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Understanding the behavior of electric charges and the forces they exert on
each other is fundamental to the study of electrostatics. When multiple
charges are involved, the net force acting on a specific charge results from
the vector sum of individual forces exerted by each charge in the systenm.
Specifically, analyzing the direction of the total force on a negative point
charge \( Q 3 \) caused by two other charges provides insight into electric
interactions and the principles governing Coulomb's law.

This article aims to explore the detailed reasoning behind determining the
direction of the total force exerted by two charges on a negative point
charge \( Q 3 \). We will examine the underlying physics principles, the role
of vector addition, and the influence of charge magnitudes and positions.
Additionally, we will provide step-by-step methods and illustrative examples
to clarify this concept for students, educators, and enthusiasts.

Fundamentals of Coulomb’s Law and Electric
Forces

What Is Coulomb's Law?

Coulomb's law describes the electrostatic force between two point charges. It
states that the magnitude of the electrostatic force \( F \) between two
charges \( g 1 \) and \( g 2 \) separated by a distance \( r \) 1is given by:

\ [

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

where:

- \( k e \) is Coulomb's constant, approximately \( 8.9875 \times 1079 \,
\text{Nm}"2/\text{C}"2 \),

-\(q.1l, g2\) are the magnitudes of the charges,

- \( r \) 1is the distance between the charges.



The force is attractive if the charges have opposite signs and repulsive if
they have like signs.

Direction of the Force

The direction of the electrostatic force is along the line connecting the two
charges:

- For attractive forces (opposite charges): the force on each charge points
toward the other.

- For repulsive forces (like charges): the force on each charge points away
from the other.

Because electrostatic forces are vector quantities, their directions matter
significantly when multiple charges influence a single charge.

Analyzing the System: Two Charges Acting on a
Negative Charge \( Q 3 \)

Suppose you have:

- Two charges, \( Q 1 \) and \( Q 2 \), positioned at different points.
- A negative point charge \( Q 3 \) located somewhere in the plane.

The goal is to determine the direction of the total force exerted on \( Q 3
\) by \( Q_1\) and \( Q_2\).

Key considerations include:

- The signs and magnitudes of \( Q 1 \) and \( Q 2 \).

- The positions of \( Q 1, Q 2, \) and \( Q 3 \).

- The principle of superposition, which states that the total force is the
vector sum of individual forces.

Step-by-Step Method to Find the Direction of
the Total Force



1. Identify the Positions and Charges

- Assign coordinate axes or a reference frame.
- Note the locations of \( Q 1 \), \( Q2 \), and \( Q 3 \).
- Record the magnitudes and signs of \( Q 1 \) and \( Q 2 \).

2. Calculate the Individual Forces

Using Coulomb's law:

- Find the distance between each charge and \( Q 3 \): \( r {13} \) and \(
r {23} \).
- Determine the magnitude of each force:

\ [
F {13}
\]
\ [
F {23}
\]

k e \frac{|Q 1 Q 3|}{r {13}"2}

k e \frac{|Q 2 Q 3|}{r {23}"2}

- Identify the direction of each force:

- IT \( Q1\) is positive and \( Q 3 \) is negative, the force \(
\vec{F} {13} \) is attractive, pointing from \( Q 3 \) toward \( Q 1 \).
- If \( Q_1\) is negative and \( Q_3 \) is negative, the force \(
\vec{F} {13} \) is repulsive, pointing away from \( Q 1 \).

- Repeat similarly for \( Q 2 \).

3. Represent Forces as Vectors

- Draw vectors for \( \vec{F} {13} \) and \( \vec{F} {23} \) starting at \(
Q 3 \).

- Use appropriate directions based on the signs of charges.

- Ensure vectors are scaled proportionally to the magnitudes calculated.

4. Find the Vector Sum of Forces

- Use vector addition to combine \( \vec{F} {13} \) and \( \vec{F} {23} \).
- Geometrically, this involves adding the vectors tip-to-tail or analytically
by resolving into components.



5. Determine the Resultant Direction

- The direction of the total force \( \vec{F} {\text{total}} \) is along the
resulting vector obtained from the sum.
- This vector indicates the net force's direction on \( Q 3 \).

Influence of Charge Signs and Positions on
Force Direction

The charge signs and relative positions critically influence the net force’s
direction. Here are some typical scenarios:

Scenario 1: Both \( Q_1 \) and \( Q_2 \) Are
Positive

- Both exert attractive forces on \( Q 3 \) if it's negative.
- The forces point toward \( Q 1 \) and \( Q 2 \).
- The total force direction depends on the positions:

- If\(Q1\) and \( Q 2 \) are aligned along a straight line with \( Q 3
\), the total force points somewhere between the two, favoring the larger
force.

- If they are not aligned, the resultant vector points in a direction that is
a vector sum of the two attraction vectors.

Scenario 2: Both \( Q_1 \) and \( Q 2 \) Are
Negative

- Both exert repulsive forces on \( Q 3 \).
\

- The forces point away from \( Q 1 ) and \( Q2\).

Scenario 3: Opposite Signs

- One charge is positive, the other negative.

- The forces on \( Q 3 \) are attractive toward the positive charge and
repulsive away from the negative charge.

- The overall direction depends on the relative magnitudes and positions.



Graphical and Analytical Approaches

Graphical Method

- Draw the charges and \( Q_3 \) on a coordinate plane.

- Sketch vectors representing each force, considering the magnitude and
direction.

- Use vector addition to find the resultant.

Analytical Method

- Resolve each force into components along the x- and y-axes.
- Sum the components:

\ [
F {x,\text{total}}
\1]
\ [
F {y,\text{total}}
\1]

F {13,x} + F {23,x}

F {13,y} + F {23,y}

- Calculate the angle \( \theta \) of the total force relative to the axes:

\[

\theta = \tan”{-1} \left( \frac{F {y,\text{total}}}{F {x,\text{total}}}
\right)

\]

This angle indicates the direction of the net force relative to the
coordinate axes.

Practical Examples

Example 1: Two Positive Charges and a Negative \(
Q31\)
Suppose:

+5\, \mu C \) at position \( (0, 0) \),
+3\, \mu C \) at position \( (4\, \text{m}, 0) \),

-\ Q1
-\( Q2



-\N( Q3 =-2\, \mu C\) at position \( (2\, \text{m}, 3\, \text{m}) \).
Step-by-step analysis:
- Calculate distances:

\ [

r {13} = \sqrt{(2-0)"2 + (3-0)"2}
\text{m}

\1]

\ [

r {23} = \sqrt{(2-4)"2 + (3-0)"2}
\text{m}

\1

\sqrt{4 + 9}

\sqrt{13} \approx 3.605\,

\sqrt{4 + 9}

\sqrt{13} \approx 3.605\,

- Find forces:

\ [
F {13} = k e \frac{|5 \times (-2)|}{(3.605)"2} = (8.9875 \times 1079) \times
\frac{10 \times 10"{-12}}

Frequently Asked Questions

What is the general principle used to determine the
direction of force exerted by two charges on a
negative point charge Q3?

The principle of superposition and Coulomb's law are used, where each charge
exerts a force on Q3 directed along the line connecting the charges, and the
total force is the vector sum of these individual forces.

How do the signs of the charges affect the direction
of the force on the negative charge Q3?

Like charges repel and unlike charges attract; thus, a positive charge exerts
an attractive force on Q3, pulling it toward the positive charge, whereas a
negative charge repels Q3, pushing it away.

If both charges are positive, in which direction
will the total force on Q3 point?

The total force will be directed away from both positive charges, along a
vector that depends on their positions relative to Q3, typically away from
the net resultant of the repulsive forces.



How does the position of Q3 relative to the two
charges influence the total force's direction?

Q3's position determines the angles and magnitudes of the individual forces;
the resultant force points in the direction of the vector sum, which can be
toward or away from the charges depending on their relative locations.

Can the total force on Q3 be zero? Under what
conditions does this occur?

Yes, if the magnitudes and positions of the two charges are such that their
individual forces cancel each other out, resulting in a net force of zero on
Q3, typically at a point along the line connecting the charges where the
forces balance.

How do Coulomb's law equations help in calculating
the direction of the total force on Q3?

Coulomb's law provides the magnitude and direction of each individual force
vector, which can be added vectorially to find the total force's direction
and magnitude on Q3.

What role does vector addition play in determining
the total force direction on Q3?

Vector addition combines the individual force vectors exerted by each charge,
accounting for both magnitude and direction, to determine the resultant total
force on Q3.

How does the geometry of the charge configuration
influence the total force direction experienced by
Q37?

The spatial arrangement determines the angles and distances between charges,
affecting the magnitude and direction of each force vector, and thus shaping
the overall direction of the total force on Q3.

What practical applications rely on understanding
the direction of forces exerted by multiple charges
on a negative point charge?

Applications include electrostatic shielding, designing electric field
sensors, particle accelerators, and understanding atomic and molecular
interactions in chemistry and physics.



Additional Resources

Direction of the Total Force Exerted by Two Charges on a Negative Point
Charge Qs

Understanding the direction of the total force exerted on a negative point
charge \( Q 3 \) by two other charges is a fundamental problem in
electrostatics. It involves analyzing the individual forces that each charge
exerts on \( Q 3 \), determining their vector sum, and thus establishing the
net force's direction. This question not only deepens our grasp of Coulomb's
law but also illustrates key concepts such as superposition, vector addition,
and the behavior of electric forces in multi-charge systems. In this
comprehensive review, we will explore the principles underlying the force
directions, examine various configurations of charges, and discuss practical
methods for determining the net force direction.

Understanding Electric Forces and Coulomb’s Law

Fundamentals of Coulomb’s Law

Coulomb's law states that the electric force \( \vec{F} \) between two point
charges \( q 1 \) and \( g 2 \) is directly proportional to the product of
the magnitudes of the charges and inversely proportional to the square of the
distance \( r \) between them. Mathematically:

\ [
\vec{F} = k \frac{q 1 q 2}{r"2} \hat{r}
\1]

where:

- \( kK \) is Coulomb’s constant (\( 8.99 \times 1079 \, \mathrm{Nm"~2/C"2}
\)),

- \( \hat{r} \) is the unit vector pointing from the source charge to the
test charge.

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

Superposition Principle

The net force on a charge due to multiple other charges is the vector sum of
the individual forces exerted by each charge independently. This principle is
essential when analyzing the force direction on \( Q 3 \) because it allows



us to compute each force separately and then combine them vectorially to find
the total force.

Configurations of Charges and Their Impact on
Force Direction

The direction of the total force on the negative charge \( Q 3 \) depends
critically on the spatial arrangement and signs of the other two charges.
Let's analyze some typical configurations.

Case 1: Both Charges are Positive and Positioned
Along a Line

Suppose two positive charges \( Q 1 \) and \( Q 2 \) are placed along a
straight line, with \( Q 3 \) located somewhere on the same line.

- Force exerted by \( Q 1 \): Since \( Q 1 \) is positive and \( Q 3 \) 1is
negative, the force on \( Q 3 \) due to \( Q 1 \) is attractive, directed
toward \( Q 1 \).

- Force exerted by \( Q 2 \): Similarly, the force due to \( Q 2 \) is
attractive, directed toward \( Q 2 \).

- Total force direction: The net force on \( Q 3 \) will lie somewhere
between the directions of the two individual forces, depending on their
magnitudes and positions.

Features:

- The forces are colinear.

- The net force typically points toward the nearer charge if the magnitudes
are comparable.

Case 2: Charges Located at Angles (Not Colinear)

When the two charges are positioned at angles relative to \( Q 3 \), the
analysis involves vector addition.

Process:
- Calculate each force vector's magnitude using Coulomb’s law.
- Draw the force vectors originating from \( Q 3 \), pointing toward or away



from the source charges depending on their signs.
- Use vector addition (either graphically or analytically) to find the
resultant vector, which indicates the direction of the total force.

Features:

- The direction depends on the relative magnitudes and angles.

- The resultant may point in a direction not aligned with any particular
charge.

Determining the Direction of the Total Force:
Step-by-Step Approach

To find the exact direction of the total force on \( Q 3 \), follow these
systematic steps:

Step 1: Identify Positions and Signs of Charges

- Assign coordinates for the charges \( Q 1 \), \( Q 2 \), and \( Q 3 \).
- Note their magnitudes and signs.

Step 2: Calculate Individual Forces

- Use Coulomb’s law to find the magnitude of each force:

\ [
Fi=k\frac{|Q i Q 3|}{r i*2}
\1

- Determine the direction of each force:
- Attractive if \( Q i \) and \( Q 3 \) are opposite in sign.
- Repulsive if they are of the same sign.

Step 3: Resolve Forces into Components

- Break each force into x and y components based on the geometry.
- For example:

\ [
F {ix} = F_1i \cos \theta i,\quad F {iy} = F i \sin \theta 1
\1



where \( \theta i \) is the angle relative to a reference axis.

Step 4: Sum Components to Find Net Force

- Sum all x-components:

\ [

F_{x_{total}} = \sum F_{ix}
\1]

- Sum all y-components:

\ [

F {y {total}} = \sum F {iy}
\1]

- The total force vector:

\ [

\vec{F} {total} = F {x {total}} \hat{i} + F {y {total}} \hat{j}
\1]

Step 5: Determine the Direction

- Find the angle of the net force vector relative to the x-axis:

\ [
\theta {total} = \arctan \left( \frac{F {y {total}}}{F {x {total}}} \right)
\1]

- The sign of the components indicates the quadrant in which the net force
vector points.

Features and Practical Considerations

Pros of Vector Analysis:
- Provides precise direction and magnitude.
- Applicable to complex arrangements with multiple charges.

- Visualizes the forces effectively through graphical methods.

Cons:



- Can be computationally intensive for many charges.

- Requires accurate coordinate assignments and calculations.

- Assumes point charges and neglects other effects like induction or medium
effects.

Features of the Approach:
- Universal applicability to any charge configuration.

- Enhances understanding of electrostatic interactions.
- Facilitates visualization through vector diagrams.

Special Cases and Their Implications

Equal Magnitudes, Symmetrical Positions

- When the two charges are equal in magnitude and placed symmetrically around
\( Q 3 \), the forces can cancel or reinforce depending on signs.

- The net force may point directly toward or away from the midpoint,
simplifying the analysis.

Different Magnitudes or Asymmetric Positions

- The dominant force determines the overall direction.
- The total force vector is skewed toward the stronger or closer charge.

Charges of Opposite Signs

- The forces are generally attractive toward the positive charges.
- The net force may pull \( Q 3 \) toward the cluster of charges or in a
direction dictated by the magnitude imbalance.

Conclusion

The direction of the total force exerted by two charges on a negative point
charge \( Q 3 \) fundamentally depends on the spatial arrangement,
magnitudes, and signs of the charges involved. By applying Coulomb’s law and
superposition principle, calculating individual forces, resolving their



components, and summing these vectors, one can accurately determine the net
force's direction. This analysis highlights the importance of vector addition
in electrostatics and underscores how the interplay of charge configuration
influences the motion and stability of charged particles.

Understanding these principles is crucial for applications ranging from
designing electrostatic devices to analyzing atomic interactions. As with all
vector problems, graphical methods can provide intuitive insights, while
analytical calculations ensure precision. Mastery of these techniques
empowers physicists and engineers to predict and manipulate electrostatic
forces effectively in complex systems.
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