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Problem 0. I will discuss the Hairy Ball Theorem. Yes, this is its real name.

Problem 1.

(a) Sketch the gradient vector field of f(x, y) = arctan(y/x). Note that this function isn’t defined
when x = 0, but despite this you can extend the gradient field to a smooth vector field on all
of R2 \ {0}.

(b) Let F : R2 \ {0} → R2 be the extended vector field from part (a). Let γ be the path traveling
around the unit circle, starting and ending at (1, 0). Compute∫

γ
F · d~r.

Is F conservative? Does this contradict anything?

Problem 2. Let γ be the path (t, t2), starting at (0, 0) and ending at (2, 4).

(a) Evaluate ∫
γ
x ds,

where ds denotes the length form. How does the value of this integral change if the path γ is
replaced by its reverse path?

(b) Evaluate ∫
γ
x dy.

How does the value of this integral change if the path γ is replaced by its reverse path?


