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To determine the position of the centre of gravity of the body, knowing the position of the centre of gravity for the individual bodies (i.e. the hemisphere and the circular cone), I have firstly to determine the masses of the bodies, assuming both have the same density, ρ.


hemisphere: 
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cone: 
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I use the positions of their centres of gravity for the two distinct bodies from the hint. 


[image: image3]
Taking torques about the centre of gravity of the hemisphere (extreme left in the figure), I obtain:
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This distance, d, is measured from the centre of gravity of the hemisphere. Now I shall determine the coordinate of the centre of gravity of the wobbler, in respect to the centre of the hemisphere (point O in the figure):
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Minus sign means that the centre of gravity of the body is inside the hemisphere (at left from point O), and plus means the centre of gravity is inside the cone – to right from O.
(i) If h = a, then 
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. In this case, the centre of gravity is situated in the interior of the hemisphere. 
It is evident that the position sketched in the figure is a position of equilibrium, because the centre of gravity is on the same vertical with the point of contact with the horizontal surface. The equilibrium corresponding to this position is stable, because if the body is displaced from this position, the torque of the gravitational force in respect to the point of contact with the horizontal plane, which is the point in respect to which the body could rotate, determines the body to come back to its initial position.


[image: image8]
There is a unique equilibrium position for this body, and this is the case for all heights of the cone.

[image: image9]
It is the only equilibrium position because, in any equilibrium position, the normal force passes through the centre of gravity. As the surface is a hemisphere, the surface is the tangent to the hemisphere in the contact point, and the perpendicular to that point is a radius of the hemisphere and passes through its centre. In this case the centre of gravity is on the symmetry axis of the body and must also be on the perpendicular to the surface in the contact point. So, the determined position is unique.
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(ii) If h = 2a, then 
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. The equilibrium position is also unique, as proved before, but it is unstable. To explain this, I refer to the explanation in (i). Here the corresponding torque will be directed to a position opposite to the equilibrium position.
(iii) If the body remains in equilibrium for any position, then 
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, 
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. Now I shall determine the angle of the cone. As 
[image: image15.wmf]3

a

h

=

, the section of the cone with a symmetry plane will be an equilateral triangle, so its angle will be 60°.

(iv) For any value of h/a the body will be in equilibrium, with the angle of the cone perpendicular to the surface. As proved in (i) this is the only position of equilibrium. 

For 
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