
Differential Topology (M382D)
Homework 6: Due February 27

All the graded problems this week are from G&P. There are several Challenge Prob-
lems, which will not count towards your grade, at the end. See the diatribe at the end of
the page.

Problems in Guillemin/Pollack

Chapter 1, §7 (p. 45): 6, 8, 14, 16, 17, 18

Chapter 1, §8 (p. 54): 1, 4, 5, 6, 10

Challenge Problems - ungraded

Chapter 1, §8 (p. 54): 7, 8, 11, 12

Extra challenge problem

a. Exhibit a diffeomorphism of the tangent bundle to the torus T with T × IR2.

b. Exhibit a diffeomorphism of T
(

O(n)
)

with O(n) × IRk, where k = n(n − 1)/2 is the
dimension of O(n).

(Hint: First construct a diffeomorphism T1(O(n)) ∼ IRk, and then construct a diffeo-
morphism Tg(O(n)) ∼ T1(O(n)), where g is an arbitrary element of O(n). This procedure
extends to any Lie Group, not just O(n). There are two natural ways of doing this, which
are the same for Abelian groups (such as T ), but different for non-Abelian groups such as
O(n).)

Homework and grading (aka Sermon on the manifold)

You are probably wondering: “You don’t expect us to do all of the homework. How
much do you expect?”. The answer depends on what your goal is. If you want to get
through the class with a reasonable grade, not that much. If you want to pass the prelim,
substantially more. If you want to become a mathematician doing anything remotely like
topology, still more. If you want to become a first rate topologist or geometer, pretty much
all of it. Ultimately you have to decide how much you’re learning from the problems, how
much they’re costing you in time and aggravation, and strike a balance. (Every question
is graded, but I’m not going to really crack down when it comes time to assign course
grades.)

At every stage in life there are people making you jump through hoops because it’s
supposed to be good for you, and offering rewards and punishments (e.g., grades) for doing
so. Ultimately, you succeed if you jump because you recognize the value of jumping, or
because you enjoy jumping. Your friends who jump just because they’re told to, or because
of some short-term reward, and who calculate what’s the shortest jump that will still clear
the hoop, won’t amount to much. In particular, that’s what writing a thesis is like.

Your thesis advisor will probably get on your case to work. If you work just hard
enough to keep him off your back, you’ll probably get your Ph.D., but with a lousy thesis
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that won’t get you a decent job anywhere. If you keep the job in mind and work harder,
you might get a decent postdoc, but you’ll still fizzle sooner or later. The ones who
become good mathematicians are the ones who work on something because the problem

itself demands it. They get out of bed and scribble because they want to know the answer,
not because of an advisor or the job market.

Finally, the other side of the coin. Most of you are TA’s. You’ll see a student saying
“Don’t explain the theory. Just tell me how to do problem 9 so I can get a good grade so I
can get into the engineering school.” Or “do we have to know this”? And you’ll patiently
explain problem 9 while cursing that student under your breath, swearing that he’ll never
make a decent engineer with that attitude towards learning. And you’ll be right.
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