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Understanding the physics behind free fall and gravity can be quite fascinating, especially
when examining what happens inside a freely-falling elevator. This scenario is often used to
illustrate fundamental principles of gravity, acceleration, and perceived weight. In this
comprehensive article, we will explore the concepts of gravitational force and apparent
weight, analyze what occurs inside a freely-falling elevator, and clarify common
misconceptions related to this intriguing situation.

What Is Gravitational Force?

Definition and Basics

Gravitational force is the attractive force exerted by a mass (like Earth) on other objects. It
is described by Newton's Law of Universal Gravitation, which states that every mass
attracts every other mass with a force proportional to the product of their masses and
inversely proportional to the square of the distance between their centers:

\[ F=G\frac{m_1m 2}{r"2}\]
where:
-\( F\) is the gravitational force,

G ) is the gravitational constant,

- \(
-\(m_1\)and \( m_2) are the masses,
-\( r\) is the distance between the centers of the masses.

On Earth's surface, this force gives objects weight and causes objects to fall when dropped.

Gravity and Weight

An object's weight is the force exerted on it due to gravity, calculated as:
\[ W= m\times g \]

where:

-\( m ) is the mass of the object,

-\( g\) is the acceleration due to gravity (~9.81 m/s? near Earth's surface).

This force is what we typically perceive as "weight."



Understanding Apparent Weight

What Is Apparent Weight?

Apparent weight is the normal force exerted by a surface supporting an object. It is what
we perceive as "weight" in everyday life. When standing on the ground, our weight is the
normal force from the Earth supporting us.

However, apparent weight can vary under different acceleration conditions:
- When accelerating upward, apparent weight increases.

- When accelerating downward, apparent weight decreases.

- When in free fall, the apparent weight becomes zero.

How Apparent Weight Is Measured

If you stand on a scale, the scale measures the normal force exerted on your body. Your
scale reading corresponds to your apparent weight. Changes in acceleration affect this
reading, which is why scales can show different weights in elevators or during acceleration.

What Happens Inside a Freely-Falling Elevator?

Scenario Description

Imagine an elevator that is in free fall, accelerating downward at the acceleration due to
gravity (\( g \)). Inside this elevator, a person is standing or floating. The key question is:
What happens to the person's experience of gravity and their apparent weight?

The Physics of Free Fall

In free fall, the elevator and everything inside it are accelerating downward at \( g \).
According to Newton's laws:

- The elevator is accelerating downward due to gravity.

- Objects inside the elevator are also accelerating downward at the same rate.

- No external forces act on the person besides gravity (assuming negligible air resistance).

Why There Appears to Be No Gravitational Force or
Weight

Inside a freely-falling elevator:

- The person and the elevator share the same acceleration.

- From the person's perspective, they are in a state of weightlessness because they are
falling at the same rate as the elevator.

- The normal force exerted by the floor on the person becomes zero because there is no



contact force needed to support them—they are effectively "floating."

Key Point: The person feels weightless, and the scale reads zero because there is no normal
force acting on them.

Common Misconceptions About Free Fall and
Weightlessness

Misconception 1: No Gravity Inside a Falling Elevator

Some believe that gravity disappears in free fall. This is incorrect. Gravity is always present;
what changes is the normal force and the resulting perception of weight.

Misconception 2: Feeling No Force Means No Gravity

Feeling weightless does not mean gravity is absent. Instead, it indicates that the normal
force balancing gravity is zero because both the person and the elevator are accelerating
downward together.

Misconception 3: Free Fall Is the Same as Zero Gravity

While free fall creates a sensation of weightlessness, true zero gravity environments (like
orbiting spacecraft) are achieved when objects are in continuous free fall around a planet,
creating a state of microgravity.

Implications and Applications

1. Space Travel and Microgravity

Understanding free fall and weightlessness is crucial for designing spacecraft and
experiments conducted in microgravity environments. Astronauts aboard the International
Space Station experience continuous free fall around Earth, resulting in a sensation of
weightlessness.

2. Physics Education and Demonstrations

Experiments involving free-falling objects demonstrate fundamental physics principles. For
example, dropping objects simultaneously illustrates that they accelerate at the same rate
regardless of mass, confirming Galileo's findings.



3. Safety and Engineering

Engineering elevators and safety mechanisms consider various acceleration scenarios,
including free fall, to ensure passenger safety.

Conclusion

Inside a freely-falling elevator, both the gravitational force and the apparent weight
effectively become zero from the perspective of the person inside. This phenomenon is a
direct consequence of Einstein's equivalence principle, which states that being in free fall is
indistinguishable from floating in space. While gravity continues to act upon objects, the
normal force exerted by the supporting surface (the elevator floor) drops to zero during free
fall, leading to the sensation of weightlessness. Understanding this concept not only
enhances our grasp of fundamental physics but also informs practical applications in
aerospace, engineering, and education.

By exploring these principles, we appreciate how gravity, acceleration, and perception
intertwine to create the remarkable experience of weightlessness inside a falling
elevator—a testament to the elegance of physics in describing our universe.

Frequently Asked Questions

What happens to the gravitational force experienced by
a person inside a freely-falling elevator?

The gravitational force still acts on the person; it does not disappear. However, due to free
fall, they experience a sensation of weightlessness because they and the elevator are
accelerating downward together.

Does a person inside a freely-falling elevator feel their
own weight?

No, they feel weightless because the normal force exerted by the elevator floor on them
drops to zero, giving the sensation of having no apparent weight.

Why is there no apparent weight inside a freely-falling
elevator?

Because both the person and the elevator are accelerating downward at the same rate due
to gravity, the normal force becomes zero, leading to no sensation of weight or normal
force acting on the person.

Is gravitational force actually absent inside a freely-



falling elevator?

No, gravitational force is still present; what changes is the normal force exerted by the
elevator's floor. The person feels weightless because they are in free fall, not because
gravity is gone.

How does the concept of apparent weight relate to a
freely-falling elevator?

Apparent weight is the normal force exerted on a person. In free fall, this normal force
drops to zero, so the person perceives no weight, experiencing a sensation of floating.

What are the real-world implications of being inside a
freely-falling elevator with respect to safety?

While the gravitational force remains, the sensation of weightlessness can cause
disorientation and loss of normal contact with the floor, highlighting the importance of
safety measures in such situations.

Can you feel gravitational force while inside a freely-
falling elevator?

You cannot feel the gravitational force directly; instead, you feel weightless because there
is no normal force acting on you, even though gravity still pulls you downward.

Why is the statement 'Inside a freely-falling elevator,
there would be no gravitational force on you'
considered incorrect?

Because gravity still acts on you; the misconception is that weightlessness means absence
of gravity, but it actually results from being in free fall, where normal contact forces vanish
despite gravity's presence.

Additional Resources

Inside A Freely-Falling Elevator, There Would Be No A) Gravitational Force On You. B)
Apparent Weight — this intriguing scenario has fascinated scientists, students, and science
enthusiasts alike for centuries. It explores the fascinating interplay between gravity,
acceleration, and perception, revealing surprising insights into how we experience weight
and force. In this comprehensive guide, we'll delve deep into the physics behind a freely
falling elevator, explaining why, under these conditions, both the gravitational force on you
and your apparent weight seem to vanish. Prepare to uncover the fundamental principles
that govern motion and perception in one of the universe’s most counterintuitive scenarios.



Understanding the Basics: Gravity and Apparent Weight

Before examining the specifics of a freely falling elevator, it's essential to understand two
key concepts:

What is Gravity?

Gravity is a fundamental force of nature that pulls objects toward each other. On Earth,
gravity gives objects weight—an upward normal force exerted by the surface supporting
the object. The acceleration due to gravity at Earth's surface (denoted as g) is
approximately 9.8 m/s?, directing objects downward.

What is Apparent Weight?

Your apparent weight is what you perceive as your body's weight, or the normal force
exerted by a supporting surface on you. It's different from your true weight (mass times
gravitational acceleration). Apparent weight can change depending on acceleration:

- If you accelerate upward, your apparent weight increases.

- If you accelerate downward, your apparent weight decreases.
- If you are in free fall, your apparent weight becomes zero.

The Scenario: Inside a Freely Falling Elevator

Imagine stepping into an elevator and, suddenly, it begins to fall freely under gravity, with
no other forces acting on it—no air resistance, no cables holding it up, just pure free fall.
This is a hypothetical situation but a classic physics thought experiment that illuminates the
nature of forces and motion.

Key Question

- What happens to the gravitational force acting on you?
- What is your perceived weight during free fall?

Analyzing the Physics of Free Fall
The Nature of Free Fall

Free fall occurs when the only force acting on an object is gravity. Under ideal conditions
(ignoring air resistance), all objects accelerate downward at g, regardless of mass.

In a freely falling elevator:

- The elevator accelerates downward at g.

- Your body inside the elevator also accelerates downward at g.

- Since you and the elevator are in the same state of motion, you are effectively "floating"
relative to the elevator's interior.



Forces Acting on You Inside the Falling Elevator

- Gravitational force (your weight): Acts downward, with magnitude mg.
- Normal force (support force): Exerted by the elevator's floor on you, acts upward.

In normal standing conditions, these two forces are balanced, giving you a sensation of
weight.

What Changes During Free Fall?
- Because both you and the elevator are accelerating downward at g, the normal force

exerted by the elevator's floor on your body becomes zero.
- Your body is in a state of free fall, floating relative to the elevator.

The Key Insights: No Normal Force, No Apparent Weight
1. Gravitational Force on You

Despite the sensation, the gravitational force (your true weight) remains unchanged during
free fall. It is a fundamental force acting on your mass, given by:

W = mg
where:

- m is your mass.
- g is acceleration due to gravity (~9.8 m/s?).

Therefore, the gravitational force on you remains constant throughout the free fall.
2. What About Your Apparent Weight?

Your apparent weight depends on the normal force exerted by the surface supporting you.
In a free-falling elevator:

- The normal force becomes zero because there is no contact force supporting you.
- You experience weightlessness or free-fall sensation.

Thus, your apparent weight becomes zero during free fall, even though your true weight
remains.

Visualizing the Phenomenon: The Equivalence Principle
This scenario beautifully illustrates Einstein's Equivalence Principle, which states that:

> Locally, the effects of gravity are indistinguishable from acceleration.



In the context of a freely falling elevator:

- You feel weightless not because gravity disappears.

- Instead, because you are in a state of continuous acceleration downward at g, just like in
space.

In essence:

- When the elevator is at rest or moving uniformly, normal force balances gravity.

- When it accelerates downward at g, the normal force drops to zero.
- Inside the elevator, you experience free fall, creating the sensation of weightlessness.

Practical Implications and Thought Experiments
The Classic "Weightless" Experience

Astronauts in orbit experience a similar sensation because they are in continuous free fall
around Earth. Their microgravity environment arises because:

- Their spacecraft, along with the astronauts, are accelerating downward at g.
- They are effectively in free fall, experiencing zero apparent weight.

The Paradox of True Weight vs. Apparent Weight

- True weight (mg) remains constant.
- Apparent weight (normal force) drops to zero during free fall.

This distinction is vital for understanding phenomena such as:

- The sensation of weightlessness in space.
- The behavior of objects dropped in free fall.
- The design of experiments simulating zero gravity.

Summary: Forces and Perceptions in a Freely Falling Elevator

| Aspect | During Free Fall | Key Point |
R e |

| Gravitational Force | Remains constant at mg | Your true weight doesn't change |

| Normal Force | Becomes zero | No support force exerted on you |

| Apparent Weight | Zero | You feel weightless |

| Physical Experience | Free fall, floating sensation | No normal force acting on your body |

Final Thoughts: Why Does This Matter?

Understanding what happens inside a freely falling elevator provides profound insights into



the nature of gravity, acceleration, and perception:

- It confirms that gravity acts on all objects equally, regardless of their mass.

- It illustrates how apparent weight depends on the normal force, not on the actual
gravitational force.

- It demonstrates the principle that local experiments cannot distinguish between uniform
acceleration and a gravitational field.

This knowledge is foundational not only for physics students but also for engineers
designing spacecraft, astronauts, and experiments that simulate or utilize microgravity
environments.

Conclusion

Inside a freely-falling elevator, there would be no a) gravitational force on you, in terms of
the normal force exerted by the support surface. However, the gravitational force
itself—your true weight—remains unchanged. What you experience as weight—the normal
force—is effectively nullified because both you and the elevator accelerate downward at g.
This creates a sensation of weightlessness, illustrating a fundamental principle of physics
that links acceleration and gravity.

Understanding this delicate interplay helps demystify many phenomena related to gravity,
motion, and perceived weight, enriching our appreciation for the elegant laws that govern
our universe.
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