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Problem 1

Suppose there is a 1000 doors in a row marked with numbers from 1, .., 1000. All the doors
are white. You are asked to paint the doors any way you want, but each door should be single-
coloured (like upper half of a door is blue and the lower hal�s yellow, is invalid colouring).
Being a mathematics lover, you decide to paint the doors in a pattern, but also you don’t want a
bystander to just look at the doors and recognise your pattern. So, you device a strategy,
You choose 2 primes, 2, 3.
You paint the doors with numbers in the sequence 1, 3, 5, 7, 9, 11, 13, ..... (numbers of the form
1+ 2k), with red colour.
You paint the doors with numbers in the sequence 1, 4, 7, 10, 13, 16, ..... (numbers of the form
1+ 3k) with blue colour.
So, there were some white doors, some red doors, some blue doors, and some purple doors
(red+blue=purple).
Then you called your friend, who is also a mathematics lover, to show your work. As it turned
out, he easily found out exactly what is the procedure you followed (only he said he didn’t know
whether you coloured blue first or red first).
So you send him back to get a juice and painted all the doors white. Then you chose two quite
large prime numbers (but both below 100), and followed the above procedure replacing 2
with the two new prime numbers. When your friend returned, he again found the procedure
without much hassle.
So, you got to thinking,
Exactly how did he find out? Is there still a pattern for any of the colours, maybe say purple? If
yes, what is it? Changing the starting number of your sequence from 1 to some other number,
can you make the door colours patternless? What i�nstead of 2 primes, you follow this proce-
dure for 3 or more primes, can you get a patternless sequence of colours? What if you replace
the prime numbers chosen above, with composite numbers?


