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Understanding the behavior of charges in electrostatic systems is fundamental to physics, especially
when analyzing how energy transforms within these systems. When a scenario involves fixed charges
and a single moving charge, questions often arise about how the moving charge's kinetic energy
evolves. Specifically, if the other charges are fixed in place and charge 2q is allowed to move, what
will be its kinetic energy? This question touches upon the principles of electrostatics, conservation of
energy, and the interplay of electric potential and kinetic energy. In this article, we will explore this
scenario in detail, providing clarity on how the kinetic energy of the moving charge is determined and

what factors influence it.

Understanding the System: Fixed Charges and a Moving

Charge

Before diving into the calculations, it's essential to understand the fundamental setup.

The Configuration of Charges

- The system consists of several fixed charges, which are stationary and do not move during the
process.

- Among these charges, one particular charge, labeled as charge 2q, is free to move under the



influence of electrostatic forces.

- The fixed charges create an electric potential landscape that influences the moving charge's motion.

The Initial and Final States

- Initially, the moving charge might be at some position with a specific potential energy.

- As it moves under the influence of electrostatic forces, its potential energy converts into kinetic
energy.

- The goal is to determine the kinetic energy of charge 2q when it reaches a certain point or after a

certain displacement, assuming energy conservation.

Applying Conservation of Energy Principles

The key principle in analyzing this problem is the conservation of mechanical energy, which states that
in an isolated system, the total energy remains constant. Since electrostatic forces are conservative,

the sum of potential and kinetic energy for the moving charge remains unchanged.

Energy Conservation Equation

\[

\text{Initial Potential Energy} + \text{Initial Kinetic Energy} = \text{Final Potential Energy} + \text{Final
Kinetic Energy}

\

Assuming the moving charge starts from rest (initial kinetic energy zero), the equation simplifies to:
\[

Ui=UTf+Kf

\]

where:

- \( U_i\) = initial electrostatic potential energy,



- \( U_f\) = electrostatic potential energy at the final position,

- \( K_f\) = kinetic energy at the final position.

The challenge lies in calculating the potential energies at initial and final positions based on the

positions and magnitudes of the fixed charges.

Calculating Electric Potential and Potential Energy

To determine the kinetic energy, understanding electric potential and potential energy is crucial.

Electric Potential Due to Fixed Charges

- The electric potential \( V \) at a point in space due to a fixed charge \( Q) is given by:
\[

V = \frac{kQ}r}

\]

where:

- \( k'\) = Coulomb's constant (\( 8.99 \times 10”9\, \mathrm{Nm"2/C"2} \)),

-\( Q) = fixed charge,

-\( r\) = distance from the charge to the point.

- For multiple fixed charges, the total potential at a point is the algebraic sum of potentials due to each

charge.

Electrostatic Potential Energy of the Moving Charge

- The potential energy \( U \) of a charge \( g \) at a point with potential \( V \) is:
\[
Uu=qV



\

- Therefore, the initial and final potential energies are:
\[

U_i=(2q) Vi

\]

\[

U_f=(2q) V_f

\

where:

-\( V_i\)and \( V_f\) are the initial and final potentials at the position of the moving charge.

Determining the Kinetic Energy of Charge 2q

With the above information, the kinetic energy \( K \) of the moving charge can be determined from

energy conservation:

\[
K=U_-Uf=(2q)(V_i-V_f)
\]

This formula indicates that the kinetic energy gained by charge 2q depends directly on the change in

electric potential experienced during the movement.

Step-by-Step Calculation Approach

1. Identify the initial and final positions of the moving charge.

2. Calculate the electric potential at these positions due to all fixed charges.
3. Compute the initial and final potential energies:

-\(U_i=2qg\times V_i\)

-\( U_f=2q \times V_f\)



4. Determine the change in potential energy:
-\(\Delta U = U_i-U_f\)
5. Apply energy conservation to find the kinetic energy:

-\(K = \Delta U \)

Note: If the moving charge starts from rest, the kinetic energy it gains is exactly equal to the decrease

in potential energy.

Factors Influencing the Final Kinetic Energy

Several factors affect the kinetic energy of charge 2q as it moves:

1. Positions of Fixed Charges

- The spatial arrangement of charges influences the potential landscape.
- Closer proximity to fixed charges results in higher potential differences and thus larger kinetic energy

gains.

2. Magnitudes of Fixed Charges

- Larger fixed charges produce stronger electric fields, leading to more significant potential differences.

3. Path of Movement

- The specific trajectory of the moving charge affects the potential difference it experiences.
- Moving along a path that crosses regions with varying potentials results in different kinetic energy

outcomes.



4. Initial Conditions

- The initial position and whether the charge starts from rest or with initial kinetic energy impact the

final kinetic energy.

Special Cases and Examples

To deepen understanding, consider specific scenarios:

Example 1: Moving Charge Approaching a Fixed Charge

- Suppose charge 2q moves toward a fixed charge \( Q \).

- The initial potential energy is calculated at a starting distance \( r_i \).
- The final potential energy is at a closer distance \( r_f\).

- The kinetic energy gained is:

\[

K = 2q \left( \frac{kQ}r_i} - \frac{kQ}{r_f} \right)

\

Example 2: Symmetric Fixed Charges

- Fixed charges of equal magnitude placed symmetrically around the path.
- The potential at the initial and final points can be summed directly.

- The symmetry simplifies calculations.

Conclusion: Final Kinetic Energy Determination

In summary, when fixed charges are in place and charge 2q is free to move, its kinetic energy is



determined primarily by the change in electric potential it experiences between its initial and final

positions. The fundamental relation is:

\[

\boxed{

K = (2q) \times (V_i - V_f)
}

\

This equation encapsulates the core idea: the kinetic energy gained by the moving charge equals the
decrease in its electrostatic potential energy, owing to the conservative nature of electrostatic forces.
By carefully analyzing the positions of fixed charges, their magnitudes, and the path taken, one can
accurately compute the kinetic energy of charge 2q in various electrostatic configurations. This
understanding is vital for solving complex problems in electrostatics, designing electronic components,

and understanding fundamental physical interactions.

Frequently Asked Questions

In a system where other charges are fixed and a charge 2q is free to
move, how does the initial potential energy convert into kinetic energy
as the charge moves?

The initial potential energy stored in the configuration due to electrostatic interactions is converted into
kinetic energy of the moving charge 2q as it accelerates under the electrostatic forces until it reaches a

point where the potential energy is minimized or the charge is at equilibrium.

What role do the fixed charges play in determining the final kinetic



energy of the moving charge 2q?

The fixed charges set the electrostatic potential landscape, influencing the work done on charge 2q as
it moves. The difference in potential energy between the initial and final positions determines the

kinetic energy gained by the charge.

If the charge 2q moves from a point of high potential to a lower
potential in the presence of fixed charges, how can we calculate its
Kinetic energy?

The kinetic energy can be calculated using the work-energy principle: KE = DPE = PE_initial -
PE_final, where PE represents the electrostatic potential energy at the initial and final positions, which

can be computed using Coulomb's law.

How does the conservation of energy apply to the scenario where
charge 2q moves with fixed other charges in place?

Energy conservation dictates that the initial electrostatic potential energy is fully converted into kinetic
energy of the moving charge (minus any energy losses), meaning KE_final = PE_initial - PE_final,

assuming negligible other forces or energy losses.

What is the significance of fixing other charges in place when
analyzing the kinetic energy of a moving charge in electrostatics?

Fixing the other charges simplifies the analysis by providing a static potential field, allowing us to
calculate the work done on the moving charge solely based on electrostatic potential differences, and

thus determine its kinetic energy without considering mutual motion of the fixed charges.



Additional Resources

Understanding the Kinetic Energy of a Moving Charge in a Fixed Charge Configuration

When analyzing electrostatic systems involving multiple charges, one intriguing scenario involves fixing
some charges in place while allowing others to move freely. Specifically, consider a situation where all
charges except one are stationary, and a single charge—say, Charge 2q—is free to move under the
influence of electrostatic forces. The question then arises: What will be the kinetic energy of the
moving charge once it reaches equilibrium or a particular state of motion? This analysis requires a
comprehensive understanding of electrostatics, energy conservation, and the principles governing

potential energy and kinetic energy in charge systems.

1. Fundamental Principles Underpinning the Problem

Before delving into the specifics, it’s essential to establish the foundational concepts:

Electrostatic Potential Energy

- The potential energy stored within a system of point charges is given by the sum over all pairs:

\[

U = \frac{1}{4\pi\varepsilon_0} \sum_{i



