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Have you ever watched a giant crane swing a huge metal ball and tear down a building? Or hammered a nail into a piece of wood? What is it that allows you to do that? What is that "thing" that allows you to get things done?
In this experiment you will investigate how the speed of an object affects its ability to "get things done." In particular you will study how speed affects the distance a cart can push a 3-ring notebook across a surface.
In order to change the speed you will need to vary the height that you release the cart from on a track, similar to what you explored in Experiment 36, "Speeding Up."
OBJECTIVES
· Measure speed.
· Graph data.
· Make conclusions about how speed affects the ability to "do things."
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Sensor Cart
Vernier Dynamics Track
books, bricks, or box to support a ramp
3-ring notebook
meter stick
tape
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Figure 1   
PROCEDURE
1. Set up the track as shown in Figure 1. The high end of the track should be 15 cm or less above the floor. 
2. Place the backside of a 3-ring binder about 15 cm from the end of the track so it will be struck in the center when the car rolls off the end of the track. You may have to adjust the location of the notebook slightly in order to get repeatable data when releasing the cart from the first release point. Once you have determined this location, mark this spot with tape, chalk, or some other means so you can reset the binder to the same location every time.
3. Set up the data-collection equipment: 
a. Launch Graphical Analysis. 
b. Connect the Sensor Cart to your Chromebook, computer, or mobile device. 
c. Click or tap Done.
d. Click or tap View, [image: ], and select 1 Graph.
e. Click or tap the y-axis label and change it to Velocity. 
4. Collect data and review your graphs.
a. Position your cart on the track so the front of the cart is at the 40 cm line, with the 
+x arrow pointing towards the bottom of the track.
b. Click or tap Collect to start data collection, and then release the cart. The car should hit the notebook.
c. Examine the graphs. Are the graphs smooth, with no abrupt changes? If no, make adjustments and repeat this step until you have smooth graphs. 
5. Measure and record the distance the notebook has moved to the nearest cm. Return the notebook to its original position.
6. To determine the car’s maximum speed, click or tap Graph Tools, [image: ], and choose View Statistics. Record the maximum speed in the data table. 
7. Repeat Steps 4–6 two more times for a total of three trials at the same distance. Reposition the notebook for each trial.
8. Repeat Steps 4–7 with the front of the cart at the 60 cm position and again with the front of the cart at the 80 cm position.
9. Before closing Graphical Analysis, continue to the Processing the Data section.
DATA AND CALCULATIONS
	Table 1:  40 cm Release Position

	Trial
	Maximum speed of cart 
(m/s)
	Distance notebook moved
(cm)

	1
	 
	 

	2
	 
	 

	3
	 
	 


 
	Table 2:  60 cm Release Position

	Trial
	Maximum speed of cart 
(m/s)
	Distance notebook moved
(cm)

	1
	 
	 

	2
	 
	 

	3
	 
	 


 
	Table 3:  80 cm Release Position

	Trial
	Maximum speed of cart 
(m/s)
	Distance notebook moved
(cm)

	1
	 
	 

	2
	 
	 

	3
	 
	 


   
	Table 4

	Release position
(cm)
	Average maximum speed 
(m/s)
	Average distance
notebook moved
(cm)

	40
	 
	 

	60
	 
	 

	80
	 
	 


PROCESSING THE DATA
1. Calculate the average maximum speed and the average distance the notebook moved for each release position. Show your work, and write the average values in Table 4.
2. Graph your results. 
a. Disconnect the Sensor Cart from Graphical Analysis. Click or tap File, [image: ], and choose New Experiment. Click or tap Manual Entry. 
b. Enter the Average Maximum speed values in the first (x) column and enter the Average Distanced Notebook Moved values in the second (y) column. 
c. Change the column headings to Average Maximum Speed (m/s) and Average Distance Notebook Moved (cm).
3. How did increased cart speed affect the distance that the notebook moved?
4. What happened to the speed of your cart as it was released from higher positions on the ramp?
5. Make a prediction of how far the notebook would move if you released the cart from 100 cm (1 meter). If possible, test your prediction. Explain your logic for your prediction and discuss if the results support your idea, or not.
6. Which is likely to cause more damage, a fast-moving car or a slow-moving one? Explain.
7. Predict what would happen to the distance moved if the mass of the notebook were doubled. 
8. Predict what would happen to the distance moved if the mass of the cart were doubled.
EXTENSION
Design an experiment to test your answers to Questions 7 and 8.
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