NEW MATH ELECTIVE
FALL 1989 MAT 5600:

DIFFERENTIAL
GEOMETRY

Prerequisites: MAT 3305 (Advanced Cale II, for math majors, others don’t WOITY )
MAT 3400 (Linear Algebra)

Lecturer: Bob Jantzen

Tensor algebra, curvilinear coordinates, manifolds, Riemannian and pseudo-Riemannian
geometry, some Lie group theory.

Elementary linear algebra is reformulated and extended to describe the algebra of tensors
over a real vector space (just linear functions of multiple vector arguments). Elementary
multivariable calculus on Euclidean space is reformulated to identify the tangent spacein a
- way which may be extended to a manifold (like a surface or a “curved space”). Putting the
two together carries over the tensor algebra to the tangent space at each point of a manifold
to become the algebra of tensor fields over the manifold. Exterior and covariant derivatives
are introduced with a little Riemannian geometry to generalize vector calculus and Gauss’s
and Stokes’ Theorems and to better understand div, grad, curl, V, V2, etc in orthogonal
coordinate systems. As a bonus one can generalize the straight lines of Euclidean space and
the great circles on the sphere to “geodesics” of any curved manifold (locally the connecting
paths of shortest distance), which is how general relativity predicts the orbits of planets,
for example. For this one must discuss a non-positive-definite extension of the familiar dot
- product, leading to the pseudo-Riemannian geometry of relativity. If time permits, a little
bit of Lie group theory will be discussed, generalizing what we know about the rotations
and translations of ordinary space to more general groups of transformations.

Get a feeling for the tool which has pushed forward much of modern mathematics and
physics, the language of special and general relativity, electromagnetism, unified theories,
mechanies, dynamical systems, etc.

-DON’T LET THE VOCABULARY SCARE YOU. FOR MORE INFORMATION CALL
BOB AT 645-7335.
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EXAMAE  (on R”  nthe shundard basis {€4f, & vecor X=X"6
l

\ePrescn\edbg the column vecdbor X = h) can be asSocirﬂed with a |
covechor :X: Xu(ﬁ \(}é‘)iftsen‘\‘eo\ by the ‘\'mnsposecl Pw veder
- XT= > X) with Xo = &IEX'B e X, =X ete.,
o\cﬁ_r:ng a covedoe which has the came odeved set of Cm\,m@ﬁg as -
the onginal vedor.  The avedvr X v evaluated on a vedor Y 15 equvalent

R 'b\emj the dot Produc\' € Ywhh X
R = X = s = XY

We can dlso thiok of T"as ansing froen Farh_q\ evdluation of the
Fudiden mehne lensor  asscciated with the dot P"Dd“di |

BCXN)'T Sus XY !
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