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Understanding the behavior of point charges and their interactions is fundamental in
electrostatics. When two point charges, Q1 and Q2, are held in place 4.50 centimeters
apart, and a third point charge with a charge of -2.30 C and mass of 5.00 kg is introduced
into the system, it creates a fascinating scenario that involves Coulomb's law, electrostatic
forces, and Newtonian mechanics. This article explores the principles governing such a
system, including calculating the forces involved, analyzing the motion of the third charge,
and understanding the energy transformations at play.

Introduction to Electrostatic Forces and
Coulomb’s Law

Electrostatics is the branch of physics that deals with the forces between stationary
electric charges. The fundamental law that describes the force between two point charges
is Coulomb’s Law.

What is Coulomb’s Law?

Coulomb’s Law states that the magnitude of the electrostatic force \( F \) between two
point charges \( Q 1\) and \( Q 2) is directly proportional to the product of their
magnitudes and inversely proportional to the square of the distance \( r \) between them:

\[

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 \( 8.988 \times 1079,
\text{Nm}"~2/\text{C}"~2)),

-\(Q 1\)and \( Q 2\) are the magnitudes of the charges,

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

Signs of charges determine the nature of the force:
- Like charges repel.



- Opposite charges attract.

Scenario Description and Given Data

In this scenario:

- Two point charges, Q1 and Q2, are fixed in space 4.50 cm apart.
- A third point charge, \( g = -2.30\, \text{C} \), with a mass of \( 5.00\, \text{kg} \), is
placed somewhere near the fixed charges.

To analyze this system comprehensively, we need to understand:

- The magnitudes and signs of Q1 and Q2.
- Exact positions of the charges.
- The initial position of the third charge.

Since the problem statement provides the distance between Q1 and Q2 (4.50 cm), but not
their individual charges, an assumption or additional data is necessary for precise
calculations. However, for the purpose of this tutorial, we will consider Q1 and Q2 to have
specific values and analyze the implications.

Calculating Electrostatic Forces Between Q1 and

Q2

Suppose:

-\(Q_1 = +3.00\, \text{C}\)
-\(Q_2 =-4.00\, \text{C} )

and they are separated by \(r {12} = 4.50\, \text{cm} = 0.045)\, \text{m} \).

Force Between Q1 and Q2

Applying Coulomb’s Law:

\[

F {12} =k e\frac{|Q_ 1 Q 2|}{r {12}72} = (8.988 \times 1079) \times \frac{|3.00 \times
(-4.00)|}{(0.045)~2}

\]



Calculations:

\[
|Q 1 Q 2| = 3.00 \times 4.00 = 12.00\, \text{C} "2
\]

\[
F {12} = 8.988 \times 1079 \times \frac{12.00} {0.002025} \approx 8.988 \times 10™9

\times 5925.925 \approx 5.33 \times 10" {13}, \text{N}
\]

This enormous force illustrates the intense electrostatic interactions at such small
distances with large charges.

Direction of Force:

- Since \( Q_1) is positive and \( Q 2 ) is negative, the force is attractive, pulling the
charges toward each other.

Interaction of the Third Charge with Fixed
Charges

The third charge \( g = -2.30\, \text{C} \), with mass \( m = 5.00\, \text{kg} \), placed
somewhere relative to Q1 and Q2, experiences forces due to both fixed charges. Its motion
depends on the net electrostatic force acting on it.

Calculating Forces on the Third Charge

Suppose the third charge is positioned at a distance \(r 1) from Q1 and \(r 2\) from Q2.
The forces exerted by Q1 and Q2 on \( g \):

\[
F {ql} =k e\frac{|Q_1 q|}{r_172}
\]

\[
F {q2} = k e \frac{|Q 2 q|}{r_ 272}
\]

The directions are along the lines connecting the charges:

-If\( Q_1)) is positive, it repels \( q \) (which is negative), causing an attractive force
toward Q1.



-If\( Q_2)) is negative, it repels \( q \) (negative charge), pushing it away from Q2.

The net force on \( g \) is vector sum of these forces, which can be decomposed into
components if the positions are known.

Analyzing the Motion of the Third Charge

Since the third charge has mass, Newton’s second law applies:

\[
\vec{F} {net} = m \vec{a}
\]

where:

-\(\vec{F} {net} ) is the resultant electrostatic force,
-\( m) is the mass of the charge,
-\(\vec{a} \) is the acceleration.

Possible scenarios:
- If\( q ) is initially at rest, it will accelerate toward or away from the fixed charges
depending on force directions.

- The movement can be determined by integrating the acceleration over time, considering
initial conditions.

Potential Energy and Energy Conservation

Electrostatic potential energy in the system:

\[
U =k e\left(\frac{Q 1 Q 2}{r {12}} + \frac{Q 1 q}{r 1} + \frac{Q 2 q}{r 2} \right)
\]

The energy considerations involve:

- Initial potential energy stored in the positions of the charges.
- The kinetic energy acquired by the moving charge as it accelerates.

Energy conservation principle:

\[



\text{Initial potential energy} = \text{Final kinetic energy} + \text{Potential energy at
final positions}
\]

This principle helps in analyzing the motion without detailed force calculations at every
instant.

Practical Applications and Examples

Understanding such systems is essential in various fields:

- Electrostatics in Particle Physics: Studying interactions between charged particles.

- Capacitor Design: Managing charge distributions and energies.

- Electrostatic Precipitators: Using electrostatic forces to remove particles from gases.
- Design of Sensors and Instruments: Precise control of charge interactions.

Example problem:

Calculate the acceleration of the third charge if it is initially placed 5 cm from Q1 and 10
cm from Q2.

Conclusion and Summary

The interaction between point charges involves a blend of Coulomb’s law and Newtonian
mechanics, especially when analyzing the motion of a charged particle in an electrostatic
field. The specific scenario of two fixed charges held 4.50 cm apart, with a third charge of
-2.30 C and 5.00 kg mass, highlights key principles:

- The magnitude and sign of charges determine the force's strength and direction.

- Electrostatic forces can reach enormous magnitudes at small distances.

- The motion of the third charge is governed by the net electrostatic force, which can be
calculated through vector addition.

- Conservation of energy provides insights into the dynamics without solving differential
equations explicitly.

Understanding these concepts is fundamental for students and professionals working with
electrostatics, electronics, and related physics fields.



Further Reading and Resources

- Coulomb’s Law and Electrostatics: Textbooks on physics fundamentals.

- Electrostatics Simulations: Interactive tools for visualizing charge interactions.
- Physics Forums and Communities: For problem-solving assistance.

- Laboratory Experiments: Demonstrations involving charged particles.
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Frequently Asked Questions

What is the electrostatic force between two point
charges Q1 and Q2 separated by 4.50 cm?

The electrostatic force can be calculated using Coulomb's law: F = k |Q1 Q2| / r?, where k
= 9.0 x 1079 N-m?/C?, Q1 and Q2 are the charges, and r is the separation distance in
meters.

If a third charge of -2.30 C is placed near Q1 and Q2,
how does it affect the electrostatic forces between the
original charges?

The third charge will exert additional forces, potentially altering the net forces
experienced by Q1 and Q2. The overall effect depends on the position and magnitude of
the third charge, which can be analyzed using superposition of Coulomb forces.

What is the significance of the masses in the given
problem, particularly the 5.00 g mass of the -2.30 C
charge?

The mass indicates that the charge is attached to a mass, enabling the calculation of the
resulting acceleration or force if it is free to move, using Newton's second law (F = m a).

How would the force between Q1 and Q2 change if the
separation distance is increased to 10 cm?

Since Coulomb's law force varies inversely with the square of the distance, increasing the
separation from 4.50 cm to 10 cm decreases the force by a factor of (10/4.5)"2 = 4.94,
significantly reducing the electrostatic attraction or repulsion.



What are the potential equilibrium conditions for the
two charges held in place 4.50 cm apart?

Equilibrium occurs when the net electrostatic forces on each charge are zero or balanced
by other forces (e.g., tension in a string). For fixed point charges, stable equilibrium is
generally not possible unless additional forces are present; otherwise, they tend to repel
or attract each other without settling into equilibrium.

Additional Resources

Electrostatics and Force Dynamics of Point Charges: An Expert Analysis

Introduction

In the realm of physics, understanding the interactions between point charges is
fundamental to grasping the principles that govern electric forces and fields. Today, we
delve into a specific scenario involving two point charges, Q1 and Q2, held in fixed
positions 4.50 centimeters apart, along with an additional point charge of -2.30 Coulombs,
possessing a mass of 5.00 grams. This configuration offers a rich landscape for exploring
Coulomb's law, force interactions, potential energy, and the dynamics of charged
particles.

This article aims to dissect each component with precision, providing an in-depth

understanding suitable for students, educators, and enthusiasts eager to deepen their
grasp of electrostatics.

Setting the Scene: The System Under Study

Imagine three particles in a laboratory setup:

- Q1 and Q2: Two point charges fixed in position, separated by 4.50 cm.

- Q3: A third point charge with a charge magnitude of -2.30 C and a mass of 5.00 g,
initially placed somewhere in the vicinity of the fixed charges.

While the original problem does not specify the exact initial placement of Q3 relative to Q1

and Q2, the typical approach involves analyzing the forces acting on Q3 due to Q1 and Q2,
as well as understanding the mutual interactions between all charges.

The Building Blocks: Coulomb's Law and Electric Forces
Coulomb's Law: The Foundation of Electrostatics

At the heart of the analysis lies Coulomb's law, which quantifies the electrostatic 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, approximately \( 8.988 \times 1079\, \mathrm{N\,
m~2/C"2%} ),

-\(Q_1, Q 2\) are the magnitudes of the charges,

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

This law states that the force is directly proportional to the product of the charges and
inversely proportional to the square of their separation. The force is attractive if the
charges are of opposite signs and repulsive if they are of the same sign.

Application to the Fixed Charges

Given:

- Distance between Q1 and Q2: \(r {12} = 4.50\, \text{cm} = 0.045\, \mathrm{m} \),
- Charges: \( Q 1\) and \( Q 2 ) (values not specified but can be assigned for analysis).

Suppose, for example:

-\(Q_1 = +5.00\, \mathrm{C} ),
-\(Q 2 = -3.00\, \mathrm{C}\).

These are hypothetical for illustration; actual calculations depend on specific values.

Force Calculations: Quantifying Interactions
Force Between Q1 and Q2
Using Coulomb's law:

\[
F {12} = k\frac{|Q 1 Q 2|}{r {12}"2}
\]

Plugging in the numbers:

\[

F {12} = (8.988 \times 1079) \times \frac{|5.00 \times (-3.00)|}{(0.045)~2}
\]

\[



F {12} = 8.988 \times 1079 \times \frac{15.00}{0.002025}
\]

\[

F {12} \approx 8.988 \times 1079 \times 7407.41 \approx 66.5 \times 10" {12}\,
\mathrm{N}

\]

This enormous force indicates the significance of charge magnitudes in electrostatics,
though in practical scenarios, charges of such magnitude are rare due to dielectric
breakdown and other effects. Nonetheless, this calculation illustrates the principles.

The Influence of the Third Charge (Q3)
Forces Acting on Q3

Suppose Q3 is placed at some position between or near Q1 and Q2. The forces on Q3 due
to each fixed charge are:

\[
F_{Q3,Q1} = k\frac{|Q_3 Q_1|}{r_{Q3,Q1}"2}
\]
\[
F {Q3,Q2} = k\frac{|Q_3 Q_2|}{r_{Q3,Q2}"2}
\]

where \(r {Q3,Q1}\) and \(r {Q3,Q2} ) are the distances from Q3 to Q1 and Q2
respectively.

The direction of these forces depends on the signs of the charges:

- If Q3 has a negative charge (say, -2.30 C), it will be attracted to positive charges and
repelled by negative charges.
- The net force on Q3 is the vector sum of these individual forces.

Energy Perspectives: Potential and Kinetic Considerations
Electric Potential Energy

The total electric potential energy \( U \) in the system involves contributions from each
pair:

\[

U=\rac{kQ 1 Q 2}{r {12}} + \frac{k Q 1 Q 3}{r {Q3,Q1}} + \frac{k Q 2
Q_3}{r {Q3,Q2}}

\]



This energy determines the stability and possible motion of the charges if they are free to
move.

Dynamics and Motion

Considering the mass of Q3 (5.00 g or 0.005 kg), one can analyze whether the charge will
accelerate toward a fixed charge or repel away, depending on the initial conditions and
force magnitudes.

Practical Implications and Real-World Analogies
This configuration mirrors systems encountered in electrostatic experiments, such as:

- Charged Particle Traps: Devices that use electric fields to manipulate charged particles.
- Electrostatic Shielding: Understanding force interactions helps design shields and
insulators.

- Particle Physics Models: Simulating interactions at the small scale where electrostatic
forces dominate.

In applied settings, ensuring the stability of such charge arrangements often involves
balancing attractive and repulsive forces, considering induced charges, and managing
external influences like gravity and electromagnetic interference.

Advanced Topics: Beyond Basic Coulombic Interactions
While Coulomb's law provides the foundation, more complex analyses involve:

- Field Theory: Calculating electric fields \( \mathbf{E} \) at various points due to multiple
charges.

\[
\mathbf{E} = \sum_{i} \mathbf{E} i = \sum {i} k \frac{Q i}{r i~2} \hat{\mathbf{r}} i
\]

- Potential Energy Surfaces: Visualizing how potential energy varies with charge positions.
- Force Equilibrium: Determining stable or unstable configurations based on force
balance.

Concluding Remarks

The intricate dance of charges in this scenario underscores the elegance and complexity of
electrostatics. By meticulously applying Coulomb's law, considering energy interactions,
and analyzing vector forces, we gain profound insights into how charges behave in fixed
and dynamic systems.



Understanding such interactions not only illuminates fundamental physics but also informs
technological advances in fields like electronics, materials science, and nanotechnology.
Whether designing microelectronic components or studying cosmic plasma, the principles
exemplified in this charge configuration are universally applicable.

In summary, the detailed examination of two fixed point charges separated by 4.50 cm and
an additional charged particle of -2.30 C with 5.00 g mass reveals the critical importance
of electrostatic forces, energy considerations, and force balance in understanding charge
interactions. Mastery of these concepts paves the way for innovations across scientific
disciplines and practical applications.
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