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Understanding electrostatics and the behavior of point charges is fundamental in physics, especially
when analyzing systems involving multiple charged particles. In this article, we will explore a specific
scenario involving two identical positive point charges, each with a magnitude of +6.0 nanocoulombs
(NC). One charge is positioned at \( (3.0\, \text{cm}, 0, 0) \), while the position of the other is to be
determined or analyzed in relation to the first. Through this exploration, you will learn about electric
forces, electric potential, and how to calculate the interactions between point charges.

---

Introduction to Point Charges and Coulomb’s Law

What Are Point Charges?
A point charge is an idealized model in physics where the entire electric charge is considered to be
concentrated at a single point in space. This simplification allows for easier calculation of electric
fields and forces, especially when the distance between charges is large compared to their size.

Coulomb’s Law: The Foundation of Electrostatics
Coulomb's Law describes the force between two point charges:
\[
F = k_e \frac{|q_1 q_2|}{r^2}
\]
where:
- \( F \) is the magnitude of the electrostatic force between the charges.
- \( k_e \) is Coulomb's constant, approximately \( 8.988 \times 10^9\, \text{Nm}^2/\text{C}^2 \).
- \( q_1 \) and \( q_2 \) are the magnitudes of the charges.
- \( r \) is the distance between the charges.

This law indicates that like charges repel and unlike charges attract, with the force inversely
proportional to the square of the distance between them.

---



Scenario Setup: Two Identical Charges

Position of the First Charge
The first charge, \( q_1 \), has a value of +6.0 NC and is located at:
\[
(3.0\, \text{cm}, 0, 0)
\]
Converting centimeters to meters:
\[
3.0\, \text{cm} = 0.03\, \text{m}
\]

Position of the Second Charge
The second charge, \( q_2 \), is identical (+6.0 NC). Its position can vary depending on the problem
context, but for the purpose of this article, we'll analyze various positions relative to the first charge,
such as along the axes or at specific points in space.

---

Calculating Electric Forces Between the Charges

Determining the Distance \( r \)
The key to calculating the force is knowing the distance between the charges:
\[
r = \sqrt{(x_2 - x_1)^2 + (y_2 - y_1)^2 + (z_2 - z_1)^2}
\]
where \( (x_1, y_1, z_1) \) and \( (x_2, y_2, z_2) \) are the positions of the two charges.

Example: Second Charge at \( (0\, \text{cm}, 4\, \text{cm}, 0)
\)
Suppose the second charge is at:
\[
(0\, \text{cm}, 4\, \text{cm}, 0) = (0, 0.04\, \text{m}, 0)
\]
Then, the distance \( r \) is:
\[
r = \sqrt{(0.03 - 0)^2 + (0 - 0.04)^2 + (0 - 0)^2} = \sqrt{(0.03)^2 + (0.04)^2} = \sqrt{0.0009 +
0.0016} = \sqrt{0.0025} = 0.05\, \text{m}
\]



Calculating the Force
Applying Coulomb's Law:
\[
F = 8.988 \times 10^9\, \frac{(6.0 \times 10^{-9})(6.0 \times 10^{-9})}{(0.05)^2}
\]
\[
F = 8.988 \times 10^9\, \frac{36 \times 10^{-18}}{0.0025} = 8.988 \times 10^9\, \times 14.4
\times 10^{-15}
\]
\[
F \approx 8.988 \times 14.4 \times 10^{-6} \approx 129.3 \times 10^{-6} = 1.293 \times 10^{-4}\,
\text{N}
\]
This force is repulsive because both charges are positive.

---

Electric Field Created by a Point Charge

Electric Field Definition
The electric field \( \mathbf{E} \) at a point in space due to a point charge \( q \) is:
\[
\mathbf{E} = k_e \frac{q}{r^2} \hat{\mathbf{r}}
\]
where \( \hat{\mathbf{r}} \) is a unit vector pointing from the charge to the point of interest.

Calculating Electric Field at a Point
To find the electric field at a specific point caused by the first charge:
1. Calculate the vector \( \mathbf{r} \) from the charge to that point.
2. Determine the magnitude \( r \).
3. Use the formula for electric field magnitude.
4. Find the direction using the unit vector \( \hat{\mathbf{r}} \).

---

Electric Potential and Potential Energy

Electric Potential Due to a Point Charge
The electric potential \( V \) at a point due to a charge \( q \) is:
\[



V = k_e \frac{q}{r}
\]
This potential adds algebraically when multiple charges are involved.

Potential Energy of Two Charges
The electrostatic potential energy \( U \) of two point charges is:
\[
U = k_e \frac{q_1 q_2}{r}
\]
This quantity indicates the work needed to assemble the charges from infinity to their positions.

---

Applications and Real-World Examples

Electrostatic Shielding
Understanding how charges interact helps in designing shielding for sensitive electronic components,
preventing unwanted electrostatic interference.

Designing Particle Accelerators
Precise calculations of forces and potentials are vital in controlling particle trajectories in accelerators.

Electric Field Mapping in Microelectronics
Accurate modeling of charge distributions aids in designing microchips and understanding device
behavior.

---

Advanced Topics for Further Study

Superposition Principle in Electrostatics
The net electric field or potential at a point due to multiple charges is the vector or algebraic sum of
individual contributions.



Electric Dipoles and Multipole Expansions
For systems with separated charges, analyzing dipoles and higher-order multipoles provides insight
into complex charge distributions.

Quantum Effects and Charge Quantization
At microscopic scales, quantum mechanics introduces phenomena that modify classical electrostatics
predictions.

---

Conclusion
Analyzing systems with point charges, such as the scenario involving two +6.0 NC charges at specific
positions, is fundamental in understanding electrostatics. By applying Coulomb’s Law, calculating
electric fields, potentials, and energies, physicists and engineers can predict and manipulate electric
interactions in various applications—from microelectronics to large-scale electrical systems. Mastery
of these concepts enables a deeper grasp of the forces shaping our electrically driven world.

---

Remember: Always convert units to SI (meters, coulombs) before calculations, and consider the
vector nature of electric fields and forces to ensure accurate results.

Frequently Asked Questions

What is the electric potential at a point due to a point charge
of +6.0 nC located at (3.0 cm, 0, 0)?
The electric potential V at a point due to a point charge q is given by V = k q / r, where r is the
distance from the charge. Using k = 8.99 × 10^9 N·m²/C², q = 6.0 × 10^(-9) C, and r in meters, you
can calculate the potential at any point based on its distance from the charge.

How do you determine the electric field at a point caused by
two identical point charges?
The total electric field at that point is the vector sum of the individual fields from each charge. Each
field is calculated using E = k |q| / r² in the direction away from the positive charges, and then these
vectors are added accordingly.

What is the significance of the positions of the two charges in
calculating the electric field at a given point?
Their positions determine the distances and directions from each charge to the point of interest,



which are essential for computing the individual electric fields and then summing them vectorially to
find the net field.

If both charges are positive and identical, what is the nature
of the electric field at a point equidistant from both charges?
At an equidistant point, the electric fields due to each charge have the same magnitude but point
away from the charges. Their vector sum depends on the position; along the line joining the charges,
the fields reinforce or cancel depending on the location.

How does the superposition principle apply to calculating the
electric field from two point charges?
The superposition principle states that the total electric field at a point is the vector sum of the fields
produced by each charge independently. This allows us to calculate each field separately and then
add them vectorially.

What are the units of the electric charge given as +6.0 NC,
and how does it relate to Coulombs?
The charge is given in nanocoulombs (NC), where 1 NC = 10^(-9) Coulombs. Therefore, +6.0 NC is
equal to +6.0 × 10^(-9) Coulombs.

How would the electric field change if the second charge is
moved farther away from the point of interest?
The electric field contribution from the second charge decreases with the square of the distance (E ∝
1/r²). Moving it farther away reduces its influence on the total electric field at that point.

Additional Resources
You Have Two Identical Point Charges Of +6.0 NC Each, One At The Position X=3.0cm, Y=0, Z=0 And
The Other — this scenario is a classic problem in electrostatics that offers a rich opportunity to
explore the principles of electric fields, Coulomb's law, and potential energy. Understanding how point
charges interact and influence their surroundings is fundamental in physics, and this specific setup
provides a clear, tangible example to analyze these concepts in detail. Whether you're a student
studying for an exam or a professional brushing up on electrostatics, this guide aims to walk you
through the problem step-by-step, explaining the physics involved, the calculations needed, and the
insights you can glean from such an arrangement.

---

Understanding the Scenario

Imagine two point charges, each with a magnitude of +6.0 nanocoulombs (nC). They are positioned in
three-dimensional space, with one located at (x=3.0 cm, y=0, z=0) and the other placed somewhere
else (assuming the second charge's position is given or to be deduced). The task is to analyze the



electric field, potential, and interactions resulting from these charges.

Key Parameters:
- Charge magnitude (q): +6.0 nC
- Position of Charge 1: (3.0 cm, 0, 0)
- Position of Charge 2: (unknown or specified)

---

Step 1: Clarifying the Positions of the Charges

The problem statement indicates the position for one charge but leaves the other incomplete. For a
comprehensive analysis, let's consider a common scenario:

- Charge 1 (q₁): at (3.0 cm, 0, 0)
- Charge 2 (q₂): at the origin (0, 0, 0)

This setup is typical in electrostatics problems and allows us to explore interactions between two
identical positive charges separated by a known distance.

---

Step 2: Calculating the Distance Between Charges

The first step in electrostatics is to determine the separation vector and distance between the
charges, as Coulomb's law depends critically on this.

Coordinates:
- q₁ at (3.0 cm, 0, 0)
- q₂ at (0, 0, 0)

Separation vector (r):
- r = r₁ - r₂ = (3.0 cm - 0, 0 - 0, 0 - 0) = (3.0 cm, 0, 0)

Distance (r):
\[
r = |\mathbf{r}| = \sqrt{(3.0\, \text{cm})^2 + 0 + 0} = 3.0\, \text{cm}
\]
which converts to meters:
\[
r = 3.0\, \text{cm} = 0.03\, \text{m}
\]

---

Step 3: Coulomb's Law and Force Between the Charges

The force between two point charges is given by Coulomb's law:

\[
F = \frac{k_e |q_1 q_2|}{r^2}



\]

where:
- \(k_e = 8.988 \times 10^9\, \text{Nm}^2/\text{C}^2\) (Coulomb's constant)
- \(q_1, q_2\) are the magnitudes of the charges
- \(r\) is the separation distance

Calculating the Force:

\[
F = \frac{8.988 \times 10^9 \times (6.0 \times 10^{-9}) \times (6.0 \times 10^{-9})}{(0.03)^2}
\]

Simplify numerator:
\[
8.988 \times 10^9 \times 36 \times 10^{-18} = 8.988 \times 36 \times 10^{-9} \approx 323.57
\times 10^{-9} = 3.2357 \times 10^{-7}
\]

Calculate denominator:
\[
(0.03)^2 = 0.0009
\]

Thus:

\[
F = \frac{3.2357 \times 10^{-7}}{9 \times 10^{-4}} = \frac{3.2357 \times 10^{-7}}{9 \times
10^{-4}}
\]

Since \(9 \times 10^{-4} = 0.0009\):

\[
F \approx \frac{3.2357 \times 10^{-7}}{9 \times 10^{-4}} \approx 3.595 \times 10^{-4}\, \text{N}
\]

Interpretation:
- The magnitude of the force is approximately 0.36 millinewtons.
- The force is repulsive because both charges are positive.

Direction:
- The force on each charge points along the line connecting the two charges, pushing them away from
each other.

---

Step 4: Electric Field at a Point in Space

The electric field (\( \mathbf{E} \)) due to a point charge at a position \( \mathbf{r} \) is expressed as:



\[
\mathbf{E} = \frac{k_e q}{r^2} \hat{\mathbf{r}}
\]

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

Example: Electric Field at a Point Along the X-Axis

Suppose you want to find the electric field at a point P located at (x=1.0 cm, y=0, z=0).

- For the electric field due to q₁ at P:

\[
\mathbf{E}_1 = \frac{k_e q_1}{r_1^2} \hat{\mathbf{r}}_1
\]
- For the electric field due to q₂ at P:

\[
\mathbf{E}_2 = \frac{k_e q_2}{r_2^2} \hat{\mathbf{r}}_2
\]

where:
- \( r_1 \) is the distance from q₁ to P
- \( r_2 \) is the distance from q₂ to P

Calculations involve:
- Determining the vector positions
- Finding the magnitude of the vectors
- Calculating the unit vectors
- Summing the contributions for the net field

---

Step 5: Electric Potential Energy of the System

The potential energy (\( U \)) stored in the configuration of two point charges is:

\[
U = \frac{k_e q_1 q_2}{r}
\]

Using the figures above:

\[
U = \frac{8.988 \times 10^9 \times (6.0 \times 10^{-9}) \times (6.0 \times 10^{-9})}{0.03}
\]

which simplifies to:

\[



U \approx \frac{3.2357 \times 10^{-7}}{0.03} \approx 1.078 \times 10^{-5}\, \text{J}
\]

This positive value indicates that the system's electrostatic potential energy is stored due to the
repulsive interaction of the two like charges.

---

Advanced Topics and Further Analysis

1. Superposition Principle:

Electric fields and potentials from multiple charges obey the superposition principle, meaning the
total field or potential at any point is the vector sum of the individual contributions.

2. Equipotential Surfaces:

By calculating the potential at various points, you can visualize the equipotential surfaces—surfaces
where the electric potential is constant. For two charges, these surfaces are complex and show
regions influenced predominantly by each charge.

3. Force and Energy Variations with Distance:

- As charges move farther apart, the force diminishes with \(1/r^2\), and the potential energy
approaches zero.
- When charges are very close, the force becomes very large, indicating the significant energy stored
in the system.

4. Effect of Changing Positions:

Exploring how the electric field and potential change as one or both charges are moved can deepen
understanding of electrostatics principles, including the influence of geometry on electric interactions.

---

Practical Applications and Real-World Analogies

Understanding point charge interactions forms the foundation for various technological and natural
phenomena:

- Capacitors: Devices that store electrical energy based on the interactions of charges.
- Electrostatic Shielding: Using conductors to block electric fields.
- Particle Physics: Coulombic interactions between charged particles.

---

Summary and Key Takeaways

- The electrostatic interaction between two identical positive charges at known positions can be
precisely calculated using Coulomb's law.
- The force between the charges is repulsive, with a magnitude inversely proportional to the square of



their separation.
- Electric fields and potentials can be computed at any point in space, enabling visualization of the
electrostatic landscape.
- The potential energy of the configuration quantifies the work required to assemble the charges from
infinity.

By methodically analyzing the problem—calculating distances, applying Coulomb's law, summing
fields, and understanding energy—you gain a comprehensive view of the fundamental forces shaping
electrostatics.

---

Final thoughts

This scenario underscores the importance of spatial configurations in electro
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