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LEARNING CONTEXT 

Purpose or Focus of Experience

The Purpose of this Learning Experience is to help students see and understand the usefulness of derivatives as they are applied to motion. 

Connection to Standards

MST Standard 3: Mathematics (applying mathematics in real-world settings.)

Modeling/Multiple Representation.  

Key Idea 4: Students use mathematical modeling/multiple representation to provide a means of presenting, interpreting, communicating, and connecting mathematical information and relationships. 

Essential Question

What is harmonic motion, what is an example of harmonic motion, how can we represent harmonic motion graphically and how can we find the velocity and acceleration of an object in motion? 

Content Knowledge: Declarative, Procedural

	Declarative
	Procedural

	Know the trigonometric derivatives.
	Perform an experiment with bouncing balls.

	Understand first and second derivatives.
	Produce a graph of the experiment.

	Know how to use the TI-83 Plus graphing calculator.
	Produce an equation that represents the motion of the ball.

	Know how to use a motion detector.
	Solve for the first and second derivatives.

	Explain what each derivative represents.
	Solve for key points in the ball graph.


PROCEDURE
(Chronologically ordered description of all teacher & student activities and interactions.)

Day 1 &2:
KWL (know, want to know, learned) on Trigonometry Functions and their Derivatives.
Show Power Point presentation on Harmonic motion. (Following is an example of what the presentation looks like.  If you would like a copy of the presentation please e-mail me requesting it and I will send “Motion” to you.)

MOTION

Derivatives of Trig Functions
· sin’x =>
cos x


cos’x => - sin x

· tan’x => sec2x 

cot’x => - csc2x

· sec’x => sec x tan x
csc’x => - csc x cot x

Example of Harmonic Motion

· Jumping up and down.
  A pendulum swinging.
Bouncing a ball.

· Example of weight on a spring swinging back and forth.

· motion


s
= 
5 cos t

· velocity

s’   
= 
-5 sin t

· acceleration

s’’
= 
- 5 cos t

Time for an experiment!
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You need: 

· graph paper, 

· a motion detector, 

· TI-83 Plus graphing calculator, 

· bouncing ball program, 

· and a ball that will bounce.

· Bounce the ball and collect the data using the program.

· Graph the “Time vs. Distance” graph, 

    check the stat-plot and transfer graph onto graph paper.

Run the regression equation for a sin graph

· Label your graph.

Meaningful Use Task Reporting Design: 

INVESTIGATION QUESTION:   What are you investigating?  Be specific.  Anyone reading this report should be able to understand what you are trying to accomplish.

HYPOTHESIS: What is your guess as to how you would answer your investigation

question?

METHOD: Detailed description of how you solved your problem.

DATA:  Organize all data into tables, graphs, charts, scatter plots, anything to help the

Reader understand what you did to solve the problem.

DATA ANALYSIS:  This is where you get to interpret the different pieces of information that you have.   You may add any additional comparisons that you feel are important or interesting.  Extrapolate in this section.

CONCLUSION:  Summarize your findings, state any unique observations, applications

to the real world, or a general rule about the solution.
These questions must be answered in your report.

· In 5 seconds how many times did the ball hit the ground?

· What is the height of the ball at t=2?

· At what time is the ball at its highest point?

· Using your regression equation, find the first derivative 

and the second derivative.

· What does the first derivative represent?

· What does the second derivative represent?

· At what time was the ball’s velocity the greatest?

· At what time was the ball’s speed the greatest?

· At what time or times was the ball’s velocity equal to zero? 

· What does this mean and what is happening to the ball at these times?

· What is the limit as ‘t’ approaches infinity? 
(Have students work in groups conducting the experiment and later correcting each other’s reports.  Reports and graphs should be checked by three other people before final submission.)
TIME REQUIRED

2-3 days

RESOURCES

You can find the following items and the listed websites.  TI had many resources to help you conduct motion detector experiments.  

http://www.ticares.com
TI-83 Plus graphing calculator, TI-CBR Motion         Detector,   TI Bouncing ball program

http://www.meridiancg.com
Exploration in Calculus (this also comes with the software necessary for the graphing calculator.) 

REFLECTION

Students love this experiment.  It makes calculus come alive for them.  They can see the change in velocity and acceleration with imagining it.  I’m sure your students will love doing the experiment too.

ASSESSMENT PLAN
(Include samples of rubrics, checklists, etc.)

RUBRIC FOR SCORING COURSE III PROJECTS
Student__________________________
Date_______________________ Score____________


1. The task is clearly and thoroughly explained so that a reader who has never seen this task before would fully know what it is you have to do. 



2. Equipment is used properly. Programs are downloaded onto TI- Graphing Calculators. 






3. All pertinent diagrams, charts, graphs, tables, etc., are done neatly, are well labeled and are strategically placed into the report itself. Appropriate tools such as computers and/or straightedges and compasses are used to give these parts a professional appearance.

4. All significant steps in the solution are shown and explained using appropriate math language to show the student’s depth of understanding of the mathematics involved in the task.

· Description of how well the sinusoidal function fits the data.

· Graph of the model of best fit.


5. All formulas used are identified and critical points labeled. 

· The solutions for all calculations are correct.

6. Velocity equation is correct.

· Graph is accurate and critical points are labeled.


7. Acceleration equation is correct.

· Graph is accurate and critical points are labeled.


8. The report contains a summary that reflects the significance of the findings in the project.

 

9. The student’s work includes such things as unique observations, applications to the real world, or a general rule about the solution.


10. The work is "ready to publish" by being free of errors in English or typing, cross outs, or other flaws that give the work less than a professional appearance.

E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0








E   VG   G   M   P   NC


10  9    8    6    4    0











