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Understanding electric flux and how to calculate it is fundamental in electromagnetism, especially when
analyzing electric fields interacting with surfaces. In this article, we will explore the concept of electric
flux, examine the given electric field, and walk through the step-by-step process to compute the

electric flux through a specified rectangular surface.

Introduction to Electric Flux

Electric flux is a measure of the electric field passing through a given surface. It quantifies how much
electric field "flows" through that surface and is a critical component in Gauss's Law, which relates

electric flux to the charge enclosed within a surface.

Definition:

Electric flux (D) through a surface S is defined as:

\[
\Phi =\iint_S \vec{E} \cdot d\vec{A}
\]

where:

- \(\vec{E}\) is the electric field vector at each point on the surface,



- \(d\vec{A}\) is the differential area vector, perpendicular to the surface, with magnitude equal to the

area element \(dA\).

Key points:

- Electric flux depends on the magnitude and direction of the electric field.

- The flux is maximized when \(\vec{E}\) is perpendicular to the surface.

- If the electric field is parallel to the surface, the flux is zero because no field lines pass through the

surface.

The Given Electric Field

The problem provides an electric field:

\[
\vec{E} = (2000 \hat{i} + 4000 \hat{k})\, \text{N/C}
\

which indicates:
- The electric field has a component of 2000 N/C along the x-axis (\(\hat{i}\)),
- and a component of 4000 N/C along the z-axis (\(\hat{k}\)),

- with no component along the y-axis (\(\hat{j}\)).

This can be visualized as a constant electric field directed diagonally in the x-z plane, with no variation

across the surface.

Understanding the Surface: The Rectangle

To compute the electric flux, we need to know the geometry and orientation of the rectangle. Since the



problem states "through the rectangle," but does not specify its dimensions or orientation, typical

assumptions are made based on common problem setups.

Assumptions:
- The rectangle lies in a plane parallel to one of the coordinate planes.
- The rectangle's area \(A\) and orientation (normal vector \(\hat{n}\)) are given or can be assumed for

the problem.

Suppose, for example, the rectangle is lying in the xy-plane, with its normal vector pointing along the

z-axis. Alternatively, it might be oriented arbitrarily, but for simplicity, let's consider two common cases:

1. Rectangle in the xy-plane:
- Normal vector: \(\hat{n} = \hat{k}\) (along z-axis).

- Area: \(A\) (say, given or assumed).

2. Rectangle in the xz-plane:
- Normal vector: \(\hat{n} = \hat{j}\) (along y-axis).
- Area: \(A\).

The actual calculation depends on the orientation, so we'll analyze both cases and then conclude with

the general approach.

Calculating Electric Flux: Step-by-Step

The general formula for electric flux when the electric field is uniform and the surface is flat is:

\[
\Phi = \vec{E} \cdot \vec{A} = |\vec{E}| |\vec{A}| \cos \theta
\]



where \(\theta\) is the angle between \(\vec{E}\) and the normal vector \(\hat{n}\) to the surface.

Step 1: Identify the surface normal vector \(\hat{n}\).

- For a rectangle lying in a known plane, its normal vector is perpendicular to the plane.

Step 2: Determine the area vector \(\vec{A}\).

- \(\vec{A} = A \hat{n}\), where \(A\) is the area.

Step 3: Compute the dot product \(\vec{E} \cdot \vec{A}\).
- Since \(\vec{A} = A \hat{n}\), then:

\[
\Phi = \vec{E} \cdot \vec{A} = \vec{E} \cdot (A \hat{n}) = A (\vec{E} \cdot \hat{n})

\

Step 4: Calculate \(\vec{E} \cdot \hat{n}\).

- Use the components of \(\vec{E}\) and \(\hat{n}\).

Case 1: Rectangle in the xy-plane (Normal along z-axis)

- Normal vector: \(\hat{n} = \hat{k}\)
- \(\vec{E} = 2000 \hat{i} + 4000 \hat{k}\)

Dot product:

\[

\vec{E} \cdot \hat{k} = (2000 \hat{i} + 4000 \hat{k}) \cdot \hat{k} = 0 + 4000 \times 1 = 4000\, \text{N/C}
\]



Thus, the flux:
\[
\Phi = A \times 4000

\

Note: To find a numerical value, the area \(A\) must be specified.

Case 2: Rectangle in the xz-plane (Normal along y-axis)

- Normal vector: \(\hat{n} = \hat{j}\)

Dot product:

\[
\vec{E} \cdot \hat{j} = (2000 \hat{i} + 4000 \hat{k}) \cdot \hat{j} = 0
\]

Flux:

\[

\Phi = A\times 0 =0

\

In this case, the electric flux through the rectangle is zero because the electric field has no component

along the normal direction.



General Expression for Electric Flux

Given the above, the most general approach is:

\[
\boxed{
\Phi = A (\vec{E} \cdot \hat{n})

}
\

where:
- \(A\) is the area of the rectangle,

- \(\hat{n}\) is the unit normal vector to the surface, which depends on the surface's orientation.

If the orientation is unknown or arbitrary, the problem becomes more complex, and the flux calculation

requires knowledge of the surface's normal vector.

Expressing the Result

Assuming the area \(A\) is known or specified, the expression for the electric flux through the rectangle

can be summarized as:

\[
\boxed{
\text{Electric Flux} \quad \Phi = A \left( 2000 \, \hat{i} + 4000 \, \hat{k} \right) \cdot \hat{n}

}
\



This dot product simplifies to:

\[
\Phi = A \left( 2000 n_x + 4000 n_z \right)
\]

where \(n_x, n_z\) are the components of the unit normal vector along the x and z axes, respectively.

Additional Considerations

- Units:

The electric flux \(\Phi\) has units of N-m%/C, which is equivalent to V-m (volts meter).

- Significance:

The sign of the flux indicates the direction of the electric field relative to the surface normal—positive if

the field lines pass through the surface in the same direction as the normal, negative if opposite.

- Gauss's Law Connection:

Electric flux is directly related to enclosed charges via Gauss's Law:

\[
\Phi = \frac{Q_{\text{enc}}}{\varepsilon_0}
\]

where \(\varepsilon_0\) is the permittivity of free space.



Summary and Final Remarks

To sum up, calculating the electric flux through a rectangle involves knowing the electric field, the
surface's area, and its orientation. The key steps include determining the surface normal, computing

the dot product between the electric field and the normal vector, and multiplying by the area.
In the specific problem:

- The electric field is \(\vec{E} = (2000 \hat{i} + 4000 \hat{k})\, \text{N/C}\).

- The flux depends on the rectangle's orientation and area.
Example:

- For a rectangle in the xy-plane with area \(A\):

\[

\boxed{
\Phi = 4000 \times A

}
\

- For a rectangle in the xz-plane:

\[

\boxed{
\Phi = 0

}

\]

Final note:

Always specify the surface's orientation and dimensions to compute the exact numerical value of



electric flux. The approach outlined provides a clear framework to tackle similar problems involving

electric fields and surfaces.
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Frequently Asked Questions

What is the formula to calculate electric flux through a rectangle?

Electric flux ([l) through a rectangle is given by D =E-A- cosD, where E is the electric field
magnitude, A is the area of the rectangle, and D is the angle between the electric field and the normal

to the surface.

How do you determine the electric flux when the electric field is given

as E = (2000 Il:l + 4000 K[l) N/C?

First, identify the components of the electric field along the axes, then calculate the dot product of E
with the area vector A (which is perpendicular to the rectangle). The flux equals |E| - A - Cos[l,

considering the direction of E relative to the surface normal.

What is the significance of the components ID and KD in the electric

field E?

I[l and K[l are unit vectors along the x-axis and z-axis, respectively. The given electric field has

components along these axes: 2000 N/C along x and 4000 N/C along z.



How do you calculate the electric flux through a rectangle with a
known electric field and orientation?

Calculate the dot product of the electric field vector with the area vector normal to the rectangle. The
flux is then the magnitude of this dot product, which accounts for the angle between the field and the

normal.

If the rectangle lies in the xy-plane, what is the electric flux through it

given E = (2000 ID + 4000 K[l) N/C?

Since the rectangle is in the xy-plane, its normal vector is along the z-axis. The electric field
component along the z-axis is 4000 N/C, so the flux is D =E z- A, where E_z = 4000 N/C, multiplied

by the area; component along I[l does not contribute as it is perpendicular to the normal.

How does the direction of the electric field influence the calculation of
flux through the rectangle?

The flux depends on the component of the electric field perpendicular to the surface. Only the electric
field component parallel to the normal vector contributes to the flux, determined via the cosine of the

angle between them.

Additional Resources

What Is The Electric Flux Through The Rectangle If The Electric Field Is E=(2000 1*+4000 K*)N/C ?

Express

Introduction



Electric flux is a fundamental concept in electromagnetism, serving as a measure of the electric field
passing through a given surface. It encapsulates the relationship between the electric field vector and
the surface through which it penetrates, providing insight into the distribution of electric fields in space.
When analyzing the electric flux through a specific surface—such as a rectangle—it's essential to
understand the underlying vector calculus principles, as well as how the orientation and magnitude of

the electric field influence the flux calculation.

In this comprehensive investigation, we delve into the problem: What is the electric flux through a
rectangle if the electric field is given by E = (2000 ID + 4000 KD) N/C? We aim to present a detailed,
methodical approach to solving this problem, including the necessary mathematical framework,

assumptions, and interpretation of the results. This review not only addresses the direct calculation but

also contextualizes the concept within the broader scope of electromagnetism.

Understanding the Electric Field Vector

The Given Electric Field

The electric field vector is specified as:

E = (2000 1] + 4000 k[ NiC

This indicates:

- The electric field has a magnitude of 2000 N/C in the x-direction (ID).
- The electric field has a magnitude of 4000 N/C in the z-direction (KD).

- The y-component (J[l) of the electric field is zero.

The electric field vector can be visualized as pointing diagonally in the x-z plane, with no component in

the y-direction.



Vector Components

Expressed in component form, the vector E can be written as:

\[ \wec{E} = 2000\, \hat{i} + O\, \hat{j} + 4000\, \hat{k} \]

The magnitude of the electric field is:

\[ \vec{E}| = \sqrt{(2000)*2 + (0)*2 + (4000)*2} = \sqrt{4,000,000 + 0 + 16,000,000} = \sqrt{20,000,000}
\approx 4472.1\, \text{N/C} \]

This magnitude gives an overall sense of the strength of the electric field but isn't directly necessary

for calculating flux, which depends on the surface orientation.

The Surface: The Rectangle

Geometric Specification

To compute the electric flux through a rectangle, we need to specify:

- The dimensions of the rectangle (length and width)

- The orientation of the rectangle in space (which plane it lies in)

- The position of the rectangle (if relevant)

For the purpose of this analysis, we assume the rectangle is situated in a specific plane, such as the

xy-plane, unless otherwise specified.

Let's define:



- The rectangle lies in the xy-plane, with vertices at points A, B, C, D

- Length along the x-axis: \( L \)

- Width along the y-axis: \( W \)

Suppose:

-\( L = 2\, \text{m}\)

-\(W = 3\, \text{m} \)

- The rectangle is positioned at \( z = 0 \), extending from\( x=0\)to\(x=L\),and\(y=0\)to \(y

= W\).

The surface normal vector \( \vec{n} \) for a rectangle in the xy-plane is along the positive or negative

z-direction, depending on the orientation.

Calculating Electric Flux

Fundamental Definition

The electric flux \( \Phi_E \) through a surface \( S ) is given by:

\[ \Phi_E =\iint_{S} \vec{E} \cdot d\vec{A} \]

Where:

- \( d\vec{A} ) is the differential area vector, with magnitude equal to the area element and direction

normal to the surface.

- For a flat surface, this simplifies to:

\[ \Phi_E = \vec{E} \cdot \vec{A} \]



if \( \vec{E}\) is uniform over \( S\).

Assumption: Uniform Electric Field

Given the problem statement, the electric field is uniform—no mention of spatial variation—so the flux

can be calculated straightforwardly by:

\[ \Phi_E = \vec{E} \cdot \vec{A} \]

where:

\[ \vec{A} = A \hat{n} \]

and \( A = L \times W \) is the area of the rectangle.

Surface Orientation and Normal Vector

Case 1: Surface Normal Along the z-axis

Suppose the rectangle lies in the xy-plane, with the normal vector pointing along the positive z-axis:

\[ \hat{n} = \hat{k} \]

Then:

\[ \vec{A} = A \hat{k} = (L \times W) \hat{k} \]



The differential area vector:

\[ d\vec{A} = (L \times W) \hat{k} \]

Computing the Flux

Given \( \vec{E} = 2000 \hat{i} + 4000 \hat{k} \), and \( \vec{A} = (2\, \text{m} \times 3\, \text{m}) \hat{k}
= 6\, \text{m}"2 \hat{k} \):

\[ \Phi_E = \vec{E} \cdot \vec{A} = (2000 \hat{i} + 4000 \hat{k}) \cdot 6\, \hat{k} \]

Since:

-\( \hat{i} \cdot \hat{k} = 0 \)
- \( \hat{k} \cdot \hat{k} = 1 \)

The dot product simplifies to:

\[ \Phi_E = 2000 \times 0 + 4000 \times 6 = 0 + 24,000 = 24,000\, \text{N} \cdot \text{m}*2/\text{C} \]

Answer: The electric flux through the rectangle is 24,000 N-m?/C.

Alternative Orientations

Case 2: Surface Normal Along x-axis

If the rectangle lies in the yz-plane, with the normal along \( \hat{i} \):



\[ Wvec{A} = 6\, \text{m}*2 \hat{i} \]

The flux:

\[ \Phi_E = (2000 \hat{i} + 4000 \hat{k}) \cdot 6\, \hat{i} = 2000 \times 6 + 0 = 12,000\, \text{N} \cdot
\text{m}*2/\text{C} \]

Summary of Results

| Surface Orientation | Normal Vector | Area \(A\) | Electric Field \(E\) component along \(\hat{n}\) | Flux
\(\Phi_E\) |

I | I | |
| In xy-plane (\(\hat{k}\)) | \(hat{k}\) | 6 m? | 4000 N/C | 24,000 N-m?C |

| In yz-plane (\(\hat{i}\)) | \(hat{i\) | 6 m? | 2000 N/C | 12,000 N-m?/C |

Note: The actual flux depends critically on the orientation of the surface relative to the electric field

vector.

Broader Implications and Applications

Significance in Electromagnetism

Calculating electric flux is central to understanding Gauss's law, which relates electric flux to enclosed

charge:

\[ \Phi_E = \frac{Q_{enc}}{\varepsilon_0} \]



where:

- \( Q_{enc} ) is the enclosed charge

- \( \varepsilon_0\) is the vacuum permittivity.

In practical applications, such as designing capacitors or analyzing electric field distributions around

charged objects, precise flux calculations inform the understanding of field behavior.

Challenges and Limitations

- Field Non-uniformity: Real-world electric fields often vary spatially, complicating flux calculations.

- Surface Orientation: Accurate knowledge of the surface's orientation is crucial; incorrect assumptions
lead to erroneous flux estimations.

- Complex Geometries: For irregular surfaces, surface integrals require parametrization and advanced

calculus techniques.

Conclusion

The calculation of electric flux through a rectangle in a uniform electric field hinges on understanding
the vector nature of both the electric field and the surface area. Given the electric field \( \vec{E} =
(2000 \nat{i} + 4000 \hat{k})\, \text{N/C} \), and assuming the rectangle lies in a plane with a known
orientation, the flux can be directly computed via the dot product:

\[ \Phi_E = \vec{E} \cdot \vec{A} \]

For a rectangle in the xy-plane with dimensions 2 m by 3 m, the flux in the case where the surface

normal points along the z-axis is 24,000 N-m?/C.

This exercise underscores the importance of surface orientation in electromagnetism and provides



foundational insight into how electric fields interact with surfaces—
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