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When contemplating the vastness of our solar system and the incredible diversity of planets it
contains, a fascinating question arises: if all planets were similar in size or radius, which one would
exert the greatest gravitational pull on an object? Specifically, considering Jupiter and another
planet (perhaps Earth or Saturn), which would cause an object to weigh the most under the
assumption that they share the same radius? This thought experiment not only highlights the
importance of planetary mass and density but also provides insight into how gravity works across
different celestial bodies. Let’s explore this intriguing question by delving into the factors
influencing planetary gravity, the properties of Jupiter and other planets, and the implications of
assuming equal radii.

Understanding Planetary Gravity: Key Factors

Before comparing Jupiter and another planet under the assumption of similar radii, it’s essential to
understand what determines the weight of an object on a planet’s surface. The weight of an object is
directly related to the gravitational acceleration at the planet’s surface, which depends primarily on
two factors:

1. Planetary Mass
- The total amount of matter contained within the planet.
- Greater mass results in stronger gravitational pull.
- The formula for surface gravity (g) involves the planet’s mass (M).

2. Planetary Radius
- The distance from the planet’s center to its surface.
- Larger radius generally means weaker surface gravity, assuming constant mass.
- The radius affects how concentrated the mass is.

Mathematically, the surface gravity of a planet can be expressed as:
\[ g = \frac{G \times M}{R^2} \]
where:
- \( G \) is the gravitational constant,
- \( M \) is the mass of the planet,
- \( R \) is the radius of the planet.



Given this formula, if two planets share the same radius but differ in mass, the planet with the
greater mass will exert a stronger gravitational pull on objects on its surface.

Comparing Jupiter and Other Planets with Similar Radii

Now, let’s analyze the properties of Jupiter compared to other planets, especially focusing on the
scenario where both planets have the same radius.

Jupiter’s Characteristics
- Mass: Approximately \(1.898 \times 10^{27}\) kg.
- Average Radius: About 69,911 km.
- Density: Roughly 1.33 g/cm³, which is less dense than Earth due to its gaseous composition.
- Type: Gas giant.

In the hypothetical scenario where Jupiter’s radius is reduced or another planet’s radius is increased
to match a certain value, the key factor remains: which planet, at this similar radius, would exert the
most gravity?

Properties of Other Planets
- Earth:
- Mass: \(5.972 \times 10^{24}\) kg.
- Radius: 6,371 km.
- Density: 5.52 g/cm³.
- Saturn:
- Mass: \(5.683 \times 10^{26}\) kg.
- Radius: 58,232 km.
- Density: 0.69 g/cm³.
- Neptune:
- Mass: \(1.024 \times 10^{26}\) kg.
- Radius: 24,622 km.
- Density: 1.64 g/cm³.

Suppose we modify these planets so that they all have the same radius, say 70,000 km—close to
Jupiter’s actual radius. How does their mass compare, and what would this mean for surface gravity?

The Impact of Equal Radius on Surface Gravity

When planets are assumed to have the same radius, the critical variable becomes their mass. Since
surface gravity is directly proportional to mass (\( g \propto M \)) and inversely proportional to the
square of the radius, keeping the radius constant simplifies the comparison to a matter of mass.

- More Massive Planet: Greater gravitational acceleration, hence objects weigh more.
- Less Massive Planet: Lesser gravitational acceleration, objects weigh less.



Given that, if Jupiter and another planet share the same radius:

- The planet with the higher mass will produce a stronger gravitational pull.
- Therefore, the weight of an object on such a planet depends primarily on its total mass at the same
radius.

Calculating Relative Surface Gravity:

For illustration, considering the simplified formula:

\[ g_{planet} \propto \frac{M_{planet}}{R^2} \]

Since \( R \) is constant, the comparison reduces to comparing \( M_{planet} \).

Example:

- If Jupiter’s mass is \(1.898 \times 10^{27}\) kg,
- and Earth’s mass is \(5.972 \times 10^{24}\) kg,
- then at the same radius, Jupiter would exert a gravitational pull roughly:

\[ \frac{1.898 \times 10^{27}}{5.972 \times 10^{24}} \approx 317.9 \]

times greater than Earth’s, meaning an object would weigh approximately 318 times more on Jupiter
than on Earth if both had the same radius.

Which Planet Would Make an Object Weigh the Most?

Based on the above analysis, the planet with the greatest mass at the same radius will exert the
strongest gravity and make an object weigh the most.

Jupiter’s Dominance in Mass
- Jupiter is by far the most massive planet in our solar system.
- Even if its radius were scaled down or another planet’s radius scaled up to match Jupiter’s, its
immense mass would ensure a higher surface gravity.

Comparison with Other Gas Giants and Rocky Planets
- Saturn: Although sizable, its mass (~\(5.683 \times 10^{26}\) kg) is less than Jupiter’s, so it would
exert less gravity at the same radius.
- Neptune: Significantly less massive, resulting in even weaker gravity.
- Earth: Much less massive, so the gravitational pull (and thus weight) would be minimal compared
to Jupiter.



Implications for Weight and Gravity

Understanding that mass is the key determinant of surface gravity, assuming all planets have similar
radii leads to a straightforward conclusion: the planet with the greatest mass will make an object
weigh the most.

- Jupiter, being the most massive planet, would cause the highest weight for an object if it shared the
same radius with neighboring planets.
- Other planets like Saturn, Neptune, or Earth, while potentially similar in size, would exert less
gravity due to their lower masses.

Real-World Applications and Thought Experiments

This hypothetical scenario is valuable for educational purposes, helping us understand:

- How gravity varies based on planetary properties.
- Why gas giants like Jupiter have such strong gravitational fields despite their gaseous composition.
- The importance of planetary density and mass over mere size in determining surface gravity.

It also underscores the importance of considering both size and mass when studying planetary
environments, especially in the context of space exploration, planetary formation, and habitability.

Conclusion: Which Planet Would Make an Object Weigh
the Most?

In summary, assuming Jupiter and another planet are similar in radius, the key factor that
determines how much an object weighs on each planet is the planet’s mass. Since Jupiter is the most
massive planet in our solar system by a significant margin, it would exert the strongest gravitational
pull at the same radius. Therefore, Jupiter would make an object weigh the most among the planets
compared.

This exploration underscores the fundamental principles of gravity and planetary science,
illustrating how mass and size influence gravitational forces across the cosmos. Whether for
scientists studying planetary characteristics or students learning about gravity, understanding these
relationships helps demystify the forces that govern our universe.

---
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Frequently Asked Questions

If all planets had the same radius, which planet would cause
an object to weigh the most?
Jupiter would cause the object to weigh the most because its mass is the greatest among the planets,
leading to the highest gravitational pull.

Why does Jupiter weigh an object more than other planets if
they all have the same size?
Because Jupiter has the largest mass among the planets, its gravitational force on an object is
stronger, resulting in a higher weight.

How does planetary mass affect the weight of an object on
different planets?
An object's weight depends on the planet's mass and radius; a greater mass results in a stronger
gravitational pull, increasing the object's weight.

If Earth and Jupiter had the same radius, which would make
an object weigh more?
Jupiter would make the object weigh more because it is significantly more massive than Earth.

Can two planets have the same radius but different masses?
How does this impact the weight of an object?
Yes, planets can have the same radius but different masses, which affects gravitational pull; the
more massive planet will make an object weigh more.

What is the role of gravity in determining how much an object
weighs on a planet?
Gravity determines the force exerted on an object; stronger gravity results in greater weight.

Would a larger radius always mean a heavier planet and thus a
heavier object?
Not necessarily; a larger radius with low mass can result in weaker gravity. The planet's mass is the
key factor.



Why is Jupiter often called a 'gas giant,' and how does its
composition affect its gravity?
Jupiter is called a gas giant because it's mostly composed of gas, but its high mass results in strong
gravity that affects objects on its surface.

If the radius of planets were equal, how would their densities
influence the weight of an object?
Higher density planets would have greater mass for the same radius, resulting in stronger gravity
and a heavier object.

Based on the question, why is assuming similar radii helpful in
comparing planetary weights?
It isolates the effect of mass on gravity, making it easier to compare how different masses influence
the weight of an object.

Additional Resources
Assuming These Planets Were Similar In Radius, Which Planet Would An Object Weigh The Most? —
this intriguing question invites us to explore how planetary mass, density, and gravity interact to
determine an object's weight across different celestial worlds. While radius is a key factor in
understanding planetary characteristics, it’s only part of the story. When two planets share a similar
radius, the question becomes: which one exerts a stronger gravitational pull on an object at its
surface? In this analysis, we'll focus on comparing Jupiter with other planets under the assumption
that they all have comparable radii, ultimately revealing which planet would make an object weigh
the most.

---

Understanding the Basics: Gravity and Weight

Before diving into the comparison, it's essential to clarify some foundational concepts:

- Gravity (Surface Gravity): The acceleration due to gravity on a planet's surface, determined by the
planet’s mass and radius.
- Weight: The force exerted on an object by gravity; mathematically, weight = mass of the object ×
surface gravity.
- Radius: The distance from the center of a planet to its surface.

The key relation connecting these is Newton’s law of universal gravitation:

\[ g = \frac{G \times M}{R^2} \]

Where:
- \( g \) = surface gravity
- \( G \) = gravitational constant



- \( M \) = mass of the planet
- \( R \) = radius of the planet

This equation indicates that surface gravity depends directly on the mass of the planet and inversely
on the square of its radius.

---

The Central Question: Given Similar Radii, Which Planet Has the Greatest Mass?

If we assume all planets in question have similar radii, the question of which exerts the greatest
gravity simplifies to understanding their mass and density. Since gravity depends on mass, a planet
with more mass will exert a stronger gravitational pull, thereby increasing the weight of an object.

Key Point:
- When radii are equal, the planet with the largest mass will produce the highest surface gravity and
thus make an object weigh the most.

---

The Planets in Focus: Jupiter and Its Peers

Let’s specify the planets for comparison:

- Jupiter: The largest planet in our Solar System with a radius of approximately 69,911 km.
- Other Planets: For the sake of comparison, consider planets with similar radii, such as some of the
larger exoplanets or potential gas giants, and compare their approximate masses and densities.

Jupiter’s Characteristics:
- Radius: ~69,911 km
- Mass: ~1.898 × 10^27 kg
- Density: ~1.33 g/cm³
- Surface gravity: ~24.79 m/s²

Given these parameters, Jupiter’s gravitational acceleration at the surface is quite high, owing to its
massive size.

---

Hypothetical Scenario: Planets with Similar Radii

Suppose we have several planets, each with a radius approximately equal to Jupiter’s (~70,000 km).
Their masses, however, could vary significantly depending on their composition and density. To
determine which planet would make an object weigh the most, we need to consider their masses.

Factors Affecting Mass at a Given Radius:
1. Density: Higher density implies more mass packed into the same volume.
2. Composition: Rocky planets tend to be denser than gaseous planets, but some gaseous planets can
have substantial mass due to their vast volume.

---



Comparing Mass and Gravity: Which Planet Weighs the Most?

1. Jupiter

- As the largest planet in our Solar System, Jupiter’s mass is about 1.898 × 10^27 kg.
- Its density (~1.33 g/cm³) reflects a mostly gaseous composition with a possible dense core.
- Surface gravity: approximately 24.79 m/s².

2. Super-Jupiters (Hypothetical)

- These are more massive exoplanets with similar radii but greater mass.
- If a super-Jupiter has the same radius as Jupiter but a higher mass, its surface gravity would
proportionally increase.

3. A Dense Rocky Planet

- A planet with similar radius but higher density (say, 5 g/cm³ or more) would have more mass than
Jupiter, leading to stronger gravity and a higher weight for objects.

---

Mathematical Approach: Calculating Surface Gravity

Given the formula:

\[ g = \frac{G \times M}{R^2} \]

If the radius \( R \) is constant, then:

\[ g \propto M \]

which means:

- The planet with the largest mass \( M \) exerts the greatest surface gravity.

Therefore, to find which planet would make an object weigh the most, identify the one with the
greatest mass among planets of similar radius.

---

Practical Examples: Estimating Surface Gravity for Different Masses

Suppose:

- Planet A: Mass = \( 1 \times 10^{27} \) kg → similar to Jupiter
- Planet B: Mass = \( 2 \times 10^{27} \) kg → twice as massive
- Planet C: Mass = \( 3 \times 10^{27} \) kg → thrice as massive

Since all have the same radius:

- Surface gravity on Planet A: ~24.79 m/s²



- Surface gravity on Planet B: \( 2 \times 24.79 \) m/s² ≈ 49.58 m/s²
- Surface gravity on Planet C: \( 3 \times 24.79 \) m/s² ≈ 74.37 m/s²

An object’s weight on each planet:

- Object mass = 10 kg (for example)

| Planet | Surface Gravity | Object's Weight |
|---------|------------------|----------------|
| A | 24.79 m/s² | 10 kg × 24.79 m/s² ≈ 247.9 N |
| B | 49.58 m/s² | 10 kg × 49.58 m/s² ≈ 495.8 N |
| C | 74.37 m/s² | 10 kg × 74.37 m/s² ≈ 743.7 N |

Thus, the more massive the planet (assuming equal radius), the greater the surface gravity and the
heavier an object feels.

---

Why Is Jupiter Still the Heavyweight?

In our Solar System, Jupiter is the most massive planet with a large radius, leading to very high
surface gravity. Even among planets with similar radii, a higher mass directly correlates with
increased gravity.

For example:

- If an exoplanet were to have the same radius as Jupiter but a mass of 2 or 3 times that of Jupiter, it
would exert significantly more gravity, making objects weigh even more than on Jupiter.

---

Additional Factors to Consider

While mass and radius are primary determinants, other factors can influence the actual gravity
experienced:

- Planetary Density: Higher density implies more mass within the same volume.
- Planet Composition: Rocky planets tend to have higher densities than gaseous planets.
- Internal Structure: Variations in core composition and layering can affect the distribution of mass
and gravity.

However, for the purpose of this comparison, assuming similar radii and uniform density simplifies
the scenario, emphasizing the role of mass.

---

Summary: Which Planet Would Make an Object Weigh the Most?

Assuming these planets were similar in radius, the key to determining which would make an object
weigh the most is identifying the planet with the highest mass.



- Jupiter is the most massive planet in our Solar System, so it exerts the strongest gravity among
planets of similar size in our local context.
- Any hypothetical planet with a greater mass but similar radius (such as a super-Jupiter or a dense,
massive exoplanet) would exert even more gravity, increasing the weight of objects placed upon it.

In conclusion:

> If all planets had similar radii, the planet with the greatest mass—like Jupiter—would make an
object weigh the most.

This principle underscores the fundamental relationship between mass, radius, and gravity, and
helps us understand how planetary characteristics influence the weight of objects across different
worlds.

---

Final Thoughts

Understanding the interplay of planetary radius, mass, and density enhances our grasp of planetary
physics and the forces that shape our universe. Whether contemplating distant exoplanets or
comparing planets within our Solar System, recognizing that a planet’s mass primarily determines
surface gravity is crucial. So next time you ponder about planetary weights, remember: size might
be similar, but mass is king when it comes to how heavy an object feels on a planet’s surface.
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