Let the Races Begin!
Sledding down a hill in the snow, coasting down a hill on your bike, or speeding down a hill in a roller coaster would not be the same without a steep hill. You know that the higher the hill, the faster you’ll be going when you reach the bottom. This is because objects at the top of a hill have potential energy. The amount of potential energy that an object has depends upon its height above Earth. This potential energy is converted into kinetic energy—energy of motion, when the object falls downward. Whether the hill is steep or has a gentle slope, your speed at the bottom depends on the height of the hill. In this experiment you will collect distance, velocity, and acceleration data by rolling a toy car down a board at two different heights.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
How does the height of a ramp affect speed and acceleration?


	Collect distance, velocity, and acceleration data.

Compare the graphs for each trial.

Identify sources of experimental error.


	TI-83 Plus or TI-84 Plus graphing calculator
link cable

EasyData application
Motion Detector and Data-collection interface

Or

CBR 2 or Go! Motion
board (at least 1.5 m long)

toy car or lab cart


Safety Precautions

•
Always wear safety goggles and a lab apron during a laboratory activity.

Pre-Lab

1.
How are distance, speed, time, and acceleration related? 

2.
How does the kinetic and potential energy of an object change as the object falls? 

3.
The Motion Detector works in a way that is similar to the way a radar-speed detector works. In looking at the Motion Detector, the toy car, and the board, what things must be taken into consideration before starting your investigation? 

4.
Where are the sources of friction in this lab?

Part A: Preparing for Data Collection
Figure 1
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1.
Connect the Motion Detector.

a. Open the pivoting head of the Motion Detector. 

b. If the Motion Detector has a sensitivity switch, set it to Normal. 
c. Turn on the calculator and connect it to the Motion Detector. (This may require the use of a data-collection interface.)

2.
Set up EasyData for data collection.

a. Start the EasyData application, if it is not already running.

b. Select [image: image1.png](File)



 from the Main screen, and then select New to reset the application.

Part B: Collecting Data

1.
Use textbooks to elevate the board, as shown in Figure 1. Put just enough textbooks under the board so that the car rolls down the ramp. 

2.
Position the Motion Detector at the top of the ramp so that it can “see” the car as it travels down the ramp. The Motion Detector should be facing an area free of furniture and other objects The car must be placed at least 45 cm from the Motion Detector for the sensor to operate properly..

3.
Select [image: image2.png](Start |



 on the calculator and release the car.

Part C: Examining the Data

1.
A distance-time graph will appear. Sketch and label the graph in your Science Journal.
2.
Select [image: image3.png](Plots



 and choose Vel(m/s) vs Time to display a graph of the velocity data. Sketch and label the graph in your Science Journal.

3.
Press [image: image4.png]


 or [image: image5.png]


 to move the blinking cursor along the data points. The time (x) and the corresponding velocity (y) values will appear at the top of the screen. Determine the maxium velocity and write the time and velocity values in the Data Table.
4.
Select [image: image6.png](Plots



 and choose Accel(m/s2) vs Time to display a graph of the acceleration data. Sketch and label the graph in your Science Journal.

5.
Press [image: image7.png]


 or [image: image8.png]


 to move the blinking cursor along the data points. The time (x) and the corresponding acceleration (y) values will appear at the top of the screen. Determine the maxium acceleration and write the time and acceleration values in the Data Table.
6.
When you are finished with the graph, select [image: image9.png][ Main |



 to return to the Main screen. 
7.
Repeat Part B, and Part C Steps 1–6, using additional textbooks to elevate the ramp at a steeper angle. 

8.
From the Main screen, select [image: image10.png][ Quit )



 and then select [image: image11.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists.
Cleanup and Disposal

1.
Turn off the graphing calculator and disconnect the sensor and Data-collection interface. 

2.
Return all equipment to the proper location as directed by your teacher and answer the following questions.

Data Table: Run Data

First Run
Second Run


Maximum velocity


Time maximum velocity occurred


Maximum acceleration


Time maximum acceleration occurred

Conclude and Apply

1.
When did the velocity of the car reach a maximum? When did the acceleration of the car reach a maximum? Explain possible reasons why these occurred when they did. 

The velocity of the car peaked at the bottom of the ramp. The acceleration of the car also peaked at the bottom of the ramp, for every second that the car rolls down the hill the acceleration should increase. Because the acceleration increases with time, the velocity also increases with time. Friction in the axles and roughness in the board will vary the results in this lab.
2.
Using your graphs, determine when the car appears to have completed the run or moved out of sight of the Motion Detector. 

The line on the distance-time graph will be a flat line. At this point in time, the Motion Detector no longer has the car in its line of sight.
3.
If friction were not present, what would the graphs for velocity and acceleration look like? 

The slope of the graphs would be positive. The velocity of the car would continue to increase as it travels the length of the board.
4.
Identify possible sources of experimental error in your experiment. 

Possible answers: Friction in the axles of the car; inaccuracy of the probe; a rough surface on the board.
5.
How did increasing the height of the car’s starting position affect the potential energy of the car? 

The amount of potential energy the car has depends on its height above the ground.
6.
Explain why increasing the height of the car’s starting position increased the car’s speed at the bottom of the board. 

Increasing the height of the board increased the car’s potential energy. More potential energy was converted to kinetic energy.

