Largest Product

Question

Various sets of numbers add together to give a sum of 10:

· 3+7 = 10

· 2+8 = 10

· 2.1+ 5.6 + 2.3 = 10

The products of these are all different:

· 3 x 7 = 21

· 2 x 8 = 16

· 2.1 x 5.6 x 2.3 = 27.048

What is the greatest product that can be made from numbers that add up to 10?

Try using different starting numbers.

Can you find a strategy for splitting numbers so that you always get the largest product?

Answer

Like with any addition where you also have to get the highest product possible then you should use the same number for the whole addition, e.g. 5+5 or 2+2+2+2+2.

This uses the fact that n2 > (n-1) x (n+1) or n2 > n2 – 1.

For the example of 5+5, let n=5.  n2 = 25, and  (n-1) x (n+1) = 4 x 6 =24.

This means there are 10 numbers for which this works that are more than or equal to 1.  They are in the table below, along with the number of times they are added to themselves to get 10 and the result of them multiplying by each other.

	Number
	Number of times added to make 10
	Number to the power of number of times it is added (to 1 d.p.)

	10
	1
	1

	5
	2
	e.g 2 to power 5                                           32

	31/3
	3
	38.9

	21/2
	4
	32

	2
	5
	25

	12/3 
	6
	19.8

	13/7
	7
	16.1

	11/4
	8
	13.5

	11/9
	9
	11.5

	1
	10
	10


From the table you can see that the highest product created by numbers whose total are 10 is 31/3 + 31/3 + 31/3 =10 and (31/3)3  which is 38.9.
