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Motion of  hard-boiled egg	

n Moffatt & Shimomura：   
Ø analyzed the spinning motion of  hard-boiled egg 
　　　　　　Nature 416, 385-386 (2002) 
Ø Discovery of  Gyroscopic balance condition (GBC) 
    in rapidly spinning state 
Ø They derived a first-order differential eq. for Θ 
      →   a uniform spheroid will rise 

n Sasaki: 
Ø analyzed the spinning motion of  the body with oval curves 
             Am. J. Phys. 72, 775-781 (2004) 
Ø A real egg has thin and fat ends 
Ø Which end of  the spinning egg will rise? 

　　　　　　	



Equation of motion	

  In a rotating frame of  reference OXYZ 

  Evolution of  angular momentum L around CM O    
（Euler Eq.） 



 
 n When Ωis sufficiantly large,  GBC holds　　　　 

  a first-order differential eq. for Θ : 

  Coulomb sliding friction： 

  Y component of  slipping velocity： 

　　　　　 

　	



Models of Oval Curve	

n  Shape of  a three-dimensional egg：       reconstructed by 
rotating its two-dimensional cross section around the axis 
of  symmetry 

 

n  Assume uniform density 

　　　Volume： 

　　　CM： 

　　　 Principal moments of  inertia at CM：	



Cassini Oval	
n  Def.： 

n  Without an air chamber 

n  With an air chamber	



Cartesian Oval	

n  Def.： 

 

n The inside oval 



Relation between Θand Oval Curve(                 )	

n  CM at the origin： 

n  Point P on the curve： 

n  Slopeβof  the line tangent to the curve at P 

n  PQ is in a plane of  table,  

      P is a point of  contact, 

      QO defines the vertical axis OZ 



Relation between Θand Oval Curve(                 )	

n  height： 

　 

n When the body is placed at rest on a table, the CM is 
just above the contact point P 

n   The angle         at which  　　　　　　　　 

　　Cassini oval without an air chamber： 

　　Cassini oval with an air chamber： 

　　Cartesian oval　　　　　　　　： 

	



Which end will rise？	
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Increases with t	

decrease as t increases 	

the fat end will rise	

is the fixed point	



Which end will rise？	
n  Cassini oval with an air chamber�

  Fixed point ��     disappears�
  ��      at             ��：臨界点�

       for�

���    for  �

      ����  のとき����                                  the fat end will rise�

  �                                    ����                 the thin end will rise�

�
  ��                          when the bodies are spun without intention,�

      we expect more chances for                 <         ,   so we see 
spinning states at the fat end more often than at the thin end�



Tippe top	
T. Ueda, K. Sasaki, S. Watanabe 

“Motion of  the Tippe Top--Gyroscopic 

   Balance Condition and Stability” 

   SIAM 4 (2005) 



     Thank for your attention	

When you find a boiled-egg, try spinning it. 
 
But be careful not to drop it from table!!!	


