| SPH4U: Newton’s Third Law Recorder:

Manager:
A: Forces as Interactions Speaker: _
Throughout our unit on forces, we have been making use of the term interaction. 012345

When two objects affect one another, we say that they interact. We have also -
noticed that these interactions come in the form of a push or a pull on the objects which we call forces. This brings us to a
very important idea.

Whenever two objects interact, they each exert a force on the other. These two forces are really just two parts of a single
interaction. We will call the two forcesa 3™law force pair. The forces in a 3™ law force pair share some important
characteristics:

* they have the same magnitude sthey point in opposite directions

e they are the same type (gravitational, normal, etc.) sthey arise and act simultaneously

* they involve the same pair of objects

This understanding of interactions is known as Newfon’s 3 Law. Please never use the words action or reaction when
describing forces. To do so is simply wrong.

B: BookLearnin’

One of the exciting things about studying physics is that as your understanding grows, the physics of very simple situations
becomes much more nuanced and subtle. Let’s think about your physics book at rest upon a table.

1. Represent. Draw an ID and FD for the system of the book. Sketch g .y
Diagram Diagram

+ale
force notation which we will call 37 law notation. For example the earth

interacts with the textbook gravitationally and we can symbolize this as: ( i
F, ;_,» which reads: “the force of gravity of the earth acting on the
book” Using this notation we can write Newton’s 3" Law as:

Foq= -F a4 With the understandingof the characteristics of a force-

To show better the details of an interaction, we can use a more specific ”‘"“" !

pair.

2. Represent. Label the forces in your force diagram using this new S R s e
notation. o

Note that if you have done this correctly, all the subscripts for the forces on one objectwill end with the same letter. Double
check this every time you use this notation.

3. Reason. Isaac says, “I think gravity and the normal force make up a third-law pair in this situation. Just look at the size
and direction of the forces,” Do you agree or disagree with Isaac? Explain.
e Odisagfee  with  Tsase because in order  foc i auarion  te be

-

3 dned -'aw pave, Yre Lorces must be  the  sacce ryee .

Howeres, 1 s sivuation, here are - 2 forces, yravivy and
normal  force, Therelfore, this situation s mod @ Murdi-law
pair
4. Reason. Emmy says, “Do gravity and the normal force always have the same size? Why do they here?” Explain to
Emmy.

Gravby  acd  nocma) force de ot meceas aci\y  needh Yo be  ike
Same size. The Sizes can ‘be dilleceny i Yrece '3 accelecarion
in he Y-difectien. In Mais Vrudtion, Yrey, have the same sige
Since  Yhere i3 ne dccelecation and  Yhe et force i3 O.
5. Reason. Albert says, “So if gravity and the normal force are not members of the same 3™-law pair, is there a 3*~law
partner for F‘g £-p | Explain what it is and why it doesn’t appear on this force diagram.

R 3 -\aw paciter does  exisy Lo F%-F__B . T A= Cavs-p oSk
38 Yee  force that  fre ook @xertys on  Yhe Earyn. L
doesn’s  appear on  his force AN SO SM vecauvnse the
Adisgcam represents e Locces  Qcht NG on e
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C: The Stack O’ Books

Your homework is piling up — your
slender physics text is sitting on the
table and your massive biology text is
on top.

Sketch Interaction Diagram Force Diagram Force Diagram

Ry o\o%~ =

1. - Represent. Draw a single
interaction diagram for this
situation. We will consider the
bio book and physics book as two
separate systems: circle each.

2. Represent. Draw a force diagram
for each text. (Hint: you should
draw five forces in total!)
Whenever we study the forces of Eartih
more than one object, use the 39
law notation introduced above.

A contact force is one that is evident only when two objects are in contact. A non-contact force is evident even when the two
objects are not in physical contact.

3. Reason. Which forces are contact and non-contact forces?
Fa and F, 3re  centack  Sorces . Fg = a ron-contacy Locce

4. Reason. Are there any 3"-law force pa1rs appearmg in the two diagrams? If so, indicate these with a small “x on each
member. If there is a second pair use a “xx” on each member, and so on.

5. Reason. Rank the magnitude of the forces appearing in the two force diagrams from smallest to largest. Explain your
ranking.

S ; . = = 2 = = wWe decided VYhakr
Ie Tanwe 3 Fg-;_-p 5 FC)E-B 3 FCP-B 5 FCB'P y Fﬂ_r P

Fese-p was e  smallest Since tne Sorce  of Qrawty on e ghydies
ook s Smaller Aue Yo Ahe senaler MAaSD.  Foe-p  WAaS  rext blo

*’f\e blology ‘vook ‘as A Qreater m‘ass, So (.a\\\ Nave a feawar force of QUavity
pe-g Wil _be the Same s cP-B . and FceR-P - vai i\
6. Represent Based on your ranking of the magnitudes of the forces, do you need% make any modifications to your two

force diagrams? Explain why or why not.
Yes T need e make eodification s i my  ferce d\aeﬁvam s, T need
to maBke Hre = e-p Sliont senaller b rignt fow Ys Yhe  same as
ik ) ik S
Foe.g. Then T need 4o mawe F,W amaller Y0 Qccomodate For *he Cwange n Tor-e

7. Reason. Compare the force diagram for the physics text from parts B and C. Which forces changed when the biology
text was added and which remained the same? Explain.

Tre €ocee of oravity o0 dhe boax  remains  Yne SAme telCduse  the
mass deesn’t  change. A contger  fofce  was nv roduced when e
Biology text was added. Because of Hais, e rocmal force of
thanged T balatee ocutr the gravi and contacy force.

8. Test. Marie says, “In this situation, the weight of thé biology text acts on the physics text.” Test this assertion. Use vour
hand in the place of the physics text. Lower the biology text (or other, hefty book) onto your hand. Are you feeling a
contact force, or a non-contact force?

e @re  feeling @ Conkack force

9. Summarize. Based ontoday’s investigation andthe rest of our work in gr. 12 physics, what can we conclude about the
size of the normal force compared with the force of gravity? What is the best way to determine the size of the normal
force? wWe can conclude Yraxr  Size of  the  rormal  Cocce 13 noY pnecessaci \l:\
degendans omn Yhe force of o avity- Bazed on  tre srushion, Yae

46 noroval  Force Ay ©rf  may not equal  Yhe force of ravity, “tne
besty  Lyay Yo derertune Yre  size of Ve rormal fbrde i@ 4o

Corefully ook ar  the Siruarion,



| SPH4U Homework: Magnets and the Third Law! Name: ]

Let’s explore our understanding of the third law using a new interaction: magnetism! We can treat magnetic interactions Just
like we do gravitational interactions.

A: Two Horseshoes
One magnet is supported by another magnet that hangs from a string.

1. Represent. Draw a single interaction diagram that includes the two magnets. Circle each magnet as a separate system.

2. Represent. Draw a FD for each magnet. Make sure you use the complete 3™ law notation for the forces. Draw an x orxx
on any third law pairs of forces.

VAP SIS D FD. ‘ FD_
SYeing 3

tactn

3. Reason. Suppose that the two magnets were preplaced by stronger magnets of the same mass. Describe any changes to
the ID. Draw revised FDs for each.

The D Wl remain dre  SAME — ,,A,WMWED«,,, sl F D
A .
4. Reason. Can a magnet exert a non-contact force on an object? R smp
Explain, =t i e e o
Yes, i+ 1s possible for 3 magper *o ; 1 »E;,_ ] P A SIS
xery QA ton-contacky ferce on an chjec, 2 "“‘Ma‘f " w e ) =
For example, \v can repel  anotner RS e - .
fagnet ard not touck % i 2 X i = ol
5. Reason.Can a magnet exert a contact force on an object? Explain, L S .
Qes, F 1 mageetr 18 foudhng  an : il mlmz
orjed, W 1 exect Moy B cont act : W
Lorce ¥ e

6. Explain.Howcould you use a magnet to exert both a contact and a non-contact force on another magnet?
Ponk  ¥he  cpposive poles  ofF Q mmagner s Yoogther. They
Should  stHracY e@ach other and  connect, The magnet

13 Now  exerting A onvract focae .
Me\&/ poinit The Same poes  of =t BONES = :\-O(z)ei-—\ﬁer .

Treyy, ol fCepel  eachother, Tne magyner 13 NOW

exer ér’\f\% @ NoN - cony Q@ oy force , 3ince v asnt

touching the oFrerC magher, bad S RN creating
r~

= pudn O, Force,

L Adapted from McDermott, L. Tutorials in Introductory Physics. Prentice Hall, 2002 —l
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