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1. COURSE NUMBER AND TITLE: MATH 781: Advanced Methods in Applied Math

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 graduate courses including differential equations and dynamical systems.
Catalog Description:
Bifurcation theory and perturbation methods for solutions in ordinary and partial differential equations. This course will develop and apply these mathematical tools in current scientific fields, such as biology, materials science, or financial mathematics.
2. COURSE JUSTIFICATION:
Course Objectives: To prepare students for a mathematical approach to applied problems. 
Course Necessity: This course is needed to prepare students for a mathematical approach to applied problems. It is an introduction to applied mathematics, including construction, analysis, and interpretation of mathematical models. It is designed to prepare students with the skills necessary to bring a mathematical approach to solving applied problems. It is on the one hand fundamental for students of applied mathematics. It is on the other hand useful and interesting for students in science and engineering. It will be taught to address both audiences.

Course Relationship to Existing Programs:

None.

Course Relationship to Existing Courses:
Dynamical systems (673) covers period doubling and saddle-node bifurcations in the discrete setting. These two bifurcations are a very small part of the systematic study of bifurcation theory. No perturbation theory is discussed in 673. 

Ordinary differential equations (677) and Partial differential equations (678) both briefly discuss perturbation methods. Ordinary differential equations also has one lecture at the end of the semester describing a few one-dimensional bifurcations. However, this serves more as an introduction to the subject. The discussion in both 677 and 678 is quite brief compared to the general theory of bifurcation and perturbation, as Math 781 (i.e. the current proposal) is at a quite advanced level.

Industrial math (680) emphasizes modeling and numerical solutions rather than analytical techniques.

Another proposed course, Math 784 contains some bifurcation theory. However, Math 784 concentrates only on the theory of infinite-dimensional steady state bifurcations, and gives merely some first examples. On the other hand, the emphasis in Math 781 is more on the finite-dimensional setting, including dynamic bifurcations. 

Though similar in name, Modern applied math (413, 414) at the undergraduate level covers a completely different set of topics; and Topics in applied math (689) is a special topics course and will have no overlap. 

Aside from math courses, the only course which covers any overlapping topics is CSI 744 Linear and Nonlinear Modeling in the Natural Sciences. The overlap is quite small: There is one section on perturbations towards the end of the course.  Note that the course CSI 744 has never actually run. 

3. APPROVAL HISTORY:

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering: Fall ‘08
Proposed Instructors: Evelyn Sander, Tom Wanner, Bob Sachs.
5. TENTATIVE SYLLABUS: See attached

MATH 781
Advanced Methods in Applied Math
-- SYLLABUS --

Prerequisites: Permission of Instructor
Credits: 3


Instructor: Evelyn Sander
Office Hours:

Course Description:
Bifurcation theory and perturbation methods for solutions in ordinary and partial differential equations. This course will develop and apply these mathematical tools in current scientific fields, such as biology, materials science, or financial mathematics. Specific choice of applied examples will vary depending on the instructor. 
Lecture Content: 

· Week 1  Overview of applied math  
· Week 2 Bifurcation theory for ordinary differential equations

· Week 3 Case studies using bifurcation theory for ordinary differential equations

· Week 4 Bifurcation theory for partial differential equations

· Week 5 Case studies for partial differential equations

· Week 6 Regular perturbation theory

· Week 7  Case studies for regular perturbation theory

· Week 8 Singular perturbation theory

· Week 9 Case studies in singular perturbation theory

· Week 10 Stability arguments and approximate solutions

· Week 11 Continuum models  and Field equations

· Week 12  Case studies for continuum models and field equations

· Week 13 Potential theory

· Week 14 Case studies in potential theory

Homework: There will be frequent homework assignments (approximately biweekly). 
 Project: Some semesters, students will be assigned a project, involving  individual reading from the current research literature. 
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. When there is a project, 20% for each of homework, project, and midterm, and 40% final.

Required Texts: 

Principle Text: C.C. Lin and L.A. Segel, Mathematics applied to deterministic problems in the natural sciences, SIAM, 1988 This choice may vary depending on the instructor.         










