what is freefall in physics

Understanding What is Freefall in Physics: A Deep Dive

what is freefall in physics refers to the motion of an object where gravity is the only force acting upon it.
Imagine dropping an apple; when it leaves your hand and before it hits the ground, it's in freefall. This
fundamental concept is crucial for understanding everything from projectile motion to orbital mechanics. In
this comprehensive article, we will demystify freefall, exploring its defining characteristics, the role of
gravity, how air resistance affects it, and its significant applications in the real world. We'll delve into
Newton's laws of motion and Einstein's theory of general relativity to provide a complete picture of this

seemingly simple yet profoundly important phenomenon.

Table of Contents

Defining Freefall: The Ideal Scenario

The Unseen Hand: Gravity's Role in Freefall

Beyond Ideal: The Impact of Air Resistance

Calculating Freefall: Equations and Concepts

Freefall in Action: Real-World Examples

The Relativity of Freefall

Defining Freefall: The Ideal Scenario

In the idealized world of physics, freefall is a state of motion where an object is solely under the influence
of gravity. This means all other forces, such as air resistance or thrust, are considered negligible or entirely
absent. When an object is in freefall, it accelerates downwards at a constant rate, irrespective of its mass.
This seemingly counterintuitive idea was famously demonstrated by Galileo Galilei, who hypothesized that
objects of different masses dropped from the same height would reach the ground simultaneously in the
absence of air. This principle forms the bedrock of our understanding of falling bodies and is a critical

component in many physics calculations.



The key characteristic of ideal freefall is the constant acceleration experienced by the object. This
acceleration is due to the gravitational pull exerted by a celestial body, typically Earth. Because gravity acts
equally on all objects, regardless of their composition or mass, they will all fall at the same rate if no other
forces are present. Think about it: if you could somehow remove all the air from a room, and dropped a
feather and a bowling ball at the same time from the same height, they would hit the floor at precisely the

same moment. It's a powerful illustration of gravity's impartial nature.

The Absence of Other Forces

The concept of "other forces" is central to understanding ideal freefall. In a vacuum, like the surface of the
Moon or in outer space, this ideal scenario is much closer to reality. Here, the only significant force acting
on an object is gravity. On Earth, however, air resistance is almost always a factor. Air resistance is a type of
drag force that opposes the motion of an object through the air. It depends on the object's shape, size, and
speed, as well as the density of the air. Therefore, to truly experience freefall as defined in physics, we
must either be in a vacuum or consider scenarios where air resistance is so small that it has a negligible

effect on the object's motion.

So, when we talk about freefall in introductory physics, we are often simplifying the situation to focus on
the fundamental principles of gravity. This simplification allows us to build a solid foundation for
understanding more complex scenarios later on. It’s like learning to walk before you can run; mastering the

ideal case of freefall prepares you for the complexities of real-world falling objects.

The Unseen Hand: Gravity's Role in Freefall

Gravity is the fundamental force that orchestrates the dance of freefall. It's the invisible tether that pulls
every object with mass towards every other object with mass. On Earth, this means we are constantly
being pulled towards the planet's center. This gravitational pull is what causes objects to accelerate
downwards when they are released. The strength of this gravitational pull depends on the masses of the
two objects involved and the distance between them. However, when we consider objects falling near the
Earth's surface, the distance variation is so small that we can assume the gravitational force, and thus the

acceleration due to gravity, is constant.

This constant acceleration near the Earth's surface is denoted by the symbol 'g'". Its approximate value is 9.8
meters per second squared (m/s?). This means that for every second an object is in freefall, its downward
velocity increases by about 9.8 meters per second. If an object starts from rest, after one second it will be
moving at 9.8 m/s, after two seconds at 19.6 m/s, and so on. This consistent increase in speed is a hallmark of

objects in freefall.



Acceleration Due to Gravity

The acceleration due to gravity is a constant for all objects in freefall near the Earth's surface, regardless of
their mass. This is a direct consequence of Newton's second law of motion (F=ma) and his law of universal
gravitation. The gravitational force (F) pulling an object towards Earth is proportional to the object's mass
(m). According to Newton's second law, the acceleration (a) is the force divided by the mass (a = F/m).
Since the force is proportional to the mass, the mass cancels out in the equation, leading to a constant

acceleration. This is why a hammer and a feather, in the absence of air, will fall at the same rate.

It’s important to remember that this constant acceleration is an approximation. As an object gets further
from Earth’s center, the gravitational force slightly decreases. However, for the altitudes we typically
encounter in everyday life or even in many scientific experiments on Earth, this variation is negligible.
The value of 'g' can also vary slightly depending on latitude and elevation, but for most general purposes,

9.8 m/s? is the accepted value.

Beyond Ideal: The Impact of Air Resistance

While the concept of ideal freefall is crucial for understanding the fundamental principles, the reality for
most falling objects on Earth involves a significant factor: air resistance. Air resistance, also known as drag, is
a force that opposes the motion of an object through the air. It’s the reason why a feather falls much slower
than a rock, even though in a vacuum, they would fall at the same rate. Air resistance is not a constant

force; it increases with the speed of the object and depends on its shape and surface area.

As an object begins to fall, its speed increases due to gravity. Simultaneously, the force of air resistance
acting on it also increases. Eventually, a point is reached where the upward force of air resistance becomes
equal in magnitude to the downward force of gravity. At this point, the net force on the object becomes
zero, and according to Newton's laws, the object stops accelerating. It then continues to fall at a constant

maximum speed, known as its terminal velocity.

Terminal Velocity: The Falling Limit

Terminal velocity is the maximum speed an object will reach while falling through a fluid, like air. It
occurs when the drag force equals the gravitational force. For objects that are dense and have a streamlined
shape, like a bullet, the terminal velocity is very high. For objects that are less dense or have a larger
surface area relative to their mass, like a parachute or a skydiver with their arms and legs spread, the
terminal velocity is much lower. This principle is fundamental to the design of parachutes, which

dramatically increase air resistance and lower the terminal velocity to a safe landing speed.



Understanding terminal velocity helps explain why a skydiver doesn't accelerate indefinitely. Initially,
they accelerate rapidly. As their speed increases, air resistance grows. Eventually, the air resistance
pushing up balances the force of gravity pulling down. From that point onwards, the skydiver falls at a
steady, terminal velocity. Opening a parachute drastically increases the surface area, massively increasing

air resistance and reducing the terminal velocity to a much safer level.

Calculating Freefall: Equations and Concepts

The motion of an object in freefall, especially in the absence of air resistance, can be precisely described
using kinematic equations. These equations relate an object's displacement, initial velocity, final velocity,
acceleration, and time. Since the acceleration in freefall is constant (g), we can directly apply these standard

equations of motion.

The fundamental equation that describes the displacement (Ay) of an object under constant acceleration is:
Ay = vt + Yat% In the context of freefall, where acceleration is 'g’ (and we often consider downward
motion as negative, so a = -g if we define upward as positive, or a = g if we define downward as positive),
and if the object starts from rest (vo = 0), this simplifies to Ay = %gt* This equation allows us to calculate

how far an object will fall in a given amount of time.

Key Kinematic Equations for Freefall

Here are the primary kinematic equations, adapted for freefall, assuming downward is positive and air

resistance is negligible:

* Velocity as a function of time: v = v, + gt. This equation tells us the velocity (v) of the object at any

given time (t), given its initial velocity (vo) and the acceleration due to gravity (g).

o Displacement as a function of time: Ay = vt + %gt%. This equation helps us determine the distance an

object falls (Ay) over a certain time (t).

e Velocity as a function of displacement: v> = v,* + 2gAy. This equation is useful when we don't know

the time but want to relate velocity and displacement.

These equations are incredibly powerful tools for predicting the behavior of objects in freefall. Whether
you're calculating how long it takes for a ball to hit the ground or how fast it will be moving when it gets
there, these formulas provide the answers, assuming ideal conditions. They are the mathematical language

of falling objects.



Freefall in Action: Real-World Examples

While the pure, idealized form of freefall is rare in our everyday lives due to air resistance, the principles
are observed constantly. Think about anything that is dropped or thrown upwards and then falls back
down. Each of these scenarios is an illustration of freefall in action, even if modified by atmospheric drag.

Understanding freefall is not just about abstract physics; it has tangible applications across various fields.

Consider a skydiver. Once they reach terminal velocity, they are in a state of freefall, albeit with significant
air resistance. When a ball is thrown upwards, it slows down due to gravity, momentarily stops at its peak,
and then accelerates downwards. The entire journey from the moment it leaves the hand to the moment
it's caught (or hits the ground) is a trajectory influenced by freefall. Even the seemingly simple act of an

apple falling from a tree is a demonstration of this fundamental physical principle.

Applications and Phenomena

The understanding of freefall is crucial in many areas:

¢ Sports: Athletes in sports like diving, gymnastics, and pole vaulting rely on their understanding of
projectile motion, which is governed by freefall. The trajectory of a basketball, the flight of a golf ball,

and the arc of a javelin are all predictable using freefall principles.

¢ Engineering: Engineers designing aircraft, spacecraft, and even safety features like airbags must
account for the effects of gravity and freefall. For instance, calculating the trajectory of a spacecraft

requires precise understanding of gravitational forces.

e Astronomy: The orbits of planets around stars, moons around planets, and the motion of galaxies are

all celestial examples of objects in a continuous state of freefall, where gravity is the dominant force.

o Safety: The design of safety equipment like seatbelts and crash structures in vehicles is informed by
calculations involving the forces experienced during rapid deceleration, which is a form of

interrupted freefall.

These examples highlight that while pure freefall might be an idealization, its underlying physics
permeates the world around us, influencing everything from the smallest dropped object to the grandest

cosmic ballet.



The Relativity of Freefall

While Newtonian mechanics provides an excellent framework for understanding freefall in most
everyday situations, Albert Einstein's theory of general relativity offers a more profound and
comprehensive perspective. Einstein proposed that gravity is not a force in the traditional sense, but rather
a curvature of spacetime caused by mass and energy. In this view, an object in freefall is not being pulled

by a force, but is instead following the straightest possible path through this curved spacetime.

Imagine spacetime as a stretched rubber sheet. Placing a heavy ball (like the Earth) on the sheet causes it to
warp. If you then roll a small marble (like a satellite or even an apple) across the sheet, it will naturally
follow the curvature created by the heavy ball, appearing to be pulled towards it. This is analogous to how
objects move in freefall according to general relativity. They are simply moving along geodesics, which are

the "straight lines" in curved spacetime.

Gravitational Fields and Spacetime

According to Einstein, the presence of mass and energy warps the fabric of spacetime. This warping
dictates how objects move. When an object is in freefall, it means there are no non-gravitational forces
acting on it. Therefore, it is moving along a geodesic in spacetime. This elegant concept explains
phenomena that Newtonian physics cannot, such as the bending of light around massive objects and the
anomalous orbit of Mercury. In essence, general relativity redefines what it means to be in freefall from

being "pulled” by a force to "following the curves" of spacetime.

This relativistic view of freefall is essential for understanding phenomena in strong gravitational fields,
such as near black holes or during the formation of the universe. While Newtonian freefall is an accurate
approximation for most terrestrial scenarios, the relativistic perspective offers a deeper, more fundamental

understanding of gravity's true nature and its effect on motion.












FAQ: What is Freefall in Physics?

Q What is the primary force acting on an object in freefall?

A: The primary force acting on an object in freefall is gravity. In an idealized scenario, gravity is the only

force considered.

Q: Does mass affect how fast an object falls in freefall?

A: In a vacuum, mass does not affect how fast an object falls. All objects in freefall accelerate at the same rate

due to gravity, regardless of their mass.

Q What is the difference between freefall and falling with air resistance?

A: In freefall, only gravity acts on the object. When falling with air resistance, both gravity and the

opposing force of air drag are acting on the object.

Q What is terminal velocity and how is it related to freefall?

A: Terminal velocity is the constant speed an object reaches when the force of air resistance equals the

force of gravity. It signifies the point where acceleration stops.

Q: Can an object moving upwards be considered in freefall?

A: Yes, an object moving upwards and then falling back down is considered in freefall from the moment it
loses contact with any initial propulsive force (like being thrown) until it lands or is acted upon by another

significant force.

Q How does Einstein's theory of relativity describe freefall?

A: Einstein's general relativity describes freefall not as a force, but as an object following the curvature of

spacetime caused by mass and energy.

Q: Is there freefall on the Moon?

A: Yes, there is freefall on the Moon. The Moon has gravity, so objects dropped will accelerate downwards,

and in the absence of a substantial atmosphere, this is very close to ideal freefall.



Q What is the approximate value of acceleration due to gravity on Earth?

A: The approximate value of acceleration due to gravity on Earth is 9.8 meters per second squared (m/s?).

Q Why is understanding freefall important in sports?

A: Understanding freefall is crucial in sports for predicting the trajectory of projectiles, calculating forces,

and optimizing athletic performance in activities involving jumping, throwing, or falling.

Q Can an object in freefall move sideways?

A: Yes, an object in freefall can have a horizontal velocity component, as seen in projectile motion. Gravity

only affects the vertical motion, causing downward acceleration.
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