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1. (Exercise 2-3.1 of [Car16]) Let S2 = {(x, y, z) 2 R3 : x2 + y2 + z2 = 1} be the unit
sphere and let A : S2 ! S2 be the antipodal map A(x, y, z) = (�x,�y,�z). Show
that A is a di↵eomorphism.

2. (Exercise 2-4.1 and 2-4.3 of [Car16])

(a) Show that the equation of the tangent plane at (x0, y0, z0) of a regular surface
given by f(x, y, z) = 0, where 0 is a regular value of f , is

fx(x0, y0, z0)(x� x0) + fy(x0, y0, z0)(y � y0) + fz(x0, y0, z0)(z � z0) = 0.

(b) Show that the equation of the tangent plane of a surface which is the graph of
a di↵erentiable function z = f(x, y), at the point p0 = (x0, y0) is given by

z = f(x0, y0) + fx(x0, y0)(x� x0) + fy(x0, y0)(y � y0).

Recall the definition of the di↵erential df of a function f : R2 ! R and show
that the tangent plane is the graph of the di↵erential dfp.

3. (Exercise 2-4.11 of [Car16]) Show that the normals to a surface of revolution S given
by

X(u, v) = (f(u) cos v, f(u) sin v, g(u)), f(u) 6= 0, g0 6= 0,

all pass through the z axis.
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Pf: Need to check : · A is asmorthmap between surfaces
· A admits asmooth inverse.
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2. (Exercise 2-4.1 and 2-4.3 of [Car16])

(a) Show that the equation of the tangent plane at (x0, y0, z0) of a regular surface
given by f(x, y, z) = 0, where 0 is a regular value of f , is

fx(x0, y0, z0)(x� x0) + fy(x0, y0, z0)(y � y0) + fz(x0, y0, z0)(z � z0) = 0.

(b) Show that the equation of the tangent plane of a surface which is the graph of
a di↵erentiable function z = f(x, y), at the point p0 = (x0, y0) is given by

z = f(x0, y0) + fx(x0, y0)(x� x0) + fy(x0, y0)(y � y0).

Recall the definition of the di↵erential df of a function f : R2 ! R and show
that the tangent plane is the graph of the di↵erential dfp.
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3. (Exercise 2-4.11 of [Car16]) Show that the normals to a surface of revolution S given
by

X(u, v) = (f(u) cos v, f(u) sin v, g(u)), f(u) 6= 0, g0 6= 0,

all pass through the z axis.
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