What's Possible - some more thoughts

| often play with numbers, and accidentally find things that are new to me.

On Sunday, | listened to Vicky's talk about prime numbers and remembered when | had
done a similar thing of listing square numbers in four columns, so | doodled a bit.

| found that each square number was either in the 1st or 4th columns only, which made
me think.

This means that all square numbers are either exactly divisible by 4, or leave a
remainder of 1 when divided by 4.

Proof:
Let k be any positive integer and 4k be a multiple of 4:

(4k)? = 16k? = 4(4k?) divisible by 4, remainder 0

(4k + 1) = 16k? + 8k + 1 = 4(4k? + 2k)+1, divisible by 4, remainder 1
(4k + 2)% = 16k? + 16k + 4 = 4(4k? + 4k + 1), divisible by 4, remainder 0
(4k + 3)? = 16k? + 24k + 9 = 4(4k? + 6k) + 9, divisible by 4, remainder 1

Then | noticed that within a column the gap between squares increases at a linear rate.

For example: in the 1st column, there is 1 blank number (5) between 1 and 9, 3 blank
numbers (13, 17, 21) between 9 and 25, 5 blank numbers (29, 33, 37, 41, 45) between
25 and 49 and 7 blank numbers (53, 57, 61, 65, 69, 73, 77) between 49 and 81. |
strongly suspect that this pattern will continue....There is a similar pattern of blank
numbers in the 4th column, but these appear at intervals of 2, 4, 6, 8, ....again | think
this will continue.

What is noticeable is that in the first column, the intervals are consecutive odd numbers,
and in the 4th column, consecutive even numbers. There are 4 columns, so each blank
represents 4 numbers, look:

1+8=9, 9+16 = 25, 25+24 =49, 49+32 =81 etc.... the differences between
consecutive odd squares are consecutive multiples of 8 (which are divisible by 4). This
is because all odd squares have a remainder of 1, when divided by 4.

Similarly, 4+12=16, 16+20= 36, 36+28 =64, 64+36 =100 etc.... the differences
between consecutive even squares are consecutive multiples of 4, which are NOT
divisible by 8 (starting from 12). This is because all even squares have a remainder of 0O,
when divided by 4. It's just to do with the remainders.

I then noticed a window pattern, between 4 squares:

{1,4,9,16} framed 1 blank row, {9,16,25,36} framed 2 blank rows, {25,36,49,64}
framed 3 blank rows, {49,64,81,100} framed 4 blank rows, {81,100,121,144} framed
5 blank rows, {121,144,169,196} framed 6 blank rows, etc... Again, | think this will
continue.

This is the pattern between an even square number, and an odd square number, look:
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4+1(4)+1=9, 16+2(4)+1 =25, 36+3(4)+1 =49, 64+4(4)+1 =81 etc.... Again, it's because of the remainders.




