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Are Located At The Opposite Corner Of A
Square Of Side D.

Two Particles, Each With A Charge +Q, That Are Located At The Opposite Corner Of A
Square Of Side D. This configuration presents a fascinating scenario in electrostatics, where the
interplay of electric forces and potential energies can be analyzed with relative simplicity owing to
symmetry. When two identical positive charges are placed at opposite corners of a square,
understanding the resulting electric field, potential energy, and forces provides valuable insights into
fundamental electrostatic principles. Such arrangements serve as foundational models to explore
more complex systems and are frequently discussed in physics education to illustrate Coulomb's law,
electric potential, and field concepts.

Introduction to the Configuration

The setup involves a square of side length D, with two point charges, each carrying a positive charge
+Q, positioned at opposite corners. For clarity, consider the square with vertices labeled as A, B, C,
and D, and suppose the charges are at corners A and C, which are diagonally opposite. This
symmetric placement simplifies analysis and helps highlight key electrostatic phenomena.

Understanding Coulomb's Law in the Context

Coulomb's law states that the 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:

\[
F =\frac{k\,|Q_1 Q 2|}{r"2}
\]

where \(k \approx 8.99 \times 1079\, \mathrm{Nm~2/C~2}\).

In this case, since both charges are +Q, the force between them is repulsive:

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

The distance between the charges at opposite corners (say, A and C) is the length of the diagonal of
the square:

\[
r=D\sqrt{2}
\]



Thus, the magnitude of the force is:

\[
F=\frac{k Q"2}{(D \sqrt{2})"2} = \frac{k Q"~2}{2 D"2}
\]

This force acts along the line connecting the two charges, pushing them away from each other.

Electric Potential and Potential Energy

The electric potential \(V\) at a point due to a point charge is given by:

\[
V =\frac{k Q}{r}
\]

For the two charges, the total potential at any point is the scalar sum of the potentials due to each
charge.

Potential at the Center of the Square

The center of the square, equidistant from all four corners, is a point of high symmetry. The distance
from the center to either corner is:

\[
r {center} = \frac{D}{\sqrt{2}}
\]

The potential at the center due to each charge is:

\[

V_{center, per\, charge} = \frac{k Q}{r {center}} = \frac{k Q}{D /\sqrt{2}} = \frac{k Q
\sqrt{2}}{D}

\]

Since both charges are at the corners, the total potential at the center is the sum:

\[
V_{total} = 2 \times \frac{k Q \sqrt{2}}{D} = \frac{2 k Q \sqrt{2}}{D}
\]

This positive potential indicates a repulsive environment, as expected for like charges.

Potential Energy of the System

The electrostatic potential energy \(U\) of two point charges is:

\[



U = \frac{k Q"2}{r}
\]

where \(r\) is the separation between the charges. For charges at opposite corners, \(r = D \sqrt{2}\),
so:

\[

U= \frac{k Q"2}{D \sqrt{2}} = \frac{k Q~2}{D} \times \frac{1}{\sqrt{2}} = \frac{k Q~2}{D
\sqrt{2}}

\]

This positive value indicates that work must be done to assemble this configuration, reflecting the
repulsive nature of the charges.

Force on Each Particle

The force each particle experiences is due to the other charge, which, as established, is:

\[
F =\frac{k Q"2}{2 D2}
\]

The direction is along the diagonal connecting the two charges, pushing them away from each other.

Component Analysis of the Force

If considering forces along the sides of the square, the force components along each axis can be
derived:

- The force acts along the diagonal, which makes a 45° angle with each side.
- The component of the force along any side is:

\[

F_{component} = F \times \frac{1}{\sqrt{2}} = \frac{k Q*2}{2 D" 2} \times \frac{1}{\sqrt{2}} =
\frac{k Q"2}{2 D"2 \sqrt{2}} = \frac{k Q"2}{2 D~2 \sqrt{2}}

\]

This component points away from the corner along the side, contributing to the net force on the
particles in the plane of the square.

Electric Field at Various Points

The electric field \(\vec{E}\) due to a point charge at a position is given by:

\[
\vec{E} = \frac{k Q}{r™2} \hat{r}
\]



where \(\hat{r}\) is the unit vector pointing from the charge to the point of interest.

Field at the Center of the Square

The electric field at the center due to each charge has magnitude:

\[

E {center} = \frac{k Q}{r_{center}~2} = \frac{k Q}{(D /\sqrt{2})"2} =\frac{k Q}{D"~2/2} =
\frac{2 k Q}{D"2}

\]

Since both charges produce fields pointing away from each charge, their vector sum at the center is
along the line connecting the two charges, but in opposite directions, resulting in a net field of zero
because the fields are equal in magnitude and opposite in direction.

Field at a Corner

At a corner where a charge is located, the electric field due to that charge is theoretically infinite (at
the point of the charge), but the field due to the other charge is finite and can be calculated.

The field at corner B (adjacent to both charges at A and C) due to each charge is:
- Due to charge at A (adjacent corner):

\[

r=>D

\]

\[

E A =\frac{k Q}{D"2}
\]

- Due to charge at C (diagonally opposite):

\[

r=D\sqrt{2}

\]

\[

E C=\frac{k Q}{2 D"2}
\]

The vector sum of these fields determines the net electric field at the corner, which influences forces
and potential for any test charge placed there.

Implications and Applications

Analyzing this configuration aids in understanding various concepts:



» Electrostatic Potential and Energy: Fundamental in calculating the work required to
assemble charge distributions.

e Force Interactions: Demonstrates how like charges repel, and how symmetry simplifies
calculations.

» Field Patterns: Visualizing the electric field lines helps in understanding force directions and
magnitudes.

* Modeling Larger Systems: Serves as a building block for understanding more complex
arrangements like charge distributions on conductors or in molecules.

Conclusion

The arrangement of two positive charges at opposite corners of a square provides a clear illustration
of core electrostatic principles. From Coulomb's law to potential energy calculations and electric field
analysis, this configuration encapsulates essential concepts in electrostatics. Its symmetry simplifies
many calculations and offers visual intuition about forces and potentials in charge systems. Such
models are invaluable in physics education and serve as foundational tools in both theoretical and
applied electromagnetism.

Understanding these principles not only deepens comprehension of electrostatic phenomena but also
lays the groundwork for exploring more complex electromagnetic systems, from molecular
interactions to electrical engineering applications.

Frequently Asked Questions

What is the electrostatic force between two particles, each
with charge +Q, located at opposite corners of a square of
side D?

The electrostatic force magnitude is given by Coulomb's law: F = k Q2 / D?, directed along the line
connecting the two charges.

In which direction does the electrostatic force act on each
particle in this configuration?

The force on each particle is directed along the diagonal of the square, attracting or repelling along
the line connecting the charges depending on the nature of the interaction (repulsive for like
charges).

How does the force between the two charges change if the



side length D of the square increases?

The force decreases proportionally to 1 / D?, so increasing D results in a weaker force between the
charges.

Are the forces on the two particles equal and opposite in this
setup?

Yes, according to Newton's third law, the forces are equal in magnitude and opposite in direction
along the line connecting the charges.

What is the potential energy of the system of two charges at
opposite corners of the square?

The electrostatic potential energy is U = k Q2 / Dv2, since the distance between the charges is the
length of the diagonal, Dv2.

If the charges are both +Q, what is the nature of the force
between them?

Since both charges are positive, the force is repulsive, pushing the charges away from each other
along the diagonal.

How would the electrostatic force change if one of the
charges is changed to -Q?

The force would become attractive, with each charge experiencing a force pulling it toward the other
along the diagonal, and its magnitude still given by Coulomb's law.

What role does the symmetry of the square play in analyzing
the electrostatic interactions?

The symmetry simplifies calculations because the charges are positioned at equal distances along the
diagonals, and the forces are symmetrical, allowing for straightforward vector analysis.

Can the electrostatic force between the charges cause any
rotational torque on the square?

No, since the forces act along the line connecting the charges and are equal and opposite, there is no
net torque on the entire system in this configuration.

How would placing additional charges at other corners of the
square affect the forces on the original particles?

Adding charges at other corners introduces additional electrostatic interactions, which can alter the
net force and potential energy experienced by the original particles, requiring vector summation of all



forces.

Additional Resources
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D

Introduction

The study of electrostatic interactions between point charges remains a cornerstone of classical
electromagnetism, offering insights that span from fundamental physics to applied engineering.
Among the myriad configurations studied, the arrangement of two like-charged particles positioned at
opposite corners of a square presents an intriguing scenario, blending geometric symmetry with
Coulombic forces. This configuration is not only pedagogically valuable but also instrumental in
understanding force distributions, potential energies, and stability criteria in multi-charge systems.

This article delves into the detailed analysis of two particles, each with charge +Q, placed at opposite
corners of a square with side length D. We explore the electrostatic forces, potential energies, and

field configurations associated with this system. Furthermore, we examine the implications of this
arrangement for stability, potential perturbations, and its relevance in broader physical contexts.

Geometric and Physical Setup
The Configuration

Consider a square of side length D. Label the vertices as A, B, C, and D in a clockwise manner.
Without loss of generality, assign the particles as follows:

- Particle 1 at corner A with charge +Q
- Particle 2 at corner C with charge +Q

This placement situates the charges at diagonally opposite corners of the square, specifically at
points A and C, which are separated by the length of the square’s diagonal, Dv2.

Coordinate System

To facilitate analysis, set the coordinate axes such that:
- Corner A is at the origin: (0, 0)

- Corner B at (D, 0)

- Corner C at (D, D)

- Corner D at (0, D)

Accordingly, the particles are at:

- Particle 1: (0, 0)



- Particle 2: (D, D)

The separation vector r between the two particles is then:
r=(D, D)

and the magnitude of their separation is:

[r| = DV2

Electrostatic Force Analysis
Coulomb’s Law and Force Magnitude

The electrostatic force F between two point charges +Q separated by a distance r is given by
Coulomb’s law:

F=(1/(4ned)) (Q*/r?)

where:

- €0 = 8.854 x 10712 F/m (permittivity of free space)
- Q is the magnitude of each charge

- r is the distance between charges

Applying this to our system:

F=(1/(4ngo)) (Q*/(Dv2)?) = (1/ (4neo)) (Q*/ (2 D?))

The force vector points along the line connecting the two charges, repulsive in nature, pushing each
charge away from the other.

Direction and Components of the Force
- The force on Particle 1 (at (0,0)) due to Particle 2 (at (D,D)) is:
Fi=F (f) = F(1/vV2, 1/V2)

- Similarly, the force on Particle 2 is equal in magnitude and opposite in direction, directed along the
line from (D,D) to (0,0).

This symmetric setup results in forces along the diagonal, pushing each charge outward along the line
connecting the corners.

Potential Energy Considerations

Electrostatic Potential Energy



The potential energy U of the two-charge system is:
U=(1/(4neo)) (QQ/r)=(1/(4neo)) (Q*/(DV2))
This positive value confirms the repulsive nature of the interaction. The system's energy increases as

the charges are brought closer, illustrating the inherent instability of such a configuration if free to
move.

Stability and Dynamics

Force-Induced Motion

Since the charges repel each other with a force proportional to 1/r?, the system is inherently unstable
if the charges are free to move. They tend to accelerate away from each other, increasing their
separation indefinitely in an idealized scenario. However, in practical systems, constraints or external
forces often prevent such unbounded motion.

Equilibrium Conditions

For equilibrium, the net force on each charge must be zero. In this configuration, with only two
charges, equilibrium is not achieved unless external constraints are imposed. For example:

- The charges are fixed at the vertices, held in place by external forces
- The charges are part of a larger system with balancing forces

Without such constraints, the configuration is dynamically unstable.

Influence of Surrounding Media

Effects of Dielectric Media

Introducing a medium with dielectric constant €_r modifies the interaction:
- Coulomb’s law becomes:

F=(1/(4neoe_r)) (Q*/r?)

- The potential energy similarly scales down by 1/¢_r.

This reduction affects the magnitude of forces and energies, which can impact the stability and
response of the system.

Presence of Conductors or Boundaries

Conducting surfaces or boundaries can induce charge distributions that modify the local electric field
and potentials. For example:



- Grounded conducting planes near the charges can induce image charges
- Such images can alter force directions and magnitudes, sometimes stabilizing the configuration

Extending the Model: Multiple Charges and Geometries

While the focus here is on two charges at opposite corners, the principles extend naturally to more
complex arrangements:

- Four charges at each corner of the square with similar magnitudes can generate a symmetric
electrostatic field, leading to interesting force distributions and potential wells.

- Charges placed at non-opposite corners introduce asymmetries, complicating force calculations but
revealing richer stability criteria.

- Charged squares embedded in external fields—such as uniform electric fields—exhibit modified force
dynamics, relevant in trapping and manipulation techniques.

Practical Implications and Applications
Electrostatic Traps and Particle Manipulation

Understanding the interactions of like charges arranged in geometric patterns informs the design of
electrostatic traps for charged particles, such as ions or dust particles. The repulsive forces can be
harnessed to confine particles within specific regions, provided external fields or constraints are
employed.

Material Science and Nanotechnology

In nanoscale systems, charges localized at corners or edges influence electronic properties. For
instance, in quantum dots or nanopatterned surfaces, the arrangement of charges impacts electronic
states and stability.

Educational and Pedagogical Utility

This configuration serves as an illustrative example in electromagnetism courses, demonstrating
principles of force, potential energy, symmetry, and stability.

Conclusion

The configuration of two particles, each with charge +Q, situated at opposite corners of a square of
side D, encapsulates core principles of electrostatics. The forces are purely repulsive, directed along
the diagonal, with magnitudes scaling with 1/D2. The potential energy is positive, indicating a system
inherently inclined toward increasing separation unless external constraints are applied. The
symmetry and simplicity of this arrangement make it a valuable model for exploring fundamental
electrostatic phenomena, stability considerations, and the effects of environmental modifications.

Understanding such systems deepens our grasp of charge interactions in both theoretical and



practical contexts, from fundamental physics to advanced technological applications. As with many
idealized models, real-world complexities—such as media effects, external fields, and
constraints—must be considered to fully harness or mitigate the forces at play. Nonetheless, the two-
charge square corner configuration remains a quintessential example illustrating the elegance and
utility of Coulomb’s law in analyzing electrostatic systems.
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