Teacher’s Guide – And they’re off!!!


And they’re off!!!
INTRODUCTION

Asafa Powell is a Jamaican sprinter who currently holds the 100 m world record with a time of 9.74 seconds.  In 2007, Street Sense won the 1 ¼ mile Kentucky Derby with a time of 2 minutes, 2.17 seconds.  You’ve likely been on a bike going 10 mph, in a car going 50 mph, and in a plane going 300 mph.  Have you ever watched a race and wondered how fast the competitors are moving?  If you don’t have a radar gun, how can you determine how fast something is moving?  Let’s investigate further to answer these questions and any other questions that you may have.
EXPLORATION

Materials:

Each of the following is required per group:

· 3 stopwatches

· Chalk

· Metric tape measure

· Ruler

· Clipboard

· Writing utensils

· 30 cm of dental floss

· Red marker

· Blue marker

Procedures:

1. Show the students how to set up the experiment.  The teams (at least 4 people per team) need to find a flat, open area where they can move straight for at least 30 m.  They need to make markings at 0 m, 10 m, 20 m, and 30 m.

2. Explain to the students that they will be traveling in a straight path from 0 m to 30 m.  They can choose to walk, jog, or run.  One person will be moving and the other 3 team members will be recording time values at the 10 m, 20 m, and 30 m intervals.  All recorders will have their own stopwatch.

3. Explain the idea of ‘pace’.  The students need to realize that however they choose to travel the path (walk, jog, or run), they need to maintain the same gait for the duration.  Military marching and school bands are good examples of members keeping a pace.
Data Collection:

Let the students perform the exploration.
1. All students will travel the course.

2. The student performing the exploration will start at the 0 m line.  The recorders will be set up at the 10 m, 20 m, and 30 m stations with their stopwatches.

3. The traveler will raise their hand when they are ready to start the course.  When they drop their hand, they start moving.  All stopwatches are started at the moment the student’s hand drops.

4. As the traveler moves down the line, each recorder will stop their watch as the participant crosses the line at their station (e.g., the recorder at the 20 m station will stop their watch as the runner crosses the 20 m line).

5. After the traveler crosses the 30 m line, the group members should come together for data recording.  Using the clipboards and writing utensils each traveler will record their time values for the various stations.
CONCEPT DEVELOPMENT

1. Once back in the classroom, have the students plot their data.  Time, the independent variable, should be plotted on the X-axis.  Distance, the dependent variable, should be plotted on the Y-axis.  Have a class discussion about dependent and independent variables.  The dependent variable is the variable that is changed or determined by the manipulation of one or more independent variables.  The time is independent of the distance traveled.
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2. Using rulers, have the students connect their data points with straight lines.

3. Do the data points fall on a straight line?  The data points should fall in a reasonably straight line.  They won’t fall on a straight line if the pace was not kept constant.  A superseding line should be drawn connecting the data point (0 seconds, 0 m) to the point (x seconds, 30 m).

4. In Algebra, we learned that y = mx + b.

a. What is b for this line?  Why?  b, the y-intercept, is 0 in this case.  (0 seconds, 0 m) is a valid data point because at time = 0 seconds, the distance traveled is 0 m.
b. In our new equation y = mx, what is the variable y?  y is distance.  What is the variable x?  x is time.  Solve this equation for m.
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c. What do we call m?
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m has now been determined to be the average speed during the exploration
5. Why are the 10 m and 20 m data points not on the line?  Because m only gives us the average speed for the entire course.  If the speed changes during the course, the data points will not fall exactly on a straight line.
6. Class discussion on instantaneous speed.  Draw a typical student’s result graph on the chalkboard.  Show how the slopes in intervals 1, 2, and 3 are not equal to the average slope for the entire course.  These interval slopes are the averages slopes for those respective intervals (i.e., the average speeds for those intervals).  In each interval, the interval slope is a more accurate of the traveler’s speed during that interval.
How can the speed at any given position (i.e., instantaneous speed) be determined?  What if we had we had 30 recorders for the exploration?  Now we would have 30 intervals.  Wouldn’t the estimates of average speed in each interval be more accurate than the 3 timekeeper set-up?  If we can measure an object’s position change over a very short amount of time (e.g., 0.01 seconds), we can get a very accurate estimate of the object’s instantaneous speed.
7. (Question 6 on the Student’s Guide).  No matter how long the distance to be traveled, how many recorders are needed to find the average speed?  Only one recorder is needed to determine the average speed.  Knowing the length of the path traveled (i.e., distance) and the time taken to travel that distance, we can find average speed.
8. (Question 7 on the Student’s Guide).  In summary, what have we learned?  Write a one-sentence summary of the main concept learned.  Average speed is the distance traveled divided by the time taken to travel that distance.
CONCEPT APPLICATION
1. Using the provided data on Asafa Powell and Street Sense, have the students find the average speeds of Asafa Powell and Street Sense in their respective races and plot them on the graph showing the student average speeds.  Why do we not need the data points of 100 m or 1 ¼ mile on our graph paper to accurately show these speeds on our graph?

a. Asafa Powell ran the 100 m dash in 9.74 seconds.  His average speed for the race was 100 m/9.74 seconds = 10.2669 m/s.

b. Street Sense ran the 1 ¼ mile Kentucky Derby track in 2 minutes, 2.17 seconds.  His average speed for the race was 1.25 miles/2 minutes, 2.17 seconds.  After unit conversion, the students should find the average speed to be 16.4662 m/s.
Because the average speeds are the m-values for the respective racers, we can simply put a point at (0 seconds, 0 m) and extend that slope to show their average speeds.  The easiest way to do this is to solve the equation y = mx with our known value of m and time of 2 seconds.  Then connect the (0 seconds, 0 m) point with this new point and extend the line out.
2. Discussion on displacement versus distance.  Displacement is the change in position of an object.  Distance is the total length of the path traveled.  An illustration is helpful here.  Traveling in Lane 1 on a 400 m track, a runner completes one entire lap and stops where he or she started.  What is the displacement of the runner?  The displacement is 0 m.  What is the distance the runner traveled?  The distance traveled is 400 m.  We know the runner has traveled a certain distance because the runner is breathing heavily.  The runner has moved from his starting location and even he stops at the starting point, he still has traveled some distance.
When taking road trips, the notion of displacement and distance arises frequently.  The following question explores this issue further.


Using the dental floss, markers, and the provided map, determine the distance from Tuttle to 

Norman.  The distance should be in the ballpark of 48 km (30 miles).  If someone took a trip from 
 
Tuttle to Norman, what would be his or her displacement?  The displacement is about 35 km (22 

miles).  If the trip took 45 minutes, what is the person’s average speed in miles per hour?
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How long would the trip take if the person could maintain that average speed on a road 
perfectly straight between Tuttle and Norman?
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3. When driving down the road, we notice posted speed limits.  We have a speedometer in our cars telling us what our speed is.  Police officers have radar guns which can determine instantaneous speed.  If our instantaneous speed is higher than the posted speed limit, we may be pulled over for breaking the law.  Without a radar gun, how can bystanders near the road estimate the speed of vehicle traffic?

In this activity, the class will work together to estimate traffic speed on a rural road and get a feel for what speeding looks like.  

Materials Needed:

Fluorescent flag

2 stopwatches
Metric tape measure

Writing utensils

Procedure:

1. Find a stretch of a rural road (medium traffic volume, low speed limit).  As a class, determine the 0 m point and mark off a point 50 m away.  Set up one student with a fluorescent flag at the 0 m mark.  Another student with a stopwatch needs to set up at the 50 m mark.

2. The instructor or an assistant should drive their car through the course at the exact posted speed limit.  This will serve as the legal speed.

3. When the driver crosses the 0 m starting line, the student there should raise their flag.  The student at the 50 m line will start the stopwatch when the flag raises and stop it when the vehicle reaches the 50 m line.

4. The remaining students should record data for various vehicles passing through the course over a period of 10 minutes.  Try to obtain data for at least 10 vehicles.  Number the passing vehicles starting with 2 (the instructor/assistant vehicle is No. 1).  Record the time needed for each vehicle to travel the 50 m distance.

5. Pick up all materials and head back to the classroom.

Assessment:

1. Have the students get back in their groups.

2. Have the groups work together to organize and graph the data.

3. Questions to be answered:

a. By looking at the graph, how can we determine who’s speeding?  All lines above Vehicle 1 (legal speed limit) are speeding.  Their slope (i.e., average speed) is greater than the legal limit.

b. How many vehicles were found speeding?

ENGINEERING APPLICATION

The Union Pacific (UP) Railroad, headquartered in Omaha, Nebraska, is the largest railroad network in the United States.  UP's route map covers most of the central and western United States west of Chicago and New Orleans.  The company operates over 35,000 miles of main line track.  Cross-country railway traffic needs to move efficiently and quickly.  Mechanical engineers, auto mechanics, and designers knowing the total weight of the locomotive and the trailing cars, along with required average speeds can design the locomotives accordingly.
AUTHENTIC ASSESSMENT

Each group will pretend they have to submit an article to the school newspaper.  They will work together in class for a period of 30 minutes preparing a handwritten article discussing the trend of vehicle speeds near the school.  The students need to address the following questions: 

How did you collect data? (20 pts)  Were there a lot of people speeding? (20 pts)  Using equations and graphs, prove your claims. (40 pts)  Do you think that setting up the exploration caused the drivers to reduce their speeds from normal levels?  What does this say about the effect of a parked police car on the side of the road, even if the officer is not checking vehicle speeds? (20 pts)
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