
Math 370 HW#1, due Friday 1/16/26 NAME:

See the textbook for precise statements/additional details of the problems.
Solutions to the Multi Warm Up are graded for completeness.

1. Multi Warm Up Spherical coordinates
Let f : R3 → R3 be the spherical coordinate map,

(x, y, z) = f(ρ, ϕ, θ) = (ρ sinϕ cos θ, ρ sinϕ sin θ, ρ cosϕ).

(a) Describe the surfaces in xyz-space that are the images of ρ = positive constant, ϕ = c
(check c ∈ (0, π

2
), c = π

2
, c ∈ (π

2
, π) separately), and θ = k ∈ [0, 2π).

(b) Compute the derivative Df and show the Jacobian is detDf(ρ, ϕ, θ) = ρ2 sinϕ.

(c) What is the condition on the point (ρ0, ϕ0, θ0) for f to be locally invertible about this
point? What is the corresponding condition on (x0, y0, z0) = f(ρ0, ϕ0, θ0) ?

(d) Why is it easier to provide a parametrization for the sphere using spherical vs euclidean
coordinates, especially given that you need open domains.

2. Restriction maps

(a) Exercise 1.1.2
If X ⊂ RN , Z ⊂ X, and f : X → Rm is smooth, then f |Z is also smooth.

(b) One line supplement to Exercise 1.1.2
Why is the restriction a diffeomorphism if the map f is a diffeomorphism?

3. Exercise 1.1.3
Show that the composition of smooth maps is smooth and the composition of diffeormophisms
is a diffeomorphism.

4. Exercise 1.1.6
A smooth bijective map of manifolds need not be a diffeomorphism. Show that f : R → R,
f(x) = x3 is such a (counter)example.

* Assignment Reflections
How difficult was this assignment? How many hours did you spend on it? Which problems
did you find helpful?


