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Action Reaction 
By

Artur Nisonov 
Newton’s Third Law
I. Introduction

According to the familiar story, it was on seeing an apple fall off of a tree that Newton conceived that the same force governed the motion of the Moon and the apple. He calculated the force needed to hold the Moon in its orbit, and compared it with the force pulling an object to the ground. He also calculated the centripetal force needed to hold a stone in a sling, and the relation between the length of a pendulum and the time of its swing. These early explorations were not soon exploited by Newton, though he studied astronomy and the problems of planetary motion. Not only did Newton’s laws become the heart of physics, but many of the modern discoveries were also made possible by the discoveries of such laws. For instance, air flight and air mechanics were made possible by those laws. Newton’s third law states that “For every action there is an equal (in magnitude) and opposite (in direction) reaction.”
II. Background


If object A exerts a force on object B, then object B also exerts an equal force on object A. You may wonder how a rocket flies or a hammer drives a nail into wood. It is all related to Newton’s law. As shown in figure 1 the propulsion force coming out is the same as the force that thrusts the rocket forward. 
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Figure 1
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In figure 2, the girl pushes on the ball, the ball pushes back on the girl, but friction keeps the girl in place. When she puts on roller the wheels take much of the friction away. Now when she pushes on the ball, the ball pushes back on the girl, and the girl rolls backwards. 
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Figure 2 










 









III. Objective
· Calibrate two Force Sensors.

· Observe the directional relationship between force pairs. 

· Observe the time variation of force pairs.

· Explain Newton’s third law in simple language. 

IV. Equipment List

	Power Macintosh or Windows PC
	500-g mass

	LabPro or Universal Lab Interface
	String

	Logger Pro
	rubber band

	Two Vernier Force Sensors
	


V. Experimental Procedure
1.
Connect the two Student Force Sensors or the two Dual-Range Force Sensors to Channels 1 and 2 on the LabPro or  Universal Lab Interface. If you are using Force Probes, connect them to PORT 1 and PORT 2.

2.
If your sensor has a range switch, set it to 50 N. One graph will appear on the screen. The vertical axis will have force scaled from –20 to 20 N. The horizontal axis has time scaled from 0 to 10 s. 
3.
Force Sensors measure force only along one direction; if you apply a force along another direction, your measurements will not be meaningful. 

4.
Since you will be comparing the readings of two different Force Sensors, it is important that they both read force accurately. In other words, you need to calibrate them. To calibrate the first sensor, 

a. Choose Calibrate from the Experiment menu. Click on the port of the first Force Sensor so the port is highlighted, and if necessary, on the port of the second Force Sensor so it is not highlighted. Click on the [image: image2.png]


 button. 

b. Remove all force from the first sensor and hold it vertically with the hook pointed down. Enter a 0 (zero) in the Value 1 field, and after the reading shown for Input 1 is stable, click [image: image3.wmf]Keep

. This defines the zero force condition. 

c. Hang the 500-g mass from the sensor. This applies a force of 4.9 N. Enter 4.9 in the Value 2 field, and after the reading shown for Input 1 is stable, click[image: image4.wmf]Keep

. 

d. Click [image: image5.wmf]OK

 to complete the calibration of the first Force Sensor.

5.
Repeat the process for the second Force Sensor with one important exception: Instead of entering 4.9 for the Value 2 field, enter – 4.9. The minus sign indicates that for the second sensor a pull is negative. For this activity it is helpful to set up the two Force Sensors differently, since later you will have the sensors positioned so that a pull to the left will generate the same sign of force on each sensor.

6.
You will be using the sensors in a different orientation than that in which they were calibrated. Zero the Force Sensors to account for this by holding the sensors horizontally with no force applied, and clicking [image: image6.png][ Zero |



. Click [image: image7.png]Zero all sensors




 to zero both sensors. This step makes both sensors read exactly zero when no force is applied.

7.
Click [image: image8.png][ Collect |



 to take a trial run of data. Pull on each Force Sensor and note the sign of the reading. Use this to establish the positive direction for each sensor.

8.
Make a short loop of string with a circumference of about 30 cm. Use it to attach the hooks of the Force Sensors. Hold one Force Sensor in your hand and have your partner hold the other so you can pull on each other using the string as an intermediary. Be careful to apply force only along the level direction of your particular Force Sensor.

9.
Click [image: image9.png][ Collect |



 to begin collecting data. Gently tug on your partner’s Force Sensor with your Force Sensor, making sure the graph does not go off scale. Also, have your partner tug on your sensor. You will have 10 seconds to try different pulls. Choose Store Latest Run from the Data menu.




Figure 3

VI. Analysis/Questions
1.
Examine the two data runs. What can you conclude about the two forces (your pull on your partner and your partner’s pull on you)? How are the magnitudes related? How are the signs related? 

2.
While you and your partner are pulling on each other’s Force Sensors, do your Force Sensors have the same positive direction? 
3.
Is there any way to pull on your partner’s Force Sensor without your partner’s Force Sensor pulling back? Try it.

4.
Fasten one Force Sensor to your lab bench and repeat the experiments. Does the bench pull back as you pull on it? Does it matter that the second Force Sensor is not held by a person? 

5.
What would happen if you used the rubber band instead of the string? Would some of the force get “used up” in stretching the band? Sketch a prediction graph, and repeat Steps 8-9 using the rubber band instead of the string. 

































































































� http://my.execpc.com/~culp/space/propulsn.html


� � HYPERLINK "http://www.qrg.northwestern.edu/projects/vss/docs/Propulsion/2-every-action-has-an-equal-and-opposite.html" ��http://www.qrg.northwestern.edu/projects/vss/docs/Propulsion/2-every-action-has-an-equal-and-opposite.html� 
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