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A Metal Sphere Of Radius R Carries A Total Charge Q. What Is The Force Of
Repulsion Between The Northern hemisphere and the Southern hemisphere? This
question pertains to fundamental concepts in electrostatics, specifically the behavior of
charged conductive spheres. Understanding the forces involved requires exploring the
distribution of charge on conductors, the principles of electric fields, and Coulomb's law.
In this comprehensive article, we will delve into the physics governing charged metal
spheres, analyze how charge distribution affects the forces between different regions, and
provide detailed calculations to determine the force of repulsion between the
hemispheres. Whether you're a student, educator, or enthusiast, this guide aims to clarify
the intricacies of electrostatics related to charged conductors.

---

Understanding the Basics of Conductive Spheres
and Charge Distribution

Charge Distribution on a Conductive Sphere
When a metal sphere is given a total charge \(Q\), it is a conductor, meaning free electrons
can move throughout its surface. Due to electrostatic repulsion, these charges distribute
themselves uniformly over the sphere's surface to minimize potential energy. The key
points include:
- Uniform Surface Charge Density: The charge density \(\sigma\) is uniform across the
sphere's surface.
- Symmetry: The spherical symmetry ensures that each point on the surface experiences
the same potential.

Electric Potential and Field of a Conductive Sphere
The potential \(V\) at the surface of a charged sphere of radius \(R\) is given by:
\[
V = \frac{1}{4\pi \varepsilon_0} \frac{Q}{R}
\]
where \(\varepsilon_0\) is the vacuum permittivity.

The electric field \(E\) outside the sphere (for \(r \ge R\)) resembles that of a point charge:
\[
E(r) = \frac{1}{4\pi \varepsilon_0} \frac{Q}{r^2}
\]



---

Electrostatic Force Between Hemispheres of a
Charged Sphere

What is the Physical Meaning of Hemispherical
Interaction?
When we consider the force of repulsion between the northern and southern hemispheres
of a charged sphere, we're essentially analyzing how the distributed charge on the surface
influences the internal forces within the conductor. Since the charges are free to move,
they arrange themselves to balance these forces, but the internal electrostatic repulsion
can be conceptualized as the force tending to push the hemispheres apart.

Key Questions Addressed:
- Does the sphere experience a net force between hemispheres?
- How can we compute the force of repulsion between the hemispheres?
- What role does the distribution of charge play?

---

Analyzing the Force of Repulsion Between
Hemispheres

Conceptual Approach
Given that the entire charge \(Q\) resides on the surface, the force between hemispheres
can be thought of as the electrostatic repulsion between charges distributed over the
hemispherical surfaces. The problem reduces to calculating the force that tends to pull the
two hemispherical halves apart along the dividing plane.

Methodologies for Calculation
1. Electrostatic Pressure Method:
- Use the surface charge density to compute the electrostatic pressure.
- Integrate over the hemispherical surface to find the net force.

2. Energy Method:
- Calculate the potential energy stored in the electric field.
- Derive force as the gradient of energy with respect to the separation or division plane.



3. Approximate Analytical Model:
- Consider the sphere as two charged hemispheres with charge \(Q/2\) each.
- Use Coulomb's law to estimate the repulsive force between these hemispherical charges.

---

Calculating the Force of Repulsion Using
Electrostatic Pressure

Surface Charge Density on a Sphere
Since the charge distributes uniformly, the surface charge density \(\sigma\) is:
\[
\sigma = \frac{Q}{4\pi R^2}
\]

Electrostatic Pressure on the Surface
The electrostatic pressure \(P\) at the surface is given by:
\[
P = \frac{\sigma^2}{2 \varepsilon_0}
\]
This pressure acts radially outward and can be interpreted as the force per unit area
tending to push the surface outward.

Force Between Hemispheres
To find the force of repulsion between the hemispheres, consider the hemisphere as a
charged surface with total charge \(Q/2\). The force resisting the separation of the two
hemispheres can be approximated by integrating the electrostatic pressure over the
dividing plane area:
\[
\text{Area of dividing plane} = \pi R^2
\]

The total force \(F\) is approximately:
\[
F \approx P \times \pi R^2
\]
Substituting \(P\):
\[
F \approx \frac{\sigma^2}{2 \varepsilon_0} \times \pi R^2
\]
Using \(\sigma = \frac{Q}{4 \pi R^2}\):
\[



F \approx \frac{1}{2 \varepsilon_0} \times \left(\frac{Q}{4 \pi R^2}\right)^2 \times \pi
R^2
\]
Simplify:
\[
F \approx \frac{1}{2 \varepsilon_0} \times \frac{Q^2}{16 \pi^2 R^4} \times \pi R^2
\]
\[
F \approx \frac{Q^2}{32 \pi \varepsilon_0 R^2}
\]

Final expression for the force of repulsion between hemispheres:
\[
\boxed{
F = \frac{Q^2}{32 \pi \varepsilon_0 R^2}
}
\]

This formula indicates that the force increases with the square of the charge and
decreases with the square of the radius.

---

Implications and Physical Significance

Understanding the Result
- The derived force quantifies the tendency of the two hemispheres to repel each other due
to the electrostatic forces acting on the surface charges.
- The force acts along the dividing plane, pushing the hemispheres apart.

Real-World Applications
- Designing charged spherical conductors in electrostatic experiments.
- Understanding forces in electrostatic shielding and Faraday cages.
- Applications in particle accelerators where charged spheres are used.

Limitations and Assumptions
- Assumes a perfect conductor with uniform charge distribution.
- Neglects external influences like nearby objects or external fields.
- Valid for static charges in electrostatic equilibrium.

---



Additional Considerations and Related Factors

Effect of Sphere Radius and Charge
- Larger spheres (\(R\) increases) experience lower force for a fixed charge \(Q\).
- Increasing the total charge \(Q\) significantly raises the force of repulsion, potentially
leading to material breakdown or charge leakage.

Potential for Charge Redistribution
- External influences or imperfections can cause non-uniform charge distribution.
- Charge tends to migrate to regions of lower curvature or less shielding, affecting force
calculations.

Impact of Dielectric Environment
- The presence of a dielectric medium around the sphere modifies the electric field and
force.
- Dielectric constants influence the magnitude of electrostatic forces.

---

Summary and Key Takeaways

- A metal sphere with radius \(R\) carrying a total charge \(Q\) exhibits electrostatic
behavior that can be analyzed using surface charge density, electric potential, and
Coulomb's law.
- The force of repulsion between the northern and southern hemispheres of the charged
sphere can be approximated by:
\[
F = \frac{Q^2}{32 \pi \varepsilon_0 R^2}
\]
- This force results from the electrostatic pressure exerted by the surface charges and acts
to push the hemispheres apart.
- Understanding these forces is crucial in applications involving charged conductors,
electrostatic shielding, and designing electrostatic devices.

---

Conclusion
The electrostatic force between the hemispheres of a charged metal sphere is a
fundamental concept in physics, illustrating how charge distribution influences internal
and external forces. Through the use of surface charge density, electrostatic pressure, and



Coulomb's law, we can quantitatively determine this force and appreciate its significance
in both theoretical and practical contexts. Whether in laboratory experiments or industrial
applications, grasping the nature of these forces helps in designing safer, more efficient
electrostatic systems.

---
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Frequently Asked Questions

What is the electrostatic force of repulsion between two
points on a charged metal sphere?
For a uniformly charged metal sphere, the electrostatic force of repulsion between two
points on its surface is given by Coulomb's law: F = (1 / (4πε₀)) (Q₁ Q₂) / r², where Q₁ and
Q₂ are the charges and r is the distance between the points. For points on the surface, r is
approximately the diameter of the sphere.

Does the charge distribute uniformly over the surface of
a conducting sphere?
Yes, in electrostatic equilibrium, the charge on a conducting sphere distributes uniformly
over its surface due to repulsive forces among charges seeking to minimize potential
energy.

What is the magnitude of the force of repulsion between
two opposite points on the sphere's surface?
The force of repulsion between two points on the sphere's surface, directly opposite each
other, is given by Coulomb's law: F = (1 / (4πε₀)) (Q²) / (2R)², since the distance between
these points is approximately 2R.

How does the total charge Q affect the repulsive force



between two points on the sphere?
The repulsive force is directly proportional to the product of the charges involved. For a
sphere with total charge Q, the force between any two points on its surface scales with Q²,
assuming the charges are considered at those points.

What is the significance of the radius R in calculating
the repulsive force between points on the sphere?
The radius R determines the distance between points on the sphere's surface. For opposite
points, the separation is approximately 2R, which is used in Coulomb's law to compute the
repulsive force.

If the sphere is isolated and carries charge Q, what is
the nature of the electric field outside the sphere?
Outside a charged conducting sphere, the electric field behaves as if all the charge Q is
concentrated at the center, following Coulomb's law, with the field strength decreasing
with the square of the distance from the center.

Can the force of repulsion between two points on the
sphere be considered as acting directly through the
sphere's interior?
No, the force of repulsion between points on the surface is due to the electric field in the
space surrounding the sphere. Inside a conductor, electrostatic forces act on the charges
on the surface, and the interior of a perfect conductor is field-free.

Additional Resources
A Metal Sphere Of Radius R Carries A Total Charge Q. What Is The Force Of Repulsion
Between The Northern

In the realm of electrostatics, understanding the forces between charged objects is
fundamental. Imagine a solid metal sphere with radius R, uniformly charged with a total
charge Q. Such a configuration is a classic problem in physics, touching upon concepts of
electric fields, charge distribution, and Coulombic forces. One intriguing question that
arises is: what is the force of repulsion experienced by the northern hemisphere of this
charged sphere relative to the southern hemisphere? This question not only probes the
fundamentals of electrostatics but also enhances our comprehension of charge distribution
and field interactions in conductors. In this article, we will explore this problem
thoroughly, breaking down the physics involved, employing mathematical reasoning, and
discussing the implications.

---



Understanding the Setup: The Charged Metal
Sphere

Before delving into the specifics of the force, it's essential to grasp the properties of the
charged metal sphere:

- Shape and Material: The sphere is perfectly spherical and made of a conductor—most
likely a metal—allowing free movement of electrons.
- Charge Distribution: When a conductor is charged, the excess charge resides on its
surface, distributing uniformly if the sphere is perfect and isolated.
- Total Charge (Q): The entire sphere carries a net charge Q, which is spread evenly over
its surface due to electrostatic repulsion.

This uniform charge distribution simplifies many calculations, as the electric field outside
the sphere behaves as if all the charge were concentrated at the center (by the shell
theorem).

---

The Concept of Force Between Hemispheres

The question about the force of repulsion between the northern and southern hemispheres
is nuanced. At first glance, one might think of the interaction as a pairwise force between
charges on opposite hemispheres. However, given the continuous distribution, the
problem involves understanding how the charge distribution's mutual repulsion manifests
as forces that might, for instance, tend to "push" the hemispheres apart or "pull" them
together.

Key considerations include:

- Surface charge distribution: The charge is uniformly distributed on the surface, which
implies symmetry.
- Electrostatic pressure: The electric field exerts a pressure on the surface, which can be
related to the force between different parts of the conductor.
- Partitioned forces: Since the sphere is a conductor, the net force can be viewed as the
sum of infinitesimal forces between charge elements.

---

Applying Electrostatics Principles to the Problem

To analyze the force of repulsion between the hemispheres, physicists often resort to the
principles of electrostatics:

Coulomb’s Law



Coulomb’s law states that the force between two point charges \( q_1 \) and \( q_2 \)
separated by a distance \( r \) is:

\[
F = \frac{1}{4\pi \varepsilon_0} \frac{q_1 q_2}{r^2}
\]

where \( \varepsilon_0 \) is the permittivity of free space.

Superposition and Charge Distribution

In a continuous charge distribution, calculating the force involves integrating Coulomb’s
law over all infinitesimal charge elements. For a uniformly charged sphere, the symmetry
simplifies these calculations, especially when considering the entire hemispheres.

Conceptual Approach

Instead of summing individual pairwise interactions, physicists often use energy
considerations or surface tension analogies—such as electric pressure—to determine the
net force.

---

Deriving the Force of Repulsion: A Step-by-Step
Approach

The goal is to find the force that acts to "pull" or "push" the northern hemisphere away
from the southern hemisphere. To do this, consider the following methods:

1. Electric Pressure Method

The surface of a conductor experiences an electric field due to the charge distribution,
leading to an electrostatic pressure. This pressure \( p \) at the surface of a conductor with
surface charge density \( \sigma \) is:

\[
p = \frac{\sigma^2}{2 \varepsilon_0}
\]

where \( \sigma = \frac{Q}{4 \pi R^2} \).

This pressure acts outward, and integrating it over the hemisphere's surface area gives
the net force.

2. Surface Charge Density Calculation

Given the total charge \( Q \), the surface charge density \( \sigma \):



\[
\sigma = \frac{Q}{4 \pi R^2}
\]

This uniform distribution is a key assumption for an ideal sphere.

3. Calculating the Force Between Hemispheres

The force of repulsion between the hemispheres can be viewed as the force required to
hold them together against the electrostatic pressure. Conversely, if the sphere were to be
split into two hemispheres, the energy associated with the charge distribution and the
resulting force can be calculated.

Key step: Use the concept of electrostatic energy stored in the sphere:

\[
U = \frac{1}{2} \frac{Q^2}{4 \pi \varepsilon_0 R}
\]

which is the self-energy of the charged sphere.

---

Estimating the Force Using Energy
Considerations

The electrostatic energy \( U \) can be thought of as the work required to assemble the
charge \( Q \) on the sphere. If we imagine separating the sphere into two hemispheres,
the work done is related to the force of repulsion between these two parts.

Approach:

- Step 1: Calculate the energy \( U \) of the entire sphere.
- Step 2: Recognize that the force between the hemispheres is related to the derivative of
the energy with respect to the separation.

Since the energy is stored in the entire charge distribution, the force resisting separation
is proportional to the energy density at the interface.

---

Explicit Calculation of the Force of Repulsion

By employing classical electrostatics, it is established that:

\[



\boxed{
F = \frac{Q^2}{16 \pi \varepsilon_0 R^2}
}
\]

This expression represents the magnitude of the force of repulsion between the northern
and southern hemispheres of a uniformly charged metallic sphere.

How do we arrive at this?

- The derivation involves advanced electrostatics techniques, including solving boundary
value problems for the potential or employing energy methods.
- The key insight is that the force acts along the line dividing the sphere into hemispheres,
tending to push them apart.

---

Physical Interpretation and Implications

The derived force has several noteworthy implications:

- Dependence on charge: The force scales with \( Q^2 \), indicating that increasing the
total charge significantly amplifies the repulsive force.
- Dependence on size: The inverse square relation with radius \( R^2 \) suggests that
larger spheres experience smaller repulsive forces between hemispheres for the same
total charge.
- Stability considerations: This repulsive force explains why charged conductors tend to
repel each other and why spheres tend to distribute charge evenly to minimize potential
energy.

---

Real-World Applications and Relevance

Understanding the force of repulsion in such configurations is essential in various fields:

- Electrostatics in nanotechnology: Manipulating charged nanoparticles relies on similar
principles.
- Design of charged spherical conductors: Ensuring structural integrity against
electrostatic forces.
- Understanding natural phenomena: Lightning and other natural discharges involve
similar charge distributions and forces.

---



Conclusion: Summing Up the Key Points

The question of the force of repulsion between the northern and southern hemispheres of
a charged metal sphere embodies a core principle of electrostatics: how charges distribute
and interact on conductors. The force between these hemispheres can be succinctly
expressed as:

\[
\boxed{
F = \frac{Q^2}{16 \pi \varepsilon_0 R^2}
}
\]

This formula underscores the fundamental relationship between charge, size, and
electrostatic forces, providing insight into the stability and behavior of charged
conductors. Such understanding not only deepens our grasp of electrostatics but also
informs practical applications across physics, engineering, and technology sectors.

---
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