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Understanding the forces acting on objects is fundamental in physics, especially when analyzing

interactions at different scales and types. This article aims to compare the magnitudes of electrical and

gravitational forces exerted on an object with a mass of 10 grams and a charge of 20 seconds (note:

assuming "20 sec" was a typo and referring to a charge of 20 coulombs; if "20 sec" refers to a

different unit, please clarify). By examining these forces in detail, we can better appreciate their relative

strengths and significance in various physical phenomena.

---

Introduction to Fundamental Forces

Before diving into the calculations, it is essential to understand the nature of the two forces under

consideration:

Electrical Force (Coulomb Force)

- It arises between two charged objects.

- It can be attractive or repulsive depending on the charges.

- Governed by Coulomb's Law, which states that the force is proportional to the product of the charges



and inversely proportional to the square of the distance between them.

Gravitational Force

- It acts between two masses.

- Always attractive.

- Governed by Newton's Law of Universal Gravitation, proportional to the product of the masses and

inversely proportional to the square of the distance.

---

Assumptions and Given Data

To perform the comparison, we'll make the following assumptions:

The object has a mass of 10 grams (0.01 kg).1.

The charge of the object is 20 coulombs.2.

The force calculations are based on interactions with a point charge and a point mass located at3.

a specific distance.

We'll consider a typical interaction distance of 1 meter for simplicity.4.

For the purpose of comparison, we'll assume the other object involved in each case is a unit5.

charge or mass located at the same distance.



---

Calculating the Electrical Force

Applying Coulomb's Law

Coulomb's Law is expressed as:

\[ F_e = k_e \times \frac{|q_1 \times q_2|}{r^2} \]

where:

- \( F_e \) = electrical force

- \( k_e \) = Coulomb's constant, approximately \( 8.9875 \times 10^9\, \text{N·m}^2/\text{C}^2 \)

- \( q_1, q_2 \) = magnitudes of the two charges

- \( r \) = distance between the charges

Hypothetical Interaction

- Our object has charge \( q_1 = 20\, \text{C} \).

- The other charge \( q_2 \) is assumed to be 1 C for simplicity.

Calculating the force:

\[ F_e = 8.9875 \times 10^9 \times \frac{20 \times 1}{1^2} = 8.9875 \times 10^9 \times 20 = 1.7975

\times 10^{11}\, \text{N} \]

This is an immensely large force, emphasizing the strength of electrical interactions at this scale.

---



Calculating the Gravitational Force

Applying Newton’s Law of Universal Gravitation

The formula is:

\[ F_g = G \times \frac{m_1 \times m_2}{r^2} \]

where:

- \( F_g \) = gravitational force

- \( G \) = gravitational constant, approximately \( 6.674 \times 10^{-11}\, \text{N·m}^2/\text{kg}^2 \)

- \( m_1, m_2 \) = masses of the two objects

- \( r \) = distance between the objects

Assumptions for Calculation

- Our object has mass \( m_1 = 0.01\, \text{kg} \).

- The other mass \( m_2 \) is assumed to be 1 kg for simplicity.

Calculating the force:

\[ F_g = 6.674 \times 10^{-11} \times \frac{0.01 \times 1}{1^2} = 6.674 \times 10^{-13}\, \text{N} \]

This force is extremely small compared to the electrical force.

---



Comparison of Forces

Magnitude Difference

- The electrical force (~\( 1.8 \times 10^{11} \) N) vastly exceeds the gravitational force (~\( 6.7 \times

10^{-13} \) N).

- The ratio of electrical to gravitational force:

\[ \frac{F_e}{F_g} \approx \frac{1.8 \times 10^{11}}{6.7 \times 10^{-13}} \approx 2.7 \times 10^{23} \]

This indicates that, under these assumptions, electrical forces are about 100 quintillion times stronger

than gravitational forces for the same pair of objects.

Implications of the Magnitude Difference

- Electrical forces dominate at small scales, such as atomic and subatomic levels.

- Gravitational forces are negligible in comparison at such scales.

- Despite the enormous strength of electrical forces, they can be canceled out or neutralized, leading

to stable matter.

- Gravity's relative weakness is why it is significant only at large scales, such as planetary or galactic

levels.

---

Real-World Applications and Significance



Electrical Forces in Daily Life

- Static electricity, lightning, and electronic devices are governed by electrical interactions.

- The ability to manipulate electrical forces underpins modern technology, from smartphones to electric

vehicles.

Gravitational Forces in Astronomy

- Gravity governs the motion of planets, stars, and galaxies.

- It is essential for understanding planetary orbits, black holes, and the expansion of the universe.

Balancing Forces in Nature

- In many systems, electrical and gravitational forces coexist but operate at vastly different scales.

- For example, in atoms, electromagnetic forces hold electrons in orbit, while gravity's effect is

negligible.

Summary of Key Differences

- Strength: Electrical forces are about \( 10^{23} \) times stronger than gravitational forces at the same

scale.

- Range: Both are inverse-square laws but differ drastically in magnitude.

- Sign: Electrical forces can be attractive or repulsive; gravity is only attractive.

- Scale: Electrical forces dominate at microscopic scales; gravity dominates at cosmic scales.

---

Conclusion



The comparison between electrical and gravitational forces acting on a 10-gram, 20-coulomb charged

object reveals the enormous disparity in their magnitudes. Under typical assumptions, electrical forces

are overwhelmingly stronger than gravitational forces—by a factor of about \( 10^{23} \). This

fundamental difference explains why electromagnetic interactions are responsible for the behavior of

matter at small scales and why gravity, despite its weakness, becomes dominant in shaping the

universe's large-scale structure.

Understanding these forces' relative strengths is crucial for fields ranging from atomic physics to

cosmology. It highlights the importance of considering context and scale when analyzing physical

phenomena, as the dominant force can vary dramatically depending on the situation.

---

Note: If "charge=20 sec" was a typo or refers to a different unit (such as 20 coulombs), please specify

for precise calculations.

Frequently Asked Questions

What is the magnitude of the electrostatic force exerted on a 10g

object with a charge of 20 C?

The electrostatic force can be calculated using Coulomb's law: F = k |q₁ q₂| / r². Without the distance

between charges, the exact force cannot be determined. However, with given charge and mass, if the

distance is known, the force can be computed accordingly.

How does the magnitude of gravitational force compare to

electrostatic force for a 10g object with a 20 C charge?

Electrostatic forces are typically much stronger than gravitational forces at small scales. For a 10g

mass with 20 C charge, the electrostatic force is likely to be significantly larger than the gravitational



force, especially if the charges are close together.

Can the gravitational force on the object be ignored compared to the

electrostatic force?

Yes, generally the electrostatic force dominates over gravitational force for objects with substantial

charge, such as 20 C, making gravitational effects negligible in comparison.

What is the formula to compare the magnitudes of electrical and

gravitational forces on an object?

The magnitude of the electrostatic force is given by Coulomb's law: F_e = k |q₁ q₂| / r², while the

gravitational force is given by Newton's law: F_g = G m₁ m₂ / r². Comparing these forces involves

taking their ratio, which simplifies to (k |q₁ q₂|) / (G m₁ m₂).

Given the mass and charge, what factors influence the comparison of

these forces?

The key factors are the magnitude of the charge (20 C), mass (10 g or 0.01 kg), and the distance

between the objects. The greater the charge and the closer the objects, the stronger the electrostatic

force; similarly, the gravitational force depends on mass and distance.

How does increasing the distance between the object and another

charged object affect the forces?

Both electrostatic and gravitational forces decrease with the square of the distance, so increasing

separation reduces both forces significantly.

Is it physically feasible for an object with a 10g mass to have a 20 C



charge?

In practical terms, holding a 20 C charge on a small 10g object is highly unlikely due to material

breakdown and safety concerns. Such high charges are typically associated with larger or specially

designed systems.

What practical applications involve comparing electrical and

gravitational forces?

Applications include atomic and molecular interactions, electrostatic precipitators, Van der Waals

forces, and understanding fundamental forces in physics, where the dominance of one force over the

other influences system behavior.

How can understanding these forces help in real-world physics

problems?

Analyzing the relative magnitudes of electrical and gravitational forces helps in designing experiments,

understanding atomic-scale phenomena, and solving problems related to forces acting on small

particles or objects.

Additional Resources

Compare Magnitude Electrical And Gravitational Forces Exerted On An Object with Mass=10g,

Charge=20 Coulombs

---

Introduction

In the realm of physics, forces govern the interactions between objects, dictating the behavior of matter

in both macroscopic and microscopic worlds. Among the fundamental forces, electromagnetic and



gravitational forces stand out due to their omnipresence and essential roles in the universe. This article

provides a comprehensive comparison between the magnitudes of these two forces acting on an

object with a mass of 10 grams (0.01 kilograms) and an electric charge of 20 Coulombs.

Understanding the relative strengths of these forces not only deepens our grasp of physical

phenomena but also highlights the scale at which different forces operate. The analysis herein

integrates theoretical formulations, numerical calculations, and contextual discussions to elucidate the

profound difference in their magnitudes.

---

Fundamental Theories and Formulas

Before delving into calculations, it is important to outline the foundational laws governing the forces in

question.

Coulomb's Law (Electromagnetic Force)

The electrostatic force \( F_{e} \) between two point charges is given by Coulomb's Law:

\[

F_{e} = k_e \frac{|q_1 q_2|}{r^2}

\]

where:

- \( k_e \approx 8.9875 \times 10^9 \, \mathrm{N\,m}^2/\mathrm{C}^2 \) (Coulomb's constant),

- \( q_1, q_2 \) are the magnitudes of the electric charges,

- \( r \) is the separation distance between the charges.

Newton's Law of Universal Gravitation



The gravitational force \( F_{g} \) between two masses is given by:

\[

F_{g} = G \frac{m_1 m_2}{r^2}

\]

where:

- \( G \approx 6.67430 \times 10^{-11} \, \mathrm{N\,m}^2/\mathrm{kg}^2 \) (gravitational constant),

- \( m_1, m_2 \) are the masses,

- \( r \) is the separation distance.

---

Assumptions and Parameters for Calculation

To compare the forces meaningfully, certain assumptions are necessary:

- The object has mass \( m = 10\, \mathrm{g} = 0.01\, \mathrm{kg} \),

- The charge of the object is \( q = 20\, \mathrm{C} \),

- The second object (source of the force) is assumed to be either a point charge of the same

magnitude (for the electric case) or a point mass (for gravity),

- The separation distance \( r \) is taken as 1 meter for simplicity, which allows us to examine the

forces at a standard reference point.

Note: In real-world scenarios, the actual forces depend heavily on the separation distance; the choice

of 1 meter serves as a baseline for comparison.

---

Calculating the Electrical Force



Considering the object interacts with a hypothetical point charge of 20 Coulombs placed 1 meter away:

\[

F_{e} = k_e \frac{q^2}{r^2} = (8.9875 \times 10^9) \times \frac{(20)^2}{1^2}

\]

Calculating:

\[

F_{e} = 8.9875 \times 10^9 \times 400 = 3.595 \times 10^{12}\, \mathrm{N}

\]

Result:

\[

\boxed{

F_{e} \approx 3.6 \times 10^{12}\, \mathrm{N}

}

\]

This colossal force illustrates how strongly electric charges can attract or repel each other over

relatively small distances.

---

Calculating the Gravitational Force

Assuming the second object is a mass of 10 grams placed 1 meter away:

\[

F_{g} = G \frac{m_1 m_2}{r^2} = (6.67430 \times 10^{-11}) \times \frac{(0.01)(0.01)}{1^2}



\]

Calculating:

\[

F_{g} = 6.67430 \times 10^{-11} \times 1 \times 10^{-4} = 6.67430 \times 10^{-15}\, \mathrm{N}

\]

Result:

\[

\boxed{

F_{g} \approx 6.7 \times 10^{-15}\, \mathrm{N}

}

\]

This force is astronomically weaker compared to the electric force.

---

Comparative Analysis

The stark contrast in magnitudes becomes clearer when comparing the two forces:

\[

\frac{F_{e}}{F_{g}} \approx \frac{3.6 \times 10^{12}}{6.7 \times 10^{-15}} \approx 5.37 \times 10^{26}

\]

This indicates that the electric force exerted on the object due to a 20 Coulomb charge at 1 meter is

roughly \(10^{26}\) times stronger than the gravitational force exerted by a 10-gram mass at the same

distance.



---

Contextual Implications

1. Scale and Range of Forces

The magnitude difference underscores why electromagnetic interactions dominate at the microscopic

and everyday scales, while gravity becomes significant only at astronomical scales involving massive

bodies such as planets, stars, and galaxies.

2. Force Sign and Nature

- Electric Force: Can be attractive or repulsive depending on the charges; in this scenario, with both

charges positive, the force is repulsive.

- Gravitational Force: Always attractive; acts to draw masses together.

3. Force Screening and Shielding

Electromagnetic forces can be shielded or canceled out through conductive materials and other

means, whereas gravity is always attractive and cannot be shielded.

---

Real-World Relevance and Limitations

While the calculations highlight the theoretical magnitude of forces under idealized conditions, practical

considerations limit the realization of such forces:

- Charge Limitations: Holding or maintaining 20 Coulombs of charge on a small object is challenging

due to electrical breakdown of air and material limitations.

- Separation Dependence: Both forces decrease with the square of the distance; thus, at larger



separations, forces diminish rapidly.

- Mass Distribution: Real objects are not point masses; their distribution affects force calculations.

---

Conclusion

The comparison between the electrical and gravitational forces exerted on an object of 10 grams with

a charge of 20 Coulombs reveals an astonishing disparity in magnitudes. Under identical conditions (1-

meter separation), the electric force surpasses the gravitational force by approximately 26 orders of

magnitude.

This profound difference explains why electromagnetic phenomena dominate interactions at everyday

scales, whereas gravity's relative weakness relegates it to cosmic phenomena involving massive

bodies. Understanding these forces' scales and behaviors is fundamental to fields ranging from particle

physics to astrophysics, shaping our comprehension of the universe's structure and the interactions

within it.

---
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Note: Actual forces depend heavily on the precise context, including charge distribution, environmental



conditions, and exact distances. The calculations above serve as a theoretical illustration based on

idealized parameters.
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