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Understanding the behavior of electric charges and their interactions is
fundamental in physics, especially in electrostatics. When dealing with
multiple point charges, such as QA = -12.0 C, QB = 45.0 C, and an unknown
charge QC, the analysis involves concepts like Coulomb's law, electric
fields, forces, and potential energy. This article explores the principles
involved in analyzing such a system, the methods to determine the unknown
charge QC, and the implications of these interactions.

Basics of Electric Charges and Coulomb’s Law

The Nature of Electric Charges

Electric charges are fundamental properties of matter that cause objects to
exert forces on each other through the electromagnetic field. Charges are
classified as positive or negative:

e Positive charges tend to repel other positive charges and attract
negative charges.

e Negative charges tend to repel other negative charges and attract
positive charges.

In the scenario provided, QA is negative (-12.0 C), indicating an excess of
electrons or negative charge, while QB is positive (45.0 C), indicating a
deficit of electrons or positive charge.

Coulomb’ s Law

Coulomb’s law quantifies the force between two point charges:
e =k |g; g, / r?

e Where:

[¢]

F is the magnitude of the electrostatic force

k ~ 8.99 x 10° N-m?/C? is Coulomb’s constant

[¢]

o q; and g, are the magnitudes of the charges

[¢]

r is the distance between the charges



The law states that the force is attractive if charges are of opposite signs
and repulsive if they are of the same sign.

Locating the Charges and System Configuration

Positions of the Charges

To analyze the system, it is essential to specify the positions of QA, QOR,
and the third particle with unknown charge QC:

e Assume QA is located at position x = 0
e OB is located at position x = d

e The third particle with charge QC is located at position x = x,

The distances between the charges are then:
e r, = |Xo _O| = |X0|
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The specific locations influence the forces and potential energies in the
system.

Scenario Considerations

Depending on the problem, different scenarios may arise:
e The third charge QC is placed between QA and QB
e QC is located beyond QB (to the right)

e OC is located beyond QA (to the left)

Each scenario affects the net forces and potential energies experienced by
QcC.

Calculating Forces and Equilibrium Conditions

Forces on the Unknown Charge QC

The net force acting on QC is the vector sum of forces exerted by QA and QB:

e I, Coulomb force between QA and QC

o |, Coulomb force between OB and QC



Expressed mathematically:

oFl

k |QA QC| / r,?

.Fz

k |QB QC| / r,?

The directions depend on the sign of QC and the other charges:

e If QC is positive, it experiences forces in directions dictated by the
signs of QA and QB

e If QC is negative, the forces may be reversed in direction

Conditions for Equilibrium

In some problems, the goal is to find QC such that the net force on QC is
zero (equilibrium) :

e ', =F,

e The forces are along the same line, so set their magnitudes equal:

k 10A QC| / r,? =k QB QC| / r,?
Simplifying:

e [QA| / r,® = |QB| / r,?

Since QC appears in both numerator and denominator as an absolute value, it
cancels out, indicating that the equilibrium depends on the distances and the
magnitudes of QA and OB.

Determining the Unknown Charge QC

Using Force Balance

If the position of QC is fixed, and the system is in equilibrium, you can
determine QC by considering the net electric field or force balance:

e Calculate the electric field at QC due to QA and QB:

E, =k |QA| / r;? (direction depends on QA's sign)
E, k |OB| / r,? (direction depends on QB's sign)

The total electric field at QC is the vector sum of E; and E,, and the force
on QC is:
F = QC E_total

For equilibrium, F = 0, which implies E_total = 0, allowing us to solve for
QC if the position is known.



Using Potential Energy and Electric Potential

Alternatively, the electric potential at the location of QC caused by QA and
QB can be calculated:

e V_total = V_.A +V.B=kOQA / r, + kK QB / r,

The potential energy of QC is:
e U = QC V_total

If the system is at equilibrium or a specific potential energy condition is
given, QC can be derived accordingly.

Practical Applications and Examples

Example 1: Finding QC for Force Equilibrium

Suppose QA = -12.0 C is located at x = 0, OB = 45.0 C at x = 10 meters, and
QC is to be positioned at x = 5 meters between them. To find QC such that the
forces balance:

e Calculate ry = 5m, r, = 5 m

e Set [QA| / r,%* = |QB| / r,?

e Since r, = r,, then |QA| = |QB| for equilibrium, which is not the case
here

This suggests no equilibrium exists at this point unless QC is zero or other
forces are considered.

Example 2: Determining QC for Zero Net Force

If the goal is to find QC such that the net force on it is zero, and the
positions are different, solving for QC involves setting up Coulomb's law
equations based on distances and known charges.

Implications and Further Considerations

Charge Significance and System Behavior

The sign and magnitude of QC influence:
e The direction of forces acting on QC
e The potential energy stored in the system

e The stability of the configuration



Complex Systems and Real-World Applications

Understanding how to analyze systems with multiple point charges extends to:
e Designing electric circuits and devices
e Studying atomic and molecular interactions

e Developing sensors and charge distributions in materials

Conclusion

Analyzing a system with two known point charges, QA = -12.0 C and OB = 45.0
C, along with an unknown charge QC, involves applying Coulomb's law,
understanding electric fields, and considering positional geometry.
Determining QC requires understanding the forces or potentials involved, and
whether the goal is to find QC for equilibrium, stability, or specific energy
conditions. Mastery of these principles allows physicists and engineers to
model and manipulate electric charge systems effectively, with applications
spanning from fundamental physics research to practical electronic device
design.

Frequently Asked Questions

What is the significance of the charges QA = -12.0 C
and QOB 45.0 C in the two—-point charge system?

These charges represent the known point charges placed in the system, which
influence the electric field and potential experienced by the third particle
with unknown charge QC, allowing us to analyze interactions and forces within
the system.

How can Coulomb's law be used to determine the force
between the charges QA, OB, and the third charge QC-?
Coulomb's law states that the electrostatic force between two point charges
is proportional to the product of their magnitudes and inversely proportional

to the square of the distance between them. It can be used to calculate the
forces acting on QC due to QA and QB, given their values and positions.

What information is needed to find the unknown charge
QC in this setup?
To determine QC, you need the positions of the charges, the distance of QC

from QA and QB, and the condition or equilibrium criterion (e.g., net force
or net electric field equals zero).



If the third particle QC is in equilibrium, how does
that affect the calculation of its charge?

If QC is in equilibrium, the net force acting on it is zero, allowing us to
set the vector sum of forces from QA and QOB to zero and solve for the unknown
charge QC accordingly.

How does the sign of the known charges QA and QB
affect the potential and forces on the third particle
QC?

The signs determine whether the forces are attractive or repulsive. Negative
QA (-12.0 C) attracts positive charges and repels negative ones, while

positive QB (45.0 C) repels positive charges and attracts negative ones,
influencing the direction and magnitude of forces on QC.

What is the role of the distances between the charges
in calculating the unknown charge QC?

Distances are crucial because Coulomb's law depends on the inverse square of
the separation. Accurate distances allow precise calculation of the forces
exerted on QC by QA and QB, which is essential for determining QC's value or
behavior.

Can the magnitude of the unknown charge QC be
negative or positive, and how would that affect the
system?

Yes, QC can be positive or negative. Its sign affects the direction of the

force exerted on or by QC, influencing the overall electrostatic interactions
and potential equilibrium conditions within the system.

What assumptions are typically made when analyzing a
system of point charges like QA, OB, and QC?
Common assumptions include treating charges as point particles with no size,

neglecting external electric fields, ignoring magnetic effects, and assuming
the medium is vacuum or uniform dielectric, to simplify calculations.

How can the principle of superposition be applied to
find the net electric field at the location of the
third charge QC?

The principle of superposition states that the net electric field at QC's
position is the vector sum of the electric fields produced by QA and OB

individually. Calculating each field and summing them gives the total
electric field at QC.

What are potential real-world applications of



analyzing systems with multiple point charges 1like
this?

Such analyses are fundamental in designing electronic components,
understanding atomic and molecular interactions, developing sensors, and
studying electrostatic phenomena in physics and engineering applications.

Additional Resources
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Introduction

Understanding the interactions between electric charges is fundamental to the
study of electrostatics, a core branch of physics. The problem involving two
fixed point charges, QA and OB, with known magnitudes and signs, and a third
particle with an unknown charge QC, presents an intriguing scenario that
combines principles of Coulomb's law, electrostatic potential energy, and
force equilibrium. Such configurations are not just theoretical curiosities
but also serve as essential models in fields ranging from atomic physics to
electrical engineering. This article aims to thoroughly explore the dynamics
of this system, analyze the forces at play, and discuss the methodologies for
determining the unknown charge QC.

Background and Fundamental Concepts
Coulomb's Law

At the heart of electrostatics lies Coulomb's law, which quantifies the force
between two point charges:

\ [

F = k_e \frac{lg_ 1 g 2|} {x"2}
\]

where:

- \(F\) 1s the magnitude of the electrostatic force,

- \(k_e \approx 8.988 \times 1079\, \mathrm{Nm*2/C"2}\) is Coulomb's
constant,

- \(g_1\) and \(g_2\) are the magnitudes of the charges,

- \(r\) is the distance between the charges.

The force is attractive if charges are of opposite signs and repulsive 1f of
the same sign.

Electric Field and Potential

Each charge produces an electric field, which influences other charges within
its vicinity. The electric field \(E\) at a point due to a charge \(g\) is:

\ [
E = k_e \frac{|qgl}{r"2}



\]

The superposition principle allows the net electric field at any point to be
found by vectorially summing the fields due to individual charges.

System Configuration and Assumptions
Spatial Arrangement

To analyze the problem comprehensively, it is essential to specify the
positions of the charges:

— Assume \(Q_A = -12.0\, C\) is located at point \ (A\).
- \(Q_B = +45.0\, C\) is located at point \ (B\).
— The third particle with unknown charge \(Q_C\) is located at point \ (C\).

For simplicity and clarity, consider the following typical arrangement:
(A\) at the origin \((0,0)\),

(B\) positioned along the x-axis at \((d, 0)\),
(C\) located at \((x, y)\).

|

The distances between particles are then:

(r_{AC} = \sqgrt{x"2 + y"2}\),

\
\(r_{BC} = \sgrt{(x — d)"2 + y"2}\).

The specific values of \(d\), \(x\), and \(y\) are necessary for detailed
calculations but can be generalized for broader analysis.

Nature of the Unknown Charge \ (Q_C\)

The charge \(Q_C\) can be positive, negative, or zero. Its magnitude and sign
influence the net forces and potential energy of the system, affecting
whether the particle remains in equilibrium or experiences acceleration.

Analytical Approach to the System
Force Analysis on the Third Particle

The primary goal is to understand the net force on \(Q_C\) due to \(Q_A\) and
\(Q_B\), and vice versa, as well as the potential for equilibrium. The forces
acting on \(Q_C\) are:

\ [
\vec{F}_{AC} = k_e \frac{|Q_A Q C|}{r_{AC}"2} \hat{r}_ {AC}
\1

\ [
\vec{F}_ {BC}
\1

k_e \frac{|Q_ B Q_C|}{r_{BC}”*2} \hat{r}_ {BC}

where \ (\hat{r}_{AC}\) and \ (\hat{r}_{BC}\) are unit vectors pointing from
the charges \ (A\) and \ (B\) towards \(C\).



The total force on \(Q_C\) is:

\ [
\vec{F}_C = \vec{F}_{AC} + \vec{F}_{BC}
\]

The sign of \(Q_C\) determines the directionality of these forces. For
instance:

- If \(Q_C\) is positive, it experiences repulsive forces from positive

charges and attractive from negative charges.
- If \(Q_C\) is negative, the nature of the forces reverses accordingly.

Determining \ (Q_C\) From Equilibrium Conditions
Conditions for Equilibrium

Suppose the problem stipulates that the third particle is in equilibrium—that
is, net force \(\vec{F}_C = 0\). This leads to the condition:

\ [
\vec{F} {AC} + \vec{F}_ {BC} =0
\]

which, in terms of magnitudes and directions, becomes:

\ [

k_e \frac{|Q_A Q C|}{r_{AC}"2} \hat{r} {AC} + k_e \frac{|Q_ B Q C|}{r_{BC}"2}
\hat{r} {BC} =0

\1

Dividing through by \(k_e |Q_C|\), assuming \(Q_C \neqg 0\):

\ [

\Nfrac{|Q_A|}{r_{AC}"2} \hat{r}_{AC} + \frac{|Q_Bl|}{r_{BC}"2} \hat{r}_{BC} =0
\1

This vector equation can be broken into components to solve for \(Q_C\)’s
magnitude and sign, given the positions of the charges.

Practical Calculation Methodology

Step 1: Establish Coordinates

Set specific coordinates for the charges, for example:

- \(A\) at \((0,0)

- \(B\) at \((d, O
Yy

Step 2: Calculate Distances

r_{AC} = \sgrt{x"2 + y"2}



\ [
r_{BC} = \sqrt{(x - d)*2 + y~2}
\]

Step 3: Resolve Force Components

Express the unit vectors:

\ [
\hat{r}_ {AC}
\1

\frac{ (x, y)}{r_{AC}}

\ [
\hat{r}_{BC} = \frac{(x - d, y)}}{r_{BC}}
\]

Calculate the force components:

\ [
F_{AC,x}
\1]

k_e \frac{|Q_A QO C|}{r_{AC}"2} \frac{x}{r_{AC}}

\
F_{AC,y}
\]

k_e \frac{|Q_ A Q C|}{r_{AC}"2} \frac{y}{r_{AC}}

Similarly for \(F_{BC}\).
Step 4: Set Conditions for Equilibrium

Sum the components:

\ [
F_{C,x}
\]
\ [
F_{C,y}
\]

[
o

F_{AC,x} + F_{BC,x}

[
o

F_{AC,y} + F_{BC,y}

From these, derive relations for \(Q_C\), considering the known charges and
positions.

Theoretical and Experimental Challenges

Charge Magnitude and Sign Determination

Given the complex interplay of forces, multiple solutions for \(Q_C\) may
exist, corresponding to different equilibrium states. Determining the actual
charge involves:

— Precise measurements of positions and distances,

— Analysis of the particle's motion if not in static equilibrium,

— Considerations of external fields or constraints.

Real-world Limitations

In practical applications, factors such as charge induction, dielectric



effects, and environmental disturbances may influence the behavior, requiring
advanced modeling and experimental validation.

Broader Implications and Applications
Understanding such charge configurations is pivotal in various domains:

— Atomic and Molecular Physics: Modeling electron distributions around
nuclei.

— Electronics: Designing charge-based sensors and capacitors.

- Material Science: Investigating charge transfer phenomena.

— Educational Tools: Demonstrating principles of electrostatics through
tangible models.

Conclusion

The investigation of a system involving two fixed point charges \(Q_A =
-12.0\, C\) and \(Q_B = 45.0\, C\), along with a third particle with an
unknown charge \(Q_C\), exemplifies the rich complexity inherent in
electrostatic interactions. Through rigorous application of Coulomb’s law,
vector analysis, and equilibrium conditions, one can determine the nature and
magnitude of the unknown charge. Such analyses not only deepen theoretical
understanding but also foster practical insights relevant to technological
and scientific advancements. Future work might include computational
simulations to visualize force fields, experimental setups for charge
measurement, and extending the analysis to dynamic scenarios where charges
are free to move.
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