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sett.Man.R.T.v.comparison

Comparison of constructions with tangent vectors

Xp ∈ TpM TpM TM X ∈ ΓTM ΓTM Vec(−)

coordinate-

free 

definition

(− ∘ γ)′(0)

Given a

smooth

manifol

d M

,and

any

p ∈ M

we
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the

tangen

t space

TpM at

the
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(TpM, +,
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ng the

operato
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(− ∘ γ)′(0

for any

smooth

curve

γ : (−ϵ, ϵ)

with

γ(0) = p

.

A
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vector

field on
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d M
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section
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TM → M
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uous/ar
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map

X : M →
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ng

πTM ∘ X

https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/dofZibjdXXjp7BWZ0aqeBc.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/4qtiK6k5MQKp2X803Ni2RJ.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/0YzFYh04Xhsjzgip4J4cga.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/Z6nUh7hiBGuJQ0yazWa9bb.pdf
https://rupadarshiray.github.io/notes/oJBAtAjDpnuJtBTdarXZNC.pdf
https://rupadarshiray.github.io/wiki
mailto:rupadarshiray+wiki@gmail.com
af://h1-1
af://h2-2
af://h1-3


Xp ∈ TpM TpM TM X ∈ ΓTM ΓTM Vec(−)

in a chart TpM → R
n

equivalence

 classes of 

curves

[γ ′(0)]

velocities 

of curves

γ ′(t) ∈ Tγ(t)Mcurves 

upto same 

velocity is 

bijective to 

TM

γ ′ is a 

smooth 

curve on 

TM

curves 

associated 

with a 

particular 

chart 

velocity

local 

basis/coord

inates
Xp =∑

i

X i {
∂

∂xi

|p}

 is a basis

elements 

look like 

(p,∑
i

X i ∂

∂x

X =∑
i

X i

change of 

basis

Rough

tangent

vector

field X on

a smooth

manifold

M is a

function

It is

continuous

/smooth if

for all

charts

(Uα, α

Uα→Rdim

, p ∈ U ,

Xp

written in

the

coordinate

basis for

TpM

given by α

makes the

map

is a

continuous

/smooth

map,

which

means

Xα ∘ α−1

must be

continuous

/smooth

map on

α(U).

X : M → ∐
p

p ↦ X



Xp =
dim M

∑
i=1

Xα : Uα →

p ↦

Given the

collection

of

rough/con

tinuous/s

mooth

maps

(Uα, α) is a

is a vector

field on M

⟺

(Uα, α), (Uβ



Current note has 4 direct children and 32 total descendants.

Xp ∈ TpM TpM TM X ∈ ΓTM ΓTM Vec(−)

action on 

smooth 

maps, 

equivalent 

to d

Xp(f) = dpf action of 

vectors on 

smooth 

maps is a 

derivation 

Xp : C
∞(M)

Xf = df(X)action of 

vector 

fields on 

C∞(M) is 

a 

derivation 

X : C
∞(M) →

derivations 

on C∞(M)

Xp : C
∞(M) Derp(C∞(M) X : C

∞(M) →Der(C∞(M))

C
∞(M)-

multiplicati

on

αXp R-vector 

space

R-vector 

bundle

α(p)Xp C
∞(M)-

module

product of 

derivations

XpYp is 

not a 

vector

XY  is not 

a vector 

field

pushforwar

d

F ∗
p (Xp) := DF ∗

p  is a 

linear map

F ∗ is a 

bundle map

when F is 

a 

diffeomorp

hism

F ∗ is a Lie 

algebra 

map?

functor man to 

sheafs?!

commutato

r

- - - [X, Y ] := XY

 as 

endomorphi

sm in 

C
∞(M)

Der(C∞(M))

 is a Lie R-

algebra

sheaf to 

Lie R-

algebras

flow of a 

vector field

exponential - - - exponential

 of vector 

fields

sheaf map

exponential

 and 

commutato

r

exp[tX, tY ] =

Lie 

derivative 

on C∞(M)

LXf = Xf

Lie 

derivative 

on ΓTM

LXY = [X, YLX : ΓTM →

 is a Lie 

algebra 

homomorph

ism?

Lie 

derivative 

and 

pushes?

curves on 

ΓTM ↔ 

time 

dependent 

vector 

fields

Man∗ → Ve

(M, p) ↦ Tp

Man → VecB

M ↦ TM

By

existence

and

uniqueness

we have a

global

correspond

ence

vector field

structures based on sets

​ manifolds

​ smooth R-manifold

​ Tangents on a smooth manifold

​ Cotangent space on a smooth manifold T ∗
p M

​ Standard symplectic form on cotangent bundle of a manifold

Connection on the tangent bundle of a smooth manifold

Differential forms on smooth manifolds

​ Differential 1-forms on smooth manifolds

​ Closed differential 1-forms on smooth manifolds

When are closed differential 1-forms exact on a smooth

manifold?

Conservative 1-forms

Chain complex of differential forms on a smooth manifold

​ Homotopy invariance of cohomology of differential forms

Exterior derivative operator on space of smooth differential

forms

Functoriality of Formsk on smooth manifolds
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And it has 19 siblings.

The integral map on space of differential forms

Three different relative chain complexes of differential forms

​ Differential forms relative to a smooth map

Chain complex of differential forms relative to a

submanifold

The sheaf of differential forms on open subsets of manifolds

​ Isomorphism of the de Rham cohomology with the sheaf

cohomology of locally R-constant functions

tensor

​ Sections of tangent tensor bundle on a smooth manifold

Tangent space of a smooth manifold

​ Canonical bijection of TpM with equivalence classes of

velocities

Tangents on smooth manifolds as derivations C∞(M) → R

local basis of a tangent space of a smooth manifold

Tangent bundle TM of a smooth manifold M

Cotangent bundle T ∗M on a smooth manifold M

Comparison of constructions with tangent vectors

Tangent frames on smooth manifolds

Tangent vector fields on a smooth manifold

​ Vector field on smooth manifold M as derivation of
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