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Understanding the relationship between sound intensity levels expressed in
decibels and the actual ratios of sound intensities is fundamental in
acoustics and audio engineering. When analyzing sound sources, it is often
necessary to compare their loudness levels, which are conveniently expressed
in decibels (dB). Specifically, the difference in decibel levels, denoted as
Bl and B2, can be directly related to the ratio of their respective sound
intensities. This article aims to demonstrate this relationship
comprehensively, elucidating the mathematical derivation and practical
implications.

Fundamentals of Sound Intensity and Decibels

Before delving into the relationship, it is essential to understand what
decibels represent and how they relate to sound intensity.

Sound Intensity and Its Measurement

e Sound Intensity (I): The power carried by sound waves per unit area,
measured in watts per square meter (W/m2).

e Reference Intensity (Io): The standard reference intensity, typically

10-12 W/m?, which corresponds approximately to the threshold of hearing
for a young, healthy human ear.

Decibels as a Logarithmic Measure

e The decibel scale is logarithmic, meaning it compresses large variations
in intensity into manageable numbers.

e The intensity level in decibels (B) for a sound with intensity I is
given by:



B =10 x logio(I / Io)

Deriving the Relationship Between Decibel
Difference and Intensity Ratio

Suppose we have two sound sources with intensities I:1 and Iz, and their
respective intensity levels are B:1 and B2 in decibels.

Expressing Intensity Levels in Decibels

e For Sound Source 1: B: 10 x logie(I1 / Io)

e For Sound Source 2: B: 10 x logie(I2 / Io)

Calculating the Difference in Decibel Levels

1. Subtract B2 from Bi:
Bi - B2 = 10 x logio(I1 / Ie) - 10 x logie(I2 / Io)
2. Apply properties of logarithms:
B: - B2 =10 x [logie(I1 / Ie) - logie(I2 / Io)]
3. Use the logarithmic identity:
logie(a) - logie(b) = logie(a / b)
4. Therefore:

B: - B2 =10 x logie((I1 / Ie) / (I2/ Ie)) = 10 x logie(I1 / I2)

Result:

\ [

\boxed{

B1-B2=10 \times \log {10}\left(\frac{I 1}{I 2}\right)
}



\]

This formula explicitly shows that the difference in decibel levels (Bi - B:2)
is directly related to the ratio of the sound intensities I: and I:.

Implications and Practical Applications

Understanding the derived relationship allows for various practical
applications in acoustics, audio engineering, and environmental noise
control.

1. Comparing Loudness of Sound Sources

e If the difference in decibel levels is known, one can determine the
ratio of their intensities directly.

e For example, a 20 dB increase corresponds to a 100-fold increase in
intensity:

Since 20 = 10 x logi1e(I1 / I2), then I. / I> = 107{20/10} = 1072 = 100.

2. Designing Audio Systems

e Engineers can adjust the gain or attenuation to achieve desired loudness
levels based on intensity ratios.

e Decibel adjustments are made to match perceived loudness without
changing actual sound power significantly.

3. Environmental Noise Analysis

e Assessing the impact of different noise sources involves comparing their
decibel levels to understand their relative loudness.

e Regulatory standards often set permissible sound level limits in
decibels; understanding the ratio helps evaluate compliance.



Additional Considerations

While the above derivation assumes ideal conditions, real-world scenarios
involve additional factors.

1. Perception of Loudness

e The human perception of loudness does not linearly follow intensity
ratios but is often approximated logarithmically, making the decibel
scale relevant.

e Perceived loudness roughly doubles with every 10 dB increase, although
this is a simplification.

2. Limitations of Decibel Scale

e Decibels are relative measurements; the choice of reference intensity
(Io) impacts the absolute values but not the differences.

e In practical applications, calibration ensures accurate measurement and
comparison.

Summary

To summarize, the key relationship established is:

\ [

\boxed{

B1-B2=10 \times \log {10}\left(\frac{I 1}{I 2}\right)
}

\1]

This formula succinctly states that the difference in decibel levels of two
sound sources corresponds to ten times the base-10 logarithm of their
intensity ratio. This fundamental principle enables practitioners to compare
sound levels efficiently and accurately, facilitating advancements in
acoustic measurement, sound design, and noise management.



Conclusion

In conclusion, demonstrating that the difference in decibel levels Bi and B:
of a sound source is related to the ratio of its intensities provides a
mathematical foundation for understanding sound level comparisons.
Recognizing this relationship allows audio engineers, acousticians, and
environmental scientists to quantify loudness differences precisely, enabling
better control and analysis of sound in various contexts. The logarithmic
nature of the decibel scale makes it an invaluable tool for managing the wide
range of sound intensities encountered in real-world situations.
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Frequently Asked Questions

What is the relationship between the difference in
decibel levels (Bl - B2) and the ratio of sound
intensities?

The difference in decibel levels is related to the ratio of sound intensities
by the formula: Bl - B2 = 10 log (I1 / I2), where I1 and I2 are the
respective intensities.

How can we express the ratio of two sound
intensities using the decibel difference?

The ratio of intensities I1 / I2 can be expressed as 107~{(Bl - B2)/10} based
on the decibel difference.

Why is the decibel scale logarithmic in nature?

The decibel scale is logarithmic because it compresses large variations in
sound intensity into manageable numbers, reflecting the human ear's
logarithmic response to sound pressure levels.



If the difference in decibel levels is 20 dB, what
is the ratio of the sound intensities?

The ratio of intensities is 107{20/10} = 107{2} = 100, meaning I1 is 100
times I2.

How does understanding the relationship between
decibel difference and intensity ratio help in sound
engineering?

It allows engineers to quantify how much louder or quieter one sound source

is relative to another, aiding in equipment calibration, noise control, and
sound design.

Is the relation between decibel difference and
intensity ratio linear?

No, the relation is logarithmic; the decibel difference corresponds to the
log of the intensity ratio, not a direct linear difference.

What is the significance of the factor 10 in the
decibel formula relating difference and intensity
ratio?

The factor 10 arises because decibels are calculated based on a logarithmic

scale of power ratios, with 10 log (I1 / I2) representing the level
difference.

Can the decibel difference be used to compare sound
levels of different sources effectively?

Yes, because the decibel difference directly relates to the ratio of their
intensities, making it an effective measure for comparing sound levels.

Additional Resources
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Understanding the relationship between decibel levels and the actual
intensity or power of a sound source is fundamental in acoustics, audio
engineering, and various scientific disciplines. The phrase "Show That The
Difference In Decibel Levels Bl And B2 Of A Sound Source Is Related To The
Ratio Of Its" encapsulates a core principle: the logarithmic nature of the
decibel scale. This principle allows us to quantify how perceived loudness



relates to physical quantities like intensity or power, providing a bridge
between subjective experience and measurable parameters. This article aims to
elucidate this relationship comprehensively, exploring the mathematical
foundations, practical implications, and applications in real-world
scenarios.

Understanding Decibels and Their Significance

What Are Decibels?

Decibels (dB) are units used to express the ratio of two quantities,
typically power or intensity, on a logarithmic scale. Unlike linear
measurements, decibels provide a manageable way to handle the vast range of
human hearing and sound intensities—from faint whispers to loud concerts.

Key features:

- Decibels are logarithmic, meaning each increase of 10 dB represents a
tenfold increase in power or intensity.

- They are relative units: a decibel value always compares two quantities,
not an absolute measurement.

- Commonly used in acoustics, electronics, and telecommunications.

Why use decibels?

- To simplify the representation of large variations in sound intensity.

- To align measurements more closely with human perception, which perceives
loudness logarithmically.

The Mathematical Definition of Decibels
The decibel level \( B \) of a sound source with respect to a reference level
\( B _{ref} \) can be expressed as:

\ [
B = 10 \log {10} \left( \frac{I}{I {ref}} \right)

\1]

or, for power levels:

\ [

B = 10 \log {10} \left( \frac{P}{P {ref}} \right)
\1

where:

-\N( I\) and \( P \) are the intensity and power of the sound source,
respectively.



- \( I {ref} \) and \( P {ref} \) are the reference intensity and power,
often set to threshold of hearing or a standard reference level.

Decibel Levels and Their Relationship to Sound
Intensity and Power

Decibel Levels Bl and B2

Suppose a sound source has two measured decibel levels, \( B 1 \) and \( B 2
\). These could correspond to measurements taken at different times,
locations, or conditions. The question centers on understanding how the
difference \( B 1 - B 2 \) relates to the physical quantities of the source,
specifically the ratio of its intensities or powers.

Expressed mathematically:

\ [
B 1
\1
\ [
B 2
\1

10 \log {10} \left( \frac{I 1}{I {ref}} \right)

10 \log {10} \left( \frac{I 2}{I {ref}} \right)

or similarly for power:

\ [
B 1
\1]
\ [
B 2
\1

10 \log {10} \left( \frac{P 1}{P {ref}} \right)

10 \log {10} \left( \frac{P 2}{P {ref}} \right)

Deriving the Relationship: Difference in
Decibel Levels and Ratios

The Mathematical Connection

To establish the relationship, consider the difference:



\ [

B1-B2=10 \log {10} \left( \frac{I 1}{I {ref}} \right) - 10 \log {10}
\left( \frac{I 2}{I {ref}} \right)

\1

Using properties of logarithms:

\ [

B1-B2=10\left[ \log {10} \left( \frac{I 1}{I {ref}} \right) -
\log {10} \left( \frac{I 2}{I {ref}} \right) \right]

\1]

\ [
B1-B2
\1

10 \log {10} \left( \frac{I 1 / I {ref}}{I 2 / I {ref}} \right)

\ [
B1-B2
\1

10 \log {10} \left( \frac{I 1}{I 2} \right)

Similarly, for power:

\ [

B1-B2=10 \log {10} \left( \frac{P_1}{P 2} \right)
\1]

Interpretation:

- The difference between two decibel levels directly correlates with the
logarithm of the ratio of the corresponding intensities or powers.

- This means that a known difference in decibels can be used to determine the
ratio of physical quantities, and vice versa.

Implications of the Relationship
- If\(B1-B2=20\text{ dB} \), then:
\ [

\frac{I 1}{I 2} = 10™{\frac{20}{10}} = 1072 = 100
\]

- The intensity \( I 1 \) is 100 times \( I 2 \).
This powerful relationship allows engineers and scientists to quantify how

much more intense or powerful one sound source is relative to another based
purely on decibel measurements.



Practical Examples and Applications

Audio Engineering and Sound Level Management

In sound engineering, adjusting volumes is often presented in decibels. When
increasing the volume by a certain number of decibels, the actual physical
intensity changes exponentially.

Example:
- An audio engineer increases the loudness from 60 dB to 70 dB.
- The ratio of intensities:

\ [
\frac{I {70}}{I {60}} = 10°{(70 - 60)/10} = 107{1} = 10
\]

- The sound intensity has increased tenfold.

Pros:
- Precise control over loudness levels.
- Ability to compare sounds quantitatively.

Cons:
- Human perception of loudness is not perfectly logarithmic; other factors
like frequency also matter.

Environmental Noise Monitoring

Environmental scientists measure sound levels in decibels to assess noise
pollution.

Scenario:

- A quiet area has a baseline level of 40 dB.

- An industrial site measures 80 dB near machinery.
- The ratio of sound intensity:

\ [
\frac{I {80}}{I {40}} = 10~{(80 - 40)/10} = 107{4} = 10,000
\]

- The machinery produces sound 10,000 times more intense than the baseline
noise.

Implications:
- Helps in setting safety standards.
- Guides installation of noise barriers.



Advantages and Limitations of the Logarithmic
Relationship

Advantages:

- Simplifies large variations in sound power into manageable numbers.
- Facilitates direct comparison between different sound sources.

- Aligns with human perception, which is logarithmic.

Limitations:

- Does not account for frequency-dependent perception; two sounds with the

same decibel difference might be perceived differently if their frequencies
differ.

- Decibel measurement alone cannot fully describe the subjective loudness.

- Requires a clear reference level for meaningful interpretation.

Conclusion

The relationship between the difference in decibel levels \( B 1 \) and \(
B 2 \) and the ratio of the corresponding intensities or powers 1is a
cornerstone principle of acoustics. It beautifully illustrates how a
logarithmic scale transforms multiplicative relationships into additive
differences, making it easier to interpret and compare sound levels across
vast ranges. This relationship is not only mathematically elegant but also
practically invaluable in fields ranging from audio engineering to
environmental science. Understanding and applying this principle allows
professionals to quantify sound variations accurately, design better
soundproofing solutions, calibrate audio equipment, and evaluate noise
pollution effectively.

In essence, the difference in decibel levels is directly related to the ratio
of the physical quantities of the sound source via a simple logarithmic
relationship:

\ [

\boxed{

B1-B2=10 \log {10} \left( \frac{I 1}{I 2} \right) \quad \text{or} \quad
10 \log {10} \left( \frac{P_1}{P 2} \right)

}

\1

This fundamental link underscores the importance of decibel measurements as a
bridge between subjective perception and objective measurement in the realm
of acoustics.
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