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Imagine a satellite orbiting extremely close to the Earth's surface, just above the
atmosphere. This scenario prompts a fascinating question in physics: what is the centripetal
acceleration experienced by such a satellite? Understanding this involves delving into the
principles of circular motion, gravitational forces, and the unique conditions of near-surface
orbits. This article aims to explore these concepts in detail, providing comprehensive
insights into the centripetal acceleration of a satellite orbiting just above the Earth's
surface.

Understanding Centripetal Acceleration

Definition of Centripetal Acceleration

Centripetal acceleration is the acceleration experienced by an object moving in a circular
path, directed toward the center of the circle. It is responsible for changing the direction of
the velocity vector while maintaining a constant speed. Unlike linear acceleration, which
involves a change in speed, centripetal acceleration involves a change in direction.

Mathematically, centripetal acceleration \( a_c\) is expressed as:
\[

a_c = \frac{v"~2}{r}

\]

where:

-\( v) is the tangential velocity of the object,

-\( r\) is the radius of the circular path.

Alternatively, when considering gravitational forces, the centripetal acceleration can also be
derived from Newton's law of gravitation.

Orbital Motion Near the Earth's Surface

Conditions for a Satellite Orbiting Just Above the



Surface

A satellite orbiting just above the Earth's surface is essentially in a very low Earth orbit
(LEO), where the altitude is minimal relative to the Earth's radius. For simplicity, assume
the satellite is at an altitude \( h'\) such that \( h\) is negligible compared to Earth's radius
\(R_e\).

In such an orbit:

- The radius of the satellite's path \( r\) is approximately equal to the Earth's radius \( R_e
\).
- The satellite's velocity \( v \) is high enough to keep it in a stable orbit, balancing
gravitational pull and centrifugal force.

Earth's Radius and Gravitational Parameters

- Earth's average radius \( R_e'\) is approximately 6,371 kilometers (or 6.371 x 10™6
meters).

- Earth's mass \( M_e'\) is roughly 5.972 x 10”24 kilograms.

- Gravitational constant \( G \) is 6.674 x 10™{-11} N-(m/kg)"2.

The gravitational acceleration at Earth's surface \( g \) is approximately 9.8 m/s2.

Calculating the Centripetal Acceleration of the
Satellite

Step 1: Determine the Orbital Velocity

The velocity of a satellite in a circular orbit close to the Earth's surface can be derived from
the balance of gravitational force and the required centripetal force:
\[

Fg=Fc

\]

which translates to:

\[

\frac{G M_e m}{r™~2} = \frac{m v~2}{r}

\]

where:

-\( m\) is the mass of the satellite (which cancels out),

-\(r\) is approximately \( R_e\).

Rearranging for \( v \):

\[

v = \sgrt{\frac{G M _e}{r}}
\]

Since \( r\approx R_e\):

\[

v = \sqrt{\frac{G M_e}{R _e}}



\]

Using known values:

\[

v = \sqrt{\frac{6.674 \times 10~ {-11} \times 5.972 \times 10" {24}}{6.371 \times
1076}}

\]

Calculating:

\[

v \approx \sqrt{\frac{3.986 \times 10" {14}}{6.371 \times 1076} } \approx \sqrt{6.26
\times 10”7} \approx 7910\, \text{m/s}
\]

Thus, the satellite's orbital velocity just above Earth's surface is approximately 7.91 km/s.

Step 2: Calculate the Centripetal Acceleration

Using the formula:

;[_c = \frac{v™~2}{r}

}/\]/e substitute \( v \) and \( r\):

}a[_c = \frac{(7.91 \times 107 3)"2}{6.371 \times 1076}

)

a_c = \frac{62.56 \times 1076} {6.371 \times 10”6} \approx 9.82\, \text{m/s} "2
\]

This value closely matches the acceleration due to gravity at Earth's surface, \( g ).

Interpreting the Results

Why Is the Centripetal Acceleration Equal to \( g \)?

The fact that the calculated centripetal acceleration at this altitude is approximately 9.82
m/s?, nearly equal to Earth's surface gravity, is not coincidental. It reflects the physical
reality that an object in a near-surface orbit experiences acceleration due to gravity that
effectively provides the necessary centripetal force to maintain its circular path.

This condition is unique to orbits very close to Earth's surface, where the gravitational
acceleration is nearly constant and equal to \( g \).



Implications for Satellites in Low Earth Orbit

- Satellites in low Earth orbit experience centripetal accelerations close to \( g \), but they
are in continuous free fall.

- To stay in orbit, the satellite's velocity must be high enough to counteract gravitational
pull, maintaining a stable circular path.

- From an observational perspective, astronauts aboard such satellites feel weightless
because they are in free fall, despite experiencing high acceleration.

Additional Factors and Considerations

Effects of Altitude Variations

As the altitude \( h\) increases:

-The radius \(r = R_e + h\) increases.

- The orbital velocity \( v \) decreases, since \( v = \sqrt{\frac{G M_e}{r}} \).

- The centripetal acceleration \( a_c\) decreases proportionally to \( 1/r~2 ), approaching
zero at very high altitudes.

Real-World Satellite Orbits

Most operational satellites are in low Earth orbit (LEO), typically between 160 km and 2,000
km above Earth's surface. Their orbital parameters are carefully calculated to ensure stable
orbits, considering atmospheric drag, gravitational influences, and other perturbations.

Gravity Gradient and Tidal Effects

Near the Earth's surface, these effects are minimal, but at higher altitudes, they can
influence satellite stability, requiring adjustments and corrections in satellite navigation
systems.

Summary and Key Takeaways

e For a satellite orbiting just above Earth's surface, the centripetal acceleration is
approximately equal to the acceleration due to gravity, about 9.8 m/s2.

e The orbital velocity at this altitude is approximately 7.91 km/s, calculated using
Newton's law of gravitation.

e This close match explains why objects in low Earth orbit experience apparent
weightlessness despite experiencing high accelerations.

e Understanding these principles is crucial for satellite design, orbital mechanics, and



space exploration missions.

Conclusion

In conclusion, a satellite orbiting just above the Earth's surface experiences a centripetal
acceleration nearly identical to \( g \), the acceleration due to gravity. This fundamental
insight underscores the elegant relationship between gravitational force and circular
motion, illustrating how celestial mechanics govern the behavior of artificial satellites and
natural celestial bodies alike. Whether for scientific research, communications, or
navigation, mastering the concepts of centripetal acceleration and orbital dynamics is
essential for advancing our capabilities in space exploration.

Frequently Asked Questions

What is the formula to calculate the centripetal
acceleration of a satellite orbiting just above Earth's
surface?

The centripetal acceleration is given by a ¢ = GM / R™2, where G is the gravitational
constant, M is Earth's mass, and R is the radius of Earth's surface plus a negligible height.

How does the centripetal acceleration of a satellite just
above Earth's surface compare to the acceleration due
to gravity on Earth?

They are approximately equal because a satellite just above Earth's surface experiences a
centripetal acceleration nearly equal to g = 9.8 m/s?, which is Earth's acceleration due to
gravity.

If a satellite is orbiting just above Earth's surface, what
is its approximate centripetal acceleration?

Its centripetal acceleration is approximately 9.8 m/s?, the same as Earth's gravity,
assuming the altitude is negligible.

Why does a satellite orbiting just above the Earth
experience centripetal acceleration equal to gravity?

Because the satellite's orbital velocity and radius are such that the gravitational force
provides exactly the centripetal force needed for circular motion, making the acceleration
equal to g.



How would the centripetal acceleration change if the
satellite's altitude above Earth's surface increased?

The centripetal acceleration would decrease because it depends on the inverse square of
the distance from Earth's center; increasing altitude increases R, thus reducing a_c.

Additional Resources

Satellite Orbiting Just Above Earth's Surface: Exploring Its Centripetal Acceleration

Imagine a satellite so close to Earth’s surface that it appears to hover just above the
ground—an intriguing thought experiment that pushes the boundaries of our understanding
of orbital mechanics. While such a scenario is physically challenging due to atmospheric
drag and practical constraints, analyzing it provides valuable insights into the fundamental
physics governing orbital motion. Central to this discussion is the concept of centripetal
acceleration, the acceleration directed toward the center of a circular path that keeps an
object moving along that trajectory.

In this article, we delve into the physics of a satellite orbiting just above Earth's surface,
exploring how to calculate its centripetal acceleration, understanding the significance of
this acceleration, and examining the broader implications in satellite dynamics and
engineering.

Understanding the Basics: What Is Centripetal
Acceleration?

Before delving into the specifics of a satellite's orbit, it's essential to understand what
centripetal acceleration entails.

Definition and Significance

Centripetal acceleration is the acceleration experienced by an object moving along a
circular path, directed toward the center of that circle. It is responsible for changing the
direction of the object's velocity, thereby maintaining its circular trajectory. Importantly,
centripetal acceleration is not a new kind of acceleration; rather, it is a component of the
total acceleration experienced by an object in circular motion.

Mathematically, centripetal acceleration \(a_c\) is expressed as:

\[
a_c = \frac{v"2}{r}
\]



where:
- \(v\) is the tangential velocity of the object,
-\(r\) is the radius of the circle.

Alternatively, if the angular velocity \(\omega\) is known, the centripetal acceleration can
be written as:

\[
a_c=r\omega”2
\]

This acceleration ensures that the object continuously changes direction, maintaining its
circular path.

Physical Context: The Satellite Near Earth's
Surface

In a typical satellite orbit, the object exists at a significant altitude, often hundreds or
thousands of kilometers above Earth. However, the hypothetical scenario considers a
satellite orbiting just above the Earth's surface—say, at an altitude of a few meters or even
directly in contact, which, practically, is impossible due to atmospheric effects.
Nonetheless, this thought experiment helps clarify the relationship between orbital velocity,
Earth's gravity, and the resulting accelerations.

Assumptions and Simplifications

To perform a meaningful calculation, we make some assumptions:

- The satellite is at a height \(h\) just above Earth's surface, with \(h \ll R\), where \(R\) is
Earth's radius (~6371 km).

- Earth is considered a perfect sphere with uniform density.

- The satellite's orbital speed is such that it maintains a circular orbit at this altitude.

- The effects of atmospheric drag, Earth's rotation, and other forces are neglected for
simplicity.

- The orbit is stable and maintained solely by gravitational attraction.

Calculating the Orbital Velocity

The key to determining the centripetal acceleration is knowing the satellite's orbital
velocity. In a circular orbit under gravity, the orbital velocity \(v\) is derived from the



balance of gravitational force and the required centripetal force.

Derivation of Orbital Velocity

The gravitational force acting on the satellite is given by Newton's law of universal
gravitation:

\[
F g =\frac{GM m}{r~2}
\]

where:

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

- \(M\) is Earth's mass (\(5.972 \times 10"~ {24} \, \text{kg}\)),
-\(m\) is the satellite's mass,

-\(r\) is the orbital radius (which is approximately \(R + h\)).

Since the satellite is in uniform circular motion, the required centripetal force is:

\[
F ¢ =\frac{m v~2}{r}
\]

For equilibrium:

\[
F_g = F_c \Rightarrow \frac{G M m}{r~2} = \frac{m v~2}{r}
\]

Canceling \(m\) and rearranging:

\[
v™2 = \frac{G M}{r}
\]

Thus, the orbital velocity:
\[

v = \sqrt{\frac{G M}{r}}
\]

Calculating Centripetal Acceleration for a



Satellite Just Above Earth's Surface

Now, using the velocity expression, we can find the centripetal acceleration.

Expression for Centripetal Acceleration

Since:

\[
a_c = \frac{v"~2}{r}
\]

and

\[
v™2 = \frac{G M}{r}
\]

substituting:

\[
a_c = \frac{G M}{r~2}
\]

This expression reveals that the centripetal acceleration for a satellite in a circular orbit at
radius \(r\) is exactly equal to the acceleration due to gravity at that radius.

Key insight:

\[

a_c =g(r) =\frac{G M}{r~2}
\]

where \(g(r)\) is the acceleration due to gravity at radius \(r\).

Numerical Calculation: Satellite Orbiting Just
Above Earth's Surface

To illustrate, let's compute the centripetal acceleration for a satellite orbiting at an altitude
\(h\) just above Earth's surface.

Assuming:



-\(h \approx 10\, \text{meters}\) (a hypothetical near-surface orbit),
-\(R = 6,371,000\, \text{meters}\),
-\(r =R + h\approx 6,371,010\, \text{meters}\).

Using:

\[

a_c = \frac{G M}{r~2}
\]

and known constants:

\[

G M = 3,986 \times 10" {14} \, \text{m} "~ 3/\text{s} "2
\]

we find:

\[

a_c = \frac{3.986 \times 10"~ {14} }{(6.371 \times 10"~ {6} + 10)"2}
\]

Given that \(h\) is negligible compared to \(R\), the approximation simplifies to:

\[
a_c \approx \frac{3.986 \times 10~ {14} }{(6.371 \times 10~ {6})"2}
\]

Calculating denominator:

\[
(6.371 \times 10™~{6})"2 \approx 4.058 \times 10"~ {13}

\]

Thus:

\[

a_c \approx \frac{3.986 \times 10~ {14}}{4.058 \times 10"~ {13} } \approx 9.81\,
\text{m/s} "2

\]

Result:

The centripetal acceleration is approximately 9.81 m/s?, which remarkably matches the
standard acceleration due to gravity at Earth's surface.



Implications and Significance of the Result

This calculation confirms a fundamental principle: the centripetal acceleration of a satellite
orbiting just above Earth's surface is essentially equal to the acceleration due to gravity at
that radius.

Why Is This Important?

- Gravity as the Source of Orbital Motion: The gravitational acceleration provides the
necessary centripetal force to keep the satellite in a stable, circular orbit.

- Near-Surface Orbits: Hypothetically, if a satellite could orbit just above the Earth's surface
(ignoring atmospheric drag), it would need to move at extremely high velocities (~7.9
km/s) to maintain a stable orbit, which is much faster than typical low Earth orbit speeds
(~7.8 km/s at about 200 km altitude).

- Limitations Due to Atmospheric Drag: In reality, at such low altitudes, atmospheric friction
would quickly cause orbital decay, making such an orbit practically impossible.

Practical Constraints and Real-World Considerations

- Atmospheric Drag: At very low altitudes, Earth's atmosphere exerts significant drag,
requiring continuous propulsion to maintain orbit.

- Orbital Speed and Energy: Achieving orbit just above the surface demands enormous
velocity and energy, leading to engineering challenges.

- Safety and Infrastructure: Too close to the ground poses collision risks and complicates
communication and tracking.

Broader Context: Orbital Mechanics and Satellite
Design

Understanding the relationship between gravitational acceleration and centripetal
acceleration is vital for satellite engineers and mission planners.

Key Takeaways for Satellite Operations

- The altitude of a satellite determines its orbital velocity and acceleration.

- Higher orbits have lower orbital speeds and accelerations.

- Lower orbits require higher velocities, increasing energy expenditure and atmospheric
concerns.

- Orbital stability hinges on balancing gravitational pull with the satellite's velocity.



Designing Satellites for Near-Earth Orbits

While orbiting just above Earth's surface is impractical, understanding the physics helps in:

- Designing low Earth orbit (LEO) satellites for communications, Earth observation, and
scientific research.

- Developing re-entry vehicles that descend from space, where understanding the
acceleration
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