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Asteroid belt 



The Kirkwood gaps 

D. Kirkwood, Meteoric Astronomy: A Tdreatise on Shooting-Stars, Fireballs,  
And Aerolites (J. B. Lippincott, Piladelphia, 1867) 



The Liouville equation 

The Liouville equation 

Hamiltonian: 

Liouvillian: a Poisson bracket with the Hamiltonian 

Physical dimension: frequency 



Band spectrum of the Liouvillian 
in the restrict problem of three bodys 

Keplar’s third law 



The sidereal coordinate 

The synodic coordinate 

Hamiltonian of the restricted three-body problem 



Delaunay’s variables: 





Eigenvalue states for the two-body problem 



Dispersion relation for m-n mode: 

Threefold degeneracy 



! 

Level repulsion 

The degenerate perturbation theory for resonances  

Mode coupling 
    (Selection rule) 

Saturn’s ring? 



Evidence of the threefold degeneracy 



Estimation of the lower bound! 



The effect of the eccentricity of Jupiter 
 

 eccentricity ~ 0.05 
 

The elliptic restricted problem 
 

The Floquet quasi-eigenvalue problem 
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