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Number Theory
	Prime Numbers : Figuring out if a number is prime
Goal: Develop a process for figuring out if a given number is prime, even if that number is pretty big.

	
In previous lectures, you were told the definition of a prime number: "A number is prime if it has only two factors: itself, and one.  The number one is defined to NOT be prime"


Let's say that someone gives you a number, and asks you if it's prime.  For most 'small' numbers (like 3, 7, 17, 31, 30), figuring this is basically boils down to factoring the number, and seeing if there are more than 2 factors.  However, this procedure becomes difficult and time-consuming for larger numbers.  If someone hands you 511, it will take you quite a bit of time to factor it. If someone hands you 8,127, it will take even longer.  So we'd like to figure out a faster way to determine if the given number is prime or not.


A key observation is that the definition of prime number is it that it has only two factors: itself, and one.  This means that if we can show that a number has even a single other factor, then that number can't be prime.  In other words, we don't need to find all the factors of the number, we just need to find any factor (that's not 1, or the number) to show that it's not prime.


So our first draft at a process to determine if a number is prime will be this: once you're given the number, try to see if 2 is a factor.  If 2 isn't a factor, then try 3.  If 3 isn't a factor, then try 4, etc, etc.  If at any point you find that some number is a factor, then you know the number isn't prime, and you can stop.  


You can figure out if one number is a factor of another using your calculator: If the given number is evenly divisible by the number you're checking (2, or 3, or 4, or whatever number you're thinking might be a factor), then it's a factor.

Notice that at this point, you'd have to check every number from 2, up to the number itself (and have every last one of those numbers not be factors) in order to conclude that a number is prime.

  

	1)  Given the following number, figure out if it's prime.

N = 13

You should figure out if the number is prime by filling in the table.  You should fill in the second row with your work, following the examples provided for N/2 and N/3
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2 is not a factor since 13 is not evenly divisible by 2
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3 is not a factor.
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	2)  Given the following number, figure out if it's prime.

N = 17
You should figure out if the number is prime by filling in the table like you did in the prior problem.  Since at this point you should understand how to fill out the table, you should do this exercise with a different goal in mind: as the given number gets larger, these tables are going to have more and more columns – can you find a way to reduce the number of columns that you need to check, before you can conclude that the number is prime? 
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2 is not a factor since 17 is not evenly divisible by 2
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3 is not a factor.
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	3)  Given the following number, figure out if it's prime.

N = 31
You should figure out if the number is prime by filling in the table like you did in the prior problems.  You should continue to look for patterns that will allow you to figure out if the number is prime, without having to check every factor between 2 and N.
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	4)  Based on the prior three exercises, is there any patterns that you can see?  Are there any patterns that might allow you to factor fewer numbers, but still allow you to know that the number is prime?



	5)  Go back through the those exercises, and try stopping once you've tried all possible factors that are less than or equal to 
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.  Do you need to see if any other numbers are factors?



	6)  Using what you've just learned, determine if the following number is prime:

49
Write down the numbers that you check (to see if they're factors of 49) here:


	7)  Using what you've just learned, determine if the following number is prime:

127
Write down the numbers that you check (to see if they're factors of 127) here:



	8)  Using what you've just learned, determine if the following number is prime:

2047
Write down the numbers that you check (to see if they're factors of 2047) here:
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