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Understanding how gravity varies with altitude is fundamental in physics, especially in fields like
aerospace, satellite technology, and geophysics. One interesting question that often arises is: At what
height above the Earth's surface does the acceleration due to gravity reduce to 35.0% of its value at
sea level? This inquiry not only deepens our grasp of gravitational principles but also has practical
applications in satellite deployment, space exploration, and understanding Earth's gravitational field.
In this comprehensive guide, we will explore the physics behind the variation of gravity with height,
derive the necessary formulas, perform calculations, and discuss real-world implications.

Fundamentals of Gravity and Its Variation with Height

The Nature of Earth's Gravity

Gravity is a fundamental force that attracts objects toward each other. On Earth, this force manifests
as the acceleration due to gravity, usually denoted by g, which at the surface averages approximately
9.81 m/s2. This value, however, is not constant everywhere and varies with altitude, latitude, and local
mass distributions.

Newton's Law of Universal Gravitation

The variation of gravity with height can be derived from Newton's Law of Universal Gravitation, which
states:

\[

F=G\frac{M m}{r~2}
\]

Where:

-\( F\) = gravitational force

-\( G\) = universal gravitational constant (\(6.674 \times 10~ {-11} \, \mathrm{Nm~2/kg”~2}\))
-\( M\) = mass of the Earth (\( \approx 5.972 \times 10~{24} \, \mathrm{kg} \))

-\( m\) = mass of the object

-\( r\) = distance from Earth's center to the object

The acceleration due to gravity at a distance \( r\) from Earth's center is:



\[

g(r) = G \frac{M}{r™~2}

\]

At Earth's surface (radius \( R \)), this simplifies to:

\[
g 0 =G \frac{M}{R"2}
\]

where \( R \approx 6,371\, \mathrm{km} \) (mean radius of Earth).

Deriving the Relationship Between Gravity and Height

Gravity at a Height \( h\)

If an object is located at a height \( h'\) above Earth's surface, its distance from Earth's center is:

\[
r=R+h
\]

Thus, the acceleration due to gravity at height \( h'\) becomes:

\[
g(h) = G\frac{M}{(R + h)"~2}
\]

Expressing \( g(h) \) in terms of \( g_0\):

\[

g(h) = g_0 \left( \frac{R}{R + h} \right)"2
\]

This is a crucial relation because it links surface gravity with gravity at any altitude.

Calculating the Height Where Gravity Is 35.0% of Its
Surface Value



Setting Up the Equation
Given that at height \( h'\), the gravity is 35.0% (or 0.35 times) the surface gravity:

\[
g(h) = 0.35\times g_0
\]

Substituting the earlier relation:

\[
0.35 \times g_0 = g 0 \left( \frac{R}{R + h} \right)"~2

\]
Dividing both sides by \( g 0\):

\[
0.35 = \left( \frac{R}{R + h} \right)"2
\]

Solving for \( h\)

Taking the square root of both sides:

\[
\sqrt{0.35} = \frac{R}{R + h}
\]

Rearranged:

\[
R + h =\frac{R}{\sqrt{0.35}}
\]

Now, solving for \( h\):

\[
h = \frac{R}{\sqrt{0.35}} - R
\]

Calculating \( \sqrt{0.35} \):
\[
\sqrt{0.35} \approx 0.5916
\]

Thus:



\[
h =\frac{6,371\, \text{km}}{0.5916} - 6,371\, \text{km}

\]

\[
h\approx 10,766\, \text{km} - 6,371\, \text{km}

\]

\[
h\approx 4,395\, \text{km}

\]

Answer: The acceleration due to gravity is approximately 4,395 km above Earth's surface when it
reduces to 35.0% of its value at sea level.

Understanding the Significance of the Result

Implications for Satellite Orbits

Satellites in low Earth orbit (LEO) typically orbit at altitudes between 160 km and 2,000 km, where
gravity remains close to the surface value. However, for higher-altitude satellites, such as
geostationary ones at approximately 35,786 km, gravity is significantly weaker, around 38% of
surface gravity, which aligns with the calculations here.

Space Missions and Navigation

Knowing how gravity varies with altitude is vital for:

- Precise satellite navigation

- Spacecraft trajectory planning

- Understanding orbital decay

- Designing spacecraft that can operate efficiently at various altitudes

Geophysical Studies

Gravity measurements at different heights help scientists:
- Map Earth's internal density variations

- Detect mineral deposits

- Study Earth's shape and mass distribution



Additional Factors and Real-World Considerations

Earth's Oblateness and Local Variations

While our calculations assume a perfect sphere, Earth is an oblate spheroid with equatorial bulging.
Local geological formations and density variations also cause slight deviations in gravity.

Effects of Latitude

Gravity slightly varies with latitude due to Earth's rotation and shape, being marginally weaker at the
equator and stronger at the poles.

Atmospheric Effects

At very high altitudes, atmospheric drag diminishes, but the effect on gravity is negligible compared
to the primary inverse-square law dependence.

Summary and Key Takeaways

- The acceleration due to gravity decreases with altitude according to the inverse square law.

- When gravity drops to 35% of its surface value, the height above Earth's surface is approximately
4,395 km.

- This calculation is crucial for satellite deployment, space exploration, and understanding Earth's
gravitational field.

- Real-world factors like Earth's oblateness and local mass distributions cause minor deviations from
this idealized calculation but do not significantly alter the fundamental relationship.

Final Remarks

Understanding at what height gravity diminishes to a specific fraction of its surface value provides
insight into Earth's gravitational field and the environment of space. Whether designing spacecraft,
planning satellite orbits, or conducting geophysical research, this knowledge forms a foundational
aspect of modern physics and engineering. With precise formulas and calculations, scientists and
engineers can predict gravitational behavior at various altitudes, ensuring the success and safety of
space missions and technologies.
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Frequently Asked Questions

How do you determine the height above Earth where gravity
is 35.0% of its surface value?

You use the inverse square law of gravity, setting GM/(R+h)”~2 = 0.35 GM/R”2, and solve for h to find
the height where gravity is 35% of its surface value.

What is the formula to calculate the height at which gravity
decreases to 35% of its surface value?

The height h can be found using h = R (1/¥0.35 - 1), where R is Earth's radius. This derives from the
inverse square relationship of gravity with distance.

Approximately, at what altitude above Earth’s surface does
gravity reduce to 35% of its value at the surface?

The gravity reduces to 35% of its surface value at approximately 2.55 times Earth's radius above the
surface, which is about 16,300 km, given Earth's average radius of 6,371 km.

Why does gravity decrease with height above the Earth's
surface?

Gravity decreases with height because gravitational force is inversely proportional to the square of
the distance from Earth's center, so as you move higher, the force weakens according to the inverse
square law.

How does understanding the variation of gravity with altitude
help in satellite or space mission planning?

Knowing how gravity diminishes with altitude helps in calculating orbital trajectories, fuel
requirements, and ensuring spacecraft maintain desired orbits by accounting for the reduced
gravitational pull at higher altitudes.

Additional Resources

Gravity — the fundamental force that keeps us anchored to the Earth, governs planetary motions, and
influences countless natural phenomena. Its strength at the Earth's surface is approximately 9.81
m/s?, but this value diminishes with altitude. For scientists, engineers, and space enthusiasts alike,
understanding how gravity changes with height is essential for applications ranging from satellite
deployment to aerospace navigation. One intriguing question often posed is: At what height above
the Earth is the acceleration due to gravity just 35.0% of its value at the surface?



This article aims to explore this question in depth, offering an expert-level analysis that combines
theoretical physics with practical insights. We'll examine the fundamental principles governing
gravity's variation with altitude, derive the necessary formulas, and interpret the results within a real-
world context.

Understanding Gravity’s Dependence on Height

The Newtonian Perspective

The acceleration due to gravity at a distance r from the Earth's center can be expressed using
Newton's Law of Universal Gravitation:

\[
g(r) = \frac{GM}{r"2}
\]

where:

-\( G\) is the gravitational constant (\( 6.67430 \times 10"~ {-11} \, \mathrm{m~3\,kg™ {-1}\,s"{-2}}
\))

-\( M) is the mass of the Earth (\( \approx 5.972 \times 10~ {24} \, \mathrm{kg} \))

-\(r\) is the distance from Earth's center to the point where gravity is being measured

At the Earth's surface, the distance \( r\) equals the Earth's radius, \( R_e \), approximately 6,371 km
or 6.371 \times 10™6 meters.

Since gravity decreases with increasing \( r\), the key is to relate the gravity at a height \( h'\) above
the surface to gravity at the surface:

\[
g(h) = g_0\times \left( \frac{R_e}{R_e + h} \right)"2
\]

where:
-\(g_0\) is the acceleration due to gravity at Earth's surface (~9.81 m/s?)
-\( h\) is the height above the Earth's surface

This inverse-square relationship is the cornerstone of our analysis.

Deriving the Height for a Given Reduction in Gravity



Setting Up the Equation

Given that at height \( h'\), the acceleration due to gravity is 35.0% of its value at the surface, we can
write:

\[
g(h) = 0.35 \times g 0
\]

Substituting into the earlier equation:

\[

0.35 \times g_0 = g_0 \times \left( \frac{R_e}{R_e + h} \right)"2
\]

Dividing both sides by \( g 0\):

\[

0.35 = \left( \frac{R_e}{R e + h} \right)"~2

\]

Taking the square root of both sides:

\[

\sqrt{0.35} = \frac{R e}{R e + h}

\]

\[

\Rightarrow R_e + h = \frac{R_e}{\sqrt{0.35}}
\]

Solving for \( h\):

\[

h = \frac{R _e}{\sqrt{0.35}} -R e

\]

This formula allows us to compute the specific height \( h'\) directly.

Quantitative Calculation

Calculating the Height \( h\)

Let’s substitute the known value of Earth's radius:



\[
R_e\approx 6.371 \times 1076\, \text{meters}

\]
Compute the square root of 0.35:

\[
\sqrt{0.35} \approx 0.5916
\]

Now, plug into the formula:

\[
h =\frac{6.371 \times 1076}{0.5916} - 6.371 \times 106
\]

Calculate the division:

\[
\frac{6.371 \times 1076}{0.5916} \approx 10.763 \times 1076\, \text{meters}

\]

Subtract the Earth's radius:

\[
h \approx 10.763 \times 1076 - 6.371 \times 1076 = 4.392 \times 1076\, \text{meters}

\]

Expressed in kilometers:

\[
h\approx 4,392\, \text{km}

\]

Interpreting the Result in Context

Significance of the Height

Reaching approximately 4,392 km above Earth's surface to experience just 35% of the surface gravity
has remarkable implications:

1. Comparison with Satellite Orbits:

- The International Space Station orbits at about 420 km altitude, where gravity remains roughly 89%
of surface gravity.

- Geostationary satellites orbit at approximately 35,786 km, where gravity is about 90% of the surface



value, due to the inverse-square nature.

2. Implication for Space Missions:

- To experience a gravity as low as 35%, one would need to be well beyond geostationary orbit,
roughly 4,400 km above Earth's surface.

- This is a significant altitude, highlighting how gravity remains relatively strong even at considerable
distances from Earth.

3. Practical Considerations:

- The calculated height is well within the realm of orbital mechanics.

- For humans and spacecraft, the gravity at this altitude is still substantial, affecting trajectories and
fuel calculations for spacecraft escape and station-keeping.

Visualizing the Decline of Gravity

To better grasp how gravity diminishes:

- At 0 km (surface): \( g = 9.81\, \mathrm{m/s"~2}\)

- At 420 km (ISS altitude): \( g \approx 8.69 \, \mathrm{m/s"2} \) (~89%)
- At 35,786 km (GEO orbit): \( g \approx 0.98 \, \mathrm{m/s~2} \) (~10%)

The fact that gravity at 4,392 km altitude drops to just 35% of its surface value underscores the steep
decline governed by the inverse-square law.

Additional Factors and Real-World Considerations

Earth's Shape and Density Variations

While the above calculations assume a perfect sphere with uniform density, real Earth exhibits:

- Oblate shape: Slightly flattened at the poles
- Density anomalies: Variations due to Earth's internal structure

These factors introduce minor deviations, but for most practical purposes, the inverse-square law
provides an accurate approximation.

Effect of Earth's Atmosphere

At altitudes of around 4,392 km, the atmosphere is virtually nonexistent, and the primary influence on
gravity is gravitational attraction, not atmospheric drag or pressure.



Implications for Satellite Design

Understanding gravity variation is crucial for:

- Orbital mechanics: Precise calculations for satellite deployment
- Re-entry planning: Predicting spacecraft behavior at different altitudes
- Geophysical studies: Modeling Earth's interior and gravitational anomalies

Conclusion

In summary, the height above Earth's surface at which the acceleration due to gravity drops to 35.0%
of its surface value is approximately 4,392 kilometers. This calculation, derived from Newtonian
physics and the inverse-square law, illustrates the powerful decline of gravity with altitude and
emphasizes the importance of gravity considerations in space exploration, satellite technology, and
geophysical research.

Understanding this relationship not only satisfies scientific curiosity but also informs real-world
applications that depend on precise gravitational modeling. Whether designing the next generation of
satellites or contemplating human space travel beyond Earth's immediate vicinity, mastering the
nuances of gravity’s variation is essential for progress in aerospace and Earth sciences.
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