
In math we're usually interested in whether
a statement is true

. . .

§ 1.2 Quantifiers

Quantifiers
. . . quantify things !

In math
,

we're usually interested in whether

Something is true :

•always x 2>-0
• Sometimes ×2 > o

( at least once )
. never x 2<0

efficient
Since we're

la*y
,

we use symbols . . .



Existential Quantifiers

F : there exists ( at least one )
F ! : there exists a unique (exactly one ) ( not universal )
# : there does not exist ( slang)

Universal Quantifier

H : for all
,

for every .

Other Notation :*

2 : such that ( sometimes :
,

/
,

esp . with sets )
pcxs : stmt whose truth value depends on value of × .

EI pcxs : xH=O p ( h ! true

p 121 : false



EI Write these stints with symbols

0 For some x
,

x2 . 1=0
. Fx HR) 7×2-1

TO For every real number x > o
,

there is a real
number y such that y2=x .

YX >o
, Fysy ? x . o± HX >o

, FYEIR ay ? xOROEvery real number has a cube root .

F ×
, Fy J  y3=X . Yx F x

' 13

0 Given any #
,

there is a larger #
.

fx Fy 7 y >× ( y can depend on x )



There exists a largest

##
there is no square

root@Fy7Vx.y
> ×

of -2 in IR
.

Order of quantifies
slang : ¥× ER 55¥

= . 2

is important ! Better : HXEIR
, Pt . 2

.

A word about variables

X
, y are assumed to be real unless otherwise

specified in this course .



¢ Negation of quantifiers is tricky !

In words
,

( assuming ~ rainy = Sunny )

Negation of "

Every day is rainy
" isn't

"

Every day
is sunny .

"

It's :

"
At least one day is sunny !'



Symbolically
,

negation of Fx
, pcx) is 7×2  ~pCx )

ie

tianya.IE?YIY#
EI

Negate
Vx

, gkbo Fx 2 ~ [ gcx) >o]
Fx 2 gcx ) 10

(b) F x F ftxko tfx
,

f '
Wto .

( c ) Fx
, Hyay > x )

.
7×2  ~[Fussy >x]

Fxs Yy , YEX .



D. Don't go overboard !

NGOK :

[ there , an implicit
' '

Yx "

here
He >oFS7o< Ix - al < 8⇒ Hah - feat < L

.

meant : tea fad =L ( later this semester )

Negation is #ah×)#L

Foot  ~[ .  . - - - ]

Fc >o 7 for
,

~[o< 1×-4<8 ⇒ Has - fcaskl ]
Fe >o7V8

,
7×704×-4<8 and Ifcx) - feat ZL


