
Newton’s Second Law
Newton’s Second Law
  Graphical Analysis 39
Newton's Second Law
(Sensor Cart)
Newton’s second law of motion explains the relationship among force, mass, and acceleration. In this activity, you will study the relationship between acceleration and mass, while keeping force constant. A cart carrying different masses will be pulled across a table by a hanging weight—the constant force. Acceleration will be measured using a Sensor Cart. You will plot a graph of acceleration versus total mass of the system, and then use the graph as you make conclusions about the relationship between mass and acceleration.
OBJECTIVES
· Use a Sensor Cart to determine acceleration.
· Record data.
· Graph data.
· Make conclusions about the relationship between mass and acceleration.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Sensor Cart
Vernier Dynamics Track
Pulley
Pulley Bracket
masses for Sensor Cart
hooked mass, ~50 g
string
balance
 
[image: ]
Figure 1   
PROCEDURE
1. Record the individual masses of the cart, hanging mass, and all four cart masses in the data table.
2. 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 Mode to open Data Collection Settings. Change End Collection to 3 seconds. Click or tap Done.
e. In this experiment, you will compare graphs of position, velocity, and acceleration. If only one graph is displayed, click or tap View, [image: ], and choose 2 Graphs. 
3. Position the Sensor Cart, pulley, and track as shown in Figure 1. Be sure to have the 
+x arrow pointing in the direction of motion.
4. Attach one end of the string to the cart. Tie a loop in the other end of the string. The string should be long enough to pull the cart for the entire length of the track. When you are ready to collect data, you will attach the hanging mass to the loop in the string and the mass will hang over the pulley as shown in Figure 1. 
5. Place all four masses on the cart.
6. Collect data.
a. Place your cart at the starting position.
b. Hold the cart in the starting position. Have a partner place the string over the pulley and hang the hanging weight from the string.
c. Click or tap Collect to start data collection, and then release the cart. Catch the cart before it runs into the pulley bracket.
d. Examine the velocity vs. time graph. The graph should have a smoothly slanting line on it. Note: Repeat any trial that does not have a good velocity vs. time graph. 
7. To display an acceleration vs. time graph, click or tap the y-axis label of the position vs. time graph, deselect Position, and select Acceleration. Leave velocity displayed on the other graph.
8. Determine the mean acceleration of the cart.
a. Use the Start and End markings on Figures 2 and 3 to help you identify the region of the graph where the cart was speeding up.
b. On the acceleration vs. time graph, select the region where the cart was speeding up. 
c. Click or tap Graph Tools, [image: ], for the Acceleration graph, and choose View Statistics. 
d. Record the average (mean) acceleration in the data table.
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Figure 2   
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Figure 3   
9. Repeat Steps 6–8 two more times. Start the cart from the same position each time.
10. Remove Mass #4 from the cart and repeat Steps 6–9.
11. Remove Mass #3 from the cart and repeat Steps 6–9.
12. Remove Mass #2 from the cart and repeat Steps 6–9.
13. Remove Mass #1 from the cart and repeat Steps 6–9.
Analysis
1. Add masses and record total mass for each of the five combinations in the Data and Calculations table.
2. For each of the five combinations, calculate the average acceleration for its three trials. Record the results in the Data and Calculations table.
3. Graph the data. 
a. Disconnect the Sensor Cart from graphical Analysis. 
b. Click or tap File, [image: ], and choose New Experiment. Click or tap Manual entry. 
c. Enter the Total Mass values in the first (x) column and enter the Average Acceleration values in the second (y) column. 
d. Change the column headings to Total Mass (kg) and Average Acceleration (m/s2)
4. What is the relationship between mass and acceleration?
5. Does this agree with what you have read about Newton’s second law of motion? Explain.
6. Which would take the larger force to accelerate at a particular rate: a sports car or a moving van full of furniture? Why?
DATA AND CALCULATIONS
	Table 1:  Mass (kg)

	Cart
	Mass #1
	Mass #2
	Mass #3
	Mass #4
	Hanging mass

	 
	 
	 
	 
	 
	 


 
	Table 2:  Acceleration (m/s2)

	 
	Trial 1
	Trial 2
	Trial 3

	Cart and hanging mass plus masses 1, 2, 3, and 4
	 
	 
	 

	Cart and hanging mass plus masses 1, 2, and 3
	 
	 
	 

	Cart and hanging mass plus masses 1 and 2
	 
	 
	 

	Cart and hanging mass plus mass 1
	 
	 
	 

	Cart and hanging mass 
	 
	 
	 


 
	Table 3

	 
	Total mass 
(kg)
	Avg. acceleration
(m/s2)

	Cart and hanging mass plus masses 1, 2, 3, and 4
	 
	 

	Cart and hanging mass plus masses 1, 2, and 3
	 
	 

	Cart and hanging mass plus masses 1 and 2
	 
	 

	Cart and hanging mass plus mass 1
	 
	 

	Cart and hanging mass 
	 
	 


EXTENSION
What will happen to acceleration if you increase the mass of the hanging mass? Design an experiment to test your answer.
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