SPIRIT 2.0 Lesson: 

Solar Speed
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Lesson Title: Solar Speed

Date: 6-4-2010
1st Author (Writer): John Sayer

Instructional Component Used: D = r * t

Grade Level: High School
Outline of Lesson 

Content (what is taught): 

· Distance, rate, and time formula 

· Graphing relationships

· Unit conversions

Context (how it is taught):

· Students will use the distance formula to determine the speed of the solar car.
· Students will use a tape measure to measure the distance the solar car travels during a certain period of time.
· Students will use the data obtained to graph distance and time to see the relationship.
Activity Description:

In this lesson, students will determine the distance the solar car can travel in a given amount of time on different surfaces.  The information obtained will be used to calculate the speed of the solar car, along with entering the data in a spreadsheet and graphing the data.  They will convert the speed to miles per hour, and compare the speeds attained on each surface.

Standards: 

Math: MB2, MD1, MD2, ME1 

Science: SB1, SF5 
Technology: TD1, TD2


Engineering: EA1, EB1
Materials List: 

Solar Car

Stopwatch

Recording Notebook

Tape

Tape Measure

Asking Questions (Solar Speed)

Summary: Students will think about the concept of speed and what it means in different situations.
Outline: 

· Students will consider the meaning of rate/speed. 
· Students will learn variables that affect speed.
Activity: The teacher will lead the class in group discussion about the concept of speed.  The discussion needs to focus on what is the meaning of speed and what variables might affect speed.  These discussions can be done in small groups of students with their answers being brought back to the larger group.  Possible discussion questions are below. 

	Questions
	Answers

	What is a reasonable rate (speed) for 

…a car driving on the highway?

…a car traveling on the streets in town?
	Answers will vary.

60 mph

25 mph

	Why isn’t the speed the same for cars on the highway and cars traveling in town?
	Answers will vary.  Cars travel long distances on highways, shorter in town.  There may be more cars and intersecting streets in town than on highways.  Slower speeds are safer in town. 

	What is a reasonable rate (speed) for 

…a car going by a school?

…a lawn tractor?
	Answers will vary.

20 mph

5 mph

	Why isn’t the speed the same for a lawn tractor and farm tractor?
	Answers will vary.  The lawn tractor is designed for mowing, while the farm tractor is designed for various tasks.

	When you ride a bicycle, how does your speed change when you go on a flat surface, uphill, and downhill?
	Answers will vary.  It is easier to go faster downhill.  Going uphill is harder so you usually go more slowly.

	When you ride a bicycle, how does your speed change when you ride on different surfaces (sidewalk, gravel, sand, grass)
	Answers will vary.  You travel much more slowly in gravel and sand.  A flat surface such as a sidewalk or street allows a faster speed.

	If a car travels 35 miles per hour over the viaduct, what does that mean?
	At that rate, the car can travel 35 miles in one hour.
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Exploring Concepts (Solar Speed)

Summary: Students will determine what variables affect the speed of the solar car.
Outline: 

· Students will experiment by driving the solar car on various outside flat surfaces.

· Students will experiment by driving different cars made to see which one gives the best results for data collection.

Activity: 

In small groups, students will take turns observing the solar car on various surfaces to determine what appears to make the solar car go faster or slower.  Students should drive on different surfaces (concrete, asphalt, sand, gravel, grass, etc.).  If students have built solar cars, students can experiment with the different solar cars that each group of students made.
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Instructing Concepts (Solar Speed)

Distance = Rate * Time 

Putting “Distance = rate * time” in Recognizable terms:  Distance = Rate * Time is a formula that is prevalent in algebraic settings.  The formula is a linear equation with the rate serving as slope when graphing. 

Putting “Distance = rate * time” in Conceptual terms:  Distance = Rate * time is a formula that shows the relationship between three variables distance, rate, and time.  If two are known the third can be calculated.  The formula is linear and an example of direct variation.

Putting “Distance = rate * time” in Mathematical terms:  The formula give distance as either a function of rate or time with the other serving as a constant of variation.  What this means is if the rate is held constant the distance will increase as the time increases (distance as a function of time) or if the time is held constant the distance will increase as the rate increases (distance is a function of rate).

Putting “Distance = rate * time” in Process terms:  Thus if you know the rate and the time of the object you can calculate the distance.  If you know the distance traveled and either the rate or time you can calculate the one variable missing.  The ordered pairs (rate, distance) or (time, distance) are infinite and if graphed will form a straight line.

Of note, is that this modeling situation can be used by students to make predictions about future events and is a concrete way of developing a linear equation that students can apply in other settings. 

Putting “Distance = rate * time” in Applicable terms:  The formula models the real world.  It can apply anytime that an object is in motion at a constant rate or for a constant time.  To create a situation that models the real world, observe the solar car at a constant speed for a determinable length of time and measure both the speed and time.  The distance will be equal to the rate driven times the length of time driven.
Organizing Learning (Solar Speed)

Summary:  Students will calculate the average speed of the solar car traveling on a specific surface using the distance formula.
Outline: 

( Students will work in small groups.  

( Students will measure the time the solar car travels in a measured amount of distance.  

( Students will use the distance formula (d = rt) to calculate the speed (rate) of the solar car.

( Students will graph the relationship between distance and time.

Activity:  Each group will work on a nice flat smooth surface out in direct sunlight. [recorder, timer, driver, measurer]  Students should mark a starting point on the surface every 5 meters for 25 meters, then measure the time the solar car travels in a set amount of distance.  This should be done with two students facing each other every 5 meters taking the time from starting point until the solar car reaches their line of sight.  The average will then be taken between the two times and recorded.   From this data, they should use the distance formula (d = rt or r= d/t) to calculate the rate (speed).  This should be done at least two times to see how accurate the speed is between each trial.  A graph will then be constructed to show the relationship between distance and time at constant speed.  Students should then convert their final answer to miles per hour.

Below is a sample diagram of the setup:

Data table with slots for time and speed at a distance of 0-25 meters every 5 meters.

	Distance
	0 meters
	5 meters
	10 meters
	15 meters
	20 meters
	25 meters

	Time (sec) (average)
	
	
	
	
	
	

	Velocity D/T
	
	
	
	
	
	


Attachments:

Diagram of the Experiment Setup:  M054_SOLAR_Solar_Speed-O-Digram.doc
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Understanding Learning (Solar Speed)

Summary:  Students will complete a homework assignment calculating the speed when given the distance and time, along with a short quiz on the concept.

Outline: 

( Formative assessment of d = rt and speed
( Summative assessment of d= rt

Activity: 

Students will be assessed on d = r * t by completing a writing prompt and possible quiz questions.

Formative Assessment

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

1) Do students understand the concept of speed?

2) Are students able to take the measurements necessary to calculate speed?

3) What do you need to know in order to calculate rate (speed)?

4) How did you calculate the speed of the solar car?

5) How did you convert the speed to miles per hour from meters per second?

Summative Assessment

Students can answer the following writing prompt:

Define speed and relate it to the solar car you used in the trials.  Be sure to cite the quantities that you must know to calculate speed and how you would find them.
Students can complete possible quiz questions such as:

1) If the solar car traveled 30 feet down the street in 10 seconds, what is its speed in feet per second?  What is its speed in miles per hour?

2) You ride 3 miles on your bicycle in 2.5 minutes.  What is your speed in miles per hour?

3) A car travels 325 meters in 5 hours.  What is the speed in miles per hour?
4) If a truck travels 20 meters for every 1 hour, graph and show the relationship for 100 meters or 5 hours.

�


�





�


�





�


�





�





�





�





Speed


Limit


100 mph





�





�


�








© 2010 Board of Regents University of Nebraska

[image: image5.wmf][image: image6.wmf][image: image7.png]


[image: image8.png]


[image: image9.wmf][image: image10.wmf][image: image11.wmf][image: image12.wmf]