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Section 3.2: Truth Tables, Equivalent Statements, and Tautologies
Section 3.3: The Conditional and Biconditional
Practice HW from Mathematical Excursions Textbook (not to hand in)

p. 124 # 51-57 odd

p. 135 # 13, 15, 17, 29, 33, 37, 39, 41, 43, 45

p. 144 # 15, 17, 25-35 odd, 47-51 odd
In this section, we introduce basic truth tables of compound statements
Truth Tables
A truth table gives the truth value of a compound statement for all possible truth values of the simple statements that make it up. We will consider the truth tables for negation, the conjunction, the disjunction, and the conditional.
1.
Truth Table for Negation: Given by “not P”  and represented by 
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, the truth value is simply reversed.

Truth Table For Negation

	p
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2.
Conjunction: 
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 , “p and q”. 

Truth Table for Conjunction

	p
	q
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Note: 
A conjunction 
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 can only be true if both simple statements p and q 



are true. If either p and q (or both) are false, the final statement is false.


Example: I am a Radford student and I am in Math 116 can only be true if you are 


both a Radford student and are indeed taking Math 116.

3.
Disjunction: 
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 , “p or q”. 

Truth Table for Disjunction

	p
	q
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Note: 
A disjunction 
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 can only be false if both simple statements p and q 



are false. If either p and q (or both) are true, the final statement is true.

Example: I will go my Math 116 class or stay in bed is only false if you do not go to y

your Math 116 and do not stay in bed.

4.
Conditional: 
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, “If p, then q”.

Truth Table for Conditional

	p
	q
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Note: 
A conditional 
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 can only be false if the hypothesis p is true and the conclusion q is false. 
Example: Suppose p = you attend class and q = you will pass and we form the conditional 
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 that says “If you attend class, then you will pass”. This conditional can only be false if you attended the class but still did not pass the class.
Example 1: Determine whether each statement is true or false.
a.
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b.
The United States borders Canada and Australia.
c.
If pigs can fly, then orioles are birds.
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Construction Truth Tables of Compound Statements
Involves knowing the values of the four basic truth tables (negation, conjunction, disjunction, and conditional). These are summarized at the top of the next page.

Basic Truth Tables

Truth Table For Negation




	p
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Truth Table for Conjunction
	p
	q
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Truth Table for Disjunction

	p
	q
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Truth Table for Conditional 

Example 2: Construct a truth table for the compound statement 
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Solution:
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Example 3: Construct a truth table for the compound statement 
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Solution:
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Example 4: Construct a truth table for the compound statement 
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Solution:
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Example 5: Construct a truth table for the compound statement 
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Solution:
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Example 6: Construct a truth table for the compound statement 
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Solution:
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Example 7: Construct a truth table for the compound statement 
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Solution: The following is the truth table with intermediate steps included.  Note that it is best to construct what is to the left and right of the middle conditional arrow 
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	q
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Equivalent Statements
Two statements are equivalent if they both have the same truth values for all possible truth values of their component statements, that is, if the final results of their truth tables are the same.

Notation: If statement p is equivalent to statement q, we write 
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Example 8: Show that 
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Solution: 
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Example 9: Show that 
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Solution: 
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Using Equivalent Statements to Rewrite Sentences
We can use equivalent statements to rewrite sentences that communicates the same statement logically.

Common Equivalent Statements

1.
De Morgan’s Laws for Statements: For statements p and q, 
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Example 10: Use one of De Morgan’s Laws to rewrite the statement “It is not the case that I did my homework and came to class”. in an equivalent form.

Solution:
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Example 11: Use one of De Morgan’s Laws to rewrite the statement “I did not fail this class and I did not flunk out of school.

Solution: Symbolically, if we let p = I did fail this class and q = I did  flunk out of school, this sentence can be represented as
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Since De Morgan’s Laws says 
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, we can rewrite the sentence as: 

“It is not the case that I failed this class or flunked out of school”.
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2.
Equivalent Disjunctive Form of the Conditional: For statements p and q,
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Example 12: Write the conditional statement “If Virginia Tech wins, then Radford students will rejoice in its equivalent disjunctive form.

Solution:
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3.
Negative of the Conditional: For statements p and q,
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Example 13: Write the negation of the conditional statement “If Virginia Tech wins, then Radford students will rejoice.

Solution: If we let p = Virginia Tech wins and q = Radford students will rejoice, then we have the conditional statement 
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. Since the negation of the conditional statement symbolically is 
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, the negation of the this conditional can be written as


“Virginia Tech wins or Radford students will not rejoice”.
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Tautologies
A tautology is a statement that is true in any case, regardless of whether the individual statements that make it up are true or false. A statement will be a tautology if every resulting row of the final result of its truth table is all true. For example, the statement
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whose truth table is given by

	p
	q
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is a tautology since its truth table result (column in red) is all true.

However, the statement
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whose truth table is given by

	p
	q
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is not a tautology since one of its rows (in this case the second) is not all true.

We will use this concept to examine the validity of arguments in Section 3.5
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