Calculate The Potential At The Centre
Of A Square Of Side 4.5 M Which
Carries At Itsfour Corners And

Calculate The Potential At The Centre Of A Square Of Side 4.5 M Which Carries
At Its four Corners And is a classic problem in electrostatics that involves
understanding how electric potential behaves due to point charges arranged at
the corners of a square. This scenario is often used to illustrate principles
of superposition and the spatial dependence of electrostatic potential. In
this article, we will explore the detailed process of calculating the
electric potential at the center of such a square, considering various
configurations of charges, and discuss the underlying physics principles
involved.

Understanding the Problem Setup

Before diving into calculations, it is essential to clearly understand the
problem's parameters and what is being asked.

Square Geometry and Dimensions

- The square has a side length of 4.5 meters.
- The coordinates of the corners can be chosen conveniently for calculation.

Charges at the Corners

- The problem states that charges are placed at all four corners of the
square.

- The nature of these charges (positive, negative, equal, or unequal)
significantly affects the potential at the center.

Objective

- To calculate the electric potential at the center point of the square due
to the corner charges.

Fundamentals of Electric Potential

Understanding the concept of electric potential is crucial for solving this
problem.



Electric Potential Due to a Point Charge

- The potential \( V \) at a point \( P \) due to a point charge \( q \)
located at a distance \( r \) is given by:

\ [
V = \frac{k q}{r}
\1

where:

- \( k \) is Coulomb's constant (\( 8.99 \times 1079 \, \mathrm{Nm~2/C"2} \))
- \( g \) is the magnitude of the charge

- \( r \) is the distance from the charge to the point \( P \)

- The potential is a scalar quantity, so potentials from multiple charges can
be summed algebraically.

Superposition Principle

- The total potential at any point is the algebraic sum of the potentials due
to individual charges.

Calculating the Distance from Corners to the
Center

Since the charges are located at the corners of the square, and the point of
interest is at the center, calculating the distance from each corner to the
center is a key step.

Coordinates of the Square Corners and Center

- Assume the square is positioned on the coordinate axes for simplicity:
- Bottom-left corner: \( (0, 0) \)

- Bottom-right corner: \( (4.5, 0) \)

- Top-right corner: \( (4.5, 4.5) \)

- Top-left corner: \( (0, 4.5) \)

- The center of the square \( (x c, y c) \) is at:

\ [
x ¢ = \frac{0 + 4.5}{2} = 2.25 \, \text{m}
\1]
\ [
y ¢ = \frac{0 + 4.5}{2} = 2.25 \, \text{m}

\1



Distance from a Corner to the Center

- For any corner at \( (x_i, y 1) \), the distance to the center is:

\ [

r=\sqrt{(x i - x ¢c)®2 + (y i -y c)™2}

\1]

- For all corners, this distance is the same due to symmetry:
\

r=\sqrt{(x i - 2.25)"2 + (y_i - 2.25)"2}

\1]

- Taking, for example, the bottom-left corner at \( (0,0) \):
\ [

r=\sqrt{(0 - 2.25)72 + (0 - 2.25)72} = \sqrt{(2.25)"2 + (2.25)72} = \sqrt{2
\times (2.25)72} = 2.25 \sqrt{2}
\1

- Numerical value:

\ [
r \approx 2.25 \times 1.4142 \approx 3.182 \text{ meters}
\1]

- This distance applies to all four corners due to symmetry.

Calculating the Potential at the Center

Now, with the distances known, the next step is to compute the potential at
the center.

Assuming Equal Charges at Corners

- Let's assume each corner has an charge \( g \).
- The potential at the center contributed by each charge:

\ [
V_{\text{corner}} = \frac{k q}{r}

\1

- Since all four charges are identical and equidistant:

\ [
V_ {\text{total}} = 4 \times \frac{k q}{r}



\]

- Substitute known values:

\ [
V {\text{total}} = 4 \times \frac{8.99 \times 1079 \times q}{3.182}

\1]
- This simplifies to:

\ [
V_ {\text{total}} \approx \frac{4 \times 8.99 \times 1079 \times q}{3.182}

\1]

Note: The actual numerical value depends on the magnitude and sign of \( g
\).

Considering Different Charge Configurations

- The calculation varies based on the nature of charges:

e Al1 charges positive and equal: The potential adds constructively,
resulting in a maximum positive potential.

e Charges alternate signs: The potentials may partially cancel out,
leading to a lower net potential or even zero if charges are arranged
symmetrically with opposite signs.

e Unequal charges: The potential is the sum of each individual
contribution, requiring specific values for each charge.

Example Calculation: Equal Positive Charges of
1 uC

Let's consider a specific example where each corner has a charge of \( +1\,
\mu C \) (\( 1 \times 10°{-6} \, C \)):

\ [

V {\text{total}} = 4 \times \frac{8.99 \times 1079 \times 1 \times
10~{-6}}{3.182}

\1

Calculating numerator:

\ [



8.99 \times 1079 \times 1 \times 10"{-6} = 8.99 \times 1073
\1

Now:

\ [

V_{\text{total}} \approx \frac{4 \times 8.99 \times 1073}{3.182} \approx
\frac{35,960}{3.182} \approx 11,300 \, \text{volts}

\1

Thus, the potential at the center is approximately 11.3 kV due to four
positive 1 uC charges at the corners.

Implications and Applications

Understanding how to calculate the potential at a point within a charged
structure has numerous practical applications:

Electrostatic Shielding

- Designing shields that manipulate potential distributions.

Capacitor Design

- Calculating potential differences in capacitor configurations.

Electrostatics in Engineering

- Ensuring safety in high-voltage equipment.
- Designing sensors and measurement devices.

Key Takeaways and Summary

- The potential at the center of a square due to corner charges can be
calculated using the principle of superposition.

- The distance from each corner to the center depends on the square's side
length and can be derived geometrically.

- The total potential is the algebraic sum of potentials due to individual
corner charges.

- Symmetry simplifies calculations, especially when charges are identical and
arranged uniformly.

- The magnitude of charges significantly influences the potential, and the
sign determines whether potentials reinforce or partially cancel.



Conclusion

Calculating the electric potential at the center of a square with charges at
its corners is a fundamental problem that highlights the principles of
electrostatics. By understanding the geometric relationships, the properties
of point charges, and the superposition principle, one can accurately
determine the potential for various configurations. This knowledge not only
enhances comprehension of electrostatic phenomena but also underpins
practical applications in electrical engineering and physics research.

Remember: Always consider the sign and magnitude of charges, and ensure
geometric calculations are precise for accurate results. Whether working with
theoretical problems or real-world applications, mastery of these concepts
forms a foundation for advanced study in electromagnetism.

Frequently Asked Questions

How do you calculate the electric potential at the
center of a square with charges at its corners?

To calculate the electric potential at the center, sum the potentials
contributed by each charge at the corners, using V = kQ/r, where r is the
distance from each charge to the center.

What is the distance from each corner to the center
of a square with side length 4.5 m?

The distance is the diagonal divided by 2, calculated as (side x v2) / 2,
which equals (4.5 x v2) / 2 = 3.18 meters.

If charges of equal magnitude are placed at the
corners of a square, how does symmetry affect the
potential at the center?

Symmetry causes the contributions from charges to add up uniformly,
simplifying the calculation as the potential from each charge is equal at the
center.

What is the formula for the potential at the center
due to four identical charges at the corners?

V=4x (kQ / r), where Q is the charge at each corner and r is the distance
from the corner to the center.



How does the size of the square (side length)
influence the potential at the center?

The potential is inversely proportional to the distance r; as the side length
increases, r increases, decreasing the potential at the center.

What is the value of Coulomb's constant k used in
electrostatic calculations?

Coulomb's constant k is approximately 8.99 x 1079 N:-m2/C2.

Can the potential at the center be zero if charges
are arranged at the corners?

Yes, if the charges are arranged with equal magnitude but opposite signs in a
way that their potentials cancel out at the center, the net potential can be
zero.

What assumptions are made when calculating the
potential at the center of a square with charges at
its corners?

Assumptions include point charges at the corners, no other forces or charges
present, and the system being electrostatic with a vacuum medium.

Additional Resources

Calculate The Potential At The Centre 0f A Square Of Side 4.5 M Which Carries
At Its Four Corners

Understanding the electrostatic potential at various points in a charge
distribution is fundamental in electromagnetism. In this comprehensive
review, we focus on calculating the electric potential at the center of a
square of side length 4.5 meters, which carries equal point charges at each
of its four corners. This scenario is a classic problem in electrostatics,
combining principles of Coulomb's law, superposition, and symmetry. We will
explore the problem systematically, covering the setup, assumptions,
calculations, and implications.

Problem Overview and Physical Setup

The problem involves a square with side length \( a = 4.5\, \text{m} \). It



has point charges placed at each of its four vertices, each carrying an
identical charge \( q \). The goal is to determine the electric potential at
the center of the square due to these four charges.

Key aspects:

- Square side length: \( a = 4.5\, \text{m} \)

- Charges: \( g \) at each corner

- Observation point: center of the square

- Assumption: Charges are stationary, point-like, and the medium is vacuum
(or air, with permittivity \( \varepsilon 0 \))

- Coulomb's law applies: potential due to a point charge \( g \) at a
distance \( r \) is \( V = \frac{1}{4\pi \varepsilon 0} \frac{q}{r} \)

Understanding the Geometric Configuration

Before diving into calculations, it is crucial to understand the geometry:

Coordinates and Placement

- Assign a coordinate system with the origin at the center of the square.
- Corners are located at:

- \((+a/2, +a/2)\)

- \((-a/2, +a/2)\)
- \((-a/2, -a/2)\)
- \((+a/2, -a/2)\)

Center of the Square
- Located at the origin \((0,0)\).
- Distance from each corner to the center:

\ [

r = \sqrt{\left(\frac{a}{2}\right)"2 + \left(\frac{a}{2}\right)"2} = \sqrt{2}
\times \frac{a}{2}

\1]

Thus,

\ [

r = \frac{a}{2} \sqrt{2} = \frac{4.5}{2} \times \sqrt{2} = 2.25 \times 1.4142
\approx 3.182\, \text{m}

\1



Calculating the Electric Potential at the
Center

Principle of Superposition

The total potential at the center is the algebraic sum of potentials due to
each individual charge:

\ [
V {\text{total}} =V 1+V2+V3+V4

\]

Since all charges are identical and symmetrically placed:

\ [
V {\text{total}} = 4 \times V {\text{single}}

\]

Where \( V_{\text{single}} \) is the potential at the center due to one
charge.

Potential Due to a Single Charge
Using Coulomb's law:

\[
V = \frac{1}{4 \pi \varepsilon_0} \times \frac{q}{r}

\]

Where:
- \( \varepsilon 0 \approx 8.854 \times 107{-12}\, \text{F/m} \)
- \( r \approx 3.182\, \text{m} \)

Final Expression

\ [

V_{\text{center}} = 4 \times \left( \frac{1l}{4 \pi \varepsilon 0} \times
\frac{q}{r} \right) = \frac{q}{\pi \varepsilon 0 r}

\1

Numerical Calculation of the Potential

To proceed, we need a specific value for \( q \). For illustration, assume
each corner charge is \( g = +1\, \mu C = 1 \times 10°{-6}\, \text{C} \).



Step-by-step Calculation:
1. Constants:

\ [

\frac{1}{4 \pi \varepsilon 0} \approx 8.9875 \times 1079\,
\text{Nm}~2/\text{C}"2

\1

2. Potential from one charge:

\ [

V_{\text{single}} = (8.9875 \times 1079) \times \frac{l \times
10~{-6}}{3.182} \approx 8.9875 \times 1079 \times 3.14 \times 10°{-7} \approx
2.82 \times 107{3}\, \text{V}

\1]

3. Total potential:

\ [

V {\text{total}} = 4 \times V {\text{single}} \approx 4 \times 2.82 \times
10~{3} = 11,280\, \text{V}

\1]

Thus, if each corner carries a \( +1\, \mu C \) charge, the potential at the
center is approximately 11.28 kV.

Effects of Charge Magnitude and Sign

Significance of Charge Sign

- Positive charges: result in a positive potential at the center.

- Negative charges: produce a negative potential.

- Mixed charges: potential depends on the algebraic sum, possibly resulting
in partial cancellation.

Varying the Charge
If the charges differ in magnitude or sign, the total potential becomes:

\ [
V_{\text{total}} = \sum {i=1}"4 \frac{1}{4 \pi \varepsilon 0} \frac{q i}{r i}
\1

where \( g i1 \) are the individual charges, and \( r_i \) are distances
(equal in this symmetric case).



Implications:

- Symmetry simplifies calculations.
- Asymmetrical charge distributions require individual distance calculations.

Limitations and Assumptions in the Model

Point Charges

- Charges are idealized as point particles.

- Real charges are distributed over some volume; effects of finite size are
neglected.

Medium

- Assumed vacuum or air, with permittivity \( \varepsilon 0 \).

- Different mediums with permittivity \( \varepsilon \) would alter potential
values.

Electrostatic Conditions

- Static charges, no currents or changing fields.
- No influence from external fields or charges.

Geometric Constraints and Edge Effects
- The calculation assumes an ideal square with charges exactly at the
corners.

- In practical scenarios, charges might be slightly displaced, affecting the
potential.

Extensions and Related Topics

Potential Due to Continuous Charge Distributions

- Instead of point charges, consider continuous charge densities over the
square.

- Use integration to compute potential, often more complex but realistic.

Electric Field vs. Electric Potential

- The electric field vector \( \vec{E} \) provides directional information.



- Potential \( V \) is scalar, easier to compute at points of interest.
Influence of Other Geometries

- Similar calculations apply to rectangular, circular, or irregular charge
distributions.
- Symmetry simplifies calculations significantly.

Capacitance and Energy Storage

- The arrangement influences the capacitance of the system.
- Estimating stored electrostatic energy involves integrating potential and
charge.

Practical Applications and Real-World Relevance

- Electrostatic shielding: understanding potential fields aids in designing
shields.

- Sensor design: potential calculations inform sensitivity and placement.

- Electronics and circuitry: potential distributions impact component
behavior.

Educational Value

- Demonstrates superposition principle.
- Reinforces understanding of Coulomb's law and symmetry.
- Provides a basis for more advanced electrostatics studies.

Summary and Conclusions

Calculating the potential at the center of a square with corner charges
involves understanding the geometric configuration, applying Coulomb's law,
and leveraging symmetry. The key steps include:

- Recognizing that the potential is a scalar sum.

- Computing the distance from each charge to the center.

- Using the formula \( V = \frac{1}{4 \pi \varepsilon 0} \times \frac{q}{r}
\) for each charge.

- Multiplying by four for the total potential in symmetric arrangements.

In the specific case with each corner carrying a \( +1\, \mu C \) charge, the
potential at the center is approximately 11.28 kV. Variations in charge



magnitude, sign, or placement can significantly influence the potential,
highlighting the importance of symmetry and precise calculations in
electrostatics.

This analysis underscores the fundamental principles governing electrostatic
potentials and provides a foundation for tackling more complex charge
configurations and their applications in physics and engineering.

Note: Always verify assumptions and consider practical constraints when
applying theoretical calculations to real-world scenarios.
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