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Understanding the behavior of electric charges in geometric arrangements is fundamental
to grasping core concepts in electrostatics. When four objects, each carrying a positive
charge of +1.0 x 10™-5 C, are positioned at the vertices of a rhombus with specific
dimensions, the resulting electric field and force interactions become a fascinating study.
This article explores the physics behind such a setup, analyzing the forces, potential
energy, and the implications of the rhombus's geometry on the electrostatic interactions.

Introduction to Electrostatic Forces in Geometric
Arrangements

Electrostatics deals with the forces exerted between stationary charges. Coulomb's law
quantifies the magnitude of these forces, stating that the 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. The formula is expressed as:

\[ F=k e\frac{|q 1 g 2|}{r"2}\]

where:

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

-\( k e ) is Coulomb's constant (\( 8.99 \times 1079\, N \cdot m™~2/C"2)),
-\(q 1\)and \( g 2\) are the magnitudes of the charges,

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

In the case of four positive charges placed at the vertices of a rhombus, the interactions
become complex due to the multiple force vectors acting simultaneously.

Geometry of the Rhombus and Its Significance

Understanding the Rhombus Structure

A rhombus is a quadrilateral with all sides of equal length and opposite angles equal. The
key features include:

- Four sides of equal length, say \( s ),

- Two diagonals, which are perpendicular and bisect each other,



- Angles that are not necessarily right angles but are supplementary.

In our scenario, the rhombus has specific dimensions, notably the side length and the
measures of its diagonals, which influence the magnitude and direction of electrostatic
forces.

Effect of Rhombus Dimensions on Electrical
Interactions

The distances between charges determine the strength of the Coulombic forces:
- Adjacent vertices are separated by the side length \( s ),
- Opposite vertices are separated by the diagonals \(d 1\) and \(d _2\).

Larger distances reduce the magnitude of electrostatic forces, whereas shorter distances
increase it. The geometry thus directly impacts the net forces on each charge and the
system's stability.

Calculating the Forces Between Charges

Forces Along the Edges

Each pair of adjacent charges experiences a repulsive force \( F_{adj} \):
\[ F {adj} = k e \frac{(1.0 \times 10" {-5})"2}{s"2} \]

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

Forces Along the Diagonals

Charges positioned diagonally across the rhombus also repel each other:
\[ F {diag} = k e \frac{(1.0 \times 10" {-5})"2}{d"2} \]
where \( d ) is either \(d _1\)or\(d 2\).

Because the diagonals intersect at the center and bisect each other at right angles, the
forces along these lines have components that influence the net force on each charge.

Vector Components and Resultant Forces

To determine the net force on any single charge:

- Resolve the forces along the sides and diagonals into components,
- Sum the vectors considering their directions,

- Calculate the resultant force magnitude and direction.

This involves applying vector addition principles, often utilizing law of cosines or sines
based on the angles within the rhombus.



Potential Energy of the System

Calculating Total Electric Potential Energy

The electric potential energy \( U \) stored in the system of charges is the sum of the
potential energies of all unique pairs:
\[ U = \sum_{i



