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Solving for M gives us these three equations.   
 

1 1 1 2 3 2 3( )M J J Jω ω ω= − −&  

2 2 2 3 1 3 1( )M J J Jω ω ω= − −&  

3 3 3 1 2 1 2( )M J J Jω ωω= − −&  
 
Assume Torque free- 1 2 3 0M M M= = =  
Assume axisymmetric 1 2 tJ J J= =  and  3 aJ J=  

1 1 20 ( )t t aJ J Jω ωω= − −&  

2 3 10 ( )t a tJ J Jω ω ω= − −&  

3 1 2 30 ( )a t t aJ J J Jω ωω ω= − − =& &  
The third equation yields that 3 0ω =& or  3ω = constant 
Let  3 n spinrateω = =   
This yields  1 20 ( )t t aJ J J nω ω= − −&  
         2 10 ( )t t aJ J J nω ω= + −&  
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 the relative spin rate 

This yields  1 20 ω λω= −&  
  2 10 ω λω= −&  
Multiply the first equation by 1ω  and the second by 2ω yielding 
 1 1 1 20 ωω λωω= −&  and 2 2 1 20 ω ω λωω= +&   
Adding the two equations yields 1 1 2 20 ωω ω ω= +& &  
This means 2 2

1 2ω ω+ =constant 
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ωγ =  where γ is called the “wobble angle” 
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> ⎯⎯→ > ⎯⎯→ >  this is a soup can shape or 

prolate and the motion is called direct procession 
  
If a tJ J>  that is a tuna can shape or oblate 
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