Nrich Challenge Problem- Sam Huston
A_1= 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42 etc. +4
A_2= 4, 12, 20, 28, 36, 44, 52, 60 etc. +8
A_3= 8, 24, 40, 56, 72, 88, 104 etc. +16
A_4= 16, 48, 80, 112, 144 etc. +32
A_5= 32, 96, 160 etc. +64
A_6= 64, 192 etc. +128
A_7= 128, 384 etc +256
The first thing I worked out was:
· Each number in sequence A_1 goes up by 4 from number to number. 
· The difference between the numbers in A_2 is 8, double the difference in A_1.
· The difference between the numbers in A_3 is 16 and so a pattern emerges: each sequence goes up by double what its predecessor does.
   
Then I noticed that every sequence starts on the difference between the numbers in the previous sequence.

Next I started to try to work out how to see what sequence a random number fits into.

I chose the number 200 and tried dividing it by 256 (the difference between numbers is A_7) to see if this could tell me whether it went into sequence A_7.
200 ÷ 256 = 0.78125
Then I tried to work it out ‘manually’. 128 + 256 = 384 so 200 does not fit into sequence A_7.
I did the same for A_6.
200 ÷ 128 = 1.5625
Manually:
64 + 128 = 192
192 + 128 = 320 so 200 does not fit into sequence A_5

A_5
200 ÷ 64 = 3.125
Manually:
32 + 64 = 96
96 + 32 = 128
128 + 32 = 160
160 + 32 = 192
192 + 32 = 224 so 200 does not fit into sequence A_5
A_4
200 ÷ 32 = 6.25
Manually:
16 + 32 = 48
48 + 32 = 80
80 + 32 = 112
112 + 32 = 144
144 + 32 = 176
176 + 32 =208 so 200 does not fit into A_4.
A_3
200 ÷ 16 = 12.5
Manually:
8 +16 = 24
24 + 16 = 40
40 +16 = 56
56 + 16 = 72
72 + 16 = 88
88 + 16 = 104
104 + 16 = 120
120 + 16 = 136
136 + 16 = 152
152 + 16 = 168
168 + 16 = 184
184 + 16 = 200 so 200 does fit into sequence A_3. If 200 works and when divided by the difference between the numbers in its sequence you get 6.5 then perhaps all numbers when divided by the sequences’ difference create a new number that ends in .5 will work in that sequence.

I already know the following numbers work in their sequences so I am testing them to see if my theory is correct.
2 ÷ 4 = 0.5
6 ÷ 4 = 1.5
26 ÷ 4 = 6.5
144 ÷ 32 = 4.5
Therefore my theory works in the examples I have used.
This happens because each sequence does not start with 0 it starts with the difference between numbers in the previous sequence ÷ 2. 

Nth Terms
In A_1 each number when divided by 4 gives you a number ending with .5(as explained above). This means that if you multiply n by 4 and subtract 2 you always get the correct number.
A_1	n = 4n -2

In A_2 a similar pattern emerges except with the numbers as double that in A_1.
So:
A_2 n = 8n – 4

This then repeats itself for the rest of the sequences.
So:

A_3 n = 16n -8

A_4 n = 32n – 16

A_5 n = 64n – 32

A_6 n = 128n – 64

A_7 n = 256n -128 
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In row A1 it goes up in 4’s but starts on 2. If it started on 0 it would contain 1000 (1000 divided by 4 is 250) but it has 2 so the closest it comes is 998 or 1002 so if the difference between two of the numbers goes into 1000 it will not work.  

In row A2 it goes up in 8’s ( if you were wondering the formula for the starting number is 2 multiplied by 2 A times ,A referring to the row number and it goes up in double the starting number) and 8 goes into a thousand 125 times so it does not work. 

In row A3 it goes up in 16’s and will work as 16 goes into 1000 62.5 times but 8 is half of 16 which makes 1000 but is the only sequence that will work as the number of times it shall fit in will half each time as the number is doubled so there is only one sequence that works.



