
6 Differentiable Manifolds, Riemannian Geometry

A differentiable manifold Mm of dimension m, is a topological space with some additional struc-
ture: There is a family of neighborhoods, call them {Ui}, such that their union covers M , and a
corresponding set of diffeomorphisms φi : Ui → Bm(0) where B is the unit ball in Rm.

Say U1 ∩ U2 ∅

φ2 ◦ φ−1
1 : V1 → V2

7 Field, as section of vector bundle

Given an n-dimensional Riemannian manifold M , and V is an m-dimensional vector space, we
define a vector field F to be a mapping:

F : x �→ F [x] ∈ V (13)

We define the V vector bundle to be a (n+m)-dimensional manifold E with a projection π

E
↓ π
M

E
↓ π
M

such that π−1[x] ∼= V, ∀x ∈ M

TxM

where

F is a section of the vector bundle because π ◦ F [x] = x

8 Flow

t →< M(t), g(t) > (14)
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