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The Laws of motion
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5.1 The Concept of Force

Force: push or pull

Force is a vector – it has magnitude and 

direction



*Contact forces  involve physical contact between two objects.

*field forces, does not involve physical contact between two objects.
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5.1 The Concept of Force



The only known fundamental forces 
in nature are all field forces: 

(1) gravitational forces between 
objects

(2) electromagnetic forces between 
electric charges

(3) strong forces between subatomic 
particles

(4) weak forces that arise in certain 
radioactive decay processes.
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5.2 Newton’s First Law and Inertial Frames:

Newton’s first law of motion, sometimes called the(law of inertia) is
If an object does not interact with other objects, it is possible to

identify a reference frame in which the object has zero acceleration.
Such a reference frame is called an inertial frame of reference.

Another statement of Newton’s first law:

In the absence of external forces and when viewed from an inertial

reference frame, an object at rest remains at rest and an object in

motion continues in motion with a constant velocity (that is, with a

constant speed in a straight line).

In other words, when no force acts on an object, the 

acceleration of the object is zero.

*In turn, from the first law, we can define force as that which 

causes a change in motion of an object.



phys 101سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

5.1 The Concept of Force



phys 101سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

5.3 Mass:

Mass is that property of an object that specifies how much resistance an object
exhibits to changes in its velocity,
* The SI unit of mass is the kilogram.
Suppose a force acting on an object of mass 𝑚1produces a change in motion of the
object that we can quantify with the object’s acceleration Ԧ𝑎1,and the same force
acting on an object of mass 𝑚2 produces an acceleration 𝑎2. The ratio of the two
masses is defined as the inverse ratio of the magnitudes of the accelerations
produced by the force:

𝑚1

𝑚2
≡
𝑎2
𝑎1

(1)

*We conclude that the magnitude of the acceleration of an object is inversely
proportional to its mass when acted on by a given force.
*mass is a scalar quantity.
*Mass and weight are two different quantities.
The weight of an object is equal to the magnitude of the gravitational force exerted
on the object and varies with location.



phys 101سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

5.4 Newton’s Second Law:
When viewed from an inertial reference frame, the acceleration of an object is directly
proportional to the net force acting on it and inversely proportional to its mass:

Ԧ𝑎 ∝
Σ Ԧ𝐹

𝑚
If we choose a proportionality constant of 1, we can relate mass, acceleration, and force

through the following mathematical statement of Newton’s second law:

Σ Ԧ𝐹 = 𝑚 Ԧ𝑎 (2)

*The acceleration is due to the net force Σ𝐹 acting on an object.
*The net force on an object is the vector sum of all forces acting on the object.
*Many forces may be acting on an object, but there is only one acceleration.
*Equation (2) is a vector expression and hence is equivalent to three component

equations:
Σ𝐹𝑥 = 𝑚𝑎𝑥 Σ𝐹𝑦 = 𝑚𝑎𝑦 Σ𝐹𝑧 = 𝑚𝑎𝑧 (3)

*The SI unit of force is the newton (𝑁).
*A force of 1 𝑁 is the force that, when acting on an object of mass 1 𝑘𝑔, produces an

acceleration of 1 𝑚/𝑠2.
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5.4 Newton’s Second Law:

If you apply more force to an object, it accelerates at a higher rate.
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5.4 Newton’s Second Law:

If an object has more mass it accelerates at a lower rate 
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5.6 Newton’s Third Law:

The attractive force exerted by the Earth on an object is called the gravitational force𝑭𝒈.

Applying Newton’s second law(Equation(2)) to a freely falling object of mass 𝑚, with Ԧ𝑎

= Ԧ𝑔and Σ Ԧ𝐹 = Ԧ𝐹𝑔 , gives:

Ԧ𝐹𝑔 = 𝑚 Ԧ𝑔

Therefore, the weight of an object, being defined as the magnitude of Ԧ𝐹𝑔, is equal to 𝑚𝑔:

𝐹𝑔 = 𝑚𝑔 4

The mass 𝑚 in Equation (4) determines the strength of the gravitational attraction between 
the object and the Earth. We call 𝑚 in Equation (4) the gravitational mass.

*Mass in Equation (2) is called inertial mass.
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5.6 Newton’s Third Law:

If two objects interact, the force Ԧ𝐹12exerted by object 1 on object 2 is

equal in magnitude and opposite in direction to the force Ԧ𝐹21exerted by
object 2 on object 1:

Ԧ𝐹12 = − Ԧ𝐹21 (5)

* The normal force is the force exerted by a surface on an object.
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5.7 Analysis Models Using Newton’s Second Law:

Analysis Model: The Particle in Equilibrium:
If the acceleration of an object modeled as a particle is zero, 
the object is treated with the particle in equilibrium model. In this 
model, the net force on the object is zero:

σ Ԧ𝐹 = 0 (7)
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5.7 Analysis Models Using Newton’s Second Law:

Analysis Model: The Particle Under a Net Force:
If an object experiences an acceleration, its motion can be analyzed with the
particle under a net force model. The appropriate equation for this model is

Newton’s second law, Equation (2): σ Ԧ𝐹 = 𝑚 Ԧ𝑎 (8)
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5.8 Forces of Friction:

When an object is in motion
either on a surface or in a viscous
medium such as air or water, there
is resistance to the motion
because the object interacts with
its surroundings. We call such
resistance a force of friction.
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5.8 Forces of Friction:

The following descriptions of the force of friction are based on 
experimental observations and serve as the model we shall use 
for forces of friction in problem solving:
The magnitude of the force of static friction between any two 
surfaces in contact can have the values:

𝑓𝑠 ≤ 𝜇𝑠𝑛 (9)
where the dimensionless constant 𝜇𝑠 is called the coefficient of 
static friction and n is the magnitude of the normal force 
exerted by one surface on the other.
The equality in Equation (9) holds when the surfaces are on 

the verge of slipping, that is, when 𝑓𝑠 = 𝑓𝑠,𝑚𝑎𝑥= 𝜇𝑠𝑛 . This 
situation is called impending motion. The inequality holds 
when the surfaces are not on the verge of slipping.
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5.8 Forces of Friction:

The magnitude of the force of kinetic friction acting between 
two surfaces is

𝑓𝑘 = 𝜇𝑘𝑛 (10)

where 𝜇𝑘 is the coefficient of kinetic friction.
• The values of 𝜇𝑘 and 𝜇𝑠 depend on the nature of the

surfaces, but 𝜇𝑘 is generally less than 𝜇𝑠.
• The values range from around 0.03 to 1.0.(see the Table in

next slide)
The direction of the friction force on an object is parallel to the
surface with which the object is in contact and opposite to the
actual motion (kinetic friction) or the impending motion (static
friction) of the object relative to the surface.
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5.8 Forces of Friction:

The coefficients of friction are nearly independent of the area of contact between 
the surfaces.
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