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Concepts addressed:   
Given newly defined operations on a number system, determine whether certain properties hold.  
 

Textbooks and other Learning Materials:   
College Algebra with Trigonometry, by Barnett, Ziegler, and Byleen.  ISBN 0-07-006336-2 for 
6th edition, 1999.  McGraw-Hill. 
 

Discrete Mathematics with Applications by Susanna Epps, Thomson/Brooks-Cole.   ISBN 0-
534-35945-0 (3rd edition 2004) 
 

Contemporary Abstract Algebra, by Joseph Gallian.  Houghton-Mifflin.  ISBN 0-618-122141 
(5th edition, 1993) 
 
Linear Algebra with Applications, by Gareth Williams.  Jones and Bartlett Publishers.  ISBN 0-
07637-3235-4 (5th edition). 
 
Determining whether a set with one or two operations satisfies properties like closure, 
associativity, commutativity, existence of identities or inverses is a type of problem that typically 
makes brief appearances in Linear Algebra, Discrete Mathematics, and occasionally College 
Algebra.  These concepts are more fully explored in an Abstract Algebra course.  See Chapters 1 
and 2 of Gallian for a discussion of groups, where only one operation is considered.  See Chapter 
12 for an introduction to rings.  See Williams sections 2.2 and 4.1 (introduction to vector spaces) 
 
Web Resources: 

• See http://mathforum.org/dr.math/faq/faq.property.glossary.html for a general discussion 
of properties of numbers.  Many links, including an examples and discussion at 
http://mathforum.org/library/drmath/view/53063.html and 
http://mathforum.org/library/drmath/view/52422.html. 

• See http://ltcconline.net/greenl/courses/203/MatricesApps/MatrixOpsProps.htm for brief 
discussion and examples of properties of matrix operations.  More at 
http://people.hofstra.edu/faculty/Stefan_Waner/RealWorld/tutorialsf1/unit3_2.html. 

 
Examples: 
Consider the set of natural numbers N (also known as the positive integers).  Under the operation 
of addition, N is closed since if you add any two positive integers, you get another positive 
integer.  N is not closed under subtraction.  For example, 4 and 9 are both natural numbers, but 4 
– 9 = -5 is not. 
Suppose we define an operation on the natural numbers by .  Since taking a positive 
integer to a positive integer power always produces a positive integer, this operation will be 
closed.   

mnmn =∗
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Is it associative?  Let’s compare  with )3*2(2 ∗ 3*)22( ∗ .  We have  
 

256282)2(*2)3*2(2 83 ==∗==∗  
 

644343)2(3*)22( 32 ==∗=∗=∗  
 
Since these are not equal, the operation is not associative. 
 
Also, the operation is not commutative.  Note that 83*2 =  and 923 =∗ . 
 
Finally, the * operation is not distributive over addition.   
 

832)12(2 =∗=+∗  
 
But 
 

6241222 =+=∗+∗  
 
 
 
 

 
Topics to Review: 

• Closure 
• Commutativity 
• Associativity 
• Distributivity 
• Multiplicative and Additive Identities 
• The Zero Property 
• Rational and Irrational Numbers 
• Group 
• Ring 
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