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The intriguing question of how the Earth's gravitational acceleration would change if it were
compressed to match the Moon’s volume has fascinated scientists and students alike. Understanding
this scenario requires a deep dive into fundamental principles of physics, particularly gravity,
density, and the relationship between mass, volume, and acceleration due to gravity. In this article,
we explore what happens when the Earth is compressed to the Moon's volume, how the Earth's
gravity would be affected, and specifically, how many times the acceleration due to gravity (g) would
increase or decrease in this hypothetical situation.

Understanding the Basics: Gravity, Mass, and Volume

The Nature of Gravitational Acceleration

Gravity is a fundamental force that depends on the mass of an object and the distance from its
center. The acceleration due to gravity at the surface of a spherical body is given by the formula:

cg=(GM)/R

where:

- G is the gravitational constant,

- M is the mass of the celestial body,
- R is the radius of the body.

This formula indicates that gravity increases with mass and decreases with the square of the radius.

Mass and Volume Relationship

The mass of an object is related to its volume and density by:

oM:pV

where:



- p (rho) is the average density,
-V is the volume of the object.

For a sphere, the volume V is:

e V=(4/3) nR?

Therefore, changing the volume or radius while keeping the mass or density constant significantly
impacts the gravitational acceleration.

Comparison of Earth and Moon

Earth's Parameters

- Radius (REarth): approximately 6,371 km
- Mass (MEarth): approximately 5.97 x 1024 kg
- Surface gravity (gEarth): about 9.81 m/s?

Moon's Parameters

- Radius (RMoon): approximately 1,737 km
- Mass (MMoon): approximately 7.35 x 1022 kg
- Surface gravity (gMoon): about 1.62 m/s?

The Moon's volume and mass are significantly less than Earth's, which explains its lower surface
gravity.

Scenario: Compressing Earth to Match the Moon's
Volume

Suppose we compress Earth uniformly so that its volume becomes equal to that of the Moon. This
process involves reducing Earth's radius from REarth to RMoon. Since Earth's mass remains
unchanged initially, this compression results in an increase in Earth's average density because the
same mass occupies a smaller volume.

Step 1: Calculating the New Radius
- Rnew = RMoon = 1,737 km



Step 2: Calculating Earth's New Density

Since density is mass divided by volume:

® pnew = MEarth / Vnew

but Vnew is:

® Vnew = (4/3) I ]RMoon3

Given that Earth's original volume is much larger, the new density increases dramatically.

Step 3: Effects on Surface Gravity

Using the gravity formula:

® gnew = (G MEarth) / :RMoon2

Since the mass remains unchanged but the radius is now equal to the Moon's radius, the new
acceleration due to gravity on this compressed Earth becomes:

® gcompressed = (G MEarth) / ]-:{Moon2

Comparing to original Earth gravity:

® gEarth = (G MEarth) / }KEarth2

The ratio of the new gravity to the original is:

® gcompressed / gEarth = (REarth / I{Moon)2

Numerical calculation:

- REarth = 6,371 km



- RMoon = 1,737 km

Thus,

* Geomprossd | Grarn = (6371 / 1737)? = (3.666)2 =~ 13.43

This means that if Earth's volume were compressed to that of the Moon, its surface gravity would be
approximately 13.43 times greater than currently.

How Many Times The Acceleration Due to Gravity?

The calculation above reveals that the acceleration due to gravity on a compressed Earth would be
approximately 13.43 times the current gravity on Earth’s surface. This is a significant increase,
illustrating how density and radius influence gravitational acceleration.

Implications of Increased Gravity

- The surface gravity would be intense, similar to or greater than the gravity on some of the densest
celestial objects.

- Human and biological life would be drastically affected, with increased weight and structural
challenges.

- The Earth's atmosphere would be compressed, potentially affecting climate and habitability.

Additional Considerations and Assumptions

Uniform Compression Assumption

- The calculations assume uniform compression, which simplifies the physics but may not be feasible
practically.
- Real-world compression might lead to complex density variations.

Mass Conservation

- The analysis assumes Earth's mass remains constant during compression.
- If mass were to change (e.g., through material loss), the results would differ.

Effect of Self-Gravity and Structural Integrity

- Compressing Earth to Moon's volume would create enormous internal pressures.
- The Earth's material might reach a point where it behaves more like a dense sphere of degenerate



matter, similar to neutron stars, which is beyond the scope of this scenario.

Summary and Conclusion

In conclusion, if the Earth were compressed to have the same volume as the Moon, its surface
gravity would increase by approximately 13.43 times. This dramatic change results from the
decreased radius while maintaining the same mass, leading to a higher density and consequently a
much stronger gravitational pull at the surface.

Key takeaways:

e The acceleration due to gravity is proportional to the mass divided by the square of the radius.
e Compressing Earth to Moon'’s volume increases gravity approximately 13.43 times.

e The physical consequences of such compression would be profound, affecting everything from
atmospheric conditions to the structural integrity of the planet.

Understanding such hypothetical scenarios helps deepen our comprehension of planetary physics
and the delicate balance of forces that govern celestial bodies. It also underscores how sensitive
gravity is to changes in size and density, offering insights into the behavior of planets, moons, and
other cosmic objects.

Frequently Asked Questions

What happens to the Earth's acceleration due to gravity when
it is compressed to form the Moon with the same volume?

The acceleration due to gravity increases significantly because the Earth's mass becomes
concentrated into a smaller volume, resulting in a higher gravitational pull at the surface.

How is the acceleration due to gravity related to the Earth's
density when compressed into the Moon's volume?

The acceleration due to gravity is directly proportional to the Earth's average density; increasing
density through compression increases gravity at the surface.

If the Earth's volume is reduced to match that of the Moon,
how many times greater is the acceleration due to gravity on



the compressed Earth compared to its original value?

The acceleration due to gravity increases by a factor equal to the ratio of the Earth's original density
to the Moon's density, which is approximately 4.4 times.

Why does compressing the Earth to the Moon's volume
increase its surface gravity?

Because compressing the Earth increases its density and mass concentration in a smaller volume,
leading to a stronger gravitational pull at the surface.

What assumptions are made when calculating the increase in
gravity after compressing Earth to the Moon's volume?

It is assumed that the Earth's mass remains constant during compression and that the Earth is
uniformly dense before and after compression.

How does the change in volume affect the Earth's gravitational
acceleration when compressed to the Moon's volume?

Reducing the Earth's volume to that of the Moon increases the surface gravity because the same
mass is confined to a smaller radius, roughly increasing gravity by a factor of about 4.4.

Is the increase in gravity after compression a linear or
exponential relation, and why?

It is a nonlinear relation because gravity depends inversely on the square of the radius; compressing
the Earth reduces the radius significantly, leading to a disproportionate increase in gravity.

What are the practical implications of compressing Earth to
create a Moon-sized body with higher gravity?

In theory, it demonstrates how density and size influence gravity, but practically, such compression
would require immense pressure and energy, making it impossible with current technology; it
mainly serves as a conceptual physics problem.

Additional Resources

When The Earth Is Compressed To Make Equal Volume Of Moon. How Many Times The Value Of
Acceleration Due

Imagine a scenario where the Earth is compressed to match the volume of the Moon. This thought
experiment pushes us to explore fundamental aspects of planetary physics, such as density, gravity,
and the relationship between mass, volume, and acceleration due to gravity. When the Earth is
compressed to make equal volume of Moon, how many times the value of acceleration due to gravity
on Earth does it have? This question invites us to analyze the consequences of altering planetary



dimensions while considering the laws governing gravitational forces.

Introduction

The Earth and Moon are celestial bodies with distinct sizes, masses, and gravitational pulls. The
Earth's radius is approximately 6371 km, and its mass is about 5.97 x 10" 24 kg, resulting in an
acceleration due to gravity of roughly 9.81 m/s? at its surface. The Moon, on the other hand, has a
radius of about 1737 km, a mass of approximately 7.34 x 10722 kg, and a surface gravity of about
1.62 m/s?.

In this thought experiment, we imagine compressing the Earth so that its volume becomes equal to
that of the Moon. This process involves significant changes in density, which directly influence the
gravitational acceleration at the Earth's (now smaller but denser) surface. The core questions are:

- How does the Earth's gravity change when its volume is reduced to that of the Moon?
- How many times greater or lesser is the new acceleration compared to the original Earth's gravity?

Fundamental Concepts and Equations
Before diving into calculations, it's essential to understand the core principles involved:
1. Volume and Radius Relationship

- Volume of a sphere:
\(V =\frac{4}{3} \pi R"3)

- When the Earth's volume is compressed to match the Moon's volume,
\(V_{Earth} \to V_{Moon}\)

2. Density

- Density:
\(\rho = \frac{\text{Mass} }{\text{Volume}} \)

- If mass remains constant and volume decreases, density increases proportionally.
3. Gravitational Acceleration at the Surface

- Newton's law of gravitation:
\(g =\frac{G M}{R"2})

Where:
-\( G) is the gravitational constant (~6.674 x 10™-11 N-m?/kg?)

-\( M) is the mass of the body
-\( R\) is the radius of the body



Step-by-Step Breakdown
Step 1: Calculating Earth's Original Volume

Given the Earth's radius:
\( R_{Earth} \approx 6371\, \text{km} = 6.371 \times 1076\, \text{m} \)

Volume of Earth:

\[ V {Earth} =\frac{4}{3} \pi R {Earth}"~3\]

\[ V_{Earth} \approx \frac{4}{3} \pi (6.371 \times 1076)"3 \]
\[ V_{Earth} \approx 1.08321 \times 10" {21}\, \text{m} "3 \]

Step 2: Earth's Volume When Compressed to Moon's Volume

Given the Moon's radius:
\( R_{Moon} \approx 1737\, \text{km} = 1.737 \times 1076\, \text{m} \)

Volume of Moon:

\[ V_{Moon} = \frac{4}{3} \pi R {Moon}"3\]

\[ V_{Moon} \approx \frac{4} {3} \pi (1.737 \times 1076)"3\]
\[ V_{Moon} \approx 2.199 \times 10"~ {19}, \text{m} "3 \]

Note: The Earth's volume when compressed to the Moon's volume is approximately \(2.199 \times
107 {19}, \text{m} "~ 3\).

Step 3: Determine the New Density of the Compressed Earth

Since mass remains constant, the new density \( \rho {new} \) is:

\[ \rho {new} =\frac{M {Earth}}{V {Moon}} \]

\[ \rho {new} = \frac{5.97 \times 10" {24}, \text{kg}}{2.199 \times 10"~ {19}, \text{m} "3} \]
\[ \rho {new} \approx 2.716 \times 10"~ {5}\, \text{kg/m}~3\]

For comparison:

- Earth's original average density: approximately \(5.52 \times 10" {3}\, \text{kg/m}"3\)
- The new density is roughly 49 times greater than Earth's current average density.

Step 4: Find the New Radius and Surface Gravity

Since the volume is now equal to the Moon's volume, the radius becomes:
\[ R {new} = R {Moon} \approx 1.737 \times 1076\, \text{m} \]

The mass remains:

\[ M_{Earth} = 5.97 \times 10"~ {24}, \text{kg} \]

The new acceleration due to gravity:



\[ g {new} =\frac{G M _{Earth}}{R {new}"2}\]
Plugging in:

\[ g {new} =\frac{6.674 \times 10" {-11} \times 5.97 \times 10~ {24} }{(1.737 \times 10™{6})"2}
\]

\[ g {new} \approx \frac{3.987 \times 10"~ {14}}{3.017 \times 10~ {12}} \]

\[ g {new} \approx 132\, \text{m/s}"2\]

Comparison with Original Earth's Acceleration

Original Earth's gravity:
\( g {Earth} \approx 9.81\, \text{m/s}"~2)

New gravity:
\[ \frac{g {new}}{g {Earth}} \approx \frac{132}{9.81} \approx 13.45\]

Conclusion:
When the Earth is compressed to make equal volume of Moon, the acceleration due to gravity at its
surface becomes approximately 13.45 times the current Earth's gravity.

Implications and Physical Interpretations
This theoretical scenario highlights several critical physical principles:

- Density's Role in Gravity:
As the Earth's volume decreases while mass remains constant, the density increases dramatically.
This increased density causes a significant rise in surface gravity.

- Limitations of Material Strength:

Such compression would require Earth's material to withstand enormous pressures—far beyond
natural limits. In reality, Earth's interior would undergo extreme deformation, possibly leading to a
phase change or structural failure.

- Potential for Planetary Collapse or Transformation:
The compression could result in a body with a vastly different internal structure, possibly resembling
a dense iron core with a tiny crust, altering the planet's behavior and habitability.

- Comparison to Other Celestial Bodies:

For perspective, the Earth's surface gravity after compression (~132 m/s?) would be similar to that
on some of the most dense stars or planetary cores, emphasizing how density and radius influence
gravity more than mass alone.



Additional Considerations
1. Effect on Earth's Surface and Environment

- The increased gravity would make walking, moving, and even standing extremely difficult.

- Atmospheric pressure and retention would be affected, possibly stripping away lighter gases.

- The Earth's gravitational pull would be intense enough to significantly alter orbital dynamics of
satellites or nearby celestial objects.

2. Real-World Feasibility

- The amount of energy and forces required to compress Earth to such densities are beyond any
known natural or artificial processes.
- The planet's structural integrity would be compromised long before reaching such a state.

Summary and Final Thoughts

- The act of compressing Earth to match the Moon's volume results in a density increase by roughly
49 times.

- The surface gravity then becomes approximately 13.45 times greater than Earth's current gravity.

- This thought experiment underscores the profound relationship between a planet's size, internal
composition, and gravitational pull.

- While purely theoretical, it offers insights into planetary physics, the importance of density, and the
delicate balance that maintains planetary structures.

Closing Remarks

The exploration of such hypothetical scenarios enriches our understanding of planetary science and
gravity. It demonstrates that the gravitational acceleration on a celestial body is not solely a function
of its mass but is heavily influenced by its radius and internal density. As we continue to study
planets and stars, these fundamental principles guide us in unraveling the mysteries of the universe.
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