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Terminology of Mathematical Logic  
 
A Proposition is a statement that has a truth value (true or false).  For example “John is wearing a 
blue shirt” is a proposition.  “blue shirt” is not a proposition. 
 
Propositional atoms are the smallest (atomic) units of a compound proposition. 
 
An implication has a premise and a conclusion.  Both the premise and the conclusion must be 
propositions.  They need not be atomic propositions, but can be compound propositions or 
propositional molecules (made of several propositional atoms.) 
 
For the implication:   P ⇒ Q    (P implies Q) Let’s assume true 
Its converse: Q ⇒ P    (Q implies P) Does not follow 
Its inverse: QP ¬¬ ⇒    (not P implies not Q) Does not follow 

Its contrapositive PQ ¬¬ ⇒  Is true 

   
The equivalence  P ⇔  Q  implies that both the implication P ⇒ Q and its converse  
Q ⇒ P are true.  Therefore, the inverse is also true (it is the contrapositive of the converse), 
along with the contrapositive. 
 
Propositional atoms can be combined by the connectives: 

 and  ∧  
 or  ∨ (inclusive) 

For instance, the above definition of equivalence can be stated: 

 (P ⇔  Q)  ⇔  (P ⇒ Q) ∧  (Q ⇒ P) 
 
Precedence rules for complex logical expressions: 
 Negation has highest precedence; apply the negation operator first 
 ∨ and ∧  connective operators are next highest 
 ⇒ 
 ⇔ has lowest precedence and is applied (evaluated) last. 
 Where ambiguity may exist, always use parentheses. 
 
De Morgan’s Two Laws 
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De Morgan’s Laws have a useful formulation here in Propositional Logic, as well as in Set 
Theory and in Boolean Algebra. 
 
   not (P or Q) is equivalent to not P and not Q )()( QPQP ¬¬¬ ∧⇔∨
 
   not (P and Q) is equivalent to not P or not Q )()( QPQP ¬¬¬ ∨⇔∧
  
Truth Tables 
 
Truth Tables permit rigorous definition of logical operators and proof (or disproof) of logical 
arguments.  For instance, to define the two connectives ∨ (or) and ∧ (and), in forming a 
compound proposition from two propositions A and B: 
 
Truth Table Definition of connectives 

A B A ∨ B A ∧ B 
T T T T 
T F T F 
F T T F 
F F F F 

 
Note that each row corresponds to a combination of true and false values of the propositions A 
and B, and that all possible combinations are listed. 
 
To use a truth table to analyze a logical argument, the rows correspond to all possible 
combinations of the truth values of the propositional atoms in the premise.   
 

Truth Table Demonstration of Equivalence (De Morgan’s Law) 
 
An implication (premise implies conclusion) is false if and only if the premise can be true, but 
the conclusion is false.   
 
An equivalence is false if and only if in some row of the truth table the truth value of the LH side 
of the equivalence (normally a compound logical expression) differs from the truth value of the 
RH side of the equivalence.   The example below uses a truth table to verify one of De Morgan’s 
laws: 
 
To prove that  )()( QPQP ¬¬¬ ∧⇔∨

P Q )( QP ∨  )( QP ∨¬  P¬  Q¬  )( QP ¬¬ ∧  LH ⇔ RH 

T T T F F F F T 
T F T F F T F T 
F T T F T F F T 
F F F T T T T T 

 

Development of this review sheet was made possible by funding from the US Department of Education 
through South Dakota’s EveryTeacher Teacher Quality Enhancement grant. 



Development of this review sheet was made possible by funding from the US Department of Education 
through South Dakota’s EveryTeacher Teacher Quality Enhancement grant. 

Note that the LH and RH sides of the equivalence are constructed step by step from the atomic 
propositions.  Column 4 holds the LH and column 7 the RH sides of the `equivalence.  The last 
column demonstrates that for all possible combinations of the truth values of the propositions P 
and Q, the LH and RH are identically valued.  The De Morgan Law is thus proved. 
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