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Mumber Susftems

Saying "= 1i1is an integer and y 1s a real
number®™ 1is the same as saying ==L and yeR™

LZahlen
Matural (German for (Guotient Real Comp le=
numbers)
Maturals: Integers: Rational: Real: Comp lex:

1 23 4005 0 23 200 M, 35335133 -m 23 2+51



A Prime Froblem

Are there infinitely many prime numbers?
This problem i1is hard 1o solve directly because

there are 1nfinitely many integers 1o check.

Induction won't help us because there 1s no clear

connection between prime N and prime nt+l.



ProoTtT buy
ContradicTion

Proof by Contradiction is a proof method wmhere, 1n

order 1o prove that a statement i1s tTrue, you assume

tThat 1t 15 false and then find that that assumption
leads 1to a contradiction.

A contradiction is some Talse statement like “0=17"
or "2 i1s odd®.

By proving that a statement is not false, you
are proving that i1+ i1is true'ft



Frime Problem

Let's prove that there are infinitely many primes
using a proof by contradiction.

Assume TtThat there are finitely many primes.

call the total nmnumber of primes n. Since there are

finitely many primes, we can write them all out i1n a
list like this:

Pi: Pz: FPzs ww Pr-1r Pp

Shouwuing that there 1s a prime number that i1s nmot on
this list would be a contradiction, since wuwe defined

tThe list have all the primes. NHowm, consider the
number:

N = pyPoPz.PhaP, + 1

There are # options, either H is prime or M i1s
compos ite.



Frime Problem

N = PPz PP, + 1

Case 1! M is prime

M has to be bigger than all the primes on the list,
so M 1is mnot on the l1list. That's a contradiction, so
M can't be prime.

Case ' M is composite

Since N is composite, it must be a product of
Primes, as we showed last week.

However, M is not divisible by any of the primes on
tThe list. So, WM must be divisible by some prime not
on the list. That's a contradiction, so M can't be

composi1ite.

There's a contradiction in either case, sS0O Oour
original assumption that there 15 finitely many
Pprimes must be wmrong. There must be 1nfinitely many
PIrimes.
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1.Prove that i1Ff n2 1s odd, then n is odd.

2. Prove that the sum of a rational number and an
irrational nmnumber 1s i1rrational.

2. Prove that there 1s no smallest positive
rational number.

4. Prove that there are no integers a and b where
1%a + &b = 1.

2. Prove that 1 Ff an integer n is composite, 11t has
a prime factor £ Jdn.

{This week mas a bit dry, but hopetully ne=t week
will be more exciting)



