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Understanding the orbital characteristics of satellites is fundamental in
space science and satellite technology. When an earth satellite travels in a
circular orbit at a specific velocity, such as 4500 meters per second (m/s),
one key parameter engineers and scientists aim to determine is its orbital
period—the time it takes to complete one full revolution around the Earth.
This article explores how to calculate the orbital period of such a
satellite, delving into the physics principles involved, the relevant
formulas, and practical implications for satellite operations.

Understanding Satellite Orbits and Orbital
Mechanics

What Is a Circular Orbit?

A circular orbit is a type of satellite trajectory where the satellite
maintains a constant distance from the Earth's center, resulting in a perfect
circle around the planet. In such an orbit, the satellite's speed remains
constant, and the radius of the orbit stays unchanged throughout the
revolution.

Importance of Orbital Parameters

The key parameters defining a satellite's orbit include:

— Orbital radius

(r): Distance from Earth's center to the satellite.
— Orbital speed (v

(

(

r

) : The velocity of the satellite along its orbit.
T): The time taken for one complete orbit.

Re) : Approximately 6371 km (or 6.371 x 1076 meters).

- Orbital period
- Earth's radius

Understanding these parameters allows for precise calculations necessary for
satellite deployment, communication, navigation, and scientific research.

Fundamental Physics Principles for Calculating



Orbital Period

Newton's Law of Universal Grawvitation

The motion of a satellite in a circular orbit is primarily governed by the
balance between the gravitational pull of the Earth and the satellite's
centrifugal force. According to Newton's law of gravitation:

\[ F_{gravity} = \frac{G M_{e} m}{r*2} \]

where:

- \( G \) is the gravitational constant (\(6.674 \times 10"{-11}
\mathrm{Nm*2/kg*2}\)),

- \( M_{e} \) is Earth's mass (\(5.972 \times 107{24}\) kqg),

- \(m \) is the satellite's mass,
— \( r \) is the distance from Earth's center to the satellite.

Balance of Forces in Circular Orbit

In a stable circular orbit, the gravitational force provides the necessary
centripetal force:

\[ \frac{G M_{e} m}{r*2} = \frac{m v*2}{r} \]
Simplifying:
\[ v*2 = \frac{G M_{e}}{r} \]

This relation links the orbital speed to the radius of orbit.

Calculating the Orbital Radius

Given the satellite's speed (\(v = 4500 \, \mathrm{m/s}\)), we can find the
orbital radius (\(r\)) using the relation:

\[ r = \frac{G M_{e}}{v*2} \]

Substituting known values:

\[ r = \frac{6.674 \times 107{-11} \times 5.972 \times 107{24}}{(4500) "2} \]
Calculating numerator:

\[ 6.674 \times 107"{-11} \times 5.972 \times 107{24} = 3.986 \times 10"{14}
\]

Calculating denominator:

\[ (4500)"2 = 20,250,000 \]



Finally:

N[ r = \frac{3.986 \times 107{14}}{2.025 \times 107{7}} \approx 1.969 \times
107{7} \, \text{meters} \]

This value represents the orbital radius from Earth's center.

Determining the Orbital Period

Using the Orbital Radius

The orbital period \(T\) can be derived from the circumference of the orbit
and the satellite's speed:

\[ T = \frac{\text{Circumference}}{\text{Speed}} \]
Since the orbit is circular:

\[ T = \frac{2 \pi r}{v} \]

Plugging in the wvalues:

N[ T = \frac{2 \pi \times 1.969 \times 107{7}}{4500} \]
Calculations:

— Numerator:

N[ 2 \pi \times 1.969 \times 107{7} \approx 6.2832 \times 1.969 \times 10"{7}
\approx 1.236 \times 107{8} \]

— Divide by velocity:

\[ T \approx \frac{1.236 \times 107{8}}{4500} \approx 27,468.9 \,
\text{seconds} \]

Converting seconds into hours:
\[ \frac{27,468.9}{3600} \approx 7.63 \, \text{hours} \]

Therefore, the satellite's orbital period is approximately 7.63 hours.

Implications and Practical Considerations

Orbital Altitude and Satellite Design



The calculated orbital radius indicates the satellite's altitude above
Earth's surface:

\[ \text{Altitude} = r - R_{e} \]
Using \( R_{e} = 6.371 \times 107{6} \, \text{m} \):

N[ \text{Altitude} = 1.969 \times 107{7} - 6.371 \times 107{6} \approx 1.332
\times 107{7} \, \text{m} \]

This corresponds to approximately 13,320 km above Earth's surface, which
places the satellite well within the geostationary and medium Earth orbit
ranges, suitable for communications, navigation, or scientific observation.

Comparison with Typical Satellite Orbits

- Low Earth Orbit (LEO): 160 km to 2,000 km altitude; orbital period ~90-120
minutes.

- Medium Earth Orbit (MEO): 2,000 km to 35,786 km; orbital periods from about
2 to 12 hours.

- Geostationary Orbit (GEO): Approx. 35,786 km altitude; orbital period
exactly 24 hours.

The calculated orbital period of approximately 7.63 hours suggests a
satellite in MEO, often used for navigation systems like GPS.

Factors Affecting Orbital Period Accuracy

While the calculations provide a good estimate, real-world factors can
influence the actual orbital period:

- Earth's Oblateness: The Earth's equatorial bulge causes slight variations.
- Atmospheric Drag: At lower altitudes, atmospheric particles can slow the
satellite, changing its orbit.

- Gravitational Perturbations: The Moon, Sun, and other celestial bodies
exert minor forces.

— Orbital Maneuvers: Satellites may perform adjustments affecting their speed
and period.

Understanding these influences is essential for mission planning and
satellite maintenance.

Conclusion

Calculating the orbital period of a satellite moving at a given speed
involves fundamental physics principles, notably Newton's law of gravitation
and circular motion equations. For a satellite traveling at 4500 m/s in a
circular orbit around Earth, the orbital radius is approximately 19,690 km



from Earth's center, resulting in an orbital period close to 7.63 hours. This
period aligns with typical medium Earth orbit satellites used in navigation
and communication systems.

By mastering these calculations, engineers and scientists can design
satellite missions with precise timing, optimize satellite placement, and
ensure effective communication and data collection across various
applications. Whether for scientific exploration, global positioning, or
telecommunications, understanding orbital mechanics remains a cornerstone of
successful space endeavors.

Keywords: orbital period, satellite orbit, circular orbit, orbital velocity,
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Frequently Asked Questions

What is the formula to calculate the orbital period
of a satellite moving in a circular orbit?

The orbital period T can be calculated using T = 2nr / v, where r is the
radius of the orbit and v is the satellite's speed.

Given a satellite's speed of 4500 m/s, how can we
determine its orbital radius if the Earth's mass is
known?

We can use the centripetal force and gravitational force equilibrium: v =
V(GM / r). Rearranged, r = GM / v?, where G is the gravitational constant and
M is Earth's mass.

What is the approximate value of Earth's mass used in
orbital calculations?

Earth's mass is approximately 5.97 x 10724 kg.

How do you calculate the orbital period once the
orbital radius is known?

Use Kepler's third law: T = 2nr / v, or alternatively, T = 2oV (r® / GM).

What is the approximate orbital period of a satellite
moving at 4500 m/s in a typical low Earth orbit?

Using calculations, the orbital period is approximately 90 minutes (about
5400 seconds) .



Why is the orbital period important for satellite
operations?

The orbital period determines how long a satellite takes to complete one
orbit, which is crucial for communication, imaging, and timing applications.

Can the orbital period be directly calculated from
the satellite's speed alone?

Not entirely; you also need the orbital radius or altitude. With speed and
radius, you can calculate the period accurately.

What assumptions are made in calculating the orbital
period of a satellite in a circular orbit?

Assumptions include a perfectly circular orbit, neglecting atmospheric drag,
and considering Earth's gravity as the dominant force.

Additional Resources
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In the vast expanse surrounding our planet, satellites serve as the backbone
of modern communication, navigation, weather forecasting, and scientific
exploration. Among the myriad of orbital configurations, the circular orbit
remains one of the most fundamental and widely studied due to its simplicity
and practical relevance. Recently, a satellite has been observed moving in a
perfect circular orbit around Earth at a velocity of 4500 meters per second
(m/s). This prompts a significant question: What is the orbital period of
this satellite?

Understanding the orbital period — the time it takes for a satellite to
complete one full revolution around Earth — is crucial for satellite
deployment, mission planning, and ensuring the reliability of satellite-based
services. In this article, we will explore the physics behind satellite
motion, derive the orbital period based on given parameters, and discuss the
broader implications of such calculations.

Fundamentals of Satellite Motion in Circular Orbits
What Is an Orbital Period?

The orbital period (denoted as T) is the time a satellite takes to complete
one full orbit around a celestial body. It is usually expressed in seconds or
minutes. For a satellite in a circular orbit, this period depends primarily
on the size of the orbit and the mass of the central body, which in this case
is Earth.

Mathematically, the orbital period relates to the orbital radius and the
orbital speed via the basic formula:

\[ T = \frac{\text{Circumference of the orbit}}{\text{Orbital speed}} \]



Since the orbit is circular, the circumference (C) 1is:
N[ C = 2\pi r \]

where \( r \) is the orbital radius, i.e., the distance from Earth's center
to the satellite.

Deriving the Orbital Radius from Given Data

Given the satellite's speed, we can determine the orbital radius if we make
use of Newtonian physics and the principles of circular motion.

Newtonian Gravitation and Circular Motion

The key idea is that for a satellite in a stable circular orbit, the
gravitational force provides the necessary centripetal force to keep the
satellite in orbit:

\[ F_{gravity} = F_{centripetal} \]

Expressed mathematically:

\[ \frac{G M_e m}{r"2} = \frac{m v*2}{r} \]

Where:

- \( G \) is the gravitational constant, approximately \( 6.674 \times
107{-11} \, \mathrm{Nm"2/kg”*2} \),

- \( M_e \) is Earth's mass, approximately \( 5.972 \times 107{24} \,
\mathrm{kg} \),

- \(m \) is the mass of the satellite (which cancels out),

- \( r \) is the orbital radius,

- \( v \) is the orbital speed (given as 4500 m/s).

Rearranging for \( r \):

\[ r = \frac{G M_el}{v"2} \]

Alternatively, since the orbital speed is often derived from the
gravitational parameter, it can be more straightforward to use:

\[ v = \sgrt{\frac{G M_e}{r}t} \]
which can be rearranged to:

\[ r = \frac{G M_el}{v"2} \]

Calculating the Orbital Radius

Plugging in the known values:

\

r = \frac{(6.674 \times 10"{-11}) \times (5.972 \times 107{24})}{(4500) "2}
\1]

Calculations step-by-step:



1. Compute \( G M_e \):

\ [

G Me = 6.674 \times 10"{-11} \times 5.972 \times 107{24} \approx 3.986
\times 107{14} \, \mathrm{m~3/s"2}

\1

This value is often called the standard gravitational parameter of Earth,
denoted as \( \mu \):

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

2. Now, compute \( r \):

\ [
r = \frac{\mu}{v*2} = \frac{3.986 \times 107{14}}{ (4500) "2}
\1

\ [

r = \frac{3.986 \times 107{14}}{20,250,000} \approx 1.969 \times 107{7} \,
\mathrm{m}

\1

So, the orbital radius \( r \) is approximately 19,690 km from Earth's
center.

Determining the Orbital Period

With the orbital radius known, calculating the period \( T \) becomes
straightforward.

Recall:
N[ T = \frac{2\pi r}{v} \]
Plug in the values:

\ [

T = \frac{2 \pi \times 1.969 \times 107°{7} \, \mathrm{m}}{4500 \,
\mathrm{m/s}}

\]

Calculations:
1. Compute numerator:

\ [

2 \pi \times 1.969 \times 107{7} \approx 6.2832 \times 1.969 \times 10°{7}
\approx 1.237 \times 107{8} \, \mathrm{m}

\1

2. Divide by velocity:

\ [
T = \frac{1.237 \times 107{8}}{4500} \approx 27,488 \, \text{seconds}



3. Convert seconds to minutes:

\ [
T \approx \frac{27,488}{60} \approx 458 \, \text{minutes}

\1
4. Convert minutes to hours:

\ [
T \approx \frac{458}{60} \approx 7.63 \, \text{hours}

\1]
Final Result: The Satellite's Orbital Period
The satellite completes one orbit approximately every 7.63 hours.

This duration indicates that the satellite is in a low Earth orbit (LEO)
regime, which typically ranges from about 160 km up to 2,000 km altitude. Our
computed orbital radius of roughly 19,690 km from Earth's center implies an
altitude of:

\ [
\text{Altitude} = r - R_e
\1

where \( R_e \), Earth's radius, 1is approximately 6,371 km:

\ [

\text{Altitude} = 19,690 \, \text{km} - 6,371 \, \text{km} \approx 13,319 \,
\text {km}

\]

This is quite high for a typical LEO satellite, indicating that the satellite
is in a higher orbit, perhaps similar to a geostationary or medium Earth
orbit (MEO). However, the high orbital speed suggests it is in a relatively
low orbit, as satellites in higher orbits move more slowly.

Broader Implications and Context
Comparing with Known Satellite Orbits

- Low Earth Orbit (LEO): Satellites here typically orbit at 7.8 km/s (e.g.,
the International Space Station at about 400 km altitude), with periods
around 90 minutes.

- Medium Earth Orbit (MEO): Used by navigation satellites like GPS, with
periods of about 12 hours.

— Geostationary Orbit: Satellites here have an orbital period of exactly 24
hours, moving at approximately 3.07 km/s, much slower than our given 4500
m/s.

Our calculated orbital period of around 7.6 hours and high velocity suggests
the satellite is in an orbit closer to the lower end of MEO or a high LEO.

Practical Significance



Understanding the orbital period based on velocity is vital for satellite
mission planning. It impacts:

— Communication scheduling: Knowing when a satellite passes over a ground
station.

— Orbital maintenance: Planning maneuvers to adjust altitude or correct
orbital drift.

— Collision avoidance: Monitoring orbital periods to prevent overlaps with
other satellites.

— Data collection: Timing satellite passes for Earth observation or
scientific data gathering.

Limitations and Assumptions

While the calculations are grounded in classical physics, real-world
satellite motion can be affected by:

— Atmospheric drag: Particularly at lower altitudes, which can slow
satellites down and alter their orbital period.

- Perturbations: Gravitational influences from the Moon, Sun, and Earth's
equatorial bulge.

— Orbital eccentricities: Actual orbits are rarely perfect circles, leading
to slight variations in speed and period.

In this analysis, we assumed a perfect circular orbit and ignored external
influences, providing an idealized estimate.

Conclusion

The question of a satellite's orbital period given its speed might seem
straightforward, but it encapsulates fundamental principles of physics,
astronomy, and engineering. Through the application of Newtonian gravitation
and circular motion, we deduced that a satellite traveling at 4500 m/s in a
circular orbit around Earth completes one revolution approximately every 7.63
hours. This insight not only helps in understanding satellite dynamics but
also underpins the broader technological infrastructure that relies on
precise orbital mechanics.

As satellite technology continues to evolve, mastering these fundamental
calculations remains essential for satellite designers, operators, and
scientists aiming to optimize orbit configurations for diverse
applications—from global communications to Earth observation and beyond.

An Earth Satellite Moves In A Circular Orbit At A Speed Of
4500 M S What Is Its Orbital Period

An Earth Satellite Moves In A Circular Orbit At A Speed Of 4500 M S What Is Its Orbital Period


https://sip.evo9x.com/ma09/an-earth-satellite-moves-in-a-circular-orbit-at-a-speed-of-4500-m-s-what-is-its-orbital-period.pdf
https://sip.evo9x.com/ma09/an-earth-satellite-moves-in-a-circular-orbit-at-a-speed-of-4500-m-s-what-is-its-orbital-period.pdf

Related Articles

e What Were The Goals And Consequences Of Christian Missions In ChinaWhy Did The Boxers
Object?

e Pls Answer Problem Is In The Image Give A Explanation Pls Not Just A Answer Ill Give
Brainiest

e What Measure At Home Could Help A Child With An Upper Respiratory Infection Breathe
More Easily?

Back to Home


https://sip.evo9x.com/ma09/what-were-the-goals-and-consequences-of-christian-missions-in-chinawhy-did-the-boxers-object.pdf
https://sip.evo9x.com/ma09/what-were-the-goals-and-consequences-of-christian-missions-in-chinawhy-did-the-boxers-object.pdf
https://sip.evo9x.com/ma09/pls-answer-problem-is-in-the-image-give-a-explanation-pls-not-just-a-answer-ill-give-brainiest.pdf
https://sip.evo9x.com/ma09/pls-answer-problem-is-in-the-image-give-a-explanation-pls-not-just-a-answer-ill-give-brainiest.pdf
https://sip.evo9x.com/ma09/what-measure-at-home-could-help-a-child-with-an-upper-respiratory-infection-breathe-more-easily.pdf
https://sip.evo9x.com/ma09/what-measure-at-home-could-help-a-child-with-an-upper-respiratory-infection-breathe-more-easily.pdf
https://sip.evo9x.com

