
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wednesday , 9125-1
Quantifiers

he symbols] andH are called quantifiers ·

(1)J is the existential quantifier ; it means
"there exists" or "for some" or "for at

1/

least one .

Also
,
if Q(X) is a statement about an object

X
,
and A is a set

,
then

-xA : Q(x)
means Q(X) holds for at least one element
of A.

Examples :
7)Xt IN : x 342 is true

* XeIN : X0 is false .

(2) I is the universal quantifier ; it means
2/"For all" or "for every" or "for any .

Also
,
if Q(x) is a statement regarding an object

X , and A is a set, then

Xx + A : Q(x)
means Q(X) holds for any XEA.

Examples :
YXIN : X342 is false .
HX+ /N : X30 is true

(3) (a) We can string quantifiers together.
Examples :



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

②
#XEIR

, JyCIR : XY is true
3 xCIR

, HyCIR :

xy is false .

(note that order matters !I

(b) We can myate statements
with quantifiers .

In particular,

~ (xc : Q(x))
is equivalent to

HxtA : -Q(X) ,
and
-((xtA : Q(x))

is equivalenttoQ(X) ·
(t) Examples

: True orFalse
,
and why ?

(a) +(Hne/N
,
n2= u)

(b) - (Jne/N n2 </
(c) HyEIN, 5 xCIN : yX
(a) J EI

,
YXC : y5X

(e) -(Jy( /R, -xEIR : (xy (0) ·
Also
,
rewrite this statement without using -

(f) - (HXCIR-IRY SyER; JzEIR : X,yzl .
(Recall : IR+ = EXE1R:03. )

SOLUTION.

(a) This statement is equivalent to
-ne/N : n2 u

which is true Stake n = 2) ·



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

③

(b) EquivalentToo,   ,
which is true. (Proof :If neI

,
then31.

Multiply by n toget
hin .

(c) false
.
If y = 1

,
there's no Xe/N with

y3X

(d) True . Let y= 1
: then ysX for every xC/N

.

(e) -(Jy((R , ]xIR : (x -y/40)
is equivalent to
Yye (R, -(JxtIR : (x -y(0)
which is equivalent to
Hy CIR, YxeIR, (x- y 1z0,
which is true /since 12110 for all real

numbers 2) .

(f) Ex-IR-IRY YyeRY, HzeRt : xyz.
True

.

Let X =0. Then, for any yzEIRY
yz70, s0Xyz .


