Research Experience for
Undergraduates
Summer 2008

The REU Program is an opportunity for six undergraduates from around the country to visit NAU to work
one-on-one with NAU faculty. The three faculty participating in the 2008 program are Dr. Jim Swift, Dr.
Michael Falk and Dr. Steve Wilson. Project descriptions are given overleaf.

Students will spend 8 weeks on the NAU campus — from Monday June 2™ to Friday July 25™. Aswell as
conducting their own research students will attend seminars given by NAU faculty and external visitors.

Each participant will receive lodging in an on-campus dormitory, a $2,500 stipend, travel reimbursement,
and asmall allowance for food. Six semester credits will be earned at Northern Arizona University, which
can be transferred to the participant's home institution.

Participants must be citizens or permanent residents of the United States, and should expect to graduate in
Fall 2008 or Spring 2009. Women and minorities are strongly encouraged to apply.

Please visit http://www.cens.nau.edu/A cademic/M ath/researchinterests/REU.shtml or contact the Program
Director Terence.Blows@nau.edu for more information.




Resear ch Experience for Undergraduates
Project Descriptions - Summer 2008

Jim Swift: The Gradient Newton Galerkin Algorithm

The Gradient Newton Galerkin Algorithm (GNGA) has been developed at NAU (Profs Swift, Neuberger,
Sieben) to find numerical approximations to solutions of nonlinear systems of equations and nonlinear
Partial Differential Equations. The REU students working with Prof. Swift this summer will do
computational projects to advance this research program.

The focus will be to modify the GNGA to work efficiently on systems with the symmetry of the circle.
The first example will be to numerically solve the nonlinear ordinary differential equation u"+
su + u"3 = 0 where u satisfies periodic boundary conditions. The goa isto find solutions u(x) as a
function of the parameter s, using continuation methods and bifurcation theory. After this, the problem
will switch to the partial differential equation Du + su + u*3 = 0 where the domain of u isthe disk in the
plane. [A few student projects on this problem have already been done; the goal isto write amore
efficient algorithm using new techniques.] Prerequisites: Differential Equations and Linear Algebra. A
strong background in both math and physicsis desirable and some familiarity with PDES is helpful. The
student should have programming experiencein C++, MATLAB or similar languages.

Michael Falk - Arrangements

Students will work with mentor Michael Falk on aspects of his research on arrangements of complex
hyperplanes. Algebraic, geometric and combinatorial techniques all come into play in understanding the
topological structure of the complement of the union of afinite set of codimension-one linear subspaces
of acomplex vector space. Motivating examples and results come from a number of areas in both
mathematics and physics.

Through the combinatorial notion of matroid, arrangements can be thought of as generalizations of
graphs. Many open problems in the theory of arrangements can be approached using only the
combinatorics of graphs or matroids and certain vector spaces, rings, or groups associated with them.
Some major conjectures in the field can be reduced to el ementary problems involving presentations of
these groups and rings. Oftentimes methods devel oped by studying structures associated with graphs can
be extended to the context of matroids and arrangements. Also, interesting examples can often be
described in terms of graph- or matroid-theoretic constructions [ Previous REU projects have resulted in
publications that have had adirect impact on research in the field:] Prerequisites: Linear Algebraand
Abstract Algebra.

Steve Wilson — Semi-transitive and Bi-transitive Graphs A
symmetry (or automorphism) of a graph is a permutation of its vertices which preserves edges. The
automorphisms of agraph G from a group Aut(G) under composition. Of particular interest are those
graphs G for which Aut(G) islarge. For example, we say G is vertex-transitive (V-T) provided Aut(G) is
large enough to have symmetries that take any one vertex onto all other vertices. Similarly we can talk
about graphs which are edge-transitive (E-T) or those which are dart-transitive (a dart is a directed edge).
Now certainly, if G isdart-transitive it must be V-T and E-T as well. Is the converse true? The answer is
no, and the graphs which are V-T and E-T but not dart-transitive from a subclass called semi-transitive
graphs. The project will offer investigations into many aspects of semi-transitive graphs and their close
cousins, the bi-transitive graphs (E-T but not V-T). Students will investigate families of semi-transitive
graphs, aspects of group actions on them, coverings and projections, families of balanced bi-transitive
graphs and the eligibility of a given bi-transitive graph to be a building block for a semi-transitive graph.
Prerequisites: Graph theory; group theory.



