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Are Released. As They Move, Their Speeds Increase.
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Therefore, understanding the principles behind their motion provides valuable insights into fundamental
concepts in physics, especially electrostatics and energy conservation. When two particles possess electric
charges, they exert forces on each other described by Coulomb's Law. Once released, these particles
accelerate toward or away from each other depending on their charges, leading to an increase in their
velocities. This phenomenon illustrates core physical laws, such as the conservation of energy and the

nature of electric forces.
In this article, we explore the physics behind the motion of charged particles, discuss the forces involved,

analyze the energy transformations, and examine real-world applications. Whether you're a student,

educator, or enthusiast, understanding this process deepens your grasp of electromagnetic interactions.

Fundamental Concepts of Electric Charges and Coulomb’s Law

Electric Charges and Their Properties

Electric charges are intrinsic properties of particles that cause them to experience forces in electric fields.

The two types of charges are:
* Positive charges (like protons)

¢ Negative charges (like electrons)

Opposite charges attract each other, while like charges repel.

Coulomb’s Law

Coulomb's Law quantifies the force between two point charges:
\[ F = k \frac{|q_1 q_2[}{r"2} \]

where:



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

-\( 'k \) is Coulomb’s constant (\(8.988 \times 10"9\, \text{Nm}"2/\text{C}"2\)),
-\(g_1\)and \( g_2\) are the magnitudes of the charges,

-\(r

\) is the distance between the charges.

This force acts along the line connecting the two charges, either attracting or repelling depending on their

signs.

Motion of Charged Particles Released from Rest

Initial Conditions and Force Dynamics

When two charged particles are held close and then released simultaneously, the electrostatic force causes
them to accelerate toward each other if opposite charges or away from each other if like charges. Initially,
they are at some separation distance \( r_0 \), and their initial velocities are zero.

The force magnitude at the moment of release is:

\[ F_0 = k \frac{lq_1 q_2[}{r_0"2} \]

This force is responsible for the subsequent acceleration.

Acceleration and Kinetic Energy Increase

As the particles accelerate, their velocities increase due to the force acting upon them. According to

Newton's second law:
\F=ma\]

where:

- \('m \) is the mass of the particle,

-\('a) is its acceleration.

Since the force depends on separation and charges, the acceleration varies as the particles move closer or

farther apart.

Eventually, their kinetic energy increases, resulting in higher velocities, which can be expressed as:

\[ KE = \frac{1}{2} m v"2\]



where \( v \) is the velocity of the particle.

Key Point: The increase in kinetic energy is directly related to the decrease in electric potential energy

stored in the configuration of charges.

Energy Conservation in the System

Electric Potential Energy

The initial state of the system contains electric potential energy:
\[ U =k \frac{q_1 q_2}{r} \]

This energy is positive for like charges (repulsive) and negative for opposite charges (attractive). When the

particles are close, the potential energy is minimized or maximized depending on their charges.

Transformation to Kinetic Energy

As the particles move, the electric potential energy decreases (or increases) and is converted into kinetic

energy:
\[ \Delta KE = - \Delta U \]

This exchange continues until the particles are far apart or reach a point where forces balance or particles
collide.

Important: The total mechanical energy (kinetic + potential) remains constant if we neglect external forces

like friction or air resistance.

Mathematical Analysis of Particle Motion

Deriving Velocity as a Function of Separation

Using conservation of energy, we relate initial potential energy to the kinetic energy at a separation \( r \):

\[ k \frac{q_1 q_2}{r_0} = k \frac{q_1 q_2}{r} + \frac{1}{2} m v"2\]



Rearranged:
\[ v = \sqrt{\frac{2 k q_1 q_2}{m} \left( \frac{1}{r} - \frac{1}{r_0} \right)} \]

This formula shows that as \( r \) decreases, \( v \) increases, meaning particles speed up as they approach

each other.

Acceleration and Force at Different Distances

The force at a distance \( 1 \):

\[ F(r) = k \frac{|g_1 q_2[}{r"2} \]

The acceleration:

\[ a(r) = \frac{F(r)}{m} = \frac{k |q_1 q_2[}{m "2} \]

indicates that acceleration increases as particles get closer, owing to the \( 1/r"2 \) dependence.

Real-World Applications and Phenomena

Electrostatic Accelerators

Devices like Van de Graaff generators and particle accelerators exploit the principles of electrostatic forces to
accelerate charged particles to high speeds. Understanding how initial charge configuration affects particle

velocities is fundamental to their operation.

Electric Discharges and Sparks

When charge accumulates on surfaces and is suddenly released (like lightning), similar principles apply.

The rapid movement of charges results in high velocities and energetic phenomena.

Electromagnetic Propulsion

Some advanced propulsion systems use electric fields to propel charged particles, leveraging the

relationship between force and particle speed for efficient thrust.



Summary: Why Do Particles Speed Up as They Move Apart or
Closer?

- Conservation of Energy: The initial electric potential energy transforms into kinetic energy as particles
move.

- Inverse Square Law: The Coulomb force's dependence on \( 1/r"2 \) causes acceleration to increase as
particles get closer.

- Energy Transfer: The system's energy shifts from potential to kinetic, resulting in increasing speeds.

- Dynamic Behavior: The particles' acceleration is not constant; it varies with their separation distance.

Understanding these concepts provides a foundation for grasping more complex electromagnetic

interactions and their applications in technology and nature.

Conclusion

The motion of charged particles released from close proximity exemplifies fundamental physics principles,
including Coulomb's Law, energy conservation, and dynamic acceleration. As they move, their speeds
increase due to the conversion of electric potential energy into kinetic energy, with force magnitudes
governed by their charges and separation distance. This phenomena not only illustrates core scientific ideas
but also underpins many technological innovations, from particle accelerators to electric discharge systems.

Mastery of these concepts is essential for anyone interested in electromagnetism and applied physics.

Frequently Asked Questions

Why do two charged particles accelerate when released close to each
other?

They accelerate due to the electrostatic force of attraction or repulsion between the charges, which causes

them to increase in speed as they move closer or apart.

‘What happens to the potential energy of two charged particles when
they are released?

The potential energy decreases as the particles move, converting into kinetic energy, which causes their

speeds to increase.

Does the total energy of the system remain constant during the particles'



motion?

Yes, assuming no external forces, the total mechanical energy remains conserved, with potential energy

converting into kinetic energy.

How does the distance between two charged particles affect their

acceleration?

As the particles get closer, the electrostatic force increases, leading to greater acceleration and higher speeds.

What is the significance of Coulomb’s law in understanding this motion?

Coulomb’s law quantifies the electrostatic force between charges, helping to predict the magnitude of the

force and resulting acceleration during their motion.

Why do the particles’ speeds increase as they move apart or closer?

Their speeds increase because the electrostatic force does work on them, transforming potential energy into

kinetic energy during their motion.

Can the particles reach infinite speed as they move closer together?

In theory, if they could approach zero distance, their speed would increase indefinitely, but in practice,

physical limitations prevent reaching infinite speed.

Additional Resources

Two charged particles held close to each other and released form a fundamental illustration of electrostatic
interactions, revealing the core principles of Coulomb’s law, energy conservation, and the dynamics of
charged bodies. This scenario not only encapsulates essential concepts in physics but also serves as a
foundation for understanding more complex phenomena in electromagnetism, atomic physics, and electrical
engineering. When these particles are released, their subsequent acceleration and increasing speeds
exemplify the intricate interplay between electrostatic forces and motion, offering deep insights into how

forces translate into kinetic energy and how energy conservation governs their behavior.

Introduction to Coulomb’s Law and Electrostatic Forces



Fundamentals of Electrostatics

Electrostatics is the branch of physics that deals with stationary electric charges. The behavior of charges in
this domain is governed primarily by Coulomb’s law, which quantifies the force between two point
charges. When two particles are charged — whether positively or negatively — they exert forces on each
other that are directly proportional to the product of their magnitudes and inversely proportional to the

square of the distance separating them.

Mathematically, Coulomb’s law is expressed as:

\[ F = k_e \frac{|g_1 q_2[}{r"2} \]

where:

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

- \( k_e ) is Coulomb’s constant (\( 8.9875 \times 10"9\, \mathrm{Nm"2/C"2} \)),
-\(g_1\)and \( g_2\) are the magnitudes of the charges,
- \(

r \) is the distance between the charges.

This law reveals that like charges repel each other, while opposite charges attract. The force acts along the

line connecting the two charges, influencing their motion when free to move.

Electrostatic Potential Energy

The interaction between two charged particles also involves potential energy, which depends on their
configuration. When the charges are close, the potential energy is high if they are of opposite signs and
close together, reflecting a state of stored energy that can be converted into kinetic energy during their

motion.

The potential energy \( U \) of two point charges is given by:
\[ U =k_e \frac{q_1 q_2}{r} \]
A decrease in \( r \) (charges brought closer) results in an increase in potential energy magnitude if the

charges are opposite, setting the stage for dynamic changes upon release.

Releasing the Charges: Dynamics and Energy Conversion

Initial Conditions and Assumptions

Consider two point charges \( q_1\) and \( q_2 \), initially held at rest at a small separation \( r_0 \). The
charges are released simultaneously, and the system is isolated, meaning no external forces or energy
inputs. Their movement is solely influenced by electrostatic forces, leading to acceleration towards or away

from each other depending on their signs.



Key assumptions include:
- Charges are point particles (no size),
- No external electric or magnetic fields are present,

- No other forces (like friction or air resistance) act on the particles.

These simplifications allow clear analysis based on fundamental laws.

Acceleration and Increasing Speeds

Upon release, the electrostatic force acts as an internal force that accelerates the particles. Since the force
depends inversely on the square of the distance, as the particles move closer, the force increases, leading to

greater acceleration.
Why do their speeds increase?

- Force and Acceleration Relationship: According to Newton’s second law, \( F = m a \), where \( m \) is
the mass and \( a \) the acceleration. As \( F \) increases when \( r \) decreases, \( a \) also increases,
provided the masses remain constant.

- Work-Energy Principle: The electrostatic force does work on the particles, converting potential energy
into kinetic energy. As the particles move closer, their kinetic energies increase, corresponding to their

rising speeds.

Mathematically:

- The work done by the electrostatic force as the particles move from \( r_0\) to \( r \):
\[ W =\int_{r_0}r} F \, dr = k_e q_1 q_2 \left( \frac{1}{r} - \frac{1}{r_0} \right) \]

- This work equals the change in kinetic energy:

\[ \Delta KE = KE_{final} - KE_{initial} = W \]

Given the initial velocities are zero, the kinetic energy after moving closer is:
\[ KE = \frac{1}{2} m_1 v_1"2 + \frac{1}{2} m_2 v_2"2\]

Thus, as the particles approach each other, their speeds increase due to the conversion of electrostatic

potential energy into kinetic energy.

Behavior of the Particles During and After Release



Approach Phase: Acceleration and Speed Increase
Initially, the particles are at rest. When released:

- The attractive or repulsive force causes acceleration.

- The particles gain speed in the direction dictated by the nature of their charges.

- The force magnifies as \( r \) decreases, causing an exponential increase in acceleration and velocity,

especially when the particles are very close.

This phase demonstrates a classic physics principle: forces cause acceleration, which in turn increases

velocity until other effects (like collision or repulsion) dominate.

Collision or Reversal of Motion

Depending on the charges:

- Opposite Charges: The particles accelerate towards each other, potentially colliding or reaching very high
speeds if no other forces intervene.
- Like Charges: They repel each other, accelerating away from each other, increasing their speeds in

opposite directions.

In real systems, if the particles are charged but have finite sizes, they may collide or bounce off, converting

kinetic energy into other forms such as heat or deformation.

Energy Conservation and Kinetic Energy

The total energy of the system remains constant (assuming no external energy input):

\[ U_{initial} + K_{initial} = U_{final} + K_{final} \]

Initially, the particles hold potential energy due to their charge configuration. As they move:
- Potential energy decreases.

- Kinetic energy increases.

- The sum remains constant, illustrating the law of conservation of energy.

This energy exchange is fundamental to understanding phenomena in atomic physics, where electrons

move in potential fields, or in electrostatic devices like capacitors.



Implications and Broader Applications

From Atomic to Macroscopic Scale

The principles observed in this simple system extend across scales:

- Atomic Physics: Electrons orbiting nuclei are influenced by electrostatic forces, and their dynamic
behaviors involve similar energy conversions.

- Electrical Engineering: Capacitors, where charge separation and electrostatic potential energy are central,
rely on these principles.

- Electromechanical Devices: Electric motors and sensors exploit the forces between charges and currents.

Understanding Energy and Force Interplay

This scenario emphasizes a core concept: forces produce accelerations, which in turn convert potential
energy into kinetic energy. The increasing speeds as particles approach each other exemplify how energy

is redistributed dynamically, governed by fundamental physical laws.

Limitations and Real-World Considerations

While the idealized case provides clarity, real-world systems involve additional complexities:

- Finite sizes of particles prevent point-like interactions.
- External electromagnetic fields may influence motion.
- Radiation of energy (e.g., electromagnetic waves) can occur during acceleration, especially at high speeds.

- Quantum effects dominate at atomic scales, where classical physics is insufficient.

Understanding these limitations is vital for applying classical models accurately in practical scenarios.

Conclusion: The Significance of the Motion of Charged Particles

The behavior of two charged particles released from close proximity underscores the fundamental
principles of electromagnetism and mechanics. Their increasing speeds reflect the transformation of
electrostatic potential energy into kinetic energy, demonstrating energy conservation and the role of forces
in shaping motion. This fundamental experiment offers profound insights that resonate through multiple
fields, from fundamental physics to technological applications, highlighting the elegant interconnectedness

of forces, energy, and motion in the universe.
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