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1. Show that a subset M ⊂R
n is a 0-dimensional submanifold if and only if M is discrete,

i.e. for every p ∈M, there is an open set U ⊂R
n such that U ∩M = {p}.

2. Show that a subset M ⊂R
d is a d-dimensional submanifold if and only if M is open.

Exercice n=1 4 points

Let us consider the following set

M =
{
(x,y,z) ∈R3; x2 +4y2 = 1, z = x2 − 4y2

}
.

1). Show that M is a submanifold of R3 and determine its dimension.
2). Find the tangent space of M at any point.
3). Give a basis for this tangent space.

Exercice n=2 6 points

Let Mi ⊂R
ni be two di-submanifolds of class Cki for i = 1,2.

1. Show that M1 ×M2 is a (d1 + d2)-dimensional submanifold of Rn1+n2 of class Cmin(k1,k2).
2. Let a ∈M1 and b ∈M2. Show that

T(a,b) (M1 ×M2) = TaM1 × TbM2.

Exercice n=3 10 points
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