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Understanding the fundamental principles of gravity and mass is essential when exploring hypothetical

scenarios such as compressing Earth to a smaller size. Imagine a scenario where Earth is physically

squeezed down to the size of the Moon. What implications would this have on the weight of an

object—say, a 100 kg mass—placed on its surface? This article delves into the physics behind such a

scenario, providing a detailed calculation and explanation to help you understand how gravity would

change under these extreme conditions.

Understanding the Basics: Mass, Volume, and Gravity

Before diving into the calculations, it’s essential to review key concepts:

Mass vs. Weight

- Mass: The amount of matter in an object, measured in kilograms (kg). It remains constant regardless

of location.

- Weight: The force exerted on an object due to gravity, measured in newtons (N). It depends on the

local gravitational acceleration.



Gravity and Gravitational Acceleration

- The force of gravity \( F \) acting on an object is given by Newton's law of universal gravitation:

\[

F = G \frac{m_1 m_2}{r^2}

\]

where:

- \( G \) is the gravitational constant (\( \approx 6.674 \times 10^{-11} \, \text{Nm}^2/\text{kg}^2 \))

- \( m_1 \) and \( m_2 \) are the masses involved

- \( r \) is the distance between the centers of the two masses

- On the surface of a celestial body, the acceleration due to gravity \( g \) simplifies to:

\[

g = G \frac{M}{r^2}

\]

where:

- \( M \) is the mass of the planet

- \( r \) is the planet’s radius

Note: The weight of an object on a planet's surface is \( W = m \times g \).

---



Step 1: Data About Earth and the Moon

To analyze the scenario, we need the relevant data about Earth and the Moon:

| Parameter | Earth | Moon |

|------------|--------|-------|

| Mass (\( M \)) | \( 5.972 \times 10^{24} \, \text{kg} \) | \( 7.347 \times 10^{22} \, \text{kg} \) |

| Radius (\( R \)) | \( 6,371 \, \text{km} \) | \( 1,737 \, \text{km} \) |

| Surface gravity (\( g \)) | \( 9.81 \, \text{m/s}^2 \) | \( 1.62 \, \text{m/s}^2 \) |

When Earth is squeezed to the size of the Moon, its radius shrinks from 6,371 km to 1,737 km, but its

mass remains the same (since we're only considering size reduction, not mass loss).

---

Step 2: Calculate the New Gravity on the Squeezed Earth

The gravity on the surface of the Earth when squeezed to Moon’s radius:

\[

g_{new} = G \frac{M_{Earth}}{R_{Moon}^2}

\]

Since we’re comparing to the original gravity:

\[

g_{original} = G \frac{M_{Earth}}{R_{Earth}^2}

\]



The ratio of new gravity to original gravity:

\[

\frac{g_{new}}{g_{original}} = \frac{R_{Earth}^2}{R_{Moon}^2}

\]

Given:

- \( R_{Earth} = 6,371 \, \text{km} \)

- \( R_{Moon} = 1,737 \, \text{km} \)

Calculate the ratio:

\[

\frac{g_{new}}{g_{original}} = \left( \frac{6,371}{1,737} \right)^2

\]

\[

= \left( 3.666 \right)^2 \approx 13.44

\]

This indicates that the gravity on the surface of the Earth, when squeezed to Moon’s size, would be

approximately 13.44 times stronger than its current gravity.

Since Earth's original surface gravity is \( 9.81 \, \text{m/s}^2 \):

\[

g_{new} \approx 9.81 \times 13.44 \approx 132 \, \text{m/s}^2

\]

This is roughly 13 times the gravity we experience on Earth today.



---

Step 3: Calculating the Weight of a 100 kg Mass on the

Squeezed Earth

Knowing the new gravity:

\[

W_{new} = m \times g_{new}

\]

For a 100 kg mass:

\[

W_{new} = 100 \, \text{kg} \times 132 \, \text{m/s}^2 = 13,200 \, \text{N}

\]

Comparison with current weight:

\[

W_{current} = 100 \times 9.81 = 981 \, \text{N}

\]

Thus, the 100 kg mass would weigh approximately 13,200 N on the squeezed Earth, which is more

than 13 times its current weight.

---



Implications of Increased Gravity

The drastic increase in gravity would have significant physical and environmental effects:

- Increased weight: Objects would feel over 13 times heavier, making movement and transportation

challenging.

- Structural stress: Buildings and infrastructure designed for current gravity would be under immense

stress.

- Biological impact: Human physiology is adapted for Earth's gravity; such an increase could have

severe health effects.

- Atmospheric effects: The atmosphere might become compressed, potentially affecting climate and

weather patterns.

---

Summary of Key Findings

- When Earth is compressed to the size of the Moon, its surface gravity would increase approximately

13.44 times.

- The new gravitational acceleration would be roughly 132 m/s².

- The weight of a 100 kg object on this "squeezed" Earth would be about 13,200 newtons.

- This scenario illustrates how planetary size and mass influence gravity and, consequently, the weight

of objects.

---



Final Thoughts

While the idea of squeezing Earth to the size of the Moon is purely hypothetical, it offers valuable

insights into the relationship between planetary dimensions, mass, and gravity. Such thought

experiments enhance our understanding of planetary physics and the delicate balance that sustains life

on Earth. Remember, in reality, reducing Earth’s size without losing mass would be impossible without

altering its mass or composition, but exploring these scenarios helps deepen our appreciation for the

forces that govern our universe.
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Frequently Asked Questions

What would happen to the gravity on Earth if it were compressed to

the size of the Moon?

The gravity on Earth would increase significantly because the mass remains the same but the radius

shrinks, leading to a much stronger gravitational pull at the surface.



How do you calculate the new weight of a 100 kg mass on a

compressed Earth the size of the Moon?

You calculate the new weight by determining the Earth's new surface gravity after compression and

multiplying it by the mass (100 kg).

What is the formula for gravitational acceleration at a planet's

surface?

The formula is g = G M / R², where G is the gravitational constant, M is the mass of the planet, and R

is its radius.

Given Earth's mass remains the same but its radius decreases to that

of the Moon, how does gravity change?

Gravity increases proportionally to the square of the ratio of the original radius to the new radius. Since

the Moon's radius is about 1/4 that of Earth's, gravity would increase roughly 16 times.

What is Earth's approximate mass and radius compared to the Moon?

Earth's mass is about 81 times that of the Moon, and Earth's radius is approximately 3.67 times larger

than the Moon's radius.

What is the approximate gravity on the Moon's surface?

The Moon's surface gravity is about 1.62 m/s², roughly 1/6th of Earth's gravity.

How do you calculate the new gravity on the compressed Earth (size

of the Moon)?

Since the Earth's mass remains the same, the new gravity g' = G M / R_moon². Using Earth's mass

and Moon's radius, g' ≈ 16.5 m/s².



What would be the weight of a 100 kg mass on the compressed

Earth?

The weight would be approximately 100 kg 16.5 m/s² = 1650 Newtons, which is about 168 times the

Earth's normal surface weight.

How does this calculation help us understand the impact of planetary

compression on weight and gravity?

It illustrates that reducing a planet's size while keeping its mass constant dramatically increases

surface gravity, significantly increasing the weight of objects.

Additional Resources
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---

Introduction

The universe is a realm of fascinating physics, where the behavior of celestial bodies and matter under

extreme conditions often defies intuition. Among the many thought experiments that intrigue scientists

and enthusiasts alike is the hypothetical scenario: What if Earth were compressed to the size of the

Moon? Such an exercise not only sparks curiosity but also provides insights into fundamental

properties like density, gravity, and the nature of matter under immense pressure.

In this article, we delve into this intriguing question by exploring the physical implications of

compressing Earth to lunar dimensions and calculating the resultant weight of a 100 kg mass on this

compressed planet. The analysis combines principles of astrophysics, classical mechanics, and



planetary science to produce a comprehensive understanding of how gravity would behave in such an

extraordinary scenario.

---

Understanding the Baseline: Earth's Properties

To appreciate the effects of compression, we first establish Earth's current parameters:

- Mass of Earth (Mₑ): approximately 5.972 × 10²⁴ kg

- Radius of Earth (Rₑ): approximately 6,371 km

- Average Density of Earth (ρₑ): approximately 5.52 g/cm³ (or 5,520 kg/m³)

The gravitational acceleration at Earth's surface (gₑ) is about 9.81 m/s², which is responsible for the

weight of objects and the natural phenomena we observe daily.

---

Compressing Earth to Lunar Dimensions: Physical Implications

Size of the Moon and Its Properties

Before calculating the effects, it is essential to understand the target dimensions:

- Radius of the Moon (Rₘ): approximately 1,737 km

- Mass of the Moon (Mₘ): approximately 7.342 × 10²² kg

- Average Density of the Moon (ρₘ): approximately 3.34 g/cm³ (or 3,340 kg/m³)



If Earth is compressed to the size of the Moon, its radius reduces from roughly 6,371 km to about

1,737 km—a reduction factor of approximately 3.66.

Density Changes Upon Compression

If the mass remains constant but the volume decreases significantly, the density of Earth would

increase dramatically.

- Initial volume of Earth (Vₑ): (4/3)πRₑ³

- Final volume (Vₜ): (4/3)πRₘ³

Given the volume scales with the cube of the radius:

Vₑ / Vₘ = (Rₑ / Rₘ)³ ≈ (6,371 km / 1,737 km)³ ≈ (3.666)³ ≈ 49.2

This indicates that, if the Earth's mass remained unchanged, the density would increase by

approximately a factor of 49.2, making the compressed Earth vastly denser than its current form.

However, in reality, compressing Earth to lunar size would require overcoming enormous gravitational

forces, likely increasing density beyond simple proportionality. For the purposes of this thought

experiment, we will assume the mass remains constant and the density scales accordingly,

recognizing this as an idealized model.

---

Calculating the Surface Gravity of the Squeezed Earth

The gravitational acceleration at a planet's surface is given by Newton's law:



g = (G M) / R²

Where:

- G: gravitational constant ≈ 6.674 × 10⁻¹¹ N·(m/kg)²

- M: mass of the planet

- R: radius of the planet

Given that the mass of Earth remains the same in our hypothetical, but the radius shrinks to that of the

Moon, the surface gravity of this "squeezed" Earth (gₛ) would be:

gₛ = G Mₑ / Rₘ²

Plugging in the values:

- Mₑ = 5.972 × 10²⁴ kg

- Rₘ = 1,737 km = 1.737 × 10⁶ m

gₛ = (6.674 × 10⁻¹¹) (5.972 × 10²⁴) / (1.737 × 10⁶)²

Calculating numerator:

6.674 × 10⁻¹¹ 5.972 × 10²⁴ ≈ 3.986 × 10¹⁴ N·m²/kg²

Calculating denominator:

(1.737 × 10⁶)² ≈ 3.017 × 10¹² m²

Therefore,

gₛ ≈ 3.986 × 10¹⁴ / 3.017 × 10¹² ≈ 132.1 m/s²



This is roughly 13.5 times Earth's current surface gravity.

Implication: If Earth were compressed to lunar size without losing mass, objects on its surface would

weigh over 13 times more than they do now.

---

Calculating the Weight of a 100 Kg Mass on the Squeezed

Earth

The weight (W) of an object is the force exerted on it by gravity:

W = m g

Where:

- m = mass of the object

- g = acceleration due to gravity at the object's location

Using the derived surface gravity:

- m = 100 kg

- gₛ ≈ 132.1 m/s²

Thus,

W = 100 kg 132.1 m/s² ≈ 13,210 N

Comparison with Earth's current gravity:



- Current weight of 100 kg mass: 100 kg 9.81 m/s² ≈ 981 N

Conclusion: On this compressed Earth, a 100 kg mass would weigh approximately 13,210 newtons,

which is about 13.5 times its weight on Earth today.

---

Physical and Theoretical Considerations

Limitations of the Simplified Model

While the calculation provides an intriguing insight, several caveats must be acknowledged:

- Material Limits: The Earth’s internal structure would not withstand such compression without

undergoing phase changes, melting, or collapsing into a different state.

- Relativity and Quantum Effects: At extreme densities, classical physics begins to break down, and

relativistic effects become significant.

- Mass Loss or Redistribution: Realistically, compressing Earth would alter its mass distribution,

potentially leading to mass loss via gravitational waves or other mechanisms.

- Spherical Symmetry Assumption: The model assumes perfect sphericity and uniform density, which

may not hold under extreme compression.

Realistic Physical Implications

In reality, compressing Earth to lunar size would require immense energy, likely collapsing the planet

into a denser form such as a neutron star. In such an object, gravity and quantum mechanics

dominate, and the simple Newtonian calculations no longer apply directly.



---

Broader Implications and Thought Experiments

This hypothetical scenario underscores several fascinating principles:

- Density and Gravity Relationship: As celestial bodies become denser, gravity at their surface

intensifies significantly.

- Material Strength Limits: Real-world materials and planetary structures have limits; beyond certain

densities, they cannot sustain their form.

- Scaling Physical Laws: Newtonian physics provides a good approximation for understanding these

effects but must be supplemented with relativistic physics at extreme scales.

---

Conclusion

To encapsulate, if Earth were hypothetically compressed to the size of the Moon while retaining its

mass, the surface gravity would increase dramatically—by roughly 13.5 times—resulting in a weight of

approximately 13,210 newtons for a 100 kg object. Such a planet would be an extraordinary and

physically implausible environment under known physics, but the exercise illuminates the profound

relationship between size, density, and gravity.

This thought experiment serves as a compelling reminder of the delicate balance of forces and

properties that govern planetary bodies. While it remains a theoretical exploration, it sparks curiosity

about the limits of matter, the nature of gravity, and the captivating physics of celestial mechanics.

---
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Author's Note: This analysis is purely hypothetical and intended for educational and illustrative

purposes. Real-world physics imposes constraints that would prevent such a scenario from occurring

naturally.
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