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Number Theory
	Prime Numbers : Sieve of Eratosthenes
Goal: Be able to use to use the Sieve of Eratosthenes to find prime numbers

	1) Let's say that you're interested in knowing whether 30, 31, 71, 109, 111, and 113 are all prime numbers.  Use the Sieve of Eratosthenes to figure out which numbers are prime, for those numbers that are between 1 and 300.
How to do the Sieve of Eratosthenes:

0) Create a table like the one below.  You need to list all the numbers you're interested in, and you should start by crossing out the number 1.

1) Find the smallest number that is neither crossed out, nor circled
(When you first start, this number will be 2)
a. If there aren't any non-circled, non-crossed out numbers left, then you're done.

2) Circle the number you found, to indicate that it's prime
(You should start by circling 2, which is prime)
3) Go through the table, row by row, and cross out any number that is a multiple of the number you just circled (meaning that the numbers you cross out are multiples of that number, and therefore not prime)
(You should go through and cross out every multiple of 2 – cross out 4, 6, 8, 10, etc, etc)
4) Go back to step 1
(i.e., go find the NEXT smallest number – your second number should be 3).
1 
   

	Perfect, Deficient, Abundant Numbers
Goal: Given a number, identify it as being perfect, deficient, or abundant.

	The proper factors of a natural number (positive integer) are all the factors (divisors) of a number OTHER THAN the number itself.  

Example: All of the factors of 6 are 1, 2, 3, 6.  The proper factors of 6 are 1, 2, 3
A number is perfect if the sum of it's proper factors is equal to the number.
Example: The proper factors of 6 are 1, 2, 3.  The sum of the proper factors is 6.  

Therefore, 6 is a perfect number.

Example: The proper factors of 10 are 1, 2, 5.  Their sum is 8.  

Therefore 10 is NOT a perfect number
A number is deficient if the sum of it's proper factors is less than the number.
Example: The proper factors of 10 are 1, 2, 5.  Their sum is 8, which is less than 10.

Therefore 10 is a deficient number

Example: The proper factors of 20 are 1, 2, 4, 5, and 10.  Their sum is 22, which is greater than 20. 

 Therefore 20 is NOT a deficient number.
A number is abundant if the sum of it's proper factors is greater than the number.
Example: The proper factors of 20 are 1, 2, 4, 5, and 10.  Their sum is 22, which is greater than 20.  

Therefore 20 is an abundant number.
Example: The proper factors of 10 are 1, 2, 5.  Their sum is 8, which is less than 10.

Therefore 10 is a NOT an abundant number



	2)  Is the following number perfect, deficient, or abundant?
25



	3)  Is the following number perfect, deficient, or abundant?

49


	4)  Is the following number perfect, deficient, or abundant?

17


	5)  Is the following number perfect, deficient, or abundant?

40


	6)  Is the following number perfect, deficient, or abundant?

80


	7)  
Is it possible for a number to neither perfect nor deficient, nor abundant? Explain clearly why it is or isn't.


	8)  
Clearly explain why all prime numbers are deficient numbers.



	Mersenne Numbers
Goal: Given a number, identify it as being perfect, deficient, or abundant.

	Numbers that can be written in the following form:
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Are called Mersenne numbers, after the French monk Marin Mersenne. 

Note that you FIRST do the exponent part, THEN do the subtraction (

Example: 3 is a Mersenne number, because you can use 2 as "N", and get 
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 = 4 - 1 = 3



	Some Mersenne numbers are prime, but others aren't.  You'll explore the relationship 
Number to use as "N"

Is "N" prime?

Mersenne Number

Is the Mersenne Number Prime?

<Blank Space For Work>

9)
2

Yes

3

Yes
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, N = 2 (  
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10)
3

11)
4

12)
5

13)
6

14)

7

15)

8

16)

9

17)

11

Hint: Try looking for factors in the 20's 



	18)  
Based on what you saw by filling in the previous table, is there a relationship between "N" being prime, and the Mersenne Number 
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	Euclid's Procedure for Generating Perfect Numbers
Goal: Use Euclid's method to generate perfect numbers

	
Even though Mersenne lived a long, long time after Euclid, Euclid had a procedure for generating perfect numbers that used Mersenne numbers.  


Euclid said that if you can find a number (let's call that number "N") such that N is prime, and 
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 are both prime, then 
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 must be a perfect number.


	Practice this by filling in the following table.  If you can save yourself some work by copying stuff out of the table on the previous page, please do so!

"N"
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Work to show that 

the number is perfect:

19)  
2

20)
3

21)
5

22)
7
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