Statements Containing Multiple Quantifiers 

Example:  Suppose you wanted to say there is no largest real number.  This involves more than one quantifier used together. Another way to say it is:

There is always a real number bigger than any given real number.  Symbolically:
(x(R (y(R, y>x

Why Calculus is so difficult.  Based on idea of Limit.  

Definition of  lim f(x) = L     logically  looks like

                       x(x0

((>0,  ((>0, (x(R,  0<(x-x0(<(  ( (f(x)-L(<( 

Limit Example
Determining Truth Value for Statement with Multiple Quantifiers 
 [see page 99]

(x(R (y(R,  y>x

    Suppose x is given.  This statement says one can fine a y greater than x.

    Can you guess one?  (It can depends on x.)  

(x(R (y(R, y>x

    This says there exists some x that is smaller than all possible y.  Can you find one?      Suppose x0 were such an x.  Can you think of a y that would not  be bigger than x0?  (It can depends on x0 .)

Negating  Statement with Multiple Quantifiers

  Recall our general rule.   Change  quantifier and negate the propositional function.

~((x(D, (y(D, P(x,y))  (   (x(D, (y(D,  ~P(x,y)

~((x(R, (y(R,  y>x)  ( (x(R, (y(R, y(x

(Is the above statement true for false?)   
Some Practice:
[by Al Lehnen]   Determine the Truth Values of the following.  Translate to words.
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Problems on Multiple Quantifiers  [Lydia Sinapova]
1. Match each expression with its negation: (solution) 

	 x  y likes(x,y)
	 y  x ~likes(x,y)

	 x  y likes(x,y)
	 x  y ~likes(x,y)

	 x  y likes(x,y)
	 y  x ~likes(x,y)

	 x  y likes(x,y)
	 y  x ~likes(x,y)

	 y  x likes(x,y)
	 x  y ~likes(x,y)

	 y  x likes(x,y)
	 x  y ~likes(x,y)

	 y  x likes(x,y)
	 y  x ~likes(x,y)

	 y  x likes(x,y)
	 x  y ~likes(x,y)


2. Match each sentence with its negation (solution): 

	There is a student that likes some fruit
	There is a student that does not like some fruit

	Every student likes some fruit
	There is a fruit disliked by some student

	All students like all fruits
	Every fruit is disliked by someone

	Every fruit is liked by someone
	All students dislike all fruits

	There is a student that likes all fruits
	There is a student that dislikes all fruits

	There is a fruit liked by some student
	Every student dislikes some fruit

	There is a fruit liked by all students
	There is a fruit disliked by all students

	All fruits are liked by everybody
	All fruits are disliked by everybody


