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1. COURSE NUMBER AND TITLE: MATH 784: Nonlinear Functional Analysis
Course Prerequisites: Permission of instructor. Different backgrounds may be appropriate, but generally, a student is expected to be an upper level graduate student who has already taken Linear Analysis. Since the applications given in the course are for differential equations, some familiarity with differential equations is extremely useful. 

Catalog Description:
Techniques in nonlinear functional analysis with applications. Contraction mapping principle, Frechet and higher derivatives, the implicit function theorem, Lyapunov-Schmidt method, and bifurcation theory. Finite and infinite dimensional degree theory with applications in partial differential equations.
2. COURSE JUSTIFICATION:
Course Objectives: This course is intended to provide the mathematical foundations for the analytical study of nonlinear problems in infinite-dimensional spaces. Their applicability is demonstrated through concrete applications to partial differential equations. 

Course Necessity: This course is needed for a more complete background in modern methods of applied math. One of the first subjects that students see in graduate math is linear analysis. The linear material is fundamental, but not sufficient for looking at modern applications in nonlinear problems. This course presents some aspects of modern nonlinear functional analysis and their applications to applied mathematics. These topics are interesting in their own right. They are also extremely important and powerful as tools for a mathematical approach nonlinear problems.
Course Relationship to Existing Programs:

N/A

Course Relationship to Existing Courses:
The proposed course complements the existing Partial Differential Equations course (Math 678), whose focus is mostly on linear problems. There is a small overlap with Topics in Differential Geometry and Topology (Math 739), which sometimes covers the implicit function theorem, yet in a finite-dimensional setting.

Another proposed course, Math 781 contains some bifurcation theory. However, the emphasis in Math 781 is more on the finite-dimensional setting, including dynamic bifurcations. In contrast, Math 784 concentrates on the theory of infinite-dimensional steady state bifurcations.
3. APPROVAL HISTORY:

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering: Spring ‘09
Proposed Instructors: Robert Sachs, Evelyn Sander, Thomas Wanner
5. TENTATIVE SYLLABUS: See attached.

MATH 784
Nonlinear Functional Analysis
-- SYLLABUS --

Prerequisites: Permission of Instructor
Credits: 3


Instructor: Thomas Wanner
Office Hours:

Course Description:
Techniques in nonlinear functional analysis with applications. Contraction mapping principle, Frechet and higher derivatives, the implicit function theorem, Lyapunov-Schmidt method, and bifurcation theory. Finite and infinite dimensional degree theory with applications in partial differential equations.
     
Lecture Content: 

· Week 1:  Axioms and properties of the Brouwer degree

· Week 2:  Fixed point theorems and degree computation

· Week 3:  Rigorous construction of the degree

· Week 4:  Borsuk’s theorem and the product formula

· Week 5:  Gateaux and Frechet derivatives in Banach spaces

· Week 6:  Partial and higher derivatives, Taylor’s theorem

· Week 7:  The implicit function theorem, Newton polygons

· Week 8:   Introduction to bifurcation theory

· Week 9:  Lyapunov-Schmidt reduction, bifurcation equations

· Week 10:  Bifurcation from simple eigenvalues, first PDE applications

· Week 11: Leray-Schauder degree in infinite dimensions

· Week 12:  Properties of the Leray-Schauder degree

· Week 13: Global bifurcation theorems, bifurcation from infinity

· Week 14:  Applications to nonlinear partial differential equations

Homework: There will be weekly homework assignments which are taken from the text books.
Project:  N/A
Exams: There will be a midterm and a cumulative final.



Grades:           
       The course grade is based on homework, midterm, and final grades. In some cases, a project is also assigned. The course grade is based on these components, with the exact percentage breakdown left to the discretion of the individual instructor. A tentative distribution is 25% homework, 25% midterm, 50% final. 

Required Texts: 

Principal texts: A. Ambrosetti and G. Prodi, A primer of nonlinear analysis, Cambridge University Press, 1993.  R.F. Brown, A topological introduction to nonlinear analysis, Birkhauser, 1993. 

Also used: M. Chipot, Elements of nonlinear analysis, Birkhauser, 2000. E. Zeidler, Nonlinear functional analysis and its applications I, Springer-Verlag, 1986. (This choice may vary depending on the instructor)

    










