	Absolute Value and Equations








Review of Prerequisites:





1.	Absolute value





The absolute value of a number is its distance from the origin (zero) on the number line.   The absolute value of the number  w  is denoted  � EMBED Equation  ���.








2.	System of linear equations in two unknowns





A system of linear equations in two unknowns is a collection of two or more linear equations in two variables. 





3.	Solution of a system of linear equations in two unknowns





A solution of a system of linear equations in two unknowns is an ordered pair which satisfies each of the equations in the system.








Objectives:





1.	To model equations involving absolute value geometrically;





2.	To explore properties of the absolute value function;





3.	To explore applications of the absolute value function.








Materials:





1.	TI82 calculator


2.	Straight edge


�
Activity 1:  Absolute Value as Distance





The  absolute value  of a number is its distance from the origin on the number line.  The absolute value of the number  w  is denoted  � EMBED Equation  ���. For example, the absolute value of  -5, |-5|, is  5, since  -5  is five units from 0 on the number line.





1.	On the given number line, mark and label the location of each number of which you are to find the absolute value. Use the number line to evaluate each absolute value:





   ³-3³ = ______ , ³4³ =  ______ , ³-6.5³ = ______ , ³2.2³ = ______, �EMBED Equation��� = ______








	�

















2.	Locate points on the number lines below that satisfy each of the given statements. Write the algebraic sentences with and without absolute value that describe the set of points you mark. If there are no points which satisfy the statement, explain why.





a.	The distance between  x  and  0  is  2  units.


	


	�





























b.	³x³ = 3. (First, write the corresponding English sentence that describes the distance relationship indicated by this algebraic sentence.)


	


	�

















c.	³-x³ = 4


	


	�


























3.	What is the (undirected ) distance between the points on the number line representing each of the following pairs of numbers? In each case, write the arithmetic statement that indicates the operation(s) you are using to find the answer.





a.	5  and  12





Distance = __________________________





b.	5  and  2





Distance = __________________________





c.	5  and  -12





Distance = __________________________





d.	5  and  -2





Distance = __________________________





e.	5  and  x





If  x ( 5,	distance = __________________________





If  x < 5, 	distance = __________________________





		How do you express the distance as a single expression if you do not know how  x compares with 5?





Distance = __________________________





f.	x  and  y





Distance = __________________________


4.	In the preceding question, you should have concluded that the distance between two numbers on the number line may be represented by the absolute value of their difference. Using this idea, locate points on the number lines below that satisfy each of the given statements. Write the algebraic sentences with and without absolute value that describe the set of points you mark. If there are no points which satisfy the statement, explain why.





a.	The distance between  x  and  -4  is three units.


	


	�














	


b.	The distance between  2  and  x  is two units.


	


	�




















c.	³x - 2³ = 2


	


	�




















d.	³x + 3³ = 1


	


	�














e.	³4 - x³ = -4





	�


2.	The absolute value of any number must be at least _________________ since________  





______________________________________________________________________.





Further, if  ³x³ = 0 , then __________________________________________________.





3.	Complete the table below:

















	�



































On the basis of the results in the table above, what are the possible comparisons between   � EMBED Equation  ���  and  � EMBED Equation  ��� ? Under what condition(s) will  � EMBED Equation  ���  and  � EMBED Equation  ���  be equal?



































�
3.	In a contest at a birthday party, guests are asked to guess the number of jelly beans which have been placed in a jar. The person with the guess closest to the actual number wins the jar. If the jar contains 243 jelly beans and a guess is represented by the variable x, write an algebraic expression which the hostess would evaluate for each guest in order to determine the winner.




















�



Activity 2:  Graphing the Absolute Value Function in the Plane





Materials Needed:  TI82 calculator, straight-edge, colored pencils





1.	Use the TI82 calculator to graph each of the following. Sketch the graphs on the axes below:


�	�


 		     y = x						      y = |x|


What was the effect of applying the absolute value function to the graph of   y = x ?











2.	Use the TI82 calculator to sketch the graphs of each of the following pairs of functions.  Use a different colored pencil for each function in a pair; label each graph. Locate the zero(s) in each case.


�	�


   y = x + 4  and  y = |x + 4|				  y = 4 - 2x  and  y = |4 - 2x|





Zero(s):                                                                        Zero(s):


What seems to be the effect on the graph of applying the absolute value function to            y = ax + b ?




















3.	Use graphs on the TI82 calculator to determine the number of solutions to each of the following equations. Recall that a solution to the equation  f(x) = c  is a solution to the system  y = f(x)  and  y = c.














     Equation�



 No. of solutions�
�



  ³4 - 2x³ = 3�



�
�



   ³x - 5³ = -2�



�
�



  ³5x + 10³ = 0�



�
�



  ³2x - 10³ = 5�



�
�



  ³5 + 3x³ = -4�



�
�



Describe how you would predict the number of solutions to the equation  |ax + b| = c  without graphing. Explain how you might use graphs to show why your predictions must be true.





















































4.	In each of the following, use the number line and the interpretation of the absolute  value of a quantity as its distance from zero to write equivalent algebraic sentences without absolute value. Find each solution set.





Example:





|x + 1| = 2  is equivalent to the English sentence “the distance between  x + 1 and 0 is 2 units.”  


This means that  x + 1  may represent  either -2 or 2 as indicated on the number line below.





�





So,  either  x + 1 = -2  or  x + 1 = 2. It follows that  x = -3  or  x = 1.








a.	³4 - 2x³ = 3


	


	�



































b.	³x - 5³ = -2


		


	�
































c.	³5x + 10³ = 0


		


	�















































d.	2(³5 + 3x³ + 5 = 1


		


	�


























�



Activity 3:  Combining Absolute Value Functions





Materials Needed:  TI82 calculator, straight-edge





1.	Use the TI82 calculator to graph each of the following functions. Record the graphs in the space provided. Discuss the shape of each graph and the points of direction change in relation to its corresponding function definition. How many linear pieces are there? What is the slope of each linear piece?


�





a.	y = ³x³ + ³x - 5³





   Discussion:












































�





b.	y = ³2x³ + ³x - 5³  (Compare with a.)





Discussion:


















































�





c.	³x³ + y = 5





Discussion:



























































�








d.	x + ³y³ = 5  (Solve for  y  first.)





Discussion:


















































�



e.	³x³ + ³y³ = 5





Discussion:



































�






































�





f.	³x + y³ = 5





Discussion:








�



2.	Because of a design change, the parts produced by three machines along a factory aisle are to go to a nearby table on the other side of the aisle for assembly before they undergo further processing. Each assembly takes one part from each machine and there is a fixed cost per meter for moving each part. As the plant's production engineer, you have been asked to find a location for the assembly table that will keep the total cost of moving the parts at a minimum.  


            


a.  	Suppose the machines are located along the aisle as indicated in the diagram, where the distances are measured in meters, and  x  represents the location on the aisle of the assembly table. Write a function which expresses the sum of the distances of the machines from  x .





�





























b.	Graph the function defined in (a). Find the value of x (and thus the location of the assembly table) that will minimize the distance. Will this minimize the cost as well?





�




















c.	Suppose that after two months, a fourth machine is added to the aisle at a coordinate of 8 on the number line in (a). Modify the function defined in (a), graph the modified function, and find the value of x which minimizes the cost.





�














d.	Can you make a prediction of the best location for the assembly table based on the number of machines? Explain.
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 x�



 y�



 ³x + y³�



³x³ + ³y³�



Compare ³x + y³ and  ³x³+³y³�
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