Coulomb's Law: Two Identical Small Charged
Spheres Are A Certain Distance Apart, And
Each One Initially

Coulomb's Law: Two Identical Small Charged Spheres Are A Certain Distance Apart, And
Each One Initially provides a fundamental scenario in electrostatics that illustrates the principles
governing the interactions between charged objects. Understanding this setup is crucial for grasping
the broader concepts of Coulomb's law, electric forces, potential energy, and the behavior of charges
in various contexts. This article delves into the details of this specific situation, exploring the
underlying physics, mathematical formulations, and real-world applications.

Understanding Coulomb's Law

What Is Coulomb's Law?

Coulomb's law describes the force of attraction or repulsion between two point charges. Formulated
by Charles-Augustin de Coulomb in the 18th century, this law is fundamental in electrostatics. It
states that the magnitude of the electrostatic force (F) between two point charges is directly
proportional to the product of the magnitudes of the charges and inversely proportional to the square
of the distance (r) between them:

e F=k|grQ2|/r?

where:

- F is the magnitude of the force,

- g1 and gz are the magnitudes of the charges,

- r is the distance between the charges,

- k is Coulomb's constant (~8.9875 x 10™9 Nm?/C2).

This law implies that as charges get closer, the force increases dramatically, and the sign of the
charges determines whether the force is attractive or repulsive.

Scenario: Two ldentical Small Charged Spheres

Initial Conditions

Imagine two small spheres, each carrying an identical charge of magnitude g, positioned a certain
initial distance ro apart. Both are isolated, and initially, they are at rest relative to each other. The key
aspects include:



e Charges: q1 = Q2 =q
e |nitial separation: ro

¢ |nitial velocities: zero

The objective is to analyze what happens when these charges are released and allowed to interact
under Coulomb's law, including the forces involved, energy exchanges, and eventual outcomes.

Forces and Dynamics Between the Spheres

Electrostatic Force at the Initial Distance

Applying Coulomb's law, the initial force magnitude between the two spheres is:

e Fo=kqg?/ro?

Since both charges are identical and like-signed, they repel each other. This repulsive force causes
the spheres to accelerate away from one another.

Newton's Laws and Motion

The spheres' motion can be described using Newton's second law:

eF=ma

where m is the mass of each sphere, and a is their acceleration. Because the force is mutual and
equal in magnitude but opposite in direction, each sphere experiences the same magnitude of
acceleration but in opposite directions.

Energy Considerations

Initial Potential Energy

The system's initial electrical potential energy (U) is given by:



eU=kqg?/ro

This is stored in the electrostatic field between the charges.

Conversion to Kinetic Energy

As the spheres repel each other and move apart, the potential energy decreases, converting into
kinetic energy (KE):

e KE =(1/2) m v?

At the moment when the spheres are at a larger separation r > ro, the potential energy is lower, and
their kinetic energy is higher, until they reach an infinite separation where the potential energy
approaches zero, and the kinetic energy reaches its maximum.

Mathematical Analysis of the Motion

Equation of Motion

The problem reduces to a one-dimensional system with symmetric charges repelling each other. The
acceleration of each sphere as a function of separation r is:

cea=F/m=(kag?)/(mr?

Because the force depends on r, the problem involves solving a differential equation involving r(t).

Using Conservation of Energy

The conservation of energy provides a more straightforward approach:

e Initial energy: U_initial = k g2/ ro

e At any separationr: U=k g?/r + KE

Since total energy E_total is conserved:



e E_total = U_initial = U + KE

which leads to:

e KE=E total-U=(kqg?/ro)-(kg?/1)

From this, the velocity v at any separation r can be derived:

e v =sqrt[2 (E_total - U)] = sqrt[2 (k q?/ ro-k g/ r)]

Note: This analysis assumes no other forces (like friction or external fields).

Final States and Behavior of the System

Separation Over Time

As time progresses, the spheres move away from each other, and their separation r increases
indefinitely. The velocity of each sphere approaches a maximum as r tends to infinity:

e v-sqrt[2 (k g%/ ro)]

indicating that the initial potential energy fully converts into kinetic energy.

Influence of Mass and Charge

The dynamics depend heavily on the mass (m) of each sphere and the magnitude of charge (q):

e Higher charges lead to stronger repulsive forces and higher velocities.

e More massive spheres accelerate more slowly, resulting in lower velocities for the same charge.



Applications and Real-World Examples

Electrostatic Experiments

This idealized scenario forms the basis of many laboratory experiments in electrostatics, helping
students visualize force interactions and energy conversions.

Design of Particle Accelerators

Understanding how charged particles repel and accelerate is crucial in designing devices like electron
guns and particle accelerators.

Electrostatic Shielding and Insulation

Insights from Coulomb's law inform how to shield sensitive electronics and design insulating materials
to prevent unwanted charge interactions.

Limitations and Considerations

While Coulomb's law provides a fundamental description, real-world situations often involve
complexities such as:

Non-point charges or extended charge distributions

Presence of external electric or magnetic fields

Relativistic effects at very high velocities

Environmental factors like air resistance or medium effects

Therefore, real systems may require more advanced models beyond the ideal point-charge
approximation.

Summary

In the scenario where two identical small charged spheres are initially at rest and separated by a
certain distance, Coulomb's law accurately describes their mutual repulsive force. This force results in
the conversion of electrostatic potential energy into kinetic energy as the spheres accelerate away
from each other. The mathematical framework based on energy conservation and Newton's laws
enables precise calculation of their velocities and separation over time. This fundamental
understanding is not only central to electrostatics but also underpins numerous technological
applications, from particle physics to electrical engineering.



In conclusion, the interaction of two identical charged spheres exemplifies core principles in physics,
illustrating how electrostatic forces govern the behavior of charged objects and how energy
transformations occur in such systems. Mastery of these concepts is essential for advancing in fields
that rely on electric forces and charge interactions.

Frequently Asked Questions

What is Coulomb's Law and how does it relate to two identical
small charged spheres?

Coulomb's Law states that the electric force between two point charges is directly proportional to the
product of their magnitudes and inversely proportional to the square of the distance between them.
For two identical small charged spheres, this law allows us to calculate the magnitude and direction of
the electrostatic force between them based on their charges and separation distance.

If two identical charged spheres are initially at rest and
separated by a certain distance, how does Coulomb's Law
predict their motion?

According to Coulomb's Law, the spheres exert a force on each other. If the charges are like (both
positive or both negative), they repel each other and accelerate away. If they are opposite, they
attract and move toward each other. The initial force magnitude determines how quickly their
velocities change, and the resulting motion can be analyzed using Newton's second law.

How does the initial separation distance between two
identical charged spheres affect their subsequent
acceleration?

The initial separation distance affects the magnitude of the electrostatic force according to Coulomb's
Law: the closer the spheres are, the greater the force. This larger force results in higher acceleration,
meaning the spheres will move faster toward or away from each other depending on their charges.

What happens to the kinetic energy of the spheres as they
move under Coulomb's force if they are initially at rest?

If the spheres are initially at rest, the electrostatic potential energy decreases as they move closer (if
attracting) or separate (if repelling). This change in potential energy converts into kinetic energy,
causing the spheres to gain speed as they accelerate under Coulomb's force.

Can Coulomb's Law be used to determine the final velocities
of the spheres after they have moved a certain distance?

Yes, by applying conservation of energy and Coulomb's Law, you can calculate the initial potential
energy and the kinetic energy after movement, which allows you to determine their final velocities



once the forces have acted over the specified distance.

What assumptions are typically made when applying
Coulomb's Law to two small charged spheres initially at rest?

The common assumptions include treating the spheres as point charges (ignoring their size),
neglecting any external forces or friction, assuming the charges remain constant during motion, and
considering the motion to be governed solely by electrostatic forces as described by Coulomb's Law.

Additional Resources

Coulomb's Law: Two Identical Small Charged Spheres Are A Certain Distance Apart, And Each One
Initially

Introduction

Coulomb's Law is a fundamental principle in electrostatics, describing the force between two point
charges. Its significance extends across physics, chemistry, and engineering, underpinning
phenomena from atomic interactions to macroscopic electrical systems. When examining a scenario
involving two identical small charged spheres positioned a certain distance apart, Coulomb's Law
provides the framework to understand their mutual forces, potential energy, and dynamic behavior.

This article aims to thoroughly explore Coulomb's Law in the context of two identical small charged
spheres initially placed at a fixed distance, each with known charges and masses. We will delve into
the derivation of Coulomb's Law, analyze the forces involved, discuss the initial conditions, and
examine possible outcomes such as motion, equilibrium, and stability. This detailed investigation will
also highlight practical applications and experimental considerations, offering a comprehensive
review suitable for researchers, educators, and students alike.

Historical Context and Theoretical Foundations

Origin of Coulomb's Law

In the late 18th century, Charles-Augustin de Coulomb formulated the law that now bears his name.
By employing a torsion balance, Coulomb measured the electrostatic force between charged spheres,
establishing a quantitative relationship between force, charge magnitude, and separation distance.

His experiments demonstrated that the electrostatic force:

- Is directly proportional to the product of the magnitudes of the charges.
- Is inversely proportional to the square of the distance separating the charges.

This empirical law laid the groundwork for classical electrostatics and was later integrated into
Maxwell's equations, forming the backbone of electromagnetic theory.

Mathematical Formulation



Coulomb's Law for two point charges \( q_1\) and \( g_2 ), separated by a distance \( r\), states:

\[
F=k e\frac{|q_1 q_2|}{r"2}
\]

where

-\( F\) is the magnitude of the electrostatic force,

-\( k_e\) is Coulomb's constant, approximately \( 8.9875 \times 1079\, \mathrm{N\,m~2/C"2}\),
-\(g_1, q_2\) are the magnitudes of the point charges,

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

— e - —

The force acts along the line connecting the two charges, with the direction depending on the sign of
the charges: like charges repel, unlike charges attract.

Scenario Setup: Two Identical Small Charged Spheres
Initial Conditions

Consider two identical small spheres, each carrying charge \( q\) (either both positive or both
negative), and separated by a fixed initial distance \( r_0). Let each sphere have mass \( m\), and
assume they are initially at rest in an isolated system within a vacuum or air (negligible damping).

The initial setup can be summarized as:

- Charges: \( q =q_2=q)\), with\(g\neq0\).
-Masses:\(m 1=m2=m)).

- Separation: \( 0)\).

- Initial velocities: both zero.

This configuration allows us to analyze the subsequent motion driven solely by electrostatic forces,
considering conservation laws and potential energy.

Applying Coulomb's Law to the System
Force Calculation
Using Coulomb's Law, the initial force magnitude \( F_0\) between the spheres is:

\[
F 0=k e\frac{q"™2}{r 072}
\]

The direction of this force is repulsive if both charges are positive or both negative, causing the
spheres to accelerate away from each other. If charges are opposite, the force is attractive, leading to
acceleration toward each other.



Equations of Motion

Each sphere experiences an electrostatic force that acts along the line connecting them. Assuming no

other forces, Newton's second law gives:

\[
m \frac{d"~2 r}{dt~2} =\pm F
\]

where the sign depends on whether the force is attractive or repulsive:

- Repulsive case: \( m \frac{d"2 r}{dt"~2} = - F\), since the force acts to increase the separation.

- Attractive case: \( m \frac{d"~2 r}{dt~2} = + F ), as the force reduces the separation.
Expressing the acceleration in terms of Coulomb's law:

\[
\frac{d~2 r}{dt"~2} = \pm \frac{k e q~2}{m r"~2}
\]

Dynamic Analysis of the System
Conservation of Energy

The total mechanical energy of the system combines kinetic and potential components:

\[

E {total} = KE + PE

\]

\[

E {total} =\frac{1}{2} mv 172 + \frac{1}{2} mv 272 + U(r)
\]

Since the spheres are identical and initially at rest, the initial potential energy is:

\[
U(r 0) = k e \frac{q™2}{r 0}
\]

The potential energy for two point charges is:

\[
U(r) = k e\frac{q"2}{r}
\]

As the spheres move, kinetic energy changes as a function of \( r\):

\[
KE =\frac{1}{2} mv_172 + \frac{1}{2} mv 272



\]

Given symmetry,\(v_1=v_2 =v)), so:
\[

KE=mv~"2

\]

Applying conservation of energy:

\[
k_e\frac{q~2}{r 0} = mv~2 + k_e \frac{q"~2}{r}
\]

This can be rearranged to find \( v(r) \):

\[

v(r) = \sqrt{\frac{k_e q~2}{m} \left( \frac{1}{r 0} - \frac{1}{r} \right)}

\]

which indicates how the velocity evolves as the spheres move apart or together.

Motion Scenarios

1. Repulsive case (like charges): The spheres start at \( r_0\) and repel each other, moving outward,
with their separation increasing over time. The velocity increases as they move apart due to the

conversion of potential energy into kinetic energy.

2. Attractive case (opposite charges): The spheres move toward each other, decreasing \( r\) until
they collide or reach a physical limit (e.g., contact or a minimal separation).

Stability and Equilibrium Considerations

Equilibrium Conditions

For two point charges, the only static equilibrium occurs if no net forces act, which is only true if
charges are infinitely separated or if external forces are applied. In the initial configuration with equal
charges, the system is inherently unstable: any slight displacement leads to acceleration away or
toward each other.

Stability Analysis

- Repulsive system: Stable equilibrium is impossible; any disturbance causes further separation.

- Attractive system: Equilibrium at \( r\to 0) is theoretically unstable; in practice, physical constraints
like finite sphere sizes prevent actual collapse.

Practical and Experimental Considerations



Finite Size and Charge Distribution

Real spheres have finite sizes, which modifies Coulomb's Law at very small distances due to charge
distribution and surface effects. The point charge approximation is valid only when \( r\gg\) sphere
radius.

Material Properties and External Factors

- Material conductivity affects charge retention.

- Environmental factors such as air humidity and temperature influence charge dissipation.

- External electric fields can alter the force balance and motion.

Measurement Techniques

- Use of torsion balances, electrometers, and high-voltage power supplies to measure and control

charges.
- High-speed cameras for tracking motion.

Applications and Broader Implications
Atomic and Molecular Physics

Coulomb's Law underpins the structure of atoms and molecules, where electrostatic forces govern
electron-proton interactions.

Electrical Engineering

Design of capacitors, insulators, and electrostatic precipitators relies on understanding charge
interactions.

Particle Physics and Plasma Studies

Understanding charged particle interactions in plasmas requires Coulomb's Law, especially at small
scales.

Limitations and Extensions

While Coulomb's Law provides a foundational understanding, it has limitations:
- Assumes point charges; finite size and shape matter at small scales.

- Does not account for relativistic effects at high velocities.

- Neglects electromagnetic radiation emitted by accelerating charges.

Extensions include Coulomb's Law in media with dielectric constants:

\[
F =\frac{1}{4 \pi \epsilon_0 \epsilon_r} \frac{|q_1 q_2|}{r"2}



\]

where \( \epsilon_r\) is the relative permittivity of the medium.

Conclusion

The analysis of two identical small charged spheres initially positioned a certain distance apart
exemplifies the core principles of electrostatics governed by Coulomb's Law. Through careful
application of force laws, conservation principles, and dynamic analysis, we gain insights into their
motion, stability, and energy exchanges.

Understanding these interactions is not only academically enriching but also practically vital across
various scientific and engineering disciplines. Recognizing the limitations and real-world complexities

ensures that Coulomb’s Law remains a vital, yet nuanced, tool in the ongoing exploration of electrical
phenomena.
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