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Mathematics: First Fundamental Form

Exercise 1 (2 points). Consider the following coordinate maps from Exercise sheet
3:

ci : [0, 1]→ R2

c1 : t 7→
(

cos(t)
sin(t)

)
, c2 : t 7→

(
cos(t2)
sin(t2)

)
Calculate the first fundamental form of both parametrizations.

Exercise 2 (3 points). Consider the coordinate map (from Exercise Sheet 2, C =
{(x, y) ∈ R2 | x2 + y2 < 1}):

x : C → R3

(u, v) 7→ (u, v,
√

1− u2 − v2)

1. Calculate the first fundamental form for each point on the surface.

2. Integrate the length of the straight line l1 between (0, 0) ∈ C and (0, 0.8) ∈ C
both on C and the manifold.

3. Let l2 be the line between (0, 0) and (0.565685, 0.565685). Calculate the angle
between l1, l2 on the domain and on the manifold.

Exercise 3 (3 points). Show that the first fundamental form is invariant to rotation
and translation in the coordinate map. Let x1, x2 : R2 → R3 be defined such that
x2(u) = R · x1(u) + T where R ∈ R3×3 is a rotation matrix and T ∈ R3. To show is
that:

Dx1(u)>Dx1(u) = Dx2(u)>Dx2
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