Properties of Reals  


Getting Started: 

Review of Previous Lesson/HW/Do Now
Statement of Objectives: 

A.N.1 Identify and apply the properties of real numbers (closure, commutative, associative, distributive, identity, inverse) Note: Students do not need to identify groups and fields, but students should be engaged in the ideas.
Big Ideas: 

Commutative Properties of Addition and Multiplication

For all real numbers a and b:
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Associative Properties of Addition and Multiplication

For all real numbers a, b, and c:
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Distributive Properties of Addition and Multiplication
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Identity Properties of Addition and Multiplication
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Teaching Tip: Students need to understand that the identity element is always associated with an operation, and that the identity element for a given operation is the element that preserves the identity of other elements under the given operation.  

Inverse Properties of Addition and Multiplication
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Teaching Tip: Students need to understand that the inverse element is associated with both an operation and another element.  The inverse element for any element under a given operation is the element that leads to the identity element.  Therefore, it is usually necessary to know what the identity element is before identifying the inverse of any given element.
Modeling:

Sample Math A Regents Problem

	Which expression is an example of the associative property?

(1) (x + y) + z = x + (y + z)

(2) x + y + z = z + y + x
(3) x(y + z) = xy + xz
(4) x • 1 = x


One Solution

	Choice (1) is an example of the associative property,

Choice (2) is an example of the commutative property.

Choice (3) is an example of the distributive property.

Choice (4) is an example of the identity property of multiplication.


Another Math A Regents Problem

	The operation for the set {p,r,s,v} is defined in the accompanying table. What is the inverse element of r under the operation ?
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(1) p 



  (3) s

(2) r 



  (4) v


One Solution

	These little tables can be tricky to understand.  The key in this one is to understand that the inverse properties always yield the identity elements as outputs.  The way to read this table is as follows:

· The operation is the symbol *

· The input set is {p,r,s,v)

· The outputs are the cells in the matrix.

p*p results in s

p*r results in v

p*s results in p (either p or s must be the identity element)

r*s results in r (either r or s must be the identify element)

s*s results in s (either s or s must be the identify element – not a difficult choice)

The inverse of an element is the element which, under the given operation, results in the identify element.  We want to know what element works with r under the operation * to produce s, so we look at the column beneath r until we find an s, and we see that v operates with r to yield s.  The answer is v.


Closure is a property (or characteristic) of a set of numbers, such as integers, and an operation, such as addition, subtraction, multiplication or division.  
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	A set and an operation are closed if the inputs and the outputs of the operation are from the same set.

Example:  The set of integers is closed to the operation of addition.
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	A set and an operation are not closed if the inputs and the outputs of the operation are from the different sets.

Example:  The set of integers is not closed to the operation of division.


· To show that a set of numbers is not closed to an operation, find one example for which the operation results in a number outside of the given set of numbers.

A Metaphor for Understanding Closed and Open Sets:  One way to understand closure is to imagine a classroom in which the teacher invites all the numbers from a given set and closes the door.  No other numbers are in the room.  Then the teacher turns on an “operations” machine (egs. Add, subtract, multiply, or divide).  If the machine can run forever with just the numbers in the room, the set of numbers is closed for that operation.  If the machine ever creates any number that is not already in the room, the teacher has to open the door and invite more numbers into the room.  The set of numbers is not closed for that operation.

Another Math A Regents Problem

	Which set is closed under division?

(1) {1} 
 
 
 (3) integers

(2) counting numbers 
 
 (4) whole numbers


One Solution

	(1) 
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  This is a closed set under division.  This is the answer.  Verify by checking the other answers to make sure they are wrong.

(2) 
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Fractions and counting numbers are not the same set, so this cannot be the answer.

(3) 
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Same problem as choice 2.  This is not the answer.

(4) 
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 Same problem as choices 2 and 3.  This is not the answer.




Check for Understanding: 

Guided Practice: 

Selected worksheet.

Independent Practice: 

Students should complete the worksheet on their own.
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