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§ 1.4 The cotangent bundle T M  

TM 有 symplectic structure、SM 有 contact structure 其定義皆由 M 的

Riemannian metric 決定。Cotangent bundle T M 則有內稟的 symplectic 

structure，亦即不依靠任何 metric。 

Let :T M M  →  be the canonical projection 

Given ( , )( , ) , x px p T M T M   、we define 

( , ) ( , )( ) : ( ( ))x p x pA p d  =  is a canonical 0ne-form in T M  

The symplectic form in T M  is dA = −  

 

Definition  

Let M be a Riemannian manifold。The musical isomorphisms 

#

,
b

TM T M T M TM → →  are defined as 

#( ) : , , , : ( )bv v v u u v=   =  

 

Lemma 

There exist the following relations: 

1. b A =  

2. b  =  

Where b is the notation that lower indices。 

 


