
The Intensity Level Of A Loud Saw Is 100 Db At A
Distance Of 5m. At What Distance Would The Level Be

The Intensity Level Of A Loud Saw Is 100 Db At A Distance Of 5m. At What Distance Would The Level Be is a
common question encountered in acoustics and occupational safety. Understanding how sound levels change
with distance is crucial for assessing exposure risks and implementing safety measures. In this article, we will
explore the principles behind sound intensity and level decay, calculate the distance at which the loud saw's
sound level diminishes, and discuss practical implications for safety and noise management.

Fundamentals of Sound Intensity and Decibel Levels

Understanding Sound Intensity
Sound intensity refers to the power carried by sound waves through a unit area in a direction perpendicular to
that area. It is measured in watts per square meter (W/m²). The intensity of sound diminishes as the distance
from the source increases, primarily due to the spreading out of sound energy over a larger area.

The Decibel Scale
The decibel (dB) scale is logarithmic, meaning that every 10 dB increase corresponds to a tenfold increase in
sound intensity. Conversely, a decrease of 10 dB indicates the sound is ten times less intense. This scale is used
to express the ratio of a particular sound level relative to a reference level, typically the threshold of
hearing (0 dB).

How Sound Levels Change with Distance

Inverse Square Law
In an ideal free-field environment, where there are no reflections or obstacles, sound intensity decreases
proportionally to the square of the distance from the source. This is known as the inverse square law and can
be expressed as:

\[ \text{Intensity} \propto \frac{1}{r^2} \]

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

Relationship Between Sound Intensity and Decibel Level
The change in sound level in decibels when moving from one distance to another can be calculated using the
formula:

\[ \Delta L = 20 \times \log_{10}\left( \frac{r_2}{r_1} \right) \]

where:
- \( \Delta L \) is the change in decibel level,
- \( r_1 \) is the initial distance,
- \( r_2 \) is the new distance.



This formula assumes a point source emitting sound equally in all directions.

Calculating the Distance for a Different Sound Level

Given Data
- Initial sound level \( L_1 = 100\, \text{dB} \) at
- Initial distance \( r_1 = 5\, \text{m} \),
- Desired sound level \( L_2 \) at
- Unknown distance \( r_2 \).

Step-by-Step Calculation

1. Determine the change in decibel level:

Suppose we want to find the distance \( r_2 \) where the sound level drops to a lower value, say, 80 dB. The
difference \( \Delta L = L_1 - L_2 = 20\, \text{dB} \).

2. Use the decibel-distance relation:

\[
\Delta L = 20 \times \log_{10}\left( \frac{r_2}{r_1} \right)
\]

Rearranged to solve for \( r_2 \):

\[
r_2 = r_1 \times 10^{\frac{\Delta L}{20}}
\]

3. Calculate \( r_2 \):

\[
r_2 = 5\, \text{m} \times 10^{\frac{20}{20}} = 5\, \text{m} \times 10^{1} = 5\, \text{m} \times 10 = 50\,
\text{m}
\]

This indicates that at 50 meters, the sound level would be approximately 80 dB.

General Formula for Different Levels
To find the distance at which the sound level drops to any specific value \( L_2 \):

\[
r_2 = r_1 \times 10^{\frac{L_1 - L_2}{20}}
\]

Where:
- \( L_1 \) = initial level,
- \( L_2 \) = target level,
- \( r_1 \) = initial distance.



Practical Applications and Safety Considerations

Assessing Noise Exposure Risks
Knowing how sound diminishes with distance helps in:
- Designing safer work environments,
- Establishing safe distances for workers and bystanders,
- Planning noise barriers or enclosures.

For example, if a loud saw produces 100 dB at 5 meters, understanding how far the sound drops to a safer
level (e.g., 85 dB, the permissible exposure limit in many jurisdictions) informs safe working distances.

Protective Measures
When working with loud equipment:
- Maintain adequate distance,
- Use personal protective equipment like earplugs or earmuffs,
- Implement engineering controls to reduce noise levels.

Limitations and Real-World Factors

Environmental Influences
The calculations above assume a free-field environment. In reality,:
- Reflection, absorption, and diffraction can alter sound propagation,
- Obstacles and walls can reflect sound, creating complex patterns,
- Atmospheric conditions like wind and humidity impact sound travel.

Source Characteristics
The actual sound distribution may not be perfectly spherical, especially for complex machinery. The source's
directivity pattern influences how sound spreads.

Summary and Key Takeaways

- The sound intensity level decreases approximately by 6 dB for each doubling of distance in free-field
conditions.
- Using the inverse square law and the decibel formula, you can accurately determine how far from a loud
source you need to be to experience a desired sound level.
- For a loud saw emitting 100 dB at 5 meters, the level drops to about 80 dB at 50 meters, assuming ideal
conditions.
- Safety protocols must consider environmental factors and equipment characteristics to ensure effective
noise control.

Conclusion



Understanding the relationship between sound level and distance is vital for occupational safety,
environmental noise management, and acoustic engineering. By applying the principles of the inverse square law
and decibel calculations, individuals and organizations can make informed decisions to protect hearing health
and comply with noise regulations. Always consider real-world factors and use appropriate safety margins
when planning for noise exposure reduction.

---
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Frequently Asked Questions

If a loud saw produces 100 dB at 5 meters, what would be the approximate
decibel level at 10 meters?

The decibel level decreases by approximately 6 dB when the distance doubles. So at 10 meters, the level would
be around 94 dB.

How does the intensity level of a sound change with increasing distance from
the source?

The intensity level decreases logarithmically with increasing distance, roughly by 6 dB for each doubling of
distance from a point source in a free field.

What is the formula to calculate the sound level at a different distance
from a point source?

The formula is L2 = L1 - 20 log (d2 / d1), where L1 is the initial level at distance d1, and L2 is the level at
distance d2.

Given the initial sound level of 100 dB at 5 meters, what is the level at 2.5
meters?

At half the original distance, the sound level increases by approximately 6 dB, so it would be about 106 dB.

Why does the sound level decrease as the distance from the saw increases?

Because sound waves spread out spherically from the source, causing the intensity to decrease with distance,
leading to a reduction in decibel levels according to the inverse square law.

Additional Resources
Understanding Sound Intensity and Decibel Levels: How Distance Affects Noise Levels from a Loud Saw

When it comes to working with loud power tools like saws, understanding how sound intensity diminishes with



distance is crucial for safety, comfort, and compliance with occupational health standards. If a loud saw
produces a sound level of 100 decibels (dB) at 5 meters, how loud is it at other distances? This question is
not only about curiosity but also about practical application—protecting hearing, planning work
environments, and adhering to legal noise regulations.

In this comprehensive review, we'll explore the fundamental principles of sound intensity, how decibel levels
change with distance, and perform detailed calculations to determine the sound level at an unknown distance
based on given data.

---

Fundamentals of Sound Intensity and Decibels

What Is Sound Intensity?
Sound intensity refers to the power carried by sound waves per unit area in a direction perpendicular to that
area. It is measured in watts per square meter (W/m²). Essentially, it quantifies how much energy the sound
wave transmits through a certain area.

Decibels and Their Significance
The decibel (dB) scale is logarithmic, meaning each 10 dB increase represents a tenfold increase in sound
intensity. The formula for sound level in decibels relative to a reference intensity (usually the threshold of
hearing, 10⁻¹² W/m²) is:

\[
L = 10 \times \log_{10} \left( \frac{I}{I_0} \right)
\]

where:
- \(L\) is the sound level in decibels,
- \(I\) is the sound intensity,
- \(I_0 = 10^{-12}\) W/m² is the reference intensity.

Key Point: Because the decibel scale is logarithmic, a small change in dB corresponds to a significant change in
actual sound energy.

---

Relationship Between Distance and Sound Intensity

Inverse Square Law
For point sources of sound that radiate energy uniformly in all directions, the intensity diminishes
proportionally to the square of the distance from the source:

\[
I \propto \frac{1}{r^2}
\]

This relationship is known as the inverse square law and implies:



\[
\frac{I_1}{I_2} = \left( \frac{r_2}{r_1} \right)^2
\]

where:
- \(I_1\) and \(I_2\) are the intensities at distances \(r_1\) and \(r_2\) respectively.

Note: In real-world scenarios, the actual sound distribution can be affected by reflections, absorption, and
source directivity. However, for an idealized calculation, the inverse square law provides a reliable
approximation.

---

Decibel Change with Distance: Mathematical Derivation

Since decibel levels relate to intensity, and intensity relates to distance via the inverse square law, we can
derive how sound levels change with distance.

Starting with the formula for sound level:

\[
L = 10 \times \log_{10} \left( \frac{I}{I_0} \right)
\]

Suppose the sound level at distance \(r_1\) (5 meters) is \(L_1 = 100\, \text{dB}\). The intensity at this
point is:

\[
I_1 = I_0 \times 10^{L_1/10} = I_0 \times 10^{10}
\]

At an unknown distance \(r_2\), the intensity \(I_2\) is:

\[
I_2 = I_0 \times 10^{L_2/10}
\]

Using the inverse square law:

\[
\frac{I_2}{I_1} = \left( \frac{r_1}{r_2} \right)^2
\]

Rearranged to find \(L_2\):

\[
L_2 = 10 \times \log_{10} \left( \frac{I_2}{I_0} \right)
\]

Substituting:

\[
\frac{I_2}{I_0} = \frac{I_1}{I_0} \times \left( \frac{r_1}{r_2} \right)^2 = 10^{L_1/10} \times \left(
\frac{r_1}{r_2} \right)^2
\]

Therefore:



\[
L_2 = 10 \times \log_{10} \left[ 10^{L_1/10} \times \left( \frac{r_1}{r_2} \right)^2 \right]
\]

\[
L_2 = 10 \times \left( \frac{L_1}{10} + 2 \times \log_{10} \left( \frac{r_1}{r_2} \right) \right)
\]

\[
L_2 = L_1 + 20 \times \log_{10} \left( \frac{r_1}{r_2} \right)
\]

This is a crucial formula for calculating the change in sound level with distance.

---

Calculating the Sound Level at a Different Distance

Given:
- \(L_1 = 100\, \text{dB}\) at \(r_1 = 5\, \text{m}\),
- \(r_2 = ?\),
- Find \(L_2\).

Rearranged, the formula becomes:

\[
L_2 = 100 + 20 \times \log_{10} \left( \frac{5}{r_2} \right)
\]

Example Calculations:

1. At 10 meters:

\[
L_2 = 100 + 20 \times \log_{10} \left( \frac{5}{10} \right) = 100 + 20 \times \log_{10} (0.5)
\]

\[
\log_{10}(0.5) \approx -0.3010
\]

\[
L_2 = 100 + 20 \times (-0.3010) = 100 - 6.02 \approx 93.98\, \text{dB}
\]

2. At 15 meters:

\[
L_2 = 100 + 20 \times \log_{10} \left( \frac{5}{15} \right) = 100 + 20 \times \log_{10} (0.3333)
\]

\[
\log_{10}(0.3333) \approx -0.4771
\]

\[
L_2 = 100 + 20 \times (-0.4771) = 100 - 9.54 \approx 90.46\, \text{dB}



\]

3. At 2 meters:

\[
L_2 = 100 + 20 \times \log_{10} \left( \frac{5}{2} \right) = 100 + 20 \times \log_{10} (2.5)
\]

\[
\log_{10}(2.5) \approx 0.3979
\]

\[
L_2 = 100 + 20 \times 0.3979 = 100 + 7.96 \approx 107.96\, \text{dB}
\]

---

Implications and Practical Considerations

Safety Thresholds and Hearing Protection
The Occupational Safety and Health Administration (OSHA) and other health organizations specify permissible
exposure levels:

- 85 dB: The threshold above which hearing protection is generally recommended.
- 100 dB: Short-term exposure limit (typically 15 minutes without protection).

Given the initial measurement of 100 dB at 5 meters:

- Moving closer increases the sound level significantly, risking hearing damage.
- Moving further away reduces the intensity but may still be loud enough to cause hearing loss over prolonged
exposure.

Designing Safe Work Environments
Understanding how noise diminishes with distance helps in:

- Positioning workers at safe distances.
- Implementing barriers or enclosures.
- Using personal protective equipment effectively.
- Planning work schedules to minimize exposure.

Limitations of the Model
While the inverse square law provides a good approximation, real-world factors can influence sound
propagation:

- Reflective surfaces causing echoes.
- Absorption by walls or obstacles.
- Directionality of the saw's noise emission.
- Atmospheric conditions like humidity and temperature.

Therefore, actual measurements should supplement theoretical calculations for precise safety planning.



---

Summary of Key Findings

- The sound level of a loud saw is 100 dB at 5 meters.
- Using the inverse square law, the sound level decreases by approximately 6 dB when doubling the distance.
- At 10 meters, the level drops to about 94 dB.
- At 15 meters, it drops further to approximately 90.5 dB.
- Moving closer than 5 meters would increase the sound level above 100 dB, raising immediate hearing health
concerns.
-
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