Dalmatians Problem

To begin, I chose an arbitrary two-digit number, 13. Like any two-digit number, 13 can be written in the form 10a + b: a = 1, b = 3 >> 10a + b = 13.

I then carried out the mapping, as follows:

13,  (a = 1, b = 3) >>> 10b – a = 29

29,  (a = 2, b = 9) >>> 10b – a = 88

88,  (a = 8, b = 8) >>> 10b – a = 72

72,  (a = 7, b = 2) >>> 10b – a = 13

It is self-evident that this pattern will continue, but does the repetition of the first term always occur on nth terms of the form n = 4k+1?

Carrying out the mapping algebraically will answer this question:

10a + b >>> 10b – a

In a numerical mapping, a and b are the first and second digits respectively, so it is necessary to find out what these are algebraically after the first iteration has taken place:

10b – a = 10(b-1) + (10-a)   i.e. for the next iteration, (b-1) and (10-a) are substituted in place of a and b respectively, yielding,

10(b-1) + (10-a) >>> 10(10-a) – (b-1) = 10(9-a) + (10 –(b-1)) = 10(9-a) + (11-b)

10(9-a) + (11-b) >>> 10(11-b) – (9-a) = 10(10-b) + (10-(9-a)) = 10(10-b) + (1+a)

10(10-b) + (1+a) >>> 10(1+a) – (10-b) = 10 + 10a + b – 10 = 10a+b

This particularly mapping will always yield a periodic sequence of numbers, repeating every four terms.
