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Understanding sound and its measurement is crucial in various fields, from acoustics engineering to
audio technology. When a speaker produces sound, its intensity diminishes with distance due to the
spreading of sound waves and environmental factors. In this article, we explore how to determine
the actual sound intensity at a given distance, using the provided sound intensity level of 70.0 dB at
20 meters. We will delve into the concepts of sound intensity level, the inverse square law, and
calculations necessary to find the original sound intensity emitted by the speaker.

Fundamentals of Sound Intensity and Sound Intensity
Level

What Is Sound Intensity?

Sound intensity refers to the power carried by sound waves per unit area, typically measured in
watts per square meter (W/m?). It quantifies the energy flow through a surface per unit time and
provides an absolute measure of how powerful a sound is at a specific point.

Understanding Sound Intensity Level (L,) in Decibels

Sound intensity level is a logarithmic measure that compares a given sound intensity to a reference
intensity, usually \(I 0 = 1 \times 10~ {-12} \, \text{W/m} ~2\). It is expressed in decibels (dB) and
calculated as:

\[
L i =10 \times \log {10 \left(\frac{I}{I 0}\right)
\]

where:

-\(L i) is the sound intensity level in decibels (dB),

-\(T)) is the actual sound intensity at the point of measurement,

-\(1.0)) is the reference intensity (\( 1 \times 10"~ {-12} \, \text{W/m} "2 )).



Inverse Square Law of Sound Propagation

How Sound Intensity Changes with Distance

In an ideal, free-field environment, the intensity of sound produced by a point source diminishes
proportionally to the square of the distance from the source. This principle is encapsulated in the
inverse square law:

\[
I \propto \frac{1}{r"~2}
\]

which means that if you double the distance from the source, the intensity reduces to a quarter.

Mathematical Expression of the Law

When considering two points at distances \(r 1\) and \( r 2\) from the source, their intensities \( I 1
\) and \(I 2) relate as:

\[
\frac{I 2}{I 1} = \left(\frac{r 1}{r 2}\right)~2
\]

This relationship allows us to determine the original intensity emitted by the speaker given
measurements at a known distance.

Calculating the Sound Intensity at the Source

Given data:
- Distance \(r 2 = 20.0\, \text{m} \),
- Sound intensity level \( L {i,2} = 70.0\, \text{dB} \).

Objective:
- Find the initial sound intensity \( I 1) at the source (or at a reference point).

Step 1: Convert Sound Intensity Level to Actual Intensity
Using the definition:
\

L i =10 \times \log {10}\left(\frac{I}{I 0}\right)
\]



Rearranged to solve for \(I):

\[
[ =1 0\times 10™{\frac{L i}{10}}
\]

Plugging in the known values:

\[

I {20\, \text{m}} =1 \times 10" {-12} \times 10™ {\frac{70.0}{10}} = 1 \times 10" {-12} \times
10~{7} = 1 \times 10™{-12} \times 10"~ {7} = 1 \times 10~{-5} \, \text{W/m} "2

\]

Thus, the intensity 20 meters away from the speaker is:

\[
I {20\ \text{m}} = 1 \times 10" {-5} \, \text{W/m} "2
\]

Step 2: Determine the Original Intensity at the Source
Assuming the sound source behaves as a point source, the inverse square law applies:
\[

[ 1=1{20\ \text{m}} \times \left(\frac{r {20\, \text{m}}}{r 1}\right)"~2
\]

If we consider the intensity at the source as \(r 1 \to 0), theoretically, the intensity tends toward
infinity. Instead, we typically define the initial intensity at a minimal reference point or consider the
sound power emitted by the source.

Alternatively, if we want to find the sound power \( P \) emitted by the speaker, we can use:

\[
I =\frac{P}{4\pir~2}
\]

Rearranged to find \( P \):

\[
P =TI \times 4 \pir™2
\]

Using the measured intensity at 20 m:

\[
P =1 \times 10" {-5} \times 4 \pi \times (20)"2
\]

Calculating:



\[
P =1 \times 10" {-5} \times 4 \pi \times 400
\]

\[
P =1 \times 10" {-5} \times 4 \pi \times 400 \approx 1 \times 10" {-5} \times 5026.55
\]

\[
P \approx 0.0503)\, \text{W}
\]

This is the total acoustic power emitted by the speaker.

Key Point Summary:

- The sound intensity at 20 meters is approximately \( 1 \times 10"~ {-5} \, \text{W/m}"2\).

- The approximate power emitted by the speaker is around 0.05 watts.

- The original intensity at the source (or very close to the source) would be significantly higher,
theoretically tending toward infinity as \( r \to 0 \).

Practical Implications and Applications

Why Knowing the Original Sound Intensity Matters

Understanding the initial sound intensity helps in:

- Designing appropriate sound systems,

- Ensuring safety levels are maintained,

- Improving acoustic environments,

- Conducting precise sound measurements for scientific research.

Applications in Various Fields

- Audio Engineering: Optimizing speaker placement and power.

- Environmental Noise Monitoring: Assessing loudness pollution.

- Acoustics Design: Planning concert halls and auditoriums.

- Industrial Safety: Ensuring machinery noise does not exceed safe limits.

Limitations and Considerations

- Assumes free-field conditions without reflections or obstacles.
- Real-world environments may cause deviations.
- The inverse square law is idealized; actual measurements may differ.



Conclusion

Calculating the actual sound intensity from a given sound intensity level at a specified distance
involves understanding fundamental acoustics principles, including the relationship between decibel
levels and power, as well as the inverse square law of sound propagation. In this case, a sound level
of 70.0 dB at 20 meters corresponds to a sound intensity of approximately \( 1 \times 10~ {-5} \,
\text{W/m}~2\). Using this, we can estimate the total power emitted by the speaker, which is
around 0.05 watts, assuming ideal conditions. These calculations are essential for sound
engineering, safety assessments, and designing acoustically optimized environments.

Key Takeaways:

- Sound intensity level in decibels relates logarithmically to actual intensity.

- Sound intensity diminishes with the square of the distance from a point source.

- Calculations enable accurate estimation of sound power and source characteristics.

- Practical applications span multiple industries, emphasizing the importance of sound measurement
and analysis.

By mastering these concepts, professionals and enthusiasts alike can better understand and
manipulate sound environments for various purposes, ensuring optimal acoustic performance and
safety.
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Frequently Asked Questions

How do you calculate the sound intensity when given the
sound intensity level and distance from the source?

To calculate the sound intensity, you can use the formula: I = Io x 107 (L/10), where Io is the
reference intensity (typically 1x10-2 W/m?) and L is the sound intensity level in decibels (dB).



What is the relationship between sound intensity level and
distance from a speaker?

The sound intensity level decreases with increasing distance from the speaker, following the inverse
square law, which states that intensity is proportional to 1 over the square of the distance.

Given the sound intensity level of 70 dB at 20 meters, how do
you find the actual sound intensity in W/m??

Convert the decibel level to intensity using I = Io X 107 (L/10). Substituting L = 70 dB, I = 1x10-12 X
107(70/10) = 1x10712 x 107 = 1x10-5> W/m?2.

If the sound intensity level at 20 meters is 70 dB, what would
it be at 10 meters assuming free-field conditions?

Since intensity varies inversely with the square of the distance, halving the distance from 20 m to 10
m increases the intensity by a factor of 4, resulting in an intensity level of approximately 76 dB.

Why is understanding sound intensity levels important in
designing public address systems?

Understanding sound intensity levels ensures that audio is loud enough for the audience without
causing discomfort or hearing damage, and helps optimize speaker placement and power to achieve
desired sound coverage.

Additional Resources

The Sound Intensity Level A Distance 20.0 M Away From A Speaker Is 70.0 Db. What Is The Sound
Intensity?

In our everyday environment, sound surrounds us—whether it's the music from a nearby speaker,
the chatter in a bustling café, or the hum of city traffic. Understanding the physics behind sound
propagation not only enriches our appreciation of acoustic phenomena but also has practical
applications in engineering, urban planning, and audio technology. A fundamental question often
encountered is: Given a certain sound level measured at a specific distance from a source, what is
the actual sound intensity?

This article delves into this question, exploring the relationship between sound intensity and sound
level, deciphering the underlying physics, and demonstrating how to calculate the actual sound
intensity from given data—specifically, when the sound level is 70.0 dB at 20 meters from a speaker.
By the end, you'll have a comprehensive understanding of the concepts involved and the ability to
perform similar calculations in real-world scenarios.



Understanding Sound Intensity and Sound Level

Before delving into calculations, it's essential to clarify some fundamental concepts: sound intensity
and sound level.

What Is Sound Intensity?

Sound intensity is a measure of the power carried by sound waves through a unit area in a specified
direction. It is quantified in watts per square meter (W/m?). Intensity reflects how much energy the
sound wave transports per unit time across a given area, essentially representing the strength or
power density of the sound.

Mathematically, the intensity \( I\) can be expressed as:
\[ I = \frac{\text{Power}}{\text{Area}} \]

In the context of acoustic waves, higher intensity correlates with louder sounds, but the perception
of loudness involves other factors such as frequency and human hearing sensitivity.

What Is Sound Level (Decibels)?

Sound level is a logarithmic measure of the intensity of a sound relative to a standard reference
intensity, expressed in decibels (dB). The decibel scale provides a convenient way to represent the
vast range of human hearing—from the faintest whisper to a loud jet engine.

The sound level \( L) in decibels is given by:

\[ L =10 \times \log {10}\left( \frac{I}{I 0} \right) \]

where:

-\(I)) is the sound intensity,

-\(I 0)) is the reference intensity, typically taken as \( 1 \times 10™{-12} \, \mathrm{W/m~2} ),
the threshold of hearing.

This relationship means that every 10 dB increase corresponds to a tenfold increase in intensity.

Relating Sound Level to Distance: The Inverse Square
Law

In an ideal, free-field environment (no reflections or obstructions), sound propagates spherically
outward from a point source. Under these conditions, the inverse square law applies, indicating that
the sound intensity diminishes proportionally to the square of the distance from the source:



\[ T\propto \frac{1}{r"2}\]

where:
-\(r) is the distance from the source.

This implies that if you double the distance from the source, the intensity decreases by a factor of
four.

Mathematically, for two distances \(r 1\) and \(r 2\):
\[ \frac{I 2}{I 1} =\left(\frac{r 1}{r 2} \right)"2\]

This principle is crucial for calculating the sound intensity at different distances when the sound
level is known at one point.

Calculating the Sound Intensity from a Known Sound
Level

Given:
- The sound level \(L 1 = 70.0\, \mathrm{dB} \) at\(r 1 = 20.0\, \mathrm{m} ),
- The reference intensity \(I 0 = 1 \times 10™{-12} \, \mathrm{W/m"2} \).

Our goal:
- Find the actual sound intensity \( I 1) at the 20-meter distance.

Step 1: Convert the Sound Level to Intensity

Using the decibel formula:

\[ L = 10 \times \log {10} \left( \frac{I}{I 0} \right) \]
Rearranged to solve for \(1\):

\[I=1 0\times 10~ {L/10} \]

Plugging in the known values:

\[11=1\times 10"~{-12} \times 10™~{70/10} \]
\[I1=1\times 10™{-12} \times 10™~{7} \]

\[I1=1\times 10™{-12} \times 10™~{7} = 1 \times 10™~{-12 + 7} = 1 \times 10~ {-5}
\mathrm{W/m~2} \]



Result:
The sound intensity at 20 meters from the speaker is \( 1 \times 10~ {-5} \, \mathrm{W/m~2} \).

Step 2: Confirming the Relationship and Consistency

This calculation aligns with expectations: a 70 dB sound level corresponds to an intensity of \(
10~ {-5} \, \mathrm{W/m~2} \).

To verify, consider the inverse relationship: if the source were at a different distance, or the level
changed, how would the intensity change? This is where the inverse square law helps.

Estimating the Total Power Output of the Speaker

While intensity at a point gives the power per unit area, the total power output from the speaker can
be derived if the radiation pattern is known. Assuming an ideal spherical radiation:

\[ I =\frac{P}{4 \pir™2}\]

where:
-\( P) is the total acoustic power emitted by the speaker.

Rearranged:

\[ P =T1\times 4 \pi r~2\]

Plugging in the known intensity \( I 1\) and distance \(r = 20\, \mathrm{m} \):
\[ P =1 \times 10" {-5} \times 4 \pi \times (20)"2\]

\[ P =1 \times 10~ {-5} \times 4 \pi \times 400 \]

\[ P =1 \times 10~ {-5} \times 4 \pi \times 400 \]

Calculating:

\[ 4 \pi \approx 12.566 \]
\[ 4 \pi \times 400 \approx 12.566 \times 400 = 5026.4 \]

Therefore:

\[ P \approx 1 \times 10" {-5} \times 5026.4 \]
\[ P \approx 5.026 \times 10~{-2} \, \mathrm{W} \]

Conclusion:
The total acoustic power radiated by the speaker is approximately 0.050 W (or 50 milliwatts). This is



a typical value for small speakers.

Practical Implications and Applications

Understanding the relationship between sound level and intensity has multiple practical
applications:

- Sound System Design: Engineers must ensure that speakers deliver adequate power to achieve
desired sound levels at specific distances.

- Noise Control: Quantifying intensity helps in assessing noise pollution and implementing mitigation
strategies.

- Acoustic Measurements: Accurate calculations enable better calibration of sound measurement
devices and interpretation of data.

- Urban Planning: Knowledge of how sound diminishes with distance informs the placement of
loudspeakers in public spaces or events.

Furthermore, recognizing that sound intensity diminishes with the square of the distance
underscores the importance of speaker placement in ensuring even sound coverage and avoiding
excessive noise levels in sensitive areas.

Limitations and Real-World Factors

While the calculations above assume ideal free-field conditions, real-world environments introduce
complexities:

- Reflections and Reverberations: Surfaces like walls and buildings can reflect sound waves, causing
constructive or destructive interference.

- Absorption: Materials absorb some sound energy, reducing intensity.

- Directional Sources: Many speakers are not omnidirectional; their radiation pattern may
concentrate sound in specific directions.

- Atmospheric Conditions: Temperature, humidity, and wind affect sound propagation.

These factors mean that actual measurements may deviate from theoretical calculations,
emphasizing the importance of on-site testing and calibration.

Conclusion

In summary, starting from a known sound level of 70.0 dB measured 20 meters from a speaker, we



calculated the sound intensity at that distance to be approximately \( 1 \times 10~ {-5} \,
\mathrm{W/m~2} \). This calculation involved converting decibels to intensity using the logarithmic
relationship, applying the inverse square law to understand how intensity diminishes with distance,
and deriving the total power output of the source.

Understanding these relationships equips engineers, acousticians, and enthusiasts with the tools to
analyze and manipulate sound environments effectively. Whether designing concert halls, calibrating
audio equipment, or assessing environmental noise, mastering the physics of sound intensity is
foundational
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