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Introduction

The orbit of a satellite provides critical information about its motion,
stability, and potential applications. In this case, a satellite's orbit
features a semimajor axis of 4.0 x 10”7 meters and an eccentricity of 0.15.
Understanding these parameters allows scientists and engineers to analyze its
orbital behavior, predict its position over time, and assess its suitability
for various missions. This article explores the fundamental orbital elements,
calculations derived from these parameters, and their practical implications.

Fundamental Orbital Parameters

Semimajor Axis (a)

The semimajor axis, denoted as 'a,' represents half the length of the longest
diameter of an elliptical orbit. It is a key determinant of the satellite's
orbital period and altitude. In this case, the semimajor axis is given as 4.0
x 1077 meters, which is approximately 40,000 kilometers. This distance
suggests a high-altitude orbit, likely in the geostationary or near-
geostationary regime, depending on the precise orbital characteristics.

Eccentricity (e)

Eccentricity measures the deviation of the orbit from a perfect circle. An
eccentricity of 0 corresponds to a circular orbit, while values approaching 1
indicate highly elongated ellipses. With an eccentricity of 0.15, the orbit
is slightly elliptical, meaning the satellite experiences modest variations
in its distance from Earth during each orbit.



Calculating Orbital Elements

Perigee and Apogee

Perigee and apogee denote the closest and farthest points of the satellite
relative to Earth's center. They are essential for understanding the
satellite's range of altitudes and velocities.

* Perigee distance (r,): The closest approach to Earth, calculated as:

r, = a(l - e) =4.0 x 1007 m (1 - 0.15) = 4.0 x 10”7 m 0.85 = 3.4 x 10"7
meters

* Apogee distance (r,): The farthest point from Earth, calculated as:

r.=a(l+e)=4.0x10"7m (1 +0.15) =4.0 x 1677 m 1.15 = 4.6 x 1077
meters

Orbital Velocity

The satellite's velocity varies along its orbit, being fastest at perigee and
slowest at apogee. Using vis-viva equation:

v = V[u (2/r - 1/a)]

where p is Earth's standard gravitational parameter (~3.986 x 10714 m”~3/s"2),
r is the current radius, and a is the semimajor axis.

Velocity at Perigee
er=r,=3.4x10%7 m

ev, = V[p (2/r, - 1/a)]

Calculating:

v, = V[3.986 x 10714 (2 / 3.4 x 16"7 - 1/ 4.0 x 1077)]

After calculations, this yields approximately 3.07 km/s.

Velocity at Apogee



er=r,=4.6 x 1077 m

ev, = V[p (2/r, - 1/a)]

This results in a velocity of approximately 2.67 km/s.

Orbital Period and Its Calculation

Determining the Orbital Period

The orbital period (T), or the time it takes for the satellite to complete
one orbit, is derived from Kepler's Third Law:

T=2n V(a3 / u)

Substituting the known values:

T=2nV[(4.0 x 10°7)"3 / 3.986 x 10714]

Calculations show an orbital period of approximately 20 hours and 50 minutes.
This period is consistent with satellites in geostationary transfer orbits or
medium Earth orbits.

Implications of the Orbit's Parameters

Operational and Communication Considerations

The satellite's semimajor axis of 40,000 km places it at a significant
altitude, potentially allowing for broad coverage of Earth's surface, which
is advantageous for communication, weather monitoring, or navigation
satellites.

e The slight eccentricity (0.15) causes periodic variations in the
satellite's altitude and velocity, which must be accounted for in
mission planning.

e Ground stations require precise tracking to compensate for these
variations during data transmission and control operations.



Orbital Stability and Longevity

At these high altitudes, the satellite's orbit is less affected by
atmospheric drag, increasing its stability and operational lifetime. However,
gravitational perturbations from the Moon and Sun, as well as Earth's
oblateness, can induce long-term orbital variations.

e Regular orbit maintenance maneuvers may be necessary to sustain the
desired orbit.

e The orbit's slight eccentricity may gradually increase or decrease over
time without correction.

Potential Missions and Applications

Based on the orbit's characteristics, the satellite could serve a variety of
functions, including:

1. Geostationary communication relay, providing continuous coverage over
specific regions.

2. Earth observation with periodic revisits due to orbital eccentricity.

3. Navigation and positioning, especially if the orbit aligns with other
satellites for triangulation.

Additional Factors Affecting Orbit Dynamics

Earth's Gravitational Field and Perturbations

While the idealized calculations assume a perfect two-body system, Earth's
gravitational field is not perfectly spherical. The oblateness (J2
perturbation) causes precession of the orbit, affecting the argument of
perigee and longitude of ascending node over time.

e Orbital precession can impact mission planning, especially for
communication and Earth observation satellites.

e Analysis of these effects requires detailed models and regular orbit
adjustments.



Influence of Solar and Lunar Gravity

The gravitational pull from the Moon and Sun introduces additional
perturbations, especially at higher altitudes. These influences can lead to
changes in orbital eccentricity and inclination, necessitating careful
monitoring.

Conclusion

The satellite's orbit, characterized by a semimajor axis of 4.0 x 10"7 meters
and an eccentricity of 0.15, offers a blend of stability and coverage
potential suitable for various applications. The moderate eccentricity
introduces manageable variations in altitude and velocity, enhancing the
satellite's utility without introducing significant operational challenges.
Understanding these orbital parameters enables precise mission planning,
efficient resource deployment, and effective long-term management of the
satellite's trajectory. As technology advances, the ability to monitor and
adjust such orbits ensures the continued success of satellite missions across
communications, Earth observation, navigation, and scientific research.

Frequently Asked Questions

What is the orbital period of the satellite with a
semimajor axis of 4.0 x 10”7 meters?

Using Kepler's third law, the orbital period T can be calculated as T =

2V (a3/GM) . Assuming Earth's gravitational parameter GM = 3.986 x 10714
m3/s2, T = 2m/((4.0 x 10"7)3 / 3.986 x 10714). This results in approximately
1,200 seconds or about 20 minutes.

How does the eccentricity of 0.15 affect the
satellite's orbit compared to a circular orbit?

An eccentricity of 0.15 indicates a slightly elliptical orbit, causing the
satellite to have varying distances from Earth during its orbit, with a
difference between periapsis and apoapsis. Specifically, the orbit's shape
will be modestly elongated compared to a perfect circle.

What are the periapsis and apoapsis distances of the
satellite?
Periapsis = a(l - e) = 4.0 x 10”7 (1 - 0.15) = 3.4 x 10”7 meters. Apoapsis =

a(l +e) =4.0 x 1077 (1 + 0.15) = 4.6 x 10”7 meters. This means the
satellite varies its distance from Earth between these two points.



Is this satellite in Low Earth Orbit (LEO), and what
are the typical characteristics of such orbits?

Yes, with a semimajor axis of 4.0 x 1077 meters, the satellite is in Low
Earth Orbit, typically ranging from about 160 km to 2,000 km above Earth's
surface. LEO satellites have short orbital periods, usually around 90 to 120
minutes, and are used for communication, imaging, and scientific missions.

How does the eccentricity influence the satellite's
velocity at periapsis and apoapsis?

The satellite moves faster at periapsis and slower at apoapsis due to
Kepler's second law. With an eccentricity of 0.15, the velocity difference is
modest but noticeable, resulting in higher speeds when closer to Earth and
lower speeds when farther away.

What orbital parameters are needed to determine the
satellite’s orbital energy?

The key parameters are the semi-major axis (a) and the eccentricity (e). The
specific orbital energy is given by € = -GM/(2a), which depends only on the

semi-major axis for an elliptical orbit. Eccentricity affects the shape but

not the total orbital energy directly.

Can this satellite's orbit be adjusted to become
circular, and what methods are typically used?

Yes, orbit adjustments can be made through propulsion or thrusters to modify
the satellite's velocity, reducing eccentricity to zero for a circular orbit.
This process is called orbit circularization and is commonly used in
satellite station-keeping maneuvers.

Additional Resources

The Orbit Of A Certain Satellite Has A Semimajor Axis Of 4.0 X 10”7 M And An
Eccentricity Of 0.15. Its trajectory offers a fascinating glimpse into the
intricate mechanics governing artificial satellites orbiting Earth.
Understanding the satellite’s orbit involves delving into concepts such as
orbital parameters, the influence of eccentricity, and the broader
implications for communication, navigation, and Earth observation systems.
This article explores these elements in detail, providing a comprehensive yet
accessible overview of the satellite’s orbital characteristics and their
significance.

Understanding Orbital Parameters: Semimajor Axis and Eccentricity



What is the Semimajor Axis?

The semimajor axis is the longest radius of an elliptical orbit, effectively
representing the average distance between the satellite and the Earth’s
center over one complete orbit. In this case, the satellite’s semimajor axis
is given as 4.0 x 1077 meters (or 40,000 kilometers). This measurement is
critical because it directly influences the satellite’s orbital period-the
time it takes to complete one orbit-and its velocity at various points along
its path.

Significance of Eccentricity

Eccentricity (denoted as e) quantifies how much an orbit deviates from a
perfect circle. A value of 0 indicates a circular orbit, while values
approaching 1 describe increasingly elongated ellipses. The satellite in
question has an eccentricity of 0.15, signifying a slightly elliptical orbit.
This means the satellite’s distance from Earth varies throughout its orbit,

with the closest approach (perigee) and the furthest point (apogee) differing
by a measurable amount.

Calculating the Orbital Elements

Determining Perigee and Apogee

Given the semimajor axis and eccentricity, we can compute the perigee and
apogee distances. These are essential for understanding the satellite’s
operational environment, particularly for functions sensitive to altitude
variations such as communication link quality and sensor calibration.

- Perigee (closest point to Earth):

\( r {perigee} = a (1 - e) \)

- Apogee (farthest point from Earth):

\( r {apogee} =a (1 + e) \)

Where:

- \( a = 4.0 \times 10°7 \, \text{m} \)
-\(e=0.15\)

Calculations:

- Perigee:

\( r_{perigee} = 4.0 \times 1077 \times (1 - 0.15) = 4.0 \times 1077 \times
0.85 = 3.4 \times 1077 \, \text{m} \)



- Apogee:

\( r_{apogee} = 4.0 \times 1077 \times (1 + 0.15) = 4.0 \times 1077 \times
1.15 = 4.6 \times 1077 \, \text{m} \)

Thus, the satellite oscillates between approximately 34,000 km and 46,000 km
from Earth's center, a variation that can impact communication and
observational capabilities.

Estimating the Orbital Period

Using Kepler’s Third Law, the orbital period \( T \) relates to the semimajor
axis:

\ [
T = 2\pi \sqrt{\frac{a”3}{GM}}
\1

Where:

- \( G\) is the gravitational constant (\( 6.674 \times 107{-11} \,
\text{Nm}~2/\text{kg}"2 \))

- \( M\) is Earth’s mass (\( 5.972 \times 107{24} \, \text{kg} \))
- \( a \) is the semimajor axis in meters

Calculating:

\ [

T = 2\pi \sqrt{\frac{(4.0 \times 1077)"3}{6.674 \times 107{-11} \times 5.972
\times 107{24}}}

\1

Simplify numerator:

\ [

(4.0 \times 1077)7"3 = 4.073 \times 107{21} = 64 \times 107{21} = 6.4 \times
107{22}

\]

Calculate denominator:

\ [

6.674 \times 107{-11} \times 5.972 \times 10"{24} \approx 3.986 \times
10~{14}

\1]

Now:

\ [
T = 2\pi \sqrt{\frac{6.4 \times 107{22}}{3.986 \times 10"{14}}} = 2\pi
\sqrt{1.606 \times 1078}



\]

Taking the square root:

\ [
\sqrt{1.606 \times 1078} \approx 1.268 \times 1074

\1]
Finally:

\ [
T \approx 2\pi \times 1.268 \times 1074 \approx 79,660 \, \text{seconds}
\1]

Convert seconds to hours:

\ [
\frac{79,660}{3600} \approx 22.1 \, \text{hours}

\1]

Summary: The satellite completes an orbit roughly every 22.1 hours, a period
characteristic of medium Earth orbits (MEO). Such an orbit allows for
consistent coverage and is commonly used for navigation satellites like GPS.

Impact of Orbital Parameters on Satellite Operations
Orbital Altitude and Coverage

The variation between perigee and apogee influences the satellite’s coverage
footprint. At perigee, the satellite is closer to Earth, allowing for higher
resolution observations or stronger communication signals. Conversely, at
apogee, the satellite is farther away, which might reduce signal strength but
extend its coverage area.

Ground Track and Revisit Times

The orbit’'s inclination (not provided here) would determine the ground
track—how the satellite moves across Earth's surface. Coupled with the
orbital period, it influences revisit times over specific regions, critical
for Earth observation or communication relays.

Radiation Environment and Orbital Decay

While the semimajor axis suggests a stable orbit, the slight ellipticity
means the satellite traverses regions with varying radiation levels,
especially over the poles. Additionally, atmospheric drag at lower altitudes
could gradually decrease the orbit’s altitude unless corrected with
propulsion maneuvers.



Broader Implications of the Orbital Characteristics
Navigation and Timing

Satellites in this orbit are well-suited for navigation systems, offering
global coverage with predictable revisiting times. The 22-hour period ensures
frequent passes over various parts of the world, essential for real-time
positioning services.

Communication Systems

The elliptical orbit allows for flexible communication strategies, with
ground stations adjusting for the varying distances. The orbit’s parameters
facilitate a balance between coverage area and link quality, supporting
various applications such as broadband internet, military communications, and
emergency response.

Earth Observation and Scientific Research

The slight eccentricity enables the satellite to capture data across
different altitudes, enriching scientific datasets. Variations in altitude
can also assist in calibrating sensors and studying atmospheric phenomena.

Challenges and Future Considerations
Orbital Maintenance

Maintaining this orbit requires periodic adjustments to counteract
perturbations from the Earth’s oblateness, solar radiation pressure, and
gravitational influences from the Moon and Sun. Efficient propulsion systems
are vital to sustain the desired orbital parameters.

Collision Avoidance

With numerous satellites orbiting Earth, collision risk remains a concern.
Precise tracking and maneuvering capabilities are essential, especially in
elliptical orbits where the satellite’s speed and altitude vary
significantly.

Evolving Technologies

Advancements in propulsion, materials, and satellite design could enable more
precise control over orbital parameters, potentially reducing eccentricity or
extending satellite lifespans. These developments will enhance the
operational capabilities of satellites in similar orbits.



Conclusion

The orbital characteristics of this satellite-specifically, a semimajor axis
of 40,000 km and an eccentricity of 0.15-offer insight into its operational
profile and potential applications. Its orbital period of approximately 22
hours positions it within the medium Earth orbit range, suitable for
navigation, communication, and Earth observation missions. The detailed
understanding of perigee and apogee distances, coupled with considerations of
orbital mechanics, underscores the complex engineering and scientific
principles that govern satellite operations. As technology advances, the
ability to fine-tune such orbits will continue to enhance the capabilities
and longevity of satellites, cementing their role as vital tools in our
interconnected world.
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