Let the Races Begin!

Purpose

Students will observe that increasing the height of a hill will increase the acceleration of a toy car that is rolling down it. Students will relate this to an increase in potential energy. Data will be collected using a Motion Detector attached to a CBL 2 unit and a graphing calculator.

Time Requirements

one 45-minute class period

Advance Preparation 

Prepare student lab stations with the required materials at each location. This will enable students to begin working immediately. 

Materials

•
A lab cart can be used in place of the toy car. It will have less friction in its axles than a toy car. The friction in the axles and the roughness of the board are primary sources of experimental error in this lab.

•
Using a smooth board and a quality lab cart will improve the results for this lab. 

•
Other items such as wood blocks or bricks can be used instead of textbooks to elevate the ramp.

•
Check with the physics department of your school to see if you can borrow any of the lab supplies that you do not have.

Safety Information

Students should observe safe laboratory procedures and wear goggles during the entire lab.

Teaching Tips

•
Prepare the CBL 2 system for the students by linking the graphing calculator, the CBL 2 unit, and the motion sensor before the lab begins. Make sure the DataMate program is loaded and the system is ready to use. 

•
Install the EasyData application on the calculators.
•
The Motion Detector must be 45 cm from the car at the beginning of the run. The range of the motion sensor is 0.45 to 6.0 meters.

•
Make sure students understand the difference between speed and velocity. In this experiment the motion of the toy car is in a single direction along the inclined board, so speed and velocity are the same. 

•
Have students discuss how potential energy is converted into kinetic energy as an object falls or moves from a higher elevation to a lower elevation.

•
If the toy car is small, the Motion Detector may have difficulty sensing the car. It may help to lay the sensor on its back on the ramp. Pivot the head of the Motion Detector so that it is perpendicular to the ramp.
Extensions

•
Have the students find out how the speed and acceleration of a roller coaster car is related to the height of a hill.

•
Advanced students may calculate the slope of the distance-time graph to find the average speed of the car. They can calculate the slope of the line for the velocity-time graph to find the average acceleration of the car.

Pre-Lab Answers

1.
Speed 5 ; 

Acceleration 5 

2.
The kinetic energy increases and the potential energy decreases. The potential energy of the object is transformed into kinetic energy as the object falls.

3.
Possible answers: The car should be placed in the middle of the board to keep it in line of sight of the motion sensor; The car must be able to roll in a straight line or it will roll off of the ramp; The car cannot be too small or the motion sensor will not detect it.

4.
friction from air resistance, friction between the moving parts in the axles, and friction between the wheels and the board

A sample distance-time graph is shown below.

A sample acceleration-time graph is shown below.

A sample velocity-time graph is shown below.

