Making Motion Graphs with Toys

Teacher Notes

(Written by Patricia Dube, Beverly High School, Beverly, MA)
Topic:  This activity is intended for use in Calculus classes to study the relationships among position, velocity and acceleration graphs.  
Place in curriculum:  This is a good starting lesson for introducing the derivative as the slope of a function.  Students who have had physics may be familiar with the relationship of position and velocity graphs.  This reminds them of these relationships and also introduces the idea of getting an equation for velocity from position functions.  
Objectives:  After doing this activity and participating in follow-up discussion, students will be able to sketch a velocity graph from a position graph.  Students will also be able to obtain information about an object’s motion from either a position or velocity graph.  The second derivative is also introduced in the form of acceleration.  

Potential Difficulties:  The motion detector may not pick up the vehicle if it does not have a large enough area facing the detector.  This can be solved by attaching a piece of cardboard or half sheet of paper firmly to the front of the car.  Also the detector will pick up furniture or wall corners instead of the car if there is not a clear space to work in.  Performing the activity in a gym or large hallway may help.  
Acceleration (or velocity) graphs from the CBL/CBR application may not appear as a constant function because the window may be set to show a very small range of values on the y-axis.  It may be better to look at these functions on a STAT PLOT generated directly from the lists when outside of the application.  Then the YMIN and YMAX values can be set further apart, allowing students to see the constant nature of the function.  

Follow-Up:  After the activity students should be led into discussion regarding the relationship between the equations for the position and velocity graphs.  If the data came out well, they can also be led into seeing the relationship between velocity and acceleration functions.  The lists of position data may also be utilized as examples for the students to do exercises calculating average velocity and approximating instantaneous velocity.
