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Chapter 5

Newton’s Laws of Motion



Sir Isaac Newton
▪ 1642 – 1727
▪ Formulated basic concepts and laws of mechanics
▪ Universal Gravitation
▪ Calculus
▪ Light and optics

✓This chapter will introduce Newton’s three laws of motion and 
the law of gravity

✓These laws are considered among the greatest achievements of 
the human mind



Units of Chapter 5
• Force and Mass

• Newton’s First Law of Motion

• Newton’s Second Law of Motion

• Newton’s Third Law of Motion

• Weight

• Normal Forces



5-1-- Force and Mass

Force: push or pull

Force is a vector – it has magnitude and direction
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Forces
• May be a contact force or a field force

– Contact forces result from physical contact between two objects

– Field forces act between disconnected objects (action at a distance)
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External and Internal Forces
• External force

– Any force that results from the interaction between the 
object and its environment

– Examples of external forces are frictional force, applied force, normal force, tension 
force, air drag, etc.

• Internal forces
– Forces that originate within the object itself
– They cannot change the object’s velocity
– Some examples of internal forces are gravitational force, magnetic force, electric force, 

spring force, etc.
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Newton’s First Law
• An object moves with a velocity that is constant (in 

magnitude and direction), unless acted on by a nonzero net 
force
– The net force is defined as the vector sum of all the 

external forces exerted on the object
• In other words: 

– In the absence of a net external force, an object at rest 
remains at rest, and an object in motion continues moving 
at a constant velocity (same speed in the same direction)

➢ the object is said to be in equilibrium.
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What is Zero Net Force?

Even though there are forces on the book, they are balanced.
Therefore, there is no net force on the book.

F = 0

PhysicsA book rests on a table

Gravity pulls down 
on the book

FG

The table pushes up on 
the book.
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Examples of Balanced Forces



1st Law

if no net force acts on a body (Fnet=0), the body’s velocity 
cannot change (velocity=constant), that is, the body 
cannot accelerate (acceleration on an object is zero)
This means:
▪ it cannot turn,
▪ it cannot speed up,
▪ it cannot slow down.



(law of inertia):
What is inertia?

Inertia is the  tendency of an object 
to resist changes in its velocity: 

whether in motion or motionless.

According to Newton's first law
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Let's study the "skater" to better understand inertia

What is the motion in this picture? 

What is the unbalanced force in this picture? 

What happened to the skater in this picture?



This law is the same reason why you should 
always wear your seatbelt



In order to change the velocity of an object –
magnitude or direction – a net force is required.

An inertial reference frame is one in which the 
first law is true. Accelerating reference frames are 
not inertial, e.g., earth is approximately an inertial 
frame of reference

5-2- Newton’s First Law of Motion

 ھیف نوكی يذلا راطلإا وھ يتاذلا روصقلاب يعجرملا راطلإا
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Force and Mass

➢Mass is the measure of how 
hard it is to change an object’s 
velocity.

➢Mass can also be thought of 
as a measure of the quantity of 
matter in an object.
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Difference between Mass and Weight 

Mass

1. Is always constant at any place 
and time

2. Is measured in kilograms in SI 
unit

3. Is measured using balance
4. Can never be zero
5. Is an intrinsic property of a 

body and is independent of 
any external factor

Weight

1. Depends on gravity at the place
2. Is measured in Newton not in 

kilograms
3. Is measured using scales
4. Can also be zero
5. Depends on 

a. Mass of the object which is 
attracting it
b. Force with which it is being 
attracted (which depends on 
the distance between the two)



Unbalanced Forces
• An unbalanced force always causes a change in motion

• When unbalanced forces act in opposite directions you can 
find the net force

– Net force is a combination of magnitude and direction
• Magnitude

– The difference between the two forces

• Direction
– Direction of the largest force



Examples of Unbalanced Forces

Gravity is a constant force.  
The parachute is working 
against the force of gravity.

The person’s finger pushes the toy 
truck.  The truck moves in the 
direction of the greatest force 
acting on it.  
Be aware that there is some force 
acting against the finger, but that 
force isn’t strong enough to resist.



Examples of Unbalanced Forces

The soccer ball doesn’t 
move until the girl 
provides an unbalanced 
force upon it.

The tug of war doesn’t have the 
same amount of people on each 
side, so the forces are not equal: 
one side will be moved more than 
the other.



5-3- Newton’s Second Law of Motion

Now that we have a calibrated spring, we can do more experiments.

Acceleration is proportional to force: : ةوقلا عم بسانتی عراستلا



5-3- Newton’s Second Law of Motion

➢ Acceleration is inversely proportional to mass:
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5-3-- Newton’s Second Law of Motion

Combining these two observations gives:

Or, more familiarly: 

E
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2nd Law
Newton’s second law: the net force on a body is 

equal to the product of the body’s mass and 
its acceleration.

I

N = ky .m/s



For example…



2nd Law 
Units of force

Newton (SI system)
1 N  = 1 kg m /s2

➢ 1 N is the force required to accelerate a 1 kg mass 
at a rate of 1 m/s2

➢ Force is a vector quantity.
➢ The acceleration of an object is directly 

proportional to the force acting on it. 
➢The magnitude of the acceleration of an object is 

inversely proportional to its mass.

If = ma



According to Newton's second law

Acceleration is produced when a force acts on a mass.
The greater the mass (of the object being accelerated) the greater 
the amount of force needed (to accelerate the object).

What does this mean? 
✓ Everyone unconsciously knows the Second Law. 
✓ Everyone knows that heavier objects require more force to move 

the same distance as lighter objects.



This is an example of how
Newton's Second Law works

Mike's car, which weighs 1,000 kg, is out of gas. Mike is trying 
to push the car to a gas station, and he makes the car go 0.05 
m/s/s. Using Newton's Second Law, you can compute how 
much force Mike is applying to the car.

mass -> Ky

weight
- N

mass

num
N

f =ma

10000 X0
.od

=
SoNY



= 50 Newton 

Answer



5-3- Newton’s Second Law of Motion

An object may have several forces acting on it; the acceleration is 
due to the net force:

(5-1)

Two need



Force, mass and acceleration
1) A force of 1000 N is applied to push a 

mass of 500 kg.  What is its acceleration?

2) A force of 3000 N acts on a car to 
make it accelerate by 1.5 m/s2.  
How heavy is the car?

3) A car accelerates at a rate of 5 m/s2.  If it 
weighs 500 N how much driving force is 
the engine applying?

4) A force of 10 N is applied by a boy 
while lifting a 20 kg mass.  How 
much does it accelerate by?

F

AM

a = f = 10 =2

m= 2000

w

m=
↑ma = W . a==2

=255N

m=

a=
n= = 0 .5m/
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EXERCISE 1

The net force acting on a jaguar XK8 has a 
magnitude of 6800 N. If the cars acceleration is 
3.8m/s2, what is its mass?

Ans: 1800 Kg m =X800 - 1789
. 47 y



5-3- Newton’s Second Law of Motion
Example of a free-body diagram:& find the magnified
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Example 5.1
Moe, Lary and Curly push on a 752 Kg boat that floats next to a dock. Each exerts 
an 80.5 N force parallel to the dock
(a) What is the acceleration of the boat if they all push in the same direction? Give 
both direction and magnitude.

(b) What are the magnitude and direction of the boats acceleration if Larry and Curly 
push in the opposite direction to Moe’s push?

Ans.  (a) Fx = 241.5 N, ax = 0.321 m/s2  

(b) Fx = ‒ 80.5 N , ax =  ‒ 0.107 m/s2 

In fm = 80 · 5NX fu = 80 . 5NX fc = 80 .5N *

x= =

00 . 5

+80
. 5 + 80.

(0 .321m/52)Y

fm = 80 .
5 nx

fl = -80 .
ENX-
- =

80 . 5 - 80 . 5 - 80 .6
= (0 . 107m/s)

752

fc = -80 .
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Example 5.2

A pitcher throws a 0.15 Kg baseball, accelerating it 
from rest to a speed of about 90 mi/h. Estimate the 
force exerted by the pitcher on the ball. The 
distance over which the pitcher accelerates the ball 
is 2 m. (1 mile = 1609 m)
Ans.  
• v= 40 m/s
• ax= 404.6 m/s2

• Fx= 60 N

v= ·
M

Vi = 0 Vf = 90x =

has N6040sXX= 2m f -? NX = 2 f = M - a mil = m

uf = vi +
at

m=
0 .15k

a= 2

V = vi+ 2a0X

=
Vieto

=Hom/s
400 -
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VA =
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5-4- Newton’s Third Law of Motion

 Forces always come in pairs, acting on different objects:

 If object 1 exerts a force  on object 2, then object 2 exerts a force 
– on object 1.

 These forces are called action-reaction pairs. 

12 = - 21FF

&
law of action
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3rd Law  
"For every action, there is an equal and opposite 

reaction." Rocket launching

Reaction   

Action
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action &
rection

magnitute
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The Newton's Third Law interaction is always of the form: 
A pushes/pulls B
B pushes/pulls A

One of these forces is called the action force and the other one is 
called the reaction force - it doesn't matter which is which.                                                          

For example, if:
• You push book (Action force)

then Newton's Third Law says that:
• Book pushes you (Reaction force)

3rd Law  

free body
digraedlam

is
unalysis



5-4- Newton’s Third Law of Motion

Some action-reaction pairs:



Example 5.3
Two groups of canoeists meet in the middle of the lake. After a brief 
visit, a person in canoe 1 pushes on canoe 2 with a force of 46 N to 
separate the canoes. If the mass of the canoe 1 and its occupants is  m1
= 150 kg and the mass of the canoe 2 and its occupants is m2 = 250 kg: 
(a) find the acceleration the push gives to each canoe. (b) What is the 
separation of the canoes after 1.2 s of pushing?

Answers:       
a1,x = ‒ 0.31 m/s2

a2,x = 0.18 m/s2

x2 = 0.13 m
x1 = ‒ 0.22 m
x2 ‒ x1 = 0.35 m

f =m .c = 46 m = 150 a=4

- X + = 1 .25
-

d both canoe

distance
between

Xf , = Xi
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+2
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Problem 18
On vacation, your 1400 kg car pulls a 560 kg trailer away from a 
stoplight with an acceleration of 1.85 m/s2. 
(a) What is the net force exerted on the trailer? 
(b) What force does the trailer exert on the car? 
(c) What is the net force acting on the car?

Answers: 
(a) 1036 N                        
(b) ‒ 1036 N                       
(c) 2590 N

تلذب
؟ةروطقملا ىلع ةرثؤملا ةلصحملا ةوقلا ام

؟ةرایسلا ىلع ةروطقملا اھب رثؤت يتلا ةوقلا ام

؟ةرایسلا ىلع ةرثؤملا ةلصحملا ةوقلا يھ ام

Ma = 1400
M += 560 a = 1 .83

f = m - 2

-

[ = m +
a = (560) . 1 . 85 = 1036N

- S Far = -103/N same
amount oppisit direction

- [f = ma = (1400) · ( .88) = 2590N



5-6- Weight

The weight of an object on the Earth’s surface is the gravitational 
force exerted on it by the Earth.
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5-6 Apparent Weight

Your perception of your weight is based on the contact 
forces between your body and your surroundings. 

If your surroundings 
are accelerating, your 
apparent weight may 
be more or less than 
your actual weight.

①post
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Examples 5-7 
• As part of an attempt to combine physics and biology in the same class, 

an instructor asks students to weigh a 5.0 kg salmon by hanging it from 
a fish scale attached to the ceiling of an elevator .

• What is the apparent weight of the salmon Wa, if the elevator is at rest ? 
Answer: (49 N)y
• What is the apparent weight of the salmon Wa, if the elevator moves 

with an upward acceleration of 2.5 m/s2?
Answer: (62 N)y
• What is the apparent weight of the salmon Wa, if the elevator moves 

with downward acceleration of 3.2 m/s2 ?
Answer: (33 N)y

IW =mg

w = ma + g) Uppe

W

=men
+

at

downward





5-7- Normal Forces

 The normal force is the force 
exerted by a surface on an object.

 The normal force may be equal 
to, greater than, or less than the 
weight.

 The normal force is always 
perpendicular to the surface

 Normal Force = Weight 

يدومع

0x = xi
+ vit +-at

2

- (6) . 32 = 27



Normal force < Weight 
Consider pulling a 12.0-kg suitcase across a 
smooth floor by exerting a force 𝐹⃗ with 
magnitude of F = 45.0 N, at an angle 20.0o

above the horizontal.

Calculate the normal force exerted on the 
suitcase 

Answer

N = (103 N)y

[20

[f(x) = fx = max

N = w -fX

Efy = -w +
N + Empa my-f. sing

[fx =
fx =max

floso-max
sum of forces in x-axis

↓
exfimdmoment

Efy = N-W+Y
component N = w + fy

or M. C

Efx = m . ax n
=
w -
f)

my-f . Sin

fy = f . SinG 12 . 9 . 81 - 43
· Site

- 102 s



Normal force > Weight 
A 6.0-kg block of ice is acted on by two forces 𝐹ଵ and 𝐹ଶ, as shown 
in the diagram. If the magnitudes of the forces are F1=13N , F2=11N, 
calculate (a) the acceleration of the ice and (b) the normal force 
exerted on it by the table? 

Answers: a= (-0.50m/s2)x  ,  N= (75N)y

m

oxVit + E at
2

m = Gky 0x = =(6) . 3 =

N =W+Efy - ma
③
v = W+fY mympunt

-
pushing
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The normal Force N is always at right angles to the surface
It is not always in the vertical direction.
What is the acceleration and normal force exerted on the 
person by toboggan? 
Answers
a= g sinѲ
N=mg cosѲ

*

*

Y w =my
[fx = wx = max

↑ Using = max

> X my sing
= max

~Ho
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E ax
= &Sind
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Ay = A
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N - WCOSO
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angle
of weight is

N =
wCoSO

always relative to X-uxia

N = mycs



Y w =my
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=
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Example: an inclined plane
A car of weight w rests on a slanted ramp attached to a trailer (Figure below). 
Only a cable running from the trailer to the car prevents the car from rolling 
off the ramp. (The car’s brakes are off and its transmission is in neutral.) Find 
the tension in the cable and the force that the ramp exerts on the car’s tires.

© 2016 Pearson Education Inc.



Example: acceleration down a hill

A toboggan loaded with students (total weight w) slides down a 
snow-covered hill that slopes at a constant angle a. The 
toboggan is well waxed, so there is virtually no friction. 
What is its acceleration?



Summary of Chapter 5
• Force: a push or pull

• Mass: measures the difficulty in accelerating an object

• Newton’s first law: if the net force on an object is zero, 
its velocity is constant

• Inertial frame of reference: one in which the first law 
holds

• Newton’s second law: 

• Free-body diagram: a sketch showing all the forces on 
an object



• Newton’s third law: If object 1 exerts a force       on 
object 2, then object 2 exerts a force – on object 1.

• Contact forces: an action-reaction pair of forces 
produced by two objects in physical contact

• Forces are vectors

• Newton’s laws can be applied to each component of 
the forces independently

• Weight: gravitational force exerted by the Earth on an 
object

F
F



• On the surface of the Earth, W = mg

•Apparent weight: force felt from contact with a floor or 
scale

•Normal force: force exerted perpendicular to a surface 
by that surface

• Normal force may be equal to, lesser than, or greater 
than the object’s weight



Exercises 

(1) On a planet far, far away, an astronaut picks up a rock that has a mass of 
5.00kg, and on this particular planet its weight is 40.0N.If the astronaut exerts 
an upward force of 46.2N on the rock, what is its acceleration.

Answers: F = (6.2N) i ,    a = 1.2 m/s2 j
(2)  In a grocery store, you push a 12.3kg shopping cart with a force of 10.1N. 
If the cart starts at rest, how far does it move in 2.50s?

Answers:   a= (0.821) i ,  ∆x = 2.57 m
(3) You are pulling your little sister on her sled across an icy(frictionless) 

surface. When you exert a constant horizontal force of 120N,the sled has an 
acceleration of  2.5m/s2. If the sled has a mass of  7.4kg,what is the mass of 
your little sister?               Answer : 41 kg

(4) A 0.53 kg billiard ball initially at rest is given a speed of 12 m/s during a 
time interval of 4.0 ms. What average force acted on the ball during this 
time.

Answer: 1590 N

(5) A 92 kg water skier floating in a lake is pulled from rest to a speed of 12 m/s 
in a distance of 25 m. What is the net force exerted on the skier, assuming 
his acceleration is constant.   Answer: 265 N



Exercises
Problem 38
Suppose a rocket Launches with an acceleration of 30.5 m/s2. 
What is the apparent weight of a 92 kg astronaut abroad this 
rocket?   
Answer: 3700 N


