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Introduction

The motion of satellites orbiting Earth is a fascinating aspect of modern
astronomy and space science. When we observe satellites circling our planet,
one of the most intriguing measurements is the orbital period-the time it
takes for a satellite to complete one full revolution around Earth. This
period is not arbitrary; it is influenced by a variety of factors related to
the satellite’s characteristics and its orbital parameters. Understanding
what determines a satellite’s orbital period is essential for fields ranging
from satellite communication to GPS navigation, and even for planning space
missions.

In this article, we explore the key factors that the orbital period depends
on, with a focus on the physical and orbital parameters that influence how
long a satellite takes to circle the Earth.

The Orbital Period and Its Significance

The orbital period, often denoted as T, is a fundamental characteristic of
any satellite orbit. It determines how frequently a satellite passes over a
particular point on Earth or how often it completes a full orbit. For
instance, the International Space Station (ISS) has an orbital period of
approximately 90 minutes, enabling it to circle the Earth multiple times a
day.

The period is crucial for several reasons:

- Communication Timing: Satellites used in communication need precise orbit
timings to maintain coverage.

- Navigation and GPS: Accurate timing ensures precise positioning data.

- Earth Observation: Revisit times depend on the satellite’s orbital period.
- Space Mission Planning: Mission duration and scheduling are based on
orbital periods.

The key to understanding the orbital period lies in the physics of orbital
mechanics, particularly Newton’s law of gravitation and the principles of
circular orbits.



Factors Affecting the Orbital Period of a
Satellite

The orbital period of a satellite is primarily determined by a combination of
its orbital radius, the mass of the Earth, and the gravitational constant.
However, other factors related to the satellite’s own properties and orbital
parameters also play roles. Let’s examine each of these factors in detail.

1. Orbital Radius (Distance from Earth's Center)

The most influential factor in determining the orbital period is the
satellite’s orbital radius, which is the distance from the center of Earth to
the satellite.

- Definition: The orbital radius (r) is the sum of Earth's radius and the
altitude of the satellite.

- Impact on Period: According to Kepler’s Third Law, the orbital period
increases with the radius of the orbit. Specifically, the period is
proportional to the 3/2 power of the orbital radius.

Mathematically:
\[ T = 2\pi \sqrt{\frac{r"3}{GM}} \]

Where:
-N\N( T is the orbital period,

-N\(r is the orbital radius,

-\N( G is the universal gravitational constant,

-\(M is the mass of the Earth.

Implication: Satellites in higher orbits (like geostationary satellites) have
longer periods, while those in low Earth orbit (LEO) have shorter periods.

2. Mass of the Earth

The Earth's mass (M) significantly influences the orbital period through the
law of universal gravitation.

- Effect: A more massive Earth results in a stronger gravitational pull,
which in turn shortens the orbital radius needed for a given period.

- In Practice: Since Earth's mass is effectively constant for orbital
calculations, it serves as a fixed parameter in determining orbital periods.

3. Gravitational Constant (G)

The gravitational constant (G) is a fundamental physical constant that
appears in Newton’s law of gravitation.

- Role: It quantifies the strength of gravity between two masses.



- Impact on Orbital Period: It is a fixed universal constant and, when
combined with Earth's mass, defines the gravitational parameter \( GM \),
which determines the orbital period.

4. Orbital Shape and Eccentricity

While many satellites are in nearly circular orbits, some follow elliptical
trajectories.

- Effect of Eccentricity: The orbital period remains constant for elliptical
orbits sharing the same semi-major axis, regardless of eccentricity, because
of Kepler’s laws.

- Implication: The period depends primarily on the semi-major axis length,
not the orbit’s shape.

5. Satellite’s Own Mass and Size

Contrary to common misconception, the satellite’s mass and size have
negligible direct impact on its orbital period.

- Reason: According to Newton’s second law, the satellite's mass cancels out
when calculating acceleration due to gravity.

- Note: However, the satellite’s mass influences other factors such as
stability and susceptibility to atmospheric drag.

6. Atmospheric Drag and Other Perturbations

While primarily dependent on gravitational forces, real-world orbital periods
can be affected by external factors:

- Atmospheric Drag: Causes gradual orbital decay in low Earth orbits,
effectively shortening the period over time.

- Gravitational Perturbations: Effects from the Moon, Sun, and Earth's
oblateness can cause slight variations in the orbital period.

- Solar Radiation Pressure: Can also influence satellite orbits over long
durations.

Understanding the Relationship: Kepler’s Third
Law

Kepler’'s Third Law provides a mathematical foundation for understanding how
orbital period depends on the orbital radius:

Formula:
\[ T = 2\pi \sqrt{\frac{r"3}{GM}} \]



This equation indicates that:

- The period \( T \) increases with the 3/2 power of the orbital radius \( r
\).

- For a given planetary mass, increasing altitude results in longer periods.
- Conversely, closer orbits have shorter periods.

Practical Example:

- Low Earth Orbit (LEO): Altitude around 300-2,000 km, period approximately
90-120 minutes.

- Geostationary Orbit (GEO): Altitude about 35,786 km, period exactly 24
hours.

Calculating the Orbital Period: A Step-by-Step
Approach

To estimate the orbital period of a satellite, follow these steps:

=

. Determine the Orbital Radius (r):
Sum of Earth's radius (~6371 km) and the satellite’s altitude.
. Use the Gravitational Parameter (\( \mu = GM \)):
For Earth, \( \mu \approx 3.986 \times 107{14} \, \text{m}"3/\text{s}"2 \).
3. Apply Kepler’s Third Law:
\ [
T = 2\pi \sqrt{\frac{r"3}{\mu}}
\1
4. Convert Units:
- Ensure \( r \) is in meters.
- Calculate \( T \) in seconds, then convert to minutes or hours as needed.

N 1

Example Calculation:
- Satellite at 500 km altitude:

\ [

r = 6371 \text{ km} + 500 \text{ km} = 6871 \text{ km} = 6.871 \times 10°{6}
\text{ m}

\1

- Compute \( T \):

\ [

T = 2\pi \sqrt{\frac{(6.871 \times 107{6})"3}{3.986 \times 107{14}}}
\1]
- Result: approximately 94.3 minutes.

Summary: What Does The Orbital Period Depend
On?

To summarize, the period of a satellite's revolution is predominantly
influenced by:



- Orbital radius (altitude): The distance from Earth’s center to the
satellite determines the period through a \( r*~{3/2} \) relationship.

- Mass of Earth: A larger mass results in a shorter period for a given orbit.
- Orbital shape (eccentricity): While the shape affects the orbit’s dynamics,
the period depends mainly on the semi-major axis for elliptical orbits.

- External factors: Atmospheric drag, gravitational perturbations, and
radiation pressure can cause minor variations.

Conclusion

Understanding the factors that dictate a satellite’s orbital period is
essential for designing satellite missions, predicting satellite passes, and
maintaining communication networks. The primary parameters—orbital radius,
Earth's mass, and gravitational constant—interact through well-established
physical laws, particularly Kepler’s Third Law, to determine how long a
satellite takes to complete one orbit around Earth.

While the satellite’s own mass and size have negligible effects on the
period, external influences such as atmospheric drag and gravitational
perturbations play roles in real-world scenarios, especially over extended
periods. By carefully considering these factors, scientists and engineers can
accurately predict satellite behaviors and ensure the success of space-based
operations.

In essence, the period of a satellite depends on the orbital radius, the mass
of the Earth, and the fundamental laws of planetary motion.

Frequently Asked Questions

What factors influence the period of a satellite's
orbit?

The period of a satellite's orbit depends primarily on its altitude and the
mass of the Earth, as described by Kepler's Third Law. Higher orbits
generally result in longer orbital periods.

Does the satellite's speed affect the time it takes
for a complete revolution?

Yes, the satellite's orbital speed influences its orbital period; faster
satellites in lower orbits tend to have shorter periods, while slower,
higher-altitude satellites have longer periods.

How does the altitude of a satellite determine its



orbital period?

The higher the satellite's altitude above the Earth's surface, the longer its
orbital period, because it travels a larger orbit and moves at a slower
velocity to balance gravitational forces.

Is the mass of the satellite a factor in its orbital
period?

No, the mass of the satellite does not significantly affect its orbital
period; it primarily depends on the Earth's mass and the satellite's orbital
radius, as per gravitational laws.

Can the orbital period be changed by adjusting the
satellite's speed?

Yes, changing the satellite's speed—either increasing or decreasing it—can
alter its orbital radius and thus change its orbital period, but this
requires propulsion and active control.

Additional Resources
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Understanding the period of a satellite is fundamental for scientists,
engineers, and space enthusiasts alike. The period refers to the time a
satellite takes to complete one orbit around Earth or another celestial body.
This duration is not arbitrary; it is intricately linked to various factors
related to the satellite's design, its orbit, and the gravitational forces at
play. In this comprehensive review, we will explore the critical elements
that influence the orbital period of a satellite, providing insights into how
each factor contributes to the satellite’s motion, and the implications for
satellite operations.

What Is The Orbital Period?

The orbital period of a satellite is the time it takes to make one full
revolution around the Earth. It is usually measured in minutes or hours. The
period is a vital parameter because it determines the satellite’s coverage
time over specific regions, its communication scheduling, and its positional
predictability.

For instance, geostationary satellites have an orbital period of



approximately 24 hours, matching Earth's rotation, allowing them to stay
fixed over a single point. Conversely, low Earth orbit (LEO) satellites
typically have periods ranging from about 90 to 110 minutes, enabling rapid
coverage of different regions.

Key Factors Affecting Satellite Orbital Period

The period of a satellite is primarily governed by gravitational physics and
orbital mechanics. Several factors influence this period, and understanding
these can help in designing satellites for specific purposes. The main
determinants include:

- The satellite’s orbital altitude

- The shape of the orbit (eccentricity)
- The mass of the central body (Earth)
- The gravitational constant

- The satellite's velocity

Each of these aspects plays a role in whether a satellite will orbit faster
or slower, and how long it will take to complete one revolution.

1. Orbital Altitude

Definition: The altitude of a satellite is the distance from the Earth's
surface to the satellite itself.

Impact on Period:

The altitude greatly influences the orbital period. As a general rule, the

higher the satellite's orbit, the longer it takes to complete a revolution.
This is because satellites in higher orbits are farther from Earth’s center,
where gravitational pull is weaker, resulting in slower orbital velocities.

Features:

- Low Earth Orbit (LEO): Typically 160 km to 2,000 km above Earth, with
orbital periods around 90-110 minutes.

- Medium Earth Orbit (MEO): Ranges from 2,000 km to about 35,786 km; used for
navigation systems like GPS.

- Geostationary Orbit (GEO): Approximately 35,786 km; period is about 24
hours.

Pros:



- Higher orbits allow longer communication windows for certain satellites.
- Reduced atmospheric drag at higher altitudes extends satellite lifespan.

Cons:

- Increased altitude demands more energy for launch.
- Longer periods may complicate real-time tracking.

Mathematical Relation:
The period \( T \) can be approximated by Kepler's Third Law:

\ [
T = 2\pi \sqrt{\frac{a”3}{GM}}
\1]

Where:

(@ \) is the semi-major axis (Earth’s radius + altitude)
( G \) is the gravitational constant
( M\) is the mass of Earth

~

This equation highlights that as \( a \) increases, \( T \) increases.

2. Orbital Shape (Eccentricity)

Definition: Eccentricity measures how much an orbit deviates from being
circular. An eccentricity of 0 indicates a perfect circle; values approaching
1 indicate elongated ellipses.

Impact on Period:

While the orbital period remains the same for all points in an elliptical
orbit (per Kepler's laws), the satellite’s velocity varies along its path —
faster at periapsis (closest point to Earth) and slower at apoapsis (farthest
point).

Features:

- Circular orbits have constant velocity.
- Elliptical orbits cause velocity variations but do not change the period.

Pros:

- Eccentric orbits can be used for specific mission requirements, such as
high-contrast imaging or reconnaissance.



Cons:
- Variations in velocity complicate ground tracking and scheduling.
- More complex orbital maneuvers are required to maintain or change

eccentricity.

Note: The period remains governed by the semi-major axis, regardless of
eccentricity, but the satellite’s speed varies along its orbit.

3. The Mass of the Central Body (Earth)

Definition: The mass of Earth influences the gravitational pull experienced
by the satellite.

Impact on Period:

A larger mass would increase gravitational attraction, leading to a shorter
orbital period for the same altitude and orbital shape. Conversely, a smaller
mass (such as a different celestial body) results in longer periods.
Features:

- Earth's mass is well known, allowing precise calculations.

- Variations in Earth's mass distribution (like density anomalies) can cause
minor perturbations.

Pros:

- Precise modeling of Earth's mass allows for accurate satellite orbit
predictions.

Cons:

- Variations in Earth's gravitational field can cause orbital decay or drift
over time.

4. Gravitational Constant (G)

Definition: The universal gravitational constant is a fundamental physical
constant that appears in Newton's law of gravitation.

Impact on Period:



It sets the scale for gravitational attraction and, consequently, the orbital
period when combined with Earth's mass.

Features:

- The value of \( G \) is approximately \( 6.674 \times 107{-11} \,
\text{Nm}"~2/\text{kg}"2 \).

- It is a constant, so it does not change.

Pros:

- Its constancy is critical for precise orbital calculations.

Cons:

- Measurement uncertainties in \( G \) have negligible impact on orbital
predictions compared to other factors.

5. Satellite’s Velocity

Definition: The initial and ongoing velocity of the satellite determines how
it moves along its orbit.

Impact on Period:

While the period is primarily determined by the gravitational parameters and
orbital radius, the satellite’s velocity profile along an elliptical orbit
varies, affecting the time taken to traverse different segments.

Features:

- In a stable orbit, velocity is constant in circular orbits.
- In elliptical orbits, velocity varies according to Kepler's laws.

Pros:

- Adjusting velocity through propulsion allows for orbit maintenance or
transfer maneuvers.

Cons:

- Variations in velocity require fuel and careful planning for mission
longevity.



Practical Implications of Orbital Period
Dependence

Understanding what influences a satellite’s period is not merely academic; it
has practical applications in satellite mission planning, navigation,
communications, and Earth observation.

Coverage and Revisit Times:

Satellites in lower orbits with shorter periods can revisit the same location
more frequently, which is beneficial for weather monitoring or
reconnaissance. Conversely, geostationary satellites with a 24-hour period
provide constant coverage of a fixed region, essential for communication and
broadcasting.

Synchronization and Ground Station Scheduling:

Accurate prediction of the period allows ground stations to optimize tracking
schedules, reducing operational costs and ensuring reliable data links.

Orbital Maneuvering and Stability:

Knowing the factors affecting period helps in planning orbit corrections,
avoiding collisions, and maintaining desired coverage patterns.

Conclusion

The period of a satellite — the time it takes to complete one full revolution
around Earth — depends on a complex interplay of factors chiefly related to
orbital altitude, shape, Earth's mass, and fundamental physical constants.
Among these, the orbital altitude stands out as the most influential
parameter, with higher altitudes resulting in longer periods due to weaker
gravitational pull and slower orbital velocities. The shape of the orbit
(eccentricity) adds nuances to the satellite’s speed along its path but does
not alter the fundamental period dictated by the semi-major axis.

Understanding these dependencies is crucial for designing satellites tailored
to specific missions, whether they require rapid revisit times or constant
coverage. Advances in orbital mechanics, computational modeling, and
propulsion technology continue to refine our ability to predict and control
satellite periods, ensuring that space-based systems remain reliable and
efficient.

In sum, the orbital period is a fundamental characteristic that depends on a
combination of physical parameters and design choices. Future innovations in



satellite technology and space physics will likely expand our ability to
manipulate and utilize these factors, opening new frontiers in satellite
applications and space exploration.
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