones. We want to count the number of such vectors, of length 2n, with k "1 0" pairs. These vectors arise in the generation process of random 4-regular graphs. The count of these vectors will help in the estimation of the number of loop edges in the 4-regular graphs.

Andy Martin (f), University of Kentucky  and Robert Denomme (u), Ohio State University

On Convergent Subseries of the Harmonic Series

It has been known at least since Oresme in 1300s France that the Harmonic Series diverges. But some of its subseries converge. How many, and to what?  This presentation will show that each positive real number is the sum of some subseries. How many subseries converge to the same number? This will also be addressed.

Rus May, Morehead State University (f)

Solving a Parsing Problem with Generating Functions

Generating functions are famous for their slick ability to solve difficult problems in discrete math with continuous methods from calculus. We consider the problem of finding the total number of ways to parse an algebraic expression with n terms and then show how a generating function produces not only a quick solution to this parsing problem, but also a simpler recurrence relation and an asymptotic solution.

Rus May, also see Chris Schroeder.
Eric McCann, Morehead State University (u)

Sleeping Giant, Creating a Bootable Beowulf High Performance Cluster

Computations in today’s science and mathematics have left professors and students alike searching for high performance computers.  This presentation provides a simpler approach, creating a High Performance Linux Cluster from current classroom computers.

Phil McCartney, Northern Kentucky University (f)

Some Nifty Problems Involving Convex Functions

I will discuss several problems involving convex functions as a tool of analysis.
Ben McLaughlin, see Chris Hatfield.

Kayla Menkedick,  see Stephanie Berkemeyer.
Lan Nguyen, Western Kentucky University (f)

Generalization of the Cauchy Integral Formula 

The Cauchy integral formula 
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are investigated. Applications to DEs are also considered.

Tim O’Brien, see Chris Schroeder.
Biswajit Panja, Morehead State University (f)

Fault Tolerant Key Recovery in Sensor Networks using Lagrange’s Interpolation 

In this presentation a cryptography model is proposed for cluster head security in sensor networks by splitting the private key of the cluster head and distributing the partial-keys among the sensor nodes using Lagrange’s Interpolation. The cluster head accumulates the partial keys to get its private key in order to decode encrypted data. The cluster head will not be able to compute the private key if it does not get some threshold number of partial keys since some partial keys may not be available because of sensor node failures. Thus, we propose a key recovery technique in which the private key can be computed by using a certain number of the partial keys. The following are two possible steps for private key distribution and recovery.  1) Private Key distribution: The certification authority (trusted third party) will generate a key pair {SK, PK} for each cluster head, where SK is a private key and PK is a public key. Each cluster head will have different key pair {SK, PK}.  The private key SK will be split (as partial keys) and distributed among the sensor nodes. The sensor nodes, which have the partial keys can jointly act as certification authority. 

2) Private Key recovery: The Lagrange’s interpolation is used to accumulate the key in case of failure of nodes which have the partial keys. According to Lagrange’s interpolation, if the scheme is (k, n), then the private key SK can be divided into n parts. If we can get k number of partial keys from n, then we can recover the original private key SK, here k<n. 

Ted Porter, Murray State University (f)

The PLTL Workshop Learning Model in a High School Mathematics Classroom

During the Fall 2006 semester, the speaker conducted a pilot study that investigated the efficacy of the Peer-Led Team Learning (PLTL) Workshop learning model in a high school Pre-Calculus class.  The study divided the class into teams of five students.  Four Murray State University students who were mathematics education/secondary certification majors acted as peer leaders following the PLTL Workshop learning model.  The presentation will describe the PLTL Workshop learning model and how it was implemented.  The impact of the study on the high school students and the peer leaders will also be discussed. 

Robert C. Powers, University of Louisville (f)

Nondictatorially Independent Pairs that Satisfy Pareto

A voting rule takes as input a collection of weak orders and outputs a complete binary relation. Arrow's Theorem states that it is impossible to find a transitive voting rule satisfying the axioms of nondictatorship, independence and Pareto. These three axioms can be restricted to pairs of alternatives with the conclusion of Arrow's Theorem implying that not all pairs can be nondictatorially independent and satisfy Pareto. In this talk, we give an upper bound on the number of pairs of distinct alternatives on which a voting rule satisfies nondictatorship, independence, and Pareto.

Jesse Pratt, University of Kentucky (g)

Integrals Involving Products of Logarithms

The goal of this presentation is to investigate the evaluations of some definite integrals involving products of logarithms which are absent from tables and unable to be obtained in closed form by symbolic technology. All of these evaluations can be obtained by relatively elementary techniques such as substitutions, integration by parts, and differentiation under the integral sign.

Bob Riehemann, Thomas More College (f)

Games Among the Honors Students

Mathematics is so feared within the liberal arts tradition that I am the first mathematics faculty member to have ever taught an Honors Seminar.  None of the students were mathematics majors but all eventually understood and worked on an unsolved research problem posed in the literature.  There weren’t too many tears, but there was some yelling.  This exercise in teeth pulling helped get one student into dental school at Columbia.

Mark Robinson, Western Kentucky University (f)

The Fundamental Theorem of Calculus and Related Integral Theorems

Students in introductory calculus learn the Fundamental Theorem of Calculus, in which the definite integral of a continuous function  f  over an interval [a, b] is expressed in terms of the values of an antiderivative of  f  on the boundary (that is, at the endpoints) of that interval.    In this talk we revisit the Fundamental Theorem of Calculus and survey some generalizations of this theorem to higher dimensions, such as Green’s Theorem in the plane and the Divergence Theorem.  

Nancy Rodgers (f), Doug Anewalt (u), Paul Lee (u), Hanover College 
Groups Unlimited:  A New Software Program
Three years ago we started developing a software program called Groups Unlimited (GU) to enhance the learning of group theory.  It is similar to the DOS program Exploring Small Groups (ESG), which was developed in 1989 by Ladnor Geissinger, but GU is written in Visual Basic for Windows with a graphical interface that is extremely user-friendly.  Tables can be easily created via entries in a blank table or opened from the group library and displayed side-by-side for comparison purposes. The user can find subgroups generated by selected elements, or request a listing of all subgroups with an option to see a colorful graphical display of the lattice of subgroups.  Other features include tests for normal subgroups with group tables arranged by colored cosets, and tests for homomorphisms via 2-column tables for defining a function.  In this talk, we will demonstrate some of the unique features of the program.

Prasanna Sahoo, University of Louisville (f)

On a Functional Equation Associated with the Trapezoidal Rule

In this talk we present the real solution of the functional equation g(y) - h(x) = (y-x)[f(x) + 2k(sx+ty) + 2k(tx+sy) + f(y)] holding for all real numbers x and y. Here s and t are any two a priori chosen real parameters. This functional equation arises in connection with the trapezoidal rule for the numerical evaluation of definite integrals.

Chris Schroeder, Rus May, Tim O’Brien, Morehead State University (f)

Survivability of Tablet PCs in a Calc III Environment

What happens if each student in a Calc III class is provided with a free tablet PC?  Through the Hewlett-Packard Technology for Teaching grant we were able to find out.  We’ll discuss the integration of tablet PCs into our curriculum, what worked, what was a disaster and what our students thought.

Tim Smith, see Stephanie Berkemeyer.
Michael S. Waters, Northern Kentucky University (f)

The Bi-Fold Closet Door and Beyond

Two real-world problems (the bi-fold closet door and the steam engine train) are explored using dynamic geometry software in order to better visualize them and the connections between the problems and other connections that arise are discussed.

Brett D. Whitaker, Morehead State University (u)

A Gambler’s Fortune: Analyzing Strategies in Casino Blackjack 

Blackjack is among the most popular games in American casinos.  Using a basic computer program I have developed and tested my own theories and playing strategies.  A variety of statistical tests will be used to test the effectiveness of my starategies. 

Steven Wilkinson, Northern Kentucky University (f)

Self-Curvature Curves

Are there any curves that are the same as the graph of their curvature functions? The quick answer is yes. The horizontal line y =  0 has curvature k = 0. Are there others? If so, what are their shapes? This presentation shows what is possible and also delves into what occurs if the curve and the graph of its curvature are not necessarily the same, but are at least vertical geometric  transformations of each other.

David Williams, see Kelly Christensen.
John Wilson, Centre College (f)

Elliptic Curves Over GF(2n)
Elliptic curves are being touted as the basis for new public key cryptosystems that are more efficient than the RSA systems that have been in use for about 20 years. This talk will present some of the basic definitions and parameters for elliptic curves defined over fields with 2n elements.   

Di Wu, Western Kentucky University (f)

Applications of Singular Value Decomposition to Biological Systems

Biological modeling is an active research field in mathematical/computational biology. Linear algebra is one of the major tools for the study of biological modeling and computing. In this presentation, two applications of singular value decomposition to biological systems will be discussed, including solutions to molecular distance geometry problem and superimposition of two molecules.
I-Chun Wu, Morehead State University (u)

Using Mathematics and Historical Aerial Photographs to Quantify Landscape Changes 

Descriptive statistics and textural extracted for subsets of aerial photographs of Morehead, KY were collected over a period of 40 years.  Linear models were then created to predict forest cover and impervious surface cover using these values and data collected by a human photointerpreter.  As a final step, these models were applied to images covering the entire city.

Bangteng Xu, Eastern Kentucky University (f)

On Maximal Actions and  w-maximal Actions of Finite Hypergroups

Sunder and Wildberger [SW] introduced the notion of actions of finite hypergroups, and studied maximal irreducible actions and *-actions. One of the main results in [SW] states that if a finite hypergroup K admits an irreducible action which is both a maximal action and a *-action, then K arises from an association scheme. In this paper we will first show that an irreducible maximal action must be a *-action, and hence improve Sunder

and Wildberger's result ([SW, Theorem 2.9]). Another important type of actions is the so-called w-maximal actions. For a w-maximal action 
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 is faithful and |X| ≥ |K|, and |K| is the best possible lower bound of |X|.  We will also discuss the strong connectivity of the digraphs induced by a w-maximal action.

Omer Yayenie, Murray State University (f)

Congruence Subgroups of the Modular Group Related to Congruence Restrictions of Modular Forms

In this presentation we calculate the index in the modular group, the parabolic class number, the genus, and signature of a family of congruence subgroups 
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 of the modular group.  These subgroups arise naturally from the survival of modularity under congruence restrictions of modular forms.  In addition, we will show that the index of these subgroups in the modular group is multiplicative and we will show its connection with the number of inequivalent solutions to the quadratic congruence 
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