What Is The Gravitational Force Between
Two Identical Bodies With A Mass Of 2.0x104
Kg Each If They Are

What Is The Gravitational Force Between Two Identical Bodies With A Mass Of 2.0x10"4
Kg Each If They Are a fundamental question in physics that explores the nature of gravitational
interactions between objects. Understanding this force not only deepens our comprehension of
Newtonian mechanics but also provides insights into the behavior of celestial bodies, everyday
objects, and phenomena governed by gravity. In this article, we will analyze the gravitational force
between two identical masses, examine the factors influencing this force, and explore real-world
applications and implications.

Understanding Gravitational Force

Newton’s Law of Universal Gravitation

The gravitational force between two objects is described by Newton’s Law of Universal Gravitation,
which states that every point mass attracts every other point mass in the universe with a force that is
directly proportional to the product of their masses and inversely proportional to the square of the
distance between their centers. Mathematically, it is expressed as:

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

Where:

-\( F\) is the magnitude of the gravitational force

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

-\(m_1\) and \( m_2) are the masses of the two objects

-\( r\) is the distance between the centers of the two masses

This law forms the foundation for understanding how objects influence each other through gravity.

Calculating the Gravitational Force Between Two
Identical Bodies

Given Data

In this scenario, we have:

- Mass of each body, \( m_1 =m 2 = 2.0 \times 1074\, \mathrm{kg} \)

- Distance between the two bodies, \( r\), which will vary depending on the context (e.g., 1 meter, 10
meters, or more)



Applying Newton’s Law

Using the given mass values, the formula simplifies to:

\[ F = G \frac{(2.0 \times 1074) \times (2.0 \times 10™4)}{r~2} \]
\[ F = G \frac{4.0 \times 10°8}{r"2}\]

To find the force, you need to specify the distance \( r\). Let’s explore different scenarios:

Scenario 1: Distance of 1 Meter

Using \( r = 1\, \mathrm{m}\):

\[ F =6.674 \times 10"~ {-11} \times \frac{4.0 \times 10"~ {8} }{172} \]
\[ F=6.674 \times 10"~ {-11} \times 4.0 \times 10"~ {8} \]

\[ F =2.6696 \times 10" {-2} \, \mathrm{N} \]

Thus, the gravitational force is approximately 0.0267 newtons when the bodies are 1 meter apart.

Scenario 2: Distance of 10 Meters

Using \( r = 10\, \mathrm{m} \):

\[ F =6.674 \times 10"~ {-11} \times \frac{4.0 \times 10~ {8}}{1072} \]
\[ F = 6.674 \times 10" {-11} \times 4.0 \times 10" {8} \times 10" {-2} \]
\[ F =2.6696 \times 10" {-4} \, \mathrm{N} \]

The force drops significantly to approximately 0.000267 newtons at 10 meters.

Scenario 3: Distance of 100 Meters

Using \( r = 100\, \mathrm{m} \):

\[ F =6.674 \times 10"~ {-11} \times \frac{4.0 \times 10"~ {8}}{100"2} \]
\[ F=6.674 \times 10"~ {-11} \times 4.0 \times 10"~ {8} \times 10"~ {-4} \]
\[ F =2.6696 \times 10" {-6} \, \mathrm{N} \]

The force becomes even smaller, approximately 2.67 micro-newtons at 100 meters.

Factors Affecting the Gravitational Force



Distance Between the Objects

The most significant factor influencing the gravitational force is the distance \( r\). Since the force
varies inversely with the square of the distance, even small changes in \( r\) cause large variations in
the force.

Mass of the Bodies

The greater the masses, the stronger the gravitational attraction. Doubling either mass doubles the
force, highlighting the importance of mass in gravitational interactions.

Environment and External Factors

While Newton’s law provides a theoretical basis, real-world measurements can be affected by:
- Surrounding masses affecting gravitational fields

- Measurement precision

- Relative motion of the objects

Real-World Applications of Gravitational Force
Calculations

Astrophysics and Space Exploration

Understanding the gravitational forces between celestial bodies, such as planets, stars, and
spacecraft, is vital for:

- Trajectory planning

- Satellite deployment

- Predicting orbital behaviors

Engineering and Construction

Calculations of gravitational forces are essential when designing structures or systems where
gravitational interactions could affect stability or function.

Educational Purposes

Demonstrating gravitational force calculations helps students grasp fundamental physics concepts,
fostering critical thinking and problem-solving skills.

Limitations and Considerations

While Newton’s law accurately describes many situations, it has limitations:
- At very small scales, quantum effects may dominate



- For extremely massive or dense objects, Einstein’s General Theory of Relativity provides a more
precise model

- Gravitational forces are typically weak compared to electromagnetic forces, making them negligible
in many practical, everyday scenarios

Conclusion

Calculating the gravitational force between two bodies of identical mass provides insight into the
fundamental forces governing our universe. Using Newton’s Law of Universal Gravitation, we observe
that the force is directly proportional to the product of the masses and inversely proportional to the
square of the distance between them. For two objects each weighing 20,000 kg, the force can vary
from a few micro-newtons at large distances to a measurable force at close proximity. Understanding
these principles is crucial across various scientific and engineering disciplines, from astrophysics to
everyday engineering. By mastering these calculations, we gain a better appreciation of the invisible
yet powerful force that shapes the cosmos and our daily lives.

Frequently Asked Questions

What is the formula to calculate the gravitational force
between two identical bodies?

The gravitational force is calculated using Newton's law of universal gravitation: F = G (m1 m2) / r"~2,
where G is the gravitational constant, m1 and m2 are the masses of the bodies, and r is the distance
between them.

How does the mass of the bodies affect the gravitational force
between them?

The gravitational force is directly proportional to the product of the masses, so increasing the mass of
either body increases the force proportionally.

If two bodies each have a mass of 2.0 x 10™4 kg, what is the
gravitational force between them at a distance of 10 meters?

Using F =G (m1 m2)/r~2, with G = 6.674 x 10™-11 NNm~2/kg”™2, ml =m2 = 2.0 x 10"4 kg, and r
= 10 m, the force is approximately 2.67 x 10™-4 N.

How does increasing the distance between the two bodies
affect the gravitational force?

Increasing the distance decreases the gravitational force, as the force is inversely proportional to the
square of the distance.



What happens to the gravitational force if the distance
between the bodies is doubled?

If the distance is doubled, the gravitational force decreases to one-fourth of its original value.

Are gravitational forces between two identical bodies always
attractive?

Yes, gravitational forces are always attractive, regardless of the bodies' identities or properties.

What units should be used for mass and distance when
calculating gravitational force?

Mass should be in kilograms (kg), and distance should be in meters (m) to ensure Sl unit consistency
in the calculation.

Can the gravitational force between two bodies be measured
directly?

Typically, gravitational force is calculated based on known masses and distances; direct measurement
is challenging due to the extremely small magnitudes involved.

What is the significance of the gravitational constant G in
these calculations?

G is a fundamental constant that quantifies the strength of gravitational interaction; its value is
approximately 6.674 x 10™-11 N-m~2/kg”™ 2.

How does the concept of gravitational force apply in
understanding planetary orbits?

Gravitational force provides the centripetal force needed to keep planets in orbit around stars,
illustrating the fundamental role of gravity in celestial mechanics.

Additional Resources

What Is The Gravitational Force Between Two Identical Bodies With A Mass Of 2.0x107°4 Kg Each If
They Are

In the realm of classical physics, gravity remains one of the fundamental forces shaping the universe.
Its influence governs planetary motions, governs the structure of galaxies, and even dictates the
behavior of smaller bodies on microscopic scales. Among the myriad questions posed by physicists
and students alike is: "What is the gravitational force between two identical bodies with a given
mass?" This inquiry, seemingly straightforward, opens the door to a detailed exploration of Newtonian
gravity, the mathematical formulations involved, and the practical implications of gravitational
interactions.



In this article, we delve into the specifics of calculating the gravitational force between two bodies
each with a mass of 2.0x10"4 kg, examining the principles, formulas, and contextual factors that
influence this fundamental interaction.

Understanding Gravitational Force: The Foundations

Before engaging in calculations, it's essential to grasp the foundational concepts underpinning
gravitational force.

The Universal Law of Gravitation

Sir Isaac Newton's law, formulated in the 17th century, succinctly encapsulates the gravitational
attraction between two masses:

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

Where:

-\( F\) is the magnitude of the gravitational force between the two bodies.

-\( G) is the gravitational constant, approximately \( 6.674 \times 10"~ {-11} \, \text{N} \cdot
\text{m}"~2/\text{kg}"~2\).

-\(m_1\)and\( m_2\) are the masses of the two bodies.

-\( r\) is the distance between the centers of the two masses.

This fundamental law underscores that gravity is a universal, attractive force, diminishing with the
square of the distance between objects.

Significance of Mass and Distance

The force depends heavily on:

- Masses of the bodies: Larger masses exert stronger gravitational attraction.
- Separation distance: The force weakens rapidly as the distance increases, following the inverse-
square law.

Understanding the interplay between these variables is critical for precise calculations and real-world
applications.



Calculating Gravitational Force Between Identical
Bodies

Given the problem involves two bodies with identical masses, the calculation simplifies slightly, but
the core principles remain unchanged.

Known Data

- Mass of each body: \(m_ 1 =m_2 = 2.0 \times 10™4\, \text{kg} \)
- Distance between the bodies: (variable, to be specified)

Without a specified distance, the force cannot be computed precisely. Therefore, the investigation
considers various typical separation distances to illustrate how the gravitational force varies.

Case Studies: Different Separation Distances

1. Distance of 1 meter
2. Distance of 10 meters
3. Distance of 100 meters

4, Distance of 1,000 meters (1 km)

Practical Calculation Examples

Let's perform calculations for each of these cases, illustrating the impact of distance on the
gravitational force.

Case 1: Distance \(r =1\, \text{m} )

Using the formula:

\[ F = G \frac{(2.0 \times 10™4)"2}{1"2} = 6.674 \times 10" {-11} \times \frac{(2.0 \times
1074)"23{1}\]

Calculating numerator:

\[ (2.0 \times 1074)"~2 = 4.0 \times 1078 \]



Therefore:
\[ F=6.674 \times 10~ {-11} \times 4.0 \times 108 = 6.674 \times 4.0 \times 10"~ {-11 + 8} \]
\[ F = 26.696 \times 10" {-3} = 0.0267 \, \text{N} \]

Result: Approximately 0.0267 Newtons of force.

Case 2: Distance \(r = 10\, \text{m} )

\[ F =6.674 \times 10"~ {-11} \times \frac{4.0 \times 10"8}{(10)"2} = 6.674 \times 10"~ {-11} \times
4.0 \times 1078 /100 \]

\[ F = (6.674 \times 4.0/ 100) \times 10"~ {-11 + 8} \]
\[ F =(26.696 / 100) \times 10"~ {-3} = 0.267 \times 10~ {-3} = 0.000267 \, \text{N} \]

Result: Approximately 0.000267 Newtons.

Case 3: Distance \( r = 100\, \text{m} )

\[ F =6.674 \times 10" {-11} \times 4.0 \times 1078/ (100)"~2 = 6.674 \times 10"~ {-11} \times 4.0
\times 1078 /10,000 \]

\[ F =(26.696 / 10,000) \times 10~ {-3} = 0.0026696 \times 10"~ {-3} = 2.6696 \times 10"~ {-6} \,
\text{N} \]

Result: Approximately 2.67 micro-Newtons.

Case 4: Distance \(r = 1,000\, \text{m} \) (1 km)

\[ F=6.674 \times 10"~ {-11} \times 4.0 \times 1078/ (1000)"2 = 6.674 \times 10"~ {-11} \times 4.0
\times 10~8 /1,000,000 \]

\[ F =(26.696 /1,000,000) \times 10" {-3} = 2.6696 \times 10" {-8} \, \text{N} \]

Result: Approximately 26.7 nano-Newtons.



Implications and Contextual Analysis

The calculations demonstrate the profound effect that distance has on gravitational interaction,
especially with moderate masses like 20,000 kg.

Magnitude of the Force in Practical Terms

- At close proximity (1 meter), the force (~0.0267 N) is comparable to the weight of a small object,
such as a paperclip.

- As the separation increases, the force diminishes rapidly, becoming negligible at macroscopic
distances.

Real-World Relevance

While the calculated forces may seem small, understanding their scale is important in contexts such
as:

- Astrophysics: Even relatively small masses exert measurable gravitational forces over vast
distances, influencing planetary orbits.

- Engineering: Precise calculations are critical in satellite deployment, where gravitational forces,
though small, impact trajectories.

- Laboratory Experiments: Detecting such small forces requires sensitive instrumentation, such as
torsion balances.

Limitations of the Model

- Point Mass Assumption: The bodies are considered point masses; real objects have volume and
shape, which can influence gravitational effects if their sizes are comparable to the separation.

- Neglect of External Forces: Other forces like electromagnetic interactions are ignored.

- Environmental Factors: Air currents, vibrations, and measurement errors can affect practical
detection.

Broader Perspectives and Advanced Considerations

The investigation into gravitational forces between small, massive bodies serves as a gateway to
more complex phenomena.



General Relativity and Its Relevance

While Newtonian physics suffices for these calculations, in high-mass or high-precision scenarios,
Einstein's theory of General Relativity becomes relevant, especially when dealing with intense
gravitational fields.

Scaling to Larger Systems

- For planetary or stellar masses, the gravitational forces are vastly greater, leading to orbital
dynamics.

- The inverse-square law remains valid under Newtonian gravity, but in extreme conditions, deviations
occur.

Potential Experimental Approaches

- Using torsion balances or laser interferometry to measure tiny gravitational forces.
- Employing space-based experiments to minimize environmental noise.

Conclusion

The gravitational force between two identical bodies each with a mass of 2.0x1074 kg varies
dramatically with the separation distance. At just one meter apart, the force is measurable and
comparable to everyday forces; at larger distances, it diminishes rapidly, becoming negligible for
practical purposes.

Calculations based on Newton's law highlight the inverse-square dependence and underscore the
importance of precise measurements in gravitational physics. Understanding these interactions is not
only academically interesting but also essential for advancing technologies in space exploration,
astrophysics, and fundamental physics research.

In summary, the gravitational force between two such bodies is a delicate yet profound manifestation
of the universal law that governs the cosmic dance of matter, reminding us of the subtle but
pervasive influence gravity exerts across the universe.
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