PolyBall

The Problem:

You probably know how many coins can be placed on a flat surface so that they all touch an identical coin in the middle…

Can you explain why this is the maximum ?

Now can you imagine how many tennis or golf balls can be arranged, in 3-D space, so that they all touch an identical ball in the middle ?

Is there more than one way to do it ? 

Solution:

6 coins

12 balls
Based on the ‘coins’, six balls can be arranged in the same plane as the central ball, and all touch it.

This then presents a ‘triangular’ lattice structure when seen from above, and three further balls can be placed on the top.

The same applies to the layer below the central one, these three balls either being directly beneath the top three, or offset by 60°, as in the diagram.

Hence, 12 balls simultaneously touching the central one:
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Further Analysis:

Each of the top 3 balls forms a tetrahedral arrangement involving the central ball and two of the original 6 ‘surrounding’ balls (eg BO23).

In addition, the top 3 balls, taken with the central ball, form a tetrahedron themselves (ABCO).

Taken with the, symmetrical, lower half, this gives a total of eight tetrahedra involving the central ball.
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(As one looks at the whole 13-ball structure, one can see the eight triangular faces representing these tetrahedra)

The six square faces visible in the diagram represent square-based pyramid arrangements with the central ball as the  ‘vertex’, touching 4 outer balls (eg OBC43).

The whole structure, based either on the centres of the balls or a box to tightly enclose the structure, forms a truncated cube:

14 faces  (8 triangles, 6 squares)
12 vertices
24 edges

There are many symmetries - which are best explored with a Polydron or ATM mats model in front of you ! The most striking is that there are 4 planes, parallel to the triangular faces, which contain the original ‘coin’ arrangement of central ball touched by 6 surrounding balls.

The alternative arrangement of the lower 3 balls yields the same number of faces, vertices and edges, but has less symmetry, only containing the single planar ‘coin’ arrangement.

In terms of extending these ‘packing’ strategies to a large number of identical balls, each arrangement is equally stable and close fitting, but the symmetries differ along the lines above.

I used Blutak and 13 ping-pong balls to help me with this, and it makes a very pretty model !

Most Science departments have a collection of polystyrene balls, which would be even better.
