
Solution - Three balls

Let the ball A be given an initial velocity v along the axis Y , which is perpendicular to the rod.
The total momentum of the system conserves, therefore the center-of-mass (CM) of the system
moves with a constant velocity:
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along Y . In what follows, we will work in the CM frame of reference, which is an inertial system
of reference. Therefore, in the CM frame the laws of conservation of energy, momentum, and the
angular momentum hold true. The initial velocities of the three balls along Y are:

vA =
2v

3
; vB = vC = −v

3
.

Correspondingly, the total kinetic energy of the balls is:
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and the total angular momentum with respect to the CM equals:
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In any moment the three balls form an isosceles triangle with an angle 2ϕ at the top vertex.
The distance between A and C is minimal when either ϕ = 0, or ϕ̇ = 0. For ϕ = 0, however, the
laws of conservation are not consistent with the rigidity of the rods. Therefore, at the minimal
distance ϕ̇ = 0, and in this particular instance the system behaves as a rigid body whose moment
of inertia with respect to the CM can be obtained through:
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On the other hand, the moment of inertia I could be found independently from geometric conside-
rations. Although, I could be found using the distances from the balls to the CM (medicentre of
a triangle), it is more convenient to use this relatively unknown formula for the moment of inertia
of a collection of point masses with respect to CM:
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In our case:
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From (1) and (2), we obtain the minimal distance:
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