Firstly, Alison picks a three-digit number, with the first digit being larger than the last digit. Define the ‘reverse’ of a number to be the number created when we swap the first and last digits, and the second and second-to-last digits etc. of the original number. Alison takes the reverse of her chosen number away from it. She then adds the result of this calculation to its reverse. The answer, in all the cases shown, is 1089. Let’s see why this is.
Let the number be ‘abc’, such that its value is 100a + 10b + c. Then, the reverse of this number is 100c + 10b + a. Calculating (100a + 10b + c) – (100c + 10b + a) gives 99a – 99c, or 99(a – c). Hence, after the first stage, we are always left with a multiple of 99. Now, as a and c are digits, and a is non-zero, we have  and , so that . 
The above inequality suggests that we should look at the first 9 multiples of 99, as these are the only possibilities for 99(a – c):
099, 198, 297, 396, 495, 594, 693, 792, 891
Notice that in all of these, the first and last digits sum to 9, and the middle digit is always 9. 
We now want to find the sum of any of these multiples of 99 and their respective reverses. Let the multiple of 99 be ‘xyz’, such that its value is 100x + 10y + z. This added to its reverse is (100x + 10y + z) + (100z + 10y + x) = 101x + 20y + 101z = 101(x + z) + 20y. However, in any of the original multiples of 99, the first and last digits (x and z) sum to 9, and the middle digit (y) is always 9. Therefore, 101(x + z) +20y = 101(9) + 20(9) = 1089. 
[bookmark: _GoBack]This proves that the result of Alison’s calculations is always 1089, no matter what three-digit number is chosen, as long as the first digit is larger than the last. 
In fact, this still works if the last digit is larger than the first, but the end result is -1089 instead of +1089.
