what is applied force in physics

what is applied force in physics is a fundamental concept that underpins our understanding of how
objects move and interact within the universe. It’s the push or pull that causes a change in an
object's state of motion. Without applied force, a stationary object would remain so, and a moving
object would continue at its constant velocity indefinitely, according to Newton's first law of motion.
This article will delve into the intricacies of applied force, exploring its definition, various types, how
it's measured, and its crucial role in everyday phenomena and scientific applications. We will unpack
the forces that shape our world, from the simple act of pushing a door open to the complex dynamics
of celestial bodies.
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Understanding Applied Force

At its core, an applied force is any force that is exerted on an object by another object or person. It's
the direct interaction, the tangible touch or nudge, that causes a change. Think about it: if you want
to move a heavy box, you have to physically push or pull it. That push or pull is the applied force.
This force acts over a distance and has both magnitude (how strong the force is) and direction.
Understanding these two components is vital because force is a vector quantity, meaning its impact
depends not only on its strength but also on where it's directed. When an applied force acts on an
object, it can cause it to accelerate, decelerate, change direction, or even deform. The magnitude of
the acceleration produced is directly proportional to the applied force and inversely proportional to
the object's mass, a principle elegantly described by Newton's second law of motion.

It's important to differentiate applied force from other types of forces that might be acting on an
object simultaneously. For instance, if you're pushing a box across a floor, you're applying a force.
However, friction is also acting on the box, opposing its motion, and gravity is pulling it downwards,
while the floor exerts a normal force upwards. Applied force is specifically the one you are
consciously exerting. This distinction is key in solving physics problems and analyzing physical
systems accurately. By isolating and analyzing the applied force, we can predict and understand the
resulting motion of an object.

Types of Applied Forces

Applied forces come in a myriad of forms, each with its unique characteristics and interactions.
While the term "applied force" can be broad, it often refers to forces that are directly caused by
contact between objects. Let's explore some common categories.



Contact Forces

Contact forces are the most intuitive type of applied force, arising from the direct physical contact
between two surfaces or objects. When you push a button, kick a ball, or pull a rope, you are directly
applying a contact force. These forces are fundamental to everyday interactions and are responsible
for many of the physical phenomena we experience.

e Pushing Force: This is when an object exerts a force outward on another object, often to
move it away or to resist its movement. Imagine pushing a shopping cart or leaning against a
wall.

e Pulling Force: Conversely, a pulling force involves drawing an object closer. This is
exemplified when you tug on a wagon, lift a weight with a rope, or open a drawer.

¢ Frictional Force: While often considered a distinct force, friction itself can be viewed as an
applied force when it arises from the intended interaction between surfaces. For example, the
grip of a tire on the road is an applied frictional force enabling motion. Static friction prevents
an object from moving, while kinetic friction opposes its motion once it's sliding.

e Tension Force: When a flexible object like a rope, string, or cable is pulled taut, it exerts a
tension force. This force is transmitted throughout the object and acts to hold things together
or to transmit forces, like in a pulley system.

e Normal Force: This is the force exerted by a surface perpendicular to the surface on an
object resting on it. If you place a book on a table, the table applies a normal force upwards on
the book, counteracting gravity. It's a reaction force to the object pressing against the surface.

Non-Contact Forces (and their relation to applied force)

While applied force is typically associated with direct contact, it's worth noting that non-contact
forces, such as gravity, electromagnetism, and the strong and weak nuclear forces, also play critical
roles in the universe. However, these are usually not termed "applied forces" in the direct sense
unless they are being manipulated or utilized to cause an effect. For instance, a magnet can be used
to apply a force to a piece of iron, but the magnetic force itself is not an "applied force" in the same
way a push is, unless the magnet is being actively moved or positioned to exert that force.

Measuring Applied Force

Quantifying applied force is essential for both theoretical understanding and practical application in
fields like engineering and mechanics. The standard unit of force in the International System of
Units (SI) is the Newton (N). One Newton is defined as the force required to accelerate a mass of
one kilogram by one meter per second squared (1 N = 1 kg-m/s?).



To measure applied force in practical scenarios, we use instruments called force gauges or spring
scales. These devices work by measuring the deformation of a spring or other elastic material
caused by the applied force. The amount of deformation is calibrated to correspond to a specific
force value.

For more precise measurements or in scientific research, load cells are commonly employed. These
are transducers that convert a force into an electrical signal. This signal can then be amplified and
displayed digitally, providing a highly accurate reading of the applied force. Analyzing the
magnitude and direction of forces is crucial for understanding how objects will behave under
different conditions, leading to safer designs and more efficient processes.

The Role of Applied Force in Newton's Laws

The concept of applied force is inextricably linked to Isaac Newton's three laws of motion, which
form the bedrock of classical mechanics. These laws describe the relationship between an object's
motion and the forces acting upon it.

Newton's First Law of Motion: Inertia

Newton's first law, often called the law of inertia, states that an object at rest will stay at rest, and
an object in motion will stay in motion with the same speed and in the same direction unless acted
upon by an unbalanced force. The "unbalanced force" here is essentially an applied force or a net
force resulting from the combination of various applied and other forces. Without an applied force to
overcome inertia, an object's state of motion remains unchanged. If you don't push a stalled car, it
won't move. If a car is cruising on a frictionless surface, it would theoretically continue at that speed
forever without any applied force to alter it.

Newton's Second Law of Motion: Force and Acceleration

This is perhaps the most direct law involving applied force. Newton's second law quantifies the
relationship: the acceleration of an object is directly proportional to the net force acting on it and
inversely proportional to its mass. Mathematically, this is expressed as F = ma, where F is the net
force, m is the mass, and a is the acceleration. In many introductory scenarios, the "net force" is the
applied force itself, assuming other forces are negligible or balanced. If you apply a greater force to
a ball, it accelerates faster. If you apply the same force to a heavier object, it will accelerate less.

Newton's Third Law of Motion: Action and Reaction

Newton's third law states that for every action, there is an equal and opposite reaction. This law also
involves applied forces. When you push on a wall (an action force), the wall pushes back on you with
an equal and opposite force (a reaction force). This is why you don't go through the wall. This



principle is crucial in understanding how forces are transmitted and how objects interact in pairs.
Every applied force has a corresponding reaction force, even if that reaction force is not immediately
apparent.

Real-World Examples of Applied Force

The influence of applied force is ubiquitous, shaping our daily experiences in countless ways. From
the simplest of tasks to complex athletic feats, applied force is the engine of action.

e Walking: When you walk, your foot applies a backward force on the ground. According to
Newton's third law, the ground applies an equal and opposite forward force on your foot,
propelling you forward.

e Driving a Car: The engine applies forces to the wheels, which in turn apply forces to the road,
causing the car to move. Steering involves applying forces to turn the wheels.

e Using Tools: Hammers apply impact forces to nails. Wrenches apply torque (rotational force)
to nuts and bolts. Knives apply shearing forces to cut food.

e Playing Sports: A basketball player applies force to dribble the ball. A tennis player applies
force to hit the ball with a racket. A swimmer applies force to the water to propel themselves
forward.

¢ Opening Doors: You apply a pushing or pulling force to the handle of a door to make it move.

These examples highlight how applied forces are fundamental to our interaction with the physical
world, enabling movement, manipulation, and the execution of tasks that would otherwise be
impossible.

Applied Force in Engineering and Technology

In the realm of engineering and technology, a deep understanding of applied forces is paramount for
designing safe, efficient, and functional systems. Engineers utilize the principles of force to analyze
stresses on structures, design machinery, and develop new technologies.

For instance, when designing a bridge, engineers meticulously calculate the applied forces that will
be exerted on the structure by traffic, wind, and its own weight. They then use this information to
select appropriate materials and dimensions to ensure the bridge can withstand these forces without
collapsing. Similarly, in automotive design, engineers analyze the forces involved in collisions to
develop safety features like airbags and crumple zones that absorb and dissipate impact forces.

In robotics, precise control of applied forces is essential for manipulators to grasp objects delicately



or exert significant pressure when needed. The development of prosthetics also relies heavily on
understanding the applied forces experienced by the human body to create devices that are both
functional and comfortable. Essentially, any field that involves making things move, stop, or
withstand external influences relies on the careful consideration and application of force principles.

From the simple act of pushing a button to the complex computations involved in designing aircraft,
applied force is a constant. It's the unseen hand that moves the world, the fundamental interaction
that governs motion, and a cornerstone of scientific understanding. By grasping the concept of
applied force, we gain a more profound appreciation for the physics that shapes our reality.

FAQ

Q: What is the difference between applied force and net force?

A: Applied force is a specific force exerted by one object on another, often due to direct contact or
interaction. Net force, on the other hand, is the vector sum of all forces acting on an object. An
object's acceleration is determined by the net force, not just a single applied force, as other forces
like friction or gravity might be present and either counteract or contribute to the overall effect.

Q: Can applied force exist without contact?

A: Typically, "applied force" refers to forces resulting from direct contact. However, in a broader
sense, if a force is intentionally directed and used to cause motion or change, it could be considered
"applied." For example, a remotely controlled robot arm applying a force using a magnetic field
could be seen as applying a force, even though the direct contact might be between the magnetic
field and the object, not the robot's physical structure.

Q: How does friction relate to applied force?

A: Friction is a force that opposes motion between two surfaces in contact. When you push an object
across a surface, you are applying a force, and friction is an opposing applied force generated by the
interaction of the surfaces. You need to apply a force greater than the static friction to get an object
moving, and then a force greater than the kinetic friction to keep it moving at a constant speed.

Q: What are the units used to measure applied force?

A: The standard unit of force in the International System of Units (SI) is the Newton (N). In the
Imperial system, force is often measured in pounds (1b).

Q: Is weight an applied force?

A: Weight is the force of gravity acting on an object's mass. While gravity is a fundamental force,
"applied force" usually refers to a force exerted by an external agent, like a person or another object.
However, in certain contexts, if you are using the weight of an object to exert a force on something
else (e.g., using a falling weight to drive a stake), you could consider that a form of applied force.



Q: How does the direction of applied force affect an object's
motion?

A: The direction of applied force is crucial because force is a vector quantity. If you push a box
forward, it moves forward. If you push it upwards, it moves upwards. If you apply forces in multiple
directions, the object's motion will be determined by the vector sum of these forces, the net force.
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