Multiplication and Division of Whole Numbers
Multiplication of Whole Numbers
Repeated Addition Definition for Multiplication of Whole Numbers. Given a whole number a ( 0 of equal sets, each containing b elements, we define 
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and 0 ( b = 0.  The numbers a and b are called factors and ab is the product.
Other notation used:  ab = a ( b = a ( b = a * b = (a)(b).

Examples:



1.
Use a set model to illustrate, 



"Four boxes each contain three pieces of candy, how many pieces of candy are there in total?"


2.
Use a measurement model to illustrate, 



"How much will the temperature rise, if the temperature rises 3( in each of five consecutive hours?"
A different definition for multiplication of whole numbers may be formed by considering how we identify items in an array.

	(1, 1)
	(1, 2)
	(1, 3)
	(1, 4)
	(1, 5)

	(2, 1)
	(2, 2)
	(2, 3)
	(2, 4)
	(2, 5)

	(3, 1)
	(3, 2)
	(3, 3)
	(3, 4)
	(3, 5)


We note that the table has 3(5) = 15 small rectangular regions. Also, we often identify an item by using an ordered pair such as in the above table the box in the second row, fourth column is labeled (2, 4). We use this concept to motivate another set operation that will be used to give a different definition for multiplication.

Definition. An ordered pair is a pair of objects where one element is designated first and the other element is designated second, denoted (a, b).

Definition. The Cartesian product of two sets A and B, denoted A ( B, is the set of all possible ordered pairs where the elements of A are first and the elements of B are second.  In set-builder notation, A ( B = {(a, b) | a ( A and b ( B}.

Examples:



1.
Let A = {H, T} and B = {1, 2, 3, 4, 5, 6}. 




(a)
Find A ( B and B ( A.




(b)
Find n(A ( B) and n(B ( A)




(c)
Is the Cartesian product commutative?  Justify.


2.
Find A ( (.

Cartesian Product Definition for Multiplication of Whole Numbers.  

Let A and B be two finite sets with a = n(A) and b = n(B). Then ab = n(A ( B). 
We use four different models for this definition: array model, area model, intersection model, and tree diagram.


Examples:



1.
array model – How many children are in a room with 4 children in each of 7 rows?




(The accepted standard is: The rows are horizontal and the columns are vertical.)



2.
area model – What is the area of a region measuring 3 feet by 4 feet?



3.
intersection model –  Four east-west avenues cross five north-south streets. 





                            How many intersections are formed?



4.
tree diagram – A couple is planning their wedding. They have 3 nephews and 4 nieces. How many





                  different pairings are possible to have one boy and one girl as a ring bearer and flower girl?
Multiplication Properties of Whole Numbers
1.
Closure Property for Whole Number Multiplication.


Let a and b be any whole numbers. Then ab is a unique whole number.

2.
Commutative Property of Whole Number Multiplication.


Let a and b be any whole numbers. Then ab = ba.

3.
Associative Property for Whole Number Multiplication.


Let a, b, and c be any whole numbers. Then a(bc) = (ab)c.
4.
Identity for Whole Number Multiplication.


Let a be any whole number. Then (a)(1) = (1)(a) = a.  The whole number 1 is called the multiplicative identity.
5.
Multiplication Property of Zero.



For any whole number a, (a)(0) = (0)(a) = 0.

6.
Distributive Property of Multiplication over Addition of Whole Numbers


Let a, b, and c be any whole numbers. Then a(b + c) = ab + ac.

7.
Distributive Property of Multiplication over Subtraction of Whole Numbers


Let a, b, and c be any whole numbers. Then a(b – c) = ab – ac.

Which model/s would work best to illustrate each of the above properties?

Division of Whole Numbers
We model division with three distinct conceptual models: partition model, repeated-subtraction model, and missing-factor model (definition).

The partition model (sometimes called the partitive model) is based on the concept of sharing objects equally among several sets. That is, a given number of sets are each to receive the same number of objects; how many objects should each set receive?


Examples:



1.
(Set model)  Three children are to share 12 pencils equally, how many pencils should each child receive?



2.
(Array model)  Twenty-one trees are to be planted in four equal rows, how many trees are to be planted in 





                   each row?

The repeated-subtraction model (sometimes called the measurement model) is based on the concept of finding the number of sets that can receive the same given number of objects.


Examples:



1.
(Set model)  Each child is to receive 3 pencils from a box containing 12 pencils. How many children will 





              get pencils?




Compare this question to the first example for the partition model.



2.
(Measurement model)  A car is at mile marker 200 on I-94. If the car is traveling west at 50 mph, how





                              long will it take the car to reach the state border?



3.
(Set or "gozinta")  A wagon will hold 150 bushels of wheat. How many wagon loads will it take to fill




a bin that holds 900 bushels?

Note that both of the above two models may be used before multiplication has been studied. Neither model requires an understanding of multiplication.
The missing-factor model (definition) is based on the idea of division being the inverse operation of multiplication.

Definition. Let a and b be any whole numbers with b ( 0. Then a ( b = c if and only if bc = a.



The whole number a is the dividend, b is the divisor, and c is the quotient.

Division Involving Zero with a ( 0. 
We investigate the three problems: 

a ( 0


      0 ( a
 0 ( 0

Division Algorithm. Given any whole numbers  a  and  b where b ≠ 0, there exist unique whole numbers  q  and  r  such that  a = bq + r  where  0 ≤ r < b.
The  q  is called the quotient and  r  is called the remainder.



Example:  Fourteen pieces of candy are to be shared equally among three children. How many pieces should each child receive?


Basic Multiplication Facts with Dienes'Multibase Blocks
Directions.  Use the Dienes' Multibase blocks and the set model with the repeated addition definition for multiplication to complete the multiplication basic facts tables for base three, base four, base five, and base six. Since we do not have blocks for base three, base four, base five, and base six. Since we do not have blocks for other bases, use the concepts learned to complete the basic facts tables for base seven, base eight, base nine, base ten, and base twelve.    

    Base Three (three-wood)              
 Base Four (four-wood)
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             Base Five (five-wood)
Base Six (six-wood)
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  Base Eight
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Base Nine


Base Ten
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	×
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	T
	E

	0
	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	
	

	T
	
	
	
	
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	
	
	
	
	


_1210670147.unknown

