Verifying Absolute Value Interval Inequalities

with a Graphical Approach
Chief Sealth HS Math Teacher:  John Wright  

jpwright@seattleschools.org
Overview - After graphing absolute value inequalities by hand on the number line, this activity can extend the concepts to a graphing calculator model.    Two-dimensional graphing using the equation editor provides a way to verify the boundaries of the inequality.    The concept of setting equations equal to zero is reinforced with solving linear equations, quadratic inequalities and more.
Find and graph the solutions of the inequalities on a number line.   For questions # 1-5 use your algebraic techniques first.   We will verify a graphing calculator approach after the review.
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What distances are less than four (4) units away from zero?
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What distances are less than two (2) units away from positive three (3)?
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What distances are at least five (5) units away from negative eight (-8)?

Reminder: Solve this inequality by rewriting as two inequalities:   [image: image4.wmf](8)5
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Then solve each inequality separately for x.   Both inequalities are true.

Not all absolute value equations easily relate to distance from a starting point like zero, the simplest application.   More intricate inequalities are often viewed as either conjunctive
 inequalities ([image: image6.wmf],
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) or disjunctive
 inequalities ([image: image7.wmf],
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) and then solved and graphed on the number line like the following.   
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Reminder: Solve this inequality by rewriting the inequality as the interval  [image: image9.wmf]3253
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Then solve the interval for x.
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Reminder: Solve this inequality by rewriting as two inequalities:   [image: image11.wmf](67)7
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Then solve each inequality separately for x.   Both inequalities are true.
Graphing the solutions (#s 1-5)
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To graph, algebraically set the inequality equal to zero by subtracting 4 from both sides of the inequality.    [image: image15.wmf]4

yx

=-

 Can be represented as below.
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Open the equation editor (Y=).    Select the MATH menu.             [image: image16.png]Floti Flokz Flots
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From the MATH menu, tab to NUM and select 1:abs(                   [image: image17.png]
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Graph 
	Graph with left boundary identified[image: image84.png]1=absiii-4
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Graph with right boundary identified.


Based on the graphs, the interval inequality is [image: image19.wmf]44
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 because “y” is “less than” zero (0) in this interval.    Verify the boundaries using either the TRACE function or by using the CALC menu (2nd TRACE) and then calculating the 2: Zero to find the x-intercepts.   

Either way the boundaries are identified as -4 and 4 as shown above.    [image: image20.wmf]{:44}
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Set up the equation editor.   Then Graph [image: image22.png]Floti Flokz Flots
\ViEabs(X Zr-z1
we=
wr=
wiy=
wie=
wHE=
=





	[image: image23.png]



Graph 
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Graph with left boundary identified.
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Graph with right boundary identified.


Based on the above graph, [image: image26.wmf]0
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 between 1 and 5.    Formally, [image: image27.wmf]{:15}
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Set up the equation editor.   Then Graph [image: image29.png]Flatl Flotz Flot:
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Graph 
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Graph with left boundary identified.
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Graph with right boundary identified.


Remember for this inequality we are looking at where the inequality is “greater than or equal to”.

Based on the above graph, [image: image33.wmf]0
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 at the boundaries of -13 and -3.    Formally, [image: image34.wmf]{:135}
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Set up the equation editor.   Then Graph [image: image36.png]Floti Flokz_Flots
\ViEabs(ZX 513
we=
wr=
wiy=
wie=
wHE=
=





	[image: image37.png]



Graph 
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Graph with left boundary identified.
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Graph with right boundary identified.


Based on the above graph, [image: image40.wmf]0
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 between 1 and 4.    Formally, [image: image41.wmf]{:14}
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Set up the equation editor.   Then Graph [image: image43.png]Floti Flokz Flots
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Reminder: Solve this inequality by rewriting as two inequalities:   [image: image44.wmf](67)7
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Then solve each inequality separately for x.   Both inequalities are true.
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Graph 
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Graph with left boundary identified.
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Graph with right boundary identified.


Note:  If using the trace button, the boundary fractions [image: image49.wmf]1
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 will have to be typed in precisely as division calculations.

The questions below are all from Unified Mathematics 3 (pg. 35) 
.     Set each inequality to 0, then graph using the equation editor (y=).   Based on the graph, identified boundary points and inequality symbol (< or >), write the solution sets to the inequality.
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Note:   The solution set for the next two inequalities is the null set [image: image57.wmf]Æ

.   How can you tell logically without calculating?    How can you confirm algebraically?    Graphically?
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Commentary
We often move between dimensions in mathematical applications, a concept that students often find difficult.   For example, given the 3-dimensional volume of a sphere we can backtrack and find the 1-dimensional radius or 2-dimensional surface area of the sphere.   Many students prefer having the Surface Area or Volume formula and the radius length and then substitute the radius quantity into the formula and crunch the result.   Backtracking between dimensions with square roots and cube roots conceptually is more challenging for many students.
With interval inequalities, we can graph on either a number line or a coordinate plane.   Traditionally the problems presented here are solved algebraically with only one variable.   Indeed, the traditional method should be presented first.   This extension is helpful primarily in reinforcing the concept of setting an equation or inequality equal to zero using the Zero Product Property.
There are some conceptual difficulties in linking the two-dimensional coordinate grid to one-dimensional linear inequalities as I have.   There is some benefit too, however, insofar as some movement between dimensions is common as with the sphere example.   Caution should be employed in overemphasizing this aspect, however, with this exploration.
Variations/Extensions could include using Quadratic inequalities ([image: image60.wmf]2
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) and verifying the intervals by setting them equal to zero and reading either the greater than or less than sections.   This extension is useful to verify factoring.
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Graph 
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Graph with left boundary identified.  Standard Form.
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Graph with right boundary identified.    Factored Form


Based on the above graph, [image: image65.wmf]0
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 between -2 and 4.    Formally, [image: image66.wmf]{:24}
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As needed, an Introductory activity could include Absolute Value Equations such as [image: image67.wmf]345
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The distinction is that as an equation the “zeros” or “x-intercepts” are the two solutions (not inequality intervals).
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Graph 
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Graph with lower quantity identified.
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Graph with upper quantity identified.


Based on the above graph, [image: image72.wmf]0
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Logically, as absolute value is always positive there’s no way the absolute value can ever be less than a negative number because a positive number is always greater than a negative number.

[image: image78.png]



Graphically we have.   The graph is never below or “less than” the x-axis.   There is no solution.   Not that we want to talk about imaginary solutions but there may be a conceptual link here.
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Logically and algebraically, here we have a negative number multiplied by a positive (the complicated part inside the absolute value signs) which gives us a negative.    Then we take our negative number and subtract from it.   Are we really somehow supposed to have a positive number after subtracting from an already negative number?   Simply it cannot be.   We do not have to start solving for the variable because our multiplication rules for positive/negative numbers has already proved there is no possible solution.
Per the graph below, we are never “greater than” the x-axis.
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� Logical connective AND (�)


� Logical connective OR (�)


� Unified Mathematics 3, Houghton-Mifflin Company, 1991.  





