
 
Governing Equations
 
The equations governing the motion of a rattleback comprise the following.  (e.g. Garcia and Hubbard, 1988) 

 

Rate of change of linear momentum –
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where 
[image: image2.wmf]m

is the mass of the body, 
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 is the acceleration of the center of mass, 
[image: image4.wmf]P

 is the force on the body at the point of contact, g is the acceleration of the center of mass, and 
[image: image5.wmf]n

 is the inward normal to the surface of the body at the point of contact.                                                              [image: image6]                                           

Rate of change of angular momentum –
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where 
[image: image8.wmf]H

 is the angular momentum and 
[image: image9.wmf]r

is the position vector locating the point of contact from the center of mass.  


                                                                                                              

Rate of change of a unit normal to the surface in an intertial reference frame –
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where 
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 is the rate of change of 
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 for an observer on the reference frame corresponding to the body that is rotating with an angular velocity
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  The rates of change 
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 are rates of change relative to an inertial reference frame.  The angular momentum 
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, relative to the center of mass of the body,  is related to the angular velocity by 
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where I is the moment of inertia tensor, relative to the center of mass of the body.  The body is assumed to remain in contact with the flat, horizontal surface on which it spins ─ without sliding.  These two conditions require 
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and 
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If the surface of the body is described by 
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, then the interior normal can be expressed in terms of the position 
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by
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where 
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 is the gradient of 
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To put the equations in suitable form for numerical integration, eliminate 
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 from (1.1) and (1.2) to obtain 
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Then, substitution of 
[image: image26.wmf]v

 from (1.6) into (1.8) gives 
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or
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From (1.4) the left side of (1.10) can be written as 
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Substitution of (1.11) into (1.10) gives
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Equation (1.12) represents three, first order, ordinary differential equations for the three components of the angular velocity 
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 as long as 
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 and 
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can be updated by means of Eqns. (1.3) and (1.5).  From (1.3)
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constitutes two first order ordinary differential equations for the two independent parameters that characterize the unit vector 
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 Thus, (1.12) constitute five, coupled ordinary differential equations for 
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 and 
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 as long as 
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 can be expressed in terms of  
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 by Eqn. (1.5) and 
[image: image40.wmf]t

¶

¶

r

 can be expressed in terms of  
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 by differentiation of  (1.5) and the substitution for 
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 from (1.13).  Details of these geometric calculations will be discussed subsequently for an ellipsoid.  
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