Goals for Chapter 4

* To understand the meaning of force in physics
* To view force as a vector and learn how to combine forces

* To understand the behavior of a body on which the forces
balance: Newton’s First Law of Motion

* To learn the relationship between mass, acceleration, and
force: Newton’s Second Law of Motion

* To relate mass and weight

* To see the effect of action-reaction pairs: Newton’s Third
Law of Motion

* To learn to make free-body diagrams
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Introduction

* We’ve studied motion in one, two, and three
dimensions... but what causes motion?

* This causality was first understood in the late 1600s by
Sir Isaac Newton.

+ Newton formulated three laws governing moving
objects, which we call Newton s laws of motion.

* Newton’s laws were deduced from huge amounts of
experimental evidence.

* The laws are simple to state but intricate in their
application.
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What are some properties of a force?

* A force is a push or a pull.

» A force is an interaction between two objects
or between an object and its environment.

= A force is a vector quantity, with magnitude
and direction.

i" (force)

1)

Push

Pull 2]
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There are four common types of forces

*« The namalfbrce: When an (a) Normal force a: When an object rests or

pushes om a surface, the surfoce exerts o push oo

object pushes on a surface, i pependiti o the e
the surface pushes back on i

the object perpendicular to ﬁ "
the surface. This is a contact

force.

{b) Friction furce 2 In addition o the normal
force, o sarface muy exent o Frictional force on

« Friction force: This force

occurs when a Sl.ll'face an whject. directed parallel w the surface
resists sliding of an object ii
and is parallel to the surface. i

Friction is a contact force.
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There are four common types of forces 11

. Tgmionfgme; A Pu“lﬂg (€) Tensiom loree T: A pulling Force exerted on
force exerted on an Dbj ect an object by u rope, cord, etc.
by a rope or cord. This isa
contact force.

=5

& Wefgh!: The P'I.lll of grawty (d) Welght w: The pull of gravity on an object

Is # long-range force (o force that acts over

on an object. This is a long- | i e
!F

range force.
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What are the magnitudes of common forces?

Table 4.1 Typical Force Magnitudes

Sum’s gravitational force on the cartk 35 % 102N
Thrust of o spuce shuttle dunng lsumch 30 % 10N
Weight of a large hlue whale 19 = 100N
Maximum pulling force of a locomotive 80 % 109N
Weight of u Z5(-Ib lincbacker 1= 10° N
Wieight of a medium apple IN

Wieight of smallest insect eggs Ix 0N
Electric attraction between the protom and the electron in a hydrogen atom 82x 107N
Weight of a very small bacteriom 1% 107'0N
Weight of a lydrogen atom 16 % 107N
Weight of an electron 89 107N

Grravitational stiraction between the protom and the electrom in o hydrogen stom 3.6 % N

Drawing force vectors—Figure 4.3
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+ Use a vector arrow to indicate the magnitude
and direction of the force.

(8) A 10-N pull directed 30° above (b) A 10-N push directed 45° below
the horizontal the horizontal

[ —r ———r—

Superposition of forces—Figure 4.4

« Several forces acting at a point on an object have
the same effect as their vector sum acting at the
same point.

Two forces F| and F_j acting on a body at
point @ have the same effect as a single force
R equal to their vector sum.

e
a Ly
2 R .
/
4
I
/
0 = Cf

Decomposing a force into its component vectors
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*  Choose perpendicular v and y axes.
* F,and F, are the components of a force along these axes.

*  Use trigonometry to find these force components.

() Component vectors: F, and F, (b) Component vectors F, and F, wgether
Components: I, = Feos #and F, = Fsiné have the same effect as onginal force F.

- |
Es Y 7
0 [ r
i F [
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Notation for the vector sum

*  The vector sum of all the forces on an object is called the
resultant of the forces or the net forces.

R=F+F,+F+..=3} F

K s the sum (resltant) of F and Fy

Superposition of forces—Example 4.1
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+ Force vectors are most easily added using
components: R, = Fy, + Fp, + F5, + ... R, =F\, + F,
+ F5, +.... See Example 4.1 (which has three forces).

(b) y

Net force

A Eyy
@ x-and y-components
of F,
F,
- x
™ Fy has zero
\':cnm]\uncnl.

o
Fy has zero ¥
.\-L'l1|11|1LJI]L‘]1[. P‘]
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Newton’s First Law

+ Simply stated — “An
object at rest tends to
stay at rest, an object P 1\
in motion tends to stay
in uniform motion.” [

* More properly, A
body acted on by zero 4 ]J.\
; e i
net force moves with \
constant velocity and o
zero acceleration.”

=
ail
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Newton’s First Law II—Figure 4.10

(@) A puck: an

* In part (a) of Figure 4.10 a erppimion
net force acts, causing

acceleration. e
* In part (b) the net force is i

zero, resulting in no

acceleration.

[ — ———

Newton’s Second Law

+ Ifthe net foree on an object is not zero, it causes the object to accelerate,

() A prack: mweving with ssstissas sthocity U euslibunim e EF =0, d =0
= =1 = P=9 =
o © 0 v v
{3 A con fon i " it
dirwstios o
Y xF i F
. — e B
L5 o LS S
___'. ."—'-,' - _9 - _='. -
v # (3 1]
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An object undergoing uniform circular motion

« Aswe have alrcady Puck mowves at constant speed
seen, an object in Rround ot
uniform circular
motion is accelerated
toward the center of
the circle. So the net
force on the object
must point toward
the center of the
circle. (Refer to ; )
Fpredld) i i e

toward the center of the circle

[ — ———

Force and acceleration

(8) A constant net force LF ciuses

= The acceleration a of an e
object is directly proportional g_" _
to the net force ¥ Fon the A=
object. '

{b) Daubling the net force doubles the
acceleration.

2o
—

I — _.

m  EF =1F

{c) Halving the foree halves the
ceelerition,

[ — ———

Mass and acceleration

» The acceleration of an
object is inversely
proportional to the
object’s mass if the net
force remains fixed.

[ — ———




Newton’s second law of motion

» The acceleration of an object is directly
proportional to the net force acting on it, and
inversely proportional to the mass of the object.

> F=ma
* The SI unit for force is the newton (N).

IN=1kgm/s
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Using Newton's Second Law

Example 4.4

A worker applies o constant horizontal force with magnitude 20N
Lo i bos with mass 40 ke resting ona level Toor with neghigible
riction. What is the acecleration ol the box

The box has no vertical acceleration, so the vertical
components of the net foree sum to zero. Neventheless, for
completeness, we show the vertical forces acting on the box.

W | m=40k3g

1
§

[ R T T—y ——"—

Using Newton’s Second Law II—Example 4.5

A wantress shoves a bottle with mass 0045 kg to her night along smooth,
leviel counter. The bottle leaves her hand moving a1 2.8 mis, then slows
dosvn s it shides because of @ constant friction foree exerted ono the
countertop. It shides 1.0 m before coming 1o rest What are the magnitude
andd direction of the friction foree?

We draw one diagram for the bortle’s motios and one showing the forees

on the botle

m = 0.45 IKS

v.=2.9ms
@ﬂu | @v’za
%4

Svstems of units (Table 4.2)

« We will use the SI system.

* In the British system, force is measured in pounds, distance
in feet, and mass in slugs.

* Inthe cgs system, mass is in grams, distance in centimeters,

and force in dynes, i
Table 4.2 Units of Force, Mass,

and Acceleration

System
O L0 % of Units  Foree Mass Acl:flerslion
sl newton  kilogram my's*
(N) (kg)
cgs dyne gram emys?
(dwn} 4]
British ~ pound  slug fif's*
(Iw)
[ R T — —— [ R T — ——
Mass and weight Example

* The weight of an object (on the earth) is the
gravitational force that the earth exerts on it.

* The weight W of an object of mass m is
W=mg
¢ The value of g depends on altitude.

* On other planets, g will have an entirely
different value than on the earth.
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A high diver of mass 70 kg jumps off a board 10 m above the
water, If her downward motion is stopped 2 s after she
enters the water what average upward force did the water
exert on her?
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Newton’s Third Law

« If you exert a force on a body, the body always
exerts a force (the “reaction”) back upon you.

» Figure 4.25 shows “an action-reaction pair.”

* A force and its reaction
force have the same
magnitude but
opposite directions.
These forces act on

different bodies. A

[Follow Conceptual R

Example 4.8] /
¥, BonA

Applying Newton’s Third Law: Objects at rest

* An apple rests on a table. Identify the forces that act
on it and the action-reaction pairs. [Follow
Conceptual Example 4.9]

) Thoe Fowses g o o apple b} The uction-soactiom pesr fie (€} The-aetion- reaction pais for (el W elimmane oue of the fowces
thes smeractsn berweer the the imferactiin tetween fhie pde  cting on the apple
st and e eah sl the patie
Foaim : [ So——
- | [
T ] ]
: = = 7 *
oo e F am v ¢ -
; L “' o Table
P
i S
X '} I" v o sk 1 1 t
L. L PR N—. o = —F oo
I
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Applying Newton’s Third Law: Objects in motion

A person pulls on a block across the floor. Identify
the action-reaction pairs.

) Thoe ok, ifie ropee. sl fhe eron () Thie scvhsos-rzaction puirs () Mt an st eesaction iy () N mecrssaily cgus
! -
| > | — 20
~u Ve W LA Fitt *Fums *Fums
| "’-' i “
e
Fran Fumn
B — ——

A paradox?

+ Ifan object pulls back on you just as hard as you
pull on it, how can it ever accelerate?
These forces are an action—reaction

pair. They have the sume magnitude

bt st om different objects,

Friction force Friction force

of floor on s g o = of floor on
block Fypong Froam ——
| —
7 5 *
% Block + rope | Mason
The block begins sliding if The mason remdins at rest if

Fyy uq g Overcomes the Fy oo m is balanced by the

frictaon foree on the block friction foree on the mason

[ R T T—y ——"—

Free-body diagrams—Figure 4.30

= A free-body diagram is a sketch showing all the forces acting
on an object.
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Multiple Objects, Example

Two blocks of masses m;=10kg
and m; =7 kg are placed in contact
with each other on a frictionless . ) W
surface. A constant horizontal force | — <= _.4+'|
F =12 N is applied to m,. a) Find the i
acceleration of the system. b) Find the___
magnitude of the contact force

between the two blocks.
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