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Instructional Component Used: Derivatives

Grade Level: 11-12

Content (what is taught): 

· Velocity

· Acceleration

· Derivatives

Context (how it is taught):

· Record data from each of the intervals for 50 m
· Create an equation from data
· Take derivative and second derivative to determine velocity and acceleration

Activity Description:

In this lesson, students will investigate the velocity and acceleration of their peers at specific intervals while running at a constant speed.  Students will utilize this data to create an equation with the graphing calculator; then students will take the derivative and second derivative to determine the velocity and acceleration.  

Standards: 

Math:  MB1, MB3, MD2, ME1, ME2, ME3

Science:  SA1, SA2, SB1
Technology:  TA1, TA3, TB4 


Engineering:  EA1, EB1, EB6, ED1, ED6
Materials List:

· Distance of 50 m taped off

· Stopwatches (9)

· Motion Detector

· Graphing Calculator
Asking Questions: (Need for Speed)

Summary: Show the Kawasaki video clip (link below) to illustrate the background of the industry and to draw connections to velocity, acceleration, and speed.
Outline: 

· Discussion of the Kawasaki video

· Create connections between Kawasaki and velocity, acceleration, and speed of their products

Activity: Students will view the Kawasaki video clip to create connections to velocity, acceleration, and speed of the products from the industry.  Upon completion of the video, students will discuss the connections that they have developed.  In addition, students will brainstorm ideas on methods to utilize to illustrate velocity.

	Questions
	Answers

	Describe velocity.
	The speed of something in a given direction.

Vector measurement of the rate and direction of motion.

	How is velocity utilized at Kawasaki?
	Velocity is utilized in all testing of the vehicles in order to predict maximum performance for the consumer.

	How can we model velocity based upon previous discussions?
	Remote control car, CEENBoT, running at constant acceleration, etc.

	What is the connection between calculus and Kawasaki?
	Utilizing derivative and second derivative to calculate velocity and acceleration.

Rate of Change Simulations, Optimization, etc.
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Resources: YouTube Video – Kawasaki:  King of the Watercraft

http://www.youtube.com/watch?v=Vi4ejb1Y2BQ
Exploring Concepts: (Need for Speed)

Summary: Utilize a motion detector to accurately calculate each runner’s velocity.
Outline: 

· Make predictions of each runner’s velocity for 50 m

· Utilize motion detector to calculate the runner’s velocity

· Connect runner’s velocity to ATV’s max velocity from Kawasaki

Activity:  Students will make predictions in small groups to estimate the runner’s velocity for 50 m.  Record velocity predictions on the whiteboard to compare actual results after the activity.  Students will then utilize the motion detector to calculate the runner’s actual velocity.  NOTE: It is very important the runner run at a constant velocity.  Practicing running at a constant velocity may be warranted. Discuss ideas from the students to begin determining a method to calculate the velocity without the motion detector.  Lastly, connect the runner’s velocity to the ATV’s max velocity from Kawasaki.  Compare the activity to an individual stomping on the accelerator in the ATV to demonstrate the data from zero to maximum velocity.  
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Instructing Concepts: (Need for Speed)

Derivative:

Putting “Derivatives” in Recognizable Terms: The derivative is the slope of the line tangent to a curve in an x-y graph or on an x-t graph.  In physics applications, the derivative is the velocity.

Putting “Derivatives” in Conceptual Terms: The derivative is the rate of change between any two variables which for general x-y variables is called the slope of the line.  When using motion data, that rate of change is called velocity.  The derivative of the velocity as a function of time is the rate of change of velocity, which is the acceleration.

Putting “Derivatives” in Mathematical Terms:  Let y = f(x) be a function. The derivative of f is the function whose value at x is the limit
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provided this limit exists.

Putting “Derivatives” in Process Terms:  The derivate can be taken directly following the rules for differentiation including: chain rule, product rule, quotient rule, various trigonometric rules, etc.  In order to differentiate a sum or difference, we need to differentiate the individual terms and then put them back together with the appropriate signs.  We can also “factor” a multiplicative constant out of a derivative if needed.
Putting “Derivatives in Applicable Terms:  By taking the first derivative of the quadratic equation, the student will determine the velocity as a critical point.  By taking the second derivative of the linear equation, the student will then calculate the acceleration as a point of inflection.
NOTE:  Instructing Concepts for Best-Fit Curves may also be helpful

Organizing Learning: (Need for Speed)

Summary: Students will record data on the specified interval for determining the velocity of classmates by utilizing the derivative.  

Outline: 

· Record in a chart the times for each 5 m of the 50 m run by several student volunteers

· Utilize graphing calculators to create an equation to fit the data.

· Take the derivative of the equation to determine velocity.

· Take the second derivative of the resulting equation to determine the acceleration.

Activity: Students will record data times of a classmate running at a constant speed at 5 meter intervals for 50 meters (see sample chart below).  Nine students are needed to get the runner’s time at each of the 5 m intervals.  After gathering the data in the chart, the students will utilize their graphing calculators to create an equation to fit the data.  Next, the students will take the derivative of the equation to determine the velocity.  Then, in order to calculate the acceleration, the students will take the second derivative of the equation.  
Students can create the following chart in their notebook to gather the time of the runner at each 5 m interval.



         Timer 1       Timer 2
  Timer 3         Timer 4        Timer 5         Timer 6       Timer 7         Timer 8        Timer 9

	Student
	5 m
	10 m
	20 m
	25 m
	30 m
	35 m
	40 m
	45 m
	50 m

	A
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	
	


Understanding Learning: (Need for Speed)

Summary: Students will write a newspaper article examining the connection between the derivative of the equation and velocity as well as to the Kawasaki plant.  Students will then solve practice problems to check for understanding.

Outline: 

· Formative assessment of derivatives
· Summative assessment of derivatives
Activity: Students will complete writing and quiz based assessments on derivatives.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to effectively gather and analyze data utilizing the graphing calculator to create an equation to represent the data?

2) Can students examine the equation and utilize the derivative to estimate the velocity from the data points?

3) Do students recognize the connection between calculus and industry?  
Summative Assessment: Students can complete the following writing prompt:
Students will write a newspaper article for the school paper examining the connection between the derivative of the equation and velocity.  In addition, students will determine other real-life applications of velocity to add to their article.  Students will also describe the connection of velocity and derivatives to the Kawasaki industry.  

Students can complete the attached practice quiz (M089_SHINE_Need_for_Speed_U_Quiz.doc) to check for understanding. 
Students can complete the extension activity
(M089_SHINE_Need_for_Speed_U_Extension.doc) related to graphing and the derivative.

Advanced students are given a sketch of the graph of a function and asked to draw the graph of the derivative of that function.  Answer provided on attachment.

Attachments:

M089_SHINE_Need_for_Speed_U_Quiz.doc

M089_SHINE_Need_for_Speed_U_Extension.doc
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