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Force

A force is defined as a push or pull acting on an object. It is responsible for causing an object
to accelerate, decelerate, change direction, or alter its shape. The SI unit of force is the
Newton (N), named after Sir Isaac Newton, who made significant contributions to our
understanding of motion and forces.

Types of Forces

TYPES OF FORCE

FRICTIONFORCE ~ GRAVITYFORCE  APPLIED FORCE  SPRING FOR

DRAGFORCE ~ MORMAL FORCE  MAGNETIC FORCE  ELECTRIC FORCH

Forces can be categorized into two main types: contact forces and non-contact forces.

Contact forces occur when objects are physically interacting with one another. Examples
include friction, tension, normal force, and air resistance. These forces play crucial roles in
everyday activities, such as walking or driving.

Contact forces are essential interactions that occur when objects physically touch one another,
significantly influencing everyday activities and the behavior of objects. Key types of contact
forces include friction, which opposes motion; tension, which is transmitted through strings
or ropes; and normal force, which supports objects resting on surfaces. Air resistance acts
against objects moving through the air, while applied force is exerted directly by an external
agent. Understanding these forces is crucial in various fields, such as engineering, where they
inform the design of structures and vehicles, and m sports science, where they impact
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performance and safety. Overall, contact forces are fundamental to the laws of physics and
play a vital role in our interactions with the world around us.

Different Types of Forces
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Gravity

Non-contact forces, on the other hand, act over a distance without direct contact.
Gravitational force, electromagnetic force, and nuclear force are key examples of non-contact
forces.Non-contact forces are interactions that occur between objects without physical
contact, significantly influencing various physical phenomena. The most notable examples
include gravitational force, which attracts masses toward each other, giving weight to objects
and governing their motion; electromagnetic force, which arises from interactions between
charged particles, leading to attractions or repulsions in electric and magnetic fields; and
nuclear force, which binds protons and neutrons together within atomic nucle1, counteracting
their electromagnetic repulsion. These forces are crucial for understanding concepts ranging
from planetary orbits to the functioning of electrical devices, highlighting the powerful and
invisible interactions that shape our universe.

Gravity

Gravity 1s a fundamental force that attracts two bodies toward each other, depending on their
masses and the distance separating them. Gravity is a fundamental force of nature that attracts
two bodies toward each other, with its strength determined by the masses of the objects and
the distance between them, as described by Isaac Newton's law of universal gravitation. This
force 1s responsible for keeping planets in orbit around the sun, the moon around the Earth,
and governs the behaviour of objects on Earth, giving them weight. Gravity influences
everything from the formation of galaxies to the motion of everyday objects, creating a
cohesive structure in the universe. Albert Einstein further advanced our understanding of
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gravity through his theory of general relativity, which describes it not merely as a force but as
the curvature of space-time caused by mass. Overall, gravity is essential for the stability of
celestial bodies and the functioning of life as we know it

This force i1s what gives weight to objects. It's essential to distinguish between mass and
weight: mass refers to the quantity of matter in an object and is measured in kilograms, while
weight 1s the force exerted by gravity on that mass. The formula for calculating weight is
given by W=mg

Balanced and Unbalanced Forces

Balanced And Unbalanced
Forces

Forces can also be classified as balanced or unbalanced. Balanced forces occur when the
forces acting on an object are equal in size but opposite in direction. This results in no change
in motion, meaning the object remains at rest or continues moving at a constant velocity. In
contrast, unbalanced forces lead to a change in motion. If the net force acting on an object is
not zero, it will accelerate m the direction of the resultant force, changing its speed or
direction.

Balanced forces occur when two or more forces acting on an object are equal in size but
opposite in direction, resulting in a net force of zero. This means the object remains at rest or
continues to move at a constant velocity. In contrast, unbalanced forces occur when the forces
acting on an object are not equal, leading to a net force that causes the object to accelerate,
change direction, or come to a stop. Essentially, balanced forces maintain an object’s state of
motion, while unbalanced forces alter it.



Balanced forces

Unbalanced forces

1. Balanced forces acts on an

object in opposite
directions and are equal in
strength. They do not cause
a change in the speed of a
moving object.

1. When two

unbalanced
forces are exerted in
opposite directions, their
combined force is equal to
the difference between the
two forces.

2. There is no net motion of the

object on which the force is
being applied.

2.There is net motion in the
direction of the applied force
which has greater
magnitude.

. For example: An object at
rest.

3. For example: In tug of wire,

unbalanced force is applied
by the teams.

Newton’s Laws of Motion
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Sir Isaac Newton formulated three fundamental laws of motion that describe the relationship
between forces and the motion of objects.

The First Law, often referred to as the law of inertia, states that an object at rest will remain at
rest, and an object in motion will remain in motion at a constant velocity unless acted upon

by an unbalanced force.

The Second Law establishes the relationship between force, mass, and acceleration,
expressed by the formula F=ma.This means that the acceleration of an object is directly

proportional to the net force acting on it and inversely proportional to its mass.
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The Third Law states that for every action, there is an equal and opposite reaction. This
principle can be observed in various scenarios, such as a rocket launching or a swimmer
pushing against the water.

Friction

Friction is a force that opposes the relative motion of two surfaces in contact. It is essential in
everyday life, allowing us to walk without slipping and enabling vehicles to grip the road.
There are different types of friction: static friction prevents an object from starting to move,
while kinetic friction acts on objects that are already in motion. Rolling friction occurs when
an object rolls over a surface, which is usually less than static or kinetic friction, making it
easier for wheels to move.

The factors influencing friction include the texture of the surfaces in contact and the normal
force, which 1s the force perpendicular to the surfaces. Smoother surfaces typically have
lower friction coefficients compared to rough surfaces, affecting how easily objects can move
across them.

Mass and Weight

Mass 1s a scalar quantity that represents the amount of matter in an object and remains
constant regardless of location. Mass 1s a measure of the amount of matter in an object and is
a fundamental property that remains constant regardless of the object's location. It is
measured in kilograms (kg) and is distinct from weight, which is the force exerted by gravity
on an object and varies with gravitational strength. Mass indicates an object's inertia, or
resistance to changes in motion, meaning that a greater mass requires more force to
accelerate. The law of conservation of mass states that the total mass in a closed system
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remains constant, even during physical or chemical changes. Additionally, mass relates to
density, which is mass per unit volume, and is crucial in various scientific fields, including
physics and chemistry, influencing calculations and material behavior. In the context of
relativity, mass 1s linked to energy through the equation E=mc? highlighting its significance
in understanding the universe.

MASS OR
WEIGHT?2?

S ———
W = weight

m = mass
g = gravitational field strength

N7 —_—

Weight, however, is a vector quantity that varies depending on the gravitational field strength
acting on the object. This distinction is crucial in understanding how objects behave under
different gravitational forces, such as on Earth versus the Moon. Weight is the force exerted
on an object due to gravity, calculated as the product of mass and the acceleration due to
gravity (W = mg). It is a vector quantity, meaning it has both magnitude and direction, and is
measured in newtons (N) in the International System of Units (SI). Unlike mass, which
remains constant regardless of location, weight can vary depending on the gravitational field
strength; for example, an object weighs less on the Moon than on Earth. Weight is crucial in
various applications, such as engineering, physics, and everyday life, affecting how objects
behave under the influence of gravity. Understanding weight is also important in fields like
biomechanics, where it impacts movement and stability. Overall, weight reflects the
gravitational pull on an object, linking it directly to its mass and the local gravitational
environment.
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Resultant Force

The resultant force is the overall force acting on an object when all individual forces are
combined. To calculate the resultant force, one must add the forces acting in the same
direction and subtract those acting in the opposite direction. Understanding resultant forces is
essential for analyzing the motion of objects in various physical situations.

Free-body Diagrams

Free-body diagrams are useful tools for visually representing all the forces acting on an
object. In these diagrams, the object 1s typically represented as a box, with arrows indicating
the direction and magnitude of each force acting on it. This visual representation aids in
understanding how forces interact and influence the object's motion.

Applications of Forces

The principles of forces have numerous applications in everyday life and various fields. In
sports, understanding friction and forces helps improve performance and safety. In
transportation, engineers must account for forces like tension and compression to design safe
and efficient vehicles and infrastructure, such as bridges and buildings.

Conclusion

In summary, the study of forces is fundamental to understanding the mechanics of motion and
the interactions between objects. From the basic definitions to the applications of Newton’s
laws, comprehending how forces work is essential for explaining a wide range of phenomena
in both everyday life and advanced scientific contexts. Mastering these concepts lays the
groundwork for further exploration in physics and engineering.



