Newton’s Third Law


You may have learned this statement of Newton’s third law: “To every action there is an equal and opposite reaction.” What does this sentence mean?


Unlike Newton’s first two laws of motion, which concern only individual objects, the third law describes an interaction between two bodies. For example, what if you pull on your partner’s hand with your hand? To study this interaction, you can use two Force Sensors. As one object (your hand) pushes or pulls on another object (your partner’s hand) the Force Sensors will record those pushes and pulls. They will be related in a very simple way as predicted by Newton’s third law.


The action referred to in the phrase above is the force applied by your hand, and the reaction is the force that is applied by your partner’s hand. Together, they are known as a force pair. This short experiment will show how the forces are related.


�





objectives


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. 





Materials


LabPro or CBL 2 interface�
0.5-kg mass�
�
TI Graphing Calculator �
string�
�
DataMate program�
rubber band�
�
two Vernier Force Sensors�
�
�



Preliminary questions


You are driving down the highway and a bug splatters on your windshield. Which is greater: the force of the bug on the windshield, or the force of the windshield on the bug? 


Hold a rubber band between your right and left hands. Pull with your left hand. Does your right hand experience a force? Does your right hand apply a force to the rubber band? What direction is that force compared to the force applied by the left hand?


Pull harder with your left hand. Does this change any force applied by the right hand?


How is the force of your left hand, transmitted by the rubber band, related to the force applied by your right hand? Write a rule, in words, for the force relationship.


Procedure


Connect a Student Force Sensor or Dual-Range Force Sensor to each of Channels 1 and 2 of the LabPro or CBL 2. If you are using a Dual-Range Force Sensor, set the range switch to 10N (5N on older units). Use the black link cable to connect the interface to the TI Graphing Calculator. Firmly press in the cable ends.


Turn on the calculator and start the DATAMATE program. Press �EMBED Word.Picture.8��� to reset the program.


3.	If CH 1 and CH 2 display the two Force Sensors and their current readings, skip the remainder of this step. If not, set up DATAMATE for the sensors manually. To do this, 


Select SETUP from the main screen.


Press �EMBED Word.Picture.8��� to select CH1.


Choose FORCE from the SELECT SENSOR list. 


Choose one of DUAL R FORCE (5N), DUAL R FORCE (10N), OR STUDENT FORCE as appropriate for your force sensor from the FORCE list.


Press � to select CH2 and press �EMBED Word.Picture.8���.


Choose FORCE from the SELECT SENSOR list.


Choose the same type of force sensor you chose in part d regardless of the type of the second sensor. By choosing the same sensor type here, data from the two sensors will be shown on a single graph. You will calibrate the sensor below.


Select OK to return to the main screen.





4.	Force Sensors measure force only along one direction; if you apply a force along another direction, your measurements will not be meaningful. The Dual Range Force Sensor responds to force directed parallel to the long axis of the sensor. The Student Force Sensor responds to forces applied to the hook along the line between the ends of the “U” formed by the sensor. Since you will be comparing the readings of two different Force Sensors, it is important that they both read force the same way. In other words, you need to calibrate them. At the same time you will set the sensors so that one reads positive for a push while the other reads negative. That way they will share the same coordinate system when the sensors are facing one another. A convenient way to apply a known force for calibration is to use a known mass as a hanging weight. From W = mg, we see that a 0.50-kg mass weighs 4.9 N.  To calibrate the first Force Sensor:


Select SETUP from the main screen.


Select CALIBRATE.


Select CALIBRATE NOW from the calibration screen.


Hold the sensor attached to channel 1 so that you can hang a weight from it, but do not attach any weight now. 


Press �EMBED Word.Picture.8��� to record the first point. 


Enter “0” on the calculator (remember to finish your entry with �EMBED Word.Picture.8���). This defines the zero force reference. 


Hang a 4.9-N weight (0.50-kg) from the sensor, and wait for the reading on the screen to become stable. Press �EMBED Word.Picture.8���. 


Enter “4.9” as the second force reference. 


Select OK to return to setup screen.





	5.	You also need to calibrate the second Force Sensor, but in such a way that it reads the opposite sign as the first. We do this because later you will have the sensors facing one another, so that the positive direction is left (or right, depending on perspective) for both sensors. To calibrate the second Force Sensor:


Press �EMBED Word.Picture.8��� to select CH 2.


Select CALIBRATE.


Select CALIBRATE NOW from the calibration screen.


Hold the sensor so that you can hang a weight from it, but do not attach any weight now. 


Press �EMBED Word.Picture.8��� to record the first point. 


Enter “0” on the calculator. This defines the zero force reference. 


Hang a 4.9-N weight (0.50-kg) from the sensor, and wait for the reading on the screen to become stable. Press �EMBED Word.Picture.8���. 


Enter “–4.9” as the second force reference. Note the minus sign; this step is how the direction is changed for the second sensor. To enter a minus sign press �EMBED Word.Picture.8��� and not the subtraction key �EMBED Word.Picture.8���.


Select OK to return to setup screen.





		You have now calibrated both sensors to read the same magnitude under the same force, but with opposite signs. A push on one sensor will be positive but negative on the other.


	6.	You will be using the sensors in a different orientation than that in which they were calibrated. Next you will zero the sensors. This step makes both sensors read exactly zero when no force is applied. To do this, hold both sensors with the measurement axis horizontal and no force applied to the hooks.


Select zero from the setup screen.


Select all channels from the select channel screen. 


With no force applied to the force sensors, wait for the reading on the screen to stabilize. 


Press �EMBED Word.Picture.8��� to zero.





	7.	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 sensitive direction of your particular Force Sensor.


8.	Select START to begin collecting data. Gently tug on your partner’s Force Sensor with your Force Sensor. Also, have your partner tug on your sensor. You will have 5 seconds to try different pulls.


	9.	After data collection is complete, the graph of force vs. time will be displayed. Note that one sensor is plotted as a simple line (points as dots) and the other with points as blocks. If either plot has force peaks with flat tops, you pulled too hard. Try again, pulling with less force. To take data again, press �EMBED Word.Picture.8���, and when you are ready select START from the main screen.


	10.	Print or sketch your graph. Press �EMBED Word.Picture.8���, and select START from the main screen to take another run.


 11.	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 of the two force readings in your notes, and repeat Steps 8-10 using the rubber band instead of the string. 


Analysis


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)? Trace across the graph of your second run using the cursor keys. You can switch from tracing one force graph to the other using the up and down cursor keys. How are the magnitudes related? How are the signs related? 


How does the rubber band change the results—or does it change them at all?


Is there any way to pull on your partner’s Force Sensor without your partner’s Force Sensor pulling back? Try it.


While you and your partner are pulling on each other’s Force Sensors, do your Force Sensors have the same positive direction? What impact does your answer have on the analysis of the force pair?


Reread the statement of the third law given at the beginning of this activity. The phrase equal and opposite must be interpreted carefully, since for two vectors to be equal (�) and opposite (�) then we must have �; that is, both forces are always zero. What is really meant by equal and opposite? Restate Newton’s third law in your own words, not using the words “action,” “reaction,” or “equal and opposite.”


Re-evaluate your answer to the bug-windshield question. 


Extensions


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 a person does not hold the second Force Sensor? 


Use a rigid rod to connect your Force Sensors instead of a string and experiment with mutual pushes instead of pulls. Repeat the experiments. Does the rod change the way the force pairs are related?


Predict the shape of a plot of the reading of one Force Sensor vs. the reading of the other for your most recent run. Make such a plot and fit a line to it by fitting a straight line to channel 2 vs. channel 1.  
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