Fair’s Fair ?

When you throw a pair of ordinary six-sided dice, and add their scores together you can get a total ranging from 2 to 12.

These scores occur with probabilities shown by the ‘possibility space’ diagram below. 
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For example, a score of 10 can occur in four different ways out of the thirty-six possible ways, indicating a probability of 
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The Problem:
One of the dice is adapted slightly by changing the 2 to an 8.

Can you adapt the second dice so that they still perform in exactly the same way when thrown as a pair? It does seem very unlikely!

i.e. the probability of a total of 10 remains 
[image: image3.wmf]31

3612

=

, as before, and similarly for all the other totals from 2 to 12.

Solution:

Amazingly, it is possible to achieve a perfectly ‘fair’ pair of dice from two quite dissimilar individual dice!

	
	1
	3
	4
	5
	6
	8

	1
	2
	4
	5
	6
	7
	9

	2
	3
	5
	6
	7
	8
	10

	2
	3
	5
	6
	7
	8
	10

	3
	4
	6
	7
	8
	9
	11

	3
	4
	6
	7
	8
	9
	11

	4
	5
	7
	8
	9
	10
	12


Clearly, we still need a 1 on the second dice in order to be able to make the smallest total of 2.

This then gives us the first row of the ‘possibility space’ table. There is no total of 3 as yet, and the only way to get a total of 3 twice is to have the number 2 twice on the second dice…

We continue in this way, row by row, until the table is complete.

The same result is true for a pair of four-sided tetrahedral dice…

	
	1
	2
	3
	4

	1
	2
	3
	4
	5

	2
	3
	4
	5
	6

	3
	4
	5
	6
	7

	4
	5
	6
	7
	8


The ‘conventional’ dice give this ‘possibility space’ table:

Only one other arrangement yields an equivalent result, namely:

	
	1
	2
	2
	3

	1
	2
	3
	3
	4

	3
	4
	5
	5
	6

	3
	4
	5
	5
	6

	5
	6
	7
	7
	8
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