
Satellite To Be In A Circular Orbit 790 Km Above
The Surface Of The Earth. Part A What Orbital
Speed

Satellite To Be In A Circular Orbit 790 Km Above The Surface Of The Earth. Part A What Orbital Speed

When planning a satellite's mission, understanding the orbital parameters is crucial for successful operation.
One key parameter is the orbital speed required for a satellite to maintain a stable circular orbit at a given
altitude. In this article, we focus on a satellite positioned 790 km above Earth's surface, exploring how to
determine its orbital speed, the physics behind it, and its implications for satellite operations.

Understanding Circular Orbit and Its Significance
A circular orbit refers to a path around Earth where the satellite maintains a constant altitude and speed,
forming a perfect circle. For satellites at 790 km altitude, achieving and maintaining this orbit requires
precise calculations of the necessary orbital velocity.

Calculating the Orbital Speed for a Satellite at 790 km Altitude
To determine the orbital speed, we rely on fundamental physics principles, particularly Newton's Law of
Universal Gravitation and centripetal force requirements.

Key Concepts and Formulas

Gravitational Force (Fg): The force exerted by Earth on the satellite, pulling it toward the center.

Centripetal Force (Fc): The force required to keep the satellite moving in a circular path.

Orbital Velocity (v): The speed at which the satellite must travel to stay in a stable orbit.

The fundamental equation balancing gravitational and centripetal forces is:

\[ F_g = F_c \]

which translates to:



\[ \frac{G M m}{r^2} = \frac{m v^2}{r} \]

Where:
- \( G \) is the gravitational constant (\(6.67430 \times 10^{-11} \, \text{Nm}^2/\text{kg}^2\))
- \( M \) is Earth's mass (\(5.972 \times 10^{24} \, \text{kg}\))
- \( m \) is the satellite's mass (cancels out as it appears on both sides)
- \( r \) is the distance from Earth's center to the satellite (Earth's radius + altitude)
- \( v \) is the orbital velocity

Rearranged to solve for \( v \):

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

Determining the Distance \( r \)
Earth's average radius:

\[ R_{Earth} \approx 6371 \, \text{km} \]

Adding the altitude:

\[ r = R_{Earth} + 790 \, \text{km} = 6371 \, \text{km} + 790 \, \text{km} = 7161 \, \text{km} \]

Convert to meters:

\[ r = 7,161,000 \, \text{m} \]

Calculating the Orbital Speed
Plugging in the known values:

\[ v = \sqrt{\frac{6.67430 \times 10^{-11} \times 5.972 \times 10^{24}}{7,161,000}} \]

Calculating numerator:

\[ 6.67430 \times 10^{-11} \times 5.972 \times 10^{24} \approx 3.986 \times 10^{14} \]

Then,

\[ v = \sqrt{\frac{3.986 \times 10^{14}}{7,161,000}} \]

Dividing:



\[ \frac{3.986 \times 10^{14}}{7,161,000} \approx 5.565 \times 10^{7} \]

Taking the square root:

\[ v \approx \sqrt{5.565 \times 10^{7}} \approx 7460 \, \text{m/s} \]

Therefore, the orbital speed required at 790 km altitude is approximately 7,460 meters per second or about
7.46 km/s.

Implications of Orbital Speed on Satellite Operations
The calculated orbital velocity is essential for satellite deployment, ensuring that the satellite remains in a
stable orbit without drifting away or falling back to Earth.

Stability and Maintenance of Orbit
Maintaining this speed counteracts Earth's gravitational pull, providing a centripetal force that keeps the
satellite in a consistent circular path. Any deviation from this velocity can result in the orbit becoming
elliptical or the satellite spiraling inward or outward.

Fuel and Propulsion Considerations
Satellites often require onboard propulsion systems to adjust their velocity, especially during orbit insertion
or to correct drift over time. Knowing the precise orbital speed helps engineers design efficient fuel usage
and control strategies.

Additional Factors Affecting Orbital Speed
While the theoretical calculation provides a baseline, real-world factors can influence the actual required
speed:

Atmospheric Drag: At 790 km, the atmosphere is thin but can still exert drag, gradually slowing the
satellite.

Earth’s Oblateness: Earth's equatorial bulge affects gravitational forces slightly, requiring minor
adjustments.

Perturbations: Gravitational influences from the Moon, Sun, and other bodies can alter the orbit over
time.



To counter these factors, satellites are equipped with thrusters to perform station-keeping maneuvers,
ensuring they stay in their designated orbit.

Summary
Determining the orbital speed of a satellite at 790 km altitude involves understanding fundamental physics
principles. The calculated speed of approximately 7.46 km/s ensures the satellite remains in a stable, circular
orbit. Precise knowledge of this parameter is critical for mission planning, satellite design, and operational
success.

Conclusion
Achieving and maintaining a circular orbit 790 km above Earth's surface requires careful calculation of the
orbital velocity. The speed of about 7.46 km/s balances Earth's gravitational pull, allowing the satellite to
orbit efficiently. As satellite technology advances, understanding these fundamental concepts remains vital
for successful space missions, whether for communications, Earth observation, or scientific research.

By mastering the principles outlined above, engineers and scientists can optimize satellite performance,
ensure mission longevity, and contribute to our expanding understanding of space and Earth.

Frequently Asked Questions

What is the approximate orbital speed of a satellite orbiting 790 km above
Earth's surface in a circular orbit?
The orbital speed is approximately 7.5 km/s (7500 m/s).

How does the altitude of 790 km affect the orbital speed of a satellite?
At 790 km altitude, the satellite needs a speed of about 7.5 km/s to maintain a stable circular orbit, which is
slightly less than the speed at lower altitudes due to weaker gravitational pull.

What is the formula used to calculate the orbital speed of a satellite at a
given altitude?
The orbital speed v is given by v = √(GM / r), 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 increasing the altitude to 790 km impact the satellite's orbital
velocity compared to lower orbits?
Increasing the altitude to 790 km decreases the orbital velocity because the satellite is farther from Earth's
center, reducing the gravitational pull and thus requiring a lower speed to stay in orbit.

Why is it important to know the orbital speed of a satellite at 790 km
altitude?
Knowing the orbital speed is essential for satellite deployment, stability, fuel calculations, and mission
planning to ensure the satellite remains in a stable, circular orbit.

What factors influence the orbital speed of a satellite at 790 km above
Earth?
Factors include Earth's gravitational pull, the satellite's altitude (790 km), and the mass of the satellite itself,
though the satellite's mass has minimal effect on orbital speed.

Is the orbital speed of a satellite at 790 km altitude constant, and why?
Yes, in an ideal circular orbit, the orbital speed remains constant because the gravitational force and orbital
radius stay unchanged.

Additional Resources
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Understanding the orbital speed of a satellite positioned 790 km above the Earth's surface is fundamental to
satellite mission planning, communication, navigation, and scientific research. The orbital speed determines
how fast the satellite needs to travel to maintain a stable orbit at a given altitude, balancing gravitational
pull and inertia. In this comprehensive review, we will explore the concept of orbital speed, derive the
necessary calculations for a satellite at 790 km altitude, analyze the implications of this speed, and discuss
related factors influencing satellite operations.

---

Introduction to Orbital Mechanics and Satellite Orbits

Orbital mechanics, also known as celestial mechanics, is the branch of physics that deals with the motion of



objects in space under the influence of gravitational forces. Satellites orbit planets due to the balance
between their tangential velocity and the gravitational pull exerted by the Earth. For a satellite to remain
in a stable, circular orbit at a specified altitude, it must travel at a precise orbital speed that prevents it from
either falling back to Earth or escaping into space.

Key Concepts:

- Circular Orbit: An orbit with a constant radius, where the satellite maintains a uniform distance from
Earth’s center.
- Altitude: The height of the satellite above the Earth's surface. In this case, 790 km.
- Orbital Radius (r): Distance from Earth’s center to the satellite, calculated as Earth's radius plus altitude.
- Gravitational Force: The force pulling the satellite toward Earth, which must be balanced by the satellite's
inertia to sustain orbit.

---

Calculating the Orbital Speed at 790 km Altitude

The orbital speed of a satellite in a circular orbit can be derived from Newton's law of gravitation and the
formula for centripetal force:

\[ v = \sqrt{\frac{GM}{r}} \]

Where:

- \( v \) = orbital velocity
- \( G \) = gravitational constant \( (6.67430 \times 10^{-11} \, \mathrm{Nm^2/kg^2}) \)
- \( M \) = mass of the Earth \( (5.972 \times 10^{24} \, \mathrm{kg}) \)
- \( r \) = orbital radius = Earth's radius + altitude

Step 1: Determine Earth's radius

The mean radius of the Earth:

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

Step 2: Calculate orbital radius

\[ r = R_e + h = 6371 \, \text{km} + 790 \, \text{km} = 7161 \, \text{km} \]

Convert to meters:



\[ r = 7.161 \times 10^{6} \, \text{m} \]

Step 3: Apply the formula

\[ v = \sqrt{\frac{6.67430 \times 10^{-11} \times 5.972 \times 10^{24}}{7.161 \times 10^{6}}} \]

Calculating numerator:

\[ GM = 3.986 \times 10^{14} \, \mathrm{m^3/s^2} \]

Calculating the speed:

\[ v = \sqrt{\frac{3.986 \times 10^{14}}{7.161 \times 10^{6}}} \]

\[ v = \sqrt{5.566 \times 10^{7}} \]

\[ v \approx 7464 \, \text{m/s} \]

Result: The satellite must travel approximately 7.464 km/s (or about 7464 m/s) to maintain a stable circular
orbit at 790 km altitude.

---

Implications of the Orbital Speed

Knowing the precise orbital speed is crucial for various aspects of satellite operation, including launch
parameters, orbital maintenance, and mission planning.

Features & Significance:

- Fuel Efficiency: Accurate speed calculations optimize fuel requirements for orbit insertion and
adjustments.
- Orbital Stability: Maintaining the correct speed ensures the satellite remains in a stable, predictable orbit.
- Communication and Data Transmission: The satellite's relative motion influences signal timing, Doppler
shifts, and coverage areas.
- Collision Avoidance: Precise orbital speed helps in predicting satellite position for collision avoidance with
other space objects.

---



Factors Affecting Orbital Speed and Satellite Operations

While the theoretical orbital speed for a perfect circular orbit at 790 km is approximately 7.464 km/s, real-
world factors can influence this value and the satellite’s behavior.

1. Earth's Oblateness and Gravitational Variations

- The Earth is not a perfect sphere; it is an oblate spheroid with a slightly larger equatorial radius.
- Variations in Earth's gravitational field, caused by mass distribution, can cause slight deviations in orbital
speed.
- Satellites may require station-keeping maneuvers to counteract these perturbations.

2. Atmospheric Drag

- At 790 km, residual atmospheric particles exert drag forces.
- This drag causes gradual orbital decay, necessitating periodic velocity adjustments to maintain altitude.

3. Orbital Perturbations

- Solar radiation pressure, Earth's magnetic field, and gravitational influences from the Moon and Sun can
alter orbital parameters.
- Active orbit correction maneuvers help sustain the desired speed and orbit.

4. Launch Vehicle Capabilities

- Achieving the correct initial orbital speed depends heavily on the launch vehicle's performance.
- Precise insertion velocities are critical to minimize fuel consumption and maximize mission lifespan.

---

Comparison with Other Orbits

Understanding the orbital speed at 790 km provides context when comparing with other orbits:



- Low Earth Orbit (LEO): Typically between 160 km and 2000 km, with orbital speeds ranging from 7.8
km/s to 7.3 km/s.
- Geostationary Orbit: Approximately 35,786 km altitude, with orbital speed around 3.07 km/s.
- Medium Earth Orbit (MEO): Used for navigation satellites like GPS, with speeds between 3.9 km/s and
4.2 km/s.

At 790 km, the satellite's orbital speed aligns with typical LEO parameters, balancing between coverage,
latency, and fuel efficiency.

---

Practical Applications and Considerations

The orbital speed of satellites at 790 km altitude impacts various practical applications:

- Earth Observation Satellites: Require precise orbital control to ensure accurate data collection.
- Communication Satellites: Maintain stable orbits to provide consistent coverage and signal quality.
- Scientific Missions: Need precise orbital parameters for data accuracy and mission longevity.
- Navigation Satellites: Maintain specific orbital velocities for accurate positioning signals.

Operational Challenges:

- Maintaining the precise orbital speed demands robust propulsion and control systems.
- Regular station-keeping maneuvers consume fuel, influencing satellite lifespan.
- Variations in Earth's atmosphere and gravitational field necessitate adaptive navigation strategies.

---

Conclusion

The orbital speed required for a satellite at 790 km altitude in a circular orbit is approximately 7.464 km/s.
This speed is essential for balancing gravitational pull and inertia, ensuring the satellite remains in a stable
orbit. Accurate calculation and maintenance of this speed are vital for the success of satellite missions,
influencing everything from launch procedures to long-term operational health. While theoretical
calculations provide a baseline, real-world factors such as atmospheric drag, Earth's oblateness, and
gravitational perturbations necessitate active orbital management. As satellite technology advances, precise
control of orbital parameters like speed will continue to be a cornerstone of space operations, enabling a
myriad of applications that benefit society, science, and industry.



---

Features Summary:

- Critical for stable orbit maintenance
- Influences fuel consumption and mission lifespan
- Affected by Earth's shape, atmospheric drag, and external gravitational forces
- Essential for various satellite applications, including communication, navigation, and Earth observation

Pros of Precise Orbital Speed Calculation:

- Ensures mission accuracy
- Optimizes fuel and resource management
- Facilitates collision avoidance and orbital lifetime management

Cons/Challenges:

- Requires complex modeling and real-time adjustments
- Sensitive to environmental perturbations
- Demands sophisticated control systems for station-keeping

By understanding and precisely controlling the orbital speed at 790 km altitude, satellite operators can
maximize mission efficiency, prolong satellite lifespan, and ensure reliable operation in Earth's increasingly
congested orbital environment.
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