
According To Newtons First Law Of
Motion, An Object That Is Moving Will
Change Its Motion Only If What
According To Newtons First Law Of Motion, An Object That Is Moving Will
Change Its Motion Only If What

Newton's First Law of Motion, often referred to as the law of inertia, is a
fundamental principle in physics that explains how objects behave when
subjected to forces. This law states that an object will remain at rest or in
uniform motion in a straight line unless acted upon by an external force. In
essence, an object will not change its state of motion on its own; it
requires a force to alter its velocity or direction. Understanding this
principle is crucial for grasping the fundamentals of mechanics and the
behavior of objects in our universe.

In this article, we will explore in detail what causes a moving object to
change its motion, according to Newton's First Law. We will delve into the
concepts of inertia, external forces, types of motion, and real-world
examples to provide a comprehensive understanding. Whether you're a student,
educator, or simply curious about how objects move, this guide will clarify
the conditions under which motion changes occur.

Understanding Newton's First Law of Motion

Definition of the Law
Newton's First Law states:
An object at rest stays at rest, and an object in motion stays in motion at a
constant velocity unless acted upon by an external force.

This implies that in the absence of external influences, an object's state of
motion will remain unchanged. The law emphasizes the concept of inertia—the
resistance of an object to change its current state.

Inertia: The Resistance to Change
Inertia is a property inherent to all matter. The greater the mass of an
object, the greater its inertia. This means that heavier objects resist
changes to their motion more strongly than lighter ones.

Key points about inertia:
- Inertia is directly proportional to mass.
- It explains why a heavy truck requires more force to accelerate than a



small bicycle.
- It accounts for why objects tend to keep doing what they are already doing.

What Causes a Moving Object to Change Its
Motion?

According to Newton's First Law, an object will only change its motion if an
external force is applied. Let’s explore what this means in practical terms.

External Forces: The Catalyst for Change
An external force is any influence from outside the object that can alter its
velocity or direction. These forces can be contact forces or non-contact
forces.

Examples of external forces include:
- Friction: Resistance force that opposes motion when two surfaces are in
contact.
- Gravity: The force pulling objects toward the center of the Earth or other
celestial bodies.
- Applied Force: Forces exerted by humans or machines, such as pushing or
pulling.
- Air Resistance: A form of friction that objects experience as they move
through the air.
- Normal Force: The support force exerted by a surface perpendicular to the
object resting on it.

Conditions for Changing Motion
For an object in motion to change its state, certain conditions must be met:
- Presence of an unbalanced external force: The force must be sufficient to
overcome inertia.
- Direction of the force: The force's direction influences whether the object
accelerates, decelerates, or changes direction.
- Duration of the force: Longer application results in more significant
changes in motion.

Types of Motion Changes According to External
Forces

External forces can cause different types of changes in an object's motion:



1. Change in Speed (Acceleration or Deceleration)
Applying a force that in the same or opposite direction of motion can speed
up or slow down an object.

Example: Pushing a skateboard to make it go faster or applying brakes to slow
down.

2. Change in Direction
A force perpendicular to the motion can cause the object to turn or curve.

Example: A car turning on a curved road or a planet orbiting the sun.

3. Change in Both Speed and Direction
When both magnitude and direction of velocity change, the object experiences
acceleration.

Example: A roller coaster car descending a hill while turning.

Real-World Examples of Motion Changes

Understanding the principles of Newton's First Law can be illustrated through
everyday scenarios:

Car Braking: When brakes are applied, the external force (friction from
brake pads) slows the car down.

Ball Rolling on the Ground: The ball eventually stops due to friction
and air resistance acting as external forces.

Spacecraft in Space: In the vacuum of space, absent external forces, a
spacecraft in motion continues indefinitely unless acted upon by
thrusters or other forces.

Inertia of a Passenger: A passenger suddenly stops in a moving vehicle,
their body tends to continue forward due to inertia, which is why seat
belts are necessary.

Factors Influencing the Change in Motion



Several factors determine how easily an object’s motion can be changed:

Mass of the Object
- Heavier objects require greater force to change their motion.
- Example: Pushing a heavy box requires more effort than a light one.

Nature of the External Force
- The magnitude, direction, and duration of the force influence the extent of
the change.
- Example: A gentle push versus a strong shove.

Surface Conditions
- Rough surfaces increase friction, making it harder to change motion.
- Smooth surfaces reduce resistance.

Presence of Other Forces
- Multiple forces acting simultaneously can complicate motion changes.

Summary and Key Takeaways

- An object will not change its state of motion unless acted upon by an
external force.
- Inertia is the property that resists changes in motion and depends on mass.
- External forces such as friction, gravity, applied forces, and air
resistance are responsible for altering motion.
- Change in motion can involve changes in speed, direction, or both.
- Real-world examples help illustrate how external forces influence movement.

Conclusion

In conclusion, according to Newton's First Law of Motion, an object that is
moving will change its motion only if an external force acts upon it. This
fundamental principle underscores the importance of forces in driving the
dynamics of objects, from everyday life to complex celestial phenomena.
Recognizing the role of external forces helps us understand why objects
behave the way they do and enables us to predict and manipulate motion
effectively in various contexts.

Understanding this law not only deepens our comprehension of physics but also



provides practical insights into designing safer vehicles, understanding
planetary movements, and developing technologies that harness forces to
achieve desired motions. Ultimately, Newton's First Law lays the foundation
for the entire field of classical mechanics, emphasizing that motion is
inherently resistant to change without external influence.

Frequently Asked Questions

According to Newton's First Law of Motion, an object
that is moving will change its motion only if what?
It experiences an external force acting upon it.

What condition must be met for a moving object to
alter its motion based on Newton's First Law?
A net external force must be applied to the object.

In Newton's First Law, what causes a moving object
to change its velocity or direction?
The presence of an unbalanced external force.

According to Newton's First Law, when will a moving
object continue in its state of motion?
Only if no external forces act upon it.

What role do external forces play in changing an
object's motion as per Newton's First Law?
External forces are necessary to change the object's velocity or direction.

Newton's First Law states an object in motion stays
in motion unless what occurs?
Unless an external force acts upon it to change its state.

Additional Resources
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Newton’s First Law of Motion, often termed the law of inertia, is a
fundamental principle that underpins much of classical mechanics and our
understanding of how objects behave in the physical world. This law states
that an object at rest will remain at rest, and an object in motion will
continue to move at a constant velocity in a straight line unless acted upon
by an external force. This seemingly simple statement encapsulates profound
insights into the nature of motion and the forces—or the lack thereof—that
influence objects.

In this comprehensive review, we will explore the nuances of Newton’s First
Law, delve into the conditions under which an object’s motion can change, and
analyze the underlying concepts that govern these phenomena. The discussion
will be structured into clear sections, offering detailed explanations, real-
world examples, and the scientific principles involved.

---

Understanding Newton’s First Law of Motion

The Concept of Inertia

At the heart of Newton’s First Law lies the concept of inertia—the tendency
of an object to resist changes in its state of motion. Inertia is not a force
but a property intrinsic to matter, proportional to an object’s mass. The
greater the mass, the higher the inertia, and the more an object resists
changes to its motion.

For example, a heavy freight truck will require a much larger force to
accelerate or decelerate compared to a small bicycle. This resistance to
change is what Newton’s First Law describes: in the absence of external
forces, an object maintains its current state—either remaining stationary or
moving uniformly.

Defining the Law

Newton’s First Law can be succinctly summarized as:

> An object will maintain its current state of motion unless acted upon by an
external force.

This means that if no net force is exerted on an object, its velocity remains
constant in both magnitude and direction. The law emphasizes the importance
of external forces in altering the motion, setting the stage for
understanding how and why objects change their velocity.



The Frame of Reference

It’s crucial to recognize that Newton’s First Law applies relative to an
inertial frame of reference—a frame that is either at rest or moving at a
constant velocity. In non-inertial frames, such as accelerating or rotating
systems, apparent forces (like fictitious forces) appear, and the law’s
straightforward application becomes more complex.

---

Under What Conditions Does an Object Change Its
Motion?

The core question of this article revolves around the circumstances that lead
to a change in an object’s motion. According to Newton’s First Law, such
changes occur only when an external force acts upon the object. This section
explores these conditions in detail.

External Forces and Their Role

An external force is any influence from outside the object’s immediate
environment capable of altering its state of motion. These forces can be
contact forces (like friction, tension, normal force) or non-contact forces
(like gravity, electromagnetic forces).

Key Point: Without an external force, an object will not spontaneously change
its motion; it will continue in its current state indefinitely.

Types of Changes in Motion

The changes in an object’s motion can be categorized as:

- Change in Speed: Acceleration or deceleration along the current path.
- Change in Direction: Turning or curving motion, which involves acceleration
even if speed remains constant.
- Change in Both Speed and Direction: Such as in circular motion or
projectile motion.

In all cases, the common denominator is the presence of an external force
influencing the object’s velocity vector.



Conditions for Changing Motion

Based on Newton’s First Law, an object’s motion will change only if:

1. A net external force is applied: The total force acting on the object is
non-zero.
2. The force has a component in the direction of desired change: To increase
speed, the force must be in the same direction; to decrease speed, opposite;
to change direction, perpendicular or at an angle.
3. The force persists over time: A brief, momentary force can produce a
change, but continuous forces produce sustained acceleration.

Illustrative Examples:

- A Car Braking: The brakes apply a force opposite to the car’s motion,
reducing speed.
- A Ball Bouncing: When a ball hits the ground, the ground exerts a force,
changing the ball’s direction and speed.
- A Satellite in Orbit: It remains in motion due to gravity—a continuous
force that keeps it in a curved path.

---

The Role of External Forces in Changing Motion

Contact and Non-Contact Forces

External forces influencing motion can be broadly classified into two
categories:

- Contact Forces: Friction, tension, normal force, applied force, air
resistance.
- Non-Contact Forces: Gravity, electromagnetic forces, nuclear forces.

Each of these forces can change an object’s velocity depending on their
magnitude and direction relative to the object’s current motion.

Force Magnitude and Direction

The effect of an external force on an object’s motion depends on two critical
factors:

- Magnitude: The strength of the force determines how rapidly the object’s
velocity changes.



- Direction: The force’s direction relative to the current velocity vector
determines whether it accelerates, decelerates, or redirects the object.

For example, a force aligned with the direction of motion increases speed,
while a force opposite to it decreases speed.

Net External Force and Acceleration

Newton’s Second Law states:

> The acceleration of an object is directly proportional to the net external
force acting upon it and inversely proportional to its mass:

\[ \vec{a} = \frac{\vec{F}_{\text{net}}}{m} \]

This law underscores that only the net external force (the vector sum of all
forces) determines the change in motion. If multiple forces act, they must be
combined vectorially to find the net force.

---

Friction and Its Impact on Motion

Friction is a prevalent external force that often opposes motion, playing a
crucial role in whether an object’s movement persists or ceases.

Types of Friction

- Static Friction: Acts to prevent the start of motion between two surfaces.
- Kinetic Friction: Acts when surfaces slide past each other, opposing the
motion.

Friction’s Effect on Changing Motion

Friction always acts opposite to the direction of motion, reducing velocity
over time until the object comes to rest, provided no other forces act to
sustain its movement. This exemplifies how external forces (friction, in this
case) are necessary to cause or inhibit changes in motion.

---



Real-World Applications and Implications

Understanding the conditions under which motion changes is vital across
various fields:

- Transportation: Designers account for external forces like air resistance
and friction when planning vehicles to optimize fuel efficiency and safety.
- Space Exploration: Satellites and spacecraft rely on gravitational forces
to alter their trajectories.
- Sports: Athletes manipulate external forces, such as applying force to a
ball, to control motion.
- Engineering: Machinery and structures are designed considering external
forces to ensure stability and desired movement.

---

Summary and Final Thoughts

To synthesize the insights from this discussion:

According to Newton’s First Law of Motion, an object that is moving will
change its motion only if an external force acts upon it.

This principle emphasizes that in the absence of external influences, an
object’s velocity remains constant—either at rest or in uniform motion. The
change in motion—be it acceleration, deceleration, or directional change—is
fundamentally driven by external forces. These forces must have a component
along the direction of motion and be of sufficient magnitude and duration to
produce a noticeable change.

Understanding this concept is crucial not only in physics but also in
everyday life and technological applications. It explains why objects behave
as they do and provides a foundation for analyzing more complex systems
involving multiple forces and motions.

In conclusion, Newton’s First Law remains a cornerstone of classical
mechanics, illustrating the inherent resistance of matter to change and the
essential role external forces play in altering an object’s state of motion.
Recognizing the conditions under which motion changes enables scientists,
engineers, and everyday individuals to predict, control, and harness the
behavior of objects in our universe.
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