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Imagine an astronaut with a mass of 59.1 kilograms standing on a distant
planet. Now, consider how the astronaut’s weight would change if this planet
were twice as massive as Earth and had twice the radius. Understanding this
scenario involves delving into the principles of gravity, planetary physics,
and how mass and radius influence an object’'s weight. This article explores
in detail what the astronaut’s weight would be under these conditions,
providing insights into gravitational forces on other planets and their
implications for space exploration.

Understanding the Basics: Weight, Mass, and
Gravity

Before calculating the astronaut's weight on the hypothetical planet, it’s
vital to understand the key concepts involved:

What is Mass?

Mass is a measure of the amount of matter in an object, measured in kilograms
(kg). It remains constant regardless of location; the astronaut’s mass is
59.1 kg everywhere in the universe.

What is Weight?

Weight is the force exerted on an object due to gravity. It depends on the
mass of the object and the gravitational acceleration of the planet or
celestial body where the object is located. Weight is calculated as:

\ [
\text{Weight} = \text{Mass} \times \text{Gravitational acceleration} (g)

\1]

Gravitational Acceleration

Gravitational acceleration (g) is the acceleration experienced by an object
due to gravity. On Earth, this is approximately 9.81 meters per second



squared (m/s?). On other planets, this value varies depending on the planet’s
mass and radius.

Calculating Gravitational Acceleration on a
Different Planet

The key to determining the astronaut's weight on a new planet is calculating
the gravitational acceleration (g) at the planet’s surface. The formula for
gravitational acceleration is:

\ [

g = \frac{G \times M}{R"2}
\1

Where:

- \( G \) 1is the gravitational constant, approximately \( 6.674 \times
107{-11} \, \text{Nm}"2/\text{kg}"2 \),

- \( M\) is the planet’s mass,

- \( R\) is the planet’s radius.

Since the planet in question is twice as massive as Earth and twice as large
(radius doubled), we can compare its gravity to Earth's.

Planetary Parameters: Earth vs. Hypothetical
Planet

Let’s define the parameters:

e Earth’s mass, \( M _{Earth} \): approximately \( 5.972 \times 107{24} \)
kg

e Earth’s radius, \( R {Earth} \): approximately 6,371 km or 6.371 \times
1076 meters

For the hypothetical planet:

e Mass, \( M {planet} = 2 \times M {Earth} \)

e Radius, \( R {planet} = 2 \times R {Earth} \)



Using these, we can find the gravitational acceleration \( g {planet} \).

Calculating Gravitational Acceleration on the
Hypothetical Planet

Starting with the formula:

\ [
g {planet} = \frac{G \times M {planet}}{R {planet}"2}

\1]

Substitute \( M {planet} = 2 \times M {Earth} \), and \( R {planet} = 2
\times R {Earth} \):

\ [
g {planet} = \frac{G \times 2 M {Earth}}{(2 R {Earth})"2}

\]

Simplify the denominator:

\ [
(2 R {Earth})"2 = 4 R {Earth}"2
\1]

So,

\ [

g {planet} = \frac{G \times 2 M {Earth}}{4 R {Earth}"2} = \frac{2}{4} \times
\frac{G \times M {Earth}}{R {Earth}"2} = \frac{1}{2} \times g {Earth}

\1

Since \( g {Earth} \) is approximately 9.81 m/s?:

\ [
g {planet} = \frac{1}{2} \times 9.81 \, \text{m/s}"2 = 4.905 \, \text{m/s}"2
\1

This means the gravitational acceleration on this hypothetical planet is
exactly half of Earth’s gravity.

Determining the Astronaut’s Weight on the
Hypothetical Planet

Now that we know the gravitational acceleration (\( g {planet} = 4.905 \,
\text{m/s}"2 \)), calculating the astronaut’s weight is straightforward:



\ [
\text{Weight} = \text{Mass} \times g {planet}

\1]
Plugging in the values:

\ [
\text{Weight} = 59.1 \, \text{kg} \times 4.905 \, \text{m/s}"2

\1]

Calculating:

\ [
\text{Weight} \approx 59.1 \times 4.905 \approx 289.7 \, \text{Newtons}

\1]

To express this in kilograms-force (kgf), divide by Earth's standard gravity:

\ [
\text{Weight in kgf} = \frac{\text{Force in Newtons}}{9.81} \approx
\frac{289.7}{9.81} \approx 29.52 \, \text{kgf}

\1]

Therefore, the astronaut's weight on this hypothetical planet would be
approximately 289.7 Newtons, or about 29.5 kgf.

Implications of Reduced Gravity on a Distant
Planet

Understanding the astronaut’s weight in this context highlights how planetary
characteristics influence gravity and, consequently, weight:

Effects on Movement and Mobility

- Reduced gravity makes movement easier but can affect muscle and bone health
over time.

- Astronauts might experience a sensation similar to lunar or Martian
environments, with lighter steps and less impact.

Impact on Space Missions and Extraterrestrial
Activities
- Lower gravity affects the design of spacecraft, suits, and equipment.

- Activities such as walking, lifting, and operating tools must account for
the reduced force.



Summary: Key Takeaways

- The gravitational acceleration on a planet that is twice as massive as
Earth and twice as large in radius is half of Earth's gravity, approximately
4.905 m/s?.

- The weight of a 59.1-kg astronaut on this planet would be about 289.7
Newtons, or roughly 29.5 kgf.

- Such a planet’s gravity would significantly influence movement, equipment
design, and overall exploration strategies.

Conclusion

Understanding what a 59.1-kg astronaut would weigh on a planet twice as
massive as Earth and having twice its radius offers fascinating insights into
planetary physics and gravity's role in space exploration. Despite the
increased mass, the larger radius diminishes the gravitational pull,
resulting in a surface gravity that is only half that of Earth. This decrease
in gravity would make the astronaut feel significantly lighter, impacting
biomechanics, equipment, and mission planning. As humanity ventures further
into space, grasping these fundamental principles helps prepare for the
challenges of exploring worlds with different gravitational environments.

By applying basic physics formulas and planetary data, we see that even
substantial increases in planetary mass can produce counterintuitive effects
due to changes in radius. This knowledge not only enhances our understanding
of celestial mechanics but also informs the design of future space missions
and habitats on other planets.

Frequently Asked Questions

What would be the weight of a 59.1-kg astronaut on a
planet twice as massive as Earth?

The astronaut's weight would be approximately 118.2 kg-m/s? (newtons),
doubling the weight experienced on Earth due to the planet's twice greater
mass.

How does the gravity of a planet twice as massive as
Earth compare to Earth's gravity?

The gravity would be roughly twice as strong as Earth's gravity, assuming the
planet's radius remains similar, since gravity is proportional to mass.



If the planet's mass is doubled, how does that
affect the astronaut's weight compared to Earth?

The astronaut's weight would be approximately doubled because gravitational
force increases proportionally with mass.

Would the astronaut weigh more or less on this new
planet compared to Earth?

The astronaut would weigh approximately twice as much on the new planet
compared to Earth.

Does the planet's size affect the astronaut's weight
on a planet with double the mass of Earth?

Yes, if the planet's radius remains the same, the increased mass results in
higher gravity and thus a greater weight for the astronaut.

What is the formula to calculate the astronaut's
weight on a different planet?

Weight = (G M m) / R%?, where G is the gravitational constant, M is the
planet's mass, m is the astronaut's mass, and R is the planet's radius.

If the planet's radius is also doubled along with
its mass, how does that affect the astronaut's
weight?

The astronaut's weight would remain approximately the same as on Earth
because gravitational force depends on the ratio of mass to the square of
radius, which would be unchanged in this case.

What assumptions are made when calculating the
astronaut's weight on this planet?

Assumptions include that the planet's radius remains constant when its mass
doubles, and that the gravitational acceleration can be calculated using
Newton's law of gravitation without other planetary effects.

Additional Resources

What Would Be The Weight Of A 59.1-kg Astronaut On A Planet Twice As Massive
As Earth And Having Twice

Understanding how weight varies across different planetary bodies is a



fascinating aspect of astrophysics and space exploration. When considering an
astronaut who weighs 59.1 kg on Earth, it’s intriguing to evaluate how much
they would weigh on a planet that is twice as massive as Earth and has twice
its radius. This scenario allows us to explore the fundamental principles of
gravity, planetary physics, and their implications for human activity beyond
our home planet. In this article, we will delve into the calculations, the
physics principles involved, and the broader implications of such a planetary
environment.

Fundamental Concepts: Weight, Mass, and Gravity

Before addressing the specific scenario, it is crucial to clarify some
fundamental 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) or, colloquially, in kilograms-force or similar units. It depends on the
local gravitational acceleration.

Gravity and Gravitational Acceleration

- The gravitational acceleration \(g\) at a planet's surface is given by:

\ [

g = \frac{GM}{R"2}
\1]

where:

- \(G\) is the universal gravitational constant (\(6.674 \times 10"{-11}
\mathrm{Nm~2/kg”~2}\))

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

- \(R\) is the radius of the planet

- The weight \(W\) of an object is then:
\ [

W =m \times g

\1

with \(m\) being the mass of the object.



Calculating the Gravitational Acceleration on
the Exoplanet

Given the scenario:
- The planet's mass \(M {planet}\) = 2 \(\times\) Earth's mass
- The planet's radius \(R {planet}\) = 2 \(\times\) Earth's radius

We need to determine the planet's surface gravity relative to Earth's.

Surface Gravity of Earth

- Earth's mass \(M {Earth}\) = \(5.972 \times 107{24}\) kg
- Earth's radius \ (R {Earth}\) = \(6.371 \times 10"{6}\) meters
- Earth's surface gravity \(g {Earth}\) = 9.81 m/s?

Surface Gravity of the Exoplanet

- The planet's mass \(M {planet}\) = 2 \(M {Earth}\) = \(2 \times 5.972
\times 107{24}\) kg = \(1.1944 \times 10"{25}\) kg

- The planet's radius \(R {planet}\) = 2 \(R {Earth}\) = \(2 \times 6.371
\times 107°{63}\) m = \(1.2742 \times 10°{7}\) m

Applying the gravity formula:

\ [

g {planet} = \frac{G \times M {planet}}{R {planet}"2}
\1

Expressed in terms of Earth's gravity:

\ [

g {planet} = g {Earth} \times

\frac{M {planet}/M {Earth}}{(R {planet}/R {Earth})"2}
\1

Substituting the ratios:

\ [

g {planet} = 9.81 \times \frac{2}{(2)"2} = 9.81 \times \frac{2}{4} = 9.81
\times 0.5 = 4.905\ \mathrm{m/s"2}

\1

Result: The surface gravity on this planet would be approximately 4.905 m/s?,
which is half of Earth's gravity.



Calculating the Astronaut’s Weight on the
Exoplanet

The astronaut's mass remains constant at 59.1 kg. To find their weight on the
new planet:

\ [

W {planet} = m \times g {planet} = 59.1 \times 4.905 \approx 289.7\
\mathrm{N}

\1

Since weight in everyday terms is often expressed in kilograms-force (kgf),
we divide the new weight by Earth's gravity:

\ [

W {kgf} = \frac{W {planet}}{g {Earth}} = \frac{289.7}{9.81} \approx 29.53\
\text{kg}

\1

Conclusion: The astronaut would weigh approximately 29.5 kg on this planet,
roughly half of their Earth weight.

Implications and Features of Such a Planetary
Environment

Understanding the gravity and weight implications provides insights into how
humans might adapt or what challenges they might face on such a planet.

Potential Features of the Planet

- Lower gravity: At about 50% of Earth's gravity, movement would be easier,
and jumping or lifting heavy objects would require less effort.

- Surface conditions: The planet’s size and mass suggest it could have a
substantial atmosphere, but details depend on composition and temperature.
- Surface gravity effects: Long-term exposure to lower gravity could impact
muscle mass and bone density, similar to what is observed on the Moon or
Mars.

Pros and Cons of a Planet with Half Earth’s Gravity

- Pros:
- Easier mobility for humans and robots.
- Reduced energy expenditure for physical tasks.



- Potential for higher jumps and more dynamic movement.
- Less strain on the cardiovascular system during activity.

- Cons:

- Long-term health issues such as muscle atrophy and bone density loss.

- Difficulties in performing tasks that rely on gravity, such as anchoring or
stabilizing objects.

- Possible challenges in spacecraft landing and takeoff due to different
gravity profiles.

- Potential issues with fluid distribution in the body, affecting blood flow.

Features that Might Differ from Earth

- Atmospheric pressure and composition: Variations could influence
respiration and weather.

- Climate: Temperature regimes depend on atmospheric and planetary
properties.

- Surface composition: May differ significantly, affecting habitat
construction and resource extraction.

Broader Context and Considerations

While this calculation provides a clear quantitative answer, real-world
applications entail more complexities:

- Planet density: The density influences the gravitational acceleration; a
planet with twice Earth's mass but the same density would have a different
radius.

- Tidal effects: Larger mass planets can have stronger tides, impacting
geological activity.

- Habitability: The planet's environment, atmosphere, magnetic field, and
other factors determine if humans could survive long-term.

- Engineering challenges: Designing space suits, habitats, and transportation
systems suitable for lower gravity environments.

Conclusion

In summary, a 59.1 kg astronaut would weigh approximately 29.5 kg on a planet
that is twice as massive as Earth but has twice its radius. This scenario
highlights how gravity depends on both mass and radius, and how proportional
relationships influence surface gravity. Such a planet would present both
opportunities and challenges for human explorers, from easier movement and
physical exertion to potential health risks associated with lower gravity



exposure. As humanity contemplates interplanetary travel and colonization,
understanding these gravitational nuances becomes vital for planning safe and
sustainable human presence beyond Earth.

This analysis underscores the importance of fundamental physics in space
exploration and the exciting possibilities that await as we venture into the
Cosmos.
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