SPIRIT 2.0 Lesson: 

Faster Speed – Shorter Time

==========================Lesson Header ==========================

Lesson Title: Faster Speed – Shorter Time  ( Inverse Variation)

Draft Date: June 22, 2009
1st Author (Writer): Rick Carter

Algebra Topic: Inverse Variation, speed formulas and hyperbolas  
Grade Level: High School

Content (what is taught): 

· Inverse Variation

· Rate =Distance / time

· Hyperbolas (quadrant I only)

· Asymptotes

Context (how it is taught):

· The class will run CEENBoTs at different speeds to determine the graphical relationship between rate and time for a fixed distance traveled. 
· The students will utilize the formula (rate = distance/time) to determine rate.
· The students will graph rate vs. time to demonstrate inverse variation.
· The students will observe that inverse variation is non linear and when graphed rate vs. time will be hyperbolic. 

Activity Description:

In this lesson, students will determine the amount of time required to travel some constant short distance in bumpbot mode for a minimum of 5 different speeds.  They will collect and graph data from the different trials and then create a lab write up of the experience.

Standards: 

Math   A2, D1, D2, E1, E2                                      
  

Science   A1, A2, B2, E1, E2

Technology
D2






Engineering

Materials List: 

CEENBoTs

Stopwatch

Recording Notebook 

Tape Measure

Small Screw Driver

Data Sheet 

Asking Questions   (Faster Speed – Shorter Time   Inverse Variation)
Summary:  Students will determine how rate of travel is related to time to travel a fixed distance.
Outline:
· Give students a CEENBoT and have them figure out a way to modify the speed of the robot.

· Students determine what happens to the time required for the CEENBoT to travel a fixed distance as the rate of speed is increased.

· They will observe what the graph of rate vs. time looks like.

· They will observe non linear variation. 

Activity: 

Students will be given access to a CEENBoT and time to figure out how to vary the speed.  As a teacher you may want to guide them to the potentiometer and what it does.  Review the formula, distance = rate x time and algebraically transform it to rate = distance / time.  Next students will plug values into the formula to create ordered pairs (time, rate).  They will plot them and see what the graph looks like.  A discussion of asymptotes would be appropriate for the graph.

	Questions
	Answers

	How can the speed of the CEENBoT be modified?
	Change the potentiometer to vary the speed. 

	What happens to time required to travel a fixed distance as rate is varied?
	As speed is increased, time will decrease.

	What will the graph of rate vs. time look like? 
	It will be non linear.  It will form a hyperbola having the r and t axes as asymptotes.
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Exploring Concepts   (Faster Speed – Shorter Time   Inverse Variation)
Summary: Students will measure the time required for the CEENBoT to travel a fixed distance at different speeds.

Outline: 

· Give students tape measure, stop watch and data sheet ( columns labeled trial #, time (sec) and rate (cm/sec). 

· Students will run the CEENBoTs in bumpbot mode over a fixed distance at various rates and measure the time it takes to cover the distance.

· Students will calculate the rate ( r = d / t ) for each different speed.

· Students will plot rate vs. time to demonstrate inverse variation.

Activity:

Using one or more CEENBoTs, the students will run the CEENBoT in bumpbot mode a distance of 1.5 meters. (run CEENBoT towards wall from a line 1.5 meters from point near wall where CEENBoT will reverse)   The distance is not critical as long as it is kept constant. They will run at least 10 different trials where the speed of the CEENBoT is gradually increased by adjusting the blue speed adjust potentiometer on the Interface Board using a small screwdriver.  Start at the minimum speed.  To find the minimum speed turn the potentiometer counterclockwise until the motors slow down to a minimum speed…experiment.  Each new speed can be obtained by turning the potentiometer about ½ turn clockwise. They will record the time (measured to the nearest tenth of a second) that it takes to cover 1.5 meters in the data sheet.  They will then calculate the speed of each different run by dividing 150cm by the time of the run in seconds and record that in the data sheet.  

	Trial #
	Fixed distance driven
	Time
	Rate of trial

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Instructing Concepts   (Faster Speed – Shorter Time   Inverse Variation)

Inverse Variation

Putting “Inverse Variation” in Recognizable terms:  Inverse Variation occurs frequently in different situations that we encounter in the “real” world.  As one variable increases, another linked variable decreases in a proportionate manner.

Putting “Inverse Variation” in Conceptual terms:  Inverse Variation is a nonlinear relationship.  It can be roughly modeled by using an exponential relationship or the portion of hyperbola in the first quadrant centered at the origin.  Inverse variation can be translated into an equation where the two variables multiplied together are equal to a constant k (called the constant of proportionality or the variation constant).  

Putting “Inverse Variation” in Mathematical terms:  If the dependent variable is called y and the independent variable is called x, the equation representing the function is:     xy = k and y is said to be Inversely proportional to x.   As x increases, the corresponding y value will decrease so that the product is a constant.  Likewise as x decreases, the corresponding y value will increase so that the product is the same constant.  The relationship will be a curve that approaches the x and y axes but will never touch them thereby making the axes asymptotes of the graph. 

Putting “Inverse Variation” in Process terms:  Since inverse variation is a situation that can be represented as a equation consisting of two variables and a single constant, if two of the values are known, the third may be determined.  The constant of proportionality can be calculated if a single instance of an (x, y) pair is available by multiplying the value of the dependent variable by the corresponding value of the independent variable (xy = k).  Once the variation constant is known, the value of either the dependent variable or the independent variable can be found if the other is known:        x = k/y      or     y = k/x.

Putting “Inverse Variation” in Applicable terms:  Inverse variation is applicable in many disciplines.  For instance a lever is an example of inverse variation.  As the length of the lever increases the force required to do a constant amount of work will decrease.  Ice melting varies inversely as the temperature.  The pressure of a gas at constant temperature varies inversely with the volume of the gas.  The current (in Amps) produced by a battery is inversely proportional to the resistance (in Ohms) of the circuit of which the battery is a part.  These examples are merely a sampling of the numerous applications of inverse variation.

Organizing Learning (Faster Speed – Shorter Time   Inverse Variation)

Summary:  The students will use data previously collected and graph rate vs. time that will demonstrate what that graph of inverse variation for two variables looks like.  After the data is graphed students will use a graphing utility to find a best fit equation for the data.  It should be an exponential regression that will best fit the data.  Finally students will generalize what the relationship that is present in the data.

Outline: 

· Students will graph the previously collected data.

· Students will draw a best fit curve to represent the data.

· A graphing utility will be used to find an exponential regression equation to model the data.

· Generalizations about the relationships present will be made. 
Activity: 

Upon completion of the experiment look over their charts and quickly assess how students are doing.  Students will graph the data previously collected (rate vs. time).  It is important that proper scales be determined and used and the axes are labeled.  After the data is graphed, students need to look for patterns that can be modeled. Push students to look at the data and analyze constantly about the results. Next students should draw a best fit curve through the data points.  Finally a graphing utility should be used to find a best-fit model for the data, which should be an modeled by exponential equation.  After the model is found the class will discuss the relationships present in the data and the variables that affected the outcome of the results. 

Below are questions that the teacher should ask the students to help them process the experience.
1.
Did the collection go as desired? 

2.
Were there any problems that might have caused data to be flawed?  

3.
Is there a relationship in the data being sure to consider all possibilities?  

4.
Are there any other things that possibly affected the results of the experiment?
Understanding Learning (Faster Speed – Shorter Time   Inverse Variation)

Summary: Students write a formal lab write-up with the experimental procedure, the data, and the model calculated. Discuss possible errors that might have occurred during the process and discuss measurement error and allowable error for experiments. Then, the students will  drive the robot in a different rate and measure the time. The measured time will be plugged into the model that was created and the rate of the CEENBoT will be calculated.  The result from the actual drive and the model can be compared to see the accuracy of the model.
Outline: 

1) Formative assessment of inverse variation
2) Summative assessment of  inverse variation
Activity: 

Formative Assessment

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

1) Were the students able to understand the concept of inverse variation?

2) Were students able to modify the speed of the CEENBoT?

3) Did students measure carefully?

4) Did students set proper scales for their graphs?

Summative Assessment

Students will write a formal lab write-up including the experimental procedure, the data, the model calculated, and issues that might have effected the results. 

Students will complete a performance assessment by “driving” the robot at a speed not previously completed and the time will be measured. The measured time will be plugged into the model that was created and the rate of the CEENBoT will be calculated.  The result from the actual drive and the model can be compared to see the accuracy of the model.

Students can answer the following writing prompt:

State a real life example that can be modeled with inverse variation, what the variables are and how they are related.

Students can answer the following quiz questions:

1) Someone needs to travel 60 miles.  Give five different possibilities for what their

rate and time could be.

2) If m and d vary inversely and m is 10 kg when d is 120 cm, find m when d is 24 cm.  

3) Show what a graph of rate vs. time for a constant distance could look like.  Explain why the graph would only be in quadrant I.  What are the asymptotes of the graph?
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