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Understanding the concept of centripetal force is essential in physics, especially when analyzing
objects moving in circular paths. Whether it's a satellite orbiting the Earth or an object swinging on a
string, the force responsible for maintaining circular motion is a key principle. In this article, we
explore what supplies the centripetal force in two specific scenarios: (a) a satellite in orbit around the
Earth, and (b) a mass in circular motion, such as an object attached to a string. We will delve into the
nature of these forces, how they act, and the physical principles underlying their operation.

What Is Centripetal Force?

Before examining specific cases, it is important to understand what centripetal force entails.

Definition
- Centripetal force is the inward force that acts on an object moving in a circular path.
- It is always directed toward the center of the circle along the radius.

- This force is responsible for changing the direction of the object's velocity, keeping it in circular
motion.

Characteristics

- It is not a new type of force but rather the name given to the net inward force necessary for circular
motion.

- The magnitude of the centripetal force depends on the mass of the object, its speed, and the radius
of the circle, expressed by the formula:

\[
F c =\frac{mv~2}{r}
\]

where:

-\(F_c\) = centripetal force
-\(m\) = mass of the object
-\(v\) = tangential speed

-\(r\) = radius of the circular path

Understanding the sources that provide this force in different scenarios is crucial for grasping the
physics involved.



Centripetal Force in a Satellite Orbiting the Earth

Satellites orbit the Earth at high speeds and considerable altitudes, maintaining a delicate balance of
forces that keeps them in their paths. The key question is: what supplies the centripetal force that
keeps a satellite in orbit?

The Role of Gravitational Force

- The primary source of centripetal force for a satellite orbiting Earth is gravity.
- Newton's Law of Universal Gravitation states:

\[
F g=G\frac{m_1m 2}{r"2}
\]

where:

-\(F_g\) = gravitational force

-\(G\) = gravitational constant

-\(m_1\) = mass of the Earth

-\(m_2\) = mass of the satellite

-\(r\) = distance between the centers of the Earth and satellite

- This gravitational force acts as the inward force, continuously pulling the satellite toward the Earth’s
center.

How Gravity Provides the Necessary Force

- The gravitational force provides the exact centripetal force needed to keep the satellite in orbit.
- For a satellite moving at constant speed, the gravitational force supplies the inward acceleration
that prevents it from flying off into space.
- The balance is described by the relation:

\[
F {gravity} = \frac{mv~2}{r}
\]

- When the gravitational force equals the required centripetal force, the satellite maintains a stable
orbit.

Implications of This Force
- The satellite's orbital velocity \(v\) can be derived from the balance of forces:
\[

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



- Here:

-\(G\) is the universal gravitational constant

-\(M\) is the mass of the Earth

-\(r\) is the distance from Earth's center to the satellite

- This velocity is crucial for satellite engineers to determine the necessary speed for stable orbits at
various altitudes.

Summary of Forces for a Satellite in Orbit

* Supply of Centripetal Force: Gravitational attraction between the Earth and the satellite.

e Nature of the Force: An inverse-square law force that acts along the line connecting the
satellite and Earth's center.

* Result: Keeps the satellite in a continuous free-fall around the Earth, resulting in an orbit.

Centripetal Force for a Mass in Circular Motion (e.q.,
Mass on a String)

Another common scenario involves a mass tied to a string, swung in a circular path. The question
here is: what supplies the centripetal force that keeps the mass moving in a circle?

The Role of Tension in the String

- The primary source of the centripetal force in this case is tension in the string.

- When you swing an object on a string, the tension acts inward, toward the center of the circular
path.

- This tension provides the necessary inward force to change the direction of the object’s velocity,
maintaining circular motion.

Forces Acting on the Mass

- The forces involved include:

- Tension (T): Acts toward the center.

- Weight (mg): Acts downward, but its effect on the horizontal circular motion depends on the angle of
the string.

- In horizontal circular motion:

- The tension has a horizontal component that supplies the centripetal force.

- The vertical component balances the weight of the mass, ensuring the mass remains at a constant
height.



The Physics of Tension and Circular Motion

- The tension in the string can be calculated using the following relation:

\[

T =\frac{mv”"2}{r}
\]

- Here:

-\(T\) = tension in the string
-\(m\) = mass of the object
-\(v\) = tangential velocity
-\(r\) = radius of the circle

- When the mass moves at a constant speed, the tension remains constant, providing the necessary
inward force.

Factors Affecting the Supplied Force

- Speed of the mass: Higher speeds require greater tension.
- Radius of the circle: Larger radius reduces the necessary tension for a given speed.
- Mass of the object: Heavier objects require more force to maintain the same speed.

Other Examples of Supplies of Centripetal Force

- Cars turning on a curve: Friction between tires and the road supplies the centripetal force.
- Roller coasters: Track tension and normal force supply the inward force.
- Planetary orbits: Gravity supplies the centripetal force.

Summary and Comparison

| Scenario | What Supplies the Centripetal Force | Nature of the Force | Key Factors |

| | [ ] |

| Satellite in Orbit | Gravitational attraction between Earth and satellite | Inverse-square law
gravitational force | Masses, distance, gravitational constant |

| Mass on a String | Tension in the string | Mechanical tension acting inward | Speed, radius, mass of
the object |

In conclusion, the supply of centripetal force depends critically on the physical context. In celestial
mechanics, gravity provides the inward pull necessary to keep satellites in orbit. On the other hand, in
everyday laboratory or recreational scenarios, tension in a string or frictional forces supply the inward
force needed for circular motion. Recognizing the source of this force helps in understanding the
dynamics of moving objects and designing systems that rely on controlled circular motion.



Further Insights and Applications

- Understanding centripetal force is fundamental in designing satellite orbits, amusement park rides,
and vehicle turnings.

- Engineers and scientists use the principles discussed here to ensure safety, efficiency, and
functionality across various technologies.

- Advanced applications include space missions, particle accelerators, and even biological systems
where circular motion is involved.

By mastering the concepts of what supplies the centripetal force in different scenarios, one gains
deeper insight into the fundamental forces governing motion in our universe.

Frequently Asked Questions

What supplies the centripetal force for a satellite in orbit
around the Earth?

The gravitational pull of the Earth provides the necessary centripetal force that keeps the satellite in
orbit.

What provides the centripetal force for the mass in a rotating
circular amusement park ride?

The tension in the ride's support cables and the normal force from the seat provide the centripetal
force needed to keep the mass moving in a circle.

How does gravity act as the centripetal force for an object in
planetary orbit?

Gravity from the planet pulls the object toward its center, acting as the centripetal force that
maintains the orbital motion.

In the case of a mass swinging in a circular path on a string,
what supplies the centripetal force?

The tension in the string supplies the centripetal force that keeps the mass moving in a circle.

Why is the centripetal force important for objects in uniform
circular motion?

It continuously changes the direction of the object's velocity, enabling it to move in a circle rather
than in a straight line, thus maintaining uniform circular motion.
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Understanding the forces that keep objects in motion is fundamental to grasping the mechanics of our
universe. Among these forces, centripetal force plays a pivotal role in maintaining circular or curved
trajectories, whether it’s a satellite orbiting Earth or a mass whirling around a pivot. But what exactly
supplies this inward force? Is it an external push, a pull, or something else entirely? This article delves
into the mechanics behind the centripetal force for two specific cases: (a) a satellite in orbit around
the Earth and (b) a mass attached to a string swinging in a circle. By exploring these scenarios, we
aim to clarify the origins and nature of the forces that sustain circular motion, bridging the gap
between theoretical physics and real-world phenomena.

The Concept of Centripetal Force: An Overview

Before examining specific cases, it's essential to understand what centripetal force entails. The term
"centripetal" derives from Latin roots meaning "center-seeking." It's not an independent force but
rather a description of the net inward force necessary to keep an object moving along a curved path
at constant speed.

Key points about centripetal force:

- It acts toward the center of the circular path.

- It is equal in magnitude to the mass of the object multiplied by the centripetal acceleration:
Fc=mv2/r,

where

- m is the mass of the object,

- v is its tangential velocity, and

- ris the radius of the circular path.

- The source of this force varies depending on the situation—gravitational, tension, friction, or
electromagnetic forces.

Understanding the origin of this inward force is essential because it determines how and why objects
move in circles without flying outward due to inertia.

(a) What Supplies The Centripetal Force For a Satellite In Orbit Around The Earth?

Satellites orbit Earth at high speeds, maintaining a delicate balance between their inertial tendency to
fly straight and the gravitational pull of the planet. The question: what supplies the centripetal force
that keeps a satellite in its curved path?

The Role of Gravity as the Centripetal Force
In the case of satellites, gravity is the dominant and essentially sole provider of the centripetal force.

Unlike terrestrial objects that might rely on tension or friction, satellites rely on the gravitational
attraction exerted by Earth.



How gravity supplies this force:

- Newton’s Law of Universal Gravitation states that every mass attracts every other mass with a force
proportional to the product of their masses and inversely proportional to the square of the distance
between them:

F gravity =G (M_em_s) / r?

where

- G is the gravitational constant (~6.674x10-* N-m?/kg?),

- M_eis Earth's mass (~5.972x10%* kg),

- m_s is the satellite's mass,

- r is the distance from Earth's center to the satellite.

- This gravitational force acts directed toward Earth's center, fulfilling the requirement for centripetal
force.

Why gravity is the centripetal force:

- As the satellite moves tangentially at velocity v, gravity continually pulls it toward Earth, causing a
curved trajectory rather than a straight line.

- The balance between the satellite’s inertia (tendency to move in a straight line) and the inward
gravitational pull results in uniform circular orbits.

The Equilibrium of Forces in Satellite Orbits

- For a satellite in a stable, circular orbit, the centripetal force required is:

Fc=msv3/r

- Equating this to gravitational force:

msvi/r=G(Mem.s)/r?

- Simplifying:

v2=GMe/r

This relationship shows that the orbital velocity depends on Earth's mass and the orbital radius,
emphasizing gravity’s role as the provider of the centripetal force.

Practical Implications
- Higher orbits (larger r) mean lower orbital velocities.
- Lower orbits require higher velocities to balance the stronger gravitational pull.

- This balance explains the stability of satellites and forms the basis for orbital mechanics used in
satellite deployment and space missions.

(b) What Supplies The Centripetal Force For a Mass in Circular Motion (e.g., a Mass on a String)?



In terrestrial physics demonstrations, a mass attached to a string swung in a circle exemplifies
centripetal force in action. The question of what supplies this inward force is straightforward but
instructive.

Tension in the String as the Suppler

In this scenario, tension within the string acts as the centripetal force. When a mass is swung in a
circle, the string provides an inward pull that keeps the mass moving along the circular path.

How tension supplies the force:

- The string’s tension results from the force exerted by the hand (or the pivot point) as it pulls inward
to maintain circular motion.

- As the mass moves, it experiences centripetal acceleration, which requires an inward force.
- The tension force:

T=mv?/r

acts toward the center of the circle.

Factors affecting tension:

- The speed of the mass: higher velocity increases tension.

- The mass: heavier masses require more tension for the same speed.

- The radius of the circle: smaller radius increases tension for a given speed.

The Source of the Tension

- The muscle force exerted by the hand or mechanical device pulling the string.
- The reaction force from the mass to the tension in the string.

Important note: Tension is an internal force within the string. It results from the external input (the
hand pulling or the mechanical setup) and acts toward the center to provide the necessary centripetal
acceleration.

Energy and Tension
- As the mass speeds up, tension increases.
- When the mass slows down, tension decreases.

- If the tension becomes too large, the string may break, illustrating the importance of tension limits
in real-world applications.

Distinguishing Between the Sources of Centripetal Force
While the examples above illustrate specific sources:
- Gravity in orbital motion acts as the natural, unifying force that supplies the centripetal force for

satellites.
- Tension in a string supplies the centripetal force for a mass in circular motion on Earth.



In both cases, the key idea is that centripetal force is not a new force but rather the result of an
existing force acting inward. The actual source depends on the context:

| Scenario | Source of Centripetal Force | Nature of the Force | Example |

I I | | |

| Satellite in orbit | Gravitational attraction | Gravitational force | Satellite orbiting Earth |

| Mass swinging on a string | Tension in string | Mechanical tension | Mass on a string in circular
motion |

Broader Implications and Real-World Applications

Understanding what supplies the centripetal force is not merely academic; it has practical implications
across diverse fields:

- Space technology: Designing stable satellite orbits requires precise understanding of gravitational
forces to ensure satellites stay in desired paths.

- Engineering: Structures like roller coasters, carousels, and centrifuges rely on tension or other forces
serving as the centripetal force.

- Physics education: Demonstrations involving masses on strings or rotating objects help students
visualize forces and acceleration.

Conclusion

The question of what supplies the centripetal force in different scenarios reveals the diversity of
forces at play in circular motion. For satellites orbiting Earth, gravity is the natural, dominant provider
of this inward force, ensuring their stable, curved trajectories through the vacuum of space. On the
other hand, for a mass swung in a circle on a string, tension—created by the hand or mechanical
device—serves as the inward force necessary to sustain circular motion.

In essence, centripetal force is a conceptual description of the inward pull that keeps an object
moving along a curved path. Its source varies with the context, but its role remains the same: to
continuously redirect the object's velocity toward the center of the circle, counteracting the object’s
natural tendency to move in a straight line due to inertia. Recognizing these sources deepens our
understanding of motion, from the satellites orbiting our planet to the playground swings we enjoy,
illustrating the unifying principles that govern motion in our universe.

What Supplies The Centripetal Force For A A Satellite In Orbit
Around The Earth And B The Mass In

What Supplies The Centripetal Force For A A Satellite In Orbit Around The Earth And B The Mass In


https://sip.evo9x.com/ma22/what-supplies-the-centripetal-force-for-a-a-satellite-in-orbit-around-the-earth-and-b-the-mass-in.pdf
https://sip.evo9x.com/ma22/what-supplies-the-centripetal-force-for-a-a-satellite-in-orbit-around-the-earth-and-b-the-mass-in.pdf

Related Articles

e When Determining The Heat Capacity Of The Unicown Metal We Assumed The Heat Capacity
Of The Water Has

e Which Of The Following Factors Significantly Determine The Number Of Virtual Machines
That A Host Can

e Using The Step-down Approach For Allocation, Allocate The Overheadsof The Three
Nonrevenue Centers To

Back to Home


https://sip.evo9x.com/ma22/when-determining-the-heat-capacity-of-the-unicown-metal-we-assumed-the-heat-capacity-of-the-water-has.pdf
https://sip.evo9x.com/ma22/when-determining-the-heat-capacity-of-the-unicown-metal-we-assumed-the-heat-capacity-of-the-water-has.pdf
https://sip.evo9x.com/ma22/which-of-the-following-factors-significantly-determine-the-number-of-virtual-machines-that-a-host-can.pdf
https://sip.evo9x.com/ma22/which-of-the-following-factors-significantly-determine-the-number-of-virtual-machines-that-a-host-can.pdf
https://sip.evo9x.com/ma22/using-the-step-down-approach-for-allocation-allocate-the-overheadsof-the-three-nonrevenue-centers-to.pdf
https://sip.evo9x.com/ma22/using-the-step-down-approach-for-allocation-allocate-the-overheadsof-the-three-nonrevenue-centers-to.pdf
https://sip.evo9x.com

