Newton’s Third Law

A common (but confusing) statement of Newton’s Third Law is "For every action there is an equal and opposite reaction." In this activity you will measure forces with force sensors and try to understand the real meaning of Newton’s Third Law.
Two objects, Book A on the right and Book B on the left are in contact. Assume friction is not negligible. When Book A and Book B are in contact, there is a horizontal contact force between them, meaning that Book A pushes or pulls on Book B, and Book B pushes or pulls on Book A. Compare the magnitudes of these two forces in different situations. All motion is along a straight line. 
Force of Book A on Book B = FBA

Force of Book B on Book A = FAB
Discuss your answers with the others in your group and reach consensus. Afterwards, test your predictions by using a LabPro,  force sensors, and books. See experimental set-up on the next page for guidelines.
Summary of predictions: 
	scenario
	mass A = mass B

FAB (>, =, <) FBA
	mass A > mass B

FAB (>, =, <) FBA

	
	predicted
	actual
	predicted
	actual

	(a) Book A and Book B pull but there is no motion.
	
	
	
	

	(b) Book A and Book B push but there is no motion.
	
	
	
	

	(c) Book A pulls Book B to the right at constant speed.
	
	
	
	

	(d) Book B pushes Book A to the right at constant speed
	
	
	
	

	(e) Book A pulls Book B to the right, both are accelerating to the right.
	
	
	
	

	(f) Book B pushes Book A to the right, both are accelerating to the right.
	
	
	
	

	(g) Book A pulls Book B up an incline at constant velocity
	
	
	
	

	(h) Book A pushes Book B up an incline at constant velocity
	
	
	
	

	(i) Book A pulls Book B up an incline, both are accelerating up the incline
	
	
	
	

	(i) Book B pushes Book A up an incline, both are accelerating up the incline
	
	
	
	


Experimental Set-up
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Using the force sensors:

1. Open “Logger Pro”.

2. Go to File>Open>Experiments>Probes & Sensors>Force Sensors>Dual Range Force>2-10N Dual Range.mbl
3. Go to Setup>Data Collection>Sampling – set to 250 samples/second.

4. Go to Setup>Sensors>Calibrate 

5. Make sure “CH 1” button ONLY is depressed and click “Perform now”.

6. Under “Reading 1” enter “0”  (zero force should be applied to the force probe) and then “Keep”.

7. Hang a known mass (use a standard mass or find the mass on an electronic balance) from the force probe.  

8. Convert grams of mass to newtons of force (1000 g = 9.8 N).  

9. Enter this number under value 2.  

10. When the input is steady, press “Keep”.

11. Make sure “CH 2” button ONLY is depressed. and calibrate the second force probe in the same manner.  This time, however, enter the force in value 2 as a negative number. When you are done calibrating, click “OK”.

12. You are ready to take data!

Conclusions:

1.  Below are freebody diagrams similar to scenario b (Cart A and B push but there is no motion) where Cart A is more massive than Cart B. The freebody diagram for Cart B is on the left and for Cart A is on the right.
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a)  Why is WBE drawn shorter than WAE?
b)  How do you know how long to draw NBT and NAT?

c)  Why is the friction on B is less than the friction on A?

d)  Which force represents B pushing on A?

e)  What is the “reaction” to the “action” of B pushing on A?  Which force is this on the diagram?

f)  Do Newton’s 3rd Law action/reaction pairs act on the same object?  Explain.

g)  How does NBP compare to NBA and fBT? Explain.
h) How does NAP compare to NAB and fAT? Explain.

i) How does NBP compare to NAP? Explain.

2.  Draw freebody diagrams for Book A and Book B  for scenario f (Book B pushes Book A to the right, both are accelerating to the right) where Book A is more massive. Show the Newton’s 3rd Law action/reaction pair by marking the forces with the symbol “/” as shown in #1.
Rank all the horizontal forces from largest to smallest.
3.  This experiment is designed to help you learn something about Newton’s Third Law. Write a clear summary about what you have discovered.

 

 
