
 

Math 294 Week 6 Contrapositive and Castradiotin

Contrapositive

Dedi Consider a statement of the fan P Q
The Conte of P Q is Q P
The inverse of P 2 is TP s Q

the ontrapositive of P Q is n Q n p

Fix too positive numbers M and h

Consider the statement

it mn 264 then either m s 8 a n 8
The conure is 1h either m 8 an n 8 then run 64
The inverse is 1 mn E 64 then me 8 and n s 8

The CImmpositive is It me 8 and ne 8 then mine 64

theorem The contrapositive of a statement is equivalent to
the original statement

Symbolically P 2 it and only if fP Q
PE he make a truth table
P Q P Q no sp Q p

i 4F T T F T T

F F T T T T a



I
P tgy Psv by Contrapositive

To prove a statement of the fan P its

enough to show Q TP that is assume

Q is false and prove P is false

Fix too positive numbers M and h

Prove the statement

it mn 264 then either m s 8 a n 8

pI We prove the contrapositive

Assume that me 8 and n E 8

We want to show that nine 64

By algebra mu E 8 8 64 so we are done pao

Let Xo 2 Prove that it 5 7 is even then x is odd

pf Ve prove the contrapositive

Assume that X is even

Then X Za for some integer a

This 5 7 512 7

Oa 7
to a 8 I
2 Ta 4 Tl

Since Sa 4 is an integer 5 7 is odd As



Contradiction

her proving things we start with some assumptions

and making logical deductions

If we manage to prove something cleanly false assuming the

reasoning is all correct then something must have been wrong
with our assumptions

P tegy Proof by oastradictin

To prove a statement D ya can first assume that
P is fab then use this assumption to prove a contradiction

Why does this work Let C represent a contradichin

a false statement

If we can prove
a P C and C is fake

then NP must be false So P is true

eg There is no smallest positive real number

pE Assume for the sake of contradiction that

there is a smallest positive real number r

Notice that E is also a real number and

o E a n

This is a contradiction since I is a smaller

positive meal number
So there is no smallest positive real number



Prove that B is irrational

p1 For this proof he will need to know that n is even

if andonly it n is even

Assume for the sake of contradiction that R is

rational That is there are integers a and b such

that R E In particular we can assume that
is fully simplified so a and b have no common factors

Ther
z e I

b

2b a

So at is even

This man that a is even

So a 2C for some integer C
Than

2b a c
2
4 c

b 2c2

So b is em which men that b is even

Hence both a and b are even

But he assumed that has fully simplified
this is a contradiction

S R is irrational As

Note Some authors use 4 e on to
denote that a contradiction has been reached



Thin Euclid There are infinitely many prime numbers

pI Assume for the sake of contradiction that there
are finitely many primes

Call them P p pn a complete list
Consider the number of p p Pn 1
If q is composite then it is divisible by some prime
number

However notice that for each Pi q dived by pi
has a remainder of 1

So q cannot be composite and thus it mustbe prime
But q was not on our list 6h all primes a

contradiction

So there must be infinitely many primes as


