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Figure Above. Charge

Introduction to Electric Charges and Coulomb’s Law

Understanding Point Charges
Two point charges, Q1 and Q2, are placed 0.30 meters apart on the x-axis, as depicted in the figure
above. These charges are considered point charges because they are assumed to be concentrated at
a single point in space, with no spatial extent. The behavior of such charges is governed by Coulomb’s
Law, which quantifies the electrostatic force between two point charges.

The Significance of Charge Magnitudes and Positions
The magnitude and sign of each charge determine the nature of the interaction:

Positive charges repel other positive charges and attract negative charges.

Negative charges repel other negative charges and attract positive charges.

Their positions along the x-axis define the distance between them, influencing the strength of the
electrostatic force according to Coulomb’s Law.

Fundamentals of Coulomb’s Law

Mathematical Expression
Coulomb’s Law states that the magnitude of the electrostatic force (F) between two point charges Q1
and Q2 separated by a distance r is given by:

F = k |Q1 Q2| / r²

where:
- k is Coulomb’s constant, approximately 8.9875 × 10⁹ N·m²/C².
- Q1 and Q2 are the magnitudes of the two charges.
- r is the separation distance between the charges.



Direction of the Force
The force is:

Repulsive if the charges have the same sign (both positive or both negative).

Attractive if the charges have opposite signs.

The force acts along the line connecting the two charges, directed accordingly.

Analyzing a System of Two Point Charges

Setup Description
Suppose:
- Q1 is located at position x = 0 on the x-axis.
- Q2 is located at position x = 0.30 m.
- The magnitudes of the charges are known or given (e.g., Q1 = +3 μC, Q2 = –2 μC).

Understanding their interaction involves calculating the force magnitude and direction, as well as
potential energy stored in the system.

Calculating the Force Between Q1 and Q2
Using Coulomb’s Law:

Convert charge values to Coulombs (1 μC = 10⁻⁶ C).

Insert the values into the formula:

F = (8.9875 × 10⁹ N·m²/C²) |Q1 Q2| / (0.30 m)²

Example Calculation
If Q1 = +3 μC and Q2 = –2 μC:

Convert charges:1.

Q1 = +3 × 10⁻⁶ C

Q2 = –2 × 10⁻⁶ C



Calculate the force:2.
F = (8.9875 × 10⁹) (3 × 10⁻⁶) (2 × 10⁻⁶) / (0.30)²

= (8.9875 × 10⁹) (6 × 10⁻¹²) / 0.09

= (8.9875 × 10⁹) (6 × 10⁻¹²) / 0.09

= (53.925 × 10⁻³) / 0.09 ≈ 0.599 N

Since the charges are opposite in sign, the force is attractive, pulling the charges towards each other.

Electric Field Concept and Its Calculation

Definition of Electric Field
The electric field (E) at a point in space is a vector quantity that represents the force experienced by a
positive test charge placed at that point divided by the magnitude of the test charge:

E = F / q₀

where:
- F is the force experienced,
- q₀ is the test charge, infinitesimally small.

Electric Field Due to a Point Charge
The electric field created by a point charge Q at a distance r is given by:

E = k |Q| / r²

The direction of the electric field is radially outward from positive charges and inward toward negative
charges.

Calculating the Electric Field at a Point
Suppose we want to find the electric field at a point P located between Q1 and Q2:

Calculate the electric field due to each charge at point P.

Determine the vector sum considering directionality.



This helps analyze the net influence on a test charge placed at that point.

Potential Energy and Work in the System

Electrostatic Potential Energy
The potential energy (U) stored in a system of two point charges is expressed as:

U = k Q1 Q2 / r

This energy is:

Positive if the charges are of the same sign (repulsive interaction).

Negative if the charges are of opposite signs (attractive interaction).

Work Done in Assembling the System
The work required to bring the two charges from infinitely apart to their positions involves overcoming
the electrostatic forces:

Work done is equal to the increase in potential energy.

Calculations involve integrating the force over the separation distance.

Factors Affecting the Electrostatic Interaction

Distance Between Charges
The force between charges varies inversely with the square of the distance:

Doubling the distance reduces the force by a factor of four.

Reducing the distance increases the force significantly.



Magnitude and Sign of Charges
Larger charges exert stronger forces:

Same sign: increased repulsion.

Opposite signs: increased attraction.

The sign determines the nature of the force, influencing the motion of the charges.

Environmental Factors
While Coulomb’s Law applies in a vacuum, real-world situations involve:

Dielectric materials that decrease the force due to polarization.

Conductive environments that can affect charge distribution.

Applications and Practical Considerations

Design of Electrostatic Devices
Understanding the force between point charges is essential in:

Capacitor design.

Electrostatic precipitators.

Microelectromechanical systems (MEMS).

Safety and Precautions
High voltages and charges can lead to:

Electrical shocks.

Unintended discharge paths.

Proper insulation and safety measures are critical in experiments and practical applications.



Summary
The interaction between two point charges placed on the x-axis depends fundamentally on Coulomb’s
Law, which relates the magnitude and sign of the charges to the force exerted between them. By
analyzing the system’s parameters—such as charge magnitudes, distances, and environmental
factors—scientists and engineers can predict behaviors, design devices, and understand fundamental
electrostatic phenomena. The principles outlined here form the foundation for a wide range of
applications in physics, electrical engineering, and related fields.

Conclusion
In conclusion, the study of two point charges separated by a fixed distance offers insight into the
fundamental forces governing electrostatics. Whether considering the magnitude of the force, the
electric field, potential energy, or the effects of varying charge magnitudes, a comprehensive
understanding of these interactions is essential for both theoretical physics and practical engineering
solutions. The precise calculation of forces and fields informs the design of numerous electronic and
electrical systems, emphasizing the importance of Coulomb’s Law as a cornerstone of
electromagnetism.

Frequently Asked Questions

What is the electric potential at a point along the axis due to
two point charges Q1 and Q2 placed 0.30 m apart?
The electric potential at a point along the axis is the algebraic sum of the potentials due to each
charge, calculated as V = (k Q1 / r1) + (k Q2 / r2), where r1 and r2 are the distances from the point to
each charge.

How does the distance between Q1 and Q2 affect the electric
field experienced at a point midway between them?
The electric field at the midpoint depends on the magnitudes of Q1 and Q2 and their separation. As
the separation increases, the individual fields decrease in magnitude at the midpoint, affecting the
net electric field accordingly.

What happens to the net electrostatic force when Q1 and Q2
are both positive and separated by 0.30 m?
When both charges are positive, they repel each other, and the magnitude of the force between them
can be calculated using Coulomb's law: F = k |Q1 Q2| / r^2, with r = 0.30 m.

If Q1 is positive and Q2 is negative, what is the nature of the
force between them?
The forces are attractive because opposite charges attract, resulting in a force that pulls Q1 and Q2



toward each other along the line connecting them.

How does the electric potential energy of the system change
if the charges are moved closer together?
The electric potential energy decreases as the charges move closer, since potential energy for
opposite charges becomes more negative, indicating a more stable, lower-energy configuration.

What is the significance of the 0.30 m separation in
calculating the electric field and potential?
The 0.30 m separation provides the known distance used in Coulomb's law to determine the
magnitude of forces, electric fields, and potentials, as these depend on the inverse of the distance
squared or linearly.

How would the electric field at a point outside the two
charges change if the charges are increased in magnitude?
Increasing the magnitudes of Q1 and Q2 increases the electric field strength at any point outside the
charges, proportionally to the charges' magnitudes.

Can the electric potential at a point be zero even if both
charges are present? Under what conditions?
Yes, the electric potential at a point can be zero if the potentials due to each charge cancel each
other out. This occurs at specific points where (k Q1 / r1) + (k Q2 / r2) = 0, which depends on the
magnitudes and positions of the charges.

How does the concept of superposition help in analyzing the
electric field from two point charges?
Superposition states that the net electric field at any point is the vector sum of the fields due to each
individual charge, allowing us to analyze complex configurations by summing their individual
contributions.

Additional Resources
Two Point Charges, Q1 and Q2, Are Placed 0.30 M Apart On The X-axis, As Shown In The Figure Above.
Charge dynamics form a fundamental aspect of electrostatics, offering insights into how electric
forces operate between discrete charges. Understanding the interactions between two point charges
not only deepens our grasp of classical physics but also lays the groundwork for more complex
systems encountered in fields like electronics, electromagnetism, and even molecular chemistry. In
this comprehensive guide, we'll explore the principles governing two-point charges, analyze the
forces involved, and examine various scenarios to enhance your understanding of electrostatic
interactions.



---

Fundamentals of Two-Point Charges

What Are Point Charges?

A point charge is an idealized charge localized at a single point in space, with negligible size
compared to the distance between charges. Real-world objects rarely behave as perfect point
charges, but this approximation simplifies analysis, especially when the physical dimensions are small
relative to the separation between charges.

Coulomb’s Law: The Foundation

At the core of electrostatics is Coulomb's Law, which quantifies 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,
- \( k_e \) is Coulomb's constant (\( 8.988 \times 10^9\, \mathrm{Nm^2/C^2} \)),
- \( Q_1 \) and \( Q_2 \) are the magnitudes of the charges,
- \( r \) is the separation distance between the charges.

This law states that the force is directly proportional to the product of the charges and inversely
proportional to the square of their separation.

---

Geometrical Setup and Coordinates

The Configuration

Consider two point charges placed along the x-axis:
- Q1 located at position \( x = 0 \),
- Q2 located at position \( x = 0.30\, \text{m} \).

The positions can be visualized as:

```
Q1 (at x=0) —— 0.30 m —— Q2 (at x=0.30 m)
```

This linear arrangement simplifies analysis, as all calculations can be confined to the x-axis.

Coordinate System and Directions

- The positive x-axis extends from Q1 towards Q2.
- The forces between the charges act along the line connecting them, either attracting or repelling
depending on their signs.
- The signs of the charges determine the direction of the force vectors:
- Like charges (both positive or both negative) repel.



- Opposite charges attract.

---

Calculating the Force Between Q1 and Q2

Step 1: Identify the Charges and Distance

Suppose:
- \( Q_1 \) has a magnitude \( |Q_1| \),
- \( Q_2 \) has a magnitude \( |Q_2| \),
- The separation \( r = 0.30\, \text{m} \).

The actual values of \( Q_1 \) and \( Q_2 \) are necessary for numerical calculation; if not provided, the
analysis remains symbolic.

Step 2: Apply Coulomb’s Law

The magnitude of the force exerted on each charge is:

\[ F = k_e \frac{|Q_1 Q_2|}{r^2} \]

The direction of the force depends on the signs:
- If \( Q_1 \) and \( Q_2 \) are both positive or both negative, forces are repulsive.
- If one is positive and the other negative, forces are attractive.

---

Vector Nature of the Electrostatic Force

While Coulomb's Law provides the magnitude, the vector nature determines the actual direction:

- For Q1 at \( x=0 \):
- If charges are like, the force vector points away from \( Q_2 \) (to the left if \( Q_2 \) is positive).
- If charges are opposite, the force vector points toward \( Q_2 \).

- For Q2 at \( x=0.30\, \text{m} \):
- The force acts along the line connecting the charges, with direction depending on charge signs.

The forces are equal in magnitude but opposite in direction, according to Newton’s Third Law.

---

Analyzing Different Scenarios

Scenario 1: Both Charges Are Positive

- Both \( Q_1 \) and \( Q_2 \) are positive.
- The force between them is repulsive.
- Each charge experiences a force pushing it away from the other:
- \( Q_1 \) experiences a force to the left.



- \( Q_2 \) experiences a force to the right.

Scenario 2: Opposite Charges

- \( Q_1 \) is positive; \( Q_2 \) is negative.
- The force is attractive.
- \( Q_1 \) experiences a force directed toward \( Q_2 \), to the right.
- \( Q_2 \) experiences a force toward \( Q_1 \), to the left.

---

Calculating Electric Field and Potential

Understanding the electric field and electric potential generated by these charges is crucial for
analyzing the system’s behavior.

Electric Field \( E \)

- The electric field at a point \( P \) due to a point charge \( Q \):

\[ E = k_e \frac{|Q|}{r^2} \]

- The direction depends on the sign of \( Q \):
- Away from positive charges.
- Toward negative charges.

- The superposition principle applies: the net electric field at a point is the vector sum of fields due to
each charge.

Electric Potential \( V \)

- The potential at a point due to a charge:

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

- Total potential at a point is the algebraic sum of potentials from each charge.

---

Work and Energy Considerations

Work Done in Moving a Charge

- Moving a charge in an electric field requires work, which depends on the change in potential energy.
- The work \( W \) done in moving a charge \( q \) from point \( A \) to point \( B \):

\[ W = q(V_B - V_A) \]

Potential Energy of Two Charges

- The potential energy \( U \) of the two-charge system:



\[ U = k_e \frac{Q_1 Q_2}{r} \]

- Sign of \( U \):
- Negative if charges are opposite (system is bound).
- Positive if charges are like (system has repulsive potential energy).

---

Practical Applications and Examples

Example 1: Calculating Force for Given Charges

Suppose:

- \( Q_1 = +2\, \mu C \),
- \( Q_2 = -3\, \mu C \),
- Distance \( r = 0.30\, \text{m} \).

Calculate the magnitude of the force:

\[
F = (8.988 \times 10^9) \times \frac{|2 \times 10^{-6} \times -3 \times 10^{-6}|}{(0.30)^2}
\]

\[
F = 8.988 \times 10^9 \times \frac{6 \times 10^{-12}}{0.09}
\]

\[
F \approx 8.988 \times 10^9 \times 6.6667 \times 10^{-11} \approx 0.599\, \text{N}
\]

Since the product \( Q_1 Q_2 \) is negative, the force is attractive.

Example 2: Electric Potential at a Point

Calculate potential at the midpoint (0.15 m from both charges):

\[
V_{mid} = V_{Q1} + V_{Q2}
\]

\[
V_{Q1} = k_e \frac{Q_1}{0.15} = 8.988 \times 10^9 \times \frac{2 \times 10^{-6}}{0.15} \approx
119.84\, \text{kV}
\]

\[
V_{Q2} = 8.988 \times 10^9 \times \frac{-3 \times 10^{-6}}{0.15} \approx -179.76\, \text{kV}
\]



\[
V_{mid} \approx -59.92\, \text{kV}
\]

The negative potential indicates a net electric potential well at the midpoint due to the opposite signs.

---

Advanced Topics: Equilibrium and Stability

Equilibrium Conditions

- For point charges fixed in space, equilibrium occurs when net force is zero.
- For charges placed along the x-axis, this is only possible if the charges are of opposite signs and
arranged such that the net force on each is zero—rare without external constraints.

Stability Analysis

- Small displacements from equilibrium can lead to restoring or destabilizing forces.
- For two charges, unless external forces or constraints are applied, they tend to move apart if like
charges and towards each other if opposite.

---

Summary and Key Takeaways

- The interaction between two point charges is governed by Coul
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