
Find The Acceleration Due To Gravity On The
Surface Of A Planet With A Mass Of 3.5 *
10^24 Kg And An
Find The Acceleration Due To Gravity On The Surface Of A Planet With A Mass Of 3.5
10^24 Kg And An

Understanding the acceleration due to gravity on planetary surfaces is fundamental in astrophysics,
space exploration, and planetary science. It helps scientists determine how objects behave on
different planets, influences satellite orbits, and aids in understanding planetary composition. In this
article, we will explore how to calculate the acceleration due to gravity on the surface of a planet with
a given mass—specifically, 3.5 × 10^24 kg—and an unknown radius. We will discuss the scientific
principles involved, the relevant formulas, practical calculation steps, and factors that can influence
gravity on planetary surfaces.

Basics of Gravity and Its Calculation

What Is Gravitational Acceleration?
Gravitational acceleration, often denoted as 'g,' is the acceleration experienced by an object due to
the gravitational pull of a massive body, such as a planet or star. Near Earth's surface, this value is
approximately 9.81 m/s², but it varies across different celestial bodies depending on their mass and
radius.

The Fundamental Formula for Surface Gravity
The acceleration due to gravity on the surface of a sphere (like a planet) is derived from Newton's
Law of Universal Gravitation and can be expressed as:

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

where:
- \( g \) = acceleration due to gravity (m/s²)
- \( G \) = gravitational constant (\(6.674 \times 10^{-11} \, \mathrm{Nm^2/kg^2}\))
- \( M \) = mass of the planet (kg)
- \( R \) = radius of the planet (m)

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



Calculating Surface Gravity for the Given Planet

Given:
- \( M = 3.5 \times 10^{24} \, \mathrm{kg} \)

However, the radius (\( R \)) of the planet isn’t provided. To proceed with the calculation, we need to
estimate or assume the radius based on typical planetary dimensions or known data about similar-
sized planets.

Estimating the Radius of the Planet
The radius can be approximated if we assume the planet has a similar density to Earth. Earth’s
average density is roughly 5,520 kg/m³, and its radius is approximately 6,371 km.

The volume of a sphere is:

\[
V = \frac{4}{3} \pi R^3
\]

Density (\( \rho \)) relates mass and volume as:

\[
\rho = \frac{M}{V}
\]

Rearranged to find radius:

\[
R = \left( \frac{3M}{4 \pi \rho} \right)^{1/3}
\]

Assuming similar density:

\[
\rho_{Earth} \approx 5520 \, \mathrm{kg/m^3}
\]

Calculate \( R \):

\[
R = \left( \frac{3 \times 3.5 \times 10^{24}}{4 \pi \times 5520} \right)^{1/3}
\]

Let's proceed step-by-step:

1. Numerator: \( 3 \times 3.5 \times 10^{24} = 10.5 \times 10^{24} \)

2. Denominator: \( 4 \pi \times 5520 \approx 4 \times 3.1416 \times 5520 \approx 12.5664 \times



5520 \approx 69,388 \)

3. Divide numerator by denominator:

\[
\frac{10.5 \times 10^{24}}{69,388} \approx 1.513 \times 10^{20}
\]

4. Take the cube root:

\[
R \approx (1.513 \times 10^{20})^{1/3}
\]

Cube root of \( 10^{20} \) is \( 10^{6.\overline{6}} \approx 10^{6.6667} \)

Cube root of 1.513:

\[
\approx 1.14
\]

So,

\[
R \approx 1.14 \times 10^{6.6667} \, \mathrm{m} \approx 1.14 \times 10^{6.6667} \, \mathrm{m}
\]

Converting:

\[
10^{6.6667} \approx 10^{6} \times 10^{0.6667} \approx 1,000,000 \times 4.6 \approx 4.6 \times
10^{6}
\]

Thus,

\[
R \approx 1.14 \times 4.6 \times 10^{6} \, \mathrm{m} \approx 5.24 \times 10^{6} \, \mathrm{m}
\]

which is approximately 5240 km.

This radius suggests the planet is somewhat larger than Earth, but for simplicity, we’ll use R ≈ 5,240
km or 5.24 × 10^6 meters.

Calculating the Gravity
Now, applying the formula:



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

Substituting the known values:

\[
g = \frac{6.674 \times 10^{-11} \times 3.5 \times 10^{24}}{(5.24 \times 10^{6})^2}
\]

Calculating numerator:

\[
6.674 \times 10^{-11} \times 3.5 \times 10^{24} = (6.674 \times 3.5) \times 10^{13} \approx
23.36 \times 10^{13} = 2.336 \times 10^{14}
\]

Calculating denominator:

\[
(5.24 \times 10^{6})^2 = 5.24^2 \times 10^{12} \approx 27.5 \times 10^{12} = 2.75 \times
10^{13}
\]

Finally:

\[
g = \frac{2.336 \times 10^{14}}{2.75 \times 10^{13}} \approx 8.49 \, \mathrm{m/s^2}
\]

Result: The acceleration due to gravity on the surface of this planet is approximately 8.49 m/s²,
slightly less than Earth's gravity.

Factors Affecting Surface Gravity

While the above calculation provides a good estimate, several factors can influence the actual gravity
experienced on a planet’s surface:

1. Planetary Density
- Variations in composition lead to differences in density, affecting radius and surface gravity.
- Rocky planets tend to have higher densities; gaseous planets have lower densities.

2. Planet’s Composition and Structure
- Differentiated planets with dense cores will have different gravity profiles.
- The presence of mountains or valleys can cause local variations.



3. Rotation and Centrifugal Effect
- Rapid rotation causes an outward centrifugal force, reducing effective gravity at the equator.
- For planets with significant rotational speeds, the gravity at the equator can be noticeably less than
at the poles.

4. Tidal Forces
- Gravitational interactions with other celestial bodies may slightly alter surface gravity.

Applications of Surface Gravity Calculations

Understanding the surface gravity of planets is essential in many fields:

Space Missions and Satellite Deployment: Knowing gravity helps in designing orbits and1.
landing missions.

Planetary Habitability Assessment: Gravity influences atmospheric retention and surface2.
conditions.

Astrophysical Research: Comparing gravitational acceleration across planets aids in3.
understanding planetary formation and evolution.

Engineering and Human Exploration: Gravity data is vital for planning habitats and4.
movement on other planets.

Summary

Calculating the acceleration due to gravity involves understanding the relationship between a planet's
mass, radius, and the gravitational constant. For a planet with a mass of 3.5 × 10^24 kg and an
estimated radius of approximately 5,240 km, the surface gravity is around 8.49 m/s². This value
provides insight into the planet's characteristics and helps compare it with Earth and other celestial
bodies.

By applying fundamental physics principles and making reasonable assumptions about planetary
properties, scientists and engineers can effectively estimate surface gravity, which plays a pivotal role
in space exploration, planetary science, and understanding the universe.

---

Key Takeaways:
- Surface gravity depends on the planet's mass and radius.
- The formula \( g = \frac{G M}{R^2} \) is fundamental to these calculations.



- Estimations often involve assumptions about planetary density and composition.
- Real-world factors like rotation and local topography can influence measured gravity.
- Understanding gravity aids in numerous scientific and engineering endeavors related

Frequently Asked Questions

How do you calculate the acceleration due to gravity on the
surface of a planet?
The acceleration due to gravity (g) is calculated using the formula g = GM / R², where G is the
gravitational constant, M is the mass of the planet, and R is its radius.

Given a planet with a mass of 3.5 × 10^24 kg, what additional
information is needed to find the gravity on its surface?
The radius of the planet is needed because the formula g = GM / R² requires both the mass and the
radius to calculate the surface gravity accurately.

If the radius of the planet is 6,700 km, what is the
acceleration due to gravity on its surface?
Using g = GM / R², with M = 3.5 × 10^24 kg, R = 6,700 km (6.7 × 10^6 m), and G ≈ 6.674 × 10^-11
N·m²/kg², g ≈ (6.674 × 10^-11 × 3.5 × 10^24) / (6.7 × 10^6)² ≈ 9.75 m/s².

How does the mass of a planet influence its surface gravity?
The surface gravity is directly proportional to the planet's mass; increasing the mass results in a
higher gravitational acceleration, assuming the radius remains constant.

What are practical applications of knowing the acceleration
due to gravity on different planets?
Understanding surface gravity helps in spacecraft landing, mission planning, designing habitats, and
understanding the planet's geological and atmospheric behavior.

Why is it important to consider both mass and radius when
calculating gravity on a planet?
Because gravity depends on both mass and radius; a larger mass increases gravity, while a larger
radius decreases it. Both factors are essential for an accurate calculation.
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Understanding the acceleration due to gravity on a planet's surface is fundamental in planetary
physics, astrophysics, and space exploration. The find the acceleration due to gravity on the surface
of a planet with a mass of 3.5 × 10²⁴ kg and an unknown radius is a common problem that combines
concepts of Newtonian physics, specifically Newton's law of universal gravitation. This guide aims to
walk you through the process of calculating this value step-by-step, providing clarity on the
underlying principles and detailed calculations.

---

Introduction to Surface Gravity and Its Importance

Gravity influences everything on a planet—from the weight of objects to the behavior of atmospheres
and the potential for life. Accurately determining the acceleration due to gravity (commonly denoted
as g) on a planet’s surface is crucial for:

- Designing space missions and landers.
- Understanding planetary geology.
- Estimating the potential habitability.
- Comparing planetary environments.

Given a planet’s mass and radius, the acceleration due to gravity can be precisely calculated,
allowing scientists and engineers to make informed decisions in their respective fields.

---

The Fundamental Concept: Newton’s Law of Universal Gravitation

At the core of calculating surface gravity is Newton's law of universal gravitation, which states:

F = G (m₁ m₂) / r²

Where:
- F is the gravitational force between two masses.
- G is the gravitational constant (~6.674 × 10⁻¹¹ N·(m/kg)²).
- m₁ and m₂ are the masses involved.
- r is the distance between the centers of the two masses.

When considering an object of mass m on the surface of a planet of mass M and radius R, the force
acting on the object is its weight:

W = m g

And from the gravitational force:

W = G (M m) / R²



Dividing both sides by m:

g = G M / R²

This formula shows that the acceleration due to gravity on the surface depends only on the planet's
mass and radius.

---

Step-by-Step Calculation Process

1. Identify Known Values

- Mass of the planet (M): 3.5 × 10²⁴ kg
- Radius of the planet (R): Unknown (we'll discuss how to estimate or determine this)
- Gravitational constant (G): 6.674 × 10⁻¹¹ N·(m/kg)²

2. Understanding the Unknown Radius

Since the radius R is not provided, to find g, we need an estimate or additional data. Typically,
planetary radius can be obtained from:

- Observation data: from telescopic imaging or radar measurements.
- Comparison with known planets: using planetary density.
- Assumption based on similar planets: for example, if the planet has a similar density to Earth, then
the radius can be approximated.

3. Estimating the Radius (if data is unavailable)

Assuming the planet has a similar density to Earth (~5.52 g/cm³ or 5520 kg/m³), we can estimate the
radius:

- Calculate the volume (V):

\( V = \frac{M}{\text{density}} \)

- Calculate the radius (R):

\( V = \frac{4}{3} \pi R^3 \)

\( R = \left(\frac{3V}{4\pi}\right)^{1/3} \)

Calculations:

- Convert density to SI units: 5520 kg/m³
- Compute volume:

\( V = \frac{3.5 \times 10^{24}\ \text{kg}}{5520\ \text{kg/m}^3} \approx 6.34 \times 10^{20}\
\text{m}^3 \)

- Compute radius:



\( R = \left(\frac{3 \times 6.34 \times 10^{20}}{4 \pi}\right)^{1/3} \)

\( R \approx \left(\frac{1.902 \times 10^{21}}{12.566}\right)^{1/3} \)

\( R \approx \left(1.515 \times 10^{20}\right)^{1/3} \)

\( R \approx 5.28 \times 10^{6}\ \text{m} \)

This approximation suggests the radius is roughly 5,280 km, close to Earth's radius (~6,371 km),
indicating a similar planetary size and density.

---

Actual Calculation of g (Using Estimated Radius)

Now, plugging the estimated radius into the formula:

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

\[
g = \frac{6.674 \times 10^{-11}\ \text{N·(m/kg)}^2 \times 3.5 \times 10^{24}\ \text{kg}}{(5.28
\times 10^6\ \text{m})^2}
\]

Calculating numerator:

\[
6.674 \times 10^{-11} \times 3.5 \times 10^{24} \approx 2.334 \times 10^{14}
\]

Calculating denominator:

\[
(5.28 \times 10^6)^2 = 27.9 \times 10^{12} \approx 2.79 \times 10^{13}
\]

Finally:

\[
g \approx \frac{2.334 \times 10^{14}}{2.79 \times 10^{13}} \approx 8.36\, \text{m/s}^2
\]

Result: The approximate acceleration due to gravity on this planet's surface is 8.36 m/s², slightly less
than Earth's 9.81 m/s², consistent with a slightly larger radius.

---

Factors That Influence Surface Gravity



While the above calculation provides an estimate, several factors can influence the precise value of g:

- Planetary density variations: denser planets have higher gravity.
- Non-spherical shape: oblateness can cause variation.
- Internal structure: core and mantle composition affect overall density and gravity.
- Presence of atmospheres or mass anomalies: local variations can influence gravity measurements.

---

Practical Applications and Implications

Knowing the surface gravity helps in multiple scenarios:

- Spacecraft landing and ascent calculations: to ensure safe landings and departures.
- Biological considerations: understanding how gravity affects potential life forms.
- Engineering: designing structures to withstand gravitational forces.
- Scientific research: comparing planetary environments.

---

Summary and Key Takeaways

- The acceleration due to gravity on a planet's surface is given by:

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

- To compute g, both the mass and radius of the planet are needed.
- When the radius is unknown, it can be estimated via assumptions about planetary density or
obtained from observational data.
- Using an estimated radius of approximately 5,280 km, the gravity for a planet with a mass of 3.5 ×
10²⁴ kg is about 8.36 m/s².
- This value provides insight into the planet's environment and potential habitability.

---

Final Thoughts

Calculating the acceleration due to gravity on a planetary surface is a foundational skill in physics and
planetary science. While straightforward in principle, it requires careful consideration of the planet's
mass, radius, and internal composition. As technology advances and observational data become more
precise, these calculations will continue to refine our understanding of celestial bodies and their
environments.

Remember: Always verify assumptions and use the most accurate data available to ensure your
calculations reflect reality as closely as possible.
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