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Understanding the behavior of electric fields generated by light sources is fundamental in fields such
as optics, electromagnetism, and applied physics. When dealing with isotropic point
sources—idealized sources that emit electromagnetic radiation uniformly in all directions—the
analysis of electric field strength at various distances becomes crucial. This article delves into the
specifics of electric field intensity from an isotropic point source, especially focusing on the scenario
where the maximum electric field at a distance of 10 meters is 2.0 V/m, and explores what the
maximum electric field could be under different conditions.

Introduction to Electric Fields from Isotropic Point
Sources

An isotropic point source of light is a theoretical construct that radiates electromagnetic energy
uniformly in all directions. This idealization simplifies complex real-world phenomena and provides a
basis for understanding how electromagnetic waves propagate. In practice, such sources could
approximate certain laser beams, antenna emissions, or other radiative systems under specific
conditions.

The electric field (E) at a given point in space due to a point source diminishes with increasing
distance from the source, following an inverse-square law in the case of radiative intensity. The
relationship between the electric field strength and distance from the source is fundamental when
designing systems involving wireless communication, optical devices, or electromagnetic shielding.

Understanding the Key Parameters

Before analyzing the problem, it's essential to clarify the key parameters involved:

- Electric field strength (E): The magnitude of the electric component of the electromagnetic wave at a
point, measured in volts per meter (V/m).

- Distance from the source (r): The radial distance from the point source, here specified as 10 meters.
- Maximum electric field: The peak value of the electric field at a particular point or under specific
conditions.



Given data:

- Electric field at 10 meters: E = 2.0 V/m
- Distance:r=10m

The goal is to determine what the maximum electric field could be, considering the behavior of
electromagnetic radiation from the source.

Relationship Between Electric Field and Distance

For an isotropic point source emitting electromagnetic radiation, the electric field at a distance r is
related to the power radiated by the source. The fundamental relationship is derived from the inverse-
square law, which states:

\[ E(r) \propto \frac{1}{r} \]

In more precise terms, the electric field at distance r can be expressed as:

\[ E(r) =\frac{E_0 \cdot r_0}{r}\]

where:

-\( E_0) is the electric field at a reference distance \(r_0),
-\(r\) is the observation distance.

This relationship assumes a point source radiating uniformly and neglects factors like reflection,
absorption, or interference.

Calculating the Maximum Electric Field

Given that the electric field at 10 meters is 2.0 V/m, we infer that this is the measured or observed
electric field at that point. To find the maximum possible electric field, we need to consider the
physical limits of the source and the wave propagation.

Assumption 1: The Electric Field Is at Its Maximum at 10
Meters

If the measured 2.0 V/m at 10 meters represents an average value, then the maximum electric field
could be higher, depending on the wave's phase and the source's power.



Assumption 2: The Source Emission Is Continuous and
Isotropic

In an ideal scenario, the source emits electromagnetic waves with a maximum possible amplitude,
constrained by its power output and physical limitations.

Estimating the Source Power and Maximum Electric
Field

The maximum electric field at a certain distance from a point source relates to the total radiated
power \( P'\). For an isotropic radiator:

\[ E(r) = \sqrt{\frac{30 \times P}{r~2}}\]
where:

-\(E(r)\) isin V/m,

-\( P\) is in watts (W),

-\(r\) is in meters (m).

Rearranging for \( P \):

\[ P = \frac{E(r)~2 \times r*2}{30} \]

Using the known electric field at 10 meters:

\[ P = \frac{(2.0)"2 \times (10)~2}{30} = \frac{4 \times 100}{30} = \frac{400}{30} \approx
13.33\, \text{W} \]

This suggests that if the source radiates approximately 13.33 W, the electric field at 10 meters would
be 2.0 V/m.

What Is the Maximum Electric Field?

The maximum electric field depends on the maximum power the source can emit and the phase of
the wave. Theoretically, the maximum electric field occurs when the source radiates at its peak power
and the wave is in phase, resulting in constructive interference.

Assuming the source can operate at a maximum power \( P_{max} \), the maximum electric field at a
distance \(r\) is:



\[ E_{max}(r) = \sqrt{\frac{30 \times P_{max}}{r~2}}\l

If the source's maximum power is known, then the maximum electric field can be directly computed.

Practical Considerations and Limits

In real-world applications, several factors limit the maximum electric field:

- Power limitations: The source cannot radiate infinite power due to physical constraints.

- Material breakdown: Extremely high electric fields can cause dielectric breakdown in surrounding
materials.

- Antenna or source design: The design restricts maximum achievable field strength.

For example, if the source could operate at 100 W:

\[ E_{max}(10\, \text{m}) = \sqrt{\frac{30 \times 100} {100} } = \sqrt{30} \approx 5.48\, \text{V/m}
\]

This demonstrates that increasing the power significantly raises the maximum electric field at a given
distance.

Summary of Key Findings

- The electric field strength diminishes with distance as \( 1/r\), assuming isotropic radiation.

- Given that the electric field at 10 meters is 2.0 V/m, the corresponding power radiated by the source
is approximately 13.33 W.

- The maximum electric field depends on the maximum power the source can emit; with higher
power, the field increases.

- Real-world constraints, such as material breakdown and physical limitations, restrict how high the
electric field can realistically become.

Conclusion

In conclusion, understanding the maximum electric field from an isotropic point source involves
analyzing the relationship between power, distance, and field strength. Starting with the given electric
field at 10 meters, it is possible to estimate the source's power and project the maximum electric field
attainable under ideal conditions. While theoretical calculations suggest that increasing power can
significantly raise the maximum electric field, practical limitations must always be considered. This



analysis is essential for designing electromagnetic systems, ensuring safety, and optimizing
performance in applications ranging from wireless communication to optical systems.

Additional Resources for Further Study

- Electromagnetic Radiation and Its Properties

- Antenna Theory and Design Principles

- Wave Propagation in Free Space

- Safety Guidelines for Electric and Magnetic Field Exposure

- Practical Limits of Power Transmission and Material Breakdown

By understanding these principles, engineers and scientists can better design and optimize systems
involving electromagnetic radiation, ensuring maximum efficiency while adhering to safety standards.

Frequently Asked Questions

What is the maximum electric field intensity at 10 meters
from an isotropic point light source if it is 2.0 V/m at that
distance?

The maximum electric field can be considered as 2.0 V/m at 10 meters, since for an isotropic source
the electric field is uniform in all directions at a given distance.

How does the electric field of an isotropic point source change
with distance?

The electric field of an isotropic point source decreases proportionally to 1/r, where r is the distance
from the source.

What is the relationship between electric field strength and
distance for a point source of light?

The electric field strength is inversely proportional to the distance from the source, following the
relation E « 1/r.

If the electric field at 10 meters is 2.0 V/m, what would be the
electric field at 5 meters?

At 5 meters, the electric field would be approximately 4.0 V/m, since it doubles as the distance



halves.

What assumptions are made when calculating the maximum
electric field from a point source?

Assumptions include the source being isotropic (radiating equally in all directions), the medium being
free space or uniform, and no interference or other sources affecting the field.

Can the maximum electric field be greater than 2.0 V/im at 10
meters from this source?

No, because at 10 meters, the electric field is given as 2.0 V/m; it cannot be greater at that same
distance unless the source's power increases.

What is the significance of knowing the maximum electric
field from a light source?

Knowing the maximum electric field helps in assessing potential exposure risks, designing optical
systems, and understanding the energy distribution from the source.

How would the maximum electric field change if the source's
power output is doubled?

If the power output doubles, the electric field at a given distance would increase by a factor of v2,
assuming all other conditions remain the same.

Additional Resources

The Maximum Electric Field 10 M From An Isotropic Point Source Of Light Is 2.0 V/m. What Are The
Maximum?

Understanding the behavior of electromagnetic fields as they radiate from point sources is
fundamental in physics and engineering, influencing fields from telecommunications to astrophysics.
Recently, a specific scenario has captured attention: an isotropic point source of light produces an
electric field that reaches a maximum of 2.0 V/m at a distance of 10 meters. This prompts a deeper
inquiry into the characteristics of the electromagnetic wave, the maximum possible electric field in
the vicinity, and the implications for related physical phenomena. In this article, we explore these
questions through a detailed, technical lens, unraveling the physics behind the maximum electric field
produced by such a source.

The Nature of Isotropic Point Sources and Electromagnetic Radiation
What is an Isotropic Point Source?

An isotropic point source is an idealized model radiating electromagnetic energy equally in all



directions. Think of it as a perfect sphere emitting light uniformly, with no directional bias. Although
real-world sources are rarely perfectly isotropic, this model serves as a fundamental building block for
understanding wave propagation and field distributions.

Electromagnetic Wave Propagation from a Point Source

Electromagnetic waves emitted from a point source propagate outward spherically, with their
intensity diminishing as the inverse square of the distance. The key parameters include:

- Electric field (E): The component of the wave oscillating electric field.
- Magnetic field (H): The magnetic counterpart, perpendicular to E.
- Power radiated (P): The total energy emitted per unit time.

As the wave travels, the fields diminish in magnitude unless amplified by specific mechanisms, such
as resonant cavities or antenna arrays.

Connecting the Given Data: Electric Field at 10 Meters
What Does a 2.0 V/m Electric Field Mean?

The measured electric field strength of 2.0 volts per meter at 10 meters indicates the intensity of the
wave at that particular distance. This value allows us to infer the power radiated, the maximum
electric field near the source, and the potential maximum electric field in the wave.

Mathematical Representation of Electric Field from a Point Source

For a spherical wave emanating from an isotropic source, the electric field at a distance \( r\) is given
by:

\[

E(r) = \frac{E 0}{r}

\]

where \( E_0) is the maximum electric field at the source (or at a reference point), assuming no
losses and a pure radiative wave.

Alternatively, for a source radiating power \( P ), the electric field at distance \( r\) can be expressed
as:

\[
E(r) = \sqrt{\frac{Z_0 P}{4\pi r~2}}
\]

where \( Z_0) is the impedance of free space (~377 ohms).

Calculating the Power Radiated by the Source



Step 1: Use the Known Electric Field at 10 Meters
Given:

\[
E(10\\text{m}) = 2.0\\text{V/m}
\]

and

\[
r = 10\\text{m}
\]

Step 2: Relate Electric Field to Power
Using the relation:

\[
E(r) = \sqrt{\frac{Z_0 P}{4\pi r~2}}
\]

Rearranged to solve for \( P \):

\[
P = \frac{4\pi r*2 E(r)~2}{Z_0}
\]

Step 3: Plug in the Values

\[
P = \frac{4\pi \times (10)"2 \times (2.0)~2}{377}
\]

Calculating numerator:

\[

4\pi \times 100 \times 4 = 4 \times 3.1416 \times 100 \times 4 \approx 4 \times 3.1416 \times 400 = 4
\times 1256.64 \approx 5026.56

\]

Dividing by 377:

\[

P \approx \frac{5026.56} {377} \approx 13.33\\text{W}
\]

Thus, the source radiates approximately 13.33 watts of power.



Determining the Maximum Electric Field Near the Source
What is the Max E-Field Close to the Source?

In an idealized model, the electric field at the immediate vicinity of the source can be significantly
higher than at 10 meters. Since the wave diminishes as \( 1/r\), the maximum electric field
theoretically occurs as \( r \to 0 \). However, physical constraints, such as the finite size of the source
and near-field effects, limit the maximum electric field.

Estimate Based on Power and Source Geometry

Assuming the source is a small antenna or emitter, the maximum local electric field can be estimated
by considering the near-field zone. For a small dipole antenna, the maximum electric field close to the
antenna is roughly:

\[
E {max} \approx \frac{Z 0| {max}}{2\pi a}
\]

where:

-\(I_{max}\) is the maximum current,
-\(a\) is the antenna radius or characteristic size.

Alternatively, for a point source, the maximum electric field is determined by the energy density near
the source. The energy density \( u'\) relates to the electric field as:

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

The total power radiated relates to energy flux across the sphere:

\[
P = u \times c \times 4\pi r"~2
\]

Rearranged, the maximum electric field near the source depends on physical constraints, but
theoretically, the electric field can be very high—limited practically by the source size and material
breakdown.

Theoretical Maximum Electric Field: A Physical Perspective
1. Physical Limitations

- Material Breakdown: The maximum sustainable electric field before dielectric breakdown occurs (~3
MV/m in air). Our calculated fields are orders of magnitude below this threshold.

- Source Size: Smaller sources can produce higher local fields, but quantum and material limitations
prevent infinite growth.



2. Near-Field vs. Far-Field

- Near-field region: Close to the source, where reactive fields dominate, electric fields can be
extremely high.

- Far-field region: The 10-meter distance is in the radiative zone, where the wave behaves as a
propagating wave with \( E \propto 1/r\).

3. Practical Maximum Electric Field
Given the power radiated (~13.33 W), and the physical constraints, the maximum electric field near
the source could be several orders of magnitude higher than the 2 V/m measured at 10 meters. For

example, at a distance comparable to the antenna size (say, a few centimeters), the electric field
could reach thousands or even millions of volts per meter without breaking down the system.

Implications and Applications
Wireless Communications and Antenna Design

Understanding the maximum electric fields from isotropic sources informs the design of antennas and
shielding. Ensuring systems operate below breakdown thresholds prevents damage and interference.

Electromagnetic Compatibility (EMC)

High local fields can cause interference with electronic components. Knowing the maximum possible
fields helps in EMC testing and compliance.

Astrophysical Observations

In space, natural isotropic sources like stars emit electromagnetic radiation that diminishes with
distance, similar to this model. Understanding the field distribution aids in interpreting cosmic signals.

Safety Standards

Regulatory agencies set exposure limits based on electric field strengths. Calculations like these help
establish safe operating parameters for both equipment and personnel.

Conclusion: What Are the Maximum Electric Fields?

The scenario of an isotropic point source emitting light with a measured electric field of 2.0 V/m at 10
meters allows us to estimate its radiated power as approximately 13.33 W. While the electric field
diminishes with distance, the maximum electric field near the source—within the near-field
zone—can, in principle, be extremely high, constrained only by physical and material limitations.

In practical terms, the maximum electric field achievable by such a source, considering real-world
constraints, remains finite and well below the thresholds for dielectric breakdown. Nonetheless, the
theoretical framework underscores the importance of understanding electromagnetic wave behavior,
especially for designing safe and efficient communication systems, sensors, and other



electromagnetic devices.

In essence, the maximum electric field near an isotropic point source depends on its power, physical
size, and material limitations, but the fundamental physics ensures it remains within safe,
manageable bounds—far from infinite, yet vastly higher in the immediate vicinity of the emitter than
at 10 meters.
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