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Lecture 1:  Wavelets: fingerprints, submarines, and car rattles (7/6/07 at 9:00-9:50 am)

Abstract: Wavelets were created by pure mathematicians in the 1980s.

Wavelets are small waves; that is, wiggly functions like the sine and cosine functions, but which die out instead of going on forever. In wavelet analysis, general functions are broken down into sums of wavelets, much like how general function are broken down into sums of sines and cosines in Fourier analysis.

Since the 1980s, wavelets have found many applications, for example in the FBI's computerization of their fingerprint files. We will explain why wavelets sometimes provide a valuable alternative to traditional Fourier analysis methods in signal analysis. Also, the speaker will describe two personal experiences in wavelet applications: work in 1989-1990 on the detection of Russian submarines, and work in 2002-2003 with Ford Motor company on the analysis of car rattles.

Lecture 2:  The easiest wavelets: the Haar functions (7/6/07 at 1:30-2:20 pm)

In 1910, Haar described a basis of functions that are now called the Haar functions.  The Haar system has a structure that is the model for wavelets.  We show that the Haar functions are orthonormal, and that in some sense every reasonable function can be represented as a sum of scalar multiples of Haar functions.

Lecture 3:  The Haar functions as an example of Multi-Resolution analysis (7/7/07 at 9:00-9:50 am)

In the late 1980s, Ingrid Daubechies constructed other wavelets of compact support, besides the Haar functions.  Daubechies's wavelets have the advantage of being smooth (at least continuous).  To construct her wavelets, Daubechies used the theory of Multi-Resolution Analysis.  We introduce the concept of a Multi-Resolution Analysis, and see how the Haar system can be thought of as the result of a Multi-Resolution Analysis.

Lecture 4:  Introduction to Littlewood-Paley theory (7/7/07 at 1:30-2:20 pm)

Mathematicians often need to study the size and smoothness of a function in some precisely quantified sense: that is, in some norm.  We describe how it is much easier to capture many important norms using wavelets than using Fourier expansions.  This fact is behind some of the most powerful applications of analysis in theoretical analysis, as well as behind some of the most important applications.

 

Lecture 5: 
Invited Presenter: Chris Bendel 

Title:  Cohomology of Lie Algebras (7/6/07 at 11:00-11:50 am)

Abstract:                
Abstract: The notion of Lie algebra cohomology will be introduced
along with one standard approach for computing it using the Koszul complex.  
The talk will focus specifically on nilpotent Lie algebras such as Lie algebras
of upper triangular matrices.  A result of Kostant from the early 1960s
gives a complete computation for Lie algebras over the complex
numbers.  Over a field of prime characteristic, the results can be
much different, particularly for "small" primes.  Examples will be given
to illustrate some of these differences.  A fundamental open problem
remains to compute these cohomology groups for ``small'' primes.
The current status of work for fields of prime characteristic will be given 
including some discussion of recent work by undergraduate students at 
the University of Wisconsin-Stout on this problem.
Lecture 6: 
Graduate Student Presenter: Ali M. Elgindi (Ph.D. Student University of Chicago)
Title: Brownian Motion and Foundations of Mathematics of Finance

 (7/7/07 at 11:00-11:25 am)

Abstract: In this short talk, I will attempt to convey the theory of Brownian motion and how it relates to finance. In particular, we shall define the notion of a Brownian motion and investigate how to do calculus with respect to a Brownian motion. We shall see the framework in which we may apply this theory to finance. I will also talk about the idea of a financial option, and see how we can price such options and other financial derivatives using the Black-Scholes equation.

U. Graduate Student Presenter: Stacy Kouba (Student UW-Eau Claire)
Title: Exploring the Mathematical Models for Calculating Alcohol Concentration in the Blood and the at Breath (7/7/07 at 11:30-11:55 am)

Abstract: It is well-known that blood alcohol concentration (BAC) is the most important factor in determining intoxication; however, testing the blood alcohol concentration is impractical in real life settings so the breath alcohol concentration (BrAC) test was developed.  We know that when the BrAC is high, the BAC is also high, but no one knows the quantitative relationship between the BAC and the BrAC.  If one develops a mathematical model that relates the rates of change of BAC and BrAC with respect to the time ranging over the interval of alcohol consumption, one can obtain the desired quantitative relationship between BAC and BrAC by solving the mathematical model.  The results of such a model will be of great importance to law enforcement in enforcing drunk driving laws and prosecuting offenders. In addition the models will allow us to trace back BAC and BrAC information from present data, which may be used to determine the actual alcohol concentrations for the person being tested at the time of the offense. The results obtained from such a mathematical model will also help inform the public about the responsible use of alcohol. These results will show how different factors influence the BAC and BrAC and will also show how much time the body needs to remove the alcohol that is consumed.  Finally, accurate determinations of the level and the length of time the alcohol remains in the blood are important in other studies on the effects of alcohol on the brain cells and other body organs.
Lecture 7: Colloquium Invited Speaker: Jim Schwarzmeier, Ph.D.

                                                      Senior Principal Engineer, 

                                                      Cray Research Inc.
Title:  “The Role of Analysis in Modern Scientific Computing” Evening Colloquium talk                    

                                                                                                  (7/6/07 at 7:30-8:30 pm)

Abstract: 

Modern HPC applications rely heavily on foundations of analysis, from initial formulation to choice of numerical methods for implementation on a large computer. Examples will be given that the author has encountered where applied math techniques were key in enabling solution of large, important problems. Unfortunately it is becoming increasingly difficult to find new graduates with the right training who can bridge the gap from specialized scientists to delivering numerical solutions. This need argues for applied math programs that train students with the full spectrum of skills needed to fill this urgent need.

SUREPAM FACULTY PRESENTATIONS

(A)            Presenter: Professor James S. Walker

                 Department of Mathematics

                 UW-Eau Claire 

Title:  Music:  A time-frequency approach (7/6/07 at 10:10-10:50 am)

Abstract:  Using mathematics we produce 2D images (Gabor transforms) that are ``time-frequency portraits'' of recorded music.

               Passages from Western classical music, Western popular music (including both melody and percussion), and Chinese

               folk music, will be analyzed, processed, and synthesized using these time-frequency portraits.  Some insight into the

               nature of musical perception and composition will be gained.

(B)            Presenter: Professor Khodr Shamseddine

                 Department of Mathematics

                 Western Illinois University

Title: Analysis on a Non-Archimedean Field and Applications in Physics (7/7/07 at 10:10-10:50 am)

Abstract: In this talk, my recent work on non-Archimedean fields will be summarized. In particular, I will present results about the convergence and analytical properties of power series over the Levi-Civita field and show that they have the same smoothness behavior as real power series. Then I will introduce a measure on the field that leads naturally to an integration theory with similar properties to those of the Lebesgue integral of Real Analysis. Moreover, I will discuss solutions to one-dimensional and multi-dimensional optimization problems with or without constraints. 

Applications of my mathematical research in Physics will then be discussed. For example, using calculus on the Levi-Civita field and the existence of infinitely small numbers in the field, I will show how to accurately and efficiently compute the derivatives of real functions representable on a computer up to very high orders (whenever they exist). I will also give an overview of current and future research projects with potential impact in various areas of Theoretical Physics.

Faculty Presenter: Walter M. Reid (UW- Eau Claire) (7/6/07 at 2:30-3:10 pm)

TITLE: Distribution Analysis using PPC-Continued Fractions 

ABSTRACT:  This talk introduces the distribution analysis problem (DAP) beginning with a review of its predecessor, the frequency analysis problem (FAP). The DAP consists of finding an unknown distribution function on the closed interval [-
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] using real number readings XN(m), m = 0, 1, 2,...,N-1, obtained from the signal. The new Nm-process of interpolation used in the DAP, is similar to the time series N-process used in the FAP to determine the signal frequencies and amplitudes.  Both the Nm-process and the N-process employ the even approximants of positive Perron-Caratheodory (PPC) continued fractions determined by the XN(m) readings.  The Nm-process showns that the even approximants of the PPC-fraction converge to the Herglotz transform of the distribution function as N and m approach infinity.  This first study is restricted to a differentiable distribution function having as derivative a bounded, even function on [-
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].

Faculty Presenter: Wafik B. Lotfallah (7/7/07 at 2:30-3:10 pm)

                               Mathematics Department

                              German University in Cairo 
                                    New Cairo City - Main Entrance Al Tagamoa Al Khames
Title: A 0-1 Law for a Fragment of the Logic with Probability Quantifiers

Abstract: For a logical sentence (, e.g. (x(y(E(x,y)((E(y,x)), (n(() denotes the probability that a random model of size n(N satisfies (. 

The 0-1 law is said to hold for a logic iff for each sentence ( of the logic, limn (n[(] = 0 or 1. 

It is well known that first order logic (formed using the Boolean connectives (, (, (, and the quantifiers ( and () has a 0-1 law with the uniform probability. For example, limn(n[(x(y(E(x,y)((E(y,x))] = 1, while limn(n[(x(y(E(x,y)((E(y,x))] = 0. 

First order logic has been extended in several ways, among these is the addition of probability quantifiers like ((( ½ x), which says “for at least ½ of all x”. This logic has no 0-1 law, e.g. limn(n[((( ½ x)E(x,x)] = ½. One can further show that limn(n[(x(((( ½ y)E(x,y)(((( ½ y)(E(x,y))] does not even exist.

We give an overview of numerous 0-1 laws obtained for different extensions of first order logic, and outline a proof of a 0-1 law for a fragment of the logic with probability quantifiers. 

(This is a joint work with Prof. H. Jerome Keisler, University of Wisconsin-Madison)

Graduate Student Presenter: Amanda Potts (Ph.D. Student Northwestern University) (3:30-3:50 7/6)
Title: Ergodic Theory, Additive Combinatorics, and the Furstenberg Correspondence Principle

Abstract:  Not long after Szemeredi proved that a set of positive upper density contains arbitrarily long arithmetic progressions, Furstenberg provided a second proof using the methods of ergodic theory.  Since then, many results in additive combinatorics have been proved using ergodic theory, and some of these results have yet to be proved by other methods.

This correspondence has also lead to internal questions in ergodic theory, dealing with the convergence of ergodic averages, which have turned out to be further relevant to number theory. We will discuss how the Furstenberg Correspondence Principle allows us to translate Szemeredi's Theorem, as well as other combinatorial results, into problems in ergodic theory.  We will also discuss related convergence questions, and describe some recent results in combinatorial ergodic theory.

UG Student Presenter: Tarek M. Elgindi (UW-Madison) (3:30-3:50 7/7)
Title: Title: New Methods for Enhancing Cryptographic Schemes
Abstract: The problem of secure transmission of information has been a very important problem in Number Theory and Applied Linear Algebra since World War II and the Cold War. We give a brief description of the development of a new method to enhance cryptographic schemes using the "discrete derivative" as the main tool. We will also discuss some similar schemes that may be developed using related techniques.

Eight 10 minutes student talks

7/6   4:00-5:00  4 talks, 10 minutes each with 5 minutes break 

7/7   4:00-5:00  4 talks, 10 minutes each with 5 minutes break 

Presenter: Jason Jo 

Title: Automorphisms and analysis on script-R

the abstract is: Some results about field automorphisms on script-R and some results which also show why script-R is different than real R. If time, facts about derivate continous functions and Intermediate Value Functions on script-R. 

Presenter: Eric Weber, …

Title: Deformations of Algebras in the 1|1 and 0|2 Dimensions: Insights and Results
Abstract: 
We will summarize our results for the cases we have solved, focusing on recurring patterns, looking at observations that allowed us to break down the proof into a more simple format, and we will conclude with a description of where we are at in our research. The audience should be able to understand our methodology and why the unsolved case has an obvious cohomology pattern, but at the same time, the proof has shown itself to be extremely complex.
Presenter:  Jarod Hart & X. Chen

Title:  Forming Percussion Scalograms
Abstract:  Starting with a clip of percussion music, we make a binary signal to represent strikes of the instruments.  From the binary signal, we use the Gabor continuous wavelet transform (CWT) to create a scalogram to represent the beat and rhythm of the percussion sound clip.  This talk concentrates on how to choose the parameters of the Gabor CWT based on properties of the binary signal to produce a descriptive scalogram.

Presenter:  David Kincaid

Title: Existence and uniqueness of equilibrium states of an elastic membrane trough under the weight of a fluid

Abstract: The existence and uniqueness of equilibrium states of an elastic membrane trough are proven. Membrane troughs can be used in a variety of physical situations including delivery of water to remote areas. We present the mathematical formulation of the problem as well as an abstract formulation that we set up in a Sobolev space. The problem comes out as an integro-differential equation with two constant parameters. This provides us with a weak formulation from which it is proved that a weak solution exists in the space.

Presenter: Jason Jo  
Topic: Intermediate Value Theorem on a Non-Archimedean field and concepts of derivate contiunity and differentiability.

Abstract: Discuss Professor Shamseddine's previous work on the Intermediate Value Theorem for functions on non-Archimedean fields and stronger concepts of derivate continuity and differentiability. We also discuss reformulating the intermediate value theorem in terms of our new stronger concepts. 

Presenter: Mitch Phillipson
Title: Automorphisms and analysis on script-R

Abstract: Some results about field automorphisms on script-R and some results which also show why script-R is different than real R. If time, facts about derivate continous functions and Intermediate Value Functions on script-R. 

Presenters: K. Czarnecki &A. McTavish
TITLE: Stabilizers of an Orthogonal Group Action
 
ABSTRACT: Let SO(n) x SO(n) act on M_n(R) via the group action (g, h).m = g^T m h.  We explicitly derive the stabilizers of the SO(2) x SO(2) action, and proceed to classify the stabilizers of the SO(n) x SO(n) action in general.
 

Titles, abstracts and presenters TBA later.
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