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Understanding the fundamental forces that govern the interactions between
particles is essential in physics. Among these, the electrostatic and
gravitational forces play vital roles, especially when examining the
interactions between subatomic particles such as electrons and protons. This
article aims to provide a comprehensive comparison of the electrostatic force
between an electron and a proton separated by a distance of 0.530 x 10-10
meters with the gravitational force acting between them. Through detailed
calculations and explanations, we elucidate the relative magnitudes of these
forces and their significance in atomic physics.

Introduction to Fundamental Forces in Atomic
Interactions

Atoms are the building blocks of matter, and their stability and behavior are
dictated by fundamental forces. The two primary forces at the atomic and
subatomic levels are:

e Electrostatic Force: The force between charged particles, described by
Coulomb's Law.

e Gravitational Force: The attractive force between masses, described by
Newton's Law of Universal Gravitation.

While gravity dominates large-scale structures like planets and stars, the
electrostatic force is significantly stronger at the atomic scale. To
understand the magnitude of these forces between an electron and a proton,
detailed calculations are necessary.

Parameters and Constants Used in Calculations

Before proceeding with calculations, let's define the known parameters and
constants:

Physical Constants

e Elementary charge, e = 1.602 x 10 C



Permittivity of free space, €, = 8.854 x 10~ F/m

-31

Mass of electron, m,2 = 9.109 x 10

e

kg

e Mass of proton, m, = 1.673 x 10 kg

P

e Gravitational constant, G = 6.674 x 10 " N~(m/kg)2

Given Separation Distance

e Separation distance, r = 0.530 x 107° m

Calculating the Electrostatic Force

The electrostatic force between two point charges is given by Coulomb’s Law:

F.= (1 / 4meo) (lg, g,l) / r

Where:
- gl and g2 are the charges of the particles,
- r is the separation distance.

Since we're considering an electron and a proton:

—e = -1.602 x 107 C

Y =
qelectron

® Qooon = Te = +1.602 x 107 C

The magnitude of the electrostatic force (ignoring the sign, since force
magnitude is positive):

F. = (8.988 x 10° N-m*/C?) (1.602 x 10" C)~2 / (0.530 x 10" m)~2

e

Calculating step-by-step:

1. Square of charge:

(1.602 x 10°*°)"~2 = 2.566 x 10°*

2. Square of separation distance:



(0.530 x 10°*°)"~2 = 0.2809 x 10 = 2.809 x 10

3. Applying Coulomb's Law:

F. = (8.988 x 10°) (2.566 x 107*) / (2.809 x 10*)

4. Final calculation:

F. =~ (8.988 x 10°) (2.566 x 10*) / (2.809 x 10*)
= (2.304 x 10%) / (2.809 x 10*")
~ 8.204 x 10° N

Result: The electrostatic force between the electron and proton separated by
0.530 x 10-10 meters is approximately 8.204 x 10-8 Newtons.

Calculating the Gravitational Force

According to Newton's Law of Universal Gravitation:

Where:

- ml and m2 are the masses of the particles:
- Electron: 9.109 x 10-31 kg

— Proton: 1.673 x 10-27 kg

Calculating:

1. Product of masses:

me m, = (9.109 x 10°') (1.673 x 10°”) = 1.524 x 10

2. Applying Newton's Law:

F, = (6.674 x 10") (1.524 x 10™") / (2.809 x 10%*)
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3. Final calculation:

F, = (1.016 x 10*) / (2.809 x 10*') = 3.620 x 10¥ N

9

Result: The gravitational force between the electron and proton separated by



the same distance is approximately 3.620 x 10-47 Newtons.

Comparison of Forces and Significance

The calculations reveal an astonishing disparity in the magnitude of the
forces:

— Electrostatic Force: ~8.204 x 10-8 N
— Gravitational Force: ~3.620 x 10-47 N

This difference underscores the dominance of electrostatic interactions at
the atomic scale. To gquantify this disparity:

1. Divide the electrostatic force by the gravitational force:

Ratio = F, / F, = (8.204 x 10°) / (3.620 x 10°¥) = 2.266 x 10

2. This means the electrostatic force between an electron and a proton
separated by 0.530 x 10"’ meters is over 10”7 times stronger than their
gravitational attraction.

Implication: At atomic scales, gravity is negligible compared to
electrostatic forces. This explains why atomic structures are governed
primarily by electromagnetic interactions, with gravity playing an
insignificant role.

Significance in Physics and Atomic Models

Understanding the relative magnitudes of these forces is crucial in various
areas:

e Atomic Stability: The electrostatic attraction holds electrons in orbit
around the nucleus, vastly overpowering gravitational pull.

e Quantum Mechanics

Frequently Asked Questions

What is the magnitude of the electrostatic force



between an electron and a proton separated by
0.530 x 104-10 meters?

The electrostatic force can be calculated using Coulomb's law: F k gl
g2| / r”2. Substituting the values (k ~ 8.99 x 1079 Nm"2/C"2, gl = g2 =
1.602 x 107-19 C, r = 0.530 x 107-10 m), the force is approximately 5.52
x 107-9 N.

How does the electrostatic force compare to the
gravitational force between an electron and a
proton at this separation?

The electrostatic force is vastly stronger than the gravitational force.
The gravitational force is approximately 107-43 times the electrostatic
force at this distance, making electrostatic interactions dominant.

What is Coulomb's law and how is it applied in
this context?

Coulomb's law states that the electrostatic force between two point
charges is proportional to the product of their charges and inversely
proportional to the square of the distance between them: F = k |gl g2| /
r*2. It is used here to calculate the force between the electron and
proton separated by 0.530 x 107-10 meters.

What is the value of the gravitational force
between an electron and a proton at this
separation?

Using Newton's law of gravitation: F = G ml m2 / r*2, with G ~ 6.674 x
107-11 Nm*2/kg”2, ml and m2 as the masses of the electron and proton
(~9.11 x 107-31 kg and 1.67 x 107-27 kg respectively), the gravitational
force is about 3.6 x 107-47 N.

Why is the electrostatic force so much stronger
than the gravitational force at atomic scales?

Because the electrostatic force depends on the fundamental electric
charges, which are much larger in magnitude than their gravitational
counterparts. Additionally, the gravitational constant G is extremely
small, making gravitational forces negligible at atomic scales.



How does the separation distance affect the
electrostatic and gravitational forces between the
electron and proton?

Both forces are inversely proportional to the square of the separation
distance. As the distance increases, both forces decrease, but the
electrostatic force remains overwhelmingly dominant at atomic scales.

What role does the electrostatic force play in
atomic structure?

The electrostatic force between the negatively charged electrons and
positively charged nucleus (protons) 1is responsible for holding
electrons in orbitals around the nucleus, forming atoms.

Can gravitational forces between subatomic
particles be ignored? Why or why not?

Yes, gravitational forces between subatomic particles are negligible
compared to electrostatic forces due to their extremely small magnitudes
relative to electromagnetic interactions.

How is the comparison between electrostatic and
gravitational forces useful in understanding
fundamental forces?

It illustrates that electromagnetic forces dominate at atomic and
subatomic scales, guiding the structure and behavior of matter, while
gravity becomes significant only at macroscopic or astronomical scales.

What is the significance of the separation

distance 0.530 x 10%-10 m in atomic physics?

This distance is approximately the atomic radius of hydrogen,
representing the typical separation between the proton nucleus and the
electron in a hydrogen atom, making it a key parameter in calculating
atomic forces.

Additional Resources
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Understanding the fundamental forces that govern particles at the atomic
and subatomic scale is pivotal in physics. Among these, electrostatic
and gravitational forces play crucial roles in shaping the behavior of
particles such as electrons and protons. When examining the interaction
between an electron and a proton separated by a distance of
approximately 0.530 x 107-10 meters, it becomes essential to compare the
magnitudes and implications of the electrostatic and gravitational
forces. This comparison not only illuminates the dominance of certain
interactions at microscopic scales but also provides insight into the
foundational principles of quantum mechanics and classical physics.

Introduction to Fundamental Forces in
Particle Interactions

In the realm of physics, four fundamental forces govern the interactions
between particles: gravitational, electromagnetic, strong nuclear, and
weak nuclear forces. For the purpose of this analysis, we focus
primarily on the gravitational and electrostatic (electromagnetic)
forces between an electron and a proton. These two particles are
fundamental constituents of atoms, with electrons carrying a negative
charge and protons carrying a positive charge. Their interactions are
critical in atomic structure, molecular formation, and broader physical
phenomena.

The electrostatic force, described by Coulomb's Law, dominates at atomic
scales due to the charges involved. Conversely, the gravitational force,
described by Newton's Law of Universal Gravitation, though omnipresent,

tends to be negligible at such small scales compared to electromagnetic

interactions.

Calculating the Electrostatic Force Between
Electron and Proton

Fundamental Equation: Coulomb's Law

The electrostatic force (F_e) between two point charges is given by
Coulomb's Law:

N[ F_e = \frac{k \, la_ 1 \, g 2] {r"2} \]

Where:

- \(k = 8.
constant)
- \(aq_1 =

9875 \times 1079 \, \text{Nm}"2/\text{C}"2\) (Coulomb's

-1.602 \times 107{-19} \, \text{C}\) (electron charge)



= +1.602 \times 107{-19} \, \text{C}\) (proton charge)
0.530 \times 107{-10} \, \text{m}\) (separation distance)

- \(g_2
\ =

(r

Since the force magnitude depends on the absolute values of charges, the
negative sign indicates attraction but does not affect the magnitude
calculation.

Numerical Calculation

Plugging in the wvalues:

\[ F_e = \frac{(8.9875 \times 1079) \times (1.602 \times
10°{-19})72}{(0.530 \times 107{-10})"2} \]

Calculating numerator:

N[ (8.9875 \times 1079) \times (2.566 \times 107{-38}) = 2.308 \times
107{-28} \]

Calculating denominator:

N[ (0.530 \times 107{-10})"2 = 0.2809 \times 107{-20} = 2.809 \times
107{-21} \1

Finally,

\[ F_e = \frac{2.308 \times 107{-28}}{2.809 \times 10"{-21}} \approx
8.219 \times 107{-8} \, \text{N} \]

Result: The electrostatic force between the electron and proton
separated by 0.530 x 10"-10 meters is approximately 8.22 x 10"7-8
Newtons.

Calculating the Gravitational Force Between
Electron and Proton

Fundamental Equation: Newton's Law of Universal
Gravitation

The gravitational force (F_g) between two masses is given by:
N[ F_g = \frac{G \, m_1 \, m_2}{r"2} \]

Where:

- \(G = 6.674 \times 107{-11} \, \text{Nm}"2/\text{kg}"2\)
(gravitational constant)

- \(m_1 = 9.109 \times 107{-31} \, \text{kg}\) (electron mass)
- \(m_2 = 1.673 \times 10"{-27} \, \text{kg}\) (proton mass)

- \(r = 0.530 \times 10"{-10} \, \text{m}\) (same as above)



Numerical Calculation

Plugging in the values:

\[ F_g = \frac{6.674 \times 107{-11} \times 9.109 \times 107"{-31} \times
1.673 \times 107{-27}}{(0.530 \times 107{-10})"2} \]

Calculating numerator:

\[ 6.674 \times 107{-11} \times 1.523 \times 10"~{-57} \approx 1.016
\times 10"°{-67} \]

Calculating denominator: (same as above)
\[ 2.809 \times 107~{-21} \]
Dividing:

\[ F_g = \frac{1.016 \times 107{-67}}{2.809 \times 10"{-21}} \approx
3.62 \times 107{-47} \, \text{N} \]

Result: The gravitational force between the electron and proton at this
separation is approximately 3.62 x 107-47 Newtons.

Comparison and Analysis of Forces

Magnitude Disparity

The stark contrast in the magnitudes of these forces underscores the
dominance of electromagnetic interactions at atomic scales. The
electrostatic force (~8.22 x 107-8 N) is about 10739 times stronger than
the gravitational force (~3.62 x 107-47 N). This enormous difference
illustrates why gravity can often be neglected in atomic and molecular
physics, while electromagnetic forces are crucial in determining
structure and behavior.

Implications of the Force Comparison

— Dominance of Electromagnetic Force: The electrostatic attraction
between the electron and proton is the primary reason for the stability
of the hydrogen atom. The strength of this force keeps the electron
bound within the atom, dictating energy levels and spectral lines.

- Negligible Role of Gravity at Atomic Scale: The gravitational
attraction between such particles is effectively insignificant. It does
not influence atomic structure but becomes relevant only at larger,
astronomical scales where masses and distances are vastly greater.

— Theoretical Significance: The disparity emphasizes the need for a



quantum theory of gravity, as classical gravity cannot account for
interactions at atomic dimensions. It also highlights why gravity is
often omitted in gquantum mechanics calculations involving particles like
electrons and protons.

Features, Pros, and Cons of Force Dominance

Electrostatic Force

- Features:

— Responsible for atomic bonding and chemical reactions.

— Short-range but significantly stronger at small distances.

- Pros:

- Explains atomic stability and spectral properties.

— Essential in designing electronic devices and understanding molecular
interactions.

- Cons:

— Can lead to complex calculations in multi-electron systems due to
repulsion and shielding.

Gravitational Force

- Features:

- Always attractive; acts between any two masses.

— Very weak at small scales but accumulates over large masses oOr
distances.

- Pros:

- Governs planetary, stellar, and galactic dynamics.

— Well-understood classical force with extensive observational support.
- Cons:

- Negligible at atomic scales, making it impractical for quantum
physics.

— Unable to explain phenomena at microscopic levels without gquantum
gravity theories.

Conclusion

The comparison between the electrostatic and gravitational forces
between an electron and a proton separated by 0.530 x 107-10 meters
vividly demonstrates the dominance of electromagnetic interactions at
atomic scales. The electrostatic force, approximately 10739 times
stronger, 1is the key factor maintaining atomic stability and dictating
the behaviors of particles within atoms. The gravitational force, while
fundamental at macroscopic scales, becomes virtually insignificant in
these microscopic contexts.

This analysis underscores the importance of selecting the appropriate
force for modeling physical phenomena at different scales and highlights
the ongoing challenge in unifying gravity with quantum mechanics.
Understanding these forces not only enhances our grasp of atomic physics
but also lays the groundwork for advances in quantum chemistry,



condensed matter physics, and the quest for a theory of quantum gravity.

In essence, the microscopic world is overwhelmingly governed by
electromagnetic interactions, with gravity playing a negligible role—a
fact that has profound implications for both theoretical physics and
practical applications in technology and materials science.
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