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A Satellite Originally Moves In A Circular Orbit Of Radius R Around The
Earth. Suppose It Is Moved Into a different orbit — whether it be elliptical,
higher, or lower — understanding the principles of orbital mechanics becomes
essential to grasp the satellite’s new trajectory and behavior. This article
delves into the fundamentals of satellite orbits, explores the effects of
changing an orbit’s parameters, and discusses practical applications such as
satellite maneuvering, mission planning, and the implications for
communication, navigation, and observation satellites.

Understanding Satellite Orbits: The Basics

What Is a Circular Orbit?
A circular orbit occurs when a satellite travels around Earth at a constant
distance, maintaining a fixed radius R from the planet’s center. In this
scenario, the satellite’s velocity remains constant in magnitude, and the
gravitational force provides the necessary centripetal force to keep the
satellite in orbit.

The Physics Governing Orbital Motion
Orbital motion is primarily governed by Newton’s Law of Universal Gravitation
and Newton’s Second Law. The gravitational force acting on the satellite is
given by:

F = G (M m) / r2

where G is the gravitational constant, M is Earth’s mass, m is the
satellite’s mass, and r is the distance from Earth’s center.

For a satellite in a stable, circular orbit, the gravitational force equals
the centripetal force:

G (M m) / R2 = m v2 / R

which simplifies to:

v = √(G M / R)



This velocity ensures the satellite remains in a stable orbit at radius R.

Moving a Satellite Into a Different Orbit

Types of Orbital Changes
When a satellite is moved from its initial circular orbit to another orbit,
the change can involve:

Changing the altitude (radius R)

Altering the shape (from circular to elliptical)

Adjusting the inclination (tilt of the orbit relative to Earth's
equator)

This process, often called orbit transfer or maneuvering, involves precise
application of propulsion systems and an understanding of orbital mechanics.

Methods of Changing Orbits
The primary methods to alter a satellite’s orbit include:

Hohmann Transfer Orbit: A two-burn maneuver used to transfer between two1.
circular orbits, typically involving an elliptical transfer orbit that
intersects both the initial and target orbits.

Bi-elliptic Transfer: An extended version of the Hohmann transfer,2.
useful for large changes in orbit radius.

Plane Change Maneuvers: Adjustments to the orbit’s inclination, often3.
requiring significant delta-v (change in velocity).

Each method involves firing thrusters at specific points in the orbit to
achieve the desired change efficiently.

Effects of Moving a Satellite to a Different
Orbit

Changing the Orbital Radius
Moving a satellite to a higher orbit (larger radius R) results in:

Lower orbital velocity (since v = √(G M / R))



Longer orbital period (time to complete one orbit)

Reduced atmospheric drag if moving to a higher, more elliptical orbit —
beneficial for long-term missions

Conversely, moving to a lower orbit increases velocity and reduces the
orbital period, which is useful for certain observational or communications
tasks.

Transition from Circular to Elliptical Orbit
When a satellite is moved into an elliptical orbit, its distance from Earth
varies between periapsis (closest point) and apoapsis (farthest point). This
change affects:

Velocity: higher at periapsis, lower at apoapsis

Ground coverage: elliptical orbits can provide prolonged observation
over specific regions

Mission design: allows for tailored coverage and revisit times

Understanding how to control the shape of the orbit enables mission planners
to optimize satellite performance.

Implications for Satellite Operations

Fuel Efficiency and Delta-V Considerations
Changing an orbit requires fuel, which determines how much delta-v (velocity
change) is needed. The amount of fuel depends on:

The initial and target orbits

The type of transfer maneuver used

The mass of the satellite

Efficient maneuvers maximize mission lifetime and reduce costs.

Orbital Perturbations and Corrections
Even after moving into a new orbit, satellites are subject to perturbations
caused by:



Earth’s oblateness (J2 effect)

Atmospheric drag (especially at lower altitudes)

Solar radiation pressure

Third-body gravitational influences (e.g., Moon, Sun)

Regular adjustments or station-keeping maneuvers are necessary to maintain
the desired orbit.

Practical Applications and Case Studies

Communication Satellites
Communication satellites often operate in geostationary orbits at
approximately 35,786 km altitude (a circular orbit). Moving them into
different orbits can optimize coverage or reduce interference.

Navigation and GPS Satellites
GPS satellites are placed in medium Earth orbits (~20,200 km). Orbit
adjustments enhance positioning accuracy and system robustness.

Earth Observation Satellites
Observation satellites benefit from elliptical orbits that provide prolonged
coverage of specific regions, especially when moving into higher orbits for
wider views or lower orbits for detailed imaging.

Conclusion
Moving a satellite from its original circular orbit of radius R around Earth
into another orbit is a complex process rooted in the principles of orbital
mechanics. Whether transferring to a higher, lower, or elliptical orbit,
understanding the physics involved enables mission planners and satellite
operators to optimize performance, extend mission lifetimes, and achieve
specific coverage objectives. Efficient maneuvers, proper fuel management,
and accounting for perturbations are critical components of successful
satellite operations. As satellite technology advances, so too does our
ability to precisely control and utilize different orbits, unlocking new
possibilities for communication, navigation, and Earth observation.

---

Keywords: satellite orbit, circular orbit, orbital transfer, Hohmann
transfer, elliptical orbit, orbital mechanics, delta-v, station-keeping,
satellite maneuvering, orbital radius



Frequently Asked Questions

What happens to the satellite's velocity when it is
moved from a circular orbit of radius R to a higher
orbit?

The satellite's velocity decreases because the orbital speed is inversely
proportional to the square root of the radius; moving to a higher orbit
results in a lower orbital velocity.

How does the satellite's orbital period change when
it is moved to a higher orbit?

The orbital period increases because the satellite takes longer to complete
an orbit at a larger radius, following Kepler's third law.

What is the effect on the satellite's total
mechanical energy after moving to a higher orbit?

The total mechanical energy increases (becomes less negative), indicating the
satellite has gained potential energy and the orbit is less tightly bound.

How is the satellite's speed related to the radius of
its orbit around Earth?

The satellite's speed is inversely proportional to the square root of the
orbit radius, given by v = sqrt(GM/R), where G is the gravitational constant
and M is Earth's mass.

What are the implications for the satellite's fuel
requirements when moving to a higher orbit?

Moving to a higher orbit typically requires firing thrusters to increase the
satellite's altitude, which consumes fuel; the amount depends on the change
in velocity needed (delta-v).

If the satellite is moved to an elliptical orbit with
the same semi-major axis as the original radius R,
how does its speed vary?

In an elliptical orbit, the satellite's speed varies—it's fastest at
periapsis and slowest at apoapsis—unlike in a circular orbit where the speed
is constant.

How does moving a satellite to a higher orbit affect
its communication latency with ground stations?

The communication latency increases because the satellite is farther from
Earth, leading to a longer signal travel time.
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In the vast expanse of space surrounding our planet, satellites serve as our
eyes, ears, and communication links, orbiting Earth with remarkable
precision. These orbiting devices are meticulously designed to fulfill
specific functions, whether for navigation, weather monitoring, or scientific
research. Their trajectories are governed by gravitational forces, and
understanding how these paths change under different circumstances is
fundamental for space missions.

Imagine a satellite initially cruising along a circular orbit at radius R
from Earth's center. Now, consider a scenario where this satellite is
suddenly moved into a different orbit—say, an elliptical one or a
higher/lower circular orbit. Such a maneuver isn't just a simple shift in
position; it involves complex physics principles, primarily the conservation
of energy and angular momentum, and has profound implications for the
satellite's velocity, orbital period, and mission objectives. This article
delves into the physics behind such orbital changes, explains the underlying
mechanics, and explores the consequences of moving a satellite from its
original orbit.

---

Understanding Satellite Orbits: The Basics

The Nature of Circular Orbits

A satellite in a circular orbit around Earth maintains a constant radius R,
which means its distance from Earth's center remains unchanged throughout its
journey. This equilibrium occurs when the gravitational pull of Earth
provides exactly the centripetal force required for circular motion:

\[
\frac{GMm}{R^2} = \frac{mv^2}{R}
\]

Where:
- \( G \) is the universal gravitational constant,
- \( M \) is Earth's mass,
- \( m \) is the satellite's mass,
- \( v \) is the orbital velocity.

Rearranged, the orbital velocity for a circular orbit of radius R is:

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

The orbital period \( T \)—the time taken for one complete revolution—is:

\[
T = 2\pi \frac{R}{v} = 2\pi \sqrt{\frac{R^3}{GM}}
\]

This relationship highlights that the period depends solely on R and Earth's
gravitational parameters.



Elliptical Orbits: A Generalization

In contrast, elliptical orbits have two critical parameters: the semi-major
axis \( a \) and the eccentricity \( e \). The semi-major axis represents the
average distance from Earth, while the eccentricity describes the orbit's
shape, with \( e=0 \) being perfectly circular and \( e \to 1 \) approaching
a highly elongated ellipse.

The total mechanical energy \( E \) of an orbiting satellite is given by:

\[
E = -\frac{GMm}{2a}
\]

This negative value indicates a bound orbit, with energy more negative for
smaller \( a \).

---

Moving a Satellite From a Circular Orbit: The Physics

Suppose our satellite, initially in a circular orbit of radius R, is
maneuvered into a different orbit. The change can involve increasing or
decreasing the orbit's radius or transforming it into an elliptical
trajectory. The process hinges on key physics principles:

- Conservation of Angular Momentum:
Absent external torques, the satellite's angular momentum remains constant
during a free-fall or unpowered movement but can be altered through
propulsion.

- Conservation of Energy:
Moving between orbits requires adding or removing energy, typically via
rocket thrusters that perform velocity changes (delta-v).

- Orbital Transfer Maneuvers:
The most common method is using Hohmann transfer orbits, where the satellite
performs two engine burns: one to transfer into an elliptical orbit, then
another to circularize at the new radius.

How Does Moving Affect Velocity?

For a satellite to go from one circular orbit to another, it must change its
velocity:

- Increasing the radius:
The satellite must slow down (reduce velocity) to move into a higher orbit,
as it transitions from a higher velocity in the lower orbit to a lower
velocity at the higher orbit's apogee.

- Decreasing the radius:
To move into a lower orbit, the satellite must speed up, gaining kinetic
energy to descend closer to Earth.

The energy change \( \Delta E \) associated with these maneuvers depends on
the initial and final velocities:

\[
\Delta v = v_{final} - v_{initial}



\]

where \( v_{initial} \) and \( v_{final} \) are velocities at the points of
maneuver.

---

Quantitative Analysis: From R to a New Orbit

Suppose the satellite is moved from its initial circular orbit of radius R to
a new circular orbit of radius \( R' \), or perhaps into an elliptical orbit
with semi-major axis \( a \). Let's analyze the physics involved.

Moving to a Higher Circular Orbit (Radius \( R' > R \))

- Initial Conditions:
Velocity in initial orbit:

\[
v_{i} = \sqrt{\frac{GM}{R}}
\]

- Final Conditions:
Velocity in the new orbit:

\[
v_{f} = \sqrt{\frac{GM}{R'}}
\]

- Energy Considerations:
The energy difference per unit mass:

\[
\Delta E = \frac{v_{f}^2 - v_{i}^2}{2} = \frac{GM}{2}\left(\frac{1}{R'} -
\frac{1}{R}\right)
\]

To achieve this, the satellite must perform a propulsion burn, either adding
or removing kinetic energy.

- Implication:
Moving to a higher orbit requires reducing the satellite's velocity at the
point of maneuver, which may seem counterintuitive but is necessary because
in orbit, higher orbits correspond to lower velocities.

Moving to a Lower Circular Orbit (Radius \( R' < R \))

- Velocity in the new orbit:

\[
v_{f} = \sqrt{\frac{GM}{R'}}
\]

- Energy difference:

\[
\Delta E = \frac{GM}{2}\left(\frac{1}{R'} - \frac{1}{R}\right)
\]



- Implication:
To descend into a lower orbit, the satellite must increase its velocity
through a thruster burn, gaining kinetic energy to fall closer to Earth.

---

Transferring to an Elliptical Orbit: The Hohmann Transfer

One of the most efficient methods for moving a satellite between orbits is
the Hohmann transfer, which involves two engine burns:

1. First Burn (At Initial Orbit):
- Executes a tangential velocity change \( \Delta v_1 \) to insert the
satellite into an elliptical transfer orbit with periapsis at the original
radius R and apoapsis at the target radius \( R' \).

2. Second Burn (At Apoapsis or Periapsis):
- Performed at the transfer orbit's apoapsis or periapsis to circularize the
orbit at the new radius.

Calculating the Required \( \Delta v \):

- The velocity at a point in an elliptical orbit:

\[
v = \sqrt{GM \left( \frac{2}{r} - \frac{1}{a} \right)}
\]

where:

- \( r \) is the current radius at the point of maneuver,
- \( a \) is the semi-major axis of the transfer orbit.

- The transfer orbit's semi-major axis:

\[
a = \frac{R + R'}{2}
\]

- For the initial orbit at radius R:

\[
v_{initial} = \sqrt{\frac{GM}{R}}
\]

- For the transfer orbit at radius R:

\[
v_{transfer, periapsis} = \sqrt{GM \left( \frac{2}{R} - \frac{1}{a} \right)}
\]

- The \( \Delta v \) required for the first burn:

\[
\Delta v_1 = v_{transfer, periapsis} - v_{initial}
\]

- Similarly, at the apoapsis \( R' \), the circularization burn adds or
subtracts velocity to achieve a stable orbit.



---

Practical Considerations in Orbital Maneuvers

While the physics provides a clear theoretical framework, real-world
satellite maneuvers involve practical limitations and considerations:

- Fuel Efficiency:
Rockets have finite fuel, so the choice of transfer orbit and burn points is
optimized for fuel economy.

- Gravity and Atmospheric Drag:
For low Earth orbits, atmospheric drag can cause decay, requiring periodic
adjustments.

- Timing and Precision:
Maneuvers demand precise timing and calculations to ensure the satellite
reaches the desired orbit, especially important for communication and
navigation satellites.

- Orbital Perturbations:
Gravitational influences from the Moon, Sun, and Earth's oblateness can
subtly alter orbits, necessitating corrections.

---

Implications for Satellite Missions

Understanding how to move a satellite from one orbit to another is critical
for satellite deployment, maintenance, and deorbiting operations. For
example:

- Satellite Deployment:
Launch vehicles often place satellites into transfer orbits, which are then
circularized through onboard propulsion.

- Orbit Change for Mission Goals:
Missions may require changing the orbit's altitude or eccentricity to
optimize coverage or scientific data collection.

- Collision Avoidance:
Satellites can adjust their orbits to avoid space debris.
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