Project AMP                                     Dr. Antonio R. Quesada – Director, Project AMP

Linear Piecewise Functions


I.  Lesson Plan

1.  Introduction to Piecewise Functions

2.  Lesson Summary:  Students graph piecewise functions by hand and on the calculator, write functions based on a given graph, and model with piecewise functions to answer real-life applications.


3.  Piecewise, domain, function


4.  Students should have knowledge of the parent functions: linear, quadratic, trigonometric, exponential, logarithmic, power, and rational.  They should also be able to do transformations with these functions.  The students need to be familiar with domain and range of functions.  Students need to be able to graph in the coordinate plane and on the calculator.


5.  Patterns, Functions, and Algebra

8th grade

3. Identify functions as linear or nonlinear based on information given in a 
    table, graph or equation.

14. Differentiate and explain types of changes in mathematical    

      relationships, such as linear vs. nonlinear, continuous vs. non-

      continuous, direct variation vs. inverse variation.

9th grade



3. Describe problem situations (linear, quadratic and exponential) by using 
    tabular, graphical and symbolic representations.
10th grade

2. Describe and compare characteristics of the following families of 
    functions: square root, cubic, absolute value and basic trigonometric 
    functions; e.g., general shape, possible number of roots, domain and         

    range.


6.  a)  Students will learn how to graph a piecewise function based on each piece with a specific domain.  

    b)  Students will be able to write a piecewise function with proper domain based on a graph.  

    c)  Students will be able to use piecewise functions to model and answer questions given a real-life situation.

    d)  Students will be able to graph a piecewise function on their calculator.

7.  Calculator

8.  a)  Definitions are given first.  Applications are later.

     b)  Groups of three

9.  Informal, Reflective, Formative, Self-guided investigation
Lesson 1:  Introduction to Piecewise Functions

Goal:  To familiarize the students with the basic ideas involved with piecewise functions.

Definition –

The following graph is called a piecewise function because the function is defined by two or more different equations applied to different parts of the function’s domain.
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Notice that it appears to be composed of three segments, each a different linear function over a particular domain. Please note a filled circle includes that point, while an open circle does not include that point.

1. What is the domain for the first (left) segment?  The Range? 
2. What is the domain for the second (middle) segment? The Range?  
3. What is the domain for the third (right) segment? The Range?  
4.  How many equations do you think you would have to use to write rule for the following piecewise function?    
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Notice that it appears to be composed of two rays, each a different linear function over a particular domain.

5. What is the domain for the first (left) ray?  The Range?  
6. What is the domain for the second (right) ray? The Range?  
Lesson 2a:  Tables and Graphs of Piecewise Functions  –

Goal:  Given a piecewise function, students will learn how to make a table of values and sketch the graph on the specified domain.
Both of the following notations can be used to describe a piecewise function over the function’s domain:

f(x) = 
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   or  f(x) = 
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Complete the following table of values for the piecewise function over the given domain. 

	x
	f(x)

	-5
	 

	-3
	

	0
	

	1
	

	1.7
	

	1.9
	

	2
	

	2.2
	

	4
	

	6
	


8. Graph the ordered pairs from your table to hand sketch the graph of the piecewise function. 

9. How many pieces does your graph have?  Why?  
10. Are the pieces rays or segments?  Why?  
11. Are all the endpoints solid dots or open dots or some of each?  Why? 
12. Were all these x values necessary to graph this piecewise function, or could this have been graphed using less points? 
13.  Which x values were “critical” to include in order to sketch the graph of this piecewise function?  
14. Can you generalize which x-values are essential to input into your table to make a hand sketched graph of a piecewise linear function? 
15. Now graph this piecewise function:    f(x) = 
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by completing a table of values for the piecewise function over the given domain.

	x
	f(x)

	
	

	
	

	
	

	
	

	
	


16. [image: image15.wmf]ï

ï

î

ï

ï

í

ì

<

£

<

£

<

£

<

£

7

5

     

7

5

3

    

,

5

3

1

    

,

3

1

0

    

,

1

x

x

x

x

Why did you choose the x values you placed into the table?

17. Graph the ordered pairs from your table to hand sketch the graph of the piecewise function.

18. How many pieces does your graph have?  Why?  
19. Are the pieces rays or segments?  Why? 
20. Are all the endpoints filled circles or open circles or some of each?  Why?   
21.  Was it necessary to evaluate both pieces of the function for the x-value 1?  Why or why not?   
22.  Which x values were “critical” to include in order to graph this piecewise function?  Explain.

Lesson 2b:  Using Handheld Graphing Technology to Graph Piecewise Functions

Goal:  In this lesson, we will learn how to graph a piecewise function on the TI-nspire.

Graph the piecewise function 
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 EMBED Equation.3  [image: image8.wmf]3
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23. Enter your function on the calculator.


a. Turn the calculator on.


b. Press Home; 2:Add Graphs & Geometry 
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c. With the curser on the function bar, press and hold ctrl while pressing the multiplication key (x).

You will see the following on your screen:


d. Highlight the piecewise function (highlighted).


e. Press enter.

[image: image17.emf]
You will see the following on your screen:


f. Type the number of pieces to your piecewise function.


g. Press enter.

[image: image18.emf]
h. Use the navigation arrows to move the cursor to the cells to type the equations and domains.


i. Press enter.  Your graph will look like this:

[image: image19.emf]
j. If you cannot see parts of the graph, you can remove the function bar by pressing and holding ctrl while pressing g to toggle back and forth between showing the function bar and not showing the function bar. You may also change the window.

24. What are the advantages/disadvantages to graphing a piecewise function using handheld graphing technology? 
Lesson 3:  Writing piecewise functions given a graph.
Goal: Students will learn to write a rule for each piece of the graph specifying the proper domain.
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  Let’s revisit the first piecewise graph from Lesson 1.  Can you identify the equations of the lines that contain each segment?

a. Left segment (blue) equation=  
b. Middle (red) equation=  
c. Right (green) equation=  
26.  Next, list the domain of each segment.

a. Left segment (blue) domain= 
b. Middle (red) domain=  
c. Right (green) domain= 
27. Now, put the domain together with the equations to write the piecewise function for the graph.
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 EMBED Equation.3  [image: image10.wmf]
Lesson 4:  Modeling with Piecewise Functions. 

Goal: Students will be able to model a real life situation with a piecewise function.

[image: image22.emf]
28.  Taxes: Given the table at the right, write the piecewise function that describes the federal tax paid based on the taxable income (x) for a person with filing status single.  Hint, this piecewise function should have 6 pieces.

*This chart was obtained from: www.moneychimp.com/features/tax_brackets.htm
The word between is ambiguous, but the tax table is not.  This should read “At Least _____ but less than _____” not just the word “between”.

29.   Graph this piecewise function using your handheld graphing technology.

30.   You completed your tax forms and found that your taxable income was $80,450.  Your tax advisor is adamant that you deposit at least $1650 into an IRA or 403b to reduce your taxable income.  You think she is just trying to make money off of you like typical financial “advisors”.  She says the amount you will be saving in taxes is almost double your deposit. Is she correct?  How much will she save you in taxes?  Explain and show your work.
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   Texting Plans:  Texting from T-mobile costs $.15 per text with no plan.  In addition, they offer three other texting plans, shown to the right, that include a certain number of texts with additional texts over  costing $.15 per text. 

Decide which plans are linear piecewise functions and which are not piecewise (circle your answer).

a. No plan – Piecewise? Yes or No

b. 400 text plan– Piecewise? Yes or No

c. 1000 text plan– Piecewise? Yes or No

d. Unlimited text plan– Piecewise? Yes or No

32.   If you said that No plan and Unlimited plan were NOT piecewise ...you are wise.  Now, write the function rules for each where x is the number of texts and f(x) is the total monthly cost.

a. No plan –  

b. 400 text plan– 

c. 1000 text plan– 

d. Unlimited text plan– 

33.  My daughter uses approximately 1200 texts per month.  How much would this cost me under each plan?

a. No plan  
b. 400 text plan  
c. 1000 text plan  
d. Unlimited text plan  
34. I utilize about 90 texts per month.  Which plan should I purchase for my phone?  
35. Give the interval number of texts that would make each of these plans the best one to purchase (this information would be good to give to our sales people when they are advising customers on which plan to purchase).

a. No plan  
b. 400 text plan  
c. 1000 text plan  
d. Unlimited text plan  
36.    Extension(s):  Research to find a piecewise function that will fit one of the following real life applications:

a.  Heart Rate before/during/ after exercise.

b. Repair service charge:  ($150 for house call up to 1 hour, then $25 per 15 minutes thereafter).

c. Auto Insurance rates based on age (between 16-23yr old, 23-35 yr olds,  ect.)

d. other

Lesson 5:  Other Piecewise Functions (Step Functions)

Goal: Understanding the properties & characteristics of piecewise constant functions (or step functions). 

A step function is a piecewise constant function.  In other words, each piece is a function whose values do not vary and are thus constant.  This is sometimes called a staircase function.  

37.  Sketch the graph of the function below.  What values of x will make this function true?  In other words, where is this function defined, or what is its domain? Why is the range not all real numbers?  What do you notice that is different from the first two functions.  Graph on your calculator to check your work.
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38.
Every avid ebayer knows that shipping is an important consideration when listing an item for auction.  For infrequent selling, there is not much money to be gained or lost on the transaction, but for the diehard, inaccurate shipping costs can lead to stacked losses over time.  Knowing the postal rate scale and what to charge for a given item is paramount.  The cost C (in dollars) of sending priority mail, depending on the weight (in ounces) of a package up to five pounds is given by the function below

C(x) = 
[image: image11.wmf]ï

ï

ï

î

ï

ï

ï

í

ì

£

<

£

<

£

<

£

<

£

<

 

80

70

     

,

25

.

26

70

55

     

,

50

.

23

55

30

     

,

25

.

20

30

15

     

,

00

.

17

15

0

     

,

65

.

13

x

x

x

x

x


[image: image26.png]0.8 6 -4 2

2 4. 5.8.10
o—e




Graph the function and identify the domain and range.

39.
Given the graph of this step function, find a piecewise constant function that matches the graph.  

40.
Extention:  
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a.  Given the graph of this function, write the piecewise function f(x) that matches the graph.  

b.  Give the domain and range of the function.

c.  Describe the end behavior of f(x) using infinity notation and/or words.

41.  In your own words, describe the properties and definitions that you have reviewed and/or learned in this lesson about piecewise functions.
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