
Number Systems: Solutions
In problems 1-9, classify each as an example of the commutative property, the associative property, or both.

1. 3 + 5 = 5 + 3
Commutative

2. 2 + 3 + 5 = 2 + 5 + 3
Commutative

3. 6 + (2 + 3) = (6 + 2) + 3
Associative

4. 6 + (2 + 3) = (6 + 3) + 2
Commutative, and Associative
5. 6 + (2 + 3) = 6 + (3 + 2)
Commutative
6. 6 + (2 + 3) = (2 + 3) + 6
Commutative
7. (4 + 5)(6 + 9) = (6 + 9) (4 + 5)
Commutative

8. (4 + 5)(6 + 9) = (6 + 9)(4 + 5)
Commutative
9. (3 + 5) + (2 + 4) = (3 + 5) + (4 + 2)
Commutative
10. Is the operation of putting on your shoes and socks commutative?  Explain.

No.  Socks before shoes = normal attire.  Shoes before socks = very odd attire

11. In the English language, the meanings of certain phrases can be very different depending on the association of the words.  Decide whether each of the following groups of words are associative.


a. Bare facts person
Not associative


b. Red fire engine
Not associative

c. Traveling salesman joke
Not associative

d. French language teacher
Not associative
12. Consider the set {1, 4, 7, 9} with the operation * defined by the table

	*
	1
	4
	7
	9

	1
	9
	7
	1
	4

	4
	7
	9
	4
	1

	7
	1
	4
	7
	9

	9
	4
	1
	9
	7


 
a*b means the entry in row a and column b.  For example 7*9 = 9.  


Find each of the following:


a. 7*4 = 4


b. 9*1 = 4


c. 1*7 = 1

d. 9*9 = 7

e. 4*7 = 4

f. 1*9 = 4

g. 7*1 = 1

h. 7*7 = 7

Is the set {1, 4, 7, 9} closed under the operation * ? Explain Yes.  a * b equal an element of {1, 4, 7, 9} if a and b are in the set {1, 4, 7, 9}

13. Given the table from problem 12, is * commutative on the set {1, 4, 7, 9}? Explain

Yes, looking at the table you can see that a*b = b*a for all a and b in {1, 4, 7, 9}.  A quick way of seeing this is by noticing that the table is symmetric about the diagonal.

14. Given the table from problem 12, is * associative on the set {1, 4, 7, 9}?  Explain.

Yes.  Try it will all possible combinations from the set, and you will find a*(b*c) = (a*b)*c for all a, b, c in {1, 4, 7, 9}.

15. Consider the operation ( defined by the following table:

	(
	(
	(
	(

	(
	(
	(
	(

	(
	(
	(
	(

	(
	(
	(
	(



a. Find (((  = (

b. Find ((( = (

c. Does ((( = (((?



 ( = (  Yes

 Is the set commutative for ( ?  No, ((( does not eqaul (((

d. Does (((()(( = (((((() ? 



 (()(( = (((()



     ( = (
16. Let ( mean “select the smaller number” and ( mean “select the second of the two.”  Is ( distributive over ( in the set of natural numbers? As shown in class, ( does distributive over (.  Just try some different cases to convince yourself.

17. Are the natural numbers closed under multiplication?  Yes, the product of any two natural numbers is a natural number.

18. Is multiplication associative over the natural numbers?  Is it commutative? Yes on both accounts

19. Is there a multiplicative identity for the natural numbers?  Yes, the multiplicative identity is 1 for the natural numbers.

20. Do all non-zero natural numbers have a multiplicative identity?  Yes, 1 is the multiplicative identity for all natural numbers.  They do not have multiplicative inverses however.

21. Are the even numbers closed under addition?  Yes, the sum of two even numbers is an even number

22. Are the even numbers closed under multiplication?

Yes, the product of two even numbers is even

23. Are the odd numbers closed under addition? No, the sum of two odd numbers is an even number.

