
A Satellite Follows A Circular Path With Constant
Speed Around A Planet. Which One Of The Following
Quantities

A Satellite Follows A Circular Path With Constant Speed
Around A Planet. Which One Of The Following Quantities

Introduction
A satellite orbiting a planet in a circular path at a constant speed is a fascinating example of celestial
mechanics and classical physics. Such a scenario prompts fundamental questions about the nature of physical
quantities involved in uniform circular motion, especially in a gravitational context. When analyzing this
motion, physicists often examine various parameters such as speed, velocity, acceleration, angular velocity,
and angular acceleration. Understanding which quantities remain constant and which vary provides insight into
the dynamics of orbital motion. This article explores these quantities in detail, clarifying which are constant
and why, based on the principles of physics.

Understanding Uniform Circular Motion
Uniform circular motion occurs when an object moves along a circular path with a constant speed. Despite the
constancy of speed, the object experiences acceleration due to the continuous change in direction of its
velocity vector. This acceleration, directed toward the center of the circle, is known as centripetal
acceleration.

Key Quantities in Circular Motion
To analyze the motion of a satellite in a circular orbit, it is crucial to understand the various physical
quantities involved:

Speed (v): The magnitude of the velocity, which remains constant in uniform circular motion.

Velocity (vector): The rate of change of position, continuously changing direction.

Angular velocity (ω): The rate at which the satellite sweeps out angles around the planet.

Angular acceleration (α): The rate of change of angular velocity.

Centripetal acceleration (ac): The acceleration directed toward the center of the circle, maintaining the
circular path.

Gravitational force (Fg): The central force providing the necessary centripetal force for the orbit.

Each of these quantities has specific behavior in uniform circular motion, which we analyze below.



Which Quantities Remain Constant?
In the case of a satellite moving with constant speed around a planet, certain quantities are invariant over
time, while others are not.

1. Speed (v)

Since the satellite moves at a constant speed, by definition, the magnitude of its velocity remains unchanged
throughout its orbit. This is a fundamental feature of uniform circular motion, where the object’s speed does
not vary, although its velocity vector continually changes direction.

2. Angular velocity (ω)

Angular velocity measures how quickly the satellite completes an angle around the planet. For uniform
circular motion at constant speed, the angular velocity remains constant because the satellite covers equal
angles in equal times.

3. Magnitude of Centripetal Acceleration (ac)

Centripetal acceleration depends on the speed and radius of the orbit according to the relation:

\[ a_c = \frac{v^2}{r} \]

Since both v and r are constant in a perfectly circular, uniform orbit, the centripetal acceleration remains
constant in magnitude.

4. Gravitational Force (Fg)

The gravitational force provides the centripetal force necessary for the satellite's circular orbit. Given the
mass of the satellite and the planet, and the radius of the orbit, the magnitude of the gravitational force
remains constant in a stable, circular orbit.

Which Quantities Are Not Constant in Uniform Circular Motion?
While some quantities stay constant, others change during the satellite’s orbit.

1. Velocity (vector)

Though the speed remains constant, the velocity vector continuously changes direction as the satellite moves
around the circle. Since velocity is a vector quantity, both magnitude and direction matter; here, only the
direction varies.

2. Angular velocity (ω) if the orbit is not perfectly circular or if the satellite accelerates

In ideal uniform circular motion, angular velocity is constant. However, if the satellite’s speed changes or the
path is not perfectly circular, angular velocity may vary. For the scope of this analysis, assuming perfect
uniformity, it remains constant.

3. Angular acceleration (α)

In uniform circular motion, angular acceleration is zero because angular velocity does not change. If the
satellite’s speed varies, then angular acceleration would be non-zero.

4. Radial (centripetal) acceleration magnitude varies if the speed varies

Since the magnitude of centripetal acceleration depends on the square of the speed, any change in speed results in
a change in acceleration. In our case, with constant speed, it remains constant.



Physical Quantities and Their Constancy in Context
Summarizing the analysis:

Speed (v): Constant

Velocity (vector): Changes direction, so not constant in direction

Angular velocity (ω): Constant in ideal uniform circular motion

Angular acceleration (α): Zero in uniform motion

Centripetal acceleration (ac): Constant magnitude

Gravitational force (Fg): Constant in a stable, circular orbit

Therefore, the primary quantities that remain constant are the speed, the magnitude of the centripetal
acceleration, the angular velocity, and the gravitational force.

Implications for Satellite Dynamics
Understanding which quantities are constant has practical importance in satellite engineering and orbital
mechanics.

1. Energy Considerations

In a stable, circular orbit, the total mechanical energy remains constant, with kinetic energy associated with
the constant speed and potential energy due to the gravitational field.

2. Orbital Stability

The constancy of the gravitational force and speed ensures the satellite maintains a steady orbit without
spiraling inward or escaping.

3. Signal and Data Transmission

Predictability of parameters like angular velocity helps in scheduling communication windows and tracking
satellite positions accurately.

Conclusion
In the scenario of a satellite following a circular path with constant speed around a planet, several physical
quantities remain invariant. The key among these are:

- The magnitude of the satellite’s speed (v)
- The magnitude of centripetal acceleration (ac)
- The angular velocity (ω)
- The gravitational force (Fg)

Understanding these invariants provides clarity into the nature of uniform circular motion and the forces
maintaining such an orbit. Recognizing which quantities change and which stay constant is essential for precise
modeling, satellite navigation, and the broader field of astrophysics.

In summary, the quantity that remains constant when a satellite follows a circular path at a constant speed



is primarily the speed itself, along with related parameters like the angular velocity and centripetal
acceleration. These invariants underpin the stability and predictability of satellite orbits in classical physics.

Frequently Asked Questions

What is the key quantity that remains constant for a satellite moving in a
circular orbit at constant speed around a planet?

The satellite's angular momentum remains constant during its circular orbit at constant speed.

In a circular orbit with constant speed, which physical quantity related to
the satellite's motion is conserved?

The satellite's total mechanical energy (kinetic plus potential energy) remains constant if no external forces
act on it.

When a satellite follows a circular path at constant speed, which
quantity associated with its gravitational interaction with the planet is
unchanged?

The satellite's orbital radius remains constant, so the distance from the satellite to the planet's center does
not change.

Which of the following quantities remains constant for a satellite in
uniform circular motion around a planet?

The magnitude of the satellite's velocity (speed) remains constant, although its direction continuously
changes.

In the context of a satellite orbiting a planet in a circular path at
constant speed, which physical quantity related to angular motion is
conserved?

The angular momentum of the satellite about the planet's center is conserved during the motion.

Additional Resources
Satellite Dynamics: Analyzing Quantities in Circular Orbit at Constant Speed

Understanding the physics of satellites orbiting planets is fundamental to a wide array of fields—from space
exploration and satellite communication to astrophysics and aerospace engineering. When a satellite follows
a circular path with constant speed around a planet, several key physical quantities come into play. This
article provides an in-depth exploration of these quantities, emphasizing which ones remain constant and why,
and what their significance is for satellite motion.

---



Introduction to Circular Satellite Orbits

A satellite in a circular orbit moves around a planet at a fixed radius, maintaining a constant altitude. When
the satellite travels at a constant speed, its motion is characterized by several measurable quantities, each
of which offers insights into the forces and energies at play. The primary quantities of interest include:

- Orbital radius (r)
- Orbital speed (v)
- Centripetal acceleration (a)
- Kinetic energy
- Potential energy
- Total mechanical energy
- Angular momentum

Understanding how these quantities behave during the satellite's motion is essential for predicting satellite
trajectories, designing stable orbits, and understanding energy exchanges.

---

Fundamental Quantities in Circular Orbit Motion

1. Orbital Radius (r)

The orbital radius is the distance from the center of the planet to the satellite. In a circular orbit, this radius
remains constant because the satellite's path is a perfect circle. This is a defining feature that simplifies
analysis, as many other quantities depend directly on r.

Relevance:
- Determines the gravitational force acting on the satellite.
- Influences orbital speed, energy, and period.

Implication:
Since the radius is constant in a circular orbit, any change in the satellite’s position along the orbit does not
alter r, making it a fixed parameter in the analysis.

---

2. Orbital Speed (v)

Speed in a circular orbit is the magnitude of the velocity vector tangential to the orbit. For a satellite in a
stable, circular orbit, the orbital speed is given by:

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

where:
- \(G\) is the gravitational constant,
- \(M\) is the mass of the planet,
- \(r\) is the orbital radius.

Key Point:



- In a circular orbit with constant radius, the orbital speed remains constant, provided no external forces act
on the satellite.

Why is this important?
- Constant speed ensures uniform motion along the circular path.
- It simplifies calculations for communication timing, satellite tracking, and energy management.

Note:
If the orbit is perfectly circular and no external forces interfere, the satellite's constant speed is a direct
consequence of balancing gravitational force with the required centripetal force.

---

3. Centripetal Acceleration (a)

This quantity measures how rapidly the satellite's velocity direction changes, always pointing toward the
center of the orbit. It is given by:

\[
a = \frac{v^2}{r}
\]

In this scenario:
- Since \(v\) and \(r\) are constant, the centripetal acceleration remains constant.
- It is directed inward, toward the planet's center, maintaining the circular trajectory.

Significance:
- Ensures the satellite remains in a stable orbit.
- Represents the acceleration the satellite experiences due to gravity.

---

Energy Considerations in Circular Orbit

Energy analyses are fundamental to understanding satellite motion, especially when considering fuel
consumption, orbital transfer, and satellite stability.

1. Kinetic Energy (KE)

Defined as:

\[
KE = \frac{1}{2} m v^2
\]

where \(m\) is the satellite's mass.

Behavior:
- Since \(v\) is constant, the kinetic energy remains constant throughout the orbit.

Implication:
- No net work is done on the satellite during uniform circular motion (assuming a frictionless environment), so
kinetic energy does not change.



---

2. Gravitational Potential Energy (PE)

Expressed as:

\[
PE = - \frac{GMm}{r}
\]

The negative sign indicates a bound system; the potential energy becomes less negative as the orbit radius
increases.

In a circular orbit:
- Because \(r\) is constant, the potential energy remains constant.

Note:
- Changes in potential energy occur only during orbital transfers or perturbations, not in stable circular
motion.

---

3. Total Mechanical Energy (E)

Total energy is the sum of kinetic and potential energy:

\[
E = KE + PE = \frac{1}{2} m v^2 - \frac{GMm}{r}
\]

For a circular orbit, substituting \(v^2 = GM/r\):

\[
E = \frac{1}{2} m \left(\frac{GM}{r}\right) - \frac{GMm}{r} = -\frac{GMm}{2r}
\]

Key insight:
- The total mechanical energy remains constant for a satellite in a stable circular orbit.

---

Angular Momentum: The Conserved Quantity

Angular momentum (\(L\)) is a pivotal quantity in orbital mechanics, defined as:

\[
L = m v r
\]

In a circular orbit:
- Since both \(v\) and \(r\) are constant, the angular momentum remains constant.

Importance:



- Conservation of angular momentum explains the stability of the orbit.
- It is a key parameter in orbital design and maneuvering.

---

Which Quantities Remain Constant?

Based on the detailed analysis above, the key question is: which quantities in the scenario of a satellite moving
at constant speed in a circular orbit around a planet stay constant?

The list:

| Quantity | Constant? | Explanation |
|------------------------------|------------|--------------------------------------------------------------------------------
-----------|
| Orbital radius (r) | Yes | By definition of a circular orbit, radius remains fixed. |
| Orbital speed (v) | Yes | For a circular orbit with fixed radius and no external forces, speed remains constant. |
| Centripetal acceleration (a)| Yes | Dependent on \(v\) and \(r\), both constant, so acceleration remains
constant. |
| Kinetic energy (KE) | Yes | Since \(v\) is constant, KE remains unchanged. |
| Potential energy (PE) | Yes | Because \(r\) is fixed, PE remains constant. |
| Total mechanical energy (E) | Yes | As KE and PE are constant, so is the total energy. |
| Angular momentum (L) | Yes | Both \(v\) and \(r\) are constant, so angular momentum remains conserved. |

Conclusion:
- In a stable, circular orbit with constant speed, all these quantities remain constant.

---

Implications in Space Missions and Satellite Operations

Understanding which quantities are constant is essential for practical applications:

- Orbit Stability: Constancy of radius, speed, and angular momentum ensures predictable satellite paths.
- Energy Management: Knowing energy constants allows for efficient fuel use during orbit insertion and
adjustments.
- Communication and Data Transmission: Constant speed and position facilitate reliable satellite timing and
coverage.
- Orbital Transfers: Variations in these quantities occur during maneuvers, but understanding their baseline
stability is crucial for planning.

---

Summary and Final Thoughts

In the context of a satellite following a circular path with constant speed around a planet, the physical
quantities that remain constant are fundamental to the stability and predictability of the orbit. Specifically:

- Orbital radius (r)
- Orbital speed (v)
- Centripetal acceleration (a)
- Kinetic energy



- Potential energy
- Total mechanical energy
- Angular momentum

Each of these remains constant during ideal, unperturbed motion, emphasizing the elegance and simplicity of
circular orbital mechanics. This stability underpins the design of satellite missions, ensuring consistent
operation, data transmission, and navigation.

By understanding these quantities thoroughly, aerospace engineers and astrophysicists can better predict
orbital behaviors, optimize fuel efficiency, and develop more reliable satellite systems—cornerstones of modern
space technology.

---

In essence, the key takeaway is that in a circular orbit with constant speed, all the fundamental quantities
discussed remain constant, governing the stability and predictability of satellite motion around a planet.
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