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Number Theory - Lecture 14
<Start by going over homework problems>

Natural Numbers ; Divisors/Factors
Number theory deals with the various properties of natural numbers
The natural numbers (or counting numbers) are also known as the positive integers

· integers: these are whole numbers, such as -1, 0, 10, 10,000.    Anything with a decimal part is NOT included (so 3.14159 is out, 2.1 is out, -1.1 is out, etc)

· positive integers: any integer that is greater than zero (note that this doesn't include zero).  In other words, 1, 2, 3, 4, 5, 6, ….

· www.mathworld.com indicates that one might use slightly different definitions of natural numbers (for example, you could include zero), but that the definition of "positive integer" is well-known, so it's probably better to use the term positive integers

We'll start by considering two really similar definitions of a factor (or divisor):
A is a divisor/factor of B if you can evenly divide B by A.

· In other words, if you divide B by A, you some other whole number:

[image: image1.wmf]j

A

B

=

 (where j is a whole number)
(if B and A are positive integers, then j must be a positive integer, too)


· If we re-arrange this, we can see that:
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· In other words, if we're wondering "Is B evenly divisible by A?", we can show that it is by finding another number (j) such that when we multiply A by that other number, we get B.
Prime Numbers

A number is prime if it has only two factors: itself, and one.

One used to be considered prime, but the definition has been changed so that it's not.

I think what happened is that there were lots of theorems that said "Take any prime number, except 1, and…", and so eventually mathematicians got sick of having that "except 1" everywhere, and just put that into the definition, instead.

A number is composite if it's not prime

ICE: Classify numbers as prime or composite  ; Figure out the 'square root of N' rule
Prime Factorization

If a number is composite, then it can be written as a product of prime numbers.  

In other words, if a number isn't prime, then we can factor it down to a bunch of prime numbers, such that when we multiple all the prime numbers together, we'll get the composite number again.

There's this nifty 'prime factorization' tree idea, in order to help you keep track of whether a number is prime or not.
ICE: Do a couple of prime factorization trees.
Divisibility Tests

So let's say we've got a large number, and we're looking to figure out if it's prime or not.  

Prior to the invention of computers, 'brute force' approaches weren't feasible

(i.e, approaches that take huge amounts of work, but not a lot of thought, like trying to divide the number by every number small than it)
So people looked for short cuts, and ended up with stuff like the divisibility tests in order to help them figure out if a number was prime or not.

ICE: Given a number, use the divisibility rules to figure out if it's prime or not.
Finding Prime Numbers: Sieve of Eratosthenes

Again, prior to the invention of computers, people looked for ways of finding out if numbers were prime.  Since it's easier to multiply numbers than divide, an ancient Greek name Eratosthenes came up with the idea of 'crossing off' numbers that were multiples of a number earlier in the list.
ICE: Classify numbers as prime or composite
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