Newton's law of Motion

@AIM OF THE CHAPTER: @ KEYWORDS

- to understand Newton’s law of Inertia

motions State of motion

- To identify the action reaction Action-reaction

pairs. Tension

- Define inertia. Friction

- Define friction. Static friction

- To understand air friction Kinetic friction
Balance

The Meaning of Force

A force is a push or pull upon an object resulting from the object's interaction with
another object. Whenever there is an interaction between two objects, there is force acting on
each of the objects. When the interaction ceases, the two objects no longer experience a force.
Forces only exist as a result of an interaction.

For simplicity sake, all forces (interactions) between objects can be placed into two broad
categories:

e contact forces, and
e forces resulting from action-at-a-distance

Contact forces are types of forces in which the two interacting objects are physically in
contact with each other.

Action-at-a-distance forces are types of forces in which the two interacting objects are not in
physical contact with each other, but are able to exert a push or pull despite the physical

separation.
Contact Forces Action-at-a-Distance Forces
Frictional Force Gravitational Force
Tensional Force Electrical Force
Normal Force Magnetic Force

Air Resistance Force
Applied Force
Spring Force

Force is a quantity which is measured using a standard metric unit known as the Newton.
One Newton is the amount of force required to give a 1-kg mass an acceleration of 1 m/s2. A
Newton is abbreviated by an "N." If you say "10.0 N," you mean 10.0 Newtons of force. Thus,
the following unit equivalency can be stated:

1 Newton = 1kg* —
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Force is a vector quantity. a vector quantity is a Table pushes
quantity which has both magnitude and direction. To fully m‘:'iﬂ‘
describe the force acting upon an object, you must describe both
its magnitude (size) and its direction. Thus, 10 Newtons is not a

full description of the force acting upon an object. In contrast, 10 Grawity pulls
Newtons, downwards is a complete description of the force NN,

acting upon an object; both the magnitude (10 Newtons) and the
direction (downwards) are given.

Because force is a vector and has direction, it is common to represent forces using

diagrams in which the force is represented by an arrow. Such

Frction pushes Table pushes
throughout your study of physics. The size of the arrow is 5N. 2N.

reflective of the magnitude of the force and the direction of the ——
arrow reveals the direction in which the force is acting.

vector diagrams were introduced earlier and will be used

Furthermore, because forces are vectors, the influence of one
individual force upon an object is often canceled by the
influence of another force acting on the same object. For
example, the influence of a 20-Newton upward force acting upon a book is canceled by the
influence of a 20-Newton downward force acting upon the book. In such instances, the two
individual forces are said to "balance each other”.

Other situations could be imagined in which two of the individual vector forces cancel each
other ("balance”) and a third individual force exists that is not balanced by another force. For
example, imagine a book sliding across the rough surface of a table from left to right. The
downward force of gravity and the upward force of the table supporting the book are of
equal magnitude, act in opposite directions and thus balance each other. However, the force
of friction acts leftwards, and there is no rightward force to balance it. In this case, an
unbalanced force acts upon the book to change its state of motion and the book slows down.



Newton's First Law

In a previous unit of study, the variety of ways by which motion can be described
(words, graphs, diagrams, numbers, etc.) was discussed. In this unit (Newton's Laws of
Motion), the ways in which motion can be explained will be discussed. Isaac Newton (a 17th
century scientist) put forth a variety of laws which explain why objects move (or don't move)
as they do. These three laws have become known as Newton's three laws of motion. The
focus of this lesson is Newton's first law of motion - sometimes referred to as the "law of
inertia."

Newton's first law of motion is often stated as “An object at rest tends to stay at rest
and an object in motion tends to stay in motion with the same speed and in the same
direction unless acted upon by an unbalanced force.”

Forces are Balanced There are two parts to this
statement - one which predicts the
/ \ behavior of stationary objects and
Objects at Rest Obijects in Motion the other which predicts the
(v = 0m/s) (v #0mis) behavior of moving objects. The

two parts are summarized in the
following diagram.

a=0m/s? a=0m/s?
Stay at Rest Stay in Motion
(same speed and dir'n)

The behavior of all objects can be described by saying that
objects tend to "keep on doing what they're doing" (unless Objects keep on

acted upon by an unbalanced force). If at rest, they will doing what P
continue in this same state of rest. If in motion with an they're doing. v
eastward velocity of 5 m/s, they will continue in this same

state of motion (5 m/s, East). If in motion with a leftward

velocity of 2 m/s, they will continue in this same state of motion (2 m/s, left). The state of
motion of an object is maintained as long as the object is not acted upon by an unbalanced

force. All objects resist changes in their state of motion - they tend to "keep on doing what
they're doing."

There are many applications of Newton's first law of motion. Consider some of your
experiences in an automobile. Have you ever observed the behavior of coffee in a coffee cup
filled to the rim while starting a car from rest or while bringing a car to rest from a state of
motion? Coffee tends to "keep on doing what it is doing." When you accelerate a car from
rest, the road provides an unbalanced force on the spinning wheels to push the car forward;
yet the coffee (which is at rest) wants to stay at rest. While the car accelerates forward, the
coffee remains in the same position; subsequently, the car accelerates out from under the
coffee and the coffee spills in your lap. On the other hand, when braking from a state of
motion the coffee continues to move forward with the same speed and in the same direction,
ultimately hitting the windshield or the dashboard. Coffee in motion tends to stay in motion.
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There are many more applications of Newton's first law of motion. Several
applications are listed below - it is hoped that you could provide
explanations for each application.
e the head of a hammer can be tightened onto the wooden handle by
banging the bottom of the handle against a hard surface.
e headrests are placed in cars to prevent whiplash injuries during
rear-end collisions.
e while riding a skateboard (or wagon or bicycle), you fly forward off
the board when hitting a curb or rock or other object which
abruptly halts the motion of the skateboard.

Inertia, State of Motion (V, a)
Inertia is the tendency of an object to resist changes in its state of motion. But what is meant
by the phrase "state of motion?" The state of motion of an object is defined by its velocity -
the speed with a direction. Thus, inertia could be redefined as follows:

Inertia = tendency of an object to resist changes in its velocity.
Inertia = tendency of an object to resist changes in its acceleration.

The law of inertia is most commonly experienced when riding in cars and trucks. In fact, the
tendency of moving objects to continue in motion is a common cause of a variety of
transportation accidents - of both small and large magnitudes. Consider for instance the
unfortunate collision of a car with a wall. Upon contact with the wall, an unbalanced force
acts upon the car to abruptly decelerate it to rest. Any passengers in the car will also be
decelerated to rest if they are strapped to the car by seat belts. Being strapped tightly to the
car, the passengers share the same state of motion as the car. As the car accelerates, the
passengers accelerate with it; as the car decelerates, the passengers decelerate with it; and as
the car maintains a constant speed, the passengers maintain a constant speed as well.

But what would happen if the passengers were not wearing the seat belt? What motion
would the passengers undergo if they failed to use their seat belts and the car were brought
to a sudden and abrupt halt by a collision with a wall? Were this scenario to occur, the
passengers would no longer share the same state of motion as the car. The presence of the
strap assures that the forces necessary for accelerated and decelerated motion exist. Yet, once
the strap is no longer present to do its job, the passengers are more likely to maintain its state
of motion.

If the car were to abruptly stop and the seat belts were not being worn, then the passengers
in motion would continue in motion. Assuming a negligible amount of friction between the
passengers and the seats, the passengers would likely be propelled from the car and be
hurled into the air. Once they leave the car, the passengers becomes projectiles and continue
in projectile-like motion.



Newton's Second Law of Motion
Newton's Second Law

F are Unhal ] Newtqn s secopd law of motlon pefta‘ms to the
behavior of objects for which all existing forces are
not balanced. The second law states that the
acceleration of an object is dependent upon two

There iz an acceleration variables - the net force acting upon the object and
/\ the mass of the object.
Newton's second law of motion can be formally
The acceleration The acceleration  stated as follows:
depends directlhy depends inversely The acceleration of an object as produced by a net
upon the upon the force is directly proportional to the magnitude of
“net force™ object’s mass.  the net force, in the same direction as the net force,

and inversely proportional to the mass of the object.
In terms of an equation, the net force is equated to the
product of the mass times the acceleration. F (N)

Fret =mXxa Newton’ second law =% SR

In this entire discussion, the emphasis has been on the "net
force." The acceleration is directly proportional to the "net
force;" the "net force" equals mass times acceleration; the
acceleration in the same direction as the "net force;" an
acceleration is produced by a "net force." The NET FORCE. It is important to remember this
distinction. Do not use the value of merely "any force" in the above equation; it is the net
force which is related to acceleration. The net force is the vector sum of all the forces. If all
the individual forces acting upon an object are known, then the net force can be determined.

a (m/sec®

o IR

The above equation also indicates that a unit of force is equal to a unit of mass times a unit of
acceleration. By substituting standard metric units for force, mass, and acceleration into the

above equation, the following unit equivalency can be written.
m

1 Newton =1kg* ry
g

The definition of the standard metric unit of force is stated by the above equation. One

Newton is defined as the amount of force required to give a 1-kg mass an acceleration of 1

m/s?

E_=1200N
tens TF,,—, —600 N

ngm=suu N Fpav =800 N

IFm =30 N

a=20N
Feia=20N_

le:Sﬂ N



o

Example 1 A 10-kg body has an acceleration of 5 m/s2. Find the net force acting on the object.

Example 2 If a force of F=10 N is acting on a 2 kg object; find the acceleration of the object.
(Sin 37° = 0.6, Cos37 = 0.8)

2ky ?
Example 3
FR - ? . . . . .
A —» A 4 kg box is horizontally pulled on a straight frictionless
T road as shown in the figure . \.Nha}t should the magnitude of the
resultant force if the acceleration is ;
Fr (N) a) 5 m/sec?

b) 8 m/sec?
a (m/sec®)
_T O O O—}
0 5 8 12

¢) 12 m/sec?

d) Draw its F-a graph.



Example 4

C 1o0N m=30kg L oN An object of 30 kg is horizontally pulled on a
’ A —> straight, horizontal and frictionless road as shown in
the figure.

R

a) What is the net force acting on the object?

b) What is the acceleration of the object?

¢) In which direction does the object move? Explain why?

Example 5
F, =700 N 800 kg car is pulled by three forces on a
m =800 kg horizontal and frictionless road as shown in the
_ R =300N /. 60 figure.
60°

a) What is the net force acting on the car ?
F2 =700 N

b) What is the acceleration of the car ?

¢) In which direction does the car move? Explain why ?



Example 6 (Homework)

F =800 43 N A car of 800 kg is horizontally pulled on a
straight, horizontal and frictionless road as shown
m =800 kg
) _':_3_116'00 N T 4@"_ in the figure. (Assume Cos30 = \/5/ ,sin30 = 12 )
2 a) What are the magnitude and direction of the
resultant force acting on the object ?
F, =800 {3 N (Ans: Fyer= 800N)

b) What is the acceleration of the object? (Ans: a=1 m/s?)
¢) In which direction does the object move? Explain why?( Ans: +x)

Example 7 A 6-kg object is pulled with a force of 75 N along the frictionless inclined plane.
Find the acceleration of the block. (5in30 =0.5, Cos30=0.8)

&

30° :

Example 8 Find the tension on the string if the whole system is frictionless. (g= 10 m/s?)

-
T

| | | iy =3 kg

Example 10 Find the acceleration of the given system if the system is frictionless. (g =10
m/s?)

10 kg

P | |

T kg | | | 3 kg




Newton's Third Law of Motion

Newton's Third Law

A force is a push or a pull upon an object which results from its interaction with
another object. Forces result from interactions! Some forces result from contact interactions
(normal, frictional, tensional, and applied forces are examples of contact forces) and other
forces are the result of action-at-a-distance interactions (gravitational, electrical, and
magnetic forces). According to Newton, whenever objects A and B interact with each other,
they exert forces upon each other. When you sit in your chair, your body exerts a downward
force on the chair and the chair exerts an upward force on your body. There are two forces
resulting from this interaction - a force on the chair and a force on your body. These two
forces are called action and reaction forces and are the subject of Newton's third law of
motion. Formally stated, Newton's third law is:

"For every action, there is an equal and opposite reaction."

The statement means that in every interaction, there is a
pair of forces acting on the two interacting objects. The size of
the forces on the first object equals the size of the force on the
second object. The direction of the force on the first object is
opposite to the direction of the force on the second object.
Forces always come in pairs - equal and opposite action-reaction force pairs.

A variety of action-reaction force pairs are evident in nature. Consider the propulsion of a
fish through the water. A fish uses its fins to push water backwards. But a push on the water
will only serve to accelerate the water. In turn, the water reacts by pushing the fish forwards,
propelling the fish through the water. The size of the force on the water equals the size of the
force on the fish; the direction of the force on the water (backwards) is opposite the direction
of the force on the fish (forwards). For every action, there is an equal (in size) and opposite
(in direction) reaction force. Action-reaction force pairs make it possible for fish to swim.

Consider the flying motion of birds. A bird flies by use of its
wings. The wings of a bird push air downwards. In turn, the air reacts
by pushing the bird upwards. The size of the force on the air equals the
size of the force on the bird; the direction of the force on the air
(downwards) is opposite the direction of the force on the bird
(upwards). For every action, there is an equal (in size) and opposite (in
direction) reaction. Action-reaction force pairs make it possible for birds to fly.

Consider the motion of your automobile to school. An automobile is equipped with
wheels which spin backwards. As the wheels spin backwards, they push the road
backwards. In turn, the road reacts by pushing the wheels forward. The size of the force on
the road equals the size of the force on the wheels (or automobile); the direction of the force
on the road (downwards) is opposite the direction of the force on the wheels (upwards). For
every action, there is an equal (in size) and opposite (in direction) reaction. Action-reaction
force pairs make it possible for automobiles to move.

I Tove
Newton's
Third Law!



Identifying Action and Reaction Force Pairs

According to Newton's third law, for every action force there is an equal (in size) and
opposite (in direction) reaction force. Forces always come in pairs - known as "action-
reaction force pairs." Identifying and describing action-reaction force pairs is a simple matter
of identifying the two interacting objects and making two statements describing who is
pushing on who and in what direction. For example, consider the interaction between a
baseball bat and a baseball.

The baseball forces the bat to the right (an action); the bat forces the
ball to the left (the reaction). Note that the nouns in the sentence
describing the action force switch places when describing the reaction
force.

Athlete pushes Bowling ball pushes Balloon wall pushes
bar upwards. pin rightwards compressed air inwards.

Identify at least six pairs of action-reaction force pairs in the following diagram.
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Example 9 Find out the acceleration and the tension between the blocks.(g=10m/s?)

M]ZIO

% M2:20

Example 10 Find the acceleration of the given system. (g =10 m/s?)

10 kg

P | |

7 kg | | | I kg

Example 11 two boxes with a mass of m1=10 kg and m,= 10 kg are connected together with a
light string and a force of 40 N applied to the system. (a) Find the acceleration of each block.
(b) Find the tension between the blocks.

m2=10 m1=10

I

Example 12 A 10 kg object is released from the top of the inclined plane. (a) find the normal
force acting on the object. (b) find the acceleration of the block.
(Cos30=0.8, sin30=0.5)

M=10

11



Example 11 A block of mass m1=10 kg on a smooth inclined plane of angle of 37° is
connected by a string over a pulley to a second mass of m; hanging vertically. If the
acceleration of the mass 2 is 2.5 m/s2 downward then find: (Sin37=0.6, cos37=0.8)

a) reaction force of the inclined plane.

b) Tension in the string

¢) Magnitude of the mass mo

M1:1

37 M,

Example 12 Take the three masses and two cords as shown below. Find the acceleration of the
system and the tension in the cords. (Angle of the incline plane is 30°)

P0ke

25 kg

15kg

Example 13 If the system is released calculate the ratio of T1 / T2 =?

6m

T

3m

Example 14: The system in the figure above is frictionless.
The tension in the rope connecting the objects A and Bis T . 2m |
When the objects are replaced , the tension in the same rope
becomes T> . What is the ratio T1 / T» ?

Ty

12



Example 15
The tension in the rope connecting the frictionless fixed pulley to

the ceilingis T1 =(5/2 )m; g . What is the ratiom; / m» ?

Friction
Let us begin with an observation. We place an
object with a mass M on a horizontal
surface. Since the object doesn't move, the sum
of the forces in the x and y directions must be
zero. There are no forces on the object in the
horizontal direction. In the y-direction we have N
- Mg = 0, that is the normal force is equal
and opposite to the weight of the object. We now
start to tip the surface at a small angle 6. We
keep our x-direction in the direction of the planar
surface. Again, wewrite down the forces in the x
and y directions

Fr Mgsin(20%)

8= 3"

Fy Mgsin{300)



Y Mgsing
> Fy—N-Mgcose =0

2 Fy = Mg sing =0
Static Friction

The equation for F, says that the force is nonzero so we should immediately
observe the object to accelerate down the plane, no matter how small the angle
0.
This is almost never observed. What we observe is that the object remains
stationary on the plane. Therefore, there must be a force in the x-direction that
we have not considered. This force is the force of friction. Our force equation in
the x direction becomes

Fx = Mgsin6-F,

where F; is the force of friction.

Now, what happens as we make the angle steeper?

By increasing the angle, we increase the force in the

x-direction. (Remember, the force in the x-direction

is Mgsin 6 which gets larger as we increase the

angle). However, the block remains stationary until

we reach a critical angle 6.. For angles greater than 0., the block will accelerate
down the plane. What does this say about the force of friction for

angles less than 0.? This means that the force of friction must also increase as
the angle increases in order to balance the component of the force in the
positive x-direction. If the object is stationary, the frictional force adjusts to
balance the other horizontal forces acting on the object. This frictional force is
usually called the static friction.

Kinetic Friction

We noted above that as we increase the inclination angle, there will be
some point where the component of the force in the direction of motion becomes
larger than the force of friction. This means that there must be some maximum
value for the magnitude of static friction between two given objects. Once this
maximum value is exceeded, the object begins to move down the plane. You
would think that at the critical angle, the force of friction would be balanced by
the force acting down the plane. In this case, the object would move down the
plane at a constant velocity. However, this is not what is usually observed. What
is observed is that the object accelerates down the plane. This is because the
force of friction actually decreases somewhat, once the object begins to move
over the surface. We call the force of friction on a moving object its kinetic
friction. Relationship between the Kinetic Frictional Force and the
Normal Force The force of friction depends on the contact forces between the
object and the surface that it moves upon. We call this force of contact the
normal force. The normal force is always perpendicular to the surface of

14



motion. While the force of kinetic friction can be quite complicated, it has been
found that in most cases, the magnitude of the Kinetic Frictional Force is simply
proportional to the magnitude of the Normal Force. Therefore, we can write

Fi = ukN

where [ is the coefficient of kinetic friction. The coefficient of kinetic friction
is
simply a number, (i.e. it is dimensionless), that depends on the nature of the
surface and object.

The Force of Kinetic Friction is always in the opposite direction of
the motion.

Relationship between the Static Frictional Force and the Normal Force
The force of static friction also depends on the Normal force. Since the
static force can change depending on the applied force, it is difficult to write an
equation that applies in all cases. However, there is a relationship between the
normal force and the maximum force of static friction. This relationship is

Fs(max) = |-|sNr

where Fgmax) means the maximum static frictional force and s is the coefficient
of static friction.

The Coefficient of Kinetic and Static Friction

The coefficients of friction are numbers which are determined from
experiment. They are material parameters, which means that the number we
get depends on what the material we consider. We can't say that the coefficient
of friction for steel is 0.53 or the coefficient for glass is 0.27. This is because pk
depends on both the object and the planar surface. The coefficient of steel
sliding on a piece of glass is not the same as for steel on wood. The coefficient of
friction also depends on the surface textures of the object and plane. The
coefficient of static friction also depends on the materials and surface textures
of the objects in contact. Since we know that the force of friction decreases
somewhat when the object is in motion, we know that

Mk < Hs

Example(4.2.1):

If an object of mass m on a frictionless horizontal surface is
il F horizontally pulled by a force of F as shown in the figure on the
D_' _____ left , its acceleration is 3m/s? . If the surface were frictional and the
coefficient of friction were 0.1 , what would the acceleration of the object be in
m/sec? ?

Example(4.2.2):

2m

““““ T 15



If an objects of masses 2m and m on a frictionless horizontal surface are
horizontally pushed by a force of F as shown in the figure on the left , what is the
magnitude of the interaction force between objects in terms of F ?

Example(4.2.3):

2m

Objects of masses 2m and m on a frictional
horizontal surface are horizontally pushed by a force of F
_______ j ___as shown in the figure on the left . If the coefficient of

friction ( k ) between the objects and horizontal surface is 0.2 , what is the magnitude
of the interaction force between objects in terms of F ?

F m

Example(4.2.4):

2m

. If objects of masses 2m and m on a frictionless

F horizontal surface are horizontally pushed by a force of F
_______ *—® asshowninthe figure on the left , what is the magnitude
of the interaction force between objects in terms of F ?

Example(4.2.5):

2m

. Objects of masses 2m and m on a frictional

F horizontal surface are horizontally pushed by a force of F
_______ " ® asshowninthe figure on the left . If the coefficient of
friction ( k ) between the objects and horizontal surface is 0.2 , what is the magnitude
of the interaction force between objects in terms of F ?

16



Example(4.2.6):

An object of mass m on a frictional inclined
plane is free to slide down along the inclined surface
as shown in the figure on the left . If the coefficient of
friction ( k ) between the object and horizontal

-------------------------- surface is 0.1 ;
(Sin53°=0.8; Cos53°=0.6)

a) What is the magnitude of normal force applied by the inclined surface on the object
in terms of mg ?

b) What is the magnitude of frictional force acting on the object along the inclined
surface in terms of mg ?

c) What is the magnitude of net force acting on the object along the inclined surface
in terms of mg ?

d) Does the object slide down along the inclined surface ?

e) What is the magnitude of the acceleration of the object along the inclined surface
in terms of g ?

Example(4.2.7):

2m

An object of mass 2m on a frictional inclined
plane is free to slide down along the inclined surface
as shown in the figure on the left . If the coefficient
of friction ( k ) between the object and horizontal

S /2N V. N surface is 0.1 ;
(Sin53°=0.8; Cos53°=0.6)

AN

1
:
h o
1
1
1
1
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a) What is the magnitude of normal force applied by the inclined surface on the object
in terms of mg ?

b) What is the magnitude of frictional force acting on the object along the inclined
surface in terms of mg ?

c) What is the magnitude of net force acting on the object along the inclined surface
in terms of mg ?

d) Does the object slide down along the inclined surface ?

e) What is the magnitude of the acceleration of the object along the inclined surface
in terms of g ?

An Example of Static Friction

A mass M; is suspended from 2 cords as in
the figure on the right. The cord from the
ceiling is at an angle of 30° to the vertical.
Mass M, has a mass of 20 kg and the static
coefficient of friction between M, and the
surface is 0.5. What is the largest hanging
mass that can be supported by this system?
(sin30 = 0.5, Cos30 = 0.8)

Step 1. The hanging mass can be supported as .

long as M, stays fixed. We start with a free body N
diagram for M,. As long as the tension T, in the string

is less than Fymax), M2 will remain fixed. Fp=uN T
Therefore, ~ S —

To(max) = MN = pMg = (0.5)(20)(10) = 100 N

Step 2: We draw a free body diagram for the hanging
mass M;. We know that in the x-direction

T2(max) = Tl(max)Sin 30 = T1(05)
Or Tl(max) =2.0x T2(max)

For the y-components
Mi(max)9 = Ti(max) COS 30 =
Substituting in our values, we can solve for Mymax)

NG

M, g

Y
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Mimax) = 2.0 (100 N)(0.8)/(10 m/s?) = 16.0 kg.

An Example of Kinetic Friction.

An object of mass 10 kg at the base of an inclined plane is projected up
the plane with an initial velocity of 10 m/s. The angle of inclination is 30° and the
coefficient of friction pk is 0.35. How far does the object travel up the plane?

Step 1: Draw a diagram of the problem
and find all the forces.

If the object is moving in the positive x
direction, the frictional force is in the
direction down the plane.

Step 2: Break up the gravitational force
into its components along the x and y
direction. Then write down Newton's

Laws for the forces.

Fy = N - Mgcos6 = 0 since No acceleration
in y-direction

SO

N = Mgcos6 ’*‘SL\’MQW-"’-"
In the x-direction sl
Fx = -Mgsin6 - uN

(Both forces acting in the -x direction)

Fx = -Mgsind- uMgcost= -Mg(sin6+ Lcoso)
But Fx = Ma, so

Ma = -Mg(sin6+ pcoso)

or

a = -g(sin0+ pcosh) = -10.0(sin 30 + 0.35 cos 30) = -10.0(0.80) = -8.03 m/s?
(Acceleration is minus because object is slowing down)

Now we know the acceleration. At the top, the velocity will be zero. So we can
use v = v,2 + 2ax

Let's make the substitutions v=0, vo=10 m/s, and a =-5.85 m/s?

19



o

0 =100 - 2(8.03) x
or, x = (100 m?%/s?)/(11.7 m/s®) = 6.22 m

AIR FRICTION

Drag Forces: Another Type of Frictional Force

The equation for the frictional force F = uN does not work in all cases. This
formof the frictional force works well for solid surfaces in contact. It does not
describe the frictional or drag forces of objects moving through a fluid. Air is a
special fluid, and the drag force caused by the atmosphere is sometimes called
air
resistance. The drag force for objects moving at relatively high velocities has
been determined by experiment to be:

D=kAV?

where k is the drag coefficient and it depends on the density of the medium, A is
the cross-sectional area of the object and v is the object's velocity.

The drag force is an example of a velocity dependent force. If an object is
dropped, it begins to accelerate under the gravitational force. Since the initial
velocity is small, the drag force doesn't have a large effect on the motion. As the
speed of the object increases, so does the drag force. At some point, the drag
force

will become as large as the gravitational force. At this point, the net force is zero
and the object continues its descent at a constant velocity. This velocity where
the

drag force is equal to the gravitational force is called the terminal velocity.
From Newtons second law, we can determine the terminal velocity, vt, for an
object falling in a fluid. Since the acceleration is zero, we know that

mg =D
or
mg = k A v?

We can solve for v (Terminal velocity)

20



V=,— Terminal Velocity

E& An applied force of 50 N is used to accelerate an object to the right across
a frictional surface. The object encounters 10 N of friction. Use the diagram to
determine the normal force, the net force, the mass, and the acceleration of the
object. (Neglect air resistance.)

I Frorm™

Firict=10 N

+ Fpp =50 N

ngra\r= GO N

=== An applied force of 20 N is used to accelerate an object to the right across
E& a frictional surface. The object encounters 10 N of friction. Use the
diagram to determine the normal force, the net force, the coefficient of
friction (p) between the object and the surface, the mass, and the acceleration of

the object. (Neglect air resistance.)

I Frorm—

Firict=10 N
‘ + Fypp =20 N

p=__ lr._,,a,,=luu N

A 5-kg object is sliding to the right and encountering a friction force
which slows it down. The coefficient of friction ("u") between the object
and the surface is 0.1. Determine the force of gravity, the normal force,
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the force of friction, the net force, and the acceleration. (Neglect air resistance.)

] Fnurm=
Ferict=___
A =
p=01 ngrav_
m =5 kg

Free-body diagrams for four situations are shown below. The net force is

known for each situation. However, the magnitudes of a few of the

individual forces are not known. Analyze each situation individually and
determine the magnitude of the unknown forces.

IB IE I3uu N IF

A 50 N 80 N D 20 N G
— b — — — —
lzuu N lzuu N lE lH
Fpet = O N Fret = 200 N, up Foet = 60 N, left Fpet= 30 N, right

A rightward force is applied to a 6-kg object to move it across a rough

surface at constant velocity. The object encounters 15 N of frictional force.

Use the diagram to determine the gravitational force, normal force, net
force, and applied force. (Neglect air resistance.)

I Frorm-

Firict=15 N E
T r app =

ngra\r=
m =6 kg

a=D0mifsfs

F

net™

A rightward force is applied to a 10-kg object to move it across a rough
surface at constant velocity. The coefficient of friction between the object
and the surface is 0.2. Use the diagram to determine the gravitational

force, normal force, applied force, frictional force, and net force. (Neglect air
resistance.)
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Fnurm=
Firict=
» Fapp =

e —
p=0.2 "Fgra\r_

m=10 kg
a=0mrfsfs

F

net™

A rightward force is applied to a 5-kg object to move it across a rough

surface with a rightward acceleration of 2 m/s/s. The coefficient of friction
between the object and the surface is 0.1. Use the diagram to determine the
gravitational force, normal force, applied force, frictional force, and net force.
(Neglect air resistance.)

I anrm=
Frrict=____
] — Fapp =
- -
p=0.1 ngra\r_
m=5kg

a=2mfsfs, right
F

net™

"~ A rightward force of 25 N is applied to a 4-kg object to move it across a
E& rough surface with a rightward acceleration of 2.5 m/s/s. Use the diagram
to determine the gravitational force, normal force, frictional force, net
force, and the coefficient of friction between the object and the surface. (Neglect
air resistance.)

I Fn-nrm=
Frrict™
— — Fapp =75 N
A -
p= ngra\r_
m =4 kg

a=2.5mfsfs, right

net™
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