Logic

How do we reason?  How do we draw conclusions?

We use statements and rules of inference.

Statements --  building blocks of logic.

A statement is a “sentence” that is either TRUE or FALSE.

Examples: (Are they statements?)


The capitol of NY is Albany.


1+1=3


Stop speeding!


What time is it?


Florida has the better weather than any other state.


The red house by the lake.


This sentence is false.


The number x is even.


There is a heaven.

Naming Statements 


p:  It is snowing


q:  I am hungry

Making new statements from old ones  ---  operations on statements


Negation: (p   is called “not p”  and has the opposite truth value

        If p is “it is snowing”, then (p is the same as  “it is not snowing.”
        If r is  “today is not Friday” then (r is the same as “today is Friday.”
Truth Tables

p     (p

	T
	F

	F
	T


Other ways to make new statements-- connectives

p(q       P and Q   conjunction 

Example:  It is snowing and I am hungry.

p     q   p(q

	T
	T
	T

	T
	F
	F

	F
	T
	F

	F
	F
	F


How would you write “It is snowing and I am not hungry”?

p(q       P or Q   disjunction 

Example:  It is snowing or I am hungry.

p     q   p(q

	T
	T
	T

	T
	F
	T

	F
	T
	T

	F
	F
	F


Note TRUE if both are TRUE.

[Exclusive or is a less used connective.]

p(q        p implies q    implication, conditional   If-then

p is called the hypothesis or antecedent and q is called the conclusion or consequent.

p     q   p(q

	T
	T
	

	T
	F
	

	F
	T
	

	F
	F
	


You have a visitor Sue and you tell her that if she is at least 21 years of age THEN she can legally buy beer in NY.  In which lines of the truth table would she have a reason to feel you misled her?  (p: Sue is 21 or older,  q: Sue can legally buy beer.)

What is the truth value of    “If 1=2 then the earth is flat.”
Related Conditionals

Statement          p(q

If it is raining, then the ground is wet.

Converse

  q(p

If the ground is we then it is raining.

Contrapositive
(q((p
       If the ground is not wet, then it’s not raining.

Inverse

(p((q
       If it’s not raining, then the ground is not wet.

p  q  (p  (q   p(q (q((p   q(p    (p((q

	T
	T
	F
	F
	  T
	   T
	    T
	    T

	T
	F
	F
	T
	  F
	   F
	    T
	    T

	F
	T
	T
	F
	  T
	   T
	    F
	    F

	F
	F
	T
	T
	  T
	   T
	    T
	    T


Logical Equivalence


Two logical expressions that have the same truth   

        values for each row are called logically equivalent.

      (Look at previous truth table for examples.  What does this mean?  Indirect Proofs.  )

------------class ended--------------  

Homework  through problem 18  except for “if and only if”  (
Biconditionals      p(q        if and only if

    This if true if both p and q are TRUE or p and q are False.


Albany is the capitol of RI (  Ithaca is on Seneca lake.    T

             x=2   (  x2 = 4     F

p  q   p(q    q(p     (p(q)(( q(p)    p(q

	T
	T
	  T
	   T
	    T
	    T

	T
	F
	  F
	   T
	    F
	    F

	F
	T
	  T
	   F
	    F
	    F

	F
	F
	  T
	   T
	    T
	    T


Note:   p(q   is logically equivalent to  (p(q)(( q(p)    

            p(q  also is the same as “p is logically equivalent to q”. 

Algebra of Logic
Recall for numbers:

- (-7) = 7

3 x (4+2) =  3x4 + 3x2

Logic has rules too.

(((p) is logically equivalent to p

p:       The sky is blue.

(p:     The sky is not blue.

(((p): It is not true that the sky is not blue.  (The sky is blue.)

p    (p   (((p)

	T
	F
	T

	F
	T
	F


Negating AND and OR statements-  DeMorgan's Laws

What is the negation of  "It is Thursday and it is raining."

((p(q) ( (p ( (q      ( ((p(q) ( (p ( (q   homework  )

p  q  (p  (q   p(q   ((p(q)   (p ( (q

	T
	T
	F
	F
	  T
	   F
	    F

	T
	F
	F
	T
	  F
	   T
	    T

	F
	T
	T
	F
	  F
	   T
	    T

	F
	F
	T
	T
	  F
	   T
	    T


Many other rules as with numbers and algebra
For example

Commutative Rules

         p(q ( q(p

         p(q ( q(p

Distributive Rules

         p((q(r) ( (p(q) ( (p(r)    

         p( (q(r) ( (p(q) ( (p(r)

