

A course offer at the Math Dept of interest to students in Gravity Theory 

               Spring 2004

MATH 437 Differential Forms and their Applications

Professor Goldman   Tuesday-Thursday 11:00-12:15

Calculations necessarily involve coordinates, but are often easier in

one coordinate system than another. The exterior differential calculus

of Elie Cartan is a systematic approach to multivariable calculus

which is independent of the choice of coordinates. In Math 437 we will

learn the techniques of exterior calculus and apply them to problems

in geometry and physics. The fundamental theorems of multivariable

calculus (Gauss's theorem, Green's theorem, the Divergence theorem,

Stokes theorem) are united in a general theorem which holds for smooth

manifolds in any number of dimensions.

This course is independent of Math 436, although it overlaps with it.

The point of view is more abstract and axiomatic, beginning with the

general notion of a topological space, and developing the tools

necessary for applying techniques of calculus. Although local

coordinates are necessary to get started, coordinate-free concepts are

emphasized.  Local calculations relate to global topological

invariants, as exemplified by the Gauss-Bonnet theorem.

After some review of point set topology, the course will move into

differentiable structures on manifolds, Tangent spaces, exterior

differential forms, and end with a discussion of electromagnetism.

PREREQUISITES: MATH 241; and either MATH 240 or MATH 461. The official

prerequisite is MATH 436, but this is essentially a mathematical

maturity prerequisite. MATH 403, MATH 405, MATH 410 or MATH 432 are

highly recommended and would serve as well for the mathematical

maturity. MATH 437 could be appropriate for a sufficiently strong

student with none of these prerequisites, but such a student should

consult with the instructor before committing to the course.

The text is "Differential Forms and their Applications" by Manfredo do

Carmo, supplemented by "Differential Forms and Connections" by

R.W.R. Darling.

Unit 1: Manifolds and Smooth Maps, Submanifolds, Tangent Spaces

Unit 2: Exterior Algebra, exterior product, interior product

Unit 3: Exterior Calculus, Vector fields, Tensor fields, Exterior derivative

Unit 4: Integration on manifolds,  Stokes Theorem, Applications 

