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§ 幾何力學 

[DG01]黎曼幾何及其在力學與相對論的應用 

 

for all q U  

 

例 1. Wheel rolling without slipping 

x R=  

Configuration space is 1R S  

 

X R
x 

 
= +

 
，the kernel of the 1-

form dx Rd = −  
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0d =  this is a semi-holonomic constraint，corresponding to an integrable 

distribution. 

The leaves of the distribution are the submanifolds with equation 
0 +Rx x =  

 

 

 

例 2.Ice skate 

Configuration space is 2 1R S  

cos sinX
x y

 
 

= +
 

，Y



=


 

The kernel of the 1-form sin cosdx dy  = − +  

0d d dx dy   = −     

This a true non-holonomic constraint. 
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例 3. 
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雙擺的 Lagrangian 
2 2

2 2

1 2 1 2 2 1 2 1 1 2 1 2

1 1
( ) ( 2 cos( ) cos ( cos cos )

2 2
L m m l m l l l m gl m g l l        = + + + − + + +  

運動方程式為 

1 1 1 2 1 2( , ) ( sin , cos , sin sin , cos cos )l l l l l l        = − + − −  
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Thus ，geodesics are the critical points of the energy functional。 


