
 

Warmup Show that the sentence

Ph Q p

is a tautology that is it is true
regardless of the sentences P and Q

Do this Using a truth table

By writing a conditional proof

Recall The truth value of the sentence

If xy 0 then x 0 and y
0

depends on the numerical values of x
and

y

We said it is false because it can be
false e.g x 1 y 1 but it can also
be true e.g X l y l

or x 1 y 1

Quantifiers let us discuss such situations



Quantifiers

Ifans Y.fi d qua
ntifier is t which

If PG is a sentence involving the
variable x then Ux Pex is the
sentence

for all x PG

also read as

for every x PG

for each x PG

for any x PG



If Iftar
is 7 which

Fx P x is the sentence

there exists x such that PG

also read as

for some x P x

for at least one x PG

Note A quantifier Y 7 is always
attached to a variable called
the boundvariable

A quantifier is always followed by
a sentence involving the bound
variable



Ee Let Pix be the sentence

x 1 x 1

and let x be the converse

x2 1 x 1

Then Ux Pix is true
Fx PG is true
Ux QQ is false
Fx Q x is true

Note We should be more careful to

specify which values the bound
variable is allowed to take on

The above statements are correct
when x can be any realnunter

To indicate this we will write
x EIR and Fx EIR



Ex Which statements are true

Fx er x 4 9

Tree x 5

Ux er x 4 9

False Try x 0

Fx er x 4 9 n x 51
False x 4 9 x 9 4 5

F xEIR x 6 870

True Ty x 0

f x EIR x 6 820

Can
guess

and check or complete
the square

x 6 8 X 6 9 I
x 35 1

Fats Try x 3



Ux ER x2 6 1020

true x 6 10 4 3 I 7 1 70

for all real numbers x

Observe A single example proves a 7 statement

A single counterexample disproves a

V statement

To prove a f statement or

disprove a 7 statement we need
an argument that works for all values



Note when we use a quantifier tort
a bound variable is ranging

over a

unite of possibilities

Usually we should be explicit about his

arts set of integers
the set of rational numbers

R he set of real numbers
the set of complex numbers

The universe matters

Ex Fx x 2

3 02 2 2

Ambiguous

False I 421

F xe IR X2 Tree EER

Ex UxEIR x2 O

txt 6 x2 o

true
False Fell


