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Lesson I5 Rate of Change

Indicator:  Identify the maximum and minimum values, zeros, and the rate of change over specific  

                   intervals to describe functions and other nonlinear graphs.

Objective:  Students will describe the graph of a non-linear function in terms of the rate of change over a 
                    given interval.

Warm-Up:  Three alternative drills will be used to find the slope of a line that passes through the points 
                     (6, -2) and (5, 4).  (Drill A uses the formula 
[image: image28.wmf].  Drill B uses a coordinate plane.  
                     Drill C uses a function table.)
Motivation/Development:  

Yesterday, students completed “Predicting Motion” (see attached) before performing several measurements involving the Calculator Based Ranger (CBR).  Students measured the motion of a ball as it rolled through an eight foot tube.  The tube was tilted at 3 different angles in order to vary the motion. Lastly, the students measured the motion of the ball during a freefall through the tube.  The CBR is a motion detector which can be linked to the graphing calculator to measure an object’s distance, velocity, or acceleration.  Previously, I incorporated the CBR during the introduction to slope and to help calculate a line of best fit in the Bungee Barbie lab.  Students enjoy working with this tool and have been excited to see the link between what we are do in math and the mechanics unit in science.  

The curriculum guide suggested analyzing the graph of a flushing toilet as motivation for this lesson.  Since I have found my students to be very motivated by using the CBR, I am using the curriculum’s motivation “What’s Happening” as a starting point for the homework. 
Development:
1.  Students will read “Rate of Change VS Average Rate of Change” and review the graphs and real world  

     examples.  This will transition them into analysis of non-linear functions that do not have linear 

     intervals.  The real world examples also tie in with their mechanics science unit.  

2.  Students will answer questions regarding the 4 graphs generated by the ball and tube experiment.
     The students will be use their vocabulary from Unit I and apply their knowledge of rate of change to 
     find the average rate of change of these non-linear examples.  Students will have the option to compare 

     answers with a partner during the lesson.  Additionally, I will also assess individual understanding 

     through observation, questioning, and participation.
Summary:
What is rate of change?



How do you determine rate of change of a non-linear graph?

Exit Ticket:  The graph represents the population growth of cattle at Breezy Meadows Farm.  What is the   

                       average rate of change from year 5 to year 9?
Homework:  Students will work through three practice problems from the curriculum guide:  “What’s 
                      Happening?” (motivation from the curriculum guide), “Up Goes the Flag”, and “A Leaky 
                      Swimming Pool” 

Additional Practice:  Based upon the students’ speed with completing the lesson and the results of the 
                                     exit tickets, I have three additional problems from the curriculum guide to 
                                     reinforce calculating the average rate of change.








Name:_______________________________









Date:__________________  Mod:________

Predicting Motion

Part A:  Rolling Ball
Review the following diagram and materials.  Before we measure the motion of the rolling ball, sketch a prediction of the motion of the ball as it rolls down the tube toward the CBR.  
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[image: image3.emf]
Part B Freefalling Ball

Review the following diagram and materials.  Before we measure the motion of the freefalling ball, sketch a prediction of the motion of the ball as it falls away from the CBR.  
[image: image4.png]
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Name:_______________________________









Date:____________________  Mod:_______

Average Rate of Change of Non-Linear Functions

Directions:  Complete the drill that has been highlighted for you.  If you finish early, 
                     I will be looking for one presenter for each drill.  If you are not 

                     presenting, you may try one of the other drills.

Drill A:  Find the slope of a line that passes through the points (6, -2) and (5, 4).  SHOW ALL WORK.
[image: image6.png]



Drill B:  Plot the points (6, -2) and (5, 4).  

               Draw the right triangle it forms 

               and label the rise and the run.  Use 

               the rise and the run to identify the 

               slope.

Drill C:  Function Table
Identify the pattern of the f(x) and x by showing arrows.  Use these patterns to write the slope in rise over run form.
	x
	f(x)

	3
	16

	4
	10

	5
	4

	6
	-2


Rate of Change VS Average Rate of Change
[image: image7.wmf]3


You can select any two points of a linear 
function to identify the slope because all 
of the points are collinear.  Therefore, 
“rate of change” is used to describe the 
slope of a linear function.  This consistent
rate of change is illustrated with the example

of y = 2x + 4.  A car traveling at a constant
speed of 10 miles per hour is a real world 

[image: image8.wmf]example of a consistent rate of change.
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Since points on a non-linear function

are not collinear, the slope is not consistent 

throughout the function.  Therefore, 

“average rate of change” is used
to describe the slope over a given interval.

The non-linear function y = -x
[image: image2.wmf]3

 + 4x has 3
intervals that are important to identify its 

average rate of change.  To find the average

rate of change use the ordered pairs formed by

each interval and calculate the slope as you 
would a linear function.  A person free falling and then
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opening a parachute is a real world example of
a function that would have an inconsistent

slope.  Therefore, calculating the average 

rate of change over several intervals of time 

would be necessary.
Average Rate of Change of Distance VS Time Functions
Yesterday, a team measured the position of a ball rolling and freefalling.  The following graphs are a result of their measurements.  Note:  The scale for the time and distance is 1 unit.  This graph interpretation is excellent practice for your science MSA.
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Part A:  Rolling Ball
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1.  At t(0) what was the distance (to the nearest foot) from 
     the ball to the CBR?__________  

2.  How many seconds did it take for the ball to come to rest? 
     ____________  What is the approximate y-value at that time?
     __________     
3.  Calculate the average rate of change along the interval [0, 3].  
     Be sure to include the unit of measure.
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1.  At t(0) what was the distance (to the nearest foot) from 
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     the ball to the CBR?__________  

2.  Approximately how many seconds did it take for the ball to 

     come to rest? ____________  What is the approximate y-value 

     at that time?__________     
3.  Calculate the average rate of change along the interval [0, 2.5].  

     Be sure to include the unit of measure.

-------------------------------------------------------------------------------------------------------------------------------[image: image17.png]



1.  At t(0) what was the distance (to the nearest foot) from 
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     the ball to the CBR?__________  

2.  Approximately how many seconds did it take for the ball to 

     come to rest? ____________  What is the approximate y-value 

     at that time?__________     
3.  Calculate the average rate of change along the interval [0, 2].  

     Be sure to include the unit of measure.

-------------------------------------------------------------------------------------------------------------------------------

Review the first prediction you made yesterday.  Compare this with figure 2.

_____________________________________________________________________________________

_____________________________________________________________________________________
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Part B:  Freefalling Ball
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1.  Though the CBR had interference from the interval [0, 0.5],

     The rest of the graph is very helpful.  

     At t(0.5) what was the distance (to the nearest foot) from 

     the ball to the CBR?__________  

2.  Starting from 0.5 seconds, how many times did the ball 

     bounce? __________

3.  How many seconds did it take for the ball to come to rest? 

     ____________  

3.  Calculate the average rate of change along the interval [1, 1.5].  

     Be sure to include the unit of measure.

-------------------------------------------------------------------------------------------------------------------------------

Review the first prediction you made yesterday.  Compare this with figure 2.

_____________________________________________________________________________________

_____________________________________________________________________________________
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Science Application

This rate of change is a measure of the ball’s speed or 
_______________________.  Notice this portion of the 
function is not linear because after the ball is released 
it is ________________________.  
What are other ways this lesson connects to your 

previous science unit?










Name:_________________________










Date:_____________  Mod:________

Rate of Change Exit Ticket

The graph represents the population growth of cattle at Breezy Meadows Farm.  What is the average rate of change from year 5 to year 9?
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Rate of Change Exit Ticket

The graph represents the population growth of cattle at Breezy Meadows Farm.  What is the average rate of change from year 5 to year 9?
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Date:__________________  Mod:________
What's Happening?
In the box provided below, list any characteristics you can identify about the non-linear function.  Explain your thinking using words, symbols, or both.  Be sure to use the labels and picture as context clues.  
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Further Analysis 

1.  What is the unit of measure for the rate of change in this real world context?

2.  How fast is the water draining from 0 – 3 seconds [0, 3]?

3.  How fast is the water draining during the interval [3, 4]?

4.  How fast is the water draining during the interval [4, 20]?



Up Goes the Flag!

The graph to the right represents a flag being raised.

1.  How high was the flag raised?

2.  How long did it take to raise the flag?

3.  Point B is plotted at the coordinates (80, 35). What
     does point B represent in this context?

4.  Determine the average rate of change between point A and point B.

5.  Calculate the average rate of change to raise the flag from beginning to end.

A Leaky Swimming Pool

The graph to the right represents the depth of water in a pool

over a period of time.
1.  What does t(0) represent in this context?
2.  What is the maximum depth of the water and how long

     did it take to reach this level?  What is the minimum 

     depth of the water and how long did it take to reach 

     this level?  
3.  Determine the average rate of change over the interval 
     0 ≤ t ≤ 6.  What type of interval does this value describe?  Explain.
4.  Determine the average rate of change over the interval 6 ≤ t ≤ 11. What type of interval does this value 
     describe?  Explain.
5.  Determine the average rate of change over the interval 11 ≤ t ≤ 16.  What type of interval does this 
     value describe?  Explain.
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Additional Practice with Average Rate of Change

1. The average fuel consumed (in gallons) by individual vehicles in the United States from 1960 to 2000 is shown in the graph on the right.

· Point B is plotted at the coordinates (32, 520).  What does point B represent in this context?

· Determine the average rate of change between point A and point B.  


2. Medical researchers, testing a 500 mg dose of a new drug, gathered data regarding the absorption rate into the bloodstream over an amount of time.  The data gathered is shown in the graph.

· How many hours did it take for the entire 500 mg dose of medication to be absorbed into the bloodstream?

· Over what interval of time was the amount of medication absorbed in the bloodstream decreasing?

· Determine the average rate of change from [2, 10].



3. Jimmy blew up a balloon and, without tying the end, let it fly from his hand.  The graph represents the height of the balloon seconds after it was let go.

· After how many seconds did the balloon reach its maximum height?

· Approximately when did the balloon hit the floor?

· What was the average rate of change in the balloon’s height from 0 ≤ x ≤3?  What type of interval does this 
        value describe?  Explain.
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This non-linear function…
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