
A 400-kg Satellite Has Been Placed In
A Circular Orbit 1500 Km Above The
Surface Of The Earth. The Acceleration

A 400-kg Satellite Has Been Placed In A
Circular Orbit 1500 Km Above The Surface Of The
Earth. The Acceleration

The deployment of satellites into space has revolutionized communication,
weather forecasting, navigation, and scientific research. Among the critical
parameters in satellite deployment is understanding the satellite's motion,
particularly the acceleration it experiences while in orbit. This article
delves into the physics behind a 400-kg satellite placed in a circular orbit
1500 km above the Earth's surface, focusing on calculating its acceleration
due to gravity and the factors influencing it.

Introduction to Satellite Orbits and Gravity

Understanding Satellite Orbits
Satellites orbit the Earth following the principles of Newtonian physics and
gravitational laws. A satellite's orbit is determined by its velocity and
altitude, which balance the gravitational pull of the Earth and the
centrifugal force due to its motion. When a satellite moves in a circular
orbit, it maintains a constant altitude and speed, experiencing a centripetal
acceleration directed towards the Earth's center.

Gravity’s Role in Satellite Motion
The force of gravity provides the necessary centripetal force for a
satellite's circular motion. As a satellite moves at high velocity, gravity
pulls it inward, preventing it from flying away into space. The magnitude of
this gravitational force—and consequently the acceleration experienced by the
satellite—is dependent on its distance from the Earth's center.



Calculating the Acceleration of the Satellite

Key Parameters and Constants

Mass of the satellite, \( m \) = 400 kg

Altitude above Earth's surface, \( h \) = 1500 km = 1,500,000 meters

Mass of Earth, \( M \) = \( 5.972 \times 10^{24} \) kg

Radius of Earth, \( R_e \) = 6371 km = 6,371,000 meters

Universal gravitational constant, \( G \) = \( 6.674 \times 10^{-11} \)
N·(m/kg)^2

Step 1: Determine the Distance from Earth's Center
The total distance from the Earth's center to the satellite, \( r \), is the
sum of Earth's radius and the satellite's altitude:
\[
r = R_e + h = 6,371,000\, \text{m} + 1,500,000\, \text{m} = 7,871,000\,
\text{m}
\]

Step 2: Calculate the Gravitational Acceleration at
that Altitude
The acceleration due to gravity at a distance \( r \) from Earth's center is
given by Newton's law of universal gravitation:
\[
g = \frac{G M}{r^2}
\]

Substituting the known values:
\[
g = \frac{6.674 \times 10^{-11} \times 5.972 \times 10^{24}}{(7.871 \times
10^{6})^2}
\]

Calculating numerator:
\[
6.674 \times 10^{-11} \times 5.972 \times 10^{24} \approx 3.986 \times
10^{14}



\]

Calculating denominator:
\[
(7.871 \times 10^{6})^2 = 6.20 \times 10^{13}
\]

Therefore:
\[
g \approx \frac{3.986 \times 10^{14}}{6.20 \times 10^{13}} \approx 6.43\,
\text{m/s}^2
\]

This value indicates that the gravitational acceleration at 1500 km above
Earth's surface is approximately 6.43 m/s².

Step 3: Understanding the Satellite's Acceleration
in Orbit
In a circular orbit, the satellite experiences a centripetal acceleration
equal to the gravitational acceleration at its orbit. This is because gravity
supplies the exact force needed to keep the satellite moving in a circle:
\[
a_c = g
\]
Thus, the satellite's acceleration due to gravity at this altitude is
approximately 6.43 m/s².

Implications of the Calculated Acceleration

Comparison with Surface Gravity
For context, the acceleration due to gravity at Earth's surface is
approximately 9.81 m/s². At 1500 km above the surface, gravity drops to about
65% of its surface value, illustrating how gravity diminishes with altitude.

Effect on Satellite Operations

The reduced gravity affects the satellite's orbital velocity and
stability.

Understanding the acceleration helps in designing propulsion and
stabilization systems.



Accurate calculations are essential for precise orbit maintenance and
adjustments.

Calculating Orbital Velocity of the Satellite

Why Orbital Velocity Matters
Knowing the velocity required for a stable circular orbit at a given altitude
is essential for satellite deployment and maneuvering.

Formula for Orbital Velocity
\[
v = \sqrt{\frac{G M}{r}}
\]
where:
- \( v \) is the orbital velocity,
- \( G \) is the gravitational constant,
- \( M \) is Earth's mass,
- \( r \) is the orbital radius.

Calculating Orbital Velocity
\[
v = \sqrt{\frac{6.674 \times 10^{-11} \times 5.972 \times 10^{24}}{7.871
\times 10^{6}}}
\]

\[
v \approx \sqrt{\frac{3.986 \times 10^{14}}{7.871 \times 10^{6}}} \approx
\sqrt{5.07 \times 10^{7}} \approx 7,123\, \text{m/s}
\]

Thus, the satellite must travel at approximately 7.12 km/s to maintain a
stable circular orbit at 1500 km altitude.

Additional Considerations in Satellite Orbit
Dynamics



Effects of Earth's Oblateness
Earth is not a perfect sphere; its equatorial bulge causes slight variations
in gravity and orbital parameters. This can influence long-term orbit
stability and requires adjustments.

Atmospheric Drag
At 1500 km altitude, the atmospheric density is very low, but residual drag
can affect satellite motion over time, necessitating periodic orbit
corrections.

Orbital Decay and Station-Keeping

Satellites may gradually lose altitude due to gravitational
perturbations and atmospheric effects.

Regular propulsion maneuvers, called station-keeping, are used to
maintain the desired orbit.

Conclusion

The placement of a 400-kg satellite at 1500 km above the Earth's surface
results in a gravitational acceleration of approximately 6.43 m/s². This
acceleration is crucial for understanding the satellite's motion, stability,
and the energy required for orbit maintenance. The orbital velocity necessary
at this altitude is approximately 7.12 km/s, ensuring a stable circular
orbit. Recognizing these parameters is vital for satellite engineers and
scientists to design effective mission plans, optimize satellite operations,
and ensure long-term stability in space.

In summary, the physics of gravity and orbital mechanics underpin the
successful deployment and operation of satellites. As technology advances,
precise calculations of acceleration and velocity continue to be fundamental
for expanding our capabilities in space exploration and satellite technology.

Frequently Asked Questions



What is the acceleration due to gravity at an
altitude of 1500 km above Earth's surface?
The acceleration due to gravity decreases with altitude and can be calculated
using the formula g = GM / (R + h)^2. For 1500 km above Earth's surface, it
is approximately 5.07 m/s², less than the surface gravity of 9.8 m/s².

How do you calculate the orbital acceleration of the
satellite?
Orbital acceleration (centripetal acceleration) is given by a = v² / r or a =
GM / r², where r is the distance from Earth's center. For a circular orbit at
1500 km altitude, it can be calculated using a = GM / (R + h)^2.

What is the significance of the satellite's mass
(400 kg) in calculating its acceleration?
In orbital motion, the satellite's mass cancels out when calculating
acceleration via gravitational force, so the mass does not directly affect
the acceleration, only the gravitational parameters and altitude do.

How does the altitude of 1500 km affect the
satellite's orbital speed and acceleration?
Higher altitude results in a larger radius and thus a lower orbital speed and
acceleration. At 1500 km above Earth's surface, the satellite's orbital speed
is approximately 7.5 km/s, with an acceleration around 5.07 m/s².

What is the formula used to find the acceleration of
a satellite in a circular orbit?
The acceleration is given by a = GM / r², where G is the gravitational
constant, M is Earth's mass, and r is the distance from Earth's center to the
satellite.

How does the gravitational acceleration at this
altitude compare to that on Earth's surface?
At 1500 km above the surface, gravitational acceleration is approximately
5.07 m/s², which is roughly half of the surface gravity of 9.8 m/s².

Why is understanding the acceleration of a satellite
important for mission planning?
Knowing the satellite's acceleration helps in calculating orbital parameters,
fuel requirements, and stability, ensuring effective satellite operation and



mission success.

Additional Resources
Acceleration in Satellite Orbit: An Expert Analysis

Understanding the physical principles governing satellites in orbit is
crucial for aerospace engineers, scientists, and enthusiasts alike. When a
satellite like one weighing 400 kg is placed in a circular orbit 1500 km
above Earth’s surface, several key factors come into play—most notably, the
acceleration experienced by the satellite due to Earth's gravity. This
article delves into the physics behind orbital acceleration, explores the
calculations involved, and discusses the implications for satellite operation
and stability.

---

Introduction to Satellite Orbits and
Acceleration

Satellites are objects placed into space to orbit celestial bodies, primarily
Earth, for purposes ranging from communication to scientific research. An
essential aspect of their orbital motion is the acceleration they experience,
which, unlike everyday acceleration, here results from gravitational forces
rather than mechanical propulsion.

Key Concepts:
- Circular Orbit: A path where the satellite maintains a constant radius from
Earth's center, resulting in uniform motion.
- Orbital Velocity: The constant speed needed to stay in orbit without
falling back or escaping.
- Gravitational Acceleration: The acceleration due to Earth's gravity acting
on the satellite, which provides the centripetal force necessary for circular
motion.

---

Fundamental Principles: Newtonian Mechanics and
Gravitation

The physics governing satellite acceleration is rooted in Newton's Law of
Universal Gravitation and Newton's Second Law of Motion.

Newton's Law of Universal Gravitation:



\[
F = G \frac{m_1 m_2}{r^2}
\]
where:
- \(F\) is the gravitational force,
- \(G\) is the gravitational constant (\(6.674 \times 10^{-11} \,
\mathrm{N\,m^2/kg^2}\)),
- \(m_1\) and \(m_2\) are the masses of the two objects (Earth and
satellite),
- \(r\) is the distance between their centers.

Newton's Second Law:
\[
F = m a
\]
where:
- \(m\) is the mass of the satellite,
- \(a\) is the acceleration.

By equating the gravitational force to the mass of the satellite times its
acceleration (centripetal acceleration in this case), we get:

\[
m \, a = G \frac{M_e m}{r^2}
\]
where:
- \(M_e\) is Earth's mass (\(5.972 \times 10^{24} \, \mathrm{kg}\)),
- \(r\) is the distance from Earth's center to the satellite.

Cancelling \(m\) from both sides yields:

\[
a = G \frac{M_e}{r^2}
\]

This formula indicates that the acceleration experienced by the satellite is
purely due to Earth's gravitational pull at radius \(r\).

---

Calculating the Orbital Parameters of the
Satellite

To understand the acceleration, we first determine the satellite's orbital
radius and velocity.



Determining the Orbital Radius

The satellite is placed 1500 km above Earth's surface. Earth's average
radius:

\[
R_e = 6371\, \text{km}
\]

Total orbital radius:

\[
r = R_e + h = 6371\, \text{km} + 1500\, \text{km} = 7871\, \text{km}
\]

Expressed in meters:

\[
r = 7.871 \times 10^{6} \, \text{m}
\]

Calculating Orbital Velocity

The orbital velocity \(v\) for a circular orbit is derived from the balance
of gravitational and centripetal forces:

\[
v = \sqrt{\frac{G M_e}{r}}
\]

Plugging in the known values:

\[
v = \sqrt{\frac{6.674 \times 10^{-11} \times 5.972 \times 10^{24}}{7.871
\times 10^{6}}}
\]

Calculating numerator:

\[
6.674 \times 10^{-11} \times 5.972 \times 10^{24} \approx 3.986 \times
10^{14}
\]

Then:

\[
v = \sqrt{\frac{3.986 \times 10^{14}}{7.871 \times 10^{6}}} \approx



\sqrt{5.058 \times 10^{7}} \approx 7112\, \text{m/s}
\]

Result:
- The satellite must travel at approximately 7112 m/s (~7.1 km/s) to maintain
a stable circular orbit at 1500 km altitude.

---

Calculating the Acceleration of the Satellite

With the orbital radius established, we now compute the acceleration due to
Earth's gravity at this altitude.

Gravitational Acceleration Formula

As previously derived:

\[
a = G \frac{M_e}{r^2}
\]

Plugging in the values:

\[
a = 6.674 \times 10^{-11} \times \frac{5.972 \times 10^{24}}{(7.871 \times
10^{6})^2}
\]

Calculating denominator:

\[
(7.871 \times 10^{6})^2 = 6.19 \times 10^{13}
\]

Calculating numerator:

\[
6.674 \times 10^{-11} \times 5.972 \times 10^{24} = 3.986 \times 10^{14}
\]

Finally:

\[
a = \frac{3.986 \times 10^{14}}{6.19 \times 10^{13}} \approx 6.44\,
\text{m/s}^2
\]



Result:
- The satellite experiences an acceleration of approximately 6.44 m/s² due to
Earth's gravity at 1500 km altitude.

---

Implications of the Acceleration: Stability and
Operational Considerations

Understanding the magnitude of this acceleration has practical significance
for satellite design and operation.

1. Orbital Stability

- The acceleration acts as the centripetal force keeping the satellite in
circular motion.
- Since gravity provides this force, any deviations or perturbations (e.g.,
atmospheric drag, gravitational influences from the Moon or Sun) can affect
the satellite’s orbit.
- Regular orbit adjustments (station-keeping maneuvers) are necessary to
compensate for such perturbations.

2. Power and Propulsion Requirements

- The satellite’s onboard propulsion system must be capable of providing
sufficient thrust to maintain its orbit, especially when counteracting drag
or correcting deviations.
- The magnitude of acceleration (6.44 m/s²) is a reference for the forces the
satellite’s thrusters need to generate.

3. Structural Design and Materials

- The satellite must be structurally capable of withstanding the dynamic
forces associated with its motion, including the acceleration due to gravity.
- Proper materials and design ensure stability and durability during its
operational lifespan.

4. Communication and Data Transmission

- Understanding the satellite's velocity and acceleration helps in planning
communication windows and data transmission schedules, particularly for high-



velocity orbits.

---

Additional Factors Affecting Satellite
Acceleration and Orbit

While gravitational acceleration provides the primary force, real-world
conditions introduce complexities:

Atmospheric Drag:
- At 1500 km altitude, residual atmosphere causes drag, slightly reducing
orbital velocity and increasing the need for periodic boosts.
- The acceleration due to drag is significantly less but must be accounted
for in mission planning.

Earth's Oblateness and Gravitational Variations:
- Earth is not a perfect sphere; variations in density and shape cause slight
fluctuations in gravitational acceleration.

Perturbations from Other Celestial Bodies:
- The Moon and Sun exert gravitational influences that can perturb the
satellite’s orbit over long periods.

---

Summary and Final Thoughts

Placing a 400-kg satellite in a circular orbit 1500 km above Earth's surface
involves careful consideration of the fundamental physics of gravity and
motion. The key takeaways include:

- The satellite’s orbital radius is approximately 7,871 km from Earth's
center.
- Its orbital velocity is about 7112 m/s (7.1 km/s), ensuring a stable orbit.
- The acceleration due to Earth's gravity at this altitude is roughly 6.44
m/s², acting as the centripetal force maintaining the satellite’s circular
path.

Understanding these parameters is vital for mission success, influencing
everything from propulsion system design to orbital maintenance strategies.
As satellite technology advances, precise calculations of acceleration and
other orbital parameters continue to be essential for ensuring reliable and
efficient space operations.

---



In conclusion, the acceleration experienced by a satellite in orbit is a
direct consequence of Earth's gravitational pull, intricately linked to the
satellite's altitude and velocity. Recognizing and calculating this
acceleration allows engineers and scientists to optimize satellite design,
predict orbital behavior, and ensure long-term mission stability—an essential
facet of modern space exploration and satellite deployment.
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