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Surfaces

Exercise 10.1: Assume 0 < r < R are real. Determine where the following mappings are
regular surfaces:

(a) x(u, v) = R(cosu cos v, sinu cos v, sin v).

(b) x(u, v) =
(
(R + r cos v) cosu, (R + r cos v) sinu, r sin v

)
.

(c) x(u, v) = (coshu cos v, coshu sin v, sinhu).

(d) x(u, v) = (sinhu cos v, sinhu sin v, v).

(e) x(u, v) = (coshu cos v, coshu sin v, u).

Exercise 10.2: Suppose α and β are regular paths and ‖β‖ = 1. Determine conditions
under which the mapping x(u, v) = α(u) + vβ(u) is a regular surface.

Exercise 10.3: Suppose α(u) =
(
x(u), 0, z(u)

)
is a regular path with x > 0. Find a

parametrization x(u, v) of the surface obtained by revolving α about the z-axis, with v equal
to the “longitude” on the surface, and show your parametrization is regular.

Exercise 10.4: Let α be a regular path, and let r > 0. Find a parametrization of the
“tube of radius r about α”, i.e., the union of the circles of radius r in the normal planes.
Suggestion: Express your parametrization in terms of the Frenet frame of α.

Exercise 10.5: Show the plane x = 1 cuts the hyperboloid of one sheet, x2 + y2 − z2 = 1,
in a pair of lines crossing at right angles.
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