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Understanding the fundamental principles of sound wave propagation is essential in numerous
scientific and engineering disciplines. When a source emits a note of a specific frequency in the air,
various properties such as wavelength, speed of sound, and temperature influence how that sound
travels and is perceived. In this article, we will explore the problem of determining specific
parameters related to a sound wave based on the given data: a frequency of 512 Hz, wavelength of
66.5 cm, and an ambient temperature of 17°C. We will examine the physics underlying sound waves,
how temperature affects the speed of sound, and demonstrate the step-by-step calculations involved
in solving such a problem.

---

Understanding Sound Waves and Their Properties

Sound waves are longitudinal waves that propagate through a medium—in this case, air—by causing
particles to oscillate back and forth. Several key parameters characterize a sound wave:

Frequency (f): The number of oscillations or vibrations per second, measured in Hertz (Hz).

Wavelength (λ): The distance between successive points of similar phase in the wave,
measured in meters or centimeters.

Speed of Sound (v): The rate at which the sound wave propagates through the medium,
measured in meters per second (m/s).

The fundamental relationship among these parameters is given by the wave equation:

\[
v = f \times \lambda
\]

This equation states that the speed of sound in a medium equals the product of the frequency of the
wave and its wavelength.

---



Effect of Temperature on the Speed of Sound in Air

The speed at which sound travels in air depends primarily on the temperature of the air. As
temperature increases, the molecules in the air move faster, allowing sound waves to propagate
more quickly. Conversely, cooler air results in a slower speed of sound.

Standard formula for the speed of sound in air:

\[
v = v_0 \sqrt{\frac{T}{T_0}}
\]

where:

- \( v_0 \) is the speed of sound at a reference temperature \( T_0 \),
- \( T \) is the absolute temperature in Kelvin (K),
- \( v \) is the speed of sound at temperature \( T \).

Standard values:

- At 0°C (273 K), the speed of sound \( v_0 \) is approximately 331 m/s.
- The approximate increase in speed per degree Celsius is about 0.6 m/s.

Practical formula:

\[
v = 331 + 0.6 \times T_{°C}
\]

where \( T_{°C} \) is the temperature in Celsius.

---

Given Data and the Problem Statement

Let's summarize the given data:

- Frequency (f): 512 Hz
- Wavelength (λ): 66.5 cm = 0.665 meters
- Temperature: 17°C

From this data, we are asked to find specific parameters related to the sound wave.

---



Step-by-Step Solution

To solve the problem, our primary goal is to determine the speed of sound in air at 17°C, using the
given wavelength and frequency, and then verify or find other related parameters as needed.

Step 1: Calculate the speed of sound using the wave equation.

\[
v = f \times \lambda
\]

Given:

\[
f = 512\, \text{Hz}
\]
\[
\lambda = 0.665\, \text{m}
\]

Calculate:

\[
v = 512\, \text{Hz} \times 0.665\, \text{m} = 340.48\, \text{m/s}
\]

Result: The calculated speed of sound at the given conditions is approximately 340.48 m/s.

---

Verification with Temperature-Based Speed of Sound

Using the temperature of 17°C, we can estimate the theoretical speed of sound in air:

\[
v_{theoretical} = 331 + 0.6 \times 17 = 331 + 10.2 = 341.2\, \text{m/s}
\]

This theoretical value closely matches our calculated value from the wave equation (340.48 m/s),
thus confirming the consistency of the data.

---

Additional Parameters and Their Significance



Depending on the context of the problem, you might need to find:

1. Wavelength at a different temperature

If the problem involved a change in temperature and you needed to find the new wavelength, you
could use:

\[
\lambda' = \frac{v'}{f}
\]

where \( v' \) is the new speed of sound at the different temperature.

2. The nature of the wave and its propagation

Understanding the relationship between frequency, wavelength, and speed helps in designing
acoustic devices, solving for sound transmission in various environments, and analyzing musical
notes.

3. Implications for sound engineering and acoustics

Knowing how temperature impacts sound speed helps in fields such as:

- Architectural acoustics: designing auditoriums for optimal sound quality.
- Underwater acoustics: where temperature variations significantly affect sound propagation.
- Telecommunications and audio engineering: ensuring signal clarity and quality.

---

Practical Applications of Sound Wave Calculations

Understanding these principles has real-world implications:

Musical instrument tuning: Accurate pitch production depends on knowing the wavelength
and frequency relationship.

Sonar and sonar-based navigation: Speed of sound in water varies with temperature,
pressure, and salinity.

Environmental monitoring: Detecting temperature changes through variations in sound
speed.



---

Summary of Key Points

- The relationship between frequency, wavelength, and speed of sound is fundamental and given by
\( v = f \times \lambda \).
- The speed of sound in air at 17°C is approximately 341 m/s, which aligns closely with the
calculated value based on the given data.
- Temperature significantly influences the speed of sound, with higher temperatures leading to
increased velocities.
- Accurate calculations of sound parameters are crucial in various scientific, engineering, and
environmental applications.

---

Conclusion

In this detailed exploration, we analyzed the problem of determining the properties of a sound wave
given its frequency, wavelength, and ambient temperature. By applying fundamental physics
equations and understanding the influence of temperature on the speed of sound, we confirmed that
the wave propagates at approximately 340.5 m/s in air at 17°C. This process exemplifies how
theoretical principles translate into practical calculations and insights in acoustics. Whether
designing musical instruments, improving architectural acoustics, or studying environmental effects,
mastering these concepts is vital for professionals working with sound and wave phenomena.

---
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Frequently Asked Questions

What is the frequency of the sound produced by the source?
The frequency of the sound produced by the source is 512 Hz.



Given the wavelength is 66.5 cm, how is the speed of sound in
air calculated?
The speed of sound in air is calculated using the formula v = frequency × wavelength. Converting
wavelength to meters (0.665 m), v = 512 Hz × 0.665 m = approximately 340.48 m/s.

Does the temperature of 17°C affect the speed of sound in air?
If so, how?
Yes, the temperature affects the speed of sound; at 17°C, the speed of sound in air is approximately
340 m/s, which aligns with the calculated value. Generally, higher temperatures increase the speed
of sound.

How can we verify the given wavelength with the calculated
speed of sound and frequency?
Using the formula wavelength = speed of sound / frequency, with speed approximately 340.48 m/s
and frequency 512 Hz, the wavelength is about 0.665 m or 66.5 cm, confirming the given data.

What is the significance of knowing the wavelength and
frequency of a sound wave?
Knowing the wavelength and frequency helps determine the speed of sound, identify the source's
properties, and analyze wave behavior in different mediums.

How does the temperature of air influence the wavelength of
the sound wave?
Temperature affects the speed of sound, which in turn influences wavelength for a given frequency.
Higher temperatures increase the speed, resulting in longer wavelengths.

Can the wavelength of 66.5 cm be used to identify the source
of sound? If so, how?
Yes, the wavelength, combined with frequency, can help identify the source's characteristics, such
as the type of instrument or speaker, based on typical sound wave properties.

What assumptions are made in calculating the speed of sound
in this problem?
The calculation assumes standard atmospheric conditions at 17°C, neglects air currents or humidity
effects, and considers the sound wave as a plane wave traveling in air.
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Introduction

The study of sound propagation and characteristics in different mediums is fundamental in
acoustics, physics, and engineering. When a source produces a specific note, understanding the
relationship between frequency, wavelength, and the properties of the medium helps in numerous
applications—from designing musical instruments to developing sonar and communication systems.
In this investigation, we analyze a scenario where a sound source emits a note of 512 Hz in air at
17°C, with a given wavelength of 66.5 cm. Our goal is to verify the consistency of these parameters
and derive relevant acoustic properties, including the speed of sound in air under the specified
conditions.

---

Background: Fundamentals of Sound in Air

Sound is a mechanical wave that propagates through a medium via particle oscillations. In gases like
air, the speed of sound depends primarily on temperature, pressure, and the medium's physical
properties. The core relationship connecting frequency (f), wavelength (λ), and wave speed (v) is:

\[ v = f \times \lambda \]

Understanding this relationship is essential for verifying the consistency of the given data and
deriving unknown parameters.

---

Analyzing the Given Data

- Frequency (f): 512 Hz
- Wavelength (λ): 66.5 cm = 0.665 meters
- Temperature (T): 17°C

Our task is to determine whether these data points are consistent, particularly whether the implied
speed of sound aligns with the expected value at 17°C, and to explore any implications or anomalies.

---

Step 1: Calculating the Speed of Sound from Given Data

Using the fundamental wave relation:

\[ v = f \times \lambda \]

Substituting the known values:



\[ v = 512\, \text{Hz} \times 0.665\, \text{m} \]

\[ v \approx 340.48\, \text{m/s} \]

This indicates that the wave propagates at approximately 340.48 m/s.

---

Step 2: Comparing with Standard Speed of Sound at 17°C

The speed of sound in air at temperature T (in °C) can be approximated by the empirical formula:

\[ v = v_0 + \beta T \]

where:

- \( v_0 \) = 331 m/s (speed at 0°C)
- \( \beta \) ≈ 0.6 m/s per °C

Applying this:

\[ v = 331\, \text{m/s} + 0.6\, \text{m/s/°C} \times 17\, \text{°C} \]

\[ v = 331 + 10.2 = 341.2\, \text{m/s} \]

This is a standard approximation for the speed of sound at 17°C. Our calculated value (340.48 m/s)
aligns closely with this expected value, confirming the internal consistency.

---

Step 3: Validity of Wavelength Given the Frequency and Medium Conditions

Given the frequency and the typical speed of sound, the expected wavelength at 17°C should be:

\[ \lambda = \frac{v}{f} \]

\[ \lambda = \frac{341.2\, \text{m/s}}{512\, \text{Hz}} \]

\[ \lambda \approx 0.666\, \text{m} \]

which is approximately 66.6 cm.

The provided wavelength is 66.5 cm, which is remarkably close to the calculated value. This minor
discrepancy can be attributed to measurement precision or rounding errors.

---

Deep Dive: Implications and Applications

1. Verification of Acoustic Parameters



The analysis confirms that the given data points are consistent with physical principles and
empirical relationships. This validation is crucial in applications where precise measurements of
sound properties are needed, such as in:

- Acoustic engineering: designing speaker systems or soundproofing
- Musical instrument manufacturing: tuning to specific frequencies
- Environmental acoustics: monitoring atmospheric conditions

2. Temperature Dependence of Speed of Sound

The close agreement between the calculated and theoretical speed underscores how temperature
influences sound velocity. As temperature increases:

- The air's density decreases.
- The average kinetic energy of particles increases.
- The speed of sound increases approximately linearly with temperature.

Understanding this dependence is vital for calibrating acoustic devices, especially in outdoor
environments.

3. Frequency and Wavelength in Sound Design

Knowing the precise relationship between frequency and wavelength aids in:

- Designing resonant chambers: ensuring specific frequencies are amplified or suppressed
- Ultrasound applications: optimizing frequencies for medical imaging or industrial testing
- Noise control: understanding how sound waves interact with structures

---

Additional Considerations: Factors Affecting Sound Propagation

While the core analysis confirms the consistency of the given data, several factors can influence
sound propagation in real-world scenarios:

- Air Pressure: Variations can slightly alter the speed of sound.
- Humidity: Increased humidity reduces air density, slightly increasing sound speed.
- Medium Homogeneity: Turbulence and obstacles can cause scattering and attenuation.
- Measurement Accuracy: Instruments and methods can introduce small errors.

Understanding these factors ensures accurate interpretation of acoustic measurements and system
design.

---

Conclusion

The comprehensive analysis of the problem statement—A Source Of Sound Produces A Note Of 512
Hz In Air At 17 Degree Celsius With Wavelength 66.5 Cm—demonstrates a consistent and coherent
relationship among the parameters. The calculated speed of sound (~340.48 m/s) aligns closely with
empirical and theoretical expectations for air at 17°C, confirming the data's validity. This



investigation underscores the importance of fundamental wave relationships and environmental
factors in acoustic science, with significant implications for practical applications across various
fields.

In summary:

- The given wavelength and frequency are compatible with the standard speed of sound at 17°C.
- Minor discrepancies are attributable to measurement precision.
- The analysis provides a foundation for further research or practical implementation in acoustics,
environmental monitoring, and sound engineering.

By examining these interconnected parameters thoroughly, we deepen our understanding of
acoustic phenomena and reinforce the importance of precise measurements and environmental
considerations in sound propagation studies.

---
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