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Prove that 
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( , ) { , , ,[ , ] }
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d X Y X Y Y X X Y       

c.f. RG2101differentialforms 
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For examle 
x yX y x    ， 2 2( , )f x y x y y  。 

Then 2 2 3(2 ) ( 2 ) 2 2Xf y xy x x y xy x xy       
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pT M  is the dual space with basis { }ie ， ( )i i
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Then { }ie  and { }ie  are called canonical (典範)basis 
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( ) : ,X X   

Example 
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，the former is the Jacobian，and the later is the 

area form。 

2. ( ) ( ) ( )P dy dz Q dz dx R dx dy        
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If   is a p-form，  is a q-form，then ( ) ( 1) pd d d            

 

§ Lie bracket and Lie derivative 

[ , ] XX Y XY Y   or , ,[X,Y] j k j k j

k kX Y Y X  …(*) 

Jacobi identity [[ , ], ] [[ , ], ] [[ , ], ] 0X Y Z Y Z X Z X Y    

[ , ]XL Y X Y  

1. ( )XL f Xf df X   

2. 
X( ) T+S L TX XL S T L S     

3. XL , , ,X XY L Y L Y     

i.e. 
X X X( Y)=(L )Y+ (L )L Y    or ,( ) ( ) ( )k j j j

j k X j j XX Y L Y L Y     

其中，由(*) , , , ,( ) ( ) ( )j k j j k j k j

X j j k j k j k kL Y X Y Y X Y Y X      

, ,( )k k j

j k k jX X Y   ，then , ,( ) k k

X j j k k jL X X     

, , , ,, , ( ) ( X )k k j j k k

X j k k j k j k jL Y Y X X X Y Y X           

                , ,( ) 2 ( , )k j

j k k j X Y d X Y      

Then 
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Xd X Y L Y Y X X Y       
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