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PRELIMINARY QUESTIONS

Hold a rubber band between your right and left hands. Pull with your left hand. Does your 5§
/ right hand experience a force? Does your right hand apply a force to the rubber band? What -
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Newton’s Third Law

You may have learned this statement of Newton’s third law: “To every action there is an equal

" and opposite Teaction.” 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 predlcted 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.

Figure I

OBJECTIVES

« Calibrate two Force Sensors.

« Observe the directional relationship between force pairs. ‘Vj

« Observe the time variation of force pairs. ?

« Explain Newton’s third law in simple language. /
MATERIALS _

Power Macintosh or Windows PC ~ 500-g mass

LabPro or Universal Lab Interface - string.

Logger Pro . éM = Tubber band e

Q Vernier For%e Sensors Wi s =

You are driving down the highway anda 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?
3 PP LA WY BUG S HORE DEMAGT.

direction is that force compared to the force applied by the left hand?







Experiment 11

g A ow 1is the force of your left hand, transmltted by the rubber band, related to the force
“" applied by your right hand? Write a rule, in words, for the force relanonshlp .
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PROCEDURE I S ﬁ.f by

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.

. Open the Experiment 11 folder from Physics with Computers. Then open the experiment file
that matches the force sensors you are using. 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.

. 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 and the
ULI Force Probe respond to force directed parallel to the long axis of the sensor. The Student
Force Sensor responds to forces apphed to the hook algng the line (between the ends of the
“U” formed by the sensor). e ‘ 7 3

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

a. Choose Calibrate from the Fxperiment menu. Click on the port of the first Force Sensor
so the port is highlighted, and 1f necessary on the port of the second Force "Sensor serit»ls
not highlighted. Click on the [Feme button.

b. Remove all force from the ﬁrst sensor and hold it vertically W1th the Hook pointed down.*
Enter a 0 (zero) in the Value 1 field, and after the reading shown for Input 1 is stable,
click f |. This defines the zero force condition.

- ¢. 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, then click [Tke_].

d. Click [ to complete the cahbratlon of the first Force Sensor.

. Repeat the process for the second Force Sensor Wlth 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 31gn of force on each sensor. .

6. You will be using the sensors in a different orientation than that in which they were

Qs - calibrated. Zero the Force Sensors to account for this. Hold the sensors horizontally with no
i force applied, and click [Zew 1. Click [[zoaizsee ] to zero both sensors. This step makes both

“sensors read exactly zerG wien no force is apphed Minof da ot neation

i . Click [B&&aT to take a trial run of data. Pull on each Force Sensor and note the sign of the
reading. Use this to estabhsh the positive direction for each sensor. s

8. Make a short loop of stnng with a circumference of about 30 cm. Use it to attach the hooks M
of the Force Sensors. Hold one Force Sensor in your hand and have your partner hold the
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Newton’s Third Law

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.

9. Click & | 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 parter tug on
your sensor., You wﬂl have 10 seconds to try deferent pulls. Choose Store Latest Run from o
the Data menu.-

10. What would happen if you used the rubber band instead of the strmg'? 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 s 51 . _
LCE EXa
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_ANALYSIS e
1. Examine the two d s What can you concludé*’%bout the two @ces (your pull on your

~ partner and your pa er’s pull on you) ow are the magmtude relate ? How are the %gns

_related? EF g ﬁffﬁﬂ

2. How does the rubber band change the r%&ults—or does it change them at'all?

K

G ile you and your partoer 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?
uf Is there any way to pull on your partner’s Force Sensor without your partner s Force Sensor
- pulling back? Try it. .

5. Reread the statement of the third law given at the beglnnlng of this activity. The phrase
equal and opposite must be interpreted carefully, since for two vectors to be equal (A=B)
and opposite ( A =-B ) then we must have A =B =0; that is, both forces are always zero. ~ /
What is really meant by equal and opposzte‘7‘ Restate Newton'’s tlurd law in your own wordsj
not using the words “action,” “reaction,” or “equal and opposite.” - /

&
6. Re-evaluate your answer to the bug-windshield question. - ;{
%

EXTENSIONS B | i\

- 1. 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?

2. Use arigid 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? -
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