2.2 m PAScar Dynamics System 

Experiment 7: Newton's Second Law 

Experiment 7: Newton's Second Law 

Materials

	Dynamics Track with Feet and End Stop 
	Super Pulley with Clamp

	PAScar
	Stopwatch

	Mass hanger and mass set 
	Mass balance string (about 2 m)
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Purpose 

· In this experiment, you will verify Newton's Second Law, Fnet = ma.
· You will also investigate the direct relationship between force and acceleration and the indirect relationship between mass and acceleration. 

Theory 

According to Newton's Second Law, Fnet = ma, where Fnet is the net force acting on the object of mass m, and a is the resulting acceleration of the object. 

For a cart of mass m1 on a horizontal track with a string attached over a pulley to a  hanging mass m2 (see Figure 7.1), the net force Fnet on the entire system (cart and hanging mass) is the weight of hanging mass, Fg(masses) = m2g, (assuming that friction is negligible).
According to Newton's Second Law, this net force should be equal to ma, where m is the total mass that is being accelerated, which in this case is m1 + m2. You will check to see if m2g = (m1 + m2)a as predicted by theory. 

To determine the acceleration, you will release the cart from rest and measure the time(t) for it to travel a certain distance (d). Since d = ½at2, the acceleration can be calculated using, a = 2d/t2. 

Procedure I: The Effect of Mass on Acceleration
1. Install the feet on the track and level it. 
2. Install the end stop on the track near one end with the magnets facing away from the track. 
3. Measure the mass of the cart and record it in Table 7.1.
4. Attach the pulley and end stop to the track as shown in Figure 7.l. Place the cart on the track. Tie a string to the lower attachment point of the cart. Tie a mass hanger on the other end of the string. Run the string under the end stop and over the pulley. Adjust the pulley so that the string runs parallel to the track. The string must be just long enough so the mass hanger just strikes the floor before the cart reaches the end stop.
5. Pull the cart back until the mass hanger reaches the pulley. Record this initial release position in Table 7.1. This will be the release position for all the trials.  Add 20 grams to the mass hanger and record the hanging mass in Table 7.1(do not forget the mass of the hanger).

6. Place the cart against the end stop on the pulley end of the track and record the final position of the cart in Table 7.1.

7. Pull the cart back to the initial release position. Release it and time how long it takes to reach the end stop. Record the time in Table 7.1.

8. Measure the time at least 5 times with the same mass and record these values in Table 7.1. 

Table 7.1: Effect of Mass on Acceleration
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9. Add a 250 g mass to the cart and repeat the procedure.  Continue this process until you have added a total of 1,000 g to the cart.
Procedure II: The Effect of Force on Acceleration
10. Start with 1,000g of mass in the cart, and then tape four 20g masses to the top.  Record this value Table 7.2.  Don’t forget the mass of the cart.
11. As before, pull the cart back to the initial release position. Release it and time how long it takes to reach the end stop. Record the time in Table 7.2.

12. Measure the time at least 5 times with the same mass and record these values in Table 7.2. 
13. Remove a 20 g mass from the top of the cart and add it to the hanger and repeat the procedure.  Continue this process until you have added a total of 80 g to the hanger.  As before, do not forget to include the mass of the hanger.
Table 7.2: Effect of Force on Acceleration
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Data Analysis 

1. Calculate the average times and record them in Table 7.1 and Table 7.2. 

2. Record the distance traveled (from initial to final position) in both tables. 

3. Calculate the accelerations and record them Tables 7. 3 and 7.4. 
4. For each case, calculate (m1 + m2)a and record in Tables 7.3 and 7.4. 
5. For each case, calculate the net force, Fnet = m2g  and record in Tables 7.3 and 7.4.  
6. For each case, calculate the percent difference between Fnet and (m1 + m2)a and 
record in Tables 7.3 and 7.4. Use Fnet as the accepted value.
* Note: For numbers 3 - 6,  you must show a sample calculation, showing all work, including the formula and substitution with units for each step.  Show your work on a separate piece of paper.  Do not do in the margins.  You only need to do this for one data point.

Table 7.3: Effect of Mass on Acceleration
	Hanger Mass = 

	Cart Mass
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	Acceleration
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	(m1 + m2)a
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Table 7.4: Effect of Force on Acceleration
	Mass of Cart + Hanging Mass (m1 + m2) = 

	Mass of Hanger
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	Acceleration

(m/s2)
	(m1 + m2)a
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	Fnet = m2g
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7. Plot the cart mass vs. acceleration on a graph using the data from Table 7.3.

· Based upon your graph, what relationship exists between cart mass and acceleration?

8. Plot Fnet vs acceleration on a graph using the data from Table 7.4.  
· Determine the slope of your line (Must show all work if doing by hand.) and compare to (m1 + m2).  Are they close to one another? Find the % difference.  
· Based upon your graph, what is the basic relationship that exists between force and acceleration?  

9. Did the results of this experiment verify that F = ma?  Explain.  Hint: Your answers to 7 & 8 should give you some insight to this question.
10. Why must the mass in F = ma include the hanging mass as well as the mass of the cart? 
Error Analysis & Conclusions
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