What Is The Gravitational Field Strength At A
Distance Of 60.0 Km Above The Surface Of The
Earth

What Is The Gravitational Field Strength At A Distance Of 60.0 Km Above The Surface Of The Earth is a
question that often arises in physics when exploring the nature of gravity and how it varies with distance.
Understanding gravitational field strength at different altitudes is crucial for fields ranging from satellite
technology to astrophysics. In this article, we will delve into the concept of gravitational field strength,

how it is calculated, and specifically determine its value at an altitude of 60.0 km above Earth's surface.

Understanding Gravitational Field Strength

Definition of Gravitational Field Strength

Gravitational field strength, often denoted as g, is a measure of the force of gravity acting on a unit mass at a
specific point in space. It is a vector quantity, meaning it has both magnitude and direction, pointing toward

the center of the mass creating the field. The SI unit of gravitational field strength is Newton per kilogram
(N/kg).

Mathematically, it can be expressed as:

\[ g = \frac{F}{m} \]

where:

- F is the gravitational force experienced by the mass,

- m is the mass experiencing the force.

Alternatively, for a point mass like Earth, it can be calculated using Newton's law of universal gravitation:
\[ g = \frac{GM}{r"2} \]

where:

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

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

- r is the distance from the center of the Earth to the point in question.

Calculating Gravitational Field Strength at a Height of 60 km



Determining the Distance from Earth's Center

The key to calculating g at 60.0 km above Earth's surface is to find the total distance r from Earth's center:
\[r=R+h\]

where:

- R is Earth's radius,

- h is the altitude above Earth's surface.

The average radius of Earth is approximately:

\[ R = 6371\, \mathrm{km} \]

Given the altitude:

\[ h =60.0 \, \mathrm{km} \]

Therefore:

\[ r = 6371\, \mathrm{km} + 60.0 \, \mathrm{km} = 6431 \, \mathrm{km} \]
Converting to meters:

\[ r = 6431 \times 10"3 \, \mathrm{m} = 6.431 \times 10"6 \, \mathrm{m} \]

Applying the Gravitational Field Strength Formula

Using the formula:

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

we substitute known values:

[

g = \frac{(6.674 \times 10"{-11}) \times (5.972 \times 10"{24})}{(6.431 \times 10"6)"2}
\

Calculating numerator:

\

G \times M = 6.674 \times 10"{-11} \times 5.972 \times 10"{24} \approx 3.986 \times 10"{14}

\]

Calculating denominator:

\[
r"2 = (6.431 \times 10"6)"2 \approx 4.137 \times 10"{13}

\]

Finally:

\

g = \frac{3.986 \times 10"{14}}{4.137 \times 10"{13}} \approx 9.63 \, \mathrm{N/kg}

\

Thus, the gravitational field strength at 60 km above Earth's surface is approximately 9.63 N/kg.



Comparison with Surface Gravity

Gravity at Earth's Surface

Standard gravity at Earth's surface is approximately:
\[ g_{\text{surface}} \approx 9.81 \, \mathrm{N/kg} \]

Effect of Altitude on Gravitational Field Strength

As altitude increases, the distance r from Earth's center increases, causing g to decrease. At 60 km above the
surface:
- The gravitational field strength has decreased from about 9.81 N/kg to approximately 9.63 N/kg.

- This represents a reduction of about 1.8%, which aligns with the inverse-square law.

Implications and Real-World Applications

Satellite Orbits and Space Missions

Understanding how gravity diminishes with altitude is vital for:
- Calculating satellite orbits,
- Planning re-entry trajectories,

- Designing spacecraft systems.

At 60 km altitude, which is above the Kérman line (the boundary of space at about 100 km), spacecraft

experience slightly reduced gravity, affecting their motion and required propulsion.

Gravitational Variations and Earth Modeling

‘While this calculation assumes a perfect sphere and uniform density, real Earth exhibits variations in
density and topography, causing local fluctuations in gravitational field strength. Precise measurements are

essential for geophysics and resource exploration.

Summary

To summarize:

- Gravitational field strength decreases with increasing distance from Earth's center.



- At 60 km above Earth's surface, g is approximately 9.63 N/kg.
- This is slightly less than the surface gravity of 9.81 N/kg, consistent with the inverse-square law.

- Understanding this variation is crucial for satellite navigation, space exploration, and geophysical studies.

Conclusion

The gravitational field strength at a distance of 60.0 km above the Earth's surface is a practical example of
how gravity diminishes with altitude. By applying Newton's law of gravitation and knowing Earth's
radius and mass, scientists and engineers can accurately determine the gravitational environment at various
heights, enabling advancements in space technology, navigation, and Earth sciences. Recognizing the subtle
decrease in gravity at such altitudes also underscores the importance of precise calculations in designing

missions and understanding planetary physics.

Frequently Asked Questions

What is gravitational field strength at a point above Earth's surface?

It is the force per unit mass experienced by a small test mass placed at that point due to Earth's gravity.

How do you calculate the gravitational field strength 60 km above Earth's

surface?

Use the formula g = GM / r%, where G is the gravitational constant, M is Earth's mass, and r is the distance

from Earth's center, which is Earth's radius plus 60 km.

What is the approximate value of Earth's radius used in calculations?

Earth's average radius is approximately 6371 km, so at 60 km above the surface, r = 6371 km + 60 km =
6431 km.

Does gravitational field strength increase or decrease with altitude?

It decreases as the distance from Earth's center increases.

What is the gravitational constant G?

G is approximately 6.674 x 107" N-m?*/kg? a fundamental constant in gravitation equations.



How much does the gravitational field strength change at 60 km above

Earth's surface?

It decreases slightly from the surface value of about 9.81 N/kg to roughly 9.65 N/kg, depending on precise

calculations.

Is the change in gravitational field strength at 60 km significant for most
applications?

No, the change is relatively small, but it can be important for precise satellite navigation and space missions.

Why is understanding gravitational field strength at different altitudes
important?

It helps in satellite orbit calculations, understanding gravitational effects in space, and designing space

missions.

How does the gravitational field strength at 60 km compare to that on
Earth's surface?

It is slightly weaker than at Earth's surface, decreasing by about 1-2% due to increased distance from Earth's

center.

Additional Resources
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Introduction

Understanding the gravitational field strength at various altitudes above the Earth's surface is fundamental
in physics, with implications ranging from satellite deployment to geophysical studies. The question, "What
is the gravitational field strength at a distance of 60.0 km above the surface of the Earth?", prompts an

exploration of gravitational theory, mathematical modeling, and real-world applications.

This article aims to provide a comprehensive examination of the gravitational field strength at this specific
altitude, considering the principles of Newtonian gravity, the variations with altitude, and the practical

significance of these calculations in modern science and engineering.



Gravitational Field: Concept and Significance

The gravitational field around a mass such as Earth is a vector field representing the gravitational force
exerted per unit mass at any point in space. The gravitational field strength (denoted as \( g \)) at a specific

point quantifies the acceleration due to gravity experienced by a small test mass placed there.

Mathematically, the gravitational field strength at a distance \( r \) from the Earth's center is expressed as:

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

\

where:
-\( G ) is the gravitational constant (\( 6.67430 \times 10"{-11} \, \mathrm{Nm}"2/\mathrm{kg}"2 \))
-\( 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 of interest

Understanding how \( g \) varies with altitude is critical for satellite orbit calculations, astronaut safety, and

understanding Earth's gravitational anomalies.

Earth's Dimensions and Relevant Parameters
To analyze the field strength at 60.0 km above Earth's surface, it is essential to define key parameters:

| Parameter | Value | Description |

e |-emmmmenee |-emmmmemneane |
| Earth's radius (\( R_E \)) | approximately 6,371 km | Mean radius from Earth's center to surface |

| Altitude above surface (\( h \)) | 60.0 km | The height of interest above Earth's surface |
| Distance from Earth's center (\( r \)) | \( R_LE + h \) | Total radial distance from Earth's center |

Calculating \( r \):

\
r=R_E + h = 6,371\, \mathrm{km} + 60\, \mathrm{km} = 6,431\, \mathrm{km} = 6.431 \times 10"{6} \,

\mathrm{m}

\]



Calculating Gravitational Field Strength at 60.0 km Above the Surface

Using the formula:

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

\

and knowing the standard surface gravity:

\[
g_0 = \frac{GM}{R_E"2} \approx 9.81\, \mathrm{m/s"2}

\

we can derive the gravitational field strength at the specified altitude by comparing the inverse-square

law:

\
g(r) = g_0 \times \left( \frac{R_E}{r} \right)"2

\]

Substituting the known values:

\[
g(6.431 \times 10"{6} \, \mathrm{m}) = 9.81\, \mathrm{m/s"2} \times \left( \frac{6.371 \times 10"{6} \,
\mathrm{m}}{6.431 \times 10"{6} \, \mathrm{m}} \right)"2

\

Calculating the ratio:

\
\frac{6.371 \times 10"{6}}{6.431 \times 10"{6}} \approx 0.9907
\

Squaring this:

\
0.9907*2 \approx 0.9815
\

Finally,

\



g(60\, \mathrm{km}) \approx 9.81\, \mathrm{m/s"2} \times 0.9815 \approx 9.62\, \mathrm{m/s"2}

\

Key Result:
The gravitational field strength approximately 60.0 km above Earth's surface is about 9.62 m/s? marginally

less than the standard value at Earth's surface.

Analyzing the Variation of Gravitational Field Strength with Altitude
Theoretical Perspective

The inverse-square law dictates that gravitational acceleration declines with increasing distance from

Earth's center. Specifically:

\
g(r) = g_0 \times \left(\frac{R_E}{r}\right)"2

\

This relation indicates that at higher altitudes, the gravitational field diminishes, but the rate of decrease is

gradual close to Earth's surface.
Practical Implications

- Satellite Orbits: At 60 km altitude, the gravitational pull remains strong enough to influence low Earth
orbit (LEO) satellites, but the slight reduction in gravity affects orbital velocities.

- Spacecraft Launches: Understanding gravity variations is essential for trajectory planning during ascent or
descent phases.

- Geophysical Studies: Variations in gravity can reveal density anomalies within Earth's interior or surface

structures.

Comparing Gravitational Field Strength at Different Altitudes

| Altitude (km above surface) | Distance from Earth's center (km) | Approximate \( g \) (m/s?) | Percentage of
surface gravity |

|=mmmmmmm oo [mmmmm e [-mmmmmm oo [mmmmmmm o - |

| 0 (surface) | 6,371 ]9.81] 100% |

| 601]6,43119.62 | ~98% |

[20016,571]9.31]~95% |

| 1000 | 7,371 8.69 | ~89% |



This table emphasizes that gravitational strength decreases gradually with altitude, reinforcing the

importance of precise calculations for engineering and scientific endeavors.

Limitations and Real-World Considerations

While the inverse-square law provides a solid approximation, real-world factors can introduce deviations:
- Earth's Rotation: Centrifugal effects slightly reduce the effective gravity at the surface and at altitude.

- Geophysical Anomalies: Variations in Earth's density cause local gravitational anomalies.

- Non-spherical Earth: Earth's oblate shape affects gravity measurements, particularly over large regions.

Advanced models, such as those used in satellite geodesy (e.g., EGM series of Earth gravity models),

incorporate these complexities for higher accuracy.

Applications and Broader Relevance
Satellite Navigation and Space Missions

Accurate knowledge of gravitational field strength at various altitudes enables precise orbit determination,

critical for GPS, communication satellites, and space exploration.
Geophysical Surveys

Gravitational measurements at different depths and heights help in identifying mineral deposits,

groundwater reserves, and tectonic activity.
Scientific Research

Understanding gravitational variations assists in testing theories of gravity, studying Earth's interior, and

modeling planetary systems.

Conclusion

The gravitational field strength at a distance of 60.0 km above Earth's surface is approximately 9.62 m/s%
slightly less than the standard gravity at sea level. This calculation exemplifies the inverse-square nature of
gravity and underscores the importance of precise modeling for applications in space science, engineering,

and geophysics.



In practical terms, the difference, though small, is significant for high-precision tasks such as satellite
navigation, spacecraft trajectory planning, and Earth observation. As technology advances and measurement
techniques become more refined, understanding these minute variations continues to be vital in expanding

our knowledge of Earth's gravity field and its implications for science and industry.
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