Representing Tangent Spaces on Manifolds- HW Problems

1. Using the parametrization of S2 given by

@( ¢, 0) = (cosbsing, sindsing, cosp), 0< @ <m, 0<06 < 2,
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Find an equation of the tangent plane to S?at (E i

). Use D® to

Find this tangent plane.

2. Let a 3-dimensional manifold in R* be given by
M = {(x1,x5,%,x4) € R*| x; = x5 — x% + x2}.
a. Find 3 vectors that span T,M, where p = (6,3,2,1).
b. Find an equation in R* for the tangent space at p.

3. A 2 dimensional torus is a surface given by S x S1. A
3 dimensional torus is a solid given by S x S x S1. Below is a
parametrization of a 3 dimensional torus in R*:
5(u1,u2,u3) = ((4 + (2 + cosu,)cosu,)cosus,
(4 4+ (2 + cosu,)cosu,)sinug, (2 + cosu,)sinu,, sinu, )

where (uq,u,,u3) € [0,2m] X [0,2m] X [0,27].

a. Find 3 vectors that span the tangent space at
#(00,%) = . 22,0,0)
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b. Find an equation in R* for this tangent space.



4. A 3 dimensional torus in R® is given by
D (Uy, Uy, Uz) = (COSUL, SINUL, COSUy, SINU,, COSU3, SINUZ)
where (uq,u,,u3) € [0,2m] X [0,2m] X [0,27].
a. Find 3 vectors in R® that span the tangent space at

8(2,05) =2 ,2,1,00,.
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