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Chapter 5 Force and Motion

Chapter Goal: To establish a connection between

force and motion.
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Ch 5: Forces

In the first four chapters, we have concentrated on answering the question:

— dr
V = —7
How do things move? Answer: Kinematics dt
- __ du
a4 = 7

Now, we want to begin to address the question:

Why do things move? Answer: Dynamics
(What causes an acceleration?)

Kinematics + Dynamics = Mechanics

First, in this chapter, we’'ll develop some basic concepts, then
in Chapter 6, we’'ll take up the details in 1D, and then finally in

2D (Chapter 8).

OBJECTIVE FOR TODAY: MAKE FREE-BODY DIAGRAMS'
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What is a Force? Force is what causes acceleration!

Sec 5.1

Force
The fundamental concept of dynamics is that of force.

B A force is a push or a pull.

B A force acts on an object.

B A force is a vector.

B A force can be a contact force or a long-range force.

Some important forces that we’ll study in this chapter are

Gravity Tension Friction
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Contact Force vs. Long-Range Force (Sec 5.1)

« Contact forces are forces
that act on an object by
touching it at a point
of contact. For example, the
bat must touch the ball to hit it.

* Long-range forces are forces that act
on an object without physical contact.
For example, a coffee cup released
from your hand is pulled to the earth
by the long-range force of gravity.

CHAPTERS_LECTURES.1 )



Represent forces on a body by a free-body diagram (Sec 5.7)

(a)
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(b)

ot

Pulling forces— 4
of the ropes This is the
..--net force on

the box.

"
"
*

represented
as a particle.

Forces are vectors, hence add
just like ordinary vectors!
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Forces you'll encounter...Gravity (Sec 5.2)

Weight — acts on us keeping us on the
earth. Caused by the “mass” of an object.

FIRSTIPHYSICS/LAWIOECARTOON

GRAVITY|WILLNOT|WORK! ‘
TILLYOU/LOOK(DOWN \

http://www.manvsbrain.com/2014/03/work-cartoons-kids-coyotes-how-both-your-minds-see-data/
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Forces you'll encounter...Spring Force and Tension (Sec 5.2)

Spring Force - This is interesting as many objects in our
universe can be approximated as a mass on a spring (e.g.
a diatomic molecule).

T oRIGINAL

oy ) _‘

NALRING
\ SPRING

Tension — When a
rope pulls on an object.
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Forces you'll encounter...Normal Force (Sec 5.2)

Normal Force — The contact force
between two objects pushing against each other
which is perpendicular to the interface between
the two objects.

The book pushes down on the table with its weight,
but the table ‘pushes’ back, thus keeping the book
stationary while sitting on the table.

This “pushing back” is the normal force by the table
on the book.

The compressed
molecular springs push
.upward on the object.

Atoms

Molecular bonds
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Note! Normal force is not always
equal and opposite to the weight!

You push against

in the wall press the wall. The wall
outward against

her hand. exerts a horizontal

normal force back
on your hand.

n

The frog pushes against
the inclined surface,
which pushes back on
the frog. Note that the
normal force is
perpendicular to the
surface.

The surface pushes outward 9
against the bottom of the frog.



Forces you'll encounter...Friction (Sec 5.2)

Kinetic Friction (a.k.a Sliding Static Friction - The contact force

Friction) - The contact force between two between two objects pushed against
objects sliding against each other which is each other which is parallel to the
parallel to the interface between the two interface between the two objects, and

objects, and opposes the relative motion. prevents relative motion thereby
keeping the two objects “stuck” to each

other. Static friction points opposite the
direction in which the object would move
if there were no static friction.

.
.,
.
.
ey

Kinetic friction

opposes the motion.

Static friction acts
in the direction that
prevents slipping.
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Forces you'll encounter... Drag and Thrust (Sec 5.2)

Drag — A subset of friction, but Thrust — occurs when an engine expels gas at
caused by friction of a fluid. high speed in a certain direction, causing thrust back

on the engine in the opposite direction.
Air resistance is a significant force
on falling leaves. It points opposite
the direction of motion.

11
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Forces you'll encounter in PHY192: Electric, Magnetic Forces (Sec 5.2)

Electric and magnetic — Similar to gravity (‘force at
a distance’). Caused by electric charge or magnetic
particle. These will be important in PHY192.
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Symbols for Forces (Sec 5.3)

Force Notation
General force F
Gravitational force ﬁG
Spring force F $p
Tension T
Normal force n
Static friction fs
Kinetic friction fk
Drag D
Thrust F thrust
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Approximate Magnitude of Some Typical Forces

TABLE 5.1 Approximate magnitude of
some typical forces

Approximate
magnitude
Force (newtons)
Weight of a U.S. quarter 0.05
Weight of a 1 pound object 5
Weight of a 110 pound person 500
Propulsion force of a car 5,000
Thrust force of a
rocket motor 5,000,000
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Forces tend to cause an acceleration! (Sec 5.4 & 5.5)

The force causes the mass to
= move, but how?

Force F

Object of mass m

In section 5.4, your author describes a simple set of experiments that would
lead you to the conclusion that “force produces an acceleration in the same direction
as the force and with magnitude inversely proportional to the mass”. We call this:

mewton’s Second Law: — __ Fhet \

The acceleration of the body is: (4 o
m™m / F: 2 Once we know the acceleration, kinematics
a8 tells us how the object moves.
F « F\A NOTE! You must only consider forces
3 acting ON the object, not forces exerted
\Fnet — F, + F, + F; BY the object on other things!! /

—

F' = ma also gives us the units of force:

[units of F|= kg 75 = Newton (N)
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QuickCheck

The net force on an object points F,
to the left. Two of three forces F
are shown. Which is the missing
third force? Two of the three
forces exerted on
an object
F,
F,
p— F
3 w5
F3
A. B C D.
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Newton’s 15t Law: Concept of Inertia

Sec. 5.6
Ne wton's f" La,w Oﬁ Mofkon° ASIDE .

=

Quantitative measure of “Inertia” ?
| Tuénjg keep on do m? what MASS
they were doing unless SIS ) gEisT SETrs
- . e R
Ouw "MAQKE t'.'%'*: €y é:’ G
j hove
of )
some B in 9 else werghts |
or

A bod})/ ot rest oOr in moh'on,

Temains ok Tesk or 'n motion

with a constant
velo c.«"’:t/,

unless acted upon l?_y a
het exktermneal :FOY:.?_ ”

o.k.a. Newton's law ol TITnertia

——
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Ex:

¥ TRen, what s

(ST unit: kqg)

as wEqu-r*j,'

identcal masses may

comple-r‘-elj d.'ﬁferen &

\/\le.‘ﬁh | !'.j mass on the Moon.

WEIGHT ?

(Sec 6.3)
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What is Force?
Sec. 5.1 | | Sec. 5.5 |
Force” = Newton's :2______,“' law of Metiom :
! I'F .vm!u. “a't ..‘;Qﬁ‘slﬁﬁ‘,o‘hj V&
but fthe more

1\ )
CONCEPT OF
@Ql: What causes '-‘mo-h'g"?\
. = ".e“ " un '1 S cookt
veloeity e
masswve & 1S P the slowey
" . .:t S CL ‘jéi . 'ev“
QZ: What causes cl-\q.nges n or
mo":l.O"'\ ? “-ﬁ\e \16’# ex teynal 'FOTCQ QC""""j Oé
a bOclj eﬁ’u,o.l.:; the Produ-Cb -
\ Q’Cc_elera_t,'on” %C ; ks ynass ond accel.m’a.ﬁc‘h )
e .
Al: Newton’s |5 Law OF Moto /ext = -Wi’ a\> acen
Vital . DON'T SHAKE net external mass
THe PRagy ! ..force on Mass af body
Y’ Units: | kgms'z =N
smet external -oree ?
. wefgfkt- ? _
18

Co V’OLLO,N, g

AL: Newton's 2™ Law of Motion
introduce Che Conwpt
| CH’APTER5_LECTURE5.1

OJC " FORCE”



Newton'’s First Law of Inertia (Sec 5.6)

The figure below shows a hollow tube forming three-
quarters of a circle. A ball is shot through the tube at high
speed. As the ball emerges from the other end, does it
follow path A, path B, or path C?

View from above
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Newton’s Laws of Motion (Chapters 5, 6, 7, 8)

= Concept of FORCE and INERTIA (Chapter 5)

Newton's 15t Law of Motion (another nice "simplification") (Sec 5.6)
Vital corollary: Don't shake the baby!
What are the units for Inertia? (Sec 5.4)

Measuring FORCE (Chapters 5 and 6)

Newton's 2" Law of Motion (Sec 5.4, 5.5, 6.2)

What are the units for WEIGHT...kg? NOT! (Sec 5.2, 5.4, 6.3)

Measuring Weight...what do bathroom scales actually measure? (Sec 5.2, 6.3)

Concept of ACTION and REACTION (Chapter 7, and sections of 5 & 6)
Newton's 3 Law of Motion (Sec 7.3)

The NORMAL FORCE (or CONTACT FORCE) (Sec 5.2,6.3, 7.1 - 7.3)

The concepts of TENSION, FRICTION (Sec 5.2,6.4, 7.1 —7.3)

Simple applications of Newton's Laws

What's the “system”? What's the “environment? (Sec 7.1)

Why do your knees buckle when the elevator starts up? Why do pulleys make it easier to
haul stuff up? (Sec 7.1 — 7.3)

How to draw Free-Body Diagrams! Solve sample exam problems (Sec 5.7)
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QuickCheck (Sec 5.7)

A ball has been tossed straight up. Which 1s the correct
free-body diagram just after the ball has left the hand?
Ignore air resistance.

y

Y b Y
X b x X
Fg
A. B. C.

D.
CHAPTERS_LECTURES.1 21




Free-body Diagrams (System” Environment?)

* The object of interest is

Identifying forces

the “SYSTEM”.
e Eve ryth i ng else is (1) Idegltify the object of interest. This is the object whose motion you wish to
“ ” stu Ve
the "ENVIRONMENT". @ Draw a picture of the situation. Show the object of interest and all other
. ]
. Only draw forces acting objects—such as ropes, springs, or surfaces—that touch it.
ON THE SYSTEM! © Draw a closed curve around the object. Only the object of interest is inside

the curve; everything else is outside.

(Sec 7.1-7.3)

Drawing a free-body diagram D

© Identify all forces acting on the object. This step was described in Tactics
Box 5.2. Choose and draw (there is no incorrect choice, but there are inconvenient ones)

@ Draw a coordinate system. Use the axes defined in your pictorial representation.

© Represent the object as a dot at the origin of the coordinate axes. This is
the particle model The tail of the force vectors go on the body

® Draw vectorﬁfe(mting each of the identified forces. This was de-
scribed in Tactics Box 5.1. Be sure to label each force vector.

© Draw and label the net force vector if”net. Qraw tllis vector beside thg diagram,
not on the particle. Or, if appropriate, write F,., = 0. Then check that F ., points
in the same direction as the acceleration vector @ on your motion diagram.

CHAPTERS_LECTURES.1

Exercises 3-8 ﬂ

*In any dynamics
problem, if the
free body diagram
is incorrect, then
everything done
after that is incorrect
as well!
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Whiteboard Problem 5.1: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
A cat sitting on a window sill
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Whiteboard Problem 5.1: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
A cat sitting on a window sill

S|

l

& 2% ' Fnet=O
X
Normal forV F
- G
Gravity F,
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Whiteboard Problem 5.2: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
An ice hockey puck gliding across frictionless ice

~___~
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Whiteboard Problem 5.2: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
An ice hockey puck gliding across frictionless ice
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Whiteboard Problem 5.3: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
Your physics textbook sliding across the table
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Whiteboard Problem 5.3: Free-body Diagrams

Draw the free-body diagram for (Sec 5.7)
Your physics textbook sliding across the table

=)

Gravity I:")G\/< &

—

Normal forcen  fi 5 -

Kinetic friction F G |
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Whiteboard Problem 5.4: Identify and draw the Forces

A steel beam hangs from a cable as a crane lowers the beam
at a steady speed. What forces act on the beam? (Sec 5.7)

Draw a free-body diagram for the beam, labeling the forces
acting on the beam.
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iiteboard Problem 5.4: |dentify and draw the Forces

(Sec 5.7)
A steel beam hangs from a cable as a crane lowers the beam

at a steady speed. What forces act on the beam?

Draw a free-body diagram for the beam, labeling the forces
acting on the beam.

CHAPTERS_LECTURES.1 30
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Whiteboard Problem 5.5

Given the free-body diagram:

(A) ldentify the direction of the
acceleration vector and show
as a vector.

(B) If possible, identify the
direction of the velocity
vector and show as a vector.
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Whiteboard Problem 5.5

1 (Sec 5.7)

Given the free-body diagram:

(A) Identify the direction of the
acceleration vector and show
as a vector.

(B) If possible, identify the
direction of the velocity
vector and show as a vector.

B) V points moppe
direchon to foree of
kineke fﬂ'cﬁ’.'\ ,‘!
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QuickCheck

An object on a rope is lowered at a steadily (Sec 5.7)
decreasing speed. Which is true?

The rope tension is greater than the object’ s weight.
The rope tension equals the object’ s weight.

The rope tension is less than the object’ s weight.

o0 W »

The rope tension can’ t be compared to the object’ s
weight.
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QuickCheck

(Sec 5.7)

A ball, hanging from the ceiling by a
string, is pulled back and released.
Which is the correct free-body
diagram just after its release?

y y y

/K (X

v v v
A. B. C.

.)I
X
D. E.
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System and Environment: To complete the story....

An example Newton’s 3 Law: Chapter 7

‘Sections 5.5, 5.2 and 6.3 N |
Nebt externed -'[£°""¢- = nek ﬁr«_dhboo\ﬂ Nem\’s Erd l O\( M O o -
' exerted by o —:
‘environmen

E‘Xa-mPle: o sfeP off Che table ... .

actern ‘a’ = ? \‘ an QCLU.O.Q. and OFPDSv'tQ 'Y‘&CLCHDI‘I,
/ y
m

™a.s ‘ ‘ Action” L g, |
d ;f- & Reach'on} I-:ORCEf ‘

Vv ' ' .
To every aclion &rhere 1S

Then, mebk extermal 7[orce. = mg

" Forces olwoys  occur i '
\ / (g ars,
Externel environment = E ARTH = P

A S;'rljle) 'solafed :Forc.e Cannok

M eght = . )
3 y—'ﬁ—-— _i"é.,& bﬁ ex sk '
Earth 0Mm me o
a R =
= = m3 "If you kick o lead fookball,
NOTE: Force by Earth on me i will break gour +oot”.
= ma ONLY mnear Cavills
= S'u,'rface.. CHEek: Newton's low Qf CGravitation
‘?' s NOT constamt | Decreases CHECK: Beok on table
— wy k!l
‘s » “Acton” 6n one bedy,
@_ o where cloes 8 COme ’]QD‘M ?ﬂ) NOTP.‘ " “Reqc-}:‘m" on A’ND‘T’HER,!“.
whet s the Omgim of T Emfs’ ] Note) | Tmportant c:mco.pb"Ng(r}gx&\.,,

We’'ll answer this later, not now... CHAPTER5_LECTURES.1 35



Fs "
SPART, BUT INCORRECT, HORSE: " T PULL ON CART, BUT CART PULLS BACK

(Sec 5.7)
<._L_- e jﬁn@

% r Sy s tlb g

fk \ b{hom _ﬁ, CA._;T
‘ I( FA‘.“-”‘C- & 'Fh.[m'NMfum:

KEY POINT: fSJ 3 hows -{vnu 0N syitew -
< =

——
f b.d Foycon
'O onhede
-fof OVS€  [TF > Foyortonhox
pmnd '\?emovﬂ
(ward
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Normal Force and Weight...revisited

THE NORMAL FORCE Sec. 5.2

We measure Weight using bathroom scales.
Or do we?

Q: What do bathroom scales actually measure??

A: The bathroom scales actually measure the

, which 1s the CONTACT force
between the surfaces, and is perpendicular to the
interface.

Interesting applications of the concept of Normal Force:

- Why do your knees buckle when the elevator starts
upward?

- The instant weight reduction program! Draw a free-
body diagram.
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‘

SAIA STANDING ON ScacEs Anip Pusting Down | (Sec 5.7)
ON TABLE PLACED NEXT TOHIM: g ik ST G
TREAT 'ME” As SYSTEM on BATRRIES
SHow N < "; ' n
/
B TN
T
: i
s ’3" Frabic

Howdoes_Y
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