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Understanding the behavior of electric charges and their resulting electric fields is fundamental in
electromagnetism. When a charge distribution is uniform along a specific axis, it provides a simplified
model to analyze complex systems. In this article, we explore the scenario where a charge Q = 3.19
nanocoulombs (NC) is uniformly distributed along the y-axis fromy = -a to y = A. We will examine the
physical setup, calculate the electric field at various points, and discuss applications and implications
of such charge distributions.

Physical Description of the Charge Distribution

Overview of the System

In the given problem, a total charge Q = 3.19 NC is spread evenly along a segment of the y-axis,
spanning fromy = -a to y = A. This configuration resembles a linear charge distribution or line charge,
which is a common model used in electrostatics to analyze fields generated by elongated charge
distributions.

Key Parameters and Assumptions

- Total charge (Q): 3.19 nanocoulombs (NC)

- Distribution length: fromy = -a toy = A (where a and A are positive constants)

- Charge distribution: uniform along the y-axis segment

- Line charge density (A): charge per unit length, assumed constant

- Coordinate system: Cartesian, with the charge distributed along the y-axis

- Observation point: typically specified at a position (x, y, z), but simplified to a 2D analysis if
symmetry allows

Calculating the Linear Charge Density



Definition of Linear Charge Density

The linear charge density (A) describes how much charge is distributed per unit length along the y-
axis:

\[
\lambda = \frac{\text{Total Charge}} {\text{Length of the segment}}
\]

Given the total charge Q and the segment length (A + a), the linear charge density is:

\[

\lambda = \frac{Q}{A + a}
\]

where:

-\(Q = 3.19\, \text{NC} = 3.19 \times 10"~ {-9}\, \text{C}\)
-\(\text{Length} = A + a\)

Note: The actual values of a and A would typically be provided or selected based on the problem's
context.

Implications of Uniform Distribution

A uniform distribution simplifies calculations, as the charge density remains constant along the
segment. This contrasts with non-uniform distributions, where charge density varies with position,
requiring more complex integration.

Electric Field Due to a Uniform Line Charge

General Approach

To find the electric field at a point P (located at some coordinate relative to the y-axis), we consider
the contribution of each infinitesimal charge element \(dqg\) along the line. The total electric field is
obtained by integrating these contributions over the entire length.

Key steps include:
1. Express \(dq\) in terms of \(\lambda\) and \(dy\)

2. Determine the vector from each element to point P
3. Calculate the differential electric field \(d\mathbf{E}\)



4. Integrate over the entire charge distribution

Mathematical Formulation

Assuming the observation point P is at a position \((x_0, y_0)\), the differential charge element at
coordinate \(y\) is:

\[
dq = \lambda\, dy
\]

The vector from the charge element at \(y\) to P is:

\[

\mathbf{r} = (x 0,y 0-vy)

\]

The magnitude of \(\mathbf{r}\) is:
\[

r=\sqrt{x 072 + (y 0-y)"2}

\]

The differential electric field at P, due to \(dq\), is:

\[

d\mathbf{E} = \frac{1}{4\pi \varepsilon_0} \frac{dq}{r"~2} \hat{\mathbf{r}}
\]

where \(\hat{\mathbf{r}}\) is the unit vector pointing from the charge element to P.

Evaluating the Electric Field Components

Horizontal and Vertical Components

Because of symmetry, the components of the electric field can be separated:

- Vertical component (\(E_y\)): arises from all charge elements, depending on their position
- Horizontal component (\(E_x\)): may cancel out if the system is symmetric about the x-axis

In many cases, especially along the axis of symmetry (x=0), the horizontal components cancel,
leaving only the vertical components.



Integral Expression for \(E_y\)

\[
E y =\frac{1}{4\pi \varepsilon 0} \int_{-a}"~{A} \frac{\lambda (y 0-y)}{r~3} dy
\]

where:

\[
r=\sqrt{x 072 + (y 0-y)"2}
\]

This integral can be evaluated analytically or numerically, depending on the specifics of the problem.

Special Cases and Simplifications

On the Axis of Symmetry (x=0)

When observing along the y-axis (x=0), symmetry simplifies the calculation:

- Horizontal components cancel due to symmetry
- Vertical component can be obtained by integrating over the length

The electric field at a point \((0, y_0)\):

\[

E y = \frac{\lambda} {2\pi \varepsilon_0} \left( \frac{A -y 0}{\sqrt{(A-y 0)~2 + x 0°2}} - \frac{-a
-y 0} {\sqrt{(-a-y 0)~2 + x 0™2}} \right)

\]

This formula allows straightforward computation once \(\lambda\), \(a\), \(A\), and the observation
point are known.

Far-Field Approximation

When the observation point is far from the charge distribution (\(r \gg\) length of the segment), the
entire charge can be approximated as a point charge:

\[
E \approx \frac{1}{4\pi \varepsilon 0} \frac{Q}{r"~2}
\]



This simplifies calculations but loses accuracy near the charge distribution.

Applications of Uniform Line Charge Distributions

Electrostatics in Engineering and Physics

- Designing charged wire antennas
- Understanding fields in particle accelerators
- Modeling charge distributions in electronic components

Educational and Research Significance

- Demonstrating fundamental electrostatic principles
- Validating numerical methods and simulations
- Studying potential and field distributions in various configurations

Practical Considerations

- Material properties affecting charge distribution
- Effects of non-uniformities and edge effects
- Influence of surrounding media and dielectric constants

Conclusion

The uniform distribution of charge Q = 3.19 NC along the y-axis fromy = -atoy = A provides a
foundational model in electrostatics for understanding electric fields generated by line charges. By
calculating the linear charge density, setting up the integral expressions for fields, and considering
symmetry, one can analyze the electric field at various points in space. These principles underpin
numerous practical applications in engineering, physics, and electronics. Whether analyzing simple
models or complex systems, the uniform line charge remains a crucial concept in the study of electric
phenomena.



Further Resources and References

- "Introduction to Electrodynamics" by David J. Griffiths

- "Physics for Scientists and Engineers" by Raymond A. Serway and John W. Jewett

- Online simulation tools such as PhET's Electric Field simulations

- Educational websites like HyperPhysics and Khan Academy for tutorials and problem sets

By mastering the concepts of uniform line charge distributions and their electric fields, students and
professionals can develop a deeper understanding of electrostatics, enabling innovative solutions
across scientific and technological domains.

Frequently Asked Questions

What is the physical significance of the charge Q = 3.19 nC
being uniformly distributed along the y-axis fromy =-atoy =
a?

The uniform distribution implies that the charge density is constant along the segment fromy = -a to
y = a, creating a linear charge distribution that affects the electric field at different points in space.

How is the linear charge density A (lambda) calculated for a
uniform charge distribution along the y-axis?

The linear charge density A is calculated by dividing the total charge Q by the length of the
distribution, so A = Q / (2a), assuming the distribution extends fromy =-atoy = a.

What is the expression for the electric field at a point on the
x-axis due to a uniformly charged line segment along the y-
axis?

The electric field at a point on the x-axis due to a uniformly charged line segment is found by

integrating the contributions of each differential charge element, resulting in a vector sum that
depends on the position and the distribution's parameters.

How does the symmetry of the charge distribution affect the
calculation of the electric field?

The symmetry about the y = 0 axis simplifies calculations, as the horizontal components of the
electric field cancel out, leaving only the vertical components to be summed, reducing the complexity
of the integral.



What is the formula for the electric field at a point on the x-
axis caused by a uniform line charge fromy = -atoy = a?

The electric field magnitude at a point on the x-axis is given by E = (1/4neo) (2Aa) / (a2 + x?), directed
along the x-axis, considering the contributions from the entire line segment.

How does the value of charge Q = 3.19 nC influence the
strength of the electric field generated?

The magnitude of the electric field is directly proportional to the total charge Q; increasing Q
increases the electric field strength proportionally.

What assumptions are made in analyzing the electric field due
to the uniformly distributed charge along the y-axis?

Assumptions include that the charge distribution is perfectly uniform, static (not changing with time),
and that the space is free of other charges or fields that could influence the calculation.

How can the electric field be calculated at a point off the x-
axis, say at some arbitrary point (x, y)?

Calculating the electric field at an arbitrary point involves integrating the Coulomb contributions from
all charge elements along the line, considering both the magnitude and direction of the field vectors
from each element.

What are potential applications of understanding electric
fields generated by uniform line charges?

Applications include designing charged particle beams, understanding electrostatic shielding,
modeling charge distributions in materials, and in various engineering and physics problems involving
line charges.

How does changing the length of the charge distribution
(from y = -a to y = a) affect the electric field at a fixed
observation point?

Extending the length (increasing 'a') generally increases the total charge and thus the electric field
magnitude, but the exact effect depends on the observation point’s position relative to the
distribution.

Additional Resources

Charge Q = 3.19 NC is uniformly distributed along the y-axis fromy = -atoy = A, as in the figure
where the charge distribution creates an electric field at a point in space. Understanding how this
charge distribution influences the electric field at various points is fundamental in electrostatics,



especially when dealing with continuous charge distributions. In this comprehensive guide, we'll
explore the concept of a uniformly distributed charge along a line segment, analyze the resulting
electric field, and provide step-by-step methods to compute it accurately.

Introduction to Uniform Line Charge Distributions

When dealing with electrostatics problems involving continuous charge distributions, it's essential to
understand how charge density functions translate into electric fields. The scenario of a charge Q =
3.19 NC uniformly distributed along the y-axis from y = -a to y = A offers a classic example of a line
charge problem.

In practical terms, this setup can model a thin, uniformly charged wire or filament, extending fromy =

-atoy = A, with total charge Q. The goal is to determine the electric field at a specific point in space,
often located off the line, due to this distribution.

Fundamental Concepts

Linear Charge Density (A)

- Definition: The linear charge density, A, is the amount of charge per unit length along the line:
A = Q/ (length of the segment)

- Calculation:

Since charge Q is spread uniformly fromy =-atoy = A,

length =A + a

Therefore,

A=Q/(A+a)

Coordinate System and Geometry

- The charge distribution lies along the y-axis, fromy =-atoy = A.

- The point where the electric field is calculated is typically specified by coordinates (x, y), or

sometimes just the position relative to the line.
- Due to symmetry, certain components of the electric field may cancel out, simplifying calculations.

Step-by-Step Analysis of the Electric Field
1. Establishing the Differential Charge Element

To find the electric field at a point P located at coordinates (x, y), consider a differential element of



charge, dq, located at a point y' along the line:

-dg =Ady' =(Q/(A+a))dy'

2. Electric Field Due to a Differential Element

- Coulomb's law states that the differential electric field, dE, due to dq at point P is:
dE = (1/ (4neo)) dq / r?

- Where r is the distance between the charge element at y' and point P.

- The vector form:

dE = (1/(4neo)) dq 7/ r?

f is the unit vector pointing from the charge element to point P.

3. Components of the Electric Field

- Since the charge is distributed along the y-axis, and assuming the point P is at position (x, y), the
differential electric field components are:

- dE_x = dE cos(6)
- dE_y = dE sin(8)

- 0 is the angle between the vector from y' to P and the x-axis.
4. Symmetry Considerations
- For points along the y-axis (x=0), the x-components of the electric field cancel out due to symmetry,

leaving only the y-component.
- For points off the y-axis, both components contribute, and integration must be performed carefully.

Calculating the Electric Field: A Detailed Approach

Step 1: Express the Distance r

- The distance from the charge element at y' to point P(x, y) is:
r=vI(x)?+(y-y)I

Step 2: Express the Components of dE

- Using the vector from y' to P:

-dE x = (1/(4neo)) dg (x) / r?
-dE_y = (1/(4neo)) dq (y -y") / r®



Step 3: Integrate Along the Charge Distribution
- The total electric field components are obtained by integrating over y' from -a to A:

-E x=[fromy'=-atoAof dE x
-Ey=[fromy' =-atoAofdE.y

- Substituting daq:

-E x=(1/(4neo)) (Q/ (A +a)) [_{-a}~{A} (x) /[x* + (y - y')?]"~{3/2} dy'
-Ey=(1/(4neo)) (Q/(A+a)) [ {-a}~{A} (y-y)/[x*+ (y y')21~{3/2} dy'

Step 4: Perform the Integrations

- These integrals are standard and can be evaluated using substitution techniques or integral tables.

Special Cases and Simplifications
Case 1: Observation Point Along the y-Axis (x=0)

- When x=0, the x-component of the electric field cancels out due to symmetry.
- The y-component simplifies to:

Ey=(1/(4neo)) (Q/(A+a)) [_{-a}~{A} (y-y)/ly-y'|"{3} dy’
Which reduces to a straightforward integral.
Case 2: Infinite Line Charge Approximation

- If the length of the charge distribution is very large (A >> a), the electric field simplifies to that of an
infinite line charge:

E=(A/(2m€Eor))

- Useful for approximate calculations at points far from the ends.

Practical Example: Computing the Electric Field at a Point (x=0, y=0)

Suppose:

-Q =3.19NC
-a = 2 meters
- A = 3 meters

- Observation point at (0, 0)

Step 1: Calculate A:



A=Q/(A+a)=3.19x10"{-9}C/(2+3)m=6.38 x 10™{-10} C/m
Step 2: Determine the integrals for E_y:

Ey=(1/(4neo)) A [_{-a}~{A} (= y')/[02 + (0 -y')2]"~{3/2} dy'

which simplifies to:

E.y=(1/(4neo)) A [_{-a}~{A} (=y") /|y [~{3} dy'

This integral can be evaluated piecewise considering the absolute value and signs.

Visualization and Graphical Representation

- Electric Field Lines: Visualize how the electric field emanates from the line charge, showing
symmetry and field direction.

- Field Magnitude: Plot the magnitude of the electric field as a function of position to understand how
it varies with distance from the line.

Practical Applications and Real-World Relevance

- Designing Charged Wires and Conductors: Understanding the electric field distribution helps in
designing safe high-voltage equipment.

- Electrostatic Shielding: Knowledge of field behavior around line charges aids in developing shielding
methods.

- Sensor and Detector Placement: Accurate field calculations inform optimal placement of sensors in
electric field environments.

Summary and Key Takeaways

- The electric field due to a charge Q = 3.19 NC uniformly distributed along the y-axis fromy =-atoy
= A can be computed using integral calculus.

- The linear charge density A is fundamental: A = Q/ (A + a).

- The total electric field at any point involves integrating contributions from all differential charge
elements.

- Symmetry simplifies calculations in specific cases, especially along the axis.

- Approximations for large segments can reduce complex integrals to known formulas for infinite line
charges.

Final Notes

Understanding continuous charge distributions like the one described provides deep insight into
electrostatics principles. Whether analyzing simple configurations or complex geometries, mastering



integral calculus techniques and symmetry considerations is essential for accurate field computation.
This knowledge is foundational for advanced studies in physics, electrical engineering, and related
fields.

Remember: Always verify the limits of integration, the coordinate system, and apply symmetry to
simplify calculations wherever possible. With practice, calculating electric fields from distributed
charges becomes more intuitive and straightforward.
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