S1S1 Concepts Explanation Newton’s Laws

Understanding Newton's Three Laws of Motion: A
Simple Guide

1.0 Introduction: What Makes Things Move?

Have you ever wondered, what happens when two objects collide? The answer is simple,
powerful, and lies at the very heart of physics: the forces applied to each object are equal in size
and opposite in direction. Understanding this core principle is the key to describing everything
from a thrown baseball to the orbit of a planet. This guide will simply and clearly explain the
three foundational laws that govern the relationship between forces and motion.

First, let's define our key terms. Motion is the fundamental concept we are trying to understand.
Motion is a change in an object’s position.

So, what causes this change in position? The answer is a force. A force is essentially a push or a
pull that causes a change in an object's motion. Critically, forces have both a size (or magnitude)

and a direction, which means they can be represented as vectors.

With these basics in mind, we can explore the three brilliant laws that Sir Isaac Newton
formulated to describe this relationship, starting with the first.

2.0 The First Law: The Law of Inertia (The "Lazy" Law)

Often called "the 'lazy' law," Newton's First Law describes an object's natural tendency to keep
doing whatever it's already doing. Stated formally, the law is as follows:

An object in motion will remain in motion and an object at rest will remain at rest unless
an unbalanced force is applied to the object causing it to change its motion.

This law can be broken down into two simple conditions:

e An object at rest will stay at rest: A soccer ball sitting on the grass won't move by
itself. It will remain stationary forever if left alone.

e An object in motion will remain in motion: If you slide a hockey puck across
frictionless ice, it will continue moving at the same speed and in the same direction.

The single condition that breaks this state of "laziness," or inertia, is the application of an
unbalanced force. A kick provides an unbalanced force to the soccer ball, and the friction from
the grass eventually provides another unbalanced force to stop it.

This leads to a natural question: what exactly happens when an unbalanced force is applied?
That's where the second law comes in.



3.0 The Second Law: Force, Mass, and Acceleration

Newton's Second Law of Motion provides a precise, mathematical description of what happens
when forces are unbalanced. It explains the relationship between the total force applied to an
object, the object's mass, and the resulting change in its motion, known as acceleration.

The core of this law is captured in a simple formula:
Net Force = Mass x Acceleration (often written as F=ma)
This relationship reveals two key insights:
e When an object's acceleration is zero, the net force on it is also zero. This means its
motion is not changing, which connects perfectly back to the First Law.
e The amount of force required to accelerate an object is directly related to its mass. For
example, the doubling of an object's mass requires a doubling of the force to achieve the

same acceleration.

So, we know that unbalanced forces cause acceleration, but forces don't happen in isolation. The
third law explains that they always come in pairs.

4.0 The Third Law: Action and Reaction

Newton's Third Law is built on a simple, powerful principle: forces come in pairs. You can never
have a single, isolated force. When one object exerts a force on a second object, the second
object always pushes back.

The law states: When one object applies a force to a second object, the second object applies
an equal and opposite directional force back on the first object.

This can be seen in countless scenarios.

Action Reaction

'You push down on  [The ground pushes up on you. (While the forces are equal, the Earth's
the ground. motion is undetectable due to its enormous mass.)

A bird collides with

: The airplane collides with the bird.
an airplane.

Misconception Alert! A common point of confusion is how the forces in a collision like a bird
hitting an airplane can be equal. While the forces are indeed equal in size, the resulting damage is
vastly different. This difference is not due to the forces themselves, but to the amount of energy
exchanged in the collision, which is influenced by the plane having much more mass and speed.

A critical point to remember is that these "action-reaction" forces do not cancel each other out.
This is because they are applied to different objects. The force of your feet acts on the Earth,



while the force of the Earth acts on you. Forces can only cancel out when they are equal and
opposite and are acting on the same object.

This distinction leads us to our final concept: how to determine the fotal force on a single object.

5.0 Putting It All Together: Balanced vs. Unbalanced Forces

The Net Force is the total, combined force acting on a single object. To find it, we follow two
simple rules: Forces in the same direction are added together, and forces in the opposite direction
are subtracted from each other. By looking at the net force, we can fully predict how an object's
motion will change.

Balanced Forces (Net Force = 0) Unbalanced Forces (Net Force > 0)

An unbalanced force is required to cause

When the total force on an object is zero, its motion . . )
a change in an object's motion

does not change.

(acceleration).
* A stationary object with balanced forces (like * When forces are unbalanced, the
gravity pulling down and a table pushing up) remains |object will accelerate in the direction of
stationary. the remaining net force.

* An object in motion with balanced forces (like a
skydiver at terminal velocity, where air resistance
equals gravity) continues with no change in motion.

6.0 Three Laws: Key Takeaways

Newton's Three Laws of Motion are the foundation of classical mechanics. They provide a
complete framework for understanding why objects move the way they do. Here is a final
summary of their core ideas.

1. First Law: An object's motion will not change unless an unbalanced external force acts
on it.

2. Second Law: An object's acceleration is directly proportional to the net force applied and
inversely proportional to its mass (F=ma).

3. Third Law: Every action (force) has an equal and opposite reaction (force), meaning
forces always occur in pairs acting on different objects.



