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An Earth Satellite Remains In Orbit At A Distance Of 11550 Km From The Center
Of The Earth. What Speed is necessary for such a satellite to stay in a
stable orbit? Understanding this involves delving into the principles of
orbital mechanics, the laws of physics that govern celestial movements, and
the specific parameters of the satellite's orbit. This article explores how
to determine the orbital speed of a satellite at a given distance from
Earth's center, the relevant formulas, and the factors influencing the
satellite’s motion.

Understanding Earth's Gravitational Field and
Orbital Mechanics

The Basics of Orbital Motion

Satellites orbit Earth due to the gravitational pull exerted by our planet.
When a satellite moves around Earth, it is essentially in free fall,
continuously falling towards the planet but moving forward fast enough to
keep missing it, resulting in an orbit. The balance between the satellite's
velocity and Earth's gravity determines the stability and shape of the orbit.

The Importance of Orbital Radius

The distance from the Earth's center to the satellite, known as the orbital
radius, plays a crucial role in determining the orbital velocity. The orbital
radius includes Earth's radius plus the altitude at which the satellite
orbits.

- Earth's average radius: approximately 6371 km
- Given satellite distance from Earth's center: 11550 km

Since the satellite's distance from Earth's center is given as 11550 km, it
is in a low Earth orbit (LEO), but beyond the typical 2000 km altitude.

Calculating the Orbital Speed



Fundamental Formula for Orbital Velocity

The orbital speed \( v \) of a satellite in a circular orbit can be derived
from the balance of centripetal force and gravitational force:

\ [
v = \sqrt{\frac{GM}{r}}
\1

where:

- \( G \) 1is the gravitational constant \(\approx 6.674 \times 107~{-11} \,
\mathrm{Nm~2/kg”~2}\),

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

- \( r\) is the orbital radius from Earth's center (in meters).

Alternatively, using Earth's standard gravitational parameter:

\ [
\mu = GM \approx 3.986 \times 107{14} \, \mathrm{m"3/s"2}
\1]

which simplifies calculations.
Thus, the formula becomes:

\ [
v = \sqrt{\frac{\mu}{r}}
\1]

Applying the Formula

Given:
- \( r = 11550 \, \text{km} = 11,550,000 \, \text{m} \)

Calculate:

\ [
v = \sqrt{\frac{3.986 \times 10"{14}}{11,550,000}}
\1

\ [
v = \sqrt{34,521,739.13} \approx 5877 \, \text{m/s}
\1]

Therefore, the satellite must travel at approximately 5877 meters per second
to maintain a stable circular orbit at that distance.



Factors Affecting Orbital Speed

Orbital Shape: Circular vs. Elliptical

While the above calculation assumes a circular orbit, many satellites follow
elliptical paths, where the speed varies along the orbit—faster at perigee
(closest point) and slower at apogee (farthest point). For simplicity, the
calculation here is for a circular orbit.

Earth's Rotation and Its Effect

Though Earth's rotation doesn't directly affect the satellite's orbital
speed, it influences launch parameters and ground tracking. Satellites
launched into orbit are often given initial velocities relative to Earth's
surface, which combine with Earth's rotation.

Atmospheric Drag and Other Perturbations

At lower altitudes, atmospheric drag can slow satellites down, requiring
periodic adjustments. At 11550 km from Earth's center, atmospheric effects
are negligible, and the satellite's speed remains primarily determined by
gravitational parameters.

Understanding the Context: What Does 11550 km
Mean?

Altitude Above Earth's Surface

Since Earth's radius is approximately 6371 km, the satellite's altitude above
the Earth's surface is:

\ [

\text{Altitude} = r - R {Earth} = 11550\, \text{km} - 6371\, \text{km} =
5179\, \text{km}

\1

This altitude indicates that the satellite is in a high Earth orbit, possibly
a medium Earth orbit (MEO), similar to GPS satellites which orbit at roughly
20,200 km.



Implications of the Orbit Radius

- Orbital period: The time it takes for the satellite to complete one orbit
depends on the radius.

- Coverage area: Satellites at this altitude can cover large portions of
Earth's surface, useful for navigation, communication, or scientific
observation.

Calculating Orbital Period

Using Kepler's Third Law
Orbital period \( T \) can be calculated as:

\ [
T = 2\pi \sqrt{\frac{r*3}{\mu}}
\1]

Substituting the values:

\ [
T = 2\pi \sqrt{\frac{(11,550,000)"3}{3.986 \times 107{14}}}
\]

Calculating:

\ [

T = 2\pi \sqgrt{\frac{1l.54 \times 107{21}}{3.986 \times 107{14}}} = 2\pi
\sqrt{3.86 \times 10™{6}}

\1

\ [
T \approx 2\pi \times 1964.5 \approx 12,336\, \text{seconds}

\1
which is approximately 3 hours and 26 minutes.

This period aligns with typical medium Earth orbit satellites.

Summary: The Key Takeaways

- To remain in a stable circular orbit 11550 km from Earth’'s center, the
satellite must travel at approximately 5877 m/s.

- The orbital speed decreases as the orbital radius increases, following the
inverse square root relationship.

- The orbital period at this radius is approximately 3 hours and 26 minutes.



- This altitude places the satellite in a medium Earth orbit, suitable for
various applications including navigation and communication.

Conclusion

Understanding the speed at which a satellite must travel to maintain a
specific orbit involves applying fundamental physics principles. The balance
between gravitational pull and the satellite's velocity ensures a stable
orbit, which can be precisely calculated using the gravitational parameter.
As satellites are vital for modern communication, navigation, and scientific
research, mastering these concepts is essential for aerospace engineers,
astrophysicists, and space enthusiasts alike.

By calculating the orbital velocity and period, we gain insight into the
dynamic and fascinating motion of satellites around Earth, highlighting the
precision and complexity involved in space operations.

Frequently Asked Questions

What is the orbital speed of a satellite at a
distance of 11550 km from the Earth's center?

The orbital speed can be calculated using the formula v = Vv(GM / r). Assuming
Earth's mass (M) is 5.97 x 10724 kg and G is 6.674 x 10"™-11 N-m2/kg?, the
speed is approximately 3.3 km/s.

How do you calculate the orbital velocity of a
satellite at a given distance from the Earth's
center?

Orbital velocity is calculated using v = Vv(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.

Is 11550 km from Earth's center considered low Earth
orbit?

No, a distance of 11550 km from Earth's center is higher than typical low
Earth orbit altitudes, which are usually up to about 2000 km from Earth's
surface. This distance places the satellite in a higher orbit, possibly
medium or geostationary depending on altitude above Earth's surface.



What is the difference between altitude and distance
from Earth's center for satellites?

Altitude refers to the height above Earth's surface, while distance from
Earth's center includes Earth's radius plus the altitude. For example,
Earth's radius is about 6371 km, so a satellite 11550 km from Earth's center
is approximately 5159 km above the surface.

How does the orbital speed change with the distance
from Earth's center?

Orbital speed decreases as the distance from Earth's center increases,
following the inverse square root relationship v = v(GM / r). So, satellites
farther away orbit more slowly.

Can a satellite at 11550 km from Earth's center
complete an orbit in under 24 hours?

Yes, a satellite at that distance can have an orbital period less than 24
hours, depending on its exact altitude and speed. Typically, higher orbits
have longer periods, but at about 11550 km from Earth's center, it may
complete an orbit in roughly 8-12 hours.

What are the practical applications for satellites
at approximately 11550 km from Earth's center?

Satellites at this distance are often used for communication, navigation, or
Earth observation, depending on their altitude and orbital characteristics.
They can provide regional coverage and relay signals over large areas.

How do you determine the necessary speed for a
satellite to stay in a stable orbit at 11550 km from
Earth's center?

The speed is determined using v = v(GM / r). Plugging in the values for G, M,
and r (11550 km converted to meters), you get the required orbital speed,
which is approximately 3.3 km/s for this orbit.

Additional Resources
Satellite Speed Calculation

When it comes to understanding the mechanics of satellites orbiting Earth,
one of the most fundamental questions revolves around the orbital velocity
required for a satellite to maintain a stable orbit at a given altitude. In
this case, we explore the specific scenario: a satellite remains in orbit at



a distance of 11,550 km from the center of Earth. To appreciate the
intricacies involved, we must delve into the fundamental principles of
orbital mechanics, the parameters involved, and how they influence the
satellite's speed.

Understanding the Basics of Orbital Mechanics

Before calculating the precise speed for this satellite, it’s essential to
comprehend the foundational concepts that govern satellite motion:

What Is Orbital Velocity?

Orbital velocity is the minimum velocity an object must have to stay in a
stable orbit around a celestial body, such as Earth, without falling back or
escaping into space. This velocity depends primarily on:

- The mass of the Earth
- The distance from the Earth's center (orbital radius)
- Gravitational constant

Mathematically, the orbital velocity (v) for a circular orbit is derived from
Newton's law of universal gravitation and centripetal force:

\[ v = \sqrt{\frac{GM}{r}} \1
Where:

- \( G \) = Gravitational constant, approximately \( 6.674 \times 107{-11} \,
\mathrm{Nm~2/kg”~2} \)

- \( M\) = Mass of the Earth, approximately \( 5.972 \times 107{24} \,
\mathrm{kg} \)

- \( r \) = Distance from the Earth's center to the satellite (orbital
radius)

Key Parameters Defined

- Earth’'s Radius: Approximately 6,371 km from the center of Earth.

- Orbital Radius (r): Distance from the Earth's center to the satellite; in
this case, 11,550 km.

- Altitude: The height above Earth's surface; it's the difference between the
orbital radius and Earth's radius.



Calculating the Orbital Speed

Given the parameters, let's proceed step-by-step to determine the satellite's
speed.

Step 1: Establish the Orbital Radius

The orbital radius \( r \) is provided as 11,550 km from Earth's center. To
maintain consistency with SI units, convert this distance to meters:

\[ r =11,550 \, \text{km} = 11,550 \times 107”3 = 1.155 \times 1077 \,
\text{meters} \]

Step 2: Use the Orbital Velocity Formula

Plugging the known values into the formula:

\[ v = \sqgrt{\frac{GM}{r}} \1

Where:

- \( G =6.674 \times 107{-11} \mathrm{Nm~2/kg"2} \)
- \( M =5.972 \times 107{24} \mathrm{kg} \)

- \( r=1.155 \times 10°7 \, \mathrm{m} \)

Calculating numerator:

\[ GM = 6.674 \times 107{-11} \times 5.972 \times 107{24} \]
\[ GM \approx 3.986 \times 107{14} \, \mathrm{m"3/s"2} \]
Now, compute the velocity:

\[ v

\sqrt{\frac{3.986 \times 107{14}}{1.155 \times 10°7}} \]

\[ v \sqrt{3.448 \times 1077} \]
\[ v \approx 5873 \, \mathrm{m/s} \]

Therefore, the satellite must travel at approximately 5,873 meters per
second, or about 5.87 km/s, to maintain a stable orbit at this altitude.



Understanding the Implications of This Speed

This calculated orbital velocity is not arbitrary; it’s carefully determined
based on the fundamental physics governing planetary orbits. Let’s analyze
what this means in practical and technical contexts.

The Significance of Orbital Velocity

- Stability: If the satellite moves faster than this speed, it risks escaping
Earth's gravitational pull, entering a hyperbolic trajectory.

- Fuel Efficiency: Achieving and maintaining this velocity is critical for
satellite design, as propulsion systems must be capable of reaching and
sustaining these speeds.

- Orbital Decay: Variations from this speed can lead to orbital decay or
drift, affecting satellite functionality over time.

Comparison with Typical Satellite Orbits

- Low Earth Orbit (LEO): Ranges from about 160 km to 2,000 km altitude,
requiring speeds of approximately 7.8 km/s.

- Medium Earth Orbit (MEO): Around 2,000 km to 35,786 km (GPS satellites
operate here), with speeds ranging from 3.1 km/s to 4.8 km/s.

- Geostationary Orbit (GEO): About 35,786 km altitude, with a speed of
approximately 3.07 km/s.

Compared to these, the 11,550 km orbital radius places the satellite in a
higher orbit than typical LEO but below GEO, with a velocity of roughly 5.87
km/s, fitting well within the expected range for such altitudes.

Additional Considerations in Orbital Mechanics

While the calculation above provides a clear answer, real-world satellite
operations involve additional factors that influence orbital velocity and
stability.

Influence of Earth's Oblateness

- Earth is not a perfect sphere; it is slightly flattened at the poles.
- This oblateness causes perturbations in orbital paths, requiring small
adjustments to maintain precise orbits.



Atmospheric Drag

- At lower altitudes, atmospheric particles exert drag, gradually decreasing
orbital speed and causing decay.

- At 11,550 km from Earth's center, atmospheric drag is minimal, but residual
effects can still occur.

Gravitational Perturbations

- The gravitational influence of the moon, sun, and other celestial bodies
can cause slight variations in orbital velocity over time.

Orbital Eccentricity

- While the calculation assumes a circular orbit, many satellites follow
elliptical paths, necessitating adjustments to velocity calculations.

Practical Applications and Design
Considerations

Understanding the precise speed needed for a satellite at this altitude is
critical for satellite designers and mission planners.

Engine Design and Propulsion

- Propulsion systems must provide the necessary delta-v (change in velocity)
to reach and sustain the orbital velocity.

- Efficient thrusters and fuel management are essential to achieve and
maintain orbital stability.

Launch Vehicle Selection

- The initial velocity imparted by the launch vehicle must be sufficient to
reach the desired orbit without excessive fuel consumption.

- Launch windows and trajectory planning are influenced by the target orbital
velocity.



Orbital Maintenance and Maneuvers

- Satellites often perform station-keeping maneuvers to correct deviations
caused by perturbations.

- Precise knowledge of the required orbital speed helps in planning fuel
reserves and maneuver strategies.

Conclusion: Key Takeaways

To summarize, a satellite orbiting at a distance of 11,550 km from Earth's
center must travel at approximately 5,873 meters per second (about 5.87 km/s)
to maintain a stable, circular orbit. This velocity is derived from
fundamental gravitational principles and is consistent with known orbital
parameters for similar altitudes.

Understanding this speed is vital for satellite engineers, mission planners,
and space agencies, as it influences everything from spacecraft design and
launch strategies to orbital maintenance and long-term mission planning.
Given the complex factors affecting orbital stability, precise calculations
combined with real-time adjustments ensure satellites perform their intended
functions in the vast expanse of space.

In essence, mastering the orbital velocity at various altitudes unlocks the
ability to choreograph the delicate dance of satellites around Earth,
enabling countless applications from communications and navigation to
scientific research and Earth observation.
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