Comprehensive exam
Math 518, January 2019.
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Let M be a connected smooth manifold and let p,g € M. Prove that
there is a diffeomorphism F : M — M such that F(p) = q.

In R3, with coordinates (z, v, 2), let
V=208 —=28, and
w=axdyAdz+axdehdz+ 2z de Ady.

Compute the following:
(a) ivw, (b) dw, (c) Lyw,
(d) ®*w where @ : R2 — R is the map (s,£) = {s +t,5 — ¢, £).

In R3, with coordinates (z,y,2), let VW € C®(R3 TR?) be the
vector fields given by

a é) a
V—g;+yz5;, W—wé;.
Let E C TR3 be the sub-bundle spanned by {V, W}.
(a) Is there an integral submanifold of £ through an arbitrary point
of R3?
(b} Find an integral submanifold of £ passing through the origin.

Let ¢ C R3 be an open subset with smooth boundary X, each ori-
ented with the induced orientation. Suppose fu dz dy dz = Vol(if) =
V, evaluate

f Sos(@+Y?) g A dy + (wzz +xz z3) dr Adz + 2z dy A dx
B



