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Goals for Chapter 4

* To understand force — either directly or as the net force of multiple
components.

* To study and apply Newton's first law.

* To study and apply the concept of mass and acceleration as components of
Newton's second law.

* To differentiate between mass and weight.

* To study and apply Newton's third law & identify two forces and identify
action-reaction pairs.

* To draw a free-body diagram representing the forces acting on an object.



= A force is a push or a pull.

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

= A lorce 15 a vector quantity, with magnitude
and direction.

Contact force

_ F {force)
i

Push

Non-contact

force Gravity is an example of a

force that acts over a distance.

E N

Normal force ni: When an object rests or
pushes on a surface, the surface exerts a push on
it that is directed perpendicular to the surface.

Friction force f: In addition to the normal
force, a surface may exert a frictional force on
an object. directed parallel to the surface.

Tension force T: A pulling force exerted on an
object by a rope, cord, ctc

%!

Weight w': The pull of gravity on an object.



A Force May Be Resolved Into

Components
F_=Fcos0
F,=Fsin6

* The x- and y-coordinate axes
don't have to be vertical and
horizo

© 2016 Pearson Education, Ltd.
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(a) Component vectors: F;. and ﬁ\,
Components: F, = F cosf and F|, = F sinf

(b) Component vectors ﬁ . and 13‘, together
have the same effect as original force F.



Newton's first law video

http://www.youtube.com/watch?v=QoWzsPoJdeU



http://www.youtube.com/watch?v=Q0Wz5P0JdeU

Newton’s first law

Every object continues either at rest or
in constant motion in a straight line,
unless it is forced to change that state
by forces acting on it.



Newton’s First Law: Vector form
F=0 a=0
AV =0
V = constant



We Determine Effect with the Net Force

A puck on a frictionless surface °® The top puck responds to a non-zero net

accelerates whe xllld(nl\ a

smglc horizontal force. fo rce ( resu |ta nt fo rce) an d acce I e rates.

* The bottom puck responds to two forces
whose vector sum is zero:

R=F+F,=) F=0

(a) -
/\jl ,Oh’ic,d zu;lcd (m.h_\' 1‘071'005 Rx —_ 2 Fx —_ O
i e W S——— where -

0 Ry — z F , = O

0 L

Fl
* The bottom puck is in equilibrium, and
does NOT accelerate.

(b)

© 2016 Pearson Education, Ltd.



Inertia

® Every object has inertia; the tendency of a body to resist

change in motion.
® The mass of the body is a measure of its inertia.
® Newton’s 15t law is also known as the law of inertia.

Most large tankers turn off
their engines about 15
miles (25 km) away from
their stop point

10



W0 9YI6 VIA

NERTIA

Your truck has brakes.. the massive hunk of stone doesn't.




> Application Objects at rest? This trick photo was taken an instant after a super-smooth
table was very rapidly yanked out from underneath the dinner setting. The table was re-
moved so rapidly that it exerted a force on the place setting only for a very short time. We can
viswialize the concept of inertia as described by Newton's first law. The objects at rest tend to stay
at rest—but the force of gravity causes them to accelerate rapidly downward!

12



A frame of reference
in which Newton’s
first law is

valid is called an

iInertial frame of

reference. The earth
is approximately an
inertial frame of
reference, but the
airplane is not.

The truck moves with constant velocity relative
to the person on the ground. Newton’s first Law

15 obeved in both frames, so they are inertial

¥

tET = constant a
F T
Im = ()
— = JFLL "
- T -

Il || .II I_
camffm

Constant
velocity

Accelerating

&

2 . - T B " - 2
In the accelerating airplane, Newton's first law
15 nol obeyed, so the frame of the arplane 15

not inertial

A FIGURE 4.9 Inertial and non-1inertial
frames of reference.
13



The speed of the
A . at the equator is
\ 1,038 mph.

L

-

iy L]
.O

‘‘‘‘

Direction of
Spin

\.->outh Pole

We experience the effects of acceleration but not velocity.
The earth moves at a constant velocity, as an inertial frame of reference

14



VTD Suspended balls. Which
string breaks



https://www.khanacademy.org/science/physic
s/forces-newtons-laws/newtons-laws-of-
motion/v/newton-s-1st-law-of-motion

16


https://www.khanacademy.org/science/physics/forces-newtons-laws/newtons-laws-of-motion/v/newton-s-1st-law-of-motion

Newton’s Second Law

= -

XF = ma

http://www.youtube.com/watch?v=WzvhuQsRWJE



http://www.youtube.com/watch?v=WzvhuQ5RWJE

Newton’s Second Law

The net force acting on an object is equal to
Its mass times its acceleration

Vector form
>F = md
Component form
2F, = ma, 2 F, = ma,,



Illustration —a 1-D problem

* At a certain moment, the engine of a 2000-kg car produced a forward
force of 4000 N. the air resistance is 800 N . Calculate the acceleration
of the car.

Ans=1.6 m/s2



Mass and Weight

* Weight is the gravitational force acting on a mass.

* The gravitational acceleration g is assumed constant near the surface
of the Earth (unless otherwise is stated)

e g varies from a planet to another, so weight changes, but mass does
not change.

20



Newton's Second Law lllustration

Newton's 2nd Law enables us to compare the results of the same force exerted on objects of
different mass.

- By
125y o

The same force exerted on a larger mass produces
a correspondingly smaller acceleration.

21



Contact Forces

When an object rests or slides on a surface,
the surface exerts a contact force on the

object.
The contact force has two components:

Normal force n: perpendicular to the surface

Friction force f: parallel to the surface

Static friction ﬁ: no relative motion exists

Kinetic friction E: there is relative motion between

objectand surface

22



4.3 Mass and Newton's Second Law

6. ® A box rests on a frozen pond, which serves as a frictionless
horizontal surface. If a hsherman apphies a horzontal force
with magnitude 48.0 N to the box and produces an accelera-

tion of magnitude 3.00 m/s®, what is the mass of the box?

4.6. Set Up: Let +x be the direction of the force and acceleration. 2 F, =480 N.

. F 48.0 N
Solve: 2 F =ma, gives m= 2 = 7 = 160 kg,
d, .00 m's

23



https://www.khanacademy.org/science/physic
s/forces-newtons-laws/newtons-laws-of-
motion/v/newton-s-second-law-of-motion
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https://www.khanacademy.org/science/physics/forces-newtons-laws/newtons-laws-of-motion/v/newton-s-second-law-of-motion

Newton’s third law

For every action (force) there is a
reaction (force) equal in magnitude
and opposite in direction.

—_
_FBonA

Y
_FBA

N

FAOTLB
—

FAB

Forces always act in pairs (of action and
reaction)



Newton's 37 [aw of motion

http://www.youtube.com/watch?v=cPoBb3WXJ k

26


http://www.youtube.com/watch?v=cP0Bb3WXJ_k

A ball moving horizontally strikes a

vertical slab of concrete. What are the forces
in this interaction? How are these forces
related?
IEBons :é\lfSonB

Force of Slab on Ball Force of Ball on Slab

F
FSonB BonS



Gravitational Force

* The earth pulls an apple down with a force W. What is the reaction?

* The apple pulls up on the earth with the same force



VTD Weighing a hovering magnet
VTD Cart with fan and sail

VTD Tension in spring between hanging weights



Find the pairs VIS Ex4.5
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Ft
9

| |
| >
% # carth cﬁ apple

able on apple




Action-reaction pairs always represent a
mutual 1nteraction of two different objects.

d ™~

N\
[ \ fF table on apple

H 7 H.
earth on apple
—
F apple on earth
— — — —
F apple on earth —F carth on apple F apple on table —F table on apple

31



The two forces acting on the apple are
not a mutual interaction between objects,
so they are not an action—reaction pair.

\ N
'.'L Ft

Lt
I

— '

|
Feorth on apple‘ L]

able on apple 0

[—— ==

Table
removed

—
r apple on earth

32



To help identify the relevant forces, draw a

free-body diagram. what's that?

It is a diagram showing the chosen object by
itself, “free” of its surroundings, with vectors
drawn to show the forces applied to it by the
various other objects that interact with it.

33



Be careful to include all the forces acting on the object, but be
equally careful not to include any forces that the object exerts on
any other object. In particular, the two forces in an action-reaction
pair must never appear in the same free-body diagram, because
they never act on the same object.

ONLY SHOW FORCES ACTING ONTHE OBJECT

counters the swimmer's weight,

—
F buoyancy

o
F r.
drag .

F

thrust
icking causes the water to 5 > :
Kicking causes the water t hrust 1s countered by drag

exert a forward reaction force, forces exerted by the water

- . ho S )
| ne sw . e
or thrust, on the swimmer on the moving swimmer.

. T'he water exerts a buoyancy force that

34



A free-body diagram of a man dragging a crate. -.._ "
The diagram shows all the forces oy

acting on the man, and only
forces acting on the man.

J

Man (treated
as particle)

ONLY SHOW FORCES ACTING ON THE OBJECT

35



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

m=40k9
A
L[| [T=20N
® — — X
...)_)
W
Y

S S S S S S S SSS

* The vertical forces are in equilibrium so there is no vertical motion.

* But there is a net force along the horizontal direction, and thus
acceleration.

VIS Ex 4.1



* Again, in this case, the net horizontal force is unbalanced.

* In this case, the net horizontal force opposes the motion
and the bottle slows down (decelerates) until it stops.

e What is the frictional force?

We draw one diagram for the bottle’s motion and one showing the forces on the bottle.

m= 0.20 kg
Y = 2.8 mM/s -
0 / v =0
> X
O| 10 m >>'1<

VTS Ex 4.2

© 2016 Pearson Education, Ltd.
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* A car traveling in the +ve x direction breaks
* We can solve for acceleration due to braking.

. fo = 196 x 10* N

£ =—-150x% 10" N
=
A ELLL AL L L LTS > X

w =196 x 10* N
v VTS Ex 4.4

© 2016 Pearson Education, Ltd.



Glenn

Four Forces on an Airplane Research

Center

ONLY SHOW
FORCES
ACTINGON
THE OBJECT

39



Use Free Body Diagrams In Any Situation

* Find the object of the focus of your study, and collect all forces acting upon it.

=)

@ To jump up, this
player will push
down against the
floor, increasing
the upward reaction

block on runner
force of the floor

w on him.

\

o E o
W — — :
'he force of the starting block on the
runner has a vertical component that W
counteracts her weight and a large This player is a
horizontal component that accelerates her. freely falling object.
(a) (b)

© 2016 Pearson Education, Ltd.



https://www.khanacademy.org/science/physic
s/forces-newtons-laws/newtons-laws-of-
motion/v/newton-s-third-law-of-motion
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https://www.khanacademy.org/science/physics/forces-newtons-laws/newtons-laws-of-motion/v/newton-s-third-law-of-motion

A note on air drag and terminal velocity

Fy= Mg

Cbject released from rest

| na air drag force yet)

Air drag force increases

asthe object speeds up

Air drag force is equal to

the force of gravity.
Cbject falls at terminal

velocity



Newton’s first law Newton’s First Law: Vector form

Every object continues either at rest or in

constant motion in a straight line, ZFZO a=0
unless it is forced to change that state by
forces acting on it. Av =0

Newton’s Second Law

v = constant

The net force acting on an object is equal to
its mass times its acceleration

Newton’s third law

Vector form

SE — ma For every action (force) there is a
reaction (force) equal in magnitude
Component form Y :
and opposite in direction.
LFE, = ma, LF, = may
Fﬂq}nﬂ — _Jiﬁenﬂ
Fagp = —Fpa
1.X2F =0 L :
> 5 Forces always act in pairs (of action and
2LF =ma reaction)

3F p = —Fpy 43



Problems
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Chapter 4 —prob. 1

* A warehouse worker pushes a crate along the floor, as shown in
Figure 4.33, by a force of 10 N at 45° below the horizontal. Find the
horizontal and vertical components of the push.

45



* A hockey puck with mass 0.160 kg is at rest on the horizontal, frictionless surface of a
rink. A player applies a force of 0.250 N to the puck, parallel to the surface of the ice,
and continues to apply this force for 3.00 s. What are the position and speed of the
puck at the end of that time?

Ans = position = 7.02 m, velocity = 4.68 m/s 46



B A 3000-kg car is moving @ 15 m/s under the effect of the 2.0 kN
engine and an air resistance of 2.0 kN.
a) Find the horizontal acceleration of the car.
b) What is the velocity of the car after 5.0 s?
c) What is the weight of the car?
d) What is the vertical acceleration of the car?

47



The normal force is

A)Force downwards

B) Force upwards

C) Force perpendicular to the surface

D)Force perpendicular to the object not resting on a
surface.



Newtons second law is closest to

A)The force of an accelerating object

B) Objects move in straight lines if there is no force

C) If | push an object it pushes back with the same force



Inertia is closest to

A)An object remains stationary

B) An object has a tendency to stay the same velocity
C) An object can’t change velocity
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