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what are external forces in physics, you ask? In the grand theater of the universe, every object,
from a tiny atom to a colossal galaxy, is constantly interacting with its surroundings. These
interactions often manifest as forces, invisible pushes and pulls that dictate motion, shape, and
destiny. External forces are the key players in this cosmic dance, originating from outside a specific
system and profoundly influencing its behavior. Understanding these forces is fundamental to
grasping Newtonian mechanics, thermodynamics, and virtually every other branch of physics. This
comprehensive exploration will delve into the definition of external forces, differentiate them from
internal forces, discuss various types of external forces with illustrative examples, explain their
significance in physics principles, and touch upon how we measure and analyze them. We'll uncover
how these external influences are the architects of change in the physical world.
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Defining External Forces in Physics

At its core, an external force in physics is any force that acts on an object or system from its
environment, originating from outside the boundaries of that object or system. Imagine you're
studying a single billiard ball rolling across a table. The system you're interested in is just that ball.
Any force applied to it by the table, the air, or even gravity from the Earth itself is an external force.
These forces are crucial because they are the agents of change; they are what cause an object to
accelerate, decelerate, change direction, or deform. Without external forces, an object in motion
would continue in motion at a constant velocity, and an object at rest would remain at rest,
according to Newton's first law of motion.

It's vital to clearly define the "system" you are analyzing. For instance, if you're studying the motion
of a car, the car itself is your system. The force exerted by the engine on the wheels to propel the car
forward is an internal force within the car's system. However, the friction from the road acting on
the tires, the air resistance pushing against the car's body, or the gravitational pull of the Earth are
all external forces. The distinction is crucial for applying physical laws correctly and simplifying
complex scenarios for analysis.



External Forces vs. Internal Forces

The fundamental difference between external and internal forces lies in their origin relative to the
system under consideration. Internal forces are forces that arise from interactions between
components within the system itself. Think about a compressed spring that is part of a larger
mechanism. The forces the spring exerts on the other parts of the mechanism are internal to that
mechanism. Similarly, in a multi-particle system, forces between the particles are internal.

Conversely, external forces, as we've established, originate from sources outside the defined system.
Consider a rocket blasting off. The combustion of fuel and the expulsion of gases are internal
processes generating thrust. However, if we were to consider the Earth's atmosphere, the air
resistance acting on the rocket would be an external force. This distinction is paramount in fields
like mechanics and thermodynamics. For instance, when analyzing the linear momentum of a
system, the net effect of internal forces on the total momentum cancels out, meaning only external
forces can change the system's overall momentum. Similarly, in thermodynamics, internal forces are
crucial for understanding how energy is distributed and transformed within a system, while external
forces (like heat added or work done on the system) drive overall changes in its state.

The Importance of System Definition

The concept of system definition is so critical because it directly dictates which forces are classified
as internal and which are external. If we're looking at a single atom, the electromagnetic forces
between its nucleus and electrons are internal. However, if our system is a gas contained within a
balloon, the collision of gas molecules with the balloon's walls constitutes an external force on the
balloon itself. This principle is not just theoretical; it's the bedrock upon which we build our
understanding of physical phenomena. By carefully defining our system, we can simplify complex
interactions and apply the appropriate laws of physics with accuracy.

Common Types of External Forces

The universe is teeming with various types of external forces that shape our experiences and the
physical world around us. These forces, while diverse, often fall into several fundamental categories,
each with its own characteristics and governing principles.

Gravitational Force

Perhaps the most ubiquitous external force is gravity. It's the force of attraction between any two
objects with mass. On Earth, we constantly experience the gravitational pull of our planet, which we
perceive as weight. This force is responsible for keeping us grounded, causing objects to fall when
dropped, and dictating the orbits of celestial bodies like the Moon around the Earth and the Earth
around the Sun. The strength of the gravitational force depends on the masses of the objects and the
distance between them, as described by Newton's Law of Universal Gravitation.



Frictional Force

Friction is a force that opposes motion between surfaces in contact. It arises from the microscopic
irregularities on the surfaces that interlock and resist sliding. There are two main types: static
friction, which prevents an object from starting to move, and kinetic friction, which opposes motion
when an object is already sliding. Frictional forces are crucial for many everyday activities; they
allow us to walk without slipping, enable car tires to grip the road, and are essential for brakes to
function. However, friction also causes wear and tear and generates heat, often necessitating
lubrication in mechanical systems.

Normal Force

The normal force is a contact force exerted by a surface on an object in contact with it, acting
perpendicular (normal) to the surface. When you stand on the ground, the ground exerts an upward
normal force on you, counteracting the downward force of gravity and preventing you from falling
through. This force is a reaction to the force the object exerts on the surface. For example, if you
place a book on a table, the book exerts a downward force on the table, and the table, in turn, exerts
an equal and opposite normal force on the book.

Tension Force

Tension is a pulling force exerted by a rope, string, cable, or chain when it is pulled taut. It acts
along the length of the flexible object. When you pull on a rope to lift an object, the rope exerts a
tension force on the object, upwards. The tension is a result of the internal cohesive forces within
the material of the rope, but it acts as an external force on the object being pulled. The maximum
tension a string can withstand before breaking is a critical property in engineering and physics
problems involving pulleys and lifting.

Applied Force

An applied force is a force that is applied to an object by another object or person. It's a direct push
or pull. For instance, if you push a box across the floor, you are exerting an applied force on the box.
This is a very general category that encompasses many direct interactions, from a gentle nudge to a
forceful shove. The direction and magnitude of the applied force are crucial factors in determining
the resulting motion of the object.

Air Resistance and Fluid Drag

When an object moves through a fluid (like air or water), it experiences a resistive force known as
air resistance or fluid drag. This force opposes the object's motion through the fluid. The faster an
object moves, the greater the air resistance. This is why a parachute is effective at slowing down a



skydiver, and why a streamlined shape is important for fast-moving vehicles like airplanes and race
cars. The magnitude of this force depends on the object's shape, size, and speed, as well as the
properties of the fluid.

The Significance of External Forces in Physics

External forces are not merely passive influences; they are the driving engines of change and the
key determinants of how physical systems evolve over time. Without them, the universe would be a
far less dynamic place. Their significance spans across fundamental principles and practical
applications.

Newton's Laws of Motion are intrinsically linked to external forces. The first law states that an
object will remain at rest or in uniform motion in a straight line unless acted upon by a net external
force. The second law, perhaps the most famous, quantifies this relationship: the acceleration of an
object is directly proportional to the net external force acting on it and inversely proportional to its
mass ($\vec{F} {net} = m\vec{a}$). This equation is the cornerstone of classical mechanics,
allowing us to predict the motion of countless objects based on the forces acting upon them. The
third law, action-reaction, also involves pairs of forces, and when considering a system, the external
force on one object from another is balanced by the internal reaction force within that other object
(if it's part of the system) or an external force on something else.

Beyond mechanics, external forces play a vital role in other branches of physics. In thermodynamics,
heat transfer and work done on or by a system are forms of energy exchange driven by external
influences, fundamentally altering the system's internal energy and state. In electromagnetism,
external electric and magnetic fields can exert forces on charged particles, leading to phenomena
like electric currents and magnetic attraction/repulsion. Even in quantum mechanics, external
potentials can influence the energy levels and behavior of quantum systems.

Furthermore, understanding external forces is crucial for engineering and everyday problem-
solving. Designing bridges requires accounting for external gravitational and wind forces.
Developing efficient transportation systems involves minimizing external forces like air resistance
and friction. Every time we lift an object, push a door, or sail a boat, we are interacting with and
manipulating external forces to achieve a desired outcome.

Measuring and Analyzing External Forces

Quantifying and analyzing external forces is essential for making accurate predictions and
understanding physical phenomena. Various tools and techniques are employed for this purpose,
ranging from simple instruments to sophisticated experimental setups.

For measuring forces, the most common instrument is the spring scale, which operates based on
Hooke's Law. When a force is applied to a spring, it stretches or compresses by an amount
proportional to the force. By calibrating the spring scale, we can directly measure forces in units like
Newtons. More sophisticated force sensors, such as strain gauges and load cells, are used in
engineering and research to measure forces with high precision and in various applications, from
weighing materials to monitoring structural integrity.

Analyzing forces often involves using free-body diagrams. These diagrams are visual representations
of an object, showing all the external forces acting upon it as vectors. By drawing a free-body



diagram, physicists can systematically identify and resolve forces into their components, making it
easier to apply Newton's laws and solve for unknown quantities like acceleration or tension.
Mathematical analysis, involving vector addition and calculus, is then used to combine these forces
and predict the resulting motion or state of the system.

In more complex scenarios, computational methods and simulations are employed. These tools allow
researchers to model systems with numerous interacting external forces and predict their behavior
under various conditions. Whether it's simulating the aerodynamics of an aircraft or the gravitational
interactions of a galaxy, computational analysis has become an indispensable part of understanding
the intricate interplay of external forces.

FAQ

Q: What is the main difference between an external force and
an internal force?

A: The main difference lies in their origin relative to the system being studied. External forces act on
the system from the outside environment, while internal forces arise from interactions between
components within the system itself.

Q: Can a force be both internal and external?

A: No, a force is classified as either internal or external based on a clear definition of the system. A
force cannot be both simultaneously.

Q: Why are external forces important in physics?

A: External forces are crucial because they are the agents of change. They are responsible for
causing objects to accelerate, decelerate, change direction, or deform, as described by Newton's
laws of motion and other fundamental physical principles.

Q: Give an example of a common external force acting on a
car.

A: Common external forces acting on a car include gravity pulling it down, the normal force from the
road pushing it up, air resistance pushing against its motion, and frictional force from the road on
the tires enabling it to move.

Q: How does gravity act as an external force?

A: Gravity is an external force when we consider an object, like a ball, as our system. The Earth's
mass exerts a gravitational pull on the ball, originating from outside the ball's system.



Q: What is the role of external forces in Newton's Second Law
of Motion?

A: Newton's Second Law ($\vec{F} {net} = m\vec{a}$) specifically states that the net acceleration
of an object is directly proportional to the net external force acting upon it. This highlights that only
external forces cause changes in an object's motion.

Q: Are forces within a single atom considered external forces?

A: No, if the atom itself is the system being considered, forces like the electromagnetic attraction
between the nucleus and electrons are internal forces. However, if a larger structure containing the
atom were the system, forces acting on the atom from that structure could be external.

Q: How is friction an external force?

A: Friction is an external force when it opposes the motion between two surfaces that are part of
different systems or when it acts on a system from an external source. For example, the friction
between your shoes and the ground is an external force allowing you to walk.
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