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Understanding the behavior of electric charges and the forces they exert on
each other is fundamental in physics, particularly in electrostatics. When
two equal point charges are separated by a certain distance D, their
interaction follows Coulomb’s Law, which describes the magnitude of the
electrostatic force between them. Exploring what occurs when this separation
is decreased to D/4 provides insight into the nature of electric forces,
potential energy, and the resulting physical phenomena.

Basics of Coulomb’s Law

Definition and Formula

Coulomb’s Law states that the electrostatic force (F) between two point
charges is directly proportional to the product of the magnitudes of the
charges (q: and q2) and inversely proportional to the square of the distance
(r) between them. Mathematically, it is expressed as:

eF =k |g1 2| / r?

where:

- F is the magnitude of the electrostatic force,
- k is Coulomb’s constant (~8.99 x 10° N-m2/C2?),
- g1 and g2 are the magnitudes of the charges,

- r is the separation between the charges.

Properties of Coulomb’s Law

- The force is attractive if the charges are opposite and repulsive if the
charges are of the same sign.

- The force increases rapidly as the distance decreases, owing to the inverse
square law.

- The law is valid for point charges and spherically symmetric charge
distributions.



Initial Configuration: Charges Separated by
Distance D

Suppose two identical point charges, each with charge q, are separated by a
distance D. The initial force between them is:

e F initial = k g2 / D2

This force determines the nature of their interaction—-whether they repel or
attract, and how strongly.

Reducing the Separation to D/4

Now, consider the scenario where the separation between the charges is
decreased from D to D/4. This reduction has significant implications:

New Force Calculation

Applying Coulomb’s Law for the reduced separation:

eF new=kq%?/ (D/4)2 = k g2 / (D2 / 16) = 16 k g2 / D2

Comparing the new force to the initial force:

e F new = 16 F initial

This indicates that the electrostatic force increases by a factor of 16 when
the separation is reduced to one-quarter of its original value.

Physical Implications of Reduced Separation

Magnitude of the Force

The most immediate consequence is a significant increase in the repulsive or
attractive force, as per Coulomb’s Law. Since the force is inversely



proportional to the square of the distance, halving the separation results in
four times the force; reducing it further to a quarter of the original
distance amplifies the force sixteenfold.

Potential Energy Changes

The electric potential energy (U) stored in the configuration of two charges
is given by:

eU=KkKkq1iqz2/7r

For identical charges:

eU=kq2/r

As the separation reduces from D to D/4:

eUnew =kqg?/ (D/4) =4 kg? / D=4 U initial

Thus, the potential energy increases four times, indicating that work must be
done to bring the charges closer or that energy is released if they are
allowed to move freely.

Physical Reality and Consequences of Decreased
Separation

Electrostatic Repulsion and Force Dynamics

- When both charges are positive (or both negative), they repel each other
with a force that becomes substantially stronger as they are brought closer.
- If the charges are free to move, they accelerate away from each other
rapidly once a force imbalance exists.

Energy Considerations and Work Done

- To decrease the separation from D to D/4, work must be performed against
the electrostatic repulsive force.
- The amount of work required is equal to the change in potential energy:



eW =Unew - U initial = 3 U initial

This work input can be converted into kinetic energy if the charges are free
to move, leading to high velocities as they accelerate apart.

Possible Physical Scenarios

- If the charges are fixed in place, decreasing their separation involves
applying an external force, which stores energy in the electrostatic field.
- If they are free, they repel each other more strongly and accelerate,
possibly leading to high-speed motion and vibrations.

Applications and Real-world Examples

Electrostatic Devices and Technologies

- Capacitors: Understanding charge distributions and potential energy changes
when charges are moved closer.

- Particle accelerators: Using electric fields to manipulate charged
particles at close proximities.

- Electronic components: Miniaturization increases Coulombic forces,
affecting device design.

Scientific Demonstrations

- Coulomb’s Law experiments often involve bringing charged spheres closer to
observe force changes.

- Demonstrating the inverse square law visually by varying separation
distances.

Summary and Key Takeaways

- Reducing the separation of two equal point charges from D to D/4 results in
a 16-fold increase in the electrostatic force between them.

- The potential energy stored in the system increases fourfold, indicating a
higher energetic state.

- As the charges are brought closer, the repulsive force intensifies
dramatically, affecting their motion and the energy dynamics of the system.

- Practical applications leverage this principle in various technologies,
including capacitors, particle accelerators, and electrostatic actuators.



Conclusion

The behavior of electric charges under varying separations is a cornerstone
of electrostatics. When two equal point charges are brought closer from a
distance D to D/4, the force increases by a factor of sixteen, and the
potential energy quadruples. This profound change underscores the importance
of Coulomb’s Law in understanding electrostatic interactions and their
implications in both natural phenomena and technological applications.
Recognizing how forces and energies scale with distance allows scientists and
engineers to design systems that harness or mitigate these effects, advancing
fields ranging from electronics to fundamental physics research.

Frequently Asked Questions

What happens to the electrostatic force between two
equal point charges when their separation is reduced
from D to D/47?

The electrostatic force increases by a factor of 16, since force is inversely
proportional to the square of the separation distance. Reducing D to D/4
results in the force becoming 16 times stronger.

How does reducing the distance between two equal
charges from D to D/4 affect the potential energy of
the system?

The potential energy increases by a factor of 16, because potential energy is
inversely proportional to the separation distance. When the separation
decreases to D/4, the potential energy becomes 16 times larger.

What is the impact on the electric field at the
midpoint between two equal charges when their
separation is decreased from D to D/4?

The electric field at the midpoint increases by a factor of 4, since the
electric field from each charge increases as the distance to the midpoint
decreases, and the total field is the sum of the two contributions.

If the separation between two equal charges is
reduced to D/4, how does the force compare to the
initial force at distance D?

The force becomes 16 times greater than the initial force at distance D, due



to the inverse square relationship between force and separation.

Does reducing the separation to D/4 cause the
charges to accelerate towards each other, and why?

Yes, because the electrostatic attractive or repulsive force increases
significantly (by a factor of 16), resulting in greater acceleration of the
charges towards each other (if attractive) or away from each other (if
repulsive), according to Newton's second law.

Additional Resources

Electrostatics and the Impact of Reducing Separation Between Two Equal Point
Charges

Understanding the behavior of point charges is fundamental in electrostatics,
a branch of physics that deals with electric charges at rest. When two equal
point charges interact, their behavior is governed by Coulomb’s Law, which
describes the magnitude of the electrostatic force between them. This review
examines what transpires when the separation between two identical point
charges diminishes from a distance D to D/4, exploring the physical
implications, mathematical relationships, and broader concepts involved.

Fundamentals of Coulomb’s Law and Electric
Force

Basic Principles

Coulomb’s Law states that the force \( F \) between two point charges \( q 1
\) and \( g 2 \) separated by a distance \( r \) is directly proportional to
the product of their magnitudes and inversely proportional to the square of
the distance between them:

\ [

F = k \frac{|g 1 q 2|}{r"2}
\1]

where:

- \( kK \) is Coulomb's constant (\( 8.9875 \times 1079\,
\text{N-m}"2/\text{C}"2 \)),

-\N(q.1\) and \( g 2 \) are the magnitudes of the charges,
- \( r \) is the separation distance.



For two equal charges, \( g 1 =q 2 =q \), simplifying the force to:

\ [
F = k \frac{g"2}{r"2}
\1]

Implication of Force Behavior

- The force is repulsive if both charges are of the same sign (both positive
or both negative).

- The force magnitude increases as the separation \( r \) decreases.

- The force decreases as the separation increases.

This inverse-square law nature means that even small changes in separation
can significantly impact the force magnitude.

Scenario: Reducing Separation from D to D/4

Initial Conditions

- Two equal point charges are separated by a distance \( D \).
- The initial electrostatic force between them is:

\ [
F 1 =k \frac{q"2}{D"2}
\1

- The system is static at this initial state, with charges held apart at \( D
\).

After Reduction in Separation

- The separation is decreased to \( D/4 \).
- The new force becomes:

\ [

F 2 = k \frac{q"2}{(D/4)"2} = k \frac{q"2}{D"2/16} = 16 \times k
\frac{q"2}{D"2} = 16 F 1

\1]

Key observation: The force increases by a factor of 16 when the separation is
reduced from \( D \) to \( D/4 \).



Physical Interpretation of the Increased Force

Magnitude and Nature of the Force

- The electrostatic force's magnitude becomes 16 times larger.
- The charges experience a stronger repulsive push, which can lead to
significant physical effects if the charges are free to move.

Implications for Charging and Material Behavior

- If these charges are attached to objects or particles, they will be pushed
apart more forcefully.

- The increased repulsion can cause:

- Mechanical stress on the objects holding the charges.

- Potential rearrangement or deformation if the charges are on flexible
materials.

- Changes in the energy stored in the electric field.

Electric Potential Energy and Its Variation

Potential Energy Between Two Charges

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

\ [

U = k \frac{gq"2}{r}

\1

- At initial separation \( D \):
\ [

U1l-=k \frac{q™2}{D}

\1

- After reduction to \( D/4 \):
\ [

U2 = k \frac{q"2}{D/4} = 4 k \frac{q"2}{DP} =4 U 1
\]



Conclusion: The potential energy quadruples as the separation decreases from
\( D\) to \(D/4\).

Energy Considerations

- Since the potential energy increases, work must be done against the
electrostatic repulsive force to bring the charges closer.

- The work done \( W \) in reducing the separation from \( D \) to \( D/4 \)
is:

\ [
W=U2-U1l=4U1-U1=3U1
\1

This energy is supplied by an external agent or force to decrease the
distance.

Force Dynamics and Mechanical Implications

Acceleration of Charges

- If the charges are free and allowed to move, the increase in force will
cause them to accelerate away from each other more rapidly.
- The acceleration \( a \) for each charge (assuming mass \( m \)) is:

\ [
a = \frac{F}{m}
\1]

- As \( F \) increases by a factor of 16, the acceleration increases
proportionally.

Potential for Mechanical Damage or Disassembly

- In physical systems, the amplified repulsive force could:

- Break molecular or atomic bonds if the charges are part of larger
structures.

- Cause mechanical failure of the objects holding the charges.

- Lead to phenomena like electrical discharge if charges are sufficiently
close.



Electrostatic Field and Its Intensification

Electric Field at a Point
- The electric field \( E \) created by a point charge at a distance \( r \)
is:

\ [
E = k \frac{q}{r"2}
\]

- When the separation reduces to \( D/4 \), the field at the midpoint or near
the charges increases:

\ [
E {new} = k \frac{q}{(D/4)"2} = 16 \times k \frac{q}{D"2} = 16 E {initial}
\1

Implication: The local electric field becomes 16 times stronger, which can
influence surrounding objects, induce dielectric breakdowns, or trigger
sparks.

Effect on Surroundings

- Increased field strength can:

- Ionize nearby gases, leading to corona discharge or sparks.
- Affect other nearby charges or dipoles.

- Change the overall electrostatic environment.

Energy Density and Distribution of the Electric
Field

Energy Density in Electric Field

The energy density \( u \) in an electric field is:

\ [
u = \frac{1}{2} \varepsilon 0 E"2
\1]

- Since \( E \) increases by a factor of 16, the energy density becomes:



\ [

u {new} = \frac{1}{2} \varepsilon 0 (16 E)"2 = 256 \times \frac{1}{2}
\varepsilon 0 E”2 = 256 u {initial}

\1

Conclusion: The energy stored per unit volume in the electric field increases
by a factor of 256.

Implications for Fields and Energy Storage

- The intense concentration of energy can cause dielectric breakdowns if near
insulating materials.

- The energy distribution becomes more localized and intense, affecting the
design of electrostatic devices or experiments.

Broader Implications and Real-World
Applications

Electrostatic Discharges and Sparks

- When charges are brought very close, the electric field can reach critical
levels, causing sparks.

- This principle underpins phenomena like lightning, static shocks, and
electrostatic discharges.

Design of Capacitors

- Capacitors store energy in electric fields between conductors.
- Reducing the distance between capacitor plates increases capacitance and
energy density, similar to the charges scenario.

Microscopic and Nanotechnological Applications

- Controlling charge separation at microscopic scales involves managing
forces that increase dramatically with proximity.

- Devices like MEMS (Micro-Electro-Mechanical Systems) rely on precise
control of electrostatic forces.

Safety Considerations

- High electrostatic forces at small separations pose risks of unintended
discharges.



- Proper insulation, grounding, and control are necessary when working with
high voltages or small distances.

Summary and Conclusions

- When the separation between two equal point charges is reduced from \( D \)
to \( D/4 \):

- The electrostatic force increases by a factor of 16.

- The potential energy stored in the system quadruples.

- The electric field strength near the charges increases by a factor of 16.

- The energy density in the electric field increases by a factor of 256.

- These changes are governed by the inverse-square nature of Coulomb’s Law,
emphasizing how sensitive electrostatic interactions are to distance

alterations.

- Practically, such a reduction in separation can lead to
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